FRI CTI ON BODY, WRI TI NG | NSTRUMENT AND WRI TI NG | NSTRUMENT SET Fi el d of
t he i nvention 5[ 0001] The present invention relates to a
friction body capable of thermally discoloring a thernochrom c i nmage
or handwiting by frictional heat, a witing instrunent having the
friction body and a witing instrunent set including a conbination of
the friction body and the witing instrunent. 10 Related art [0002]
There is an elastic friction body that discolors an inage or

handwr i t i RRICTTOMNBOD YIS RITINGVENSTRUME NS ANDIWRITING NS TRUMENT
first state into a second state by 15 frictional heat, (see Japanese
Pat ent Unexam ned Publications JP- A- 230p- 148744 and JP- A- 2006- 123324.
[ 0003] However, in the related-art friction body, there
still exists a roomfor inprovenment when attenpting to surely and
easily thermally discolor a thernochrom c 20 i mage or handwiting by
frictionghineiheSAVSRRALPY manual friction for people regardl ess of
age and sex. [0004%7";5Iﬁ When a thernochrom c image or handwiting
i s rubbed by tgﬁgﬁilated-art friction body, if force applied to the
friction body an peed for noving the friction 25body are

conparatively | | ..g.. .an aged per.son. .a fenal chil.d and the
|l i ke, uses thzg?Pf%s% ?tolﬁv H’)I})r?ﬂfeﬁﬁ& 1:'{51%1:1(51 lfoé%rcafjﬁhj?o H’(?Irfl‘?lfycti on
body cannot ther | y discol or the thernmpchrom.c.i e or handwriting
reIiabIyamﬁ9988$gﬁ,mﬁ%@ﬁ“ﬁmﬁdﬁ?ﬁi?r WIS R, CFﬁgﬁgFﬁc??%ﬁnﬁody and
t he paper surface fornmed jn rubbing is ,set to a ., .

conpar at {RFEp{Rent @’én%ﬂ@aé}:lc?%llé’%dﬁ ndp Wikgs fsiumenpiet inolnding at ed- ar t
friction body fail to thernmally discolor a thernochrom c image or
handwr i t FAgbinatipn af the fchamixydsomdTthe WiMENIFFIINER6005]  10The pr esent

i nvention solves the drawbacks of the related art and attenpts to
provi@e a friction body that enables people of all ages and both
sexes to reliably, readily performthermal discoloring of a

t her nochReltesl artrage or handwriting by frictional heat. Mreover, the
present invention attenpts to provide a witing instrunent having a
friction body [082] enabl es people of all ages and both sexes to 15
reliably, readily performthermal discoloring of a thernochromc

i mage or handwrhererigatylabti¢ fiidtiondodieait disasiovedd indige PF BidHriithed
writing instrunent set including a conbination of the friction body
and the forivet by us8of Fevdsible thé@B0hroftie ik eMtafirsOdtate o R seeRA state b
invention paid attention to thermal conductivity of 20 a fricti ona?l
porti®on gictAnklieat (S RPsesad PatehfTnéQiMided PIBIRUEEN LTS AIRYS 435448 Y¥nd
that the thernochrom c 1 mage or handwiting can be reliably thermally
di scol or gl Abyodg-1£idanal heat of the friction body when setting the
thermal conductivity of the frictional portion of the friction body
to a specific ﬁﬁ@gg. [ 0007] 25Further, the inventor of the present

i nvention pays attention to a friction

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



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 contact area of the friction
body during rubbing. Through assi duous study, the inventor has found
that a thernmochrom c image or handwiting can be thermally

5di scolored reliably and easily when frictional heat of the friction
body satisfies a relation described below [0008] [1]According to a
first aspkefricibntbbdy), theeais aofear thaethe fiistiqar dydadna thémeilliyalisdotsdthe
which is adapted to rub a thernochrom c image or handwiting forned
on a papelierifdchonfiadtagyorusadatitihpesimenrom ¢ ink to thermally

di scol or the thernochronmic image or handwiting by frictional heat

resultant fr OnMéklégiré}ﬁwhen a contad¥ieEh b HEhERl ctfANHAG tdntithy PN erd

friction portion of the friction body is ranging from0.05 (mK) to

50 W (m KradHRB8Rkd ﬁﬁhﬁb&@qls £diieG faicgﬂlp%@welgislal?gt%r{a%{h%}e %Sa‘)ﬁ&# £edf thgbg c

i nvention, since the thermal conductrvity a range from

W(mK traaég- 1% go{i’jﬁﬁ?ﬂ t%tﬁérrr?a!ll% cﬁlﬂzgforadrmerﬁg)tﬁgr& : ?%agé‘g readily

thermal Iy discolor t ernochrom c 1 mage or i'ng W't hout
fail by frieti heat resultant from manual friction. [0010] 20Wen
t he therr?%{]&‘%:'llé%g%%:etll%ﬁ’ty of the friction portion of the friction body
exceeds 50 [W(mK)], there is a fear that for instance, an aged
person or a child, will not be able to thernmally discolor the

t hernochrom ¢ i mage or han Lti 1.t hou ail by frictional heat of
the friction body. On the WA%S% ) lv‘”‘hﬁ’ﬁ@ﬂﬂﬁr mal conductivity
of the friction@ortion of the friction body is snmaller than 0.05
[W(mK)], 25t K&l s a possibility that the friction body or the

paper surface will be damaged b?/ excessive heat. [0011] 2]

Accol@i ng to aTgepmsentasyrntionsplven the drowhagkeof the related ast and attenapieto
first aspect of the invention, 5the thermal conductivity of the

fri cti onppohds africiontbedy that enaldes pesgle dfalk zgegand bothorxe 05Fekghiyn K) to
20 W(mK). [0012] According to the friction body of the
second asgddy peffotrh¢hdrmabdis¢cadoging hfa thvemowtiromanichapeiov htydvwistiseby t o a
range from0.05 W(mK) to 20 W(mK), people of all 10 ages and both
sexes calfrictemedi heat.t heforedvey tith mesdm invehdon hesms bo provide segengr
handwiting without fail by frictional heat resultant from manual
fricti oninshO0ika] hathea fiieiohlteidyahateanslschiopld of OF ade@andl b deQ8k to
portion of the friction body exceeds 20 [W( mK)], there is a

f ear 14 hatelfably, ?dl&il?@@ﬂ@rrﬁfheﬁﬁﬁﬁdiﬁ@tﬂéﬁﬁg Of a thefihbdiflomW ilagt 90 Ahndi@idty
to thermally discolor a thernochrom c 1nage or handwiting wthout

fail by byisgéticaphedieatwdf e%stﬂ}ﬁvifd'iﬂg% {/PiBink PE¥rundent §é@@nc@ﬁ&1§$ ahand, when
|

the thernal conductivity of the friction portion of the fFiction body

oo B o B o bl qnd g kg The Tricien,
[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



[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 is set to a range from 0. 05
W(mK) to 10 W(mK). [0015] 25According to the friction body of the
third aspect of the invention, the thermal conductivity is set to a
range from0.05 W(mK) to 10 W(mK), people of all ages and both
sexes can readily thermally discolor the thernochrom c inage or
handwr i t iwgﬁ'mrﬁéeweleaimfn@@o& bodst4ngrihe papeasurifessylaad exetedon therftiation
friction. [0016] 5Wen the thermal conductivity of the friction
portion dfodyWurihg fidetionn thedthvebng spedtd of thel filttion kypdy durhey mbbmganti@ar
‘that for instance, an aged person or a child, will not be able to

t her mal | yodtastaea of thedtitier batyhtuwingaubbinge Throbngh dysiduous gtudiyttheut

fail by frictional heat of the friction body. On the other hand, when
t he t her riavent@richy ddund thyt thetrechidimRtin@Be pohdrddtithiz daR®eflthdradallgn body
is smaller than 0.05 [W(mK)], 10 there is a fear that the friction

body or alifaResd sdliabyemdwatily Whedaioaasl Hadr 60¢RE H8éH6R B satid QL 7]
In the first, second and third inventions, the thermal Conductivity

I S nmeasungdiidh dcEBedh&olvoadi ng of 250 Kg/m a high tenperature plate
of 35 C and a low 15 tenperature plate of 5 C by use of AUTOA

(HCG 072) manuf 3GW ed by EKO I NSTRUMENTS CO. LTD. The unit of thernal
conductivity i wat]t per nmeter and Kelvin [W(mK)]. In the first,

ctivity is vatt pe; Kelvin [W(mi9]. In the fir

body moand) a per PN st et orthE I SRR P B BbraTachidin Bme
h h 4C: ] h Lt h f . ,20[ 0018

L 4] Accor a5 e B e LM crn Rt pERB it BF5e4 A aoosie

fi d.or third t .of the i t] fricti
coet 11 ci SPRABS VLS PFROrTiO A BB EISeRlor £ Lemaehevials ide ohe

paper surface.i.s sef.to range from 0.2 to 1.0. 25[0019]

Si nce thi‘a’F "l‘"&?’i‘%ﬁy %'Eé’foflg‘c}feéﬁ eSB}é"f"\T\g&‘PW g ction portion of the
friction body and the paper surface is set to a range fromO0.2 to
1.0, the frict "OKTSBHFBAl comduststief 4 fighen porioapdbheticting bady is

di scoloration of the thernochrom c inage or handwiting in a nore
rel i abl e ragngeen GhWelmIotoFBV/(m-K).” When the friction
coefficient between the friction portion of the friction body and the
paper surface [@0haller than 0.2, thernmal discoloration of the

t hernochromi ¢ i mage or handwiting cannot be performnmed readily even
whenli he i mage ImtheHeingow bedynaf the first lakmedt ofiie invenduy, simadhe Hermble

ot her hand, when the friction 10coefficient between the friction
porti on obnductivity isctet tina tandy frand0.0B &V GRSy tosiUWGﬁId),Spwg@éMl ddean
1.0, there is a fear that difficulty will be encountered in

achi evemand both ser@siah reailyahertaligtdieal@thddeBaccitbhlc ibfigh Bf hhtdvastinn
t he paper surface because excessively large frictional resistance to
t he papetvithoif Aloyarict6sal Qustirdglfahi §bmGRanuhP8ZHon15Regar di ng the
friction coefficient (coefficient of kinetic friction), a friction
coefficient (=[dgipgtional force / load) is neasured in follow ng
conditions by using a surface characteristic neasurenent instrunent:

he T ot on Dol 18basy o do i A bishon pogigrt v tne ME ISty

b oduced iy hARERRIL M 153tk bl SR ucket SRR T2 plia, win

x'ﬁ Zr al notvsf?ei a%rllé Pogthér%?agfﬁr cﬁgcoﬁg' tflg th]é?IJ?loa'{rg%icainrr(ljag\éwgr gr? \%I’Sitil?g th?lbl?t%oai? '
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



[ 0022] 25[5]According to a fifth aspect of the present invention, as
set forth in the first aspect of the invention, when a
friction coefficient between the friction body and the paper surface
is defined as u; a vertical load inparted to the paper surface by the
friction body when the 5 thernochrom c i mage or handwiting on the
paper surface is rubbed wth the friction body is defined as W(N);
a velocity at which the friction body travels over the paper surface
when t he ekbmtsivetbatom ¢ i mage or handwiting on the paper surface is
rubbed with the friction body is defined as V (m's); and 10a cont act
area where the[@cuim:ti on body contacts the paper surface when the

t hernmochrom ¢ image or handwiting on the paper surface is rubbed

wi th therdyictiQBofandiol SsedSid &%\@cﬁﬁ' the fno8#ion dsh8t forihGh tROHIRe d¥pect of
satisfies a relation of (xWV)/A 4. [0023] 15According to the
friction Yeftiont e fifth aspect of the invention, even when the
force applied to a friction body or a speed at which the friction

body i d i i Lo L L di ai ;
Pher mbohrom ¢ 1 EmRABhlEky SPBl aickEbRon drBRLiBh bally flrahlife

fail by furichi . 41.,.20[ 6] According to a sixth aspect of

t he inverﬁﬁci E'ngg}(glgg?#oo%éﬁ%rﬁ )he fifth aspect of the invention, the
friction body g&}alizifies a relation of (xWkV)/A 15. [0025]

