FRI CTI ON BODY, WRI TI NG | NSTRUMENT AND WRI TI NG | NSTRUVENT SET Field of the
invention 5 [0001] The present invention relates to a friction body capabl e
of thermally discoloring a thernochrom c inage or handwiting by frictional
heat, a witing instrunment having the friction body and a witing
instrunment set including a conbination of the friction body and the witing
instrunment. 10 Related art [0002] There is an elastic friction body that

di scolors an inage or handwiting formed by use of reversible thernochromc
ink froma first state into a second state by 15 frictional heat, (see

Japanese RRIETION'BODY, WRITING INSTROMERTANBOWRITENGINSFRUMENT
JP- A- 2006- 123324, [0003] However, in the related-art friction body, there

still exists a roomfor inprovenent n attenpting to surely and easily
thermal |y discolor a thernochromc I mage or handwiting by frictional
heat caused by manual friction for people regardless of age and sex. [0004]
When a thernochrom c image or handwiting is rubbed by the rel ated-art
friction Y. if force applied to the friction body and speed for noving
the fri ctﬁ%a@@"dﬁﬂ‘?‘t% conparatively small (e.g., an aged person, a
female, a child and the like, uses 1 the friction body), there is a fear
that ®he frictil®@PBody cannot thermally discolor the

The present invention relates to a friction body capable of thermally
discoloring a thermochromic image or handwriting by frictional heat, a writing
instrument having the friction body and a writing instrument set including a
combination of the friction body and the writing instrument.

10
Related art

[0002]

There is an elastic friction body that discolors an image or handwriting
formed by use of reversible thermochromic ink from a first state into a second state by

15 frictional heat, (see Japanese Patent Unexamined Publications JP-A-2004-148744 and
JP-A-2006-123324.

[0003]

However, in the related-art friction body, there still exists a room for
improvement when attempting to surely and easily thermally discolor a thermochromic

20 image or handwriting
by frictional heat caused by manual friction for people regardless of age and sex.

[0004]

When a thermochromic image or handwriting is rubbed by the related-art
friction body, if force applied to the friction body and speed for moving the friction

25  body are comparatively small (e.g., an aged person, a female, a child and the like, uses



t hernochromi c i mage or handwiting reliably. Mreover, when a contact area
between the friction body and the paper surface forned in rubbing is set to
a conparatively-large area, there is a also fear that a 5 related-art
friction body fail to thermally discolor a thernochrom c image or
handwriting reliably. SUMVARY OF THE | NVENTI ON [0005] 10 The present

i nvention solves the drawbacks of the related art and attenpts to provide a
friction body that enabl es people of all ages and both sexes to reliably,
readily performthermal discoloring of a thernochrom c image or handwiting

by fri cthORftioh88dy) &Qfee@\a%? thmhefﬁ%ﬁﬂtbohgwm& ﬂ{brﬁitaﬂg@%élotr hePr OVvi de a

witing 1nstrument 'having a friction body that enables people of all ages

and both tﬁe?é%%hfo&gi}célﬁn:{ Ldrglg\b\%ﬂifiﬁ%gédgmype_rfor m t hermal discoloring of a

t her rochrom ¢ "I magé or- ha y“frictional heat, as well as providing

a witing instryunent set includin comhj nation . of, the friction body and
The w1 ng | nofEmsR iRt ks hentehihs Risof bady aBE g BRL et  on pa d
attention to thermal conductivity of 2Q frictional portion of a friction
body and swHacerfgrmer 1 mpbngns 38 &9 aae@ga@tlu%wargﬁateat there i5 @rakioclearttata | mage or
handwiting can be reliably thermally discolored by frictional heat of the
fri ct Pon related-anhisistion bodnfpilithahermatiygliscolon d tharmechrpmi¢ image ¢1r i ct i onal
portion of the friction body to a specific range. [0007] 25 Further, the

i nvent or hahdwhengredigklyt i nventi on pays attention to a friction 2
coefficient between a friction body and the paper surface, |oad exerted on
the friction body during friction, the traveling speed of the friction body
during rubbing and a

SUMMARY OF THE INVENTION
[0005]

10 The present invention solves the drawbacks of the related art and attempts to
provide a friction body that enables people of all ages and both sexes to reliably,
readily perform thermal discoloring of a thermochromic image or handwriting by
frictional heat. Moreover, the present invention attempts to provide a writing
instrument having a friction body that enables people of all ages and both sexes to

15  reliably, readily perform thermal discoloring of a thermochromic image or handwriting
by frictional heat, as well as providing a writing instrument set including a
combination of the friction body and the writing instrument.

[0006]
The inventor of the present invention paid attention to thermal conductivity of

20  africtional portion of a friction body and has found, through assiduous study, that the
thermochromic image or handwriting can be reliably thermally discolored by frictional
heat of the friction body when setting the thermal conductivity of the frictional portion
of the friction body to a specific range.

[0007]

25 Further, the inventor of the present invention pays attention to a friction



contact area of the friction body during rubbing. Through assi duous st udy,
the inventor has found that a thernochrom c inmage or handwiting can be
thermally 5 discolored reliably and easily when frictional heat of the
friction body satisfies a relation described below. [0008] [1] According
to a first aspect of the invention, there is provided a friction body which
I s adapted to rub a thernochrom c image or handwiting fornmed on a paper 10
surface by use of thernmochromic ink to thermally discolor the thernochromc
i mage or handwiting by frictional heat resultant from rubbing, wherein

thermal coBfietdnt BétweeRh faction tddyUndRARE ?dﬁéﬂ sitface/@adl ek&Gtddosh eddictich rangi ng
from0.05 W(mK) to 50 W(mK). [0009 In the friction body of the

first aspg (-l% dgifm tfoﬂs’&'téftfaﬁéghr\lgéﬂ%ﬁ& of ﬂ‘-lgl]‘?ér[ﬁ%d fhg%t)bl\llgtﬁgd RS set to a

range fro (mK), peo ges bot h sexes

can readi ]y, ther [.npc a tin

Ca ekl Kb BB Ak e AR PO RS RBEIR 15008,
When t he .t her t|vt the .friction orI|on f the friction bod
exceeds BBVE[‘W%%L]H thatey e%%"‘"&“?’@'&r‘mﬁﬁ%l?r handw Wé’tg&ﬂeget%‘ﬁmé ¥d person o?/ a
child, will not be able to thermally discol or the thernochromc inmage or
handwdi t idigsolerediesliablyand eaply whenfrictinnal heataf the frigtionthody sptésfiepddy. On the

ot her hand, when the thermal conductivity of the friction portion of the
friction rbbtjsrndsscshedbdﬂm han 0.05 [W(mK)], 25 there is a possibility that
the friction body or the paper surface wll be damaged by 3 excessive heat.
[ 0011] [0008]
[1] According to a first aspect of the invention, there is provided a friction body
which is adapted to rub a thermochromic image or handwriting formed on a paper
10 surface by use of thermochromic ink to thermally discolor the thermochromic image or
handwriting by frictional heat resultant from rubbing,
wherein thermal conductivity of a friction portion of the friction body is
ranging from 0.05 W/(m.K) to 50 W/(m.K).
[0009]
15 In the friction body of the first aspect of the invention, since the thermal
conductivity is set to a range from 0.05 W/(m.K) to 50 W/(m.K), people of all ages
and both sexes can readily thermally discolor the thermochromic image or handwriting
without fail by frictional heat resultant from manual friction.
[0010]
20 When the thermal conductivity of the friction portion of the friction body
exceeds 50 [W/{m.K)], there is a fear that for instance, an aged person or a child, will
not be able to thermally discolor the thermochromic image or handwriting without fail
by frictional heat of the friction body. On the other hand, when the thermal

conductivity of the friction portion of the friction body is smaller than 0.05 [W/(m.K)],

25  there is a possibility that the friction body or the paper surface will be damaged by



[2] According to a second aspect of the invention as set forth in the first
aspect of the invention, 5 the thermal conductivity of the friction portion
of the friction body is ranging from0.05 W(mK) to 20 W(mK). [0012]
According to the friction body of the second aspect of the invention, the

t hermal conductivity is set to a range from0.05 W(mK) to 20 W(mK),
peopl e of all 10 ages and both sexes can readily thermally discol or the

t hernochrom c image or handwiting without fail by frictional heat
resultant frommanual friction. [0013] Wen the thermal conductivity of the
frictioneRestivOResdf the friction body exceeds 20 [W( mK)], there is a
fear that for instance, an aged person or a child, wll 15 not be able to
thermal |y discgkﬁ?]a t her nochrom ¢ inage or handwiting without fail by
frictional hea t he frlctlon body. On the other hand, when the therma

8?83“?5&{% 1o Fing o se b e B o ibetiopia B AR e e R, "

surface be damaged by excessive heat. 20 [0014] [3] Accordl ng to a
third as ‘E‘V?ﬁ‘of‘he present invention, as set forth in second aspect of the
invention, the thermal conductivity of a friction portion of the friction

body Ps set t othe thermps condwetivitn sf the Erstion pastion ofyhefrirgion pody srangisg Accor di ng
to the friction body of the third aspect of the invention, the thermal 4
conduct i ¥iany 010§ WigmeKptoa2d Wri@esK)r om 0. 05 W(m K) to 10 VV(an), peopl e of
all ages and both sexes can readily thermally discolor the thernochromc
i mge or handwf0tlzZhg
According to the friction body of the second aspect of the invention, the
thermal conductivity is set to a range from 0.05 W/(m.K) to 20 W/(m.K), people of all
10 ages and both sexes can readily thermally discolor the thermochromic image or
handwriting without fail by frictional heat resultant from manual friction.
[0013]
When the thermal conductivity of the friction portion of the friction body
exceeds 20 [W/( m«K)], there is a fear that for instance, an aged person or a child, will
15 not be able to thermally discolor a thermochromic image or handwriting without fail
by frictional heat of the friction body. On the other hand, when the thermal
conductivity of the friction portion of the friction body is smaller than 0.05 [W/( m.K)],
there is a fear that the friction body or the paper surface will be damaged by excessive
heat.
20 [0014]
[3] According to a third aspect of the present invention, as set forth in second
aspect of the invention, the thermal conductivity of a friction portion of the friction
body 1s set to a range from 0.05 W/(m«K) to 10 W/(m.K).
[0015]

25 According to the friction body of the third aspect of the invention, the thermal



wi thout fail by frictional heat resultant frommanual friction. [0016] 5
When the thermal conductivity of the friction portion of the friction body
exceeds 10 [W( mK)], there is a fear that for instance, an aged person or
a child, will not be able to thermally discolor the thernochrom c image or
handwiting without fail by frictional heat of the friction body. On the
ot her hand, when the thermal conductivity of the friction portion of the
friction body is smaller than 0.05 [W(mK)], 10 there is a fear that the
friction body or a paper surface will be danaged by excessive heat. [0017]

In the fi ; | ' (A t 3 QNEIGE doekty 1S
nmeasur ed CE"Z%“B?Z’Z%%%&%?E‘?%S‘QS# @928%8/% t,o Iﬂ?@ﬁ%ﬁ@r at ur %A%F ate of 35 C
and a | ow enperature.plate of & by, use of . AUTOA ( HC- factured
by EKO _ PRESeERTeRatr el dhepionthd epRst livineabof SRS 7 er
met er and . Kel yi .mK)]. In the.first, cond and third inventions, the
friction toH %HM&%{‘W@’]F?@P?‘%W%%W %’é‘ﬁ§§§tlﬁﬂft i on that causes
frictional heat upon contacting the thernochrom c inage or handwiting on
the paper surf8¥6120 [0018] [4] According to a fourth aspect of invention,
as set forth in the first, second or third aspect of the invention, a
frictPon coef f Whesrthe thermekeendhesivityi afttheofiigpion pogipnodf the &idtiandiadgn body and
the paper surface is set to a range fromO0.2 to 1.0. 25 [0019] 5 Since the
friction egceeti§ i@ Wikt mii€)]yshere is hdedrithattfoinstance, amageaf pérben bra childywilbody and
t he paper surface is set to a range from0.2 to 1.0, the friction body of
t he four thdt be able to thermally discolor the thermochromic image or handwriting without fail
by frictional heat of the friction body. On the other hand, when the thermal
conductivity of the friction portion of the friction body is smaller than 0.05 {W/(m.K)],
10 there is a fear that the friction body or a paper surface will be damaged by excessive
heat.
[0017]
In the first, second and third inventions, the thermal conductivity is measured
at pressure loading of 250 Kg/m?, a high temperature plate of 35 °C and a low
15  temperature plate of 5 °C by use of AUTOA (HC-072) manufactured by EKO
INSTRUMENTS CO. LTD. The unit of thermal conductivity is watt per meter and
Kelvin [W/(m.K)]. Inthe first, second and third inventions, the friction portion of
the friction body means a portion that causes frictional heat upon contacting the
thermochromic image or handwriting on the paper surface.
20 [0018]
[4] According to a fourth aspect of invention, as set forth in the first, second or
third aspect of the invention,
a friction coefficient between the friction portion of the friction body and the

paper surface is set to a range from 0.2 to 1.0.

25 [0019]



i nvention enables thermal discoloration of the thernochrom c inage or
handwiting in a nore reliable and easy nmanner. 5 [0020] Wen the friction
coefficient between the friction portion of the friction body and the paper
surface is smaller than 0.2, thermal discoloration of the thernochromc

i mge or handwiting cannot be performed readily even when the inage or
handwiting is rubbed under heavy |load. On the other hand, when the friction
10 coefficient between the friction portion of the friction body and the
paper surface is greater than 1.0, there is a fear that difficulty will be

encount er ed i n oaeRi Y £{ERRH 8@&1c%ﬁ§9ét@ve€%ﬂ1‘é%ctfi6ﬂ g%lBP ofth gf by | e

inflicted on the paper sur ace ause excesslv ar ge I ctiomal
re5|stance t So 9 frd.ct.i 5 Regardi ng
e 71 conbh sy !F"{f) Wi EF frlf ERES P o SR et EPodrpt Rgh, s
coefficient = fri naI force /.lo sured in follo condi tions
by usi ng iventign pogbles theimal fief:?'gmt@nréiﬁmf?'sm@f?%lm&e 6 PR 9D
manuf act ured by Shlnto Scientific Co., Ltd. Velocity of the friction body:
100 mi dunere relgpblogng easpgignper. 9N) Paper: a witing paper A (fornmer JIS
P3201: high-quality paper that is produced by taking one-hundred- percent
cheni éal pulp #028]raw material, weighing range of 40 to 157 g/n2 and
whi t eness of 75.0% or nore [0022] 25 [5] According to a fifth aspect of the
present i nvent iWien the fisetionf ceffivient betwaeeh ithesfrictibn ponutofahe fritionrbodnt i on,
when a friction coefficient between the friction body and the paper surface
'S and the paper surface is smaller than 0.2, thermal discoloration of the thermochromic
image or handwriting cannot be performed readily even when the image or
handwriting is rubbed under heavy load. On the other hand, when the friction
10 coefficient between the friction portion of the friction body and the paper surface is
greater than 1.0, there is a fear that difficulty wiil be encountered in achievement of
smooth manual friction or damage will be inflicted on the paper surface because
excessively large frictional resistance to the paper surface arises during friction.
[0021]
15 Regarding the friction coefficient (coefficient of kinetic friction), a friction
coefficient (= frictional force / load) is measured in following conditions by using a
surface characteristic measurement instrument: HEIDON-14D manufactured by Shinto
Scientific Co., Ltd.
Velocity of the friction body: 100mm/minute
20 Load: 500g (4.9N)
Paper: a writing paper A (former JIS P3201: high-quality paper that is
produced by taking one-hundred-percent chemical pulp as a raw material, weighing
range of 40 to 157 g/m? and whiteness of 75.0% or more
[0022]

25  [5] According to a fifth aspect of the present invention, as set forth in the first



defined as ; a vertical load inparted to the paper surface by the friction
body when the 5 thernochrom c inmage or handwiting on the paper surface is
rubbed with the friction body is defined as W(N); a velocity at which the
friction body travels over the paper surface when the thernochrom c inmge
or handwiting on the paper surface is rubbed with the friction body is
defined as V (nms); and 10 a contact area where the friction body contacts
t he paper surface when the thernochromc inage or handwiting on the paper
surface is rubbed with the friction body is defined as A (cn2), the

frictiona%&y kSl a relation of (xWV)/A _ 4. [0023] 15 According to
the friction B{g@%nﬁe&lﬁﬁ% fifth aspect of the invention, even when the force

st oty SHEN PRSPy ARt A P BB 0
handwr i ti ng&:&an be readily performed without fail by frictional heat.

[ 0024] 2@e Rdtording to a sixth aspect of the invention, as set forth in
the fifth aspect of _the inventiog(é the friction hody satisfies a relation

of (xW\V)/A _ yertiqabload jmparfeddethg papsE suréacs bydhe Figtioadwdy twhsn tht e
invention, as set forth in the fifth aspect 25 of the invention, 7 the
fri ct Pon thesthpckromiie frmags of handwriting onthe(apyvwsirface is upbegbwith tofgtion

body is defined as W (N);

a velocity at which the friction body travels over the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as V (m/s); and

10 a contact area where the friction body contacts the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as A (cm?),

the friction body satisfies a relation of (uxWxV)/A > 4.

[0023]

15 According to the friction body of the fifth aspect of the invention, even when
the force applied to a friction body or a speed at which the friction body is moved is
comparatively small, thermal discoloration of the thermochromic image or
handwriting can be readily performed without fail by frictional heat.

[0024]

20 [6] According to a sixth aspect of the invention, as set forth in the fifth aspect of
the invention,

the friction body satisfies a relation of (uxWxV)/A > 15.

