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(57) There 1s disclosed an electrothermal color-varying device inducing color change 1n a thermally color-varying layer
by heat generation 1n an electro-thermal heat-generating member, 1n which the heat-generating member 1s composed
of a non-metallic member having a positive temperature coefficient on the electric resistance at least in a temperature
range 25 °C to 65 °C and a paticular volume resistivity, 1s adapted to generate heat by the application of a low voltage
and 1s capable of self-control of the saturated heating temperature at an arbitrary temperature within a range of 25 °C
to 65 °C, whereby improved safety 1s achieved without the danger of overheating or current leakage. Also there are
disclosed toys utilizing such color-varying device.
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ABSTRACT OF THE DISCLOSURE

There 1s disclosed an electrothermal color-
varying device inducing color change in a thermally
color-varying layer by heatgeneration in an electro-
thermal heat-generatlng member, 1n Wthh the heat~'
generatlng member is composed of a non-metalllc member
haylng a p051t1ve temperature coefflclent on the
electrzc re51stance at least in a temperature ‘range
260 C to 65°C and a patlcular volume re51st1v1ty. is
adapted to generate heat by the.appllcatlon of a low
voltage and is capable of self-control of the

saturated heating temperature at an arbltrary temper-

ature within a range of 25°C to 65_C, wherebywlmproved

safety is achieved without the danger of overheating
or current-leakage. Also there'are'disclosed;toys

utilizing.such-cOlOr—varying device.
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Electrothermal Color-varying Device and

Toy Utilizing the Same

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an electro-
thermal color-varying device, and more particularly
such device of higher safety, capable of rapid heat
generation in a heat generating member to a predeter-
mined temperature by the application of a low voltage,
thereby inducing a visible color change in a thermal
color-varying layer, wherein the generated temperature
is self-controlled to avoid danger resulting from

overheating.

Related Background Art
There are already proposed, for example 1n

the Japanese Laid-open Utility Model No. 62-137093
and the Japanese Laid-open Patent No. 62-201178,
color-varying toys in which a color change in a
color-varying layer is induced by current supply to
an electrically energizable heat-generating member
positioned behind said color-varying layer.

~ The heat-generating member in such proposals
in a heater composed of a metal wiring capable of
heat generation by current supply, such as tungsten,
nickel or titanium, and an insulating ceramic material

covering said metal wiring.
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The heat-generating member employed in the
above-mentioned conventional color-varying toys lacks
the temperature self-controlling ability required
for proper function in a desired temperature range,
thereby involving danger of overheating and requiring
therefore a temperature control switch or the like,
and’ also necessitates insulation such as a ceramic

covering in order to avoid danger of current leakage.

SUMMARY OF THE INVENTION

The object of the present invention is to
provide a novel electrothermal color-varying device,
capable of providing increased safety free from
overheating or current leakage in the cpnventional
structure, rapid heat generation in the heat gener-
ating member so a predetermined temperature by the
application of a low voltage thereby inducing a
visible color change in the color-varying layer,
temperature self-control function at a preset temper-
ature thereby avoiding the danger of overheating, and
a redﬁced temperature fluctuation in the heat gener-
ating member resulting from a change in the ambient
temperature thereby realizing effective color change
in the thermal color-varying layer, and a toy

utilizing such color-varying device.

BRIEF DESCRIPTION OF THE DRAWINGS

DRl Lbho A e ————————
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Figs. 1 to 5 and 7 are vertical cross-
sectional views showing embodiments of the electro-
thermal color-varying device of the present
invention;

Fig. 6 is a plan view of a heat generating
layer of Fig. 5;

Fig. 8 is a partially cut perspective view
of a metal heat releasing of Fig. 7;

Figs. 9 to 12 are charts showing character-
istics of the heat-generating element adapted for use
in the electrothermal color-varying device of the
present invention, whereby Fig. 9 shows resistance~
temperature relationship, Fig. 10 shows tolerance of
volume resistivity at different temperatures, Fig. 1l
shows a stable temperature of the heat-generating
element at different ambient temperatures, and Fig. 12
shows relationship between the temperature of heat-
generating element and elapsed energizing time;

Figs. 13 and 14 are charts showing
temperature-dependent hysteresis in color density,
respectively of color-varying materials of a small
hysteresis and a large hysteresis, adapted for
constituting the color-varying layer;