[ 7] According t event h aspect of the invention, as set forth in

the fifth aspect 250f the inventiagn, the frjction body satisfies a
relation of (uX\RYY/IE t@dﬁ@ﬁl%@é)@ﬁy of e Sﬂﬁ@éﬁpﬁﬁ of Shesdaventih Heaspect
of the inventjon, as set forth in the fifth aspect of the_ invention,
5t he | oadhepmpkcandnelivitygis Setdm arapgmigemsG Ghg(n-Ky to 20 18/(R-Khpeppte of all
contact area Ais selected froma rang_e fromO0.005 cn2 to 0.3 cn®.
[00219 pegs mddwilusexgs cen eeadilythermaliediscador thhehdrmpehronya image et
forth in the fifth aspect of the invention, 10when frictional notion
i s manuahhgdyetidowitheut faihby Vactomial freay résvltem! feam eminhialdinctionange from
0.1 ms to 1.0 ms. Mre preferably, the velocity Vis selected from
a range fromO[@®13dls to 0.5 nis.
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 fait
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 is 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



[ 0028] 15[ 10] According to a tenth aspect of the invention, as set
forth in the first aspect of the invention, when a verti cal

| oad Winparted to the paper surface by the friction body when the

t hernochrom ¢ i mage or handwiting on the paper surface is rubbed
with the friction body is set to be 4.9N, and 20a velocity V at which
the friction body travels over the paper surface when the

t hernmochrom ¢ i mage or handwiting on the paper surface is rubbed

wi t h t he conductivioy iseetito 4 mngefroir00.06 W/(1.K) %, 106Wd(m.K), pecpld 61 41 48
coefficient between the friction body and the paper surface is

defined asd bothasges2an reatilyatiérnaigali Ry €hd therhddhedmRy inRed b M vAcH:
t he paper surface when the thernochrom c inmage or handwiting on the

paper sukfihegt fafl byuBeaenaMnbsy fhftaht 64 R BOHNtbe. defined as A (cm),
the friction body satisfies a relation of WA 1.5. [0029] 5According
to the frictiompdefly of the tenth aspect of the invention, even when
a contact area between the friction body and the paper surface
achi eyed durin [os ! 1S - At | | -th —_—

?/ et ﬂ%ﬂnﬁl c(ﬁlﬁﬂaﬁﬁ@. df\%el'e ﬁ"bclrn%h §§Iat\1,\c;rnl (%E“f:r tﬁg k‘r&%ﬁmbbeody

di scol oration of the thernochromc-ima
di | f ] t.. fai.l fricti. | heat. J]0030 . .
101 11) Ac BB B EWCAEH:sbbtin = Bos b T R S o BRtSOrker ahd i
o1 o o BERICES e kPl niq i B BRE bbbt
15 area between the friction

| th,i tion wh t
body and®¥ factipmaheas i 15 CEcdempedied CHUATP REF hied, veeni e Bhsipak at f vel y

| arge, therpal di éf&l gration of the thernmochrom c i mage or
handwr i t FRRUeRRtHeE the Fastian prstien phite fiptombrdyriasmalier than BOSINE(mHed: |
[ 0032 [12] According to a twelfth aspect of the invention, as

set }ort thersistafearntbaftthe figionbogy o5k peper sufaenwilbhe damagddrbeescessitrody
satisfies a relation of /A 200. [0033] [13] According to a
thi rt eenh¢etaspect of the invention, as set forth in the tenth aspect
of the invention, 25the contact area Ais selected froma range from
0.005 cn? to Ol®1Zh2. [0034] [14] According to a fourteenth aspect of
the invention, there is provided a witing instrunment including:
the friction bindye fifstasegomhendihitdiavdntioas, théwhettgsl dohthnétBartih neansed
of the
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]
f4] 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 [0016]



5i nvention; and a thernochrom c ink which is adapted to be fl owed
out. [0035] The writing instrument of the fourteenth aspect of the
i nvention enables reliable, easy, thermal discoloration of the
t hernochromi c i mage or handwiting 10 forned 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 instrunent of the fourteenth aspect of the
i nvention furthékce te fnigden caghicipnt heitwepn the frictinarportion nf thedyictiarhiandy
thernochromi c ink incorporated in the witing instrunent main body;
and anchtheaaper yrfrecls saptoof rangefidi-Pdimt.Opthn fticyprabmlyoefphbfoaribf
supplying the thernochromc ink, the pen tip being provided at a
front endinyentidreenables it miahdiscalomtion vhihe thathochiwib émegaot ladiiikiagion
body is provided at a rear end of the witing instrunment main body.
[0037] [ dGjordcatiabldiang chgy mashect eent h aspect of the invention, the
witing instrunment of the fourteenth aspect of the invention further
includes: 25a wadokong i nstrunent main body; the thernmochrom c ink
incorporated in the witing instrument main body; a pen tip
made up of a baiyieR@idfricASA chéfBcRALERDAHE 19k i%h BBtHeMiction bod
thernmochrom c ink, the pen tip being provided at a front en o? t?’ng
Wi ting i pefhyBRR: SIELCL BNl 53 {h%ﬂiga&g&?éc%\lﬂié‘@or%ﬁ}éh‘ﬁ%gmﬁhgr%nﬁ@“
n body, erern e

tip side of th iting Irnstrunment nai Firctron
sevont cenr bS8 Baftvfid Aol bk BReg LT evrm o h P ARERBE of S0 Che
=" br ocoss it APEE €L BEuh I B el CrON B e b whel Bl e of
ol ) nggoetfeidal B Relerto ety e RioR DR RS i Ranes REEHP b

ink and to ich e pen . tip 15 i t{ach so as to be vabl e back
and for magfa%q@faﬁan ybvg{) 15@9@%&‘?@%&& ng g’@ﬁé‘c%‘ﬁefl Héa%gﬁvemeat Pk
pressed rear\%ﬁé%%l d a relgﬁ)vabl e cap .provided at the pen tip side of

the writi¥RP9 £tigRedamage 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



body, 20wherein the friction body is provided at a rear end of the
writing instrunment main body or a top of the cap. [0039] [18]
According to an ei ghteenth aspect of the invention, the witing

i nstrunment of the fourteenth aspect of the invention includes: 25a

witing instrument main body including: an ink
absorbing el enment which is nade of an el enent havi ng conti nuous pores
and i npregnated with the thernochrom c ink and a pen

ti p whi chspet nfidhe iofentiopr ocessed fi brous el enent or a porous el ement,
which is connected to the ink absorbing el ement and whi ch supplies

the 5 thernochmirha friokon esuificiefitidbveddl the GaRioR Oy Aad tid pabeP St fdde s
side of the witing instrunent main body, wherein the friction
body is pegyédgdi.at a rear end of the witing instrument nain body or
the top of the cap. 10[0040] [19] According to a nineteenth aspect of

the invention, thgiM i&aﬂﬁhﬁpﬁr’fbﬂ?tB‘{ﬁ@{)}ér?gPEuﬁz{b% byQHE mﬁhrbog?ﬁgfeh pf the

invention includes: a witing instr nt nmai n~body 1 nclu

Ener machri ooy S ity tondRhhe DF B el Ml RHBhoFRich e frign

an inkr 0] I h&. 1 nterposed between the pen tip and the ink
t ank and%\aﬁ}éhde Iggr@pgggm hol ds overfl owi ng i nk when an internal

pressure of the_ink.tapk,] eases; .and, 20q renmpyvabl e ca rovi ded at
b pen tip. si de SPIOEI pich e FIRGPR bRk aReds Avealy paper surtade e
the friction body.is dispgsed at a rear end of the iting | nstrument
i - bod}PoRTPHE Bratil TBagM o flemspSopRREt AR BHA thogistiat
aspect o he d vention, é_here is provided a witing instrunment set
i ncl udi ngody is defined asV(py8i p¥h pody of any one of the first through
thirteenth aspect of the invention; and awitin
i nst Fiment  whi 8 §oRtAst oY heredhatiistion bpry eentacte thenapanwnfasaindien tike
5[ 0042] The writi ng instrument set of the twentieth invention
enabl es tErmaghremicimagerdsdapdiritingsontherapeion: Gee ismobbdtbwith ¢he fiivtion
image or handwiting forned by a witing instrunent by friction of a
fricti onbodyis defined aell (sirdh the witing instrument.

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  of'the invention,



[ 0043] 10[ 21] According to a twenty-first aspect of the invention,
there is provided a friction body which is adapted to rub a

t hernmochrom ¢ i mage or handwiting forned on a paper surface by use
of thernmochromic ink to thermally discolor the thernochrom c i mage or
handwiting by frictional heat resultant fromrubbing, wherein when a
friction coefficient between the friction body and the paper surface
is 1bdefined as R a vertical load inparted to the paper
surface by t he tliafictionbobpdatisfiben rél ot GOV BAI<2000age or
handwiting on the paper surface is rubbed with the friction body is
defined as W (N)G26] a velocity at which the friction body
travel s over the paper surface when the 20 thernochrom c i mage or
handwr i tifgly on Adaerddapey ansigith aepdos of the@ebnyibh MastsBefolhi i thoRfhasiect S
defined as V (n's); and a contact area where the friction body
cont act s orfiR iRd@RIonsUr f ace when the thernochrom ¢ image or
handwiting on the paper surface is rubbed with the friction body is
defined as A (¢5f): G- i $id ation of
(WA 4. [ O84S ?@E%?éﬁf“fnégcf?%‘ﬁ? ﬁegwggr?%?itdo%ﬁt}gg?a}g i e
twenty-first agpe i L f 2 |4 to the
friction body §$”§ﬁ$§%8%$?§h§¥ﬁgﬁﬁgﬁ“?ﬁgﬁg??gﬁﬁgﬁﬁggﬁbq??figgzd i's
conparatively h, thermal discoloration of the thernochrom c i mage
or S5handwiting Can be readily perfornmed without fail by frictional

mvent | oboas s ACoPBE L PRl Ty o b ek R fbe B aspect of

invention,the friction body satisfies a relation of (xWV)/A 2000.
10[ 0046] Y8’ ding to a twenty-third aspect of the invention as
set forth in the twenty-first aspect of the invention, . t he
frictPon coef f MFBAECGNS MOEAN ivaanyallymesiarped.thepelasity Nds pelected Gam
body and the paper surface is ranging fromO0.2 to 1.0. 15[0047] [ 24]
Accor di ng raugediemdnt /s 19uk-® B/aspect of the invention as set forth in
the twenty-first aspect of the invention, the load Wis selected from
a range from oMprppreferablyNthervglaciiz e srrekesteddramm asangs foarn &ck méds forofn a
range from0.005 cn2 to 0.3 cnR. 20[0048] [25] According to a
twenty-finf/s$.h aspect of the invention as set forth in the twenty-first
aspect of the invention, when frictional notion is manually
performed, the[0@Bpcity Vis selected froma range fromO0.1 nis to
1.0 nms. 25[0049] [26]According to a twenty-sixth aspect of the

i nvebs i oQ10]t heAecordingy to\d @elh adpect 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 1; and

