FRI CTI ON BODY, WRI TI NG | NSTRUMENT AND WRI TI NG | NSTRUMENT SET Techni ca
Field 5 [0001] The present invention relates to a friction body, and to a
writing instrument and a witing instrunment set using the friction body.
More specifically, the invention relates to a friction body that allows a
col or change of thernmochromc 10 handwiting by frictional heat, and to a
witing instrunment and a witing instrunment set using the friction body.
Background Art [ OOGRICTIONr 80DY ,a WRITANGOINSTRYMENTMANDh changes col or of
15 thernochrom c handwiting formed on a paper surface. The handwiting is
changed its col or by rubbiWRIBDNG NESTREMEMPESET{ surface on which the
handwiting is forned with any of those friction bodies. Then, the
handwriting is visually recognized as being different that before the
rubbing (see, e.g., Japanese 20 Patent Unexam ned Publication

JP-A-ZOQﬂééﬁgygg@.Ff%ﬁi;henateriaI of the friction body, there are
exenplifie

deveéops bits %%O ﬁit during rubbi ng against paper surface and nakes
surroundi ngs Jirtg,andbesides, 25 since the eraser is worn itself, it

difficult to et permanent 1 uyse requirenent. .
The ﬁ%esent anentgon re atesn%o a friction body, and

fo a writing instrument and a writing instrument set using the
friction body. More specifically, the invention relates to
a friction body that allows a color change of thermochromic
10 handwriting by frictional heat, and to a writing instrument
and a writing instrument set using the friction body.
Background Art
[0002]
There is a friction body in which changes color of
15 thermochromic handwriting formed on a paper surface. The
handwriting is changed its color by rubbing against the paper
( surface on which the handwriting is formed with any of those
frictionbodies. Then, the handwriting is visually recognized
as beingdifferent that before the rubbing (see, e.g., Japanese
20 Patent Unexamined Publication JP-A-2004-148744).
Asthematerialofthe frictionbody, thereareexemplified
an eraser, an elastomer and a plastic foam.
However, the eraser develops bits of grit during rubbing
against paper surface andmakes surroundings dirty, andbesides,

25 since the eraser is worn itself, it difficult to meet permanent

an eraser, an elastoner and a plastic foam However, the eraser



On the other hand, the elastoner and the plastic foam don't have noderate
friction coefficients due to their qualities and grades. Wen they have too
| arge friction coefficients, 5 rubbing them agai nst paper surface sonetines
| eads to breakage of paper, winkling of paper or roughening (scuffing) of
paper surface. Therefore, there occurs a problemthat rewite on rubbed
areas becones inpossible or causes snearing to fail at form ng good-quality
handwr i t2$%. T€EBRIFAR$to the above case, 10 too small friction coefficients
of those friction bodies weaken the perception of rubbing. As a result, it

i s done unwi tt®mgie ahewhaguperthf t afemamdad thed lgisddtcerf aaman
necessary and the paper rubbed becones uneven to spoil its appearance, and
besi des, dd et harbaro dir atebbr ngsios capf fiicientsehseo ahdifreplalngsiekb of bei ng
i nconvenient and tired are produced and such friction bodies cone into

di suse. egagidud y, Wwhhel thegl Rl ki tyo i BarddFad ir@d.orSUMMARY. c@fentidE | NVENTI ON
20 [0003] The invention ainms to solve the above nentioned problens, and

i nterds {onp{R It%%naa§5hﬁgt%;&&dgu&%&ea&&r@&rﬁé@@ba&s B9@irR¥kage
t her nochrom ¢ andmml ing formed on a paper surface wthout |npa|r|ng t he

Paee Ly AR PRERSREIYe oYU <R 0y L b pngt e IR nr
%r ﬁ?fm?nnd fjflééefl?r Tl’lD ere c;[rse rq:qquecljtel OonccOLIrsboa{[ f}l)erroba}_réd 4 r%dr}%swsrlltrga rUbe ng to a
rubbed areas becomes impossible or causes smearing to fail at
forming good-quality handwriting. Contrary to the above case,
10 toosmall frictioncoefficients of those frictionbodies weaken
the perception of rubbing. As aresult, it is done unwittingly
to rub paper with them under loads greater than necessary and
the paper rubbed becomes uneven to spoil its appearance, and
besides, the number of rubbings is apt to increase, and feelings
15 of being inconvenient and tired are produced and such friction

bodies come into disuse. Accordingly, their salability is

{ impaired.

SUMMARY OF THE INVENTION
20 [0003]

The invention aims to solve the above mentioned problens,
and intends to provide a friction body that allows rubbing
against thermochromic handwriting formed on a paper surface
without impairing the paper, and more particularly, without

25 making the paper uneven, and thereby enables good-quality



and enhancenent of convenience, and further to provide a witing instrunent
and a witing instrunent set using the friction body. 5 [0004] According to
an aspect of the invention is a friction body that produces frictional heat
al | owi ng devel opnent, di sappearance or change of color of handwiting
formed wwth a witing instrunent for producing thernochrom c handwiting,
10 what's nore that has a friction coefficient of 0.2 to 1. 0 when rubbed
agai nst pap@vriuinaceo Peefermbfiyagahe oni cubbadceskhciaadt fofrtiigs friction
body is in arange of 0.3 to 0.9. Further, there is provided a witing

i nst r umepd rivbvs mgdut$ ivhe fap ot lesrapd dftriictdrers ooy ubb iagpar ¢ mahiaww i ti ng
instrunment for producing thernochrom c handwiting. Furthernore, there is
provi dedamd whhthBgmenstd UoBATes eéncé pahddi g Hée tbroreivior Hady tdnd a witing
instrunment for producing thernmochrom ¢ handwiting. 20 [0005] In accordance

W th thejiovenhkdoP anbla ¥$1PO8§ 1 Bs ruRePtOVd €8s i AgftHeLEF PP POV Olhat al l ows a
paper surface on which handwiting 1is formed to have good keeping quality
becayse it neit(g@(gqnpai rs paper nor makes paper uneven at the tine of
rubbi'ng agai nst 2 he paper surface. Further, not only it satisfies

practical Ity R SRFHd e LA . 9n ol 00 auall 1 RagduEit on
body that produces frictional heat allowing development,
disappearance or change of color of handwriting formed with
a writing instrument for producing thermochromic handwriting,
10 what’s more that has a friction coefficient of 0.2 to 1.0 when
rubbed against paper surface.

Preferably, the frictioncoefficient of the frictionbody
is in a range of 0.3 to 0.9.

Further, there is provided a writing instrument having

15 the aforesaid friction body as a part of a writing instrument
for producing thermochromic handwriting.

Furthermore, there is provided a writing instrument set
including the friction body and a writing instrument for
producing thermochromic handwriting.

20 [0005]

Inaccordancewith theinvention, it ispossibletoprovide
a frictionbody that allows a paper surface on which handwriting
is formed to have good keepingqualitybecause it neither impairs
paper nor makes paper uneven at the time of rubbing against

25 thepaper surface. Further, notonlyitsatisfiespracticality



reduction of bother and tiredness in rubbing. Furthernore, the invention
can provide a witing instrunment and a witing 5 instrunent set which each
use such a friction body. BRI EF DESCRI PTION OF THE DRAWNGS [0057] Fig. 1
is a longitudinal cross-sectional view showng 10 one enbodi ment of a
witing instrument provided with a friction body according to the
invention; Fig. 2 is a longitudinal cross-sectional view show ng another

embodi megt Al W {dd BY SHOHTBRl U MA A hEnurhElish O @boccor di ng

to the |nvent|on Fig i's a longit nal”™ cross-sectional view show ng

still angihe Ingﬂggﬁ@@%@ ARG LU L AR ngltglgswth% gfriction

body accord e’i'nvention: Cross- ctlona
vi ew show e enbodlnent of a witin |nstru rovided with a
b0t o Fesnon ek B R R e e r Siede o AR TRS | SR )
Cross- sectlonal vi ew show ng .anot her enbodi ment of a witing |nstrunent
provi ded Qﬁthn%en?%?%tq%ﬂ1Hﬂﬁﬁ}qﬁbéowaﬂﬁbn901¥ﬁErPﬁﬁ%ﬁt@%91alﬁ%} ¥9s a

| ongi tudi nal cross-sectional view showing 25 still another enbodi nent of a
witiing instrument pebviwbédhweanh Yse $urbt Rohrbetyonckeddi-ng to the
invention; Fig. 7 is a longitudinal cross-sectional view showing a friction
body according to the invention;
BRIEF DESCRIPTION OF THE DRAWINGS
[0057]
Fig. 1 is a longitudinal cross-sectional view showing
10 one embodiment of a writing instrument providedwitha friction
body according to the invention;
Fig. 2 is a longitudinal cross-sectional view showing
another embodiment of a writing instrument provided with a
friction body according to the invention;
15 Fig. 3 is a longitudinal cross-sectional view showing
still another embodiment of a writing instrument provided with
{ a friction body according to the invention;
Fig. 4 is a longitudinal cross-sectional view showing
a further embodiment of a writing instrument provided with a
20 friction body according to the invention;
Fig. 5 is a longitudinal cross-sectional view showing
another embodiment of a writing instrument provided with a
friction body according to the invention;

Fig. 6 is a longitudinal cross-sectional view showing

25 still another embodiment of a writing instrument provided with



Fig. 8 is a longitudinal cross-sectional view showing 5 a witing

i nstrunment used in conbination with the friction body shown in Fig. 6; and
Fig. 9 is a graph illustrating a col or changi ng behavior of a reversibly

t her nochromi ¢ conposition. 10 DETAI LED DESCRI PTI ON OF THE PREFERED

EMBODI MENTS [0006] The present friction body produces frictional heat by
rubbi ng agai nst a paper surface on which thernochromc handwiting is
formed taefebytionabddw deverdpnente the dhveppeerance or change of col or of
the handwriting. For the friction body, any material may be used s.o | ong
as its fricti onigoef ficiedond tutd nmaange ofs-Gezttionhl Figuw efemdlnlgy 0.3 to
0.9, and nore preferably 0.4 to 0.8. Wien the friction body has a friction

coef fi ci gntroeepderbodP 4bedrdify tésthéi chvOntagaj nst the paper surface
becones excessive, there is possibility that the paper is broken or

wr i nkl ed, or PRRg! surd ara dryiteighened laeUideDionl U GRseangnot only
the appearance of paper is inpaired, but also it becomes inpossible to
oL 202190 lubed BhERe <l O BARShaRiorSYA Lhel AMALI AOrLB,POSS DI €

r
handwri ting areas of paper 18 o0 run and inferior

in qualit% gecagﬁf thg_paggr is winkled or the paper surface is roughened.
On the ot h¥Y hHAd * % f¥{ c?idn body having a friction coefficient smaller
than 0.2 is too small in resistance to paper _ )
Fig. 9 is a graph 1llustrating a color changing behavior
of a reversibly thermochromic composition.
/
10 DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS

[00086]

The present friction body produces frictional heat by
rubbing against a paper surface on which thermochromic
handwriting is formed thereby to allow development,

15 disappearance or change of color of the handwriting.
For the friction body, any material may be used so long
( asitsfrictioncoefficientisinarangeof0.2to0l.0, preferably
0.3 to 0.9, and more preferably 0.4 to 0.8.
When the frictionbody has a friction coefficient greater
20 than 1.0, its friction against the paper surface becomes
excessive, there is possibility that the paper is broken or
wrinkled, or paper surface is roughened (scuffed).
Insuchcases, notonly the appearance of paper is impaired,
but also it becomes impossible to write again on rubbed areas

25 of paper or, even if rewriting is possible, handwriting formed



5 surface and becomes a cause of poor perception of rubbing. So there is a
tendency to rub paper hard with such a friction body wth a | oad greater

t han necessary, and the paper rubbed becones uneven and spoils its
appearance, furthernore, the nunber of rubbings is apt to increase. As a
result, the user of such 10 a friction body has a feeling of being

i nconvenient and tired and the friction body cones into disuse in sone
cases. |ontrhbbedvaneddf papef riscpronedoefbharehtinderaotricaueditlyody is
defined as a friction coefficient (frictional force/load) worked out by
measur enestawssl eéhetgepeondivn iork idthd r Thet hapé r isatrifan ebdgdly oughenkkbded agai nst
paper surface at a speed of 100 mmimn with a |oad of 500 g. The

material of the fenctdemePogdynds Aotrpafibeubasyynhvihed teicamynof gl ass,
netal, wood, stone and resin nmaterials can be used. 20 However, it is

appr oprialer £ - Hse: 3ma83k? {1aMl 092612865 Gl 1154ER 183 ahithbEs pawaich can

give a feeling of rubbing with an eraser when friction is applied thereto,

and ther afedde Lsa BOSShBLS, Lauselben.an LEpach ubichsa diliald ongBody has on

paper per form ng dével oprment I sappearance or change col'or 25 of
handwritji.ng and tq rub the friction ho ai nst _the hagndw jting w thout
i ng SRS 86t A ack T & Hhed 4- SRR sy 2 idial bhadl bl e

for the friction body include silicone resin, styrene-hased resin (e.g., a

st yr ene-britthdi G 86BBFGReEMaTaN8EGF BREY e AR e PBRECA T WhRed becomes

uneven and speoils its appearance, furthermore, the number of
rubbings is apt to increase. As a result, the user of such

10 a friction body has a feeling of being inconvenient and tired
and the friction body comes into disuse in some cases.

In the invention, the friction coefficient of a friction
body is defined as a friction coefficient (frictional
force/load) worked out by measurement under the condition that

15 the friction body is rubbed against paper surface at a speed
of 100 mm/min with a load of 500 g.

( The material of the friction body is not particularly
limited to, any of glass, metal, wood, stone and resinmaterials
can be used.