[0025]

[7] According to a seventh aspect of the invention, as set forth in the fifth aspect

25  ofthe invention,



[8] According to an eighth aspect of the invention, as set forth in the
fifth aspect of the invention, 5 the load Wis selected froma range from
0.9 Nto 10 N and the contact area Ais selected froma range from0. 005 cn®
to 0.3 cnR. [0027] [9] According to a ninth aspect of the invention, as set
forth in the fifth aspect of the invention, 10 when frictional notion is
manual |y perforned, the velocity Vis selected from a range from0.1 ms to
1.0 ns. More preferably, the velocity Vis selected froma range fromO0.1
ms to 0.5 ms. [0028] 15 [10] According to a tenth aspect of the
invention, as fetfritwsrd bodysatibfeesfd refitioadP aetwalvy/A heoomvention, when a
vertical load Winparted to the paper surface by the friction body when the
t hernochrom ¢ jgmage or handwiting on the paper surface is rubbed with the
friction body 1s set to be 4.9N, and 20 a velocity V at which the friction

nantur | ¢ 10y on® i g AR Eler P ApRR TRy, p FRTSAIEMIONRRRT < <ot 10

be 0.5 n a riction coefficient between the friction body and the
paper squglgelHYdesngogefi ned as ; and 25 a contact area where the friction body

the paper surt Hedosd W is e LM § foer G0t P fhOup 40 der i ned a6 A (cng),
the contact area A is selected from a range from 0.005 cm® to 0.3 cm’.
[0027]
[9] According to a ninth aspect of the invention, as set forth in the fifth aspect of
the invention,
10 when frictional motion is manually performed, the velocity V is selected from
a range from 0.1 m/s-to 1.0 m/s.

More preferably, the velocity V is selected from a range from 0.1 m/s to 0.5

[0028]
15 [10] According to a tenth aspect of the invention, as set forth in the first aspect of
the invention,
when a vertical load W imparted to the paper surface by the friction body
when the thermochromic image or handwriting on the paper surface is rubbed with the
friction body is set to be 4.9N; and
20 a velocity V at which the friction body travels over the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is set to be 0.5 m/s, and
a friction coefficient between the friction body and the paper surface is
defined as p; and

25 a contact area where the friction body contacts the paper surface when the



the friction body satisfies a relation of /A > 1.5, [0029] 5 According to
the friction body of the tenth aspect of the invention, even when a contact
area between the friction body and the paper surface achieved during
friction is conparatively large, thermal discoloration of the thernochromc
i mge or handwiting can be readily perfornmed without fail by frictional
heat. [0030] 10 [11] According to an el eventh aspect of the invention, as
set forth in the tenth aspect of the invention, the friction body satisfies
a relation of /A>_ 6. [0031] According to the friction body of the el eventh

| nventi OWPerﬁ%%Hrq‘i"B‘é‘r&n oA mﬁg ﬁ&ﬁ@?@%} Wetipﬁlbfbﬁ{i %{h‘lﬂe Bodipnand the

paper surface ac |eve duri ng conparative ar ge, ther mal

di scol orgti,on of.t chrom c image or handwiting can be readily
perforrream\%?'t‘%‘g H rtgﬁﬂ?rictional heat. [0032] [12] According to a

twel fth aspect f t he i nyent| set forth in the tenth aspect 20 of the
i nvention, thet ﬁ ﬁ%@éﬁoébaiﬁlsgﬁfﬁéé %ft /&2lBon of /A< 200. [0033] [13]
According to a thirteenth aspect of the invention, as set forth in the tenth
aspect of the i[A93Htion, 25 the contact area Ais selected froma range from
0.005 cn2 to 0.3 cn2. 9 [0034] [14] According to a fourteenth aspect of
the idvention, Adverding o the duitoechbaslywfithe tegth aspect of the invention, even when

a contact area between the friction body and the paper surface achieved during friction
is comparatively large, thermal discoloration of the thermochromic image or
handwriting can be readily performed without fail by frictional heat.
[0030]
10 [11] According to an eleventh aspect of the invention, as set forth in the tenth
aspect of the invention,
the friction body satisfies a relation of W/A>6.
[0031]
According to the friction body of the eleventh invention, even when a contact
15  area between the friction body and the paper surface achieved during friction is
comparatively large, thermal discoloration of the thermochromic image or handwriting
can be readily performed without fail by frictional heat.
[0032]
[12]  According to a twelfth aspect of the invention, as set forth in the tenth aspect
20  ofthe invention,
the friction body satisfies a relation of p/A < 200.
[0033]
[13]  According to a thirteenth aspect of the invention, as set forth in the tenth
aspect of the invention,

25 the contact area A is selected from a range from 0.005 cm” to 0.3 cm?.



instrunment including: the friction body of any one of the first through
thirteenth aspect of the 5 invention; and a thernochromc ink which is
adapted to be flowed out. [0035] The witing instrunent of the fourteenth
aspect of the invention enables reliable, easy, thermal discoloration of
the thernochrom c image or handwiting 10 fornmed by the witing instrunment
by friction of the friction body provided in a part of the witing
instrunment. [0036] [15] According to a fifteenth aspect of the invention,
the witing instrument of the fourteenth aspect of the invention further

i ncludes: 15 a w?%fing i nstrunment mai n body; the thernochromc ink

i ncor por at ed i# 4 witing instrunment main body; and a pen tip nade up of

a ball-paint-pen tip and capabl e of supplying.th t her nochrom ¢..i nk, the
en ti p Bufhe” ahsor bRty RARRRS aSiechobe haipd ety RSPV ABE T boay,
20 wherei,n the frictjon body is provided at a rear end of the witing
instrurreriflsm’f%‘?%”tﬁﬁbf}g:[0037] [16] According to a sixteenth aspect of the
invention, the witing instrument of the fourteenth aspect of the invention
further incl udéhe fiion bady of ey enesefitherfirat thrabgh thirtgenthy spetteofither nochr oni ¢
ink incorporated in the witing instrunent main body; a pen tip made up of
a bal I5- panhwentipenartd p and capabl e of suppl ying the

a thermochromic ink which is adapted to be flowed out.
[0035]
The writing instrument of the fourteenth aspect of the invention enables
reliable, easy, thermal discoloration of the thermochromic image or handwriting
10 formed by the writing instrument by friction of the friction body provided in a part of
the writing instrument.
[0036]
[15]  According to a fifteenth aspect of the invention, the writing instrument of the
fourteenth aspect of the invention further includes:
15 a writing instrument main body;
the thermochromic ink incorporated in the writing instrument main body; and
a pen tip made up of a ball-point-pen tip and capable of supplying the
thermochromic ink, the pen tip being provided at a front end of the writing instrument
main body,
20 wherein the friction body is provided at a rear end of the writing instrument
main body.
[0037)
[16]  According to a sixteenth aspect of the invention, the writing instrument of the
fourteenth aspect of the invention further includes:

25 a writing instrument main body;

10



t hernochrom c ink, the pen tip being provided at a front end of the witing
instrument main body; and 5 a renovable cap provided at a pen tip side of
the witing instrument main body, wherein the friction body is provided at
a top of the cap. [0038] [17] According to a seventeenth aspect of the
invention, the witing instrunent of 10 the fourteenth aspect of the

i nvention includes: a pen tip nmade of a processed fibrous elenent or a
porous elenment which is capable of supplying the thernochromc ink; a
witing instrument main body including: an ink tank which stores

t her mochr omi ¢ ik %&Hﬂoélﬁom ik iﬁé\}mgﬁ)&%&dtiﬁ F]he v&@tiﬁ%x?%r&ﬁ%ﬂﬁﬁai%%oﬂz; to be

novabl e back and forward; and a ve nechani sm opens whenh the pen tip
is pressed re r.e. / 3 i . tip side of
the witing i nﬁﬁ%&&n?g@r%}lﬁo{:%g%y?g% P&ﬁg}’gf‘%\&t‘ﬂ%@?ﬁ‘?‘%S};‘}’F@H&S'Oi ay is provided
at a rear_end of the wjting.ipstrunen mai od r a top of the cap.
0039] [ hBMoRBEesn thepafin PEhe SERIde LA pdthnt apd ohthe i BRmERe Tt 1 1 ng
i nstrunment of the fourteenth aspect of the invention includes: 25 a witing
i nst r umen®MaWodYb8Wy i ncluding: 11 an ink absorbing el ement which is made

of an el enent having continuous pores and inpregnated with the
t her ndchr oni ¢ | aemgyyable cap provided at a pen tip side of the writing instrument main

body,
wherein the friction body is provided at a top of the cap.
[0038]
[17]  According to a seventeenth aspect of the invention, the writing instrument of
10 the fourteenth aspect of the invention includes:
a pen tip made of a processed fibrous element or a porous element which is
capable of supplying the thermochromic ink;
a writing instrument main body including:
an ink tank which stores thermochromic ink and to which the pen tip
15 s attached so as to be movable back and forward; and
a valve mechanism which opens when the pen tip is pressed
rearward; and
a removable cap provided at the pen tip side of the writing instrument main
body,
20 wherein the friction body is provided at a rear end of the writing instrument
main body or a top of the cap.
[0039]
[18]  According to an eighteenth aspect of the invention, the writing instrument of
the fourteenth aspect of the invention includes:

25 a writing instrument main body including:
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a pen tip which is made of a processed fibrous elenent or a porous elenent,
which is connected to the ink absorbing el enent and which supplies the 5

t hernochromi c i nk; and a renovable cap provided at a pen tip side of the
witing instrunent main body, wherein the friction body is provided at a
rear end of the witing instrunent nain body or the top of the cap. 10

[ 0040] [19] According to a nineteenth aspect of the invention, the witing
instrument of the fourteenth aspect of the invention includes: a witing
instrunment main body including: a pen tip nade up of a ball-point-pen tip

whi ch supplies the a%g iﬁl@@ésﬁ‘f’cﬁﬁ%@l@hfén{@K%?ﬁ;whﬁé‘ofﬁ{‘é‘ieﬁkﬂ(w he

t hermochrom c i nk; an 1 nk servol r I'S I nterpose ween t he pen

1D and tgh b ARk T O LSARRE B b Ok ASiguRE | Ov ng i nk ven an

i nternal préessur ank i ncreases; a renovabl e cap

provided at a pen tip side of. t he iting inst nt in bod wherein the

friction body is di sﬂ@?@glpa‘i’hlﬁﬁF%‘H%%?#&%Pc‘fsﬁ%‘{ﬁﬁ%f]?FI megt ot g $ main body

or atop ?f t he c_ag., [0041] . 25 [ 20], According to a twentieth aspect of the
Al

i nvent i orflemefity which iscanpeetad toythgink absgroing clewgnt andewhich suppligstagii ng: t he

friction body of any one of the first through thirteenth aspect of the
5  thermochromic ink; and

a removable cap provided at a pen tip side of the writing instrument main
body,
wherein the friction body is provided at a rear end of the writing instrument
main body or the top of the cap.
10 [0040]
[19]  According to a nineteenth aspect of the invention, the writing instrument of
the fourteenth aspect of the invention includes:
a writing instrument main body including:
a pen tip made up of a ball-point-pen tip which supplies the
15  thermochromic ink;
an ink tank storing the thermochromic ink; and
an ink reservoir which 1s interposed between the pen tip and the ink
tank and which temporarily holds overflowing ink when an internal pressure of the ink
tank increases; and
20 a removable cap provided at a pen tip side of the writing instrument main
body,
wherein the friction body is disposed at a rear end of the writing instrument
main body or a top of the cap.
[0041]

25 [20]  According to a twentieth aspect of the invention, there is provided a writing
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invention; and a witing instrunent which incorporates and supplies the
thernmochrom c ink. 5 [0042] The witing instrunent set of the twentieth

i nvention enables reliable, easy thernmal discoloration of the thernochromc
i mage or handwiting formed by a witing instrunent by friction of a
friction body conmbined with the witing instrunent. [0043] 10 [21]
According to a twenty-first aspect of the invention, there is provided a
friction body which is adapted to rub a thernochrom c image or handwiting
formed on a paper surface by use of thernochromic ink to thermally discol or

the there ] -'cyl’@(gﬁ%.or handwiting by frictional heat resultant from
r ubbi ng, ! Ig?%mn&\%,{lﬁden airiction coefficient between the friction body and

L, DADEL <UL o R i ol TR R L0, P20,

t he paper sur.facedis rubbed with the friction body is defined as W(N); a
vel oci t y "¥eNUPH ARt he friction body travels over the paper surface when the
20 thernochrom c ipage or handwiting on the paper surface is rubbed with

the friction BoUingdngeiment which ppcoippeates and suppliesthethermpeomiaink. t he
friction body contacts the paper surface when the thernochrom c inmage or
handwbi ti ng on[@M42] paper surface is rubbed with the friction body is
defined as A (cn2), 25 the friction body satisfies a relation of (xW V)/A
> 4. 13 [ 004Zhe wAn@ridstnandnd séthuf thie twentieth ibwayioafenaltiles teimbleyedsyr st aspect
of the invention, even
thermal discoloration of the thermochromic image or handwriting formed by a writing
instrument by friction of a friction body combined with the writing instrument.
[0043]
10 [21]  According to a twenty-first aspect of the invention, there is provided a friction
body which is adapted to rub a thermochromic image or handwriting formed on a
paper surface by use of thermochromic ink to thermally discolor the thermochromic
image or handwriting by frictional heat resultant from rubbing, wherein
when a friction coefficient between the friction body and the paper surface is
15  defined as y;
a vertical load imparted to the paper surface by the friction body when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as W (N);
a velocity at which the friction body travels over the paper surface when the
20  thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as V (m/s); and
a contact area where the friction body contacts the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction

body is defined as A (cm?),

25 the friction body satisfies a relation of (UuxWxV)/A = 4.
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when force applied to the friction body or a velocity at which the friction
body is noved is conparatively small, thernmal discoloration of the
t hernochromic image or 5 handwiting can be readily performed w thout fai
by frictional heat. [0045] [22] According to a twenty-second aspect of the
invention as set forth in the twenty-first aspect of the invention, the
friction body satisfies a relation of (xWV)/A < 2000. 10 [0046] [23]
According to a twenty-third aspect of the invention as set forth in the
twenty-first aspect of the invention, the friction coefficient between the
friction porti 8L the friction body and the paper surface is ranging from
0.2 to 1.0. 15ﬂ¥% 7] [24] According to a twenty-fourth aspect of the

he. i nvention, the

SO0 22 SRt Ron HRB G TR S T B L0
e o g e B 0 bk Pt B Bl o 7,
aspect of the invention, when frictional notion is manually perforned, the
vel oci t y meved issereparastyely wmall, shermaldisealontion of theghersorhpmicdmageof 0049] 14
[26] According to a twenty-sixth aspect of the invention, there is provided
a frbct hemviitihg enibereadil yapbafor med sathoutfad byHdctiomdhheati ¢ | nage or
handwri ti ng forned
[0045]
[22]  According to a twenty-second aspect of the invention as set forth in the
twenty-first aspect of the invention, the friction body satisfies a relation of
(UxWxV)/A <£2000.
10 [0046)
[23]  According to a twenty-third aspect of the invention as set forth in the
twenty-first aspect of the invention,
the friction coefficient u between the friction portion of the friction body and
the paper surface is ranging from 0.2 to 1.0.
15 [0047]
[24] According to a twenty-fourth aspect of the invention as set forth in the
twenty-first aspect of the invention,
the load W 1s selected from a range from 0.9 N to 10 N and
the contact area A is selected from a range from 0.005 cm’ to 0.3 cm’,
20 [0048]
[25]  According to a twenty-fifth aspect of the invention as set forth in the
twenty-first aspect of the invention,
when frictional motion is manually performed, the velocity V is selected from

arange from 0.1 m/s to 1.0 m/s.

25 [0049]
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on a paper surface by use of thernmochromic ink to thermally discolor the

t hernmochrom c i mage or handwiting by frictional heat resultant from
rubbing, 5 when a vertical load Winparted to the paper surface by the
friction body when the thernochrom c inage or handwiting on the paper
surface is rubbed with the friction body is set to be 4.9N;, and a velocity
V at which the friction body travels over the paper surface when the

t hernochromi ¢ i mage or handwiting on the paper surface is rubbed with the
friction 10 body is set to be 0.5 m's, and a friction coefficient between

the frictkon bad : he el. LS, :.defi ne S:.Q; contact area
where t hébﬁri c?f%ﬁladgrggdé) %%’gﬁﬁpéglgﬁ}u%ég&pggﬁe 1&%%11{3)619%\%%&3%{ %‘gagq %er nochrom ¢

i mage or handwifin n the paper, syrface is.rubbed with the friction 15
bods i 5. dBrvaTLepdysnBlc s asppteAB Ay £ HerBishiie inee or Paidvaliity g of /A™>
1.5. [0050] According to the friction body of the twenty-sixth aspect of

t he i nverfidgper W@ﬁegﬁé‘ﬁe aft(i@ﬂe%civmawaksetm#lm@cqlw%@i on body and the
paper surface achieved 20 during friction is conparatively |arge, thernal
di scol or ghérmechfontip émageorhaodwoting by fngonel heah antifram eehbing readily
performed without fail by frictional heat. [0051] [27] According to a

t went - sevent h vdepactertidal {dad Wimpartedto the papet strdadetbyi the fiietiont eyt y- si xt h
aspect of the invention, 25 the friction body satisfies a relation of WA <

200. 15 10384 thelB83hré@Einttige @r handwritiipdrythe ipapérsuplpeitrubbed Wigh thwvent i on
as set forth in the
friction body is set to be 4.9N; and
a velocity V at which the friction body travels over the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
10 body is set to be 0.5 m/s, and
a friction coefficient between the friction body and the paper surface is
defined as p; and
a contact area where the friction body contacts the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
15  body is defined as A (cm®),
the friction body satisfies a relation of W/A 2 1.5.
[0050]
According to the friction body of the twenty-sixth aspect of the invention,
even when a contact area between the friction body and the paper surface achieved
20  during friction is comparatively large, thermal discoloration of the thermochromic
image or handwriting can be readily performed without fail by frictional heat.
[0051]
127]  According to a twenty-seventh aspect of the invention as set forth in the

twenty-sixth aspect of the invention,

25 the friction body satisfies a relation of pt/A < 200.
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twenty-si xth aspect of the invention, the friction coefficient between the
friction portion of the friction body and 5 the paper surface is ranging
fromO0.2 to 1.0. [0053] [29] According to a twenty-ninth invention as set
forth in the twenty-eighth aspect of the invention the contact area Ais
selected froma range fromO0.005 cn?2 to 0.3 cn2. 10 [0054] [30] According
to athirtieth aspect of the invention, there is provided a friction body
which is adapted to rub a thernochrom c image or handwiting forned on a
paper surface by use of thernochromic ink to thermally discolor the
thernochrom c rj e or handwiting by frictional heat resultant from

rubbi ng, 15 mhérel when a friction coefficient between the friction body
and the r urface . is, defined.as ; a.vertical |oad inparted to the paper
aurface 2% he ARPIEREIP SotABH Retet s R bl iom & P BB B B ancw 1 i ha'on
t he paper Surfﬁ%ﬁ S ruP ed with the friction body is defined as W(N); 20
a vel oci tWeaty - A5Peoh &t 1eildYenYANhody travel s over the paper surface when
the thernochrom c i mage or handwiting on the paper surface is rubbed with
the friction  Bbelridtiondosfisiat Hbetwaonithy frictiod partiefabe figtioa hadgraedt he
friction body contacts the paper surface when the thernochrom c inmage or
handwb5i t ithe paper siidageap eangmg frand.2 ® F.0bbed with the friction 25 body is

defined as A (cnR), 16 the friction body satisfies a relation of (xWV)/A?
15. [0055] [0053]

[29] According to a twenty-ninth invention as set forth in the twenty-eighth aspect
of the invention
the contact area A is selected from a range from 0.005 cm? to 0.3 cm®.

