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Polyvalent Metal Salt of Salicylic Acid Resin and

Process for Preparing it

BACKGROUND OF THE IEQEEZION
{a) Field of the Invention

The present invention relates to a polyvalent metal

salt of a sallcyllc acid resin useful as a developer for a

recording mater1a1 for use in pressure sensitive record and
the %1ke, and a process for preparing the polyvalent metal

salt of the resin. 1In addition,_it relates to an agueous

dispersion in which the polyvalent metal salt of the sali-

cylic acid resin is dispersed, and a.develbping sheet in
which the polyvalent metal salt of the resin is used.
Description of th ior

It is known that metal salts of salicylic acid
derivatives are useful as developers for pressure sensitive
record, and methods for preparing ‘and utilizing various
salicylic acid derivatives and their metal salts have been
heretofore discloséd.

1. A 3,5-disubstituted salicylic acid_detivatiVe_
has been prepared from a corresponding 2,4-disubstituted
phenol derivative and carbon dioxide by the utilization of
the so-called kolbe-Schmitt reaction.(éapanéSe Patent

Publication No. 25174/1976 and U.S. Patent No. 3,983,292).

— .
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————
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In this method, however, two steps are required to manuféc-

'ture the 3,5-disubstituted salicylic acid derivative from

phenol, and for the reactlon of carbon dioxide, a spe01flc
hlgh-temperature hlgh-pressure device is necessary and so

the inconvenience of facilities for the manufacture is

"present. Furthermore, when a metal salt of the 3,5-disub-

stituted salicylic acid derivative, for example, zinc salt
of 3,5-di(c-methylbenzy1)salicylic acid is used as a devel-
oper for pressure sensitive record, there_is a problem that
a colored image dlsappears with water.

2. Another method is known in which 1 mol of
salicylic acid is reacted with at least 2 mols of a phenyl

ethanol derivative to produce 4-~[a-methylbenzyl(a-methyl-

benzyl)]salicylic acid derivative (Japanese Patent Publica-

tion No. 61110/1993 and U.S. Patent No. 4754063).

3. Methods for preparing a polyvalent metal salt

of 3,S-di(a-methylbenzyl)salicylic acid derivative and a

polyvalent metal salt of 4-[a-methylbenzyl (a~methyl-
benzyl))salicylic acid derivative are disclosed in which 1
mol of salicylic acid is reacted with at least 2 mols of a
styrene derivative in the presénce’of an.aromatic sulfonic
acid, and the resulting reaction product is then reacted
with a polyvalent metal salt of an inorganic acid or a
lower aliphatic carboxylic acid (Japanese Patent Publica-

tion No. 75736/1993 and U.S. Patent No. 4748259).
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When the polyvalent metal salt (e.g., a zinc salt)
of 4-[a-methylbenzyl(aemethylbenzyl)]salicylic acid pre-
pared by these méthods is used as a developer for pressure
sensitive record, the resulting colored image is poor in B
storage stability, and for example, if brought into contact
with water, the colored image disappears inconveniently.

4. Still another method is disclosed in which
salicylic acid is reacted with a styrene compound in the
presence of an aliphatic carboxylic acid by the use of an
qrganic sulfonic acid or an inorganic acid as a catalyst to
produce a 3,5-di(a-methylbenzyl)salicylic acid derivative
(Japanese Patent Application Laid-open No. 91043/1990).

| When a polyvalent metal salt (e.g.,'a zinc salt) of
3,5-di(a-methy1benzyl)salichic acid prepared by these
methods is used as a developer for pressure sensitive

record, the resulting colored image is poor in storage

~stability, and for example, if brought into contact with

water, the colored image disappears inconveniently, as in
the above case.

5. There is disclosed a further method in which a
salicylic acid derivative is reacted_with a styrene deriva-
tive at 40 to 170°C in the presence of an acid catalyst,
and the resultihg reaction product is then reacted with a
metal salt of a fatty aéid to form a metal salt of a poly-

meric salicylic acid resin (Japanese Patent Application
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Laid-open No. 112537/1988 and U.S. Patent No. 4929710).
However, the metal salt of the salicylic acid resin formed
by this method is often colored disadvantageously. More-
over, when the metal salt (e.g., a zinc salt) of the poly-
meric salicylic acid resin formed by this method is used as
a developer for pressure sensitive record, it is difficult
to bring the zinc salt into fine particles at the time of
dispersion, and the resulting dispersion is liable to
coagulate inconveniently, In addition, a developing sheet
for pressure sensitive record which can be prepared by the
use of the resulted polyvalent metal salt of the salicylic
acid resin has a drawback such as poor abrasion resistance,
which is not preferable as the developer for the pressure
sensitive record.

6. Furthermore, a method for manufacturing a
polyvalent metal salt of a salicylic acid resin is dis-

closed which comprises reacting a salicylic acid ester with

~ a styrene, hydrolyzing the resultant salicylic acid ester

resin, and then reacting a polyvalent metal compound with
the hydrolyzed resin (Japanese Patent Application Laid-open
No. 133780/1989 and U.S. Patent No. 4952648). For example,
there is described a method which comprises reacting methyl
salicylate with styrene in the presence of concentrated
sulfuric acid to form a methyl salicylate resin, hydrolyz-

ing this resin with an aqueous alkaline solution, and then
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reactihg the hydrolyzed resin with a polyvalent metal
compound (e.g., zinc sulfate) to produce the polyvalent
metal salt Qf fhe salicylié acid resin. However, when u;ed
as a developer for pressure sensitive record, the poly-
valent metal salt (e.g., zinc salt) of the salicylic acid
resin obtained by this method is scarcely brought into fine
particles at the time of dispersibn, and the resultant
dispersion is liable to'coagulate inconveniently.

As described abovg, the performance of the product
obtained by the reaction between a Salicylic acid deriva-
tive and a styrené derivative and the polyvalent metal salt
of this product depends upon the given reaction conditions
(e.g., a catalyst, a solvent, a reaction temperature and
the like). Therefore, physical prdperties of the product
and the polyvalent'metal salt of the product cannot be
determined in a theoretical manner, and it is also very
difficult to presume them on the basis of experience.
Nowadays, it is expected that the above performance and
physical properties are elucidated and established by
experimental pfocedu:es.

In recent years, there is desired a developer which
can easily become fine particles and which is excellent in
the storage stability.of a dispersion, is excellent in the
storage stabiliﬁy (e.g., water resistance) of a colored

image in the case that a developing sheet for pressure
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sensitive record is formed therefrom, and is excellent in

abrasion resistance stability.

s Y OF THE INVENTION |

The first object of the present invention is to
provide a polyvalent metal salt of a salicylic acid resin
useful as a developer for pressure sensitive record, and a
process for preparing the same. |

The second object of the presenﬁ invention is to
provide an équgous dispersion having excellent storage
stability and excellent dispe:sioh propérties in which the
polyvalent metal salt of the resin is dispersed.

The third object of the present invention is to
provide a developing sheet in which the polyvalent metal
salt of the resin is used and which is excellent in the
storage stability of the colof density of a colored image,
ﬁater resistance and the like, and further excellent in
abrasion resistance.

In order to comply with the above desire, the
present inventors have intensively_investigated a poly-
valent metal salt of a salicylic acid derivative, and as a
result, the present invention has been attained. That is
to say, the firét aspect of thé present invention is di-
rected to a process for preparing a polyvalent metal salt

of a salicylic acid resin which comprises the'steps of
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reacting salicylic acid or its derivative represented by

the formmla (1)

COOH

Xl X2

wherein X; and X, are each a hydrogen atom, an alkyl group,
an alkoxy group or a halogen atom;

with styrene or its derivative represented by the formula

(2)

R, R,
‘\C==C<R
3
(2)
X3 X4

wherein Ri,-RQ and Ry are each a hydrogen atom or an alkyl
group; X3 and X; are each a hydrogen atom, an alkyl group,
an alkoxy group, an aralkyl group, an aryl group or a .
halogen atom,

at a temperatﬁre of -20°C or higher but lower than 40°C in

the presence of sulfuric acid, and then reacting the re-
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sulted reaction product with a polyvalent metal coﬁpound.“
The second aspect of the pﬁesent invention is
directed to an aqueous dispersion in which the polyvalent
metal salt of the salicylic acid resin is dispersed in
water.
The third aspect of the present invention is di-

rected to a developing sheet in which the polyvalent metal

salt of the resin is used.

B DESCRIPTION O WING!

The above and other objects, features and advan—-
tages of the present invention will become apparent from
the following description of the invention and the appended
claims, taken in conjunction with the accompanying draw-
ings, in which:

Fig; 1 is a schematic cross-sectional view showing
the structure of a pressure-sensitive copying paper sheet.
Here, reference numeral 1 is a CB-sheet, numeral 2 is a
CF/CB-sheet, 3 is a CF-sheet, 4 is a microcapsule layer, 5
is a developer layer, and 6 is the external pressure of a

ball-point pen or_a £ypewriter.

In the formula (1)

This Sheet Has Been Reﬂ
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(1)

X, "X,

X, and X; afe each a hydrogen atom, an alkyl group, an
alkoxy group or a halogen atom, and preferably, it is the
hydrogen atom, an alle group having 1 to 12 carbon atoms,
an alkoxy group having 1 to 12 carbon atoms, a fluorine
atom, a chlorine atom or a bromine atom. Above all, the
hydrogen atom is particularly preferablé.

Thus, examples of the compound represented by the
formnla-(l).include salicylic acid, 3-methylsalicylic acid,
4-methylsalicylic aéid, 5-methylsalicylic acid, 3-9—buty1—
salicylic acid, 6-methylsalicylic acid, 6-ethy15a11¢y1ic
acid, S-isqproﬁylsalidylic acid, 4-n-pentylsalicylic acid,
5-cyclohexylsalicylic acid, S5-n-octylsalicylic acid, S-tert-
octylsalicyiic aciq, 4-nonylsalicylic acid, S5-nonylsali-
cylic acid, 4-n-dodecylsalicylic acid, 4-methoxysalicylic
acid, 6-methoxysalicylic a@iﬂ,ls-ethoxysalicylic acid,
6-isopropoxysalicylic acid, 4-n—hex§ioxysalicylic acid, 4-n-
decyloxysalicylic acid, 5-£1uorosaiicylic acid, 3-chloro-
salicylic acid, 4-chlorosalicylic acid, 5-chlorosalicylic
acid and S5~-bromosalicylic acid, and they are not restric-

tive. These salicylic acid derivatives may be used singly
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or in a combination of two or more thereof. Above all,

- salicylic acid or an alkyl substituted salicylic acid

derivative such as 3-methylsalicylic acid is preferable,
and salicylic acid is pariicularly preferable.

In the formula (2)

R, R,
\C =C<R
3
(2)
X3 X4

R;, R, and Ry are each a hydrogen atom or an alkyl group,
and preferably it is the hydrogen atom or an alkyl group
having 1 to 4 carbon atoms. Pérticularly preferable is the
hydrogen atom.

In the formula (2), X3 and X, are each a hydrogen

atom, an alkyl group, an alkoxy group, an aralkyl group, an

-aryl group or a halogen atom, and preferably it is the

hydrogen atom, an alkyl group having 1 to 12 carbon atoms,
an alkoxy having 1 to 12 carbon atoms, an aralkyl group
having 7 to 10.carb0n atoms, an aryl group having 6 to 10
carbbn atoms, a fluorine atom, a chlorine atom or a bromine

atom. Above all, the hydrogen atom is particularly prefer-
able. I
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Thug, examples of the compound represented by the
formula (2) include styrene, 2-methylstyrene, 3-methyl-
styrene, 4-methyls£yrene, 2-ethylstyrené, 4-ethylstyrene,
3~-isopropylstyrene, 4-isdpropylstyrene, 4-n-butylstyrene;
4-tert-butylstyrene,-4—¢yclohéxylstyrene, 4-n-octylstyrene,
4-n-decyls£yrene; 2,4-dimethylstyrene, 2,5-dimethylstyrene,
3-methoxystyrene, 4-methoxystyrené, 4-ethoxystyrene,
a-methylstyrene, a—ethylstyréne, a-n-butylstyrene, a-iso-
butylstyrene, a,p-dimethylstyrene, a,f-diethylstyrene,
a-methyl-B-isopropylstyrene, a-n-propyl-f-methylstyrene,
4-(a,a~dimethylbenzyl)styrene, 4-phenyistyrene, 4-fluoro-
styrene, 2-chlorostyréne, 3-chlorostyrene, 4-chlorostyrene
and 4-bromostyrene, and they are not restrictive. These
styiene defivétiﬁes may be used singly or in a combination
of two or hore thereof. Above all, styrene or an alkyl
substituted styrene derivative such as 4-methylstyrene or
upmethylstyréne is préferable, and styrene is particularly
preferable. |

A prdcess for pfeparing a polyvalent metal salt of
a salicylic acid résin according to the present invention
comprises reacting the compound represented by the formula
(1) [hereinafter refetred_to.as "compound (1)"] with the
compoﬁnd represented by the formula (2) [hereinafter re-
ferred to as "cbmpound (2)"1 (hereinaftef referred to as

"réactiqn A"), and then reacting the resulted reaction
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product with a polyvalent metal compound (hereinafter
referred to as "reaction B"). Next, these reactions will

be described in more detail.

Reaction A

The amount of the compound (2) is preferably in the
range of from about 1 to 10 mols, preferably from about 1.5
to 8 mols, more preferably froﬁ'z to 6 mols, based on 1 mol
of the compound (1).

The reaction A is carried out in the presence of
sulfuric acid, and no particular restriction is put on the
amount of sulfuric acid to be used. The employment of a
large amount of sulfuric acid does not have a bad influence
on characteristics of the product, but the employment

itself of the large amount only deteriorates operation

.efficiency, productivity and the like. The amount of

sulfuric acid is usually 5% by weight or more, preferably
in the range of from 5 to 200% by weight, more preferably
from 10 to 100% by weight based on the weight of the com-
pound (1). The conceptration of sulfuric acid which can be
used is about 90% by weight or more, preferably about 93%
by weight or more, more preferably 95% by weight or more.
In addition, sulfuric acid'can_bé used together with fuming
sulfuric acid.
The reaction A is preferabiy carried out in the

presence of an organic solvent, though it can be done
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without the organic soivent. Any organic solvent can be
used, so long as it is inert to the reaction. Examples of
the organic solvent inciude hydrocarbon solvents such as.
héxane, octane, decane, cyclohexane, benzene, toluene and
xylene, ester solvenﬁs such_as ethyl acetate, butyl acetate
and amyl acetate, ether solvents such as tetrahydrofuran
and dioxane, and halogenated hydrocarbon solvents such as
dichloromethane, 1,2-dichloromethane, tetrachloromethane,
1,1-dichloroethane, 1,1,l-trichloroethane, 1,1,2-tri-
chloroethane, 1,1,2,2-tetrachlorcethane, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene, p-dichlorobenzene,
1,2,4-trichlorobenzene, o-chlorotoluene, mpchlorotoluene.
and p—chlorotoluéne, and they are not restrictive. These
solvents may be used singly or in a combination of two or
more thereof. Particularly preferable are the halogenated
hydrocarbon solvents.

No particular restriction is put on the amount of
the organié solvent, but its employment itself of a large
amount only deteriorates operation efficiency, productivity
and the like. In general, the amount of the organic sol-
vent is preferably 100 (volume/weight) times or less as
much as that of the compound (1).-

No particular restriction is put on the operation
and procedure of the reaction A. As the preferable usual

proéedure, for example, there can be used a process which

This Sheet Has Been Replaced

AR

AT D A L e



—

10

15

20

25

- 14 -

comprises placing sulfuric acid, the compound (1) and if
desired, the organic solvent in a reaction vessel, and then
adding the compound (2) to the resulting mixture.

Another process;.i.e., the so-called divisional
feed process can also be utilized which comprises placing
sulfuric acid, a part of the compound (1) and if desired,
the organic solvent in the reaction vessel, feeding a part
of the compound (2) to the resulfing mixture, further
feeding the residue of the compound (1) to the mixture, and
then adding the residue of the compound (2) thereto.

as the feed procedure of the compound (2), an
applicable procedure comprises feeding the compound (2)
contingouslylor intermittently at a multistage way by a

known means and devices (e.g., a dropping device and a

metering pump). Needless to say, another process-

engineeringly practical procedure is also applicable.

The compound (2) may be fed in a neat state or in
the form of a solution in which the compound (2) is dis-
solved in the organic solvent. No particular restriction
is put on a feed rate of the compound (2), but in general,
a feed time required is in the range of from about 0.5 to
about 15 hours, .preferably from about 1 to about 10 hours.

It is preferable for the imprdvement of a reaction
efficienéy that the reaction A is carried out with stir-

ring. No particular restriction is put on a stirring way

This Sheet Has Been Relplaced




10

15

20

25

- 15 -

and the stirring device, but the stirring device having a
stirring power which permits the efficient progress of the
reaction is preferably.used. Examples of the reaction
device include a tank tyﬁe reaction device and a tubular
reaction device equippeq with a stirrer such as a propellei
stirrer, a turbiné stirrer, a paddle stirrer, a homogeniz-
er, a homomixer, a'line mixer or a line homomixer. The
reaction A can be carried out by batch process or continu-
ous process.

In performing the preparation process of the pres-
ent invention, the'reaction temperature of the reaction 2

is required to be -20°C or higher but lower than 40°C,

* preferably from 0 to 38°C, moré preferably 10 to 35°.

1f the reaction temperature is 40°C or higher, the
prepared polyvalent metal salt of the salicylic acid resin
is scarcely brought into fine particles at the time of
dispersion and even if an aqueoﬁs dispersion.is obtained,
it tends to be poor in stability, though this reason is not
definite. Furthermore, a developing sheet for pressure
sensitive record which can be prépared by the use of the
obtained polyvalent metal salt of the salicylic acid resin
has a drawback such as poor abrasion resistance, which is
not preferable as the developgr for the pressure sensitive'

record.

If the reaction température is lower than -20°C,
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the reaction does not proceed smoothly.

The preparation process of the present invention is
characterized by performing the reaction A at a temperature
of -20°C or higher but lower than 40°C. The progress of
the reaction can be monitored by-measuring a rate of change
of the compound (1) and/or the.combound-(Z) by the use of a
known analytical means such as proton NMR'spectrum or high-
performance liquid chromatography (HPLC), and so the reac-
tion time can be determined on the basis of the results of
the analytical means. .

The performance of the reaction for a long period
of time does not have a bad influence on the characteris-
tics of the product, but the consumption of the long time
only leads to the detéridration of operation efficiency,
productivity and the like. 1In general, when the reaction A
is carried out, the reaction time is longer than the feed
time of the compound (2), and after the feed of the com-
pound (2), the soluiion may be allowed to stand or may be
stirred at a temperature of -20°C or higher but lower than
40°C for an optional time. The reaction is usually carried
out for a time of from about l.to'ébout 20 hours, prefera-
bly from about 2 to about 15 hours.

. The reaction A can usually'be carried out under
atmospheric pressure, but if desired, it may be done under

reduced pressure or under increased pressure. Furthermore,
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the reaction can be performed in the atmosbhere,_but it may
be done in the presence of an inert gas (e.g., a gas such
as nitrogen, helium or argon).

The resin obtained by the reaction A (hereinaftéf
referred to as "resin A") can be taken out from the reac-
tion system in a known manner, or alternatively, the resin
can be used in the éubsequent reaction with the polyvalent
metal compound (the reactioca B) instead of being taken out
from the reaction system.

The resin A is a resin having a complicated compo-
sition which comprises various compounds'formed by’various
reactions of reactive oligomers. _

Preferable examples of the polyvalent metal salt of
the salicylic acid resin of the present invention include
water-sparingly soluble and water-insoluble divalent,
trivalent and tetravalent metal salts, and above all, the
divalént metal salts are more preferable. Typical examples
of the polyvalent metal salt include salts of zinc, magne-
sium, calcium, barium, nickel, tin, copper, molybdenum,
tungsten, zirconium, manganese, cobalt, titanium, aluminum
and iron, and they are not restrictive. The polyvalent
metal salts may be used singly or in a combination of two
or more thereof. Above all, a zinc salt is particularly

preferable.
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Reaction B

The polyvalent metal salt of the salicylic acid
resin of the present invention can be prepared by reacting
the resin A with a polyvelent metal compound. ' No partieu-
lar restriction is put on its preparation procedure, and

any knuwn process can be used. For example, there can be

used the preparation method which comprises melting the

resin A and the polyvalent metal compound (e.g., an oxide,
a hydroxide, a carbonate, a silicate or an organic carbox-
ylate of a polyvalent metal) (the melting method), and the
preparation method which comprises reactihg a salt of the
resin A such as an alkali metal salt, an amine salt or an
ammonium salt of the resin A with the polyvalent metal
compound in the presence of water (the double decomposition
method). It is preferred that the polyvalent metal salt of
the salicylic acid resin of the present invention is pre-
pared by the double decomposition method.

