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 instrunment 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 [0002] There is a friction body in which changes col or of

15 thernochrom c haon§% ffﬁhfﬁﬁﬂ?g ﬁﬁﬁ@lﬁ@pfﬁsfﬁﬁﬂﬁﬁ?-Aﬁhe handwriting is
S

changed its col or by rubbing agal nst the paper urface on which the

handwiting is forned with a%¥IQ&5&p§§E%E&ﬁh£§%%#Edeies' Then, the

handwriting is visually recognize erng ent that before the
rubbing (see, e.g., Japanese 20 Patent Unexam ned Publication

JP- A-2004- 148744) . As thematerial of the frictionbody, there are exenplified
an eraser, an el astoner_and a plastic foam However, the eraser devel ops
bits of gr FECBOEFAY FuBbfng agai nst paper surface and nmakes surroundi ngs
dirty, and besides, 25 since the eraser is worn itself, it difficult to
meet pérmanent 1008%] requirement.

The present invention relates to a friction body, and
to 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

[0C02]

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 handwritingis visually recognized
as being different 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 fcam.

However, the eraser develops bits of grit during rubbing
against paper surface andmakes surroundings dirty, andbesides,

25 since the eraser isworn itself, it difficult to meet permanent



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
handwriting. Contrary to the above case, 10 too small friction coefficients
of tho§§effé§ﬁiP@T999ies weaken the perception of rubbing. As a result, it
gly

is done unw ttin fo rub paper with them under |oads greater than

necessary ang, bie SRS HUbbed RecHES YNBY Sl d QAPYIL i, appger ance, and

besi des, the nu nNgsis a 0 1ncrease, eeli'ngs 15 of being
i nconv nignb and t'reqﬁg e. produced _.and .such friction., bodi.es cone into
i SUSEIORCE BRAPAEIAFE A HoT T -Sa G CPREy e STt B ASURIML I SRLE | NVENTI ON
20 [0003] The_ invention ainms to solve the above nentioned problens, and
i nt end3NE PITRIRE de "R Y LELYOR2BBAYOP N T &8 | TowsC rimibices f fgdiandts
thermochrom ¢ handwiting formed on a paper surface wthout inpairing the
paper , rapldingtdefapghedE amape mpuhdace2somekimes tlisadsapenasdeare and
t hereby enabl es good-quality 2 handwiting to be forned again on rubbed
ar eas ahgdnen,heringéinmitst pegest porrefghiotirer (andfifingdne§ papemr ubbing to a
m ni num
surface. Therefore, there occurs a prcblem that rewrite on
rubbed areas becomes impossible or causes smearing to fail at
forming good-quality handwriting. Contrary to the above case,
10 toosmail frictioncoefficients of those frictionbodies weaken
the perception of rubbing. As a result, 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 scolve the above mentioned problems,
and intends tc 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 paper surface. Preferably, the friction coefficient of the friction

body 1 $ndy £t 18098 He O Srh&d Oa a i FUSH h?ﬁbbé@%?e% RhQVirdedpa writing
instrument having 15 the aforesaid friction body as a part of a witing

| nstr :}g&;ﬂﬁlté PEdBE{?:@Hﬁ'o%éﬁ}?éf@ﬁﬁrt‘l@ﬁ%nzé%%dﬂ khbggng@géﬁgﬁgﬂh there 1s

provi a witing instrunment set inc tion and a writing
|nstrune 0 n thernnchronlc h tin 000 | n accordance
w th T FROSRePBRECET P iRELTRTe ARuTrBOMRY L %wg&gwhat 2l owe
paper surface on ich handwitin forned t o haye. good keeping quality
becaugélﬂr%%éﬁg.wwg LT U AR S bAp P el O SORY ¢ (e of

r ubbi ng agalnst 25 the paper surface. Further, not only it satisfies
practical i t ylCOP4F repetitive formation of good-quality handwiting on

rubbed areas of paper, but also it has a high comrercial val ue through
According to an aspect of the invention is a friction

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]

Inaccordancewiththe invention, it ispossible toprovide
a friction body 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
enbodi ment of a witing instrument provided with a friction body according

Lo thed DYERLE 0By 1B fidk s ch ot Wgobaﬂghswicgqlaﬁm- LhoBabpXhew show ng

still another enbodi nent o rtrng rnstrunment provi a friction

body acrce%.rsd%?%az};fe t hﬁ‘eli}:né/%‘g i.%nl;lagiagpiéhi/\?oﬁ%rggl éf %%il%InEﬁ]r:oss- secti onal

vi ew showi'ng Ur't _enbodinent WF T g rnstru p(r)'_égi]d_ed with a
20 L LA P AR gL B Lo £l ® KSR PR
provided with a_ friction body according to the invention; Fig. 6 is a
| ongi (54§ ABVeRLEISE- SRBtPHREH IS W SHOMI D RSEFudmaNY agdog HeF 1 BMBSdi nent of a
witing instrunment provided with 4 a friction body according to the
i nYentingrumiegt pats whildngiaaidived erads s sfacitdtomal hddsiv 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 providedwith a friction
body according to the inventiocn;
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 thereby to all ow devel opnent, 15 di sappearance or change of col or of

t he handwri dding, ft{fj?féﬁ tea'r‘}fcowi% QR %’irﬁ}%%ﬁ” al may be used so long as

its friction coe IS Inma range o to 1. 0, preferably 0.3 to

0.9, and mog pr of grabl y 0.4.1a;0.8. Yhen Lhe fehetignoRody fiasga friction

coefficient "gréeater its frictron agalns%the pap%? surface
becones _ excessivye, there i ossihility that. the paper is broken or
wr i nkled S %%bépqﬂquﬁﬂ¥§%ﬁ§§ﬁb &Wﬁﬁﬁ%%%ﬁn. In such cases, not only
t he appearance of paper_is inpaired, but also it becones jnpossible to
wite agai néf r bbEd2alergitogipelygpersorecei@nals viawr FEPHENFs possi bl e,
handwiting formed 5 on rubbed areas of paper is prone to run and inferior
i noqual Vi Tingdasdeumes thaped 1nscopl hikg bdor W itthet hadarl cduondeedys r oughened.
On the other hand, a friction body having a friction coefficient snmaller
t han GIwrs itnod'ignald; iamd esi st ance to paper

Fig. 9 is a graph illustrating a color changing behavior

of a reversibly thermochromic composition.

10 DETAILED DESCRIPTICN CF THE PREFERED EMBODIMENTS

[0006]

The present fricticn 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 bedy, any material may be used so long
asitsfrictioncoefficientisinarangecf0.2t01.0, preferably
0.3 to 0.9, and more preferably 0.4 to 0.8.

When the frictionbodyhas a frictionceoefficient 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 1s roughened (scuffed).

In suchcases, not onlythe 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. In the invention, the friction coefficient of a friction body is

defingd ,asmad %{k&éé%ﬂf 5t E?Eﬁéfﬂd Shhofidd infrRrGe/i padharked out by

measur enent under the condition that 15 the friction body 1s rubbed agai nst
paper rf t . l(¥ gq{ ] ] d. of ~+rhe materi al
of th%ééj??%%&g% %%flpﬁg%lroﬁ%g Ptu ha@rﬁ%%%?#la%égg% J(L)Q &N %oe?leéjl'ass, nmet al ,
wood, stone_and resjn terials _.can,be u ea. ﬁo However., .it .i s appropriate
Lo use a1 et nHave Hoe bl REPREl By TE LG hERN aGor HbBaP LMo T AR 15Tve. & feel | ng
of rubbing4mjth an _eraser when friction is applied thereto, and thereby it
is possibielert sBAldS T atPadt SWhPEF™R ¥ B 156 BSdFhES PéRSFaper  when
perform ng devel opnent, di sappearance or change of color 25 of handwiting
afhd tsurface Had PEEPMER dEHISRYAlr 0T REr CePhaedwe f tT WP ho$P gi vi ng an
obj ecti onabl e inpact to users. Exanples of a material suitable for the
fricttbardddyaitwidatecsitbi tehearssi hardtw ensUsdsed riesti o dogly, a
styrene-but adi ene copol yner, a styrene-ethyl ene-but adi ene

with a load greater than necessary, and the paper rubbed becomes

uneven and spoils 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 friction bcdy 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 provided at a rear end of a
barrel or, if the witing instrument has a cap, the friction body can be

provi defdagt 81 bRy Lfndbe gi]@i_rﬁfll%-n MBrecersahbheal hyacWrid ingddstruments,
such as a ballpoint pen,”a felt pen; a marking pen and a brush pen, wherein

such as & ball'poi nt "pen am n-and a brush pen.
R o e e o s e S U T AT

friction,bqody is,used (See Fig. 3) can b iven as_ex | es. Alternatively,
it islBS§§$BIesf$lﬁﬁﬂs arﬁfﬁpfngS&ﬁ%@?ﬁn&ﬁﬁgdsef%sﬁgluggﬁéLa fri ctiona
menber having the friction hody (Fig. 7) and a witing instrunent for

pr oduEFﬁﬁe?ﬁg?%éﬂ}%ﬂ?c P 7 tgnét@{'—fie&e—@t%e&‘?_ Ué:as‘{iﬁa\'l'eat ed from
each other. 7 By having witing instrunents for individually providing two

or® noferPiWesr bf FHMPoehhRfad KasdRri ERAgraPFeBei RS ih Ttdiorla one, the

witing instrunent set can formletters and patterns with a plurality of
vi vi dreslinr polyester based resin, ethylene-propylene-diene rubber

(EPDM), 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, it ispossibletomakeawriting instrument
set includinga frictional member having the frictionbody (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
selected 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 color display nenber conformng to the col or of handwiting.