10 [0054]

[30]  According to a thirtieth aspect of the invention, there is provided a friction
body which is adapted to rub a thermochromic image or handwriting formed on a
paper surface by use of thermochromic ink to thermally discolor the thermochromic
image or handwriting by frictional heat resultant from rubbing,

15 wherein when a friction coefficient between the friction body and the paper
surface is defined as p;

a vertical load imparted to the paper surface by the friction body when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as W (N);

20 a velocity at which the friction body travels over the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as V (m/s); and

a contact area where the friction body contacts the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction

25  body is defined as A (cm®),
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According to the friction body of the thirtieth aspect of the invention,
even when force applied to the friction body or a velocity at which the
friction body is 5 noved is conparatively snmall, thermal discoloration of
the thernochromc inmage or handwiting can be perfornmed without fail in an
easy manner by frictional heat. [0056] [311 According to a thirty-first
aspect of the invention as set forth in the thirtieth aspect of the
invention, 10 the friction body satisfies a relation of (x W V)/A < 2000.

[ 0057] [32] According to a thirty-second aspect of the invention as set

forth in the thirtieth spect  of e i nvenki QR friction coefficient
bet ween the frirﬁﬁetﬁr'(‘}ﬁoﬁg?‘ﬁ gaﬁlsﬁfs%eiﬁPPiOﬁFW%é%g?d 15 the paper surface
i s ranging frowé to 1.0. [0058] [33] According to a thirty-third aspect

of the inventi set forth in the thirtieth aspect of the invention, the
| oad Wis selected froma range fromQ.9 Nto 10 N and 20 the contact area A

is selected fréfcardingigehe frigticn body of the thistiethaspee of theaumwationzerenaccor di ng
to athirty-fourth aspect of the invention as set forth in the thirtieth
aspect ofwhendoicawppli¢dom, thevfrintion biedy boaatlomsy atowhich theafiictioh pogets or ned, t he
velocity Vis selected from 25 a range from0.1 mis to 1.0 mis. 17 [0060]
[35] Accaialiedds tamparhtively ymill fthérnas dacslonftionvf thenthemtdchnomictiarage bs provi ded
2 friet %:ndwriting can be performed without fail in an easy manner by frictional heat.
[0056]
[31]  According to a thirty-first aspect of the invention as set forth in the thirtieth
aspect of the invention,
10 the friction body satisfies a relation of (UxWxV)/A < 2000.
[0057]
[32]  According to a thirty-second aspect of the invention as set forth in the thirtieth
aspect of the invention,
the friction coefficient 1 between the friction portion of the friction body and
15  the paper surface is ranging from 0.2 to 1.0.
[0058]
[33] According to a thirty-third aspect of the invention as set forth in the thirtieth
aspect of the invention,
the load W i1s selected from a range from 0.9 N to 10 N and
20 the contact area A is selected from a range from 0.005 cm® to 0.3 cm®.
[0059]
[34] According to a thirty-fourth aspect of the invention as set forth in the thirtieth
aspect of the invention,

when frictional motion is manually performed, the velocity V is selected from

25 arange from 0.1 m/s to 1.0 m/s.
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body which is adapted to rub a thernochrom c i mage or handwiting forned on
a paper surface by use of thernochromc ink to thermally discolor the
thernochromc 5 inmage or handwiting by frictional heat resultant from

rubbi ng, wherein when a vertical |load Winparted to the paper surface by the
friction body when the thernochrom c inmage or handwiting on the paper
surface is rubbed with the friction body is set to be 4.9N, and a velocity
V at which the friction body travels over the paper surface when the 10

t hernochromi ¢ i mage or handwiting on the paper surface is rubbed with the
friction body ' et to be 0.5 ms, and a friction coefficient between the
friction body gé% The paper surface is defined as .t; and a contact area

et mochh o AR OrdRa, TR ﬁé%ghgftﬁa e dffs AoV AdBEion h  he

friction bod Is defined as A (cn? the friction hody satisfies a relation
of /A>_ X)@M} amf@lrﬁbattbﬁrm@é omie image Gdwpdwriting ormedana fifth aspect
of the |nvent|on even 20 when a contact area between the friction body and
t he papepawrsﬁefa@ Hcimcaf daeroochnomic fnkitotthemally dissoloa thet thewngchremige, t he

t hernochrom c i mage or handwiting can be thermally discolored without fail
i N ans5 ea$magemriandbyitihg by fiictivalal hest tesult@dRim njididg, Adeesidi ng to a
thirty-sixth aspect of the invention as set forth in the 25 thirty-fifth
aspect of the iwhégatveRital b8d WampdrtedtoaRe Ripdy siibice Byitke fréctionlbaidyon of /A<

200. [0063]
when the thermochromic image or handwriting on the paper surface is rubbed with the
friction body is set to be 4 9N; and
a velocity V at which the friction body travels over the paper surface when the
10  thermochromic image or handwriting on the paper surface is rubbed with the friction
body is set to be 0.5 m/s, and
a friction coefficient between the friction body and the paper surface is
defined as ; and
a contact area where the friction body contacts the paper surface when the
15  thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as A (cm®),
the friction body satisfies a relation of W/A > 6.
[0061]
According to the friction body of the thirty-fifth aspect of the invention, even
20  when a contact area between the friction body and the paper surface achieved during
friction 1s comparatively large, the thermochromic image or handwriting can be
thermally discolored without fail in an easy manner by frictional heat.
[0062]

[36] According to a thirty-sixth aspect of the invention as set forth in the

25  thirty-fifth aspect of the invention,
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[37] According to a thirty-seventh aspect of the invention as set forth in
the thirty-fifth aspect of the invention, 5 the friction coefficient .t
between the friction portion of the friction body and the paper surface is
ranging fromO0.2 to 1.0. [0064] [38] According to a thirty-eighth aspect of
the invention as set forth in the thirty-fifth aspect of the invention, 10
the contact area Ais selected froma range from0.005 cn2 to 0.3 cnR.

[ 0065] [39] According to a thirty-ninth aspect of the invention, there is
provided a witing instrument including, the friction body defined in any
one of 21st through 38 aspects of the i nhvention; and a thernochromc
ink which is a ieton o%sqtqsﬁg\%@r%tonc[@égaz O0The writing instrument of the
thirty-ninth aspect of the invention enables reliable, easy, thermal

di scol oration &gﬁﬂle t hermochrom c image or handwiting formed by the
witing instrunment by friction of the friction body provided in a part of

20 t he wi37}i ng Awetdingtera thirfossEnth gspait ofthedndintigntas set foghtn teh aspect of
the invention, the witing instrument of the thirty-ninth invention

i ncl UdES"thlﬂyVﬁﬂ:ﬁ aspgct ofshe invemionyai n body; 25 the thernochrom ¢ ink
incorporated in the witing instrument main body; and 19 a pen tip nade up

of a kal | -poi nihePRRtibA Eoéiﬂgieﬁﬁﬁﬁbﬂv\%eﬁfthesﬁ‘féﬂbb{ pOdichT thd ﬁﬁ:’h@ﬁ‘b@ﬂ? ghd 1 nk, the
pen tip being provided at a front end of the witing instrument
the paper surface is ranging from 0.2 to 1.0.

[0064]

[38] According to a thirty-eighth aspect of the invention as set forth in the
thirty-fifth aspect of the invention,
10 the contact area A is selected from a range from 0.005 cm® to 0.3 cm’”.

[0065]

[39]  According to a thirty-ninth aspect of the invention, there is provided a writing
instrument including,

the friction body defined in any one of 21st through 38th aspects of the

15  invention, and a thermochromic ink which is adapted to be flowed out.

[0066]

The writing instrument of the thirty-ninth aspect of the invention enables
reliable, easy, thermal discoloration of the thermochromic image or handwriting
formed by the writing instrument by friction of the friction body provided in a part of

20  the writing instrument.

[0067]

[40]  According to a fortieth aspect of the invention, the writing instrument of the
thirty-ninth invention includes:

a writing instrument main body;

25 the thermochromic ink incorporated in the writing instrument main body; and
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mai n body, wherein the friction body is provided at a rear end of the
witing instrunment 5 main body. [0068] [41] According to a forty-first
aspect of the invention, the witing instrunent of thirty-ninth aspect of
the invention including: a witing instrument main body; 10 the

t hermochrom c ink incorporated in the witing instrument main body; a pen
tip made up of a ball-point-pen tip and capabl e of supplying the

t hernochromic ink, the pen tip being provided at a front end of the witing
instrunment main body; and a renpvable cap provided at a pen tip side of the

101090t Sy SRS B PRSI g, Pr ) o
e o W e B bl B AL BBl o
porous el ement which is capable of supplying the thernmochromc ink; a
writing imaBepadsnt main body including: an ink tank which stores the
t hernochrom c ink and to which the pen tip is attached so as to be novable
back and f or wamdereamtheXsiction bodaeisipeevided atra rabr entd of geeywritingnnsthvengmén tip is
pressed 20 rearward; and a renovable cap provided at the pen tip side of
the wsi tinkginibody.r ument main
[0068]
[41]  According to a forty-first aspect of the invention, the writing instrument of
thirty-ninth aspect of the invention including:
a writing instrument main body;
10 the thermochromic ink incorporated in the writing instrument main body;
a pen tip made up of a ball-point-pen tip and capable of supplying the
thermochromic ink, the pen tip being provided at a front end of the writing instrument
main body; and
a removable cap provided at a pen tip side of the writing instrument main
15  body,
wherein the friction body is provided at a top of the cap.
[0069]
[42]  According to a forty-second aspect of the invention, the writing instrument of
the thirty-ninth aspect of the invention includes:
20 a pen tip made of a processed fibrous element or a porous element which is
capable of supplying the thermochromic ink;
a writing instrument main body including:
an ink tank which stores the thermochromic ink and to which the pen

tip is attached so as to be movable back and forward; and

25 a valve mechanism which opens when the pen tip is pressed
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body, wherein the friction body is provided at a rear end of the witing
instrument 5 main body or a top of the cap. [0070] [43] According to a
forty-third aspect of the invention, the witing instrunment of the
thirty-ninth aspect of the invention includes: a witing instrunent min
body including: 10 an ink absorbing el enent which is nade of an el enent
havi ng continuous pores and i npregnated with the thernochromc ink and a
pen tip which is made of a processed fibrous el ement or a porous elenent,
which is connected to the ink absorbing el ement and which supplies the
thernnchngﬂkgnigh' and 15 a renovable cap provided at a pen tip side of the
writing instruﬁen? mai n  body, wherein the friction body is provided at a

d of th iti ' in b h f th . [0071
201 4] Accor arTgnpR e pb BRI e e Rlotthe Mok AR Blnenl RuY i [ ng

instrunment of the thirty-ninth aspect of the invention includes: a witing
i nstrumne ¥ai n body including: a pen tip nmade up of a ball-point-pen tip
whi ch supplies the thernochromic ink; 25 an ink tank storing the
t her nochr omi ¢ ivhereinthe frigtion hodyis prewded ofi a reanenshofi the paitingingaunasét ween t he
pen tip and the ink tank and which tenporarily holds overflow ng i nk when
an i ntSer naiin pody sua eopodf théreap. nk
[0070]
[43]  According to a forty-third aspect of the invention, the writing instrument of
the thirty-ninth aspect of the invention includes:
a writing instrument main body including:
10 an ink absorbing element which is made of an element having
continuous pores and impregnated with the thermochromic ink and
a pen tip which is made of a processed fibrous element or a porous
element, which is connected to the ink absorbing element and which supplies the
thermochromic ink; and
15 a removable cap provided at a pen tip side of the writing instrument main
body,
wherein the friction body is provided at a rear end of the writing instrument
main body or the top of the cap.
[0071]
20 [44]  According to a forty-fourth aspect of the invention, the writing instrument of
the thirty-ninth aspect of the invention includes:
a writing instrument main body including;
a pen tip made up of a ball-point-pen tip which supplies the

thermochromic ink;

25 an ink tank storing the thermochromic ink; and
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tank i ncreases; and a renovable cap provided at a pen tip side of the
witing instrunment main 5 body, wherein the friction body is disposed at a
rear end of the witing instrument main body or a top of the cap. [0072]

[ 45] According to a forty-fifth aspect of the invention, there is provided a
witing 10 instrunment set including: the friction body of the any one of
the twenty-first through thirty-eighth aspect of the invention; and a
writing instrunment which incorporates and supplies the thernochrom c ink.
[0073] 15 The witing instrunment set of the forty-fifth invention enabl es

reliable, easy, theaﬂﬁ{ke&a@s}&%@émw oee&bm\@eamr 'éﬁaQﬁeHﬂc

handwiting forned byawrltlng Instru r|ct| afrlctlon body

or osent itk et el HRlds VR ering ik 24&%@ f efh%@@ sty B

netal, stone, resin and the |ike. Anong them synthetlc re5|ns for exanpl e,
a  silicdHkInErepses; an tyrene-based resin (a copol ymer of styrene and
but adi ene, a but adi ene copolynmer of styrene and ethy|ene), a f]uorine-based
resin, a chl or @gempablecanprogided at ¢ peretip side Af the walipbwEERMBRBANT esi n,
ethylene propyl ene then nmononer rubber 25 (EPDM), polypropyl ene,
pol yethylbedg and the |ike, are preferable. 22 [0075] The friction body is
preferably configured so as to be provided in a part of a
wherein the friction body is disposed at a rear end of the writing instrument
main body or a top of the cap.
[0072]
[45]  According to a forty-fifth aspect of the invention, there is provided a writing
10  instrument set including:
the friction body of the any one of the twenty-first through thirty-eighth
aspect of the invention; and
a writing instrument which incorporates and supplies the thermochromic ink.
[0073]
15 The writing instrument set of the forty-fifth invention enables reliable, easy,
thermal discoloration of a thermochromic image or handwriting formed by a writing
instrument by friction of a friction body combined with the writing instrument.
[0074]
¢ Friction body
20 In the present invention, a material of a friction body may be any of glass,
metal, stone, resin and the like. Among them, synthetic resins; for example, a
silicone resin, a styrene-based resin (a copolymer of styrene and butadiene, a butadiene
copolymer of styrene and ethylene), a fluorine-based resin, a chloroprene resin, a

nitrile resin, a polyester-based resin, ethylene propylene dien monomer rubber

25 (EPDM), polypropylene, polyethylene and the like, are preferable.
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witing instrunent that stores thernochrom c ink and that can supply the
thernmochrom c ink onto the paper surface froma pen tip. 5 As the
configuration in which the friction body is provided in the part of the
witing instrunent, there are exenplified that a configuration in which the
friction body is provided on a side of a witing instrunment main body
opposite to the pen tip; a configuration in which the friction body is
provi ded on a top of a renobvable cap |ocated on the pen-tip side of the
witing instrument main body and the like. 10 The friction body can al so be
conbined with gooysiting i nstrunent that incorporates thernmochromc ink and
that can supply the thernmochromc ink froma pen tip, to thus be enbodied

25 3 U109, | TS SHERA e TRl AR PR, A AbFRCBF, EGR LT o0 1

such a way t hat en ru aper-surta on body, an
outer peripheral surface of the fricti.on . body.,is 15 gripped directly by
and o e Rt B tre mash R e ey BRol er - [ 0b76]
Witing |Instrunment Q&a g ntip of the witing instrunent, there are
exenpl i fitReImachyamic pk; onto phepaper syrfage g’@ﬁl %P t made of a processed fibrous
el ement or a porous element, a 20 synthetic resin pen elenent fornmed form an
extrudled arti clAé thregnfignsation ipwhigh tha Siisticarbedy da pevideddp thepaseaf eemrent t hat
is formed froma metal plate and that has a slit at a tip end thereof, a
peni ci | | arrginganstalmengrthergrage exenplified that agonfigwgtiomén whihrthe fictmndi r ect
fluid type that directly stores thernochromc ink, a witing instrunment of
an i nner bodpismovidgden haidend aawritinginstosaedti man dbéyreppositens egpenaip; wi t h
thernochrom ¢ ink and 25 the |like, are nmentioned as the witing instrument.
23 [ 007 7]configlithtiorPin wisiak! thé/ fRidHors BEE A8 tréVi& dh a top of a removable cap
located on the pen-tip side of the writing instrument main body and the like.
10 The friction body can also be combined with a writing instrument that
incorporates thermochromic ink and that can supply the thermochromic ink from a pen
tip, to thus be embodied as a writing instrument set.
The friction body may also be configured in such a way that when rubbing the
paper surface with the friction body, an outer peripheral surface of the friction body is
15  gripped directly by hand or the friction body is gripped via a friction body holder.
[0076]
o Writing Instrument
As a pen tip of the writing instrument, there are exemplified a ball-point-pen
tip, a pen element made of a processed fibrous element or a porous element, a
20  synthetic resin pen element formed form an extruded article that has an axial capillary
passageway, a pen element that is formed from a metal plate and that has a slit at a tip
end thereof, a penicillate pen element and the like. A writing instrument of a direct
fluid type that directly stores thermochromic ink, a writing instrument of an inner

cotton type having an ink absorbing element impregnated with thermochromic ink and