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



friction body which is adapted to rub a thernmochrom c i mage or
handwriting formed on a paper surface by use of thernmochromc ink to
thermal |y discolor the thernmochrom c i mage or handwiting by
frictional heat resultant from rubbing, 5when a vertical |oad W
inparted to the paper surface by the friction body when the

t hernochrom ¢ i mage or handwiting on the paper surface is rubbed
with the friction body is set to be 4.9N;, and a velocity V
at whi ch thérgndchicrhicdmape dyhdndaxiting oamBe pafee spER/is subtled oatHhe fritilim
thernochronic i mage or handwiting on the paper surface is rubbed

W th thetﬂﬁngﬁgﬂwﬂQsanﬁl s set to be 0.5 ms, and a friction
coefficient between the fr| “ction body and the paper surface is

defined asp; ange friction bod s‘iﬁ@tafi‘glfat M!Q?rl% the friction body
contacts the pap%#“gﬁ? gbgs en the €ﬁ£8ﬁ% romc inage or

handw i ting on fhhypaper surface is rubbed with the friction 15 body
is defined as& #12 the friction body satisfies a relation of /A =

1.5. [0050] Accorcfﬁ%% file qgctﬁc\%ﬂlgtj@ fftf'xe {e'nﬁ} Eg&%f glie[ i\tAggrﬁ;c;[/n\ﬁ g\tfé{l v%fl it

aspect of the i'nven even a con

friction bo h [~surf eved 20d r|n dric

conpar at ia\/C gﬁeﬁi’ %%ggﬁ%frlcﬁl{)g%(?ﬁb % ﬁaager s[uﬁ C?F‘l H:b’b cﬁllfﬁﬁﬂbe
or handw.iting can b erformed with il by frictional
heat . [ 005 mPESYEIL S Eef 1 159%@%}9@3‘ frmasaerpiegmags 6t
inventio a set foré the tment y-si xth aspect of the invention,
25t he fr ihep BHUBG 3R i<adiy Berformed Wi st by igignal hqapos2] [ 28]
According to a tvventy ei ght h aspect of the invention as set forth in
the twenty- S|xtﬂ3%§pect of the invention, the friction
coefficient between the friction portion of the friction body and

5t he 1papdi s ur feserding tampsleentl aspedt. of thoinvetior] @958)forth 2piheetbr di ng
to a twenty-ninth invention as set forth in the twenty-ei ghth aspect
of the i raspast pbthe invention, the contact area Ais selected froma
range from0.005 cn2 to 0.3 cnR. 10[0054] [30] According to a
thirtieth aspeche fictibh@oinvainfieon relatimr €f g/ p6ovi ded a friction body
which is adapted to rub a thernochrom c image or handwiting forned
on a paper surfl@@diby use of thernmochromc ink to thermally discol or
the thernochrom c image or handwiting by frictional heat resultant

from rubbing, Wxebels o theEictionfBddgldf ekt slewinti miventio @V ¥efRed BQontact
friction body and the paper surface is defined as ; a vertical

| 0ad 15 Npardadsbtveert the FRGRAY bot dndGRe Papet Etefécelaeﬁle%u Bashe #eBn e
t hernochrom c i mage or handwiting on the paper surface I's rubbed

Wi th the chiptiatioalydy, iherRldeBorARnYIN ineRlB:HEhACHidked ntfl ikl e

friction body travel s over the paper surface

i mge orgg?ggy%ﬁ ﬁgﬁ?ﬁ?é‘?‘%‘t%ﬁ%ﬂ Eyﬁﬁfl&fo‘?mlﬁ Jubbed with the friction

body is define Tontact area where the
friction body ?cts t he paper surface Wnen the thernochrom c i mage
or handwriti ng on the paper surface is rubbed with the friction

[12] According to a twelfth aspect of the invention, as set forth in the tenth aspect

20  of the invention,

the friction body satisfies a relation of u/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?.



25body is defined as A (cnR), the friction body satisfies a relation
of (xWkV)/A 15. [0055] 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 5noved is
conparatively small, thermal discoloration of the thernochrom c inmage
or handwiting can.be performed without fail in an easy manner by
frictional heat. [0056] [31] According to a thirty-first aspect of
the invention g8034t forth in the thirtieth aspect of the invention,
10the friction body satisfies a relation of (xWV)/A 2000. [0057]
[32] Accdndjng A@oﬂdlhﬁtd &?mﬁ%@ﬁthds%@@@ﬁhe@ﬁvénﬁ@nltﬂ&l@ﬂﬁ bﬂﬂn@&i éﬁhtmg
forth in the thirtieth aspect of t i nvention

friction iggfhéfieMdinget ween the friction portion of the fr| ct| on
body and 15t he paper surface is ranging fromO0.2 to 1.0. [0058] [33]
According to a t h in
the thirtieth 5&‘%2{%‘{%&% %@f@ﬁj\i%&t ?%%etf?ﬁ thﬂaﬁgﬁ{%{?&gﬁggﬁgﬁﬁ é@h%rom a
rangesf rqm, %[t% NiP 10 N and 20the contact area A is selected froma
range from §57Che to 0.3 cne. [0059] [34] Accordl ng to a
thirty-fourth gs he . nyent.i on iin the thirtieth
aspect of the ?ant\ggﬁ’ichﬁorh ankw‘ﬁﬁ:h gd%ﬁ%%%ﬁ fi A motion is
manual |y perfor the velocity Vis selected from25a range from
0.1nms to 1.0 ] [0060] [35]According to a thirty-fifth aspect of
t he i nvention, ere I S. gtrow d;(%t {rictl n body %tghlch i.s adapted to
rub a thernochr "Eﬂtﬂ%’& rgpet o & OPFtﬁEPt @shastOlhe nvsaten Bg‘ﬂ}?sace by
use of thernochromc to thermally discolor the thernochromc

5i mage orreabienGRI% Flﬁ?@ms ipgqleratiom af thﬁéb@rméhwmammger@mamdwmtwg
wherein when a vertical |load Winparted to the paper surface
by tRE f Aprredohy e dyritinecinstryraent by frisdon %he fiietiqgebasly miavided it & part of

t he paper surface is rubbed with the friction body is set to be 4.9N,
and the writing yastaleny V at which the friction body travels over

t he paper surface when the 10 thernochrom c i mage or handwiting on
t he paper surf §@@6]s rubbed with the friction body is set to be 0.5
m's, and a friction coefficient between the friction body and
t he papeflSjur f doecidngiefd fiftekbniis adpect @fftble 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



a contact area where the friction body contacts the paper surface
when the 15 thernochrom c i mage or handwiting on the paper surface
is rubbed with the friction body is defined as A (cnR), the friction
body satisfies a relation of WA 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 achi eved
during friction is conparatively large, the thernochrom c inage or
handwr i ti ng canthbéherimechminiyindiiscaporaed inithdotiting dastruimenamagelsody;
manner by frictional heat. [0062] [36]According to a thirty-sixth
aspect of the inpantp ondaspo€n bhdpontipen tipandShpitlé yf idpﬁ)l;hxﬁﬁﬁect of
the invention, the friction body satisfies a relation of 200.
[0063] [fBéimaheanidiink the pen tiP being pr&MEat &t 2BNREhd OF tHe\BrififY BRErbARNAS
set forth in the thirty-fifth aspect of the invention, 5the friction
coef fi ci eghin Ho@yv@en the friction portion of the friction body and
the paper surface is ranging from0.2 to 1.0. [0064] [38] According
to a tshirty-ei : i i QF t: .l .

thi Tty f11ih acpsao e R ol dea R AP B bk Bthnde rain

sel ected ﬁdagm a range fromO0.005 cn2 to 0.3 cnR. [0065] [39]
According to a thirty-ninth aspect of the invention, there is

provided a writj J t, i,nel udi n the friction
body defi ned in‘kge%?hgﬁéehg%%gfgflytIWr(%"é%d%?Ff)pa%fﬁgﬁf“@"of t he

15i nventi on; agﬂaﬁther nmochrom ¢ ink which is adapted to be fl owed
out. [0066] Th }ti ng instrunent of the thirty-ninth aspect of the

i nventio ables reliable, easy, thermal disco] oration. of the
ther mochrifl I 4GGEIBE S aALHEIE TG SPER FbteryvarRieny e CTTHING ingirFusms of
by friction_ of the friction body provided in a part of 20the witing
i nst riQnerthe fc[”éﬁ?ﬁ‘?@ aspopt pf fedayHitieg ipgudesi orti et h aspect of the
invention, the witing instrunment of the thirty-ninth invention
i ncl udes: a wridReHGIN Hade oiheprocawsrd fibey elersmher 2 perows ehentent whiahids
incorporated in the wi tie?tg instrument mai n body; and a pen
ti p made aapabde ofisupplying therthenmenchramicdnki capabl e of suppl ying the
t hernochrom c ink, the pen tip being provided at a front end of the
writing instrurmentitinginstrbodyt, main body including:
an ink tank which stores thermochromic ink and to which the pen tip
15  is 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;

11



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 instrunment of thirty-ninth aspect of
the invention including: a witing instrunent main body; 10t he
thernochromic ink incorporated in the witing instrunent main body;
a-pen tip nade up of a ball-point-pen tip and capabl e of supplying
the thernochromc ink, the pen tip being provided at a front end of
the witing instrumentanm absbiing elamentawhiehmsabdeotapelpnentildethgat a
pen tip side of the witing instrunent main 15body, wherein the
fricti on ooymiosspowsiadé dnptegratbdprithfthd therrmaghroq06Rpnrd [ 42] Accor di ng
to a forty-second aspect of the invention, the witing instrunent of
the thirty-ninth aspeetpentiptidicl mw&ﬁamprﬁéﬁswﬂieﬁoroﬁﬂaemeﬂt dr dopdrBee
of a processed fibrous elenment or a porous el enent which is capable

of suppl yielghdnbavtibiefsniahecsd & thkik sibidg dembSnd WEEH suppilies BRAY
i ncl udi ng: an ink tank which stores the therfrochromc

i nk ang t(@héf\ﬁlbgm-ohh@lrﬂ{-egnél pis attached so as to be nobvabl e back and
forward; and 25a val ve nechani sm whi ch opens when the pen tip is

pressed rear waggiemé‘%l@carp%w@g& gt £56h 15 Qué QF&eﬁrﬁxgﬁn&?ﬁn&#tr na] | on

of the witing iInstrunent
body is pg, ?&'}'{ded at a rear end of the writing instrument 5 main body
or a top of the cap. [0070] [43]Accordi ng to a forty-third aspect of

the invention, unment the thirty-nint. ct of

the invention i W@?ﬁ%@e ggwn@?dé( spﬁovtufqﬁlnaéﬁtrea&aeinﬁ B}beyW{ Uﬁﬁlent

10an ink abSOfé Ag’n‘%ﬁ F qr}.t whi ch is made of an el enent haV| ng

cont i nuouZ3EhPEY At MR BRAPed with the thermochronic ink and

a penHﬁl p which déﬁegade of a processed fibrous elenment or a porous
n

el ene whi ch nected to the i nk absorbing el enent and which
suppl i es ]Ebz Sg%ccihrom c.ink; and 15g renovabl e cap provided at a

pen tip s Reite iaminsterath tapesiofiths Wverimy, the writing ingipeent ofhe
friction Pbgdfy rovi qceotl‘ at a rtclaar elndesof the witing instrunment
mai n bodythsioemeeningspest afiike @ypntiqnigglyp
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 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
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