Iﬁ the case that the reaction B is carried out by
the meltihg method, as a usual method, there can be recited
a method which comprises heating and melting the resin A
and an oxide, e hydroxide, a carbonate or a silicate of a
polyvalent metal, or a polyvalent metal salt of an organic
carboxylic acid such as zinc acetate, zinc caproate, zinc
stearate or zinc benzoate at a temperature of from about

100 to 180°C for a period of about 1 to about 5 hours. 1In
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this case, prior to the heating and melting, there may be

added a basic substance such as ammonium acetate, ammonium

~ caproate, ammonium stearate or ammonium benzoate.

In the case that the reaction B is carried out by
the double decomposition method, as a usual method, there
can be recited a method which comprises reacting the car-
boxyl group of the resin A with about equivalent of an
alkali metal compound (e.g., lithium hydroxide, sodium
hydroxide, potassium hydroxide,'sodium carbonate, potassium
carbonate or sodium hydrogencarbonate) or an amine compound
(e.g., methylamine, ethylamine, dimethylamine, diethyl-
amine, trimethylamine, triethylamine, ethanolamine, isopro-
panolamine, triethanolamine, 2-dimethylaminoethanol, mor-
pholine or ammonia) in-thg presence of water to prepare the
alkali metal salt{ an amine salt or an ammonium salt of the

resin A, and then reacting the resulted reaction product

'with the polyvalent metal compound to produce a water-

sparingly soluble or water-insoluble polyvalent metal salt
of £he salicylic acid resin. 1In this case, the polyvalent
metal compound may be added to the alkali metal salt of the
resin A or the like, or alternativgly, the alkali metal
salt of the resin A or the like may be added to the polyva-
lent metal compound.

No particular rest:iction‘is put on a reaction

temperature in preparing the polyvalent metal salt of the
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salicylic acid resin of the present invention in accordance
with the double decomposition method by the use of the

alkali metal salt of the resin A or the like and the poly-

valent metal compound. For example, in the case that the

double decomposition method is carried out in the presence

of water or an organic solvent (e.g., a hydrocarbon solvent
such as toluene or xylene, or a halogenated hydrocarbon
solvent such as tetrachloroethylene or 1,2-dichloroethane)
which sufficiently dissolve water and the polyvalent metal
salt of the salicylic acid resin, no particular restriction.
is put on the temperature of the reaction, but the double
decomposition method is preferably performed at a tempera-
ture lower than the boiling point of water or the selected
organic solvent, more preferably at a temperature of from 0

to 55°C.

For the improvement of a reaction efficiency, the

reaction of the double decomposition method is preferably

done by the use of a mixing machine equipped with a suit-
able stirrer or mixer. Examples of the mixing machine
include mixing machines using no medium such as a propeller
stirrer, a turbine stirrer, a paddle stirrer, a homogeniz-
er, a homomixer, a line mixgr'and a line homomixer, stir-
ring tank type mills s¢ch as an attritor and a sentry mill,
flow pipe type mill#.such as a sand grinder, a grain mill,

a pearl mill, a matter miil and a dyno mill, and annular
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type continuous wet stirring mills filled with a medium
(e.g., glass beads, ceramic balls or steel balls) such as a
conical ball mill and én annular mili. The'double decémpo-
sition method can be carried out by a batch process or a
continuocus process by combining these reaction devices.

The reaction between the alkali metal salt or the
like of the resin A and the poiyvalent metal compound can

usually be carried out under atmosphqric pressure, but if

~desired, the reaction can be done under reduced pressure or

under increased pressure. In addition, the reaction can be
performed in the atmosphere, but it may be done in the
presence of an inert gas.(e.g., a ga# such as nitrogen,
helium or argon). |

Preferable examples of the polfvalent metal com-
pound include water-soluble divalent, trivalent and tetra-
valent metai compounds. Typical examples of the polyvalent
metal compound include sulfates such as zinc sulfate,
magnesium éulfate, calcium sulfate and aluminum sulfate,
chlorides such as zinc éhioride, ﬁagnesium chloride, calci-
um chloride, barium chloride, nickel chloride, cobalt
chloride and aluminum chloride, acetates such as zinc
acetate and manganese acetaﬁe, and a nitrate such aé zinc
nitrate. These polyvalent metal compounds may be used
singly or in a combination of two or more thereof.

The polyvalent metal compound may be used in the
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state of a solid or an équeous solution.

The amount of the polyvalent metal compound is
usually in the range of from 0.8 to 1.5 equivalents, pref-
erably from 1.0 to 1.2 eqﬁivalents per equivalent of the-ﬁ
alkali metal salt of the resin A. Here, if the polyvalent
metal compound is, for ekample, the divalent metal compound
(e.g., zinc sulfate), 1 equivalent'of the polyvalent metal
compound means 0.5 mol of the divalent metal compound per 1
mol of the alkali metal salt of the resin A.

The polyvalent metal salt of the sallcyllc acid
resin of the present invention which can be prepared by the
above process is a resin obtained by reacting the resin A
with the polyvalent metal compound, and the composition of
the thus obtained salt is more intricate than that of the
resin A. .

The-molecular weight of the polyvalent metal salt
of the salicylic acid resin of the present invention de-
pends largely upon the amounts of the compound (1) and/or
the compound (2) to be used and the reaction conditions,
but in the case that the polyvalent metal salt is used as a
developér for pressure sensitive record, the molecular
weight of the polyvalent metal salt of the salicyiic acid
resin of the preéent invention is pieferably in the range
of from about 350 to about 2000, more preferably from about
400 to about 1500.
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In general, the softening point of the polyvalent
metal salt of the salicylic acid resin of the present
invention is in the range of from about 60 to about 150°C.

Reference will be made to an agueous dispersion in
which the polyvalent metal salt of the salicylic acid resin
of the present invention is dispersed, and a developing
sheet for pressure sensitive record in which the polyvalent
metal salt of the resin'is used as a developer. |

When the polyvalent metal salt of the salicylic
acid resin of the present invention is prepared in the

presence of water by the double decomposition method, this

‘polyvalent metal salt usually precipitates in the aqueous

‘medium in a short period of time. The thus precipitated

polyvalent metal salt can be easily filtered and isolated
from the aqueous medium by a known means and device without
using any specific equipment. After the filtration, the
precipitéted polyvalent metal salt is dried, and then
subjected to a di;persion treatment by a known means and
device, or after the filtration, the precipitated salt is
subjected to the dispersion treatment without undergoing
the drying step, thereby preparing a dispersion of the
developing agent for pressure sensiﬁive record. Alterna-
tively, the aqueous medium containing the precipitated
polyvalent metal salt of the salicylic acid resin'may be

directly subjected to the dispersion treatment without

HIIIII IIIIH |
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undergoing the filtration step, thereby preparing the
dispersion. |

When the double decomposition method is carried out
in the presence of water and an organic solvent (e.g., a'
hydrocarbon solvent such as toluene or xylene, or a haloge-
nated hydrocarbon solvent such as tetrachloroethylene or
1,2-dichlorocethane) which sufficiently dissolve the poly-
valent metal salt of the salicylic acid resin, a mixed
solution of the organic sblvent containing water and the
polyvalent metal salt of the salicylic acid resin can be
emilsified and dispersed, followed by removing the organic
solvent from the system, to prepare the dispersion of a
developer for pressure sensitive record.

In otder to preparé the dispersion of the developer
for pressure sensitive recbrd and the like, the polyvalent
metal salt of the salicylic acid resin is usually subjected
to the dispersion treatment in an'aéueous medium, and in
this case, the desired dispersion can be obtained as an
aqueous dispersion. 'In general, the polyvalent metal salt
(developer) of the salicylic acid resin is ground to an
average particle diameter of 3 um or less, preferably 2 um
or less, and then dispersed. |

As methods for obtaining the aqueous dispersion,

there can be used (1) a method which comprises grinding and

then dispersing the polyvalent metal salt of the salicylic
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acid resin in an aqueous medium by the use of a dispersing
mach;ne such as a ball mill, an attritor, a sand grinder, a
pebble mill, a cobble mill, a dyno mill, a high-speed
impeller dispersing machine, a high-speed stone mill or:an
annular mill, thereby obtaining the-desired aqueous disper-
sion, and (2) a method which comprises_dissolVing the
polyvalent metal salt of the salicylic acid resin in an
organic solvent, emulsifying and dispersing in an agqueous
medium by the use of, for example, an ultrasonic dispersing
machine, a homogenizer, a homomixer or a line homomixer,
and then removing the organic séivent;-thereby obtaining
the desired aqueous dispersion.

In the above method (2); the organic solvent which
can be used is preferably has a low solubility in water, a
high solubility of the developer and a relatively low
boiling point. Examples of such an organic solvent include
hydrocarbon_solvents such as benzene, toluene, xylene,
ethylbenzene and l-methylnaphthalene, halogenated hydro-
carbon solvents such as dichloromethane, chloroform, tetra-
chloroethylene, 1,2-dichloroethane, 1,1,1-trichioroethane,
1,1,2-trichloroethane, 1,1,2,2~tetrachloroethane, chloro-
benzene, o-dichlgrobenzene, m-dichlorobenzene, p-dichloro-
benzene, o-chlorotoluene, mrchlorqtoluene and p-chloro-
toluene, ketone solvents such as methyl ethyl kétone,

methyl isobutyl ketone and cyclohexanone, ester solvents
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such as ethyl acetate, butyl acetate and amyl acetate, &nd-
alcohol solvents such as butanol, pentanol, hexanol and
cyclohexancl. These organic solvents may be used singly or
in a combination of two or more thereof. -
Mo particular restriction is put on the amount of
the organic solvent to be used, but it is usually in the
range of from about 5 to 500 parts by'weight; preferably 20
to 300 parts by weight with respect to 100 parts by weight
of the polyvalent metal salt of the salicylic acid resin
according to the present invention. 1In this case, the
emulsifying dispersion treatment is carried out at a tem-
perature lower than the boiling point of the organic sol-
vent under atmospheric pressure or under increased pres-
sure. After the dispersion treatment, the organic solvent
is distilled off to obtain the aqueous dispersion of the

developer. The organic solvent can be distilled off by

'heating the solution at a temperéture higher than the

boiling point of the organié solvent ﬁnder atmospheric
pressure or under reduced pressure.

‘The thus obtained aqueous dispersion of the devel-
oper, if desired, can be fﬁrther subjected to the disper-
sion treatment by thé use of the above¥dispersing machine
(e.g., a sand grinder or an annulér mill).

A dispersant which can be used in the agqueous

medium at the time of the dispersion preferably is an ionic
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or a nonionic surface active agent.

- Examples of the dispersant include synthetic and
natural polymeric compounds such as polyvinyl alcohols,
alkyl-modified polyvinyl'alcohols; cyanoethyl-modified -
polyvinyl alcohols, ether-modified éolyvinyl alcohols,
polyacrylamides, poiyacrylic'adids, acrylamide-~alkyl acry-
late copolymers, alkaline metal salts of polystyrenesulfon-
ic acid, maleic ahhydride—iéobutylene.copolymers, carboxy-
methyl cellulose, hydroxyethyl cellulose, polyvinyl pyrrol-
idone, starch and its derivatives, casein, gum arabic, agar.
and gelatin, alkaline_métal salts of alkylbenzenesulfonic

acid, alkaline metal salts of alkylnaphthalenesulfonic

- acid, alkaline metal salts of dialkylsulfosuccinic acid,

alkaline metal salts of alkylsulfonic acid, polyoxyethylene
alkyl ethers, polyoxyethylene alkylphenyl ethers and poly-
valent alcohol fatty acid esters. These dispersants may be
used singly or in a combination of two or more thereof. No
particular restriction is put on the amount of the disper-
sant to be used, but it is usually in the range of from
about 1 to 30 parts by weight with respect to 100 parts by
weight of the polyvalent metal salt of the salicylic acid
resin.

No particular restriction is put on the amount of
water to be used ip preparing;the aqueous dispersion, but

this amount is usually such that the concentration of the
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. developer in the aqueous dispersion is preferably in the

<ange of from about 3 to 50% by weight, more preferably
from about 5 to 40% by weight.

In the case that the thus obtained agueous solﬁtion
of the developer is used as a coating solution for forming
a developer layer on a support, a binder, a pigment and the
like are usually further blended.

No particular restriction is put on the kind of
binder, but examples of the usable binder include synthetic
and natural polymeric compounds such as polyvinyl alcohol,
casein, starch and its derivatives, gum arabic, methyl
cellulose, carboxymethyl cellulose, polyacrylic acid, and
latexes such as styrene-butadiene copolymer latex and
acrylic ester latex.

No partiqular iestriction is put on the amount of
the binder, but this amount is usually adjusted so as to be
in the range of from 5 to 40% by weight, preferably from 10
to 30% by weight of the total solid amount of the developer
coating solution.

Examples of the pigment which can be used in the
present invention include inorganic pigments such as zinc
oxide, zinc carbonate, calcium carbonate, magnesium carbon-
ate, barium carbonate, magnesium sulfate, barium sulfate,
titanium oxide, talc, kaolin, active China clay, diatom-

aceous earth, zinc hydroxide, aluminum hydroxide, magnesium
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-styrene microballs, nylon particles, a urea-formaldehyde

filler, polyethylene particles, a cellulose filler and ‘
starch particles.

No particular restriction is put on the amount of
the pigment, but in géneral, this amount is adjusted'so as
to be in the range of from about 30 to 90% by weight of the
total éolid amount of the developer coating soluﬁion.

Furthermore, if desired, various kinds of additives
(e.g., an ultraviolet apsorber, a defoamer, a pH adjustor,
a viscosity modifier, a plasticizer and an organic polymer-

ic compound) may be added to the coating solution of the

“above developer layer.

A support (e.g., a paper, a plastic shéet, a syn-
thetic paper or a compdsite sheet obtained by combining

them) is coated with the thus prepared coating solution for

" the preparation'of aldeveloping sheet in a known manner,

for example, by the use of a coating device such as an air-
knife coater, a biade coater, a roll coater, é size press
coater, a curtain coater or a short dwell coater to form
the developer layer, whereby the developing sheet can be
prepared.

No particula£ restriction is put on the weight
(coating weight) of the developer layer on the support, but

it is 0.5 g/m? or more, preferably from 0.5 to 10 g/m? in

This Sheet Has Been Rep

VT

-y



i

i

!

| 5
]
i

10

15

20

25

- 30 - o

terms of dry weight. Furthermore, the content of the poly-
walent metal salt of the salicylic acid resin according to
the present invention in the developer layer is usually 5%
by weight or more, preferably from 5 to 70% by weight. '

Moreover, in the.pfeparation of the developing
sheet according to the present invention, the polyvalent
metal salt of the salicylic acid resin regarding the pres-
ent invention can be used together with another known
developer [e.qg., acidic clay minerals such as acidic China
clay, active China clay, attapulgite and bentonite, a

phenolic resin such as a phenol—formaldéhjde resin and a

phenol-salicylic acid-formaldehyde resin, and metal salts

of zinc salts of aromatic carboxylic acids such as phthalic
acid, salicylic acid, 5-cyclohexylsalicylic'acid, S5-tert-
octylsalicylic acid, S5-nonylsalicylic acid, 3,5-dinonyl-
salicylic acid, 3-(apmethylbenzyl)salicylic acid, 5-(o-
methylbenzyl)salicylic acid, 5-phenylsalicylic acid, 3,5~
di(a-methylbenzyl)salicylic acid, 3,5-di(a,a-dimethyl-
benzyl)salicylic acid and 3,5-di-tert-butylsalicylic acidj,
so long as the desired effect of the present invention is
not impaired.

No particular restrictién is put on the morphology
of the developing sheet according to the present invention,

but for example, there are

(1) a CF-sheet which can be used in combination
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with a CB-sbeet having a back su:face coated with micro;
Lapsules containing an electron donating color developing
compound and a capsule o0il,

(2) a CF/CB-sheet having a developer layer on the
surface of the sheet and a microcapsule layer on the back
surface of the sheet, the CF/CB-sheet being interposed
between the CB-sheet and the CF-sheet in order to obtain a
plurality of copies, and

(3) a single copy sheet having one surface coated
with both of the microcapsules and the developer.

The above-mentioned microcapsules can be prepared

- by dissolving the electron donating color former in the

capsule o0il, and then subjecting the resulted.: solution to
a known microencapsulation method such as a coacervation
method, an interfacial polymérization method, an internal
polymetization method, a phase separation method or an
external polymerization method.

Examples of the electron donating color former
include various known compounds such as triarylﬁethane
compounds, diarylmethane compounds, Rhodamine-lactam com-
pounds, fluoran coﬁpounds, indolylphthalide compounds,

pyridine compounds, spiro compounds, fluorene compounds and

" phenothiazine compounds.

Examples of the capsule oil include various oils

such as cotton seed oil, castor oil, kerosine, paraffins,
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chlorinated paraffins, naphthenic oils, alkylated biphen-
+¥1ls, alkylated terphenyls, alkylated naphthalenes, diaryl
alkanes, hydrogenated terphenyls and dialkyl phthalates,'
These capsule oils may be used'singly or in a éombinatién
of two or more thereof. |

Now, the present inventioh-will be described in
detail in reference to examples, but the scqpe of the
present invention should not be limited to these examples.

In the examples, a weight average molecular weight
was measured by GPC (gel permeaﬁion chromatography), and a
softening point was measured by’a ring and ball softening
point measuring device in accordance with JIS-K-2548.

Example 1

In a glass reaction vessel were placed 27.6 g (0.2
mol) of salicylic acid, 12 g of 98% by weight sulfuric acid
(43% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichloroethane, and 62.5 g (0.6 mol) of sty-
rene was fed to the solution at 30°C with stirring the
solution through a dropping funnel over 7 hours. After the
feed, the mixture was further stirréd for 2 hours at the
same temperature. After the solution was neutralized with
a 5% by weight aqueous sodium hydfdxide solution, 1,2-
dichloroethane was distilled off. Water (500 ml) was added
to the residue; and an agueous édlntion (200 ml) of zinc

sulfate heptahydrate (29 9) was added dropwise to the
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solution at 40°C over 1 hour. Furthermore, the solutioﬂ'
was stirred a£ room temperature for 2 hours, filtered,
washed with water, and then dried to obtain 92 g of a zinc
salt of a colorless salicylic acid resin. The weight
average molecular weight and the softening point of the
product was 560 and 115°C, reépectively.
Xample 2

The same procedure as in the Example 1 was effected
éxcept that 62.5 g of styrene was replaced with 83.3 g (0.8
mol) of styrene to obtain 114 g of a zinc salt of a color-
less salicylic aéid resin. The weight average molecular
weight and the softening point of the product was 650 and
117°C, respectively.

Example 3

Thé same procedure as in the Example 1 was effected
excépt that 12 g of 98% by weight sulfﬁric acid was re-
placed with 20 g (71% by weight to salicylic acid) of 98%
by weight sulfuric acid to obtain 94 g of a zinc salt of a
colorless salicylic acid resin. The weight average molecu-
lar weight and the soften;ng poznt of the product was 620
and 115°c, respectlvely.

Example 4

The same procedure as in the Example 1 was effected
except that 27. 6 g of sallcyllc acid was replaced with 20.7

g (0.15 mol) of salicylic acid and 7.6 g (0.05 mol) of
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3-methylsalicylic acid to obtain 94 é'of a zinc salt of a
<olorless saiicylic acid resin. The Qeight average molecu-
lar weight and the softening point of the product was 590
and 114°C, respectively. -

Example 5

In a glass reaction vessel were placed 27.6 g (0.2
mol) of salicylic acid, 7 g of 98% by weight sulfuric acid
(25% by weight based on the weight of salicylic acid) and
50 ml of 1,2fdichloroethane, and 104.2 g (1.0 mol) of
styrene was fed to the solution at 10°C with stirring the
solution through a dropping funnel.over 8 hours. After the

feed, the mixture was further stirred for 2 hours at 20°C.

- After the solution was neutralized with a 5% by weight

agueous sddium hydroxide solution, 1,2-dichloroethane was
distilled off. Water (soo ml) was added to the residue,
and an aqueous solution (200 ml) of zinc sulfate hepta-
hydrate (29 g) was added dropwise to the solution at 40°C
over 1 hour. Furthermore, the solution was stirred at room
ﬁemperature for 2 hours, filtered, washed with water, and
then dried to obtain 134 g of a zinc salt of a colorless
salicylic acid resin. The weight average molecular weight
and ihé softening point of the product was 800 and 122°C,
respectively.

