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Description
THERMOCHROMIC WRITING INSTRUMENT
Technical Field
[0601]
| The present invention relates to a thermochromic writing instrument.
More specifically, it relates to a thermochromic writing instrument containing a
thermochromic ink.
Background Art
[0002]

Hitherto, Patent Document 1 proposes a thermochromic writing
instrument containing a thermochromic ink, in which a friction body for thermally
changing the color of the handwriting of the thermochromic ink by frictional heat is
provided on a top of a cap and in which the friction body is provided at a rear end of
the barrel.

{0003]

Patent Document 1: Japanese Patent Unexamined Publication No. JP-A-2004-148744
Disclosure of the Invention

Problems that the Invention is to Sclve

[0004]

Since the above conventional thermochromic writing instrument is a cap
type, it is necessary to perform the attaching/detaching operation of the cap by using
both hands. If a user can use only one hand, it is difficult to rapidly bring the
instrument into a writing-capable state or a stored state. Moreover, in the above
conventional thermochromic writing instrument, if the friction body is provided at

the rear end of the barrel, when the handwriting is rubbed and changed in color after
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writing, it is necessary to reverse the barrel and to shift the holding part of the barrel
from the pen tip side to the rear end side, so that it is impossible to quickly shift to a
rubbing-to-change-color operation.

[0005]

The invention aims to solve the above problems and to provide a
thermochromic writing instrument containing a thermochromic ink, which is capable
of easily changing the color of the handwriting of the thermochromic ink by rubbing
and also being quickly brought into a writing-capable state (pen-tip-projected state)
or a stored state (pen-tip-retracted state) even if a user can use only one hand. In this
connection, in the invention, "forward" means a pen tip side and "backward" means
an opposite side thereof. In the invention, the "pen-tip-retracted state" means a state
that a pen tip is retracted into the barrel and the "pen-tip-projected state" means a
state that a pen tip is projected outside from the front end of the barrel.

Means for Solving the Problems
[0006]

[1] A first aspect of the present invention relates to a thermochromic
writing instrument containing a thermochromic ink, including:

a barrel 2;

a writing body 8 accommodated in the barrel 2 so as to be capably of
moving in a longitudinal direction; and

an operation portion 5 provided on an outer surface of the barrel 2,

wherein a pen tip 81 of the writing body 8 is adapted to be project/retract
from/into a front-end hole 31 of the barrel 2 by operating the operation portion 5,

the thermochromic ink 83 is contained inside the writing body 8,

a pen tip 81 capable of ejecting the thermochromic ink 83 is provided at a
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front end of the writing body 8, and

a friction portion 4 capable of thermally changing color of the
handwriting of the thermochromic ink 83 by the frictional heat generated when the
handwriting is rubbed with the friction portion 4 is provided on the outer surface of
the barrel 2.
[0007]

Since the pen tip 81 of the Wiﬁng body 8 is projectabe/retractable
from/into the front-end hole 31 of the barrel 2 by operating the operation portion 5,
the thermochromic writing instrument of the above first aspect of the invention can
be quickly brought into a writing-capable state (pen-tip-projected state) or a stored
state (pen-tip-retracted state) by one hand. Furthermore, in the above first aspect of
the invention, by providing a friction portion 4 on the outer surface of the barrel 2,
the handwriting of the thermochromic ink 83 can be easily changed in color by
rubbing in a state that the barrel 2 is still held by one hand. Incidentally, in the above
first aspect of the invention, it is sufficient to provide the above friction portion 4 at
least a part of the outer surface of the barrel 2 (i.e., outer surface of the
thermochromic writing instrument 1) and examples of the sites to which the above
friction portion 4 is provided are the outer surface of the front end of the barrel 2, the
outer surface of the rear end of the barrel 2, the outer surface of the side wall of the
barrel 2, the outer surface of the clip projected from the outer surface of the barrel 2,
the outer surface of the operation portion 5, which is projected from the outer surface
of the barrel 2, for projecting/retracting the pen tip 81, and the like. In this
connection, it is sufficient that at least one writing body is acéommodated in a barrel
2 movably in a longitudinal direction. Examples thereof are, one writing body (8)

beihg accommodated in a barrel 2 movably in a longitudinal direction or a plurality
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of writing bodies being accommodated in a barrel 2 movably in a longitudinal
direction.
[0008]

In the thermochromic writing instrument 1 of the above first aspect of the
invention, a projection/retraction mechanism which projects/retracts the pen tip 81 by
operating the operation portion 5 is provided in the barrel 2. The operation portion 5
is provided at the rear end of the barrel 2 and(or on the side wall of the barrel 2. Ina
state that the thermochromic writing instrument 1 is held by one hand, the operation
portion 5 is operable by the hand. The preferable projection/retraction mechanism of
the invention is that the operation portion 5 is provided at the rear end of the barrel 2
and the pen-tip-retracted state is shifted to the pen-tip-projected state by a forward
press operation of the operation portion 5 against the backward urging force of the
writing body 8 (so-called rear end knock type). However, as the projection/retraction
mechanism of the invention, in addition thereto, there can be adopted that (a} the
operation portion 5 is radially outwardly projected from the side wall of the barrel 2
and the pen-tip-retracted state is shifted to the pen-tip-projected state by a forward
press operation of the operation portion 5 against the backward urging force (so-
called side slide type), (b) the operation portion 5 is radially outwardly projected
from the side wall of the barrel 2 and the pen-tip-retracted state is shifted to the pen-
tip-projected state by an inward press operation of the operation portion 5 in a radial
direction (so-called side knock type), (¢) the pen tip 81 is projected/retracted by
rotating the operation portion 5 provided at the rear part of the barrel 2 against the
front portion of the barrel 2 (so-called rotation type), or the like.

[0009]

2] According to second aspect of the invention, there is provided the
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thermochromic writing instrument according to {1], wherein the friction portion 4 is
provided at the front end of the barrel 2 so that a front end of the friction portion 4 is
located ahead of the front end of the pen tip 81 in the pen tip-retracted state and the
front end of the pen fip 81 is located ahead of the front end of the friction portion 4 in
the pen tip-projected state.
[0010]

The thermochromic writing instrument 1 of the second aspect of the
invention enables a smooth writing with avoiding the contact of the friction portion 4
with a surface to be written in the pen-tip-projected state. Moreover, since the
thermochromic writing instrument 1 of the second aspect of the invention enables
rubbing of the handwriting with the friction portion 4 provided at the front end of the
barrel 2 in the pen-tip-retracted state, it is unnecessary to re-hold the barrel 2 after
writing and hence a user can quickly move to a rubbing-to-change-color aperation.
[oo11}
[3] According to third aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

a pen tip-supporting portion of the barrel 2 having the front-end hole 31
is made of a hard material and

a friction portion 4 made of a soft material is provided on an outer
surface of the front end of the pen tip-supporting portion of the barrel 2.
[0012]

In the thermochromic writing instrument 1 of the third aspect of the
invention, since the pen-tip-supporting portion 3 is made of the hard material, in a
state that the pen tip 81 is projected outside from the front-end hole 31 of the barrel 2

(at the time of writing), the outer surface of the pen tip 81 or the outer surface of the
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vicinity of the pen tip 81 of the writing body 8 is supportedrby the inner surface of
the front-end hole 31 of the pen-tip-supporting portion 3 made of the hard material.
Thereby, the stagger of the pen tip 81 is suppressed and a stable write feeling is
obtained. Moreover, by forming the friction portion 4 made of a soft material on the
outer surface of the front end of the pen-tip-supporting portion 3 made of the hard
material, at changing the color of the handwriting by rubbing, the stagger of the
friction portion 4 is suppressed and a stable rubbing-to-change-color operation is
enabled.

[0013]

[4) According to the fourth aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

the friction portion 4 and the writing body 8 are maintained in a non-
contact state. |
[0014]

In the thermochromic writing instrument 1 of the fourth aspect of the
invention, since the friction portion 4 and the writing body 8 (i.e., the pen tip 81 and
the outer surface of the vicinity of the pen tip 81 of the writing body 8) are
maintained in a non-contact state, the stain of the friction portion 4 by the attachment
of the ink can be prevented and also a smooth pen tip projection/retraction
performance is obtained.

[0015]
[5] According to the fifth aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

the outer periphery 41 of the fron;t end of the friction portion 4 has a

convex curved surface or an inclined surface.
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[0016]

Thereby, in the thermochromic writing instrument 1 of the fifth aspect of
the invention, any sharp corner portion is not formed in the front end outer periphery
and thus a smooth contact of the friction portion 4 with a surface to be written
becomes possible during rubbing-to-change-color operation. Also, it becomes easy
to generate frictional heat since a proper contact area is obtained between the friction
portion 4 and the surface to be written. In this connection, the inclined surface refers
to a surface inclined to the axial line (tapered surface).

[0017]
[6] According to the sixth aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

an angle defined between a contact line which contacts with the outer
surface of the friction portion 4 and the front end of the pen tip 81 in the pen tip-
projected state and an axial line is sef to 10 degree or more and 60 degree or less.
[0018]

Thereby, in the thermochromic writing instrument 1 of the sixth aspect of
the invention, a proper rubbing-to-change-color operation performance of the friction
portion 4 is obtained and also, in the pen-tip-projected state (at the time of writing),
the pen tip 81 can be easily visualized and the non-contact state between the friction
portion 4 and the surface to be written is maintained.