Figs. 15 to 21 are views showlng toys
employing the electrothermal color-varying device of
the present invention, wherein:

Fig. 15 is an exploded perspective view of a
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Fig. 16 is an external view of said miniature

car after color change;

Fig. 17 is an external view of a doll with
color-varying parts;

Fig. 18 is a schematic vertical cross-
sectional view of an electrothermal color-varying
mechanism in said doll;

Fig. 19 is a schematic view showlng arrange-
ment of electrothermal heat-generating elements 1n
said doll;

Fig. 20 is a cross-sectional view showing the
mode of mounting of the electrothermal heat-generating
element in Fig. 19;

Fig. 21 is a circuit diagram of the electro-
thermal heat-generating elements in Fig. 20;

Fig. 22 is an external view of a toy accessory;
and

Fig. 23 is a schematic view of an electro-
thermal heat-generating mechanism of the toy accessory

shown in Fig. 22.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now the present invention will be clarified
in greater detail by preferred embodiments shown in

the attached drawings.

The electrothermal color-varying device 1 of
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the present invention is provided with an electro-
thermal heat~generating element 2 and a thermally
color-varying layer 3 positioned in contact with or in
proximity to said heat-generating element 2 wherein
said color varying layer 3 is rendered capable of
color change by current supply to said heat-generating
element 2, wherein said electrothermal heat-generating
element 2 is composed of a thermistor which (i) has a
positive temperature coefficient on the electrical
resistance at least in a‘temperature range of 25° -
65°C, (ii) has a volume resistivity at 25°C (p25) in

3 0 2.97 x 10°

a range of 9.8 x 10 Qscm, and (iii)
has a ratio st/p25 of volume resistivity at 65°C to
that at 25°C satisfying a condition 5 S p65/p25 < 200,
and which generates heat by the application of a
voltage of 0.8 - 40 V, and is capable of temperature
gself-control at an arbitrary saturation temperature
within a range of 25° - 65°C.

Under such conditions, the heat-generating
element 2 is practical for use in a toy or for
educational purpose, with an area of about 0.05 to
20 cmz (area of one side) and a thickness of 0.05 to
1 cm, preferably not exceeding 0.5 cm. An element
of a smaller area is inadequate for use in a toy
because of limited color-varying effect, while an

element of large area and volume is undesirable in

terms of heat~-generating ability, heat-generating



10

15

20

25

2050233

efficiency and uniformity of heat within a short time
under a low voltage application.

More specifically, the heat-generating element
2 can be composed, for example, of a sintered material
based on BaTiO3 (rendered semiconductive by doping
with a rare earth element, followed eventually by
substitution with another element such as Sr), a
monocrystalline material based on Si, or an organic
plastic material (conductive fine powder such as
graphite blended in crystalline low-melting plastic),
among which the sintered material based on Ba'I‘iO3
is preferred in consideration of adjustability of
saturation heating temperature in the low temperature
range (25° - 65°) and temperature elevation character-
istics.

The heat generating element 2 may be shaped
as a disk, a belt, a honeycomb-form or other suitable
forms according to the purpose.

In the following there will be explained the
characteristics of the electrothermal heat-generating
element 2 adapted for use in the present invention,
with reference to charts shown in Figs. 9 to l2.

The heat-generating element 2 is required to
have a positive temperature coefficient on the
electrical resistance at least in a range of 25° to
65°C, and to have a steep increase of resistance with

increase in temperature (Fig. 9), whereby the amount
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of generated heat decreases with the increase in

resistance to enable self-control of temperature.
Furthermore, the heat-generating element 2 is

required to have a volume resistivity at 25°C (025)

3 0 2.97 x 10° Q-cm, or,

within a range of 9.8 x 10
more detailedly, a volume resistivity (p) at

different temperatures within upper and lower limits
shown in Fig. 10, and a ratio 065/025 of the volume
resistivity at 65°C to that at 25°C within a range

5 S pee/Pys S 200.

These conditions allow to provide a heat-
generating element 2 having heat generating character-
istics in the low temperature range (not exceeding
65°C, preferably not exceeding 50°C) and temperature
self-controlling ability, required for use in a toy
or an educational application. If the volume:
resistivity of the heat generating element 2 is above
the upper limit, the temperature cannot be elevated
to a desired value within a short time unless the
voltage is elevated, while, if the volume resistivity
is below the lower limit, the desired temperature
cannot be obtained unless a large current is supplied
with an extremely low voltage, so that these cases are
unpractical for use in a toy.

