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1
HEAT SENSITIVE RECORD SHEET

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The present invention relates to a heat sensitive re-
cord sheet. More particularly, it relates to a heat sensi-
tive record sheet having a coated layer comprising
2-anilino-3-methyl-6-dibutylaminofiuoran as & fluoran
compound useful as a color precursor.

Certain fluoran compounds have been disclosed in
U.S. Pat. Nos. 3,746,562 and 3,920,510. These fluoran
compounds are used as color precursors for heat sensi-
tive record sheets or electrical heat sensitive record
sheets. However, heat sensitive record sheets wherein
these fluoran compounds are used as color precursors,
have various drawbacks in the developed color density,
the initial color density, the color-development initia-
tion temperature, the rising for color-development and
the temperature required to obtain a color density of
1.0. Therefore, they can not provide adequate proper-
ties required for heat sensitive record sheets, particu-
larly heat sensitive record sheets for high speed print-
ing. For instance, 2-anilino-3-methyl-6-diethylamino-
fluoran disclosed in the above U.S. Patents, tends to
undergo color development during the preparation of

heat sensitive record sheets, whereby the initial color 30

density of the record sheets tends to be high and the
rising for the color development is inadequate. On the
other hand, with a heat sensitive record sheet wherein
2-(2-chlorophenyl amino)-6-diethylamino-fluoran s
used, the initial color density is low, but the color-
development initiation temperature is too high and the
rising for the color development is inadequate. Thus,
the compounds disclosed in the above-mentioned U.S.
Patents have shortcomings one way or another, and no
compounds which is capable of fully satisfying various
properties required for heat sensitive record sheets,
such as the developed color density, the initial color
density, the color-development initiation temperature,
the sharp rising for color-development and the low
temperature required to obtain a color density of 1.0,
has been found.

The rising for color-development means a rising of a
curve in a diagram of color density-color-development
temperature curve given by plotting color densities on
the ordinate and color-development temperatures on
the abscissas as a value given by multiplying 100 to tan
@ in the maximum slant of the curve.

It is an object of the present invention to provide a
heat sensitive record sheet which has no substantial
self-color development, a high developed color density,
a low color-development initiation temperature, a high
rising for color-development and a low temperature
required to obtain a color density of 1.0.

The above object has been attained by providing a
heat sensitive record sheet which comprises a coated
laver comprising 2-anilino-3-methyl-6-dibutylamino-
fluoran. Its has been found that the specific fluoran
compound used in the present invention provides ade-
quate properties with respect to the above-mentioned
desired properties, and that it provides a particularly
excellent rising for color-development and a character-
istic of providing a color density of 1.0 at a Jow temper-
ature, which are required for high speed printing.
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Now, the present invention will be described in detail
with reference to the preferred embodiments.

The specific fluoran compound used in the present
invention is a cololess or slightly colored solid which 1s
stable in air and which, when brought in contact with
an acidic substance, immediately forms a coloring agent
having a dark black color. This developed coloring
agent has excellent storage stability and is therefore
quite useful. |

Now, there will be given a process for producing
2-anilino-3-methyl-6-dibutylaminofluoran to be used in
the present invention and an Example of the present
invention.

Preparation of
2-anilino-3-methyl-6-dibutylaminofluoran

(Compound No. 1)

To 70 g of 95% sulfuric acid, 8.86 g of 2~(2-hydroxy-
4-dibutylaminobenzoyl)benzoic acid was added and
completely dissolved at a temperature of about 20° C,,
and then 4.27 g of 2-methyl-4-methoxy-diphenylamine
was added and reacted therewith at a temperature of
from 10° to 70° C. for from 2 to 48 hours. After the
reaction, the reaction mixture was poured into 200 mi of
ice water, and the precipitates were collected by filtra-
tion. To the cake thereby obtained, 300 ml of toluene
and a 10% sodium hydroxide aqueous solution were
added, and the mixture was stirred for 2 hours under
reflux. Then, the toluene layer was separated by liqud
separation, and washed with water, and then 1.0 g of
active carbon was added thereto and filtered. The tolu-
ene layer was concentrated for crystallization, whereby
5.44 g of white crystals were obtained. The melting
point of this product was from 145° to 148" C. Further,
this product had vmax of 450 nm (1.88 < 10#) and a mo-
lecular extinction coefficient of 595 nm (195X 10¢) as
measured in 95% acetic acid. A solution of this product
in toluene was colorless. When brought in contact with
silica gel, the product readily underwent color-develop-
ment and turned black. With a clay paper, it formed a
violet black color, and with a resin paper, it formed a
black color.