[0019]
[N According to the seventh aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

the friction portion 4 is provided circularly.

[0020]
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Thereby, in the thermochromic writing instrument 1 of the seventh aspect
of the invention, it becomes unnecessary to confirm the direction of the friction
portion 4 in a circumferential direction before rubbing using the friction portion 4
and thus the rubbing-to-change-color operation can be quickly started.

[0021]
{8} According to an eighth aspect of the invention, there is provided the
thermochromic writing instrument according to {2},

wherein the operation portion 5 is provided at a rear end of the barrel 2
and

the thermochromic writing instrument further includes a
projection/retraction mechanism which shifts the pen tip 81 from the pen tip-retracted
state to the pen tip-projected state by a forward press operation of the operation
portion 5. |
[0022]

Thereby, in the thermochromic writing instrument 1 of the eighth aspect
of the invention, it is unnecessary to reverse the barrel 2 so as to shift the holding part
of the barrel 2 from the pen tip side fo the rear end side and re-hold the barrel 2, so
that it is possible to quickly perform a pen tip projecting operation.

[0023]
[ According to a ninth aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

the operation portion 5 is radially outwardly projected from a side wall of
the barrel 2 and

the thermochromic writing instrument further includes a

projection/retraction mechanism which shifts the pen tip 81 from the pen tip-retracted
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state to the pen tip-projected state by a forward press operation of the operation
portion 5.
[0024)

Thereby, in the thermochromic writing instrument 1 of the ninth aspect of
the invention, it is unnecessary to reverse the barrel 2 so as to shift the holding part of
the barrel 2 from the pen tip side to the rear end side and re-hold the barrel 2, so that
it is possible to quickly perform a pen tip projecting operation.

[0025]
[107 According to a tenth aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

the operation portion 5 is radially outwardly projected from a side wall of
the barrel 2 and

the thermochromic writing instrument further includes a
projection/retraction mechanism which shifts the pen tip 81 from the pen tip-retracted
state to the pen tip-projected state by an radially inward press operation of the
operation portion 5.

[0026]

Thereby, in the thermochromic writing instrument 1 of the tenth aspect of
the invention, if is unnecessary to reverse the barrel 2 so as to shift the holding part of
the barrel 2 from the pen tip side to the rear end side and re-hold the barrel 2, so that
it is possible to quickly perform a pen tip projecting operation.

[6027]
[11} According to an eleventh aspect of the invention, there is provided the
thermochromic writing instrument according to [2], wherein

the operation portion S is provided at the rear part of the barrel 2 and
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the thermochromic writing instrument further includes a
projection/retraction mechanism projecting and retracting the pen tip 81 by a rotation
operation of the operation portion 5 against the front part of the barrel 2.

[0028]

Thereby, in the thermochromic writing instrument 1 of the eleventh
aspect of the invention, it 1s unnecessary to reverse the barrel 2 so as to shift the
holding part of the barrel 2 from the pen tip side to the rear end side and re-hold the
barrel 2, so that it is possible to quickly perform a pen tip projecting operation.
[0029]
f12] According to a twelfth aspect of the invention, there is provided the
thermochromic wriﬁng instrument according to [1], wherein the friction portion 4 is
provided at a rear end of the barrel 2.

Thereby, in the thermochromic writing instrument 1 of the twelfth aspect
of the invention, the handwriting of the thermochromic ink 83 can be rubbed with the
friction portion 4 even in the pen-tip-projected state.

[0030]
[13] According toa thirteenth aspect of the invention, there is provided the
thermochromic writing instrument according to {12], wherein

- the operation portion 5 is provided at the rear end of the barrel 2,

the thermochromic writing instrument further includes a
projection/retraction mechanism which shifts the pen tip 81 from the pen tip?rctracted
state to the pen tip-projected state by a forward press operation of the operation
portion 5 toward the front end of the barrel 2,

the friction portion 4 is provided at an outer surface of the rear end ,Of the

aperation portion 5 and

10
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a holding portion 51 capable of being held when rubbing with the friction
portion 4 is provided on the outer peripheral surface of the operation portion 5.
[0031]

In the thermochromic writing instrument 1 of the thirteenth aspect of the
invention, a stable holding is enabled during rubbing-to-change-color operation by
providing a holding portion 51 capable of holding at rubbing by using the friction
l;ortion 4, on the outer peripheral surface of the operation portion 5. For the holding
portion 51, it is effective to set the length in an axial direction to 10 mm or more,
preferably 15 mm or more. Furthermore, in the thermochromic writing instrument 1
of the thirteenth aspect of the invention, anti-slip effect of a finger is achieved at the
forward press operation of the operation portion 5 by providing the friction portion 4

made of a soft material to the outer surface of the rear end of the operation portion 5.

. [0032]

[14] According to a fourteenth aspect of the invention, there is provided the
thermochromic writing instrunient according to [12], wherein

the operation portion 5 is provided at the rear part of the barrel 2,

the thermochromic writing instrument further includes a
projection/retraction mechanism which shifts the pen tip 81 from the pen tip-retracted
state to the pen tip-projected state by a rotation operation of the operation portion 5
against the front part of the barrel 2,

the friction portion 4 is provided at the outer surface of the rear end of the
operation portion 5 and

a holding portion S1 capable of being held when rubbing with the friction
portion 4 is provided on the outer peripheral surface of the operation portion 5.

[0033]

11
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In the thermochromic writing instrument | of the fourteenth aspect of the
invention, a stable holding is enabled during rubbing-to-change-color operation by
providing a holding portion 51 capable of holding at lrubbing by using the friction
portion 4, on the outer peripheral surface of the operation portion 5. For the holding
portion 51, it is effective to set the length in an axial direction to 10 mm or more,
preferably 15 mm or more.

[003:1]
[15] According to a fifteenth aspect of the invention, there is provided the
thermochromic writing instrument according to [12], wherein

the operation portion § is projected radially outward from a side wall of
the barrel 2 and

the thermochromic writing instrument further includes a
projection/retraction mechanism which shifts the pen tip 81 from the pen tip-retracted
state to the pen tip-projected state by a forward press operation of the operation
portion 5.

[0035]

In the thermochromic writing instrument 1 of the fifteenth aspect of the
invention, the operation portion 5 can be provided independent of the friction portion
4 and thus the appearance and size of the operation portion 5 can be freely designed.
[0036]

[16] According to a sixteenth aspect of the invention, there is provided the
thermochromic writing instrument according to [12], wherein

the operation portion 5 is radially outwardly projected from the side wall
of the barrel 2 and

the thermochromic writing instrument further includes a

12
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projection/retraction mechanism which shifts the pen tip 81 from the pen tip-retracted
state to the pen tip-projected state by a radially inward press operation of the
operation portion 5.

[0037]

In the thermochromic writing instrument 1 of the sixteenth aspect of the
invention, the operation portion 5 can be provided independent of the friction portion
4 and thu|s the appearance and size of the operation portion 5 can be frecly designed.
[0038]

(1n According to a seventeenth aspect of the invention, there is provided the
thermochromic writing instrument according to [12], wherein

a friction portion-operation portion 2d is provided on the outer surface of
the barrel 2 and

the friction portion 4 is adapted to be projectable/retractable from/into the
rear end of the barrel 2 by operating the friction portion-operation portion 2d.

[0039]

In the thermochromic writing instrument 1 of the seventeenth aspect of
the invention, during rubbing, the friction portion 4 can be projected from the rear
end of the barrel 2 and used for rubbing. On the other hand, during non-rubbing and
storage, the friction portion 4 can be retracted into the barrel 2 to prevent the friction
portion 4 from staining. In this connection, examples of the friction-portion-
operation portion 2d include a rotation operation type against the barrel 2 or a sliding
operation type against tﬁc barrel 2.

[0040]
[18j According to an eighteenth aspect of the invention, there is provided the

thermochromic writing instrument according to [1], wherein

13
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the friction portions 4 are provided at the front end of the barrel 2 and th—e
rear end of the barrel 2,

the front end of the friction portion 4 provided at the front end of the
barrel 2 is located ahead of the front end of the pen tip 81 in the pen tip-retracted
state and

thf: front end of the pen tip 81 is located ahead of the front end of the
friction portion 4 provided at the front end of the barrel 2 in the pen tip-projected
state.
[0041]

In the thermochromic writing instrument 1 of the eighteenth aspect of the
invention, in the pen-tip-projected state, it can be avoided that the friction portion 4 -
provided at the front end of the barrel 2 comes into contact with the surface to be

written, and thus a smooth writing is enabled. Moreover, in the thermochromic

writing instrument 1 of the eighteenth aspect of the invention, in the pen-tip-retracted

state, since the handwriting can be rubbed with the friction portion 4 provided at the
front end of the barrel 2, it is unnecessary to reverse the barrel 2 after writing and
thus a user can quickly move to the rubbing-to-change-color operation. Moreover, In
the thermochromic writing instrument 1 of the eighteenth aspect of the invention,
even in the pen-tip-projected state, the handwriting of the thermochromic ink 83 can
be rubbed with the friction portion 4 provided at the rear end of the barrel 2.
[0042]
[i 9] According to a nineteenth aspect of the invention, there is provided the
thermochromic writing instrument according to [1], wherein

a plurality of the writing bodies 8 are accommodated in the barrel 2

movably in a longitudinal direction,

14
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each of the pen tip 815 of the plurality of the writing bodies 8 is adapted
to be alternatively projectable/retractable from/into the front-end hole 31 of the barrel
2, and

the handwritings derived from the respective thermochromic ink 83
ejected from the pen tip 81 of each of the writing bodies 8 is rubbed with the friction
portion 4 provideq on the outer surface of the barrel 2, and each of the handwriting is
capable of being thermally changed in color by the frictional heat generated at the
rubbing.

