FRI CTI ON BODY, WRI TI NG | NSTRUVENT AND WRI TI NG | NSTRUMENT SET BACKGROUND OF
THE INVENTION 1. Field of the Invention 5 [0001] The present invention

relates to a friction body a witing

instrument and witing instrunent set.

More particularly, the invention relates to a friction body for allow ng an
handwriting formed by reversible thernochromc ink to change 10

i mge or
color froma first state to a second state by frictional heat, and a

writing instrument and witing instrunent set provided wth the friction

body. 2. Description of Related Art
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The present inventionrelates toa frictionbody awriting
instrument and writing instrument set. Moreparticularly, the
invention relates to a friction body for allowing an image or
handwriting formed by reversible thermochromic ink to change
color from a first state to a second state by frictional heat,
and a writing instrument and writing instrument set provided
with the friction body.

2. Description of Related Art

[0002]

There has hitherto been proposed a thermochromic set
provided with a friction body for allowing a reversible
thermochromic layer formed on a support (such as paper) to change
color by frictional heat due to manual friction (for example,
see Japanese Patent Unexamined Publication JP-A-7-241388).

When the friction body used in the above-mentioned
proposal 1is rubbed for generating frictional heat, the
reversible thermochromic layer is exfoliated from the support
to thereby impair changes in color. It is therefore necessary
to provide an overcoat layer on the reversible thermochromic

layer, thereby preventing the exfoliation.

@ﬁﬁgi? iation. 1 Further, in an exenplified resin used in a



of the friction body described in the JP-A-7-241388 descri bed above, the
resin itself is shaved by rubbing. Accordingly, shavings are generated to
bring pollution to the environment 5 in sone cases. Furthernore, the
generation efficiency of frictional heat is |ow, so that the nunber of
rubbi ng increases, and a contact portion with the thernochromc

| ayer - beconmes large, so that strong pressing force is required in rubbing
in sone cases. 10 Moreover, in order to prevent a rubbed portion of a
reversi ble thernochrom c image from being exfoliated, the overcoat |ayer is

provi ded on thearewer sihla éhenphelitedin:diayeseddf 4 habRré Fo241388
descri bed above. Accordingly, an existing reversible thernochrom c inmage

can onl Yoparr! Fewediba 653 JdOr D9bQrin hUk apLRversibbesthesapchEQni ¢ i mage
freely formed by a user can not be allowed to change col or. [0003]

Consequentdye, gL eha bf’@é‘eﬁfoPngﬁia@eéiE%CPHBbEHBberAC@ér&iﬁﬁiﬂiOn body

useful for changing color w fhout 20 necessftating a protective menber such
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handwriting fornmed with the 2 reversible thernochrom c inpk, and the
gener at i W%?*‘P%‘T‘%ﬁ@)?t is low, so that the number of rubbing increases,

anda contactportionwiththe thermochromic layerbecomes large,
so that strong pressing force is required in rubbing in some
cases.

10 Moreover, in order to prevent a rubbed portion of a
reversible thermochromic image from being exfoliated, the
overcoat layer isprovidedonthereversible thermochromic layer
of the JP-A-7-241388 described above. Accordingly, anexisting
reversible thermochromic image can only be allowed to change

15 «color, but a reversible thermochromic image freely formed by
a user can not be allowed to change color.

) [0003]
Consequently, there has been proposed a silicone rubber
as a friction body useful £for changing color without

20 necessitating a protective member such as the overcoat layer
and without exfoliating an image or handwriting formed with
areversible thermochromic ink (for example, see Japanese Patent
Unexamined Publication JP-A-2004-148744).

The above-mentioned silicone rubber can change color

25 without exfoliating the image or handwriting formed with the



of frictional heat is high. Accordingly, it can exhibit an excellent effect
as the friction body. However, the contact portion (area) with the 5

t hernochrom ¢ i mage becones | arge in rubbing depending on the shape of the
friction body, so that strong pressing force has been required in rubbing,

t he nunber of rubbing has increased, or it has been difficult to allow only
handwiting of a desired portion or a mnute area portion to change col or
selectively 10 and easily by rubbing. SUVMARY OF THE | NVENTI ON [0004] An
object of the invention is to provide a friction body 15 which can allow to

change cpépérioneathéfsbchtahect OnR, See@Nthe S§@heratibauerextokhali ng an
i mge or handwiting formed with a reversible thernochrom c ink by rubbing

and can &k|pw Opl¥na® HLAHL €safeanpPorikeprionghangercokbar «rBhBELI ¥al y and
easily by rubbing without requifing strong pressing force in rubbing 20

and wi t hout | peteaskpg-t hgs npgbek . of £ Yhbing,, Further, another object of the

invention s to provide a writing |nstrunen¥ prOV|ded with a friction body
whi ch can all M/an i mag reeI | e thernochromc ink
to change col o CWehd A % |ng |n£$§ éf’ nXS 2 ‘%QE?he%FFiction

body and. 2w ot “g,gagslilaygs%ecomésoqogge o 0 & 115 doRRet ©f the

shape of the friction body, so that strong pressing force has
been required in rubbing, the number of rubbing has increased,
or it has been difficult to allow only handwriting of a desired
portion or a minute area portion to change color selectively

10 and easily by rubbing.

SUMMARY OF THE INVENTION
[0004]

An object of the invention is to provide a friction body
15 which can allow to change color from a first state to a second
state without exfolliating an image or handwriting formed with
i a reversible thermochromic ink by rubbing and can allow only
a minute area portion to change color selectively and easily
by rubbing without requiring strong pressing force in rubbing

20 and without increasing the number of rubbing.
Further, another object of the invention is to provide
a writing instrument provided with a friction body which can
allow an image freely formed with a reversible thermochromic
ink to change color, and a writing instrument set comprising

25 the friction body and a writing instrument.



provided a friction body for allow ng an i mage having reversible

t hermochrom smto change color froma first state to a second 5 state by
frictional heat, wherein the frictional body has a contact area rangi ng
fromO0.5 to 15 nm® when pressed onto a glass plate with a load of 1000 g.
According to a second aspect of the invention, as set 10 forth in the first
aspect of the invention, it is preferable that the friction body has a
contact area ranging fromO0.5 to 12 mR2 when pressed onto a glass plate
with a load of 500 g. According to a third aspect of the invention, as set
forth in the EExwmd aspect of the invention, it is preferable that 15 the
friction body is an elastic body which satisfies a relation of B<A54B,

wherein A is anEotdligafea &irtshe alsiptWaegncheessednonba, therel ass pl ate
with the load of 1000 g and B is a contact area at the tine when pressed

ont o t heyrPi @k@ast P @t forbbAythee b 0adweho?0i Hagbteeridiggetboraibonrth
aspect of the invention, there is providéd a friction body for allow ng an

i mge hami é@ﬂf&ﬁ%gﬂn% té}%&{gg%&@ﬁ %a mﬁzf{ei?% t%;geaq;e fom éeg'bgat state

to a secon state frictio heat , rictional body has a

cont act [ 3c2: A Ss when pressed onto a glass plate with a
Ioad%of %@e gk?ya%gdl%é%:on %gl{ie%f,ea of 5.0 mm2 or | ess when pressed onto a

wherein the frictional body has a contact area ranging
from 0.5 to 15 mm? when pressed onto a glass plate with a load
of 1000 g.
According to a second aspect of the invention, as set
10 forth in the first aspect of the invention, it is preferable
that the friction body has a contact area ranging from 0.5 to
12 mm® when pressed onto a glass plate with a load of 500 g.
According to a third aspect of the invention, as set forth
in the second aspect of the invention, it is preferable that
15 the friction bedy is an elastic body which satisfies a relation
of B<A<4R,
J wherein A is a contact area at the time when pressed onto
the glass plate with the iocad of 1000 g and
B is a contact area at the time when pressed onto the
20 glass plate with the load of 500 g.
According to a fourth aspect of the invention, there is
provideda frictionbody for allowing an image having reversible
thermochromism to change color from a first state to a second

state by frictional heat,

25 wherein the frictional body has a contact area of 3.2



glass plate with a |l oad of 1000 g. According to a fifth aspect of the
invention, as set forth 5 in the fourth aspect of the invention, it is
preferable that the friction body has a Shore hardness based on JI' S K6253A
of 40 degrees or nore. According to a sixth aspect of the invention, as set
forth in the first aspect of the invention, it is preferable that 10 the
friction body conprises a styrene-butadi ene-styrene copol yner or a
styrene-et hyl ene butyl ene-styrene copol yner. According to a seventh aspect
of the invention, as set forth in the first aspect of the invention, it is

prefera Hkhf‘ésé% 1{h?és%%&’%%&o%"%é%spfafé"ﬂérﬁ% agant Pt%?%gﬁcordi ng

to an eighth aspect o e 1 nvention, ere“1s provided a w
i nstrument copprising: .a rever%;gl% t her np-chrom c i nk thergig' and the
Fricti o bahP FaGridg B8 Snd T irdt "5 pabt [OFSt FES RERREPONCT &I 1 owi ng
handwiting formed by, the iting O instrunent to change color fromthe
first stE®PiHe Edhd VLT%E% eo%yqu cfional heat. According to a ninth
aspect of the invention, as set forth in the eighth aspect of the
i nvention, it Acqrding 5plefifhh asPsft ofnghe Asvenrdrt, mepiset EBRERI t uti ng
the witing instrument 25 or a nain body of the witing instrunent and the
frichi ontibddye Bumtd iaspegitabify ther Abdebylobi nitci s apreberahye Meebrding to
a tenth aspect of the invention, as set forth
the friction body has a Shore hardness based on JIS K6253A of
40 degrees or more.
According to a sixth aspect of the invention, as set forth
in the first aspect of the invention, it is preferable that
10 the friction body comprises a styrene-butadiene-styrene
copolymer or a styrene-ethylene-butylene-styrene copolymer.
According to a seventh aspect of the invention, as set
forth in the first aspect of the invention, it is preferable
that the friction body comprises a coloring agent
15 According to an eighth aspect of the invention, there
is provided a writing instrument comprising:
i a reversible thermo-chromic ink therein; and
the friction body according to the first aspect of the
invention for allowing handwriting formed by the writing
20 instrument to change color from the first state to the second
state by frictional heat.
According to a ninth aspect of the invention, as set forth
in the eighth aspect of the invention, it is preferable that

awriting instrument member constituting thewriting instrument

25 or a main body of the writing instrument and the friction body



in the eighth aspect of the invention, it is preferable that the reversible
thernmochrom c ink is of any one or of an arbitrary 5 conbination of: a heat
di scoloring type in which color disappears from a col or-devel oped state by
heating; a color menory retention type in which a col or-devel oped state or
a discolored state is interchangeably nmenorized and 10 retained in a
specific tenperature region; and a heat col or-devel oping type in which col or
is developed froma discolored state by heating and it returns to the

di scolored state by cooling fromthe col or-devel oped state. According to an

eleventhaggpfﬁﬁe§gai r%?éfa :gy,c fnf@%ti&é_&Qi&bn%n the ei ghth aspect of

the invention, 11 1s fhat"the writing | Astrunent has a
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conprising: 25 a witing instrument containing at |east reversible 6
t her FochFOMPENZ RGN aPB: t he friction body according to the first aspect of

t he
a heat discoloring type in which color disappears from

a color-developed state by heating;
\ a color memory retention type in which a color-developed
state or a discolored state is interchangeably memorized and
10 retained in a specific temperature region; and
a heat color-developing type in which color is developed
from a discolored state by heating and it returns to the
discolored state by cooling from the color-developed state.
According to an eleventh aspect of the invention, as set
15 forth in the eighth aspect of the invention, it is preferable
that the writing instrument has a handwriting width ranging
} from 0.1 to 5 mm.
According to a twelfth aspect of the invention, as set
forth in the eighth aspect of the invention, it is preferable
20 that the reversible thermochromic ink comprises at least a
micro-encapsulated pigment having a color change point on the
high-temperature side ranging from 25°C to 95°C.
According to a thirteenth aspect of the invention, there
iz provided a writing instrument set comprising:

25 a writing instrument containing at least reversible



invention for allowi ng handwiting formed by the witing instrunment to
change color fromthe first state to the second 5 state by frictional heat.
According to a fourteenth aspect of the invention, as set forth in the
thirteenth aspect of the invention, it is preferable that the witing
instrunent set has a handwiting wdth ranging from0.1 to 5 nm 10 [0006]
According to the first aspect of the invention, there can be obtained the
friction body which can allow only a desired mnute area portion to change
color selectively and easily by rubbing w thout requiring strong pressing

force i i 15, W ut increasing the nunber of rubbing. [0007]
R

Accor di ng asp of the invention, only a desired mnute area
portion can be .allowed to ch e colar. selectivel nd _easi | y_by rubbing.
D0 [ 0008] - Acedrilt i k-t B, G SBpinabor hoe) RubnE BRocatclhe LBE  por i on
is enlarged to a size suitable for rubbing in pressing, ..so that.rubbing can
be por f GHRERREYOR | GRE forr ¥ nBBRaWEE Fabei Glitad. Dhe E5Rdi ¥ot bittven a

user who is weak in force 25 such as an infant can allow a desired portion

to changrebrgrenty teIcd@ndrerylandt 8aditye fyi ribsitate tpobbe)second
5 state by frictional heat.

According to a fourteenth aspect of the invention, as
set forth in the thirteenth aspect of the invention, it is
preferable that the writing instrument set has a handwriting

width ranging from 0.1 to 5 mm.

10 [0006]

According to the first aspect of the invention, there
can be obtained the friction body which can allowonly a desired
minute area portion to change color selectively and easily by
rubbing without requiring strong pressing force in rubbing and

15 without increasing the number of rubbing.

[0007]

) According to the second aspect of the invention, only
a desired minute area portion can be allowed to change color
selectively and easily by rubbing.

20 [0008]

According to the third aspect of the invention, a contact
portion is enlarged to a size suitable for rubbing in pressing,
so that rubbing can be performed by light force without
directionality. Accordingly, even a user who is weak in force

25 such as an infant can allow a desired portion to change color



According to the fourth aspect of the invention, there is obtained the
friction body which can allow only a desired 5 mnute area portion to
change col or selectively and easily by rubbing without allow ng a peripheral
portion thereof to change <color. [0010] According to the fifth aspect of
the invention, it does 10 not occur that the friction body is shaved in
rubbing to bring pollution to the periphery of a rubbed portion, and the
generation efficiency of frictional heat can be increased. [0011] According
to the sixth aspect of the invention, a 15 thernochrom c i mage can be

al | oned selebbhhgelyoand sathoutbyexfibbinging it, and even on a portion once
rubbed, a thernochrom c inmage can be fornmed again w thout generating ink
repel | ency on {heogubbed portion. [0012] 20 According to the seventh aspect
of the invention, the design freedomof the friction body is enhanced.

[0013] Accor dipect@ihber&itahd Faspect spledthe fi fv@NEhOBRtacuSEEhegan freely
forman imge, and using the friction body provided 25 on the witing

| nstrunenk, obHg; REQVE&Teft 1 ONESh IHERGE WA & arf 223 bl aWgdstieeghange
color. [0014]

5 minute area portion to change color selectively and easily by
rubbing without allowing a peripheral portion thereof to change
color.

(0010}
According to the fifth aspect of the invention, it does
10 not occur that the friction body is shaved in rubbing to bring
pollution to the periphery of a rubbed portion, and the
generation efficiency of frictional heat can be increased.
[0011]
According to the sixth aspect of the invention, a
15 thermochromic image can be allowed to change color without
exfoliating it, and even on a portion once rubbed, a
; thermochromic image can be formed again without generating ink
repellency on the rubbed porticn.
[0012]
20 According to the seventh aspect of the invention, the
design freedom of the friction body is enhanced.
f0013]
According to the eighth aspect of the invention, a user

can freely form an image, and using the friction body provided

25 on the writing instrument, the above-mentioned image can be



According to the ninth aspect of the invention, the friction body can be
securely attached to the witing instrunent 5 w thout dropping off. [0015]
According to the tenth aspect of the invention, there can be forned an

i mge which is magical that the inmage reversibly changes color by heating
and cooling, and it can be variously 10 applied to and devel oped in

| earni ng, teaching, toy elenents and the |ike, depending on its purpose.

[ 0016] According to the eleventh and fourteenth aspect of the invention,
there can be formed handwiting suitable for a user 15 to wite a letter or
draw an eamigey onl owediute goangencolkrd. to allow it to change col or using
the friction body provided in conbination. [0017] According to the twelfth
aspect of the jgnention, the 20 ink has high-density col or devel opability,
and is surely changed in color by rubbing. [0015] According to the

thirteenth aspagdowiindetbnyaat indmta asiseft caf ftheelinJartman ivmge, and
using the friction body 25 provided in conbination, the above-nenti oned

Eﬁg\fN&g&p@t%bbay Sarabb QR £HaNgEN Q1Y £h BRIrER 1 PESER Flhkdh OF THE

5 without dreopping off.

[0015]

According to the tenth aspect of the invention, there
canbe formed an image which ismagical that the image reversibly
changes color by heating and cooling, and it can be variously

10 applied to and developed in learning, teaching, toy elements
and the like, depending on its purpose.

[0016]

According to the eleventh and fourteenth aspect of the
invention, there can be formed handwriting suitable for a user

15 to write a letter or draw an image on a minute portion, and
to allow it to change color using the friction body provided
| in combination.

[0017]

According to the twelfth aspect of the invention, the

20 inkhashigh-densitycolordevelopability, andis surelychanged
in color by rubbing.

[0015]

According to the thirteenth aspect of the invention, a
user can freely form an image, and using the friction body

25 providedincombination, the above-mentioned image canbeeasily



Fig. 1 is a longitudinal cross-sectional view showing 5 one enbodinent of a
witing instrunment provided with a friction body of the invention; Fig. 2
is a graph illustrating a col or change behavior of a heat discoloring type
reversi ble thernmochromc ink; Fig. 3 is a longitudinal cross-sectional view
showi ng 10 one enbodi nent of a friction body of the invention; Fig. 4 is a

| ongi tudi nal cross-sectional view showing one enbodinent of a witing
instrunment provided with a friction body of the invention; Fig. 5is a

| ongi t udi nal cross-sectional view showing 15 another enbodi nent of a
writing ahbtwedrent pravgeecodwth a friction body of the invention; Fig. 6
is a longitudinal cross-sectional view showng still another enbodi nent of
a witing instrunent provided with a friction body of the invention; 20
Fig. 7 is a longitudinal cross-sectional view showing one enbodinment of a

friction body of the pRYERtDEOSCREPUIONB OB BHLE OPRAWEMG®al cross-sectional
vi ew show ng anot her enbodi nent of a friction body of the invention; and

Fig. 9is a lomytL@If@laqmt&ﬁﬁﬂ@paérdé%%@ywm251@wesﬁah9§gnent of a
witing instrument used in a witing 10 instrunent set of the invéntion.

DETAISL ED, PEIRIA il t B £ BRMPEARY MR 505 1 BE o IMENTEEN ¢ EYRCDI MENTS

body of the invention;

Fig. 2 is a graph illustrating a color change behavior
of a heat discoloring type reversible thermochromic ink;

Fig. 3 is a longitudinal cross-sectional view showing

10 one embodiment of a friction body of the invention;

Fig. 4 is a longitudinal cross-sectional view showing
one embodiment of a writing instrument provided with a friction
body of the invention;

Fig. 5 is a longitudinal cross-sectional view showing

15 another embodiment of a writing instrument provided with a
friction body of the invention;
; Fig. 6 is a longitudinal cross-sectional view showing
still another embodiment of a writing instrument provided with
a friction body of the invention;
20 Fig. 7 is a longitudinal cross-sectional view showing
one embodiment of a friction body of the invention;

Fig. 8 is a longitudinal cross-sectional view showing
another embodiment of a friction body of the invention; and

Fig. 9 is a longitudinal cross-sectional view showing

25 one embodiment of a writing instrument used in a writing

10



5 [00019] The friction body of the invention can allow a mnute area
portion of an image or handwiting fornmed with a reversible thernochromc
ink or the Iike by aneans such as printing, witing or the |like to change
color selectively and easily froma first 10 state to a second state by
frictional heat, and allows it to interchangeably change color to a color
different fromthe nornmal state by rubbing the above-nentioned i nage or
handwriting. [0020] Further, the friction body of the invention can be
allowed 15 to generate heat by a nanual operation w thout using power or
t he | i keinssonineait idetcant behepriodumediat. | ow cost requiring no | arge-scal ed
apparatus. Accordingly, it can be provided at a rear end portion of a
barrel of the witing instrument containing the reversible thernochromc
ink or at a tip end 20 portion of a cap for the witing instrunent by a

neans susira ‘sl bEkCRA PeT oRoD NEXEMEAREMBODIMERDS HEF REEAINVEISDIdN nat i on
with the witing instrument containing the reversible thermochromc ink, or

can be used in conbination wth @umhsivers book or toy provided with inmages
printed with the reversible 25 thernmochromc ink. 11 In particular, when
the gbove- nent¢655¥b iting instrunment and friction body are separately
provided to f reversible thermbchromc witing instrunment set, or when

the friction ‘I%Odyfrlctorooﬁnlgjoéjy ork ttllme aibr(l)\yeentnfonr% : coapr?da]\./\folw;[rlélgmlnute

area portion of an image or handwriting formed with a reversible

thermochromic inkor the likebyameans suchasprinting, writing

or the like to change color selectively and easily froma first

10 state to a second state by frictional heat, and allows it to

interchangeablychangecolortoacolordifferent fromthenormal
state by rubbing the above-mentioned image or handwriting.