Fig. 11 shows the relationship between the

stable temperature of heat generating element and the

ambient temperature. A heated member stays at a
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temperature where the amount.of heat generation of
the heat generating element per unit time coincides
with the amount of heat dissipation per unit time,
and the heat generating element 2 of the present
invention shows stabler thermal characteristics, with
less influence of ambient temperature, in comparison
with a metal heat generating element. Fig. 8 shows
the relationship between the generated temperature
of the'heat generating element and the energizing
time thereof.

In the foregoing experimental data, the heat
generating element 2 was composed of a Ba‘I‘iO3 sintered
material (15.0 mmé x 1 mm in thickness; 2.5 & (25°C)),
while the metal heat generating element was composed
of a titanium wiring formed on a polyester filmof
a thickness of 0.1 mm, each fixed on a brass plate of
an area of 30 x 30 mm and a thickness of 0.3 mm and
supplied with a voltage of 1 V.

The heat generating element 2 is preferably
provided with electrodes 5 in consideration of the
mounting structure for current supply. More speci-
fically, said electrodes may be formed on mutually
opposed faces of the heat generating element 2 by
molten aluminum injection or nickel plating, or on a
conductive substrate 41 such as a heat conductive
plate to be positioned in contact with said heat

generating element 2. Lead wires 6 are connected
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to said electrodes 5 in order to enable power supply
from a power source. The power source may be composed
of various batteries or an AC power source of a
voltage regulated by a transformer, and may be so
designed as to apply a voltage in a range of 0.8 -

40 V. '

/ The above-mentioned heat conductive member 41
provides the advantages of ease of electrode setting,
uniform heating'of’the heat generating element 2,
and exPansiOn and transmission of the generateg heat
by the element 2 to a larger area. The heat conductive
member 41 and the heat generating element 2 are
génerally used in mutually contacted or adhered state
(cf. Figs. 1 to 5). It is also possible to adhere
both members, as shown in Figs. 7 and 8, by forming
plural V-shaped grooves on the heat conductive member
41 opposed to the heat generating element 2 and .
injecting cyanoacrylate adhesive while the protruding
portions are maintained in contact with the heat
generating element 2.

In case the heat conductive member 41 is
composed of a metal foil such as of aluminum, copper
or brass, a foil with slits thereon can be effectively
used and may be itself utilized as a heat generating

member, by connnection with the electrothermal

heat-generating element 2.

In the following there will be explained the
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thermal color-varying layer 3.

Said thermal color-varying layer 3 can be
composed of a known material showing reversible
thermal color change, such as cholesteric liquid

crystal, a three-component thermal color—varying

material consisting of an electron-donatiﬁg,color-

fogming organic compound, a color deveIOping agent

for said compound and.a compound capable of reﬁersibly
inducing a coloring reactionbetween-the above-
mentioned tw0'components,'or midrocapsules.or;solid
resinous particles containing the above-mentioned
components, and is preferably composed of the:mal

color-varying materials disclosed in the U.S. Patents

Nos. 4,028,118, 4,732,810 and 4,865,648 of the same

assignee.

The above-mentioned threeécomponent thermal

color varying material causes reversible color change

at a certain temperature, but, depending on the three

componets, there is generated a specific hysteresis

in the color change between a temperature change

from low temperature to high temperature and a temper-
atﬁre change from high to low témperature.

The thermal color-varying material adapted for
use in the present invention is not limited as long as
it is capable of generating color change by the
gelected electrothermal heat generating element. The

above-mentioned hysteresis may be suitably utilized

\\\\\
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for obtaining diversified variations in the change ox
restoration of color at the descent of temperature,
after color change is induced in the color-varying
layer by the heat generation in the heat-generating
element. More specifically, if the width of
hysteresis is significantly large (7° - 50°C), after
the termination of current supply, diversified
variations can be obtained at the room temperature.
On the other hand, if said width is narrow (3°C or
less), sharper color change or restoration can be
obtained after the current supply is terminated.