[0043]

In the thermochromic writing instrument 1 of the nineteeﬁth aspect of the
invention, plural (at least two) the handwritings derived from the thermochromic ink
83 can be obtained with one writing instrument. Moreover, in the thermochromic
writing instrument 1 of the nineteenth aspect of the invention, since the handwriting
of the thermochromic ink 83 ejected from the pen tip 81 of each of the writing bodies
8 can be thermally changed in color with the friction portion 4, the handwriting of the
thermochromic ink 83 by each of the writing bodies 8 can be thermally changed in

color at once with the friction portion 4.

[0044]
[201 According to a fwentieth aspect of the invention
20. The thermochromic writing instrument according to {1], wherein

a plurality of the writing bodies 8 are accommodated in the barrel 2
movably in a longitudinal direction,

each of the pen tip 81 of the plurality of the writing bodies 8 is adapted to
be alternatively projectable/retractable from/into the front-end hole 31 of the barrel 2,

a detachable cap 11 is provided at the front end of the barrel 2,

15
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the cap 11 tightly seals the front-end hole 31 of the barrel 2 when the cap
11 is mounted to the front end of the barrel 2, and

the handwritings derived from the respective thermochromic ink 83
ejected from the pen tip 81 of each of the writing bodies 8 is rubbed with the friction
portion 4 provided on the outer surface of the barrel 2, and each of the handwritings
is capable of being thermally changed in color by the frictional heat generated at the
rubbing. |
[0045]

In the thermochromic writing instrument 1 of the twentieth aspect of the
invention, plural (at least two) the handwriting of the thermochromic ink 83 can be
obtained with one writing instrument. Moreover, in the thermochromic writing
instrument 1 of the twentieth aspect of the invention, since the handwriting of the
thermochromic ink 83 ejected from the pen tip 81 of each of the writing bodies § can
be thermally changed in color with the friction portion 4, the handwriting of the
thermochromic ink 83 by each of the writing bodies 8 can be thermally changed in
color at once with the friction portion 4. Moreover, in the thermochromic writing
instrument 1 of the twentieth aspect of the invention, since the cap 11 tightly seals the
front-end hole 31 of the barrel 2 when the cap 11 is mounted to the front end of the
barred 2, vaporization of the ink from the pen tip 81 of each of the writing bodies 8
can be prevented during non-writing.

[0046]
211 According to a twenty-first aspect of the invention, there is provided the
thermochromic writing instrument according to [20], wherein

a seal portion 101 closely sliding on the outer surface of each of the

writing bodies 8 is provided in the barrel 2 and

16
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the pen tip 81 of each of the writing bodies 8 is tightly sealed between the
seal portion 101 and the cap 11 when the cap 11 is mounted to the front end of the
barrel 2.

[0047]

In the thermochromic writing instrument 1 of the twenty-first aspect of
the invention, when the cap 11 is mounted to the front end of the barrel 2, a tightly
sealed space can be formedI between the seal portion 101 and the cap 11 and thus the
respective pen tips 81 of each of the writing bodies 8 can be surely tightly sealed
during non-writing.

[0048]
[22] According to a twenty-second aspect of the invention, there is provided
the thermochromic writing instrument according to [21], wherein

a biasing member 7 urging each of the writing bodies 8 backward is
housed in the barrel 2,

| a biasing-member-supporting portion 2b supporting the rear end of each
of the biasing members 7 is provided in the barrel 2, and

a seal body 10 having the seal portion 101 is fixed to the biasing-
member-supporting portion 2b.

[0049]

In the thermochromic writing instrument | of the twenty-second aspect of
the invention,
since the seal body 10 having the seal portion 101 is fixed to the biasing-member-
supporting portion 2b, the seal body 10 is surely fixed thereto.

[0050]

23] According to a twenty-third aspect of the invention, there is provided the

17
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thermochromic writing instrument according to [19], wherein

color in a color-appeared state of the thermochromic ink 83 contained in
the inside of each of the writing bodies 8 is different from each other.
[0051]

In the thermochromic writing instrument 1 of the twenty-third aspect of
the invention, plural of thc handwritings having different color in the color-appeared
state, derived from the thermochlromic ink 83 contained in the inside of each of the
writing bodies 8, can be thermally changed in color at once by the frictional heat of
the friction part 4. Moreover, in the thermochrorr;ic writing instrument 1 of the
twenty-third aspect of the invention, even if individual handwritings of the
thermochromic inks 83 are overlapped, each of the plural handwritings can be
identified by the color in the differently color-appeared state.

[0052]
[24) According to a twenty-fourth aspect of the invention, there is provided
the thermochrorﬁic writing instrament according to [19], wherein

the color-change temperature, by the frictional heat of the friction portion
4, of the thermochromic ink 83 contained in the inside of each of the writing bodies 8
is set from 25°C to 95°C.

[0053]

In the thermochromic writing instrument 1 of the twenty-fourth aspect of
the invention, the plural handwritings derived from the thermochromic ink 83 of each
of the writing bodies 8 can be surely thermally changed in color at once by the
frictional heat of the friction part 4. If the color-change temperature of the

thermochromic ink 83 of each of the writing bodies 8 is out of the above temperature

range, there is a fear that the plural handwntings cannot be thermaily changed in

18
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color at once by the frictional heat of the friction part 4.
[0054)
[25] According to a twenty-fifth aspect of the invention, there is provided the
thermochromic writing instrument according to [20], wherein

a friction portion 4 capable of thermaily changing the color of the
handwriting of the thermochromic ink 83 by the frictional heat generated when the
handwriting is rubbed with the frictiém portion 4 is provided on an outer surface of
the cap.
[0055]

In the thermochromic writing instrument 1 of the twenty-fifth aspect of
the invention, by providing the friction portion 4 on the outer surface of the cap 11,
the friction portion 4 on the outer surface of the cap 11 can be used in the state that
the cap 11 is mounted to the rear end of the barrel 2, in the state that the cap is
separated from the barrel 2, and in the state that the cap 11 is mounted on the pen tip
side of the barrel 2. ’Namely, in the thermochromic writing instrument 1 of the
twenty-fifth aspect of the invention, even in any state of the cap 11 against the barrel
2, the handwriting of the thermochromic ink 83 can be instantaneously thermally
changed in color by rubbing after the use for writing.
[0056]
[26] According to a twenty-sixth aspect of the invention, there is provided the
thermochromic writing instrument according to [1], wherein

a detachable cap 11 is provided at the front end of the barrel 2 and

the cap 11 tightly seals the front-end hole 31 of the barrel 2 when the cap

11 is mounted to the front end of the barre] 2.

[0057]

19
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In the thermochromic writing instrument 1 of the twenty-sixth aspect of
the invention, since the cap 11 tightly seals the front-end hole 31 of the barrel 2 when
the cap 11 is mounted to the front end of the barrel 2, there is obtained a
projectable/retractable thermochromic writing instrument capable of preventing the
vaporization of the ink from the pen tip 81 during non-writing.

[0058]
27] According to a twenty-seven;h aspect of the invention, there is provided
the thermochromic writing instrument according to {26}, wherein

a friction portion 4 capable of thermally changing the color of the
handwriting of the thermochromic ink 83 by the frictional heat generated when the
handwriting is rubbed with the friction portion 4 is provided on the outer surface of
the cap.

[0059]

In the thermochromic writing instrument 1 of the twenty-seventh aspect
of the invention, by providing the friction portion 4 on the outer surface of the cap 11,
the friction portion 4 on the outer surface of the cap 11 can be used in the state that
the cap 11 is mounted to the rear end of the barrel 2, in the state that the cap is
separated from the barre] 2, and in the state that the cap 11 is mounted on the pen tip
side of the barrel 2. Namely, in the thermochromic writing instrument 1 of the
twenty-séventh aspect of the invention, even in any state of the cap 11 against the
barrel 2, the handwriting of the thermochromic ink 83 can be instantaneously.
thermally changed in color by friction after the use for writing.