20 However, it isappropriatetousearesinhavingelasticity,
such as rubber, which can give a feeling of rubbing with an
eraser when friction is applied thereto, and thereby it is
possible to soften an impact which a friction body has on paper
when performing development, disappearance or change of color

25 of handwriting and to rub the fricticon body against the



5 copolyner), fluorine based resin, chloroprene resin, nitrile resin,

pol yester based resin, ethylene-propyl ene-di ene rubber (EPDM, polyethylene
and pol ypropyl ene. [0007] Rubbing the friction body agai nst paper surface
is done 10 manually, so it requires no | arge-scal e apparatus and can be
used as a part of a witing instrunent for producing thernochromc
handwiting. That is, the friction body can be froyided at a rear end of a
barrel oraNGWIiHENGALEhRPE BdMHdeean Ohaechi eapble HenBag kticonsesdy can be
provided at a tip of the 15 cap. Mre specifically, witing instrunents,
such as a balBxpoipte perf, aa rfadidrigen,swd trednlle g rpémearid ia thons bbogen, wher ei n
thernmochromc ink is included and a friction body is provided at the rear
end of aibeariéd (seeifdgs. #es2n, 4, sbyasfebdhased20raseap flet.hed wath a
friction body is used (See Fig. 3) can be given as exanples. Alternatively,

it is p0§§yﬁé1‘?e-tl§htﬂ%Pel@eW&bbb'19me&$tréln'@'ES/reﬁét-e'tﬂ?lBﬁ'engu%af:irl'e‘ﬁfe' onal
menber having the friction body (Fig 7) and a witing instrunment for

dg f F d f
DI 004! NGB EBHIECN A o2 3A0N EL0gn it o Bl UL ALE, SgRRRated 1 om

having witing I nstrunents I ndi vi prOV|d|ng t wo

o Tore Lges oL DTS P SoREhCA ) A ael kg e,
vivid COI1-9].£DSI~4) ;, polyethylene and polypropylene.
[(0007]
Rubbing the friction body against paper surface is done
10 manually, so it requires no large-scale apparatus and can be
used as a part of a writing instrument for producing
thermochromic handwriting. That is, the friction body can be
provided at a rear end of a barrel or, if the writing instrument
has a cap, the friction body can be provided at a tip of the
15 cap.
More specifically, writing instruments, such as a
( ballpoint pen, a felt pen, amarking pen and a brush pen, wherein
thermochromic ink is included and a friction body is provided
at the rear end of a barrel (see Figs. 1, 2, 4, 5 and 6) or
20 a cap fitted with a friction body is used (See Fig. 3) can be
given as examples.
Alternatively, itispossibletomakeawritinginstrument
set including a frictional member having the frictionbedy (Fig.

7) and a writing instrument for producing thermochromic

25 handwriting (Fig. 8) which are separated from each other.



5 Additionally, the witing instrunents are not limted to liquid

t hermochrom c i nk-contai ned ones, but they may be thernochromc solid
writing instrunments, such as crayons. [0008] Addition of a coloring agent
sel ected fromdyes or pignents 10 for general purpose use to the friction
body can enhance designing capability and allows the friction body to serve
also as a col or displaynenber conformng to the color of handwiting.
Furthernore, divheaviadivrifdsgofnstrwernt kfrtsindivtidusl Lyaprpvidingcan al so
be added to the friction body, if needed. 15 [0009) The col ori ng agent

i ncor porated rifeect iMaeley of thermphbromdhr bandwirnkiog théfewdihgomhc solid
writing instrunment 1is a mcroencapsul ated pignment prepared by enclosing in

m crocapsslles toresveains bt tiley Mechiramed tceeRoshhi 6Brwhiehtd@scantai ns at
| east three essential ingredients, nanely: (a) an el ectron-donating

col or - shoyd g B GaNE £Meundity (1 ARy &l el s accepting conpound; and (c)
a reaction nediumdetermning the tenperature at which color reaction

bet D). I 25 di heat i ng.
8e As"‘ge“ (a) a%‘ﬁog]ttill%%%‘gﬁ_ﬁzdp t%%ewr%'%q#y;g??t(fﬁhgégs grg' ﬁé‘@pg?}%;tgé cating

t he reversi chrom ¢ co ion, i sclose
I T S O A P ol LEPERSPh ot (e
thermochromic solid writing instruments, such as crayons.
[0008]
Additionofacoloringagent selected fromdyesor pigments
10 for general purpose use to the friction body can enhance
designing capability and allows the friction body to serve also
asacolordisplaymember conforming to the colorofhandwriting.
Furthermore, other additives of various kinds, such as
a filler, can also be added to the friction body, i1f needed.
15 [0009]
The coloring agent incorporated effectively in the
{ thermochromic ink or thermochromic solid writing instrument
is a microencapsulated pigment prepared by enclosing in
microcapsules a reversibly thermochromic composition which
20 contains at least three essential ingredients, namely:
(a) anelectron-donatingcolor-showingorganic compound;
(b) an electron-accepting compound; and
(c) areactionmediumdetermining the temperature at which

color reaction between (a) and (b) takes place, and whose color

25 disappears by heating.



5 the color is changed between before and after the tenperature is raised
beyond individually specified tenperatures (color-changing points); it
shows a decolorized state in the tenperature region higher than the

col or-changi ng point on the higher tenperature 10 side, and it shows a
col or-devel oped state in the tenperature region |ower than the

col or-changi ng point on the |ower tenperature side; only one of the
foregoi ng two ¢ atElse i srevessibed atheomdchaoyitenpempbuiéiohb the ot her
state is kept while hot or cold energy required for devel oping that state

is appl i@tsdhesed ol DWp-~Eetsury 47 6 herp-@1a& 1s4ai7@ 7atkndr dPRary -bemper at ur es
when application of the hot or cold energy ceases; and relatively small in

hysteresjs Wsdidhdditle t o7 Gse 20nEOWRNBIos 183 ofisS O D88y | Bod Rolidgl 7154,
JP-A-7-179777, & JP-A-7-33997, JP-A-8-39936 and JP- A-2005-1369, it is
preferaﬁﬁﬁéé&%§ ;1 he reversibly thernochrom ¢ conpositions having

followi ng properties: large in hysteresis characteristics (aH=8 to 70C) 25

wh lotti t.h densi t h f ti f, 9.t t
Ce%hhere | nAPBRSFALOEne 1 SHRRPAELr SaPoTn DTG FoRpet S o Bhde. whi ch

case~where inc
is lower than the col or change teggerature,regi reatly different from
e

on is
a case WHIRFIYdth®asitfg tel I mpePEYore fHﬂﬁ%¥%ﬁ%ﬁﬁﬁﬁteﬁB§FéF&P§ si de

whi ch
temperatures (color-changing points);
it shows a decolorized state in the temperature region
higher than the color-changing point on the higher temperature
10 side, and it shows a color-developed state in the temperature
region lower than the color-changing point on the lower
temperature side;
only one of the foregoing two states is presented at
ordinary temperature;
15 the other state is kept while hot or cold energy required
for developing that state is applied thereto but return to the
( one state at ordinary temperatures when application of the hot
or cold enerqgy ceases; and
relatively small in hysteresis width (AH=1° to 7°C).
20 However, as disclosed in JP-B-4-17154, Jp-A-7-179777,
JP-A-7-33997, JP-A-8-39936 and JP-A-2005-1369, it is
preferable to use the reversibly thermochromic compositions
having following properties:
large in hysteresis characteristics (AH=8° to 70°C);

25 when plotting the color density change as a function of



5 is higher than the cool er change tenperature region; and having a
col or-nmenory property which can kept the col or-devel oped state at | ower
tenperatures or the decolorized state at higher tenperatures in the
specified tenperature regions. 10 [0010] The hysteresis characteristic
represented by the color density-tenperature plot of the reversibly

t her nochroni c osition is described helo In Fig. 9, the color density
is pIott%&WEEFQﬁHﬁ at®e GY¢ ¥ %@rﬁhénFéﬁﬁéﬁgﬁugbe §e§BgEP§§£e $ﬁ8mv§r|at|on of

color density wth tenperature progresses along the direction of arrows.
Her ei n, Yo¥eq depnsdiatiugendiics Mﬁg\%éSdéﬁy@Fytaﬁnt kbe cekperabar8eT4 where
t he conpletely decol orized state is attained (hereinafter referred to as
the conplestpnat e deexowlon i 26 ngreahper dttdferentBtron @ poise whebeating the
density at the tenperature T3 where decolorization starts (hereinafter

r ef er r edidar eass itrliet h d ecodp@iriatatrieofir sth ariigige t eoppeabtuney,si'de'whéch poi nt
indicating the density at the tenperature 25 T2 where color devel opnent

stargs (fhensidrait etharefield eddie raschabyd heengd rndey elapimnt std@rting
tenperature), and "D' is a point indicating the density at the tenperature

T1 where the gomalgtehy LAlRLmHgELOPEL: é§£9 i i@kt alagd kddier ehaaf ter

referred to as the conpl etely col or-devel op
color—developedstateeﬂ:lowertemperaturesorijuadecolorlzed
state at higher temperatures in the specified temperature
regions.

10 (0010]

The hysteresis characteristic represented by the color
density-temperature plot of the reversibly thermochromic
composition is described below.

In Fig. 9, the color density is plotted as ordinate and

15 the temperature as abscissa. The variation of color density
with temperature progresses along the direction of arrows.

Herein, “A” 1is a point indicating the density at the
temperature T4, where the completely decolorized state 1is
attained (hereinafter referred to as the completely

20 decolorizing temperature),

“B” is a point indicating the density at the temperature
T3 where decolorization starts (hereinafter referred to as the
decolorization starting temperature),

“C” is a point indicating the density at the temperature

25 T, where color development starts (hereinafter referred to as

10



5 tenperature). The col or-changing tenperature region is a tenperature
regi on between the tenperatures Tl and T4, and therein both a first color
phase and a second col or phase can be present. A tenperature region between
the tenperatures T2 and T3, which 10 has a great difference in color
densities, is a substantially color-changing region (two-phase retaining
tenperature region). Additionally, the length of a line segnent EF is a
measur e the eokomdess oyt s vl by defarer aftref + eand change, and 15 the
|l ength of a |line segnent HG passing through the mdpoint of the |ine segnment
EF is a tenperd®®’lie aipdtimtshodi ngtihe tdegdeesioly &y dther bsinpethéneenaft er
referred to as the hysteresis width AH). Wwen this AH value is small, only

one of the dhwretehescohploetelandocablreteelober aitaitge tanabeaphedent at
ordinary 20 tenperatures. \Wien the 4H value is great, on the other hand, it

becones e@sye 11th fed @ik ROt SRS 8% Rekorempndtal yebooeokote1 6pange. [0011]
Specifically, the reversibly thernmochrom c conpositions 25 having

colog-nEﬁgﬁ Lperdies can serve effectively a function 11 of retaining
colors t eﬂys OM/IJ an ordinary state (in a range of daily-life

TR atur ) g APSLL 09, Lo SRTELPLELY, 1 0 Puelop apgl per atures
region between the temperatures T; and T4, and therein both a
first color phase and a second color phase can be present. A
temperature region between the temperatures T, and Ts;, which
10 has a great difference in color densities, is a substantially
color-changing region (two-phase retaining temperature
region) .
Additionally, the lengthof a line segment EF is a measure
of a contrast between colors before and after a change, and
15 the length of a line segment HG passing through the midpoint
of the line segment EF is a temperature width showing the degree
( of hysteresis (hereinafter referred to as the hysteresis width
AH) . When this AH value is small, only one of the two states
before and after a color change can be present at ordinary
20 temperatures. When the AH value is great, on the other hand,
it becomes easy to retain both states before and after a color
change.
[0011]

Specifically, the reversibly thermochromic compositions

25 havingcolor-memoryproperties canserveeffectivelya function

11



5 or cold climates, nanely a range of -30 to 10C, preferably -30 to OC, and
nore preferably -30 to -10C, their conpletely decolorizing tenperature T4 to
a range of tenperatures obtainable fromfrictional heat with the friction
bodi es and fam liar heaters, such as a hair dryer, 10 nanely a range of 30
to 90C, preferably 50 to 80C, and nore preferably 60 to 80C, and defining
their AH values so as to fall within the 40 to 60C range. A witing

i nst runert resawhiiel epeor aVidiRY GRoWsimpdl cedingsvhetdte| ik ehagngent ai ns

m crocapsul ed pignments enclosing a reversibly thernochrom c conmposition in
a col or ext siaitley-litfe itemprefarmsse tthatadhestwmid:d ng i nstrunment is structured
so that handwiting fornmed therewith is not decolorized easily by touch of
finger, furthehditechapdetietliyngotleeotiore2zegdidgesemptrdevedopr;,; 20 gol or
again. Therefore, settings of the tenperatures T1 and T4 becone very

i mpor t anta RS P empE@BEAl e sAH A8 SN D OF v AinCF OGaiRFl 80 R GRBAbSrst hough it

is not 25 refused to adopt a formcircular in cross section, adoption 12 of

[T Ol GGl 1 OR8RSG! LODalacehEeCt iy S aRdWL LEng(of Ted by

&fltlng I"s 1 _ e~ crocapsufled pi gnent's-ar ery-al i gned
and adhered 19 Boc " L4 PY - 288, 301 2ot N T Jippg i ameter si des
their completely decolorizing temperature T4 to a range
of temperatures obtainable from frictional heat with the
friction bodies and familiar heaters, such as a hair dryer,
10 namely a range of 30° to 90°C, preferably 50° to 80°C, and more
preferably 60° to 80°C; and

defining their AH values so as to fall within the 40°

to 60°C range.