12



20 [44] According to a forty-fourth aspect of the invention, the
witing instrunment of the thirty-ninth aspect of the invention
includes: a witing instrunment main body including: a
pen tip made up of a ball-point-pen tip which supplies the
t hermochrom ¢ ink; 25an ink tank storing the thernochrom c ink; and
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 ofstruiment sek including:.ncr eases; and a renovabl e cap provided at a
pen tip side of the witing instrunent main 5 body, wherein
the friction bothe fristich bahseEthngtona of dar firenidir@fehtthieteanthtaspert iofitter ument
mai n body or a top of the cap. [0072] [45] According to a forty-fifth
aspect of idveetiéiwadti on, there is provided a witing 10i nstrunment set
i ncl udi ng: the friction body of the any one of the
twenty-first thg %ﬂi\%ﬁ?iﬂﬁﬁﬁﬂﬂ@h@lﬁﬂln@&@@ﬁ&es@hd%ﬁﬁﬂie@Y%bﬁﬁéclﬁ‘&ﬁicﬁnk.
writing instrunent ich incorporates and supplies the thernochromc
ink. [£073] 15Tﬁg4g]iting instrument set of the forty-fifth invention
enabl es reliable, easy, thermal discoloration of a thernochromc
i mge or handw i L pg.fQr kb - net 1LGL a
*rfﬁ%%n h ARdnfhe St W kil tggnhé'tﬁtlﬁ\}é%aﬁ e{?%bé%xieﬁ&%:@,nea

friction body conbined™wth the witing instrunent. riction

body 20I n,t 2 ] ' . ef | f J-CL i

any of gl eSS LAARE 1ol Bt ol KRE ¥ P2
ins; f | e, . i Li in,  _a.styreng-based '

Copol yirer M EORE EeBAR ot e R aB L OB R RSB BT B yr ene

and et hyl ene), f% ori ne-based resin, a chloroprene resin, a nitrile

resin, a polyes@@#-ﬂased resin, ethylene propyl ene di en nononer

rubber 25( EPDM ol. ypropyl ene, . pol yet hyl ene and the 1] ke, ar .

pr ef etpl E%IT [ ob?@ﬁldl%g to a twapiy-frsh a5pees rﬁ’¥9§d9"?f§1°6r éerlamwg%fﬁ% frifticad
so as to pe provijded in a part of a witing instrument that stores

t her mochr BRAYCVRIGR inataptadde rebs thegmprirompeinagsordardwiiies frred 9ond t he
paper surface froma pen tip. 5As the configuration in which the
friction Bagysuriacebyisgedthcaneeisopay nkde thenaalky disrelgr thedhernmashtomic
there are exenplified that a configuration in which the friction body
i s provi disehgsrer handwidting bafivgtionplrieat reselfantdom mdbingbwliyredpposite to
the pen tip; a configuration in which the friction body is provided
on a top of a rehwvabliaicoapefiicerat betwenn thedfrisann bogy sidithephpertsariace is
writing instrunment main body and the |ike. 10The friction body can

al so e cdefliedadppi th a witing instrunment that incorporates
thernochrom c ink and that can supply the thernmochromc ink froma
pen tip, to thusvérticdlbalingdrtad t@thsrpapem@riaos by theehictisebodylWhen the
friction body may al so be configured in such a way that when rubbing

t he fhafedchssthicdaRg¥ot harddw@iting @i the Dafe dMsfa@dis eelitRd Wi iHelPetddn
surface of the friction body is
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 (UxXWxV)/A = 4.
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15¢gripped directly by hand or the friction body is gripped via a
friction body holder. [0076] Witing |Instrunent As a pen tip
of the witing instrunent, there are exenplified a ball-point-pen
tip, a pen elenment nade of a processed fibrous el enent or a porous

el ement, a 20 synthetic resin pen elenment fornmed form an extruded
article that has an axial capillary passageway, a pen elenent that is
formed froma nmetal plate and that has a slit at a tip end thereof, a
penicillate pen[@Kéhent and the like. A witing instrunent of a
direct fluid type that directly stores thernochromc ink, a witing
instrument of aAccardmg to diet foistiby pedshaftha gvany-finkt aabsn pbthrgnedreizaNéven

i npregnated with thernmochrom c ink and 25the |ike, are nentioned as

the writingeh Agte apypiet to tHeQBéHdn b dr meld;cﬂﬁ_,chtWiﬁﬂdtt@QH&@@ﬁ badyeig A
In the present invention, the unit of load Wis Newton (N); and the

unit of veloed ;swoylpafau@en%ﬁm ﬂ@&m§1e(ﬁ§ua@or6ﬁéz§a>fth@@1@hrﬂa@hﬂém iBhgd die
contact area Ais a square 5centinmeter (cnR). Friction

coef figi ept (coefficient
of kinetic r%‘dﬁrglﬁgo(ﬁnlggg@%d??@ﬁ ffgﬁﬁ%c{)g %dg?*aé&%ﬁ??ﬁ& ({Hlag?%a(gnal forcel/

| oad) is rreasur@g% foll ow ng conditions by using a 10 surface
characteristic asurenent instrunent: HElI DON- 14D manuf act ured by

oy SoorP b & E Eng PO A A e s o o
JI'S P3201;

one- hundr &% bpﬁﬁsgﬁﬁpe%ﬁ% %%B%?Igt alssajﬂfea’&}r ﬁﬁ?g’P&%F%%f’ﬁﬁ%%"q%ge
of 40 to qludﬁzﬂ’gg% aﬂ%{ whiteness of 75.0% or nore [0079] Load W of
the frict Ohe present invention, it is desirable that the
frict] on body n@ @I |y 20performfrictional operation. \Wen

fricti%nal oper n is perforrred manual ly, it is preferable that a
vertical |load Winpart y the friction body to a paper surface is

sel ect ed I2Pbm A¢RFijag Fcr @;W@}ﬁyﬂm #Peg qth 6[@@8@}011 ageebirthyingherf t he
friction body 25In the r esent invention, when frictional operation
i s manual t%enfyefirshpspsef, ofi he jnyentintef erabl e that a velocity V at which
the friction body noves over the paper surface should be arbitrarily
sel ect ed from adhe &gienfooefficiknt Lresween the friatios popri@f ef thb liyction taniyend
fromO0.1 ms to 0.5 ms). [0081l] 5 Contact area A of the friction
body 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 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 [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 my/s.

25 [0049]
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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 fromO0.005 cn2 to 0.3 cnR2 (preferably a range
fromO0.01 cn2 to 0.3 cnR). [0082] 10 Thernochrom c ink In the
present invention, the thernmochromc ink is preferably reversible

t hermochrom c ink. The reversible thernochromc ink can be forned
solely fromor by conbination of various types of ink, such as:

i nk of hed26]col drechaddrbion twepty-sikih sspao bbthefiactasiofy thereds provided a

col or-devel oped state 15 when heat ed; i nk of color storage and
ret enti onfiigthe: Hddgtwistiotseslapiad td Aibai therntochedaicdehagt af Bariwriineadafed
state at a specific tenperature range in an enantiotropic manner; and

ink of a bgatpape VET2BEbY MREothGIndBMRhIO BE ©oh&mdllyAR@Idraded state
when heated and that returns to a color faded state fromthe col ored

stat e whepep0BLiIRami2hd Qﬁhandwritin%ﬁfﬁiﬁbﬁﬁli et %e@ul@arﬁ eloRf hpgingat eri al

included in the reversible thernochromc ink, there is preferably

enployged a reveggipl eolief q&g&b\g 'ﬁte@tS@%éﬁa@%Péﬁfa%hr%gﬁnﬁﬁcﬁk%H%d y

enclosing, in a mcrocapsu reversi ernoc conposition

cont ai ni ngat tﬂe:tﬁéﬁn&cﬂfo?ﬁclﬁﬂl%‘@oﬂ ﬁgat%%%ﬂé ablife .ﬁ%ﬂ?ﬁ%@r‘?ﬁ%ﬁé f'{)")%gg 'rg&{fh hd)

an 25el ectron-rel easing color feactive ofganic un

el ectron- epting. ¢ und,, and (c) a reactive medi umt hat

determ neg& log‘é’ﬁggéﬁegﬂg)ﬁee?‘r%grg? re of color reaction of both
conpounds. [0084] .As. shown .i. ig. 8, .in the present inventjon,

appl i cation of %%@PP&H&&?%ﬁfheasfﬂﬁﬁiﬂﬁfonézﬂ%w@?@roaaaf PAPSTUERES Bhet Pse
is prefergble. The ink of col or storage and retention type has. a.
char act er SPPRENARIC {ieR op PRI eLRaRgReTi HIiast P bRy IdeHs fheyTighion ed
by the tenperature change, as shown in Fig.8, a path plotted when

t enpektht ubedyi ig sptiebedsxB/s @8% a tenperature | ower than a

di scoloration tenperature range differs froma path plotted when
tenperature is %1ﬁ@ﬂ@a@aﬁwmﬁg@tmemﬁ@rfapm@b@mgmthp papersurface is

10di scol oration tenperature range. Further, the ink of color storage
and r et endéfnedtagpeand so has a characteristic that a colored state
achieved at | ow tenperature range which is a conplete coloring

t enper at ure (tij cartadtamwaryheiethediittotebodyotomtacst tie papartshefaedwhen thiegh
tenperature range which is a conplete color-fading tenperature (t4)
or hi gherthemnechsémicachagadr hatdairitag aatthe pspeecuffhes ik enhexdatith the e cifen
[range fromt2 to t3 (an 15essentially-two-phase retaining

t enperat upeiyriadgl)dd as A (cm?®), In Fig. 8, reference symbol AH designates
a tenperature range (i.e. the range of hysteresis) show ng the degree
of hysteresis. W@hctnvildyeatdficdl relatisiBf JiiA 8Nly one state achi eved
before and after discoloration is present. Wen the value of ?H is

| arge, retentigooed] states achi eved before and after discoloration
beconmes easy. 20[ 0085] In the present invention,

a
di scol orati on tgrRediat ¥s tel FASGESHdWofihd Hld PR Eglion
body of the therm)chlrﬁ%m' cei nk 1's s&gt0 tto %én%n?%d}ggﬁécﬁrtg?gﬁiﬁﬁ% C

to 95 O). iofi i L £ :
i gh MR iee earit o P bR PRl PRl Oe APt sl bieved

t enpejpat ugin Lffli):‘glorg ﬁ é:%frfg%ﬁe%xglﬁlérrlg Zt%er%eh%i%ggo?at%nﬁtﬁé re?gl ¥h1'§6 'cC to

90 O ‘an et't1 ng erature poin scoloratrion [a
conpl et e .di Loratian tenperature 1 to.,a r e from-30 Cto +20
C (pref er‘§ﬁ§§35 gﬂ%lﬂ’f’rﬁglgl‘ﬁm e &é&%ﬁg{lmﬁgﬁ f;ﬁ%&tjﬂ?@?naﬂ g?"énti on of
col or devel opeg b@fa normal state (a tenperature range for a daily
activity) can g ]f ectively performed and an inmage or handwiting
created in_reversibl.e thermochrom ¢ ink can 5be readily discol ored by
fricti ona[?ﬁwat GOIHRS G § PG RSB ASPRE P b1e invention gsiFet fortarindhe t o

the reversible thernochrom c m crocapsul e pignment, an average
twenty-sixth aspect of the invention,