[0060)
* Friction portion

In the invention, as the soft material for the friction portion 4, a resin
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having elasticity (rubber, elastomer) is mentioned and examples thereof include
silicone tesins, SBS resin (styrene-butadiene-styrene copolymer), SEBS resin
(styrene-ethylene-butadiene-styrene copolymer), fluorocarbon resins, chloroprene
resin, nitrile resins, polyester-based resins, ethylene-propylene-diene rubber (EPDM),
and the like. As the soft material for the friction portion 4, an elastic material having
low abrasion property, which is hardly abraded when rubbing against a paper sutface
or the like, is more effective than a high abras'ion elastic material (e.g., rubber eraser).
The friction portion 4 may be integrally formed by two-color molding on the outer
surface of the pen-tip-supporting portion 3 of the barrel 2, or may be
formed by fixing (e.g., fitting, press fitting, screwing, or adhering) a separate
component constituting the friction portion 4 to the pen-tip-supporting portion 3 of
the barrel 2. Further, the friction portion 4 may be integrally formed with the holding
portion 51 (grip portion) made of the soft member of the barrel 2.
[0061]
* Barrel

The pen-tip-supporting portion 3 of the barrel 2 having the front-end hole
31 supports the outer surface of the pen tip 81 or the outer surface of the vicinity of
the pen tip 81 of the writing body 8 in the pen-tip-projected state. The hard material
for the pen-tip-supporting portion 3 includes synthetic resins (e.g., polycarbonate,
polypropylene, polyacetal, polyethylene terephthalate, ABS resin, and the like),
metals, or the like.
[0062]
* Pen tip

In the invention, examples of the pen tip 81 include ball-point pen tips,

resin processed bodies of fiber bundles, thermally fused bodies of fiber bundles, felt
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processed bodies, pipe-shaped pen bodies, fountain pen-type plate-shaped pen bodies
having a slit at the front end, brush pen bodies, synthetic resin porous bubble bodies,
synthetic resin extruded bodies having an ink-guide in an axial direction, and the like.
If the pen tip 81 is a ball-point pen tip, as a mechanism for preventing the pen tip
from drying in the pen-tip-retracted state, it is effective that a pen tip ball is urged
forward to press the ball to the inner surface of an inward caulked portion (front end
rim portion) of the tip front end. If the pen tip 81 | is other than the ball-point pen tip,
as a mechanism for preventing the pen tip from drying in the pen-tip-retracted state,
it is effective that the front-end hole 31 of the barrel 2 is closed to tightly seal the pen
tip 81 in the pen-tip-retracted state within the barrel 2.
[0063]
* Thermochromic ink

In the invention, the thermochromic ink 83 is preferably a reversible
thermochromic ink. The reversible thermochromic ink can be formed solely from or
by combination of various types of ink, such as: ink of heat color-disappearing type
whose color disappears from a color-appeared state when heated; ink of color storage
and retention type that stores and retains a color-appeared state or a color-disappear
state at a specific temperature range in an enantiotropic manner; and ink of a heat
color-appearing type that develops color from a color-disappeared state when heated
and that returns to a color-disappeared state from the color-appeared state when
cooled.
[0064]

Moreover, as a reversible thermochromic microcapsule pigment included

in the reversible thermochromic ink, a reversible thermochromic microcapsule

pigment is effective, which is formed by enclosing, in a microcapsule, a reversible
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thermochromic composition containing at least three known indispensable
components thitherto known: (a) an electron-donating color-reactive organic
compound; (b) an electron-accepting compound; and (c) a reactive medium that
determines a generation temperature of color reaction of both compounds.
[0065]

In the invention, it is preferable to apply a thermochromic ink of color
storage and retention type. In this type ink, in a curve ;hape obtained by plotting a
change in coloring density caused by the temperature change, as shown in FIG. 6, a
path plotted when temperature is increased from a temperature lower than a color-
change temperature range differs from a path plotted when temperature is decreased

from a temperature higher than a color-change temperature range. Further, it is

preferable that

a color-appeared state achieved at low temperature range which is a complete color-
appeared temperature (t)) or lower or a color-disappeared state achieved at high
temperature range which is a complete color-disappeared temperature (t;) or higher
can be stored and retained at a specific temperature range [range from t; to t; (an
essentially two-phase retaining temperature range)]. In FIG. 6, AH designates a
temperature range (i.e. the range of hysteresis) showing the degree of hysteresis,
When a value of AH is small, only one state of the two states can be achieved. When
the value of AH is large, retention of respective states achieved before and after
changing the color becomes easy.
[0066]

Although the essentially two-phase retaining temperature range can be set

depending on the purposes, in the present invention, setting the high-temperature
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point of changing the color [complete color-disappeared temperature (t4)] to the range
of 25°C to 95°C, preferably 36°C to 90°C and setting the low-temperature point of
changing the color [complete color-appeared temperature (t;)] to the range of -30°C
to +20°C, preferably -30°C to 10°C are effective. As a result, retention of color
developed in a normal state (a temperature range for a daily activity) can be
effectively performed and also the handwriting derived from the reversible
thermochromic ink can be readily changed in color by frictional heat of the friction
portion.

[0067]

With regard to the reversible thermochromic microcapsule pigment, an
average particle size of the pigment preferably falls within the range of 0.5 to 5.0 um,
preferably the range of 1 to 4 pm, If the average particle size exceeds 5.0 pum,
effluence of the pigment from capillary gaps of the ball-point-pen tip and a marking
pen tip is deteriorated. If the average paﬁicle size is less than 0.5 pm, high-density
color development becomes difficuit.

[0068]

The reversible thermochromic microcapsule pigment can be formulated at
2 to 50wt%, preferably 3 to 40wt%, and more preferably 4 to 30wt% relative to the
total amount of ink composition. When the concentration is less than 2wt%, coloring
density becomes insufficient. In contrast, when the concentration exceeds S0wt%,
ink effluence is deteriorated and thus writing ability is hindered.

Advantage of the Invention
[0069]
The invention can provide a thermochrémic writing instrument

containing a thermochromic ink, which is capable of easily-changing the color of the
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handwriting of thermochromic ink by rubbing and also being quickly brought into a
writing-capable state or a stored state even when a user can use only one hand.
Brief Description of the Drawings
[0070]

FIG. 1 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a first embodiment of the invention. .

FIG. 2 is an enlarged longitudinal cross-sectional view of an essential
part of FIG. 1.

FIG. 3 is a partially broken longitudinal cross-sectional view showing a
pen-tip-retracted state of a first embodiment of the invention.

FIG. 4 is an enlarged longitudinal cross-sectional view of an essential
part of FIG. 3.

FIG. 5 is a longitudinal cross-sectional view of a writing body used in a
first embodiment of the invention.

* FIG. 6 is a descriptive view showing change-color behavior of a

thermochromic ink.

FIG. 7 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a second embodiment of the invention,

FIG. 8 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a third embodiment of the invention.

FIG. 9 is a partially broken longitudinal cross-sectional view showing a
pén—tip—projected state of a fourth embodiment of the invention. |

F1G. 10 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a fifth embodiment of the invention.

FIG. 11 is a longitudinal cross-sectional view of a writing body used in a

25



10

15

20

25

fifth embodiment of the invention.

FIG. 12 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a sixth embodiment of the invention.

FIG. 13 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a seventh embodiment of the invention.

FIG. 14 is a partially broken longitudinal cross-sectiona}l view showing a
pen-tip-projected state of an eighth embodiment of the invention.

FIG. 15 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a ninth embodiment of the invention.

FIG. 16 is a partially broken longitudinal cross-sectional view showing a
pen-tip-projected state of a tenth embodiment of the invention.

FIG. 17 is a longitudinal cross-sectional view showing a non-writing state
of an eleventh embodiment of the invention.

FIG. 18 is a longitudinal cross-sectional view showing a non-writing state
of a twelfth embodiment of the invention.

FIG. 19 is an A-A line enlarged cross-sectional view of FIG. 18.

FIG. 20 is a longitudinal cross-sectional view showing a writing state of
FIG. 18.
Description of Reference Numerals and Signs
[0071]
1 Thermochromic writing instrument
2 Barrel
2a Front barrel
2b Biasing-member-supporting portion

2¢ Rear barrel
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2d Friction-portion-operation portion

21 Window hole

22 Latch wall portion

23 Abutting wall portion

3 Pen-tip-supporting portion
31 Front-end hole

4 Friction portion

41 Front-end outer peripheral rim
5 Operation portion

51 Holding portion

6 Clip

7 Biasing member

8 Writing body

81 Pentip

81a Ball

81b Biasing member

82 Ink containing portion
82a Pen tip holder

82b Ink containing tube

83 Ink

84 Following body

85 Tail stopper

9 Operation body

91 Rear side projection portion

92 Front side projection portion
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93 Fitting portion

94 Collar portion

10 Seal body

101 Seal portion

11 Cap

Best Mode for Carrying Out the Invention
[0072]

<First Embodiment>

A first embodiment of the thermochromic writing instrument of the
invention is shown in FIG. 1 to FIG. 5.

The thermochromic writing instrument 1 of this embodiment comprises a
barrel 2 and a writing body 8 accommodated in the barre] 2 movably in a longitudinal
direction.