Furt hernore, other additives of various kinds, such as a filler, can also

be added tog{ RgvhhiGH M RO st HimBREdEG ﬂéﬁ?@@glﬁgﬁo@ﬁlﬂwgﬁg agent

incorporated effectively in the thernmchromc ink or ernmochrom ¢ solid
m cr o aBett A e T A e 50 dont ai ns. 8t
col or SRNBhT HG 6 Qe ¢ ERRPRUT TR 4 et b kg ot g Clpound: and (o)
a reactjon nediuymdetermning the te rature at which color reaction
betme%ﬁtF%in%hﬁlz%)atBL%EaL}gge?%aﬁﬂgsﬁog%fﬁﬁﬁor 25 di sappears by heati ng.
8 As the reversibly thernochroni c conposition, as disclosed in
JP- B- 51- 447831 Yo Bhy 470y vandt e e togemnts jarq §ofoddiited o use the
conpositions having followi ng properties:
to liguid thermochromic ink-contained ones, but they may be
thermochromic solid writing instruments, such as crayons.
(0008]
Additionofacoloringagent selected fromdyesorpigments
io for general purpose use to the friction body can enhance
designing capability and allows the friction body to serve also
asacolordisplaymember conformingto the coloroef handwriting.
Furthermore, cother additives of various kinds, such as
a filler, can also be added to the friction body, if needed.
15 [0009]
The coloring agenht 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-showing organic 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
foregoing two states is presented at ordinary tenperature; 15 the other

state is kept mg'le hot _or..col d er ui.red _for devel oping that state
is applied gﬁer %3 bﬁ?V?@?ﬁ?%Yto%ﬁﬁé%%Shgggﬁgtechmgf ﬁﬁé?? té%%eratures
when application of_the ﬁo co ener ases;_and relatjvely small in
hyst efesFLOapdt H* (R~ 1 '&7%385201%‘ r 'r?‘fea@e&“éiﬂ&%dli%%éﬁs- 4- 17154,
JP-A-7-179777, JP-A-7-33997, JP-A-8-39936 and JP- A-2005-1369, it is
pref et Bblié tROusEL L he tPettsi bhy tIRMRASHIGHST BBHPBYi ticdieWiRgi ng
follow ng properties: large in hysteresis characteristics (AH=8 to 70C); 25
when properhgeshe col or density change as a function of 9 tenperature, a
case where increasing the tenperature froma |ower tenperature side which
i © | ower thanet keloal ofs chhnggedt emperegur befegeorand gfiearl ychdi fferent from
a case where decreasing the tenperature froma higher tenperature side
whi chtemperature is raised beyond individually specified
temperatures (coleor-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 colecr-developed state in the temperature
region lower than the color-changing point on the Ilower
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 energy 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
thernmochrom ¢ conposition is described below. In Fig. 9, the color density
is plotted as ordinate and 15 the tenperature as abscissa. The variation of

col or t@g@psrhyurd tH tLaPespdte e it O £Bsestiad aghgdiaadirecticmn of arrows.
Herein, "A" is a point indicating the density at the tenperature T4 where

the CQWEeteémp@re&eh@élgf@e SiidéniSs P nath hareiqaidercHgiprred to as
the conpletely 20 decolorizing tenperature), "B" is a point indicating the

densi ¥y Ak, L0e-LCYBELARUGE T MNGF 1 0Peal Oid 28E PN SLALLS yfharei naf ter

referred to as th ecolorrzatro starting tenperature), "C' is a point
i ndi c t|n nsi e re | vel opnent
st art g?%?ﬂ%&t%e ter}{ %Ir‘arl%e'%?? tg%% 4 %E)%%e tgeg?poe%: ﬁffhveel E%rareg‘{hl%%art i ng

erature and "D oint_indicating the densrt at the tenperature
namérehrﬂ%eﬁoher%t5r9 edp Bor fvalbpohtpdrsl Hor o1 ot L or

F§eaF?3fL Bd ag
referred to as the conpletely col or-devel opi ng,
having a color-mémory property which can kept the

color-developed state at lower temperatures or the decolorized
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” is a point indicating the density at the
temperature T, where the completely decclorized state is
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 regi on 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
nmeasure of a contrast between colors before and after a change, and 15 the

| engt pnef 814+ N8 $E05BREN HG PASEL RY E&ﬁdﬁégﬁt&f‘é )M dpgi nt of the line segnent
EF is a tenperature wdth showi ng the degree of hystere5|s (hereinafter

referred towgs jthe ﬂB’ﬁ{fﬁﬁﬁ'léa‘ﬁ‘lgbr?h@@ensw %'émg@ ¢jr$ small, only

one of the tV\D st at ore an ter a ange an be present at

ordin ry., 20 te gratu en th r t ther hand, it
becongé e et hﬁ%oth es 6ﬁ‘%$% and ag g? %sco %n%hange [0011)

SpeC|f cal | the rever si bl ther chrom.c ositio 5 _havi ng

col or < % b oper e T e ¢ e/%éarS(/et fcg@tpl\eé:'ea a PARET :&Sﬁ’eifpd‘lngr et ai ni ng
colors they show in an ordinary state (in a range of daily-life

t enpek 8FRRERFUBG) adj usting: their conpletely col or-devel opi ng tenperat ures

Tl to a range of tenperatures obtainable only in refrigeration chanbers
The color-changing temperature region is a temperature

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 T3, which
10 has a great difference in color densities, is a substantially
color-changing region (two-phase retaining temperature
region) .
Additionally, the length of a 1ine 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, thereversibly 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 OH values so as to fall within the 40 to 60C range. A witing
instrunment to which the invention is applied 15 holds ink that contains

M cr ogapsid £ I PPRNLT sCORL OSSNy A n EBVEF &1t iy eI bR oG reenposi tion in
a colored state. It is preferable that the witing instrunent is structured

so that ?QgpﬁmiikﬁngeﬁﬂégggugggyeﬁbtPdﬁﬁsggﬁngcolorized easily by touch of

finger, further the handwiting decol ofi zed does not develop 20 col or

agai n. Thergf , t the - i e very

i nport ant fglzl: %Iresc.&ﬁ%]béi%]gfy %O]ﬂq:g C#eg{grln%rgﬁ%tﬁ ?r%f)n aeﬁé%‘&ﬁ'é}%p?g%%s t hough it
is not 25 refused to adopt. a.formcircular iin.cross.section, adoption 12 of
{ or mE R B R4 T O a8 SEREPOR O Vet Bt e P EARARRIRG T of med by
witing is in a state that the mcrocapsul ed pignents are densely aligned
arfd adhereld t®l Hnayes + tleHISk fa FEd %o Otfhat30t°hg@r1@°&1g rdiefiesedrl i des

(' maxi mum out er
-30° to 0°C, and more preferably -30° to -10°C;

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
igs 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

12



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 thernochrom c function can be
attained without inpairnent. Herein, it is preferable that the m crocapsul ed

Pi gmedt Sfo MR SR BBl NAN-Etd il ot Thre 05 Se SRLEH O have a nean val ue
15 of their maxi mumouter dianmeters in a range of 0.5 to 5.0 mand the ratio

of the revefsifl i Wﬁ;{)WH Ky GRROSi4 1 00 10 aasﬂ@{é fhhm £g§5, within a

range of 7/1 to 1/1 y weight). 1In a systen1o nlcrocapsule pi gnent s

o B0 R %ﬂﬁ%“@ﬂ*e%{tpém%a—%“%%s%é e 3B BB Foang aut
I oy EBl LL ARG IBRA S, Beagpdegio M) %ergefsre%sffq”%e%auwu E5hr onaver age.