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

15



15 to 50 wt% (preferably 3 to 40 w% and nore preferably 4 to 30 w9
wth respect to the total amount of ink conposition. If the
concentration is less than 2 w% coloring density becones
insufficient. In contrast, when the concentrati on exceeds 50 wt % the
excurrent of ink is deteriorated, which in turn hinders ease of
witing. [0088] 20As the thernochrom c ink, ink that changes froma
colored state tZO@inz olor less state by frictional heat is effective.
By virtue of the characteristic, colored handwiting created in
t hermochropic i nk can be made cal orl ess by fricti.onal heat regultant
fromfrictfoh of FHAME O PERIBTEYT SPcr: RaMRPTIRG % SSAgHRAR 6 med
on the colorless itten, surface, whereby colored handwiting forned
by therméW?IHﬁTSW%ﬁjefgegﬁeH’é’eﬁ?%t ed. Due to this operation, the
user feels as if erasing handwiting made in pencil |ead by an
eraser and subsd&ifEistipy cogflirignicy betrieay thedbiglipn portignef theniiofpn bodyand
surface. Specifically, reversible thernochrom c ink that changes from
a col of ed thapaper sutage dvtapging dem 8240d . hen heated and that al so
changes fromthe colorless state to the colored state when cooled is
effective for tbB®Bhernmochromic ink. Ink that changes 5from a col ored
state to another colored state differing fromthe colored state by
frictional2Heat Amsordingesultivenfy-nindl insémionak set ahtiherermehtyesiphth aspect
coloring agent (a dye, a pignent, or the like) in a mcrocapsule or
i nk can abftheligventiont ed as the thernochrom c i nk of the present
i nvention. [0089] 10According to the present invention, the friction
body enabl es pegiplenntt abi Aageéle@&ﬂfrbﬁltehraﬁ%é(ﬁ%ni@ow@xﬁ? to/.3rcgf? ably
perform thermal discoloration of a thernochrom c i mage or
handwrg ting. BRIgeE4PESCRI PTI ON OF THE DRAW NGS 15[ 0090] Fig 1
is a longitudinal cross-sectional view of a witing instrunent of a
first enmbpgmenpcafrdtnl&o RiGsEMh abﬂé\ﬂ?@ﬁﬂlgﬂivention,_therg'i%?;g%idea Friction
| ongi tudi nal cross-sectional view of a witing’instr nt of a second
enbodi nen : tl Lon: i i i i

bodf whith .lspﬁci%gfe@ to ity £ e @Bechra i ﬂn%g%oéfr%éaﬁ‘?\%ﬁﬂ?l% ié"#&‘gg M a

cross-sectional view a witing rnstrunen inent of
t he prese I hQn; [ Qa4 | i in .
cr osb sectirsk SHe b ise of thermoH:fimiholcRo o R WO BFlne marmochromis,
of the pr t i - one  El . I S.a longi.tudi nal cross-sectional
vi ew of aﬁ%%@,{ag'ﬁ%ﬁfﬁé‘{n?%%%&gp glaheﬂ ]feisﬁlgaig ffé’ﬁb%“&’?%m of the present
i nventd on; . Fig. 6.1s a |lonqgitudinal ¢ross-section vi ew of
o w1 ng. i nst r PR i Gibef coRbbinnhesient BB oo S Hpe RER S,
Fig. 7 is_a.longitudinal cross-sectional view of a friction body of
the sixt hs%%%tﬁg 4 8% i he present invention; and 5Fig. 8 is a
descriptive view show. ng discoloration behavior of therpally color
f adabl e rever siao'l’%“?;r,lmé? amegRs & thswparesesappceby thedtriorpedy whemrihe
PREFEREDnYENBGI)I MENTS [0091] 10<First Enbodinment> A first o
enbodi merfleEOChFIMNISIags o handemiting Pnihe panss suxaes is pebed swith thedrictign
The present enbodinment is directed toward a witing instrunment 1
i ncl udi ngpody indetinedpsiWMéN)unent mai n body 2; a cap 6
renovably attached to a pen tip of the witing instrunment main body
152; 28nd a fri ot Yeberityod yiichathe didttésh balyaraveBroventheqghpéthsirface tviheg the
i nstrunment mai n body 2.

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 (cmz),
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Thernochromic ink 4 is stored in the witing instrunent main body 2
and the thernochromic ink 4 is supplied onto a paper surface froma
pen tip 3. A thernochromc inmage or handwiting is formed on the
paper surface as a result of the pen tip 3 of the witing instrunent
mai n body 2 contacting the paper 20 surface. The thernochrom c i mage
or handwiting can be thermally discolored by rubbing the i mge or
handwriting fornmed, on the paper, surface with_the friction body 7.

[ 0092] THe fHiciien gdy sréstgneralatiosiof (BsW W/ ARdSudes: the pen
tip 3 nade up of a Eall-poi nt-pen tip;a pen tip holder 22 to which
the pentip 3 i $9435ked at a front 25end thereof; an ink st or age
cylinder 23 to which the pen tip holder 22 is fixed at a front end
thereof; a tail AgP@@lW%ﬁ¢ Birtios bady athedhirdeth aspastof thg ifentien] dvan a
rear end of the ink storage cylinder 23 and has a ventilation

openi ng; awgnionsaepppliedto the Tmto dady nya vilecitnkt whioh dgefrictibn hddy is23.
The thernochromc ink 4 and a following elenent 5 are housed in the
i Nk stbr agevey fis cuepar@BrelyTérealf, ohdromd digcatbation bf e therticwhagsgid idbkgdor
rear 5 end of the thernochromc ink 4 and forwardly advances in
associ at i handwrithgcandiemetifonnedivithbe: fald @f AP 6lay MGt BK frdct{0d@PRat A bal |
is held at the front end of the pentip 3 in a rotatable manner. An
el astic el ement [doasgoi|l spring) 31 is housed in the pen tip 3. The
ball is urged 10 forwardly by the elastic elenment 31, whereby the
bal I i's bymygght Abedigi Hﬁrtﬁi%@%sﬁ%fe&q}ﬁtﬂ! folerfbr M@f ﬂﬁ%ﬁf.%é ﬂEﬂtiethA

interior surface of the front end of the pen tip 3. [00

pen tip sealect®heinvEdrigtde froma soft material is housed in the cap
6. Wien thé cap 6 is attached to the pen tip side of the witing

i nstr nt, the i : .0t pth the pen tip
seal fnﬁgﬁber 61,th&h%g?%du%%%ﬁ%g&g%%I{eg%lgg%l%@fseésﬁ,{ﬂég%%ﬂ The
barrel 21 is ma@gsmo of a front barrel 2la and a rear barrel 21b that
are screw engag th each other. The pen tip 3 projects outwardly

Frict on Do, PAPSPARE S phrk oRecIB Bt of ' Rl Pt Rdn i

rear - end hole,c (%fhthe arrel 21 (the rear barrel 21b). An outward
prot r usi ofPFT F4P¢ WYHEEP %N an exterior surface of the friction body
7. An inward protrusion 21¢c.is formed on an_interior surface of the
rear-end hol e dftefgiagacHicient L between thednetion rRartior phihe frictignbadyend
i nward protrusion 21c. are engaged with 25each other in a clinbing
nmanner, so¢PRRRT P ﬁ?ﬁ/‘élraf&ﬁm%%@qu?&ﬂ@n body 7 fromthe rear end
hol e can be avoided. [0096] In the present enbodinent, the thermnal
conductivity of[0858]y i cti on portion of the friction body 7 is ranging
from0.05 W(mK) to 1.0 W(mK) and a friction 5coefficient of the
friction [g8Fti ohcoerdingéo & Hiiny-tind aepdyt of thoinvhetigrageset furthf iadke tisrtieth
rangin

9 ng aspect of the invention,

the load W is 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? t0 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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fromO0.2 to 1.0. [0097] <Second Enbodi nent> A second enbodi nent of
the present invention will now be described (see Fig. 102). The
present enbodi nent is directed toward the witing instrunment 1
including a witing instrunent main body 2, a cap 6 renovably
attached to a pen tip of the witing instrument and the friction body
7 attached to the top of the cap 6. A thernochromc ink 4 is stored
inthe witing instrunment main body 2 and supplied 15 fromthe pen
tip 3. The therfS%¥Rtonic i mage or handwiting is formed on the paper
surface as a result of the pen tip 3 of the witing instrunent main
body 2 cofi¥cti Agctridmgpapshiryfiftlnespectidfeht haentet) tiene & prowged arfriction
handwiting can be thermally discolored by rubbing the inmage or
handwr i ti body whivhds eduptdietopalpe thesub tiaeminithdpetdrdahdwitih® foriedn 4

20[ 0098] The witing instrument main body 2 includes: a pen tip 3

made up OPa_lpfbr Badthcelti ke of ibrinbetiromidk tb tierRallf alscaldr i1 Wetntdehidigicpen
tip 3is tixed at a front end thereof; an ink stoage cylinder 23 to

whi ch § heipan dritandolifes bR &idtonbl RAHrRUIAR ol ARBIngSMlefin t he ink
storage cylinder; a tail plug 24 that Is attached t0 an openi ng

ventlation openiaht o dohary AP Rsl ERR e Rt o7 0T ba e
whi cn ts e HRE R REE M e delniotifle DHEh< Rioef B T R g he
tner mochy SRCERERR & SRR\ " o [k Storage cylinder 23. The
21 that are scf SUPBRGYGLATRARC BACR™GRAY = TREVRA PrpFeFOHPch PGS
1) | 1 ooocomic Hagb At e i pRoSrrrgAe i mRbis THAUBAHCAT 3

in a rot tﬁg{l,e manner._ The el astic elenment (a coil spring) 31 is
housed i nPQ9yds p&fo PP 3-53/sTAe bal | is urged 10 forwardly by the

elastic elenment 31, whereby the ball is brought into conpressed
contact with ard ficHangrsificisat beyween Seifgetienbedycandghe paper fruidpge i8nd of
the pen tip 3. [0100 The pen tip seal nenber 61 nmade from a

soft mat eddiimed asphansed in the cap 6. Wien the cap 6 is attached to
the pen tip side of the witing instrunment, the pen tip 3 15 cones
into close contaesmtagt pieatvhergihn ftictporsealy contdstsrthé papentverfecepwhert the pen
tip 3is sealed. The friction body 7 formed from soft synthetic resin
i s atlfSachéermaheomioumbghot andpeitied onrthe heper eprfade is hibbed pvith the Gi&idn

In the present enbodinent, the thermal conductivity of a friction
portion dfodgQs téfenedrasc feard),body 7 is ranging from0.05 W(mK) to 1.0
W (ma) and a friction coefficient of the friction portion of the

friction body %hé fridiiea Hodpestisties hagetibsof @rgkgg from0.2 to 1.0.
[0102] <Third Enbodi nent> 25A third enbodi nent of the present
invention w |l [oost]be described (see Fig.