A writing instrument to which the invention is applied
15 holds ink that contains microcapsuled pigments enclosing a
reversibly thermochromic composition in a colored state. It
is preferable that the writing instrument is structured so that
handwriting formed therewith is not decolorized easily by touch
of finger, further the handwriting decolorized does not develop
20 color again.
Therefore, settings of the temperatures T, and T, become
very important factors.
[0012]
As the form of microcapsuled pigments, though it is not

25 refused to adopt a form circular in cross section, adoption
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5 dianeter sides) are closely contacted with the witten surface.
Accordingly, the handwiting shows coloration wwth a high density. Further,
when external force is applied by rubbing the friction body against the
handwriting, the mcrocapsuled pignents are subtly elastic defornmed so as
to relieve the 10 external forces and prevent breakage of m crocapsule wall.
As a result, effective devel opnent of thernochromc function can be

at t ai ne® fwifiorast niopp &l iearHar Her Siressi tseicd iprefisr fifeatiare t he ni crocapsul ed
pi gments whose fornms are non-circular in cross section have a nean val ue
15 of their mHrncwmidunegr fdiraest &ys wWinitdngange iof 0.8 dtee Slatm Emel. the
ratio of the reversibly thernochromc conposition to a wall filmlies

wi t hi n airaegapsiulddl diembnt s( Ay endegbt)ly algAedyah@nmadhendarosapsul ed

pi gments (including those circular in cross section) whose maxi num out er

di amet eks jaften A0 G4 EALEItHAtaPh&i  1BRYQN AU AY8i dEBqnedRaRid dhveOf flow ng
out through capillary gaps is degraded, V\/m le in a systemof mcrocapsul ed

pi 9”@“% %%%%r@ﬁdés%f“a%t osqél%ﬁ%ﬁ&ﬁc %@%&hrﬂ%nﬁ}% %fé@“ average,

it is d| cul't to ow co oratlon ensity ernore, it is
approprlatethat the an.val X|rru Qut r dianeters be froml to 4
pm and ﬁiénr%é(h %e %?dwrl I dlcgmgfg %Ofl( ng% %h?}ér

dlarreter + mi_ni mum ou di anet er ctlon)/2 befrom fto 3 pm Wen
the T at FETSH tie F%Eflerbwh%mﬂ%?mdf@rce 10 aBh1 8" 57 Rusb {1y

the friction body against the handwriting, the microcapsuled
pigments are subtly elastic deformed so as to relieve the
10 external forces and prevent breakage of microcapsule wall. As
a result, effective development of thermochromic function can

be attained without impairment.
Herein, it is preferable that the microcapsuled pigments
whose forms are non-circular in cross section have a mean value
15 of their maximum outer diameters in a range of 0.5 to 5.0 um
and the ratio of the reversibly thermochromic composition to
a wall film lies within a range of 7/1 to 1/1 (by weight).
In a system of microcapsuled pigments (including those
circular in cross section) whose maximum outer diameters are
20 greater than 5.0 uym on average, the capability of flowing out
through capillary gaps is degraded; while in a system of
microcapsuled pigments whose maximum outer diameters are
smallerthanO.5umonaverage, itisdifficulttoshowcoloration

with a high density. Furthermore, it is appropriate that the

25 mean value of maximum outer diameters be from 1 to 4 um and
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5 conposition to the wall filmis greater than the range specified above,
the thickness of the wall filmbecones too thin, and decreases inpressure
resi stance andheat resistance are caused; while when the ratio of the wall
filmto the reversibly thernochrom c conposition is greater than the range
specified 10 above, it is difficult for the color density and clarity at

the time of col or devel opnent to escape being | owered. Mreover, it is
advant agésusnéan wvhéueevd shbtyocapsube hdoainetecenpbias iomimabtitétl mratio
tolie wthin the range of 6/1 to 1/1 (by weight). 15 [0013) Exanples. of a
met hod ubicdnes fror+ micricemc aptefratiinget-hke inemedsebtyohhépiobhr 6nvm
conposition include an interfacial polynerization nethod, an inter

faci al pol wepndgpsat i onmet hod, ani nSi tupol yneri zati onmet hod, a submnerged
cure coating nethod, 20 a nethod of utilizing phaseseparationfrom an aqueous

solution, a wRidd (9fe Utidiiz) NG, Phase separatd A § 1 Oph@AnOERARh SOl vent
a nolten dispersion cooling nethod, an aerial suspension coating nethod and

't ended TES R TS UL P, PO Fer IR RO PO L LRLLS cei bl e
I cr oCapRE o 0T Eadk ) CXRRa L Rr 5B HBLID 11 byoT ST Rpal ved ol Pburhace
characteristics are reformed. The thus forned m .crocapsul es al so can be put
into préggp@asqiﬁgpressurere51stanceandheatre51stancearecaused;
while when the ratio of the wall film to the reversibly
thermochromic composition is greater than the range specified
10 above, it is difficult for the color density and clarity at
thetimeof color development toescapebeing lowered. Moreover,
it is advantageous for the reversibly thermochromic
composition/wall film ratio teo lie within the range of 6/1 to
1/1 (by weight).
15 [0013]
Examples of a method usable for microencapsulating the
( reversibly thermochromic composition include an interfacial
polymerizationmethod, aninterfacial pclycondensationmethod,
aninSitupolymerizationmethod, a submergedcurecoatingmethod,
20 amethodofutilizingphase separation froman aqueous soluticn,
amethed of utilizing phase separation from an organic solvent,
amoltendispersicncoolingmethod, anaerial suspensioncoating
methodandaspraydryingmethod. Fromthesemethods,theﬁethod

according to the intended use is chosen as appropriate. In

25 addition, it is also possible to form a secondary resin film

14



5 The m crocapsul ed pignents can be mxed in a proportion of 2 to 50 % by
wei ght (preferably 3 to 40 % by weight, far preferably 4 to 30 % by wei ght)
to the total amount of ink. Wen the proportion is |ower than 2% by wei ght,
t he devel oped <color density is insufficient; while, when the proportion is
10 hi gher than 50% by weight, ink flowability is degraded and witing
propertiy is inpaired. [0014] As to the ink, ink containing the

m cr ocapsaBesh i e bt she de sa retaberod s deinngh dintipeicsetdsul asvelikeke s
effectively used. 15 The vehicle is preferably a water base vehicle, but an

oi | baseinyehie¢keyn@ybgpusedy is ExpaRkes of sstahdeknhpskudeigheas thinning
ink containing a shear thinning property inparting agent and cohesive ink

i whi ' I i t ' d d
R i N e e e K P S R L e

exanpl e,. there is an 4 in which difference in specific gravity between a
n1croen@ﬁ&hﬂ%ﬁ%ﬁf%ﬁ%ﬁégﬁeand a vehicle is controlled to be 0.05 or bel ow

[0015] 25 By addition of the shear thinning property inparting agent, 15
aggrSgat | on AMSBAFRBREREPORIG - AHER bE ARUPEA bR Gen & BERPOBELPRSt r ai ned,

and al so, the handwiting can be inhibited from snearing. Thus, handwiting

can be & redaith ¥gbod"§dahitt Prederiddyose towdln®t ¥ WeiohRg £AStrunent is

ina form
preferably 4 to 30 % by weight) to the total amount of ink.

When the proportion is lower than 2% by weight, the developed
color density is insufficient; while, when the proportion is
10 higher than 50% by weight, ink flowability is degraded and
writing propertiy is impaired.
(0014)]
As to the ink, ink containing the microcapsuled pigments
in a state of being dispersed in a vehicle is effectively used.
15 The vehicle is preferably a water base vehicle, but an oil base
vehicle may._be used.
Examplesof such ink include shear thinning ink containing
a shear thinning property imparting agent and cohesive ink in
which microcapsuled pigments are suspended in a loosely
20 condensed state byuse of awater-soluble polymeric flocculant.
As still another example, there is an ink in which difference
in specific gravity between a microencapsulated pigment and
a vehicle is controlled to be 0.05 or below.
{0015]

25 By additionof the shearthinningproperty impartingagent,

15



5 of ballpoint pen, it is possible to prevent the ink | eakage froma gap
between the ball and the tip at not-used-tine, and also prevent backfl ow of
ink when the tip of the instrunment stand upward (in an upright state).
[0016] 10 Exanples of the shear thinning property inparting agent include
xant han gum wel an gum succi noglycan (with an average nol ecul ar wei ght of
about one mllion to about eight mllions) as an organic acid-nodified

het er opd gpsasdtairdrd eared il ifiaid: a tdldit e maad ogabadl egepagmeanst chyent
nonosacchri des, guar gum 15 | ocust bean gum and a derivative thereof,

hydr oxy&ddyk seebl Hk@s€and allled, esherh M dhat thg @aRoby RIS AGERERLRY
al kyl ester nethacrylate as a main constituent and havi ng nol ecul ar wei ght

of one @Mr?ﬂ% ho‘fﬁ%@ﬁ' Qné?xDPiE'i'ngcf‘aql B@derg%d \A»Jeifiguéé‘g Soma 9k HGOMENNAN,

t hi ckening p ‘acchari'de extracted fromsea eds”an aving a gelling

benayl | demexy BEa o et o P Par g aa o P Se LA ABl &0a8r JPFR aci d

benzyl i denexyl’i eir derivativ a“Cf e

polyper, _inarganic fine particles, .a_polyglycerine fatty acid ester, a
bol yoxy &y PRI B S 51N R i S0 S

acid ester, a polyoxyethylene alkyl 16 ether -polyoxypropylene al kyl ether,

a pol yoif&mhy gae g kyeen pHenyaldt RBA, the otk @t Bobasegdshifget aRE havi ng

its HLB value in the range of 8 to 12; such as fatty acid am de, a salt of

di al kyl -alggo giravesrty baukfdswc cifniiakasihg¢n &hmi ktiprefofhaninstrument
stand upward (in an upright state).

[0016]

10 Examples of the shear thinning property imparting agent
include xanthah gum, welan gum, succinoglycan (with an average
molecular weight of about ocnemillion to about eight millions)
as an organic acid-modified heteropolysaccharide containing
glucose and galactose as constituent monosacchrides, guar gum,

15 locustbeangumeuuiaderivativethereof,hydroxyethylcelluloée,
alkylester alginate, a polymers containing alkylester
methacrylate as amain constituent and having molecular weight
of one hundred thousand to one hundred and fifty thousands,
glucomannan, thickening polysaccharide extracted from sea

20 weeds and having a gelling capability, such as agar or
carrageenan, benzylidenesorbitol and benzylidenexylitol or
their derivatives, a cross-linkable acrylic acid polymer,
inorganic fine particles, a polyglycerine fatty acid ester,

a polyoxyethylenesorbitan fatty acid ester, a polyethylene

25 glycol fatty acid ester, a polyoxyethylene alkyl
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5 N-al kyl - 2-pyrrolidone and an ani oni c based surfactant, and a m xture of
pol yvi nyl al cohol and an acrylic based resin. [0017] As the water-soluble
polymeric flocculant, a nonionic water-soluble macronol ecul ar conpound can
be suitably used. 10 Exanples of such a conpound incl ude pol yvinyl
pyrrolidone, polyethylene oxide, a water-soluble polysaccharide and a

noni oni ¢ wat er-sol ubl e cellul ose derivative. Exanples of a water-soluble
pol ysac ST IR HGEE ﬁ“éuﬁf §har AgRitt YORUE bRV AR &N KVl odext ri n.
Exanpl es of a nonionic 15 water-soluble cellul ose derivative include nethyl

cel | ul ogdenHy 8FBRY ethyrndenigl paged Wpgriagmndphavery| il peB value

hydr oxyet hyl net hyl cel | ul ose and hydr oxypropyl methyl cellulose. In the
rever si blry thieeranghkr ofii 8 TtmklZ orswde dasn fididy 20idneeatiepna aaytwaf er - sol ubl e
pol ynmer can be applied so long as it shows a function of form ng | oose

cr oss- | idiks yat-ween dpedirenylpalfbelesinbut adiel,noni aakeuwat ey sehubl e
cellulose derivatives recited above can function nost effectively. The

pol yger ine- A1lkgacyl-@itr AN d dTax8dah Na@i PE PP HAde su2F ah aAt05aha 20 % by
wei ght to the total ampunt of ink conposition. 17 [0018] Water and, if

needed. A MRLY OIUIR OLAANNCANY MY AR 1T e de LR k. Bxanpl es
of such an organi c sol'vent” 1 ncl ude ethanol,
[0017]
As the water-soluble polymeric flocculant, a nonionic
water-soluble macromolecular compound can be suitably used.
10 Examples of such a compound include polyvinyl pyrrolidone,
polyethylene oxide, a water-soluble polysaccharide and a
nonionic water-socluble cellulose derivative. Examples of a
water—-soluble polysaccharide include tragacanth gum, guar gum,
pulullan and cyclodextrin. Examples of a nonicnic
15 water-soluble cellulose derivative include methyl cellulose,
hydroxyethyl cellulose, hydroxypropyl cellulose,.
hydroxyethylmethyl cellulose and hydroxypropylmethyl
cellulose.
In the reversibly thermochromic ink for use in the
20 invention, any water-scluble polymer can be applied so long
as it shows a function of forming loose cross-links between
pigment particles, but the nonionic water-soluble cellulose
derivatives recited above can function most effectively.

