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The present inventionrelates toa frictionbodyawriting

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 (suchas 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.



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

becones larg

€,

so that strong pressing force is required in rubbing in sone

cases. 10 Moreover, in order to prevent a rubbed portion of a reversible
t hernochromi ¢ i mage from being exfoliated, the overcoat |ayer is provided
on the reversiBuethbaer mncdnm exemplldyferd ofs thasdB-ie 71244388y desti.obed above.
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andacontactportionwiththethermochromiclayerbecomes large,
so that strong pressing force is required in rubbing in some
cases.

Moreover, in order to prevent a rubbed portion of a
reversible thermochromic image from being exfoliated, the
overcoat layer isprovidedonthe reversible thermochromic layer
of the JP-A-7-241388 described above. Accordingly, anexisting
reversible thermochromic image can only be allowed to change
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
necessitating a protective member such as the overcoat layer
and without exfoliating an image or handwriting formed with
areversible thermochromic ink (forexample, see Japanese Patent
Unexamined Publication JP-A-2004-148744).

The above-mentioned silicone rubber can change color

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 cpéoerfibieathetsbchianect dn&, seadndhesfaherntibouefextokhayi ng an

i mge or handwiting formed with a reversible thernochrom c ink by rubbing

and can gkl pwienliynad ReBUt @saheghPorAtesrdonghangercekbareselipeti yaly and
easily by rubbing without requiring strong pressing force in rubbing 20

and W t hgut.i Nspeaskrgd-thgsnuAber 9k +iHRAbLAGy . Further, anot her object of the
invention is to provide a witing instrunen¥ provided with a friction body

whi ch can aIIﬁg@@9%£pag%j&{eeéanggﬁged I & reyggégplevy nmoghronm c ink
an

to change col or, d a witing instrunent set conprising the friction
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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]
2An 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 exfoliating an imade or handwriting formed with
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 c¢f 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 segcontl aspect of the invention, it is preferable that 15 the
friction body is an elastic body which satisfies a relation of B<A< 4B,
wherein A is ancodtdthgatean atiddte dspe twWeeh theesaednonba, thergl ass pl ate
with the load of 1000 g and B is a contact area at the tine when pressed
ont 0 t hepra@Pigkasstpi at Lombbliyt her hoadwohd0ifaglecaridigigeteraibodrth
aspect of the invention, there is provided a friction body for allow ng an

i mge haﬂh@ﬁmé@M%ﬁthetoté}?dx{&?@dl@rs Frbg ghenger el e fiom 8ebbpat state
to a second state by frictional heat, 25 wherein the frictional body has a

cont act B O, 3r 21 o1 OHE1 Ok b €SS when pressed onto a glass plate with a
| oad of g%% yandlC %ontact area of 5.0 m® or | ess when pressed onto a

whereln 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 body is an elastic body which satisfies a relation
of B<A<4B,
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.
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 bedy 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

st yrene- et hyl enebut yl ene-styrene copol yner. According to a seventh aspect
of the invention, as set forth in the first aspect of the invention, it is

pr ef er abiyge o NgbebienLh GHd AP S AR SESH a £01,01 110G, G oS5 BgCor di ng

to an ei ghth aspect of the invention, there " 1s provi a witing

| nStrunep! SOOI SidicA JAYLI5E M o Ler Bl ¢RLQM. fehLRSLA! Baend 1 he

friction”body according to iTst aspect inventiron tor allow ng

handmwiti?es%gﬁgggeb%i£ﬂgam%%%§2ggyggobn$trunent to change color fromthe

first st& secon rictional heat. According to a ninth
aspect of the jnvention, as_s forth _in the.eighth aspect of _.th
Cavention, 1t AECOTOTRT 61D LIRED SEPSFT Pk ASUPHaRe HEREEE BORGRI ¢ uti ng
the witjng .insgfrument 25 or a nmain_body of the witing_ instrunent and the
frict ont®odie %3‘%11?@ iHEgTa0ly ¢ rllrﬂéfe\éjFl@Bi' nitEct? oRr RbPERAYS BRebrding 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:
a reversible thermo-chromic ink therein; and
the friction body according to the first aspect o¢f 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

el event haﬁéDﬁ%gn?fng? EOVMRBY 1 9P, casn$8ELidR hOT&ImgN the eighth aspect of
the invention, it is preferable that the witing instrunent has a

handwr i ting wldot gy e o LeAfhladpdor oMo ACAHLIIRG, 10 3 dvebELD aspect.

of the invention, as seéet orth in e eig aspect e Invention, it is
preferab : e reversd ‘her om, ¢ i I east a

m cr o- en%lgp%}%u%ae%lg%; tprlg }r?é;]eteﬁg\% lr%%aH(Elgle(lg;lrE Ciléhé%g %%&f&gﬁ{%ﬁgg ElﬂaJ:

hi gh-tenperature side rﬁnﬁ%n from25C to 95C. AccordiE% to a.thirteenth
aspect of ¢ & VEATERISon. S TRRTFRT OT5C gidvt B8d 3 NPT EiGHgC F gt # et 2 5%t
conprising: 25 a witing instrument containing at |east reversible 6
therﬁbch?%#ﬁ%ﬁ?%k?naﬁ “the 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 discoleored 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
is 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 inchubRLPE 8RY 1RxW LRQut increasing the nunber of rubbing. [0007]
According to the second aspect of the invention, only a desired mnute area

portion can becal| ened: | 9r GhANOS G101 n Sl LGl iy AN BaSH! by LubDI Ng.

20 [0008] Accordrng e aspect of theé 1nvention, a contact portion

e por  oPRUABIOTT R 1oF SO nlT nBRP MR o Fed. Bt coRti HFY PHven & *
Y s YRnk LA 28 SHET 35 A BN e al] ot desigd port i on
5 state by fricticonal 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 ccolor 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 selehtngelyokbod weshout byexfibbiaging it, and even on a portion once
rubbed, a thernochrom c inmage can be fornmed again w thout generating ink
repel |l ency on {heOBubbed portion. [0012] 20 According to the seventh aspect
of the invention, the design freedomof the friction body is enhanced.
[0013] Accordrogotdinhbetei g f@apdctasgfedthe fi nhentinedntaousethegan freely
forman imge, and using the friction body provided 25 on the witing

i nstrunment, obheiabavensent | ONE6h iBEGE a1 eard .8a9W ynahl awedst eeghange
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 portion.
[0012]
20 According to the seventh aspect of the invention, the
design freedom of the friction body is enhanced.
[0013]
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 esagéyoaldowedute gbangencodad. to allow it to change col or using
the friction body provided in conbination. [0017] According to the twelfth
aspect of the [(d9&#iion, the 20 ink has high-density col or devel opability,
and is surely changed in color by rubbing. [0015] According to the
thirteenth aspeetopfiihbetonudid iimtla asisestcaf foheel \nFaiti&an, | vBge, and
using the friction body 25 provided in conbination, the above-nenti oned

Bﬁg\?N&gﬂrb@teaﬁ Hody Qarlbleoyee: 1 ¢ hangenhealtQ thBRIER iPESORE PHiebh OF THE

5 without dropping off.

[0015]

According to the tenth aspect of the invention, there
can be 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 surely changed
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
witing eddowenenb phewgdedowoth 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 BRIEBt DESCREPGION DF @HEoDpgRwWadGBal cross-sectional

vi ew show ng anot her enbodi nent of a friction body of the invention; and

Fig. 9 is a |lopgihtudi pal acresg:eegihanatrykeusshenbng129ienesaphedynent of a
witing instrunent used in a witing 10 instrunent set of the invéntion.

DETA! 4 EDo RESKHH S fdh (06 EXEVRIARY ENBORLNEN BT 1 Hda § MWVENT Gl ENRODI 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 providedwith a friction
body of the invention;

Fig. 5 is a longitudinal cross-secticnal 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 a means 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
the |ikejinsbrtumatti setantbéhpr oduestiiah.-l ow cost requiring no |arge-scaled
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

means SUpPATAASEDI IR 3T BT 100 0F] BCLN PDARY FHBOY I MENT PO FUsed INVEROIbNNat i on
with the witing instrunment containing the reversible thernochromc ink, or
can be used in conbination wth gupbetMtERTsbook or toy provided with inmages
printed wwth the reversible 25 thernmochromc ink. 11 In particular, when
the apove-nentigpggoyriting instrument and friction body are separately
provided to form a reversible thernmochromc witing instrunment set, or when

the friction ppdyri$-PrQYi #58y08st PeabOVEAIEBLT 808 MLE B9minute

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 frictionbody of the invention canbe allowed

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

the like, sco 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 w t hbomt pamtieadimg tharemunmbidre ofabaidstment domled ubbrngiogn be
performed wthout requiring strong pressing force. It is therefore

possi bl eihstatihentoahy £r desicrdaodndee aepa rpdrdliyoprovickange f20mcol or
selectively and easily by rubbing. [0022] Further, the friction body is

pr ef er abh yr i 5 thleaimochirerdentact i ageam st riden t isee , Wwhewharessed onto a
glass plate with a load of 500 g ranges from0.5 to 12 nmm2. In that case,

25 therefiscpicheay usegrawiglastdc baey dtptidiGnehtviddnied swekkehg 12 than
the contact area at the tine when pressed onto a glass plate mnth a | oad of

1700 % SRS SOREARS 4 metardld Xunenbocmiha 1y LR OOk b stnet oL e
B at thew£i€?n&hfﬁstrument, 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
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 ontc 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<A< 4B. This nmakes 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 ohgnt yhe[ gopBict Farepeat the hb®vecvwhentporsdedrpripon Bdd§sis formed
so that the contact area of a glass plate and the friction body becones
3.2 nm 2pbateesdshmwhcmast e§sSP dot endeefltass p$ are fsirelp 130par foadedf 500 g,
and the contact area of a glass plate and the friction body becones 5.0 m?
or | ess sbernhpt essedaontarddhd gl ads (liaee whiehhpaessad oht®080gfasFhi s nmakes
it possible to surely select only the mnute area portion of the

above- mept ke thegeoba @f 11080 § dRdeasitdact ArechBnge @ eimdywhehbi ng. 13
In both the above-nentioned | oads, the contact area of the friction body at

the tg nepphese-RseLs (QRle et gass Phaka of sSopreEet abky Lrb187RcAr nOre,
considering the strength and formability of the friction body.