Also in case of an intermediate hysteresis, the color
change or restoration can be obtained with a suitable
time delay with the temperature descent of the heat
generating member, after the termination of current
supply. Such hysteresis may be suitably selected
according to the method of use of the toy incorporating
such electrothermal color-varying device.

The above-mentioned thermal color-varying
material may be dispersed in a suitable vehicle to
obtain ink or paint usable for forming a thermal
color-varying layer in desired places, or blended in
thermoplastic resin for forming a sheet-shaped thermal
color-varying layer.

The electrothermal color-varying device 1 of
the present invention may naturally be constructed

as an independent unit and mounted on the main body
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of a toy. There may also be effectively employed
configurations in which a substrate 4 in contact with
the heat generating element 2 is a constituent of the
toy and bears the thermal color-varying laYer 3
thereon, or in which the heat is transmitted through
the heat conductive member 41 to a sheet or a film,
constituting the toy, bearing the color-varying layer
3 thereon.

Also the power source may be integrally
incorporated in the electrothermal heat-~generating
device 1 itself, or mounted in the main body of the
toy, or provided outside the toy to enable remote
control.

In the above-explained structures, a voltage
application through the lead wires 6 causes heat
generation by the heat-generating element 2 connected
thereto, thereby inducing color change in the thermal
color-varying layer 3 provided on said heat-generating
element 2 or on the substrate 4 maintained in contact
with in proximity of said heat-generating element 2.

In response to the voltage application, the
heat-generating element 2 shows a temperature
increase by heat generation, with a rapid increase in
the resistance. Thus the rate of temperature
elevation gradually decreases, whereby the temperature
is self-controlled at a point where the amount of heat

generation coincides with the amount of heat
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dissipation (cf. Fig. 11l).

In the relationship between the generated
temperature and the energizing time, the metal
heat-generatihg element shows slow temperature
elevation because of a substantially constant amount
of heat generation per unit time, based on an
extremely small temperature-dependent change of
resistance, whereas the electrothermal heat generating
element 2 of the present invention shows a large
current to provide a large temperature elevation rate
immediately after the start of energization, thereby
rapidly reaching the desired temperature.

With regards to the change in ambient temper-
ature, the electrothermal heat-generating element 2
stabilizes at ca. 33°C or ca. 38°C respectively at
an ambient temperature of 20°C or 28°C with a
temperature difference of about 5°C. On the other
hand, the metal heat-generating element, because of
small temperature-dependent change in amount of heat
generation per unit time, stabilizes at ca. 32°C or
ca. 39°C, respectively at an ambient temperature of
20° or 28°C, with a temperature difference of 7°C.

Consequently, the electrothermal heat-
generating element 2 of the present invention shows a
smaller temperature change, by the influence of
ambient temperature, than in the metal heat-generating

element.
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The electrothermal heat-generating element 2
satisfying the aforementioned conditions (i), (ii) and
(iii) exhibits the above~explained behaviors by the
application of a low voltage (0.8 - 40 V), and
performs temperature self-controlling function in a
low temperature range (not exceeding 65°C), thereby
realizing desired thermal characteristics.

The thermal color-varying layer 3, being
positioned in contact with or in proximity to the
electrothermal heat~-generating element 2, exhibits
color change in rapid response to the heat generated
by the heat—-generating element 2. '

Also diversified variations can be obtained
according to the hysteresis of the thermal color-
varying material.

A system employing a thermal cdlor-varying
material with a very small width (AH) of hysteresis
(cf. Fig. 13) responds sharply at a predetermined

temperature, and shows visually different appearances

on both sides of the color varying point.

When the heat-generating element 2 is
maintained at a temperature beyond the color-varying
point, a varied color is maintained and observed, but,
when the temperature of said element is lowered to
the color varying point or lower, the varied color is
no longer maintained and the system returns to the

appearance at normal temperature. On the other hand,
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in a system employing a thermal color-varying material
with a large width (AH) of hysteresis (cf. Fig. 14},
the color changed at a heating temperature T, 18
maintained even when the temperature becomes lower
than said heating temperature and is observed at the
normal temperature range. Also when the color
varying layer is cooled to a temperature T, or lower,
the color before said change is restored, and is
maintained and observed at the normal temperature
range.