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 is 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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3). The present enbodinent is directed toward the witing instrunent
1 including a witing instrument main body 2, a cap 6 renovably
attached to a pen tip of the witing instrunment main body 2 and a
friction body 7 attached to a rear end of the S5witing instrunent
mai n body 2. A thernochromic ink 4 is stored in the witing
instrunment main body 2 and is supplied fromthe pen tip 3. A
thernmochrom c image or handwiting is forned on the paper surface as
a result of thethpéictianb@lyshtisties anelatipngf LAs£208ent mai n body 2
contacting the paper surface. The thernochrom c i mage or handwiting
can be thermal I§0063]scol ored by rubbing the image or handwiting
formed 10on the paper surface with the friction body 7. [0103]

The writif3g]i nsAcaomfing toraithirthadyenzh spetiudahe invemesn 4d 2t Borftadehaip of a
processed fibrous elenment or a porous elenent; an ink tank 25

att ached thixtyt-figthfasmeet ofihd infentibe, 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

bei ng spressed hagky@iodl dbefridiR i Rhwech O KRG RriiGREF R ikt dythe
ink tank 25; and a friction body 7 made up of "soft synthetic resin

attached o gﬁ‘@s{l%@i@@&é@ﬁ Bk DAk e 21. An agitation nmenber 41 is
housed in tﬁe i nk tank 25. %0104] In the enbodi nent, the thermal
conductivity of[0@64friction portion of the 20 friction body 7 is
rangi ng from 0.05 \;kl(m Ky to 1.0 W(mK) and a friction coefficient

of the frkefio -] . fibl L t he, paper .surface
i's rangi §# r o%‘%gé&#%&lg&lﬁ?"g%@i gsi’l‘:‘gtnuorf?ﬁedéﬁglgg)%n%snstegpof&&nft%%rt h
enbodi nent.. r t.invention will now be described (see Fig.
4). The glrne é%lftﬁlgﬁ‘%gﬁcsﬁ REEE e r ect ed toward the writi ng instrunment
1 including a iting.instyunment i n bod a 6 .y enovabl y
attaghed to a \é\%%cqqt%tgfear’{]g %?peicﬁgﬁ-'bomﬁ&%?ﬁqﬁ O@Sﬁ%&a CBnd a
friction body i&%shached to the rear end of the 5 witing instrunent
main body 2. T Q9% er nochronic ink is stored in the witing
instrurregg mai n body 2 and.the thernochromc ink is emtted fromthe
pen tip 33%A t He tont BityrRieh aspepbofdle inverdon, shere ismrgvigdad emeiting
paper surface as.a result of the pen tip 3 of the witing instrunent
mai n bodyﬂsim@%ﬁﬂfﬁ\f'lq%%:t he paper surface. The thernochrom c i mage or
handwiting can be thermally discol ored by rubbing the 10 i nage or
handwri ting f oithfsdican bpdy gefirad isany aoe Oﬁglsh thrivegtf 38tb aspastshfdie 7.
[0106% . ~ The writing instrument main body 2 includes: the pen
tip 35f onmedtioncmda thewewhsedicfinbmbir ielhdapsed todre ffowpead outs el enent; a
pen tip holder 22 that holds the pen tip 3; a barrel 21 which 15 has
the pen tip hol@6]22 at a front end thereof and accommpdates an ink
absorbing el ement 27 therein; and a friction body 7 that is attached
to the rear en@hefwrithe ihstrumént 21 tlendlirtyhainth spéarofeite ik efficiodiables
synthetic resin. The ink absorbing elenent 27 is fornmed froma nenber
havi ng cogliabhyeass, theresl disoloraticn of 1he eissadcliroiOlga R RIRATwAEL a
porous material such as a porous foan) and the ink absorbing el enent
27 is 20firiedegnhé oditingtifsthtesiBe i Cof thK fridhioh®kly Prski8dd hmhepREsF
tip 3 is connected to a front end of the ink absorbing el ement” 27.
The $¢i CiicORriRdMstiuinsni@t t ached to an exterior surface of a rear end
of the barrel by fitting or the friction body and the rear end of
the barrel arerjggked integrally by coinjection nolding. [0107] 25In
t he present en{)odi nt, the thermal conductivity of a friction

portion @{O] 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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the friction body 7 is ranging from0.05 W(mK) to 1.0 W(mK) and a
friction coefficient of the friction portion of the friction body 7
to the paper surface is ranging from0.2 to 1.0. [0108] 5<Fifth
Enbodi ment> A fifth enbodi nrent of the present invention will now be
described (see Fig. 5). The present enbodinment is directed toward the
witing instrunment 1 including a pentip 3 attached to the front end
of the witing instrunment mai_n _body.2 and, a 10 friction bady 7
attached to the?P&RfP é‘ﬁ’gieb‘ﬁ’ c’cfﬁé)aﬁiﬁloc“?tﬁ&nit‘rﬁ’s"’c“élﬁ%?’hle REFWPIEHEE the  The
thermochromc ink 4 js stored in the witing instrunent main_body 2
and suppl tsampslsamitiakyds pen frdeing rrpudadets Bartendpdgee writingisimenhg
is formed on the paper surface as a result of the pen tip 3 of the
writing i Bitbedt main body 2 contacting the paper surface. The

t hernochrom ¢ i mage or handwiting can be thermally discolored 15 by
rubbi ng the i magkemsm theddotidn bady i pravitedan a tréee epd pf theswrifiag mstwimbntt he
friction body 7. [0109] The witing instrument main body 2

i ncl udes: maimpesdytip 3 forned froma ball-point-pen tip; a pen tip

hol der 22 holding the pen tip 3; an ink reservoir 28 having 20 the
pen tip holder RR6&F 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 ther npalr omiecdriiog4eo a Tody-Findt a6R2LOMRE inveBtibs, tRe FRARG indthdlent 8f
i nt erposed between the pen tip 3 and the ink tank 25 and that

tenporariﬁﬂnyﬁhﬁﬁ@ﬁngﬁﬁﬁégﬂgmgn{ﬂgmﬁg%yltant froman increase in the
internal pressure of the ink tank 25. conb- shaped nenber is adopted

for the ink 25reseEN@idstruiddgt fkicddqen body 7 is forned froma soft
synthetic resin and’gtf%cﬁgﬁ to fﬁ@’rear-end hol e of the ink tank

£ ol ARl R SR SN T &
(2,15, V(0 206 Ay BLBEL) 85, B69ST HLSAE0h ) PILSH hhBBAE, "
TR N A R TR A R

enbodi ment__i gi&_rec ed toward a witing instrument set having the
witing i TN and the friction body 7. The thermochronic ink 4
is stored in the witing instrg nt 1 and, supplied fromthe pen tip
55 A ther mochr Gietay AHG A Py PER S Sier St ke B iSAE R BARgE i
surface as a result of the pen tip 3 of the witing 15 instrunment 1
contéétiﬂﬁmﬂhe paper surface. The thernochrom c i mage or handwiting
can be thermally discol ored by rubbing the i mage or handwriting
formed on the pﬁ%@n%ﬁﬁ%@n\bpﬂ}ﬁl&mwl%ﬁﬁléﬂm cg’@@a/cap.. [0112] The
witing instrunment 1 is nade up of the witing instrunent main body 2
20 which has tH89Gn tip 3 at the front end thereof and stores the
“thernochromic ink 4 and the cap 6 renovably attached to the pen tip
si de of t[A2] wr iAdcngdinghnt @ foryrsecomd aspbaidyf tRe infvedti@] the writing instriitvent of
writing instrument main body 2 includes: a pen tip 3 made up of a

bal | - poi rthe punty-nigh agpepeot the mveatickeincRdes:o whi ch the pen tip 3 is
fixed at the front end 25thereof, an ink storage cylinder 23 to which
the pen tip holaden tipnade ¢fi ag@rdcébed fBrotis Bldtnent 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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end thereof, the tail plug 24 that is attached to an openi ng forned
in arear end of the ink storage cylinder 23 and has a ventil ation
openi ng; and a barrel 21 accomnmodating the ink storage cylinder 23.
The thernochromic ink 4 and the followi ng elenment 5, which is

di sposed at the rear end of the thernmochromc ink 4 and forwardly
advances 5 in association with consunption of the thernochrom c ink
4, are housed in the ink storage cylinder 23. The barrel 21 is made
up of thel$¥Bai;Badrel 21a and the rear barrel 21b that are

screw engaged with each other. The %en tip 3 protrudes outside from
the front-end haremeyablheapiupyided piithe pptip sisletof e weting insjrumegtimain
10A ball is held at the front end of the pentip 3 in a rotatable
manner. Thedgl astic el ement (a coil spring) 31 is housed in the pen
tip 3. The ball is urged forwardly by the elastic el enent 31, whereby
the ball is browghtein thedriciinpreiyse drevodddat t redrtend af thenwering instraicnig
interior surface of the front end of the pen tip 3. [0115] 15The pen
tip sedl maibbesdyed aegeftiteasapa soft material is housed in the cap 6.
When the cap 6 is attached to the pen tip side of the witing
instrument, the[gegojtip 3 cones into close contact with the pen tip
seal nenber 61, whereupon the pen tip 3 is sealed. [0116] 20The

out ward pr4r usheeordihgitd a6y iilRHaPRctdIShEMEEd R tRULGAGE]
friction Eogy 7 fogneg fﬂon?g sof?$s§nthetic ﬁé§$%. Tﬁgﬁfggg?#%ﬁxgbdy

71s atta&ﬁ%@nﬁ%ﬁhﬂﬁmgé&Qkﬂﬁﬂﬂvﬂﬁk%ﬁﬁﬂg%%Pti0” body hol der 8. The

friction bod der I's cylindrica the inward protrusion 81 is

f d the i 1 Qr .end of the fricti bod
ormed on e |ngglrﬁlgg?%ré{e%?g%a%%édgﬁg&gggg end o e friction body

hol der. The i nwar 71 are engaged with each

ot herjdn a 25clinbin i hereb neventing r.enoyal t.he

fri ctlldon body 7. [O%T%ﬂ{éﬁgc{rh%lg&iegré%l {%’hgﬁblcﬁé’il%?grﬂf?nteﬁeénﬁﬂgé?‘ﬂﬁ$

conducti vjty. a fricti.on portion of the fricti.on bo 7 is ranging

;r _ornt 0. 05&{#1(1 Srr%'ff)pcltr%i ?dd:mf%) _aiéf‘ Vé% t??ﬁﬁct@ﬁllﬁgg‘??l} i fent of the
riction portion o e friction bo o the er surface is

rangi ng 51|‘Or om0.2 to 4P¢H E&Z’ef’ﬁﬂf @@ggf’gifaceslsﬁgl%gg § t/0B 8 FPTSof

tests for thernmochram sm prqperty when therpochrom c handwjting
fornmed i reltHERNY dﬁF%nqeﬁfga\R%@erl%BgﬁPﬂﬂiﬁaé emenb anbWaKhSUAPNG thes of
(RXWV) /A, which is_g%veg by arbitrary selecting values of a friction
coef fi ci eHPMYsErQmICHLGHRdS i cti on body and the paper surface,

vertical load W(N) inparted to the paper surface by the friction
body Mduri ng fridiermsnablesap puvideddt oen yip\wide of thawrising drstrument miagt i on
body travel s over the paper surface during frictional notion; and a
contact &d% A (cnm2) at which the friction body contacts the paper
15surface during frictional notion. In the tests, a total of
four types of fwhaseindhe fitntiioedody imsprevidad) aod reat emd ofjthe svrisfng instrument
styrene-based resin, silicone resin and pol ypropyl ene resin were
used. | n méie bodybsthetthpofitherapni ¢ handwiting formed i n thernochronic
i nk having a discoloration tenperature (a high-tenperature point of
di scol oration) [06745 C was rubbed at an 20anbi ent tenperature of 25 C
wth a plurality of types of friction bodies. Eval uations of

t her ochries] smAdsotdigg iediRtyalortBaspeet bPWS inventiSRNH¥AI i nWRinent of
totally discol ored

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  anink tank storing the thermochromic ink; and
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[1: Handwriting was essentially discolored H: Handwiting was
slightly discolored 251V: Handwiting remai ned conpletely

undi scolored [0119] Table 1 test No. s WV AGOs x wx Vv) [/ A

t hermochromsm 1 0.283 0.98 0.1 0.025 1.1 rv 2 0.780 1.96 0.1 0.071

2.2 1V 30.780 2.94 0.1 0.071

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 pen tip side of the writing instrument main

5  body,

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]
e 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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[0075]

The friction body is preferably configured so as to be provided in a part of a
writing instrument that stores thermochromic ink and that can supply the
thermochromic ink onto the paper surface from a pen tip.