abpr BT T RAEEEhe A" HRSRL G SPOE6E S Hur BUUGTC AFREEF6be Trom 1 to 4
pn1and 13 the nean val ue of m crocapsul e dianeters [ (maxi num outer

di amfrEFordifd hunf Rt Bandvaibied SROWSdSEAErENLM Wl ranhighto 3 m Wen

the ratio of the reversibly thernochromc
density. Further, when external force is applied by rubbing

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 tc 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 pm on average, the capability of flowing out
through capillary gaps is degraded; while in a system of
microcapsuled pigments whose maximum outer diameters are
smaller thanO.5umonaverage, itisdifficult to showcoloration

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

25 mean value of maximum outer diameters be from 1 to 4 pm and

13



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. Mdreover, it is
advant ageous for the reversibly thernochromc conposition/wall filmratio

to lienw thizp thedange afi cbblap@ull laildve 8 O Y maddnll0L3]r Lxanpl es of a

met hod usabl e for m croencapsul ating the reversibly thernochromc

CONMPOgH kh0Re LNE! ifles A | LS 361 Bt OI MR ZA ABATINOGe FRypt erf aci al
pol ycondensati on nmethod, an in Situpolynerization nethod, a subnerged cure
coati&gﬁneghod, 20 a nethod of utilizing phase separation from an aqueous

0

sol ut aMfret hod of utilizing phase separation froman organic sol vent,

a nolten di spersion cooljng nmetho anaeri al .syspension coatin met hod and
a spray dryﬁﬁﬁnneF%%d.rﬁtbﬁ1tﬁ%segnﬁth58¥?rﬁﬁgﬂﬁgt% rﬁﬁf@ﬁfﬂ] to the

i ntended use is chosen as appropriate. In 25 addition, it is also possible

t @ f ofpiBCSeEdRR 4Oy the Rl LT 1 HE 845 omENe8 e FRRIBSHaEd 1 pose on the
m crocapsul e surface, and thereby durability is inparted or surface

char agbeFest e thiekpesyroedihearieat hust Yo tfsbnif < riscafduilres adi%so can be put

into practical use.
decreases inpressureresistanceandheat resistance are caused;

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
the time of color development to escape being lowered. Moreover,
it is advantageous for the reversibly thermochromic
composition/wall film ratio to 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 polycondensationmethod,
aninSitupolymerizationmethod, a submergedcure coatingmethod,

20 amethodofutilizingphase separation froman aqueous solution,
amethod of utilizing phase separation from an organic solvent,
amoltendispersioncoolingmethod, anaerial suspensioncoating
method anda spraydryingmethod. 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. When 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 crocapsul ed pignments in a state of being dispersed in a vehicle is

ef fectbupbisUs8Go Lhe e MadH plig pbs ebit@leal] ¥r dc NP €L e RASE AR cl e, but an

oi | base vehicle maybe used. Exanples of such ink include shear thinning

' nk \‘;\Eﬂ&aﬂﬂ%ﬂﬁa @u%'&%@céﬂt@' DY NG DFOREBEYs h FPREL |3 308 1ad; Gohesi ve i nk

I ch nlcrocaps pignents are suspended In a |oosely 20 condensed

stat e by ggfopme@ V1 S3LUBLG RO IR Dol PBSULROL. caluotild another

exanp?e ere i1s an I Nk I'n s eC| iCc gr y between a
nlcroen apsulag nent and a vehicle is controlled to be 0.05 or bel ow.
[ 00151 R 95PEHC ﬁﬁ? ﬁeof the shear thinning property inparting agent, 15

regatlon and sedlnen n.of m.crocapsul ed p| ments can _.be restrained,
O i TS DB B SRR e Pkl TROAEHSEOHGR | handar 111 ng

can be forned W th good-quality. Furthernnre when the witing instrunent is
in a Péré to 50 % by weight (preferably 3 to 40 ¥ by weight, far

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 0il base
vehicle may. be used.
Examples of 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 by use 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 Byadditionof the shear thinningproperty 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 opol ysaccharide containing glucose and gal actose as constituent

NDNOSAEEPE e Son QIR %mé&é%toﬁ%ﬁ"twﬁﬂeﬁi #algmet v e drher eof
hydroxyethyl cellul ose, alkylester alginate, a polyners containing

al kyl gstQls + MBLRACT YhatLl 45, *nBH naOPStiAYentn 880 oMb NG A egul ar wei ght

of one hundred thousand to one hundred and flfty t housands, gl uconmannan,

o oRERbR0; RY1 Y HALEN2R LR 1RG4 HORL PERA 30 EGHS A ﬁaﬁ%vc'wg a gelling

capabi uch as 'agar “or rageenan nesor |toI and

Ei?iﬁéide”eﬁ%'fgi%r&%? e o “wvra“ft'alvlﬁ%vﬁﬁiéﬁf?%%h' '#‘Eﬁl?l'yea? ster, g

pal y ethflenesorbltan fatty ac ester, yl.ene 25 col fatty
aci d % e 11RO iRt ﬁb%&fetmlle%é?oaﬁié?h le 1t6> & re";% %9 Frop eal kyl ether,
a pol oxyethylene al kyl et her, noni oni ¢ based surfactant having
its HHPPH & gap bﬁtwaénréhgeb l gnd the: téecéht P A ddine ainde, a salt of

di al kyl - or dial kenyl sul fosuccinic acid, a m xture of an
also prevent backflow of ink when the tip of the instrument

stand upward (in an upright state).
[0016]

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

15 locustbeangumandaderivative thereof, hydroxyethyl cellulose,
alkylester alginate, a polymers containing alkylester
methacrylate as a main constituent and having moclecular 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
pol ymeric 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 ysacchari de i nclude tragacanth gum guar gum pulullan and cycl odextrin.

Exanmi ©se 0fpdl (1o 9Rh Sy lléndvad Bty s a6, celbbukeseterilvatel we kiyncl ude met hyl
cel lul ose, hydroxyethyl cellulose, hydroxypropyl cellul ose,

hydr%ﬁwle%tew' a GRIr W rPsenand ahydFf PXYPL PP IR t saflE Wadse In the
reversi bly thernochromc 1nk for use in the 20 invention, any water-soluble

poly G x%g)tc_ﬁeg?r? §d 50, bONg,, RS, | tg?@tg%’tsac?ih& upetion ofs f1qr gigng | oose

Cross- pi gnent particles, e nonionic water-sol uble

cel | ul os lerivatj.ves recit ahove can function most effectively. The
pol y Jr?@“ffocf?ﬁl aeliqaeﬁlybesu%%fesdlqcnmalcpr%%Joﬁ‘ti on mlfé:uo:fe 0°05%% 20 % by
wei ght to the total unt of  ink composition. 17_[0018 Water and, if
nGedetr s YT ATE X Ut 1% Gt EPsBFVEREC RATCe KEE A1 RSY Ak, Exanpl es

of such an organic_ sol vent include ethanol, , ,
mixture of polyvinyl alcohol and an acrylic based resin.

[0017]
As the water-soluble polymeric flocculant, a nonionic
water-soluble macromolecular compound can be suitably used.
10 Examples of such a compound includepolyvinyl pyrrolidone,
polyethylene oxide, a water-soluble polysaccharide and a
nonionic water-soluble cellulose derivative. Examples of a
water-soluble polysaccharide include tragacanth gum, guar gum,
pulullan and cycleodextrin, Examples of a nonionic
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-soluble 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 o0f 0.05to 20 % by weight to the total amount of ink composition.