The polymeric flocculant can be mixed in a proportion

25 of 0.05to 20 % byweight to the total amount of ink composition.
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5 propanol, butanol, glycerin, sorbitol, triethanolam ne, diethanolanm ne,
nonoet hanol am ne, ethyl ene glycol, diethylene glycol, thiodiethylene

gl ycol, polyethylene glycol, propylene glycol, butylene glycol, ethylene
gl ycol nononet hyl ether, ethylene glycol nonoethyl ether, ethylene glycol
nmonobutyl 10 ether, diethylene glycol nononethyl ether, diethylene glycol
nonoet hyl et her, dlethylene gl ycol nonobutyl ether, propylene glycol
monobut y| ethdﬂ01@ﬂhylene gl ycol mononethyl ether acetate,

sul fol ane, 2-pyrrol i done and N-nethyl-2-pyrrolidone. [0019] 15 Wen the ink
according to tWegamwent,i af nsedsdd towbterchalygkdlei orgabhat| poineénpen, it is
appropriate that a lubsic.ant be further added to the ink to avoid wearing
away of dde tealnli xgdedai whrg iseat. I n addition to the lubricant, a resin,
such as an acrylic 20 resin, a styrene-naleic acid copolyner, a cellul ose

derivative, podangiRg Y Tl dene rfl My syl val € ohed 1 @de dexihsho1, can be
added to the ink as required, and thereby adhesion to paper surface and

:"nﬁlc S| gs\% oa'ﬁs%ﬁgah%ﬂg” gEQrEHe 'QBrb'ﬁ’P&?oveErlé‘ttﬁ%'ﬁ?f’éM?ﬁ@r a rust
gi ci de 5 drea, a wet tln agent an antifoam ng agent, a
v ol 00y A3, HASPLDRAAE:BEEed BT oscs st Leghant capabi
preparedfﬁyélstﬁpgé thfége%lg%bw'%%iggéﬂyfgneglycol propylene
glycol, butylene glycol, ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, ethylene glycol monobutyl
10 ether, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol monobutyl ether, propylene
glycol monobutyl ether, ethylene glycol monomethyl ether
acetate, sulfolane, 2-pyrrolidone and N-methyl-2-pyrrolidone.
[0019]
i5 When the ink according to the invention is used to be
charged in a ballpoint pen, it is appropriate that a lubricant
be further added to the ink to avoid wearing away of the ball
receiving seat.
In addition to the lubricant, a resin, such as an acrylic
20 resin, astyrene-maleicacidcopolymer, acellulosederivative,
polyvinyl pyrrolidone, polyvinyl alcohol or dextrin, can be
added to the ink as required, and thereby adhesion to paper
surface and viscosity can also be imparted to the ink.

Morecover, a pH adjuster, a rust inhibitor, a fungicide,

25 urea, a wetting agent, an antifoaming agent, a dispersant, and
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5 such as a marking pen or a ballpoint pen, having a tip, such as a marking
pen tip or a ballpoint pen tip, at the witing point, and put to practical
use. [0021] In the case of charging ink into a ball point pen, the 10
bal | point pen itself has no particular limtations as to its structure or
shape. Exanpl es of a ballpoint pen include: a ballpoint pen in which the ink
is inpregnated in an ink absorber made of a fiber bundl e accommbdated in a
barrel, a 1Blumdindiiad ihaseshwat egniieklics beeedt sugfacikehhgcppihieeqbi pped
with a ball pointpen tip; a ballpoint pen in which the ink is directly

cont ai nexhhanrimmdgramicaland oy priedetlermmendge aamied, dfodnk is fed to a
witing point equipped with a ballpoint pen tip via an ink flow control 20
menber with a [@wdwjl i ke grooves or an ink flow control nenber nmade up of a
bundl e of fibers; and a ballpoint pen in which a barrel contains an ink

accormodat i on fiiientd hegda el nidhies @b&ﬁée& Ehﬁﬂiﬁnﬂriﬂhg iH.@’lcj:ﬂllﬁent,

accommodation tube is communicated with"a tip having a ba 25 at the point

o Sl 36 chabhepbrboREe IRt Lan Ut < et et e chps, conaet
tipis QE§9{H$§¥LH%§‘SQH %i%og% gekga&point pen tip, at the writing
point, and put to practical use.
[0021]
In the case of charging ink into a ballpoint pen, the
10 ballpoint pen itself has no particular limitations as to its
structure or shape.
Examples of a ballpoint pen include:
a ballpoint pen in which the ink is impregnated in an
ink absorber made of a fiber bundle accommodated in a barrel,
15 and thus impregnated ink is fed to a writing point equipped
with a ball point pen tip;

( a ballpoint pen in which the ink is directly contained
in abarrel, and a predetermined amount of ink is fed toawriting
point equipped with a ballpoint pen tip via an ink flow control

20 member with a comb-like grooves or an ink flow control member
made up of a bundle of fibers: and

a ballpoint pen in which a barrel contains an ink

accommodation tube filled with the shear thinning ink, the ink

accommodation tube i1s communicated with a tip having a ball

25 at the point and an end face of the ink accommodation tube is
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5 Exanpl es of tips applicable to the ballpoint pen as recited above
include: a tip that holds a ball in a ball holding part formed by deform ng
t he nei ghborhood of a netal pipe tip end in an inward direction from an
outer surface of the pipe; 10 a tip that holds a ball in a ball holding part
formed by cutting a netallic material with a drill or the like; a tip that
is made of a netal or a plastic and has a ball receiving seat nade of a
resin i kemt iinteldoe afntawd tilph andiquidigtdppashifols prewehthehdoby the tip
is urged forward 15 by a spring. The ball usable therein is made of hard
net al ., bstckifillosss steel, ruby, ceramc, resin or rubber, and has a dianeter
of 0.3to 3.0 mm preferably 0.4 to 1.5 nm far preferably 0.5 to 1.0 mm
20 [0023] The [iomk2zaccomodati on tube maybe nol ded of a thernoplastic resin,
such as pol yet hyl ene, pol ypropyl ene, polyethyl ene terephthalate or nylon.

By using a colrgrlessl bs aRsRANLREp LOLRLked i beaNSPREE N mdPeUetail ,
hal f -transparent nol ded tube, the color of ink or the residual 20 anount of

| nk gan he ghecked 1 %C%lpg%ﬁ‘%ﬁgg‘r)ﬂétg Ié'tﬁé'????@?ft ; er‘f%%(‘ercégiitéc? a tip

directly or “via a conne A I ona € i nk ‘accombdati on

tube mey,{gke 2 KO,

a tip that holds a ball in a ball holding part formed
by deforming the neighborhood of a metal pipe tip end in an
inward direction from an outer surface of the pipe;

10 a tip that holds a bkall in a ball holding part formed
by cutting a metallic material with a drill or the like;

a Lip that is made of a metal or a plastic and has a ball
receiving seat made of a resin in an interior of the tip; and

a tip in which a ball held by the tip is urged forward

15 by a spring.

The ball usable therein is made of hard metal, stainless
steel, ruby, ceramic, resin or rubber, and has a diameter of
0.3 to 3.0 mm, preferably 0.4 to 1.5 mm, far preferably 0.5
to 1.0 mm.

20 [6023]

The ink accommodation tubemaybemoldedof athermoplastic
resin, such as polyethylene, polypropylene, polyethylene
terephthalate or nylon.

By using a colorless transparent, colored transparent

25 orhalf-transparentmoldedtube, thecolorof inkor the residual

20



5 of arefill accommpdated within a barrel, or a formof a barrel itself in
which the front-end part of barrel is equipped with a tip and the ink is

directly charged into the barrel. [0024] The rear end of ink accomobdat ed
in the ink accoomodation 10 tube is provided with a liquid ink follower. In
addition, the liquid ink follower may be used in conbination with a solid

ink follower. [0025] Wen charging the ink into a marking pen, the marking

15 pen iim&ldit has vk pedd el &edlitdatations as to its structure or shape.
Exanpl es of the marking pen are: a marking pen in which an ink absorber

made of a fibrgys irﬁg%%%?ggﬁ%itﬁ?g@%é@egeigoﬁn%@fégl rodat Lppmade of

processed fibrous . capillary gaps are forned 1s nnuﬁted in 20

t he bar rﬁredé{]s&?l%/ ‘pir% vi aCOeharg:é) eocfg inpeqnbrreelnber and the ink absorber and the

tip are Cconnec oget her; r'king penin which a barrel directly hol ds
the ink and g pr.edeterm ned anpunt of the ink is fed to_a tip_via an ink
fl ow contr ol %ﬁ%&l%ﬁﬁ%g{??gﬂrfﬁb%&?@ﬁ‘a gLigRd-aee Q%FﬂkﬁfpS@ﬁmi n which a
val ve body capabl e of opening 21 by pressin% a pen point is disposed

bet ween @f &i ¥° Bkl arqommodadE@shirbaRiNohbaule landr tthéormke | ¢ kakralned

directly in the 1ink acconmmodation tube. [0026]
itself in which the front-end part of barrel is equipped with

a tip and the ink is directly charged into the barrel.

[0024]

The rear end of ink accommodated in the ink accommodation

10 tube is provided with a liquid ink follower. In addition, the
liquid ink follower may be used in combination with a solid
ink follower.

[0025]

When charging the ink into a marking pen, the marking

15 ©pen itself has no particular limitations as to its structure
or shape. Examples of the marking pen are:

a marking pen in which an ink absorber made of a fibrous
convergent body is included in a barrel, a tip made of processed
fibrous body in which capillary gaps are formed is mounted in

20 the barrel directly or via a connecting member and the ink
absorber and the tip are connected together;

a marking pen in which a barrel directly holds the ink
and a predetermined amount of the ink is fed to a tip via an
ink flow control member of a comb-grooves-shape; and

25 a marking pen in which a valve body capable of opening
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5 The pen point is a traditional general-purpose porous nenber having
communi cati ng pores, whose porosity is wwthin a range of about 30%to about
70% such as a resin-finished fibrous body, a fusion process product of
hot-nmelting fiber or a felt body. One end of the porous nenber is processed
into 10 a shape appropriate to the intended use, such as the shape of a
bonmbshel |, a rectangle or a chisel, and the thus worked nmenber is put to
practi chly pgessIhe hnkeabsotberis disspmdet altweamnmadthy apdngncinkped

fibers into a bundle along the length direction, enclosing the 15 bundle in

a pl ast izecowhe dart iWr RudeCavier tRe AakeisakonSyche@sai bbbl anghaghaisting its
porosity to a range of about. 40@6to about 90% In addition, the valve body

can takeg,a %%%%h&b%%%&ong%WH' - purpose punping form but a valve whose
spring pressure Is set so as to allow pressure opening dependi ng on

witing pres§ s suitable as the valve body. [Exanples] [0027]
Exanpl es are IIus rated below Al parts in the exanples 25 are indicated

by i ght. 0028 % 4,00, table are shown amaterial,
ana facturer fdPF pBFB u&? 2ok PRt i B TRAFRMEE FOEAEH of

prepared friction bodies and results of friction test and rewite test.
member having communicating pores, whose porosity is within

a range of about 30% to about 70%, such as a resin-finished
fibrous body, a fusion process product of hot-melting fiber
or a felt body. One end of the porous member is processed into
10 a shape appropriate to the intended use, such as the shape of
a bombshell, a rectangle or a chisel, and the thus worked member
is put to practical use.
The ink absorber is a material formed by tying crimped
fibers intc a bundle along the length direction, enclosing the
15 bundle in a plastic tube or with a covering material, such as
film, and adjusting its porosity to a range of about 40% to
about 90%.
In addition, the valve body can take a traditional
general -purpose pumping form, but a valve whose spring pressure
20 1is set so as to allow pressure opening depending on writing
pressure is suitable as the valve body.
[Examples]
[0027]
Examplesareillustratedbelow. Allpartsintheexamples

25 are indicated by weight.
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5 The result of the friction test was obtained by a condition

of witingpaperA (ol dJIS (Japanese Industrial Standard) P3201: wood free
paper made froma stuff of 100% chem cal pulp and having a basis wei ght
range of 40 to 157 g/m 2 and whiteness of 75.0% or above) after

t hernochrom ¢ handwiting formed 10 thereon is rubbed with each friction
body. The result of the rewite test was obtained by a condition of
handwiting fdid#$] by witing again on the rubbed area. Additionally, each
of the friction coefficient data shown in the table is a value determ ned
when t he paperirstitd dcklowing3abllelzack shdvn eaalt eftriiadt, i omabofgchtirarspeed of
10 mm m n under al oad of 5.00 g by using a surface property tester

HEI DON- JardDi t s Ut Shiet @ Beientod tee®ficibhl. 0 23abAprepaabhe]
Friction Body (1) (2) (3) (4) WMaterial Iron ABS resin Polycarbonate

Pol ypr oy igne orVBBHE 8t 4K &1 5RO, BU 1 AN, DR Ws 4 3pad rPQJIr}i'fPer tEQEYDr opyl ene
Product Code Techno 330 Calire 301-22 MA1Z Friction 0.121 0.181 0.193 0.209

CoefE'C“ng ﬂ§§d¥6(3} QhB QchtE%%ttest was cbtained by a condition

ofwritingpaperA (0ldJIS (Japanese Industrial Standard) P3201:
wood free paper made from a stuff of 100% chemical pulp and
having a basis weight range of 40 to 157 g/m®? and whiteness
of 75.0% or above) after thermochromic handwriting formed
10 thereon is rubbed with each friction body. The result of the
rewrite test was cbtained by a condition of handwriting formed

by writing again on the rubbed area.
Additionally, eachof the frictioncoefficient data shown
in the table is a value determined when the paper surface is
15 rubbed with each friction body at a speed of 10 mm/min under
a.load of 500 g by using a surface property tester HEIDON-14D,

made by Shinto Scientific Co., Ltd.
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Rewrite Test B B B A Friction Body (5) (6) (7) (8 Nylon based Nyl on based
Mat eri al Pol yet hyl ene resin Pol ypropyl ene resin Mnufacturer Japan Arkena
Uni on Pol ymer Arkema Pol yet hyl ene Product Code LJ809A PEBAX 7033 3/8 inch
PEBAX 4033 9.5 mmball Friction 0.234 0.265 0.283 0.318 Coefficient
Friction B B B A Test Rewite Test AAA A Friction Body (9) (10) (11)
(12) Material Oefin based Pol yester Styrene based Fluorocarbon resin
based resin rddi9%%ased resin Sumitono M tsubishi Aronkasei Chiyoda