Example 6

In a glass reaction vessél were placed 27.6 g (0.2
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mol) of salicylic acid, 14 g of 98% by weight sulfuric acid
{50% by weight based on the weighﬁ of salicylic acid) and
50 ml of 1,2-dichloroethane, and a mixture of 62.5 g (0.6
mol) of styrene and 23.6 ¢ (0.2 mol) of 4-methylstyrene  was
fed to the solution at 40°C with stirring the solution
thréugh a dropping funnel over 6 hours. After the feed,
the mixture was further stirred for 2 hours at the same
temperature. After the solution was neutralized with a 5%
by weight aqueous sodium ﬁydrbxide solution, 1,2-dichloro-
ethane was distilled off. Water (500 ml) was added to the
residue, and an aqueoﬁs solution (200 ml) of zinc sulfate
heptahydrate (29 g) was added dropwise to the solution at
40°C over 1 hour. Furthermore, the solution was stirred at
room temperature for 2 hours, filtéred, washed with water,
and then dried to obtain 114 g of a zinc salt of a color-
less salicylic acid resin. The weight average molecular
weight and the softening point of the product was 720 and
115°C, respectively.

Example 7

In a glass reaction vessel were placed 27.6 g (0.2

‘mol) of salicylic acid, 12 g of 98% by weight sulfuric acid

(43% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichloroethane, and 72.8 g (0.7 mol) of sty-
rene was fed to the solution at 35°C with stirring the

solution through a dropping funnel over 7 hours. After the
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feed, the mixture was further stirred for 2 hours at the
€ame temperature. After the solution was neutralized with
a 5% by weight aqueous sodium hydroxide solution, 1,2-
dichloroethane was distilled off. Water (500 ml) was added
to the residue; and an aqueous solution (200 ml) of ziﬁc
sulfate heptahydrate (29 g) was added dropwise to the
solution at 40°C over 1 hour. Furthermore, the solution
was stirred at room temperature for 2 hours, filtered,
washed with water, and then d:ied to obtain 102 g of a zinc
salt of a colorless salicylic acid resin. The weight
average molecular weight and ehe softening point of the
product was 620 and 113°C, respectively.

Example 8 _

The same procedure as in the Example 7 was effected
except that styrene was fed at_38°c instead of 35°C to
obtain 103 g of a zinc salt of a colorless salicylic acid
resin. The weight average molecuiar weight and the soften-
ing point of the product was 600 and 113°C, respectively.

| | Comparative Example 1 -

At a temperate of from about 50 to 60°C, 62.4 g
(0.6 mol) of styrene was added.to the mixture of 27.6 g
(0.2 mol) of salicylic acid and 1 g of concentrated sulfu-
ric acid in 60 ml of chlorobenzene, followed by stirring at
130°C for 3 hours. Next, 21.9 g of zinc acetate dihydrate

was added to the resulting mixture at 50°C. Afterward, the
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solvent was all removed by vacuum distillation to obtain
96.2 g of a zinc salt of the salicylic acid resin colored
yellow. The softening point of the producﬁ was 45°C. This
zinc salt of the resin was colored and had the low sbfien—
ing point, and thds the product had a low practical value
as a developer for pressure sensitive record.

Comparative Example 2

In a glass reaction vessel were placed 15.2 g (0.1
mol) of methyl salicylaﬁe, 3.7 g of 98% by weight sulfuric
acid and 50 ml of 1, 2-d1chloroethane, and 38.4 g (0.3 mol)

.‘ ogy b -

-of 4-methystyrene was fed to the solution at 0 to 2°C with

stirring the solution through a dropping funnel over 6
hours. After the feed, the mixture was further stirred for
3 hours at the same temperature. Next, the solution was
neutralized with a 5% by weight aqueous sodium hydroxide
solution, followed by heating to distill off 1,2-dichloro-
ethane.. Furfhermo_re, an agueous sodium hydroxide (4 g)
solution (100 ml) was added, and the solution was heated
and stirred at 95°C for 6 hours.

Afterward, water (300 ml) was added to the solu-
tion, and an aqueéus solution (200 ml) of zinc sulfate

heptahydrate (14.5 g) was added dropwise to the solution at

25°C over 1 hour. Furthermore, the solution was stirred at

room temperature for 2 hours, filtered, washed with water,

and then dried to obtain 53 g of a zinc salt of a colorless
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salicylic acid resin. The softening point of the product

was 112°C.

Comparative Example 3

The same procedure as in the Example 7 was effected
except that styrene was fed at 42°C instead of 35°C to |
obtain 102 g of a zinc salt of a colorless salicylic acid
resin. The weight average molecular weight and the soften-
ing point of the product was 580 and 108°C, respectively.

Comparative Example 4

The same procedure as in the Example 7 was effected
except that styrene was féd at 46°C instead of 35°C to
obtain 102 g of a zinc salt of a colorless salicylic acid.
resin. The weight average molecular weight énd the soften-
ing point of the product'.' was 560 and 103°C, respectively.

xamples 9 to 16, and Co '§ X es 5 to 8

A mixture of the following composition was prepared
by the use of each of the zinc salts of the salicylic acid
resins manufactured in Examples 1 to 8 and Comparative
Examples 1 to 4:

Zinc salt of salicylic acid resin 50 g

SOdiun salt of sulfonated polystyrene 2 g
Water ' 120 g

The mixture having the above'compositidn was sub-
jected to a dispersion treatment at 25°C for 4 hours by a

sand grinder. A bubbling state at the time of the disper-
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sion was visually observed. Evaluation was made by repre-

€enting the less bubbling state by O, and representing the

very vigorous bubbling state by X.

For the inspection of a dispersion efficiency, an

‘average particle diameter of the zinc salt of the salicylic

acid was measured after the dispersion treatment was car-

- ried out for 4 hours. 1In this case, the measurement of the

average particle diameter was doﬁé by the use of a coulter
counter.

Furthermore, a dispersing state of the dispersion
was §isua11y observed after the dispersion which had under-
gone the dispersion treatment was allowed to stand at 50°C
for one week. Evaluation is made by the use of O and X,
and O means such a dispersing state as to be capable of
applying in the form of a sheet and X means that the dis-
persion is s§ coagulative as not to apply in the form of
the sheet. The results are shown in Table 1.

As shown in Table 1, the samples which were used
herein were the zinc salts manufactured in Examples 1 to 8

and Comparative Examples 1 to 4.
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It is apparent from the results shown in Table 1
that the polyvalent metal salts of the salicylic acid
resins of the present invention can control the bubbling at
the time of the dispersion and so can facilitate the forma-
tion.of fine particles ihereof. Furthermore, aftér the
disperSion treatment, the obtained dispersions scarcely
coagulate, and so it is also apparent'that they are excel-
lent in storage stability.

Exgmgles 17 _to 24, and Comparative Examples 9 to 11

Developing sheéts for pressure senéitive record
Qere prepared by the use of the respective zinc salts of

salicylic acid resins obtained in Examples 1 to 8, the

' respective zinc salts of salicylic acid resins obtained in

Compara£i§é Examples 3 and 4, and a zinc salt of 3,5-di(o-
methylbenzyl)salicylic acid as developers in accordance
with the following proceduré, and evaluation was made in
the undermentioned manner. The results of the.perfq;mance
evaluation are shown in Table 2.

Preparation procedure of developing sheets for
pressure sensiﬁive-recofds

Each mixture having the following composition was

dispersed by a sand grinder to obtain a dispersion (A): "~

Developer ' _ 50 g
Sodium salt of sulfonated polystyrene 2 g
Water ' . 120 g
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As shown in Table 2, the developers which were used
Jherein were the zinc salts of salicylic acid resins ob-
tained in Examples 1 to 8, the zinc salts of salicylic acid
resins obtained in Comparative Examples 3 and 4, and zinc:
salt of 3,5-di(a-methylbenzyl)salicylic acid.

A dispersion having the following composition was

prepared by the use of the above dispersion (A).

Dispersion (a) 8.0 g
Precipitated calcium carbonate 30 g

Starch : - 0.8 g
Synthetic tubberilatex . 0.8 g
Water 77.4 g

A high-quality paper (50 g/m?) was coated with this
dispersion so that a dry coating weight might be 5.0 g/m?2,
and then dried to prepare a developing sheet (a CF-sheet).

Evaluation of the developing sheets for pressure
sensitive record

(1) Measurement of color density ]

A color density was measured at 20°C and a relative

humidity of 65% in a constant temperature constant humidity
Chamber. |

A commércially available CB-sheet for blue color
generation (N-40, made by Mitsubishi Paper Mills, Ltd.)
coated with microcapsules containing*Crystai Violet Lactone

(CVL) as a main electron donating color former was super-
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posed upon each of the developing sheet for pressure seﬁsi-
+tive record (a CF-sheet) obtained by the above procedure so
that the coated surfaces of both the sheets might facé to
each other, and an electronic typewriter was used to apély
pressure to the shéets, thereby generating the color.

After thé application of the pressure, the sheets
were allowed to stand for 24 hours under the séme circum-
stances, and a color density was thén-measured. In this
case, the density of a colored image was measured by the
use of a ¥-80 color difference meter'and it was represented
by a Y value. The color having the low ¥ value is estimat-
ed to have the high density.

(2) Test of water resistance of colored image

The developing sheet colored by the procedure aé
described in the above paragraph (1) was immersed in water
at 20°C for 24 hours, and the density of the colored image
was measured by the use of the }-80 color difference meter
to represent the density as a Y value. The colored image
having a small difference between the Y values before and
after the test is estimated to have the excellent water
resistance.

Furthermore, the colored image after the test of
the water resistance was visually observed, and the results
of the observation are shown in Table 2. 1In this table,

evaluation is made by the use of O ‘and X, and O means that
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the colofed image can be sufficiently distinguished in the
same state as before the test and X means that the colored
image disappears and the colored image before the test
cannot be diStinguished any more.

(3) Test of abrasion resistance

| The test of the abrasion resistance was carried out
at 20°C and a relative humidity of 65% in a constant tem-
perature constant humidity chamber.

A éommercially available CB-sheet for blue color
generation (N-40, made by Mitsubishi Paper Mills, Ltd.)
coated with’midrocapstles containing Crystal Violet Lactone
(CVL) as a main electron donating color former was super-
posed upon each of the déveloping sheet for pressure sensi-
tive record (a CF-sheet) obtained by the above procedure so
that the coated surfaces of both the sheets might face to
each othef, and they were then abraded on each other 5
times while a load of 5 kg/cm? was applied. Evaluation was
made on the basis of a degree of color soil on the develop-
ing sheet for pressure sensitive record. In this case, the
density of the colored image oﬁ_an abraded and soiled
portion was measured by a Macbeth reflection densitometer.

The sheet having a small value is estimated to be

less soiléd'and to have practically excellent properties.
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Table 2
: Visual
Developer Color Density Observation
(zinc salt after after
of salicylic Color Test of Water Test of Water Abrasion
Example acid resin) Density Resistance Resistance Soil
Example 17  Developer of 36.5 38.9 0 ' 0.12
Example 1
Example 18 Developer of 36.4 39.0 O 0.13 .
Example 2 -
. ' wn
Example 19 Developer of 36.3 39.3 O 0.12 i
Example 3
; Example 20 Developer of 36.4 39.2 ' O 0.13
2 | Example 4
3 | Example 21 Developer of 36.4 39.1 O 0.12
et o Example 5 .
_: i
— O
—w Example 22 Developer of 36.3 39.0 O 0.13
— i Example 6
— )
—,
1)
&
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pable 2 (Continued)
B : _ ‘Visual
Developer Color Density Observation
(zinc salt after after
' of salicylic Color Test of Water Test of Water Abrasion
Example acid resin) . Density - Resistance Resistance soil
Example 23 Developer of 36.4 38.5 O 0.13
Example 7
Example 24  Developer of 36.5 38.4 o) 0.15
Example 8
COmp{ Ex. 9 peveloper of 36.7 40.0 O 0.21
. Comp. Ex. 3 : .
. Comp. Ex. 10 peveloper of 37.2 40.5 O 0.25
Comp. Ex. 4
comp. Ex. 11 Known 36.5 84.0 X 0.23
Article*

* g2inc salt of 3,5

-di(a—methylbenzyl)salicylic'acid.
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It is apparent from the results of Table 2 that the
developing sheets for pressuré sensitive recqrd in which
the polyvalent metal salts of the salicylic acid resins éf
the present invention are used as the developers are excél-
lent in the storage stability (water resistance) of the

colored imagés and the abrasion soil resistance.
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WHAT IS CLAIMED IS:

l. A process for preparing a polyvalent metal salt
of a salicylic acid resin which comprises the steps of
reacting salicylic acid or its derivative represented by

the formula (1)

OH
COOH

Xi X,
wherein X, and X, are each a hydrogen atom, an alkyl group,
an alkoxy group or a halogen atom,

with styrene or its derivative represented by the formula

(2)

R, R,
Ne =c<R
3
(2)

wherein R;, R, and R3 are each a hydrogen atom or an alkyl

group; X3 and X, are each a hydrogen atom, an alkyl group,
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an alkoxy group, an aralkyl group, an aryl group or a
halogen atom,

at a temperature of -20°C or higher but lower than 40°C in
the presence of sulfuric acid, and:then reacting the re-i

sulting reaction product with a polyvalent metal compound.

2. The process for preparing a polyvalent metal

- salt of a salicylic acid resin according to Claim 1 wherein

the reaction of salicylic acid or its derivative represent-
ed by the formula (1) with styrene or its derivative repre-

sented by the formula (2) is carried out in the presence of

an organic solvent.

3. The process for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 2 wherein

the organic solvent is a halogenated hydrocarbon solvent.

4. The process for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 1, 2 or 3
wherein the concentration of-sulfuric acid is 90% by weight

or more.

5. A polyvalent metal salt of a salicylic acid
resin obtained by a preparation process described in Claim

1, 2, 3 or 4.
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6. An aqueous dispersion in which a polyvalent
. metal salt of a salicylic acid resin described in Claim 5

is dispersed in water.

5 7. A developing sheet in which a polyvalent metal

salt of a éalicylic acid resin described in Claim 5 is

used.

10

15
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ABSTRACT OF THE DISCLOSURE

A process for preparing a polyvalent metal salt. of
a salicylic acid resin which comprises the steps of react-
ing salicylic acid or its derivative with styrene or its
derivative at a temperature of -20°C or higher but lower
than 40°C in the presence of sulfuric acid, and then react-
ing the resulting reaction product with a polyvalent metal
compound; an agueous dispersioh in which the polyvalent
metal salt of the resin is dispersed in water; and a devel-
bpiﬁg sheet in which the polyvalent metal salt of the

salicylic acid resin is used.




~ e .
- LY P
- L] LA 2 - ? N + 9
» : -e e 3 ’ Ty b
es 37 L R ] . N "
1
L] - L} v -
A . ] 3 R
- Y : 32 30 '
?

FlG.1

This Sheet Has Been Rep

GV




R

T OF INVENTION

REPLACED SHEETS SG
a Description : paged ..).... to paged ..47...
4 Claim(s)  : paged ﬂ o paged .52.....
] Drawing(s) :pag-d.. io paged .T......
Abstract  ; paged ""’ to paged .. ...... -1-
DATE OF RECEIPT w.ououovvevirsrross,

UOSILl-2
15

REPLACEN ENT SHEETS SG

DATE OF RECEIPT..2W% ...

Polyvalent Metal Salt of Salicylic Acid Resin and

Process for Preparing it

BACKGROUND OF I NTION

(a) Field of the Invention
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The present invention relates to a polyvalent metal

salt of a salicylic acid resin useful as a developer for a

recording material for use in pressure sensitive record and

the like, and a process for preparing the polyvalent metal

salt of the resin. In addition, it relates to an aqueous

dispersion in which the polyvalent metal salt of the sali-

cylic acid resin is dispersed, and a developing sheet in

which the polyvalent metal salt of the resin is used.

{b) Description of the Prior Art

It is known that metal salts of salicylic acid

derivatives are useful as developers for pressure sensitive

record, and methods for preparing and utilizing various

salicylic acid derivatives and their metal salts have been

heretofore disclosed.

1. A 3,5-disubstituted salicylic acid derivative

has been prepared from a corresponding 2,4~-disubstituted

phenol der;vatlve and carbon dzoxzde by the utilization of

the so—called Kolbe—Schmltt reactlon (Japanese Patent

Publication No. 25174/1976 and U.S. Patent No. 3 983,292).

%?"l

—
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In this method, however, two steps are required to manufac-
ture the 3,5-disubstituted salicylic acid derivative from
phenol, and for the reaction of carbon dioxide, a specific
high-temperature high-pressure device is necessary and 56
the inconvenience of facilities for the manufacture is
'present. Furthermore, when a metal salt of the 3,5-disub-
stituted salicylic acid derivative, for example, zinc salt
of 3,5—di(a-hethylbenzyl)salicylic acid is used as a devel-
6per for pressure sensitive record, there is a problem that
a cplored image disappears with water.

2. Another method is known in which 1 mol of
salicylic acid is reacted with at least 2 mols of a phenyl
ethanol derivative to produce 4-[a-methylbenzyl (a-methyl-
benzyl))salicylic acid derivative (Japanese Patent Publica-
tion No. 61110/1993 and U.S. Patent No. 4754063).

3. Methods for preparing a polyvalent metal salt
of 3,5-di(a-methylbenzyl)salicylic acid derivative and a
polyvalent metal'salt of 4-[a-methylbenzyl{a-methyl-
benzyl)]}salicylic acid derivative are disclosed in which 1
mol of salicylic acid is :eacted'with at least 2 mols of a
styrene derivative in the.presence of an aromatic sulfonic
acid, and the resulting reaction product is then reacted
with a polyvalent metal salt of an inorganic acid or a
lower aliphatic carboxylic acid (Japanese Patent Publica-

tion No. 75736/1993 and U.S. Patent No. 4748259).
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When the polyvalent metal salt (e.g., a zinc salt)
of 4-[a-methylbenzyl(a-methylbenzyl))salicylic acid pre-
pared by these methods is used as a developer for pressure
sensitive record, the resulting colored image is poor in B
storage stability, and for example, if brought into contact
with water, the colored image disappears inconveniently.

4. Still another method is disclosed in which
salicylic acid is reacted with a styrene compound in the
presence of an aliphatic carboxylic acid by the use of an
qrganic sulfonic acid or an inorganic acid as a catalyst to
produce a 3,5-di(a-methylbenzyl)salicylic acid derivative
(Japanese Patent Application Laid-open No. 91043/1990).

Wwhen a polyvalent metal salt (e.g., & zinc salt) of
3,5=-di(o-methylbenzyl)salicylic acid prepared by these
methods is usgd as a developer for pressure sensitive |
record, the resulting colored image is poor in storage
stability, and for example, if brought into contact with
water, the colored image disappears inconveniently, as in
the above case.

5. There is disclosed a further method in which a
salicylic acid derivative is reacted with a styrene deriva-
tive at 40 to 170°C in the presence of an acid catalyst,
and the resulting reaction product is then reacted with a
metal salt of a fatty aéid to form a metal salt of a poly- :

meric salicylic acid resin (Japanese Patent Application
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Laid-open No. 112537/1988 and U.S. Patent No. 4929710).
However, the metal salt of the salicylic acid resin formed
by this method is often colored disadvantageously. More-
over, when the metal salt (e.g., a zinc salt) of the pol&-
meric salicylic acid resin formed by this method is used as
a developer for pressure sensitive record, it is difficuit
to bring the zinc salt into fine particles at the time of
dispersion, and the resulting dispersion is liable to
coagulate inconveniently. In addition, a developing sheet
for pressure sensitive record which can be prepared by the
use of the resulted polyvalent metal sélt of the salicylic
acid resin has a drawback such as poor abrasion resistance,
which is not preferable as the developer for the pressure
sensitive record.

6. Furthermore, a method for manufacturing a
polyvalent metal salt of a salicylic  acid resin is dis-
closed which comprises reacting a salicylic acid ester with
a styrene, hydrolyzing the resultant salicylic acid ester
resin, and then reacting a polyvalent metal compound with
the hydrolyzed resin (Japanese Patent Application Laid-open
No. 133780/1989 and U.S. Patent No. 4952648). For example,
there is described a method which comprises reacting methyl
salicylate with styrene in the presence of concentrated
sulfuric acid to form a methyl salicylate resin, hydrolyz-

ing this resin with an agueous alkaline solution, and then
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reacting the hydrolyzed resin with a polyvalent metal
compound (e.g., z;nc sulfate) to produce the polyvalent
metal salt of the salicylic acid resin. However, when used
as a developer for pressure sensitive record, the poly- '
valent metal salt (e.g., zinc salt) of the salicylic acid
resin obtained by this method is scarcely brought into fine
particles at the time of dispersion, and the resultant
dispersion is liable to coagulate inconveniently.

As described above, the performance of'the product
obtained by the reaction between a salicylic acid deriva-
tive and a styrene derivative and the éolyvalent metal salt
of this product depends upon the given reaction conditions
(e.g., a catalyst, a solvent, a reactioq temperature and
the like). Therefore, physical properties of the product
and the polyvalent metal salt of the product cannot be
determined in a theoretical manner, and it is also very
difficult to presume them on the basis of experience.
Nowadays, it is expected that the above performance and
physical properties are elucidated and established by
experimental pfocedures.

In recent years, there is desired  a developer which
can easily become fine particles and which is excellent in
the storage stability of a dispersion, is excellent in the
storage stability (e.g., water resistance) of a colored

image in the case that a developing sheet for pressure
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seqsitive record is formed therefrom, and is excellent in

abrasion resistance stability.