[0020]

Further, the frictionbodyof the invention canbe allowed

15 to generate heat by a manual operation without using power or

the like, so that it can be produced at low cost requiring no

large—-scaled apparatus. Accordingly, it can be provided at

a rear end portion of a barrel of the writing instrument

containing the reversible thermochromic ink or at a tip end

20 portion of a cap for the writing instrument by a means such

as fitting or coinjection molding, can be used in combination

with the writing instrument containing the reversible

thermochromic ink, or can be used in combination with a picture

book or toy provided with images printed with the reversible

25 thermochromic ink.

11



5 instrunent, a free inmage can be fornmed by the above-nentioned witing

i nstrunment, the above-nentioned i mage can be allowed to easily change col or
by the friction body. This becones therefore nore useful. [0021] 10 The
above-nmentioned friction body is forned so that the contact area at the
time when pressed onto a glass plate with a load of 1000 g ranges fromO0.5
to 15 M. Thereby, the contact area at the tinme when the friction body is
pressed onto a support (such as paper) on which the 15 image is fornmed in
rubbing lies within the small range. Accordingly, frictional heat can be
generated withont pheetieasiang theaninbeie of abopbingnt sotdedubbirigicgn be
performed w thout requiring strong pressing force. It is therefore

possi bl e;hatalihewroghil fr desi bbb U B Hgmmardl P igrichange f2@mcol or
selectively and easily by rubbing. [0022] Further, the friction body is

pref er ably- 4t red, 5o t%@%%o&ﬂl%nﬁ%“k%ﬁhﬁbeﬁﬁrﬁﬂ@nf 'é@: V‘G%ﬂdkpéz?%%%d onto a

glass plate wth a load of 500 g ranges fromO0.5 to . I'n that case,
25 there e t V. 4 S ;| 12 than
t he cont ac g?@é é:fot%:we.‘t'g %er%&ﬁgdﬁ%srgésggl%gn%%&@%%g%ﬁl at gﬁvﬁt?h % 1oad of

1000 g, sndiseLione Lo petaall v gu (ol s SRt paniarl arep a1 the
B at thew&&%ﬁnghfgstrument the above-mentioned image can be allowed
to easily change color by the friction body. This becomes
therefore more useful.
(0021}
10 The above-mentioned friction body is formed so that the
contact area at the time when pressed onto a glass plate with
a load of 1000 g ranges from 0.5 to 15 mm?.
Thereby, the contact area at the time when the friction
body is pressed onto a support (such as paper}) on which the
15 image is formed in rubbing lies within the small range.
Accordingly, frictional heat can be generated without
J increasing the number of rubbing, and rubbing can be performed
without requiring strong pressing force. It is therefore
possible to allow only a desired minute area portion to change
20 color selectively and easily by rubbing.
[0022]
Further, the friction body is preferably formed so that
the contact area at the time when pressed onto a glass plate

with a load of 500 g ranges from 0.5 to 12 mm®. In that case,

25 there is preferably used an elastic body having a value smaller

12



5 pressed onto a glass plate with a | oad of 500 g satisfy a relation of
B<A54B. This makes it possible to inpart noderate flexibility to the
friction body, so that when the friction body is pressed on the support on
which the image is forned, the contact portion 10 is enlarged to a size
suitabl e for rubbing depending on pressing force, thereby being able to
allow the desired portion to effectively change color by rubbing. Further,
the friction body can be rubbed with the support in a closer state, so that
pressing force does not happen to be dispersed, and it can nove 15 w thout
di recti oftedn thhe [P ct Frddest e ahoyevientp oaesed roetooa dbdysi s for med
so that the contact area of a glass plate and the friction body becones

3.2 ML Wiad &K thhen chiiessadoang P aﬁf&ﬁsgt@§ﬁﬁpﬂ§¥>@e\ﬂféﬁzﬁb2 Pet H@emefl 500 g,
and the contact area of a glass plate and the riction body becones 5.0 mm2

or |ess yhenpr esfih Ot 4D ¢ 288 Rhiakewkkhhpaekbaad aﬁtéOQO%,gaSEhi s mekes
it possible to surely select only the mnute area portion of the

above- AP@%EHTEQF?M S 19y g grg%%%éavct %ﬁ'ze%hémg(f t%g]gayeywﬁaﬂbi ng. 13

I'n both e above- nentioned | oad e contact area rictron body at
ConsiderP e THOCET PRgtA Rt ST ARBiT 1o9asr SRB ST PT ErT oh ohay it o T
of B<A<4B.

This makes it possible to impart moderate flexibility
to the friction body, so that when the friction body is pressed
on the support on which the image is formed, the contact portion

10 isenlargedtoasize suitable for rubbing depending on pressing
force, thereby being able to allow the desired portion to
effectively change color by rubbing. Further, the friction
body can be rubbed with the support in a closer state, so that
pressing force does not happen to be dispersed, and it can move

15 without directionality.

[0023)

) Further, the above-mentioned friction body is formed so
that the contact area of a glass plate and the friction body
becomes 3.2 mn’® or less when pressed onto the glass plate with

20 a load of 500 g, and the contact area of a glass plate and the
friction body becomes 5.0 mm’ or less when pressed onto the
glass plate with a load of 1000 g.

This makes it possible to surely select only the minute
area portion of the above-mentioned image to allow it to easily

25 change color by rubbing.

13



5 As the above-nentioned glass plate, there is used a float glass having
such transparency that the contact portion can be visually observed froma
back side thereof when the friction body is brought into contact with a
surface thereof and having surface snoothness. 10 [0024] The shape of the
above-nentioned friction body may be any as long as it satisfies the
above-nentioned conditions. However, a pyram dal shape or a conical shape
is preferred because a constant contact area i s obtained i ndependently of
15 a contact angle with the handwiting and only the desired portion can be

rubbed Wi t hout T UPimG e Whder-a@irikorfdd tikRlds | tthieScoptaler hedat bat a
| eading edge is fornmed in a convex curve. [0025] Further, the hardness of

the abovepgenti angdh bolagt &héglﬁe%éﬁpqre%fs%rda@hxoaﬂwgﬁ%est 140edegr ees

or nore, an nDre preférably to 55 degrées or nore, In ardness Ain

IS (JaPé‘ EPQH?Vbabmﬁ‘sﬁwrrﬁéré@%&%ﬂ’gﬂﬁ% Bk t%gféﬂggﬁ%ﬁ S _or fore

generates orna ch is not ard an or rubbi ng
(frictio tio af can be generated w thout requiring
strong ?%r% %%%fﬁﬁ E%e ﬁﬁ%?ﬁé?n § Mstnent to 55 degrees or nore
incregses t he ion eff|C|enCé of fri tlon |. heat, and z |t nor e
diffitult for ﬁ& ? PYBRBBHY LG atHpéate A %F%Fﬁb??e loa

t hermochrom ¢ i nage can be allowed to easily _
glass having such transparency that” the contact portion can

be visually observed from a back side thereof when the friction
body is brought into contact with a surface thereof and having
surface smoothness.

10 [0024]

The shape of the above-mentioned friction body may be
any as long as it satisfies the above-mentioned conditions.
However, a pyramidal shape or a conical shape is preferred
because a constant contact area is obtained independently of

15 acontactanglewiththehandwritingandonlythedesiredportion
can be rubbed without rubbing a wide region. Further, it is
} preferred that a leading edge is formed in a convex curve.
[0025]
Further, the hardness of the above-mentioned friction
20 body is preferably adjusted to 40 degrees or more, and more
preferably to 55 degrees or more, in Shore hardness A in JIS
(Japanese Industrial Standard) K6253A.

Adjustment to 40 degrees or more generates a deformation

which is not too hard and suitable for rubbing (friction), so

25 that frictional heat can be generated without requiring strong

14



5 change color by the small nunmber of rubbing, and the friction body can be
used without pollution to the periphery of the rubbed portion caused by
shavings. Furthernore, in order to inpart elasticity to the friction body,
it is preferred that Shore hardness A is adjusted to 100 10 degrees or

| ess. Adjustnent to 100 degrees or |ess gives noderate elastic force, so
that the contact surface to the support in rubbing increases to allow the
thernochromic image to easily change col or by the snmall nunber of rubbing
and to be snoothly rubbed. 15 [0026] As the above-nentioned friction body,

there caprbesappl F6dcean pubtheal i hjshapedtone GHMIdE dWE S F ehatbvel y hard
synthetic resin such as pol ypropyl ene, polyethylene, a polycarbonate,

pol yet hyl & eé§é§99@baér?é1%tlaorpéki’§€%ﬁl:goéfnf@féé’iéx?ai gebR.arePmB¥bon, an

acrylonitrile-styrene copol ymer resin resin) or

acrylonifrile-hutadie Euikyrﬁase qﬁfl¥ tlgglnb£€?8Q§§l ase%ﬁaﬁggrnnplastlc

el ast oner sugh as a s?yrene el as efln asft orer
pol ystyr ne- | yol ef i ner,, _a urethane-hased, el asto

ol yest cACHAERSLY o) &%&mog%pta%ﬁ@gsag@% 3 adomen Tg S38 1Y

1, 2- polybutadlene based el astonmer, a vin chl ori de- based | ast oner or a
f1 uori neChaReR &Lk %Fheas’aﬁéﬁd%%?ﬁs‘{%ﬁé%bb%h a5d £hg| ERCHIOn

pol ypr opyl ene and et hyl ene- propyl ene-based rubber, a blend of butadi ene and
an acrylBedlY candbe Bpsiygrhout pollution to the periphery of the rubbed

portion caused by shavings.
Furthermore, inorder to impart elasticitytothe friction
body, it is preferred that Shore hardness A is adjusted to 100
10 degrees or less. Adjustment to 100 degrees or less gives
moderate elastic force, so that the contact surface to the
support in rubbing increases to allow the thermochromic image
to easily change color by the small number of rubbing and to
be smoothly rubbed.
15 [0026]
As the above-mentioned frictionbody, therecanbe applied
} anarbitrarily shapedonecomprisingarelativelyhardsynthetic
resin such as polypropylene, polyethylene, a polycarbonate,
polyethylene terephthalate, a polyacetal, an acrylic resin,
20 nylon, an acrylonitrile-styrene copolymer resin (AS resin) ox
anacrylonitrile~butadiene-styrene copolymer resin (ABSresin),
a thermoplastic elastomer such as a styrene-based elastonmer,
an olefin-based elastomer, a polystyrene-polyolefin block
copolymer, a urethane-based elastomer, a polyester-based

25 elastomer, a polyamide-based elastomer, a

15



5 or a blend of chlorinated pol yethyl ene and nylon, a rubber elastonmer such
as silicone rubber, natural rubber, synthetic rubber, foans of various
resins, thermally fused or resinated fiber, wool felt or the like. In
particular, of the above-nentioned materials, the 10 styrene-based

el astonmer is useful, and a styrene-butadi ene-styrene (SBS) copolyner or a
styrene- ethyl ene-butyl ene-styrene (SEBS) copolynmer is suitably used.
These copol yners have the good generation efficiency of frictional heat to
all ow the thernochromc inage to repeatedly 15 reversibly change col or

W thout exbobbatba shienlbazah heya SEBNE] Yol Uphiogh DeGaUSEaRLpLlaeld | ow

resi stance’i bi ng urther, even when a sur riction body is

extol i at g, SLAGLES L9 a@g@}% o old ahed slidace, of the f LicLignody i's

adher ed he 'suppor as paper) ng,

repel | enc oes n i.s therefor e rformrewiting on
t he rubbéé go?§Fbﬁ&eVﬁ' %ﬁﬁ&ro SRE @& d£§§¥?ﬁ&€ﬁ§{@?§§ﬁ 45&%r ef err ed
to take a constitution that a base materi al osed of _a hard material is
covered ®PRery Bybé§Pﬁg°§ Rebadienenagd éﬂhégF ﬁonlﬁﬁl%?|€RPﬁ&Ym@&S|on
fitting or coinjection nolding. 16 [0027] Further, a coloring agent can be
addecd t oorhe Bene wentatdmad.ratiad ivsnl Yaldyyleme apdchyienyi ahriypber

designability is obtained by coloring the friction body.
elastomer such as silicone rubber, natural rubber, synthetic

rubber, foams of various resins, thermally fused or resinated
fiber, wool felt or the like.

In particular, of the above-mentioned materials, the

10 styrene-based elastomer is useful, and a

styrene-butadiene-styrene (SBS) copolymer or a

styrene-ethylene-butylene-styrene (SEBS) copolymer issuitably

used. These copolymers have the good generation efficiency

of frictionalheat toallowthe thermochromic image torepeatedly

15 reversibly change color without exfoliating it, and can be

smoothly rubbed because of their low resistance in rubbing.

} Further, even when a surface of the friction body is exfoliated

therefrom and thus exfoliated surface of the friction body is

adhered to the support (such as paper) at the time of rubbing,

20 ink repellency does not occur. It is therefore possible to
perform rewriting on the rubbed portion.

When a soft one is used as the material, it is preferred

to take a constitution that a base material composed of a hard

material is covered with it by using a means such as adhesion,

25 sticking, fusion, fitting or coinjection molding.
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5 Furthernore, when the friction body is attached to the witing instrunent,
it is colored to an ink color of the first state or the second state,

t hereby being able to use as a color indication function part for informng
to a user the color of the first state or a color which appears by a col or
change, 10 to conformdesign by coloring it in conformty with a color of
an exterior of the witing instrunent, or conversely to show up the
friction body as one different in color tone fromthe exterior. As the
anount of the above-nentioned coloring agent added, 15 it is preferred that
t he coloring 77S contained in an anount of 0.1 to 1. 0% by wei ght
based on the total anmount of the friction body. Less than 0.1%results in

failure to cl eﬁu%%)’l g:ﬁ‘ E)r ?lgﬁlﬁei on y,cmerﬁgs g&&g@di@g 1, 9% results

in the occurrence ransier 0O e coloring agent to the periphery
n. rubbed i n. sone case e _above:- nenti oned

of 20t ermpmM%tH@ W¥ L s. . As. th
col ori nPRYERTRER hEPREL ant HEC T Lo r Jp1 T4t el y YiSed"BLgBnet &l - hurBostPdye or
pi gnent or the like and there is used, for exanple, alum num powder or
vari ous FRaFINab bhevt 45 fPNwinedsbyn cdiar ik, thepddilctdpd ROAVrect dye,
25 a fluorescent dye, a fluorescent pignent, an inorganic pi gment 17 such
as c&r bohubtheknonet véiay the B et bor tiakhiigneokadecardd® the WEghhE pi gment .
Furt her, various additives such as a filler can be added to the
above- neim$omenefit i cit ois bodyorasd Meededink color of the first state
or the second state, thereby being able to use as a color
indication function part for informing to a user the color of
the first state or a color which appears by a color change,
10 to conform design by coloring it in conformity with a color
of an exterior of the writing instrument, or conversely to show
up the friction body as one different in color tone from the
exterior.
As the amount of the above-mentioned coloring agent added,
15 it ispreferred that the coloringagent is contained in an amount
0of 0.1to1.0% byweight based on the total amount of the friction
) body. Less than 0.1% results in failure to clearly color the
friction body, whereas exceeding 1.0% results in the occurrence
of color transfer of the coloring agent to the periphery of
20 the handwriting when rubbed in some cases.
As the above-mentioned coloring agent, there can be
appropriatelyuseda general-purposedye or pigment or the like,
and there is used, for example, aluminum powder or various pearl

pigments, as well as an acid dye, a basic dye, a direct dye,

25 a fluorescent dye, a fluorescent pigment, an inorganic pigment

17



5 [0028] Wien the above-nentioned friction body is attached to the witing
instrunment, it can be attached by fitting one forned as a separate nenber
to the witing instrunent or by formng integrally with a nmain body of the
writing instrunment or a nenber 10 of the witing instrunent by coinjection
nol di ng. Wen fitted as the separate nenber, the friction body is formed in
a shape of the witing instrunent nenber such as a head crown or a tai
stopper to directly constitute the witing instrunment, thereby also being
able to reduce the nunber of parts. 15 Further, the above-nentioned

copol ymesgrabe e5¢8bheBlackD Hiof FRRALLAY, bBQe IhALL {1thaYi BB LRILATd ¥
provided as the friction body by coinjection nolding wwth the main body of

the wigti i gqggf&({r the nenber of the witing instrunment. [0029] 20
Furtherﬁ%ﬁggqaﬁﬁgg 0 srﬁﬁpossible to easily renove the friction body from

(he w1 Ling | asyrument Dy ety 00 shLRGOR] oo s il LIE L Lear bo, Tor

the witing i or nore, éreby being able to
prevent .an infant or the lik rom.accidentally swalJowing it. Wen the

frictior28N5odPave 5 é’c?cfoffrtlﬁg‘lé’&oé’&%zeﬁtsi éﬁ%}d’l ting instrument, 18
| ocking ribs may al so be provided on an inner face of a fitting portion of

the Priction 5(9(9’3?81]0 the witing instrunment, in order to inprove slip-off

force. In addition, when the friction body is provided on the
When the above-mentioned friction body is attached to

thewriting instrument, it canbe attachedby fitting one formed
as a separate member to the writing instrument or by forming
integrallywithamainbody of thewriting instrument or a member

10 of the writing instrument by coinjection molding. When fitted
as the separate member, the friction body is formed in a shape
of the writing instrument member such as a head crown or a tail
stopper to directly constitute thewriting instrument, thereby
also being able to reduce the number of parts.

15 Further, the above-mentioned copolymers are excellent
in formability, so that they can be easily provided as the

j friction body by coinjection molding with the main body of the
writing instrument or the member of the writing instrument.

[0029]

20 Furthermore, it becomes impossible to easily remove the
friction body from the writing instrument by adjusting slip-off
force of the friction body for the writing instrument to be
fitted to 5 N or more, thereby being able to prevent an infant
or the like from accidentally swallowing it. When the friction

25 Dbody is attached to the above-mentioned writing instrument,

18



5 above-nentioned witing instrunent, an aeration hole or aeration groove
may be provided through the friction body, thereby achieving higher safety
even when an infant or the like accidentally swallows it. [0030] 10 Then,
the reversible thernmochromic ink will be illustrated. The reversible
t hermochromc ink for formng the reversible thernochromc imge and
handwiting which are allowed to change color by the friction body of the
invention 15 can be constituted by using various types such as a heat
di scoloring type in which color disappears froma color-devel oped state by

heating,; &GP 1 BBREY d18lEBE 9Pot YBEd ) athi §He 2 GRIOLTAg el PRy state or

a discolored state is " interchangeably nenorized and retained in a specific

20 tenp 'dn b€ h%nf?fgt oﬂ%%defgé‘%gfed@i‘ﬂ:%hg%éttyﬂ%% 'rPc,""%C&c[l%g' or is

devel op from a di scol ored stat eating a I urns to

di scol ored .state by .cool | romthe color-devel oped state, alone or as a
conbi natﬁoor?‘%g“fr vheerselc%f% Otﬁegotfsé;é‘of t he above-nenti oned constitution can

forman i mage 25 i.ch is rich i i C, properties, such,as an i ein
wht oh 198 CroatHinge cHeBd By TEbF NG, Fotint SreboRl JH SR Lo | an
original color or an image in which a color change caused by_rubbing can be

r et aPne@RAMEMERG RN e npEiditde FRAGEUNEREL hadD S LEfd CfbobR1 el ¥ oned

reversi bl e thernochromc
aeration groove may be provided through the friction body,

thereby achieving higher safety even when an infant or the like
accidentally swallows it.

[0030]

10 Then, the reversible thermochromic ink will be
illustrated.

The reversible thermochromic ink for forming the
reversible thermochromic image and handwriting which are
allowed to change color by the friction body of the invention

15 can be constituted by using various types such as a heat
discoloring type in which color disappears from a
| color-developed state by heating, a color memory retention type
in which a color-developed state or a discolored state is
interchangeably memorized and retained in a specific
20 temperature region and a heat color-developing type in which
color is developed from a discolored state by heating and it
returns to the discolored state by cooling from the
color-developed state, alone or as a combination of thereof.
The use of the above-mentioned constitution can form an image

25 which is rich in magic properties, such as an image in which
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5 ink, the retention of color exhibited in the normal state (daily 1living
tenperature region) can be effectively functioned, and it becones possible
to change color by rubbing with the friction body of the invention, by
speci fying the color change point on the |lowtenperature side to the range
of -30C to +10C and 10 the col or change point on the high-tenperature side
to the range of 25C to 95C (preferably 36C to 90C) . This becones therefore
high in practicability. [0031] Further, as a reversible thernochromc 15

m cro- encapsul at ed pi gnent contained in the above-nentioned reversible

t her nochs o Lot nkhaodge ¢suedd doy | medh imgvhi edt ant sewensi pl eethensochr oni ¢
conposition containing at | east three indispensable conponents of (a) an

el ectronagdanatd Nga LU SIor @xhibiikaRE ahgahiehcanpousd, chbhgancaused
el ectron-accepting 20 conpound and (c) a reaction nediumfor determning the

generatijop rhe9DeY at &k enOf rE0h Dheieaebt 08 WiabotbndesstiPedrahgue, which
have hitherto been known, is mcro-encapsul ated. As the heat discoloring

type in which i qﬁﬁpé : r- : ting,
t here can be uti ?é%%’?ﬁose %o%%?@%ﬁgégﬁ%ﬁrf%% -g%g%%%%%?$§5?%9§%?44707,

PPt 2D I B o ML TR PR LORSSEG) D RAP LTS
O 2P LPLRLI e LEIBEL ALS (GOLSr, 03N ALY, SN 220

it becomes possible to change color by rubbingwith the friction
body of the invention, by specifying the color change point
on the low-temperature side to the range of -30°C to +10°C and
10 the color change point on the high-temperature side to the range
of 25°C to 95°C (preferably 36°C £o 90°C). Thisbecomes therefore

high in practicability.

f0031]

Further, as a reversible thermochromic
15 micro-encapsulated pigment contained in the above-mentioned
reversible thermochromic ink, one is effective in which a
reversible thermochromic composition containing at least three
indispensable components of (a) an electron-donating color--
exhibiting organic compound, {b) an electron-accepting
20 compoundand (c) areactionmediumfor determiningthe generation
temperature of color reaction of both described above, which
have hitherto been known, is micro-encapsulated. As the heat
discoloring type 1in which c¢olor disappears from a
color-developed state by heating, there can be utilized those

25 described in JP-B-51-44706, JP-B-51-44707, JP-B-1-29398 and

20



5 region equal to or higher than a conpletely discoloring tenperature and a
col or-devel oped state in a tenperature region equal to or |lower than a
conpl etely col or devel oping tenperature. Only a specified one state of the
above-nentioned two states can be present in an ordinary tenperature
region. That is to 10 say, the other state is nmaintained while heat or cold
heat necessary for exhibiting the state is applied, but returns to a state
exhibited in the ordinary tenperature regi on when application of the heat
or cold heat is cancelled. The hysteresis tenperature range is relatively

smal | (Al tike/ Qhickb Haven syest epdmd ad) iy AhoofprGart |aggsl {@astystem i n
which a fatty acid ester showing a OH value shown in JP-B-1-29398 (nelting

poi nt - T{OHBoR@-Rehtafbondd bmbess thisnUSesn@ss &AYPAin ERaRGcinity
tenperature-controlling conpound), the conposition is sensitively

responsige it %ggegggﬁmedt %Tfmgﬁ%ﬁatlﬁfet féglrwr tharefe perBket ehydhgept oring

t enperat ure the c etely co devel opi ng tenperature (t1l) as

the. bor def S0 0N AGSROALL! Moy SO0, ChARBE, BT BPCL U S a1 g VSt em

havi ng 4 osSition gradual urns 1o an
original__situation.after the .cqlor ange, thereby being able to enhance
05 Tho- radi oPaURL, i 1y TAPHAN « FBER Gbl GPTRIREPY Y ALt Lot 1350

t hernochromi ¢ conpositions described in JP-B-4-17154, JP-A-7-179777,

JP- A- 7- 3RTE L Fpine gbdgosplanadenelrprs W%lH@EeHE@HaEPS&E%%FO%y t he

present assignee can al so be applied which show | arge
equal toor lower thanacompletelyceolordeveloping temperature.