25  the like, are mentioned as the writing instrument.
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In the present invention, the unit of load Wis Newton (N); and the unit of
velocity Vis a neter per second (ms); and the unit of the contact area A
is a square 5 centineter (cnk). [0078] Friction coefficient Regarding
the friction coefficient (coefficient of kinetic friction), a friction
coefficient (= frictional force / load) is neasured in follow ng conditions
by using a 10 surface characteristic neasurenent instrunent: HElI DON-14D
manuf actured by Shinto Scientific Co., Ltd. Velocity of the friction body:
100mi m nute Load: 500g (4.9N) Paper: a witing paper A (former JI'S P3201:
hi gh-quality pi&%ﬁ]that is 15 produced by taking one-hundred- percent

chem cal pulp as a‘raw material, weighing range of 40 to 157 g/ n2 and

whi t eness of 75..0% 0 07 Load Wof the friction body In the
present inventi® ,'%?{10?@‘@@&??0&’240(53{%& the friction body manually 20
performfrictignal operation, en frictiopnal _operation is perfoyrnmed

manual |y, it iiﬂaﬁrlgf’%‘fl%‘lvémf%f ed"\?e?ﬁ%‘ﬁﬂ%‘iﬁ“%i%éﬂ@éhﬁww e friction
body to a paper surface is selected froma range fromO0.9 Nto 10 N. [0080]
Vel oci t y vlostty fVhis afmetes passeesdyngs); andl theaingof shengontart ererifots,a SHase fri cti onal
operation is manually perforned, it is 24 preferable that a velocity V at
whi ch5t heefitimeteir Gm’pody noves over the paper surface should be arbitrarily

selected froma range from0.1 mis to 1.0 ms (preferably a range
[0078]

¢ Friction coefficient p
Regarding the friction coefficient (coefficient of kinetic friction), a friction
coefficient (= frictional force / load) is measured in following conditions by using a
10 surface characteristic measurement instrument: HEIDON-14D manufactured by Shinto
Scientific Co., Ltd.
Velocity of the friction body: 100mm/minute
Load: 500g (4.9N)
Paper: a writing paper A (former JIS P3201: high-quality paper that is
15  produced by taking one-hundred-percent chemical pulp as a raw material, weighing
range of 40 to 157 g/m* and whiteness of 75.0% or more
[0079]
¢ Load W of the friction body
In the present invention, it is desirable that the friction body manually
20  perform frictional operation. When frictional operation is performed manually, it is
preferable that a vertical load W imparted by the friction body to a paper surface is
selected from a range from 0.9 Nto 10 N.
[0080]
e Velocity V of the friction body

25 In the present invention, when frictional operation is manually performed, it is
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fromO0.1 ms to 0.5 ms). [0081] 5 Contact area A of the friction body In
the present invention, it is desirable that the contact area A between the
friction body and the paper surface should be arbitrarily selected froma
range from 0.005 cn2 to 0.3 cnR2 (preferably a range fromO0.01 cn2 to 0.3
cm). [0082] 10 Thernochromc ink In the present invention, the
thernmochromc ink is preferably reversible thernmochromc ink. The
reversi bl e thernochromc ink can be formed solely fromor by conbination of
various types of ink, such as: ink of heat color fadable type whose col or

fades 11 QRirabRl Bar FRAGCRPE 4t RhRhihe Arth 88D ARNRE ovdriie Bhpef AhificeSt OT g€ and

retention type that stor tains a co state o ed state at
a specifig t r e I ' e tiQtropi er . I n f a heat
coi ori ng T9pE TAKRrHiG £-BER s AR PR 6 T B s RRE L £ (e
returns to a gqur Qﬁfgﬂ%state fromthe colored state when cool ed. 20 [0083]
In relati p 548l “material included in the reversible thernochromc
ink, there is greferably enpl oyed a reversible thermochrom ¢ nmicrocapsul e
pi gment for med | 1énclosing, in a mcrocapsule, a reversible thernochromc
conposition containing at |east three known indi spensabl e conponents;
namel ¥, (a) an *XSontdctareachofthe dagiongaslyl or - reacti ve organi ¢ conpound; (b) an
el ectron-accepting 25 conpound; and (c) a reactive nediumthat determ nes a
gener ati on t enfiethe preendinventodm it is desitablerthatf the ooiitactamgeod betsveen the
friction body and the paper surface should be arbitrarily selected from a range from
0.005 cm” to 0.3 cm” (preferably a range from 0.01 em? to 0.3 ¢cm?).
[0082]
10 e Thermochromic ink
In the present invention, the thermochromic ink is preferably reversible
thermochromic ink. The reversible thermochromic ink can be formed solely from or
by combination of various types of ink, such as:
ink of heat color fadable type whose color fades from a color-developed state
15  when heated;
ink of color storage and retention type that stores and retains a colored state or
a faded state at a specific temperature range in an enantiotropic manner; and
ink of a heat coloring type that develops color from a faded state when heated
and that returns to a color faded state from the colored state when cooled.
20 [0083]
In relation to a coloring material included in the reversible thermochromic ink,
there is preferably employed a reversible thermochromic microcapsule pigment
formed by enclosing, in a microcapsule, a reversible thermochromic composition

containing at least three known indispensable components; namely, (a) an

25 electron-releasing color-reactive organic compound; (b) an electron-accepting
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[0084] As shown in Fig. 8, in the present invention, application of
thernmochromc 5 ink of color storage and retention type is preferable. The
i nk of color storage and retention type has a characteristic that when
plotting a change in coloring density caused by the tenperature change, as
shown in Fig.S, a path plotted when tenperature is increased froma
tenperature |lower than a discoloration tenperature range differs froma
path plotted when tenperature is decreased froma tenperature higher than a
10 discoloration tenperature range. Further, the ink of color storage and

retenti O’th%‘;Bﬁnd;aa'nﬁ gcé)%?@hv%!}g&ﬂ&ﬁl%&ﬁ&e?mﬁd&}a Cﬁ%n&r?&i% %"eﬁ%ﬁh& &chi eved at

| ow t enperature ’ran a conplete co I ng ture (ti) or

| ower ; andla f aded ﬁgltr state,achieved at high tenperature range which is
a conpl et @ L EFBTOP ] ?\S‘C%]r?ﬁg?dast ure(t4)or higher, are stored and retained
at a specificwig jrature range [range fromt2 to t3 (an 15

essentially-t @* se retaining tenperature range)]. In Fig. 8, reference
synbol AH designates a tenperature range n&j .e. the range of hysteresis)
showi ng t he ded¥seshown Inyig. 85 sthe pregpatinyenign @péication @&hgrrmqh{orm y one
state achi eved before and after discoloration is present. Wen the val ue of
AH i s5 | dnlgef calet stotage andfetentiondypeds praforatileh e fThe énkamfticaddrt storage axbl or at i on
beconmes easy. 20 [0085] In the present invention, a discoloration

t enper at ueeeniicoitype haby charaaterisdivahat wiemtpioking hehbngecihicoloringdiensity t he
thernmochromc ink is set to 25 Cto 95 C (preferably 36 Cto 95 Q).

Speci f i calalided bythé Fnpdrfa®thahgd/ @9 5hdwh inSaE 8] B gathifotbddoRhéLiRRPeAitee  poi nt
of discoloration [a conplete coloring tenperature (t4)] to a range from25 C

to 25 93 ﬁc(vé%"sé‘:f EB&?A g\ég@@n%ﬁ]ﬂ:%v?& thd @HQC&S}taEil)nglﬁ]?ﬁatlllPé’\f’aEl?gR efd ure poi nt

of 26 discoloration ete discoloration tenperature 1)] to a range

from -30 nf%ol‘#l ? géﬁngqlot?e({ Phél ﬁ[‘rﬂ}a}éfuré?fgde%réa%e&ﬂo@ a f%h%e%&r%%éﬁ’e? thdi @ result,

retentio
10  discoloration temperature range. Further, the ink of color storage and retention type

also has a characteristic that a colored state achieved at low temperature range which is
a complete coloring temperature (t1) or lower; and a faded color state achieved at high
temperature range which is a complete color-fading temperature (t4) or higher, are
stored and retained at a specific temperature range [range from t; to t3 (an

15  essentially-two-phase retaining temperature range)].

In Fig. 8, reference symbol AH designates a temperature range (i.e. the range
of hysteresis) showing the degree of hysteresis. When a value of AH is small, only
one state achieved before and after discoloration is present. When the value of AH is
large, retention of states achieved before and after discoloration becomes easy.

20 [0085]

In the present invention, a discoloration temperature induced by frictional
heat of the friction body of the thermochromic ink is set to 25 °C to 95 °C (preferably
36 °C 10 95 °C). Specifically, in the present invention, setting the high-temperature
point of discoloration [a complete coloring temperature (t4)] to a range from 25 °C to

25 95 °C (preferably 36 °C to 90 °C) and setting the low-temperature point of
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devel oped in a normal state (a tenperature range for a daily activity) can
be effectively perforned and an inage or handwiting created in reversible
thernochromic ink can 5 be readily discolored by frictional heat of the
friction body. [0086] In relation to the reversible thernochromc

m crocapsul e pignent, an average particle size of the pignent falls within
arange from0.5to 5.0 m preferably a range froml1l to 4 gm In a system
where the average particle size of pignment exceeds 5.0 m 10 excurrent of

pi gnent fromthe ball-point-pen tip and capillary gaps of a porous pen

elenent is deteriorated, .In. a.systemwhere a erage particlege, si of

i gent | dsqolfuation e bomptese fiscolptation derpgratrd Mulita a e Bom il o Beomes
difficult,, [0087 he_reversibl e thernochrom c mcrocapsul e pignent can be
formul at e efgra]f%gpgcée 1@1 ab(’ffr SSHYG| %afﬁuﬂore@&m)@aﬁzcﬂlﬁfe preferably 4
to 30 W% with respect to the total anount of_ ink conposition, |f the
concent r fevelapedsin asuoymah statesa fgmperatyreiapggyior addadly agtiybo s beeHseivelti ent . I n
contrast, when the concentration exceeds 50 wt% the excurrent of ink is
det er i or greefdrmedhanchan mnaggon handwidting ereated of rexetsibiletherhodseinic 28 cAg t he
thernochromi c ink, ink that changes froma colored state to a color |ess
st at e 5Shy Herreadilyodisdoldredby ifiscteinhbhdat wEtheByictvorr bady. of the characteristic,
colored handwiting created in thernochromc ink can be made col orl ess by
frictional heatpoggsul tant fromfriction of the friction body, and
handwiting is again formed on the colorless witten surface, whereby

colored handw iﬂlitﬂ@ti&?fdfﬁ?r@éfﬁﬁl@ EHEPRBER G @nﬁgﬂﬁﬁsﬁl@ﬂ)i erft! §PfvRehgeDue to

this operation, e user feels as If erasing Itirng made I n 7 penci l

a0 A4caasset g AuROTARTY ISR TR DDA, BBpS v O
col ored Sftrc‘;ir;lq to 4 um. In a system where the average particle size of pigment exceeds 5.0 um,
10 excurrent of pigment from the ball-point-pen tip and capillary gaps of a porous pen
element is deteriorated. In a system where an average particle size of pigment is less
than 0.5 um, the ease of high-density coloration becomes difficult.
[0087]
The reversible thermochromic microcapsule pigment can be formulated at 2
15  to 50 wt% (preferably 3 to 40 wt% and more preferably 4 to 30 wt%) with respect to
the total amount of ink composition. If the concentration is less than 2 wt%, coloring
density becomes insufficient. In contrast, when the concentration exceeds 50 wt%o,
the excurrent of ink is deteriorated, which in turn hinders ease of writing.
[0088]
20 As the thermochromic ink, ink that changes from a colored state to a color
less state by frictional heat is effective. By virtue of the characteristic, colored
handwriting created in thermochromic ink can be made colorless by frictional heat
resultant from friction of the friction body, and handwriting is again formed on the

colorless written surface, whereby colored handwriting formed by thermochromic ink

25 canbecreated. Due to this operation, the user feels as if erasing handwriting made in
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to a color |less state when heated and that al so changes fromthe col orl ess
state to the <colored state when cooled is effective for the thernochromc
ink. Ink that changes 5 froma colored state to another colored state
differing fromthe colored state by frictional heat as a result of

i nclusi on of a nonthernochrom c coloring agent (a dye, a pignment, or the
like) in a mcrocapsule or ink can al so be adopted as the thernochrom c ink
of the present invention. [0089] 10 According to the present invention, the
friction body enabl es people of all ages and both sexes to readily,

reliably pjagéif Radb E&'ﬁﬁrefmér aidssﬁ%@@ﬁfho 2 cratidd RndReHing BnGhé FRERgO"
handwriting. BRI DESCRI PTI ON W N 15 [0090] Fig. 1|s a

| ongi t Ud'spﬁ‘!; %@%mﬁ@ﬁi AR siblE BrRb ol g'f.kncﬂat' dﬂ?lté% {f?d}%agwo?e({ bthet

enbodi nmen pres invention; kg iIs a I na
Cross-seclion 0 [ odigent of the
o esent  ihoaHtr st Sisndh Mglea g tlwﬁﬁgsot e Forfs e"°§%‘2“3? SARRURER of
vvrltlnglnt ment .0 t t he se i, NV ntlon Fig. 4
s a | ongPIoUe HAF Vz&l}eaé:gotea&?% 3%@? e U o A
enbodl ment of the (&mesent i nvention; d% S5is alon |tud| nal
cr ossJsedtamagplopdsiats to arqumrtqo}ﬂjecl paterdiffenng Bpmghe polpred spate Bibodi ment of
the present invention;, 28 Fig. 6 is _a longitudinal cross-sectional view of a
writing ifristionarbent asa resubtiofinclusiorhots nemhergfochiomipceloding agentdadyers Fig. 7
is a longitudinal cross-sectional view of a friction body of the sixth

pigment, or the like) in a microcapsule or ink can also be adopted as the

thermochromic ink of the present invention.

[0089]
10 According to the present invention, the friction body enables people of all

ages and both sexes to readily, reliably perform thermal discoloration of a

thermochromic image or handwriting.

BRIEF DESCRIPTION OF THE DRAWINGS
15 [0090]
Fig. 1 is a longitudinal cross-sectional view of a writing instrument of a first
embodiment of the present invention;
Fig. 2 is a longitudinal cross-sectional view of a writing instrument of a
second embodiment of the present invention,
20 Fig. 3 is a longitudinal cross-sectional view of a writing instrument of a third
embodiment of the present invention;
Fig. 4 is a longitudinal cross-sectional view of a writing instrument of a fourth
embodiment of the present invention,
Fig. 5 is a longitudinal cross-sectional view of a writing instrument of a fifth

25  embodiment of the present invention,;
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enbodi nent of the present invention; and 5 Fig. 8 is a descriptive view
showi ng di scol orati on behavior of thermally color fadable reversible

t hermochrom ¢ i nk. DETAI LED DESCRI PTI ON OF THE PREFERED EMBODI MENTS [ 0091]
10 <First Enbodi nent> A first enbodi mrent of the present invention wll be
described (see Fig. 1). The present enbodinent is directed toward a witing
instrunment 1 including: a witing instrunment main body 2; a cap 6 renovably
attached to a pen tip of the witing instrunent main body 15 2; and a
friction body 7 attached to a rear end of the witing instrunent main body

2, Ther ”DChrorif'l Iﬁlgér}glﬁxdﬁﬁ% ? b&kibha é{‘é\%i‘g%hiﬁ tlpé’cﬂﬁﬂ‘%m%‘? L ixppdy 2 and

t he therm)chro I's suppli onto a paper ace froma pen tip 3.