_S Y HE I 10

The first object of the present invention is to
provide a polyvalent metal salt of a salicylic acid resin
useful as a developer for pressure sensitive record, and a
§rocess for preparing the same.

The second object of the present invention is to
provide an aqueous dispersion having excellent storage
stability and excellent dispersioh proﬁérties_in which the
polyvalent métal salt of the resin is dispersed.

The third object of the present invention is to
provide a developing sheet in which the polyvalent metal
salt of the resin is used and which is excellent in the
storage stability of the color density of a colored image,
water resistance and the like, and further excellent in
abrasion resistance.

In order to comply with the above desire, the
present inventors have intensively investigated a poly-
valent metal salt of a salicylic acid derivative, and as a
result, the present invention has beén attained. That is
to say, the first aspect of the present invention is di-
rected to a process for preparing a polyvalent metal salt

of a salicylic acid resin which comprises the steps of
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reacting salicylic acid or its derivative represented by

the formula (1 )

COOH

(1)

X X

wherein X, and X, are each a hydrogen atom, an alkyl group,
an alkoxy group or a halogen atom,

with styrene or its derivative represented by the formula
(2)

(2)

wherein R;, -Rz and Ry are each a hydrogen atom or an alkyl
group; X; and X, are each a hydrogen atom, an alkyl group,
an alkoxy group, an aralkyl group, an aryl group or a .
halogen atom,

at a temperature of -20°C or higher but lower than 40°C in

the presence of sulfuric acid, and then reacting the re-
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sulted reaction product with a polyvalent metal céhpound._
The second aspect of the present invention is

directed to an aqueous dispersion in which the polyvalent

metal salt of the salicylic acid resin is dispersed in

water.

The third aspect of the present invention is di-
rected to a developing sheet in which the polyvalent metal

salt of the resin is used.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advan-
tages of the present invention will become apparent from
the following description of the invention and the appended
claims, taken in conjunction with the accompanying draw-
ings, in which:

Fig. 1 is a schematic cross-sectional view showing
the structure of a pressure-sensitive copying paper sheet.
Here, reference numeral 1 is a CB-sheet, numeral 2 is a
CF/CB-sheet, 3 is a CF-sheet, 4 is a microcapsule layer, 5
is a developer layer, and 6 is the external pressure of a

ball-point pen or a typewriter.

In the formmla (1)
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X, and X, are each a hydrogen atom, an alkyl group, an
alkoxy group or a halogen atom, and preferably, it is the
hydrogen atom, an alkyl group having 1 to 12 carbon atoms,
an alkoxy group having 1 to 12 carbon atoms, a fluorine
atom, a chlorine atom or a bromine atom. Above all, the
hydrogen atom is particularly preferablé.

Thus, examples of the compound represented by the
formula (1).inc1ude salicylic acid, 3-methylsalicylic acid,
4-methylsalicylic acid, 5-methylsalicylic acid, 3-g-buty1-
salicylic acid, 6-methylsalicylic acid, 6-ethylsalicylic
acid, 5-isopropylsalicylic acid, 4-n-pentylsalicylic acid,
5-cyclohexylsalicylic acid, 5-n-octylsalicylic acid, S5-tert-
octylsalicylic acid, 4-nonylsalicylic acid, 5-nonylsali-
cylic acid, 4-n-dodecylsalicylic acid, 4-methoxysalicylic
acid, 6-methoxysalicylic acid, S5-ethoxysalicylic acid,
6-isopropoxysalicylic acid, 4-n-hex§ioxysalicylic acid, 4-n-
decyloxysalicylic acid, S5-fluorosalicylic acid, 3-chloro-
salicylic acid, 4-chlorosalicylic acid, 5-chlorosalicylic
acid and 5-bromosalicylic acid, and they are not restric-

tive. These salicylic acid derivatives may be used singly
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of in a combination of two or more thereof. Above all,
salicylic acid or an alkyl substituted salicylic acid
derivative such as 3-methyléalicylic acid is preferable,
and salicylic acid is parﬁicularly preferable.

In the formula (2)

R R,
\\:==C/
"R,
(2)
X3 Xa

R;, R, and R; are each a hydrogen atom or an alkyl group,
énd preferably it is the hydrogen'atom or an alkyl group
having 1 to 4 carbon atoms. Particularly preferable is the
hydrogen atom.

In the formula (2), X3 and X, are each a hydrogen
atom, an alkyl group, an alkoxy group, an aralkyl group, an
aryl group or a halogen atom, and preferably it is the
hydrogen atom, an alkyl group having 1 to 12 carbon atoms,
an alkoxy having 1 to 12 carbon atoms, an aralkyl group
having 7 to 10 carbon atoms, an aryl group having 6 to 10
carbon atoms, a fluorine atom, a chlorine atom or a bromine

atom. Above all, the hydrogen atom is particularly prefer-
able.
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Thus, examples of the compound represented by the
formula (2) include styrene, 2-methylstyrene, 3-methyl-
styrene, 4-methylstyrene, 2-ethylstyrene, 4-ethylstyrene,
3-isopropylstyrene, 4-isdpropylstyrene, 4-n-butylstyrené;
4-tert-butylstyrene, 4-cyclohexylstyrene, 4-n-octylstyrene,
4-n-decylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene,

3-methoxystyrene, 4-methoxystyrene, 4-ethoxystyrene,

' a-methylstyrene, a-ethylstyrene, a-n-butylstyrene, a-iso-

butylstyrene, a,pf-dimethylstyrene, a,B-diethylstyrene,
a-methyl-B-isopropylstyrene, a-n-propyl-f-methylstyrene,
4-(d,a-dimethylbenzyl)styrene, 4-phen§istyrene, 4-fluoro-
styrene, 2-chlorostyréne, 3-chlorostyrene, 4-chlorostyrene
and 4-bromostyrene, and they are not restrictive. These
styrene derivatives may be used singly or in a combination
of two or more thereof. Above all, styrene or an alkyl
substituted styrene derivative such as 4-methylstyrene or
a-methylstyrene is preferable, and styrene is particularly
pgeferable;

A process for preparihg a polyvalent metal salt of
a saiicylic acid resin according to the present invention
comprises reacting the compound represented by the formula
(1) [hereinafter referred to as "cémpound (1)"] with the
compound represented by the formula (2) [hereinafter re-
ferred to as "compound (2)"] (hereinaftef referred to as

"reaction A"), and then reacting the resulted reaction
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product with a polyvalent metal compound (hereinafter |
referred to as “"reaction B"). Next, these reactions will
be described in more detail.

Reaciion A

The amount of the compound (2) is preferably in the
range of from about 1 to 10 mols, preferably from about 1.5
to 8 mols, more preferably from 2 to 6 mols, based on 1 mol
of the compound (1l). |

The reaction A is carried out in the presence of
sulfuric acid, and no particular restriction is put on the
amount of sulfuric acid to be used. -The employment of a
large amount of sulfuric acid does not have a bad influence

' on characteristics of the product, but the employment

itself of the large amount only deteriorates operation
efficiency, productivity and the like. The amount of
sulfuric acid is usually 5% by weight or more, preferably
in the range of from 5 to 200% by weight, more preferably
from 10 to 100% by weight based on the weight of the com-
pound (1). The concentration of sulfuric acid which can be
used is about 90% by weight or more, preferably about 93%
by weight or more, more preferably 95% by weight or more.
In addition, sulfuric acid can be used together with fuming
sulfuric acid.

The reaction A is preferably carried out in the

presence of an organic solvent, though it can be done
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without the organic solvent. Any organic solvent can bé
used, so long as it is inert to the reaction. Examples of
the organic solvent include hydrocarbon solvents such as
hexaﬁe, octane, decane, cyclohexane, benzene, toluene and
xylene, ester solvents such as ethyl acetate, butyl acetate
and amyl acetate, ether solvents such as tetrahydrofuran
and dioxane, and halogenated hydrocarbon solvents such as
dichloromethane, 1,2-dichloromethane, tetrachioromethane,
1,14dichloroethane, 1,1,1-trichloroethane, 1,1,2-tri-
chloroethane, 1,1,2,2-tetrachloroethan§, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene, p-dichlorobenzene,
1,2,4-trichlorobenzene, o-chlorotoluene, m-chlorotoluene
and p-chlorotoluene, and they ére not restrictive. These
solvents may be used singly or in a combination of two or
more thereof. Particularly preferable are the halogenated
hydrocarbon solvents.

No particular restriction is put on the amount of
the organic solvent, but its employment itself of a large
amount only deteriorates operation efficiency, productivity
and the like. 1In general, the amount of the organic sol-
vent is preferably 100 (volume/weight) times or less as
much as that of the compound (1).

No particular restriction is put on the operation
and procedure of the reaction A. As the preferable usual

procedure, for example, there can be used a process which
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comprises placing sulfuric acid, the compound (1) and if
desired, the organic solvent in a reaction vessel, and then
adding the compound (2) to the resulting mixture.

Another"érocess,-i.e;, the so-called divisional
feed process can also be utilized which comprises placing
sulfuric acid, a part of the compound (1) and if desired,
the organic solvent in the reaction vessel, feeding a part
of the compound (2) to the resuliing mixture; further
feeding the residue of the compound (1) to the mixture, and
then adding the residue of the compound'(Z) thereto. |

As the feed procedure of the compound (2), an
applicable procedure comprises feeding the compound (2)
continuously or intermittently at a multistage way by a
known means and devices (e.g., a dropping device and a
metering pump). Needless to say, another process-
engineeringly practical procedure is also applicable.

The compound (2) may be fed in a neat state or in
the form of a solution in which the compound (2) is dis-
solved in the organic solvent. No particular restriction
is put on a feed rate of the compound (2), but in general,
a feed time required is in the range of from about 0.5 to
about 15 hours, preferably from about 1 to about 10 hours.

It is preferable for the improvement of a reaction
efficiency that the reaction A is carried out with stir-

ring. WNo particular restriction is put on a stirring way
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and the stirring device, but the stirring device having a
stirring power which permits the efficient progress of the
reaction is preferably used. Examples of the reaction
device include a tank tyée reaction device and a tubular
reaction device equipped with a stirrer such as a propellér
stirrer, a turbine stirrer, a paddle stirrer, a homogeniz-
er, a homomixer, a line mixer or a line homomixer. The
reaction A can be carried out by batch process or continu-
ous process.

In performing the preparation process of the pres-
ent invention, the reaction temperature of the reaction A
is required to be -20°C or higher but lower than 40°C,
preferably from 0 to 38°C, more preferably 10 to 35°C.

If the reaction temperature is 40°C or higher, the
prepared polyvalent metal salt of the saiicylic acid resin
is scarcely brought into fine particles at the time of
dispersion and even if an agueous dispersion. is obtained,
it tends to be poor in stability, though this reason is not
definite. Furthermore, a developing sheet for pressure
sensitive record which can be prepared by the use of the
obtained polyvalent metal salt of the salicylic acid resin
has a drawback such as poor abrasion resistance, which is
not preferable as the developer for the pressure sensitive

record.

'If the reaction temperature is lower than -20°C,
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the reaction does not proceed smoothly.

The preparation process of the present invention is
characterized by performing the reaction A at a temperature
of -20°C or higher but lower than 40°C. The progress off
the reaction can be monitored by measuring a rate of change
of the compound (1) and/or the combouné'(Z) by the use of a
known analytical means such as proton NMR spectrum or high-
performance liquid éhromatography (BEPLC), and so the reac-
tion time can be determined on the basis of the results of
the analytical means. .

The performance of the reaction for a long period
of time does not have a bad influence on the characteris-
tics of the product, but the consumption of the long time
only leads to the deterioration of pperation efficiency,
productivity and the like.  In general, when the reaction A
is carried out, the reaction time is longer than the feed
time of the compound (2), and after the feed of the com-
pound (2), the solution may be allowed to stand or may be

stirred at a temperature of -20°C or higher but lower than
| 40°C for an optional time. The reaction is usually carried
out for a time of from about l-to about 20 hours, prefera-
bly from about 2 to about 15 hours.’ |

The reaction A can usually be carried out under
atmospheric pressure, but if desired, it may be done under

reduced pressure or under increased pressure. Furthermore,

This Sheet Has Been Reﬂlaced




Tt o e it

-17 -

=

the reaction can be performed in the atmosphere, but it may
be done in the presence of an inert gas (e.g., & gas such
as nitrogen, helium or argon).

The resin obtained by the reaction A (hereinaftéf
referred to as "resin A") can be taken out from the reac-
tion system in a known manner, or alternatively, the resin
can be used in the subsequent reaction with the polyvalent
metal compound (the reactica B) instead of being taken.out
from the reaction system.

The resin A is a resin having a complicated compo-
sition whlch comprises various compounds formed by various
reactions of reactive oligomers. _

Preferable examples of the polyvalent metal salt of
‘the salicylic acid resin of the present invention include
water-sparingly soluble and water-insoluble divalent,
trivalent and tetravalent metal salts, and above all, the
divalent metal salts are more preferable. Typical examples
of the polyvalent metal salt inclpde salts of zinc, magne-
sium, calcium, barium, nickel, tin, copper, molybdenun,
tungsten, zirconium, manganese, cobalt, titanium, aluminum
and iron, and they are not restrictive. The polyvalent
metal salts may be used singly or in a combination of two
or more thereof. Above all, a zinc salt is particularly

preferable.
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Reaction B

The polyvalent metal salt of the salicylic acid
resin of the present invention can be prepared by reacting
the resin A with a polyvalent metal compound. No partiéu—
lar restriction is put on its preparation procedure, and
any knuwn process can be used. For example, there can be
used the preparation method which comprises melting the
resin A and the polyvalent metal compound (e.é., an oxide,
a hydroxide, a carbonate, a silicate or an organic carbox-
ylate of a polyvalent metal) (the mel;ing method), and the
preparation method which comprises reacting.a salt of the
resin A such as an alkali metal salt, an amine salt or an
ammonium salt of the resin A with the polyvalent metal
compound in the presence of water (the double decomposition
method). It is preferred that the polyvalent metal salt of
the salicylic acid resin of the present invention is pre-
pared by the double decomposition method.

Iﬁ the case that the reaction B is carried out by
the melting method, as a usual method, there can be recited
a method which comprises heating and melting the resin A
and an oxide, a hydroxide, a carbonate or a silicate of a
polyvalent metal, or a polyvalent metal salt of an organic
carboxylic acid such as zinc acetate, zinc caproate, zinc
stearate or zinc benzoate at a temperature of from about

100 to 180°C for a period of about 1 to about 5 hours. 1In
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this case, prior to the heating and melting, there may be
added a baéic substance such as ammonium acetate, ammonium
caproate, ammonium stearate or ammonium benzoate.

In the case tﬁat.the reaction B is carried out-by
the double decomposition method, as a usual method, there
can.be recited a method which comprises reacting the car-
boxyl group of the resin A with about equivalent of an
alkali metal compound (e.g., lithium hydroxide, sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium
carbonate or sodium hydrogencarbonate) or an amine compound
(e.g:, methylamine, ethylamine, dimethylamine, diethyl-
amine, trimethylamine, triethylamine, ethanolamine, isopro-
panolamine, triethanolamine, 2-dimethylaminoethanol, mor-
pholine or ammonia) in the presence of water to prepare the
alkali metal'salt{_an amine salt or an ammonium salt of the
resin A, and then reacting the resulted réaction product
'with the polyvalent metal compound to produce a water-
sparingly soluble or water-insoluble polyvalent metal salt
of the salicylic acid resin. 1In this case, the polyvalent
metal compound may be added to the alkali metal salt of the
resin A or the like, or alternativgly, the alkali metal
salt of the resin A or the like may be added to the polyva-
lent metal compound.

No particular restriction is put on a reaction

témperature in preparing the polyvalent metal salt of the
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salicylic acid resin of the present invention in accqrdahce
with the double decomposition method by the use of the
alkali metal salt of the resin A or the like and the poly-
valent metal compound. For example, in the case that thé
double decomposition method is carried out in the presence
of water or an organic solvent (e.g., a hydrocarbon solvent
such as toluene or xylene, or a halogenated hydrocarbon
solvent such as tetrachloroethylene or 1,2-dichloroethane)
which sufficiently dissolve water and the polyvalent metal
salt of the salicylic acid resin, no particular restriction
is put on the temperature of the reaction, but the double
decomposition method is preferably performed at a tempera-
ture lower than the boiling point of water or the selected
organic solvent, more preferably at a temperature of from 0
to 55°C.

For the improvement of a reaction efficiency, the
reaction of the double decomposition method is preferably
done by the use of a mixing machine eqﬁipped with a suit-
able stirrer or mixer. Examples of the mixing machine
include mixing machines using no medium such as a propeller
stirrer, a turbine stirrer, a paddle stirrer, a homogeniz-
er, a homomixer, a line mixer and a line homomixer, stir-
ring tank type.mills such as an attritor and a sentry mill,
flow pipe type mills such as a sand grinder, a grain mill,

a pearl mill, a matter mill and a dyno mill, and annular

This Sheet Has Been Reﬂlaced

(L




[
;

,._,.,m‘.....,‘
.
¥
”~
~
<
-2
2 iy
€ g
ISR

o -21 -

type continuous wet stirring mills filled with a medium
(e.g., glass beads, ceramic balls or steel balls) such as a
cdnical ball mill and an annular mill. The double decompo-
sition method can be carried out by a batch process or a
continuous process by combining these reaction devices.

The reaction between the alkali metal salt or the
like of the resin A and the polyvalent metal compound can
usually be carried out under atmospheric pressure,_but if
desired, the reaction can be done under reduced pressure or
under increased pressure. In addition, the reaction can be
performed in the atmosphere, but it may be done in the
presenée of an inert gas (e.g., & gas such as nitrogen,
helium or argon).

Preferable examples of the polyvalent metal com-
pound include water-Solublé divalent, trivalent and tetra-
valent metal compounds. Typical examples of the polyvalent
metal compound include sulfates such as zinc sulfate,
magnesium sulfate, calcium sulfate and aluminum sulfate,
chlorides such as zinc chloride, magnesium chloride, calci-
um chloride, barium chloride, nickel chloride, cobalt
chloride and aluminum chloride, acétates such as zinc
acetate and manganese acetate, and a nitrate such as zinc
nitrate. These polyvalent metal compounds may be used
singly or in a combination of two or more thereof.

The polyvalent metal compound may be used in the
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‘state of a solid or an aqueous solution.

The amount of the polyvalent metal compound is
usually in the range of from 0.8 to 1.5 equivalents, pref-
‘erably from 1.0 to 1.2 equivalents per equivalent of the -
alkali metal salt of the resin A. Here, if the polyvalent
metal compound is, for example, the divalent metal compound
(e.g., zinc sulfate), 1 equivalent of the polyvalent metal
compound means 0.5 mol of the divalent metal cdmpound per 1
mol of the alkali metal salt of the resin A.

The polyvalent metal salt of the salicylic acid
resin of the present invention which can be prepared by the
above process is a resin obtained by reacting the resin A
with the polyvalent metal compound, and the composition of
the thus obtained salt is more intricate than that of the
resin A.

The molecular weight of the polyvalent.metal salt
of the salicylic acid resin of the present invention de-
pends largely upon the amounts of the compound (1) and/or
the compound (2) to be used and the reaction conditioms,
but in the case that the polyvalent metal salt is used as a
developer for pressure sensitive record, the molecular
weight of the polyvalent metal salt of the salicylic acid
resin of the present invention is preferably in the range
of from about 350 to about 2000, more preferably from about
400 to about 1500.
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metal salt of the salicylic acid resin of the present
invention is in the range of from about 60 to about 150°C.

Reference will be made to an agueous dispersioniin
which the polyvalent metal salt of the salicylic acid resin
of the present invention is dispersed, and a developing
sheet for pressure sensitive record in which the polyvalent
metal salt of the resin.is used as a developer.

When the polyvalent metal salt of the salicylic
acid resin of the present invention is prepared in the
presence of water by the double decomposition method, this
polyvalent metal salt usually precipitates in the aqueous
medium in a short period of time. The thus precipitated
polyvalent metal salt can be easily filtered and isolated
from the aqueous medium by -a known means and device without
using any specific equipment. After the filtration, the
precipitated polyvalent metal salt is dried, and then
subjected to a dispersion treatment by a known means and
device, or after the filtration, the precipitated salt is
subjected to the dispersion treatment without undergoing
the drying step, thereby preparing a dispersion of the
developing agent for pressure sensitive record. Alterna-
tively, the aqueous medium containing the precipitated
polyvalent metal salt of the salicylic acid resin may be

directly subjected to the dispersion treatment without
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undergoing the filtration step, thereby preparing the
dispersion. | _

. When the double decomposition method is carried out
in the presence of water and an organic solvent (e.g., a
hydrocarbon solvent such as toluene or xylene, or a haloge-
nated hydrocarbon solvent such as tetrachloroethylene or
1,2-dichloroethane) which sufficiently dissolve the poly-
valent metal salt of the salicylic acid resin, a mixed
solution of the organic solvent containing water and the
polyvalent metal salt of the salicylic acid resin can be
emulsified and dispersed, followed by removing the organic
solvent from ﬁhe system, to prepare the dispersion of a
developer for pressure sensitive record.

