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@ COLOR-DEVELOPING SHEET FOR PRESSURE-SENSITIVE RECORDING.

@ A color-developing sheet for pressure-sensitive record-
ing, which contains in a color-developing layer (i) semi-
synthetic solid acid prepared by acid-treating a clay mineral
having a laminar structure composed of regular tetrahedrons
of silica so that the Si0, content based on dry weight {drying
for 3 hr at 105°C) is 82 to 96.5 wt %, bringing the resulting
clay mineral in an aqueous medium into contact with a
magnesium and-or aluminum compound at least partly
soluble in the medium and, when the soluble compound is
other than a hydroxide, neutralizing with alkali or acid to
thereby introduce a magnesium and/or aluminum ingredient
and, if necessary, drying the clay mineral, (i} a phenol
compound, and (iii) a zinc compound.

Croydon Printing Company Ltd.




10

15

20

- 0111564

COLOR-DEVELOPING SHEET FOR

PRESSURE-SENSITIVE RECORDING

TECHNICAL FIELD

This invention relates to a color-developing

sheet having a novel constitution for pressure-sensitive

recording.

BACKGROUND ART
The pressure-sensitive recording méterial
comprises usually a color-forming sheet having an electron-
dona£ive leuco dye on the surface and a color-developing
sheet having aAéolor developer, which is electron attrac-
tive, on the surface. 1In this recording material, a color-
forming reaction based on electron transfer is utilized
for recording by bringing both the surfaces into contact
with each other and applying printing pressure thereto.
'Accordingly, the color developer is one of the
principal components of this recording material;and
various célor developers have hitherto been propoéed.
For example, there have been proposed activated clay,
which is obtained by treating a natural clay mineral
with acid to a slight or medium extent, phenol compounds,
phenolic resins of novolak type, and metal salts of
aromatic carboxylic acids.
Activéted clay first mentioned, which is the
oldest of the above color developers, is insufficient in

an essential property, i.e. the color developing ability.
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Hence, there are cases where activated clay has been
replaced with some of the above-mentioned organic color
developers.

On the other hand, a novel color developer has
been proposed recently which is prepared by a semi-
synthetic process (Japanese Patent Application Kokai No.
15996/82). | | .

It is a color developer for use in pressure-
sensitive recording materials which is prepared in the
following way: A clay mineral having a layer structure
build up of regular tetrahedrons of silica is treated
with an acid so as to give a silica content of 82 —.96.5%
by weight on a dry basis (driéd at 105°C for 3 hours);

a magnesium component and/or aluminum component is
introduced into the acid-treated clay mineral by bring-
ing it, in an aqueous medium, into contact with a
magnesium compound and/or aluminum compound soluble at
least parfially in the medium and if this soluble
compound is other than the hydroxide, by neutralizing it
with alkali or acid to form the h&droxide; and if desired,
the resulting clay mineral is dried (hereinafter this
color developer is referred to as "semi-synthetic

solid acid"™). This technique has brought about an
improvement in the color-developing ability for electron-
donative leuco dyes, long lasting of the color-developing

effect under high humidity conditions, and less decay

with time of the formed color density. Thus, the semi-

synthetic solid acid can be regarded as a new type of
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color developer capable of offsetting sufficiently
drawbacks of conventional activated clays and expected
to be comparable or superior in the color developing
ability to organic color developers.

The present inventors evaluated by various tests
the aptitude of the semi-synthetic solid acid, which is
a new type of inorganic color developer prepared in the
above process, for use in the color-developing layer for
pressure-sensitive recording. As a result, a marked
improvement in the color developing ability and a good
retention of the colored image density under high
humidity conditions were surely recognized and hence
distinct differences were observed betweeﬁ this semi-
synthetic solid acid and the clay mineral group color
developer so far known and used. On the other hand, it
was found as a drawback of the semi-synthetic 'solid acid
that some fastness, for example, light fastness, of the
color image formed in the color-developing layer

employing the semi-synthetic solid acid is rather

deteriorated.

