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@ Thermal transfer recording method.

@ A thermal transfer recording method wherein energy is
applied to a thermal transfer material comprising a support
and at least & first ink layer and a second ink layer disposed in
this order on the support, thereafter the thermal transfer mat-
erial is peeled off from a recording medium in a relatively
short length of time until separation while applying a beeling
force of above a prescribed magnitude to the thermal transfer
material, thereby to stably transfer the second ink layer with
excellent reproducibility.
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THERMAL TRANSFER RECORDING METHOD

FIELD OF THE"INVENTION AND RELATED ART

The present invention relates to a thermal
transfer recording method of transferring multi-color
images such as two-color images onto a recording
medium.

The thermal-or heat-sensitive transfer record-
ing method has recently been widely used because it

has general agvantagesrof the thermal recording method

- such that the apparatus employed is light in weight,

compact, free of noise, excellent in operability and
adapted to easy maintenance, and also has other
advantages'such that it does not reéuirg a éolor-
formation type converted paper but provides reéorded
iméges with excellent durability.

The thermal récording'methOd generally employs
a thermal transfer material comprising arheat-
transferable ihkrcontaining a célorant dispersed in a

heat-fusible binder coated on a support generally in

the form of sheet. The recording is generally conducted

by superposing the thermal transfer material on a
recording medium such as paper so that the heat-
transferable ink layer will contact the :eﬁbrding
medium, supplying heat from the supporé{sgde:of the
thermal transfer material by means of é thermal head

etc. to transfer the melted ink layer to the recording
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medium, thereby forming a transferred ink iwage correspond-
ing to the heat supplying pattern on the recording
medium.

Further, there is also a commercial demand forr
a method of obtaining two-color images while retaining
the advantages of the thermal transfer recording method
as described above. Accordingly, there have been
proposed several techniques for obtaining two-color
images. |

In order to obtain two-color images on plain

paper by the thermal  transfer recording method, Japanese

Laid-Open Patent Application No. 148591/1981 discloses
a two-color type thermal transfer recording element

(transfer material) comprising a substrate and two

‘heat-fusible ink layers including a high-melting point

ink layer A and a low-melting point ink layer B-con-
taiﬁing mutually different colorants disposed.in this
order on the substrate. When a low thermal input -
energy is applied to the element, only the low-meléing
point layer B is transferred onto plain paper, while
when a high thermal input energy is applied to the
element, both the ﬁéat-fusible ink layers A and B are
transferred onto the élain paper, so that two-color
images can be obtained.

Further Japanese Laid-Open Pateﬁf:épplicatioﬁ '
No. 64389/1984 discloses a two-color thermal transfer

ink sheet which comprises, on a substrate, an ink layer
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comprising an ink which melt-exudes at a lower tempera-

ture and another ink which is melt-peeled at a higher
temperature than tﬁe,melt—exudation temperature.

In the.methods using the above mentioned
thermal transfer material, two-color recording is
effected by changing the energy applied to a thermal
head at two levels soO és to change the temperature of
the ink layers. However, when a high energy is input
to the ink layers to provide a high temperature, a
lower temperature portion is formed at the periphery
of a higher temperature portion due to heat diffusion,
so that a bordering of a lower temperature color is

formed around the, hlgher temperature printed image.

. Further, when a high energy is supplied to a thermal

head, it requires a relatively long time until the
thermal head is cooled so that a higher-temperature
printed image is liablerto be accompanied with a
£railing of a-lowerftemperature color. Further, in
any of therabove methods, there is a consfraint that
a relatively low melting material is required for

providing an ink to be transferred at a lowér tempera-

ture, whereby they give rise to problems such as ground

soiling and low storability of the thermal transfer
material.

As a technique for dissolving the *above-
mentioned problems, our search group has proposed a

recording method as disclosed in Japanese Laid-Open
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Patent Application No. 137789/1986 (U.S. Patent Appli-

cation Serial No. 819,497). '
In this recording method, there is employed

a thermal transfer material comprising a support and

at least a first ink 1ayer and a second ink layer ]

disposed in this order on the support, and afterpheat D

is applied to the thermal transfer material, a length

of time from the heat application until the separation. ..z -

between the transfer material and a recording medium
is so controlled that the second ink layer selectively,
or boph the first and second ink layers are transferred
to the recording medium.

Our research gpoup has further proposed, as a
thermal transfer material for use in such recording
method, one as disclosed in Japanese Laid-Open Patent
Application No. 295075/1986 and one as disclosed in
Japanese Laid-Open Patent Application No. 295079/1986.

Japanese Laid-Open Patent Application No.

295075/1986 discloses a thermal transfer material

‘wherein at least one of a first ink layer and a second

ink layer is caused to contain a silicone oil or a

fluorine containing surfactant thereby to easily cause.
separation between the first and second ink layers.
Japanese Laid-Open Patent Application No 295079/1986
discloses a thermal transfer material whereln a fine
powder layer being not melted by a heat energy épplied ?i

for recording is disposed between a first ink layer and

© ey s 1 v
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a seqond ink layer thereby to easily cause separation
therebetween.