Manuf act rebr em cal Chem cal Integre Product Code ESPLOLEX 903 PRI MALOY
AR- S 498B{PP#1l910N Friction F 0.325 0.339 0.463 0.502 Coefficient Friction
BBA Test Friction Body
(1) (2) (3) {4)
Material Iron ABS resin | Polycarbonate | Polypropylene
Manufacturer Techno Sumitomo Dow Japan
Polymer Polypropylene
Product Code Techno 330 | Calire 301-22 MA1Z
Friction
Coefficient 0.121 0.181 0.193 0.209
Friction
Test D D D D
Rewrite Test B B A
Friction Body
(3) (6) (7) (8)
b d
Material Polyethylene Nylon 2ase Polypropylene Nylon pased
resin resin
Japan .
Manufacturer Polyethylene Arkema Union Polymer Arkema
Product Code LJB09A PEBAX 7033 3/8 inch PEBAX 4033
9.5 mm ball
Friction
Coefficient 0.234 0.265 0.283 0.318
Friction
Test B B B A
Rewrite Test A A A A
Friction Body
(3) (10) (11) {12)
. Olefin based | Polyester | Styrene based | Fluorocarbon
Material . . . .
resin based resin resin based resin
Sumitomo Mitsubishi . Chiyoda
\ Manufacturer Chemical Chemical Aronkasei Integre
' PRIMALOY
Product Code § ESPLOLEX 503 B1910N AR-S 4988C -
Friction
.. .325 0.339 0.463 .
Coefficient 0.32 4 0.502
Friction
Test B B A A
Rewrite Test A A A
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Rewrite Test AAAA 24 Friction Body (13) (14) (15) (16)
Styrene Chl oroprene Styrene based based resin based resin resin
Chi yoda Aronkase
AR875C B1900N Friction 0.524 0.547 0.556

Pol yest er
resin M tsubishi

Ar onkasei
Pr oduct Code PRI MALLOY AR885 -

Manuf act ur er

Mat eri al

Chem cal

I ntegre

0.559 Coefficient Friction A A AA Test Rewite Test AAA A Friction

Body (17) (18) (19)

(20)

Mat eri al
based based resin resin resin resin Minufacturer Aronkasei

Ar onkader Ar onkasel

Product Code ARIGUN: i ARBBBeapRBO C70 Friction

0.649 (.697 0.746 (oefficient HAriction A AJA A Test Rewite Test A
(13) (14) (15) (16)
St t b
Material Polyeste; yrene Chloroprene S yrene ased
based resin | based resin resin resin
i i i . i yod .
Manufacturer MltsuplShl Aronkasei Chiyoda Aronkasel
Chemical Integre
PRIMALLOY
Product Code B1900N ARB8S5 ARB75C
Friction
. 0.547 0. 0.55
Coefficient 0.524 >4 506 ?
Friction
Test A A B
Rewrite Test A A A
Friction Body
(17) (18) (19) (20)
Ni i b
Material Styrene’ 1tr}le Styrene. ased Styrene'based
based resin resin resin resin
Manufacturer Aronkaseil Chiyoda Aronkasei Aronkasei
Integre
Product Code AR160N - ARB60OC ARBOIC70
Friction
. 0. 0.697 0.746
Coefficient 0.646 643 63 4
Friction
Test A A A
Rewrite Test A p:y A
Friction Body
(21) (22) (23) (24)
Material Styrene_ Polyeste; Slllcpne EPDM
based resin based resin resin
\ - - - : -
Manufacturer Aronkasei Mltsu?lShl Chiyoda Chiyoda
Chemical Integre Integre
PRIMALLOY
Product Code ARB0O0OC AL602N - -
Friction
. . . 0.880 . .
Coefficient 0.780 0.898 0.908
Friction
A B B
Test c
Rewrite Test A A B

25

Styrene Nitrile Styrene based Styrene
Chi yoda Integre
1646

A A



Friction Body (21) (22) (23) (24) WMaterial Styrene Polyester Silicone EPDM
based resin based resin resin Manufacturer Aronkasei M tsubishi Chiyoda
Chiyoda Chem cal Integre Integre Product Code ARSB800C PRI MALLOY A1602N
Friction 0.780 0.880 0.898 0.908 Coefficient Friction ABBC Test Rewite
Test AAAB 25 Friction Body (25) (26) Material Styrene Styrene based
resin based resin Mnufacturer Aronkasei Aronkasei Product Code AR330C
ARS4020A Friction 1.09 1.135 Coefficient Friction FF Test Rewite Test F
F 26

Friction Body
(25) (26)

. Styrene Styrene
Material based resin | based resin
Manufacturer Aronkasei Aronkaseil
Product Code ARB30C ARS4020A
Friction

. .09 .135
Coefficient 1 i1
Friction

F F
Test
Rewrite Test F F
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[0031] The synbols used in the above tables for representing the ratings in
friction and rewite tests are explained below. <Friction Test> 5 A® None
of wrinkling, breakage and unevenness occurs in paper at all. B: Slight

wri nkling and unevenness occur in paper. C. Winkling occurs in paper. D
Effort is required for changing the color of handwiting, 10 and besi des,
unevenness occurs in paper. F. Paper is broken. <Rewite Test> A

Good-qual ity hHHH%%Eting is formed. B: A disturbance of handwiting is
observed owing to winkling 15 and unevenness having occurred in paper. F:
Witing is inpdssitimbdecasss ¢n shgepboveakagdes FoO3RfrrERENPLEIL>
<Preparation of Reversibly thernochrom c I nk> 20 Reversibly thernochromc

i nk was thepartadosr om izt qrashd ofwm oz teapsud ed epipjreimest bhiloly.encl oses a
reversi bly thernochrom c conposition having color-nenory properties (TL1:
-16C, TXFr8&idB: T8 T,: 58C, LH 65C, average particle size: 2.5 pm
reversi bly thernochrom c 25 conposition/wall filmratio= 2.6/1.0, color

change fOoMcRieNKf @W¥inkling, breakage and unevenness occurs in paper

at all.

B: Slight wrinkling and unevenness occur in paper.

C: Wrinkling occurs in paper.

D: Effort is required for changing the color of handwriting,
10 and besides, unevenness occurs in paper.

F: Paper is broken.

<Rewrite Test>

A: Good-quality handwriting is formed.

B: A disturbance of handwriting is observed owing to wrinkling
15 and unevenness having occurred in paper.

F: Writing is impossible because of paper breakage.

[0032]
<Example 1>
<Preparation of Reversibly thermochromic Ink>

20 Reversibly thermochromic ink was prepared from:

12.5 parts of microcapsuled pigments which encloses a
reversibly thermochromic composition having color-memory
properties (T,: -16°C, T,: -8°C, Ta: 48°C, T,: 58°C, AH: 65°C,
average particle size: 2.5 um, reversibly thermochromic

25 composition/wall film ratio= 2.6/1.0, color change from pink
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to colorless) and containing: 2.0 parts of

2- (butyl am no) - 8- (di phenyl am no) - 4-

met hyl spi ro[ 5H [ 1] benzopyr ano[ 2- 3-g] pyri m di ne-5, 1( 3" H) -

i sobenzof uran] -3-one as Conponent (a); 5 5.0 parts of 2, 2-bis

(4' - hydroxyphenyl ) hexaf | uoropropane and 3.0 parts of

4, 4" - (2-met hyl propyl i dene) bi sphenol as Conponent (b); and 50.0 parts of

4- benzyl BRyphtAy eEhy | 2eApFeRe2 BR1INConponent (c), 10 0.33 parts of

succi nogl ycan (a shear thinning property inparting agent), 10 parts of
urea, 10 parts of gl3ceppnts®B2pdbusyépmanaoniBonidéppenyeaniiniotydirnparting
agent, 15 0.1 parts of an antifoam ng agent of nodified silicone type, 0.1
parts ofmathubgptrdesSEndl ] 66n 3dppaans|Df 3vwal pyrih0083¢-520 (3Mikt+ ng of
Witing Instrument (See Fig. 1)> The thus prepared ink 4 (the m crocapsul ed
pi gment si 8dbe mbb Elir LT €3 €6t edls | Comsvadse t®) » 16C or below to result in a
pi nk coloration, and left at roomtenperature) was charged by suction into
a polsypr opyl ene pi pes (¢ nk acconmodati on tg@@th 21) having an ingjigde

di anmeter of 4.4 mm and connected to a 2

2,2-bis (4’ -hydroxyphenyl)hexafluoropropane and 3.0 parts of
4,4’ - (2-methylpropylidene)bisphenol as Component (b); and
50.0 parts of 4-benzyloxyphenylethyl caprate as
Component {(c),
10 0.33 parts of succinoglycan (a shear thinning property
imparting agent),
10 parts of urea,
10 parts of glycerin,
0.6 parts of a nonionic permeability imparting agent,
15 0.1 parts of an antifoaming agent of modified silicone
type,
0.1 parts of a fungicide and
66.37 parts of water,
[0033]
20 <Making of Writing Instrument (See Fig. 1)>
The thus prepared ink 4 (the microcapsuled pigments of
which were cooled in advance to -16°C or below to result in
a pink coloration, and left at room temperature) was charged
by suction into a polypropylene pipe (ink accommodation tube

25 21) having an inside diameter of 4.4 mm, and connected to a
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bal I point tip 3 via a resin holder 22. Then, an ink follower 5 (liquid

st opper) containing polybutene as a nmain constituent and havi ng

vi scoel asticity as a main conmponent was charged into the pol ypropyl ene pipe
5 fromthe rear of the pipe, and a tail plug 23 was fitted in the rear of
the pipe, thereby preparing a refill 2. Furthernore, the refill 2 was
nmounted i nside a barrel 6 (conposed of _a front barrel and a rear barrel) ,
a cap 7 wadlppinedtiand ¥Aenad&gérat Rehdewasper f or med by centri f ugal
operation. Thus, a witin 10 instrunment 1 (ballpoint pen) was obtained.
The bal | poi nt Peenti pnhdink af hkaleiet al (bafhldf swebpler)dicandtadmingg 0. 7mmin
a ball holding part forned by cutting a netallic material with a drill, and
t he bal | podgbutged &sraamaiy cdaysal sypenhgnd havbimepwearscoge fad tdtd idry body 8
made fromthe sanme resin as the friction body (14) in the table was

nmount . edakoat heigndombonthe wearcharded . iit93Ie Byl Widp i tdigehe t hus
obtained witing instrunent, 20 characters of a pink color (handwiting)

ver e  or FedmOfha8 PARET o f Sthé aﬁﬂaeﬁh&u@a@dwﬂ gL P83 Qfa R Mitte£alor at room
tenperature (25C), and the characters were decolorized and rendered

col orl eSEhM%%MP@ﬁgpw;pteb ﬁﬁt@réﬂgiégmﬂ éiregliﬁ £0l 833 B3t ate was

kept under roomtenperature, an e origi ink 29
the refill 2 was mounted inside a barrel 6 (composed of a front

barrel andarear barrel), acap 7was fitted, and then deaeration
was performed by centrifugal operation. Thus, a writing

10 instrument 1 (ballpoint pen) was obtained.

The ballpoint pen tip held a hard metal ball of which
diameter is O0.7mm in a ball holding part formed by cutting a
metallicmaterial withadrill, and the ball was urged forwardly
by a spring.

15 Moreover, a friction body 8 made from the same resin as
the friction body {(14) in the table was mounted to the end of
the rear barrel.

[0034]

By writing with the thus obtained writing instrument,

20 characters of a pink color (handwriting) were formed on a paper
surface.

The handwriting was of a pink color at room temperature
(25°C), and the characters were decolorized and rendered
colorless when rubbed with the friction body. This colorless

25 state was kept under room temperature, and the original pink
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col or recovered under cooling to -16C or below. This color changing
behavi or was recurred. Neither |arge winkles nor breakage was observed on
the paper surface where handwiting was formed and erased, so the 5
friction body was able to satisfy repetitive practicality. (0035] <Exanple
2> <Preparation of Reversibly thernochromc Ink> Reversibly thernochromc
ink was prepared from 10 25.7 parts of mcrocapsul ed pignents which

cont ai nscalor evecsyédt gd tinedtem ctualningg conpd$’ti on halowg ddlicr -coswor y
properties (T1l: -20C, T2: -9C, T3: 40C, T4: 57C, OH 63C, average particle
Size: 2.5hanyineveekabiyrthaesnmebuoned. conposition/wall filmratio=
2.6/1.0, color change fromblack 15 to colorless)and containing: 4.5 parts

of 2-(2-chl or oaei thep)-bH-ol witi nRUEY Aot tfdRIARNwas cosppiedtor @he 4.5 parts
of 4,4 -(2-methyl propylidene)bi sphenol and 7.5 parts of

2, 2- bi s(Aapdy doxpphemtlcrRexahbnel eRhaPANE £ AheRB aHaMPLeAsaY, (49 itrand 50.0
parts of 4-benzyl oxyphenyl ethyl caprate as Conponent (c), 0.2 parts of
3?;;angf¥f89iéﬁhﬁ§3ytQégnéﬂgepf8p§5£¥sf§nP@ﬁétfgi@Qeﬂ£gctgéa?i%ypartS of
[0035]
<Example 2>
<Preparation of Reversibly thermochromic Ink>
Reversibly thermochromic ink was prepared from:

10 25.7 parts of microcapsuled pigments which contains a
reversibly thermochromic composition having color-memory
properties (T;: -20°C, Tp: -9°C, Ta: 40°C, T4: 57°C, AH: 63°C,
average particle size: 2.5 pum, reversibly thermochromic
composition/wall film ratio= 2.6/1.0, color change from black

15 to colorless)and containing:

4.5 parts of 2-{(2-chloroanilino}-6-di~-n-
butylaminofluoran as Component {(a):

4.5 partsof 4,4’ -(2-methylpropylidene)bisphenol
and 7.5 parts of 2,2-bis (4’ -hydroxyphenyl)hexafluoropropane

20 as Component (b); and

50.0 parts of 4-benzyloxyphenylethyl caprate as
Component (¢},
0.2 parts of succinoglycan (shear thinning property
imparting agent),

25 5.5 parts of urea,
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7.5 parts of glycerin,

agent,

triethanolam ne and 59.82 parts of water.