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 mm’ 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 In Uidfiing:lee wikde eragirgniorad tleerds,i tthiescoptefér redat bét a

| eading edge is fornmed in a convex curve. [0025] Further, the hardness of

t he abovehednticonieth bodgt 2 Drthe20inedyhers ppressedabh o athaistled st pl 40edegr ees

or nore, and nore preferablg to 55 degrees or nore, in Shore hardness A in
JIS (Japaneseféndbdyr0ab mhangarmt)rd6253hs i delf 1isd neé $ brdRgtegaras or nore
generates a deformation which is not too hard and suitable for rubbing

(frictiopprmepil2bytbatthei efiepabnhpadiycan be generated without requiring
strong 14 pressing force. Further, adjustnent to 55 degrees or nore

i ncrepses the genelahove shéh €i6REY Pladd psztaltena&héa?@tlsa&@@@lsefloa% mor e
difficult for the friction body to be shaved. Accordingly, the

thermochgpnk e 4 JRIRgCaARer Ahh Q¥RHehOyeRRAt Yehe 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,

t here cabrbesappl ifedcean &nittveari ladisisdpehtone corpdegiags acreharievel y hard
synthetic resin such as pol ypropyl ene, polyethylene, a polycarbonate,

pol yet hylieneeteeepiitchatnteat dopelfifdcétalcy @hfatryhbnal ésiat, a2dmakken, an
acrylonitrile-styrene copolyner resin (AS resin) or an

acryl oni titi leebait adi feniezsityr €ne colpel yirdrctriesi nbbABS tesib® , shaved.

t hernopl astic el astoner such as a styrene-based el astoner, an ol efin-based

el ast onepccarBehyiyr ene- 1ol hieh & # o bt dede gL oBBl HERIL 1 Gwdd ethaneibgsed
el astonmer, a pol yester-based 25 el astoner, a pol yam de-based el astoner, a

15 1,2- p@h&h%a@bfaﬁ Pasad ehastionBhbe? ¥EMMIbKEIN Q) ARt %%e@m@t%horrer or a

quorlne baséd el astoner, a bl ended el ast oner such as a bl end

pol ypropylhg Q:aﬁ'pge %@d ﬁﬂ@n@ﬁewm% iRased th@tw@pfph@r%%%@hg%ad' ene and

an acryl oni | e copol yner
portion caused by shavings.

Furthermore, inorder to impartelasticitytothe 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 polycarboenate,
polyethylene terephthalate, a polyacetal, an acrylic resin,

20 nylon, an acrylonitrile-styrene copolymer resin (AS resin) or
anacrylonitrile-butadiene-styrene copolymerresin (ABSresin),
a thermoplastic elastomer such as a styrene-based elastomer,
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-et hyl enebutyl ene-styrene (SEBS)copolyner is suitably wused. These
copol ymers have the good generation efficiency of frictional heat to all ow
the thernochromc inage to repeatedly 15 reversibly change col or w thout

exf ol i at lng-prl vhnd acaenesbasmsbt ¢l §s teivded Becausel ofhiheiderbwsedsi st ance
in rubbing. Further, even when a surface of the friction body is exfoliated
t her ef r omlasdomeus oexé of hatethsthd sed afadttmndr, & bdrnbedyecilastadleered to

t he support (such as paper) at the tine of rubbing, 20 ink repellency does
not occuskuchtas s bhendf of @qlogsidye droe apelr éoh il eaerprbpglenetbaskedbbed
portion. Wien a soft one is used as the material, it is preferred to take a

consti tutuBBelthat Blbageomabethaleaenpagednobcayhandtriteebabliymegovered
with it by using a neans such as adhesion, 25 sticking, fusion, fitting or

coi nj®ct pen aMpl1dng o Al &HIN2Hat Sdrddefet 18y LA O ARG RYEHH, Canriepagdded to
t he above-nentioned friction body. One which is rich in designability is
obt ai ned By s¢ehe! BAchhes f4i cide BMber, natural rubber, synthetic
rubber, foams of various resins, thermally fused or resinated
fiber, wool felt or the like.
In particular, of the above-mentiocned materials, the
10 styrene-based elastomer is useful, and a
styrene-butadiene-styrene (SB3) copolymer or a
styrene-ethylene-butylene-styrene (SEBS) copolymerissuitably
used. These copolymers have the good generation efficiency
of frictionalheat toallowthe thermochromic imagetorepeatedly
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 coccur. 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
the coloring afgehz’7is contained in an ambunt 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 eBntyhen) orat heocléringi oagéndy, caherkas addeddi g 1tP8 results
in the occurrence of color transfer of the coloring agent to the periphery
of 20 theohandentibngdwhénictbbed hodgone oaseswhAsht hesabsvennmenhi oned
coloring agent, there can be appropriately used a general -purpose dye or

pi gnent @ésil?ﬁalbﬂ@ty and éshesenéd vyedolorirexampbe, fraldiiigiinbeapder or
vari ous pear pignents, as well as an acid dye, a basic dye, a direct dye,

25 adl UPu%H@PﬁloQée,w}?eﬁ lepQr §§§@E‘ioﬁ'k§:{’fﬁﬂtls APt hAREGAN €nRi @REPingl7 such
as carbon black, ultramarine blue or titani um oxi de and an organlc pi gnent .

Further,lngf&gén@ddiﬁl YESSUTAS & I ket 638,08 radfedr 9t Beate

above-nmentioned friction body as nee
or the second state, thereby being able to use as a color

indication function part for informing t¢ 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 cne different in color tone from the
exterilor.

As the amount of the above-mentioned coloring agent added,

15 it ispreferred that the coloringagent is contained in an amount
0of 0.1 to1.0% byweight basedon 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
appropriatelyused a 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 yneséclaras exagégidrettl adkn tdteamiakiing, bduet hattiheyivanobedeawidy
provided as the friction body by coinjection nolding wwth the main body of
the widnngrgarsic ymegterotr. t he menber of the witing instrunent. [0029] 20
Furthernore, it becones inpossible to easily renove the friction body from
the witing i ririhent vay iadjsuatidhgisksmpwofd asf artiel ofr the beiadd«oh body for
the witing instrunent to be fitted to 5 N or nore, thereby being able to

prevent @f tié dovormdiiei dike fr o ancivleny ald ynsnadd owing it. Wen the
friction 25 body is attached to the above-nentioned witing instrunment, 18

| ockisng ribs neyadso be provided on an inner face of a fitting portion of
the friction body to the witing instrunent, in order to inprove slip-off

force. In addigign tyhedhdhe fddctd i baoyed SoPnydpeds ot ¢fhed to

thewriting instrument, it can be attachedby fitting one formed
as a separate member to the writing instrument or by forming
integrallywith amainbody 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 todirectly constitute the writing 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
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 body is attached to the above-mentioned writing instrument,
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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
heat i ng, leckbhorrienpey 2ksemd pnovyged ¢m avhichea taterofdevel bpeng st ate or
a discolored state is interchangeably nenorized and retained in a specific
20 t enpepat Ui en odgilon fand ta omsdadd g doorh el evel-apiontn 4 ypenemt whinchrdeol or is
devel oped froma discolored state by heating and it returns to the

di scol ored thptevdystiptehfy f6ooet he col or-devel oped state, alone or as a
conbi nati on of thereof. The use of the above-nentioned constitution can

forman image @5 aduichidis, Reh idtheEgietpbapBbtiyess pHehiiasdasni fege in
which 19 a col or change caused by rubbing instantaneously returns to an

ori gishal 41600 OIm O t fhnéABGR-ith nthi ¢Rs@rorkat , Chanoe Laltsed, RByieubbing can be
retained over a wi de tenperature range. Further, in the above-nentioned
reversi bl e 1 hesmoghEQPLCray 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 wvarious 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 noch® of® £°F nqzha%%% FRUBPH RY | HePR FGhi BRC @Rt RGeS BI B EWERAOERI ONi C
conposi tion containing at |east three indispensable conponents of (a) an

el ect r onadonat 9 Heg Eot@kor @k Hbilfags Gmgaﬁﬂéﬂcénﬁ@@ﬁﬁ chapgancaused

el ectron-accepting 20 conpound and (c) a reaction nmediumfor determning the
gener at i oy rukppey acamebef rebhbredeavel o wideotempesstiibedranose, which
have hitherto been known, is mcro-encapsul ated. As the heat discoloring
type in which botttted; Sappsazisot e anent 1 cnédrederal itfied: Is¢ mhechyoheat i ng,
there can be utilized those 25 described in JP-B-51-44706, JP-B-51-44707,

JP- B51- 29308 tardre 28nt hen ldfkeo Wbt elxhiidnier aeem thicoposesl By sthke (@a esent
applicant. The above-nenti oned conposition changes color in the vicinity

of a predeyexgitehdeimeratregd ohgoten Khafge dqiaivdlly FakicRdonkd,agnéhe
border, and shows a discolored state in a tenperature
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°Cto 90°C). Thisbecomes therefore
high in practicability.
[0031]
Further, as a reversible thermochromic
15 micro-encapsulated pigment contained in the above-mentiocned
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 color disappears from a

color-developed state by heating, there can be utilized those

25 described in JP-B-31-44706, 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 | (44 10kgCGhidh have bysh amrdipvsed by Athofp 3G ert lagsl{@asystemin
which a fatty acid ester showing a AH val ue shown in JP-B-1-29398 (nelting
poi nt - Thewbqa-iantoforHd eobmpesd tiisnuskdngssacebdoOrin ehangecinity
tenperature-controlling conpound), the conposition is sensitively

resDOHSidﬁei?r@ﬂé&@%&ib@dﬁegﬂFé@hUﬁ@et@&bD@rkﬂﬁn&ﬁg@@Eﬂk@tghkiﬂbsggloring
tenperature {(t4) and the conpletely color devel oping tenperature (tl) as

the bordgg St%e? BV N o B el \éedigeb%_rgaaeesterQHﬁté%ef&@réyst em

having a 4H about 4 to /C, the conposition gradually returns to an

oL Okl NIRRT (Chenolor ShaNIC, LURRSR-TS) oy 0L Fok rgriance
AT RN, LRI O WM R e
present éﬁﬁé?gg%f:éhéﬂ%gag%m%m%£é¥£f?E8To§g%wgfgﬁ¥%gtemperature.
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 JP-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 (t;) 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 (AH=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 edFgtihber; n e lwimghmébotrgnpesiznirieon ediypre eguatméohoombhecgher than
the conpletely discoloring tenperature (t4) can be nenorized and retained
in a speswbpositeonsr atieseribgidon it enflermtdnie’ Iegl onJbeaween79277and t 3
(substantial | ytwo- phase retaining tenperature region)). Further, a color
Menory rgpent 7oB3byP¢ Jha-mFuInE £nd@hedNN@SIi i GMhskeWdith pasgeEchyst eresi s
characteristics (4H=50 to 80C) can also be applied by using an ester

Conpoundbgotfﬁ 4 &cht fam&re&'&&hqlsfoomowgm@&i na_igwosﬁbmﬁaisaeri ngs in

its nolecule and a saturat'ed or unsaturated Tatty acid having 4 “or nore

32 Tho abOTEEHEREP SR St AT o 19 PE R had T EEaErnGS EpalRebre regl on
T R RN T Rt e R S e

C .
above- men nge p on era I'S set in

the ranggagéc%?gaggeasing'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
obtainedbyplotting changes incoloringdensityagainst changes
in temperature, and the color-developed state in a low
temperature region equal to or lower than the completely color
developing temperature (t;) or the discolored state in a high
15 temperature region equal to or higher than the completely
discoloring temperature (t,;) can be memorized and retained in
a specific temperature region (temperature regicon between t,
andt; (substantiallytwo-phaseretaining temperature region)}.
Further, a color memory retention type thermochromic
20 composition showing larger hysteresis characteristics (AH=50
to 80°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 opi Bget gpeveonpotitnedssubshaneishhybkwapphied aesgindngi n which
a specific al koxyphenol conpound having a straight-chain or branched al kyl
group havemperdttivel8egaphonaat bessewhdebensicgl on dbecpbapedskey h&ating from
20 the discolored state and proposed by the present applicant, is applied
as the etreatirpreraricapt hogevenpoting apdReAnbhti296233c0 bt chRnrelpodA¥3), a
systemin which a specific hydroxybenzoic acid ester is applied