The abp&e—mehtioned reCprdinQ'method, as
disclosed in Japanese Laid-Open fatéh£ Application No.
137789/1986 (U.S. Patent Application Serial No.
819,497), has solved the problems of bordering,
trailing, etc., in therprior art. In this method,
there may be a case where a material capable of having
a relatively high adhesion to a recording medium for
obtaining imagesrof higher quality on the recording
medium. In this case, when the second ink'léyerris'_
selectively transferred to:the;recording medium, mixing
of ‘colors is iiabyé tq occur because the color éf the

first ink 1aYer.isrliéBlé to mix with images of the

_second ink layer. Accordingly, in such a case, it is

not necessarily easy to selectively transfer the second
ink layer to the recording medium stably and with

excellent reproducibility.

SUMMARY OF THE INVENTION

A principal object of the present invention is
to dissolve the above-mentioned problems accompanying
the prior art and to provide a thermal transfer

. e
recording method which provides clear mulfi-color

R

images showing good transferability to a“retording

-medium and good color separation through - a simple

process, and which does not necessarily require a
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low-melting material having a tendency to decrease the
storability of a thermal transfer material.

We have discovered that in order to transfer a
second ink layer more selectively in the above record-
ing medium disclosed in Japanese Lald—Open Patent
Application No. 137789/1986 (U.S. Patent Appllcat;on
Serial No. 819,497), it is necessary to stably'contfol
the length of time from the energy application:until
the separation between.a thermal transfer material and;
a recording medium, with precision at a level of 1073
sec. and with high reproducibility.

As a result of our various experiments based

on the above knowledge, 1t is further dlscovered that

in order to reallze such precise control of ‘separation,

_there are never negllglble the stability and reproduci-

bility in an extremely iittle delay in the‘sepa:ation
between the thermal transfer material éndithefrecordidg '
medium, which is counted from the passage of the
transfer material across tﬁe trailing end of a heat-
applying means such as a thermal head. .Such‘delay
is at a level of 10?3 sec. or less, which has been
neglected in the conventional thermal transfer record-
ing methods for obtaining two-color images.

Further, we have discovered that;iP order to
realize the stability and reproduc1b111t§ at such level

of time, a conventional thermal transfer apparatus has

been useless and there has been required a special

c -
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thermal transfer apparatus capablé of applying a

peeling force -of above a prescribed magnitude in a

‘direction of from a recording medium to a thermal

transfer material at the timé of separation there-
between.

The thermal transfer récording‘method according
to the present invention has been provided on the basis
of the above discovery, and comprises: providing a
thermal transfer material comprising a support and at
least a first ink layer and a second ink layer disposed
in this order on the support,

superposing the transfer material on a recqfd-
ipg_mediqm so,thatﬁthe ink iayers qbntact‘thgrregording
mediﬁﬁ;'.- - ) - T

applying energy-to'the transfer material
corresponding to information to be recorded, and

separating the transfer material from the
recording medium in a length of time until separation
counted from the energy application so that the secbnd
ink layer is selectively transferred to the recording
medium in a shorter time'uﬁtil sepératiOn, and.bqth
the first and second ink layers are transferred to the
recoraing medium in a longer time until separation;

wherein the thermal transfer matefial is

e
b

- separated under the action of a peeling force of not

less than 20 g.f and less than 200 g.f in a direction

perééndicular to and leaving from the surface of the
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recording medium toward the thermal transfer material,

.

L2 3

&

when the thermal transfer material is peeled off from o

the recording medium in the shorter time until separa-

tion.
These and other objects, features and
advantages of the present invention will become more

apparent upon a consideration of the following de-

scription of the preferred embodiments of the present

invention taken in conjunction with the accompanying
drawings, wherein like parts are denoted by like
reference ﬁumerals. In the description appearing
hefeinafter,r"part(s)“ and "$" used for describing
quantitieé are by weight unless otherwise noted

specifically.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures:1 to 3 and Figures 5 to 7 are respec-
tively schematic sectional views in the thickness
direction of a thermal transfer material} wherein
Figure 1 shows a thermal transfer apparatus for use

in the thermal transfer recording method according to

- the present invention, Figure 2 shows an enlarged view

of the heat-applying portion in Figure 1, and Figure
3 and Figures 5 to 7 respectively show a'nhé}?ample of a
thermal transfer material for use in theiérQSent
invention. 7 |

Figure 4 is aléraph showing a variation of

v
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adhesion strength between various layers with the

elapse of time.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic sectional view for
illustrating an embodiment of the thermal transfer
recording method according to the present invention.

Referring to Figure 1, a thermal transfer
material 1 comprises a support and a first ink layer
and second ink layer disposed in tpis order on the
support. The thermal transfer material is wound off

from a supplying core 2a and moved in a direction of

]

-an arrow A, and passes through a heat-applying position

at which a thermal head 3 confronts a recording medium
5 such as plain paper disposed on a platen 4. There-

after, the thermal transfer material is wound up about
a winding core 2b. .

At the heat-applying position, the thermal
head 3 contacts or abuts on the support side of the
thermal transfer material 1, whi1e4the recording medium
5 contacts or abuts;on the second ink layer side of the
thermal transfer material 1. Further, on the support
side of the thermal transfer material 1, at an inter-
mediate position between the thermal headfi and the

Y
e,

winding core 2b, a control member 6 for controlling

‘the length of time until separation is disposed movably

in a direction of an arrow B, perpendicularifo the
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surface of the recording medium 5 to be recorded.' ’

The above-mentioned thermal transfer material
1, the supplying core 2a, the winding éore 2b, the
thermal head 3, and the control member 6 are housed in
a carriage 7 disposed movably in a direction of an
arrow C.