Also in a system with the afore-mentioned
intermediate hysteresis, the change or restoration of
color can be realized with a suitable delay along with
the descent of temperature of the heat-generating
element after the termination of power supply.
Example 1

In the following there will be explained an
embodiment of the electrochemical heat—~generating
device shown in Fig. 2, applied to the eyes of a
doll.

The heat-generating element 2 was composed
of sintered Ba'I‘iO3 (5 mm¢, thickness 1 mm, 2.0 &)
bearing conductive plated layers on both sides, and
a heat-conductive substrate 4 consisting of an
aluminum of a thickness of 0.1 mm was integrally
adhered by a conductive adhesive material to a side

of said heat-generating element 2. The saturation
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temperature of the heat-generating element 2 was

set at ca. 40°C. An electrode 5 consisting of other
conductive plated layer of the heat-generating element
2 and another electrode 5 formed on the opposed
conductive substrate 4 were connected through lead
wires 6 to a battery of 1.5 V.

The thermal color-varying layer 3 was formed
on said heat-~conductive substrate 4. More speci-
fically, eyes of a doll were printed with ordinary
pale~blue printing ink, and were superposedly printed
with a material containing a thermal color-varying
material which is brown at a temperature lower than
40°C but changes colorless at 40°C or higher, with
AH of 1°C.

When the above=-explained structure was
energized, the eyes which were brown at room temper-
ature changed to pale blue after about 30 seconds.
Depending on the variation in the ambient temperature
or in the temperature of the heat-generating element
2, the eys showed reversible changes between brown
and pale blue colors.

Example 2

In the following there will be explained an
embodiment of the electrothermal color-varying device
1 shown in Fig. 3, applied to a toy robot shown in
Fig. 17.

In the belly part of a toy robot, there was
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suitably mounted a device 1 consisting of a sheet
substrate 4 bearing a thermal color-varying layer 3
and a heat—-generating element composed of sintered
BaTiO3 (15 mm¢, thickness 1 mm, 20 &, saturation
temperature ca. 40°C) laminated on the rear face of
said sheet 4 and having a power source composed of two
batteries of 1.5 V.

The top surface of said sheet 4 was printed
with a pale-pink heart pattern ' (non-color-varying
layer 7), which was covered by a material containing
a thermal color-varying material which was dark blue
at a temperature lower than 40°C but capable of
changing to colorless at 40°C or higher, with AH of
5°C.

The belly of said toy robot was dark blue at
room.temperature, but showed a pale-pink heart pattern
after about 30 seconds from the start of energization.
Example 3

In the following explained is an embodiment of
the electrothermal color-varying device 1 shown in
Fig. 4, applied to a miniature car.

On a brass body, with a thickness of 0.3 mm,
of a miniature car, heat-generating elements 2 of
sintered Ba'I':i.O3 (7 mm$, thickness 1 mm, 3 §, saturation
temperature ca. 36°C) were adhered with a conductive
adhesive material on the roof, engine hood and tail

portions. Electrodes 5 on the rear side of said
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heat-generating elements were connected by a lead
wire 6, which was further connected to a power source
(ca. 3 V), of which the other terminal was connected
through another lead wire 6 to an electrode formed
on the body, which serves as the conductive substrate
4].

On said body 41 there was formed a thermal
color-varying layer 3 by spray coating of paint
containing a thermal color-varying material, which
showed color change between red and yellow, with T,

at 18°C, and T, at 32°C, whereby said body was

B
maintained in red color at normal temperature.

The color of the body was changed to yellow
after about 30 seconds from the start of energization
of the above-explained device 1, and said color
change was retained even after the termination of
current supply.

When said body was rubbed with a brush
impregnated with cold water (ca. 10°C), the rubbed
portion of the body was changed from yellow to red.
Also when said body was entirely cooled to 18°C or
lower, the entire body was changed to red.

Example 4 (Figs. 5 to 16)

In the following explained is an embodiment

of the electrothermal color-varying device 1 shown

in Fig. 3, applied to a miniature car.

In a hollow frame there were housed two UM3
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batteries of 1.5 V, and heating elements, each
consisting of a heat generating element 2 of sintered
BaT:i.O3 (7 mmd, thickness 1 mm, 3 &, saturation
temperature ca. 36°C) and a heat-conductive member

41 of an aluminum plate of a thickness of 1 mm
adhered with a conductive adhesive material, were
mouhted on the external surface of said frame, in
poSitions corresponding to the engine hood, windows
and roof of the miﬁiature-car, and were connected to
said batteries through a switch.