Only a specified one state of the above-mentioned two states
can be present in an ordinary temperature region. That is to
10 say, the other state is maintained while heat or cold heat
necessary for exhibiting the state is applied, but returns to
a state exhibited in the ordinary temperature region when
application of the heat or cold heat is cancelled. The
hysteresis temperature range is relatively small {(AH=1 to 7°C).
15 In a system having a AH of 3°C or less (a system in which
a fatty acid ester showing a AH value shown in JpP-B-1-29398
(melting point - cloud point) of 3°C or less is used as a color
change temperature-controlling compound), the composition is
sensitively responsive to changes in temperature taking the
20 completelydiscoloringtemperature (ty) andthecompletelycolor
developing temperature (t;) as theborderstoshowhighsensitive
color change properties. In a system having a AH of about 4
to 7°C, the composition gradually returns to an original
situation after the color change, thereby being able to enhance

25 the effect of visibility.
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5 hysteresis characteristics (4H=8 to 50C) , that is to say, which change
color via pathways which are greatly different in the case of increasing
tenperature fromthe | ower tenperature side than the col or change region
and the case of conversely decreasing tenperature fromthe higher
tenperature side than 10 the col or change tenperature region, in the shape
of a curve obtained by plotting changes in coloring density agai nst changes
in tenperature, and the col or-devel oped state in a |ow tenperature region
equal to or lower than the conpletely color developing tenperature (t1) or

t he di scol or ednaitaier,i ncalbrghndo tenpetantien egyps aefuadmdchosmid gher t han
the conpletely discoloring tenperature (t4) can be nenorized and retained

in  a spegiddsi tRimer adeisSr 11864 0Niht epenatung 158gi oybet-weem 4277 and
t3(substantially two-phase retaining tenperature region)) Further, a color

memory rﬁ—@iu"}%éQ’“PeJﬁhﬁf—§D§59@@‘a%d29héqm%%ﬁl'cq{‘h§9é’}%%%ﬂ%ﬂ@éecﬁ’yﬂ eresis

characteristics (AH50 t080C) can al so
beahn | U BodneercoTaRES e T
25 a3 CONIHRAS (e Fhos3CTRE abaTS. HUFTE S Sdustant 181 %’“?@% hige S
| mventi te”pe”’“ RGO T BBbTEEHENEPOReaEsl BFoehigd ForReRtopthae |
hi gh- tenperature S|de is set in the range of 25C to
case of increasing temperature from the lower temperature side
than the color change region and the case of conversely
decreasing temperature from the higher temperature side than
10 the color change temperature region, in the shape of a curve
obtainedbyplottingchanges incoloringdensityagainst changes
in temperature, and the color-developed state in a low
temperature region equal to or lower than the completely color
developing temperature (ti) or the discolored state in a high
15 temperature region equal to or higher than the completely
discoloring temperature (ty) can be memorized and retained in
a specific temperature region (temperature region between t
andts (substantiallytwo-phaseretaining temperature region)).
Further, a color memory retention type thermochromic
20 composition showing larger hysteresis characteristics (AH=50
to80°C) canalsobeappliedbyusinganester compoundconstituted
from an alcohol compound having two aromatic rings in its
molecule and a saturated or unsaturated fatty acid having 4

or more carbon atoms, such as 4-benzyloxyphenylethyl caprate,

25 as component {(c}.
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5 95C (preferably 36C to 90C). In addition, the above-nentioned col or change
point on the lowtenperature side (conpletely col or devel oping tenperature
(t1l)) can be set to any tenperature selected from the range of -30C to +20C
(preferably -30C to +10C) 10 The col or-devel oped state or the discol ored
state are interchangeably nmenorized and retained at any tenperature

bet ween the col or devel opnent starting tenperature (t2) and the

di scoloration starting tenperature (t3) by the above-nentioned tenperature
setting, thereby being able to 15 achieve visualization. Further, as heat
col or - devel opiThg e ccovgrddicriesh subsatieartd laly Bevceeyla sl zetsy/dEtang i n whi ch
a specific al koxyphenol conpound having a straight-chain or branched al kyl
group hapdmgeraxdre 1 gosbammatissse Whiependicol on ey epoppdsby hBEati ng from
20 the discolored state and proposed by the present applicant, is applied

as the ellectnoBnageapthdeconpenathdve Amddt 18963%01cBBnieldo H73), a
systemin which a specific hydr oxybenzoic acid ester is applied

UP—/*QQQ%&Q{ n-t &k L4k Ope&(g%syét@ 19 bl opagq0abll osact cyester or

the like wh I'S co eve at the color c e point on the

hlgh tqugr %%fglg%ng%Ge og$ gégéy col or devel opi ng tenperature) by

heat i'ng I'Scol ore e i's applied. Here, a coloring agent such

assasnonstner gd%Tt%og.?’ £h®" aBLYUEREN LS ohAGOERER! Eah§E b P on

above-nenti one eversi

the low-temperature side (completely color developing
temperature (t:)) can be set to any temperature selected from
the range of -30°C to +20°C (preferably -30°C to +10°C}.

10 The color-developed state or the discolored state are
interchangeably memorized and retained at any temperature
between the color development starting temperature (t,) and
the discoloration starting temperature (ta) by the
above-mentioned temperature setting, thereby being able to

15 achieve visualization.

Further, as heat color-developing type compositions,
there can be applied a system in which a specific alkoxyphenol
compound having a straight-~chain or branched alkyl group having
3 to 18 carbon atoms, which is color developed by heating from

20 the discolored state and proposed by the present applicant,
is applied as the electron-accepting compound (JP-A-11-129623
and JP-A-11-5973), a system in which a specific hydroxybenzoic
acid ester is applied (JP-A-2001-105732), and further, a system
inwhichagallicacidester or the like which is color developed

25 at the color change point on the high-temperature side
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5 thernochrom c m crocapsul es or ink, thereby being able to give a
constitution of exhibiting an interchangeable color change fromcolored (1)
to colored (2). [0032] The average value of the particle size of the 10
above-nenti oned m cro-encapsul ated pignment is preferably fromO0.5 to 5.0 m
and nore preferably from1l to 4 pm In a system in which the average
particle size exceeds 5.0 pm the outflow properties froma capillary pore
of a ballpoint pen tip or a marking pen tip decreases, separation
fromapaper surface occurs 15 in pressing (rubbing) to cause dispersion of
handw i t jdighp gt elheodapsdeeslapénbriokepe byt steprigy peesinagftomcehe n sone
cases. On the other hand, in a systemin which the average particle size

is |ess dihap b medtdte bacams iddficult to show high-density color
devel opability. 20 [0033] The above-nentioned reversible thernochromc

m cro- encapsylated PigaBRt ngAAgRA LI BGRAPLE & &b Nt MM 08 &ydo  50% by
wei ght (preferably 3 to 40% by weight and nmore preferably 4to30%ywei ght)
Do 2L DY gh AL TR Lok OIPAS e dhen ok BT AR 0By velof,
by, el ot LESULL S Rudearease, donoknk Ut LU RMSPELS 1551 o RoSRiiFE
a constitution of exhibiting an interchangeable color change
from colored (1) to colored (2).
[0032]
The average value of the particle size of the
10 above-mentioned micro-encapsulated pigment is preferably from
0.5 to 5.0 pm, and more preferably from 1 to 4 um. In a system
in which the average particle size exceeds 5.0 um, the outflow
properties from a capillary pore of a ballpoint pen tip or a
markingpentipdecreases, separation fromapaper surfaceoccurs
15 1in pressing {rubbing) to cause dispersion of handwriting, or
the capsules are broken by strong pressing force in some cases.
On the other hand, in a system in which the average particle
size is less than 0.5 pum, it becomes difficult to show
high~density color developability.
20 [0033]
The above-mentioned reversible thermochromic micro-
encapsulated pigment can be incorporated in an amount of 2 to
50% by weight (preferably 3 to 40% by weight and more preferably
4to30%byweight) basedonthetotal amountof theinkcomposition.

25 Less than 2% by weight results in insufficient color developing
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5 As for the shape of the capsule of the reversible thernochromc mcro
encapsul ated pignent of the invention, the application of the shape of
circular cross section is not denied, but the shape of noncircul ar cross
section is effective. The reversible thernochromc handwiting formed by 10
witing is densely oriented and firmy fixed so that the major axis side
(maxi mum out er di aneter side) of the above-nentioned m cro-encapsul ated
pignent is closely attached to a face to be witten. Accordingly, it shows
hi gh-density color developability, and against external force such as

r ubbi ng d¥nglix ¢ hehalyess- evaoeedbnd Fahdw veiagtwiedulthe ify acidoredrly, the
above-nenti oned m cro-encapsul ated pignent is delicately elastically

def or nedin oinksloayre lwhi gir ot axess t he eduyanalnfiobteion Thids,wi et g eakage of
a wall menbrane of the mcrocapsule is inhibited, and the thernochromc
functi orpesiedieiaed fectively 20 exhibited without inpairing it. In the
above- nenti oned m cro-encapsul ated pignent noncircularly shaped in cross
section, the awgyapge value of the maxi numouter dianeter is preferably
within the range of 0.5 to 5.0 W 25 In a systemin which the average val ue

of the maxi Mg 25,PUlEfe déﬁ&ﬁé erofOftﬁ@e caPevacTent | eRgd JHRL s Bhicapsul at ed

pi gnment (including one circularly shaped in cross section) exceeds 5. 0 gm

the OUtf{r&)&r%c?rPP&Eig\?%er%@ %%&ﬁ%ééc?‘&gﬁ%‘% o HYHL 68Nt Bnt N, Ot her

hand, in SysS avera

applicationof the shapeof circular crosssectionisnotdenied,
but the shape of neoncircular cross section is effective.

The reversible thermochromic handwriting formed by

10 writing is densely oriented and firmly fixed so that the major
axis side (maximum outer diameter side) of the above-mentioned
micro-encapsulated pigment is closely attached to a face to
be written. Accordingly, it shows high~density color
developability, and against external force such as rubbing of

15 the above-mentioned handwriting with the friction body, the
above-mentioned micro-encapsulated pigment is delicately
elasticallydeformed toashapewhichrelaxes theexternal force.
Thus, the breakage of a wall membrane of the microcapsule is
inhibited, and the thermochromic function can be effectively

20 exhibited without impairing it.

In the above-mentioned micro-encapsulated pigment
noncircularly shaped in cross section, the average value of
the maximum outer diameter is preferably within the range of
0.5 to 5.0 pm.

25 In a system in which the average value of the maximum
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5 value of the maxi numouter dianeter is less than 0.5 gm it is difficult
to show high-density col or devel opability. The average val ue of the nmaxi num
outer diameter preferably ranges from1l to 4 pm and the average particle
size ((the maxi mum outer dianmeter + the m ninmumouter dianeter at a central
10 portion)/2) of the mcrocapsules suitably ranges from1l to 3 m [0035]
To the m croencapsul ati on of the above-nentioned reversible thernochromc
conposition, there can be applied a 15 known neans such as an interfacial

pol yneri zati on process, an  interfacial polycondensation process, an in situ
pol ymer i2Ht9ondprBeEss Rt athSachVR e prbtered moidresrenGaPshkaedd t o obt ai n
t hem cro-encapsul at edpi gnent having aparticle size within the range

sati sf yiligmeant abovel 1y opiedl oDrFedar t¥mshepedf thenafferisdnionhe
application of the interfacial polynerization process or the interfacial

pol ycondenrtsatd=056 . primeeshd nuwiiolw mospet bi esnf o theat@scehaey @reedi fficul t
to occur is effective. [0036] 25 Further, the coloring agent such as the
non-t herdmtwarsa<. 26 tye cthegx haedt is 4 sygstporiat edhiicht bheéhererage
above-nentioned reversible thernochrom c mcrocapsul e pignent or ink,

t her gby vheidG AR tfa:HiMen B Nstdtdhd s of s exdu i i @ns i} ef €hangeabl e

col or change fromcolored (1) to colored (2).
is difficult to show high-density color developability. The
average value of the maximum outer diameter preferably ranges
from 1 to 4 pm, and the average particle size ((the maximum
outer diameter + the minimum outer diameter at a central
10 portion)/2) of the microcapsules suitably ranges from 1 to 3
pm .
[0035]
To the microencapsulation of the above-mentioned
reversible thermochromic composition, there can be applied a
15 known means such as an interfacial polymerization process, an
interfacial polycondensation process, an in situ
polymerization process or a coacervate process. However, in
order toobtainthemicro-encapsulatedpigment havingaparticle
size within the range satisfying the above-mentioned
20 requirements of the invention, the application of the
interfacial polymerization process or the interfacial
polycondensation process in which coagulation and coalescence
are difficult to occur is effective.
[0036]

25 Further, thecoloring agent such as thenon-thermochromic
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5 As the above-nentioned dyes, there can be used all of an acid dye, a
basic dye, a direct dye and a fluorescent dye. Further, as the pignents,
there can be exenplified an inorganic pignent such as carbon bl ack,
ultramarine blue or a titanium dioxide pignment, an organic pignment such as
an azo 10 pignent, a phthal ocyani ne pignment, an indigo pignent, a

t hi oi ndi go pignent, a threne pignent, a quinacridone pignent, an

ant hraqui none pignent, a throne pignment, a diketopyrrolopyrrol pignent, a
di oxadi ne pignent, a perylene pignent, a perynone pignent or an

i soi ndoldymnerpigihgmnt add IBcarpdbatedcdmtopi ghentabdHImnt xznede
reversi ble thernochromc ink contained in the witing instrunment provided
Wi th therdversdilmhe hbdymofchirttenid myenbrepsol etegment ioryinkst thueesldy pr ovi ded
separately from20 the friction body as the witing instrunent set,

effecti ugeisg omglén whi chivbe nevebsishlieuthienmef ondxhib o tng@ncapsul at ed
pi gnment having a col or change point on the high-tenperature side ranging

from25C 1,0r OBLH Gk 891 &veJ1afe PRhlyeCEBoRi Z8L6P8WI NG thr @81 8radt g2p, mis
di spersed 1 n an agueous nedium and a binder 25 resin is incorporated as

needgd. 27 Spogl iy6alduny A aliealondd CRRLL Y £IRdHET g Tk ORRALD] Nge @ shear

vi scosity reduci ng substance or a coa ation 1nk 1n e reversible

{ her moChLEMLE, JiC- eER0sH! aLed PIATRNL: dye SHAPENERCLILLD.RL B! -0l bl e

Further, as the pigments, there can be exemplified an
inorganic pigment such as carbon black, ultramarine blue or
a titanium dioxide pigment, an organic pigment such as an azo

10 pigment, a phthalocyanine pigment, an indigo pigment, a
thioindigo pigment, a threne pigment, a quinacridone pigment,
an anthraguinone pigment, a throne pigment, a
diketopyrrolopyrrol pigment, a dioxadine pigment, a perylene
pigment, a perynone pigment or an isoindolinone pigment, and
15 a fluorescent pigment.

[0037]

As the reversible thermochromic ink contained in the
writing instrument provided with the friction body of the
invention or the writing instrument provided separately from

20 the friction body as the writing instrument set, effective is
one in which the reversible thermochromic micro-encapsulated
pigment having a color change point on the high-temperature
side ranging from25°Cto 95°Candanaverageparticlesize ranging
from 0.5 to 5 um is dispersed in an aqueous medium and a binder

25 resin is incorporated as needed.
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5 coagul ated state is effective. Further, a specific gravity controlled
type ink in which the difference in specific gravity between the reversible
t hernochrom ¢ m cro-encapsul ated pignent and an aqueous vehicle is
controlled to 0.05 or less can also be applied. 10 [0038] As the
above-nenti oned shear viscosity reducing substances, there can be
exenplified a nonionic surfactant having an HLB value within the range of 8
to 12, xanthan gum welan gum succinoglucan (average nol ecul ar wei ght:

1, 000, 000 15 to 8, 000,000) which is an organic acid-nodified hetero-

poI ysacchar i dS RISl Qrnky i BuBhea ForidsRscHay reeuics ngl Lekseonfrriiniad act ose,
guar gum | ocust bean gum and a derivative thereof, hydroxyethyl cellul ose,
an al kyla shgiaratvéd sestsarty a eslolojmer SUMitah}Becom@sedaGﬂlahiahkynke'sm er of

met hacrylic acid and having 20 a nol ecul ar wei ght of from 100,000 to

150, 000, wigl atc ahennave r s Bb hy dhecardatir oendta mt t ed-Enoapsed et edsp agmkelnavi ng
gelling capacity, such as agar or carrageenan, benzylidenesorbitol and

benzyl i defexgpierele Wi 8hoe katalri-e® 1ukarepb i yRee! ©58¢h Dkabli¢, aatsyséc acid
pol ymer and the |ike. They may be used al one or 25 asam xture thereof. In

part sCul @ s gBdt &@Ns AR B4ICEE POGE AN  RB- BN 1 @[%dﬁﬁfi@@é\h’@ﬁ ylic

aci d polyner are excellent in storage stablllty 039] As

above- ment i oneth Mt &eSehkRIewROEY TBle 49880 8ALe in specific gravity

between the reversible thermochromic micro-encapsulated
pigment and an aqueous vehicle is controlled to 0.05 or less
can also be appilied.

10 [(0038]

As the above-mentioned shear viscosity reducing
substances, there can be exemplified a nonionic surfactant
having an HLB value within the range of 8 to 12, xanthan gum,
welan gum, succinoglucan {average molecular weight: 1,000,000

15 to 8,000,000) which is an organic acid-modified hetero-
polysaccharide whose constituent monosaccharide is glucose and
galactose, guar gum, locust bean gum and a derivative thereof,
hydroxyethyl cellulose, an alkyl arginate ester, a polymer
mainly composed of an alkyl ester of methacrylic acid and having

20 a molecular weight of from 100,000 to 150,000, glucomannan,
a hydrocarbon extracted from seaweeds and having gelling
capacity, such as agar or carrageenan, benzylidenesorbitol and
benzylidenexylitcecl or a derivative thereof, a crosslinkable
acrylic acid polymer and the like. They may be used alone or

25 asamixturethereof. Inparticular, xanthangum, succinoglucan
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5 a nonioni c water-sol uble polymer conpound is suitably used. Specific
exanpl es thereof include polyvinyl pyrrolidone, polyethylene oxide, a

wat er - sol ubl e pol ysacchari de, a nonionic water-soluble cellul ose derivative
and the like. O these, specific exanples of the water-sol uble

pol ysaccharides include 10 tragacanth gum guar gum pulullan and
cyclodextrin. Further, specific exanples of the nonionic water-soluble
cellul ose derivatives include nmethyl cellul ose, hydroxyethyl cellul ose,
hydr oxypropyl cellul ose, hydroxyethylmethyl cellul ose, hydroxypropyl nethyl
cel | ul osancricha r@cmsdelnmbl%aap@ella%pa%@ H@lmerowgea%wayea elm

wat er - sol ubl e pol yner showi ng a | oose crosslinking function anong

m cr o- ensapsadatstelpi Glent  particles in the reversi ble thernochrom c
aqueous ink conposition of the invention. However, the above-nentioned
noni oni ¢ wat erp®Baipl e cel l ul ose derivative acts nost 20 effectively to the
reversi bl e thernochrom ¢ aqueous ink conposition of the invention anong

ot hers. The ahgyeheeihdeaetePolyned WeaagH sHtuadn @lyﬁ%@@@é hedntin an
anount of 0.05 to 20% by wei ght based on the total anount the 1 nk

conpesi tj %n%i@%e@s@ﬁ]&ﬁ@r?olﬁmt@fd@émﬁ@uhahi5" éuﬂww? @ked. pen tip,
a glycol such as glycerin, propylene glycol, ethylene glyco di et hyl ene

gl ycol or lovwgg%é#in eéx%bﬂ@% t@@rye%ﬁwggggdglrp%@m@ﬂﬁy@folﬁaésﬂé et her

t hereof, 2-pyrr vinyl pyrroli

polyethylene oxide, awater-soluble polysaccharide, a nonionic
water-soluble cellulose derivative and the like. Of these,
specific examples of thewater-soluble polysaccharides include
10 tragacanth gum, guar gum, pulullan and cyclodextrin. Further,
specific examples of the nonionic water-soluble cellulose
derivatives include methyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, hydroxyethylmethyl cellulose,
hydroxypropylmethyl cellulose andthe 1ike. All canbeapplied
15 as long as they are a water-soluble polymer showing a loose
crosslinking function among micro-encapsulated pigment
particles 1in the reversible thermochromic aqueous ink
composition of the invention. However, the above-mentioned
nonionic water-soluble cellulose derivative acts most
20 effectively to the reversible thermochromic aqueous ink
compesition of the invention among others.
The above-mentionedpolymer coagulant canbe incorporated
in an amount of 0.05 to 20% by weight based on the total amount
of the ink composition.