By using such apparatus, when the control
member 6 does not contact the thermal transfer matefial
1, heat energy corresponding to information to be 7
recorded is supplied to the thermal transfer material 1
by means of the thermal head 3 contacting the suppbrt

side of the transfer material 1 moving in the direction

is immediateiy peeled off from the recording ﬁedium 5
(i.e., in a relatively short length of time after the
heat application), the second ink layer of the transfer
material 1 is selectively transferred to the recording
medium 5 threby to form a recorded imagé in the color

of the second ink layer (e.g., red) on the recording

~medium 5. The above-mentioned “relatively short length

of time" may prefergbly be 0.5 to 10 msec.

On the other hénd, the control member 6 is
moved in the direction of the arrow B so as to be
disposed as shown by a dotted line 6a ini?gaure 1,
thereby to press the transfer material 1 3% the record-

ing medium 5, as shown.by a dotted line la. 1In this

state, after heat energy is similarly supplied to the

L4

. of the arrow A. Thereafter, if the transfer material 1.

r
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transfer ﬁatefi;171, if the'tféﬁéfef ﬁaterial 1 is
peeled off from the recording medium 5 as shown by the
dotted line 1a (i.e., in a relatively long length of
time after the heaf applicatién),'bdth'the first and
second ink layers are transferred to the recording
medium 5, thereby to form arrecorded image ordinarily

in the color of Ehe first ink layer (e.g., biack) on
the recording medium 5. The above-mentioned "relatively
long length of time" may preferably be 30 to 500 msec.

Incidentally, a pressing force based on the
above control member 6 may be sufficient to make the
transfer material 1 contact the recording medium 5, and
is not hece§5arily a strong pressipg forcé. If the
pressing fbfée is too strong, it ra%her-decreases a
running characteristic of the transfer material 1, or
causes a problem such as ground soiling of the record-
ing medium 5.

Hereinabove, the outline of the thermal transfer
recording method according to the'present invention has
been described. Now, there will be-explained a peeling‘
force in the case of selectively transferring the
second ink layer in the present invention.

Figure 2 is an enlarged view of the heat-apply-
ing portion in Figure 1.

.Referring to Figure 2, the thermal‘héad 3
presses the thermal transfer material 1 to the record-

ing medium 5 by a pressing force F. The thermal
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transfer material 1, immediately after supplied with
heat by means of a heater portion 3a of the thermal |
head 3, is peeled off at thentrailing end 3b of the
thermal head 3, at an angle 6 with the recording medium
5 and under a tension T. The angle 6 may preferably be
20°5; 70°, more preferably 40° - 60°.

In this case, if a tension écting in the
direction of movement of the thermal transfer material
1 is represented by T, a peeling force 8 acting in the
direction perpendicular to the surface of the record-
ing medium 5 to be recorded, and of from this surface.
to the thermal transfer material 1 (i.e., the component
of the tension T along the'aboye petpendicular direc~-
tion) is représented by TsinG.r The magnitude of tﬁ;:h
peeling force 8 is requiredito be 20 g.f (g-force) or
more, and less than 200 g.£f, and may be preferably 50
to 150 g.f, more preferably 80 to 120 g.f. The width
of the thermal transfer material 1 may preferably be '
about 3 to 50 mm; The peeling force per unit width of
the transfer material may preferably be 0.4 to 70
g.f/mﬁ, more prefergbly 1 to 50 g.f/mm, particularly
preferably 1.6 to 40 g.f/mm.

If the peeling force 8 is less than 20 g.f, it
is difficult to precisely control the legg?h of time
from the heat application to the peeling ;f.h level of
10"3 sec. Therefore, it is'impossible to stably causé

separation with high reproducibility, whereby a first
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ink constituting the first ink layer is liable to be

mixed in a recorded image of the second ink layer
(e.g., spots of the first ink is attached to the
transferred éécdnd;ihk,laye;),

on the other hand, if the peeling force 8 is
200 g.f or more, the contact pressure of the thermal
transfer material 1 on the thermal head 3 becomes too
high thereby to cause sticking, or the thermal transfer

material 1 cannot desirably contact the recording

_medium 5 thereby to deteriorate the image quality.

The magnitude of the peeling fofCe 8 may be

qontrolled or regulated by changihg that of the above-

~mg_ntioned tension T or the peeling angle 6 (i.e,, the

angle formed by the thermal transfer material 1 with

the surface of the recording medium 5 to be recorded,

at the trailing end of the thermal head). In order to
control the peeling force 8 more stably, it is pre-—

ferable to regulate the tension T.

'The magnitude of the tension T may be regulated,
e.g., by a torque applied to the winding core 2b in
Figure 1. Further, the tension Trmay be méasured, e.g.,.
by means of a spring scale. More specifically, it may
be measured by disposing the spring scale and the
winding core 2b in the same situation sgé?hét between
the thermal transfer material 1 and the 5£naing core
2b.

Hereinbelow, the thermal transfer material for
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"use in the present invention will be described in

further detail.

Figure 3 is a schgmatic sectional view’in the
thickness direction of a basic embodiment of the
thermal transfer material used in tﬁe invention.‘
Referring to Figure 3, the thermal‘transfer material 1
comprises a support 10 ordinaiily in the form of a
sheet, and a first ink layer 11 and a second ink layer
12 formed on and in this order from the support 1.

