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HYDROPHILIC FILM-FORMING COLLOID
COMPOSITION

This invention relates to film-forming coating com-
_ positions comprising -a hydrophilic colloid and novel
coating aids for said compositions.

In the application of film-forming coating composi-
tions comprising a hydrophilic colloid to surfaces, par-
ticularly inthe photographic industry, it is desirable to
apply such coating compositions uniformly and at good
production speeds. In many cases it is even desirable to
apply such coatings over other previous layers, which
are either wet or dry.

It is necessary, in the photographlc industry, that col-
loid compositions ready for coating are entirely hydro-
philic, so as to obtain a-uniform layer therewith, which
comprises no hydrophobic inclusions that may give rise
to repellency spots or comets. Moreover, the entire sur-
face of a layer formed from such colloid compositions
should be hydrophilic so that said layer can be rewet
readily either by the processing solutions if 'said layer
is the top layer of a photographic material to be pro-
cessed, or by the coating composition, which will be ap-
plied to said layer for forming'a next layer. Indeed, dur-
ing processing air-bubbles are carried along more easily
by a hydrophobic surface than by a hydrophilicsurface,
which air-bubbles will manifest themselves as'small un-
developed areas in the processed material; moreover,
when the material comprises hydrophobic inclusions so
that its surface is not entirely hydrophilic but shows hy-
drophobic areas, water will not uniformly wet the said
surface in that it is repelled at the hydrophobic areas
and form drops thereon. Therefore, after processing
suchlike materials cannot be dried uniformly and they
show a poor retouchability.

In the case wherein the layer formed from the said
colloid composition ‘is overcoated ‘with a following
layer, the maximum speed of the moving-layer to be
overcoated, at which no repellency occurs, can be in-
creased when and:to the extent that the surface to be
overcoated is- more hydrophilic; ‘local hydrophobic
areas at'the surface of the layer to be overcoated can
give.tise to.the formation of so-called repellency spots
or comets in the said next layer.

Thus, in order to eliminate all these pos51ble coatmg
defects such as-air-bubbles, repellency spots, or “com-
ets” and unevenesses the use of coating aids has been
widely adopted.

So far saponin is'widely used as a coating aid for coat-
ing compositions comprising hydrophilic colloids. This
product, however, may vary markedly from batch to
batch and is much more expensive than synthetic coat-
ing aids. Moreover, it may adversely affect the photo-
graphic properties-of an emulsion containing it.

A number of synthetic coating-aids have been pro-
posed to improve coating of compositions comprising
hydrophilic colloids, more particularly gelatin layers.
However, most coating aids, while improving some
-properties of the layer, also adversely affect other de-
sired properties. For instance, some coating aids pre-
vent the formation of comets in gelatin layers. Yet, it
is difficult to overcoat layers containing such coating
aids when in wet state. Moreover, suchlike coating aids
will-tend to form air-bubbles on the surface of a photo-
graphic emulsion layer during processing in automatic
machines and prevent uniform drying of the layer-after
processing.  To overcome these disadvantages it has
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been proposed to combine coating aids having different
properties.

In accordance with the present invention novel coat-
ing aids for hydrophilic colloid coating compositions
are provided wherein said coating aids are esters of the
sulphonate derivative of an unsaturated aliphatic poly-
carboxylic ‘acid material comprising more than three
carboxylic acid equivalents, with a non-ionic surface-
active agent containing at least one hydroxy group, the
said unsaturated -polycarboxylic -acid material being
prepared according to a process, which comprises heat-
ing an alkaline-earth metal salt of citric acid at a tem-
perature within the range of 230°to 400°C until an in-
crease in titratable alkalinity of the reaction mixture is
obtained-and until not more than 32 % by weight, pref-
erably not more than 5 % by weight of the original cit-
ric acid salt remains. At least one of the carboxylic acid
groups of the polycarboxylic acid material has'been es-
terified and the remaining-carboxylic acid groups may
be :in the ‘acid form, may be provided with a salt-
forming cation, which may be an alkaline metal or alka-
line-earth metal, ammonium, organic ammonium, etc.,
or may be esterified (before, during, or after the esteri-
fication with the said non-ionic surfactant) with one or
more compounds containing (a) hydroxy group(s)-e.g.
monohydric or polyhydric alcohols. The coating aids of
use according to the invention therefore may be in the
form of a simple ester, which may be a full, partial and-
/or mixed ester or it may be in the form of complex es-
ters, in which two or more polycarboxylic acid residues
are ester-linked to each other by a polyhydroxy com-
pound, e.g. ethylene glycol, polyethylene glycol, pro-
pylene glycol, or polypropylene gylcol.