25 [0040]
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5 can be incorporated in an appropriate anount as a hunectant. The

above- nenti oned hunectant can be incorporated in an anount of 5 to 40% by
wei ght based on the total amount of the ink. [0041] 10 Further, in order
to inmprove fixability and control viscosity, a binder resin can al so added
in an appropriate amount. The above-nentioned binder resin is selected from
a resin enulsion, an alkali-soluble resin and a water-soluble resin. The
above-nentioned resin enul sions include aqueous 15 dispersions of a

pol yacrylic acid ester, a styrene-acrylic acid copolymner, polyvinyl

acetate, an ethytme:yiinydrdeettat enhtbpbldawimg afl @pkyl the- v ayvcehl ori de
copol yner, a nethacrylic acid-nmaleic acid copolyner, ethyl ene-netacryl ic
aci d copshyires,glyscatiafl propleenecadivdkcdopetypkeneaylpalojestieethgalpokyur et hane
20 and the like, and the above-nentioned al kali-soluble resins include a
styrene-geyebT €I lowoRel ¥OBLar ale By | HEySEh @l Encagl geepoby MBera
styrene-acrylic acid copolyner and the |ike. The above-nentioned

wat er - Soj 1y, € i @2irshd Fid t1de - ng:wéllrﬂmbnealw—qm{yl B?h:)f&&@ﬁbn@&)’ﬁ%ﬁndt he
| i ke. They ‘can be used either  "25 alone or as m Xture of two or nore

t her gof . %ﬁyrﬁm r];)pos B QYIS az,gag@g&%ﬁ%%t am%h%h eag%&héeeam been

used for gener a suc ctant, can |ncorporated as

needed. [0042]The above-mentioned humectant can be incorporated in an
amount of 5 to 40% by weight based on the total amount of the
ink.
[0041]
10 Further, in order to improve fixability and control

viscosity, abinder resincanalsoadded in an appropriate amount.
The above-mentioned binder resin is selected from a resin
emulsion, an alkali-soluble resin and a water-soluble resin.
The above-mentioned resin emulsions include aqueous
15 dispersions of apolyacrylicacidester, astyrene-acrylic acid
copolymer, polyvinyl acetate, an ethylene-vinyl acetate
copolymer, an ethylene-vinyl chloride copolymer, amethacrylic
acid-maleicacidcopolymer, ethylene-metacrylicacidcopolymer,
o-olefin-maleic acid copolymer, a polyester, a polyurethane
20 and the like, and the above-menticned alkali-soluble resins
include a styrene-maleic acid copolymer, an ethylene-maleic
acid copolymer, a styrene-acrylic acid copolymer and the like.
The above-mentioned water-soluble resins include polyvinyl
alcohol, polyvinylbutyral andthelike. Theycanbeusedeither

25 alone or as a mixture of two or more thereof.
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5 When the ink conposition of the invention is filled in a ballpoint pen to
use, it is preferred to add a lubricant such as a higher fatty acid such as
ol eic acid, a nonionic surfactant having a |ong-chain alkyl group,

pol yether-nodified silicone oil, a thiophosphite triester such as

t hi ophosphite tri 10 (al koxycarbonyl methyl ester) or thiophosphite

tri(al koxy- carbonyl ethyl ester), a phosphate nonoester of a

pol yoxyet hyl ene al kyl ether or a pol yoxyethyl ene al kyl aryl ether, a
phosphat e di ester of a pol yoxyet hyl ene al kyl ether or a pol yoxyethyl ene

al kyl aryl ethRirtioér a vitiausaitspeasinng apehF ssaht chahhne satheoto

al kanol am ne salt thereof, thereby inparting an effect of preventing wear

of a balpedecedyd nﬂoﬁ&ﬁ’éneriﬂ%ﬂ%&éet heuvhi 45ng $wstsgrent, f @eancpat ai ning
the above-nentioned reversible thernochromc ink, there is used 20 a

writing jnstrpENtchays ngeggaer al - purpose shape, such as a marking pen, a
bal | point pen or a fountaln pen in which various pen tips are each attached

to a witing eﬁgﬁgg tion. O the above-nentioned pen tips, as a marking pen
tip, there cah be applied, for exanple, a fiber tip, a felt tip, 25 a

I [ [ it b h, a_bal [ 1p, .t het . b
Bopi Fod a Li p ey bRt B B R Rl oS e #8 ned by

ol o1 109 & TELE LR L0 kol Db S LIS end g Lo an guter
portion égranl?qui?grcfuatttgyngcid such as oleic acid, a nonionic surfactant
having a long-chain alkyl group, polyether-modified silicone
0il, a thiophosphite triester such as thiophosphite tri
10 (alkoxycarbonylmethyl ester) or thiophosphite tri{alkoxy-
carbonylethyl ester}, a phosphate monoester of a
polyoxyethylene alkyl ether or a polyoxyethylene alkyl aryl
ether, a phosphate diester of a polyoxyethylene alkyl ether
or apolyoxyethylene alkyl aryl ether, or ametal salt, ammonium
15 =salt, aminesaltoralkanolaminesalt thereof, thereby imparting
an effect of preventing wear of a ball receiving seat.
[0043]
As the writing instrument for containing the
above-mentioned reversible thermochromic ink, there is used
20 a writing instrument having general-purpose shape, such as a
marking pen, a ballpoint pen or a fountain pen in which various
pen tips are each attached to a writing end portion.
Of the above-mentioned pen tips, as a marking pen tip,

there can be applied, for example, a fiber tip, a felt tip,

25 aplastic tipor awritingbrush. As aballpoint pen tip, there
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5 of a metal material by a drill or the like, a tip in which a bal
receiving seat nade of a resin is disposed inside a netal or plastic tip,

or one in which a ball held in the above-nentioned tip is biased forward by
a spring. A hard netal, stainless steel, ruby, a ceramc, a resin, a rubber
or the like can be 10 applied to the above-nentioned ball, and one having a
dianeter of 0.2 nmto 3.0 mmis suitably used. Further, as a pen tip having
fountai n pen shape, there can be applied one obtained by cutting a netal
plate such as a stainless steel plate or_a gold alloy plate to a tapered
form 15grobeoaprlbgdoerdimg ohdghyingal brindelshiai adeaby haekifngol di ng

to a pen tip form A slit can be provided at the center of the

above- nemitoed fremdbdyy defermis poretiah e alsdloe vipovi tigdofit an end
t hereof. [0044] 20 When the ink is filled in the marking pen, the structure
and shape:oferichénwarkl figopesn idisedf saurmefamod vpaker pukashiyel,i & ted. in Exanpl es
thereof include a structure of inpregnating an ink absorber conprising a

fiber bunten acsonadahetdiin a BarY abldwnighpd hei bk antSHprtyt figng he ink to
a witing tip portion, 25 a structure of directly containing the ink inside

a bagrelo@nd nedd 120w Me 12 oEb dgrnaavershapedi kak &1 ey contyRicaegber or an
ink flow control nenber conprising a fiber bundle to intervene and a

struct ung, of 5@@%&% g@g&%ga@%f herbBkni f§idt1%paos%f fekiqand meppiying a

pr edet erm ned anount "o predet er m ned anoun

orplastictip, oroneinwhichaball held in the above-mentioned
tip is biased forward by a spring. A hard metal, stainless
steel, ruby, a ceramic, a resin, a rubber or the like can be

10 applied to the above-mentioned ball, and one having a diameter
of 0.2 mm to 3.0 mm is suitably used.

Further, as a pen tip having fountain pen shape, there
can be applied one obtained by cutting a metal plate such as
a stainless steel plate or a gold alloy plate to a tapered form,

15 followedbybending or curving, or one obtained by resinmolding
to a pen tip form. A slit can be provided at the center of
the above-mentioned pen body, or a bead portion can alsoc be
provided at an end thereof.

[0044]

20 When the ink is filled in the marking pen, the structure
and shape of themarkingpen itself arenot particularly limited.
Examples thereof include a structure of impregnating an ink
absorber comprising a fiber bundle accommodated in a barrel
with the ink and supplying the ink to a writing tip portion,

25 a structure of directly containing the ink inside a barrel and
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5 of the ink to the above-nentioned witing tip portion by a valve
mechani sm When the ink is filled in the ballpoint pen, the structure and
shape of the ballpoint pen itself are not particularly limted. There are
exenplified, for exanple, a structure of 10 inpregnating an ink absorber
conprising a fiber bundle accomvobdated in a barrel wth the ink and
supplying the ink to a witing tip portion, a structure of directly
containing the ink inside a barrel and allow ng a conb groove-shaped ink

fl ow control nmenber or an ink flow control nenber conprising 15 a fiber

bundl e tallawtigry enecond wragstarsiagied ditiai Hiory edetigk nemeEn ¥ @it d st opper
for backflow prevention (ink backflow prevention body) in a barrel to which
a tip havinglawbedhtnol ashdeer andpaistinges ufidef baoddenbdatiiervena barrel a
bal I point pen refill in which the ink and a |iquid stopper for backflow 20
prevent iaaid ar et rootaraedf idiractilykconseinang thibeink @B453He Abdtmeebarrel or
ink reservoir for containing the ink, there is used, for exanple, a forned

article amdgupblgzln@h@rpme&ﬁmqﬂeesamoauthoﬁ% pﬁéa@t@yﬂn@ﬁ@d aeb WPt opyl ene,
25 polyethyl ene terephthalate or nylon. 33 The above-nentioned forned

arti gl e gynBamec Ebaﬁﬁ@ab@%ymen&%nter@mp@iﬁa%ﬁ petdgs wphofLtye
transparence, sem-- transparence and col ored sem -transparence, which naeke

it possihledagonfirmthe color of the ink and the renmining anmount

When the ink is filled in the ballpoint pen, the structure
and shape of the ballpoint pen itself are not particularly
limited. There are exemplified, for example, a structure of

10 impregnating an 1ink absorber comprising a fiber bundle
accommodated in a barrel with the ink and supplying the ink
to a writing tip portion, a structure of directly containing
the ink inside a barrel and allowing a comb groove-shaped ink
flow control member or an ink flow control member comprising

15 a fiber bundle to intervene, a structure of containing the ink
and a liquid stopper for backflow prevention (ink backflow

} preventionbody) inabarrel towhichatiphavingaball attached
and a structure of accommodating in a barrel a ballpoint pen
refill in which the ink and a liquid stopper for backflow

20 prevention are contained in an ink reservoir tube.

[0045]

As the barrel or ink reservoir for containing the ink,
there 1is used, for example, a formed article made of a
thermoplastic resin such as polyethylene, polypropylene,

25 polyethylene terephthalate or nylon.
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5 of the ink. The above-nentioned barrel or ink reservoir having
transparency may have transparency throughout, ormay partially have a
transparency portion through which the renmaining anount of the ink can be
visually confirnmed. 10 [0046] A rear end of the ink contained in the
above-nentioned 1ink reservoir or barrel can also be filled with the ink
backfl ow prevention body (liquid stopper for backflow prevention). A
conposition of the above-nentioned ink backflow 15 prevention body
conprises a nonvolatile liquid or a slightly volatile liquid. Specific
exanpl es t her eTiie ebovedaepét pakdtfiommespa ndi el e pialy hacest pansparenkiyve oil,

refinedmnneraloil, liquidparaffin, polybutene, a-olefin, oligoner or
co-ol i gomee ofranobeténcy20idtreddy! sblbeene orinspitditephesghisi-licone
oil, amno-nodified silicone oil, polyether-nodified silicone oil, fatty

aci d- modt +h8Gp8EEhERN AN |c@lQ§EéJ‘esémKetr§H§%aHEMch WJised, ahiker jal one or
as a conbi nation of two or nore thereof 25 1t is preferred to add a

gelling §8§QRB§L§ i €on B¢ ARALES SEOE LENGLL BR- a‘éﬁi E‘Bé' qﬁ.'rgg ?ﬂgfﬂﬂ'& shightly

vol ati | {0 T RCrease 118 ViScos| y toa SUIt ere can
be eﬁgnp %ftﬁd clgy based t hi ckeners such as silica whose surface is
subjecte ﬁyﬁ? phobi li zation treatnent, fine

The above-mentioned barrel or ink reservoir having
transparencymayhave transparency throughout, ormaypartially
have a transparency portion through which the remaining amount
of the ink can be visually confirmed.

10 [0046]

A rear end of the ink contained in the above-mentioned
ink reservoir or barrel can also be filled with the ink backflow
prevention body (liquid stopper for backflow prevention).

A composition of the above-mentioned ink backflow

15 prevention body comprises a nonvolatile liquid or a slightly
volatile ligquid.

Specific examples thereof include petrclatum, spindle
0il, castoroil, oliveoil, refinedmineraloil, liquidparaffin,
polybutene, a-clefin, oligomer or co-oligomer of a-olefin,

20 dimethyl silicone o©0il, methyl phenyl silicone oil,
amino-modified silicone 0il, polyvether-modified silicone 0il,
fatty acid-modified silicone ©il and the like. They may be
used either alone or as a combination of two or more thereof.

[0047]

25 It is preferred to add a gelling agent to the
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5 particle silica whose surface is subjected to nethylation treatnent,
alum numsilicate, expandable mca and bentonite or nontnorillonite

subj ected to hydrophobilization treatnment; fatty acid nmetal soaps such as
magnesi um st earate, calcium stearate, alum num stearate and zinc stearate;
tri benzylidene 10 sorbitol; fatty acid am des; am de-nodified pol yethyl ene
wax; hydrogenated castor oil; dextrin conmpounds such as a fatty acid
dextrin; and cellul ose conpounds. Further, a solid ink backfl ow prevention
body can also be used in conbination with the above-nentioned Iiquid ink
15 backf alvew grreeeni oned bosy—ocobgposl ¢ ildmu {de48)/ orThéighapy wdlahele
above-nentioned witing instrunent is not limted to the above, and a

doubl e heagutdypeo Wridddrse |itsd minRYs iRy tee ausad tablehiekepen Drdies
different in shape 20 or pen bodies for delivering inks different in color

tone arecartdaehedplAT itthecahoveareant tRNedefevbl fudiead EYPREcW Whbse
instrunment, there can be exenplified a witing instrunent in which a

part i tiofuyBLlel sPhaBhdedoln & BAhRpnoMi i R Crodaiddonssane each

firmy fixed to portions of the barrel irectly or wth the

I nt erspOZfzéiE’gcg%n?%MEgt iw%ts{%"?g;éfa@é‘disa%‘d%g%%tie’&k odi%%%ﬁfét%‘.?rﬁ;m or

tone "are” eac ntained in tt ove-nmention barrel, a Wi

| nstrunent | B gl oh 10 nf8" 111 5: 208, 28500MRYRY el B % RE L Eh e 381 LS
ormontmorillonite subjected to hydrophobilization treatment;
fatty acid metal scaps such as magnesium stearate, calcium
stearate, aluminum stearate and zinc stearate; tribenzylidene

10 sorbitol; fatty acid amides; amide-modified polyethylene wax;

hydrogenated castor 0il; dextrin compounds such as a fatty acid
dextrin; and cellulose compounds.

Further, a solid ink backflow prevention body can also
be used in combination with the above-mentioned liquid ink

15 Dbackflow prevention body composition.

[0048]

The shape of the above-mentioned writing instrument is
not limited to the above, and a double head type writing
instrument may be used in which pen bodies different in shape

20 or pen bodies for delivering inks different in color tone are
attached.

As the above-mentioned double head type writing
instrument, there can be exemplified a writing instrument in

which a partition wall is provided in a barrel, writing end

25 portions areeach firmly fixed tobothendportions of thebarrel
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5 are positioned at both end portions of the barrel, and aqueous i nks
different in color tone are each contained in the above-nentioned two
refills. [0049] Further, the width of handwiting formed by the 10
above-nentioned witing instrument preferably ranges fromO0.1 to 5 nm By
adjusting it to the above-nentioned range, there can be forned handwiting
suitable for a user to wite a letter or draw an inmage on a mnute portion
and to allowit to change <color using the friction body provided in
conbination. 15 In addition, when the width (T) of the handwiting forned

by usi ngaihecebpvsr e ened i Wtictipde iitAsh vFeat jiscti6M Redbetp dnd0 nNM the
relation with the maximumw dth (C) of a contact portion at the tinme when

the friciiotoRod s REEesedtofn alAstonk 8F8 ddh AL 140009
satisfies T<C<_20T, preferably T<C<-15T 20 and nore preferably T<CS10T,

0
wh b i i h it | I . |
Sy oEeLhae PfoA Hh e L 16y NORAE NI R AE R 1ANHILR ERBNGE CO1 OF
f d b i th b - ti it i t nt i | ati | t hi ck,
L
W CO , | | | |
e Bt Brd o SO BB R riH po2 i bEOhE Batire cont azeaers

preferably T/4<C 54T and nore preferably T/ 3<CS3T, whereby a desired
portion btk$ hdlifeF@RG t ihg P hetanroiEs t 82ERarfR edlra sifel Yhand

simply.
above-mentioned two refills.
[0049]
Further, the width of handwriting formed by the
10 above-mentioned writing instrument preferably ranges from 0.1
to 5 mm. By adjusting it to the above-mentioned range, there
can be formed handwriting suitable for a user to write a letter
or draw an image on a minute portion and to allow it to change
color using the friction body provided in combination.
15 In addition, when the width (T) of the handwriting formed
by using the above-mentioned writing instrument is from 0.1
} to 1.0 mm, the relation with the maximum width (C) of a contact
portion at the time when the friction body is pressed on a glass
platewithaloadof 1000 gsatisfies T<C=20T, preferably T<C<15T
20 and more preferably T<C<£10T, whereby a desired portion of the
handwriting can be allowed to change color surely and simply.
On the other hand, when the width {(T) of the handwriting
formed by using the above-mentioned writing instrument is

relatively thick, specifically more than 1.0 mm to 5.0 mm, the

25 relation with the maximum width (C) of a contact portion at
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5 [0050] By the way, when the friction body of the invention is used
together with the witing instrunent, a constitution of exhibiting an

i nt erchangeabl e col or change fromcolored to colorless or fromcolorless to
colored is enployed rather than 10 the constitution of exhibiting an

i nt erchangeabl e col or change fromcolored (1) to colored (2), and rewiting
is performed on handwiting in a colorless state, thereby being able to use
as though newy witten. [Exanples] 15 [0051] Exanples will be shown bel ow,
but the invention should not be construed as being limted thereto. Parts

used in the tiaxalas e Hyiwei ghtbo@ndi & Sregsddick 4 ransparerité | oat
plate glass was used as a transparent glass plate. 20 An enbodi nent of a

writing st rugeal b $ I8 +Ris3S e s %yséckéﬁ9ot§9e§e§ael el A< gf aph

showi ng a col or change behavior of a heat discol oring type thernochronic
:‘plkc!t ?oﬁi}go fl.r% ’Fﬁgiifaé%ygian%?%“i'7§%%ree33534\%%#%@%%%%8%%%3 bl ue
(manut act 8 B9 sHHGECRTegh8a PR ARlds BolB sTRATAERRE YRbLE, M onccs.
88) 5 follomedﬁﬁhﬂﬁading.
By the way, when the friction body of the invention is
used together with the writing instrument, a constitution of
exhibiting an interchangeable color change from colored to
colorless or from colorless to colored is employed rather than
10 the constitution of exhibiting an interchangeable color change
from colored (1) to colored (2}, and rewriting is performed
on handwriting in a colorless state, thereby being able to use
as though newly written.
[Examples]
15 [0051]
Examples will be shown below, but the invention should
not be construed as being limited thereto. Parts used in the
examples are by weight, and a 5mm thick transparent float plate
glass was used as a transparent glass plate.
20 An embodiment of a writing instrument is shown in Figs.
1, 4 through 6 and 9 and a graph showing a color change behavior
of a heat discoloring type thermochromic ink is shown in Figs.
2. Figs. 3, 7 and 8 show an embodiment of the friction body.
[0052]

25 Example 1
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5 Then,

is formed in a convex curve) having a radius of
t hereby obtaining a blue friction
pl aced on an el ectronic

upwar d,

above-nentioned friction body 1 in a state parall el

the resulting m xture was nolded to a circular cone (a |eading edge

and a transparent glass plate was allowed to contact on the

3 mm and a height of 10 mm
body 1. The resulting friction body 1 was
10 bal ance so that the convex curve was directed

with a nmneasuring dish

of the electronic bal ance. Then, the contact areas of the above-nenti oned

friction body 1 and the transparent 15 glass plate visually confirnmed by

per pendi cul ar Ipt-opyessiike 0 rrakavien®yddywoned gl ass plate with | oads of 500
g and 1000 g were neasured. As a result, the contact area at the tine when

pressed Wit hAabllﬁéd?gaméQQ ?ow@@ ﬁ-af'tﬂg??aos %rm%éléd‘%o(:@@bagérﬁéeé‘faén

when pressed with a

cont act

ad of 1000 g was that is 20 to say,

t he
t he

tinme

(he L SRS cBhoL b #%%%Péﬁaﬁﬁ$ﬁ gfv%ﬁ?#&ﬁ% Bt T oy 1?
o paper gt e?ra%%“t‘éﬁ ﬁ@één?é;h RAPSEERERSE Sulofo DROTER BV g S0 ool or
Brarp| o 1 e i tiont L 9 MUcHEor Sidy PALAPHNE AU GoVEGLST (E0R i 1) vias
added to 100 parts

10

15

20

25

leading edge is formed in a convex curve) having a radius of
3 mm and a height of 10 mm, thereby obtaining a blue friction
body 1.