17



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 ether, diethylene glycol nonobutyl ether, propylene glycol
nonobutyl et her, ethylene glycol nononethyl ether acetate, sulfolane,
2-pyrrolidopeoesd N-nethyl-2-pyrrolidone. [0019] 15 Wen the ink according
to the invention is used to be charged in a ballpoint pen, it is

appropri at egdtedt Bldibrifaieddts fauiddieir-addeshlleo oirid@niirk sba vyl d weari ng
away of the ball receiving seat. In addition to the lubricant, a resin,

such @éna@eaﬁfgé&ClHZQhé6§ﬁpz astyrene-nal ei c acid copol yner, a cel I ul ose
derivative, polyvinyl pyrrolidone, polyvinyl alcohol or dextrin, can be

added to theiin & 2aULeday Ap0SLISECDY BIRESLAR LAPRRRA surface and

vi scosity can SO be i npar ein reover uéter a rust
hggbgéigé% a% QQT§HA%V|uéﬁﬁ%%ﬁ%dlgaggﬁ‘&F dnlgﬁFE%ﬁg gggﬁgggggaﬁ?eggpagle
of oohlalichas el meebiL Ly oholok ey e added, vooy (9039, Toe Chus
glycol, thiodiethylene glycol, polyethylene glycol, propylene
glycol, butylene glycecl, 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
glyccocl monobutyl ether, ethylene glycol monomethyl ether
acetate, sulfolane, Z-pyrrolidone andN-methyl-2-pyrreolidone.
[0019]
15 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.
Moreover, a pH adjuster, a rust inhibitor, a fungicide,

25 urea, awetting 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 ballpoint 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, 15 and thus inpregnated ink is fed to a witing point equipped

with g balbrPRAPEQPEAsEdPor andial diRDE Baped dur Mhdtcdhd heagdrkd odirectly
contained in a barrel, and a predeterm ned anount of ink is fed to a

wri ti pgnaRAk Ak ﬁgg@ggg@lmkyhoﬁ bak! RQyNbePgRAEEP ¥b8.an ink flow control 20

menber wth a’co e grooves or an ink flow control menber made up of a
bundl e of figgég' and a ball point pen in which a barrel contains an ink
acconnndatién ube filled wth the shear thinning ink, the ink

acconmodat i be is co nicated with a tip having.a hall 25 at the point
and an end EQE%HBFHH%?Qﬁgg%ﬁ%é 5§ﬁ%§%QQ%§wF§¥lfgH&éﬁrqq$éﬁbse cont act
with a liquid stopper for preventiin of  backf] ow, LOOZ%% The bal | poi nt pen
tip i §UE8seFi AP EIHIWRST Wy @ gatappint pen, having a tip, such

as a marking pen tip or a ballpoint pen tip, at the writing
point, and put to practical use.

[0021]

In the case of charging ink into a ballpoint pen, the

10 Dballpoint pen itself has no particular limitations as to its
structure or shape.

Examples of a ballpoint pen include:

a ballpocint 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
inabarrel, and a predetermined amount of ink is fed tcawriting
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 is 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 in an interior of the tip; and a tip in which a ball held by the tip

'S urgege ol vabde donbyc SHEA D1 HE dDakbppsabter WiRhRI oy, gde of hard

met al tainless stee ruby, ceramc, resin or rubber, and has a dianeter
of 8%% %P qﬂo mm preferably 0.4 to 1.5 mm far preferably 0.5 to 1.0 nm
20 | 3 e’ i nk acconmodati on tube naybe nol ded of a thernoplastic resin,
such as polgiﬁigiene, pol ypr opyl ene, pol yethyl ene terephthalate or nylon
By using a ess transparent, colored transparent 25 or

hal f -transparent nol ded tube, the color of ink or the residual, 20 anmount of
ink can be CHeOREdPOHRE PRR Hdtd %Eﬁ?%ﬁ@qGﬁg‘Wh}nB%”Ebﬁﬁgéﬂéd to atip

directly or via a connectjon nmenber. Additionally, the ink accommodati on
t ?be Fugmphke @f flokrg applicable to the ballpoint pen as recited

above include:

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 ball in a ball holding part formed
by cutting a metallic material with a drill or the like;

a tip 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 [0023]

The inkaccommodation tubemaybemoldedof a thermoplastic
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 itself has no particular limtations as to its structure or shape.

Exanplgs.of dpeifRrkifdoPesmatRaaa narking pen in which an ink absorber nade
of a fibrous convergent body is included in a barrel, a tip made of

processed @gﬁy@g@w@dmsﬁ £aps 1 hatyp ngaeanﬁgetteer rBdal ¢ jgounted in 20

t he barrel a connecting e the ink abSorber and the

tip are_connected together nin which a barrel directly hol ds
the iAk*S %ﬂgy 2 br Gt Ar FYRR annuﬁ?gﬁ?gfhe ink is fed to a tip via an ink

flow contro nper rooves 25 a en in which a
val ve body %%‘Sprﬁtb’r%n%ﬁ%‘p enbn AQ?S %Hgﬁé‘i"ﬁ%(;ia g%(fpnbposed
between a tip and an ink acconnndatlon tube and the ink is contained

dir ecoly FRELAG AGHRIBRAETHRIALIGR & 014 Do) a Torm of 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 accommodated in the ink accommodaticn
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 wthin 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
bonbshel |, a rectangle or a chisel, and the thus worked nmenber is put to
practical use. The ink absorber is a material formed by tying crinped

fi bef1§¥ s & ndhe rabengtt ke h?QﬁBBeQ'}B@Q&é&E‘ a &G Qi Gt hex 15 bundle in

a pla tube or with a covering material, such as film and adjusting its

pOfOSAékaoM? LA00° Bl AN %ﬁlplsa%%tta%%@d HLRA 9y dhae val ve body

can ta genera pur pose punp|ng a val ve whose
spri 20 |s s so as to all ow pressure openi ng dependi ng on

ressure 1S
VWItI%&ﬁ) %ﬁﬂ%ﬁ% ?% suf d%?e as the valve body. [Exanples] [0027]

Exanpl es arééé% ustrated below. All parts in the exanples 25 are indicated
by wei ght 28] In the following table are shown a material,

amanuf acturer and its product code, a friction coefficient of each of
pPepared {THetR%h Rodites: Sard traskiitiongil PrNerPenPUEBOSENEOFENS te 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 into 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 20%.
In addition, the valve body can take a traditional
general-purpose pumping form, but a valve whose spring pressure
20 1s set so as to allow pressure copening 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 witing
paper A (old JI'S (Japanese Industrial Standard) P3201: wood free paper nade
froma stuff of 100% chem cal pulp and having a basis weight range of 40 to
157 g/ m2 and whiteness of 75.0% or above) after thernochrom c handwiting
formed 10 thereon is rubbed with each friction body. The result of the
rewwite test was obtained by a condition of handwiting formed by witing
again on the rubbed area. Additionally, each of the friction coefficient
data shown [gapdhe table is a value determ ned when the paper surface is 15
rubbed with each friction body at a speed of 10 mm m n under a |oad of 5.00

g by using B, sHEFRGE oRAAREIYL d £84 8hotiElAY AR 1, ARdeuPh cShirfalo Scientific
Co., Ltd. 23 [0029] [Table] Friction Body (1) (2) (3) (4) WMaterial Iron

o AT B, L YoL DY vk cAWIREL o R Sy oo, Doy
Friction.0; 32 boditdlafa b 20 s EPELLI G §U LRGN B PR, Test
5 The result of the friction test was cobtained by a condition
ofwritingpaperd (01ld JIS (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 obtained 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 Pol ypropyl ene resin 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 AAAA Friction Body (9) (10) (11)

(12) Material Oefin based Pol yester Styrene based Fluorocarbon resin
based resin resin based resin Sumtonp Mtsubishi Chiyoda Manufacturer

Chem cal Chpmaz® Aronkasei Integre Product Code ESPLOLEX 903 PRI MALOY AR-S
4988C B191ON Friction 0.325 0.339 0.463 0.502 Coefficient Friction B B A
A [Table]

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
. .18 . .
Coefficient 0.121 Q 1 0.193 0.209
Friction
Test D D D b
Rewrite Test B B B A
Friction Body
(5) (6) {7) (8)
. b d
Material Polyethylene Nylon vase Peolypropylene Nylon PaSEd
resin resin
Japan .
Manufacturer Polyethylene Arkema Union Polymer Arkema
Product Code LJBOSA PEBAX 7033 3/8 inch PEBAX 4033
9.5 mm ball
Friction
Coefficient 0.234 0.265 0.283 0.318
Friction
B
Test B B A
Rewrite Test A B A A
Friction Body
{9) (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 903 B1910N AR-S 4988C -
Friction
Coefficient 0.325 0.339 0.463 0.502
Friction B B A A
Test
Rewrite Test iy A A 2y
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Test Rewite Test AAAA 24 Friction Body (13) (14) (15) (16) Material
Pol yester Styrene Chl oroprene Styrene based based resin based resin resin
resin M tsubishi Aronkasei Chiyoda Aronkasei Manufacturer Chem cal Integre
Product Code PRI MALLOY AR885 - AR875C B1900N Friction 0.524 0.547 0.556
0.559 Coefficient Friction AAAA Test Rewite Test AAA A Friction
Body (17) (18) (19) (20) Material Styrene Nitrile Styrene based Styrene
based based resin resin resin resin Manufacturer Aronkasei Chiyoda
Aronkasei Aronkasei Integre Product Code ARL60N - AR3860C ARBO C70