In order to §repare the dispersion of the developer
for pressure sensitive record and the like, the polyvalent
metal salt of the salicylic acid resin is usually subjected
to the dispersion treatment in an aqueous medium, and in
this case, the desired dispersion can be obtained as an
aqueous dispersion. 1In general, the polyvalent metal salt
(developer) of the salicylic acid resin is ground to an
average particle diameter of 3 um or less, preferably 2 um
or less, and then dispersed. |

As methods for gbtaining the aqueous dispersion,
there can be used (1) a method which comprises grinding and

then dispersing the polyvalent metal salt of the salicylic
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acid resin in an agueous medium by the use of a dispersing
jnachine such as a ball mill, an attritor, a sand grinder, a
pebble mill, a cobble mill, a dyno mill, a high-speed
~ impeller dispersing machine, a high-speed stone mill or-an
annular mill, thereby obtaining the desired aqueous disper-
sion, and (2) a method which comprises dissolving the
polyvalent metal salt of the salicylic acid resin in an
organic solvent, emulsifying and dispersing in an aqueous
medium by the use of, for example, an ultrasonic dispersing
machine, a homogenizer, a homomixer or a line homomixer,
and then removing the organic séivent,-thereby obtaining
the desired aqueous dispersion.

In the above method (2); the organic solvent which
can be used is preferably has a low solubility in water, a
high solubility of the developer and a relatively low
boiling point. Examples of such an organic solvent include
hydrocarbon solvents such as benzene, toluene, xylene,
ethylbenzene and l-methylnaphthalene, halogenated hydro-
carbon solvents such as dichloromethane, chloroform, tetra-
chloroethylene, 1,2-dichloroethane, 1,1,l-trichloroethane,
1,1,2-trichloroethane, 1,1,2,2-tetréchloroethane, chloro-
benzene, o-dichlorobenzene, m-dichlorobenzene, p-dichloro-
benzene, o-chlorotoluene, m~chlorotoluene and p-chloro-
toluene, ketone solvents such as methyl ethyl kétone,

methyl isobutyl ketone and cyclohexanone, ester solvents
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such as ethyl acetate, butyl acetate and amyl acetate, and
alcohol solvents such as butanol, pentanol, hexanol and
cyclohexanol. These organic solvents may be used singly or
in a combination of two or more thereof.

No particular restriction is put on the amount of
the organic solvent to be.used, but it is usually in the
range of from about 5 to 500 parts by weight, preferably 20
to 300 parts'by weight with respect to 100 parts by weight
of the polyvalent metal salt of the salicflic acid resin
according to the present inventidn. In this case, the
emulsifying dispersion treatment is carried out at a tem--
perature lower than the boiling point of the organic sol-
vent under atmospheric pressure or under increased pres-
sure. After the dispersion treatment, the organic solvent
is distilled off to obtain the aqueous dispersion of the
developer. The .organic solvent can be distilled off by
heating the solution at a temperature higher than the
boiling point of the organic solvent under atmospheric
pressure or under reduced pressure.

The thus obtained agueous dispersion of the devel-
oper, if desired, can be further subjected to the disper-
sion treatment by the use of the above»dispersing.maéhine
(e.g., a sand grinder or an annular mill).

A dispersant which can be used in the aqueous

medium at the time of the dispersion preferably is an ionic
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or a nonionic surface active agent.
- Examples of the dispersant include synthetic and
natural polymeric compounds such as polyvinyl alcohols,
alkyl-modified polyvinyl alcohols, cyanoethyl-modified B
polyvinyl alcohols, ether-modified polyvinyl alcohols,
polyacrylamides, polyacrylic acids, acrylamide-alkyl acry-
late copolymers, alkaline metal salts of polystyrenesulfon-
ic acid, malgic anhydride-isobutylene copo;ymers, carboxy-
methyl cellulose, hydroxyethyl cellulose, polyvinyl pyrrol-
idone, starch and its derivatives, casein, gum arabic, agar
and gelatin, alkaline metal salts of élkylbenzenesulfonic
acid, alkaline metal salts of alkylnaphthalenesulfonic
acid, alkaline metal salts of dialkylsulfosﬁccinic acid,
alkaline metal salts of alkylsulfonic acid, polyoxyethylene
alkyl ethers, polybxyethylene alkylphenyl ethers and poly-
valent alcohol fatty acid esters. These dispersants may be
used singly or in a combination of two or more thereof. No
particular restriction is put on the amount of the disper-
sant to be used, but it is usually in the range of from
about 1 to 30 parts by weight with respect. to 100 parts by
weight of the polyvalent metal salt of the salicylic acid
resin.

No particular restriction is put on the amount of
water to be used in preparing the agueous dispersion, but

this amount is usually such that the concentration of the
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developer in the agueous dispersion is preferably in the
range of from about 3 to 50% by weight, more preferably
from about 5 to 40% by weight.

In the case that the thus obtained aqueous solution
of the developer is used as a coating solution for forming
a developer layer on a support, a binder, a pigment and the
like are usually further bBlended.

No particular restriction is put on the kind of
binder, but examples of the usable binder.include synthetic
and natural polymeric compounds such as polyvinyl alcohol,
casein, starch and its derivatives, gum arabic, methyl
cellulose, carboxymethyl cellulose, polyacrylic acid, and
latexes such as styrene-butadiene copolymer latex a@d
acrylic ester latex.

No partiqular restriction is put on the amount of
the binder, but this amount is usually adjusted so as to be
in the range of from 5 to 40% by weight, preferably from 10
to 30% by weight of the total solid amount of the developer
coating solution.

Examples of the pigment which can be used in the
present invention include inorganic pigments such as zinc
oxide, zinc carbonate, calcium carbonate, magnesium carbon-
ate, barium garbonate, magnesium sulfate, barium sulfate,
titanium oxide, tale, kaolin, active China clay, diatom-

aceous earth, zinc hydroxide, aluminum hydroxide, magnesium
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hydroxide, alumina and silica, and organic pigments sucy as
styrene microballs, nylon particles, a urea-formaldehyde
filler, polyeﬁhylene particles, a cellulose filler and
starch particles.

No particular restriction is put on the amount of
the pigment, but in general, this amount is adjusted so as
to be in the range of from about 30 to 90% by weight of the
total solid amount of the developer coating solution.

Furthermore, if desired, various kinds of additives
(e.g., an ultraviolet absorber, a defoamer, a pH adjustor,
a viscosity modifier, a plasticizer and an organic polymer-
ic compound) may be added to the coating solution of the

. above developer layer.

A support (e.g., a paper, a plastic sheet, a syn-
thetic-paper or a composite sheet obtained by combining
them) is coated with the thus prepared coating solution for
the preparation of a developing sheet in a known manner,
for example, by the use of a coating device such as an air-
knife coater, a blade coater, a roll coater, a size press
coater, a curtain coater or a short dwell coater to form
the developer layer, whereby the developing sheet can be
prepared.

No particular restriction is put on the weight
(coating weight) of the developer layer on the support, but

it is 0.5 g/m?2 or more, preferably from 0.5 to 10 g/m? in
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terms of dry weight. Furthermore, the content of the poly-
walent metal salt of the salicylic acid resin according to
the present invention in the developer.layer is usually 5%
by weight or more, preferably from 5 to 70% by weight.
Moreover, in th; pfeparation of the developing
sheet according to the present invention, the polyvalent
metal salt of the salicylic acid resin regarding the pres-
ent invention can be used together with another known
developer [e.g., acidic clay minerals such as acidic China
clay, active China clay, attapulgite and bentonite, a
phenolic resin such as é phenol-formaldehjde resin and a
phenol-salicylic acid-formaldehyde resin, and metal salts
of zinc salts of aromatic carboxylic acids such as phthalic
acid, salicylic acid, 5-cyclohexylsalicylic acid,-s-tert-
octylsalicylic acid, 5-nonylsalicylic acid, 3,5-dinonyl-
salicylic acid, 3-(oa-methylbenzyl)salicylic acid, 5-(a-
methylbenzyl)salicylic acid, S5-phenylsalicylic acid, 3,5~
di(a-methylbenzyl)salicylic acid, 3,5-di(a,a-dimethyl-
benzyl)salicylic acid and 3,5-di-tert-butylsalicylic acid],
'so long as the desired effect of the present invention is
not impaired.
No particular restriction is put on the morphology
. of the developing sheet according to the present invention,
but for example, there are

(1) a CF-sheet which can be used in combination
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with a CB-sheet having a back surface coated with micro-
capsules containing an electron donating color developing
compound and a capsule oil,

(2) a CF/CB-sheet having a developer layer on the
surface of the sheet and a microcapsule layer on the back
surface of the sheet, the CF/CB-sheet being interposed
between the CB-sheet and the CF-sheet in order to obtain a
plurality of copies, and

(3) a single copy sheet having one surface coated
with both of the microcapsules and the developer.

The above-méntioned microcapsules can be prepared
by dissolving the electron donating color former in the
capsule 0il, and then subjecting the resulted: solution to
a known microencapsulation method such as a coacervation .
method, an interfacial polymérization method, an internal
pblymerization method, a phase separation method or an
external polymerization method.

Examples of the electron donating color former
include various known compounds such as triarylﬁethane
compounds, diarylmethane compounds, Rhodamine-lactam com-
pounds, fluoran compounds, indolylphthalide compounds,
pyridine compounds, spiro compouﬁds, fluorene compounds and
phenothiazine compounds.

Examples of the capsule oil include various oils

such as cotton seed oil, castor oil, kerosine, paraffins,
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chlorinated paraffins, naphthenic oils, alkylated biphen-
¥1ls, alkylated terphenyls, alkylated naphthalenes, diaryl
alkanes, hydrogenated terphenyls and dialkyl phthalates.
These capsule oils may be used singly or in a combinatidn
of two or more thereof.

Now, the present invention will be described in
detail in reference to examples, but the scope of the
present invention shouid not be limited to these examples.

In the examples, a weight average molecular weight
was measured by GPC (gel permeation chromatography), and a
softening point was measured by a ring and ball softening
point measuring device in accordance with JIS-K-2548.

Example 1

In a glass reaction vessel were placed 27.6 g (0.2
mol) of salicylic acid, 12 g of 98% by weight sulfuric acid
(43% by weight based on the weight of salicylic acid) and
50 ml ofll,z-dichloroethane, and 62.5 g (0.6 mol) of sty-
rene was fed to the solution at 30°C with stirring the
solution through a dropping funnel over 7 hours. After the
feed, the mixture was further stirred for 2 hours at the
same temperaﬁure. After the solution‘was neutralized with
a 5% by weight aqueous sodium hydroxide solution, 1,2-
dichloroethane was distilled off. Water (500 ml) was added
to the residue, and an agueous solution (200 ml) of zinc

sulfate heptahydrate (29 g) was added dropwise to the
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solution at 40°C over 1 hour. Furthermore, the solution
was stirred at room temperature for 2 hours, filtered,
washed with water, and then dried to obtain 92 g of a zinc
salt of a colorless salicylic acid resin. The weight
average molecular weight and the softening point of the
product was 560 and 115°C, respectively.

Example 2

The same procedure as in the Example 1 was effected
except that 62.5 g of styrene was replaced with 83.3 g (0.8
mol) of styrene to obtain 114 g of a zinc salt of a color-
less salicylic aéid resin. The weighf'average molecular
weight and the softening point of the product was 650 and
117°C, respectively.

Ex e 3

The same procedure as in the Example 1 was effected
except that 12 g of 98% by weight sulfuric acid was re-
placed with 20 g (71% by weight to salicylic acid) of 98%
by weight sulfuric acid to obtain 94 g of a zinc salt of a
colorless salicylic acid resin. The weight average molecu-
lar weight and the softening point of the product was 620
and 115°C, respectively.

. Example 4

.The same procedure as.in the Example 1 was effected

except that 27.6 g of salicylic acid was replaced with 20.7

g (0.15 mol) of salicylic acid and 7.6 g (0.05 mol) of
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3-methylsalicylic acid to obtain 94 g of a zinc salt of a
<olorless salicylic acid resin. The weight average molecu-
lar weight and the softening point of the product was 590
and 114°C, respectively. -

Example 5

In a glass reaction vessel were placed 27.6 g (0.2
mol) of salicylic acid, 7 g of 98% by weight sulfuric acid
(25% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichloroethane, and 104.2 g (1.0 mol) of
styrene was.fed to the solution at 10°C with stirring the
solution through a dropping funnel-over 8 hours. After the
feed, the mixture was further stirred for 2 hours at 20°C.
After the solution was neutralized with a 5% by weight
aqueous sodium hydroxide solution, 1,2-dichloroethane was
distilled off. Water (500 ml) was added to the residue,
and an aqueous solution (200 ml) of zinc sulfate hepta-
hydrate (29 g) was added dropwise to the solution at 40°C
over 1 hour. Furthermore, the solution was stirred at room
temperature for 2 hours, filtered, washed with water, and
then dried to obtain 134 g of a zinc salt of a colorless
salicylic acid resin. The weight average molecular weight
and the softening point of the product was 800 and 122°C,
respectively.

Example 6

In a glass reaction vessel were placed 27.6 g (0.2
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mol) of salicylic acid, 14 g of 98% by weight sulfuric acid
«{50% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichloroethane, and a mixture of 62.5 g (0f6
mol) of styrene and 23.6 ¢ (0.2 mol) of 4-methylstyrene’ was
fed to the solution at 40°C with stirring the solution
through a dropping funnel over 6 hours. After the feed,
the mixture was further stirred for 2 hours at the same
temperature. After the solution was neutralized with a 5%
by ﬁeight aqueous sodium hydroxide solution, 1,2-dichloro-
ethane was distilled off. Water (500 ml) was added to the
residue, and an aqueouslsolution (200 m1) of zinc sulfate
heptahydrate (29 g) was added dropwise to the solution at
40°C over 1 hour. Furthermore, the solution was stirred at
room temperature for 2 hours, filtéred, washed with water,
and then-dried to obtain 114 g of a zinc salt of a color-
less salicylic acid resin. The weight average molecular
weight and the softéning point of the product was 720 and
115°C, respectively.

Example 7

In a glass reaction vessel were placed 27.6 g (0.2
mol) of salicylic acid, 12 g of.98% by weight sulfuric acid
(43% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichloroethane, and 72.8 g (0.7 mol) of sty-
rene was fed to the solution at 3550 with stirring the

solution through a dropping funnel over 7 hours. After the
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feed, the mixtﬁre was further stirred for 2 hours at the-
€ame temperature. After the solution was neuﬁralized with
a 5% by weight aqueous sodium hydroxide solution, 1,2-
dichloroethane was distilled off. Water (500 ml) was added
to the residue, and an agueous solution (200 ml) of ziﬁc
sulfate heptahydrate (29 g) was added dropwise to the
solution at 40°C over 1 hour. Furthermore, the solution
was stirred at room temperature for 2 hours, filtered,
washed with water, and then dried to 0btain 102 g of a zinc
salt of a colorless salicylic acid resin. The weight
average molecular weight and ﬁﬁe softening point of the
product was 620 and 113°C, respectively.

Example 8

The same procedure as in the Example 7 was effected
except that styrene was fed at_38°c instead of 35°C to
obtain 103 g of a zinc'salt of a colorless salicylic acid
resin. The weight average molecular weight and the soften-
ing point of the product was 600 and 113°C, respectively.

Comparative Example 1 |

At a temperate of from about 50 to 60°C, 62.4 g
(0.6 mol) of styrene was added to the mixture of 27.6 g
(0.2 mol) of salicylic acid and 1 g of concentrated sulfu-
ric acid in 60 ml of chlorobenzene, followed by stirring at
130°C for 3 hours. Next, 21.9 g of zinc acetate dihydrate

was added to the resulting mixture at 50°C. Afterward, the
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solvent was all removed by vacuum distillation to obtain
96.2 g of a zinc salt of the salicylic acid resin colored
-yellow. The softening point of the product was 45°C. This
zinc salt of the resin was colored and had the low soften-
ing point, and thus the product had a low practical value
as a developer for pressure senﬁitive.record.

Comparative Example 2 |

In a glass reaction vessel were placed 15.2 g (0.1
mol) of methyl salicylate, 3.7 g of 98% by weight sulfuric
acid and 50 ml1 of 1 2-d1c§&o¥??thane, and 38.4 g (0.3 mol)
-of 4-methystyrene was fed to the solution at 0 to 2°C with
stirring the solution through a dropping funnel over 6
hours. After the feed, the mixture was further stirred for
3 hours at the same temperature. Next, the solution was
neutralized with a 5% by weight agueous sodium hydroxide
solution, followed by heating to distill off 1,2-dichloro-
ethane. Furfhermore,_an aqueous sodium hydroxide (4 g)
solution (100 ml) was added, and the solution was heated
and stirred at 95°C for 6 hours.

Afterward, water (300 ml) was added to the solu-
tion, and an aqﬁeous solution (200 ml) of zinc sulfate
heptahydrate (14.5 g) was added dropwise to the solution at
25°C over 1 hour. Furthermore, the solution was stirred at
room temperature for 2 hours, filtered, washed with water,

and then dried to obtain 53 g of a zinc salt of a colorless
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sglicylic acid resin. The softening point of the product

was l1l2°C.

Comparative Example 3

The same procedure as in the Example 7 was effected
except that styrene was fed at 42°C instead of 35°C to
obtain 102 g of a zinc salt of a colpr_iess_ salicylic acid
resin. The weight average molecular weight and the soften-
ing point of the product was 580 and 108°C, respectively.

Comparative Example 4 -

The same procedure as in the Example 7 was effected
except that styrene was fed at 46°C instead of 35°C to
obtain 102 g of a zinc salt of a colorless salicylic acid
resin. The weight average molecular weight and the soften-
ing point of the product was 560 and 103°C, respectively.

Examples 9 to 16, and Comparative Examples 5 to 8

A mixture of the following composition was prepared
by the use of each of the zinc salts_of the salicylic acid
resins manufactured in Examples 1 to 8 and Comparative

Examples 1 to 4:

Zinc salt of salicylic acid resin 50 g
sodium salt of sulfonated polystyrene 2 g
Water 120 g

The mixture having the above compositidn was sub-
jected to a dispersion treatment at 25°C for 4 hours by a

sand grinder. A bubbling state at the time of the disper-
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sion was visually observed. Evaluation was made by repre-
€enting the less bubbling state by O, and representing the
very vigorous bubbling state by X. | _

For the inspection of a dispersion efficiency, an
average particle diameter of the zinc salt of the salicylic

acid was measured after the dispersion treatment was car-

ried out for 4 hours. In this case, the measurement of the

average particle diameter was done by the use of a coulter
counter.

Furthermore, a dispersing state of the dispersion
was Qisually observed after the dispersion which had under-
gone the dispersion'treatment was allowed to stand at 50°C
for one week. Evaluation is made by the use of O and X,
and O means such a dispersing state as to be.capable of
applying in the form of a sheet and X means that the dis-
persion is 56 coagulative as nét to apply in the form of
the sheet. The results are shown in Table 1.

As shown in Table 1, the samples which were used
herein were the zinc salts manufactured in Examples 1 to 8

and Comparative Examples 1 to 4.
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Table 1
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Average Particle Dispersion
Zinc salt of Bubbling Diameter after State
Salicylic State at Dispersion Treat- after
Example Acid Resin Used Dispersion ment for 4 hours One Week.
Example 9 Salt of Example 1 O 1.5 um 0]
Example 10 Salt of Example 2 O 1.6 pm O
Example 11 Salt of Example 3 O 1.5 pm 0]
Example 12 Salt of Example 4 O 1.4 pm o)
Exampie 13 Salt of Example 5 O 1.6 pum 0]
Example 14 Salt of Example 6 O 1.5 pm 0
Example 15 Salt of Example 7 O 1.6 pm O
Example 16 Salt of Example 8 O 1.7 pm O
Comp. Ex. 5 Salt of Comp. Ex. 1 X 2.8 um X
~ Comp. Ex. 6 Salt of Comp. Ex. 2 X 2.5 pm X
. Comp. Ex. 7 Salt of Comp. Ex. 3 X 2.0 pm O
| Comp. Ex. 8  Salt of Comp. Ex. 4 X 2.2 pm O
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It is apparent from the results shown in Table 1

that the polyvalent metal salts of the salicylic acid

resins of the present invention can control the bubbling at

the time of the dispersion and so can facilitate the forma-

tion of fine particles thereof. Furthermore, after the
dispersion treatment, the obtained dispersions scarcely
coagulate, and so it is also apparent that they are excel-

lent in storage stability.