(JP- A- 2001 - 19273 2)n-aBRpEULENRE, sa3dsykeReti AnWRheh rangdl Lisc saerdirgster or
the like which is color devel oped 25 at the col or change point on the

hi gh-¢ err?gas@t ﬁf:ef’\é- | Sclolf%éago%l @toeby_col or devel opi ng tenperature) by

heating from ored state 1s applied. Here, a coloring agent such

as a non-ther Mg €1 e el /B Her 3 lIP R 8HahdkOpbiBe on
above-nmenti oned reversible
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 (ts) 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 |nterchangeable col or change fromcolored (1)
to colored (2). [0032] The average value of the particle size of the 10
above-nenti oned m cro-encapsul ated pignent is preferably from0.5to0 S. 0 m
and nore preferably from1l to 4 m 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 froma
paper surface occurs 15 in pressing (rubbing) to cause dispersion of

handwr i t il6gipéetelNecehps Wasts lamelisr R ey tamegny grassising fremcehen sone
cases. On the other hand, in a systemin which the average particle size
is |less dhano@osed1statbeéenaypﬂﬁéﬂLcult to show high-density color

devel opability. 20 [0033] The above-nentioned reversible thernochromc

m cro- encapsulated pigrentic@redent reatpasatedohAtAaraoobnbmat dyeo 50% by
wei ght (preferably 3 to 40% by wei ght and nore preferably 4 to 30% by

wei ght) baseidmamt he irdatparmted iafkot tige iablo veofieesiilonel r@bekesblthan 2% by
wei ght results in insufficient color devel oping 24 density, whereas

exceedli nghabipby rvRighhi ¢ esthpsul &s @xd@ﬁkseat&ﬁaréﬁy beknguibl OWPEoperties to
cause inhibition of witing properties. [0034)
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 um, 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
markingpen tipdecreases, separationfromapaper surface occurs
15 in 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 um, 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 devel opability, and against external force such as

rubbi ng éengstiyhevheeses mndesiew RAAdW WELgd twreRud he ¥n iacdponepstly, the
above-nenti oned m cro-encapsul ated pignent is delicately elastically

def or medino imks haplef Whiv chrppkakéesst Ho extesaalinhdbddéionThs, wrheibgeakage of
a wall menbrane of the mcrocapsule is inhibited, and the thernochromc
functi onpeapebeiekiectively 20 exhibited wthout inpairing it. In the
above- nenti oned m cro-encapsul ated pignent noncircularly shaped in cross
section, the ayeoagge value of the maxi num outer dianmeter is preferably
within the range of 0.5 to 5.0 m 25 In a systemin which the average val ue

of the maxi mims2FQut eie disaapkero ©f thhe ahMerdesti ard peeepsepcapsul ated
pi gnment (including one circularly shaped in cross section) exceeds 5. 0 pm

the outf|ouirREERSHRE BSnid AR Ng $@PA L &A@ TR 0FeH £358%ntPrt, hepat her

Sm
hand, in a systemin which the average
applicationof the shapeofcircular cross sectionisnot denied,

but the shape of noncircular 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
elasticallydeformedtoashapewhichrelaxestheexternal 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 um.

25 In a system in which the average value of the maximum
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5 value of the maxi mnum outer dianeter is less than 0.5 m 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 m crocapsules suitably ranges from1l to 3 Nm[O0035]
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 interfacial oncondensatlon process, an in situ
polynerlﬁéF?6n4;%R%E%FoP a136écép9§ﬁemﬁﬂ&%9&? Heheverenrarspiabedt o obt ai n
t he nlcro_encagsulated pi gnent having a particle size within the range

sat i sfyi R§INRBtaddREslweinidowdd 24 1 Glerethaped iheCtagensfehionhe

application of the interfacial polynerization process or the interfacial

pol ycondersatiens pb euwesthe rowitd oiw porag@rdtiicenf aod tdualcepdénaery neeedi fficul t
to occur is effective. [0036] 25 Further, the coloring agent such as the
non-t her decheesks. 26Bn dye othprdmem, i &rgortpor ahedhich adhieheverage
above-nentioned reversible thernochrom c mcrocapsul e pignent or ink,

t her epy vheiBgo@btBet RagiMemacae8st Hibinkearofsexbsbi thag ans jufeiehangeabl 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 thermechromic 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
gize 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, the coloring agent such as the non-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 pignment, a perylene pignent, a perynone pignment or an

i soi ndol BNENe*Di FASARLCItants IHCQPOESEsc et i dhent aPpUB3TENtASNERe
reversible thernochromc ink contained in the witing instrunment provided
wi th t herEVeEsibaeholgrae chfenis ficidenpoila Régmenti oy indst EhaBEAPYpr ovi ded
separately from20 the friction body as the witing instrunent set,

ef fectivbeing onblien Wi clgitiee reeveraidl et uthieymochf oneéshibbtrbrencapsul at ed
pi gnment having a col or change point on the high-tenperature side ranging
from 25Cihbe2bBaandabh cavel ageclpaide dremscoéoradgi hy td roho@ed (a)5 pmis
di spersed in an aqueous nedium and a binder 25 resin is incorporated as
needexl. 27 Spemkfthal iyove-mbratonedcaseby thduei agni bk geaHakningf a shear
vi scosity reduci ng substance or a coagulation ink in which the reversible

t her mochpgnh €1 81 €&, eNGRARSW aAled Ri @IESEL dye SUsPendedowekbeatwaler - sol ubl e
pol ynmer coagul ant in a | oose

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 anthragquinone 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
sideranging from25°Cto 95°Candanaverageparticlesizeranging
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 aci d-nodified hetero-
pol ysacchari de Rﬁﬁ%glEBH%VVﬁhéﬁ@aﬁbﬁb§58§H5V1%%Q?%lﬁﬁdéﬁ%@oaﬁalnéagactose
guar gum | ocust bean gum and a derivative thereof, hydroxyethyl cellulose,
an al kyl 2aslPABt Blecpel Y ar MGy SHRS FARCE oMb o 6@as Lak gk ynkedper of
met hacrylic acid and having 20 a nol ecul ar wei ght of from 100,000 to
150, 000, Wil gboHuhHaNe L sa bR gdi beambonr eri ¢ adcad fansrapseavidetb pagdehsvi ng
gelling capacity, such as agar or carrageenan, benzylidenesorbitol and
benzyl i dérexyspdndedmwidhdervaiae rveo 1 el e glol yeneor ossbunkall en saatoykec aci d
polymer and the |ike. They nay be used al one or 25 asam xture thereof.
| npari i cubagulsapthangum seceififegltucan Porandrfhe spessfiokgbheiagrylic
acid polyner are excellent in storage stability. [0039] As the
above- meabhened]lwat ©fps ahithl 1e whalcymElie cdddWratice in specific gravity

between the reversible thermochromic micro-encapsulated

pigment and an aqueous vehicle is controlled to 0.05 or less

can also be applied.

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 carradgeenan, benzylidenesorbitol and
benzylidenexylitol or a derivative thereof, a crosslinkable

acrylic acid polymer and the like. They may be used alone or

25 asamixture thereof. 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,

awat er - sol ubl epol ysaccharide, a nonionic water-soluble cellulose 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 oxypr opyl cellul ose, hydroxyethyl methyl cellul ose, hydroxypropyl nethyl
cel | ul os@ngn@iheherperéd InkpP leadchy laspricdd Polygerofgeas=Eheycate in

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

m cr o- encépsabat edapiiditnt particles in the reversible thernochronic
aqueous ink conposition of the invention. However, the above-nentioned
noni oni ¢ wat er {66B@bl e cel | ul ose derivative acts nost 20 effectively to the
reversi bl e thernochrom ¢ aqueous ink conposition of the invention anong

ot hers. The abage:heabooredpaltyorredwagalasdlehhbedIngarpavatedanitn an
anount of 0.05 to 20% by wei ght based on the total anobunt of the ink
conmpasi t koAon2bnfi@0#48k e29 sbutbher poilgmerdebmbo undhibi sudtybng aked.pen tip,
a glycol such as glycerin, propylene glycol, ethylene glycol, diethylene

glycol or |ow gpkesiharewairdhls pREyeshihenede pen)vimyl pyetolakbkyk, et her
t hereof, 2-pyrrolidone, Nvinyl pyrrolidone or urea
polyethylene oxide, awater-soluble polysaccharide, a nonionic
water-scluble cellulose derivative and the like. Of these,
specific examples of thewater-soluble polysaccharides include
10 tragacanth gum, guar gum, pulullan and cycledextrin. Further,
specific examples of the nonionic water-soluble cellulose
derivatives include methyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, hydroxyethylmethyl cellulose,
hydroxypropylmethyl cellulose and the like. Allcanbe applied
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 1ink
composition of the invention. However, the above-mentioned
nonionic water-soluble cellulose derivative acts most
20 effectively to the reversible thermochromic aqueous ink
composition 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 copolymer, polyvinyl

acetate, an et ﬁyFEh@rvﬂi’WPrﬁééttﬁ énhé}éﬁ& JReIng of a6 BhR«\A ByNVCEAl ori de
copolyner, a nethacrylic acid-nmaleic acid copolyner, ethylene-netacrylic
aci d copéuyhﬁsglEC©¢éﬁtﬁrﬁmméaﬁ%ﬁﬁIp%bpéﬁpwgﬁnaﬂ%ﬂﬂ%ksﬂéﬁthﬁlséﬁyurethane
20 and the like, and the above-nentioned al kali-soluble resins include a

st yr ene- gayepé aciﬂowopoﬂ§ﬁgﬂ§raweéghylBnéyﬁhheﬂeneaGﬂdCodpoByhewsra
styrene-acrylic acid copolyner and the |like. The above-nentioned

wat er - sokilkly@ ertgsimshe ned fide -palrywiliydoneg| X-ohhyl pgiryviliyonkeuiynakaand t he

| i ke. They can be used either 25 alone or as a mxture of two or nore

t her epf . c3A Hdrihesrpyddtodsiniapeaersimngragay sneinth aBavehtinebeanhe. been

used for general purpose, such as a surfactant, can be incorporated 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, abinderresincanalsoadded 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 agueous
15 dispersions of apolyacrylicacidester, astyrene-acrylicacid
copolymer, polyvinyl acetate, an ethylene-vinyl acetate
copolymer, anethylene-vinyl chloride copolymer, amethacrylic
acid-maleicacidcopolymer, ethylene-metacrylicacidcopolymer,
a-olefin-maleic acid copolymer, a polyester, a polyurethane
20 and the like, and the above-mentioned 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, polyvinyl butyral 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 yoxyethyl ene al kyl ether or a pol yoxyethyl ene