DISCLOSURE OF THE INVENTION

In view of the above, the present inventors made
extensive studies in the.search fof.a means of improving
the fastness of the color image formed in such a colbr—
developing layer. As a result, this invention has been
accomplished through new finding that thé addition of

any of various known antioxydants such as aromatic amines
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and hindered phenols and any of ultraviolet absorbers
such as benzotriazole derivatives is little effective,
but the addition of necessary amounts of a phenol
compound and a zinc compound markedly improves the light
fastness of the color image formed; in particular the

use of a selected phenol compound together with a zinc
compound gives a semi-synthetic solid acid-containing
color-developing layer really excellent in practical use
which does not cause any objectionable side reaction such
as the yellowing of the blank areas {(image-less areas on

the color-developing layer).

BEST MODE FOR CARRYING OUT THE INVENTION

The phenol compound used jointly with the
semi-synthetic so0lid acid in this invention may be
either a low molecular weight phenol compound or a
phenolic resin. Especially suitable phenol compounds which

do not cause such a side reaction as the discoloration

or coloration of the blank areas or the¢ degradation are,

for example, alkyl, aralkyl, or aryl p-hydroxybenzoates,

 p-hydroxybenzonitrile, p-hydroxybenzenesulfonamide,

4-hydroxybenzophenone, 2,4-dihydroxybenzcphenone,
dialkyl, diaralkyl, or diaryl 4-hydroxyphthalic acid
esters, and various hindered phenols. Suitable amounts
thereof used are 1-100 parts per 100 parts of the semi-
synthetic solid acid.

Especially effective zinc compounds used in

this invention are, for example, zinc oxide, zinc
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hydroxide, zinc carbonate, basic zinc carbonate, zinc
sulfide, zinc phosphate, and zinc salts of wvarious
organic acids. Suitable amounts thereof used are 1-100
parts per 100 parts of the semi-synthetic solid acid.
The semi-synthetic so0lid acid used in this
invention is derived from a clay mineral having a layer
structure build up of regular tetrahedrons of silica,
and this color developer for pressure-sensitive copying
paper is featured by
(A) indicating an electron diffraction pattern based on
the crystals of the above layer structure built up of
regular tetrahedrons of silica,
(B) indicating no X-ray diffraction pattern based on
the above layer structure, and
(C) containing at least silicon and magnesium and/or
aluminum as elements besides oxygen.

Preferred examples of the above color developer

for pressure-sensitive copying paper used in this inven-

tion satisfy the above conditions (A), (B), and (C) and
édditionally the condition that
(D) the atomic ratio of [silicon]/[the sum of magnesium
and/or aluminum] therein is 12/1.5 - 12/12, particularly
12/3 - 12/10. Herein, when only one of magnesium and
aluminum is contained, the sum of magnesium and/or
aluminum in the above atomic ratio means the amount of
the contained one.

As stated above, it has been found in this

invention that the combined use of the semi-synthetic
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solid acid, phenol compound, and zinc compound gives a
color-developing sheet for pressure-sensitive recording
materials which is far more improved in the fastness of
the color image than does the use of the semi-synthetic
solid acid alone. Moreover, as will be shown later in
Examples, the simultaneous addition of the phenol
compound and zinc compound has excellent effects
particularly in improving the fastness of the color image
formed as compared with thé separate addition of the
compounds. That is, a synergistic effect is observed in
the former case.

In this invention, the color—developing-layer
for pressure-sensitive recording is formed by: ﬁiking
the semi-synthetic solid acid, oﬁe or more of the zinc
compounds, one or more of the phenol compounds, a binder,
a dispersant, some.other additive, and if desired, a
pigment such as clay, kaolin, satin white, calcium
carbonate, titanium white, magnesium oxide, talc,
alumiﬁa, aluminum hydroxide, urea resin pigment, or
plastic pigment; applying the resulting coating liqﬁid
on a sheet-like support such as paper, plastic film,
plastic-coated paper, or the like by using an air knife
coater, blade coater, roll coater, flexo coater, gravure .
coater, rubber doctor coater, curtain coater, or some othef
coating means; and drying the coat.