The resulting friction body 1 was placed on an electronic
balance so that the convex curve was directed upward, and a
transparent glass plate was allowed to contact on the
above-mentioned friction body 1 in a state parallel with a
measuring dish of the electronic balance. Then, the contact
areas of the above-mentioned frictionbody 1l and the transparent
glass plate visually confirmed by perpendicularly pressing the
above-mentioned glass plate with loads of 500 g and 1000 g were
measured. Asaresult, thecontact area at the time when pressed
with a load of 500 g was 1.4 mm?, and the contact area at the
time when pressed with a load of 1000 g was 3.0 mm® (that is
to say, the contact area at the time when pressed with 1000
g was 2.14 times that at the time when pressed with 500 g).

The above-mentioned friction body 1 could allow a minute
portion of a reversible thermochromic image printed on a paper
surface to instantaneously change color by rubbing, andno color

transfer to the above-mentioned paper surface occurred.
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5 of an SEBS copol yner el astomer (manufactured by Aron Kasei Co., Ltd.,
trade nane: AR-885C, Shore A hardness: 88), followed by kneading. Then, the
resulting m xture was nolded to a shape in which a quadrangul ar pyram d
having a length of 5 nm a wdth of 5 mmand a height of 6 nmwas provi ded
with a colum having 10 a radius of 3 nmand a height of 5 nmon a bottom
surface thereof, thereby obtaining a silver colored friction body 1. The
resulting friction body 1 was placed on and fixed to an electronic bal ance
so that a top portion of the quadrangular pyramd was directed upward, and
a transparent @s$) plate was 15 allowed to contact on the above-nentioned
friction body In" a state parallel with anmeasuring dish of the electronic
bal ance. The%:zéﬂflcqptact areas of the above-nentioned friction body 1

and the transpé? EEglass plate visually confirmed by perpendicularly

pressing the ove-nmenti one | ass, plate . with 20 | oads of 500 g and 1000 g
wer e neasuredi%ﬁ?@qu%ﬂﬂtq t %%H&%gQOd%rea at the time when pressed with
a load of 500 g was 3.0 mM®2, _and the contact area_at the tine when pressed
with a | oad ofAn BT WRPIIe Tl (PhR2TE) WS FddeRet@ohbBcPakE8a at the
time when pressed with 1000 g was 1.33 tines that at the tine 25 when
presSed o Bl $OBS §rpodyrHree hhsemgentiantrdtrured by oey Keseduld- al | ow a

mnute portion of a reversible thernmochrom c image printed on a paper
surface Liodi ndireicanaces| JReR&dge Sbhboe Myhardmessy, 88nd foldoled byransfer
to the above-nenti oned paper surface occurred.
kneading. Then, the resulting mixture was molded to a shape
in which a quadrangular pyramid having a length of 5mm, a width
of 5 mm and a height of 6 mm was provided with a column having
10 aradius of 3mmand a height of Smmon a bottom surface thereof,
thereby obtaining a silver colored friction body 1.

The resulting friction body 1 was placed on and fixed
toanelectronicbalance sothatatopportionof the quadrangular
pyramid was directed upward, and a transparent glass plate was

15 allowed to contact on the above-mentioned friction body 1 in
astateparallelwithameasuringdishof theelectronicbalance.

j Then, the contact areas of the above-mentioned friction body
1 and the transparent glass plate visually confirmed by
perpendicularly pressing the above-mentioned glass plate with

20 loadsof 500 gand 1000 g weremeasured. Asaresult, the contact
area at the time when pressed with a load of 500 g was 3.0 mm?,

and the contact area at the time when pressed with a load of

1000 g was 4.0 mm? (that is to say, the contact area at the

time when pressed with 1000 g was 1.33 times that at the time

25 when pressed with 500 g).
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5 [0054] Exanple 3 Preparation of Tenperature-Sensitive Thernochrom c

Col or Menorabl e M cro-encapsul ated Pignent A tenperature-sensitive

t hernochromi ¢ col or nenorable 10 conposition conprising (a) conpound of 2.0
parts of 3-(4-diethyl am no-2- hexyl oxyphenyl)-3-(1-ethyl-2-methylind

ol -3-yl)-4-azaphthalide; (b) compound of 8.0 parts of

bi s(3-net hyl - 4- hydr oxyphenyl ) sul fide and 5.0 parts of

2, 2-bi s(4' - hydroxyphenyl ) hexaf | uor opropane; and (c) conpound 15 of 50.0
parts of 4-benzyl oxyphenyl ethyl caprate as conponent; was uniformy

di ssol ved by hesd bhgyveandnQobiguaftscbfoarbadyiatoelddliiorabeninnsecyanat e
prepolyner as a wall nenbrane material and 40.0 parts of an auxiliary

sol vent periei dh ¥adathereid il e 2Q et ot itd Dgagel pitivbedam a paper
enul si on-di spersed in an 8% polyvinyl al cohol aqueous solution so as to

form mi cgor e @PLBtihs t Ahridduid 1 PENYRAGCUNd NBOG A0 IFY; ARA raPeyiod hour.
Then, 2.5 parts of a water-sol uble al'iphatic nodified am ne was added, and

stirri “gt:%?sfé&fFﬂ?%l‘f@“&&&k&l@%éﬂi&%@?é&%épé? &?f@é@%aoééuﬁyé@.ensi on of a

t enperature-sensitive thernochromc c 40 menor abl e m cr o- encapsul at ed
pign%nt. The aﬁﬂﬁfinentionedsuspens ion was centrifuged to isolate the
t enpér at ur e- sensi |Le t hermochrom ¢ col or nenorable m cro-encapsul at ed

pigment. Example 3

Preparation of Temperature-Sensitive Thermochromic
Coloxr Memorable Micro-encapsulated Pigment
A temperature-sensitive thermochromic color memorable
10 composition comprising (a) compound of 2.0 parts of
3-{4~diethylamino-2~hexyloxyphenyl)-3-{(l-ethyl-2-methylind
0l-3-yl}—-4-azaphthalide; (b) compound of 8.0 parts of
bis (3-methyl-4-hydroxyphenyl} sulfide and 5.0 parts of
2,2-bis (4’ -hydroxyphenyl}hexafluoropropane; and (c}) compound
15 of 50.0 parts of 4-benzyloxyphenylethyl caprate as component;
was uniformly dissolved by heating, and
30.0 parts of an aromatic multivalent isocyanate
prepolymer as a wall membrane material and 40.0 parts of an
auxiliary solvent were mixed therewith.
20 The resulting sclution was emulsion-dispersed in an 8%
polyvinyl alcohol aqueous soclutionsoas to formmicrodroplets,
and stirring was continued at 70°C for about 1 hour. Then, 2.5
parts of a water-soluble aliphatic modified amine was added,
and stirring was further continued for 6 hours to obtain a

25 suspension of a temperature-sensitive thermochromic color
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5 The hysteresis range (4H) of the above-nentioned m cro-encapsul ated
pignment (tj: -14C, t2: -6C, t3: 48C, t4: 60C, average particle size: 2 m
is 64C, and the color is changed fromblue to colorless by a change in
tenperature. [0055] 10 Preparation of Tenperature-Sensitive Thernochromc
Col or Menorabl e Ink There was prepared a tenperature-sensitive thernochromc
color nenorable ink 6 conprising 25.7 parts of the above-nentioned

m cro- encapsul ated pignent, 0.2 part of 15 succinoglucan (shear viscosity
reduction-inparting agent) , 5.5 parts of urea, 7.5 parts of glycerol, 0.03
part of meenordilold ani@esreedapddlatapasidmgnagent (manufactured by Sunnopco
Co., Ltd., trade nane: Nopco SWWET-366), 0.15 part of a nodified

si | i cone- basedrianibdoarnagt 8ga8H stixprufsaenuwescbyt N pngad® Sidlgepae Co. ,
Ltd., trade nane: FS Antifoam 013B), 0.1 part of a preservative

(manuf actpik ed: dipdeesie- 4 &8 1RO t IR XSEhrothi @)  c DL S Pafdm@FaB1 4 Ubr i cant
(Plysurf A212C manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.), 0.5 part

of triet jggégbs&ggﬁégy 2Pt s of water. 25 [0056] 41 Preparation of
po

Witing I'nstrunment” A ypropyl ene pipe having an internal diameter of 4.4
s 1 1o WA Gt s IS B0V e hanegh i Jrexl sl coo od
micro-encapsulated pigment (t;: -14°C, t,: -6°C, ti3: 48°C, tg4:
60°C, average particle size: 2 um) is 64°C, and the color is
changed from blue to colorless by a change in temperature.
[0055]
10 Preparation of Temperature-Sensitive Thermochromic
Color Memorable Ink
Therewas prepareda temperature-sensitive thermochromic
color memorable ink 6 comprising 25.7 parts of the
above-mentioned micro-encapsulated pigment, 0.2 part of
15 succinoglucan (shear viscosityreduction-impartingagent), 5.5
parts of urea, 7.5 parts of glycerol, 0.03 part of a nonionic
) permeability-imparting agent {(manufactured by Sunnopco Co.,
Ltd., trade name: Nopco SW-WET-366), 0.15 part of a modified
silicone-based antifoaming agent (manufactured by Nippon
20 Silicone Co., Ltd., trade name: FS Antifoam 013B), 0.1 part
of a preservative (manufactured by Zeneca, trade name: Proxel
XL-2), 0.5 part of a lubricant (Plysurf A212C manufactured by
Dai-ichi Kogyo Seiyaku Co., Ltd.), 0.5 part of triethanolamine
and 59.82 parts of water.

25 [0056]
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5 to develop a blue color, and then, allowed to stand under room
tenperature) by suction, and connected to a ballpoint pentip 4 with the
interposition of a holder nmade of a resin. Then, the above-nentioned

pol ypropyl ene pipe (refillpipe 8) was filled with an ink backfl ow
prevention body (liquid 10 stopper 7) nmainly conposed of pol ybutene and
havi ng vi scoelasticity froma rear portion thereof, and further, a tai
stopper was fitted into the rear portion of the refill pipe 8 A barrel 5
conprising a front shaft and a rear shaft was nounted, and a cap 3 was

fitted theret @rdmidaviesh yf Wrideiasr atdtirinieaat ment by centrifugation to
obtain a ballpoint pen 2 (handwiting width: 0.3 nm. The above-nentioned

bal | poi nt pen bglﬁ%@ﬁl@n@ﬁiééfhﬁﬁiﬁﬁ% a et dehabnbekl baving a

diameter of 0.5 mMmmin atip end forned by deform ng a netal pipe in the

vicinit %gg}:s.%?l%m& B‘f‘@"ldgEéf Eﬁb%&}é—?{erﬁﬁréﬁé’&iﬂﬁ%ﬂ%ﬂ@f&%f and the

friction obtal ned I n anple 1 was fitted into a‘fitting portion 31
DrOY! Aot &y h8h PR Lo Lheteot B Bosl oLl f8L58,00 5 NLDR ruDbI 1
Sy of O R LIL G, ThEIOC Lo £ handit Lag sl ied iy LD
2 I e A S ) MY, Ui 4R A Q0§ A HE 158 bt pen tip

4 with the interposition of a holder made of a resin.

Then, the above-mentionedpolypropylenepipe (refill pipe

8) was filled with an ink backflow prevention body (liquid
10 stopper 7) mainly composed of polybutene and having

viscoelasticity from a rear portion thereof, and further, a

tail stopper was fitted into the rear portion of the refill

pipe 8. A barrel 5 comprising a front shaft and a rear shaft

was mounted, and a cap 3 was fitted thereto, followed by
15 deaeration treatment by centrifugation to obtain a ballpoint

pen 2 (handwriting width: 0.3 mm).

The above-mentioned ballpoint pen tip 4 was formed by

holding a hard metal ball having a diameter of 0.5 mm in a tip

end formed by deforming a metal pipe in the vicinity of its
20 endinward froman outer surface under pressure, and the friction

body 1 obtained in Example 1 was fitted into a £fitting portion

31 provided in a top portion thereof at a slip-off force of

5 N with a rubbing portion 11 formed in a convex curve (Fig.

1).

25 [0057]

42



5in a 3mmx 3mm square was in a blue col or-devel oped state at room
tenperature (25C), and this state was retained at a tenperature of a color
change point on the lowtenperature side (-6C) to a color change point on
the high-tenmperature side (60C) . 10 O the characters of the
above-nentioned handwiting, only a part of "18" was rubbed several tines
by the friction body 1 firmy fixed to the cap. As a result, the part
rubbed was inmediately discolored to becone col orless, and "20" was
rewitten on the erased part by the ballpoint pen 2. In this 15 case, the
part rubbed cawlerbe€hanasedahaviont odi $eoldemiing iche ot her characters, and
it was possible to formhandwiting without the occurrence of repellency in
t he handwri ti mhe rieeh raficve hapdwironedtgeobsahgebyby ubhi thih@ndrdmrdw i ti ng
formation on the erased part could be repeatedly performed. The 20

above- meng | opedetlerl-@ YasmreiRiNed rabod i BYPERatrd a0 indballipHE [ 0058)
Exanpl e 4 Preparation of Reversible Thernochrom c Ink 25 There was prepared

a rever sl 1 C Rk c rjsi 1 r rsible
B2 SRR ORS e sR8COTS Ll Bl e

t her noc t3: 3 average particle

2 temperat i engbRs o, hIEr AT AR F B TR g BtE SR T el
room temperature (25°C), and this state was retained at a
temperature of a color change point on the low-temperature side
(-6°C) to a color change point on the high-temperature side
{60°C) .

10 Of the characters of the above-mentioned handwriting,
only a part of “18” was rubbed several times by the friction
body 1 firmly fixed to the cap. As a result, the part rubbed
was immediately discolored to become colorless, and “20% was
rewritten on the erased part by the ballpoint pen 2. 1In this

15 case, the part rubbed could be erased without discoloring the
other characters, anditwaspossible to formhandwritingwithout

) the occurrence of repellency in the handwriting. The
above-mentioned erasing by rubbing and handwriting formation
on the erased part could be repeatedly performed. The

20 above-mentioned state was retained at a temperature of -6°C
to 60°C.

[0058]
Example 4

Preparation of Reversible Thermochromic Ink

25 There was prepared a reversible thermochromic ink 6
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5 encapsul ated in mcrocapsules, 0.33 part of xanthan gum (shear viscosity
reduction-inparting agent), 10 parts of urea, 10 parts of glycerol, 0.6part
of a nonionic perneability-inparting agent (nmanufactured by Sunnopco Co.,
Ltd., trade nanme: Nopco SWWET-366), 0.1 part of a nodified silicone-based
antifoam ng 10 agent (manufactured by Sunnopco Co., Ltd., trade nanme: Nopco
8034), O/l partofam | dewproofingagent (nmanufacturedbyZeneca, trade nane:
Proxel XL-2) and 60.87 parts of water. [0059] Preparation of Witing

I nstrument 15 A pol ypropyl ene pi pe having an internal dianeter of 4.4 nmas

filledw gbmPrif7ngofs bhe tabeyer rentirenddel tike fmb ek o 08 Vgm0l @4 :t0 2C or
less to allow the reversible thernochromc pignment to devel op color, and

= bai 1 pornt 5én T J0° 4 th Lhe Gt or poer et o or S 2age R e resin.
bal | haviia 4 o St SPL8F b° A HNTu AL ERE Foraas g derd tiAG T metal
pipe in the vicinity of its.end inward from an.outer_ surface_under
pressure? eﬁﬁpg?ﬁ95%5 EE%%%%?%%%d(ﬁg§° afi*\vas '?asgamp8f%§ﬁ8nbywasspring.
W th B PHRSBAERFESH Tt BYEROFOR MR (D1 GO L S POUU N Bl §heatposed. of
Pol ybut ene and, by g Y SOt She Yo Lholm 0 A PORLLOY iEeoty and
ofglycerol, 0.6partof ancnionicpermeability-imparting agent
{manufactured by Sunnopco Co., Ltd., trade name: Nopco
SW-WET-366), 0.1 part of amodified silicone~based antifoaming
10 agent {(manufactured by Sunnopco Co., Ltd., trade name: Nopco
8034), 0.1lpartofamildewproofingagent {(manufacturedby Zeneca,
trade name: Proxel XL-2} and 60.87 parts of water.
[0059]
Preparation of Writing Instrument
15 A polypropylene pipe having an internal diameter of 4.4
mmwas filledwith 0.97 gof the above-mentioned ink 6 (previously
) cooled to 2°C or less to allow the reversible thermochromic
pigment to develop color, and then, allowed to stand under room
temperature) by suction, and connected to a ballpoint pen tip
20 4 with the interposition of a holder made of a resin. The
above-mentioned ballpoint pen tip 4 was formed by holding a
hard metal ball having a diameter of 0.4 mm in a tip end formed
by deforming a metal pipe in the vicinity of its end inward

from an outer surface under pressure, and the above-mentioned

25 Dball was biased forward by a spring.
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5into a barrel 5. Acap 3 in which the friction body 1 obtained in Exanple
2 was fitted into a fitting portion 31 at a slip-off force of 10 Nwith a
rubbing portion 11 forned in a convex curve having a curvature radius of
3.0 mmwas attached thereto, followed by deaeration treatnent by
centrifugation to obtain 10 a shear viscosity reducing thernochromc
bal | point pen 2 (handwiting width: 0.2 mm (Fig. 1). Witing was perforned
on report paper by the above-nentioned ballpoint pen. As a result,

di scoloration of handwiting did not occur evenbylong-termwitingor

short hand, 15 muh bthe abofar-nicherimed e gohepgdlens paigestraddig i piglensi ty was
obt ai ned. [0060] Col or Change Behavi or of Handwriting Thernochrom c

handwr i téng, 00t & NEAabY: Whi EhNGnkALAEIIGW 2 dmaidith By f{1squpark” in a
not ebookby the resulting ballpoint pen 2 in characters having sSuch a size

t hat oneg G éfteﬁ)fehginEQ agé ’ ge mm.gqu dqyﬁﬁ%éﬂbex;ﬂyedg§%9égdeveloped

state at roomtenperature (2 nd this stat'e was retaine

omper 2yl . 5 ERLEL, SRS POLDI, B LAP QU LATDELA Mg AUIE, £21(00) to 2
e BUbbUIE S BREFEL: fos hyFeFna 1 FELFon eBod AR HERH et theRe cap. As
a result, the part rubbed was.inmmediately discolored to becope colorless,
and "seak} dxample 2 was fitted into a fitting portion 31 at a slip-off
force of 10 Nwith a rubbing portion 11 formed in a convex curve
having a curvature radius of 3.0 mm was attached thereto,
followed by deaeration treatment by centrifugation to obtain
10 a shear wviscosity reducing thermochromic ballpoint pen 2
{(handwriting width: 0.2 mm) (Fig. 1).

Writing was performed on report paper by the
above-mentioned ballpoint pen. As a result, discoloration of
handwritingdidnotoccurevenbylong-termwritingor shorthand,

15 andblue clear thermochromic handwriting stable in density was
obtained.
) [0060]
Color Change Behavior of Handwriting
Thermochromic handwriting obtained by writing “athletic
20 meeting, thefirstpark” inanotebookbytheresultingballpoint
pen 2 in characters having such a size that one character fell
in a 3mm x 3mm square was in a blue color-developed state at
room temperature {25°C), and this state was retained at a

temperature of a color change point on the low-temperature side

25 (6°C) toacolor changepoint onthehigh-temperature side (38°C) .
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5 was rewitten on the erased part by the ballpoint pen 2. In this case,
the part rubbed could be erased without discoloring the other characters,
and it was possible to formhandwiting wthout the occurrence of
repellency in the handwiting. The above-nentioned erasing by rubbing and
handwriting formation 10 on the erased part could be repeatedly perforned.
The above-nentioned state was retained at a tenperature of 6C to 38C
[0061] Exanple 5 15 Preparation of Friction Body 100 parts of a silicone
mat eri al (manufactured by Dow Corning Silicone Toray Co., Ltd., trade nane:
DY32- 7040U, SHYr dhea diwnhwdssrs gof) the whiasre-onen ponedfhandwidi bligent was
added was kneaded, and nolded to a colum (a leading edge is forned 20 in a
convex oconmMed phaviof)* the ddinss “ofa Srunbadd e eheilghined by henfr i chiecrby
obtaining a red friction body 1. The resulting friction body 1 was placed on

an el ectbedy cl fhamdncEisedt hat théecapnvess euresunas dheesaet oyhbed, and a
transparent glass plate was allowed to contact on the 25 above-nenti oned

frictiongbodymbdid 1S} at 8chabaklieto Wddbme 48 orBasd,i BEd Sba 9fdehe
el ectroni c bal ance. Then, the contact areas of the above-nentioned friction

body s1 i"ﬂ\Ig%srt AP L the Fr3TePLiRNE WS ¢l l)Sa@QBB:iHEEQeBM.