Now, a general process for preparing the heat sensi-
tive record sheet using the specific fluoran compound

of the present invention will be described.
The fluoran compound, an acidic substance and, if

necessary, a heat-melting substance (which 15 used
when the fluoran compound or the acidic substance
does not melt at the desired temperature) are finely
pulverized and mixed with a binder solution or disper-
sion which has been prepared by dissolving or dispers-
ing a binder in a solvent or dispersing medium. The
coating mixture thereby obtained 1s applied onto a sup-
port such as a sheet of paper, a plastic sheet or a resin-
coated paper sheet, and then dried to obtain a heat
sensitive record sheet.

For the preparation of the coating mixture, the com-
ponents may be pulverized independently or in a proper
combination prior to mixing together, or all together
after they are put together.

The coating mixture preferably comprises 1 part by
weight of the fluoran compound, from 2 10 10 parts by
weight of the acid substance, from O to 10 parts by
weight of the heat-melting substance, from 2 to 10 parts
by weight of the binder, and from 30 to 130 parts by
weight of the solvent or dispersing medium.
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The solvent or dispersing medium is preferably the
one which does not substantially dissolve the fluoran
compound and the acidic substance. As such a solvent
or dispersing medium, water is most preferred, and a
hydrocarbon such as hexane or ligroin is also useful. 5

As the binder to be used in the present invention,
there may be mentioned polyvinyl alcohol, methy] cel-
lulose, hydroxyethy! cellulose, carboxymethyl cellu-
lose, gum arabic, a synthetic rubber, polyvinyl pyroii-
done, a styrene-maleic anhydride copolymer or poly-
acrylic acid amide. Particularly preferred are water-sol-
uble binders such as polyvinyl alcohol, polyvinyl
pyrolidone, hydroxymethyl cellulose and gum arabic.

Typical acidic substances include phenolic com-
pounds disclosed in British Patent Specification
1,135,540 or colorless solid organic acids such as stearic
acid, benzoic acid, gallic acid, and salicylic acid which
are liquefied or vaporized at a temperature of 50° C. of
higher or their metal salts such as aluminum or zinc
salts. Particularly preferred acidic substances are the 20
phenolic compounds, and a typical example is 4,4'-1s0-
propylidene-diphenol (bisphenol A).

As the heat-melting substance, there may be used
stearic acid amide, oleic acid amide, ethylene-bis-
stearoamide, benzoin, p-t-butylphenol, p-phenylphenol,
p-hydroxy methylbenzoate, diphenylphthalate or p-
hydroxydiphenyl ether.

EXAMPLE

To 2.0 g of Compound No. |1 prepared in the above
Preparation Example, 20 g of water and 20 g of an
aqueous solution containing 10% by weight of polyvi-
nyl alcohol were added. The mixture was thoroughly
dispersed and mixed in a ball mill at room temperature
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having a substantially colorless heat sensitive layer was
obtained. The heat sensitive record sheet thus obtained
will be referred to as No. A.

For the purpose of comparison, heat sensitive record
sheets No. B and C were prepared with use of known
2-anilino-3-methyl-6-diethylaminofluoran (Compound
No. 2) and 2-(2-chlorophenylamino}-6-diethylamino-
fluoran (Compound No. 3). These heat sensitive record
sheets were subjected to the following tests.

(1) Color-development performance test

Heat sensitive record sheet No. A and comparative
sheets No. B and No. C were heated at a temperature of
150° C. for 5 seconds, whereby the developed color
hue, the developed color density and the initial color
density were measured by means of Macbeth reflex
densitometer RD-514 model with a black filter (Wrat-
ten #106).

(2) Color-development characteristic test

Heat sensitive record sheet No. A and comparative
sheets No. B and No. C were heated for color-develop-
ment within the temperature range of from 70° to 160°
C. for 5 seconds, whereby the color density at each
temperature was measured in the same manner as in the
above test (1), and the color-development initiation
temperature, the rising for the color-development and
the temperature required to obtain a color density of 1.0
were calculated from the relationship between the tem-
perature and the color density.

The results of the above-mentioned color-develop-
ment performance test (1) and the results of the mea-
surement of the color-development values (2) are
shown in the following Table.