Examples 17 to 24, and Comparative Examples 9 to 11

Developing sheets for pressure sensitive record
Qere prepared by the use of the respective éinc salts of
salicylic acid resins obtained in Examples 1 to 8, the
respective zinc salts of salicylic acid resins obtained in
Comparaéi%é Examples 3 and 4, and a zinc salt of 3,5-di(a-
mgthylbenzyl)saiicylic acid as developers in accordance
with the following procedure, and evaluation was made in
the undermentioned manner. The results of the perfq;mance
evaluation are shown in Table 2.

Preparation procedure df developing sheets for
pressure sensitive record:

Each mixture having the following composition was

dispersed by a sand grinder to obtain a dispersion (A):"

Developer 50 g
Sodium salt of sulfonated polystyrene 2 g
Water | 120 g
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As shown in Table 2, the developers which were used
sherein were the zinc salts of salicylic acid resins ob-
tained in Examples 1 to 8, the zinc salts of salicylic acid
resins obtained in Comparative Examples 3 and 4, and zinc"
salt of 3,5-di(a-methylbenzyl)salicylic acid.

A dispersion having the following composition Qas

prepared by the use of the above disperéion (A).

Dispersion (a) 8.0 g
Precipitated calcium carbonate 30 g

Starch 0.8 g
Synthetic rubber latex ' 0.8 g
Water 77.4 g

A high-quality paper (50 g/m?) was coated with this
dispersion so that a dry coating weight might be 5.0 g/m2,
and then dried to prepare a developing sheet (a CF-sheet).

Evaluation of the developing sheets for pressure
sensitive record

(1)' Measurement of color density .

A color density was measured at 20°C and a relative
humidity of 65% in a constant temperature constant humidity
chamber.

A commercially available CB-sheet for blue color
generation (N-40, made by Mitsubishi Paper Mills, Ltd.)
coated with microcapsules containing'Crystai Vioiet Lactone

(CVL) as a main electron donating color former was super-
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posed upon each of the developing sheet for pressure sensi-
+ive record (a CF-sheet) obtained by the above procedure so
that the coated surfaces of both the sheets might face to
each other, and an electronic typewriter was used to apély
pressure to the sheets, thereby generating the color.

After the application of the pressure, the sheets
were allowed to stand for 24 hours undér’the same circum-
stances, and a color density was then measured. In this
case, the density of a colored image was measured by the
use of a ¥-80 color différence meter and it was represented
by a Y value. The color having the low Y value is estimat-
ed to have the hiéh density. |

(2) Test of water resistance of coloréd-image

The developing sheet colored by the procedure as
described ih the above paragraph (1) was immersed in water
‘at 20°C for 24 hours, and the density_of the colored image
was measured by the use of the }-80 color difference meter
to'rgpresent the density as a Y value. The colored image
having a small difference between the Y values before and
after the test is estimated to have the excellent water
resistance.

Furthermore, the colored image after the test of
the water resistance was visually observed, and the results
of the observation are shown in Table 2. 1In this table,

evaluation is made by the use of O ‘and X, and O means that
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the colored image can be sufficiently distinguished in the
same state as before the test and X means that the colored
imége disappears and the colored image before the test
cannot be distinguished any more.

(3) Test of abrasion resistance

The test of the abrasion resistance was carried out
at 20°C and a relative humidity of 65% in a constant tem-
perature constant humidity chamber.

A commercially available CB-sheet for blue color
generation (N-40, made by Mitsubishi Paper Mills, Ltd.)
coated with microcapsules containing érystal Violet Lactone
(CVL) as a main electron donating color former was super-
posed upon each of the developing sheet for pressure sensi-
tive record (a CF-sheet) obtained by the above procedure so
that the coated surfaces of both the sheets might face to

each other} and they were then abraded on each other 5

" times while a load of 5 kg/cm? was applied. Evaluation was

made on the basis of a degree of color soil on the develop-
ing sheet for pressure sensitive record. 1In this case, the
density of the colored image on an abraded and soiled
portion was measured by a Macbeth reflecfion densitometer.
The sheet having a small value is estimated to be

less soiled and to have practically excellent properties.
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Table 2

Visual
Developer Color Density Observation
(zinc salt after after .
of salicylic Color Test of Water Test of Water Abrasion
Example acid resin) Density Resistance Resistance Soil
Example 17 Developer of 36.5 38.9 O 0.12
Example 1
Example 18 Developer of 36.4 39.0 @) 0.13
_ Example 2
Example 19  Developer of 36.3 39.3 o) 0.12
Example 3
Example 20 Developer of 36.4 39.2 O 0.13
Example 4
Example 21 Developer of 36.4 39.1 O 0.12
' Example 5
anmple 22 Developer of 36.3 39.0 O 0.13

Example 6
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Table 2 (Continued)

Visual
Developer Color Density Observation
(zinc salt after after
of salicylic Color Test of Water Test of Water Abrasion
Example acid resin) Density Resistance Resistance Soil
Example 23 Developer of 36.4 38.5 O 0.13
Example 7.
Example 24 Developer of 36.5 38.4 O 0.15
Example 8
Comp. Ex. 9 . Developer of 36.7 - 40.0 o] 0.21
Comp. Ex. 3 '
Comp. Ex. 10 Developer of 37.2 40.5 O 0.25
Comp. Ex. 4
Comp. Ex. 11 Known 36.5 | 84.0 X 0.23
Article*

*

Zinc salt of 3,5-di(a-methylbenzyl)salicylic acid.

966l 100 62
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It is apparent from the results of Table 2 that the
developing sheets for pressure sensitive record in which
the polyvalent metal salts of the salicylic acid resins of
the present invention are used as the developers are excél-
lent in the storage stability (water resistance) of the

colored images and the abrasion soil resistance.
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WHAT IS CLAIMED IS:

l. A process for preparing a polyvalent metal salt
of a salicylic acid resin which comprises the steps of
reacting salicylic acid or its derivative represented by

the formula (1)

CH
COOH

Xl X‘)

wherein X; and X, are each a hydrogen atom, an alkyl group,
an alkoxy group or a halogen atom,
with styrene or its derivative represented by the formula

(2)

wherein R;, R, and R; are each a hydrogen atom or an alkyl

group; X3 and X, are each a hydrogen atom, an alkyl group,
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an alkoxy group; an aralkyl group, an aryl group or a
halogen atom,

at a temperature of -20°C or higher but lower than 40°C in
the présence of sulfuric acid, and then reacting the re-.

sulting reaction product with a polyvalent metal compound.

2. The process. for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 1 wherein
the reaction of salicylic acid or its derivative represent-
ed by the formula (1) with étyrene or its derivative repre-~
sented by the formula (2) is carried oﬁt in the presence of

an organic solvent.

3. The process for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 2 wherein

the organic solvent is a halogenated hydrocarbon solvent.

4. The process for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 1, 2 or 3
wherein the concentration of sulfuric acid is 90% by weight

or more.

5. A polyvalent metal salt of a salicylic acid
resin obtained by a preparation process described in Claim

1, 2, 3 or 4.

This Sheet Has Been Re[ilaced
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6. An agueous dispersion in which a polyvalent

metal salt of a salicylic acid resin described in Claim 5

is dispersed in water.

7. A developing sheet in which a polyvalent metal

salt of a salicylic acid resin described in Claim 5 is

used.

This Sheet Has Been Rerlaced
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POLYVALENT METAL SALT OF SALICYLIC ACID RESIN
AND PROCESS FOR PREPARING IT

ABSTRACT OF THE DISCLOSURE

A process for preparing a polyvalent metal salt of
a salicylic acid resin which comprises the steps of react-
ing salicylic acid or its derivative with styrene or its
derivative at a temperature of -20°C or higher but lower
than 40°C in the presence of sulfuric acid, and then react-
ing the resulting reaction product with a polyvalent metal
compound; - an agqueous dispersion in which the polyvalent
metal salt of the resin is dispersed in water; and a devel-
oping sheet in which the polyvalent metal salt of the

salicylic acid resin is used.

FIGURE 1.
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POLYVALENT METAL SALT OF SALICYLIC ACID
RESIN AND PROCESS FOR PREPARING IT

REPLACEMENT SHEET
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BACKGROUND OF THE INVENTION - e
(a) _Field of the Invention DATE OF RECEIPT...MR1........

The present invention relates to a polyvalent metal
salt of a salicylic acid resin useful as a developer for a
recording material for use in pressuré sensitive record and
the like, and a process for preparing the polyvalent metal
salt of the resin. 1In addition, it relates to'an aqueous
dispersion in which the polyvalent metal salt of the sali-
cylic acid resin is dispersed, and a developing sheet in
which the polyvalent metal salt of the resin is used.
(b) Description of the Prior Art

It is known that metal salts of salicylic acid
derivatives are useful as developers for pressure sensitive
record, and methods for preparing and utilizing various
salicylic acid derivatives and their metal salts have been
heretofore disclosed.

1. A 3,5~-disubstituted salicylic acid derivative
has been prepared. from a corresponding 2,4-disubstituted

phenol derivative and carbon dioxide by the utilization of

| the so-called Kolbe-Schmitt reaction (Japanese Patent

Publication No. 25174/1976 and U.S. Patent No. 3,983,292).
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In this method, however, two steps are required to manufac-
ture the 3,5-disubstituted salicylic acid derivative from
phenol, and for the reaction of carbon dioxide, a specific
high-temperature high-pressure device is necessary and so
the inconvenience of facilities for the manufacture is
present. Furthermore, when a metal salt of the 3,5-disub-
stituted salicylic acid derivative, for example, zinc salt
of 3,5-di(a-methylbenzyl)salicylic acid is used as a devel-
oper for pressure sensitive record, there is a problem that
a colored image disappears with water.

2. Another method is known in which 1 mol of
salicylic acid is reacted with at least 2 mols of a phenyl
ethanol derivative to produce 4-[{a-methylbenzyl(a-methyl-
benzyl)]salicylic acid derivative (Japanese Patent Publica-
tion No. 61110/1993 and U.S. Patent No. 4754063).

3. Methods for preparing a polyvalent metal sal£
of 3,5-di(a-methylbenzyl)salicylic acid derivative and a
polyvalent metal salt of 4-[a-methylbenzyl(a-methyl-
benzyl)]salicylic acid derivative are disclosed in which 1
mol of salicylic acid is reacted with at least 2 mols of a
styrene derivative in the presence of an aromatic sulfonic
acid, and the resulting reaction produét is then reacted
with a polyvalent metal salt of an inorganic acid or a
lower aliphatic carboxylic acid (Japanese Patent Publica-

tion No. 75736/1993 and U.S. Patent No. 4748259).



}
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When the polyvalent metal salt (e.g., a zinc salt)

of 4-{ac-methylbenzyl(a-methylbenzyl)}salicylic acid pre-
pared by these methods is used as a developer for pressure
sensitive record, the resulting colored image is poor in
storage stability, and for example, if brought into contact
with water, the colored image disappears inconveniently.

4. Still another method is disclosed in which
salicylic acid is reacted with a styrene compound in the
presence of an aliphatic carboxylic acid by the use of an
organic sulfonic acid or an inorganic acid as a catalyst to
produce a 3,5-di(a-methylbenzyl)salicylic acid derivative
(Japanese Patent Application Laid-open No. 91043/1990).

When a polyvalent metal salt (e.g., a zinc salt) of
3,5-di(a-methylbenzyl)salicylic acid prepared by these
methods is used as a developer for pressure sensitive
record, the resulting colored image is poor in storage
stability, and for example, if brought into contact with
water, the colored image disappears inconveniently, as in
the above case.

5. There is disclosed a further method in which a
salicylic acid derivative is reacted with a styrene deriva-
tive at 40 to 17Q°C in the presence of an acid catalyst,
and the resulting reaction product is then reacted with a
metal salt of a fatty acid to form a metal sait of a poly-

meric salicylic acid resin (Japanese Patent Application
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Laid-open No. 112537/1988 and U.S. Patent No. 4929710).

- However, the metal salt of the salicylic acid resin formed
by this method is often colored disadvantageocusly. More-
over, when the metal salt (e.g., a zinc salt) of the poly-
meric salicylic acid resin formed by this method is used as
a developer for pressure sensitive record, it is difficult
to bring the zinc salt into fine particles at the time of
dispersion, and the resulting dispersion is liable to
coagulate inconveniently. 1In addition, a developing sheet
for pressure sensitive record which can be prepared by the
use of the resulted polyvalent metal salt of the salicylic
acid resin has a drawback such as poor abrasion resistance,
which is not preferable as the developer for the pressure
sensitive record.

6. Furthermore, a method for manufacturing a
polyvalent metal salt of a salicylic acid resin is dis-
closed which comprises reacting a salicylic écid ester with
a styrene, hydrolyzihg the resultant salicylic acid ester
resin, and then reacting a polyvalent metal compound with
the hydrolyzed resin (Japanese Patent Application Laid-open
No. 133780/1989 and U.S. Patent No. 4952648). For example,
there is described a method ﬁhich comprises reacting methyl
salicylate with styrene in the presence of concentrated
sulfuric acid to form a methyl salicylate resin, hydrolyz-

ing this resin with an aqueous alkaline solution, and then
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reacting the hydrolyzed resin with a polyvalent metal
compound (e.g., zinc sulfate) to produce the polyvalent
metal salt of the salicylic acid resin. However, when used
as a developer for pressure sensitive record, the poly-
valent metal salt (e.g., zinc salt) of the salicylic acid
resin obtained by this method is scarcely brought into fine
particles at the time of dispersion, and the resultant
dispersion is liable to coagulate inconveniently.

As described above, the performance of the product
obtained by the reaction between a salicylic acid deriva-
tive and a styrene derivative and the polyvalent metal salt
of this product depends upon the given reaction conditions
(e.g., a catalyst, a solvent, a reaction temperature and
the like). Therefore, physical properties of the product
and the polyvalent metal salt of fhe product cannot be
determined in a theoretical manner, and it is also very

-difficult to presume them on the basis of experience.
Nowadays, it is expected that the above performance and
physical properties are elucidated and established by
experimental pfocedures.

In recent years, there is desired a developer which
can easily become fine particles and which is excellent in
the storage stability of a dispersion, is excellent in the
storage stability (e.g., water resistance) of a colored

image in the case that a developing sheet for pressure
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sensitive record is formed therefrom, and is excellent in

abrasion resistance stability.

SUMMARY OF THE INVENTION

. The first object of the present invention is to
provide a polyvalent metal salt of a salicylic acid resin
useful as a developer for pressure sensitive record, and a
process for preparing the same.

The second object of the present invention is to
provide an aqueocus dispersion having excellent storage
stability and excellent dispersion properties in which the
polyvalent metal salt of the resin is dispersed.

The third object of the present invention is to
provide a developing sheet in which the polyvalent metal
salt of the resin is used and which is excellent in the
storage stability of the color density of a colored image,
water resistance énd the like, and further excellent in
abrasion resistance.

In order to comply with the above desire, the
present inventors have intensively investigated a poly-
valent metal salt of a salicylic acid derivative, and as a
result, the present invention has been attained. That is
to say, the first aspect of the present invention is di-
rected to a process for preparing a polyvalent metal salt

of a salicylic acid resin which comprises the steps of
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reacting salicylic acid or its derivative represented by

the formula (1)
COOH

X, X,

wherein X; and X, are each a hydrogen atom, an alkyl group,
an alkoxy group or a halogen atom,

with styrene or its derivative represented by the formula
(2)

R, R,
\C =c’/
"R,
(2)
X3 Xq

wherein R;, R; and R; are each a hydrogen atom or an alkyl
group; X3 and X, are each a hydrogen atom, an alkyl group,
an alkoxy group, -an aralkyl group, an aryl group or a
halogen atom,

at a temperature of -20°C or higher but lower than 40°C in

the presence of sulfuric acid, and then reacting the re-
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sulted reaction product with a polyvalent metal compound.
The second aspect of the present invention is
directed to an agqueous dispersion in which the polyvalent
metal salt of the salicylic acid resin is dispersed in
water.
The third aspect of the present invention is di-

rected to a developing sheet in which the polyvalent metal

salt of the resin is used.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advan-
tages of the present invention will become apparent from
the following description of the invention and the appended
claims, taken in conjunction with the accompanying draw-
ings, in which:

Fig. 1 is a schematic créss-sectional view showing
the structure of a préssure—sensitive copying paper sheet.
Here, reference numeral 1 is a CB-sheet, numeral 2 is a
CF/CB~sheet, 3 is a CF-sheet, 4 is a microcapsule layer, S
is a developer layer, and 6 is the external pressure of a

ball-point pen or a typewriter.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED
EMBODIMENTS

In the formula (1)
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OH
COOH

(1)

X X,

X, and X; are each a hydrogen atom, an alkyl group, an
alkoxy group or a halogen atom, and preferably, it is the
hydrogen atom, an alkyl group having 1 to 12 carbon atoms,
an alkoxy group having 1 to 12 carbon atoms, a fluorine
atom, a chlorine atom or a bromine atom. Above all, the
hydrogen atom is particularly preferable. |

Thus, examples of the compound represented by the
formula (1) include salicylic acid, 3-methylsalicylic acid,
4-methylsalicylic acid, 5-methylsalicylic acid, 3-n-butyl-
salicylic acid, 6-methylsalicylic acid, 6-ethylsalicylic
acid, S5-isopropylsalicylic acid, 4-n-pentylsalicylic acid,
5-cyclohexylsalicylic acid, 5-n-octylsalicylic acid, 5-tert-
octylsalicylic acid, 4-nonylsalicylic acid, S5-nonylsali-
cylic acid, 4-n-dodecylsalicylic acid, 4-methoxysalicy1ic
acid, 6-methoxysalicylic acid, 5-ethoxysalicylic acid,
é-isopropoxysalicylic acid, 4-n—hexyioxysalicylic acid, 4-n-
decyloxysalicylic acid, 5-fluorosalicylic acid, 3-~-chloro-
salicylic acid, 4-chlorosalicylic acid, 5-chlorosalicylic
acid and S5-bromosalicylic acid, and they are not restric-

tive. These salicylic acid derivatives may be used singly
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or in a combination of two or more thereof. Above all,
salicylic acid or an alkyl substituted salicylic acid
derivative such as 3-methylsalicylic acid is preferable,
and salicylic acid is particularly preferable.

In the formula (2)

R;j, Ry and R; are each a hydrogen atom or an alkyl group,
and preferably it is the hydrogen atom or an alkyl group
having 1 to 4 carbon atoms. Particularly preferable is the
hydrogen atom.

In the formula (2), X3 and X, are each a hydrogen
atom, an alkyl group, an alkoxy group, an aralkyl group, an
aryl group or a halogen atom, and preferably it is the
hydrogen atom, an alkyl group having 1 to 12 carbon atoms,
an alkoxy having 1 to 12 carbon atoms, an aralkyl group
having 7 to 10 carbon atoms, an aryl group having 6 to 10
carbon atoms, a fluorine atom, a chlorine atom or a bromine

atom. Above all, the hydrogen atom is particularly prefer-
able.
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Thus, examples of the compound represented by the
formula (2) include styrene, 2-methylstyrene, ﬁ—methyl—
styrene, 4-methylstyrene, 2-ethylstyrene, 4-ethylstyrene,
3-isopropylstyrene, 4-isopropylstyrene, 4-n-butylstyrene,
4-tert-~-butylstyrene, 4-cyclohexylstyrene, 4-n-octylstyrene,
4-n-decylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene,
3-methoxystyrene, 4-methoxystyrene, 4-ethoxystyrene,
a-methylstyrene, a-ethylstyrene, a-n-butylstyrene, a-iso-
butylstyrene, o,f-dimethylstyrene, «,f~diethylstyrene,
a-methyl-B-isopropylstyrene, a-n-propyl—ﬁ-methylstyrgne,
4-(a,a-dimethylbenzyl)styrene, 4-phenylstyrene, 4-flﬁoro-.
styrene, 2-chlorostyrene, 3-chlorostyrene, 4-chlorostyrene
and 4~-bromostyrene, and they are not restrictive. These
styrene derivatives may be used singly or in a combination
of two or more thereof. Above all, styrene or an alkyl
substituted styrene derivative such as 4-methylstyrene or
a-methylstyrene is preferable, and styrene is particularly
prefe;able.

A process for preparing a polyvalent metal salt of
a salicylic acid resin according to the present invention
comprises reacting the compound represented by the formula
(1) [hereinafter: referred to as “"compound (1)"] with the
compound represented by the formula (2) [hereinafter re-
ferred to as "compound (2)"] (hereinafter referred to as

"reaction A"), and then reacting the resulted reaction
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product with a polyvalent metal compound (hereinafter

referred to as "reaction B"). Next, these reactions will

be described in more detail.

Reaction A

The amount of the compound (2) is preferably in the
range of from about 1 to 10 mols, preferably from about 1.5
to 8 mols, more preferably from 2 to 6 mols, based on 1 mol
of the compound (1).