I
per pend arly pressing the above-nentioned glass plate"with Ioéﬁs of 500

g and 10&%9 MEE the part rubbed could be erased without discoloring
the other characters, and it was possible to form handwriting
without the occurrence of repellency in the handwriting. The
above-mentioned erasing by rubbing and handwriting formation

10 on the erased part could be repeatedly performed. The
above-mentioned state was retained at a temperature of 6°C to
38°C.

{0061]
Example 5
15 Preparation of Friction Body
100 parts of a silicone material {(manufactured by Dow
Corning Silicone Toray Co., Ltd., trade name: DY32-7040U, Shore
A hardness: 90} to which 0.2 part of a red pigment was added
was kneaded, and molded to a column (a leading edge is formed

20 in a convex curve) having a radius of 3 mm and a height of 10
mm, thereby obtaining a red friction body 1.

The resulting friction body 1 was placed on an electronic
balance s¢ that the convex curve was directed upward, and a
transparent glass plate was allowed to contact on the

25 above-mentioned friction body 1 in a state parallel with a

46



5 nmeasured. As a result, the contact area at the tinme when pressed wth a
| oad of 500 g was 7.0 nmm®, and the contact area at the tinme when pressed
with a load of 1000 g was 9.6 mm2 (that is to say, the contact area at the
time when pressed with 1000 g was 1.37 tines that at the time when pressed
with 500 g). 10 The above-nentioned friction body 1 could allow a m nute
portion of a reversible thernochrom c inmage printed on a paper surface to
i nst ant aneously change col or by rubbing, and no color transfer to the
above- nenti oned paper surface occurred. [0062] 15 Exanple 6 (see Fig. 3)
Pr epar atmexs of i1 iditstom fDehieCc e 1Act@buiie balbngea cThen) atheofenpacti on
having a radius of 3 mmand a height of 5 mm (a | eading edge was forned in

a convexr&dl ¥e, tigodve eaenpRbhbart Mas: ifal Pedy iinamd éBlUhsdigpeeR® having a
hei ght of 10 mmas a supporting portion 9) which was nade of a red

pi gment - coid aiNiaRe \PPM&’IPP)Ho%IﬁﬂnFeﬂ By WaS-pdfd i 1d w1 f preBd.indndha coni cal
coating portion nade of styreni c el astonmer nanufactured by M t subi shi

secondar .?O@%%?%@%i%d?&%%%eé??%ﬁ W&"%?‘Sll%g%,ds ﬁ oI o4 Pt on
(rri e oeatsd) @%né?%é»g&%?iﬁgé FBRcaR st st trn‘ieggl B AR RROR T xed to
an el ectfoni ¢, BAANCE 380" [2LatnF. 6OME* 54 YR "ASn c%céﬁga at the
time when pressed with a load of 1000 g was 9.6 mm? (that is
to say, the contact area at the time when pressed with 1000
g was 1.37 times that at the time when pressed with 500 g).
10 The above-mentioned friction bedy 1 could allow a minute
portion of a reversible thermochromic image printed on a paper
surface to instantaneouslychange color by rubbing, andno color
transfer to the above-mentioned paper surface occurred.
[0062]
15 Example 6 (see Fig. 3)
Preparation of Friction Device
A column having a circular cone portion having a radius
of 3 mm and a height of 5 mm (a leading edge was formed in a
convex curve, and a rear portion was formed in a column shape
20 having a height of 10 mm as a supporting portion 9) which was
made of a red pigment-containing polypropylene resin was
primarily formed, and a conical coating portion made of a
styrenic elastomer (manufactured by Mitsubishi Chemical
Corporation, trade name: Rabalon, Shore A hardness: 75) was

25 secondarily formed, by coinjection molding, thereby obtaining
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5 upward, and a transparent glass plate was allowed to contact on the
above-nentioned friction body 1 in a state parallel with a neasuring dish
of the electronic bal ance. Then, the contact areas of the above-nentioned
friction bodyl and the transparent glass plate visually confirned by
perpendi cul arly pressing the 10 above-nentioned gl ass plate with | oads of
500 g and 1000 g were neasured. As a result, the contact area at the tine
when pressed wth a |load of 500 g was 7.8 mm2, and the contact area at the
time when pressed with a |oad of 1000 g was 13.0 m®2 (that is to say, the
cont act aksaciionhdeviae whiese pregssiod fPgR Wo9dommnag wgsa Lightimed that at
the time when pressed wth 500 g). The above-nentioned friction body 1

coul d altubk imgripnrttelorpdrlt i Ofr ioftion dvatwilil € t her nochromic i nage printed on
a paper surface to instantaneously change col or by rubbing. [0063] 20
Exampl e 7 (se&€te gesA)l tiRreepariatt ioon dody i ctwaen Boyedoorangef jprgdrent (0. 25
part) was added to 100 parts of an SBS copol yner el astoner (nmanufactured by

Aron Kasgi alelectténictbfllendass tARt4TRe hrex Aulakdngssdiréltedol | oned
by 25 kneadi ng. Then, a holl ow col um-shaped friction body (a shape 48 in

whi ch a | Kadidig A608 lta%ahggrmdtngaas@ F?&é\f@dw%réﬁf&):eéaﬁfé Neon#aéadi us of 3
nm and a hei ght of 5 mmand a pol ypropylene barrel (having a projected

portion at.q tAe 8y & eﬁ@fang%)fﬂfaﬁerbe‘a@l% L£UYeHL o0 1 HRh df gy thereby

obt ai ning a pr ovi

a measuring dish of the electronic balance. Then, the contact
areas of the above-mentioned frictionbody 1 and the transparent
glass plate visually confirmed by perpendicularly pressing the
10 above-mentioned glass plate with loads of 500 g and 1000 g were
measured. Asaresult, thecontact areaat the time when pressed
with a load of 500 g was 7.8 mm?, and the contact area at the
time when pressed with a load of 1000 g was 13.0 mm® (that is
to say, the contact area at the time when pressed with 1000
15 g was 1.67 times that at the time when pressed with 500 g).
The above-mentioned friction body 1 could allow a minute
portion of a reversible thermochromic image printed on a paper
surface to instantaneously change color by rubbing.
[0063]
20 Example 7 (see Fig. 4)
Preparation of Friction Body
An orange pigment (0.25 part) was added to 100 parts of
an SBS copolymer elastomer (manufactured by Aron Kaseil Co.,
Ltd., trade name: AR-470, Shore A hardness: 70), followed by

25 kneading. Then, a hollow column-shaped friction body (a shape
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5 wth an orange friction body 1. The resulting friction body 1 was pl aced
on and fixed to an electronic balance so that the barrel 5 was di sposed
downward, and a transparent glass plate was allowed to contact on the
above-nentioned friction body 1 in a state parallel with 10 a nmeasuring dish
of the electronic bal ance. Then, the contact areas of the above-nentioned
friction body |and the transparent glass plate visually confirnmed by

per pendi cul arly pressing the above-nentioned glass plate with | oads of 500
g and 1000 g were _ neasured. As a result, the contact area at the time when
pressed 1B WD & JeRdieg esies YSRETEEDE AR R GV e RS IRt NavdRat t he
time when pressed with a | oad of 1000 was 12.0 mm2 (that is to say, the
contact ariedidts pfe3 tiranghe heprBysed gﬁnﬂmam@@poém;@pyl@m passedhat at
the tinme when pressed with 500 g). The above-nentioned friction body 1 could
al l ow a fhauieg 2@negedted pbriivavat si eert ded ndoirent c Wersgéopmiedt ed on a
paper surface to instantaneously change col or by rubbing, and no col or

t r ansf er biyocd hej @doven nevitd inned thapebysoubtadeiagcarbakel 0064 iBedpar ati on
of Reversible Thernmochromc 25 M cro-encapsul ated Pignent 49 A reversible

thernpchwgﬁhcaﬁoapgﬁPéi@gi@@mghigbag (a ) conpound of 2.5 parts of 1,
3-dinethyl- 6-diethylamno f luo ran; (b) conmpound of 4.0parts of 1, 1-bis

(4" -hydroxypheqyl) r0z4€6208 rafdt4of BBHYS10%as placed on and fixed
2, 2- bi s(4' - hydr oxyphenyl ) hexaf | uor opr opane;
to an electronic balance so that the barrel 5 was disposed
downward, and a transparent glass plate was allowed to contact
on the above-mentioned friction body 1 in a state parallel with
10 ameasuring dish of the electronic balance. Then, the contact
areas of the above-mentioned frictionbody 1 and the transparent
glass plate visually confirmed by perpendicularly pressing the
above-mentioned glass plate with loads of 500 g and 1000 g were
measured. Asaresult, thecontact areaat the time whenpressed
15 with a load of 500 g was 6.25 mm?, and the contact area at the
time when pressed with a load of 1000 g was 12.0 mm® (that is
to say, the contact area at the time when pressed with 1000
g was 1.92 times that at the time when pressed with 500 g).
The above-mentioned friction body 1 could allow a minute
20 portion of a reversible thermochromic image printed on a paper
surface to instantaneously change color by rubbing, and no color
transfer to the above-mentioned paper surface occurred.
{0064]

Preparation of Reversible Thermochromic

25 Micro-encapsulated Pigment
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5 and (c) conpound of 50.0 parts of 4-netyl benzyl palmtate; was wuniformy
di ssol ved by heating, and 35.0 parts of an aromatic nultival ent isocyanate
prepol yner as a wall nmenbrane material and 50.0 parts of an auxiliary
solvent were m xed therewith. The resulting sol utionwas enul sion-di spersed
in an 8% pol yvinyl 10 al cohol aqueous solution so as to formmcro droplets,
and stirringwas continued at 70C for about 1 hour. Then, 2.5 parts of a
wat er - sol ubl e al i phatic nodified am ne was added, and stirring was further
continued for 6 hours to obtain a suspension of a reversible thernochromc
ni cr o- encapsulPateyegsdhd it thebNpGhERBAC FABPABéOReRPTBREE1IBEspRNSI on was
centrifuged to isolate the reversible thernochrom c m cro-encapsul ated

pi gnent .CORER UG Odr 8s PP aihg & { AHP -dinekd vabéral iediyi lamdrof luoran;

m cro-encapsul ated pignent (tl: -5ClL t2: 2C, t3: 37C, t4: 43C, 20 average
parti cl e(lsi zempdubdmf 4 sO H4C.L samfl 1t, Aebdel (dr -hyydxivaqygpden fIrjomdecange t o
colorless by a change in tenperature. [0065] Preparation of Aqueous |Ink for

Rever si kdrpi Therp@ehs o ¢, 2VWbii ki (49 -hsirbiyphenis ) Hig aona-dmidp omned
m cro- encapsul ated pignent (20.0 50 parts), 0.5 part of hydroxyet hyl

cé:: : glsfiagu{m rr&gg%)ﬁ@wrigéodw 50401 Par £ardy deméagaﬁeﬁqy,l bh Omi thtadeyHane:
- , .0 parts of glycerol, 0.02 part of an antifoam ng
agent, Lypi r LS Afs R IRFREBYVALLY Eng P %88 PATG a0 "BECEn Ahfadi part of
multivalent isocyanate prepolymer as a wall membrane material
and 50.0 parts of an auxiliary solvent were mixed therewith.
Theresultingsolutionwas emulsion~dispersedinan8% polyvinyl

10 alcohol aqueous solution so as to form micro droplets, and
stirringwas continued at 70°C for about 1 hour. Then, 2.5 parts
of a water-soluble aliphatic modified amine was added, and
stirringwas further continued for 6 hours toobtain a suspension
of a reversible thermochromic micro-encapsulated pigment.

15 Further, the above-mentioned suspension was centrifuged to
isolate the reversible thermochromic micro-encapsulated
pigment.

The hysteresis range (AH) of the above-mentioned
micro-encapsulated pigment (t;: =5°C, t;: 2°C, ts: 37°C, t,: 43°C,

20 average particle size: 2.5 um) is 44°C, and the color is changed
from orange to colorless by a change in temperature.

[0065]
Preparation of Aqueous Ink for Reversible Thermochromic

Writing Instrument

25 The above-mentioned micro-encapsulated pigment (20.0
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5 al0%li | uted phosphoric acid sol utionwere added, and uniformy stirred.
The pH of ink was adjusted to 5.5 to obtain an ink for a reversible
thernmochromic witing instrunent. [0066] Preparation of Witing |Instrument
10 A fiber-bundled i nk absorber 81 (porosity: 87% in which polyester
fibers were covered with a synthetic resin filmwas inpregnated with 2.0 g
of the above-nentioned ink (previously cooled to -5C or less to allow the

m cro- encapsul ated pignent to devel op an orange color), and accommobdated in
a barrel 5 15 (provided with the friction body 1 at a rear end thereof). A
neck pardiio) codpsipang af dydetxyepeyiidellpkosei manipacogred: byabout 53%
handwiting wwdth: 3.5 nm) attached to a | eading edge portion thereof was

mount editt Dol de TRKENNGo PEL24d. , Theadb aweereotl bosdzaewk 09BPen 2 i s
detachably provided with 20 a cap 3. [0067] Color Change Behavior of

Handwr i 1§ ng gdsd trwotfh§1¥r§éi=lbil g, oA ﬁtgo@e&h 2ntd@astitd ggknki, ne . vas drawn
on a paper surface to formorange handwiting. 25 The above- ment i oned

strai ght fﬁ§'q%f’"gisp%rste'r%]alt¥vrel’b§9d885ﬂ7a§€¥e6f‘|watbﬂbé?%n@ oe%ggrlt% rval's by

the friction aresulf, the parts r ed was i |ate

di sgol of g t&f{?&v%&ﬁhogﬁlsgassa -5 S34LE 508 40 DSl ar L] 60, 0 pﬁlgroken

lin FtRer orne e éra it was

possi bl & stirred. The pH of ink was adjusted to 5.5 to obtain an ink

for a reversible thermochromic writing instrument.
[0066]
Preparation of Writing Instrument
10 A fiber-bundled ink absorber 81 {(porosity: 87%) in which
polyester fibers were covered with a synthetic resin film was
impregnated with 2.0 g of the above-mentioned ink (previously
cooled to -5°C or less to allow the micro-encapsulated pigment
to develop an orange color), and accommodated in a barrel 5
15 (provided with the friction body 1 at a rear end thereof). A
neck portion comprising a chisel type fiber pen tip 4 (porosity:
about 53%, handwriting width: 3.5 mm) attached to a leading
edge portion thereof was mounted to obtain a marking pen 2.
The above-mentioned marking pen 2 is detachably provided with
20 a cap 3.
[0067]
Color Change Behavior of Handwriting
Using the resulting marking pen 2, one straight line was
drawn on a paper surface to form orange handwriting.

25 The above-mentioned straight line was partially rubbed
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5 to formhandwiting w thout the occurrence of repellency in the
handw i ti ng. The above-nenti oned erasing by rubbing and handwiting
formati on on the erased parts could be repeatedly performed. The
above-nentioned state was retained at a tenperature of 2C to 43C. 10 [0068]
Example 8 (see Fig. 5) Preparation of Friction Body An al um num powder
(0.02 part) was added to 100 parts of an SEBS copol yner el astoner

(manuf actured by Aron Kasei Co., 15 Ltd., trade nane: AR-885C, Shore A
hardness: 88), followed by kneading. Then, the resulting m xture was nol ded
to a shagmveral whinsts atl eadiadg isdgevefl sabyothenfhagthgnabeddi Us dfs 3 nm and
a height of 5 nmwas forned in a convex curve (further provided wth a

fl ange poresahtj nthehparearjubbddeasbimodd bt be hy dd ssidlvered 26 hoatared
friction body 1. The resulting friction body 1 was placed on and fixed to

an el ectddin €1 dxd ,aneeutoihbam tihe froemaex otis Ve bvakedi I £eé ed Furpsvesxl, and a
transparent glass plate was allowed to contact on the above-nenti oned

fricti 0MMYe&riEiﬁgf_%%tﬁeﬁ%ﬁhé@aniHé"egéséd'%%ﬁ’clér,i MwdkdbHighe

el ectroni c bal ance. Then, the contact 52 areas of the above-nentioned

oo Ao LIANSPRIRN: GlosR Al Al YR LG DY

per pendi cul arly pressing above- nenti oned ass plate wt

g and 1000, g Weff1 GRS 9fe SBodelfiRHtlontACe PRI AG L SHBIng N M when

pressed

handwriting formation on the erased parts could be repeatedly
performed. The above-mentioned state was retained at a
temperature of 2°C to 43°C.

10 [0068]

Example 8 (see Fig. 5)

Preparation of Friction Body

An aluminum powder (0.02 part) was added to 100 parts
of an SEBS copolymer elastomer (manufactured by Aron Kasei Co.,

15 Ltd., trade name: AR-885C, Shore A hardness: 88), followed by
kneading. Then, the resulting mixture was molded to a shape
in which a leading edge of a column having a radius of 3 mm
and aheight of 5mmwas formed in a convex curve (further provided
with a flange portion in the rear), thereby obtaining a silver
20 colored fricticon body 1.

The resulting friction body 1 was placed on and fixed
to an electronic balance so that the convex curve was directed
upward, and a transparent glass plate was allowed to contact
on the above-mentioned friction body 1 in a state parallel with

25 ameasuring dish of the electronic balance. Then, the contact
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5 wth aload of 500 g was 3.2 mm®2, and the contact area at the tine when
pressed with a load of 1000 g was 4.9 nmmR (that is to say, the contact area
at the time when pressed with 1000 g was 1.53 tines that at the tine when
pressed with 500 g). The above-nentioned friction body 1 could allow a
mnute 10 portion of a reversible thernochrom c inmage printed on a paper
surface to instantaneously change col or by rubbing, and no color transfer
to the above-nentioned paper surface occurred. [0069] Preparation of
Reversi bl e Thernochrom ¢ Mcro- 15 encapsul ated Pignment A reversible

t her noc @dsco € Shposiavornenhipened fgictiondxpdy land e damponad aft

2- (di but yl am no) - 8- (di pentyl am no) -4-net hyl -spiro[ 5H[ 1] be

nzopyr and[azd8p §i py riirdud Iney o't 3nkii-b s pebprndfigndar-i3prnes20ng s conpound
of 3.0 parts of 4,4 -(2-nethyl propylidene)bisphenol and 5.0 parts of

2, 2- bi s(@bovierdreatyiphaty hlakexal 4 tomwdptopands @ahdo0cy armdopodng wafréd0. 0 parts
of 4-benzyl oxyphenyl ethyl caprate; was uniformy dissolved by heating, and

25. 0 pamfensfrad. angnBibsulb, MHd tyat 20t arsQCyaRALE: EERNRLY FeAfed Wal |
nmenbrane naterial 53 and 50.0 parts of an auxiliary solvent were m xed

ther gwi th.ty Eh@oaesakt 508 §QhaMd i 'm WS, eAHN SERE- é’éﬁ@&&ée&éé‘ A0 1874 pol yvi nyl

al cohol aqueous sol Ution sd as to formmcro droplets, and stirring was

continugd At  fO& (9% ARWL 1AL 3NER 1808 BALS 4.9 m? (that is

to say, the contact area at the time when pressed with 1000
g was 1.53 times that at the time when pressed with 500 g).
The above-mentioned friction body 1 could allow a minute
10 portion of a reversible thermochromic image printed on a paper
surface to instantaneously change color by rubbing, andno color
transfer to the above-mentioned paper surface occurred.
[0069]
Preparation of Reversible Thermochromic Micro-
15 encapsulated Pigment
A reversible thermochromic composition comprising 1.5
) parts of {a) compound of
2-(dibutylamino)-8- (dipentylamino)~-4-methyl-spiro[5H-[1]be
nzopyrano([2,3-g]pyrimidine-5,1’ (3'H)-iso-benzofuran]-3-one
20 ; (b) compound of 3.0 parts of
4,4’ - (2-methylpropylidene)bisphenol and 5.0 parts of
2,2-bis {4’ -hydroxyphenyl)-hexafluoropropane; and (c)
compound of 50.0 parts of 4-benzyloxyphenylethyl caprate; was
uniformly dissolved by heating, and 25.0 parts of an arcmatic

25 multivalent isocyanate prepolymer as a wall membrane material
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5 of a water-soluble aliphatic nodified am ne was added, and stirring was
further continued for 6 hours to obtain a suspension of a reversible

t hernochromi ¢ m cro-encapsul ated pignent. The above-nenti oned suspensi on was
centrifugedto isolate the reversible thernochrom c m cro-encapsul at ed
pigment. 10 The hysteresis range (AH) of the above-nentioned

m cr o- encapsul ated pignment (tl: -20C t2: -8C, t3: 49C, t4: 60C, average
particle size: 2.5 m is 61C, and the color is changed frompink to
colorless by a change in tenperature. [0070] 15 Preparation of M crocapsul e
Parti cl esnd tonpasdrism € ampeusiidg &30 spdmentofvere mixed therewith,

1, 1-bi s(4' - hydroxyphenyl )-decane, 3.0 parts of

2, 2- bi s( 2hehmedudtyiphesyly £ hex ablswondpr ioparki st &0 Onpar 8 Spofl yvhuatyy|

pal mtate was uniformy dissolved by heating, and 25.0 20 parts of an
aromat i cadbhbvakenkousogydnati®onprRPAy ey Bsrm nietd gesplans, manheri al and
50.0 parts of an auxiliary solvent were mxed therewith. The resulting

solutiongpas, ; AEYA 08,81 AREESATIHA: 2B HARA YYidE . AbhARo! > 2agous sol uti on

so as to m roplets, and irring was continue for about

1 how. The, ,28.naths;a. & 1hercsolubler 50 ghipbajls gadifi edyam ne vas

added, stirring was cont i nue ain a

suspensi gn.of .m crocapsul e part.icl e The ahove- nenti.oned _suspensi on was
centrif uagartr%nlgswoa}saf%ryher Rt iuedror lé‘“:l“xowulrs £ TBE A suspension

of a reversible thermochromic micro-encapsulated pigment.
The above-mentioned suspensionwas centrifugedtoisoclate

the reversible thermochromic micro-encapsulated pigment.
10 The hysteresis range (AH) of the above-mentioned
micro-encapsulated pigment (ti;: -20°C, t;: ~8°C, ts: 49°C, t,:
60°C, average particle size: 2.5 um) is 61°C, and the color is

changed from pink to colorless by a change in temperature.