As the configuration in which the friction body is provided in the part of the
writing instrument, there are exemplified that a configuration in which the friction
body is provided on a side of a writing instrument main body opposite to the pen tip; a
configuration in which the friction body is provided on a top of a removable cap
located on the pen-tip side of the writing instrument main body and the like.

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 conﬂguredl in such a way that when rubbing the
paper surface with the friction body, an outer peripheral surface of the friction body is
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
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 thermochromi.c ink and

the like, are mentioned as the writing instrument.
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[0077]

e Unit of load W and contact area A

In the present invention, the unit of load W is Newton (N); and the unit of
velocity V is a meter per second (m/s); and the unit of the contact area A is a square
centimeter (cm®).

[0078]

e Friction coefficient

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

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

[0079]

» Load W of the friction body

In the present invention, it is desirable that the friction body manually
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 N to 10 N.

[0080]

e Velocity V of the friction body

In the present invention, when frictional operation is manually performed, it is
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preferable that a velocity V at Which the friction body moves over the paper surface
should be arbitrarily selected from a range from 0.1 m/s to 1.0 m/s (preferably a range
from 0.1 m/s to 0.5 n/s).

[0081]

e 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 from a range from
0.005 cm® to 0.3 cm” (preferably a range from 0.01 cm? to 0.3 cm?).

[0082]

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

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.

[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

electron-releasing color-reactive organic compound; (b) an electron-accepting
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compound; and (c) a reactive medium that determines a generation temperature of
color reaction of both compounds,

[0084]

As shown in Fig. 8, in the present invention, application of thermochromic
ink of color storage and retention type is preferable. The ink of color storage and
retention type has a characteristic that when plotting a change in coloring density
caused by the temperature change, as shown in Fig.8, a path plotted when temperature
is increased from a temperature lower than a discoloration temperature range differs
from a path plotted when temperature is decreased from a temperature higher than a
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 (t;) 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 £, to t3 (an
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.

[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 °Cte 95 °C). Specifically, in the present invention, setting the high-temperature
point of discoloration [a complete coloring temperature (t)] to a range from 25 °C to

95 °C (preferably 36 °C to 90 °C) and setting the low-temperature point of
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discoloration [a complete discoloration temperature (t;)] to a range from -30 °C to +20
°C (preferably -30 °C to 10 °C) are effective.  As a result, retention of color
developed in a normal state (a temperature range for a daily activity) can be effectively
performed and an image or handwriting created in reversible thermochromic ink can
be readily discolored by frictional heat of the friction body.

[0086]

In relation to the reversible thermochromic microcapsule pigment, an average
particle size of the pigment falls within a range from 0.5 to 5.0 um, preferably a range
from 1 to 4 pm. In a system where the average particle size of pigment exceeds 5.0 pm,
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 pm, the ease of high-density coloration becomes difficult.

[0087]

The reversible thermochromic microcapsule pigment can be formulated at 2
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%,
the excurrent of ink is deteriorated, which in turn hinders ease of writing.

[0088]

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

can be created. Due to this operation, the user feels as if erasing handwriting made in
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pencil lead by an eraser and subsequently again creating handwriting on the writing
surface. Specifically, reversible thermochromic ink that changes from a colored state
to a color less state when heated and that also changes from the colorless state to the
colored state when cooled is effective for the thermochromic ink. Ink that changes
from a colored state to another colored state differing from the colored state by
frictional heat as a result of inclusion of a nonthermochromic coloring agent (a dye, a
pigment, or the like) in a microcapsule or ink can also be adopted as the
thermochromic ink of the present invention.

[0089]

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

[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;

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

embodiment of the present invention;
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[0120] Table 2 shows results of tests for thernochrom sm property
when thernmochrom ¢ handwiting formed in thernochrom c ink was rubbed
under the certain values of /A which is given by arbitrary selecting
values of a friction 5 coefficient pi 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 al so
setting the vertical load W(N) inparted to the paper surface by the
friction body dbigi fés 4 langitidinall cresstseotipnab vigwon a wariting nstrumentodftaysixth
V(m's) at which the friction body travels over the paper surface
during freéewmbodmeht efithe presey idveltion;s. 10In the tests, a total of four
types of friction bodies consisting of (two types of) styrene-based
resin, siliconeFige3isa hngitpdhylprapseaiwal eisivrofwefietion Bedy btht bikth
tests, thernmochrom c handwiting forned in thernmochrom c ink having a

di scol or a¢mbsditneniusiIthé pregert antinflbn;tdper at ure poi nt of di scol orati on)
of 45 C was rubbed at an ambient tenperature of 25 Cwith a plurality

of tymes of frimgi @[k Mhﬁgiveﬁgﬁéhé@fnlg%o%fraﬂ&%éﬁ@ﬁﬁf th%fﬂll:!ltl[}r 16

table are as fol ndwiting was totally discol ored

Handwr i tlﬂgam&ﬁmg%@hwmghﬁ@g{kor ed Ill: Handwiting was slightly
di scolored IV: Handwiting remai ned conpletely undiscolored [0121]

Table 2 test No. 1-1- Ais |A thermbchromsm1 0.283 0.283 1.0 W2
0.476 0.317 1.5 11 3 0.476 0. 238

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 tmage 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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end thereof: a tail plug 24 which is attached to an opening formed in a rear end of the
ink storage cylinder 23 and has a ventilation opening; and a barrel 21 accommodating
the ink storage cylinder 23. The thermochromic ink 4 and a following element 5 are
housed in the ink storage cylinder 23. The following element 5 is disposed at a rear
end of the thermochromic ink 4 and forwardly advances in association with
consumption of the thermochromic ink 4

[0093]

A ball 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 pentip 3. The ball is urged
forwardly by the elastic element 3 1, 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
comes into close contact with the pen tip seal member 61, whereupon the pen tip 3 is
sealed.

[0095]

The barrel 21 is 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
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 21c¢ is formed on an interior surface of the rear-end hole of the
barrel 21.  The outward protrusion 71 and the inward protrusion 21c¢ are engaged with

each other in a climbing manner, so that removal of the friction body 7 from the rear
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end hole can be avoided.

[0096]

In the present embodiment, the thermal conduectivity of a friction portion of
the 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.

[0097]

<Second Embodiment>

A second embodiment of the present invention will now be described (see Fig.
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
from the pen tip 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
bady 7.

[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

rear end of the ink storage cylinder 23 and that has a ventilation opening; and a barrel
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21 accommodating the ink storage cylinder 23. The thermochromic ink 4 and the
following element 5, which is disposed at the rear end of the thermochromic ink 4 and
forwardly advances in association with consumption of the thermochromic ink 4, are
housed in the ink storage cylinder 23. The barrel 21 is made up of the front barrel
21a and the rear barrel 21b that are screw-engaged with each other. The pen tip 3
protrudes outside from the 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
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 |
comes info 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
the 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.

[0102]

<Third Embodiment>

A third embodiment of the present invention will now be described (see Fig.
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3).

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 main body 2 and a friction body 7 attached to a rear end of the
writing instrument main body 2. A thermochromic ink 4 is stored in the writing
instrument main body 2 and is supplied from the 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 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.

[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
the pen tip 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
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>

A fourth embodiment of the present invention will now be described (see Fig.
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Table 3 t 881, Nrorhlc 1¥¥a§e '8‘r ﬁéxﬁi\ﬁ*n}’ﬁg)ﬁs ¥3rn{ed%n 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
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 is

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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the 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.

[0108]

<Fifth Embodiment™>

A fifth embodiment of the present invention will now be described (see Fig.
5). |

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

reservoir.  The friction body 7 is formed from a soft synthetic resin and attached to
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the rear-end hole of the ink tank 25.

[0110]

In the present embodiment, the thermal conductivity of a friction portion of
the 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.

[0111]

<Sixth Embodiment>

A sixth embodiment of the present invention will now be described (see Figs.
6 and 7).

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
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
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

thereof, an ink storage cylinder 23 to which the pen tip holder 22 is fixed at the front
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end thereof, the tail plug 24 that is attached to an opening formed in a rear end of the
ink storage cylinder 23 and has a ventilation opening; and a barrel 21 accommodating
the ink storage cylinder 23. The thermochromic ink 4 and the following element 5,
which is disposed at the rear end of the therﬁlochromic ink 4 and forwardly advances
5  in association with consumption of the thermochromic ink 4, are housed in the ink
storage cylinder 23. The barrel 21 is made up of the front barrel 21a and the rear
barrel 21b that are screw-engaged with each other.  The pen tip 3 protrudes outside
from the front-end hole of the barrel 21 (the front barrel 21a).
[0114]

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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0.027 14.4 111 15 0.476 4.90 0.2 0.031 15.0 Il 16 0.497 4.90 0.2
0.031 15.7 11 17 0.476 2.94 0.3 0.025 16.8 |1 18 0.497 2.94 0.3 0.025

17.5 11

10

15

20

25
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[0117]

In the present embodiment, the thermal conductivity of a friction portion of
the friction body 7 is ranging from 0.05 W/(m.K) to 1.0 W/(in.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.

[Examples]

[0118]

Table 1 shows resuits of tests for thermochromism property when
thermochromic handwriting formed in thermochromic ink was rubbed under the
certain values of (WxWxV)/A, which is given by arbitrary selecting values of a friction
coeflicient u between the friction body and the paper surface; vertical load W (IN)
imparted to the paper surface by the friction body during frictiénal 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.

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.

Evaluations of thermochromism in the table are as follows:

I: Handwriting was totally discolored

II: Handwriting was essentially discolored

IIT: Handwriting was slightly discolored

IV: Handwriting remained completely undiscolored
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'0.780 5.85 0.3 0.072 19.0 | 20 0.283 5.88 0.3 0.025 20.0 || 21 0.497
3.92 0.3 0.028 20.9 Il 22 0.283 4.90 0.4 0.025 22.2 |1 23 0.476 4.92

0.3 0.031

[0119]
Table 1
test .
No. 1) w A% A (nxwxv)/A | thermochromism
1 0.283 | 0.98 0.1 0.025 .1 v
2 0.780 | 1.96 0.1 0.071 2.2 v
3 0.780 | 294 0.1 0.071 32 v
4 0476 | 1.96 0.1 0.022 42 I
5 0.780 | 4.90 0.1 0.071 5.4 I
6 0.476 | 2.96 0.1 0.024 © 59 I
7 0497 | 3.92 0.1 0.027 7.2 Ji
8 0.497 | 490 0.1 0.031 7.9 I
9 0.283 | 392 0.2 0.025 8.9 I
10 0.283 2.94 0.3 0.025 10.0 I
11 0283 | 4.90 0.2 0.025 11.1 I
12 0.476 | 0.98 0.5 0.019 123 I
13 0.780 | 2.94 0.4 0.071 12.9 I
14 0497 | 3.92 0.2 0.027 14.4 I
15 0.476 4,90 0.2 0.031 15.0 I
16 0497 | 4.90 0.2 0.031 15.7 I
17 0.476 2.94 0.3 0.025 16.8 1
18 0.497 | 2.94 0.3 0.025 17.5 I
19 0.780 | 5.8%8 0.3 0.071 194 I
20 0.283 | 5.88 0.3 0.025 20.0 I
21 0.497 | 3.92 0.3 0.027 21.6 I
22 0.283 3.92 0.5 0.025 22.2 I
23 0476 | 4.90 0.3 0.031 22.6 {
24 0497 | 490 0.3 0.031 23.6 I
25 0.476 | 5.88 0.3 0.034 24.7 I
26 0.497 5.88 0.3 0.034 25.8 I
27 0.780 | 4.90 0.5 0.071 26.9 I
28 0.497 | 3.92 0.4 0.027 289 I
29 0476 | 2.94 0.5 0.024 29.2 I
30 0.497 | 2.94 0.5 0.025 29.2 I
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22.7 1 24 0.497 4.90 0.3 0.031 23.6 | 25 0.476 5.88 0.3 0.034 24.7
26 0.497 5.88 0.3 0.034 25.8 | 27 0.780 4.90 0.5 0.071 26.9 28 0.497