In the thermal transfer material 1 used in the

present invention, the relation with respect to large-

- ness of adhesion (strength) between the adhesion (F2) 

between the first ink layer 11'and the second ink layer

¥ .-

12, and the adheéion (F1) between the first ink'léyer

11 and the support 10, must be inverted between those
at a high temperature and at a low temperature, e.g.;
in the course of cooling of the ink layers after
application of heat thereto sufficient to cause thermalr
transfer of the .ink layers. For examplé,‘when the -
transfer material 1 is heated, the -ink layers ?1 and

12 are so constituted that the separation between the

_first ink layer 11 and the second ink layer 12 is

better than that between the first ink layer 11 and
the support 10 immediately after heatingﬂégﬁd the
separation beﬁween the first ink layer 1f:aﬁa the
support 10 becomes relatively easier after .a consider-

able time has passed from the heating until the

:
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separation of the support 10 £from a recording medium,
i.e., at the time when the transfer material 1 is
cooled after the transfer material 1 and the recording

medium has been superposed, heated and retained for a

substantial time after heating and before peeling.

The above mentloned characterlstlcs of the
respective layers will be further explained with
reference to Figure 4.

Incidentally, the adhesion (Fz) between the
second and first ink layers and the adhesion (F,)
between the first ink layer and the support are
evaluated according to relative easiness between the
separation between the second and first ink layers,
and the separation between the first ink layer and
the support, when transfer recording is effected on a
recording medium.,,Such;evaluation,of the adhesions
is not affected by the forﬁ of separation between ink
layers (e.g., whether or not the separation between
the second and first ink layers has occurred strictly
at the boundary between these layers, or whether or
not some adhesive ;ayer described hereinafter, if any,
remains on the thermal transfer material).

Now, referring to Figure 4, the adhesion (Ez)
between the first ink layer 11 and the se?ond ink
layer 12, and the adhesion (F1) between the“first ink
lyaer 11 and the support 10, change on heating and

cooling. If the second ink layer 12 in Figure 3 is

T

v e
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composed of a material showing a large change'iﬁ
adhesion or cohesion and the first ink layér 11 is
composed of a material showing a small change in
adhesionror cohesion, the adhesion F, sharply decreases
on teméérature increase due to heating by a thermal
head. As a result, the adhesion'F, is weaker than the

adhesion F, as shown in Figure 4, at a time immediately

1
after heating (i.e., before the temperature being
lowered). Accordingly, if the transfer material is
peeled from the recoxding medium immediately after the
transfer material is heated while the second ink layer
12 thereof being in contact with the recording medium,
i.e., at a time t1 in Figure 4, only the seconq ink
iayer 12 is tranéferred to the recording mediu; §j‘

In contrast, if the transfer material'is
peeled from the redording medium at a time t, in
Figure 4 when a little time has passed after heating
(i.e., the temperature of the ink layer has been
lowered) and the adhesion F, is recovere& to exceed
the adhesiqn F1, the first ink layer 11 is transferred
together with the second ink layer 12 to the recording
medium.

Accordingly, if the color tones of the first
ink layer 11 and the second ink layer 1%;gfe composed
to be differen£ from each other in the gﬁefmal transfer

material, clear two-color recorded images can be

obtained according to the thermal transfer recording

e,
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method of the present invention.

When the color of the first ink layer 11 and
the second ink layer 12 are desiﬁed to be obtained
subétantially as they are, it isfpreferred to dispose

a first ink layer 11 of a dark color such as black and

" a second ink layer 12 of a brighter color than that of

the first ink layer such as red.

Further, the first and second ink layers can
be made in the same hue but different in density from
each other, whereby two-color images with dense and
pale portions can be obtained in the same manner as
described above. Further, the first ink layér can
function as a correéting ink layer by incorporating,
e.g., a white pigment having a strong hiding'power
therein.

In the above embodiments explained with
reference to Figure 4, the relative adhesions between
the layers after a substantial time after heating are
essentially the same as-thdse before heating. This is,
however, not an essential requirement. For example,
in a case where thg ink layers are formed by emuision-
coating, the states of the ink layers after a little
while after heating can be different from those of the
ink layers before heating.

Further, the separation between ﬁhé'first ink
layer 11 and the support 10 need not necessarily occur

at the boundary between them but may occur within the
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first ink layer 11.

Figures 5 to 7 are respec?ively schematic
sectional views in the thickness direction showing
a laminar structure of another embodiment of the
thermal transfer material used in the inveqtién.

Figure 5 shows a thermal transfer material
wherein a first adhesive layer 13a is disposed between
the first ink layer 11 and the support 10, and Figure
6 shows a thermal transfer material wherein a.éecond
adhesive layer 13b is disposed between the second: ink
layer 12 and the first ink layer 11.

The above first adhesive layer 13a may pre-

ferably be qdmpbsed of a material showing’a reia?iveLy
small changé in aahesién on temperature changé gﬁcﬁ as
broadly (or graéually) meltable resins. On the other 
hand, the above second adhesive layer 13b may pre-
ferably be composed of a material showing a relatively
large change in adhesion on temperature change such aé
sharply meltable waxes. Such first adhesive layer-13a
shows a gradual change in its strength on temperature
change and such second adhesive layer 13b shows a
sharp change in its strength on temperature change.
As a result, a variation in relative adhesions as
shown in Figure 4 may be obtained, simiLa%ly as in the
embodiment of Figure 3.

The above first adhesive layer 13a and second-

adhesive layer 13b may be disposed in combination, as

© - p249165

= e ke = cwmia e e




10

15

20

25

[
e
I

: 0249195
-19-

shown in Figure 7.