A therm)chr rr? e or ndvvrttlng is formed on the paper surface as a
resul t ofnf ﬁ]ﬁ’@ Bt {"Hs%%‘h.ng instrument main body 2 contacting the

paper 20 surfa The .t her romc |maeor dwitin bethermally
di scol ored by % gb‘?ﬁdo‘igﬁ%‘go‘wg{j@sﬁ)ﬁeqtﬂﬁﬂ VW?‘YPE@?FF "%rPfaﬂ% surface
with the frlctlon body 7. [0092] The witing instrument main body 2

i ncl udes :embediment of the @eseatimvepsias; aad bal | - poi nt-pen tip; a pen tip hol der
22 to which the pentip 3 is fixed at a front 25 end thereof; an ink
storade cyl i nddig . Baistadlesdriptive tvivov preawing disbalbrition 22hagorf d)ﬁ(t:hdrnmllyacoﬂaront 29
end thereof, a tail plug 24 which is attached to an opening fornmed in a rear
end of t HadableweveisiblagermydtiroelzrinR3 and has a ventil ation opening; and a
barrel 21 accommodating the ink storage cylinder 23. The thernochrom c ink
4 and a followng elenent 5 are housed in the ink storage cylinder 23. The
following elenent 5 is disposed at a rear

DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS
[0091]
10 <First Embodiment>
A first embodiment of the present invention will be described (see Fig. 1).
The present embodiment is directed toward a writing instrument 1 including:
a writing instrument main body 2,
a cap 6 removably attached to a pen tip of the writing instrument main body
15  2; and a friction body 7 attached to a rear end of the writing instrument main body 2.
Thermochromic ink 4 is stored in the writing instrument main body 2 and the
thermochromic ink 4 is supplied onto a paper surface from a pen tip 3.
A thermochromic image or handwriting is formed on the paper surface as a
result of the pen tip 3 of the writing instrument main body 2 contacting the paper
20 surface. The thermochromic image or handwriting can be thermally discolored by
rubbing the image or handwriting formed on the paper surface with the friction body 7.
[0092]
The writing instrument main body 2 includes: the pen tip 3 made up of a
ball-point-pen tip; a pen tip holder 22 to which the pen tip 3 is fixed at a front

25  end thereof, an ink storage cylinder 23 to which the pen tip holder 22 is fixed at a front
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5 end of the thernmochromic ink 4 and forwardly advances in association with
consunption of the thernochromc ink 4 [0093] A ball is held at the front
end of the pen tip 3 in a rotatable nanner. An elastic elenent (a coi
spring) 31 is housed in the pen tip 3. The ball is urged 10 forwardly by the
el astic el ement 31, whereby the ball is brought into conpressed contact
with an inwardly-facing interior surface of the front end of the pen tip 3.
[0094] A pen tip seal nenber 61 made froma soft material is housed in the
cap 6. Wen the cap 6 is attached to the pen tip side of the witing

o SR A A A,
el g O R AL

f the b L . f body.7 f d f
e L s

rear barrel 21Db) . utward protrusion 71 is f rrred on an exterior surface
of the frioussdda %ury swramcylnnﬁw% prhstipliewing ei‘?i!n%ﬂtl%lsﬁéﬁpﬁﬁftﬁ K3 18# interior
surface of the rear-end hole of the barrel 21. The outward protrusion 71 and
t he i Awaretdpf thertheimaehpimicanke4 end fygwardly advaness sassoctatiearwith a cl i nbi ng
manner, so that renoval of the friction body 7 fromthe rear 30 end hole
can be awonslenption df@R6ihermochrimicankdent enbodi ment, the thermal conductivity
of a friction portion of the friction body 7 is ranging fromO0.05 W(mK) to
1.0 W(m K) andoeo3friction

Aball is held at the front end of the pen tip 3 in a rotatable manner. An
elastic element (a coil spring) 31 is housed in the pen tip 3. The ball is urged
10  forwardly by the elastic element 31, whereby the ball is brought into compressed
contact with an inwardly-facing interior surface of the front end of the pen tip 3.
[0094]
A pen tip seal member 61 made from a soft material is housed in the cap 6.
When the cap 6 is attached to the pen tip side of the writing instrument, the pen tip 3
15  comes into close contact with the pen tip seal member 61, whereupon the pen tip 3 is
sealed.
[0095]
The barrel 21 1s made up of a front barrel 21a and a rear barrel 21b that are
screw-engaged with each other. The pen tip 3 projects outwardly from a front-end
20  hole of the barrel 21 (the front barrel 21a). The friction body 7 formed from soft
synthetic resin is attached to a rear-end hole of the barrel 21 (the rear barrel 21b). An
outward protrusion 71 is formed on an exterior surface of the friction body 7. An
inward protrusion 21¢ is formed on an interior surface of the rear-end hole of the
barrel 21. The outward protrusion 71 and the inward protrusion 21¢ are engaged with

25  each other in a climbing manner, so that removal of the friction body 7 from the rear
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5 coefficient of the friction portion of the friction body 7 to the paper
surface is ranging from0.2 to 1.0. [0097] <Second Enbodi nent> A second
enbodi ment of the present invention will now be described (see Fig. 10 2).
The present enbodinment is directed toward the witing instrument 1 including
a witing instrument main body 2, a cap 6 renovably attached to a pen tip of
the witing instrunment and the friction body 7 attached to the top of the
cap 6. A thernochromic ink 4 is stored in the witing instrunment mai n body
2 and supplied 15 fromthe pen tip 3. The thernochrom c image or handwiting
is for nedengqlojg@gq,%pdgf,ideglurface as a result of the pen tip 3 of the witing
instrunment maln body 2 contacting the paper surface. The thernochromc

i mge or handw[béé'c?rjg can be thermally discolored by rubbing the inage or
handwiting for on the paper surface with the friction body 7. 20 [0098]

The writing instrunment nai od i ncl udes:

bal | - poi nt - peni[l ltpprgseﬂéﬁmgp%q%} (ﬁ]é"’rthﬁﬁnat c?c’WilH ltﬁ’ﬁ’g g@ﬁt‘?‘} BO@OFQPH xed at a
front end thereof an ink_ stoage cylinder 23 to which the pen tip holder 22
is fixed the fiigion bodp s rangingdfromd WidnsKota d @ WimeKdand adiietign pl ug 24 t hat
is attached to an opening fornmed in a 25 rear_end of the ink storage

cyl i nder @gfferent ofithe figgompartion iof thei fontiompbodingto tha gapersarfaed is rauging
accommodating the ink storage cylinder 23. The thernochromic ink 4 and the
fol |l ow ngfreh@ertl .G, which is disposed at the rear end of the thernochromc
ink 4 and forwardly advances in association with consunption of the
thermochrom c i[pé974, are housed in the ink storage cylinder 23. The barrel
21 is made up of the front barrel

<Second Embodiment>
A second embodiment of the present invention will now be described (see Fig.
10 2.

The present embodiment is directed toward the writing instrument 1 including
a writing instrument main body 2, a cap 6 removably attached to a pen tip of the
writing instrument and the friction body 7 attached to the top of the cap 6. A
thermochromic ink 4 is stored in the writing instrument main body 2 and supplied

15 fromthe pentip 3. The thermochromic image or handwriting is formed on the paper
surface as a result of the pen tip 3 of the writing instrument main body 2 contacting the
paper surface. The thermochromic image or handwriting can be thermally discolored
by rubbing the image or handwriting formed on the paper surface with the friction
body 7.

20 [0098]

The writing instrument main body 2 includes: a pen tip 3 made up of a
ball-point-pen tip; a pen tip holder 22 to which the pen tip 3 is fixed at a front end
thereof; an ink stoage cylinder 23 to which the pen tip holder 22 is fixed at to a front
end of the ink storage cylinder; a tail plug 24 that is attached to an opening formed in a

25  rear end of the ink storage cylinder 23 and that has a ventilation opening; and a barrel
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5 2l1la and the rear barrel 21b that are screw engaged with each other. The
pen tip 3 protrudes outside fromthe front-end hole of the barrel 21 (the
front barrel 21a). [0099] A ball is held at the front end of the pen tip 3
in a rotatable manner. The elastic element (a coil spring) 31 is housed in
the pen tip 3. The ball is urged 10 forwardly by the elastic el enent 31,
whereby the ball is brought into conpressed contact with an inwardly-facing
interior surface of the front end of the pen tip 3. [0100] The pen tip seal
menber 61 made froma soft material is housed in the cap 6. Wen the cap 6

Is attac b ' . | 4y | r&ggﬂ t ntip3 15
cones i n?‘gdag{:%gfélﬁgzgmg tE H% iﬁ%ﬂ?ﬁ glb&gg?%% rgfé@aﬁle#rlg%ér 1?lk\ﬂh%(raetg%on t he pen
tip3is aled. The friction.body.7 fornmed fr soft synthetic,.resinis
at Fached B0 PR slaent sopBich FEERRE & 1 P sy et M Beme oo ¢ a8 ", o
present enbodinment, the thermal conductivity of a friction portion of 20
the fri ctiPOYRTHYavanaes i axioqipipm Wtsﬂﬁ@nse}mwm? e thermochrempicnk, #kd a
friction coefficient of the friction portion of the friction body 7 to the
paper surhpused indhe wkgtaiaee elisder2y tIdebagel 2 bisgryde upref the fivabbarélent > 25 A
third enbodi nent of the present invention will now be described (see Fig.
32 3) 5 Tidapndthemearchdoret 2 htethat are sdiemeengaded vithredch bthenw i Therppnitipst r unent 1
including a witing instrunent main body 2, a cap 6 renovably attached to a
pen tip Qqirotinides owrsidel figm ithesfrontratd thoiwofithd batyel 2 15tk feoritibamre! Dlm)body 7
attached to a rear end of the
[0099]
Aball is held at the front end of the pen tip 3 in a rotatable manner. The
elastic element (a coil spring) 31 is housed in the pen tip 3. The ball is urged
10  forwardly by the elastic element 31, whereby the ball is brought into compressed
contact with an inwardly-facing interior surface of the front end of the pen tip 3.
[0100]
The pen tip seal member 61 made from a soft material is housed in the cap 6.
When the cap 6 is attached to the pen tip side of the writing instrument, the pen tip 3
15  comes into close contact with the pen tip seal member 61, whereupon the pen tip 3 is
sealed. The friction body 7 formed from soft synthetic resin is attached to a mount
hole opened in the top of the cap 6.
{0101]
In the present embodiment, the thermal conductivity of a friction portion of
20  the friction body 7 is ranging from 0.05 W/(m«K) to 1.0 W/(m.K) and a friction
coeflicient of the friction portion of the friction body 7 to the paper surface is ranging
from 0.2 to 1.0.
[0102]
<Third Embodiment>

25 A third embodiment of the present invention will now be described (see Fig.
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5 witing instrument main body 2. A thernochromic ink 4 is stored in the
witing instrunent main body 2 and is supplied fromthe pen tip 3. A
thernochromic image or handwiting is formed on the paper surface as a
result of the pentip 3 of the witing instrunment main body 2 contacting

t he paper surface. The thernochromc inmage or handwiting can be thermally
di scol ored by rubbing the image or handwiting forned 10 on the paper
surface with the friction body 7. [0103] The witing instrunent main body 2
includes: a pen tip 3 made up of a processed fibrous el ement or a porous
elerrent;3 n ink tank 25 attached to the front end of the pen tip 3 so as to
be novabl'e front and back; a valve 26 that opens as a result of 15 the pen

tip 3 being pressed backwardly; .a _pbarrel 21 holding a rear portjon of the
ink tank 25; dJ§ PECSERt &R Wﬁ&d@drre%ﬁ@wgwwagwwweﬁkmp 118 att ached
to the rear end of the barrel 21. An agitation nmenber 41 is housed in the

i nk t ank a2gritiimguimentrmain dodyrBoritapcth remaviablyt stached tocoprmutin oithey of a
friction portion of the 20 friction body 7 is ranging from0.05 W(mK) to
1.0 W ( mwdjtirgnidstanrhesit cudio body2ahd eifiection teidythatathédtol oreapend oftthe of t he
friction body 7 to the paper surface is ranging fromO0.2 to 1.0. [0105]

<Four §h Evi@tll iEtRimerd madn body 2h AnhadiotBiimioink H & goored énthel vitend | on Wi | | now
be described (see Fig. 33 4). The present enbodinent is directed toward the

Wi ting iipgRinERe HMainlbddyCt tl R Supplicdftdrh Rk pensip 3 MEAkhdFRoBhRaY idage? Cap 6
removably attached to a pen tip of the witing instrunment main body 2 and a

friction padiivirifid RGBESed th thlHap&nrtiifasd rebl}fof the pen tip 3 of the writing

instrument main body 2 contacting the paper surface. The thermochromic image or
handwriting can be thermally discolored by rubbing the image or handwriting formed
10 on the paper surface with the friction body 7.

[0103]

The writing instrument main body 2 includes: a pen tip 3 made up of a
processed fibrous element or a porous element; an ink tank 25 attached to the front end
of the pen tip 3 so as to be movable front and back; a valve 26 that opens as a result of

15  the pentip 3 being pressed backwardly; a barrel 21 holding a rear portion of the ink
tank 25; and a friction body 7 made up of soft synthetic resin attached to the rear end
of the barrel 21.  An agitation member 41 is housed in the ink tank 25.
[0104]
In the embodiment, the thermal conductivity of a friction portion of the
20  friction body 7 is ranging from 0.05 W/(m-K) to 1.0 W/(m.K) and a friction coefficient
of the friction portion of the friction body 7 to the paper surface is ranging from 0.2 to
1.0.
[0105]
<Fourth Embodiment™>

25 A fourth embodiment of the present invention will now be described (see Fig.
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5 witing instrument main body 2. The thernmochromic ink is stored in the
witing instrunment main body 2 and the thernochromc ink is emtted from

the pentip 3. A

t hernochrom ¢ image or handwiting is forned on the paper

surface as a result of the pen tip 3 of the witing instrument main body 2
contacting the paper surface. The thernochromc imge or handwiting can be
thermal |y di scolored by rubbing the 10 i mage or handwiting fornmed on the

paper surface wt
body 2 incl udes:

h the friction body 7. [0106] The writing instrument main
the pen tip 3 forned froma processed fibrous elenent or a

por ous elﬁmnt; a pen tip holder 22 that holds the pen tip 3; a barrel 21

whi ch 15 has the
an i nk absor bi

pen tip holder 22 at a front end thereof and acconmobdat es

el enent, 27 therein; d a.frictjion. body 7 that j.s attached
fo the rear end temrestt abodiments Sirfred ity e itigineRtedtl ibulifiner i ¢
resin. The ink absorbing elenment 27 is formed froma nenber having
cont i nuosWHHR HIsramgnt mainogy @53 £8P ¢ reInRNablattacaed tompen t3p gbtsus nateri al

such as a porous

foam) and the ink absorbing element 27 is 20 inpregnated

wi t h t herwidtg ingirempniknaip bpdy 2 agd @ foetiemeodyehattacpedtq theceasgad pthet o a  front
end of the ink absorbing element 27. The friction body 7 is attached to an
ext eriSor wmtidgmstrathert manbodnd. oThe Hermachremi@ibkhy stbredtinnlye writinge fricti on

body and the rear

end of the barrel are forned integrally by coinjection

nol di ng. ip&hidnt ndin bodyt Dendiheskérinoehtoadlt ks enditted frbmrth@pecapducii vity of a

friction portion

of 34 the friction body 7 is ranging from0.05 W(mK) to

1.0 W (mKrnierainit itnGhd Shand@Sitihk 4 Ritte®bn thtCpdpet GlrfARE aPATéduftbfthe t hE

friction body 7 t

o the paper surface is ranging fromO0.2 to 1.0. [0108]

pen tip 3 of the writing instrument main body 2 contacting the paper surface. The

thermochromic image or handwriting can be thermally discolored by rubbing the

10  image or handwriting formed on the paper surface with the friction body 7.

[0106]

The writing instrument main body 2 includes: the pen tip 3 formed from a

processed fibrous element or a porous element; a pen tip holder 22 that holds the pen

tip 3; a barrel 21 which

15  has the pen tip holder 22 at a front end thereof and accommodates an ink absorbing

element 27 therein; and a friction body 7 that is attached to the rear end of the barrel

21 and that is formed from soft synthetic resin. The ink absorbing element 27 is

formed from a member having continuous pores (e.g., a processed fibrous element and

a porous material such as a porous foam) and the ink absorbing element 27 1s

20  impregnated with thermochromic ink. A rear end of the pen tip 3 is connected to a

front end of the ink absorbing element 27. The friction body 7 is attached to an

exterior surface of a rear end of the barrel 21 by fitting or the friction body and the rear

end of the barrel are formed integrally by coinjection molding.

[0107]

25 In the present embodiment, the thermal conductivity of a friction portion of
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5 <Fifth Enbodinent> A fifth enbodi mrent of the present invention will now be
described (see Fig. 5). The present enbodinent is directed toward the
witing instrument 1 including a pen tip 3 attached to the front end of the
writing instrument main body 2 and a 10 friction body 7 attached to the rear
end of the witing instrunent main body 2. The thernochromic ink 4 is
stored in the witing instrunent main body 2 and supplied fromthe pen tip
3. A thernochromc image or handwiting is formed on the paper surface as a
result of the pen tip 3 of the witing instrunment nmain body 2 contacting the

paper sur . : ) io@‘%ﬂ ek .thermal |y

di scol oréﬁgt‘thg‘E}LZﬁgﬂg‘ﬂg%ﬂ"gge orRﬁngfﬁgivﬂvsral ?tg Wg&'f%??r%gggﬁa{ e paper
surface with th riction bod 0109 T iting instrunent main body
> et uasebgiedtal e EidsR porRR of b O GRhgd iethe bt shifEee Fibind o ol der
22 hol di Eg th3 pen tip 3; an ink reservoir 28 having 20 the pen tip hol der
22 at a p. éﬁ&-Q-hereof; and an ink tank 25 that has the ink reservoir 28
at a front end thereof and that directly stores the thernochromc ink 4.

The ink reservf?¥0828 is a nenber that is interposed between the pen tip 3
and the ink tank 25 and that tenporarily retains overflow ng ink resultant
from an i ncr eas®ifimEmbediment™®r nal pressure of the ink tank 25. A conb-shaped

menber is adopted for the ink 25 reservoir. The friction body 7 is forned
froma soft sy figh embodigient afte prdsantiaderition wifl noheba daeribedi(sBoFig, of the ink

tank 25. [0110] In the present enbodi nent, the thermal conductivity of a
fricti onsg_orti on of the friction body 7 is ranging from0.05 W(mK) to 1.0
W(mK) and a friction
The present embodiment is directed toward the writing instrument 1 including
a pen tip 3 attached to the front end of the writing instrument main body 2 and a
10 friction body 7 attached to the rear end of the writing instrument main body 2. The
thermochromic ink 4 is stored in the writing instrument main body 2 and supplied
from the pentip 3. A thermochromic image or handwriting is formed on the paper
surface as a result of the pen tip 3 of the writing instrument main body 2 contacting the
paper surface. The thermochromic image or handwriting can be thermally discolored
15 by rubbing the image or handwriting formed on the paper surface with the friction
body 7.
[0109]
The writing instrument main body 2 includes: a pen tip 3 formed from a
ball-point-pen tip; a pen tip holder 22 holding the pen tip 3; an ink reservoir 28 having
20  the pen tip holder 22 at a front end thereof, and an ink tank 25 that has the ink
reservoir 28 at a front end thereof and that directly stores the thermochromic ink 4.
The ink reservoir 28 is a member that is interposed between the pen tip 3 and the ink
tank 25 and that temporarily retains overflowing ink resultant from an increase in the

internal pressure of the ink tank 25. A comb-shaped member is adopted for the ink

25 reservoir. The friction body 7 is formed from a soft synthetic resin and attached to
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5 coefficient of the friction portion of the friction body 7 to the paper
surface is ranging from0.2 to 1.0. [0111] <Sixth Enbodi ment> A sixth
enbodi ment of the present invention will now be described (see Figs. 10 6
and 7). The present enbodinent is directed toward a witing instrunent set
having the witing instrunent 1 and the friction body 7. The thernochromc
ink 4 is stored in the witing instrunment 1 and supplied fromthe pen tip
3. Athernochromic image or handwiting is forned on the paper surface as a
result of the pen tip 3 of the witing 15 instrunent 1 contacting the paper

surface. ﬁgpfﬁ%@hﬁ%ﬂg%% %ﬂﬁ%l or handwiting can be thermally discolored

by rubbi € or ng formed on the paper surface with the
friction body Oblg)gllz] The witing instrument 1 is nade up of the witing
i nstrunent nai y 2 20 which has the pen tip 3 at the front end thereof
and stores the _thernochronic_ink 4 and the cap 6 rempvably attached to the
pen tip side oflnthepragent embodiment, &h@ﬁh@rrﬁadﬁﬁnwyltz of a fietiosi porHan @f i t i ng

i nstrunment mai n body 2 includes: pen tip 3 made up of a ball-point-pen
tip, a pdhe frigiondoder igrangmadhon§. QSh‘é’/(m,-K)ttqlpOQN{(m-l%l)ﬁadiaéilcmm front end
25 thereof, an ink storage cylinder 23 to which the pen tip holder 22 is

fi xed>5at dolaﬁiciemnf thedrietich pdraoe of thetfhietidrabddypl toghl paperatirface Bramgited t o an
opening formed in a rear end of the ink storage cylinder 23 and has a
ventil at ifagim@Red N@; and a barrel 21 acconmopdating the ink storage cylinder
23. The thernochromic ink 4 and the followi ng elenent 5, which is disposed
at the rear enqopfijthe thernmochromc ink 4 and forwardly advances

<Sixth Embodiment>
A sixth embodiment of the present invention will now be described (see Figs.
10 6and7).