Color-development performance and color-development characteristic values
of heat sensitive record cheets

Color-development
Heat sensitive Color-development characteristic values
record sheets performance Color- Temp. required
Com- Developed Initial development Rising for 10 obtain &
pound Sheet Developed color color initiation color- color density
No. No. color hue density  density temp. development of 1.0
Present 1 A  Black 1.19 0.06 54° C. 11.0 115 C.
invention
Com- 2 B  Reddish 1.12 0.12 85" C. 1.2 130° C.
parative black
Examples 3 C  Reddish 1.06 0.06 125* C. 2.7 141.5* C.

biack

Note:

The color development by hesting was corducted by means of lodiacers madel thermotost rhodiacerta (manufactured by French National
Fiber Research Institute) at a beating tempersture of from 70 to 160" C. for a heating time of 5 seconds under a load of 100 g/cm?.

for 24 hours, whereby a colorless slurry was obtained
wherein the particle size of the compound was about 3
um. On the other hand, 7 g of bisphenol A was added to
10 g of water and 40 g of an aqueous solution containing 55
10% by weight of polyvinyl alcohol. The mixture was
thoroughly dispersed and mixed in a ball mill at room
temperature for 24 hours, whereby a slurry was ob-
tained. The solid substance in this slurry had an average
particle size of about 5 um. Both slurries were mixed, 60
and the mixture was uniformly dispersed and mixed at
room temperature for 1 hour, whereby a slurry mixture
was prepared. This slurry mixture was coated on one
surface of a normal paper of 50 g/m? by means of a wire
bar coater (wound wire: 0.35 mm in diameter) in an 65
amount of the coated compound being 1.5 g per 1 m? of
the paper. The coated paper was dried in air at room
temperature, whereby a heat sensitive record sheet

It is evident from the resuits shown in the above
Table that the heat sensitive record sheet using the
specific fluoran compound of the present invention is
far supenior to the heat sensitive recording sheets using
the comparative fluoran compounds, in the color-
development performance and the color-development
characteristics. Particularly, the heat sensitive record
sheet of the present invention is extremely superior in
the high rising for the color development and the low
temperature required to obtain a color density of 1.0,
which are required for high speed printing. Thus, the
industrial value for practical application of the present
invention is considerably high.

We claim:

1. A heat sensitive record sheet which comprises a
substrate having a coated layer comprising 2-anilino-3-
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methyl-6-dibutylaminofluoran having v,y at about 450
nm and about 595 nm as measured in 95% acetic acid.

2. The heat sensitive record sheet according to claim
1, wherein the coated layer comprises 1 part by weight
of 2-anilino-3-methyl-6-dibutylaminofluoran  Aaving
Vmax Gt about 4350 nm and about 595 nm as measured in
93% acetic acid,, from 2 to 10 parts by weight of an
acidic substance and from 2 to 10 parts by weight of a
binder.

3. The heat sensitive record sheet according to claim
2, wherein the binder is selected from the group consist-
ing of polyvinyl alcohol, polyvinyl pyrolidone, hy-
droxymethy] cellulose and gum arabic.

4. The heat sensitive record sheet according to claim
2, wherein the acidic substance is selected from the
group consisting of bisphenol A, stearic acid, benzoic
acid, gallic acid and salicylic acid.

.
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3. A heat sensitive record sheet which comprises a sub-
strate having a coated layer comprising 2-anilino-3-methyi-
6-dibutylaminaofluoran obtained by reacting 2-(2-hydroxy-
4-dibutylaminobenzoyl)benzoic acid with 2-methy!-4-
methoxy-diphenylamine.

6. The heat sensitive record sheet of claim 5 wherein the
coated layer comprises one part by weight of 2-anilino-3-
methyl-6-dibutylaminofluoran obtained by reacting 2-(hy-
droxy-4-dibutylaminobenzoyl)benzoic acid with 2-methy!-
4-methoxy-diphenylamine, from 2 to 10 parts by weight of
an acidic substance and from 2 to 10 parts by weight of a
binder.

7. The heat sensitive record sheet which comprises a
substrate having a coated layer comprising 2-anilino-3-
methyl-6-dibutylaminofluoran characterized by having the
property of generating a color density of 1.0 at a tempera-
ture of about 115° C.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : RE 33,815

DATED . FEBRUARY 4, 1992
INVENTOR(S) : MASAHIKO YAMAGUCHI ET AL

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 4, Claim 1, line 3, correct Wy " to read —=Apay ="

Column 5, Claim 2, line 4, correct

Wy " to read --A,,--;

Column 2, line 36, correct ny to read ..._)\m--; and

Column 2, line 37, correct" (195 x104) " to read -- (1.95 x 104)-—.

Signed and Sealed this
First Day of June, 1993

st DAl A Z Al

MICHAEL k. KIRK

Aftesting Oﬁ‘:"(‘ﬁ' Acting Commissioner of Patents and Trademarks
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