0.03 parts of a nonionic permeability inparting

0.15 parts of an antifoam ng agent of nodified silicone type,
parts of a fungicide, 0.5 parts of a lubricant, 0.5 parts of

50.1

[00361 10 <Making of Witing

Instrunent (See Fig. 2)> The thus prepared ink 4 (the m crocapsul ed pignents

of which were cooled in advance to -20C or below to result in a black

colorati

t he tabl
fitted,

on, and-Perarks ¢Ho¥l YespErature) was charged into a pol ypropyl ene
barrel 6 having an inside dianeter of 7.0 15 mm and an outsi de di aneter of

10 mm the froht02mhmfs wii ehnoabahipaermedlpl 3 asinfiaEdno agenen an

ink fol.l.ower 5 containing polybutene as a main conponent and havi ng
vi scoel asti ci ty. Waparatmbgesh ianta fdamibay agentromnidi fiead send.cohert her, a
friction body 8 nade fromthe sane resin as the friction body (17)
s fitted in the rear of the barrel. Furthernore, a cap 7 was

and then deaeration was perfornmedbycentrifugal operation. Thus,

in

20

a

writigng instrq?gyt%%f?gg?fkﬁpf gf@{gemas obt ai ned. The bal |l point pen tip

held a hard ne

part forned bYQP§t$£PQS g% a lubricant,

10

15

20

25

0.5 parts of triethanolamine and

59.82 parts of water.

[0036]
<Making of Writing Instrument (See Fig. 2)>

The thus prepared ink 4 (the microcapsuled pigments of
which were cooled in advance to -20°C or below to result in
a black coloration, and left at room temperature) was charged
into a polypropylene barrel 6 having an inside diameter of 7.0
mm and an outside diameter of 10 mm, the front-end of which
aballpoint tip.3was fixed to. Thenaninkfollower 5containing
polybutene as a main component and having viscoelasticity was
charged into the barrel from the rear end. Further, a friction
body 8 made from the same resin as the friction body (17) in
the table was fitted in the rear of the barrel.

Furthermore, a cap 7 was fitted, and then deaeration was
performedbycentrifugal operation. Thus, awritinginstrument
2 (ballpcint pen) was obtained.

The ballpoint pen tip held a hard metal ball of which

diameter is 0.7-mm in a ball holding part formed by cutting

31
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a netallic material with a drill, and the ball was urged forwardly by a
spring. [0037] By witing with the thus obtained witing instrunent, 5
characters of a black color (handwiting) were formed on a paper surface.
The handwriting was of a black color at roomtenperature (25C), and the
characters were decol orized and rendered colorless when rubbed with the
friction body. This colorless 10 state was _kept under room tenperature, and

t he ori geA@tadildamaedrbrl reebedetl binged toedta hgveasurged irveidWw Thi s

col or changi ng behavi or was recurred. Neither |arge winkles nor breakage
was obsebyed epriihg. paper surface where handwiting was fornmed and erased,
so the 15 friction body was able to satisfy repetitive practicality.

[ 0038] <Exanpl ¢0837&Preparati on of Reversibly thernochrom c Ink> Reversibly
t hernochromic ink was prepared from 20 25.7 parts of m crocapsul ed pignents

whi ch cont ai nspg wtevehgi bl yht hies neighs ofth €2 CORP AR i1 10Ty hawd gl ©oF - menory
properties (Tl: -14C, T2: -6C, T3: 48C, T4. 60C, 4H 64C, average particle

si ze5 2. anAy akeUSES Ph b 1R BDEHF QHananGATRY) Lk OPL YRl ekl d o= 2. 6/ 1. 0,

color change fromblue 25 to colorless) and contalning: 32
surface.

The handwriting was of a black ccolor at room temperature
(25°C), and the characters were decolorized and rendered
colorless when rubbed with the friction body. This colorless

10 state was kept under room temperature, and the original black
color recovered under cooling tc -20°C or below. This color
changing behavior was recurred.

Neither large wrinkles nor breakage was observed on the
paper surface where handwriting was formed and era;ed, so the

15 friction body was able to satisfy repetitive practicality.

[0038]

<Example 3>

<Preparation of Reversibly thermochromic Ink>
Reversibly thermochromic ink was prepared from:

20 25.7 parts of microcapsuled pigments which contains a
reversibly thermochromic composition having color-memory
properties (T;: -14°C, T,: -6°C, Ts: 48°C, T,: 60°C, AH: 64°C,

. average particle size: 2.5 um, reversibly thermochromic

composition/wall film ratio= 2.6/1.0, color change from blue

25 to colorless) and containing:

32



2.0 parts of 3-(4-diethyl am no-2-hexyl oxyphenyl)-3-(1-ethyl-2-methylind

ol e-3-yl)-4-azapht hal i de as Conponent (a); 3.0 parts of

4, 4" - (2-nmet hyl propyl i dene) bi sphenol 5 and 5.0 parts of

2, 2-bi s(4' - hydroxyphenyl ) hexaf | uor opropane as Conponent (b); and 50.0 parts
of 4-benzyl oxyphenyl et hyl caprate as Conponent (c), 0.2 parts of

succi nogl ycan (a shear thinning property 10 inparting agent), 5.5 parts of
urea, 7.5 parts of gtYycerin, 0.03 parts BRr&snoni onic perneabi | iofy
inparting agent, 0.15 parts of an antifoam ng agent of nodified silicone

15 type, 30(4-phetisy bimanduhghekdeoxyPhénpdi t3-6f-athubr2emathyDibdparts of
triethanolam ne and 59.82 parts of water. 20 [0039] <Making of Witing

| nstrunesl et Segl F+9-a33phThel ibysaprepapedehtk(4) ft he m crocapsul ed pi gnents
of which were cooled in advance to -14C or below to result in a blue

coloration, and |eft3ap paeem deaparatPrak +Wad pehakdeded2) BY spehican into a
pol ypr opyl ene pi pe (ink accommodati on tube 3§
5 and 5.0 parts of 2,2-bis (4’ -hydroxyphenyl)hexafluorcpropane
as Component (b); and
50.0 parts of 4-benzyloxyphenylethyl caprate as
Component (c},
0.2 parts of succinoglycan {(a shear thinning property
10 imparting agent),
5.5 parts of urea,

7.5 parts of glycerin,

0.03 parts of a nonionic permeability imparting agent,

o

.15 parts of an antifoaming agent of modified silicone

15 type,

(s

.1 parts of a fungicide,
0.5 parts of a lubricant,
0.5 parts of triethanclamine and
59.82 parts of water.
20 [0039]
<Making of Writing Instrument (See Fig. 3)}>
The thus prepared ink 4 (the microcapsuled pigments of
which were cooled in advance to -14°C or below to result in
a blue coloration, and left at room temperature) was charged

25 by suction into a polypropylene pipe (ink accommodation tube
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21) having an inside dianmeter of 4.4 nm and connected to a ballpoint tip 3
via a resin holder 22. Then, an ink follower 5 (liquid stopper) containing
pol ybut ene as a nai n conponent and having viscoelasticity was 5 charged
into the pol ypropyl ene pipe fromthe rear of the pipe, and a tail plug 23
was fitted in the rear of the pipe, thereby preparing a refill 2.
Furthernore, the refill 2 was nounted inside a barrel 6 (conposed of a
front baRiplhaning amaindide el)aneter cap 4. 4vasn,f iantde d.onaned: ttefvert odeaer at i on
was performed by 10 centrifugal operation. Thus, awritinginstr~nentl

(bal | poipallpemtwaspoBbt ajned. rdbenbablgerng2pen tip held a hard netal bal
of which dianeter is 0.7mmin a ball holding part fornmed by cutting a

metal lic materddn W bR andr iddllcand tdebakhi dastypged) f eomadningld by a
spring. Moreover, a friction body 8 nade fromthe_ sanme resin as 'the

(115 ooy Lalcl 1 L, et dht i
h t f bl I hand t d f
i1 ST P b B A o8 Gl

ehar act ef &, were decolor) zcd and endered, 25 col g gss, hen ulbsd, i th the

preparing a refill 2. Furthermore, the refill 2 was mounted
inside abarrel 6 (composed of a front barrel and a rear barrel),
a cap 7 was fitted, and then deaeration was performed by

10 centrifugal operation. Thus, awritinginstrumentl (ballpoint
pen) was obtained.

The ballpoint pen tip held a hard metal ball of which
diameter is 0.7mm in a ball holding part'formed by cutting a
metallicmaterial withadrill, and theball was urged forwardly

15 by a spring.

Moreover, a friction body 8 made from the same resin as
( the friction body (7) in the foregoing table was mounted in
the top end of the cap.
[0040]

20 By writing with the thus obtained writing instrument,
characters of a blue color (handwriting) were formed on a paper
surface.

The handwriting was of a blue color at room temperature
(25°C), and the characters were decolorized and rendered

25 colorless when rubbed with the friction body. This colorless
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state was kept under roomtenperature, and the original blue color
recovered under cooling to -14C or below. This color changi ng behavi or was
recurred. And neither |arge winkles nor breakage was observed on
paper surface where handwiting was formed and erased, so the friction body
was able to satisfy repetitive practicality. [0041] <Exanple 4>
<Preparation of Mcrocapsule Particles> 10 A conposition containing 3.0
parts of 2,2-bis(4'-hydroxyphenyl)hexafl| uoropropane; 3.0 parts of

|, 1- bi s(4; hyd heny| '~ and 50.0 ; |
e ROTh GRRe) P nbGPT G MR W kBt e H T S8 AL ogh

di ssol ved

5 the

was

#€an

aromatic polyi socyanate prepolyner as a wall 15 filmmaterial and 50.0 parts
of an as8pkPanieceVeesd UMY GoeduMdBanc s31%UEi DR RO sgerisegoand

enmul sified so as.

hour

e

modi fi ed al i phratd credrileg; landetwiel ragl ¢ aticanbrehéngef waa o bsontviaied f or
additional 6 hours. Thus, a suspension of mcrocapsule particles was
obt abnedthd apsdss pansiace wAsSr 6 arndWiigeithd wass @bahmedt ned griagier,apsul e
particles. 25 As to the m crocapsul e particles obtained, their specific

10

15

20

25

the friction body was able to satisfy repetitive practicality.

[0041]
<Example 4>
<Preparation of Microcapsule Particles>

A composition containing 3.0 parts of
2,2-bis (4’ -hydroxyphenyl)hexafluoropropane; 3.0 parts of
1,1-bis{(4-hydroxyphenyl)decane; and 50.0 parts of stearyl
caprate was dissclved homogeneously by heating, and mixed with
25.0 parts of an aromatic polyisocyanate prepolymer as a wall
film material and 50.0 parts of an assistant solvent. The
resultant solution was dispersed and emulsified sc as to form
fine droplets in 8% water solution of polyvinyl alcohol, and
agitation of the resulting emulsion was continued for about
1 hour at 70°C. Then, it was mixed with 2.5 parts of a
water-soluble modified aliphatic amine, and the agitation
thereof was continued for additional 6 hours. Thus, a
suspension of microcapsule particles was obtained.

The suspension was centrifuged to isolate the
microcapsule particles.