The reaction A is carried out in the presence of
sulfuric acid, and no particular restriction is put on the
amount of sulfuric acid to be used. The employment of a
large amount of sulfuric acid does not have a bad influence
on characteristics of the product, but the employment
itself of the large amount only deteriorates operation
efficiency, productivity and the like. The amount of
sulfuric acid is usually 5% by weight or more, preferably
in the range of from 5 to 200% by ﬁeight, more preferably
from 10 to 100% by weight based on the weight of the com-
pound (l1l). The concentration of sulfuric acid which can be
used is about 90% by weight or more, preferably about 93%
by weight or more, more preferably 95% by weight or more.
In addition, sulfuric acid can be used together with fuming
sulfuric acid.

The reaction A is preferably garried out in the

presence of an organic solvent, though it can be done
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without the organic solvent. Any organic solvent can be
used, so long as it is inert to the reaction. Examples of
the organic solvent include hydrocarbon solvents such as
hexane, octane, decane, cyclohexane, benzene, toluene and
xylene, ester solvents such as ethyl acetate, butyl acetate
and amyl acetate, ether solvents such as tetrahydrofuran
and dioxane, and halogenated hydrocarbon solvents such as
dichloromethane, 1,2-dichlor§methane, tetrachloromethane,
1,1-dichloroethane, 1,1,l1-trichloroethane, 1,1,2-tri-
chloroethane, 1,1,2,2-tetrachloroethane, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene, p-dichlorobenzene,
1,2,4-trichlorobenzene, o-chlorotoluene, m-chlorotoluene
and p-chlorotoluene, and they are not restrictive. These
solvents may be used singly or in a combination of two or
more thereof. Particularly preferable are the halogenated
hydrocarbon solvents.

No particular restriction is put on the amount of
the organic solvent, but its employment itself of a large
amount only deteriorates operation efficiency, productivity
and the like. In general, the amount of the organic sol-
vent is preferably 100 (volume/weight) times or less as
much as that of the compound (1).

No particular restriction is put on the operation
and procedure of the reaction A. BAs the preferable usual

procedure, for example, there can be used a process which



REFLACEMENT SHEET |

0 1 DEC 1997 1 -

compriées'placing sulfuric acid, the compound (1) and if
desired, the organic solvent in a reaction vessel, and then
adding the compound (2) to the resulting mixture.

Another process, i.e., the so-called divisional
feed process can also be utilized which comprises placing
sulfuric acid, a part of the compound (1) and if desired,
the organic solvent in the reaction vessel, feeding a part
of the compound (2) to the resulting mixture, further
feeding the residue of the compound (1) to the mixture, and
then adding the residue of the compound (2) thereto.

As the feed procedure of the compound (2), an
applicable procedure comprises feeding the compound (2)
continuously or intermittently at a multistage way by a
known means and devices (e.g., a dropping device and a
metering pump). Needless to say, another process-
engineeringly practical procedure is also applicable.

The compound (2) may be fed in a neat state or in
the form of a solution in which the compound (2) is dis-
solved in the organic solvent. No particular restriction
is put on a feed rate of the compound (2), but in general,
a feed time required is in the range of from about 0.5 to
about 15 hours, preferably from about 1 to about 10 hours.

It is preferable for the improvement of a reaction
efficiency that the reaction A is carried out with stir-

ring. No particular restriction is put on a stirring way
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and the stirring device, but the stirring device having a
stirring power which permits the efficient progress of the
reaction is preferably used. Examples of the reaction
device include a tank type reaction device and a tubular
reaction device equipped with a stirrer such as a propeller
stirrer, a turbine stirrer, a paddle stirrer, a homogeniz-
er, a homomixer, a line mixer or a line homomixer. The
reaction A can be carried out by batch process or continu-
ous process.

In performing thé preparation process of the pres-
ent invention, the reaction temperature of the reaction A
is required to be -20°C or higher but lower than 40°C,
preferably from 0 to 38°C, more preferably 10 to 35°C.

If the reaction temperature is 40°C or higher, the
prepared polyvalent metal salt of the salicylic acid resin
is scarcely brought into fine particles at the time of
dispersion and even if an agueous dispersion is obtained,
it tends to be poor in stability, though this reason is not
definite. Furthermore, a developing sheet for pressure
sensitive record which can be prepared by the use of the
obtained polyvalent metal salt of the salicylic acid resin
has a drawback such as poor abrasion resistance, which is
not preferable as the developer for the pressure sensitive

record.

If the reaction temperature is lower than ~20°C,
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the reaction does not proceed smoothly.

The preparation process of the present invention is
characterized by performing the reaction A at a temperature
of -20°C or higher but lower than 40°C. The progress of
the reaction can be monitored by measuring a rate of change
of the compound (1) and/or the compound (2) by the use of a
known analytical means such as proton NMR spectrum or high-
performance liquid chromatography (EPLC), and so the reac-
tion time can be'determined on the basis of the results of
the analytical means.

The performance of the reaction for a long period
of time does not have a bad influence on the characteris-
tics of the product, but the consumption of the long time
only leads to the deterioration of operation efficiency,
productivity and the like. 1In general, when the reaction A
is carried out, the reaction time is longer than the feed
time of the compound (2), and after the feed of the com-
pound (2), the solution may be allowed to stand or may be
stirred at a temperature of -20°C or higher but lower than
40°C for an optional time. The reaction is usually carried
out for a time of from about 1 to about 20 hours, prefera-
bly from about 2 to about 15 hours.

The reaction A can usually be carried out under
'atmnspheric pressufe, but if desired, it may be done under

reduced pressure or under increased pressure. Furthermore,
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the reaction can be performed in the atmosphere, but it may
be done in the presence of an inert éas (e.g., & gas such
as nitrogen, helium or érgon).

The resin obtained by the reaction A (hereinafter
referred .to as "resin A") can be taken out from the reac-
tion system in a known manner, or alternatively, the resin
can be used in the subsequent reaction with the polyvalent
metal compound (the reaction B) instead of being taken out
from the reaction system.

The resin A is a resin having a complicated compo-
sition which comprises various compounds formed by various
reactions of reactive oligomers.

Preferable examples of the polyvalent metal salt of
the salicylic acid resin of the present invention include
water-sparingly soluble and water-insoluble divalent,
trivalent and tetravalent metal salts, and above all, the
divalent metal salts are more preferable. Typical examples
of the polyvalent metal salt include salts of zinc, magne-
sium; calcium, barium, nickel, tin, copper, molybdenum,
tungsten, zirconium, manganése, cobalt, titanium, aluminum
and iron, and they are not restrictive. The polyvalent
metal salts may be used singly or in a combination of two

or more thereof. Above all, a zinc salt is particularly

preferable.
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Reaction B

The polyvalent metal salt of the salicylic acid
resin of the present invention can be prepared by reacting
the resin A with a polyvalent metal compound. No particu-
lar restriction is put on its preparation procedure, and
any known process can be used. For example, there can be
used the preparation method which comprises melting the
resin A and the polyvalent metal compound (e.g., an oxide,
a hydroxide, a carbonate, a silicate or an organic carbox-
ylate of a polyvalent metal) (the melting method), and the
preparation method which comprises reacting a salt of the
resin A such as an alkali metal salt, an amine salt or an
ammonium salt of the resin A with the polyvalent metal
compound in the presence of water (the double decomposition
method). It is preferred that the polyvalent metal salt of
the salicylic acid resin of the present invention is pre-
pared by the double decomposiﬁion methed.

In the case that the reaction B is carried out by
the melting method, as a usual method, there can be recited
a method which comprises heating and melting the resin A
and an oxide, a hydroxide, a carbonate or a silicate of a
polyvalent metal; or a polyvalent metal salt of an organic
carboxylic acid such as zinc acetate, zinc caproate, zinc
stearate or zinc benzoate at a temperature of from about

100 to 180°C for a period of about 1 to about 5 hours. 1In
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this case, prior to the heating and melting, there may be
added a basic substance such as ammonium acetate, ammonium
caproate, ammonium Stearate or ammonium benzoate.

In the case that the reaction B is carried out by
the double decomposition method, as a usual method, there
can be recited a method which comprises reacting the car-
boxyl group of the resin A with about equivalent of an
alkali metal compound (e.g., lithium hydroxide, sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium
carbonate or sodium hydrogencarbonate) or an amine compound
(e.g., methylamine, ethylamine, dimethylamine, diethyl-
amine, trimethylamine, triethylamine, ethanolamine, isopro-
panolamine, triethanolamine, 2-dimethylamincethanol, mor-
pholine or ammonia) in the presence of water to prepare the
alkali metal salt, an amine salt or an ammonium salt of the
resin &, and then reacting the resulted reaction product
‘with the polyvalent metal compound to produce a water-
sparingly soluble or water-insoluble polyvalent metal salt
of the salicylic acid resin.' In this case, the polyvalent
metal compound may be added to the alkali metal salt of the
resin A or the like, or alternatively, the alkali metal
salt of the resin A or the like may be added to the polyva-
lent metal compound.

No particular restriction is put on a reaction

temperature in preparing the polyvalent metal salt of the
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salicylic'acid resin of the present invention in accordance
with the double decomposition method by the use of the
alkali metal salt of the resin A or the like and the poly-
valent metal compound. For example, in the case that the
double decomposition methed is carried cut in the presence
of water or an organic solvent (e.g., a hydrocarbon solvent
such as toluene or xylene, or a halogenated hydrocarbon
solvent such as tetrachlorocethylene or 1,2-dichlorocethane)
which sufficiently dissolve water and the polyvalent metal
salt of the salicylic acid resin, no-particular restriction
is put on the temperature of the reaction, but the double
decomposition method is preferably performed at a tempera-
ture lower than the boiling point of water or the selected
organic solvent, more preferably at a temperature of from 0
to 55°C.

For the improvement of a reaction efficiency, the
reaction of the double decomposition method is preferably
done by the use of a mixing machine eqguipped with a suit-
able stirrer or mixer. Examples of the mixing machine
include mixing machines using no medium such as a propeller
stirrer, a turbine stirrer, a paddle stirrer, a homogeniz-~
er, a homomixer, a line mixer and a line homomixer, stir-
ring tank type mills such as an attritor and a sentry mill,
flow pipe type mills such as a sand grinder, a grain mill,

a pearl mill, a matter mili and a dyno mill, and annular
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type continuous wet stirring mills filled with a medium
(e.g., glass beads, ceramic balls or steel balls) such as a
conical ball mill and an annular mill. The double decompo-
sition method can be carried out by a batch process or a
continuous process by combining these reaction devices.

The reaction between the alkali metal salt or the
like of the resin A and the polyvalent metal compound can
usually be carried out under atmospheric pressure, but if
desired, the reaction can be done under reduced pressure or
under increased pressure. In addition, the reaction can be
performed in the atmosphere, but it may be done in the
presence of an inert gas (e.g., a gas such as nitrogen,
helium or argon). |

Preferable examples of the polyvalent metal com-
pound include water-soluble divalent, trivalent and tetra-
valent metal compounds. Typical examples of the polyvalent
metal compound include sulfates such as zinc sulfate,
magnesium sulfate, calcium sulfate and aluminum sulfate,
chlorides such as zinc chloride, magnesium chloride, calci-
um chloride, barium chloride, nickel chloride, cobalt
chloride and aluminum chloride, acetates such as zinc
acetate and manganese acetate, and a nitrate such as zinc
nitrate. These polyvalent metal compounds may be used
singly or in a combination of two or more thereof.

The polyvalent metal compound may -be used in the
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state of a solid or an aqueous solution.

The amount of the polyvalent metal compound is
usually in the range of from 0.8 to 1.5 equivalents, pref-
erably from 1.0 to 1.2 equivalents per equivalent of the
alkali metal salt of the resin A. Here, if the polyvalent
metal compound is, for example, the divalent metal compound
(e.g., zinc sulfate), 1 equivalent of the polyvalent metal
compound means 0.5 mol of the divalent metal compound per 1
mol of the alkali metal salt of the resin A.

The polyvalent metal salt of the salicylic acid
resin of the present invention which can be prepared by the
above process is a resin obtained by reacting the resin A
with the polyvalent metal compound, and the composition of
the thus obtained salt is more intricate than that of the
resin A.

The molecular weight of the ?olyvalent metal salt
of the salicylic acid resin of the pfesent invention de-
pends largely upon the amounts of the compound (1) and/or
the compound (2) to be used and the reaction conditionms,
but in the case that the polyvalent metal salt is used as a
developer for pressure sensitive record, the molecular
weight of the polyvalent metal salt of the salicylic acid
resin of the present invention is preferably in the fange

of from about 350 to about 2000, more preferably from about
400 to about 1500.
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In general, the softening point of the polyvalent
metal salt of the salicylic acid resin of the present
invention is in the range of from about 60 to about 150°C.

Reference will be made to an aqueous dispersion in
which the polyvalent metal salt of the salicylic acid_resin
of the present invention is dispersed, and a developing
sheet for pressure sensitive record in which the polyvalent
metal salt of the resin is used as a developer. |

When the polyvalent metal salt of the salicylic
acid resin of the present'invention is prepared in the
presence of water by the double decomposition method, this
polyvalent metal salt usually precipitates in the aqueous
medium in a short period of time. The thus precipitated
polyvalent metal salt can be easily filtered and isolated
from the aqueous medium by a known means and device without
using any specific equipment. After the filtratiomn, the
precipitated polyvalent metal salt is dried, and then
subjected to a dispersion treatment by a known means and
device, or after the filtration, the precipitated salt is
subjected to the dispersion treatment without undergoing
the drying step, thereby preparing a dispersion of the
developing agent for pressure sensitive record. Alterna-~
tivéiy, the aqueous medium containing the precipitated
polyvalent metal salt of the salicylic acid resin may be

directly subjected to the dispersion treatment without
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undergoing the filtration step, thereby preparing the
dispersion.

When the double decomposition method is carried out
in the presence of water and an organic solvent (e.g., a
hydrocarbon solvent such as toluene or xylene, or a haloge-
nated hydrocarbon solvent such as tetrachloroethylene or
1,2-dichlorocethane) which sufficiently dissolve the poly-
valent metal salt of the salicylic acid resin, a mixed
solution of the organic solvent containing water and the
polyvalent metal salt of_the_salicylic acid resin can be
emulsified and dispersed, followed by removing the organic
solvent from the system, to prepare the dispersion of a
developer for pressure sensitive record.

In order to prepare the dispersion of the developer
for pressure sensitive record and the like, the polyvalent
metal salt of the salicylic acid resin is usually subjected
to the dispersion treatment in an aqueous medium, and in
this case, the desired dispersion can be obtained as an
aqueous dispersion. In general, the polyvalent metal salt
(dé#eloper) of the salicylic acid resin is ground to an
average particle diameter of 3 um or less, preferably 2 um
or less, and then dispersed.

As methods for obtaining the agueous dispersion,
there can be used (1) a method which comprises grinding and

then dispersing the polyvalent metal salt of the salicylic
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acid resin in an aqueous medium by the use of a dispersing
machine such as a ball mill, an attritor, a sand grinder, a
pebble mill, a cobble mill, a dyno mill, a high-speed
impeller dispersing machine, a high-speed stone mill or an
annular mill, thereby obtaining the desired aqueous disper-
sion, and.(2) a method which comprises dissolving the
polyvalent metal salt of the salicylic acid resin in an
organic solvent, emulsifying and dispersing in an agueous
medium by the use of, for example, an ultrasonic dispersing
machine, a homogenizer, a homomixer or a line homomixer,
and then removing the organic solvent, thereby obtaining
the desired agueous dispersion.

In the above method (2), the organic solvent which
can be used is preferably has a low solubility in water, a
high solubility of the developer and a relatively low
boiling point. Examples of such an organic solvent include
hydrocarbon solvehts such as benzene, toluene, xylene,
ethylbenzene and l-methylnaphthalene, halogenated hydro-
carbon solvents such as dichloromethane, chloroform, tetra-
chlorcethylene, 1,2-dichloroethane, 1,1,1l-trichlorcethane,
1,1,2-trichlorcethane, 1,1,2,2-tetrachlorocethane, chloro-
benzene, o-dichlorobenzene, m—dichlorcbenzene, p-dichloro-
benzene, o-chlorotcluene, m—chlorotoluene and p-chloro-
toluene, keﬁone solvents such as methyl ethyl ketone,

methyl'isobutyl ketone and cyclohexanone, ester solvents
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such‘és éthyl acetate, butyl acetate and amyl acetate, and
alcohol solvents such as butanol, pentanol, hexanol and
cyclohexanol. These organic solvents may be used singly or
in a combination of two or more thereof.

No particular restriction is put on the amount of
the organic solvent to be used, but it is usually in the
range of from about 5 to 500 parts by weight, préferably 20
to 300 parts by weight with respect to 100 parts by weight
of the polyvalent metal salt of the salicylic acid resin
according to the present invention. In this case, the
emulsifying dispersion treatment is carried out at a tem-
perature lower than the boiling point of the organic sol-
vent under atmospheric pressure or. under increased pres-
sure. After the dispersion treatment, the organic solvent
is distilled off to obtain the aqueous dispersion of the
developer. The organic solvent can be distilled off by
heating the solution at a temperature higher thén the
boiling point of the organic solvent under atmospheric
pressure or under reduced pressure.

The thus obtained agueocus dispersion of the devel-
oper, if desired, can be further subjected to the disper-
sion treatment by the use of the above-dispersing machine
(e.g., a sand grinder or an annular mill).

A dispersant which can be used in the aqueous

medium at the time of the dispersion preferably is an ionic
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or a nonionic surface active agent.

Examples of the dispersant include synthetic and
natural polymeric compounds such as polyvinyl alcochols,
alkyl-modified polyvinyl alcohols, cyanoethyl-modified
polyvinyl alcohols, ether-modified polyvinyl alcohols,
polyacrylamides, polyacrylic acids, acrylamide-alkyl acry-
late copolymers, alkaline metal salts of polystyrenesulfon-
ic acid, maleic anhydride-isobutylene copolymers, carboxy-
methyl cellulose, hydroxyethyl cellulose, polyvinyl pyrrol-
idone, starch and its derivatives, casein, gum arabic, agar
and gelatin, alkaline metal salts of alkylbenzenesulfonic
acid, alkaline metal salts of alkylnaphthalenesulfonic
acid, alkaline metal salts of dialkylsulfosuccinic acid,
alkaline metal salts of alkylsulfonic acid, polyoxyethylene
alkyl ethers, polyoxyethylene alkylphenyl ethers and poly-
valent alcohol fatty acid esters. These dispersants may be
' used singly or in a combination of two or more thereof. No
particular restriction is put on the amount of the disper-
sant to be used, but it is usually in the range of from
about 1 to 30 parts by weight with respect to 100 parts by
weight of the polyvalen£ metal salt of the salicylic acid
resin. |

No particular restriction is put on the amount of
water to be used in preparing the aqueous dispersion, but

this amount is usually such that the concentration of the
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developer in the aqueous dispersion is preferably in the
cange of from about 3 to 50% by weight, more preferably

from about 5 to 40% by weight.

In the case that the thus obtained aqueous solution
of the developer is used as a coating solution for forming
a developer layer on a support, a binder, a pigment and the
like are usually further Blended.

No particular restriction is put on the kind of
binder, but examples of the usable binder include synthetic
and natural polymeric compounds such as polyvinyl alcohol,
casein, starch and its derivatives, gum arabic, methyl
cellulose, carboxymethyl cellulose, polyacrylic acid, and
latexes such as styrene-butadiene copolymer latex and
acrylic ester latex.

No particular restriction is put on the amount of
the binder, but this amount is usually adjusted so as to be
in the range of from 5 to 40% by weight, preferably from 10
to 30% by weight of the total solid amount of the developer
coating solution.

Examples of the pigment which can be used in the
present invention include inorganic pigments such as zinc
oxide, zinc carbonate, calcium carbonate, magnesium carbon-
ate, barium carbonaté, magnesium sulfate, barium sulfate,

- titanium oxide, talc, kaolin, active China clay, diatom-

aceous earth, zinc hydroxide, aluminum hydroxide, magnesium
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hydroxide, alumina and silica, and organic pigments such as
styrene microballs, nylon particles, a urea-formaldehyde
filler, polyethylene particles, a cellulose filler and
starch particles.

No particular restriction is put on the amount of
the pigment, but in general, this amount is adjusted so as
to be in the range of from about 30 to 90% by weight of the
total solid amount of the developer coating solution.

Furthermore, if desired, various kinds of additives
(e.g., an ultraviolet absorber, a defoamer, a pH adjustor,
a viscosity modifier, a plasticizer and an organic polymer-
ic compound) may be added to the coating solution of the
above developer layer.

| A support. (e.g., a paper, a plastic sheet, a syn-
thetic paper or a composite sheet obtained by combining
them) is coated with the thus prepared coating solution for
the preparation of a developing sheet in a known manner,
for example, by the use of a coating device such as an air-
knife coater, a blade coater, a roll coater, a size press
coater, a curtain coater or a short dwell coater to form
the developer layer, whereby the developing sheet can be
prepared.