A body 4 was formed with a polyvinyl chloride
£ilm of a thickness of ca. 0.3 mm, which was vacuum
molded under heating to a suitable shape including
contact faces with said heating elements.

On the front window of said body there was
painted an image of driver, and said body was painted,
excluding the windows, with ordinary yellow printing
ink (non-color-varying layer 7).

On said layer 7, there was formed a thermal
color-varying layer 3 by painting with a reversible
thermal color-varying material which was red at a
temperature lower than 37°C but capable of changing
to colorless at 37°C or higher with AH of ca. 5°C.

When said body 4 was mounted on the frame
and the heat~generating elements 2 were energized, the
body color was changed from red to yellow, and the

image of the driver was simultaneously shown in the
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front window.

The above-mentioned resistance and character-
istics of the heat-generating elements in the foregoing
examples were obtained at 25°C.

Example 5

In the following explained is an embodiment
of the electrothermal color-varying device 1 shown in
Fig. 4, applied to a toy robot.

In the belly part of a toy robot, there was
suitably mounted an electrothermal color-varying
device 1 consisting of an insulating substrate 4
bearing a thermal color-varying layer 3 thereon, an
aluminum foil having slits in the form shown in Fig.
6 and posiitoned on the rear face of said substrate,
and a heat-generating element 2 of sintered BaTiO3

(15 mm¢, thickness 1 mm, 2.0 &, saturation temperature

- ca. 40°C) laminated thereto. The power source was

composed of two batteries of 1.5 V.

The top surface of said substrate 4 was printed
with a pale-pink heat~shaped pattern (non-color-
varying layer 7), which was covered by a material
containing a thermal color-varying material which was
dark blue at a temperature lower than 40°C but
capable of changing to colorless at 40°C or higher,

with a width of hysteresis of 5°C.

The belly of said toy robot was dark blue

at room temperature, but showed a pale-pink heart
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pattern after about 30 seconds from the start of
energization.
Example 6

In the following explained is an embodiemnt
of the electrothermal color-varying device 1 shown
in Fig. 5, applied to a miniature car.

/ On a miniature car body made of polyvinyl
chloride of a thickness of 0.3 mm; a metal foil heat-
generating layer 41 shown in Fig. 5 was mounted
corresponding to the engine hood portion, and an
electrothermal heat-generating element of sintered
BaTiO3l(7 mmo, thickness 1 mm, 3 &, saturated temper-
ature ca. 36°C) was formed on said heat-generating
layer 41. These components were serially connected
to a power source (ca. 3 V) through lead wires 6.

On said body was formed a thermal color-
varying layer 3 by spray coating of paint containing
a thermal color-varying material, which showed color
change between red and yellow with Tp at 18°C and Ty
at 32°C, whereby said body was maintained in red
color at normal temperature.

The color of said body was changed to yellow
after about 30 seconds from the start of energization
of said device 1, and said color change was retained
even after the termination of current supply.

When said body was rubbed with a brush

impregnated with cold water (ca. 10°C), the rubbed
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portion of the body was changed from yellow to red.

Also when said was entirely cooled to 18°C or lower,

the entire body was changed to red.
Example 7 (Fig. 17 to 21)

In a recess (diameter ca. 5 cm), formed 1in
chest portion of a doll molded with polyvinyl chloride
resin, there was mounted a heating element, consisting
of four sintered Ba‘I‘iO3 heat—-generating elements 2
(7 mm ¢, thickness 1 mm, 6.0 & at 25°C, saturation
temperature ca. 45°C) with conductive plated layers
on both:sides, adhered with suitable mutual spacing
on a brass plate 4 of a thickness of 0.2 mm by means
of a conductive adhesive material and connected
electrically in parallel. Said heating element was
connected with a power source 8, consisting of two
batteries of 1.5 V, through lead wires 6 in such a
manner that a switch (now shown) could be turned on
and off by vertical movement of the arms of the doll.

On a shirt to be worn by said doll, there was
printed a heart-shaped pattern with ordinary pink
printing ink (non-color-varying layer 7), which was
covered and hidden from visual observation by a
circular thermal color~varying layer 3, printed with
a material containing a thermal color-varying material,
which was black at a temperature lower than 36°C but
capable of changing to colorless at 36°C or higher,

with AH of 3°C.