As tothemicrocapsule particlesobtained, their specific

35

. to form fine droplets in 8% water solution of polyvinyl
al cohol , clarp ingipehavhobfwahere@siTfe¢dng enul sion was continued for about
at 70C. Then, it was mxed with 2.5 parts of a 20 water-sol ub
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gravity was found to be 0.97 and their average particle size was found to be
2.5 m [0042] <Preparation of Reversibly Thernmochrom c Ink Conposition> 5 A
reversi bly thernochrom ¢ aqueous ink conposition was prepared by adding 13.0
parts of m crocapsul ed pignments which contains a reversibly thernochrom c
conposition having color-nenory properties (T1: -20C, T2: -10C, T3: 46C, T4:
60C, LH 68C, 10 average particle size: 2.5 m reversibly thernochromc
conposition/wall filmratio= 2.6/1.0, color change fromorange to colorless)

and conly@iaRiing: wdsSrpantist®fbd ,B-di relihyhebrdhethybam et i goe asizas Conponent
(a) 15 3.0 parts of 4,4'-(2-nmethyl propylidene)bi sphenol and.5.0 parts of

-bis Xyph I,) kexaf | u. or opr opane as Conponent (b); and 50.0 parts
of 4 be&%yl§§§%%e§§lggﬁfl% prate as Conponent (c), 20 7.0 parts of the

m crocapsul e E@bgb les, 0.5 parts of hydroxyethyl cellul ose (CELLOSTZE
WP-09B, trad , a product of Union Carbide Japan), 15.0 parts of

ggycerl Op%%a%%%%so%fR%%e%%&%ﬁ%a%h %mo%%romlc %n% %o %%%tq%n% fungi ci de,
5 A reversibly thermochromic aqueous ink composition was
prepared by adding
13.0 parts of microcapsuled pigments which contains a
reversibly thermochromic composition having color-memory
properties (Ty: —-20°C, T,: -10°C, Ti: 46°C, T4: 60°C, AH: 68°C,
10 average particle size: 2.5 um, reversibly thermochromic
composition/wall filmratio=2.6/1.0, color change from orange
to colorless) and containing:
2.5 parts of 1,3-dimethyl-6-diethylaminofluoran
as Component (a);
15 3.0partsof 4,4’ - (2-methylpropylidene)bisphenol
and 5.0 parts of 2,2-bis (4’ -hydroxyphenyl)hexafluoropropane
( as Component (b); and
50.0 parts of 4-benzyloxyphenylethyl caprate as
Component (c),
20 7.0 parts of the microcapsule particles,
0.5 parts of hydroxyethyl cellulose (CELLOSIZE WP-09B,
trade name, a product of Union Carbide Japan),
15.0 parts of glycerin,
0.02 parts of an antifoaming agent,

25 1.5 parts of a fungicide,
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0.2 parts of a surface tension controlling agent, 62.78 parts of water and
0.1 parts of a 10% dil ute phosphoric acid solution, together, and are
honogeni zingly m xed by stirring. Further, 5 the pH of the ink was adjusted
to about 5.5 to thereby obtain a reversibly thernochrom c agueous i nk
conposition. The specific gravity of the ink vehicle (ink constituents

excl usi ve of 2tpaertewef si Hur faver eckiom comt o biciapEs Wostht ,pi gnents and t he

m crocapsul e particles) was found to be 1.03. 10 (0043] <Making of Witing

I nstrunent 6£See Fhifks D Watkyd tingg i nstrument 1 (marki ng pen) was obtained by
incorporating the ink 4 (the m crocapsul ed pignments of which was cooled in

advance ton-20C qr..hel oyw-to .res in. rar]:ggc |.orat i on, L at

room tenpepagur&%rat%d ag\%ti rarerygé (%é’?glt?i C aﬁ]p%ﬁagicnga%é%?an%tgg}l g{)ﬁfs nm)

into a barrel 6 (rr(gde up of a front, barrel and a rear barrel), and gounting
ol s

a mar kFRAZEPRRT chi [ A hi BRI H Ybr JuEefen P¥ody tAFErESIt y FUTEBBTt 53%
] inthe front-end part of the barrel through a valve 20 nechanism 10, The
val vethecdhi ofm 1tthevas ngt rvres uedlibgtddsitghedbeotogerd the WVegnabyyohkainng
pressure applied to the pen body. The thus obtained witing instrunent of
di r ech- k8¥etypely aS icHrded cwatjieaudeisic hadnm stiai oh,. and besi des, a
friction 25 body 8 nade fromthe sane resin material as the friction body
37 The specific gravity of the 1ink wvehicle (ink constituents
exclusive of the reversibly thermochromic microcapsuled
pigments and the microcapsule particles) was found to be 1.03.
10 {004a3]
<Making of Writing Instrument (See Fig. 4)>
A writing instrument 1 (marking pen) was obtained by
incorporating the ink 4 (the microcapsuled pigments of which
was cooled in advance to -20°C or below to result in an orange
15 coloration, and left at room temperature) and a stirrer 9
(metallic ball having a diameter of 3 wmm) into- a barrel 6
(made up of a front barrel and a rear barrel), and mounting
a marking pen chip 3 f{a chisel-shaped fibrous pen body (porosity:
about 53%) ] in the front-end part of the barrel through a valve
20 mechanism 10.
The valve mechanism 10 was structurally designed to open
the valve by writing pressure applied to the pen body.
The thus obtained writing instrument of direct-ink type

was provided with a detachable cap 7, and besides, a friction

25 body 8 made from the same resin material as the friction body
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(16) in the table was nounted to the rear-end part of the barrel. [0044] By
use of the thus obtained witing instrunent, orange Ilines (handwiting) were
drawn on i nmages (characters) printed 5 on a paper surface. The lines were of
an orange color at roomtenperature (25C, and they were decol orized and
rendered col orl ess when rubbed with the friction body. This colorless state
was kept under roomtenperature, and the original orange color recovered 10
under cooling to -20C or below. This col or changi ng behavi or was recurred.

Nei t her (1a&)98n Whienkd185e AL iy 8akadeoc W PEsLr ¥Ad ittt HE tHRApSFrsUr face where
handwriting was formed and erased, so the friction body was able to satisfy

repetitive prq@b@qqlity. 15 [0045] <Preparation.of Reversibly Thernochromc
Ink > An aqueous rmnedi um containing: 20 parts of mcrocapsul ed pi gnents which

contains a reversibl hernochrom ¢ _c ositian. having color-nmenory 20
properties (T%.y 9?%(5?}11}2}:16 -fg%,s ?g’:taigéan}%ﬁ:l%gg& l%gpfu%%?:?’ average particle
size: 2.5 m reversibLX tgernnc romc conposition/wall filmratio= 2.6/1.0,
col or cHaRGE fPBRFPFAKINES Wi BALEYS) OB adstt éFﬁPﬁ@?tEFé)p%H%t% 25
2- (butyl am no) - 8- (di phenyl am no) - 4- met hyl spiro[ 5H [ 1] benzo 38

5 " on a paper surface.

The lines were of an orandge color at room temperature
(25°C), and they were decolorized and rendered colorless when
rubbed with the friction body. This colorless state was kept
under room temperature, and theoriginal orange color recovered

10 under cooling to -20°C or below. This color changing behavior
was recurred.

Neither large wrinkles nor breakage was observed on the
paper surface where handwriting was formed and erased, so the
friction body was able to satisfy repetitive practicality.

15 [0045]
<Preparation of Reversibly Thermochromic Ink >

An aqueous medium containing:

20 parts of microcapsuled pigments which contains a
reversibly thermochromic composition having color-memory

20 properties (T;: -16°C, T,: —-8°C, Ts: 48°C, T4: 58°C, AH: 65°C,
average particle size: 2.5 um, reversibly thermochromic
composition/wall film ratio= 2.6/1.0, color change from pink
to colorless) and containing:

2.0 parts of

25 2- (butylamino) -8-(diphenylamino}-4-methylspiro[5H-[1])benzo
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pyrano[ 2- 3-g] pyri m di ne-5, 1(3' H) -i sobenzof uran] - 3-one as Conponent (a); 5.0
parts of 2,2-bis(4'-hydroxyphenyl)hexafl uoropropane and 3.0 parts of 5

4, 4" - (2-nmet hyl propyl i dene) bi sphenol as Conponent (b); and 50.0 parts of

4- benzyl oxyphenyl et hyl caprate as Conponent (c); 5 parts of glycerin, 0.7
parts of a fungicide, 10 0.1 parts of an antifoam ng agent of silicone type
and 73.7 parts of water, was nmade honbgeneously dispersed. After that, 0.5
parts of hydroxyethyl cel lul ose (CELLOSI ZE WP-09L, trade nanme, a product of
Uni on Ca;;;'ﬁ]e e YESi i X8k~ 4 Nl £ iy - ThiSen £ F@VEN PL LY L her guchroni ¢ i nk

in which ever5|bly t her nochrom ¢ pi gnent particles were suspended in
a Ioosehxﬁ%gg{ggg state was prepared. [0046] A f iber-bundled ink
by c

absor ber overing polyester slivers with a synthetic resin film
(porosity: about 809 Jes 20 |npregnated with the reversibly thernochronic
ink (the mcrocaps plgnents of whi chP&SS cool ed in advance £4 -16C or

belowto result in a plnk coloration, and left at room_tenperature)
i mredi atéel 4R et TW??\’RYH%%“%]Eﬁ@?’éﬂf%ma%%rﬁfﬁ%r%&é’a%ﬁdoéharged to a

barrel 6. The ink absorber 11 25 and abonbshel | -shaped resin-treated pen body
3 (pbrositd/:- GbougthBppropylidene)bisphenol as Component (b); and

50.0 parts of 4-benzyloxyphenylethyl caprate as
Component (c);
5 parts of glycerin,
0.7 parts of a fungicide,
10 0.1 parts of an antifoaming agent of silicone type and
73.7 parts of water, was made homogeneously dispersed.
After that, 0.5 parts of hydroxyethyl cellulose (CELLOSIZE
WP-09L, trade name, a product of Union Carbide Japan) was mixed
therein. Thus, a reversibly thermochromic ink in which the
15 reversibly thermochromic pigment particles were suspended in
a loosely aggregated state was prepared.
[0046]
Afiber-bundled ink absorber 11 made by coveringpolyester
slivers with a synthetic resin film (porosity: about 80%) was
20 impregnated with the reversibly thermochromic ink (the
microcapsuled pigments of which was cooled in advance to -16°C
or below to result in a pink coloration, and left at room
temperature) immediately after the ink was stirred and made
homogeneous, and charged to a barrel 6. The ink absorber 11

25 andabombshell-shapedresin-treatedpenbody 3 (porosity: about
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50% nmade of polyester fibers and nounted in the front-end part of the
barrel were assenbled in a contact state, and a cap 7 was fitted. Thus, a
witing instrument 1 (marking pen) was obtained. 5 A friction body 8 nade
fromthe sanme resin material as the friction body (19) in the table was
provi ded on the rear-end part of the barrel by two-color nolding. [00471 By

wWitingsW tiaddecthusoIvada e | £igrd nahaumMAintedlOighamact ersnoferdd pbaktcol or
(handwriting) were forned on a paper surface. The handwiting was of a pink

col or gt {ROMJeIREr alure JZGh-Andif he, chapacter ssmpre dgeql ofi zed, and

rendered colorless when rubbed with the friction body. This colorless 15

t at d t .at. , o th i gi nal _pj nk I d
Cndler "E50l 10 °E0 - 166°8¢ ba ORE TS corBr* “BrAngi ho BEAAGIDF WS Y ectired.

Nei t her | arge winkles nor breakage was observed on the paper surface where
handwPPtPAagedas formed and erased, so the 20 friction body was able to
satisfy repetitive practicality. [00481 <Exanple 6> <Preparation of
Rever si bl yat hérimothoom todnk>8 Rexer siflvby t hee nosdmeomesink wesepriepar ed from
25 20.0 parts of mcrocapsul ed pignents which contains a 40
the friction body (19) in the table was provided on the rear-end
part of the barrel by two-color molding.
[0047]
By writing with the thus made writing instrument,
10 characters of a pink ceclor (handwriting) were formed on a paper
surface.
The handwriting was of a pink c¢olor at room temperature
(25°C), and the characters were decclorized and rendered
colorless when rubbed with the friction body. This colorless
15 state was kept under room temperature, and the original pink
color recovered under cooling to -16°C or Dbelow. This color
changing behavior was recurred.
Neither large wrinkles nor breakage was observed on the
paper surface where handwriting was formed and erased, so the
200 friction body was able tc satisfy repetitive practicality.
[0048]
<Example 6>
<Preparation of Reversibly thermochromic Ink>

Reversibly thermochromic ink was prepared from

25 20.0 parts of  microcapsuled pigments which contains a
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reversi bly thernochrom c conposition having color-nmenory properties (TL1:
-20C, T2: -9C, T3: 40C, T4: 57C, iH 63C, average particle size: 2.5 pm
reversibly thernochromc conposition/wall filmratio= 2.6/1.0, color change
fromblack 5 to colorless) and containing: 4.5 parts of

2- (2-chl oroanilino)-6-di-n-butylam nofluoran as Conponent (a), 4.5 parts of
4, 4'- (2-methyl propylidene) bisphenol 10 and 7.5 parts of

2, 2-bi s(4' - hydroxyphenyl ) hexaf | uor opropane as Conponent (b) and 50.0 parts

of 4-berzylaxRhenyteE bbcEaBRAEE ESpdOIPAENhatEhg ScdlHArhEmOEy Ur €a, 15
15.0 parts of glycerin, 5.0 parts of carbolic acid, O S parts of a |ubricant

[ PRI SUREAL, pr.qoduc by Dad-ichi, _ ya, Sei,yaku £o. , d. .0 5.parts of

triethaﬁ&ogﬁfﬁéegn %120 Fb péftsgﬁg’a%Yeﬂ¥ Fooﬁg]fyt%hk%ﬁg g? iting

I nstrunent ( See Fig ,6)> A ballpgint pen 1 was obtai ned by contajning the
b Ehe crdcsuPed pimeRey Cor

thus prRYFar8s i Rk crdddpsu REYeEE LMY cht QT UHFn 25
advance 0 0za1%:2h Aaid: A% 48l d- 31 620, E0PST ALne)e FLESoH Yokt
5 to colorless) and containing:
4.5 parts of
2-(2-chloroanilinoc) -6-di-n-butylaminofluoran as Component
(a),
4.5 partsof 4,4’ - (2-methylpropylidene)bisphenol
10 and 7.5 parts of 2,2-bis (4’ -hydroxyphenyl)hexafluoropropane
as Component (b) and
50.0 parts of 4-benzyloxyphenylethyl caprate as
Component (c),
5.0 parts of urea,
15 15.0 parts of glycerin,
5.0 parts of carbolic acid,
0.5partsofalubricant [PRISURFAL, producedbyDai-ichi
Kogyo Seiyaku Co., Ltd.],
0.5 parts of triethanolamine and
20 54.0 parts of water.
[0049]
<Making of Writing Instrument (See Fig. 6)>
A ballpoint pen 1 was obtained by containing the thus

prepared ink 4 {microcapsuled pigments of which was cooled in

25 advance to -20°Cor below, and left at room temperature) directly
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in a barrel 6. The ballpoint pen 1 was provided with an ink flow control
menber 12 with a conb-1ike grooves in the forward part of the barrel, and a
bal | point pen chip 3 structured to hold a hardnetal ball of which dianeter
is 0.5min the front-end 5 of a chip forned by deform ng the nei ghborhood of
a netal pipe end in an inward direction under pressure applied to the outer
surface of the netal pipe end. The thus obtained witing instrunment was
provided with a detachable cap 7 (not shown in Fig. 6) . Further, a friction