No particular restriction is put on the weight
(coating weight) of the developer layer on the support, but

it is 0.5 g/m? or more, preferably from 0.5 to 10 g/m? in
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terms of dry weight. Furthermore, the content of the poly-

valent metal salt of the salicylic acid resin éccording to
the present invention in the developer layer is usually 5%
by weight or more, preferably from 5 to 70% by weight.

Moreover, in thé preparation of the developing
sheet according to the present invention, the polyvaient
metal salt of the salicylic acid resin regarding the pres-
ent invention can be used together with another known
developer [e.g., acidic clay minerals such as acidic China
clay, active China clay, attapulgite and bentonite, a
phenolic resin such as a phenol—formaldehjde resin and a
phenol-salicylic acid-formaldehyde resin, and metal salts
6f zinc salts of aromatic carboxylic acids such as phthalic
acid, salicylic acid, S5-cyclohexylsalicylic acid, S-tert-
octylsalicylic acid, 5-nonylsalicylic acid, 3,5-dinonyl-
salicylic acid, 3-(o-methylbenzyl)salicylic acid, 5-(o-
methylbenzyl)salicylic acid, 5-phenylsalicylic acid, 3,5~
di(a~methylbenzyl)salicylic acid, 3,5-di(c,c~dimethyl-
benzyl)salicylic acid and 3,5-di-tert-butylsalicylic acidj,
so long as the desired effect of the present invention is
not impaired. '

No particular restriction is pui on the morphology
of the developing sheet according to the present invention,

but for example, there are

(1) a CF-sheet which can be used in combination
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with a CB-sheet having a back surface coated with micro-
capsules containing an electron donating color developing
compound and a capsule oil,

(2) a CF/CB-sheet having a developer layer on the
surface of the sheet and a microcapsule layer on the back
surface of the sheet, the CF/CB-sheet being interposed
between the CB-sheet and the CF-sheet in order to obtain a
plurality of copies, and

(3) a single copy sheet having one surface coated
with both of the microcapsules and the developer.

The aone-mentioned microcapsules can be prepared
by dissolving the electron donating color former in the
capsule oil, and then subjecting the resulted solution to
a known microencapsulation method such as a coacervation
method, an interfacial polymerization method, an internal
polymerization method, a phase separation method or an
external polymerization method.

Examples of the electron donating color former
include various known compounds such as triarylmethane
compounds, diarylmethane compounds, Rhodamine-lactam com-
pounds, fluoran compounds, indolylphthalide cdmpounds,
pyridine compounds, spiro compounds, fluorene compounds and
phenothiazine compounds.

Examples of the capsule oil include various oils

such as cotton seed oil, castor oil, kerosine, paraffins,
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chlorinated paraffins, naphthenic oils, alkylated biphen-
¥ls, alkylated terphenyls, alkylated naphthalenes, diaryl
alkanes, hydrogenated terphenyls and dialkyl phthalates.
These capsule oils may be used singly or in a combination
of two or more thereof. |

Now, the present invention will be described in
detail in reference to exampies, but the scope of the
present invention should not be limited to these examples.

In the examples, a weight average molecular weight
was measured by GPC (gel permeation chromatography), and a
softening point was measured by a ring and ball softening
point measuring device in accordance with JIS-K-2548.

Example 1

In a glass reaction vessel were placed 27.6 g (0.2
mol) of salicylic acid, 12 g of 98% by weight sulfuric acid
(43% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichloroethane, and 62.5 g (0.6 mol) of sty-
rene was fed to the solution at 30°C with stirring the
solution through a dropping funnel over 7 hours. After the
feed, the mixture was further stirred for 2 hours at the
same temperature. After the solution was neutralized with
a 5% by weight aqueous sodium hydroxide solution, 1,2-
dichloroethane was distilled off. Water (500 ml) was added
to the residue, and an aqueous solution (200 ml) of zinc

sulfate heptahydrate (29 g) was added dropwise to the
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solution at 40°C over 1 hour. Furthermore, the solution

was stirred at room temperature for 2 hours, filtered,
washed with water, and then dried to obtain 92 g of a zinc
salt of a colorless sélicylic acid resin. The weight
average molecular weight and the softening point of the
product was 560 and 115°C, respectively.

Example 2 |

The same procedure as in the Example 1 was effected
except that 62.5 g of styrene was replaced with 83.3 g (0.8
mol) of styrene to obtain 114 g of a zinc salt of a color-
less salicylic acid resin. The weight average molecular
weight and the softening point of the product was 650 and
117°C, respectively.

Example 3

The same procedure as -in the Example 1 was effected
except that 12 g of 98% by weight sulfuric acid was re-
placed with 20 g (71% by weight to salicylic acid) of 98%
by weight sulfuric acid to obtain 94 g of a zinc salt of a
colofless salicylic acid resin. The weight average molecu-
lar weight and the softening point of the product was 620
and 115°C, respectively.

Example 4

The same procedure as in the Example 1 was effected
except that 27.6 g of salicylic acid was replaced with 20.7

g (0.15 mol) of salicylic acid and 7.6 g (0.05 mol) of
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3-methyisalicylic acid to obtain 94 g of a zinc salt of a
<olorless salicylic acid resin. The weight average molecu-
lar weight and the softening point of the product was 590
and 114°C, respectively.

Example 5

In a glass reaction vessel“were placed 27.6 g (0.2
mol) of salicylic acid, 7 g of 98% by weight sulfuric acid
(25% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichloroethane, and 104.2 g (1.0 mol) of
styrene was fed to the solution at 10°C with stirring the
solution through a dropping funnel over 8 hours. After the
feed, the mixture was further stirred for 2 hours at 20°C.
After the solution was neutralized with a 5% by weight
aqueous sodium hydroxide solution, 1,2-dichloroethane was
distilled off. Water (500 ml) was added to the.residue,
and an agueous solution (200 ml) of zinc sulfate hepta-
hydrate (29 g) was added dropwise to the solution at 40°C
over 1 hour. Furthermore, the solution was stirred:at room
temperature for 2 hours, filtered, washed with water, and
then dried to obtain 134 g of a zinc salt of a colorless
salicylic acid resin. The weight average molecular weight
and the softening point of the product was 800 and 122°C,
respectively.

Example 6

In a glass reaction vessel were placed 27.6 g (0.2
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mol) of salicylic acid, 14 g of 98% by weight sulfuric acid
{50% by weight based on the weight of salicylic acid) and
50 ml of 1,2-dichlorcethane, and a mixture of 62.5 g (0.6
mol) of styrene and 23.6 g (0.2 mol) of 4-methylstyrene was
fed to the solution at 40°C with stirring the solution
through a dropping funnel over 6 hours. After the feed,
the mixture was further stirréd for 2 hours at the same
temperature. After the solution was neuéralized with a 5%
by weight aqueous sodium hydroxide solution, 1,2-dichloro-
ethane was distilled off. Water (500 ml) was added to the
residue, and an aqueous solution (200 ml) of zinc sulfate
heptahydrate (29 g) was added dropwise to the solution at
40°C over 1 hour. Furthermore, the solution was stirred at
room temperature for 2 hours, filtered, washed with water,
and then dried to obtain 114 g.of a zinc salt of a color-
less salicylic acid resin. The weight average molecular
weight and the softening point of the product was 720 and
115°C, respectively.
Example 7

. In a glass reaction vessel were placed 27.6 g (0.2
mol) of salicylic acid, 12 g of.98% by weight sulfuric acid
(43% by weight based on the weight of sélicylic acid) and
50 ml of 1,2-dichloroethane, and 72.8 g (0.7 mol) of sty-
rene was fed to the solution at 35°C with stirring the

solution through a dropping funnel over 7 hours. After the
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fee&T'tne mixture was further stirred for 2 hours at the
same temperature. After the solution was neutralized with
a 5% by weight aqueous sodium hydroxide solution, 1,2~
dichloroethane was distilled off. Water (500 ml) was added
to the residue, and an agueous solution (200 ml) of zinc
sulfate heptahydrate (29 g) was added dropwise to the
solution at 40°C over 1 hour. Furthermore, the solution
was stirred at room temperature for 2 hours, filtered,
washed with water, and then dried to obtain 102 g of a zinc
salt of a colorless salicylic acid resin. The weight
average molecular weight and the softening point of the
product was 620 and 113°C, respectively.

Example 8

The same procedure as in the Example 7 was effected
except that styrene was fed at 38°¢ instead of 35°C to
obtain 103 g of a zinc salt of a colorless salicylic acid
resin. The weight average molecular weight and the soften-
ing point of the product was 600 and 113°C, respectively.

Comparative Example 1

At a temperate of from about 50 to 60°C, 62.4 g
(0.6 mol) of styrene was added to the mixture of 27.6 g
(0.2 mol) of salicylic acid and 1 g of concentrated sulfu-
ric acid in 60 ml of chlorobenzene, followed by stirring at
130°C for 3 hours. Next, 21.9 g of zinc acetate dihydrate

was added to the resulting mixture at 50°C. Afterward, the
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solvent was all removed by vacuum distillation to obtain
96.2 g of a zinc salt of the salicylic acid resin colored
yellow. The softening point of the product was 45°C. This
zinc salt of the resin was colored and had the low soften-
ing point, and thus the product had a low practical value
as a developer for pressure sensitive record.

Comparative Example 2

In a glass reaction vessel were placed 15.2 g (0.1
mol) of methyl salicylate, 3.7 g of 98% by weight sulfuric
acid and 50 ml of 1,2-dichloroethane, and 38.4 g (0.3 mol)
of 4-methystyrene was fed to the solution at 0 to 2°C with
stirring the solution through a dropping funnel over 6
hours. After the feed, the mixture was further stirred for
3 hours at the same temperature. Next, the solution was
neutralized with a 5% by weight aqueous sodium hydroxide
solution, followed by heating to distill off 1,2-dichloro-
ethane. Furthermore, an agqueous sodium hydroxide (4 g)
solution (100 ml) was added, and the solution was heated
and stirred at 95°C for 6 hours.

Afterward, water (300 ml) was added to the solu-
tion, and an aqueous solution (200 ml) of zinc sulfate
heptahydrate (14.5 g) was added dropwise to the solution at
25°C over 1 hour. Furthermore, the solution was stirred at
room temperature for 2 hours, filtered, washed with water,

and then dried to obtain 53 g of a zinc salt of a colorless
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salicylic acid resin. The softening point of the product
was 112°C.

Comparative Example 3

The same procedure as in the Example 7 was effected
except that styrene was fed at 42°C instead of 35°C to
obtain 102 g of a zinc salt of a colorless salicylic acid
resin. The weight average molecular weight and the soften-
ing point of the product was 580 and 108°C, respectively.

Comparative Example 4

The same procedure as in the Example 7 was effected
except that styrene was fed at 46°C instead of 35°C to
obtain 102 g of a zinc salt of a colorless salicylic acid
resin. The weight average molecular weight and the soften-
ing point of the product was 560 and 103°C, respectively.

Examples 9 to 16, and Comparative Examples 5 to 8

A mixture of the following composition was prepared
by the use of each of the zinc salts of the salicylic acid

resins manufactured in Examples 1 to 8 and Comparative

Examples 1 to 4:

Zinc salt of salicylic acid resin 50 g
Sodium salt of sulfonated polystyrene 2 g
Water . 120 g

The mixture having the above composition was sub-
jected to a dispersion treatment at 25°C for 4 hours by a

sand grinder. A bubbling state at the time of the disper-
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sion was visually observed. Evaluation was made by repre-
senting the less bubbling state by O, and representing the
very vigorous bubbling state by X.

For the inspectioﬁ of a dispersion efficiency, an
average particle diameter of the zinc salt of the salicylic
acid was ﬁeasured after the dispersion treatment was car-
ried out for 4 hours. In this case, the measurement of the
average particle diameter was done by the use of a coulter
~ counter.

Furthermore, a dispersing state of the dispersion
was visually observed after the dispersion which had under-
gone the dispersion treatment was allowed to stand at 50°C
for one week. Evaluation is made by the use of O and X,
-and O means such a dispersing state as to be capable of
applying in the form of a sheet and X means thét the dis-
persion is so coagulative as not ﬁb apply in the form of
the sheet. The results are shown in Table 1.

As shown in Table 1, the samples which were used
herein were the zinc salts manufactured in Examples 1 to 8

and Comparative Examples 1 to 4.



Table 1

_ Average Particle Dispersion
Zinc Salt of Bubbling Diameter after State
Salicylic State at Dispersion Treat- after
Example Acid Resin Used Dispersion ment for 4 hou'rs One Week
Example 9 Salt of Example 1 O 1.5 pm O
Example 10 Salt of Example 2 @) 1.6 pm- O
Example 11 Salt of Example 3 o 1.5 pum e
Example 12 Salt of Example 4 ) 1.4 pm O
Example 13 = Salt of Example 5 O 1.6 pm O
Example 14 Salt of Example 6 o 1.5 pm (@)
Example 15 Salt of Example 7 0 1.6 pm O
Example 16 . Salt of Example 8 @ 1.7 pm @)
Comp. Ex. 5 Salt of Comp. Ex. 1 X 2.8 pm X
Comp. Ex. 6 Salt of Comp. Ex. 2 X 2.5 pm X
Comp. Ex. 7 Salt of Comp. Ex. 3 X 2.0 pm O
Comp. Ex. 8 Salt of Comp. Ex. 4 X 2.2 pum O

{661 2301 0
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It is apparent from the results shown in Table 1
that the polyvalent metal salts of the salicylic acid
resins of the present invention can control the bubbling at
the time of the dispersion and so can facilitate the forma-
tion of fine particles thereof. Furthermore, after the
dispersion treatment, the obtained dispersions scarcely
coagulate, and so it is also apparent that they are excel-

lent in storage stability.

Examples 17 to 24, and Comparative Examples 9 to 11

Developing sheets for pressure sensitive record
were prepared by the use of the respective zinc salts of
salicylic acid resins obtained in Examples 1 to 8, the
respective zinc salts of salicylic acid resins obtained in
Comparative Examples 3 and 4, and a zinc salt of 3,5-di(a-
methylbenzyl)salicylic acid as developers in accordance
with the following procedure, and evaluation was made in
the undermentioned manner. The results of the performance
evaluation are shown in Table 2.

Preparation procedure of developing sheets for
pressure sensitive record:

Each mixture having the following composition was
dispersed by a sand grinder to obtain a dispersion (3):

Developer 50 g

Sodium salt of sulfonated polystyrene 2 g

Water 120 g
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As shown in Table 2, the developers which were used
herein were the zinc salts of salicylic acid resins ob-
tained in Examples 1 to 8, the zinc salts of salicylic acid
resins obtained in Comparative Examples 3 and 4, and zinc
salt of 3,5-di(a-methylbenzyl)salicylic acid.

A dispersion having the following composition was

prepared by the use of the above dispersion ().

Dispersion (A) 8.0 g
‘Precipitated calcium carbonate 30 g

Starch 0.8 g
Synthetic rubber latex 0.8 ¢g
Water 77.4 g

A high-quaiity paper (50 g/m?) was coated with this
dispersion so that a dry coating weight might be 5.0 g/m?,
and then dried to prepare é_developing sheet (a CF-sheet).

Evaluation of the developing sheets for pressure
sensitive record

(1) Measurement of color density

A color density was measured at 20°C and a relative
humidity of 65% in a constant temperature constant humidity
chamber.

A commercially available CB-sheet: for blue color
generation (N-4 gDmade by Mitsubishi Paper Mills, ILtd.)
coated with microcapsules containing Crystal Violet Lactone

(CVL). as a main electron donating color former was super-
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posed upon each of the developing sheet for pressure sensi-
=tive record (a CF-sheet) obtained by the above procedure so
that the coated surfaces of both the sheets might face to
each other, and an electronic typewriter was used to apply
pressure to the sheets, thereby generating the color.

After the application of the pressure, the sheets
were allowed to stand for 24 hours under the same circuﬁ»
stances, and a color density was then measured. In this
case, the density of a colored image'was measured by the
use of a }»-80 color difference meter and it was represented

by a ¥ value. The color having the low Y value is estimat-

o

ed to have the high density.

(2) Test of water resistance of colored image

The developing sheet colqred by the procedure as
described in the above paragraph (1) was immersed in water
at 20°C for 24 hours, and the density of the colored image
was measured by the use of the }-80 color difference meter
to represent the density as a ¥ value. The colored image
having a small difference between the Y values before and
after the test is estimated to have the excellent water
resistance.

Furthermore, the colored image after the test of
the water resistance was visually observed, and the results
of the observation are shown in Table 2. 1In this tablé,

evaluation is made by the use of O and X, and O means that
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the colored image can be sufficiently distinguished in the
same state as before the test and X means that the colored
image disappears and the colored image before the test
cannot be distinguished any more.

| (3) Test of abrasion resistance

The test of the abrasion resistance was carried out
at 20°C and a relative humidity of 65% in a constant tem~
perature constant humidity chamber.

A commercially available CB-sheet for blue color
generation (N—40€>made by Mitsubishi Paper Mills, Ltd.)
coated with microcapsules containing Crystal Violet Lactone
(CVL) as a main electron donating color former was super-
posed upon each of the developing sheet for pressure sensi-
tive record (a CF-sheet) obtained by the above procedure so
that the coated surféces of both the sheets might face to
each other, and theylwere then abraded on each other 5
times while a load of 5 kg/cm?2 was applied. Evaluation was
made on the basis of a degree of color soil on the develop-
ing sheet for pressure sensitive record. 1In this case, the
density of the colored image on'én abraded and soiled
portion was measured by a Macbeth feflection densitometer.

The sheet having a small value is estimated to be

less soiled and to have practically excellent properties.



Table 2 o)
m
° |g
> |2
Visual iy =
Developer Color Density Observation =
(zinc salt after after :?, .
of salicylic Color Test of Water Test of Water Abrasion NOE
Example acid resin) Density Resistance Resistance Soil r_g
Example 17 Developer of 36.5 38.9 O 0.12
Example 1
- Example 18. Developer of 36.4 - 39.0 O 0.13 .
Example 2 o
: w
Example 19 Developer of 36.3 39.3 O 0.12 i
Example 3
Example 20 Developer of 36.4 39.2 o 0.13
Example 4
Example 21 Developer of 36.4 39.1 O 0.12
Example 5
Example 22 Developer of 36.3 39.0 O 0.13
Example 6




Table 2 (Continued)

Visualk
Developer Color Density Observat;ion
(zinc salt after after
of salicylic Color " Test of Water Test of Water Abrasion
Example acid resin) Density Resistance- Resistance Soil
Example 23 Developer of 36.4 38.5 0] 0.13
Example 7
Example 24 Developer of 36.5 38.4 O 0.15 .
"~ Example 8 N
" e O\
|
Comp. Ex. 9 Developer of 36.7 40.0 O 0.21
: Comp. Ex. 3
Comp. Ex. 10 Developer of 37.2 40.5 O 0.25
Comp. Ex. 4
Comp. Ex. 11 Known 36.5 84.0 X 0.23
Article*

* gzinc salt of 3,5-di(a-methylbenzyl)salicylic acid.
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It is apparent from the results of Table 2 that the
developing sheets for pressure sensitive record in which
the polyvalent metal salts of the salicylic acid resins of
the present invention are'ﬁsed as the developers are excel-
lent in the storage stability (water resistance) of the

colored images and the abrasion soil resistance.
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NBW CLAIM 4

1. A process for preparing a polyvalent metal salt
of a salicylic acid resin which comprises the steps of
reacting salicylic acid or its derivative represented by

the formula (1)

COOH

). 6} X

wherein X; and X, are each a hydrogen atom, an alkyl group,
an alkoxy group or a halogen atom,
with styrene or its dérivative represented by the formula

(2)

Ry Ry
\C =C<
R;
(2)
X3 X4

wherein R;, R; and R3 are each a hydrogen atom or an alkyl

~ group; X3 and X4 are each a hydrogen atom, an alkyl group,



REPLACEMERT Sheer |
LA ¥

et .

* € L mn 'S *

01 DEC 1997 ]

an alkoxy groﬁp, an aralkyl group, an aryl group-or a
halogen atom,

keeping the reaction temperature at -20°C or higher
but lower than 4p°c during the reaction in the presence
of éulfuric acid, and then reacting the resulting

reaction product with a polyvalent metal compound.

2. The process for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 1 wherein
the reaction of salicylic acid or its derivative represent-
ed by the formula (1) with styrene or its derivative repre-

sented by the formula (2) is carried out in the presence of

an organic- solvent.

3. Thé'process for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 2 wherein

the organic solvent is a halogenated hydrocarbon solvent.

4. The process for preparing a polyvalent metal
salt of a salicylic acid resin according to Claim 1, 2 or 3
wherein the concentration of sulfuric acid is 90% by weight

or more.

5. A polyvalent metal salt of a salicylic acid
resin obtained by a preparation process described in Claim

1, 2, 3 or 4.
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6. An aqueous dispersion in which a polyvalent

metal salt of a salicylic acid resin described in Claim 5

is dispersed in water.

7. A developing sheet in which a polyvalent metal

salt of a salicylic acid resin described in Claim 5 is

used.
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