The water-soluble coating aids for hydrophilic col-
loid coating compositions according to the present in-
vention may be represented by the following schematic
general formula :

Ri1 Ry
Z00C—C—C—COO0Y
Ry SOM

wherein : : ‘ :

M: stands for hydrogen or a salt-forming cation, e.g.
an alKaline or alkaline-earth metal such as potas-
sium, ‘sodium, lithium,-and calcium, ammonium,
organic ammonium, e.g. diethanolammonium, trie-
thanolammonium , and morpholinium,

Z stands for the ester-linked residue of a non-ionic
surface-active “hydroxy compound containing in
the original molecule at least one hydroxy group,

Y stands for hydrogen, a group M as defined above,
a‘group Z as defined above; alkyl, hydroxyalkyl or
a-group

I‘h Ty
—00 (1—~(|!~—-—-—-J‘;—C 00Y
50:M Ry

ester-linked by a. polyhydroxy e.g.. dihydroxy com-
pound, and
each of R;, R,, and R,, the same or different, stands
for hydrogen, alkyl comprising from one to three
C-atoms or a group CH,COOX, at least two of R,
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R., and R; being a group CH,COOX, wherein X
has one of the significances given for Y.
The above schematic general formula is representative
of the esterified sulphonate derivative of the unsatu-
rated polycarboxylic acid material described above.

A wide variety of non-ionic surface-active hydroxy
compounds are suitable for being ester-linked to the
sulphonated polycarboxylic acid material and include
those described in ‘““Non-ionic Surfactants” by M.J.
Schick — 1967 — Marcel Dekker Inc., New York.

Examples of non-ionic surface-active hydroxy com-
pounds, are alkoxylated hydroxy compounds e.g. the
reaction product of an alcohol or phenol with more
than one mole, preferably 3 to 50 moles, of ethylene
oxide. Other non-ionic surface-active compounds are
the polyoxy alkylene esters of fatty acids e.g. the reac-
tion product of a C,,-C,s aliphatic carboxylic acid such
as myristic acid, palmitic acid, stearic acid, and oleic
acid with more than more mole, preferably 3 to 50
moles of ethylene oxide. Suitable alcohols, which may
be alkoxylated include C4—C,, aliphatic alcohols, oleyl
alcohols, alkylated-B-naphthol, oxo alcohols, the so-
called Ziegler alcohols, alcohols obtained by oxidation
of paraffins, ether alcohols, secondary alcohols e.g.
(but not exclusively) made by reduction of the ketones
obtained by pyrolysis of synthetic paraffin wax fatty
acids, polyalkyl cyclohexanols made by the reduction
of the corresponding isophorones, sod-oil, alkylphen-
ols, complex phenols derived from condensation of a
simple phenol with an aldehyde or ketone e.g. phenol
with an alkyl-cyclohexanone, etc.

A particularly useful class of non-ionic surfactants
that can be used for esterification are polyalkoxylated
e.g. polyethoxylated alkylphenols, such as phenols car-
rying one or more CgC,, alkyl substituents, that may
be linear or branched such as isooctyl-phenol, nonyl-
phenol and diisobutyl-phenol, and made to react with
cthylene oxide, three to 50 ethylene oxide molecules
forming the alkoxylated chain.

Another useful class of non-ionic surfactants are alk-
oxylated e.g. ethoxylated aliphatic monohydric alco-
hols, particularly C¢—H,4 primary or secondary alcohols
that may contain from three to 50 ethoxy groups in the
alkoxy chain.

Provided the final coating aid for use in hydrophilic
colloid coating compositions remains "water-soluble,
the ethylene oxide chain of the non-ionic surfactant to
be ester-linked with the polycarboxylic acid material
may include also isopropylene oxide units.