[0073]
* Barrel

The barrel 2 is obtained by injection molding of a hard material (e.g.,
polycarbonate resin). The front end of the barrel 2 is formed in a tapered shape. In
the front eﬁd of the tapered front end (i.e., front end of the barrel 2), a front-end hole
31 is pierced in a longitudinal direction. Through the fronf-end hole 31, a pen tip 81
of the writing body 8 accommeodated in the barrel 2 is projectable/retractable (i.e.,
projectable toward outside and retractable into the barrel 2). On the rear outer
surface of the barrel 2, a clip 6 capable of being pinched in a pocket is provided in a
protruding state. Moreover, a biasing member 7 (specifically, a compressed coil
spring) always urging the writing body 8 backward is housed in the barrel 2. Since

the barrel 2 has a front barrel and a rear barrel detachably screwed at the rear end of
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the front barrel, it is possible to remove the writing body 8 from the inside of the
barrel 2 and replace the body 8.

(0074}

* Pen-tip-supporting portion

The front end of the barrel 2 having the front-end hole 31 serves as a pen-
tip-supporting portion 3 which supports the radially outer surface of the pen tip 81 in
a state that the pen tip 81 is projected outside from the front end of the barrel 2 (at the
time of writing). Since the pen-tip-supporting portion 3 is formed integrally with the
front end of the barrel 2, the portion 3 is made of the same hard material (e.g.,
polycarbonate resin) as that for the barrel 2.

[0075]
* Friction portion

A friction portion 4 made of a soft material (e.g., an elastic material
having low abrasion property such as SBS resin or SEBS resin) is provided on the
outer surface of the front end of the barrel 2 (i.e., the outer surface of the front end of
the pen-tip-supporting portion 3).

[0076]

The friction portion 4 is provided circularly on the outer peripheral
surface of the front end of the pen-tip-supporting portion 3. Thereby, it becomes
unnecessary to confirm the direction of the friction portion 4 in a circumferential
direction before rubbing with the friction portion 4 and thus a rubbing-to-change-
color operation can be quickly started. The shape of the friction portion 4 may not be
circular (e.g., adaptable are a constitution wherein a plurality of the friction portions
are dispersed in a circumferential direction, a constitution wherein the portion is

formed at one position in a circumferential direction, or the like).
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[0077]

On the front-end outer peripheral rim 41 of the friction portion 4, a
convex curved surface or an inclined surface is formed. Thereby, a smooth contact of
the friction portion 4 with a surface to be written is enabled during rubbing-to-
change-color operation. Also, it becomes easy to generate frictional heat since a
proper contact area is obtained between the friction portion 4 and the surface to be
written.

[0078]

The inner surface of the friction portion 4 in a radial direction is located
more radially outward than the inner surface of the front-end hole 31. Namely, the
friction portion 4 is not projected more inward in a radial direction than the inner
surface of the front-end hole 31. Therefore, at the time when the pen tip is
projected/retracted, non-contact state of the friction portion 4 with the writing body 8
(specifically, the pen tip 81) accommodated in the barrel 2 is rnain’taiped. Thereby,
the writing body 8 (specifically, the pen tip 81) does not come into contact with the
friction portion 4 at the time when the pen tip 81 of the writing body 8
accommodated in the barrel 2 is projected/retracted and a smooth performance of
projection/retraction of the pen tip 8 is obtained, as well as the friction portion 4 is
not stained through the attachment of the ink.

[0079]

The friction portion 4 is obtained by fixing (e. g;, fitting, press fitting,
screwing, or adhering) a separate component to the outer surface of the front end of
the barrel 2. Alternatively, the friction portion 4 is obtained by two-color molding
with the barrel 2.

[0080]
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* Projection/retraction mechanism

The barrel 2 contains a projection/retraction mechanism which
projects/retracts the pen tip. In this embodiment, as the projection/retraction
mechanism, a so-called rear end-knocking type is adopted. In the
projection/retraction mechanism, by pressing forward an operation portion 5
projected backward from the rear end of the barrel 2, the writing body 8 is moved
forward against the backward urging force to shift the pen-tip-retracted state into the
pen-tip-projected state. Furthermore, in this embodiment, the pen-tip-projected state
can be returned to the pen-tip-retracted state by pressing the operation portion 5
forward again.

[0081]
* Writing body

The writing body 8 has a pen tip 81 and an ink containing portion 82
having the pen tip 81 at the front end and containing a thermochromic ink‘ 83 inside.
The thermochromic ink 83 is ¢jected from the pen tip 81.

[0082]

The pen tip 81 includes a ball-point pen tip having a ball 81a rotatably
held at the front end. In the inside of the pen tip 81, a biasing member 81b pressing
forward the ball 81a at the front end is housed. In the biasing member 81b, a rod
portion is provided at the front end of the compressed coil spring and the front end of
the rod portion is in contact with the rear surface of the ball 81a. During non-writing
state, the ball is in close contact with the inner surface of inward caulked portion at
the ball-point pen tip front end by the forward urging force of the biasing member
81b and thus leakage of the ink and vaporization of the ink from tﬁe front end of the

pen tip 81 can be prevented.
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[0083]

The ink-containing portion 82 includes-a pen tip holder 82a holding the
pen tip 81 and an ink containing tube 82b having the pen tip holder 82a fixed to the
front end. In the ink containing portion 82, the thermochromic ink 83 and a
following body 84 disposed to the rear end of the ink 83 are housed.

[0084]

As the thermochromic ink 83, there is adopted a reversible
thermochromic ink wherein the low-temperature point of color-change (complete
color-appeared temperature t,) is set to the range of -30°C to -10°C, the high-
temperature point of color-change (complete color-faded temperature ts) is set to the
range of 60°C to 80°C, and the range of hysteresis AH shows the range of 40°C to
60°C. The thermochromic ink 83 becomes colorless in the color-faded state.

[0085]

The following body 84 advances forward in association with
consumption of the ink and prevents the backward movement (i.e., back-flow) of the
ink. For example, a highly viscous fluid, a movable stopper made of an elastic
material, a solid substance contained in a highly viscous fluid, or the like may be
mentioned.

[0086]
A tail stopper 85 having a ventilation hole is fitted to the rear end of the
ink containing tube 82b.
[0087]
* Angle o
In this embodiment, the angle o defined between a contact line contacts

with the outer surface of the friction portion 4 and the front end of the pen tip 81 in
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the pen-tip-projected state and an axial line is set to 15 degree or more and 50 degree
or less. Thereby, a proper rubbing-to-change-color operation performance of the
friction portion 4 is obtained and also, during writing (in the pen-tip-projected state),
the pen tip 81 can be easily visualized and the non-contact state between the friction
portion 4 and the surface to be written is maintained.

[0088]

* At writing (see FIG. 1 and FIG. 2)

By holding the thermochromic writing instrument ! of this embodiment
with one hand and pushing the operation portion 5 forward, the pen-tip-retracted state
can be quickly shifted into the pen-tip-projected state. By writing on a surface to be
written such as paper surface with the pen tip in the pen-tip-projected state, the
handwriting of the thermochromic ink 83 can be formed on the surface to be written.
[0089]

* At rubbing-to-change-color operation (see FIG. 3 and FIG. 4)

After writing, in the state that the thermochromic writing instrument 1 is
held with one hand, by pushing the operation portion 5 forward without re-holding
the thermochromic writing instrument 1, the pen-tip-projected state can be quickly
shifted into the pen-tip-retracted state. In the pen-tip-retracted state, using the
friction portion 4, the handwriting of the thermochromic ink 83 formed on the surface
to be written is rubbed and the handwriting can be thermally changed in color by the
frictional heat generated at the rubbing.

[0090]
<Second Embodiment>

A second embodiment of the thermochromic writing instrument of the

invention is shown in FIG. 7.
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The thermochromic writing instrument 1 of this embodiment is a
modified example of the first embodiment and a different point from the first
embodiment is that a cylindrical operation portion 5 is provided on the outer
peripheral surface of the rear end of the barrel 2 movably in a longitudinal direction.
A clip 6 being pinched in a pocket or the like is provided on the outer surface of the
operation portion 5 in a protruding manner.

[0091]

In the second embodiment, since the other structure and advantages are
common to the first embodiment, explanation thereof is omitted.
[0092]
<Third Embodiment>

A third embodiment of the thermochromic writing instrument of the
invention is shown in FI1G. 8.

The thermochromic writing instrument | of this embodiment is a
modified example of the first embodiment and a different point from the first
embodiment is that an operation portion 5 is provided on the outer peripheral surface
of the rear end of the barrel 2 rotatably against the barrel 2. A clip 6 being pinched in
a pocket or the like is provided on the outer surface of the operation portion 5 in a
protruding manner.

[0093]

Namely, the projection/retraction mechanism of this embodiment is a so-
called rotation type and the pen tip 81 is projected/retracted from the front-end hole
31 by a rotation operation of the operation portion 5 against the barrel 2.

[0094]

In the third embodiment, since the other structure and advantages are
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comumon to the first embodiment, explanation thereof is omitted.
[0095]
<Fourth Embodiment>

A fourth embodiment of the thermochromic writing instrument of the
invention is shown in FIG, 9.

The thermochromic writing instrument 1 of this embodiment is a
modified example of the first embodiment and a different point from the first
embodiment is that an operation portion 5 is radially outwardly projected from a hole
formed on the side wall of the barrel 2.

[0096]

Namely, the projection/retraction mechanism of this embodiment is a so-
called side-knock type and the pen tip 81 is projected/retracted from the front-end
hole 31 by a radially inward press operation of the operation portion 5.