10 body & nade fieamet hergan®a 1 Bsd th 8 & i1alvaas prderiliciactiien hadynkl6) in the

table was nounted to the rear-end part of the barrel. [0050] By witing with
the thuse IRALREILINGCHDSLMUTRALY o ChAERALGES gPhodeBl AFlereokgELLRaNdW T i ng)
were fornmed on a paper 15 surface. The handwiting was of a Vac col or at

room t enper,at an he .c ct re .decol or] d,_render ed

col orl essh é’#r E&géég%\netlh gﬂé %r?iﬁ%nlrg%}ye%f%‘llg) %oF Fpéggrgsgt Ei?e was kept
under rQo engperature, . a t or.i gi.nal bl ack.20 col or, recover ed .under

boor 1 ng i d PR T RA T e b B s R0 peRB P O EE o Nei t her
| arge wri nkl es_nor breakage was observed on_the paper surface where

handwr i t9fhg WREP fiames RyodefasBing ddi1e Re19fbretres Bbdy MRds laBlBSt 0 sati sfy

repetitive practicality. 25 [0051] 42
end in an inward direction under pressure applied to the outer

surface of the metal pipe end.
The thus obtained writing instrument was provided with
a detachable cap 7 (not shown in Fig. 6). Further, a friction
10 Dbody 8 made from the same resin material as the friction body
(16) in the table was mounted to the rear-end part of the barrel.
[0050]
By writing with the thus made writing instrument,
characters of ablack color (handwriting) were formed on a paper
15 surface.
The handwriting was of a black color at room temperature
( (25°C), and the characters were decolorized and rendered
colorless when rubbed with the friction body. This colorless
state was kept under room temperature, and the original black
20 color recovered under cooling to -20°C or below. This color
changing behavior was recurred.
Neither large wrinkles nor breakage was observed on the
paper surface where handwriting was formed and erased, so the
friction body was able to satisfy repetitive practicality.

25 [0051]
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<Exanpl e 7> <Making of Friction Body (See Fig. 7)> A friction nenber 8 was
d by fitting the friction body nolded of the sane resin material as

obt ai ne
the fri

ction body 5 (20) in the table into a plastic tubular body.

[ 0052]

<Making of Witing Instrunent (See Fig. 8)> The ink 4 prepared in the sane

as in Exanple 1 (the mcrocapsul ed pignments of which were cooled in
10 to -16C or below to result in a pink coloration, and left at room

tenperature) was charged by suction into a pol ypropyl ene pipe (ink

degt aiptaibe>21) having an inside dianeter of 4.4 nm and connected to

oint tip 3 via aresin holder 22. 15 Then, an ink follower 5 (liquid

st opper )<« OM B b NOFr POt YOWIB&IDE BSed FBG N TEHPOnent and havi ng
| asticity was charged into the pol ypropyl ene pipe fromthe rear of

e and, a-hakl opl fOnSd: WARaLidi et ddy Bt eREn 0T e PLRG onl her by

manner
advance

acconmo
a ballp

Vi S. coe
the pip
prepari
barr el
fitted,
amwi%in
hel d~a
f or med

10

15

20

25

ng are ernore, the re 2 was

n o Was per centiifagal ~oper a

inside a

qg&%?t<§§ﬁ%%§%;gg&{%ﬂ&u9%%% 'O%%ggﬁg%ﬁa%sb%kke%%iFti%nC%Epgnfas

Thus,

 nst) t 1 (bal]point | bt ai ned. The bal | poi nt ti
0 e Bt 55 ThRrere 2B L 01 & Q5% 1 a bal | hol ding prt

by cuttggggéﬁ 43
<Making of Writing Instrument (See Fig. 8)>

The ink 4 prepared in the same manner as in Example 1
(the microcapsuled pigments of which were cooled in advance
to -16°C or below to result in a pink coloration, and left at
room temperature) was charged by suction into a polypropylene
pipe (ink accommodation tube 21) having an inside diameter of
4.4 mm, and connected to a ballpoint tip 3 via a resin holder
22.

Then, an ink follower 5 (liquid stopper) containing
pelybutene as a main component and having viscoelasticity was
charged into the polypropylene pipe from the rear of the pipe,
and a tail plug 23 was fitted in the rear of the pipe, thereby
preparing a refill 2. Furthermore, the refill 2 was mounted
inside a barrel 6 (composed of a front barrel and a rear barrel),
a cap 7 was fitted, and then deaeration was performed by
centrifugaloperation. Thus, awritinginstrumentl (ballpoint
pen) was obtained.

The ballpoint pen tip held a hard metal ball of which

diameter is 0.7mm in a ball holding part formed by cutting a
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netallic material with a drill, and the ball was urged forwardly by a
spring. [0053] <Mking of Witing Instrunent Set> 5 The friction body and
the witing instrument were conbined into a witing instrument set. By
witing wwth the witing instrunent, characters of a pink color
(handwriting) were fornmed on a paper surface. The handwiting was of a pink
color at roomtenperature 10 (25C), and the characters were decol orized and
rendered col orless when rubbed with the friction body. This colorless state

was kept ' [ r.e {gLhal..pin I ered under
cool i ng ?gggﬁétéﬁﬁq%%ﬁgﬁfwiﬁﬁé‘?3?2& 5@?5%3%%émggﬁgingegg%ﬁﬁggﬁﬁ'ed. 15

Nei t her #arge wr i nkl es nor breakage was observed on the paper surface where
handwr i t Hg waR" 0¥ med and erased, so the friction body was able to satisfy
repetitive practicality. [0054] <Exanple 8> 20 <Making of Friction Body> The
same resin mat 992f) as used for the friction body 11 in the table was nol ded
into a rectangular friction_ body. [0055£ <Maki ng of Witing Instrunents> 25
The sanme<fakieonpbsWiibhaBdasnprEPBERE $BSPectively in 44

5 The frictionbodyand thewriting instrument were combined
into a writing instrument set.
By writing with the writing instrument, characters of
a pink color (handwriting) were formed on a paper surface.
The handwriting was of a pink color at room temperature
10 (25°C), and the characters were decolcorized and rendered
colorless when rubbed with the friction body. This colorless
state was kept under room temperature, and the original pink
color recovered under cooling to -16°C or below. This color
changing behavior was recurred.
15 Neither large wrinkles nor breakage was observed on the
paper surface where handwriting was formed and erased, so the
( friction body was able to satisfy repetitive practicality.
[0054]
<Example 8>
20 <Making of Friction Body>
The same resin material as used for the friction body
11 in the table was molded into a rectangular friction body.
[0055]
<Making of Writing Instruments>

25 The same ink compositions as prepared respectively in
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Exanples 1 to 3 (the m croencapsul ated pignents of which were cooled in
advance so as to develop their individual colors, and left at room
tenperature) were charged by suction into separate pol ypropyl ene pipes
having the sane inside dianeter 5 of 4.4 mm (i nk accommodati on tubes), and
connected to their respective ballpoint tips via their respective resin

hol ders. Then, each of the pol ypropyl ene pipes was charged fromthe rear
with an ink follower (liquid stopper) containing polybutene as a nain

const i t uexdn@nek Hatong Milscoekasenciapygnlateédaptghent berf fultitcddweireh a t ai
plug in the rear portion of the pipe, thereby making each individual refill.
Furt her n@s&led high ddfdrides seeras noudieed lopsitte ief inaspeduavecbavrel s (each of
whi ch was conposed of a front barrel and a rear barrel), respective caps

wer e f'téﬁﬁilé¥Eié@eﬁogﬁaﬁéﬁééﬁﬁtw@é)pﬁéfér8E9r8¥d1§yC§BEEhBH9§ht8perat'0“
Thus, three witing instrunents (ballpoint penS) were obtalned Each of the

bal | poi nt, a;?afflaf%ér %@&Q@J%ﬁ&ﬂteﬁl%rﬁhg'esbﬁéﬁﬂé £ s(‘znnefj AT g mgté?m in a ball

hol di ng p mat erl wth a and the
baH

bal |3 vere b1 P RS & o3BGl o L LI °§5%h (i ng o
Icﬁg?lr Bﬁgq.ésgéeocbﬁa%haéagyol'n%t ﬁagpngn\;ias%helg’ regpecélt.'grg%e\l\sﬁltnhhgtfgew | ting
Then, each of the polypropylene pipes was charged from
the rear with an ink follower ({liquid stopper) containing
polybutene as a main constituent and having viscoelasticity,

10 and further fitted with a tail plug in the rear portion of the
pipe, therebymaking each individual refill. Furthermore, the
refills weremounted inside of respectivebarrels (eachof which
was composed of a front barrel and a rear barrel), respective
caps were fitted, and then deaeration was performed by

15 centrifugal operation. Thus, three writing instruments
(ballpoint pens) were obtalned.

Each of the ballpoint pen tips held hard metal ball of
which diameter is 0.5mm in a ball holding part formed by cutting
a metallic material with a drill, and the balls were urged
20 forwardly by respective springs.
[0056]
<Making of Writing Instrument Set>
The friction body and the writing instruments were
combined into a writing instrument set.

25 By writing with the writing instruments, characters of
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a pink color, a block color and a blue color (handwiting) were fornmed on a
paper surface. The handwitings were of three colors at roomtenperature
(25C), and the characters were decolorized and rendered 5 col orless when
rubbed with the friction body. These col orless states were kept under room
tenperature, and the original colors recovered under cooling to -20C or

bel ow. These col or changing behaviors were recurred. Neither |arge winkles
nor breakage was observed on the 10 paper surface where handwitings were

fornmed angienaselorsd bliBekfdd xdi andbody easc able(Hangatisiygy eRell tive
practicality. [0057] Wile the invention has been described in connection

wth the,sgxeaplary Ofi JEPES-cit W Il be obvious to those skilled 15 in
the art that various changes and nodification may be made therein wthout

departing fro r.esent in i 0B, .and | i i t her ef .. LO cover
in the appendggkgﬁgﬁgggﬁﬁagggﬁﬁﬂ% §ﬁ§£§*%h%5%%%§ﬁﬁca<5%%§ §§% %F%emdthin t he
true spirit and scope of the present invention. 46 WHAT IS CLAIMED IS: 1. A
frictiontpody t naRdprbguc@Rtasi @i ondrr Redecaliosnizeg edersprered
disagpearance or change of color of handwiting 5 formed with_a witing
i nst Punef19Bke Pt YAGE REPPRL FRSEChERRI I 1 atdmankPEY ng, TS 604 CXHESEr i cti on
body has a friction coefficient of

states were kept under room temperature, and theoriginal colors

recovered under cooling to -20°Cor below. These color changing
behaviors were recurred.
Neither large wrinkles nor breakage was observed on the
10 paper surface where handwritings were formed and erased, so
the friction body was able to satisfy repetitive practicality.
[0057]
While the invention has beendescribed in connection with
the exemplary embodiments, it will be obvious to those skilled
15 in the art that various changes and modification may be made
therein without departing from the present invention, and it
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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0.2 to 1.0 when rubbed against a paper surface. 10 2. The friction body
according to claiml1, wherein the friction coefficient is in a range of 0.3
to 0.9. 3. Awiting instrunent for producing thernmochrom ¢ handwiting,
conprising: 15 the friction body according to claiml. 4. The witing

i nstrunment according to claim3, wherein the friction body is provided at a
rear end of a barrel. 20 5. The witing instrunent according to claim3,
further conprising a cap, wherein the friction body is provided at a tip end
of the WART 25 GLATMEDWIESti ng i nstrunment according to claim 3, wherein the
47 witing instrunent accomodates a thernochromc ink therein. 7. Awiting
instrunment set, conprising a friction nmenber conprising the friction body
according 5 to claiml1; and a witing instrunent for producing thernochromc

handwr ity ng. féq f%l\/!ﬂltdrn%dd@stcﬁ%eg%oéﬁées conpid Sion Hidthe 1fiblihigon body
according to claim1; and pluralities of witing instruments for “producing

hande'taggéleéwé%‘hm@' féveﬁ]%ﬁea‘-‘zoi to‘%”%ﬁant?; Jpe dn!'Jp LAY (Ejlléc[;tset

accordi ng the writlng |ns I’UI’T’EI’] accommo es a

ther@PCh£8P$gdlwf%h a writing instrument for producing thermochromic

handwriting,
wherein the friction body has a friction coefficient of

0.2 to 1.0 when rubbed against a paper surface.

10 2. The friction body according to claim 1, wherein

the friction coefficient is in a range of 0.3 to 0.09.

3. A writing instrument for producing thermochromic
handwriting, comprising:

15 the friction body according to claim 1.

4. The writing instrument according to claim 3, wherein

the friction body is provided at a rear end of a barrel.

20 5. The writing instrument according to claim 3, further
comprising a cap,
wherein the friction body is provided at a tip end of

the cap.

25 6. The writing instrument according to claim 3, wherein the
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writing instrument accommodates a thermochromic ink therein.

7. A writing instrument set, comprising

a friction member comprising the friction body according
to claim 1; and

a writing instrument for producing thermochromic

handwriting.

8. A writing instrument set, comprising
the friction body according to claim 1; and
pluralities of writing instruments for producing

handwritings withvdifferent color tones.

9. The writing instrument set according to c¢laim 7, wherein

the writing instrument accommodates a thermochromic ink

therein.
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