al kyl aryl ethBRrthBera YeraPusfisrersind wHsIs saitichhhaye bathesko

al kanol am ne salt thereof, thereby inparting an effect of preventing wear
of a bal beeacebeiingoseaenerpdonsrpaser heuwhi esng susteatent,f sancbet ai ni ng
the above-nentioned reversible thernochromc ink, there is used 20 a
writing insbrpoeatebdaesngegdadral - purpose shape, such as a marking pen, a
bal | point pen or a fountain pen in which various pen tips are each attached
to a witing enpdoppition. O the above-nmentioned pen tips, as a marking pen
tip, there can be applied, for exanple, a fiber tip, a felt tip, 25 a

plastjc tip orwAemr thénthbrasipbo £t Bobalt poienti nvem tliigd, itsherneledligan be
applied a tip in which a ball is held in a ball holding portion forned by

def or m ng wa MBS n RIS £8 U, UiCEBigye Bérréd T LRI HVIRIST ifid01R adcaut er
surface under pressure, atipin which a ball is held in a ball holding
portion foryRd A% Cii#d\Pdcid 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 tiporawritingbrush. 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

pl ate such as a sfainless steel ate _or. _a gold_al]| oy to a tapered

I | ate 3
Form  155RBI PBVARP by BeéndimgiBrebrlihealor LonecbBith ity PeLFAngol di ng
to a pen tip form A slit can be provided at the center of  the
above- meRPrGAER peamBEdyy 6efarPead poReitén Parcalisotbe VhEéRiLgy¥doat an end
thereof. [0044] 20 Wen the ink is filled in the marking pen, the structure
and shapétefenfielnmakd nigrPemn pgéer aneface pader ressyre  rd tdd® inExanpl es
thereof include a structure of inpregnating an ink absorber conprising a
fi ber buwlhieharbedivdathed d hna badddiolgind pold iiomkf anded ippeypithgnghe ink to
a witing tip portion, 25 a structure of directly containing the ink inside
a bar5 el cénd m8Raal hotengad opnd drobvesshaped ik fd awpcdmt whlicheaber or an
ink flow control nenber conprising a fiber bundle to intervene and a
struct urpadfl gécectingcoriamaidrgorhe rigkin nsi despobadriaisi@nd sepplyi ng a
predet er mi ned anmount of a predeterm ned anount
orplastic tip, orone inwhichaball heldin 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 followed bybending 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 also be
provided at an end thereof.
[0044]
20 When the ink is filled in the marking pen, the structure
and shape of themarkingpenitselfarenotparticularlylimited.
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 allowi ng a conb groove-shaped ink
flow contrqQl mnmenber or_an ink flom1contrgl menber conprisin%£15 a fiber

[

bundl e t &liAtePPefe COBPs FFQEVET §NgPECoRLA AtRY CRBTEAR MEMESE PEq@Pd st opper
for backflow prevention (ink backflow prevention body) in a barrel to which
a tip haviPkgl oBAI A BRBRET FRIVRE 3 tUf&PEF %@%ﬁ%ﬂbf—nﬁgrwﬁ% barrel a
bal I point pen refill in which the ink and a |iquid stopper for backflow 20
prevent | éndaz & tlgoittainre@ i @l BACT AR Gasleriving tilise inkobyside AsbekseBarrel or
ink reservoir for containing the ink, there is used, for exanple, a forned
articl e mdeswpphbyinder pppaterninediamauch odsa poledettiepimamed pubyptopyl ene,
25 pol yet hyl ene terephthal ate or nylon. 33 The above-nenti oned forned
artich e nEythevekttanppaalerecy-medheothedngpariencyip penides bglaoradve
transparence, sem -- transparence and col ored sem -transparence, which nake
it possmbkBahdsaonfirmthe color of the ink and the remai ni ng amount
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 is 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, ormaypartially 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 edPeidRANFIEFEBIed Ifredrrdieleqay ha s’ EsrNEPRI B Yve oi |
refined mneral oil, liquidparaffin, polybutene, a-olefin, oligonmer or
co- ol i gofBEe ofrangPeficRCY20 lackidryl SPLPéshe SrRnNSparRPCephef¢lisi i cone
oil, amno-nodified silicone oil, polyether-nodified silicone oil, fatty
aci d- nodittrieagpeirenceneamsi | cahdr ¢fe seiiie L rinepareyclse  Wisiecth enaker 14l one or
as a conbination of two or nore thereof. [0047] 25 It is preferred to add a
gel l'i ng agestibtle tdeon34 rabitheecabaticdhele nork ymd dhiel mena iguirdy amdtiot sl i ghtly
volatile liquid to increase its viscosity to a suitable |level. There can
be exenphbiff itké d¢hay- based thickeners such as silica whose surface is
subj ected to hydrophobilization 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 liquid.
Specific examples thereof include petrolatum, spindle
0il, castoroil, oliveoil, refinedmineraloil, liquidparaffin,
polybutene, a-olefin, oligomer or co-cligomer of a-olefin,
20 dimethyl silicone o0il, methyl phenyl silicone o0il,
amino-modified silicone 0il, polyether-modified silicone 0il,
fatty acid-modified silicone o0il 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 ysed jn conbination with the above-nentioned liquid ink
15 b ackT PRV BEBCR B TOAbSE: bHI | BHE} OMmitg 1Y P Lehd 12
above-nentioned witing instrunent is, not limted to the above, and a
doubl e héd@Uigh&OWi REFRGSE] hEFr (HERRSHEY BR sl GabMhileveden BBETEs
different in shape 20'or%£en bodies for delivering inks different in color
t one ar e Cagt bacaerinP Wit 191 cdifovrdafas thisdeasys eurbaP yigd G WhPsg
instrument, there can be exenplified a witing instrument in which a
partiti osuwdlaicei §spraovijdattdch o Haydedphewlll syt bom 2Bepbrenbns fane each
firmy fixed to both end portions of the barrel 35 directly or with the
i nt erposphirancde & ijlunct i wmosenber faand isaqueniectiatkstdi féehghttinncol or
tone are each contained in the above-nentioned barrel, or a witing
i nstrunemteatmahitchattwainnef kil cate, aezpanodatledminaaahdr behtsaithat
witing end portions
or montmorillonite subjected to hydrophobilization treatment;
fatty acid metal socaps such as magnesium stearate, calcium
stearate, aluminum stearate and zinc stearate; tribenzylidene
10 sorbitol; fatty acid amides; amide-modified polyethylene wax;
hydrogenated castor oil; dextrin compounds such as a fatty acid
dextrin; and cellulose compounds.
Further, a solid ink backflow prevention bkody can also
be used in combination with the above-mentioned liquid ink
15 backflow 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 tobothend portions of the barrel
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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

conbi nation. 15 In addition, when the width (T) of the handwiting fornmned
by usi ngdiffecadovernemthobd WMterpesihser ket Jiundtiegn oembearo &g mm t he
relation with the maximumw dth (C) of a contact portion at the tinme when
the friceiqueohsdynks ¢prebseehbbrimcglasstonpt atre wath eohbadned iT0Gbeg
satisfies T<C<-20T, preferably T<C<15T 20 and nore preferably T<C< 10T,

wher eby abdesi-ed tpancdbaair etlheocrhanddm t inaggi resiribesrat |iowedhitch ¢wange col or
surely and sinply. On the other hand, when the wdth (T) of the handwiting

formed byewsiing 4heaabemtiogeBbHanes bwkirkilngy tRSt WiMRIAing &nd pekrationel y t hi ck,
specifically more than 1.0 nmto 5.0 mm the 25 relation wth the maxi mum

wi dt hs ( Chref pds cOnbAEH POLLIttNeAl pc¥bt 1d1es dfenwhen tae, farLhibaechady is
pressed on a glass plate wth a load of 1000 g satisfies T/52C< ST,

pref er abl;y k/ %ﬁéﬁen@nqnnvéswfeft%?ebl ¥rd/ 3533 Teonbgraby a deshred
portion of the handwiting can be allowed to change color surely and

sinply. 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 sureiy 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 i n the tépgnphes &P BYI®ELgRt Podydis BrRmSERi 6R &r dA3ar BABLEI oat
plate glass was used as a transparent glass plate. 20 An enbodi nent of a
witing wiashranerdadict di66OWNgi saElgfies 1T/ KAthbughr eFearad 1y ard<ga<gfaph
showi ng a col or change behavior of a heat discoloring type thernochromc
i nk i s shadmone rgsferabl FTgS<CI3T] winer &g hodean redbopdt teoh of thee
friction body. [0052] 25 Exanple 1 37 Preparation of Friction Body A blue
pi gnent (@nAwrpainh)y vwas lselddad dveedl@@ pashseofohor SERS ¢ epel gidrplel. ast oner
(manuf actured by Aron Kasei Co., Ltd., tradenane: AR-885C, ShoreAhardness:
88), Fol | owedbyokpeadi ng.
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 colerless 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

37



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 th

e

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| Yrppassiagnt hé FabetéoneBefdned gl ass plate with | oads of 500
g and 1000 g were neasured. As a result, the contact area at the tine when
pressed with A bbae wfgmoot gl wedd bt timRasaaddetiet e ol Ggtardre@ faant he
when pressed with a load of 1000 g was 3.0 mm¥Z (that is 20 to say,
contact 8EBS aipdhgndr reastiencpr assedf ae tirddBY AgomEss2ikd 1) bed.{ hat at

the time when pressed with 500 g).

t he

The above-nentioned friction body 1

time

coul d al kewde mansit XR-pOE 5C pBhot e Hevetiss Hl 88) heholecwealb g kheagengr.i nt ed on
surface to instantaneously change col or by rubbing, and no col or

25 transfrgent othherabeyei ngnhi Lhede PaPemSIHE A0S GCeUced.a r380he0%3]

a paper

Exanpl e 2 Preparation of Friction Body An al um num powder

added t0)1QQiRar b8ge is formed in a convex curve) having a radius of

10

15

20

25

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, and no 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 dgP&sslplate was 15 allowed to contact on the above-nentioned
friction body 1 in a state parallel wth a neasuring dish of the electronic
bal ance. ThenExehgleodt act areas of the above-nentioned friction body 1
and the transparent glass plate visually confirnmed by perpendicularly
pressi ng the abPaepamentiboned grassiphaBedwith 20 | oads of 500 g and 1000 g
were nmeasured. Asa result, the contact area at the tine when pressed with a
| oad of 500 g masadufifuR, posdeért O .0anbact)awaa atdekle tbi meowber tpr essed
with a load of 1000 g was 4.0 mnm 2 (that is to say, the contact area at the

time pheg rpdesEsd Yopdl RO g AomeB3ImbhiBsctiabdaly hRentkd@ei 25 .When
pressed with 500 g). 39 The above-nentioned friction body 1 could allow a

mnute PEHLI, 0ORr8feandify i e d NeREhRom, £4h 8888 ¢¥) Ntred 108, BRPer
surface to instantaneously change col or by rubbing, and no color transfer

to the aRAUEHTRAL! OPRInPAPRE SUEERELNGGRIEE @ was moided 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 5mmon a bottom surface thereof,
thereby obtaining a silver colored friction body 1.