In a case where an adhesive layer is disposed
as shown in Figures 5 to 7, it is easier to select
materials constituting the first and -second ink layers
for obtaining a desired change in adheéion, and to
prevent these ink layers from mixing. Accordingly,
such adhesive layer may preferably bé used in order to
improve clearness of two-color recorded images.

As the support 10 of the thermal transfer
material, it is possible to use films of, e.g.,
polyester, aramide resin, nylon, polycarbonate, or
capacitor paper, preferably having a thickness of
about 3 to 12.um. Too thick a §upport is not desirable
becuase the heat conductivity bécomes inferior. If é
sufficient heat resistance and a strength are attained,
a support may be thinner than 3 u.

The structures and compositions of the embodi-
ments shown in Figure 3 and Figures 5 to 7 will be
described in more.detail.

The first and second ink layers should prefer-
ably contain 1 to 50 % of a colorant and have a
softening temperature within the range of 60 to 180°C.
A softening temperature of the second ink layer 12
below 60°C results in a poor storability;ﬁhd.is not
preferred. A softening temperature abové 180°C provides
a poor heat sensitivity and is not preferred.

On the other hand, the first ink layer 11 in
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the embodiments shown in Figure 3 and Figures 5 to-7
can contain up to about 90 %, preferably 1 to 80 %, !
of a colorant. '

The embodiment shown in Figure 6 will specifi-
caily be described hereinbelow.

Referring to Figure 6, the first ink layer 11
should preferably be heat-fusible but can be adhesive
or tacky at room temperature, can have a remarkably
high softening temperature or can be one lacking a

fusibility. On the other hand, the second adhesive

layer 13b is generally preferred to have arsoftening

temperature of 60 to 180°C.

The "softening temoerature" used heréin is a
i -

flow initiation temperature as obtalned from an

apparent viscosity-temperature curve of a sample 1nk
based on a measurement by a flow tester {(Model:
CFT500, available from Shimazu Seisakusho K.K.) under
the conditions of a load of 10 kg, and a temperature
increasing rate of 2°C/min.

It is preferred that the second adhesive
layer 13b and the second ink 1ayer 12 are so composed
as to provide a melt viscosity (by a rotary . v1scometer)
as an ink constituting each layer inclusive of various
additives in the range of 10 cps to 1, 002‘000 cps at
a temperature which is 30°C hlgher tﬁan the” softening

temperature of the respective layers. Particularly,

the second ink layer 12 should preferably have a melt
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viscosity of 200 cps or higher at the above specified
temperature in order to provide a good adhesion onto a
recording medium such as paper. Further, the adhesive
layer 13b should preferably have a melt viscosity

lower than that of the second ink layer 12, respective-
ly, at a temperature which is 30°C higher than the
softening temperature of the second ink layer 12. By
satisfying these conditions, when the transfer medium
is peeled off at time t1 as shown in Figure 4, a

separation within the second ink layer 12 itself, is

less liable to occur, whereby good'images can be

obtained.

In a case where the second ink layer 12 is
selectively transferred when the thermal transfer
material is peeled off from the recording medium at

the time t., in Figure 4, the adhesive layer 13b should

1
preferably be so composed as to provide a softening
temperafure which is equal to or lower than that of.
the éecond ink layer 12. When a recording is con-
ducted by a thermal head, the trailing end portion of
the image portion in the moving direction of the
thermal head changes from a printing temperature to

a non-printing temperature. However, during this
course of cooling, if the second ink la¥e£:12 is
attached to the recording medium while ﬁﬁé strength

of the adhesive layer 13b is still relatively high,

the first ink layer 11 can be transferred along with
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the second ink layer 12 to unintensionally provide the
color of the first ink laiér 11. This phenomenon can
be prevented by setting the softening temperature of
the adhesive layer 13b to be equal td or lower than
that;;f the second ink layer 12 asraescirbed abdve.
| In the thermal transfer matérial used in the
present invention, the total thickness of the ink
layers on the support 10 (i.e., all the layers other
than the support 10 inclusive of the adhesive layers)
may desirably be 20 uym or less. Further, each of the
first ink layer, the second ink layer and the first and
second adhesive layers should have a thickness in the
range of 0.5 to 10 um.
It is désirable tﬁat the materials constituting
the first ink layer {1 and the second ink layer 12
should be mutually incompatible with each other. This
is because the adheéive layer 13b disposed between the
first ink layer 11 and the second ink layet 12 can be
crushed by pressing due to a thermal head so as to
provide a partial contact between the first ink layer

11 and the second ink layer 12, and in such a case, the

. two-color separation is better retained by using'

mutually incompatible matefials for the ink layers.

As a further modification, it iihéiso effective
to provide a heat-resistant layer on theigaék surface
of the support 10 or between the support 10 and the

first ink layer 11. It is also effective to provide a
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layer for increasing an adhesion onto a recording
medium on the second ink layer 12. ﬁhrther, a various
functional layer may be disposed as desired between
the respective layers or on the surface. The func-
tional layer can contain a colorant. '

As one effective example, such a functional
layer containing a colorant may be provided as a layer
showing a transferability when it is applied with a
higher heat energy than the first and second ink layers

SO t@at it is transferred after the first and second

“ink layers to provide an additional color thereof onto’

the recording medium. Alternatively, a functional ink

layer showing a transferability when applied with a

pressure may be used so as to provide a similar effect.