[0097]

In the fourth embodiment, since the other structure and advantages are
common to the first embodiment, explanation thereof is omitted.
[0098] |
<Fifth Embodiment>

A fifth embodiment of the thermochromic writing instrument of the
invention is shown in FIGs, 10 and 11,

The thermochromic writing instrument 1 of this embodiment includes the
barrel 2 and a plurality of writing bodies § accommodated in the barrel 2 movably in
a longitudinal direction.

[0099]

In the barrel 2, each of the plurality of writing bodies 8 is accommodated
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movably in a longitudinal direction. Each of the writing bodies 8 is urged backward
by the biasing member 7 (specifically, compressed coil spring).
[0100]

In the barrel 2, a projection/retraction mechanism which projects/retracts
the pen tip is contained. In this embodiment, as the projection/retraction mechanism,
a so-called side-slide type is adopted. In the projection/retraction mechanism, the
pen tip 81 is projected/retracted from the front-end hole 31 by a forward press
operation of each operation portion 5 protruded radially outward from the side wall
of the barrel 2 égainst the backward urging force of the biasing member 7.

[0101]

The barrel 2 includes a front barrel 2a which is a tapered cylindrical body,
a cylindrical biasing-member-supporting portion 2b attached by screwing or press-
fitting with the rear end of the front barrel 2a, and a cylindrical rear barret 2¢ attached
by screwing or press-fitting with the rear end of the biasing-member-supporting
portion 2b.
[0102]

At the front end of the front barrel 2a, the front-end hole 31, from which
each of the writing bodies 8 can be alternatively projected, is pierced in an axial
direction.

[0103}

At the side wall of the rear part of the rear barrel 2¢, a plurality of (two in
this embodiment) long window holes 21 are pierced in a radial direction. These iong
window holes 21 extend in a longitudinal direction, and the number of the long

window holes corresponds to the number of the writing bodies 8 accommodated in

the barrel 2.
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Moreover, a latch wall portion 22 which is a rib extending in a
longitudinal direction is formed at the inner surface of the side wall which is defined
between individual window holes 21 of the rear barrel 2c. When the pen tip 81 is
projected, the rear end of the operation body 9 corresponding to the projected pen tip
81 is fitted at the latch wall portion 22. At the inner surface of the rear end wall of
the rear barrel 2c¢, an abutting wall portion 23 is formed and the rear end of the
operation body 9 corresponding to the retracted pen tip 81 is fitted at the abutting
wall portion 23 when the pen tip 81 is retracted.

[0104]

Each of the writing bodies 8 is a ball-point pen refill and includes the pen
tip 81 having a ball 81a rotatably held at the front end and an ink containing tube 82b
having the pen tip 81 at the front end and an opening at the rear end. The ink
containing tube 82b contains therein a thermochromic ink made of an aqueous gel
having a shear thinning property. At the rear end of the thermochromic- ink 83 in the
ink containing tube 82b, a following body 8 made of a highly viscous fluid which
advances forward in association with consumption of the ink is placed.

[0105]

Each of the writing bodies 8 includes a ball-point pen tip having a ball
81a rotatably held at the front end. Inside of each pen tip 81, a biasing member 81b
pressing forward the ball 814 at the front end is housed. In the biasing member 81b,
arod portion is provided at the front end of the compressed coil spring and the front
end of the rod portion is in contact with the rear surface of the ball 81a. During not-
writing, the ball 81a is in close contact with the inner surface of inward front-end rim
portion of the front end of the ball-point pen tip by the forward urging force of the

biasing member 81b. Thus, leakage of the ink and vaporization of the ink from the
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front end of each pen tip 81 can be prevented. Moreover, the pen tip 81 may be
directly attached to the front-end opening of the ink containing tube 8§2b. However,
in this embodiment, the pen tip 81 is fixed to the front-end opening of the ink
containing tube 82b ﬁa a pen tip holder 82a,

[0106]

As each of the thermochromic inks 83, there is adopted a reversible
thermochromic ink in which the low-temperature point of color-change (complete
color-appeared temperature t;) is set to the range of -30°C to -10°C, the high-
temperature point of color-change (complete color-faded temperature ts) is set to the
range of 60°C to 80°C, and the range of hysteresis AH is 40°C to 60°C. Each of the
thermochromic inks 83 shows, for example, black, blue, red, yellow, green, orange,
purple, dark blue, pink, light blue, or the like color in the color-appeared state. Each
of the thermochromic inks 83 becomes colorless in the color-faded state. Each of the
thermochromic inks 83 shows different color in the color-appeared state.

[0107]

The operation body 9 is attached to the rear end of each of the writing
bodies 8.

The each operation body 9 has: the operation portion 5 formed at the rear
end and projecting outside from the window hole 21 of the barrel 2; a rear side
projection portion 91 provided on the opposite side to the operation portion 5; a front
side projection portion 92 provided in front of the rear side projection portion 91 on
the opposite side to the operation portion 5; a fitting portion 93 formed at the front
end and fitted into the rear-end opening of the ink containing tube 82b; and a collar
portion 94 formed after the fitting portion 93. |

When the fitting portion 93 is fitted into the rear-end opening of the ink
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containing tube §2b, the fitting portion 93 does not completely seal the rear-end
opening of the ink containing tube 82b and enables ventilation between inside and
outside of the ink containing tube 82b. Moreover, the rear end of the biasing member
7 is fitted to the front surface of the collar portion 94.

(0108]

When any one of the pen tips 81 of the writing bodies 8 is in a retracted
state, the rear end of the operation body 9 attached to the writing body 8 in the pen-
tip-retracted state is abutted to the abutting wall portion 23 formed on the inner wall
of the rear end of the barrel 2. On the other hand, when any one of the pen tips 81 of
the writing bodies 8 is in a projected state, the rear end of the operation body 9
attached to the writing body 8 in the pen-tip-projected state is fitted to the latch wall
portion 22 formed on the inner wall of the barre] 2.

[0109]

The front side projection portion 92 of the operation body 9 connected to
the rear end of the writing body 8 in the pen-tip-retracted state is abutted to the rear
side projection portion 91 of the operation body 9 connected to the rear end of the
writing body 8 which has been in the pen-tip-projected state in advance when the

operation portion 5 of the operation body 9 is subjected to a forward slide operation.

~ As aresult, the pen-tip-projected state of the writing body 8 is released.

[0110]

The cylindrical biasing-member-supporting portion 2b is fixed to the
inner wall of the barrel 2 (i.e., front end inner surface of the rear barrel 2¢). The

biasing-member-supporting portion 2b has a disk-shaped supporting wall portion, A

plurality of (two in this embodiment) inner holes, through which the writing bodies 8

are inserted, are pierced in an axial direction in the supporting wall portion. Each
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biasing member 7 is disposed Eetween the rear surface of the biasing-member-
supporting portion 2b and the front surface of the collar portion 94 of each operation
body 9. Each of the writing bodies 8 is movably inserted into the inside of each
biasing member 7, the front end of each biasing member 7 is fitted by the rear surface
of the biasing-member-supporting portion 2b, and the rear end of each biasing
member 7 is fitted by the front surface of the collar portion 94 of the operation body
9.

[0111]

A cylindrical portion is extended forward on the front surface of the
biasing-member-supporting portion 2b (i.e., the rear surface of the supporting wall
portion). The inner surface of the cylindrical portion and the rear end outer surface
of the rear end of the rear barrel 2c are attached each other by screwing or press-
fitting.

0112}

Each biasing member 7 always urges each operation body ¢ backward.
Each biasing member 7 is in a compressed state (i.e., a state that the writing body 8 is
urged backward) in any of the pen-tip-projected state and the pen-tip-retracted state
and thereby forward and backward bumpy movement of each operation body 9 is
prevented.

[0113]

The friction portion 4 made of a soft material (e.g., an elastic material
having low abrasion property such as SBS resin or SEBS resin) is formed on the
outer surface of the front end of the barrel 2 (i.e., the outer surface of the front end of
the front barrel 2a). The friction portion 4 is fixed to the outer surface of the barrel 2

by two-color molding, fitting, press-fitting, screwing, adhesion, or the like.
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[0114]

By holding the thermochromic writing instrument I of this embodiment
with one hand and pushing the operation portion 5 forward, the pen-tip-retracted state
can be quickly shifted into the pen-tip-projected state. By writing on a surface to be
written such as paper surface with the pen tip in the pen-tip-projected state, the
handwriting of the thermochromic ink 83 is formed on the surface to be written.
fo115]

After writing, in the state that the thermochromic writing instrument 1 is
held with one hand, by pressing forward the other operation portion 5 (i.e., the
operation body 9 connected to the writing body 8 in the pen-tip-retracted state)
without turning the thermochromic writing instrument 1 to change the holding
positioﬂ of the thermochromie writing instrument 1, the pen-tip-projected state can be
quickly changed into the pen-tip-retracted state. With the friction portion 4 in the
pen-tip-retracted state, the handwriting of the thermochromic ink 83 formed on the
surface to be written can be rubbed and the handwriting is thermally changed in color
by the frictional heat generated at the rubbing.