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

15 allowed to contact on the above-mentioned friction body 1 in
astateparallel withameasuringdishof theelectronicbalance.
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 loads of 500 gand 1000 gweremeasured. 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]

Col or

Menor abl e M cro-encapsul ated Pignent A tenperature-sensitive

Exanpl e 3 Preparati on of Tenperature-Sensitive Thernochrom c

t hernochromi ¢ col or nenorable 10 conposition conprising (a) conpound of 2.0

parts

of  3-(4-di et hyl am no- 2- hexyl oxyphenyl)-3- (I -ethyl -2-nethylind

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

bi s( 3-

2, 2-bi
parts

sol vent Reréiphxel a KevewsiRleJohareochsaric ﬂdﬂaﬁﬂ BEiLBS efa’n & paper

enmul si

Then,

stirringtwaSSfarthertbenabnuedméotienhdupspEQ ebréemeao2buzuspensi on of a
tenperature-sensitive thernochrom c col or

pi gmemt. The abpovg4irenti oned suspens ion was centrifuged to isolate

nmet hyl - 4- hydr oxyphenyl) sulfide and 5.0 parts of

s(4'-hydroxyphenyl)hexafluoropropane and (c) conpound 15 of 50.0
of 4-benzyl oxyphenyl et h rate as conponent s uniformy
di ssol ved by h@é EH%O r%e &%‘iﬁorslqﬂloa{h Qidéin]aFPElﬁ‘u?rf‘a‘élaeﬁ‘tlni“§80yanate

prepolyner as a wall nenbrane material and 40.0 parts of an auxiliary

on-di spersed in an 8% polyvinyl alcohol aqueous solution so as to
f orm ni ceBrfpepltet snstanfasepppilNFhangeentl Phisorekb 7T fod heailor hour.
2.5 parts of a water-soluble aliphatic nodified am ne was added,

t he

t enperat ure-sensitive thernochrom c col or nenorable m cro-encapsul ated
pi gnent . Example 3

10

15

20

25

Preparation of Temperature-Sensitive Thermochromic

Color Memcrable Micro-encapsulated Pigment

A temperature-sensitive thermochromic color memorable
composition comprising (a) compound of 2.0 parts of
-{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 (¢} compound

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.

The resulting sclution was emulsion-dispersed in an 8%
polyvinyl alcohol aqueous solutionsoas to formmicro 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 & hours to obtain a

suspension of a temperature-sensitive thermochromic color

40

and

40 menor abl e m cro- encapsul at ed



5 The hysteresis range (AH) of the above-nentioned m cro-encapsul ated
pignment (ti: -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 aemowiaddiec nipeorealviapistylaitedaptigngndgent (nmanuf act ured by Sunnopco
Co., Ltd., trade nane: Nopco SWWET-366), 0.15 part of a nodified

si | i cone- based TartaHoosvimeg aigerdd §napehattnwed dan i iphore® o Ssbiladre Co. ,
Ltd., trade nane: FS Antifoam 013B), 0.1 part of a preservative

( manuf acttiveed tbypdedetae—tseadd tHiare: tReaxelchr$mi?) , colbrpamemefradlleubri cant
(Plysurf A212C manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.), 0.5 part

of tri et harelarnRepsandt2? §dgpanits of water. 25 [0056] 41 Preparation of
Witing Instrument A polypropyl ene pipe having an internal dianeter of 4.4

mm wag 111 ed whih £,97:08k;khe: ghoye mant | ofyed hiak 8rbRLekbavsbkeqco0l ed to
wth a i gnent

i
-14C or less to allo e mcro-entapsul ated p
micro-encapsulated pigment (t.: -14°C, t,: -6°C, ts: 48°C, t4:

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
There was prepared a temperature-sensitive thermochromic
color memorable ink 6 comprising 25.7 parts of the
above-mentioned micro-encapsulated pigment, 0.2 parft of
15 succinoglucan (shearviscosityreduction-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 theretofregarekdg@npp il ¥rddédagatlnes rupeatnent by centrifugation to
obtain a ballpoint pen 2 (handwiting width: 0.3 nm. The above-nentioned
bal | poi nt pen ®i podypaspiéenedciye Hwtidihghalhaednadtdl ahet ¢r lavidnd a
diameter of 0.5 mMmin a tip end forned by deform ng a netal pipe in the

vi ci ni t ymofwag §i20ednd tihnha? dgfoforh@rboutemestibaed imdér ppeeiswrsd,y and t he
friction body 1 obtained in Exanple 1 was fitted into a fitting portion 31

provi ded dod 124 €8 -Rarti @ 1ker eofa1atowtt Bbinprfd- drd 85 Of a t &1 Nindehta 1 ubbi ng
portion 11 forned in a convex curve (Fig. 1). 25 [0057] 42 Col or Change

Behavg or tef dleatwpi 4 inlthel BeN BB haad thdtah @Wlickietd tebé 8 ne dirle Miridomg
"January 18, conference roont in a notebook by the resulting ball point pen
2 in charagbh® thaW)NgySEE6t foft] Zhd RYInANE Lh20ag1I841 I8 int 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 fromanouter surfaceunder pressure, andthe 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]
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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-tenperature 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 cotiPdobeCbprgedBRPEHbDE @fsEePrErriagitfie other characters, and
it was possible to formhandwiting wthout the occurrence of repellency in
t he handwriti nheThechapoie- hapdvohbtnareltiangney bubbiltgnandIAARERY t i ng
formation on the erased part could be repeatedly performed. The 20

above- neddi onedf st anee warom'etiai aedo beback dnpdrhat uesudft ingGoal dp6dEL [ 0058]
Exanpl e 4 Preparati on of Reversible Thernmochrom c Ink 25 There was prepared
a rever spbhe? tihechachearire hakify shikckenpikcsi tgatll®mpachareictar eedsi bl e
thernochrom c pignent (tl: 3C, t2: 6C, t3: 38C, t4: 45C, average particle
Si ze:5 2. dnpa) 3wAHEH G dheoolwars 1% ehdngedcblom-bHevelbpedokorlkessy i n which
a tenperature-sensitive color nenorable conposition was

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 “207 was
rewritten on the erased part by the ballpoint pen 2. In this

15 case, the part rubbed could be erased without discoloring the
other characters, anditwaspossibleto formhandwritingwithout
the occurrence of repellency 1in the handwriting. The
above-mentiocned erasing by rubbing and handwriting formatiocon
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. 6
part of a nonionic perneability-inparting agent (rmanufactured by Sunnopco
Co., Ltd., trade nane: Nopco SWMWET-366), 0.1 part of a nodified
silicone-based antifoam ng 10 agent (manufactured by Sunnopco Co., Ltd.,
trade nane: Nopco 8034), 0.1 part of a m | dewproofing agent (nmanufactured
by Zeneca, trade nane: Proxel XL-2) and 60.87 parts of water. [0059]
Preparation of Witing Instrument 15 A pol ypropyl ene pi pe having an internal
di anet er GMRL I RR2FT$ Ioédavﬁet‘fﬁrfﬁ@il%Ggetrﬁ@%%%ﬁhﬂiﬂéﬁ*éd(t'rlrik 6
(previously cooled to 2C or less to allow the reversible thernochromc

pi gment t35Cdevel 6pCedtor 38%nd hehd°Gl kowedgeoprstandlegnserer cbmy Um,
tenperature) by suction, and connected to a ballpoint pen tip 20 4 with the
i nt er posiAH=AV°0f théacladerr nwdehafigadri&sim blTize toabover hess | dredhidalhl poi nt
pen tip 4 was fornmed by holding a hard netal ball having a dianeter of 0.4
mmin a td ptengetratmed-skepsdefigen nglar netahopalpke | cdyesditciorn t waef its end
innard froman outer surface under pressure, and the above-nentioned 25

bal | %as dyicagec farasald mycmo Sfpsudes A4 . Bepart ket abavhanenin qeeear
pol ypropyl ene pipe (refillpipe 8) was filled with an ink backfl ow

prevent i ai ooy ty @l i ShopRssr7) ngaigehy ) G anppesets off waelybub gaetand havi ng
vi scoel asticity froma rear portion thereof, and incorporated
of glycerol, 0.6partofanonionicpermeability-impartingagent
(manufactured by Sunncpco Co., Ltd., trade name: Nopco
SW-WET-366), 0.1 part of amodified silicone-based antifoaming
10 agent (manufactured by Sunnopcoc Co., Litd., trade name: Nopco
8034), 0.1partofamildewproofingagent {(manufacturedby Zeneca,
trade name: Proxel XL-Z) and 60.87 parts of water.
[0059]
Preparation of Writing Instrument
15 A polypropylene pipe having an internal diameter of 4.4
mmwas filledwith 0.97gof 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 ball 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 even by long-termwiting or
short hand, 15 Zheénblte ehede-nerthoetdpalyrhapdleneimiPsl{apfelinivensity was
obt ai ned. [0060] Col or Change Behavi or of Handwriting Thernochrom c

handwr i t iBng walst diidddcoywitthi tamgirilatihek f tow 20regent hgn bhdyf ildAdgupark” in a
not ebook by the resulting ballpoint pen 2 in characters having such a size
t hat one stbhapact er’)f elnainly a Smpxs&im sfjuapel wastenea bhde talkdngdevel oped
state at roomtenperature (25C), and this state was retained at a

t enper at wigcoklastaladrt chaoges peiant poptibe tiowwrdéenpermt theospdeaz2sd(6C) to a
col or change point on the high-tenperature side (38C) . 45 O the

char agt e s tef a - Ao we- MRNEd e sdn handw ithiengricenby Bdaytl ebrathed i rst”was
rubbed several tinmes by the friction body 1 firmy fixed to the cap. As a

[gzglsitae,t,ihem@ﬁﬁﬁlé@a%@ Fyeseh mrmd at el vt th§ s ari&sh B9 BecoaRipaber ess, and
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 viscosity reducing thermochromic ballpcint 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
handwritingdidnot occurevenbylong-termwritingor shorthand,

15 andblue clear thermochromic handwriting stable in density was
obtained.