As described above, the color developing layer
in this invention is formed by using the semi-synthetic

solid acid as color developer and using cojoiﬁtly the .-
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zinc compound and the phenol compound. In this way, this
invention has been successful in providing a pressure-
sensitive recording system unprecedentedly markedly
improved in all the color forming rate, formed color
density, fastness pf the formed color image (to light,
water, hgmidity, plasticizer, oxidiz;ng gas, etc.), and

stability (retention of color developing ability,

resistance to yellowing) of the image-~less areas (blank
areas). In particular, it is noteworthy that the formed
color density, the retention thereof under high humidity
conditions, and the fastness of the formed color image
to NOx are improved, the fading with light is reduced,
and the blank areas do not undergo the yellowing.
Referring now to a typical example, preferred
embodiments of this invention are illustrated in more

detail. In the following example, "parts" are all by

weight.
Example
The following mixture Qas ball-milled for two :
days. i
Mixture:
Benzyl p-hydroxybenzoate 100 parts
Hydroxyethylcellulose . : 5 parts
Water ' 145 parts

Total 250 parts
Then, 100 parts of a semi-synthetic solid acid (tradename:

Silton Ss-1, mfd. by Mizusawa Chem. Ind. Co., Ltd.),
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10 parts of zinc oxide, and 50 parts of the above
dispersion of benzyl p-hydroxybenzoate prepared by the

wet grinding were dispersed in 200 parts of water
dissolving 1 part of sodium pyrophosphate. To the result-
ing dispersion were added 50 parts of a 10% agueous
solution of ogidized starch and 50 parts of a 48% SBR

latex to prepare a coating liquid. It was coated on

4O—g/m2 base paper to give a dry coating weight of

4.5 g/mz. Thus, color-developing sheets (CF) were
prepared (sample D).

For the purpose of comparative tests, samples
were prepared without adding either benzyl p-hydroxy-
benzoate or ziﬁc oxide (sample A), without adding benzyl-
p-hydroxybenzoate but with adding the same amount of zinc
oxide (sample C), and without adding zinc oxide but with
adding the same amount of benzyl p-hydroxybenzoate
(Sample B) were prepared in the same manner as the above.

Color-forming sheets (CB) herein used were
prepared as follows: A solution pf electron—donafive
leuco dyes in a high boiling solvent having the composi-
tion:

Crystal violet lactone 4 parts
Benzoyl leucomethylene blue : 1 part

3-Diethylamino-6-methyl-7- :
anilinofluoran 0.5 part

Diisopropylnaphthalene

(tradename KMC, mfd. and sold '
by Kureha Chem. Ind. Co., Ltd.) 100 parts

was micro-capsuled with a melamine resin according to
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the method of U.S. Patent No. 4,233,178. To 100 parts

(dry basis) of the micro~capsules were added 25 parts of
wheat starch and 150 parts of a 10% agueous solution of
oxidized starch. The resulting mixture was coated on
40-g/m2 base paper to give a dry coating weight of 5 g/mz.
A specimen of each of the thus obtained CF sheets
(4 types) and a specimen of the CB sheets were superposed
so as to oppose the coating surfaces and were super-
calendered. After one or more days, tests of exposure
to sunlight and room scattered light and other fastness
tests were conducted on the thus colored spécimens of

the color-developing sheets (Table_ 1).
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From Table 1, a synergy is observed in the effect
of this invention. In other words, when (the retentions
of the samples B, C, and D) (%) - (the retention of
the sample A) (%) are designated as AB, AC, and AD(%) in
the sunlight exposure tests, AB = 11(%), AC = 2(%), and
AD = 23(%) and therefore AD > AB + AC.

The same relations are found in the NOx
exposure, room scattered light exposure, and plasticizer
exposure test results.

Thus, according to this invention, much greater
improvements in the fastness of the color imége have been
attained by combined use of the phenol compound and the

zinc compound than by separate use of these compounds.
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CLAIM

A color-developing sheet for pressure-sensitive
recording, characterized in that the color-developing
layer of the sheet contains (a) a semi-synthetic solid
acid prepared by (l) treating a clay mineral which has
a layer structure built up of regular tetrahedrons of
silica, with an acid so as to give a silica content of
82 - 96.5% by weight on a dry basis (drying at 105°C for
3 hours), (2) bringing the resulting clay mineral, in
an agqueous medium, into contact with a magnesium compound .
and/or aluminum compound soluble at least partially in
the medium and if this soluble compound is other than the
hydroxide, neutralizing it with alkali or acid to form
the hydroxide, thus introducing a magnesium component
and/or aluminum component into the acid-treated clay
mineral, and (3) if desired, drying the resulting clay

mineral, (B) a phenol compound, and (C) a zinc'éompound.
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