[(0116]

In the fifth embodiment, since the other structure and advantages are
common to the first embodiment, explanation thereof is omitted.
[0117]
<Sixth Embodiment>

A sixth embodiment of the thermochromic writing instrument of the
invention is shown in FIG. 12.

The thermochromic writing instrument 1 of this embodiment is a

modified example of the second embodiment and a point that the friction portion 4
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made of a soft material (e.g., an elastic material having low abrasion property such as
SBS resin or SEBS resin) is formed on the outer surface of the rear end of the
operation portion 5 is a different point from the second embodiment.

[0118]

In the thermochromic writing instrument 1 of this embodiment, a holding
portion 51 capable of holdiﬁg at rubbing by using the friction portion 4 is p-rovided
on the outer peripheral surface of the operation portion 5. Thereby, a stable holding
is enabled during rubbing to change the color. For the holding portion 51, the lenéth
in an axial direction is set to 10 mm or more, preferably 15 mm or more.
Furthermore, in the thermochromic writing instrument 1 of this embodiment, anti-slip
of a finger is achieved at the forward press operation of the operation portion 5 by
providing the friction portion 4 made of a soft material to the outer surface of the rear
end of the operation portion 5.

[0119]

| After writing with the thermochromic writing instrument 1 of this
embodiment, the holding portion 51 of the operation portion 5 of the thermochromic
writing instrument 1 is held, the handwriting of the thermochromic ink 83 formed on
the surface to be written is rubbed with the friction portion 4, and the handwriting can
be thermally changed in color by the frictional heat generated at the rubbing.
Thereby, in the thermochromic writing instrument 1 of this embodiment, it becomes
unnecessary to retract the pen tip 81 into the barrel 2 during rubbing to change color
and the rubbing-to-change-color operation is possible in any state of the pen-tip-
projected state and the pen-tip-retracted state.
[0120]

In the sixth embodiment, since the other structure and advantages are
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common to the first and second embodiments, explanation thereof is omitted.
[0121]
<Seventh Embodiment>

A seventh embodiment of the thermochromic writing instrument of the
invention is shown in FIG. 13.

The thermochromic writing instrument 1 of this embodiment is a
modified example of the third embodiment and a point that the friction portion 4
niade of a soft material (e.g., an elastic material having low abrasion property such as
SBS resin or SEBS resin) is formed on the outer surface of the rear end of the
operation portion 5 is a different point from the third embodiment.

[0122]

In the thermochromic writing instrument 1 of this embodiment, a ﬁolding
portion 51 capable of holding at rubbing by using the friction portion 4 is provided
on the outer peripheral surface of the operation portion 5. Thereby, 2 stable holding
is enabled during rubbing-to-change-color operation. The axial length of the holding
portion 51 is set to 10 mm or more, preferably 15 mm or more.

[0123]

After writing with the thermochromic writing instrument 1 of this
embodiment, holding the holding portion § 1 of the operation portion 5 of the
thermochromic writing instrument 1, and the handwriting of the thermochromic ink
83 formed on the surface to be written is rubbed with the friction portion 4. Thus, the
handwriting can be thermally changed in color by the frictional heat generated at the
rubbing. Thereby, in the thermochromic writing instrament 1 of this embodiment, it
becomes unnecessary to retract the pen tip 81 into the barrel 2 during the rubbing-to-

change-color operation and the rubbing-to-change-color operation is possible in any
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state of the pen-tip-projected state and the pen-tip-retracted state.
[0124)

In the seventh embodiment, since the other structure and advantages are
common to the first and third embodiments, explanation thereof is omitted.
[0125]
<Eighth Embodiment>

An eighth embodiment of the thermochromic writing instrument of the
invention is shown in FIG. 14.

The thermochromic writing instrument 1 of this embodiment is a
modified example of the fourth embodiment and a point that the friction portion 4
made of a soft material (e.g., an elastic material having low abrasion property such as
SBS resin or SEBS resin) is formed on the outer surface of the rear end of the barrel
2 is a different point from the fourth embodiment.

[0126]

In the thermochromic writing instrument 1 of this embodiment, the
operation portion 5 can be provided independent of the friction portion 4 and the
appearance and size of the operation portion 5 can be freely set. Furthermore, in the
thermochromic writing instrument 1 of this embodiment, a stable holding is enabled
by holding the rear portion of the barrel 2 during rubbing-to-change-color operation.
[0127]

After writing with the thermochromic writing instrument 1 of this
embodiment, holding the rear portion of the barrel 2 of the thermochromic writing
instrument 1 is held, and the handwriting of the thermochromic ink 83 formed on the
surface to be written is rubbed with the friction portion 4. Thus, the handwriting can

be thermally changed in color by the frictional heat generated at the rubbing.
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Thereby, in the thermochromic writing instrument 1 of this embodiment, it becomes
unnecessaty to retract the pen tip 81 into the barrel 2 during the rubbing-to-change-
color operation and the rubbing-to-change-color operation is possible in any state of
the pen-tip-projected state and the pen-tip-retracted state.
[0128]

In the eighth embodiment, since the other structure and advantages are
coﬁmon to the first and fourth embodiments, explanation thereof is omitted.
[0129]
<Ninth Embodiment>

A ninth embodiment of the thermochromic writing instrument of the
invention is shown in FIG. 15.

The thermochromic writing instrument 1 of this embodiment is a
modified example of the fifth embodiment and a point that the friction portion 4
made of a soft material (e.g., an elastic material having low abrasion property such as
SBS resin or SEBS resin) is formed on the outer surface of the rear end of the barrel

2 1s a different point from the fifth embodiment.

'[0130]

In the thermochromic writing instrument 1 of this embodiment, the
operation portion 5 can be provided independent of the friction portion 4 and the
appearance and size of the operation portion 5 can be freely set. Furthermore, in the
thermochromic writing instrument 1 of this embodiment, a stable holding is enabled
by holding the rear portion of the barrel 2 during rubbing-to-change-color operation.
[0131]

After writing with the thermochromic writing instrument 1 of this

embodiment, holding the rear portion of the barrel 2 of the thermochromic writing
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instrument 1, and the handwriting of the thermochromic ink 83 formed on the surface
to be written is rubbed with the friction portion 4, Thus, the handwriting can be
thermally changed in color by the frictional heat generated at the rubbing. Thereby,
in the thermochromic writing instrument 1 of this embodiment, it becomes
unnecessary to retract the pen tip 81 into the barrel 2 at the rubbing-to-change-color
operation and the rubbing-to-change-color operation is possible in any state of the
I;en-tip-projected state and the pen-tip-retracted state.

[0132]

In the ninth embodiment, since the other structure and advantages are
comumon to the first and fifth embodiments, explanation thereof is omitted.
[0133]
<Tenth Embodiment>

A tenth embodiment of the thermochromic writing instrument of the
invention. is shown in FIG. 16.

The thermochromic writing instrument 1 of this embodiment is a
modified example of the eighth embodiment and a point that the friction-portion-
operation portion 2d is provided on the outer surface of the barrel 2 and the friction
portion 4 is constituted.in a projectable/retractable manner from/into the rear end of
the bairel 2 by a rotation operation of the friction-portion-operation portion 2d is a
different point from the eighth embodiment.

[6134]

In the thermochromic writing instrument 1 of this embodiment, at

rubbing, the friction portion 4 can be projected from the rear end of the barrel 2 and

used for rubbing. On the other hand, at non-rubbing and thermochromic writing

instrument storing state, the friction portion 4 can be retracted to prevent the friction
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portion 4 from staining,
[0135]

After writing with the thermochromic writing instrument 1 of this
embodiment, holding the rear portion of the barrel 2 of the thermochromic writing
instrument 1 and the friction-portion-operation portion 2d is rotated against the barrel
2. Thereby, the friction portion 4 is projected outside from the rear end of the barrel
2, the. handwriting of the thermochromic ink 83 formed on the surface to be written is
rubbed with the friction portion 4 in the projected state, and the handwriting can be
thermally changed in color by the frictional heat generated at the rubbing. In the
thermochromic writing instrument 1 of this embodiment, it becomes unnecessary to
retract the pen tip 81 into the barrel 2 at the rubbing-to-change-color operation and
the rubbing-to-change-color operation is possible in any state of the pen-tip-projected
state and the pen-tip-retracted state.

[0136]

In the tenth embodiment, since the other structure and advantages are
common to the first and fifth embodiments, explanation thereof is omitted.
[0137]
<Eleventh Embodiment>

An eleventh embodiment of the thermochromic writing instroment of the
invention is shown in FI1G. 17.