(0070]
15 Preparation of Microcapsule Particles
A composition comprising 3.0 parts of
1,1-bis (4’ -hydroxyphenyl)~decane, 3.0 parts of

2,2-bis{4’" -hydroxyphenyl)-hexafluoropropane and 50.0 partsof
butyl palmitate was uniformly dissolved by heating, and 25.0
20 parts of an aromatic multivalent isocyanate prepolymer as a
wall membrane material and 50.0 parts of an auxiliary solvent
were mixed therewith. The resulting solution was
emulsion-dispersed in an 8% polyvinyl alcohol aqueous solution

so as to form micro droplets, and stirring was continued at

25 70°C for about 1 hour. Then, 2.5 parts of a water-soluble
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5 the mcrocapsule particles. The average particle size of the
above-nentioned mcrocapsule particles was 2.5 W [0071] Preparation of
Reversi bl e Thernochrom ¢ Aqueous Ink 10 Conposition The above-nenti oned
reversi ble thernmochrom ¢ mcro-encapsul ated pignment (14.0 parts), 6.0 parts
of the mcrocapsule particles, 0.5 part of hydroxyethyl cellul ose

(manuf actured by Union Carbide Japan Co., Ltd., trade nane: 15 Cell osize
WP-09L), 15.0 parts of glycerol, 0.02 part of an antifoam ng agent, 1.0
parts of a preservative, 63.38 parts of water and 0.1 part of a 10% dil uted
phosphoratipiéadisahedi HiedveenEnadoed adaed ,uanidostiiy rahior wed. fTheheH of ink
was adjusted to about 5.6 to obtain a reversible thernochrom ¢ aqueous i nk.
20 [ 0072¢oft enacdt fon ®©fhdiredo bibkalypa ¥hspengibastfuntdtodipsule
above-nentioned ink (previously cooled to -20C or less to allow the

m cro-engapsutabed pignent to develop a pink color, and then, allowed to
stand under roomtenperature) and 25 a stirrer were allowed to be contalned

in a barrel, afgdsg %Ekﬁggéﬁﬁte@%%ﬁl(&éﬁgé%%'n)tEYLE%ge'db&{ hQSPa

(porosity: about 5 % was "attached to a Ieadlng

edge ¢ pogL %éoﬂl%P§%§B%§%%t€[%?§ iggerp05|t|on of a valve nmechanism 82 to

obtain a“direc i Ag i nstrunment 2 of marking

The average particle size of the above-mentioned
microcapsule particles was 2.5 pm.
[0071]
Preparation of Reversible Thermochromic Aqueous Ink
10 Composition
The above-mentioned reversible thermochromic
micro-encapsulated pigment (14.0 parts), 6.0 parts of the
microcapsule particles, 0.5 part of hydroxyethyl cellulose
{(manufactured by Union Carbide Japan Co., Ltd., trade name:
15 Cellosize WP-09L), 15.0 parts of glycerol, 0.02 part of an
antifoaming agent, 1.0 parts of a preservative, 63.38 parts
of water and 0.1 part of a 10% diluted phosphoric acid solution
were added, and uniformly stirred. The pH of ink was adjusted
to about 5.6 to cbtain a reversible thermochromic agueous ink.
20 [0072]
Preparation of Direct Ink Type Writing Instrument
The above-mentioned ink (previously cooled to -20°C or
less to allow the micro-encapsulated pigment to develop a pink
color, and then, allowed to stand under room temperature) and

25 astirrer were allowed to be contained in a barrel, and a marking
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5 pen form The above-nentioned val ve mechani sm 82 conprises a valve seat,
a valve elenent and a netal spring for biasing the above-nentioned valve

el enent so as to be pressed to the valve seat, and has a structure that the
val ve opens by witing pressure 10 to the pen body 4 in witing. The
above-nentioned direct ink type witing instrunent 2 is detachably provided
wth a cap 3, and the friction body 1 previously prepared is provided in a
rear end of the barrel by press fitting. 15 [0073] Col or Change Behavi or of
Handwiting } Using the resulting marking pen 2, a straight line was drawn
on char aeeerkoqyi e ethtiselatyegefibarfpee tip florlpoaosiiiky: BT ARG,
(handwiting). 20 One character part of the above-nentioned straight |ine
was rubbeanderetahgt wirdshby 3t Ive mhr)i)ctweaen ddothelled Aso aar ésatiing ehgepart
rubbed was i mredi ately di scolored to becone colorless. Further, when

rewitingowasopetheraed whthheher asedrpasiribh ofaa pessebhechanfiemm
handwiting wthout the occurrence of 25 repellency in the handwiting. The

above- megpines terias hNgi r &6t bh i ¥iRicngrandniangdywe +iheatr foigrmhheriag the
erased part could be repeatedly perfornmed. "The above-nentioned state was
retaigned,af, g fgmperature of -8C to 60C. [0074]

The above-mentioned valve mechanism 82 comprises a valve
seat, a valve element and a metal spring for biasing the
above~mentioned valve element so as to be pressed to the valve
seat, andhasastructure that thevalveopensbywritingpressure

10 to the pen body 4 in writing.

The above-mentioned direct ink type writing instrument
2 is detachably provided with a cap 3, and the friction body
1 previously prepared is provided in a rear end of the barrel
by press fitting.

15 [0073]

Color Change Behavior of Handwriting

Using the resulting marking pen 2, a straight line was
drawn on characters printed on a paper surface to form a pink
highlight (handwriting).

20 One character part of the above-mentioned straight line
was rubbed several times by the friction body 1. As a resuilit,
the part rubbed was immediately discolored to become colorless.
Further, when rewriting was performed on the erased part, it
was possible to form handwriting without the occurrence of

25 repellency in the handwriting. The above-mentioned erasing
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5 Exanple 9 (see Fig. 5) Preparation of Reversible Thernochromc

M cr o- encapsul ated Pignment A reversible thernochrom ¢ conposition conprising
(a) conpound of 4.5 parts of 10 2-(2-chl oroam no) - 6-di butyl am nof | uoran
3.0 parts of 4,4 -(2-nethyl propylidene)bi sphenol and 5.0 parts of

2, 2-bi s(4' - hydroxyphenyl ) hexaf | uor opropane; and (c) conpound of 50.0 parts
of 4-benzyl oxyphenyl ethyl caprate was uniformy dissolved by heating, and
25.0 parts of an aromatic multival ent 15 isocyanate prepol ynmer asa wall

menbrane_materi.al an 0. arts f _an,_auxiliary solvent were m xed

Cher eni Y THAP IS AR REnOYBRERE L oEBR LM o SEEPERPPR CaRo Bokinol yvi nyl
al cohol _ aqueous sojution so as to formm.cro droplets, and stirring was
cont i nuekR afr SPGE LRSI YabBEE T2 REHr . TR, 2PoyGaars-isned 26 trdter Y881 ubl e

ali phatic nodified am ne was added, and stirring was further continued for

6 hours retabted nat 3uspapsratund oh r&ertsi BIAGCt her nochromi ¢
m cr o- encapsul at ed pi gnment. The above-nenti oned suspensi on was centrifuged
to isolate thEIGEVersible thernmochrom ¢ micro-encapsul ated pignment. 25 The
average particle size of the above-nmentioned 57 mcro-encapsul ated pi gnent
is 255 m the Exoamblet & y(sekk SEDFOrvng tenperature thereof is 60C the
conpletely color devel oping tenperature thereof is -20C, and the color is
changed frommtaskritiew! orl ess by a rbaegeiblet enperahefRochromic
Micro-encapsulated Pigment
A reversible thermochromic composition comprising ({(a)
compound of 4.5 parts of
10 2-(2-chlorcamino)-6-dibutylaminoflucran; 3.0 parts of
4,4' -~ (2-methylpropylidene)bisphenol and 5.0 parts of
2,2-bis (4’ -hydroxyphenyl)hexafluoropropane; and (c) compound
of 50.0 parts of 4-benzyloxyphenylethyl caprate was uniformly
dissolved by heating, and 25.0 parts of an aromaticmultivalent
15 isocyanateprepolymer as awall membranematerial and 50.0parts
of an auxiliary solvent were mixed therewith. The resulting
solution was emulsion-dispersed in an 8% polyvinyl alcohol
agqueous solution so as to form micro droplets, and stirring
was continued at 70°C for about 1 hour. Then, 2.5 parts of a
20 water-soluble aliphaticmodified amine was added, and stirring
was further continued for 6 hours to obtain a suspension of
a reversible thermochromic micro-encapsulated pigment.
The above-mentioned suspensionwascentrifugedtoisolate

the reversible thermochromic micro-encapsulated pigment.

25 The average particle size of the above-mentioned
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5 [0075] Preparation of Mcrocapsule Particles A conposition conprising 3.0
parts of 2,2-bis(4'-hydroxyphenyl)-hexafl uoropropane, 3.0 parts of

1, 1- bi s(4' - hydr oxyphenyl ) -decane and 50.0 parts of cetyl 10 caprate was

uni formy dissolved by heating, and 25.0 parts of an aromatic nultival ent

i socyanate prepolyner as a wall nmenbrane material and 50.0 parts of an
auxiliary solvent were m xed therewith. The resulting solution was

enul si on-di spersed in an 8% pol yvi nyl al cohol aqueous solution so as to
formmcro 15 droplets, and stirring was continued at 70C for_ about 1 hour.
Then, 2.1lgeetenedbstimied - spiabeBtal ifhati-@ nddi/fi ddraam erPh@Eebdded, and
stirring was further continued for 6 hours to obtain a suspension of

m cr ocapdis o har 11¢ | tegip stteet b vdemantll dned0uspbrstonphatedgnceidnged to
isolate 20 the m crocapsule particles. The average particle size of the
above- meidvehadi ngitenpeapsulre iwtect s ~2ASC2 andorhe £6036]is Enapaedt i on of
Reversi bl e Thernochrom ¢ I nk Conposition 25 16.0 parts of above-nenti oned
rever si bf eorh HeYamwic ht®nel o5Be $1% s Y- & Nclagusak al e d- ahgeeat wurd. O parts of the
m crocapsule particles, 0.5 part of hydroxyethyl cellul ose (manufactured
by Ugi on Carbigem?dspan Co., Ltd., trade name: Cellosize WP-09L), 15.0 parts
of glycerol, 0.02 part of an antifoam ng agent, 1.0

Preparation of Microcapsule Particles
A composition comprising 3.0 parts of
2,2-bis (4" -hydroxyphenyl)-hexafluoropropane, 3.0 parts of
1,1-bis (4’ -hydroxyphenyl)-decane and 50.0 parts of cetyl
10 caprate was uniformly dissolved by heating, and 25.0 parts of
anaromaticmultivalent isocyanateprepolymer asawall membrane
material and 50.0 parts of an auxiliary solvent were mixed
therewith. The resulting solution was emulsion-dispersed in
an 8% polyvinyl alcohol agqueous solution so as to form micro
15 droplets, and stirring was continued at 70°C for about 1 hour.
Then, 2.5 parts of a water-soluble aliphatic modified amine
was added, and stirring was further continued for 6 hours to
obtain a suspension of microcapsule particles.
The above-mentionedsuspensionwas centrifugedtoisolate
20 the microcapsule particles.
The average particle size of the above-mentioned
microcapsule particles was 2.5 um.
[0076]
Preparation of Reversible Thermochromic Ink Composition

25 16.0 parts of above-mentioned reversible thermochromic
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5 parts of a preservative, 58.38 parts of water and 0.1 part of a 10%

di | ut ed phosphoric acid solution were added, and uniformy stirred. The pH
of ink was adjusted to about 5.5 to obtain a reversible thernochromc
aqueous ink. [0077] 10 Preparation of Direct Ink Type Witing |Instrunent
The above-nentioned ink (previously cooled to -20C or less to allow the

m cr o- encapsul ated pignent to develop a black color, and then, allowed to
stand under roomtenperature) and a stirrer were allowed to be contained in
a barrel, and a marking 15 pen body (a bonbshell type fiber pen tip 4

( por osi wcr@b@mcamkaMMgmm@ wPdPh:PaEt o tgemczm caifetle o a

| eadi ng edge portion thereof with the interposition of a valve nechani sm
82 to olpeaitdcdedi,r dctS ipaictt e hwdiroixyg timsit etdmtl o eof (meerdfang-upet form 20
The above-nenti oned val ve nechani sm 82 conprises a valve seat, a valve

el ement arich pomebab isjer Jagand o . hilatsd ngtrhde redmevecabhbsdnedP-a09e) £l enent so
as to be pressed to the valve seat, and has a structure that the valve

opens byl swol phREsPE EPUERrd10, toherppaerdﬂ ah bAtWMEbhiAEg 2§erdBp 1.0
above-nentioned direct ink type witing instrunent 59 2 is detachably

pr 0V5de§>a‘Mtt§10% Eagprésef‘{?gti{?@ £ Chs ik body, £ %ral%re‘%péhado' Pﬁ@%fi 8 is

provided in a rear end of the barrel . [ 0078] Col or Change havi or

HammM'téf@%dllutedphosphorlcac1dsolut10nwereadded,andunlformly
stirred. The pH of ink was adjusted to about 5.5 to obtain
a reversible thermochromic aqueous ink.

[0077]
10 Preparation of Direct Ink Type Writing Instrument
The above-mentioned ink (previously cooled to -20°C or
less to allow the micro-encapsulated pigment to develop a black
color, and then, allowed to stand under room temperature) and
astirrer were allowed to be contained in a barrel, and a marking

15 pen body (a bombshell type fiber pen tip 4 (porosity: about
53%, handwriting width: 1.0 mm) ) was attached to a leading edge
portion therecf with the interposition of a valve mechanism
82 to obtain a direct ink type writing instrument 2 of marking
pen form.

20 The above-mentioned valve mechanism 82 comprises a valve
seat, a valve element and a metal spring for biasing the
above-mentioned valve element so as to be pressed to the valve
seat, andhas a structure that thevalveopensbywritingpressure
to the pen body 4 in writing.

25 The above-mentioned direct ink type writing instrument
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5 Thernmochrom ¢ handwiting obtained by witing "January 18, conference
roonf in a notebook by the resulting marking pen 2 in characters having
such a size that one character fell in a 10mm x 10nmm square was in a bl ack
col or-devel oped state at roomtenperature (25C), and this state was
retained at a 10 tenperature of a color change point on the | owtenperature
side (-200) to a color change point on the high-tenperature side (60-C)

O the characters of the above-nentioned handwwiting, only a part of "18"
was rubbed several tines b¥ the friction body 1 attached to the rear end
of the HarSefetashablyspirevigrd patt PuﬁBBd wadRf i BT YR RAYred to
becone col orless, and "20" was rewitten on the erased art by the marKking
pen 2. 4 RreRpEedak Exame leabtl s BEBYAIESuL Y DhECRE R O Eh@tharrcﬁ]scol oring
the other characters, and it was possible to form 20 handwiting w thout the
occurrence of[ﬂ@ﬁ&]lency in the handwiting. The above-nentioned erasing by
rubbing and handwiting formation on the erased part could be repeatedly
performed. Th&dov&hraenid Geddhvsitcat © fwdkandtEbitnedy at a tenperature of -7C
to 60C. 25 [0079] 60 Exanple 10 Preparation of Friction Body Abarrel (having

a prejected paHdraibddirohiceaanand ithiereob)aimedebofwa bing “January
pi gnent - cont ai ni ng pol ypropyl ene resin was

18, conference room” in a notebook by the resulting marking

pen 2 in characters having such a size that one character fell

in a 10mm x 10mm square was in a black color-developed state

at room temperature (25°C), and this state was retained at a

10 temperature of a color change point on the low~-temperature side

(-20°C) to a color change point on the high-temperature side

(60°C} .

0f the characters of the above-mentioned handwriting,

only a part of “18” was rubbed several times by the friction

15 body 1 attached to the rear end of the barrel. As a result,

the part rubbed was immediately discolored to become colorless,

and “20” was rewritten on the erased part by the marking pen

2. In this case, the part rubbed could be erased without

disceoloring the other characters, and it was possible to form

20 handwriting without the occurrence of repellency in the

handwriting. The above-mentioned erasing by rubbing and

handwriting formation on the erased part could be repeatedly

performed. The above-mentioned state was retained at a
temperature of -7°C to 60°C.

25 [0079]
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5 primarily fornmed, and a coating portion (coating the projected portion at
the rear end of the barrel and having a shape in which a | eading edge of a
colum having a radius of 3 mmwas forned in a convex curve) made of a bl ue
pi gment -containing styrenic elastonmer (manufactured by M tsubishi Chem ca
10 Corporation, trade name: Rabal on, Shore A hardness: 85) was secondarily
formed, by coinjection nolding, thereby obtaining a barrel provided with a
friction body 1 whose |eading edge was forned in a convex curve. The
resulting barrel was placed on and fixed to an 15 el ectronic bal ance so
that the convek*@mrd® ¥? the friction body was directed upward, and a
transparent glass plate was_allowed to contact on the above-nentioned
friction body Hr¢paratsemtef pir ¢t edn Bedy a measuring dish of the electronic
bal ance. Then, the contact areas of the above-nmentioned friction body 20 1
and t he transphbemredl dssviplqs @rojsgdlddpeonion med bgarperdpehdreafar|y
pressing the above-nentioned glass plate with |oads of 500 g and 1000 g

wer e neagsdedofAa dhesubigméhe-contachingr @@ 1§ ridps lieme yhein pwessed with
a load of 500 g was 4.5 mm®2, and the contact area at the tine when pressed

withsa | gagmati 29 A0ek@ Was 4 BaPiad pbatibs (@ Shg khe sPPyactearea at
the 61 tinme when pressed with 1000 g was 1.62 tines that at the tinme when

e BhE RO oAU TR LA LLLE R hedied sobhodl b
which a leading edge of a column having a radius of 3 mm was
formed in a convex curve) made of a blue pigment-containing
styrenic elastomer (manufactured by Mitsubishi Chemical

10 Corporation, trade name: Rabalon, Shore A hardness: 85) was
secondarily formed, by coinjection molding, thereby obtaining
a barrel provided with a friction body 1 whose leading edge
was formed in a convex curve.

The resulting barrel was placed on and fixed to an

15 electronic balance so that the convex curve of the friction
body was directed upward, and a transparent glass plate was
allowed to contact on the above-mentioned friction body 1 in
astateparallel withameasuringdishof theelectronicbhalance.
Then, the contact areas of the above-mentioned friction body

20 1 and the transparent glass plate visually confirmed by
perpendicularly pressing the above-mentioned glass plate with
loads of 500 gand 1000 gweremeasured. Asaresult, the contact
area at the time when pressed with a load of 500 g was 4.5 mm?,

and the contact area at the time when pressed with a load of

25 1000 g was 7.3 mm’ (that is to say, the contact area at the
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5 surface to instantaneously change col or by rubbing. [0080] Preparation of

Witi

ng I nstrunent A pol ypropyl ene pipe having an internal dianet

er of 4.4

mmwas filled with 0.1 g of the ink 6 prepared in Exanple 3 10 (previously

cool e
bl ue
and
made
wth

d to -14C or

|l ess to allow the m cro-encapsul ated pi gnent to devel op a

color, and then, allowed to stand under roomtenperature) by suction,

connected to a ballpoint pen tip 4 with the interposition of

a hol der

of a resin. 15 Then, the above-nentioned pol ypropyl ene pipe was filled

an ink backf | ow prevention body (liquid stopper 7) mainly

conposed of

pol ybut efigne wdh e pineg seids d&hads PPEI gywas dm &2 ridares pbatt e therebre and

furth

er, atail stopper was fitted into the rear portion of the

refill pipe

t 0 obt aiwhen atépoeatwpem 200rgfill. The barrel previously obtained and a
portion were nounted, and a cap was fitted thereto, followed by

neck

deaer ati on

t rieed aBbtvebyetriionddigai conohdobf ai toaldalllped atmpente

(handwiting width: 0.4 mm. The above-nentioned ballpoint pen tip 4 was
fornmed byor28Mefdh v 54 b N @ reicRr dxail d iﬂ_a\vgbtrgrgngé@r&{ 8rp&be. 7 NMMin

62 a tip end forned by deformng a netal pipe in

e vicinity of

its end

i nvarsd f£0R AN Ol efn SUEL BESINEE) PESSGUT 018 P08] rulkl 04, Change Behavi or

of Ha

10

15

20

25

ndw iting
[0080]

Preparation of Writing Instrument

A polypropylene pipe having an internal diameter of 4.4

mm was filled with 0.1 g of the ink © prepared in Example 3

(previously cooled to =-14°C or less to allow the

micro-encapsulated pigment to develop a blue color, and then,

aliowed to stand under room temperature) by suction, and

connected to a ballpoint pen tip 4 with the interposition of

a holder made of a resin.