[0060]

Color Change Behavior of Handwriting

Thermochromic handwriting cbtained by writing Yathletic

20 meeting, the firstpark” inanotebookbythe resultingballpoint
pen 2 in characters having such a size that one character fell
in a 3mm x 3mm square was 1n 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 change point 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
materi al (manufactured by Dow Corning Silicone Toray Co., Ltd., trade nane:
DY32- 7040U, Sh&fetha mhpadressrsogf thewAbeNeomgnsipnegf hantwyifiigdent was
added was kneaded, and nolded to a colum (a leading edge is forned 20 in a
convex cwmvg)apavted Hhadlivstbwasd rihetsavaba §htines Hotheyr icidioaby
obtaining a red friction body 1. The resulting friction body 1 was placed on
an el ect bodiycl batmhgef svedhad tthwe capnveRscarnmeswas, ditegaed ophded, and a
transparent glass plate was allowed to contact on the 25 above-nenti oned

frictionwagdymhedhagedtyadspalatéeltarbtbone 461 oEBSHS | nthdlivskaefi dielte
el ectroni c bal ance. Then, the contact areas of the above-nentioned friction

body 4 apdst hewhianspabe@nthegkbagsell phet VheUghd Yo£OIHd iehdyY 2. In
perpendi cul arly pressing the above-nentioned glass plate with | oads of 500
g and 10Q9ig WRLE, 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°cC.
[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 bedy 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

25 above-mentioned friction body 1 in a state parallel with a
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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 at maa safr irrg cliistn oBPevheee Pecotomc syl ageca. ciTioad arteorenieidd on
having a radius of 3 mmand a height of 5 mm (a | eading edge was forned in

a CONVeRredver takthioFeate POl bhad fwas thonmsiy 0 s Coha it aglsape <2 having a
hei ght of 10 nmas a supporting portion 9) which was nade of a red

pi gment - ARt ﬂlQgeRﬁi's‘r(leQle’E@ﬂ?iiﬁéﬁ%%érp@hhﬁ%ﬁiﬂa&l@%f@%iﬁ%@k@ coni cal
coating portion nmade of a 'styrenic elastoner (manufactured by t subi sh

Creni cal - CUNGFAN Uhed B8 NAMEE RARY 2BaaSIOF S0b Bardnesdn djleps 25
aIy forned, %

secondari by coinjection nolding, thereby Obtaining 47 a friction

dev, o8, MBS "gsiigahs \UThescaLiae el IR 1
an el ectroniC b3, a0c8rS00b NGl GPIRY SHEVE LB HISE s 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 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.
[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

47



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 body land 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 mm® (that is_ to say, the
contact & énigfipnedevhee whersplesdaaowete 1000 fosmgdnas a 1gphtinhesl t hat at
the time when pressed wth 500 g). The above-nentioned friction body 1
coul d al Irowwkdngi wetrd ioportli orf réfctd arevedyi Bl)e t her nochronic i mage printed on
a paper surface to instantaneously change col or by rubbing. [00631 20
Exampl e 7 (seeThegre4hl tPnegpdrdtatdmrofoday dt was Bddy efin oor amge fiixgrent (0. 25
part) was added to 100 parts of an SBS copol yner el astoner (nmanufactured by
Aron Kaseio §0.eledirbnid badanmmneo Aad Ahe SharvexActiardness dit)ktdol | owed
by 25 kneadi ng. Then, a holl ow col um-shaped friction body (a shape 48 in

whi chs a headivdy eddeal Srinspedehd @hafsClyes vl facewdrwW@dond acadi us of 3
mm and a height of 5 nmand a pol ypropyl ene barrel (having a projected

portion ah @ngedorNthderfnld reere ibarsedy 1byn Go5Rheetp oM 1L dingy t her eby
obtaining a barrel 5 provided

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
10 above-mentioned 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 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 Kasei 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 rictionbody 1 and the tran glass plate visually confirnmed by

per pendi cul arly pressing the above-nentioned glass plate with | oads of 500

g and 1000, g,were reg : e 5tﬁn%5 { % the time when
pressed 15" \%lhtlﬁkaa I%%?igltg %%éals\?/gé %g 5 ?R%%%R’t%ﬁles‘g%ﬁ %% haar ea{ldat t he
time when pressed wi.th a | oad of gOO ma%gég.o 2 (that i to say, the
contact & BASIEE b 3 M bt EREE o TR or508 P BEoRY63ne st hat a
the tine mhe@épressed,mjghdSOO gﬁ. TQg above-gﬁﬁ%'oned Erictigp body 1 could
al | ow a nififit’d!9 20Pp07 EFbRAFO LT &ts Ppf &2t I+ RFEREE Yo PGt ed on a
paper surface to instantaneously change col or by rubbin?, and no_col or
t ransf er @b cORBIgEEEMBAL ARG bRDERLY it 1gtt dr Paarel[9@eAVimkshar ati on
of Reversible Thernochromc 25 M cro-encapsul ated Pigment 49 A reversible
t her mBchrbirtite adorpgesiad o iconptt 199y (l=  conpound of 2.5 parts of
1, 3-di met hyl - 6- di et hyl ami nof | uoran; (b) conpound of 4.0parts of 1, 1-bis
(4' - hydr oxypheriyile) resdddame fandHon gardys lofwed lsiced on and fixed
(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 frictionbody 1 in a state parallel with
10 ameasuring dish of the electronic balance. Then, the contact
areas of the above-menticned 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 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 mn® (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 instantaneouslychange color by rubbing, and no color
transfer to the above-menticned paper surface occurred.
[0064]

Preparation of Reversible Thermochromic

25 Micro-encapsulated Pigment
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et —— s

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 solution was enul sion-di spersed
in an 8 %ol yvinyl 10 al cohol aqueous solution so as to formmcro droplets,
and stirring was 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- encapsul &t B)VHT FHehe . ther MR Hr 1 C (3ROl G ATBHeS i gdéndi on was
centrifuged to isolate the reversible thernochrom c m cro-encapsul ated

pi gment . CPRPBORRSt @f éki T Peditgeof OH) 3Sviimpehgbobed ey bagdnofluoran;

m cro-encapsul ated pignent (tl1 : -5C t2: 2C t3: 37C, t4: 43C, 20 average
particl e (b) zempoBrap fids U@y tamd 1 he-kbs 64’ tBydhangedenyt bnrdeanage to
colorless by a change in tenperature. [0065] Preparation of Aqueous |Ink for
Rever si bhadThed maatrsooifc2, 2¥bhis 04 +mgdr omeplhe2bl Thexabbueropnbpaned

m cro- encapsul ated pignent (20.0 50 parts), 0.5 part of hydroxyet hyl

cel | W osen@manufcatipsied by 50nd @ rCar b de-nkapalb&oz vyl bladmi tatadewaane:

Cell osize WP-09B), 18.0 parts of glycerol, 0.02 part of an antifoam ng

agent, luhirpamly @f sgopregasyddam8.ndh9a88 AL bspHft waifeanandoflatipart of

multivalent isocyanate prepolymer as a wall membrane material

and 50.0 parts of an auxiliary solvent were mixed therewith.

The resultingsolutionwasemulsion-dispersedinan8%polyvinyl

10 alcohol agqueous solution so as to form micro droplets, and

stirring was continued at 70°C for about 1 hour. Then, 2.5parts

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, tz: 2°C, t3: 37°C, t4: 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 a 10% di |l uted phosphoric acid solution were 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

2 DAl Rk (Phoul et oLl oL LER on ROSLb Bl afSaneBIcIBLE) | A
a9l 8 S, Bl 24 Pahentha, (28 MOt janglger ot ves
e i K
on a paper surface to form orange handwiting. 25 The above-nenti oned
st rai ght PRTRE Ahs? pHeSVaE Y hbed - W1 Pe&er F vahes and dhdalPatitt 8fval s by
the friction body 1. As a result, the parts rubbed was i medi ately
di sco? or éd Gdbéiabhe Phesitddrdssa cidSeMtA@N ve X haddgdnemndrnsfoambioken
line. Further, when rewiting was perfornmed on the erased parts, it was
possi bl estirred. 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
tc 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 fto 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

har d 88 d kneadi tf | t | ded

tgrangﬁz gv')ﬁlm%ﬁ@%%eaFeég AL g%r%? 3 c%l é%%h?:mgl%é§f& 0 Sg gﬁ] Snd
h ht of (furth d t h

I angs ps‘r’rf%mf“‘“%?aﬁep%ﬁ?)r'u%b?ewé‘?%%exmga?”c&va%w”élg% BrRd5 Brbpea

friction body _ 1. The resultlng friction body 1 was placed on_and fixed to

an eIectPSﬁP&lﬁéﬁaﬂEE“%% }HAEDRE torkichPte Raskalrlddted TUphERd, and a

transparent glass plate was allowed to contact on the above-mentioned
fricti onWhemr Wyt ingvaseaydiogmes onithe e sedipastipi Ag WASROEF1bAE
el ectroni c bal ance. Then, the contact 52 areas of the above-nentioned
fricthon tl@oﬁerahdndWéiﬂlliaﬁsfdéﬁélmlt ghasecphatrenvesedl rgpedathcyednby
perpendi cul arly pressing the above-nentioned glass plate with | oads of 500
g and 100@egheederiteagur ethe Aoeveesenitjondnd eomriand bar eabbtinighenti me 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 tec 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 friction 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 thernmochrom 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 Ther nlc M cr.o- ncapsul ted reversibl e

t her mochPORRE q‘f&n%%% ﬁrac 105 9 Dritie brabinazsnt

2- (dlbutylanlno - di anlno i.ro

nzopyr an8L258-Ryt PV g‘sﬁ@ﬁé SCQnF% mﬁdESBQ RS ?h?éi?rgydﬁﬁﬁfﬁlﬁ%fhEOnpound
of 3.0 parts of 4,4 - hylpropylldene)blsphenol and 5.0 parts of

2, 2- bi s(4boﬁ?dm6f<l§ﬁ|§ﬁ@ﬁﬂ gl%mha&ﬁ YpiBpkreds &fd>PE)9 a8enpBRA@ BET50. 0 parts
of 4- benzyl oxyphenyl et hyl caprate; was wuniformy dissolved by heating, and
25. 0 par neagtirgd .ardaaties bt niheicmitant asoe pdnthe tpmepdigmereased wal |
menbrane material 53 and 50.0 parts of an auxiliary solvent were m xed
t her éini t WithTheloagubf i 7P spiwats 6n2was” emiid titen-adindperts edteianaintBeb
pol yvi nyl al cohol aqueous solution so as to formmcro droplets, and
stirringtwae whehi puedsatl #OEKf ar Labdus £ 11 hdurg weer . @ Mm°pdchat 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 instantaneouslychange color by rubbing, and no 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
- (dibutylamino)-8-(dipentylamino)-4-methyl-spiro{5H~-[1]be
nzopyrano[2,3-glpyrimidine~-5,1’ (3'H)-iso-benzofuran]~3-one
20 H (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 aromatic

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
centrifuged to isolate the reversible thernochrom c m cro-encapsul ated
pigment. 10 The hysteresis range (4H) of the above-nentioned

m cr o- encapsul ated pignment (tl: -20C t2: -8C, t3: 49C, t4: 60C, average
particle size: 2.5 pnm) is 61C, and the color is changed frompink to

colorless b han tenperat 007 15 Preparation of crocapsul e
ParticIe§“ﬁ¥é@hgbgﬁg%5noéoﬁﬁr?%?h 1&g %%&Y%AE#WE Rt IS
1, 1-bi s(4' - hydroxyphenyl.) - decane, parts.o
2, 2- bi s(&h %%l?%%gg%ﬁﬂljltﬁé’%ﬁ%%%bﬁb%n@léﬁarﬁéddnp%ﬁ?%P(S’leVHtRBSiH
palnltate was uniformy dissolved by heatin and 25.0 20 parts of an
aromat i ¢ FAAAIOalaHteq B D cSakat Eopr 8Pof§nEP %@r@ e PERBets meet i al  and
50.0 parts of an auxiliary solvent were mxed therewith. The resulting
sol ut i on stEs rlemuive s @ordiisperded 70ACfivr88b pot ywhayt . al Bamwl 2afpectss sol uti on
so as to formmcro droplets, and stirring was continued at 25 70C for about
1 houb. THers Watmpasgbulpie aa Wipleat sol nbtlefisd aipkavias mwidiet,ediralni ne was
added, and stirring was further continued for 6 hours to obtain a
suspensi ot iofr imgcwes dpsthe r gart imbes £ oFhehaboy éondsitd ned uspepanisiron was
centrifuged to isolate

of a reversible thermochromic micro-encapsulated pigment.