As a heating means for the thermal transfer
recording method of the present invention, ordinary
heat sources such as infrared rays and laser beam may
also be used in place of a thermal head. Further, in
order to provide a conduction heating system, i.e., a
system wherein a thermal transfer material itself
generates a heat due to a current passing therethrough,
a thin layer of a conductive material such as aluminum
may be disposed as a return electrode between the
support and the first ink layer, as desiygﬁl

The first ink layer 11, the second ink layer
12 and adhesive layers 13a and 13b may be formed by

using one or more binders selected from the following
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class and adding thereto a colorant and other additives
as desired. The binder may be selected from natural
waxes such as whale wax, beeswax, lanolin, carnauba

wax, candelilla wax, montan wax and ceresin wax;

petroleum waxes such as paraffin wax and microcrystal-

line wax; synthetic waxes such as ester wax, low

molecular weight polyethylene, Fischer—Tropsch wax and
the like; higher fatty acids such as lauric acid,
myrisfic acid, palmitic acid, stearic acid, and
behenic acid; higher alcohols such as stearyl alcohol
and behenyl alcdhol; esters such as fatty acid esters
of sucrose and fatty acid esters of sorbitane; amides

3

such as oleic amide; thermoplastic resins including:

P

homopolymers of styrene and substituted styrenes such
as polystyrene, poly-p-chlorostyrene, and polyvinyl-
toluene; styrene copolymers such as styrene-p-chloro-
styrene copolymer, styrene-propylene copolymer,
styrene-vinyltoluene copolymer, styréne—vinyl-
naphthalene copolymer, styrene-methyl acrylate
copolymer, styrene-ethyl acrylate copolymer, styrene-
butyl acrylate copolymer, styrene-octyl acrylate
copolymer, styrene-methyl methacrylate copolymer,
styrene-ethyl methacrylate copolymer, styrene-butyl
methacrylate copolymer, styrene—a-chlorqgééhyl
methacrylate copolymer, styrene—acrylonié;ile copolymer,
styrene-vinyl methyl -ether copolymer, styrene-vinyl

ethyl ether copolymer, styrene-vinyl methyl ketone
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copolymer, étyrene—butadiene copolymer, styrene-
isoprene copolymer, styrene-acrylonitrile indene

copolymer, styrene-maleic acid copolymer, and styrene-

" maleic acid ester copolymer; polymethyl methacrylate,

polybutyl methacrylate, polyvinyl chloride, polyvinyl -
acetate, polyethylene, ethylene-vinyl acetate
copolymer, ethylene-acrylic écid copolymer, poly-
propylene, polyester, polyurethane,; polyamide, epoxy
resin, polyvinyl butyrai, polyacrylic acid resin,
rosin, modified rosin, terpene resin, phenolic resin,
aliphatic ahd alicyclic hydrocarbon resins, and
aromatic peﬁroleum resin; homopolymers and copolymers
of olefin such as polyethylene, polypropylene, poly-
iSObﬁtylene, polyethylene wax, oxidized polyethylene,
polytetrafluoroethylene, ethylene-acrylic acid
copolymer, ethylene-ethyl acrylate copolymef and
ethylene-vinyl acetate copolymer; and derivatives of
these polymers.

The colorant may be selected from all of the
known dyes and pigments including:, carbon black,
Nigroéin dyes; lamp black, Sudan Black SM, Alkali Blue,
Fast Yellow G, Benzidine Yellow, Pigment Yellow, Indo
Fast Orange, Irgadine Red, Paranitroaniline Red,

Toluidine Red, Carmine FB, Permanent Bordéaux FRR,

Pigment Orange R, Lithol Red 20, Lake Re&néy Rhodamine
FB, Rhodamine B Lake, Methyl Violet B Lake, Phthalo-

cyanine Blue, Pigment Blue, Brilliant Green B,
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PhﬁhalocyaninérGreen, 0il Yellow GG, Zapon Fast Yellow
CGG, Kayaset Y963, Kayaset YG, Smiplast Yellow GG,
Zapon Fast Orange RR, 0il Scarlet, Smiplast Orange G,
Orasol Broan B, Zapon Fast Scarlet CG, Aizen Spiron
Red BEH, 0il Pink OP, Victoria Blue F4R, Fastgen Blue .
5007,VSudan Blue, and 0il Peacock Blue. - Further,
nétal powdef such as copper powder and aluminum powder
or powder of mineral such as mica may also be used as
a colorant. Further, other additives such as plasti-
cizers, mineral oils, vegetable oils, etc., may also
be added.

The ink layers and adhesive layers having the .
desired properties as described with reference to the'
réiééiVe adhesions as shown in Figure 4, méf be j ‘
oﬁtained by appropriately controlling the properties
such as molecular weights, crystallinities, etc., of
the above mentioned materials or appropriately mixing
a plurality of the above mentioned materials. |

The thermal transfer material used in the
invention may be obtained by forming the respective
layers by mixing the materials constituting the
respéctive layers and an organic solvent such as methyl
ethyl ketone, xylene and tetrahydrofuran capable of |
dissolving the binders and applying the t§ﬁ§ formed
coating liquids successively on the sup;éiﬁt Aiter-
natively, the so-called hot-melt coating method may be

adopted, including the steps of blending, hot-melting
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~ and applying the materials in a molten state for the

respective layers. The materials for the respective

layers may be formed into aqueous emulsions by the

'addition of a dispersant such as a surfactant, and

the aqueous emulsions may be applied to form the
respective layers. Fuither, the respective layers of
the transfer material may also be formed by using the
above mentioned coating methods in combination, i.e.,
by using different methods for the respective layers.
As described hereinabove, according to the
present invention, there .is provided a thermal trans-
fer recording method wherein eneigy is applied to a
thermal transfer mate}ial comprising a support and at
least a first ink layer and a éeéond ink layer.
disposed in this order on the support, thereafter the
thermal transfer material is peeled off from a
recording medium in a relatively short length of time
until separation while applying a peeling force of
above a prescribed magnitude to the thermal transfer

material. '

According to the thermal trénsfer recording
method of the present invention, the second ink layer
is stably transferred to the recording medium with ‘
excellent reproducibility by precisely coﬁ%rolling

5 I

the above length of time until separation at a level

of 10"3 sec., whereby beautiful two-color transferred

images of good color separation are provided.