Fri cp+en—0-—-646—01649—0—69+-0—146 QB?f—f—i—éi—é-H-t——FH—é-H—@ﬁ—A—A—A—A——
] ' ' ' ' riction Body
{13) (14} {15) {16)
st C
Material Polyeste; yrene. hloroprene Styrene'based
based resin | based resin resin resin
i i i . i yod ,
Manufacturer MltsublShl Aronkaseil Chiyoda Aronkaseil
Chemical Integre
PRIMALLOY
Product Code B1900N ARBS85 ARBTISC
Friction
. 0. . .
Coefficient 0.524 547 0.5586 0.559
Friction
Test A A A A
Rewrite Test A A A A
Friction Body
(17} (18) (19) (20)
Material Styrene‘ Nltr}le Styrene'based Styrene.based
based resin resin resin resin
. Chi . .
Manufacturer Aronkasel hiyoda Aronkasel Aronkasei
Integre
Product Code AR16ON - AR860C ARBOICT0
Friction
. . 0. . .
Coefficient 0.646 649 0.697 0.746
Friction
Test A A A A
Rewrite Test A A A A
Friction Body
(21) (22) {23) (24)
Material Styrene. PolyesteF Slllgone FPDM
based resin | based resin resin
. ; bi ; - ;
Manufacturer Aronkasei Mltsu.lshl Chiyoda Chiyoda
Chemical Integre Integre
PRIMALLOY
Product Code AR8B0Q0OC AL602N -
Friction
Coefficient 0.780 0.880 0.898 0.908
Friction
A C
Test B B
Rewrite Test A A A B
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Test Rewite Test A AAA Friction Body (21) (22) (23) (24) Wateri al
Styrene Pol yester Silicone EPDM based resin based resin resin Manufacturer
Aronkasei M tsubishi Chiyoda Chiyoda Chenmical Integre Integre Product Code
AR8000 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 Manufacturer Aronkasei

Ar onkasei Pr oduct Code AR830C ARS4020A Friction 1.09 1.135 Coefficient
Friction F F Test

Friction Body
{25) (26)

. Styrene Styrene
Material based resin | based resin
Manufacturer Aronkaseil Aronkasei
Product Code ARB30C ARS4020A
Friction
Coefficient 1.09 1.135
Friction
Test F F
Rewrite Test F F
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Rewite Test F F 26 [0031] The synbols used in the above tables for
representing the ratings in friction and rewite tests are expl ai ned bel ow.
<Friction Test> 5 A: None of wrinkling, breakage and unevenness occurs in
paper at all. B: Slight winkling and unevenness occur in paper. C

Wi nkling occurs in paper. D. Effort is required for changing the col or of
handwiting, 10 and besi des, unevenness occurs in paper. F. Paper is
broken. <Rewrite Test> A: Good-quality handwiting is forned. B: A

di sturbance;@fzhpndwiting is observed owing to winkling 15 and unevenness
havi ng occurred 1 n paper. F: Witing is inpossible because of paper

br eakage. " 10032 sEATH & 1% LPAIA] Qe RS Sl SBRLERENT oM © | k>

20 Reversibly t romc ink was prepared from 1275 parts o

e T R L e e T s L
58C, éf&igéf%n fverage particle size: 2.5 pm reversibly thernochromc
5 A; None of wrinkling, 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 cccurs 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 (Ti: -16°C, T,: -8°C, T3: 48°C, T4: 58°C, AH: 65°C,
average particle size: 2.5 um, reversibly thermochromic

25 compesition/wall film ratio= 2.6/1.0, color change from pink
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25 composition/wall filmratio= 2.6/1.0, color change frompink 27 to

col or

(di phenyl am no) - 4- rmet hyl spi ro[ 5H[ 1] benzopyr ano[ 2- 3-g] pyri m di ne-5, 1(3' H) -

| ess) and containing: 2.0 parts of 2- (butylam no) -8-

i sobenzof uran] -3-one as Conponent (a); 5 5.0 parts of
2, 2-bi s(4' - hydroxyphenyl ) hexaf | uor opropane and 3.0 parts of

4. 4
succi
ur ea,
agent,

Witi

pi gnent's

pi nk
a pol

5

10

15

20

25

- (2- met hyl propyl i dene) bi sphenol as Conponent (b); and 50.0 parts of
4- benzyl oxyphenyl et hyl caprate as Conponent (c), 10 0.33 parts of

Begkytanl éasshend &6hﬂ@iﬂgngfoperty i nparting agent), 10 parts of
10 parts of glycerin, 6 parts of a nonionic pernmeability inparting

15 0.1 pajts g&t@rb@@u (LORRAL Aeh1 2GS DI - qfleswéln 1Q6hi$id) I-gone
parts of a fungicide and 66. 37 parts of water

Hgtﬁgiéﬁmﬁg&gﬁﬂi?F?bghg?p%}EnJhE 5%%?%99%@% §k1 3@1?% ;"eglrjlotcaff]u' ed
3Ieft aL & erature) was charged by suction into

were coo I n advan

@%%%%@ %r%nge (|n acco |on ?

5.0 parts of
2,2-bis (4’ -hydroxyphenyl)hexafluoropropane and 3.0 parts of
4,4'-(2-methylpropylidene)bisphencl as Component {(b):; and

50.0 parts of 4-benzyloxyphenylethyl caprate as
Component (c},

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,

0.1 parts of an antifoaming agent of modified silicone
type,

0.1 parts of a fungicide and

66.37 parts of water.

[0033]
<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

21) having an inside diameter of 4.4 mm, and connected to a

28
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20 <Nhk|ng of
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25 21) having an inside dianeter of 4.4 mm and connected to a 28 ball point
tip 3 via a resin holder 22. Then, an ink follower 5 (liquid stopper)

contai ning polybutene as a main constituent and having viscoelasticity as
a mai n conponent was charged into the polypropylene 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 nounted inside a barrel
6 (conposed of a front barrel and a rear barrel) , a cap 7 was fitted, and

then deaepsthentipas penf ar wedihyneenkki bpgal operation. Thus, a witing 10
instrunment 1 (ballpoint pen) was obtained. The ball point pen tip held a hard

retal bal | efoihi gh dhamRieiods; Os 7 iRia BRbbobeldidpdant; or med by

cuttlng a netallic material wth a and e ball was urged forwardly
by a r C. o) ro esin as the
fr| ct yﬁgae %‘1%/? g%}{ﬁ}n %aoa%gf% 1%/\Lléaés)rﬁr'rr[)Orgc%/ h%mtqgidqer% edr?aelrgfestslt r ear barrel.
By writi w th_ the thus obta i nst rumnment 20 characters
of a %Fnﬂ RO br SOMRFERRT (798)CORTEST oGt IF PO LRt P,
handMW|t|n% was of a_pink color at roon1tenperature (250, and the
frar aéefs Ther BedBcof of 1o R RA e deriedi L dOluF 125 amen riRshed with t he

frlctlon body. This colorless . _
therearcf thepipe, therebypreparingarefill 2. Furthermore,

the refill 2 was mounted inside a barrel 6 (composed of a front
barrel anda rearbarrel), 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 C.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

29



25 state was kept under roomtenperature, and the original pink 29 color
recovered under cooling to -16C or below. This color changi ng behavi or was
recurred. Neither |large winkles nor breakage was observed on the paper
surface where handwiting was fornmed and erased, so the 5 friction body was
able to satisfy repetitive practicality. [0035] <Exanple 2> <Preparation of
Reversi bly thernochrom c I nk> Reversibly thernmochromc ink was prepared
from 10 25.7 parts of mcrocapsul ed pignents which contains a reversibly

o0 " F30gorEGIEPE i dly BRI GRS THIEILY, wPLORT s (Hiok Slersi bl y
therngﬁh 1 B&R ggkt'gg/@%Ih %ilnlratio: 2.6/1.0, color change from bl ack
SPar BT HRE Bbnl Al nt R A E

15 toco containin ‘parts of 2-(2-chloroanilino)-6-di-n-
but yl am nof ] uor an Component. (a); 4.5 parts of 4, 4'-

(5 ety ! or Sy HRBEEY 37 Sanaides B reffAgs o5 Sbserved on the

2,2-bi s(4' - hydroxyphenyl ) hexaf | ugr opr opane 20 as Conponent (b); and 50.0
par t sPEPeE- HEREIF S MAFTENPPBEMYE LdRGr WRe LRIMHRPGhERESEE), 59.Bi%art s of

succi nogl ycan (shear thinnin ropert i nparti ng agent),
5 frgc¥ion éody was able %opsagisf¥ reggtitivg pgactacality.

[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, T,: -9°C, Ta: 40°C, T,: 57°C, AH: 63°C,
average particle size: 2.5 um, 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-chlorcanilino)-6-di-n-
butylaminofluoran as Component (a);

4.5 parts of 4,4' - ({2-methylpropylidene)bisphenocl
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 (c),
0.2 parts of succinoglycan (shear thinning property
imparting agent),

25 5.5 parts of urea,
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25 5.5 parts of urea, 30 7.5 parts of glycerin,
pernmeability inparting agent,

0.03 parts of a nonionic
0.15 parts of an antifoam ng agent of

nodified silicone type, 5 0.1 parts of a fungicide, 0.5 parts of a

| ubri cant,

0.5 parts of triethanolam ne and 59.82 parts of water.