The examples of alkoxylated hydroxy compounds
and polyoxyalkylene esters of fatty acids that are suit-
able for esterification with the polycarboxylic acid ma-
terial to form the coating aids according to the present
invention, can be represented by the following general
formula :

RO[(CIIzCH:O)n(CHCH:O)p](CIInCH:O)mH
CH;

wherein :

R stands for an aliphatic carboxylic acyl group pref-
erably comprising from 12 to 18 C-atoms, a hydro-
carbon group or a substituted hydrocarbon group,
especially an aliphatic straight-chain or branched-
chain hydrocarbon group and in particular an alkyl
or alkenyl group with six to 24 carbon atoms, or an
alkaryl group, in which the aryl group may be
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mononuclear or multinuclear e.g. an alkylated phe-
nyl or naphthyl group, in which the alkyl group(s)
preferably contain(s) from four to 10 C-atoms
when the aryl group is naphthyl and from six to 14
C-atoms when the aryl group is phenyl,

each of n and m stands for 0 to 50,

p stands for 0 to 25, and

q is such that p X g is at most 25,

the total numbet of recurring ethylene oxide units i.e.

(n X g) + m being at least 3 and at most 50 and the
ratio of ethylene oxide recurring units to isopropy-
lene oxide recurring units (if any) i.e. {(n X q) +
m/p X q] being at least 2.

As mentioned above, the polycarboxylic acid mate-
rial, from which the coating aids according to the in-
vention are derived, is a carboxylic acid material ob-
tained by the controlled pyrolysis of an alkaline-earth
metal salt of citric acid, i.e. by heating the said alkaline-
earth metal salt for a period of time and at a tempera-
ture preferably not less than 230°C, more preferably in
the range of 250°C to 400°C, and particularly in the
range 300° to 375°C, until an increase in titratable alka-
linity is obtained, and until not more than 32 %, prefer-
ably not more than 5 % by weight, of the original citric
acid salt remains. Such acid materials and their prepa-
ration are described in United Kingdom Patent Specifi-
cation 1,082,179 (= U.S. Pat. application Ser. No.
563,816). The product is then hydrolyzed, either be-
fore or after sulphonation, by conventional hydrolysis
techniques for the production of acids from their corre-
sponding salts.

The chemical identity of the said unsaturated acid
material has not been determined precisely although it
is different from, although it may contain, aconitic
acid, which may be removed from the material if de-
sired either before or after the hydrolysis step, together
if desired with any inorganic salt generated during the
controlled pyrolysis. From analysis carried out on the
pyrolysis product it appears that the unsaturated acid
component is a derivative of an as yet unidentified un-
saturated acid containing more than three carboxylic
acid groups per molecule.

The water-soluble coating aids according to the in-
vention contain at least one sulphonate group, which is
preferably an alkali metal, alkaline-earth metal, or am-
monium sulphonate group.

The said sulphonate group(s) may be incorporated
either by sulphonating ethylenically-unsaturated link-
ages in the esterified acid and subsequently neutralizing
the resulting sulpho-derivative, or by sulphonating the
not yet esterified acid material and effecting neutraliza-
tion after the esterification.

The said acid material may be sulphonated by bring-
ing a solution of the said material in contact with hy-
drogen sulphite ions under acid conditions. Thus a hy-

_ drogen sulphite or sulphite compound may be intro-

60

duced into the said compound, or SO, injected into the
said solution, to produce a corresponding sul-
phopolycarboxylic acid material.

Thus, during the esterification reaction, the polycar-
boxylic acid derived from the controlled pyrolysis of
the citric acid salt may be in the unsaturated state or in
the form of its sulphoderivative. If unsaturated acids
are used for esterification, the esters are subsequently
sulphonated. In either instance, the sulpho-esters are
neutralized to form the corresponding sulphonate salts
as described hereinbefore.
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The esterification of the polycarboxylic acid or its
sulphonated derivative is carried out in conditions well
known to those skilled in the art, by condensation of
the (sulpho-) acid material with the non-ionic surface-
active hydroxy compound. During esterification the
water formed in the course of the esterification process
may be removed by distillation, preferably under re-
duced pressure. After the desired degree of esterifi-
cation has been reached the remaining acid can be neu-
tralized by the addition of a suitable base.

Suitable neutralizing agents are sodium hydroxide, or
bases of other alkali metals such as potassium or lith-
ium,; alkaline-earth metal bases, such as e.g. calcium,
magnesium, and zinc, or trivalent metal bases such as
aluminum oxide or hydroxide. It is also possible to neu-
tralize the acid by means of ammonia, or organic bases
containing basic amino groups e.g. lower and higher
amines, and the amino alcohols such as mono- , di- and
triethanolamine.