< 6249195
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Hereinbelow, the present invention will be
explained more specifically while referring to
specific examples of practice. Incidentally, the

number-average molecular weight Mn of a sample such

w

as oxidized polyethylene was measured in the followihg

manner.

[{Molecular Weight Measurement]

The VPO method (Vapor Pressure Osmometry

Method) is used. A sample of oxidized polyethylene

10 is dissolved in a solvent such as benzene at various .
concentrations (C) in the rénge of 6.2 to 1;0‘§/100.m1
to prepare several solutions. ‘The osmotic pressure
(n/C) of each solutlon is measured and plotted.versus
the concentratlon to prepare a concentratlon ké)—

15 osmotic pressure (7/C) curve, which is extrapolated
to obtain the osmotic pressure at the infinite dilution
(ﬂ/C)O. From the equation..of (Tr/C)0 = RT/Mn, the
number-éverage molecular weight Mn of the samplg is .~
derived.

20 Example 1
<iInk 1>

Oxidized polyethylene aqueous dispersion
(Mn=5000, softening temp.=140°C,
particle size=1 um) *60 parts
25 Ethylene-vinyl acetate copolymer resiét
aqueous dispersion (softening temp.=105°C,

particle size = 0.5 um) 20 parts
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Carbon black aquéeous dispersion 20 parts
(The amounts of aqueous dispersions for
providing an ink formulation in this example and the
other examples are all expressed based on their solid
contents.)
The above components were sufficiently mixed
to prepare An ink 1. The ink 1 was applied on a
6 u-thick PET (polyethylene terephthalate) £ilm and
dried at 70°C to form:a 2 p-thick first ink layer.
<Ink 2>
Carnauba wax aqueous dispersion
(particle size: 0.5 um) ' 100 parts
Silicone surfactant o 0.1 part
An ink 2 ﬁaving thé above COmpésition was
appliéd.on £he above prepared first ink layer and
water was evaporated thereform to leave a 1 pm-thick
adhesive layer of carnaqbé wax.
<Ink 3>
Hydrogenated rosin ester aqueous dipersion
(softening temp. = 90°C, particle
size = 1 um) 80 parts
Cyanine blue aéueous dispersion 20 parts
The above components were sufficiently mixed
to prepare an ink 3, which was applied onf%he above

e

prepared adheisve layer and dried at 80°C to form a

2 um~thick second ink layer, whereby a thermal transfer

material {(I) having a structure as shown in Figure 6

LT 0249195
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was obtained.
Example 2
<Ink 4>
Oxidized polyethylene aqueous dispérsion
5 (Mn=4000, softening temp. = 13856,
average particle size = 1 ym) 80 parts
Ethylene-vinyl acetate copélymer resin
aqueous dispersion (softening temp. =
95°C, particle size = 0.5 um) 20 parts
10 <Ink 5>
Oxidized polyethylene aqueous dispefsion
(Mn=5000, softening temp. = 140°C,
particle size = 1 um) 80 parts
Cafbon751ack aq&eOSéﬁdiépersionr ' ‘ 77«ﬁéd;§;rt£5'

15 <Ink 6>

Carnauba wax agqueous dispersion 100 parts
Silicone surfactant 0.1 part’
<Ink 7>

Oxidized poiyethylene aqueous dispersidn
20 (Mn=1900, softening temp. = 110°C) 60 parts
Ethylene-vinyl acetate copolymer resin
agueous dispérsion (softening teﬁp. =

105°C, particle size = 0.5 um) 40 parts

Cyanine blue aqueous dispersion 20 parts
25 The above components were respeczively suffi-

ciently mixed to prepare inks 4, 5, 6 and 7.

These inks 4, 5,6 and 7 were successively
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applied and dried on a 6 um—thick PET film to form a

1 um—-thick first adhesive layer, a 2 um-~thick first

ink layer, a 1 m—~thick second adhesive layer, and a

2 um-thick second ink layer, whereby a thermal transfer

material {(II) having a sturcture as shown in Figuré 7

was obtained.
Example 3
<Ink 8>

Oxidized polyethylene agqueous dispersion

~ (Mn=4000, softening temp. = 138°C,
particle size = 1 um)

Ethylene-vinyl acetate copolymer resin
aqueous dispersion (softening temp. =
95°C, particle size = 0.5 ym)

<Ink 9> |

Oxidized polyethylene aqueous dispersion
(Mn=5000, softening temp. = 140°C,
particle size = 1 um)

Carbon black aqueous dispersion

Fluorine-containing surfactént‘

<Ink 10>

Carnauba wax aéueous dispersion
.{softening temp. = 83°C)

Terpene-phenol copolymerization resinf‘
aqueous dispersion (softenihg tem;i?=-
100°C) |

Cyanine blue aqueous dispersion

80

20

80

20

40

40
20

3

parts

parts

parts
parts

part

parts

parts

parts
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The above combonents were respectively
sufficiently mixed to prepare inks 8, 9 and 10.