[ 0036]

10 <Making of Witing Instrument (See Fig. 2)> The thus prepared ink 4 (the

m crocapsul ed pi gnents of

whi ch were cooled in advance to -20C or

bel ow to

result in a black coloration, and |eft at roomtenperature) was charged
into a polyprepyLepe bargel,cE-having an inside dianmeter of 7.0 15 nmand an
outside dianmeter of 10 nm "the front-end of which a ballpoint tip 3 was

fixed to. T, j || . 9. I Ol . pol 2 [ t
and having U1 SR GRS Fy W e RaR oot T Aeh PRe et &1 d Pofe e roar  en.
(17) in' 20t e 0TS e PTE e AT s S TR b U Tl her more,

(17)

in ar ~of

b% | poi nt pgn tip held a hard nmetal ball of which

10

15

20

25

1 parts of a fungicide,

0.5 parts of a lubricant,

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 tip3was fixedto. 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 (ballpoint 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

P el Fltt hernore,  a
cap 7, was fitted, and then deaeration was perfornedby centrifugal

oper at¥BRs Thus, a writing instrument 2 (ballpoint pen) was obtained. The



25 dianmeter is 0.7-mmin a ball holding part fornmed by cutting 31 a
netallic material with a drill, and the ball was urged forwardly by a
spring. [0037] By witing with the thus obtained witing instrunment, 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 roomtenperature, and

the ogigirnal ;Ridcke r £0 Q1 tF 8CAvErEda i ¢sE 00l wygukeed%%%%rm%} ow. This
col or changlng behavior was recurred. Neither 'argé wrinkl es nor breakage

was 09§e§ ? the paper surface where handwiting was fornmed and erased,
so the Ficeion body was able to satisfy repetitive practicality.

[ 0038 ] <Exr§£#ﬁ%3> <Preparation of Reversibly thernochromc |nk>

Reversi bly chrom c ink was prepared from 20 25.7 parts of

nlcrocapsuled pi gnents ) co n re erS|bI t.hernochraom c

conposi ti on ﬁd@?ﬁbl%%l%ﬁ Qhﬁﬁﬂl dﬁ%ﬁ IE§¥@¢j‘l @RSEFUMeRt, 73: 48C, T4:
60C, AH. 64C, average partlcle si ze: pm reverS|ny t her nochrom ¢
cONPOShET BREGES IO & ekt GREOD eﬁmdwrl@épeﬁ YaHeh§erRee8 bR Ra@per

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 cclorless

10 state was kept under rcom temperature, and the criginal black
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 eraeed, 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 (Ti: -14°C, T.: -6°C, Tai: 48°C, T4: 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:
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25 to colorless) and containing: 32 2.0 parts of 3-

(4-di et hyl am no- 2- hexyl oxyphenyl) -3- (1l-ethyl-2-nethylind

ol e-3-yl)-4-azaphthal 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 ethyl 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 pfoglycerin, 0.03 parbsrek a nonionic perneakidity
inparting agent, 0.15 parts of an antifoam ng agent of nodified silicone
15 type,40gie PRy 8mOho22f HBGLEbEGphe Ay D) p@"—%@—@f:hgl'-gbhb@ﬁ@tl,ing- 5 parts of
triethanolam ne and 59.82 parts of water. 20 [0039] <Making of Witing

Inst&gg@ngaé§Fg4E5?gaﬁkgaI.getQgscgﬁggg%ﬁgrhgk,4 (the m crocapsul ed pignments

of i Ch re coo I'n advance to - efowto result in a blue

coloration, and Igfy at JOM, GMPEALWE), A% SAAEREL ) bisphenol

5 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),
0.2 parts of succinocglycan (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,

0.15 parts of an antifoaming agent of modified silicone

15 type,
0.1 parts of a fungicide,
0.5 parts of a iubricant,
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 cocoled 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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25 by suction into a pol ypropyl ene pipe (ink acconmodation tube 33 21)
havi ng 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 nmai 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 nmounted inside a barrel 6 (conposed of a

front ﬂfrﬁsbiﬁgdaﬁ {881qbas I Shdter &f CRAPA Tf@Sadd tdsithe AN then, deaeration
was performed by 10 centrifugal operation. Thus, a witing instrunment 1

(balIngﬂﬁaiﬁgnkéﬁa?sgggagnggsighggﬁﬁgkg?gqt pen tip held a hard netal bal

of whic Ianmet _ /mmin a ing part fornmed by cutting a
Spring. NorEBUBr, 2 AT IR DI B thados Fom PRE A e RS the
frictiog godg éig@in t he forqgﬁinﬁ t%ﬁhe was nDuntgf ig. the top end of the
cap. PBoybEten PR NPTR TR héh 8 VobfaY heP v 2 Fhagt Fhdtaunent ,
characters of a blue color (handwitjng) were forned on a paper surface.

The h&REWPEH HYE &S oPCAYBF ORY EBI8P 8RS f56M FRAperal afethe 25®S/ and the

characters were decol ori zed and render ed
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

10 centrifugaloperation. Thus, awritinginstrimentl1 (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 the ball was urged forwardly

15 by a spring.

Morecver, a friction body 8 made from the same résin 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 deccolorized and rendered

25 colorless when rubbed with the friction body. This colorless
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25 col orl ess when rubbed with the friction body. This colorless 34 state
was kept under roomtenperature, and the original blue color recovered
under cooling to -14C or below. This color changi ng behavior was recurred.
And neither |arge winkles nor breakage was observed on 5 the paper surface
where handwiting was fornmed and erased, so the friction body was able to
satisfy repetitive practicality. [0041] <Exanple 4> <Preparation of

M crocapsul e Particles> 10 A conposition containing 3.0 parts of

2, 2- b s£ de -y napt ey h}%ﬁfteﬁp@%eﬁeee,aﬁd%rp@rdragwnal blue

|, | -bis(4-hydroxyphenyl)decane; and 50.0 parts of stearyl caprate was

di SSO{;&?&@@&%@P@&;@% by DeA g And e widy 25, parhs of an

aromall C po yi Socyan a wal erla and 50.0 parts

of an. fﬁ%nﬂeﬁng§Ptwagh?ecﬁF§¥Eta”t sol uti on was dlspersed and

emul st frne droplets in 8% water solution of polyvinyl
alcohol i.tation_of the resulting.enulsi contln ed for about 1
hour  at 70%%%#% Ha ok SEHF TR T8 DEARE 96 A5 AP YRt 179 £81 ubl e

modi fied aliphatic amne, and the agjtation_ thereof was continued for

addi t FRRAARE heUrd acriyiers Nandipehsi g 61S fPERE8apRdIF 33694 SPes was

obt ai ned. The suspensi on was centrlfu ed to isolate the mcrocapsule
parti Ehedriction body was able to satisfy repetitive practicality.

[0041]
<Example 4>
<Preparation of Microcapsule Particles>
10 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 dissolved homogeneously by heating, and mixed with
25.0 parts of an aromatic polyisocyanate prepolymer as a wall
15 film material and 50.0 parts of an assistant solvent. The
resultant solution was dispersed and emulsified so 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
20 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.