[0120]

Table 2 shows results of tests for thermochromism property when
thermochromic handwriting formed in thermochromic ink was rubbed under the
certain values of u/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 frictional motion,
and also setting the vertical load W (IN) 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

III: Handwriting was slightly discolored

IV: Handwriting remained completely undiscolored
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3.92 0.4 0.028 27.8 1 29 0.476 2.94 0.5 0.024 29.2 | 30 0.497 2.94
0.5 0.024 30.4 1 [0124] Table 4 shows results of tests for

t hermochrom sm property when thernochrom ¢ handwiting fornmed in

t hermochrom ¢ i nk was rubbed under the certain values of WA, which is
given by arbitrary selecting values of a friction 5 coefficient p.
between the friction body and the paper surface; and a contact area A
(cnmR) at which the friction body contacts the paper surface during
frictional notif@m2ljJand al so setting the vertical load W(N) inparted
to the paper surface by the friction body during frictional notion as
4.9N, and the vebcity V(nm's) at which the friction body travels over

t he paper—surface during frictional nmption as-0-5-pis. 10In the
tests, a|tiE¥o-of fdur tlyped of]| f 1i/dk i oiheppenhesnigtansi sting of (two
types of); styrene-based |res183, sill.tone resilv and pol ypropyl ene resin
were used. If ;he vasgs, tm@ynnphrgglp handwg ting|fornmed in
t her nochriomg 11 qué g doﬂssgﬁ)i O FUT oI tengeratun e of (a
hi gh-t enperat-vr-e—potnt—af—discol-ordatiom—60—-C-was—i ubbed at an
ambi ent tlenpratur848¢ 25 UMith a2pludalitylof types of friction
bodi es. 15Eval uafi 6480 of thzednoichrdfi smin the table are as foll ows:
| Handwii tiag wasoues al|l ywo.mhissclol og.ed I|I: Hamdwitiing was essentially
di scol or g0 FandW T HHE Was, $f1 ght Ty discolorgd TV jHandw i ting
remai ned reonptetety—gndtscol gred

¥ 0476 0.108 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 7.5 I

15 0.476 0.060 79 I

16 0.497 0.058 3.6 I

17 0.476 0.053 9.0 I

18 0.497 0.052 9.6 I

19 0.780 0.078 10.0 I

20 0.283 0.027 10.5 I

21 0.497 0.045 11.0 I

22 0.283 0.025 11.3 I

23 0.476 0.040 119 I

24 0.497 0.040 124 I

25 0.476 0.037 129 I

26 0.497 0.037 134 I

27 0.780 0.056 13.9 I

28 0.497 0,034 14.6 I

29 0.476 0.032 149 1

30 0.497 0.032 155 I
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[0125] Table 4 test No. Ii A 1.1. / A thernocluomsm21 0.283 0.283
1.01V 2 0.476 0.317 1.5 1V 3 0.476 0.238 2.0 1V 4 0.476 0.190 2.5 |V

5 0.780 0.260 3.0

[0122]

Table 3 shows results of tests for thermochromism property when
thermochromic handwriting formed in thermochromic ink was rubbed under the
certain values of (uxWxV)/A, which is given by arbitrary selecting values of a friction

5  coefficient p 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
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. Inthe
tests, thermochromic handwriting formed in thermochromic ink having a discoloration
temperature (a 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

II: Handwriting was essentially discolored

ITT: Handwriting was slightly discolored

IV: Handwriting remained completely undiscolored
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IV 6 0.476 0.136 3.5 1V 7 0.283 0.071 4.01V 8 0.476 0.106 4.5 1V 9
0.283 0.057 5.0 IV 10 0.497 0.090 5.5 111 11 0.476 0.079 6.0 Il 12
[0123]
Table 3
test No. u W A\ A (nxwxv)/ A | thermochromism
1 0.121 2.94 0.1 0.031 1.1 v
2 0.780 1.96 0.1 0.074 2.1 IV
3 0.283 2.94 0.1 0.025 3.3 v
4 0.780 3.92 0.1 0.074 4.1 v
5 0.780 0.98 0.5 0.075 5.1 v
6 0.497 2.94 0.1 0.025 5.8 I\Y
7 0.497 3.92 0.1 0.027 72 v
8 0.497 4,90 0.1 0.031 7.9 v
9 0.283 1.96 0.4 0.025 8.9 v
10 0.283 294 0.3 0.025 10.0 v
11 0.283 1.96 0.5 0.025 11.1 v
12 0.476 0.98 0.5 0.019 12.3 11
13 0.780 2.94 04 0.071 12.9 Jii}
14 0.497 3.92 0.2 0.027 14.4 1]
15 0.476 4.90 02 0.031 15.0 1
i6 0.497 4.90 0.2 0.031 15.7 I
17 0.476 2.94 0.3 0.025 16.8 11
18 0.497 2.94 0.3 0.025 17.5 1
19 0.780 5.85 0.3 0.072 19.0 I
20 0.283 5.88 03 0.025 20.0 Il
21 0.497 3.92 0.3 0.028 20.9 I
22 0.283 4.90 04 0.025 222 1I
23 0.476 492 0.3 0.031 22.7 1
24 0.497 4.90 0.3 0.031 23.6 I
25 0.476 5.88 03 0.034 247 I
26 0.497 5.88 0.3 0.034 25.8 I
27 0.780 4,90 0.5 0.071 26.9 I
28 0.497 3.92 0.4 0.028 27.8 I
29 0.476 2.94 0.5 0.024 29.2 1
30 0.497 2.94 0.5 0.024 30.4 i
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0.476 0.073 6.5 1 13 0.780 0.111 7.0 | 14 0.497 0.066 7.5 11 15 0.476
0.060 7.9 16 0.497 0.058 8.6 | 17 0.476 0.053 9.0 18 0.497 0.052

10

15

[0124]

Table 4 shows results of tests for thermochromism property when
thermochromic handwriting formed in thermochromic ink was rubbed under the
certain values of W/A, which is given by arbitrary selecting values of a friction
coefficient |t between the friction body and the paper surface; and a contact area A
(cm®) at which the friction body contacts 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.

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.

Evaluations of thermochromism in the table are as follows:

I: Handwriting was totally discolored

II: Handwriting was essentially discolored

III: Handwriting was slightly discolored

IV: Handwriting remained completely undiscolored
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9.6
I 2

2

19 0.780 0.078 10.0 |
0.283 0.025 11.3 |

20 0.283 0.027 10.5 1 21 0.497 0.045 11.0

23 0.476 0.040 11.9 | 24 0.497 0.040 12.4 |

[0125]
Table 4
test No. 1 A /A | thermochromism
1 0.283 0.283 1.0 v
2 0.476 0317 1.5 v
3 0.476 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 35 v
7 0.283 0.071 4.0 v
8 0.476 0.106 4.5 v
9 0.283 0.057 5.0 v
10 0.497 0.090 5.5 11
11 0.476 0.079 6.0 I
12 0.476 0.073 6.5 I
13 0.780 0.111 7.0 I
14 0.497 0.066 7.5 II
15 0476 0.060 7.9 I
16 0.497 0.058 8.6 I
17 0.476 0.053 9.0 I
18 0.497 0.052 9.6 I
19 0.780 0.078 10.0 |
20 0.283 0.027 10.5 3
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 I
25 0.476 0.037 12.9 I
26 0.497 0.037 134 I
27 0.780 0.056 13.9 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

45



25 0.476 0.037 12.9 | 26 0.497 0.037 13.4 27 0.780 0.056 13.9 | 28
0.497 0.034 14.6 | 29 0.476 0.032 14.9 30 0.497 0.032 15.5 1 [0126]

[0126]

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

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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VWil e the invention has been described in connection with the

exenpl ary enbodi mrents, it wll be obvious to those skilled in the art
t hat various changes and nodification nay be made therein wthout
departing fromthe present invention, and it 5is ained, therefore, to
cover iW?{mEI%M &haimall such changes and nodifications as

fall within the true spirit and scope of the present invention. WHAT
IS CLCAIMED IS: 1. Awiting instrunment conprising: a main
body, al.fri chAivaftilpddyrumdad coherigmghr omi ¢ i nk adapted to flow out of
the witing instrunent, wherein the friction body is adapted to rub a
t her mochr omi &MRHERREY of TiieaRody+ 499 thepesbroghc inksidapied écuﬁ%(@élt Bgthﬁse

of the 1.C. bRk t -di . ] a0l

“age. of g By e D R T e
wher ei mandernmp foordwntd padpeyswfaca bf nseof e thpombelonmaof ink he tifermelfy discolor
body ranges from0.05 W(n 0.50 W(nK); and 1 pen t.i de
of % pr e DR PB RS R R DS b S ek re ek R T ph D
of “supphyinid cbRBiclibRy BPE BRiHos poftkon WNRE Bidkoh BEdYWFdnbb B0l EhT wam% to
mai n body conprises an ink tank which stores therndchromic ink and to
whi ch tHeWdemK)iand s attached so as to be novabl e back and forward, a
val ve nechanj sm whi cheo aensocvxé%e%] Bho% Bgen t]{g aiLS §£e§§eg tr\salrvxasrd, and
a renovabl e %}éedlt&l@\%ldg B°°Y 5 ghﬁ 8t 32 PH |1P|1il|g l?ﬁlgfrumant
mei N bagdyable of suppIeg Blenthéhdchronit i) Wheehin tie Wi seenaéntandigdbdend
of the witing instrunent main body or a top of the cap. 2.. Awiting
i nst r urASMPIESE Yt Bikgnle which afosesitheqpehegnpic ink and torpghighhide pgn tip is attached so
conduct j Vi LCY | ' fhi-Gt i from
005 WP bR kgt GeRER AR ronilfn kL s AOH AR LT
2, whergkssel hartvher aml 2 eonodublecap yovadediie pen itiptsiderof pior tviiang afstrtient
friction bady ranges from0.05 W(nK) to 10 W(nK). 4. The witing

i nst r unBatl B¥¥ording to claim1, further conprising: an ink

absorbi ng el @gﬁ@ﬁl m@%mhioh%o@%epfam@@ 2€] RIBSd BNk Dgitne MdulRus pores

and i npregnat with the thermochromc 1nk; and the pen tip i1s

connectmainttedy e aigrkolghs oabi ng el enent .

!\J

A writing instrument according to claim 1, wherein

the thermal conductivity of the friction portion of the friction body ranges from 0.05
W/(mn+K) to 20 W/(m+K).

3. A writing instrument according to claim 2, wherein the thermal conductivity of the

friction portion of the friction body ranges from 0.05 W/(m*K) to 10 W/(mK).

4. The writing instrument according to claim 1, further comprising:
an ink absorbing element which is made of an element having continuous pores and
impregnated with the thermochromic ink; and

the pen tip is connected to the ink absorbing element.
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