10

15

20

25

2050233

-~ 23 -

On the other hand, a blue fabric skirt 4 bore
thereon a thermal color-varying layer 3, consisting
of a material containing'a thermal color-varying
material which was pink at a temperature lower than
36°C but capable of changing to colorless at 36°C or
higher, with AH of 5°C. Also on the rear side of said
skirt there were mounted eight heating elements, each
consisting of a sintered BaTiO, heat-generating
element 2 with conductive plated layers on both sides
(6 mm¢, thickness 1 mm, 6.0 & at‘255c, saturation
temperature ca. 45°C) mounted on an aluminum plate 4
of 10 mm¢ x 0.2 mm, with suitable mutual distance
(cf. Figs. 19 to 21). These heating elements were
connected by lead wires 6 to a pair of hooks serving
as connection members 9, which can be engaged with
connnection members 91 provided on the body of the
doll, whereby said elements can be energized by the
power source 8 consisting of two batteries of 1.5 V,
with on-off operation by the manipulation of arms.

A thermally color-varying doll was obtained
by fitting said shirt and skirt on the doll body.

After about 20 seconds (ambient temperature
25°C) from the start of energization by the actuation
of the arms, the circular black covering pattern on
the shirt disappeared to reveal the pink heart-shaped
pattern 11. Also on the skirt there appeared eight

circular blue patterns. The surface temperature of
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the algminum plate 41 of the above-mentioned heating
elements elevated to about 50°C at maximum, and
remained around this value.

The above-mentioned aspects obtained by
thermal color changes were retained during the current
supply, and the original aspects were restored soon
after the opening of the switch by returning of the
arms to the original position.

As explained in the foregoing, the electro-
thermal color-varying device of the present invention
can achieve color change in the thermal color-varying
layer by rapid heat generation to a predetermined
temperature in the electrothermal heat—~generating
layer through the application of a low voltage, and 1is
free from the danger of overheating since said heat
generation can be self-controlled to an arbitrary
saturation temperature not exceeding 65°C.

Besides, said device is free from the danger
of current leakage and does not require the insulation
for the heater, as it is based on an electrothermal
system utilizing a low voltage. vVarious commercially
available batteries can be utilized as the power
source. Said device can therefore be utilized in
various toys incorporating dry battery, toys that can
be remote controlled through lead wires, teaching
aids provided with electrothermal heat—-generating

elements behind thermally color-varying teaching
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elements that appear and disappear by thermal color
change, or a thermally color=-varying writing board
provided with electrothermal heat-generating elements

behind a thermally color-varying writing plate.
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WHAT IS CLAIMED 15:
1. An electrothermal color-varying device

provided with an electrothermal heat-generating member
and a thermally color-varying layer positioned in
contact with or in proximity of said heat-generating
member in which color change is induced in said color-

varying layer by electric current supply to said heat-

generating member;

wherein said electrothermal heat-generating

member is composed of a thermistor which has:

i) a positive temperature coefficient on the

electric resistance at least within a temperature

range of 25°C to 65°C.

ii) a volume resistivity at 25°C (p25)within

3 to 2.97 X 105 ecm: and

a range of 9.8 x 10
iii) a ratio 065/p25 of the volume resistivity

at 65°C to that at 25°C within a range indicated by

5 S p65/p25 S 200,

which is adapted to generate heat by the application

of a voltage of 0.8 to 40 V, and of which saturated

heating temperature is self-controlled at an arbitrary

temperature within a range of 25°C to 65°C.

2., A device according to claim 1, whereln the
electrothermal heat-generating member is composed of

a sintered material of BaTiO3 family.
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3. A device according to claim 1, wherein said
thermally color-varying layer is composed of a
coloring material containing a thermally color-varying
material which is composed of a composition of an
electron-dongting color forming organic compound, an
electro-accepting compound and an organic medium
reyersibly inducing a color developing reaction of

said two compounds.

4. A doll or animal toy employing the electro-

thermal color-varying device according to claim 1.

5. A transportation vehicle toy employing the

electrothermal color-varying device according to claim

1.

6. An accessory, for a doll toy, employing the
electrothermal color-varying device according to

claim 1.

7. An educational toy employing the electro-

thermal color-varying device according to claim 1.
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