25 As tothemicrocapsuleparticles obtained, their specific
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25 As to the mcrocapsule particles obtained, their specific 35 gravity was
found to be 0.97 and their average particle size was found to be 2.5 m

[ 0042] <Preparation of Reversibly Thernochrom c Ink Conposition> 5 A
reversi bly thernochrom ¢ aqueous ink conposition was prepared by adding
13.0 parts of mcrocapsul ed pignents which contains a reversibly

t hermochrom ¢ conposition having color-nenory properties (T1:. -20C, T2:
-10C, T3: 46C, T4: 60C, 4H 68C, 10 average particle size: 2.5 m reversibly

t her mgeBG 0RY, Gva £ OFAMAE tHoBewal. b7f bhi i8é 1 P ve Bl de Garaol @re Gianrge from
orange to colorless) and containing: 2.5 parts of

1, 3-dj net y fluoran as Conponent (a); 15 3.0 parts of
4,4'-%§§ g?ﬁnﬁpggg%g %ene i sphenol and 5.0 parts of

2,2-bis(4 - phenyl)hexafluoropropane as Conponent (b); and 50.0 parts
of 4- benzyl xyp enylethyl caprate as Cbnponent (c), 20 7.0 parts of the

e s T O

g%ycerin, O 021P§g§1 ly t %r%gkﬁﬁﬁﬁgycngqu gﬂg ink composition was
prepared by adding

13.0 parts of microcapsuled pigments which contains a
reversibly thermochromic composition having color-memory
properties (T;: -20°C, Tz: -10°C, Ta: 46°C, T,: 60°C, AH: 68°C,

10 average particle size: 2.5 pm, 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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25 1.5 parts of a fungicide, 36 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
t her nrochrom ¢ aqueous ink conposition. The specific gravity of the ink
vehicle (ink constituents exclusive of the reversibly thernochromc

m crocapsul ed pignents and the mcrocapsule particles) was found to be

1.03. 10 [®0A3}ardMakd NOa Ofud¥adé Ngeh 1B Uneit r{ BEEndi ggedd > A Writing
instrument 1 (marking pen) was obtained by incorporating the ink 4 (the

m crocapsul gfl, ps geits ©f W &h a@s cool ed in advance to -20C or below to
result in an orange 15 coloration, and left at roomtenperature) and a

stirrer 9 d.r‘?t§£££§ fal b hay ﬂﬂiﬁ;ﬁ@hﬁ%cg%}}?r?%ngcm sbAl@idnbarrel 6

(made up of a front barrel and a rear mounting a marking pen

Front CERaTEarT 0 PRe iR RO R B o gt er Y e Val ve
oPeoobhE BIbI Ghe; A Dt My TROSPRUS Dot aFheq ARt AGLPASt rument of
direct-ink type. was provided with a detachable cap 7, and besides, a
frictRopeversibly thermochromic aqueous ink composition.

The specific gravity of the ink vehicle (ink constituents
exclusive of the reversibly thermochromic microcapsuled
pigments and the microcapsule particles) was found to be 1.03.

10 [0043]
<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 major axis of 3 mm) into a barrel 6
(made up of a front barrel and a rear barrel), and mounting
amarkingpenchip 3 [achisel-shaped fibrous penbody (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 Dbody 8 made from the same resin material as the friction body
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25 body 8 made fromthe same resin material as the friction body 37 (16) in
the table was nounted to the rear-end part of the barrel. [0044] By use of
the thus obtained witing instrunent, orange |ines (handwiting) were drawn
on images (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 {TOPlinthd 0ab28Gvay mbehowd thht e a@a0r- atltbpgr H @ hehaviaeirelwas recurred.
Nei t her | arge winkles nor breakage was observed on the paper surface where
handwri ting;g@ssformed and erased, so the friction body was able to satisfy
repetitive practicality. 15 [0045] <Preparation of Reversibly Thernochromc

Ink > An agyegus ore%errtﬁegt@ﬂ)@amed 30 Pants s thaAaaPsHedePi gment s

whi ch contalns a reversibly thermchrom ¢ conposition Havi ng col or- menory

20 propsct! 68 (ks 486 T2 AP T 1406, Th, S50 AL 69G, aver age

partlc i VErsi bly thernochrom ¢ ‘conposition filmratio=

6/1 0, _color change frompink to colorless) and containing: 2.0 parts of
on’'a paper surrace.

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

10 under cooling to -20°C or below. This ceolor 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 (Ty: -16°C, T,: -8°C, T3: 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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25 2- (butyl am no) - 8- (di phenyl am no) - 4- met hyl spi ro[ 5H[ 1] benzo 38

pyrano[ 2- 3-g] pyri m di ne-5, 1(3' H) -i sobenzofuran] -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-met 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 nade honopgeneously di spersed. After that, 0.5
partSp9faﬂaﬂ293ygﬂbyklmeﬁhnéesel(GEHL€E$ZEeanfQQQn]Lsadﬁenan@s a product of
Uni on Carbi de Japan) was m xed therein. Thus, a reversibly thernochromc

i nk i gompbiEnthealp reversibly thernmochrom c pignment particles were
suspended in a |oosely aggregated state was prepared. [0046] A
fiber-bundl ed inksgapsorber 11 nade by Egygglng polyester sliygrs with a
synthetic resin film(porosity: about 09@ was 20 inpregnated with the

reverg'?'%1&“&’”R§?£8£¥g%§ﬁgl %Q%afﬂthB ﬁ?hsdaﬂa f% Wy ch was

cool ed" rn"advance ow to r 'na p ration, and |eft
Yo LA yLE) LITRLILELY LG5 RS FAleRaPL Y SoaRa e
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 homogenecusly 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 1l madebycoveringpolyester
slivers with a synthetic resin film {(porcsity: 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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25 and a bonbshel | -shaped resin-treated pen body 3 (porosity: about 39 50%
made 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 made fromthe
sanme resin material as the friction body (19) in the table was provided on
the rear-end part of the barrel by two-color nolding. [0047] By witing
with the thus made witing instrunent, 10 characters of a pink col or

(handsot} i@ e fydma enbarpaped mosutkacen thkef hanewehd igegtwas of a pi nk
color at roomtenperature (25C), and the characters were decol orized and

rendeg edth & Q) Dt €6 Syt i I avith at Benthiket EALBPdynd THiGawol orl ess 15
state was kept under roomtenperature, and the original pink color

recovgr ede ppde cog{déwg d qu%%&ﬁrpcﬁiﬁi’fﬁen@'ls @3¢ nd Rangl R pehavi or was

recurred. Nelther Targe winki'es nor breakage was observed on the paper
surfaﬁﬁ g?g handWW|t|ng was fornmed and erased, so the 20 friction body
was a 0 satlsfy repetitive practicality. [0048] <Exanpl e 6>

<hreparation of Rever bl & REUIPSHLAM ke DG RRVR! hflr dierohroni ¢ i nk
the friction body {(19) in the table was provided on the rear-end
part of the barrel by two-color molding.
{00471
By writing with the thus made writing instrument,
10 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
15 state was kept under room temperature, and the original pink
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
20 friction body was able to 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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25 20.0 parts of mcrocapsul ed pignents which contains a 40 reversibly

t hermochrom ¢ conposition having color-nmenory properties (T1:. -20C, T2:

-9C, T3: 40C, T4: 57C, AH 63C, average particle size: 2.5 pm reversibly

t hermochrom ¢ conposition/wall filmratio= 2.6/1.0, color change from bl ack
5 to colorless) and containing: 4.5 parts of

2-(2-chl oroanilino)-6-di-n-butyl am nofl uoran as Conponent (a), 4.5 parts of
4, 4" - (2- et hyl propyl i dene) bi sphenol 10 and 7.5 parts of

2, 2- bi- &g siyOly OxyRhaRhdexaf | HenppE0paRE asyiGaPesed—(Rhoagd 50.0 parts

of 4- benzyloxyphenylethyl caprate as Conponent (c), 5.0 parts of urea, 15

15. 0 eri_B,ne~5. 9_pardeg of._ ¢ | & ac 0.8y P 4es of a
| ubri canééﬁ%ﬁ AL, rng)r((:)du'ged b%/t%barr-l c é}@ Kggyobgqel 'yaku 86§% ‘Ltd.], 0.5

parts trie hanol nlne and 5 0 par S of, \wat 00 <Nhk|ng of
VV|t|hP T3 r ERENS §eeskz% é% Aﬁ%&llﬁﬁ# Slb %k §h86 %%% & by
ggg} gc'aé}lk%”&s%{‘foﬁ W11 RERAEEH: b0K d6 A1 61 2% %S“!:ﬁgngegémotﬁl%k‘m"’h nas

5 to colorless} and containing:
4.5 parts of
2-{(2-chloroanilino)-6-di-n-butylaminofluoran as Component
(a),
4.5 parts of 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,
0.5partsof alubricant [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°Corbelow, and left at room temperature} directly
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25 advance to -20C or below, and left at roomtenperature) directly 41 in a
barrel 6. The ballpoint pen 1 was provided with an ink flow control nenber
12 with a conb-like grooves in the forward part of the barrel, and a
bal | point pen chip 3 structured to hold a hard netal ball of which dianeter
is 0. 5nrmmin the front-end 5 of a chip fornmed by deform ng the nei ghborhood
of a netal pipe end in an inward direction under pressure applied to the
outer surface of the nmetal pipe end. The thus obtained witing instrunent

was pigva ded-rilt e, aTdet aehapbéncaperd 1 neds shawwtided Rich &n inkurther, a
friction 10 body 8 made fromthe sane resin material as the friction body