The present embodiment is directed toward a writing instrument set having
the writing instrument 1 and the friction body 7. The thermochromic ink 4 is stored
in the writing instrument 1 and supplied from the pentip3. A thermochromic image
or handwriting is formed on the paper surface as a result of the pen tip 3 of the writing

15  instrument 1 contacting the paper surface. The thermochromic image or handwriting
can be thermally discolored by rubbing the image or handwriting formed on the paper
surface with the friction body 7.

[0112]

The writing instrument 1 is made up of the writing instrument main body 2

20  which has the pen tip 3 at the front end thereof and stores the thermochromic ink 4 and
the cap 6 removably attached to the pen tip side of the writing instrument main body 2.

[0113]

The writing instrument main body 2 includes: a pen tip 3 made up of a
ball-point-pen tip, a pen tip holder 22 to which the pen tip 3 is fixed at the front end

25  thereof, an ink storage cylinder 23 to which the pen tip holder 22 is fixed at the front
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5 in association with consunption of the thernochromc ink 4, are housed in
the ink storage cylinder 23. The barrel 21 is nade up of the front barrel
21 a and the rear barrel 21b that are screw engaged with each other. The
pen tip 3 protrudes outside fromthe front-end hole of the barrel 21 (the
front barrel 2l1la). [0114] 10 A ball is held at the front end of the pen tip
3in arotatable manner. The elastic elenent (a coil spring) 31 is housed
in the pen tip 3. The ball is urged forwardly by the elastic el enment 31,
whereby the ball is brought into conpressed contact with an inwardly-facing

interior I f. ks I : pen tip
seal menbe?allFi tl%e?&%‘h eet{n?gl#kaﬁ gg?tﬁ 9%%?%? ?gkf al?gﬁ‘brﬁl%dg%)gm{e%Er?%%%géégf&%men t he
cap 6 is.attached to,t n_ti ide of the witing . jnhstrunment, .the pen tip
5P comes iheFesR Gulifies 43 B et b Reiefiotipdhite Sd b bRRRLAPASRERAHEEL o T e
pen tip 3.is  sealed., [0116] .20 The outwar, rotrusigon 71 i s provided on
Phe oxt erihb kst oliticr fThectﬂlPr@wc%Efaw ink § s folloming dementsynt het i ¢
resin. The friction body 7 is attached to the front end of the friction
body hol dehicigis drsposed atcthe sar pedipf thelthrsmoghrogmie inki hand foawardtyiadveaces nwar d
protrusion 81 is fornmed on the interior surface of the front end of the

fri ctiSon inlswubgiahioh sath. coihenptmmerithe thewaochrpmet ink 3, ereshadited ixltheink engaged
with each other in a 25 clinbing nanner, thereby preventing renoval of the

friction sperdye oylinder723. 0 IMhé]bardeh2t iempdeanest the fildatbarml 2] a hhié theresmmal
conductivity of a friction portion of the friction body 7 is ranging from

0,08 11 e 5, i i il san, nepi oot o o
from the front-end hole of the barrel 21 (the front barrel 21a).
fo114]

10 Aball is held at the front end of the pen tip 3 in a rotatable manner. The
elastic element (a coil spring) 31 is housed in the pentip 3. The ball is urged
forwardly by the elastic element 31, whereby the ball is brought into compressed
contact with an inwardly-facing interior surface of the front end of the pen tip 3.

[0115]

15 The pen tip seal member 61 made from a soft material is housed in the cap 6.
When the cap 6 is attached to the pen tip side of the writing instrument, the pen tip 3
comes into close contact with the pen tip seal member 61, whereupon the pen tip 3 is
sealed.

[0116]

20 The outward protrusion 71 is provided on the exterior surface of the friction
body 7 formed from a soft synthetic resin. The friction body 7 is attached to the front
end of the friction body holder 8. The friction body holder 8 is cylindrical and the
inward protrusion 81 is formed on the interior surface of the front end of the friction

body holder. The inward outward protrusions 81, 71are engaged with each other in a

25  climbing manner, thereby preventing removal of the friction body 7.
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5from0.2 to 1.0. [Exanples] [0118] Table 1 shows results of tests for

t hermochrom sm property when thernochrom c handwiting fornmed in

t hernochrom ¢ i nk was rubbed under the 10 certain values of (x WV)/A, which
is given by arbitrary selecting values of a friction coefficient p. between
the friction body and the paper surface; vertical load W(N) inparted to

t he paper surface by the friction body during frictional notion; velocity
V(m's) at which the friction body travels over the paper surface during
frictional notion; and a contact area A (cnR) at which the friction body
contacts the pﬁﬂ_ﬁ 15 surface during frictional nmotion. In the tests, a
total of four ypel of friction bodies consisting of (tw types of)

t - based ' L] ' d I I ' d. |
the tests,  thdt RSCRFSH Enveaiagy i Betmef Rendiety et 8 1o metionat havi ng a
di I ' hi gh- ' f di I ' f
C vas. rukction 56 sRBeerr ST REFE) it | S3VRmak) W BXGIORI | 1y of types

of friction bodies. Evaluations of thernochromsmin the table are as
fol | ows: cpefficigntionthe fiiefionaperiien of thy fid¢tinndiady ddtoithe papen awifacei ipipnging
essentially discolored I111: Handwiting was slightly discolored 25 |V:
Handwbi t ifrogn 0@rtailrled conpl etely undi scolored 38 [0119] Table 1 test No W
VA(XxwxvVv) / Athernochromsm ‘

[Examples]

[0118]

Table 1 shows results of tests for thermochromism property when
thermochromic handwriting formed in thermochromic ink was rubbed under the

10 certain values of (uxWxV)/A, which is given by arbitrary selecting values of a friction
coefficient | between the friction body and the paper surface; vertical load W (N)
imparted to the paper surface by the friction body during frictional motion; velocity
V(m/s) at which the friction body travels over the paper surface during frictional
motion; and a contact area A (cm?) at which the friction body contacts the paper

15  surface during frictional motion.

In the tests, a total of four types of friction bodies consisting of (two types of}
styrene-based resin, silicone resin and polypropylene resin were used. 1In the tests,
thermochromic handwriting formed in thermochromic ink having a discoloration
temperature (a high-temperature point of discoloration) of 45 °C was rubbed at an

20 ambient temperature of 25 °C with a plurality of types of friction bodies.

Evaluations of thermochromism in the table are as follows:

I: Handwriting was totally discolored

II: Handwriting was essentially discolored

II1: Handwriting was slightly discolored

25 IV: Handwriting remained completely undiscolored
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No. 1 0.283 0.98 0.1 0.0251.11V 2 0.780 1.96 0.1 0.071 2.2 1V 3 0.780

-2.94 0.1 0.071 3.2 1V 4 0.476 1.96 0.1 0.022 4.2 11 5 0.780 4.90 0.1 0.071
5.4 11 6 0.476 2.96 0.1 0.024 5.9 1 7 0.497 3.92 0.1 0.027 7.2 11 8 0.497
4.90 0.1 0.031 7.91 9 0.283 3.92 0.2 0.025 8.9 11 10 0.283 2.94 0.3 0.025
10.0 I'l 11 0.283 4.90 0.2 0.025 11.1 1 12 0.476 0.98 0.5 0.019 12.3 | 13

0.780 2.94 0.4 0.071 12.9 | 14 0.497 3.92 0.2 0.027 14.4 | 15 0.476 4.90
0.2 0.031 15.0 | 16 0.497 4.90 0.2 0.031 15.7 | 17 0.476 2.94 0.3 0.025
16.8 | 18 0.497 2.94 0.3 0.025 17.5 1 19 0.780 5.88 0.3 0.071 19.4 | 20
0.283 5.88 0.3.0.025 20.0 | 21 0.497 3.92 0.3 0.027 21.6 | 22 0.283 3.92
0.5 0.025 22.2[0119b3 0.476 4.90 0.3 0.031 22.6 | 24 0.497 4.90 0.3 0.031
23.6 | 25 0.476 5.88 0.3 0.034 24.7 |

Table 1
test .
No. i W v A (Lxwxv)/ A | thermochromism

1 0.283 | 098 0.1 0.025 1.1 v
2 0.780 | 196 0.1 0.071 2.2 v
3 0.780 | 294 0.1 0.071 32 v
4 0476 | 196 0.1 0.022 42 I
5 0.780 | 4.90 0.1 0.071 54 I
6 0.476 | 2.96 0.1 0.024 59 I
7 0497 | 392 0.1 0.027 72 I
8 0.497 | 490 0.1 0.031 79 I
9 0283 | 392 02 0.025 8.9 11
10 0283 | 294 0.3 0.025 10.0 I
11 0283 | 490 0.2 0.025 11.1 1
12 0476 | 098 05 0.019 12.3 I
13 0780 | 2.94 04 0.071 12.9 I
14 0497 | 392 0.2 0.027 14.4 I
15 0476 | 4.90 0.2 0.031 15.0 I
16 0.497 | 490 02 0.031 15.7 I
17 0476 | 294 03 0.025 16.8 I
18 0497 | 2.94 03 0.025 17.5 {
19 0.780 | 5.88 03 0.071 194 I
20 0.283 | 5.88 03 0.025 20.0 1
21 0497 | 392 0.3 0.027 21.6 I
22 0283 | 392 0.5 0.025 22.2 I
23 0476 | 4.90 0.3 0.031 226 1
24 0497 | 490 03 0.031 23.6 I
25 0476 | 5.88 03 0.034 247 I
26 0.497 | 5.88 03 0.034 25.8 I
27 0.780 | 490 0.5 0.071 26.9 I
28 0497 | 3.92 0.4 0.027 28.9 I
29 0.476 2.94 0.5 0.024 292 1
30 0.497 2.94 0.5 0.025 29.2 1
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26 0.497 5.88 0.3 0.034 25.8 | 27 0.780 4.90 0.5 0.071 26.9 1 28 0.497
3.92 0.4 0.027 28.9 1 29 0.476 2.94 0.5 0.024 29.2 1 30 0.497 2.94 0.5
0.025 29.2 1 39 [0120] Table 2 shows results of tests for thernochrom sm
property when thernochrom c handwiting formed in thernmochrom c ink was
rubbed under the <certain values of /A which is given by arbitrary

sel ecting values of a friction 5 coefficient between the friction body and
t he paper surface; and a contact area A (cnR) at which the friction body
contacts the paper surface during frictional notion, and also setting the
vertical |oad ﬁyégininparted to the paper surface by the friction body
during frictio & tion as 4.9N;, and the velocity V(m's) at which the

friction body_trayels over the paper, surface during frictional notion as
0.5 mis. 10 InTie shawsresyls oftats dar th%fmocﬁspﬁaémcnmmwh@h bodi es
consisting of (two types of) styrene-based resin, silicone resin and

pol ypr opesmechremimhandmeiting dermednint hesmogktomic inkhwanmbhedundertedwr i ti ng
formed in thernochrom c ink having a discoloration tenperature (a

hi gh- t enpetah valeepof A, efhich s @dlenrbgtarirprodelething valres ofibfiddiomt an anbi ent
tenperature of 25 Cwith a plurality of types of friction bodies. 15

Eval ust i gadfieient ) betwReh tiefirgtion Bodyhand tAb bepeisarface; hd k @¥htact akea Mandwri ti ng
was totally discolored Il: Handwiting was essentially discolored 111:

Handwr i t (&6F) WewhithitB frictio 6589 Lontaéts thé: papenaitfacé HBSng AlongmsGem! et el y
undi scol ored 40

and also setting the vertical load W (N) imparted to the paper surface by the friction

body during frictional motion as 4. 9N; and the velocity V(m/s) at which the friction

body travels over the paper surface during frictional motion as 0.5 m/s.

10 In the tests, a total of four types of friction bodies consisting of (two types of)
styrene-based resin, silicone resin and polypropylene resin were used. In the tests,
thermochromic handwriting formed in thermochromic ink having a discoloration
temperature (a high-temperature point of discoloration) of 45 °C was rubbed at an
ambient temperature of 25 °C with a plurality of types of friction bodies.

15 Evaluations of thermochromism in the table are as follows:

I: Handwriting was totally discolored
IT: Handwriting was essentially discolored
ITI: Handwriting was slightly discolored

IV: Handwriting remained completely undiscolored
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[
0
3
0
0

0
0

0121] Table 2 test No. A / A thernochromsm 1 0.283 0.283 1.01V 2

. 476
.01
. 283
. 073
16
. 780
. 025

0.317 1.5 11 3 0.476 0.238 2.0 11 4 0.476 O.
6 0.476 0.136 3.5 1 7 0.283 0.071 4.011 8
0.057 5.0 1 10 0.283 0.051 5.5 1 11 0.283 0.
6.51 13 0.780 0.111 7.0 1 14 0.497 0.066 7.
0.497 0.058 8.6 1| 17 0.476 0.053 9.0 1 18 O.
0.078 10.0 I 20 0.283 0.027 10,5 1 21 0.497
11.3 1 23 0.476 0.040 11.9 |
[0121]
Table 2
test No. n A p/A | thermochromism

1 0.283 0.283 1.0 v

2 0.476 0.317 1.5 I

3 0.476 0.238 20 Il

4 0.476 0.190 25 i

5 0.780 0.260 3.0 I

6 0.476 0.136 35 I

7 0.283 0.071 40 Il

8 0.476 0.106 4.5 I

9 0.283 0.057 5.0 I

10 0.283 0.051 5.5 I

11 0.283 0.047 6.0 I

12 0.476 0.073 6.5 I

13 0.780 0.111 7.0 I

14 0.497 0.066 1.5 I

i5 0.476 0.060 79 {

16 0.497 0.058 8.6 I

17 0.476 0.053 9.0 I

18 0.497 0.052 9.6 |

19 0.780 0.078 10.0 |

20 0.283 0.027 10.5 |

21 0.497 0.045 11.0 I

22 0.283 0.025 11.3 I

23 0.476 0.040 11.9 I

24 0.497 0.040 12.4 |

25 0.476 0.037 12.9 I

26 0.497 0.037 134 1

27 0.780 0.056 139 I

28 0.497 0.034 14.6 I

29 0.476 0.032 14.9 I

30 0.497 0.032 15.5 I
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190 2.5 1 5 0.780 0.260
0.476 0.106 4.5 1 9
047 6.0 I 12 0.476

51 15 0.476 0.060 7.9
497 0.052 9.6 | 19
0.045 11.0 I 22 0.283



24 0.497 0.040 12.4 1 25 0.476 0.037 12.9 1 26 0.497 0.037 13.4 1 27
0.780 0.056 13.9 1 28 0.497 0.034 14.6 1 29 0.476 0.032 14.9 1 30 0.497
0.032 15.5 1 41 [0122] Table 3 shows results of tests for thernochrom sm
property when thernochrom c handwiting formed in thernmochrom c ink was
rubbed under the certain values of (xWV)/A, which is given by arbitrary
selecting values of a friction 5 coefficient between the friction body and
t he paper surface; vertical load W(N) inparted to the paper surface by the
friction body during frictional notion; velocity V(nls) at which the
friction body travels over the paper surface during frictional notion; and
a contact ar ea[Qal28]:m) at which the friction body contacts the paper
surface during frictional notion. 10 In the tests, a total of five types of
friction bodi edadedshews regulss of teste farythermashiomismypreprstybeberd resin, silicone
resin, polypropylene resin and iron were used. In the tests, thernochromc
handwr i t ibegmbchromic handhrdingdohmehinghérmochmnio gnkawals mibbedunmdeardlee  t enper at ur e
(a high-tenperature point of discoloration) of 60 C was rubbed at an

anbi ent temgekalues 6f @ixWRVIEZAWWhIThds Riveh &Y iatditradfy stemﬁﬁ% Qaluk¢ bLd frivhioRodi es. 15
Eval uati ons of thernochromsmin the table are as follTows: |[|: Handwiting

ﬁf} ds\ﬂ ?:c%égﬁigflggﬁg :b?taﬁtéf ;t/ﬂefﬂgﬁlgfg?%%&ﬁﬂth%ﬁp&%ﬁ&%é; bitkalog W @ypd 111:
imparted to the paper surface by the friction body during frictional motion; velocity
V(m/s) at which the friction body travels over the paper surface during frictional
motion; and a contact area A (cm®) at which the friction body contacts the paper
surface during frictional motion.

10 In the tests, a total of five types of friction bodies consisting of (two types of)
styrene-based resin, silicone resin, polypropylene resin and iron were used. In the
tests, thermochromic handwriting formed in thermochromic ink having a discoloration
temperature (2 high-temperature point of discoloration) of 60 °C was rubbed at an
ambient temperature of 25 °C with a plurality of types of friction bodies.