The thermochromic writing instrument 1 of this embodiment is a
modified example of the second embodiment and a point that a friction portion 4 is
provided on the outer surface of the front end of the barrel 2 and a friction portion 4
made of a soft material (e.g., an elastic material having low abrasion property such as

SBS resin or SEBS resin) is provided on the outer surface of the rear end of the
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operation portion 5 is a different point from the second embodiment. The friction
portion 4 provided on the outer surface of the rear end of the operation portion 5 has
a convex curved surface on the outer surface. The friction portion 4 provided on the
outer surface of the front end of the barrel 2 and the friction portion 4 provided on the
outer surface of the rear end of the operation portion 5 are different in shape and also
are different in size of area to be in contact with the surface to be written at rubbing.
[0138]

In the thermochromic writing instrument 1 of this embodiment, a holding
portion 51, which is capable of helding at rubbing by using the friction portion 4
provided on the outer surface of the rear end of the operation portion 5, is provided
on the outer peripheral surface of the operation portion 5. Thereby, a stable holding
is enabled during rubbing-to-change-color operation. The axial length of the holding
portion 51 is set to 10 mm or more, preferably 15 mm or more. Furthermore, in the
thermochromic writing instrument 1 of this embodiment, by providing the friction
portion 4 made of a soft material to the outer surface of the rear end of the operation
portion 5, anti-slip of a finger is achieved at the forward press operation of the
operation portion 5.

[0139]

After writing with the thermochromic writing instrument 1 of this
embodiment, the holding portion 51 of the operation portion 5 of the thermochromic
writing instrument 1 is held, the handwriting of the thermochromic ink 83 formed on
the surface to be written is rubbed with the friction portion 4 provided on the outer
surface of the rear end of the operation portion 5, and the handwriting can be
thermally changed in color by the frictional heat generated at the rubbing. Thereby,

in the thermochromic writing instrument 1 of this embodiment, it becomes
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unnecessary to retract the pen tip 81 into the barrel 2 at the rubbing-to-change-color
operation and the rubbing-to-change-color operation is possible in any state of the
pen-tip-projected state and the pen-tip-retracted state.

[0140]

Moreover, after writing with the thermochromic writing instrument 1 of
this embodimtiant, the pen tip is retracted, the handwriting of the thermochromic ink
83 formed on the surface to be written is rubbed with the friction portion 4 provided
on the outer surface of the front end of the barrel 2, and the handwriting can be
thermally changed in color by the frictional heat generated at the rubbing.

[0141]

In the eleventh embodiment, since the other structure and advantages are
common to the first and second embodiments, explanation thereof is omitted.
[0142]
<Twelfth Embodiment>

A twelfth embodiment of the thermochromic writing instrument of the
invention is shown in FIGs. 18 to 20.

The thermochromic writing instrument 1 of this embodiment is a
modified example of the fifth embodiment and a point that the detachable caps 11 are
provided on the front end of the barrel 2 and the rear end of the barrel 2 is a different
point from the fifth embodiment.

[0143]

A disk-~shaped seal body 10 made of an elastic material is sandwiched
and fixed between the front surface of the biasing-member-supporting portion 2b (i.e.,
the front surface of the supporting wall portion) and the rear end of the barrel 2a.

The seal body 10 is circularly brought into close contact with the rear end of the
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barrel 2a. A plurality of (two in this case) holes are pierced in the seal body 10 and
the inner peripheral surface of the hole and the outer peripheral surface of each
writing body & circularly closely slide each other. The hole constitutes a seal portion
101 closely sliding on the outer surface of each writing body 8.

[0144]

The cap 1 1 is mounted on the outer surface of the front end of the barrel 2
in not-writing or writing instrument storage state. When the cap 11 is mounted to the
outer surface of the front end of the barred 2, the inner surface of the cap 11
circularly comes into close contact with the outer surface of the front end of the
barre] 2 and thereby the front-end hole 31 of the barrel 2 is tightly sealed. At writing,
the cap 11 is removed from the front end of the barrel 2 and the cap 11 is mounted to
the outer surface of the rear end of the barrel, so that lost of the cap 11 is prevented.
[0145]

A friction portion 4 is formed on the outer surface of the top of the cap 11,
the outer surface of the front end of the barrel 2 (i.e., the outer surface of the front
end of the barrel 2a), and the cuter surface of the rear end of the barrel 2 (i.e., the
outer surface of the rear end of the rear barrel 2¢). A friction portion 4 is made of an
glastic material (e.g., SBS resin, SEBS resin) which has low abrasion property and
hardly generates wear -debris during rubbing. The friction portion 4 is fixed to the
outer surface of the barrei 2 by means of two-color molding, fitting, press-fitting,
screwing, adhesion, or the like.

[0146]

In the twelfth embodiment, since the other structure and advantages are

common to the first and fifth embodiments, explanation thereof is omitted.

[0147]
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While the invention has been described in detail and with reference to
specific embodiments thereof, it will be apparent to one skilled in the art that various
changes and modifications can be made therein without departing from the spirit and
scope thereof.

The present application is based on Japanese Patent Application No.
2007-046226 filed on February 26, 2007, Japanese Patent Application No. 2007-
190261 filed on July 21L 2007 and Japanese Patent Application No. 2008-005267

filed on January 15, 2008, and the contents are incorporated herein by reference.
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Claims

1 A thermochromic writing instrument containing a thermochromic ink,
comprising:

awriting body configured to contain the thermochromic ink;

a barrel configured to accommodate the writing body so as to be movable in a
longitudinal direction;

an operation portion configured to project/retract a pen tip of the writing body
from/into a front-end hole of the barrel;

a friction portion including an elastic material having low abrasion property,
and being configured to thermally change color of the handwriting of the
thermochromic ink by the frictional heat generated when the handwriting is rubbed with
the friction portion, wherein

the friction portion is provided at a rear end of the barrel, and the operation

portion is provided at a portion other than the rear end of the barrel.

2. A thermochromic writing instrument containing a thermochromic ink,
comprising:

awriting body configured to contain the thermochromic ink;

a barrel configured to accommodate the writing body so as to be movable in a
longitudinal direction;

an operation portion configured to project/retract a pen tip of the writing body
from/into afront-end hole of the barrel;

a friction portion including an elastic material having low abrasion property,
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and being configured to thermaly change color of the handwriting of the
thermochromic ink by the frictional heat generated when the handwriting is rubbed with
the friction portion, wherein

the friction portion is provided at a front end of the barrel, and the operation

portion is provided at a portion other than the front end of the barrel.

3. A thermochromic writing instrument containing a thermochromic ink,
comprising:

awriting body configured to contain the thermochromic ink;

a barrel configured to accommodate the writing body so as to be movable in a
longitudinal direction;

an operation portion configured to project/retract a pen tip of the writing body
from/into a front-end hole of the barrel;

a friction portion including an elastic material having low abrasion property,
and being configured to thermaly change color of the handwriting of the
thermochromic ink by the frictional heat generated when the handwriting is rubbed with
the friction portion, wherein

the friction portion is provided at an outer surface of a clip projected from an
outer surface of the barrel, and the operation portion is provided at a portion other than

the clip.

4. The thermochromic writing instrument according to claim 1, wherein:
afriction-portion-operation portion is provided on the barrel; and
the friction portion is adapted to be projectable/retractable from/into the rear

end of the barrel by operating the friction-portion-operation portion.
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5. The thermochromic writing instrument according to any one of claims
1to 4, wherein:

the operation portion is projected radialy outward from a side wall of the
barrel; and

the thermochromic writing instrument further comprises a projection/retraction
mechanism which shifts the pen tip from the pen-tip-retracted state to the

pen-tip-projected state by a forward press operation of the operation portion.

6. The thermochromic writing instrument according to any one of claims
1to 4, wherein:

the operation portion is radially outwardly projected from a side wall of the
barrel; and

the thermochromic writing instrument further comprises a projection/retraction
mechanism which shifts the pen tip from the pen-tip-retracted state to the

pen-tip-projected state by aradially inward press operation of the operation portion.

7. The thermochromic writing instrument according to clam 2 or 3,
wherein:

the operation portion is provided at arear end of the barrel; and

the thermochromic writing instrument further comprises a projection/retraction
mechanism which shifts the pen tip from the pen-tip-retracted state to the

pen-tip-projected state by a forward press operation of the operation portion.

8. The thermochromic writing instrument according to any one of claims
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1to 4, wherein:

the operation portion is arear part of the barrel; and

the thermochromic writing instrument further comprises a projection/retraction
mechanism projecting and retracting the pen tip by a rotation operation of the operation

portion against the front part of the barrel.

9. The thermochromic writing instrument according to any one of claims
1to 4, wherein:

the operation portion is arear part of the barrel; and

the thermochromic writing instrument further comprises a projection/retraction
mechanism projecting and retracting the pen tip by a forward press operation of the

operation portion toward afront part of the barrel.

10. The thermochromic writing instrument according to claim 5, wherein:

a plurality of the writing bodies are accommodated in the barrel movably in a
longitudinal direction; and

each of the pen tips of the plurality of the writing bodies is adapted to be

alternatively projectable/retractable from/into the front-end hole of the barrel.

11. The thermochromic writing instrument according to any one of claims
1to 10, wherein:

the pen tip of the writing body is a ball-point pen tip; and

as a mechanism for preventing the pen tip from drying, a pen tip bal is urged
forward to press the pen tip ball to an inner surface of an inward caulked front end rim

portion of the ball-point pen tip.
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12. The thermochromic writing instrument according to any one of claims
1to 10, wherein:

the pen tip of the writing body is other than the ball-point pen tip; and

as a mechanism for preventing the pen tip from drying, the front-end hole of

the barrel is closed to tightly seal the pen tip retracted within the barrel.
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