Then, the above-mentioned polypropylene pipe was filled

with an ink backflow prevention body {liquid stopper 7} mainly

composed of polybutene and having viscoelasticity from a rear

portion thereof, and further, a tail stopper was fitted into

the rear portion of the refill pipe to obtain a ballpoint pen

refill. Thebarrel previously obtained and a neck portion were

mounted, and a cap was fitted thereto, followed by deaeration

treatment by centrifugation to obtain a ballpoint pen

(handwriting width: 0.4 mm).

The above-mentioned ballpoint pen tip 4 was formed by

holding a stainless steel ball having a diameter of 0.7 mm in
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5 Thernochrom c handwiting obtained by witing "3 p.m, conference roonf
in a notebook by the resulting ball point pen in characters having such a
size that one character fell in a 4nm x 4mm square was in a bl ue

col or-devel oped state at room tenperature (25C) , and this state was
retained at a tenperature 10 of a color change point on the | owtenperature
side (-6C) to a color change point on the high-tenperature side (60C). O
the characters of the above-nentioned handwiting, only a part of "3 p.m"
was rubbed several times by the friction body attached to the rear end of
t he barrzltipAsnad fegmed, byhéefasnpagta masbeld pdas iimnttieavetyndiycofored to
becone colorless, and "9 a.m" was rewitten on the erased part by the

bal | poi nits pand imwdid sfrasean tdwetqardur fddbeducdert dobessuased wi t hout

di scoloring the other characters, and it was possible to form handwiting
wi t hout the ocpauygence of repellency in the 20 handwiting. The

above- nenti oned erasing by rubbing and handwiting formation on the erased

part could be @éig%ﬂ@ﬁgﬂ'eFggﬁéﬁig%LOﬂTH%@&WWftfﬁ?tiOned state was retained
at a tenperature of - é?to 60C. [0082] 25 Exanple 11 (see Fig. 6) 63

Preparation ofTﬁyﬁi@nﬁr&?%@;@r%gfg%l% SRS RES a«g%gm[ eversi bl e

t hermochrom c 1 am cr o- encapsul at pi gment (t1

18C fterdfte "o In bhoPESoRUSY A9RPRELLILE nY 811502 HERCCC

in characters having such a size that one character fell in
a 4dmm x 4mm square was in a blue color-developed state at room
temperature (25°C), and this state was retained at a temperature
10 of a color change point on the low-temperature side (-6°C) to
a color change point on the high-temperature side (60°C).
Of the characters of the above-mentioned handwriting,
only a part of “3 p.m.” was rubbed several times by the friction
body attached to the rear end of the barrel. As a result, the
15 part rubbed was immediately discolored to become colorless,
and ™9 a.m.” was rewritten on the erased part by the ballpoint
) pen. In this case, the part rubbed c¢ould be erased without
discoloring the other characters, and it was possible to form
handwriting without the occurrence of repellency in the
20 handwriting. The above-mentioned erasing by rubbing and
handwriting formation on the erased part could be repeatedly
performed. The above-mentioned state was retained at a
temperature of -6°C to 60°C.
[0082]

25 Example 11 (see Fig. 6)
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5 the color is changed fromgreen to colorless) in which a reversible

t hermochrom ¢ col or nenorabl e conposition conprising (a) conpound of 1.0
part of 4,5,6,7-tetrachl oro-3-[4-(diethylam no)-2-ethoxyphenyl]- 3-

[ 4- (di et hyl ami no) - 2- net hyl phenyl ] - 1( 3H) i sobenzof uranone and 10 4.0 parts of
2-(N-net hylanilino)-6-(Nethyl-Np-tolylamno)fluoran; (b) conpound of 6.0
parts of 2,2-bis(4'-hydroxyphenyl)hexafl uoropropane and 4.0 parts of

1, 1- bi s(4' - hydroxyphenyl ) n-de cane; and (c) conpound of 50.0 15 parts of

4- benzyl oxyphenyl et hyl caprate; was encapsul ated, 0.33 part of xanthan gum
(shear vi scosiknepadiciaron:f earan sigpladdminocdrqrare s urea, 10 parts of
glycerol, 0.6 part of a nonionic perneability-inparting agent, 0.1 part of
a nodified siThewhewhasedraphréoan Nngeagelrlibl@ ltparhochramiicl dexpr oof i ng
20 agent and 66.37 parts of water. [0083] Preparation of Witing |Instrunent

A pol ypr Pﬂ?iﬁ’é%@?ﬁ R Qﬁi@%@%&@ap@xﬂ%ﬁp?&mﬁt‘}t%g’?s filled

wi th the above-nention ink 6 (previously 25 cooled to -1 ess to

Il ' - | opi 4. 10. .OR. | d then,
al 1 ow L, m i encansul al el AN, £ 101 IpY€l08 5 OraeNAGDIRSC and L hen

al | owed %o m~ ténpera y suction, connecteétl to a

ool 89 MngEoAbR. ik WLIhddP LPr BRSO, ofpPoPRLOET, THUSfla LoSi
reversible thermochromic c¢olor memorable composition
comprising (a) compound of 1.0 part of
4,5,6,7-tetrachloro-3-[4~(diethylamino)-2-ethoxyphenyl]-3-
[4-{diethylamino) -2-methylphenyl]-1{(3H) isobenzofuranone and

10 4.0 parts of
2= (N-methylanilino)-6- (N-ethyl-N-p-tolylamino) fluoran; (b)
compound of 6.0 parts of
2,2-bis (4’ -hydroxyphenyl)hexafluoropropane and 4.0 parts of
1,1-bis (4’ ~hydroxyphenyl)n-decane; and (c} compound of 50.0

15 parts of 4-benzyloxyphenylethyl caprate; was encapsulated,
0.33 part of xanthan gum (shear viscosity reduction~-imparting
agent), 10 parts of urea, 10 parts of glycerol, 0.6 part of
anonionicpermeability-imparting agent, 0.1 part of amodified
silicone-based antifoaming agent, 0.1 part of a mildewproofing

20 agent and 66.37 parts of water.

[0083]
Preparation of Writing Instrument
A polypropylene pipe 8 having an internal diameter of

4.4 mm was filled with the above-mentioned ink 6 (previously

25 cooled to -18°C or less to allow the micro-encapsulated pigment
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5 wth an ink backf | ow prevention body (liquid stopper 7) nmainly conposed
of pol ybutene and having viscoelasticity froma rear portion thereof, and
further, a tail stopper was fitted into the rear portion of the pipe. A
front barrel and a rear barrel were assenbled and accommodated in a barrel
5, and a cap 3 was 10 fitted thereto, followed by deaeration treatnent by
centrifugation to obtain a ballpoint pen 2. The above-nenti oned bal |l poi nt
pen tip 4 was fornmed by holding a hardnetal ball having a dianeter of 0. 7
mm (handwiting wdth: 0.35 mm) in a tip end formed by defornming a netal

pi pe 15 to delve leiecRrdt§enicoloy  epddi Hikird 2R domesnt o it teand undeger oatier
pressure, and the above-nentioned ball was biased forward by a spring.

Furt her , temeefateté brbbeimctl girepadedonneEradpt @ Bhiad lpwioti et thpa rear
portion of the rear barrel by press fitting. 20 (0084] Col or Change

Behavi or4 ofi tanthe | inngrgdet tbohrofii & hahder i hadeg obtai nedihy witing
"ABCDE" in a notebook by the resulting ballpoint pen 2 in characters

having such a mi&e, that apheechandebeaedf bl yibPogy bane p Bransguas e14§ was in a
green col or- developed state at roomtenperature (25C), 65 and this state

was et aj el 1ﬁktﬁé‘@1@fﬁéwpﬁcé¥erﬁcf&l %d‘i;h@ﬂ%m@%ﬂﬁp;?& thepainly
| ow-tenperature side (-1BC) 'to a color change "point on the high- tenperature

side (63Gnp&Led e PRANAURR Jhat Ry ARGUF SIS T AN PAPRY I 1NDea r

portion thereof, and further, a tail stopper was fitted into
the rear portion of the pipe. A front barrel and a rear barrel
were assembled and accommodated in a barrel 5, and a cap 3 was

10 fitted thereto, followed by deaeration treatment by
centrifugation to obtain a ballpoint pen 2.

The above-mentioned ballpoint pen tip 4 was formed by
holdingahardmetalball havingadiameterof 0.7mm (handwriting
width: 0.35 mm) in a tip end formed by deforming a metal pipe

15 in the vicinity of its end inward from an outer surface under
pressure, and the above-mentioned ball was biased forward by
a spring.

Further, the friction body 1 prepared in Example 8 is

provided in a rear portion of the rear barrel by press fitting.
20 [0084]

Color Change Behavior of Handwriting

Thermochromic handwriting obtained by writing “ABCDE”
in a notebook by the resulting ballpoint pen 2 in characters
having such a size that one character fell in a Smm x 5mm square

25 was inagreen color~developed state at room temperature (25°C),
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5 only a part of "DE" was rubbed several tines by the friction body 1
attached to the rear end of the barrel 5. As a result, the part rubbed was
i mredi ately discolored to becone colorless, and "BA'" was rewitten on the
erased part by the ballpoint pen 2. In this case, the part rubbed could be
erased without 10 discoloring the other characters, and it was possible to
form handwiting w thout the occurrence of repellency in the handwiting.
The above-nenti oned erasing by rubbing and handwiting formation on the
erased part could be repeatedly perfornmed. The above-nentioned state was
retai nechral thislStatrpezatugtmioied &€ eotad@Bri 0086]ot Exanpbe ¢Ratigee Fig. 7)
Preparation of Friction Device A hollow col um-shaped friction body 1 (a

shape i rpodni€hon 2bha 1eadi agpedgeurs §oaaed-i18°@n b curyselohayhagga radi us
of 3 mmand a height of 5 mm which was nade of an SEBS copol yner

el ast omgso {RnH agtdinedyy: per-dases §0de késkg) trade name:  AR-800C, Shore

A hardness: 65), and a col um-shaped pol ypropylene supporting portion 9

(having a proj@ctiat R4 A 55 &l Ahehdherealy) i G0 al Khagr 8 Phgck pi gnent
were formed by 66 coinjection nolding, thereby obtaining a friction device

provter AT 55 ey g BachThe s eaalel 6 o cCeyice e ol ace
body 1 attached to the rear end of the barrel 5. As a result,
the part rubbed was immediately discolored to become colorless,
and “BA” was rewritten on the erased part by the ballpoint pen
2. In this case, the part rubbed could be erased without
10 discoloring the other characters, and it was possible to form
handwriting without the occurrence of repellency in the
handwriting. The above-mentioned erasing by rubbing and
handwriting formation on the erased part could be repeatedly
performed. The above-mentioned state was retained at a
15 temperature of -9°C to 42°C.
[0085]
Example 12 (see Fig. 7)
Preparation of Friction Device
A hollow column-shaped friction body 1 (a shape in which
20 a leading edge is formed in an R curve) having a radius of 3
mm and a height of 5 mm, which was made of an SEBS copolymer
elastomer (manufactured by Aron Kasei Co., Ltd., trade name:
AR-800C, ©Shore A hardness: 65), and a column-shaped
pelypropylene supporting portion 9 (having a projected portion

25 at an end thereof) containing a black pigment were formed by
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5 directed upward, and a transparent glass plate was allowed to contact on
the frictionbody | in a state parallel with ameasuring dish of the

el ectroni ¢ bal ance. Then, the contact areas of the above-nentioned friction
body 1 and the transparent glass plate visually confirmed by
perpendi cul arly pressing the 10 above-nentioned gl ass plate with | oads of
500 g and 1000 g were neasured. As a result, the contact area at the tine
when pressed wth a |load of 500 g was 5.2 mm2, and the contact area at the
time when pressed with a load of 1000 g was 11.5 mm 2 (that is to say, the
contact apemjattibe maislimwen phesskby wktail(ody 16 mas it teméset hat at
the time when pressed wth 500 g). The above-nentioned friction body 1
coul d al ppwwadsiinuieh phet fobcbiona bedersibl e thernochronic inage printed on
a paper surface to instantaneously change col or by rubbing. [0086] 20

Exanpl e 13 (seen&igssubrang B)icPispasavies whsFpiatbanoReyhaerikedfriction
body 1 obtained in Exanple 8 was inserted by press fitting into an end

porti Ontﬁere Céd%@éfbﬁ% EHPEHE&' 89 tRttiRs 9e§a@'ﬁ oadaepeh%ar ta%ate

resin y obtaining a 25 friction device. In addition, 1t is also
o oLPREELE o P SRR AR SO PP Rl B o
of Witi ggnl:a mahné frslctlonbodyl inastateparallelwithameasuring
dish of the electronic balance. Then, the contact areas of
the above-mentioned friction body 1 and the transparent glass
plate visually confirmed by perpendicularly pressing the
10 above-mentiocned glass plate with loads of 500 g and 1000 g were
measured. Asaresult, thecontact areaat the time whenpressed
with a load of 500 g was 5.2 mm?, and the contact area at the
time when pressed with a load of 1000 g was 11.5 mm® {(that is
to say, the contact area at the time when pressed with 1000
15 g was 2.2 times that at the time when pressed with 500 g).
The above-mentioned friction body 1 could allow a minute
portion of a reversible thermochromic image printed on a paper
surface to instantanecusly change color by rubbing.
[0086]
20 Example 13 (see Figs. 8 and 9)
Preparation of Friction Device
The friction body 1 obtained in Example 8 was inserted
by press fitting into an end portion of a cylindrical supporting
portion 9 made of a polycarbonate resin, thereby obtaining a

25 friction device. In addition, it is also possible to obtain
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5 The ballpoint refills obtained in Exanples 4, 10 and 11 were subjected to
deaeration treatnentby centrifugation. Then, they were each accommodated in
a barrel 5 conprising a front barrel and a rear barrel, and a cap 3 was
fitted, thereby obtaining three ballpoint pens 2. 10 Further, together with
the marki ng pens obtained in Exanples 8 and 9, the friction device prepared
above and the friction devices (friction body 1) obtained in Exanples 5, 6
and 12 were conbined to obtain a witing instrunent set (conprising five
writing instrunents and four kinds of friction 15 bodies). According to the
above- neat dounete inéadngypasfruobhdnséeyichahgwfutthgrodtaaphingl thg of
colors and a plurality of widths could be formed depending on the witing

i nstrumefticanenrubbiyny teothd behper Eadnpdrbyosel ecting the desired
friction device 20 (friction body 1). Wile the invention has been
described in cpopggiion with the exenplary enbodinents, it will be obvious
to those skilled in the art that various changes and nodification may be

nmade therein ﬁféHQPétggﬂaéfiﬁﬂ%{fﬂ fﬂgtPﬁﬁéﬁetsé vention, and it 25 is

ai med, therefore,” to cover 1n the appended clarmall such 68 changes and
modi fd cations ag hal ) LN 148 1Y UBSAUS 18aREPRE 87 1S 7307
were subjectedtodeaerationtreatmentbycentrifugation. Then,
they were each accommodated in a barrel 5 comprising a front
barrel andarearbarrel, andacap3was fitted, therebyobtaining
three ballpoint pens 2.

10 Further, together with the marking pens obtained in
Examples 8 and 92, the friction device prepared above and the
friction devices (friction body 1) obtained in Examples 5, 6
and 12 were combined to obtain a writing instrument set
{comprising fivewriting instruments and four kinds of friction

15 Dbodies).

According to the above-mentioned writing instrument set,

\ handwriting of a plurality of colors and a plurality of widths
couldbe formed depending on thewriting instrument, and rubbing
could be performed by selecting the desired friction device

20 (friction body 1).

While the invention has been described in connection with
the exemplary embodiments, it will be obvious to those skilled
in the art that various changes and modification may be made
therein without departing from the present invention, and it

25 is aimed, therefore, to cover in the appended claim all such
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1. Afriction body for allow ng an image having reversible thernochrom sm
to change color froma first state to a second 5 state by frictional heat,
wherein the frictional body has a contact area ranging from0.5 to 15 mMm®
when pressed onto a glass plate with a load of 1000 g. 10 2. The friction
body according to claim1l, wherein the friction body has a contact area
ranging from0.5 to 12 M2 when pressed onto a glass plate with a | oad of
500 g. 3. The friction body according to claim2, wherein the 15 friction
body is an elastic body which satisfies a relation of B<A<4B, wherein Ais
a contac 1 4% r ont:@,, st h I . Wi t he | oad
o “To00 i nd A SRR SR O B PR B D0
glass plate mﬁt% %Qe | oad of 50qﬂ?§'4' A friction body for allow ng an i mage
havi ng r&varSi Bt et HET TibThT ohf SA t5° % hange color froma first state to a
second state by frictional heat, 25 wherein the frictional body has a
contact area of 3.2 70 mR or |ess when pressed onto a glass plate with a
| oad of 500 g, and a contact area of 5.0 nm 2 or |ess when pressed onto a
glass plate with a load of 1000 g. 5 5. The friction body according to any
one of clainms 1 to 4, wherein the friction body has a Shore hardness based
on JIS
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K6253A of 40 degrees or nore. 6. The friction body according to claim1,
wherein the 10 friction body conprises a styrene-butadi ene-styrene
copolymer or a styrene-ethyl enebutyl ene-styrene copolymer. 7. The friction
body according to claim1, wherein the friction body conprises a coloring
agent 15 8. A witing instrunment conprising: a reversible therno-chrom c ink
therein; and the friction body according to clains 1 for all ow ng
handwriting forned by the witing instrument to change color 20 fromthe
first state to the second state by frictional heat. 9. The witing

i nstrunmepiia@cegrdingute €kaim8, wherein a witing instrunent nenber
constituting the witing instrunment or a main body of the witing
instrunment and the friction body 25 are integrally forned by coinjection
mol ding. 71 10. The witing instrunment according to claim8, wherein the
reversi bie thexnfchrtamrc bioaly £srodl bowingearonimafgeahagihigt ravygrsdbdlel nati on
of: 5 a heat discoloring type in which color disappears from a

col or - de¥ygt eiREEh EbRL Embo Nedid fWicA FOERbmMBMPL ¥s £ eftettd &b hyB8cbRdwWhi ch a
col or-devel oped state or a discolored state is interchangeably nenorized

and getained L) A sPEFLALE hegperature region; and 10 a heat
col or-devel oping type 1n which color is devel oped
wherein the frictional body has a contact area ranging

from 0.5 to 15 mm® when pressed onto a glass plate with a load

of 1000 g.

10 2. The friction body according to claim 1, wherein the
friction body has a contact area ranging from 0.5 to 12 mm?

when pressed onto a glass plate with a lcocad of 500 g.

3. The friction body according to claim 2, wherein the
15 friction body is an elastic body which satisfies a relation
of B<A<4E,
wherein A is a contact area at the time when pressed onto
the glass plate with the load of 1000 g and
B is a contact area at the time when pressed onto the

20 glass plate with the load of 500 g.

4. A friction body for allowing an image having reversible
thermochromism to change color from a first state to a second
state by frictional heat,

25 wherein the frictional body has a contact area of 3.2
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froma discolored state by heating and it returns to the discolored state
by cooling fromthe col or-devel oped state. 11. The witing instrunent
according to claim8, wherein the 15 witing instrunment has a handwiting
width ranging from0.1 to 5 mm 12. The witing instrument according to
claim8, wherein the reversible thernmochromc ink conprises at least a 20
m cr o- encapsul at ed pi gnent having a col or change point on the

hi gh-tenperature side ranging from25C to 95C. 13. A witing instrunment set
conprising: a witing instrument containing at |east reversible 25

t her mochp MG bRk ﬁﬂgn7ﬁré£‘§eérdr§ﬂd AN Q% BESREADENTO 1 Brl sher

al | owi ng handmﬁltlng formed by the witing Instrunent to change color from

the 1ol Sigley!athecserond 53l & i hchianalybeaby 3 L4 offas writing

i nstrumel accor claim™l mherel runment has a
handh T 99w gD LaNOLR, 91 BelybRS,m 73

5 5. The friction body according to any one of claims 1 to
4, wherein the friction body has a Shore hardness based on JIS

K6253A of 40 degrees or more.

6. The friction body according to claim 1, wherein the
10 friction body comprises a styrene~butadiene-styrene copolymer

or a styrene-ethylenebutylene-styrene copolymer.

7. The friction body according to claim 1, wherein the
friction body comprises a coloring agent
15
8. A writing instrument comprising:
j a reversible thermo-chromic ink therein; and
the friction body according to claims 1 for allowing
handwriting formed by the writing instrument to change color

20 from the first state to the second state by frictional heat.

9. The writing instrument according to claim 8, wherein a
writing instrument member constituting the writing instrument
or a main body of the writing instrument and the friction body

25 are integrally formed by coinjection molding.
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10. The writing instrument according to ciaim 8, wherein the
reversible thermochromic ink is of any one or of an arbitrary
combination of:

a heat discoloring type in which color disappears from
a color-developed state by heating:;

a color memory retention type in which a color-developed
state or a discolored state is interchangeably memorized and
retained in a specific temperature region; and

a heat color-developing type in which color is developed
from a discolored state by heating and it returns to the

discolored state by cooling from the color-developed state.

11. The writing instrument according to claim 8, wherein the
writing instrument has a handwriting width ranging from 0.1

to 5 mm.

12. The writing instrument according to claim 8, wherein the
reversible thermochromic ink comprises at least a
micro-encapsulated pigment having a color change point on the

high-temperature side ranging from 25°C to 95°C.

13. A writing instrument set comprising:
a writing instrument containing at least reversible

thermochromic ink; and
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the friction body according to claim 1 for allowing
handwriting formed by the writing instrument to change color

from the first state to the second state by frictional heat.

14. The writing instrument set according to c¢laim 13, wherein
the writing instrument has a handwriting width ranging from

0.1 to 5 mm.
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