15 Evaluations of thermochromism in the table are as follows:

I. Handwriting was totally discolored
1I: Handwriting was essentially discolored
ITI: Handwriting was slightly discolored

IV: Handwriting remained completely undiscolored
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| V: Handwriting remained conpletely undiscolored 42 [0123] Table 3 test
No. WV A( xwxv) / Athernochromsm 1 0.121 2.94 0.1 0.031 1.1 1V 2
0.780 1.96 0.1 0.074 2.1 1V 3 0.283 2.94 0.1 0.025 3.31V 4 0.780 3.92 0.1
0.074 4.1 1V 50.780 0.98 0.5 0.075 5.2 1V 6 0.497 2.94 0.1 0.025 5.8 |V
7 0.497 3.92 0.1 0.027 7.2 1V 8 0.497 4.90 0.1 0.031 7.9 1V 9 0.283 1.96
0.4 0.025 8.9 1V 10 0.283 2.94 0.3 0.025 10.0 IV 11 0.283 1.96 0.5 0.025
11.1 1V 12 0.476 0.98 0.5 0.019 12.3 Il 13 0.780 2.94 0.4 0.071 12.9 I11
14 0.497 3.92 0.2 0.027 14.4 111 15 0.476 4.90 0.2 0.031 15.0 Il 16 0.497
4.900200310111337II 17 0.476 2.94 0.3 0.025 16.8 Il 18 0.497 2.94 0.3
0.025 17.5 11 [ b.780 5.85 0.3 0.072 19.0 1 20 0.283 5.88 0.3 0.025 20.0
1 21 0.497 3.92 0.3 0.028 20.9 |1
Table 3
test No. T} w v A (pnxwxv)/ A | thermochromism

1 0.121 2.94 0.1 0.031 1.1 v

2 0.780 1.96 0.1 0.074 21 v

3 0.283 2.94 0.1 0.025 33 v

4 0.780 3.92 0.1 0.074 4.1 4Y

5 0.780 0.98 0.5 0.075 5.1 v

6 0.497 2,94 0.1 0.025 58 v

7 0.497 3.92 0.1 0.027 7.2 v

] 0.497 4.90 0.1 0.031 7.9 v

9 0.283 1.96 0.4 0.025 89 1\

10 0.283 294 0.3 0.025 10.0 IV

11 0.283 1.96 0.5 0.025 11.1 1\

12 0.476 0.98 0.5 0.019 12.3 I

13 0.780 294 0.4 0.071 12.9 1

14 0.497 392 0.2 0.027 14.4 111

15 0.476 490 0.2 0.031 15.0 II

16 0.497 490 0.2 0.031 15.7 II

17 0.476 2.94 03 0.025 16,8 I

18 0.497 2.94 0.3 0.025 17.5 II

19 0.780 5.85 03 0.072 19.0 I

20 0.283 5.88 0.3 0.025 20.0 I

21 0.497 3.92 0.3 0.028 209 11

22 0.283 4.90 04 0.025 22.2 I

23 0.476 4.92 0.3 0.031 227 I

24 0.497 4.90 0.3 0.031 23.6 I

25 0476 5.88 03 0.034 247 I

26 0.497 5.88 0.3 0.034 258 I

27 0.780 4.90 0.5 0.071 269 I

28 0.497 392 04 0.028 278 I

29 0.476 294 0.5 0.024 29.2 1

30 0.497 2.94 0.5 0.024 30.4 I
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22 0.283 4.90 0.4 0.025 22.2 11 23 0.476 4.92 0.3 0.031 22.7 | 24 0.497
4.90 0.3 0.031 23.6 1 25 0.476 5.88 0.3 0.034 24.7 1 26 0.497 5.88 0.3
0.034 25.8 1 27 0.780 4.90 0.5 0.071 26.9 1 28 0.497 3.92 0.4 0.028 27.8 1|
29 0.476 2.94 0.5 0.024 29.2 1 30 0.497 2.94 0.5 0.024 30.4 | 43 [0124]
Table 4 shows results of tests for thernochrom sm property when

t hermochrom ¢ handwiting forned in thernochrom c ink was rubbed under the
certain values of /A which is given by arbitrary selecting values of a
friction 5 coefficient between the friction body and the paper surface; and
a contact area A (cm at which the friction body contacts the paper surface
during fricti ofHR4hotion, and also setting the vertical load W(N) inparted
to the paper surface by the friction body during frictional notion as 4. 9N,
and t he vel oci Tybl¥@rshews edsulthoftests fie thermutchomisiqugpdrtyawbés over the paper
surface during frictional notion as 0.5 nms. 10 In the tests, a total of

four typéser@bchrbmed handweRihiFor aiaithérnogh@mil inlowhy RBSedlinder $he/r ene- based
resin, silicone resin and pol ypropylene resin were used. In the tests,

ther moChcif BRBCHE A, Mhidoh TR ) - IRRRPRIEARL alu PR g i scol orat] on

tenperature of t enper at ure “poi nt "o oloration) 60 C was rubbed
oo BB G ooy I B BB A 8h sbUREE R 21T
Handwr i t i(gtgz)\g’?%vh}c?lttgé {"r}/ct%in %83'/ (():tr)r?tgcts the paper surface during frictional motion,

and also setting the vertical load W (N) imparted to the paper surface by the friction

body during frictional motion as 4.9N; and the velocity V(m/s) at which the friction

body travels over the paper surface during frictional motion as 0.5 m/s.

10 In the tests, a total of four types of friction bodies consisting of (two types of)
styrene-based resin, silicone resin and polypropylene resin were used. In the tests,
thermochromic handwriting formed in thermochromic ink having a discoloration
temperature of (a high-temperature point of discoloration) 60 °C was rubbed at an
ambient temperature of 25 °C with a plurality of types of friction bodies.

15 Evaluations of thermochromism in the table are as follows:

I: Handwriting was totally discolored
II: Handwriting was essentially discolored

III: Handwriting was slightly discolored

1V: Handwriting remained completely undiscolored
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I1: Handwriting was essentially discolored I1l: Handwiting was slightly
di scolored IV: Handwiting remai ned conpletely undiscolored 44 [0125]
A |/ A thermochromsm 1 0.283 0.283 1.0 1V 2 0.476 0.317
1.51V 3 0.476 0.238 2.0 1V 4 0.476 0.190 2.5 1V 5 0.780 0.260 3.0 1V 6
.476 0.136 3.5 1V 7 0.283 0.071 4.01Vv 8 0.476 0.106 4.5 1V 9 0.283
.057 5.0 1V 10 0.497 0.090 5.5 11

Tabl e 4 test No.

0

0

6.51 13 0.780 0.111 7.0 |
0.497 0.058 8.6 |

0

11 0.476 0.079 6.0 H 12 0.476 0.073
14 0.497 0.066 7.5 H 15 0.476 0.060 7.9 1 16
17 0.476 0.053 9.0 |

18 0.497 0.052 9.6 1 19 0.780

.078 10.0 | [0125]
Table 4
test No. 1 A p/A | thermochromism
1 0.283 (.283 1.0 v
2 0.476 0.317 1.5 v
3 0476 0.238 2.0 v
4 0.476 0.190 2.5 v
5 0.780 0.260 3.0 v
6 0.476 0.136 3.5 v
7 0.283 0.071 4.0 \Y
g 0.476 0.106 4.5 v
9 0.283 0.057 5.0 v
10 0.497 0.090 55 I
11 0.476 0.079 6.0 i
12 0.476 0.073 6.5 |
13 0.780 0.111 7.0 1
14 0.497 0.066 7.5 I
15 0.476 0.060 7.9 1
16 0.497 0.058 8.6 |
17 0.476 0.053 9.0 1
18 0.497 0.052 9.6 |
19 0.780 0.078 10.0 1
20 0.283 0.027 10.5 I
21 0.497 0.045 11.0 1
22 0.283 0.025 11.3 I
23 0.476 0.040 119 I
24 0.497 0.040 12.4 I
25 0476 0.037 129 I
26 0.497 0.037 134 I
27 0.780 0.056 139 I
28 0.497 0.034 14.6 I
29 0476 0.032 149 I
30 0.497 0.032 155 1
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20 0.283 0.027 10.5 1 21 0.497 0.045 11.0 1 22 0.283 0.025 11.3 1 23
0.476 0.040 11.9 1 24 0.497 0.040 12.4 1 25 0.476 0.037 12.9 1 26 0.497
0.037 13.4 1 27 0.780 0.056 13.9 1 28 0.497 0.034 14.6 I 29 0.476 0.032
14.9 1 30 0.497 0.032 15.5 1 45 [0126] Wile the invention has been
described in connection with the exenplary enbodinents, it will be obvious
to those skilled in the art that various changes and nodification may be
made therein without departing fromthe present invention, and it 5 is
ai red, therefore, to cover in the appended claimall such changes and
nodi fication as fall within the true spirit and scope of the present
i nventio .12§§ WHAT IS CLAIMED IS: 1. Afriction body which is adapted to rub
a thernochromc image or handwijting formed on a paper surface by use of
t her nochromi ¢ Whilet thet ingentign| has beey; gmmmd tth gonnestiom o¥itho the exereplaryor
handwiting by frictional heat resultant from rubbing, wherein thermnal
conduct i embydiafents, fitr wdl bemwbpmus itorthase skiikedfnithé iacnthboeyriows chaages argl fr om
0.05 W(mK) to 50 W(m K).

modification may be made therein without departing from the present invention, and it

5 is aimed, therefore, to cover in the appended claim all such changes and modifications

as fall within the true spirit and scope of the present invention.
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10 2. The friction body according to claim1, wherein the thernal
conductivity of the friction portion of the friction body is ranging from
0.05 W(mK) to 20 W(mK). 3. The friction body according to claim 2,
wherein 15 the thermal conductivity of the friction portion of the friction
body is ranging from0.05 W(mK) to 10 W(mK). 4. The friction body
according to any one of clains 1 through 3, wherein a friction coefficient
between the friction portion of the friction body and 20 the paper surface
is ranging from0.2 to 1.0. 5. The friction body according to claim 1,

wherein n fricti oefficient between the friction body and the paper
surface %@3@@@@1525 a vertical load inparted to the paper surface by
the friction body when the 47 thernochrom c imge or handwiting on the
paper surface is rubbed with the friction body is defined as W(N); a
velocity at which the friction body travels over the paper surface when the
t her nochidoni ¢ Arfagaorobodyawbivh it adagtedrio ribea hepeoctsomiaiomagesorr ubbed with t he
friction 5 body is defined as V (nfs); and a contact area where the

fricti onhbedrittgfoanédot bpapaperfacibyf aeothemothemit ik wahérnmidiyc | nage or
handwiting on the paper surface is rubbed with the friction body is

defi ned @fcdlof BRRhernfodBrontit %iagHbrtlﬁﬁ&wﬁﬁhgﬁ f§&tiohal BéatrésQRamifrdgx VWKV) / Ad.
10 6. The friction body according to claimb, wherein the friction body

satisfie%%h{gel ation of (x W V)/A > 15.

wherein thermal conductivity of a friction portion of the friction body is

ranging from 0.05 W/(m.K) to 50 W/(m.K).

10 2 The friction body according to claim 1, wherein
the thermal conductivity of the friction portion of the friction body is ranging

from 0.05 W/(m.K) to 20 W/(m.K).

3. The friction body according to claim 2, wherein
15 the thermal conductivity of the friction portion of the friction body is ranging

from 0.05 W/(meK) to 10 W/(m.K).

4, The friction body according to any one of claims 1 through 3, wherein
a friction coefficient between the friction portion of the friction body and

20  the paper surface is ranging from 0.2 to 1.0.

. The friction body according to claim 1, wherein
when a friction coefficient between the friction body and the paper surface is

defined as

25 a vertical load imparted to the paper surface by the friction body when the
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7. The friction body according to claim5, wherein 15 the friction body
satisfies a relation of (xWV)/A <_ 2000. 8. The friction body according to
claim5, wherein the load Wis selected froma range from0.9 Nto 10 N, and
the contact area Ais selected froma range fromO0.005 cn2 to 0.3 cn2. 20
9. The friction body according to claim5, wherein, when frictional notion
is manual ly perfornmed, the velocity Vis selected from a range fromO0.1 nis
to 1.0 ms. 25 10. The friction body according to claim1l wherein, 48 when
a vertical load Winparted to the paper surface by the friction body when
the thernochrom c inmage or handwiting on the paper surface is rubbed with
the fri chermnclivonyc insagsetr handvmting @\the paperssuvfatoisiruybed with ee friotiome friction
body travel s over the paper surface when the 5 thernochrom c imge or
handwr i t body Briefihed paefN)sur f ace is rubbed with the friction body is set to
be 0.5 nm's, and a friction coefficient between the friction body and the

paper surface pselodR} afRHicBthe friktiEn Bo@PithAds over Ue YAIRF Surft@ WitdnGhdé On body
contacts the paper surface when the 10 thernochrom c image or handwriting

on the papg owﬁmﬁ%ﬁyargﬁg{?@gfi@g&aﬁ?z)lagér! sSiHa0is B0 Wit fR/fRAG, 25 A

(cnR), the triction tion o _ 11. The
frictigon,hod cok dj tQ. im10, wherein 15 the friction body satisfies
a rel gti 88&6?5 ‘%ﬁge_é gé 0%5]/8 Aecfifri ction body according to claim 10, wherein
a contact area where the friction body contacts the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction

body is defined as A (cm?),

the friction body satisfies a relation of (WxWxV)/A > 4,

10
6. The friction body according to claim 5, wherein
the friction body satisfies a relation of (uxWxV)/A > 15.
7. The friction body according to claim 5, wherein
15 the friction body satisfies a relation of (uxWx VYA < 2000.
8 The friction body according to claim 5, wherein
the load W is selected from a range from 0.9 N to 10 N, and
the contact area A is selected from a range from 0.005 cm? to 0.3 cm®.
20
9. The friction body according to claim 5, wherein,
when frictional motion is manually performed, the velocity V is selected from
arange from 0.1 m/s to 1.0 m/s.
25 10 The friction body according to claim 1 wherein,
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the friction body satisfies a relation of /A s 200. 20 13. The friction
body according to claim 10, wherein the contact area Ais selected froma
range from0.005 cnR2 to 0.3 cnR2. 14. Awiting instrunent conprising: the
friction body defined in any one of clainms 1 through 13; and 25 a

t hermochrom c ink which is adapted to be flowed out. 49 15. The witing
instrunment according to claim 14, conprising: a witing instrunment main
body; the thernochrom c ink incorporated in the witing instrunent min
body; and 5 a pen tip made up of a ball-point-pen tip and capabl e of
supplying the thernmochromic ink, the pen tip being provided at a front end
of the witingWheist vertigslload ¥y imnsgiag to ﬁﬁd}aéfﬁfrﬁuﬂ'ff%e g}’ tha frisonbady i s provi ded
at a rear end of the witing instrunent nmain body. 10 16. The witing

i nst r umewhemthedhetmoghromic imagn arhiandwnting on ity papar surfacengrubhed withghe nai n
body; the thernochrom c ink incorporated in the witing instrunent main
body; afrptionthiogy resdetaime ©9Naadshl | - poi nt-pen tip and capabl e of supplying
the 15 thernmochromic ink, the pen tip being provided at a front end of the

Wi ting i nstrugeélbeity Wiah whidhithe fidliod Hodynabls @veirthe papetisdeflceivhen RN ti p
side of the witing instrument main body, wherein the friction body is

provi dedygim&chORicinalB ®r f&RIwritag on the paper surface is rubbed with the friction
body is set to be 0.5 m/s, and
a friction coefficient between the friction body and the paper surface is
defined as y; and
a contact area where the friction body contacts the paper surface when the
10  thermochromic image or handwriting on the paper surface is rubbed with the friction

body is defined as A (cmz),

the friction body satisfies a relation of W/A > 1.5.

11. The friction body according to claim 10, wherein
15 the friction body satisfies a relation of W/A > 6.
12. The friction body according to claim 10, wherein

the friction body satisfies a relation of p/A < 200.

20 13 The friction body according to claim 10, wherein

the contact area A is selected from a range from 0.005 cm? to 0.3 em’.