(16) ol hedtadienwascpountadh 8 ddio+ eate RSRAL iAfthdeRMarel - [0050]
By witing with the thus made witing instrunent, characters of a bl ack

g?' gr%%flér@f‘”ﬂﬂé B AT, € Jher Heﬂai’i‘p@ii??g%%,éfgir%ﬁLéﬁ&ctﬂ#‘e&‘%’%""‘”i ting was

ack color at roomtenperature aracters were

decol ot ged, AN LeOrered o 0L OLhens,when Tubbeg Wi buLhe i clion body. This
ate unaer an

colorless™'s was “Kept room tenperature, the original black 20
cal or _recovered under. cqgol.ing.to -20C or hel gw. This col or. changing
bg’hav?ﬁra \%é%prg%{ﬁ“?‘g&y ﬁlgiff)ﬁg‘rmﬁapé% %‘Jﬁ{%o 5t Ofr 2 K&l Rd®obser ved on
the paper surface where handwiting was forned _and erased, so the friction

body ¥R$ dbPB 1A GfFEItepet PEAGE RiremttcarpRfied 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 body 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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25 [0051] 42 <Exanple 7> <Making of Friction Body (See Fig. 7)> A friction
menber 8 was obtained by fitting the friction body nolded of the sanme resin
material as the friction 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 manner as in Exanple 1 (the mcrocapsul ed pignents of which
were cooled in advance 10 to -16C or belowto result in a pink coloration,
and left at roomtenperature) was charged by suction into a pol ypropyl ene

pi pe {Exdkm@pteofmrodati on tube 21) having an inside dianeter of 4.4 nm and
connected to a ballpoint tip 3 via a resin holder 22. 15 Then, an ink

fol | oneikbnd | dfUFEi St DPPEBYdgonta@: nFng. ppbybutene as a nmai n conponent and
havi ng vi scoel asticity was charged into the pol ypropyl ene pipe fromthe

rear of the E'rﬁ%tlo@&nﬂeﬁbéﬁ'd wBkUsh 231 ¥8§ Hy ﬂeélhg tie reak igh the pipe,
thereby preparing a refill 2. Furthernore, the refill 2 was mounted 20

| nSi 0&90 gm&édf% ased ofe B f hte Danr %ds and %rfl%acrm%% ek a cap 7

was |tt and eaeratlon was perforne centrlfugal 8berat|on

ggﬁsiffohe} '@Q%;ﬁ%ﬁ fﬁ?ﬁ%é?fgf%éﬁﬁénﬁubgfg} M@ayobtalned The bal | poi nt
[0052]
<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

10 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.

15 Then, an ink follower 5 (liquid stopper) containing
polybutene 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

20 inside abarrel 6 (composed of a front barrel and a rear barrel),
a cap 7 was fitted, and then deaeration was performed by
centrifugal operation. Thus, awritinginstrumentl {(ballpocint
pen) was obtained.

The ballpoint pen tip held a hard metal ball of which

25 diameter is 0.7mm in a ball holding part formed by cutting a
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25 dianeter is O.7mmin a ball holding part formed by cutting a 43 netallic
material with a drill, and the ball was urged forwardly by a spring. [0053]
<Maki ng of Witing Instrunent Set> 5 The friction body and the witing

i nstrunment were conbined into a witing instrunent set. By witing with the
writing instrunent, characters of a pink color (handwiting) were forned 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

r ubbege ik § i & @ tigrictl wothedyr i Thi anedlios bass wad atgewas kepptdlunder room
tenperature, and the original pink color recovered under cooling to -16C or
bel ow,y, Thi spe0hgt changi ng behavior was recurred. 15 Neither large winkles
nor breakage was observed on the paper surface where handwiting was forned
and erased,[§@5f e friction body was able to satisfy repetitive
practicality. 054] <Exanpl e 8> 20 <Mmking of Friction Body> The sane

reSin<ﬂgﬁf§ga$faﬁryﬁiﬂgzQBSEE§Q%£ECF%8§5bOdy 11 in the table was nol ded

into arectangul ar ion ] <Making of Witing Instrunents>

5 The frictionbodyandthewriting 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 decclorized 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 coleor
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 compoesitions as prepared respectively in
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25 The sane ink conpositions as prepared respectively in 44 Exanples 1 to 3
(the m croencapsul ated pignments of which were cooled in advance so as to
develop their individual colors, and left at roomtenperature) were charged
by suction into separate polypropyl ene pipes having the sanme inside
dianeter 5 of 4.4 mm (i nk accommodati on tubes), and connected to their
respective ballpoint tips via their respective resin holders. Then, each of
t he pol ypropyl ene pi pes was charged fromthe rear with an ink foll ower

(1'i quEdaspdppel )toc6nf Bhainigr qrolgdnselnet ed pd greint scofisvhi cemerand havi ng
viscoel asticity, 10 and further fitted wwth a tail plug in the rear portion
of theopipa, ihheaebycovksd ngs eashdéwnstion dited i efriddvidudt hesimyrs, t he

refills were nounted inside of respective barrels (each of which was

conpoged 9&ra fa'toﬂboﬁlartléﬁbe%ﬁ@u%el)e@'érléardh%lr)ged espeaidtien Gans were fitted,
and then deaeration was perfornmed by 15 centrifugal operation. Thus, three

Wit QggbﬁﬁEé%ﬂS roém?f‘éﬂl@%ﬂ;e@@ﬁ@ln‘@e'Eﬁeogéﬁénﬁq81g@%£{etié]? bal | poi nt

pen tip bal’l whi ch dianeter is 0. 5nmin a ball hol ding

L bal |
e ecb B ol Bor BBl Oh WAL iy i s AR PRy © e
nto BeRPEE ﬁg%ka%ﬁééérﬁ% 90.body and fhe witing Lostrymenis vere combined

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
refillsweremounted inside of respectivebarrels {eachofwhich
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 obtained.

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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25 By witing with the witing instrunents, characters of 45 a pink color,
a bl ock color and a blue color (handwiting) were fornmed on a paper
surface. The handwitings were of three colors at roomtenperature (250,
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 changi ng behaviors were recurred. Neither |arge wi nkles

nor begakagecMas, aberbedcodlot hd G Napeb 1ot {RERAMALE enfandwd tings were
fornmed and erased so the friction body was able to satisfy repetitive

practfgghégyon goggggrvghggagge i nvention has been described in connection
th the exenplary enbodinments, it will be obvious to those skilled 15 in

the art t haty, gﬁaﬁ%&m &5 P0G el £ 681108 JBYobR JIRGRheLAl n Wit hout

departing fromt rese I nvention, ore, to cover

in th ended . cl such chan es.an nodi f | cati.ons a fa | wthin the
true z%gqf affd e ?r?%geﬁ?eggﬁ e 6 PBATES MED IS 1. A

frlctlo t es frictional hea | I owin devel apment ,
% appobr Bgss oibam EHEEEEr g Ghe ofrhem by kPP ae el G IR e i ng
i nstrument for producing thernochromc

states were kept under room temperature, and thecriginal colors

recovered under cooling to -20°Cor below. These color changing
behaviors were recurred.
Neither large wrinkles nor breakage was cbserved 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 been described in connectionwith
the exemplary embodiments, it will be obvious to those skilled
15 1in 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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handwiting, 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 claim1, wherein the friction coefficient is in a range of 0.3 to 0.9.

3. Awiting instrunent for producing thernmochromic handwiting,

conprising: 15 the friction body according to claiml. 4. The witing
instrunment according to claim3, wherein the friction body is provided at a
rear end of a barrel. 20 S. The writing instrunment according to claim 3,
furt heHAT cDEpCLAIMADalBap, wherein the friction body is provided at a tip
end of the cap. 25 6. The witing instrument according to claim3, wherein
the 47 witing instrunent accommobdates a thernochromc ink therein. 7. A
writing instrument set, conprising a friction nenber conprising the friction

body accor di ngri & 1ch HeRiynthatapdoauest fn0- £ Nshs URddt far dwiegdpci ng
thermochrom c handwiting. 8. A witing instrument set, conprising 10 the

frictjap cog di do-gl ab mL-1an lrutad L1ies 1of ddstd gy | nstrument s
for p?gdﬁgg QEQEéﬁ%g%%ﬁ?ngs wf%h df %e%gn? c&?or tone%&' Lt
5 formed with 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 ciaim 1, wherein

the friction coefficient is in a range of 0.3 to 0.9.

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

47



9. The witing instrunment set according to claim7, wherein 15 the witing
i nstrument accommpdates a thernochromc ink therein. 48

writing instrument accommodates a thermochromic ink therein.

7. A writing instrument set, comprising
a friction member comprising the friction body according
5 to claim 1; and

a writing instrument for producing thermochromic

handwriting.
8. A writing insgtrument set, comprising
10 the friction body according to claim 1; and

pluralities of writing instruments for producing

handwritings with different color tones.

9. The writing instrument set according to claim 7, wherein
15 the writing instrument accommodates a thermochromic ink
therein.
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