The above-mentioned suspensionwascentrifugedtoisolate

the reversible thermochromic micro-encapsulated pigment.
10 The hysteresis rande (AH) of the above-mentioned
micro-encapsulated pigment (t;: -20°C, t,: -8°C, ta: 49°C, t4:
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

s0 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 m [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 wat er ;and 0., 1 part of 10%

di luted PSRRI RRdLdiss GFHlBr‘-? Wé\ér% ddeidle PR it A b r‘ﬂ%ﬁ SUTEE. The pH
of ink was adjusted to about 5.6 to obtain a reversible thernochromc
aqueous iGURtIMEd dor2p PPepar bR i I B reEP el ony 9 WCEORGPISNIEr ument
The above-nentioned ink (previously cooled to -20C or less to allow the
m cr o- en®aFddlcdesd pi gnent to devel op a pink color, and then, allowed to
stand under roomtenperature) and 25 a stirrer were allowed to be contai ned
in a barrel, afAteabmrddinantEHedaubpdysianshissEntyipBidedee ipedattiep 4
(porosity: about 53% handwiting wwdth: 3.5 nmm) was attached to a | eading
edge 5 portheomitchreragisuliet patrite aletser positi on of a val ve nechanism 82 to
obtain a direct ink type witing instrunment 2 of marking

The average particle size of the above-mentioned

microcapsule particles was 2.5 um.
[0071]
Preparation c©¢f Reversible Thermochromic Agqueous 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 obtain a reversible thermochromic aqueous 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

Handwri tin i.ng,the resultin rking._pen 2 straight lin drawn on
char act elp§%pg|%ﬁ¥eélaoﬁ Jas‘f:)j;ptéfp Lfg&’ae ept%S1 E&Prﬁ aﬁ%‘?%cffl yHiQ et[\@%%"’
(handwiting). .20 One characte rt of the above-pentiogned . straight |ine
e b TRFETING HEL Ty 11 TBE LeToR BoigCS AORsy SEGRHAT B %par
rubbed was i mredi ately di scolored to becone col orless. . Further, when
rewiti ng@Wdd PerhGhred o Wnéhér ddepasition afad pédsicore PErsm
handwriti ng wi thout the occurrence of 25 repellency in the handw.iting. The
above- neft bAcle? Bicngirse thin K Ubm &\ fartd NahBRE FEREE tf dravaliadk e t he
erased part could be repeatedly perfornmed. The above-nentioned state was
retai nedpen £orenperature 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, andhas a structure 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 1s 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 result,
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) bisphenol 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 prepolyner as a wall

menbr ane Hya&ﬁbb%gaaﬁdﬁpa&@@iﬁfng o Bk B4 i@k Y SOF ¥ 8B EF€ JHuied
therewith.” The resulting solution was enul sion-dispersed in an 8% pol yvi nyl

al cohol ,20upgUS.POLYLT Ok SHARA O | 9B MhepgedhaRkebaedandt st il  Was

conti nue about our. Then, 2.5 part a 20 wat er-sol uble
al i phatic di fied.am & ed, Aandostirr was further continued for
6 hours téﬂp de suspgﬁﬁr %%% gargbér Faq%hernnchronic

m cr o- encapsulgb |gnent The above- nentioned suspensi on was centrifuged
to isolate rev rS|bIe t hernochrom ¢ mcro-encapsul ated pignent. 25 The
aver age partlcEe size t he gbove ntloned 57 m cro-encapsul at ed pi gnent
is 2.5 pm the 58WBI§t Jseﬁl ¢8roring tenperature thereof is 60C, the
conpletely col gr devel opi ng ten?erature thereof is-20C, and the color is

changed Trom BFEPRTEE1CH orl esSfby a CIERFS IR enper aigr@ochronic

Micro-encapsulated Pigment
A reversible thermochromic composition comprising (a)
compound of 4.5 parts of
10 2-(2~-chloroamino)-6-dibutylaminofluoran; 3.0 parts of
- (2-methylpropylidene)bisphenol and 5.0 parts of
2,2-bis {4’ -hydroxyphenyl)hexafluoropropane; and (¢} compound
of 50.0 parts of 4-benzyloxyphenylethyl caprate was uniformly
dissolved by heating, and 25.0 parts of an aromaticmultivalent
15 isocyanate prepolymer as awall membranematerial 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 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-mentionedsuspensionwas centrifugedtoisolate
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- dispersed in an 8@6po|yviny| al cohol aqueous solution so as to

form m cr c]r% %r a vvaat iy s?ﬁiugﬁe At acgrigi ngﬁ?i %hgoc Ealaett%‘i 1 hour.

Then, parts trc nodi am ne “was added, and
stirring was. f.urt.he ed f h tain a
nlcrocapg'scﬁ%%%ﬁn tem ?ﬁg%u ovgﬁﬁgﬁ ?g%% spen%ﬁ%ﬁ“%5%§c f%ﬁ?hged to

i sol ate t.he nicroca sul e ticles. ver article ize of the
Above- e %vai@@lrrﬁ s t,%gﬁérﬁea elssm£§ <‘§ ﬁ?ﬁ %5 on of
ReverS|bI zr %ﬂEpntcl g OSItI art of above-nentioned
reversibléol.nhll Om~E~ 88 SHic é’éh& ?@i ﬁ@d FEMt-""§-0 parts of the
nicrogapsule % |l es, 0.5 part of hydroxyethyl cellul ose (manufactured
by UntYon Car bi égan Co., Ltd., trade nane: CellosizeW-09L), 15.0 parts

of glycerol, O. 02 part  of an antifoantn agent, 1.0
Preparatlon 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 isocyanate prepolymer asawall membrane
material and 50.0 parts of an auxiliary solvent were mixed
therewith. The resulting soclution was emulsion-dispersed in
an 8% polyvinyl alcohol aqueous 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-mentioned suspensionwascentrifugedtoisolate

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, . j o] | 1 fi ihp, 4
(porosit?9%3%5%P%E@§%§Qﬁ%%%afg??%gyv}%fﬁ:g%&Q ﬁ%§y§ﬁﬁa§R§ ng%gkhgb a

| eadi dge . ti t f oW [ Lt f I i

82 to obbAT i Ia T ect 5 AETEyBE BYRFPRYeAar Baste 55T HaPEERS TR Torm. 20
Th b - ti d I [ 2 [ : t, I

el eront - SN G E R PEBE P TbF Ob g £ PERC AB0ve. et Gt Teaed e ement s
as to be _pressed to the valv eat, and has a structure that the valve
opens by lwr iotPﬁﬁtEr%ggﬁryé:erto t eoééhal%cﬂ:f A0 i F eI AgeHe 1.0
above-nmentioned direct ink type witing instrunment 59 2 is detachably

provi ded PArER afcappesemtrihee f rittidmaiddy ofivpiepared O nl Bediplod 8 i s

provided in a rear end of the barrel. [0078] Col or Change Behavi or of
Handwr i t frigf® diluted phosphoric acid solution were added, and uniformly

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 toallow 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 thereof 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 (600. O
the characters of the above-nentioned handwiting, only a part of "18" was

rubbed S%"?EalieEEgﬁﬁbP% ggﬁviagatmﬂh 45:body, Lai tt@l%h%%gi@gg epbedr end of

the barrel. As a resu e part rubbed vas i mredi at el olored to

becone col and._ " 20" r i t r e markin

pen 2. ﬁﬂg%%§§§%%§gfE?ﬁ§8%g$$aﬁd§%%g£§§§fﬁp669§?§§E3F§fBﬂ%%?g¥5%gdoloringg

t he ot her Char?SB%Pﬁ’ and it was possible to form 20 handwiting w thout the
en

occurrence of repe cy in the handwiting. The above-nentioned erasing by
rubbing and handwiting fo tion on_the erased part could be repeatedly
per f or med. The8888§e&h§ﬁ9?oﬁ8 a¥98fe°£agapgwﬁﬁﬁé88at a tenperature of -7C
to 60C. 25 [0079] 60 Exanple 10 Preparation of Friction Body Abarrel (having
a proj ected pofPPEROSPIEMIEaR2RAUTEREPECPYLaHRRE Rf WE Hyigg ~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}.

Of the characters of the above-mentioned handwriting,

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

15 Dbody 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

discoloring the cther 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]

60



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

resul ting barr%&a S Ph@aced on and fixed to an 15 electronic bal ance so

that the convex curve of the friction body was directed upward, and a
transparent gl $S, %Eakﬁ vas g]Lo 1dnt% ﬁpntact on t he above-nenti oned
friction body ch T8 s Pht & p Faf-eP ™ withYa measuring dish of the electronic
bal ance. Then, .the coniact_areas of the above-nmentioned friction hody 20 1
and the t ranspBVEtT Sl ABS VPP ACETR SUaF g PEant PPt o By AR pGRETEar | v

pressing the above-npentioned glass plate with _ | oads of 500 g ,and 1000 g
ver e meadididéd. 0fas? aPLBSuPE IMeRd "COMTEAN 1N RP LYPIPRY 18HR WREADpMESsed with
a load of 500 g was 4.5 m®2, and the contact area at the tine when pressed
with a | exdrer dy foo0eq, i 2. O HPnY PR 1o {808RYNItHe PERDSEST 4 ea at
the 61 time when pressed with 1000 g was 1.62 tines that at the tinme when
pressed WOEH 1500 ag) thEh&egiyo e@dmendt | dafrriedt pasl bedyny eovhaprs [iew a
mnute portion of a reversible thernmochrom c image printed on a paper
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: Rabalocon, Shore A hardness: 85) was
secondarily formed, by coinjection molding, thereby cbtaining
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 fricticon body 1 in
astateparallel withameasuringdishof theelectronicbalance.
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
Witing Instrunent A pol ypropyl ene pipe having an internal dianeter of 4.4
mmwas filled with 0.1 g of the ink 6 prepared in Exanple 3 10 (previously
cooled to -14C or less to allow the m cro-encapsul ated pignent to devel op 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 hol der
made of a resin. 15 Then, the above-nenti oned pol ypropyl ene pipe was filled

with an |nk ba%ﬁf|OM/ ggﬁeﬂgt HeaY, QJ|qgl%Zskgﬁggrtﬁ%tggﬁp%ereo nposed of

polybutené'an avrn V|scoe ICIt roma‘rear I and
further, tail sto éﬁ@ f tted into the rear portion of the reflll pi pe
to obtai AEEHATFS ré?lll The barrel previously obt ai ned and a

neck portion we nmount ed tte ret followed b
focor ot on T YR P e ity bl Fei L P A greA madaEe

(handwitin MAdth 0.4 mm).. The above-nentioned ballpoint pen tip 4 was
formed byor<, %Pgl%éeé’eéits&lhﬁ-lee’ég%{“@éprﬁﬁlw W%@r&rﬂieﬂrﬁ?e@ PPF. 7 nmin
62 a tip end forned by deform ng a netal plpe inthe vicinity of its end

i nwar @ f rsovaf@aseo fcerd ieiErde@apvddly shedasr €0 coodh] rubdligd -Change Behavi or

of Handwriting
(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 6 prepared in Example 3

10 (previously «cooled to -14°C or 1less to allow the
micro-encapsulated pigment to develop a blue color, and then,
allowed 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.