14. A writing instrument comprising:
the friction body defined in any one of claims 1 through 13; and

25 a thermochromic ink which is adapted to be flowed out.
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17. The witing instrunent according to claim 14, conprising: a pen tip nade
of a processed fibrous elenent or a porous elenent which is capable of
supplying the thernmochromic ink; a witing instrunment nmain body conprising:
25 an ink tank which stores thernmochromic ink and to which the pen tip 50
is attached so as to be novabl e back and forward; and a val ve nmechani sm

whi ch opens when the pen tip is pressed rearward; and a renovabl e cap
provided at the pen tip side of the witing instrument nmain 5 body, wherein
the friction body is provided at a rear end of the witing instrunent main
body or a top of the cap. 18. The witing instrunment according to claim 14,
conprising: 10 a witing instrunent main body conprising: an ink absorbing
el enent which is made of an el ement having continuous pores and i npregnated
wi t h t hel$ her nDkdweiting instigreAtaceorling to glainhi 4; eohtprisiagde of a processed
fibrous elenment or a porous elenent, which is connected to the ink

absor bi ng el eng%tlggqnmhgﬁtﬁﬁgmdd@s the 15 thernochrom c ink; and a
renovabl e cap provided at a pen tip side of the witing instrument main

body, wherein ﬁl@?%éﬂé‘lo%foﬂﬂ Hﬂ(q}{cdrg?ﬁfeﬁ 1h(iJﬁéjwﬁ§8§ ir&%m?ﬂ{‘ﬁaﬂlf bddySa | L1 Ng

i nstrument mal n or t etop e cap e witin |nstrurrent

accoréj ing clai mp{-::er1 tip he Ellpso'fa%all -point-pen tip and capable of supplying the

thermochromic ink, the pen tip being provided at a front end of the writing instrument
main body,
wherein the friction body is provided at a rear end of the writing instrument
main body.
10
16. The writing instrument according to claim 14, comprising:
a writing instrument main body;
the thermochromic ink incorporated in the writing instrument main body;
a pen tip made up of a ball-point-pen tip and capable of supplying the
15  thermochromic ink, the pen tip being provided at a front end of the writing instrument
main body; and

a removable cap provided at a pen tip side of the writing instrument main

body,
wherein the friction body is provided at a top of the cap.
20
17. The writing instrument according to claim 14, comprising:
a pen tip made of a processed fibrous element or a porous element which is
capable of supplying the thermochromic ink;
a writing instrument main body comprising:
25 an ink tank which stores thermochromic ink and to which the pen tip

50



a witing instrunment main body conprising: a pen tip nmade up of a

bal | - point-pen tip which supplies the thernochromc ink; 25 an ink tank
storing the thernochromc ink; and 51 an ink reservoir which is interposed
between the pen tip and the ink tank and which tenporarily holds
overflow ng ink when an internal pressure of the ink tank increases; and a
renovabl e cap provided at a pen tip side of the witing instrunment main 5
body, wherein the friction body is disposed at a rear end of the witing
instrument main body or a top of the cap. 20. A witing instrunent set
conprising: 10 the friction body defjined in any one of clains 1 through 13;
and a wlstqtﬁq@‘qdrﬁé’talslﬁ?rbﬁfn%li’%%a?lhéd e¥atdeanding supplies the thernochronic
ink. 21. Afriction body which is adapted to rub a thernochrom c i nage or
handwriting formed oxvalvpmeehanium wdich openswhenthepesrtipospressed i nk to
thermally 15 discolor the thernochrom c image or handwiting by frictiona
heat reswdatwantl; indom rubbi ng, wherein when a friction coefficient between
the friction body and the paper surface is defined as .t; a vertical |oad
i nparted to thgrénpabledapipaeadayatithepéd iig tide of troyritdCinstri@ent2@ain

t hernochrom c i mage or handwiting on the paper surface is rubbed with the
frictséony,fpody is defined as W(N); a velocity at which the friction body
travel s over the paper surface when the thernmochronmic image or handwiting

on the paper syflagemk Frildtiisdy s povidiQ ot hirér'eBH of the writing instrument

main body or a top of the cap.

18. The writing instrument according to claim 14, comprising:
10 a writing instrument main body comprising:
an ink absorbing element which is made of an element having
continuous pores and impregnated with the thermochromic ink and
a pen tip which is made of a processed fibrous element or a porous
element, which is connected to the ink absorbing element and which supplies the
15  thermochromic ink; and
a removable cap provided at a pen tip side of the writing instrument main
body,
wherein the friction body is provided at a rear end of the writing instrument

main body or the top of the cap.

20
19. The writing instrument according claim 14, comprising;
a writing instrument main body comprising:
a pen tip made up of a ball-point-pen tip which supplies the
thermochromic ink;
25 an ink tank storing the thermochromic ink; and
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body is defined as V (nfs); and 25 a contact area where the friction body
contacts the paper surface when the 52 thernochrom c inmage or handwiting
on the paper surface is rubbed with the friction body is defined as A
(cnm), the friction body satisfies a relation of (xWV)/A? 4. 5 22. The
friction body according to claim 21, wherein the friction body satisfies a
relation of (xW V)/A <_ 2000. 23. The friction body according to claim 21,
wherein the friction coefficient between the friction portion of the
friction body and 10 the paper surface is ranging from0.2 to 1.0. 24. The
friction body according,to clai nLZé wherein.the Iogd Wi.s Sxfl ected froma
range fromO0.9 N to ADUKTEISEAURWhCH it utarpoged betrvaen thepentir and thednk r ange
fromO0.005 cn?2 to 0.3 cnR2. 15 25. The friction body according to claim 21,
wher ei n ik and which temppragdy helds peerfiawing ink whenmsintemal pressuselobietipgk v i s
selected from a range fromO0.1 mls to 1.0 ms. 20 26. A friction body which
i s adapt taktincreasbs;antd her nrochromic i nage or handwiting forned on a paper
surface by use of thernmochromic ink to thermally discolor the thernochromc
i mage or handwi témavableycap praidahatia genatp sidsof thamtritingdmtnumddinign Wher ei n
when a vertical load Winparted to the paper surface by the friction body 25
when § heppdier nochrom c i mage or handwiting on the paper surface is rubbed
with the 3 friction body is set to be 4.9N. and

wherein the friction body is disposed at a rear end of the writing instrument

main body or a top of the cap.

20. A writing instrument set comprising;
10 the friction body defined in any one of claims 1 through 13; and

a writing instrument which incorporates and supplies the thermochromic ink.

21. A friction body which is adapted to rub a thermochromic image or
handwriting formed on a paper surface by use of thermochromic ink to thermally
15 discolor the thermochromic image or handwriting by frictional heat resultant from
rubbing, wherein
when a friction coefficient between the friction body and the paper surface is
defined as y;
a vertical load imparted to the paper surface by the friction body when the
20  thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as W (N);
a velocity at which the friction body travels over the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as V {m/s); and

25 a contact area where the friction body contacts the paper surface when the
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a velocity V at which the friction body travels over the paper surface when
the thernmochromc inmage or handwiting on the paper surface is rubbed with
the friction body is set to be 0.5 nms, and 5 a friction coefficient
between the friction body and the paper surface is defined as ; and a
contact area where the friction body contacts the paper surface when the

t hermochrom ¢ i mage or handwiting on the paper surface is rubbed with the
friction body is defined as A (cnR), 10 the friction body satisfies a
relation of /A>_ 1.5. 27. The friction body according to claim 26, wherein
the friction body satisfies a relation of /A<_200. 15 28. The friction body
accor di nthetmochremin if@ge whbangiwritingeonf the papesrsudacs it ngibed twitlthevidetion he
friction portion of the friction body and the paper surface is ranging from
0.2 to 1b&yiggeﬁﬂ'é]ﬁsm'(m2l),on body according to claim 26, wherein 20 the
contact area Ais selected froma range fromO0.005 cn2 to 0.3 cn2. 30. A
friction body WifGhidrbdigantisibstaGelatiBn 3 {iRONVIVGA 271 ¢ i mage or handwriting
formed on a paper surfacé by use of therrmochromc ink to thermally discolor
the thernochrom c inmage or handwiting by frictional heat resultant from 25
rubbi ng, 54 wherein when a friction coefficient between the friction body

and the per face.i g defi ; vertical load inparted to the paper
surfagc.;e g theTﬁéjfr_b llogr}‘i’oé%a@co}ﬁﬂggtcﬁlgtm?P\’e‘?’%@ﬁrom' c image or handwiting on
the paper surf gos ! for Sady waidfes's lifoh LEGLIWRV) A 230 < defined as W(N),

23. The friction body according to claim 21, wherein
the friction coefficient p between the friction portion of the friction body and

10  the paper surface is ranging from 0.2 to 1.0.

24, The friction body according to claim 21, wherein
the load W is selected from a range from 0.9 N to 10 N and

the contact area A is selected from a range from 0.005 cm?® t0 0.3 cm’.

15
25. The friction body according to claim 21, wherein
when frictional motion is manually performed, the velocity V is selected from
a range from 0.1 m/s to 1.0 m/s.
20 26. A friction body which is adapted to rub a thermochromic image or

handwriting formed on a paper surface by use of thermochromic ink to thermally
discolor the thermochromic image or handwriting by frictional heat resultant from
rubbing, wherein

when a vertical load W imparted to the paper surface by the friction body

25  when the thermochromic image or handwriting on the paper surface is rubbed with the
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a velocity at which the friction body travels over the paper surface when
the thernmochromc inmage or handwiting on the paper surface is rubbed with
the friction body is defined as V (ns); and a contact area where the
friction body contacts the paper surface when the 10 thernochrom c image or
handwiting on the paper surface is rubbed with the friction body is
defined as A (cnR), the friction body satisfies a relation of (xWV)/A? 15.
31. The friction body according to claim 30, wherein 15 the friction body
satisfies a relation of (pxWkV)/A <_ 2000. 32 The friction body according
to claim30, wherein the friction coefficient between the friction portion
of the ffrictioh ®6dP ket Bk 4 ONeampper surface is ranging from0.2 to 1.0. 20
33. The friction body according to claim 30, wherein the load Wis sel ected

froma range fJoqpblrPvit WhichkAh&HRARDNIRAY $AVEESVer¥he Paperisirfa&d Rhbethel rom a
range from0. 005 c to 0.3 cnk. 25 347 The friction body according to

claim 30 i &1 10 i i S, [PV fgtg& d, the

vel oci tyt |§&1§% g&?@g%?@%{&%‘ﬁ;ﬂ%@g ?Roé%rgﬂ?%lgﬁn%%f%t%ﬂ . Afriction
body whi hdi.s aﬂag}t @%{t?g rub a thernmochromc imge or 5 handwiting forned
on a papBtBErtdldeny Wee 28t thernochronmic ink to thermally discolor the

t hermpchrom c i e or handwiting by frictional, heat resultant from

r ubbi g, vvherei‘ﬁla Brogiignt Et&ieellEﬂ%f“W?‘h%%‘fYc@Hi@‘BPPPf‘éSﬁéjﬁ%erlssurface by the
friction body when the thernochrom c inage or handwiting on the paper
surface definediabedandth the

a contact area where the friction body contacts the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction

body is defined as A (cm?),

10 the friction body satisfies a relation of y/A > 1.5.

27. The friction body according to claim 26, wherein

the friction body satisfies a relation of u/A < 200.

15 28 The friction body according to claim 26, wherein
the friction coefficient p between the friction portion of the friction body and

the paper surface is ranging from 0.2 to 1.0.

29, The friction body according to claim 26, wherein

20 the contact area A is selected from a range from 0.005 cm? to 0.3 cm’.

30. A friction body which is adapted to rub a thermochromic image or
handwriting formed on a paper surface by use of thermochromic ink to thermally
discolor the thermochromic image or handwriting by frictional heat resultant from

25  rubbing,
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10 friction body is set to be 4.9N, and a velocity V at which the friction
body travel s over the paper surface when the thernochrom c inage or
handwriting on the paper surface is rubbed with the friction body is set to
be 0.5 nms, and a friction coefficient between the friction body and the
paper surface is 15 defined as ; and a contact area where the friction body
contacts the paper surface when the thernochromic inmage or handwiting on

t he paper surface is rubbed with the friction body is defined as A (cn2),
the friction body satisfies a relation of /A >_6. 20 36. The friction body
according to claim35, wherein the friction body satisfies a relation of /A
<_ 200. 37. TRRerkin whéronfriveidy coeffiefett B&ween tHedtibtigibbody@idethe papert he
friction coefficient between the friction portion of the friction body and

56 the pﬁﬂﬁce?ﬁﬂéfﬁ%&a&ﬁ' ranging from0.2 to 1.0. 38. The friction body
according to clalm35, Wherein the contact area Ais selected froma range

f 0. 005 cn? . e i g i Wm]' ing, th
f;iocr?ti on bogy %gﬁ?l?]aélﬁol n gﬁﬁgﬁithgﬁaﬁﬁa%uh@%iﬁ%;ﬁé%ﬁﬁ gﬁ angﬂﬂa239 _ t_ ©
R e N e L S
body; th &h,ernpchc[ OrQVCI\f nk i nco,rporat ed in the witing instrunment main
body;5an§° y 15 detined as W (N);

a velocity at which the friction body travels over the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as V (m/s); and

a contact area where the friction body contacts the paper surface when the

10 thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as A (cm?),

the friction body satisfies a relation of (uxWxV)/A > 15.

31 The friction body according to claim 30, wherein
15 the friction body satisfies a relation of (uxWxV)/A < 2000,
32 The friction body according to claim 30, wherein

the friction coefficient pu between the friction portion of the friction body and
the paper surface is ranging from 0.2 to 1.0.
20
33. The friction body according to claim 30, wherein
the load W is selected from a range from 0.9 N to 10 N and

the contact area A is selected from a range from 0.005 ¢m? to 0.3 cm’.

25 34 The friction body according to claim 30, wherein,
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a pen tip nmade up of a ball-point-pen tip and capabl e of supplying the
thernmochrom c ink, the pen tip being provided at a front end of the witing
instrument 15 main body, wherein the friction body is provided at a rear
end of the witing instrunent main body. 41. The witing instrunment
according to claim39, conprising: 20 a witing instrument main body; the
thernmochrom c ink incorporated in the witing instrunent main body; a pen
tip made up of a ball-point-pen tip and capabl e of supplying the
thernochromic ink, the pen tip being provided at a front end of the witing
instrunment main body; and 25 a renovable cap provided at a pen tip side of
the witing i nshendristionatenotionsiz nipeuglly pgréaraied, theerefacity (V srseleoted fram pr ovi ded
at a top of the cap. 42. The witing instrument according to claim 39,
conpri si ngingb fiwnpén rhispo red@/sof a processed fibrous el ement or a porous

el ement which is capable of supplying the thernochromc ink; a witing

i nstrunment main body conprising: an ink tank which stores the thernochromc
ink and to which the pen tip is attached so as to be novabl e back and

forward; sand 18 faci@ Mgty WEERN S it&%@?ﬁ&n&\’ﬂﬁ&nﬁéﬁna@‘g%“ p is pressed

rearward; and a renovabl'e cap pr ed at e pen tip sirde of the witing

St Rl he A5 o BAS Tulh 1Y U UrHbrROSkobc BHY kel 2 Tar end

discolor the thermochromic image or handwriting by frictional heat resultant from
rubbing, wherein
when a vertical load W imparted to the paper surface by the friction body
when the thermochromic image or handwriting on the paper surface is rubbed with the
10 friction body is set to be 4.9N; and
a velocity V at which the friction body travels over the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is set to be 0.5 m/s, and
a friction coefficient between the friction body and the paper surface is
15  defined as p;, and
a contact area where the friction body contacts the paper surface when the
thermochromic image or handwriting on the paper surface is rubbed with the friction
body is defined as A (cm?),

the friction body satisfies a relation of u/A > 6.

20
36. The friction body according to claim 35, wherein
the friction body satisfies a relation of p/A < 200.
37 The friction body according to claim 35, wherein
25 the friction coefficient p between the friction portion of the friction body and
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15 main body or a top of the cap. 43. The witing instrunment according to
claim39, conprising: a witing instrunent main body conprising: an ink
absorbing el ement which is nade of an el enent having 20 continuous pores
and inpregnated with the thernochromc ink and a pen tip which is made of a
processed fibrous elenment or a porous elenent, which is connected to the

i nk absorbi ng el enent and whi ch supplies the thernochromc ink; and a
renovabl e cap provided at a pen tip side of the witing instrunent main 25
body; 58 wherein the friction body is provided at a rear end of the witing
instrument nmain body or the top of the cap. 44. The witing instrunment
accor di néje ppedryndace s sengingfram 0.2 40w i ting i nstrunent main body
conprising: a pen tip made up of a ball-point-pen tip which supplies the

t hermochrom c ink; an ink tank storing the thernmochrom c ink; and an ink
reservoir which is interposed between the pen tip and the ink 10 tank and
whi ch t e3gor arThe/frizcibalbody edchlding toclaink 3S\helereii | nt ernal pressure of the ink
tank i ncreases; and a renovable cap provided at a pent tip side of the

Wi ting instrUugBebnta&alea RA0elechdiciGthi R frém@ 003 o) 3 8méli sposed at a
rear end of the witing instrunent 15 main body or a top of the cap. 45. A
witiqg instrument set conprising:

39. A writing instrument comprising,
the friction body defined in any one of claims 21 through 38; and

a thermochromic ink which is adapted to be flowed out.

10 40. The writing instrument according to claim 39, comprising;
a writing instrument main body;
the thermochromic ink incorporated in the writing instrument main body; and
a pen tip made up of a ball-point-pen tip and capable of supplying the
thermochromic ink, the pen tip being provided at a front end of the writing instrument
15  main body,

wherein the friction body is provided at a rear end of the writing instrument

main body.
41. The writing instrument according to claim 39, comprising:
20 a writing instrument main body;

the thermochromic ink incorporated in the writing instrument main body;

a pen tip made up of a ball-point-pen tip and capable of supplying the
thermochromic ink, the pen tip being provided at a front end of the writing instrument
main body; and

25 a removable cap provided at a pen tip side of the writing instrument main
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the friction body defined in any one of clains 21 through 38, and a witing
I nstrunent which incorporates and supplies the thernochromc ink. 59

body,
wherein the friction body is provided at a top of the cap.
42. The writing instrument according to claim 39, comprising:
5 a pen tip made of a processed fibrous element or a porous element which is

capable of supplying the thermochromic ink;

a writing instrument main body comprising:

an ink tank which stores the thermochromic ink and to which the pen
tip is attached so as to be movable back and forward; and
10 a valve mechanism which opens when the pen tip is pressed

rearward; and

a removable cap provided at the pen tip side of the writing instrument main
body,

wherein the friction body is provided at a rear end of the writing instrument

15  main body or a top of the cap.

43, The writing instrument according to claim 39, comprising:
a writing instrument main body comprising;
an ink absorbing element which is made of an element having
20  continuous pores and impregnated with the thermochromic ink and
a pen tip which is made of a processed fibrous element or a porous
element, which is connected to the ink absorbing element and which supplies the
thermochromic ink; and
a removable cap provided at a pen tip side of the writing instrument main

25  body;
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15

wherein the friction body is provided at a rear end of the writing instrument

main body or the top of the cap.

44. The writing instrument according claim 39, comprising:
a writing instrument main body comprising:
a pen tip made up of a ball-point-pen tip which supplies the
thermochromic ink;
an ink tank storing the thermochromic ink; and
an ink reservoir which is interposed between the pen tip and the ink
tank and which temporarily holds overflowing ink when an internal pressure of the ink
tank increases; and
a removable cap provided at a pent tip side of the writing instrument main
body,
wherein the friction body is disposed at a rear end of the writing instrument

main body or a top of the cap.

45. A writing instrument set comprising:

the friction body defined in any one of claims 21 through 38; and

a writing instrument which incorporates and supplies the thermochromic ink.
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