Separately, an addition type silicone resin
for release paper was applied at a rate of 0.3 g/m
on the back side of a 3.5 um-thick PET film support
and dried at 70°C to provide a heat-resistant protec-
tive layer.

On the reverse side from the protective layer
of the thus prepared back-coated PET £ilm, the above
inks 8, 9 and 10 were successively applied and dried
+o form a 1 um—thick first adhesive layer, a 2 um~-thick
first ink layer'and a 2 um-thick second ink léyer,
whereby a thermal transfer materlal (III) hav1ng a
strﬁ;ture"as shown in Flgure 5 was obtained. |

The thus prepared thermal transfer materials
(1) - (III) were respectively cut into an 6 mm-wide
tapes and used for recording by means of a thermal
transfer recording apparatus for an English -typewriter
(Typestar 6, mfd. by Canon K.K.). Referringrto Figure
1, as a thermal heéd 3, one prepared by Rohm K.K.,
haviﬁg a length from the center of the heat generating .
part 3a to the trailing end 3b (as shown in Figure 2)
of 350 uym was used. A carriage loading the -thermal
head 3 and a thermal transfer material r}@ééﬁ 1 was
moved in the direction of an arrow C, 6f'which moving
velocity was 50 mm/sec. Accordingly, the time (t, in

Figure 4) from heating until the peeling-off of the
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ink ribbon from a recérdingrmeaium was about 7 msec

in the rapid peeling-off mode. In oxrder to deiay the
time of the peeling-off, a control member 6 for
béntrolling the peeling;off was disposed at about 5 mm
(i.e., £ = 5 mm as shown in Figure 1) after the
trailing end 3b of the thermal head (i.e., downstream
side of the trailing end 3b with respect to the moving
direction of the thermal,transfer material 1).

As a result, when the control member 6 was
moved tqward the recording medium, the delayed time.of
peeling-off (t2 in Figure 4) was about 100 msec after
the heating. Incidentally, as a preliminary test, the

position of the control member 6 was changed in

‘different ways, whereby it was confirmed that the

reéult of the recording was not substantially different
from the case of £ =5 mm, if it was disposed at a
position from 2 mm to 20 mm (i.e., £ = 2 - 20 mm)

after the trailing end of the thermal head.

Wh?re the transfer recording was conducted on
plain paper by the use of the thermal transfer
materials (I), (II) and (III), while changing a peeling
force 8 {(shown in figure 2) into various values such as

15, 20, 30, 100, 190, 200, and 220 g.f, blue images

were obtained when the transfer material #fas peeled
kv

rapidly and black images were obtained when the
transfer material was peeled at the delayed time. -

However, in case where the peeling force 8 was.
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15 g.f, black color was mixed with blue images, whereby
clear blue images were not obtained. To the contrary,
in a case where the peeling force 8 was 20, 30, 100,

or 190 g.f, clear blue images weie obtained. Further,
in a case where the peeling force 8 was 200 or 220 g.f,
sticking of the thermal transfer méterial to the
thermal head became marked as the peeling force became
larger, whereby only images of low quality were
obtained. Incidentally, when the peeling force 8 was
changed in such a manner, black images obtained were

not substantially different from each.other.



.. - 0249195
-35~

WHAT IS CLAIMED IS:

1. A thermal trahsfer recording method comprising:
providing a thermal transfer material compris-
ing a support and at least a first ink layer and a
5 second ink layer disposedriﬁ thié order on the support,
supe:posing the transfer material on a recofd—
ing medium so that the ink layers contact the recording
medium, 4
applying energy to the transfer material
10 corresponding .to informatiqp to be recorded, and
separating the transfer material from the
recording medium inra length of time until separation '
counted from the energy application so that the second
} .ink-layer.is Selectiéely transferred tb the recording
15 medium in a shorter time until separation, and both
the first and second ink layers are transferred to the
recording medium in a longer time until separation,
wherein the thermal,fransfer material is
separated under the aétion of a peeling force of not
20 1less than 20 g.f and less than 200 g.f in a direction
perpendicular to and leaviné-from the surface of the
recording medium,téward the thermal transfer material,
when the thermal transfer material is peeled off from
the recording medium in said shorter timesuntil

.
1Y e

25 separation. , .

2. A method according to Claim 1, wherein said
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peeling force is 50 to 150 g.f.

3. A method according to Claim 2, wherein said

peeling force is 80 to 120 g.f.

4. A method according to Claim 1, wherein said

energy is applied by means of a thermal head.

5. A method according to Claim 1, wherein the
thermal transfer material comprises a thin layer of
conductive maferial between the. first ink layer and
the support, and said energy is applied as a heat due
to a current passing £hrough the thermal transfer

material.

6. A method according to Claim 1, wherein the
first ink layer has a black color and the second ink
layer has a red color.

7. A method according to Claim 1, wherein the
thermal transfer material comprises an adhesive layer

between the first ink layer and the support.

8. A method according to Claim 1, whérein the
thermal transfer material comprises an adhesive layer

between the first and second ink layers.

6249195
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9. A method according to Claim 1, wherein the
thermal transfer material comprises adhesive layers
between the first ink layer and the support, and

between the first and second ink layers.
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