15 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

20 refill. The barrel 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

25 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"

bbed | .t by the friction .bady.attached to, the, d of
the barr i CURSHr BRIED PREASHRbHI 7 e R4S Mook St oty b S66i or od 1o

becone colorless,, and "9.a.m" was rewitten on the erased part by the

bal | poi nt* tSHeéhd IR TRl an Rt tS”rHP[&feed “‘&S{Hrd HeéeSsiHSed wit hout

di scoloring the other characters, and it was possible to form handwiting
wi t hout the ocd#%®rce of repellency in the 20 handwriting. The
above-nenti oned erasing by rubbing and handwiting formation on the erased

part coul d be Cgeat édapdep&eheried. ofhdlaaslsvd tst i oned state was retai ned
at a tenperature of -6C to 60C. [0082] 25 Exanple 11 (see Fig. 6) 63
Pr epabat i on of TRewevosihiics Ithéeamsehiidning pPhkaThedebasr bt epar'td rar.ever si bl e
thernmochrom c ink conprising 12.5 parts of am cro-encapsul ated pignent (tl
-18C, ddhferficd 30odZ2Cintd:n@3Q oy dyagbepaesittengilzaet 1120 Bmy pAH-66C,
in characters having such a size that one character fell in
a 4mm x 4mm square was in a blue coler-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 could 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-bis(4'-hydroxyphenyl)n decane' and (c) conmpound of 50.0 15 parts of

4- benzyl oxyphenyl et hyl .caprate; u ate art of xanthan gum
(shear vi5005|?§‘ dég PSnO% rFFﬁj fmofgrﬁgﬁts§8% ur ea, 10 parts of
gl ycerol, noni oni ¢ perneablllt rting .agent, part of
a nodi fi ed SI I g@dﬁe %ﬁgedjraﬁﬁﬁlf%éniangr%@%ﬁ?lgbe %rﬁm‘g‘?h Ot § d oof i ng
20 agent and 66.37 parts of water, [0083] Preparation of Witi | nst runent
A pol ypr @W@é‘ﬁélﬁi%& & RavtAQ fami pEer AaraBsakat ed DéumeRnt4(tm Cill ed

with the above-nentioned ink 6 (previously 25 cooled to -18C or less to
al | ow t h&2mi-OF6, énc 4S80} &t ed3pF gAEaragepard: idevees bpe a2gheem Mbt@r°C,and t hen,
al lowed to stand under room tenperature) by suction, and connected to a
bal | poi ntthgercalqr #swichhnged ifitasr poseen ohoofcod ardlegey) nemlewbich mesin.
Then, the above-nenti oned pol ypropyl ene pipe was filled
reversible thermochromic color memorable composition
comprising (a) compound of 1.0 part of
4,5,6,7-tetrachloro-3-[4-(diethylanino)-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 glycercl, 0.6 part of
anonionic permeability-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 ( handyl 4109 ol A R 35 07) it Bnbh enfl ok med b ndefennd ng g, met al

i ni of 'Tts e

pi pe 15 in e Vi y nd 1T nward Trom an outer surface under
pressure, and_the ahove-nentioned ball was .biased forward.b a Spring.
B thor . SR8 AR g DHomp 1 AP e ad T BT E 8 PaL TR 3T R HHEL Fear
portion of the rear .barrel hy.press fitting. 20 [0084] Col.or Change
Behavt or dot BEndu S0 PRSTCH o ¢ FaHabr FARG. O & HEF 18y w it ng

"ABCDE" in a notebook by the resulting ballpoint pen 2 in characters
havi ng such a $h2etHag SRR BT BPIL YPA OB Y3 /RS PERf Wtidid 125! was in a
green col or-devel oped state at roomtenperature (25C), 65 and this state

was ret aiiéd ar ink bapdfdow ereventiondrodhdAdauigos hOPBATt hemainly
| ow-tenperature side (-18C) to a color change point on the high-tenperature
si de (63Cpmpoiserherfdhal detieerre gind havibeveireatilofasdchindiromiangear
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
heldinga hardmetal ball 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 5mm x 5mm square

25 was inagreencolor-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 ul.d pe, repeatedl.y. rforned. The above-nentjoned state was
ret ai ned ¢ i%lfSSF%Fr%e‘Eaa? tfregc%fné?cg&tt%n?ﬂ@el[%}ﬁ © aa?‘r%Jr%r TsEe Fig. 7)
Preparation of Friction Device A hollow colum-shaped friction body 1 (a
shape i n RfHiTth O 0-he |1t fRPPRRfRE Ve fdtded T H &N BT vOLHa v % r adi us
of 3 mmand a height of 5 nm which was nmade of an SEES copol yner
el astorrerpc(l{?etmﬁrhdﬁ:%ﬁ d By vgre tedsEie @lde Lt&B°Cltrade name: AR 8000, Shore
A hardness: 65), and a_col um-shaped pol ypropyl ene supporting portion 9
(havi ng a proj &t édrepehBirey 125 sato fark hén dbolyerasmit ihdinely T bk pi gnent
were formed by 66 coinjection nolding, thereby obtaining a friction device
provi ded aailtyh a parfty pét I'BR“bedy 1ublrad peseral ngimes vy dmalditiicet s pl aced
on and fixed to an electronic balance so that the | eadi ng edge curve was
body 1 attached tc 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
polypropylene 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 friction body 1 in a state parallel wth a neasuring 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. Asa 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 l.oad of 1000 g s.11.5 m2_(that is ,to say, the
contact LTI (FROTHABn (Sl aPPRa1008%15 oThib 3oh" Aot har at
the tinme when pressed with 500 g). .Th bove-nentioned friction body 1

coul d al IF&JW/?Va‘-CfﬁC}(“ald‘fletdn pdt& |€‘?1193$3%P rk%‘}fg‘lfgi'bl e thernochromic inmage printed on
a paper surface to instantaneously change col or by rubbing. [0086] 20
Exanpl e 13 (seds g&s tdf@ HriFisParddiioie feFm@ish Wevird Fheedricti on
body 1 obtained in Exanple 8 was inserted by press fitting into an end
portion dfc arcyliamhiasc Aplpsras mp Yot ittt 3 artinbfedgpaices bohat e
resin, thereby obtaining a 25 friction device. In addition, it is also

possi bl e digegtited mpweZda dbdbh et Tazrbaxget fdliastd pd adevivees dildwved Hey

attaching the friction body 1 to the other end portion. [0087] Preparation
of Witingprstromehe Betctionbodylinastateparallelwithameasuring

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-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 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 instantaneously 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
bypress 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
deaerat ion treatnent by centrifugation. Then, they were each accommvodat ed
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
witing in of , friction According to the

Str nts and four_ ki nds 15 .bodi

Abover verl T vt 1 1ch RS RO TS Se  f HeTE ERF ot ST | T3P of
colors and a plurali of widths could Ee formed depending on the witing
i nst rumenttt r’rlhﬂﬁi%gl SRR -5 15t el ecting the desired
friction device 20 (friction body 1). Wile the invention has been
described in cdif¥éctlion with the exenplary enmbodinents, it will be obvious
to those skilled 1in the art_ that various changes and nodification may be
made therein\HnﬂﬂﬁnaﬁkQQMQﬁlﬂfﬁqﬁﬂﬁtﬂﬂﬁﬁﬁﬂﬁﬁﬁa S&fvention, and it 25 is
aimed, therefore, to cover in the appended claimall such 68 changes and
nmodi f bcati ons &%ef Bl lwotihitnrefigélipuebtpinegd andxaguops ¢f L Aeapd eskent
i nvention. 69 WHAT IS CLAI MED | S:

were subjectedtodeaerationtreatmentbycentrifugation. Then,

they were each accommodated in a barrel 5 comprising a front

barrel andarearbarrel, andacap 3was fitted, therebyobtaining

three ballpoint pens 2.

10 Further, together with the marking pens obtained in
Examples 8 and 9, 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 bodies).

According to the above-mentioned writing instrument set,
handwriting of a plurality of colors and a plurality of widths
couldbe formed dependingon 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 1s aimed, therefore, to cover in the appended c¢laim 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 mm 2 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 el astic body which satisfies a relation of B<A< 4B, wherein Ais
a cont actcharege satanchaodiidd oalidngr essédlénvbthinetlyd dssuglspier vk tand he | oad
of 1000 g and B is a contact area at the tine when pressed onto the 20

gl ass pl ae@ps tdf tihe o arft 500eptidon.A friction body for allow ng an i mage
havi ng reversible thernochrom smto change 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 nmR2 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 nst r umetiAde dor diLAgMED dlSgi m 8, 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

nmol ding. .71 10. The witing_ instrument .according tqQ claim@8, wherein the
fever o bile t hePrbERFEAPE PHRY 00 130y 15esDy LBTI&AFBIG FHFE SOHS nat | on
of: 5 a heat discoloring type in which color disappears from a

col or - de@%ﬁé@@%@%%ohégﬂpﬁg; calesl bromemily steEAERORC t4 @GR dhi ch a
col or-devel oped state or a discolored state is interchangeably nmenorized
and Pet sitde by £ropddionad thedter ature region; and 10 a heat

col or-devel oping type in 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 ontoc a glass plate with a load 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<4B,
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 nochrmgwfi eri hkss afftery Presseld potpon Bbalys gologrelivigit e tpadned Wt
allowing handwiting formed by the witing instrunent to change color from
the firstg,stack a coftecteeord sttate Obynf roctlenalwheatprésded SHteo wr i ti ng
instrunment set according to claim13, wherein the witing instrunent has a
handwri t igigaas diletreangitrlg & rlarad Gfl 1@W® gom 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:
a reversible thermo-chromic ink therein; and
the frictieoen 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 claim 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 1ink 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 claim 13, wherein

the writing instrument has a handwriting width ranging from

0.1 to 5 mm.
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