In the process in which the esterification process pre-
cedes the hydrogen sulphite reaction, a concentrated
solution of a water soluble hydrogen sulphite is added
gradually to the ester material with continuous stirring.
The reaction is carried out preferably in a closed vessel
to facilitate the addition reaction of the hydrogen sul-
phite. The reaction time is dependent upon the speed,
at which the hydrogen sulphite is added to the reaction
mixture and upon the reaction temperature, which usu-
ally is about 100°C.

In the process, in which the hydrogen sulphite addi-
tion reaction precedes the esterification reaction,
which method is the preferred method, the sulpho-acid
material is subject to esterification. Any of the known
esterification techniques apply. Usually no catalyst is
needed, because the strongly acidic sulphonic acid
group present in the sulpho-acid material will in most
instances catalyse the reaction sufficiently, so that no
further catalyst is needed. If in some instances, the re-
action velocity is too low, it may be advantageous to
convert the sulpho-acid material into an even more re-
active form, such as the chloride, prior to esterification.

As noted above, the sulphonate esters of the polycar-
boxylic acid material for use according to the present
invention may also be complex esters in which at least
two  polycarboxylic acid residues are ester-linked
through a polyhydroxy compound, or mixed esters in
which remaining carboxylic acid groups have been es-
terified with other non-ionic surfactants containing (a)
hydroxyl group(s), or with monohydric or polyhydric
alcohols. The formation of such a complex ester or
mixed ester structure may be effected either before,
during, or after the unsaturated polycarboxylic acid
material(or the corresponding sulpho-acid material)
has been esterified partially with the non-ionic surfac-
tant containing (a) hydroxyl group(s).

At the end of the esterification reaction, neutraliza-
tion of the remaining acid may be carried out as de-
scribed hereinbefore.

For more details regarding the techniques of sulpho-
nation of the esterified or not yet esterified polycarbox-
ylic acid material and the techniques of esterification
of the polycarboxylic acid material or its'sulpho deriva-
tive there can be referred to the United Kingdom Pa-
tent Specification 1,082,179 and Belgian Patent Speci-
fication 717,565.

Coating compositions containing the coating aids ac-
cording to the present invention can be applied to dry
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surfaces as well as to wet surfaces and form layers that
can be overcoated easily in wet as well as in dry state,
the said layers being either light-sensitive layers or not.
The coating aids according to the present invention
have good anti-comet properties and thus prevent the
formation of repellency spots. Though they comprise a
sulphonate group, the coating aids of the invention give
less rise to frothing and resulting air-bubbles than sapo-
nin and other conventional synthetic coating aids com-
prising sulphate or sulphonate groups.

The coating aids of use according to the present in-
vention can be used also in combination with other
coating aids e.g. coating aids that strongly reduce repel-
lency spots but that render the layer containing them
difficult to overcoat. By the presence of the coating
aids according to the present invention the latter disad-
vantage is overcome and the mentioned strong reduc-
tion of repellency spots formation is maintained. More-
over, the coating aids according to the present inven-
tion have also favourable dispersing or emulsifying
properties so that they can be used for dispersing or
emulsifying substances in hydrophilic colloid composi-
tions, which as a result of the presence of said coating
aids also show improved coating characteristics.. For
instance they are suitable as dispersing agent or emulsi-
fying agent for substances that are to be incorporated
into layers comprising a hydrophilic colloid and that
would give rise to the formation of repeliency spdts in
said layers, when no compounds according to the in-
vention were present. Other properties of the coating
aids according to the present invention will appear
hereinafter. ’

Although the coating aids according to the present
invention are intended mainly for use in coating com-
positions comprising gelatin as hydrophilic colloid,
they can also be used as coating aid for coating compo-
sitions comprising other hydrophilic colloidal materials
or mixtures of them, e.g. hydrophilic natural colloids,
modified hydrophilic natural colloids, or synthetic hy-
drophilic polymers. More particularly these colloids .
may be selected among such film-forming natural or
modified natural hydrophilic colloids as, e.g., glue, ca-
sein, - zein, hydroxyethylcellulose, carboxymethyl-
cellulose, methylcellulose, carboxymethyl-hydroxyeth-
yl-cellulose, gum arabic, sodium alginate and hydro-
philic.derivatives of such colloids. They may also be se-
lected of such synthetic hydrophilic. polymers as e.g.
polyvinyl alcohol, poly-N-vinyl pyrrolidone, ppolyvinyl
amine, polyethylene oxide, polystyrene sulphonic acid,
polyacrylic acid, and hydrophilic copolymers and de-
rivatives of such polymers. In this connection reference
is'made, e.g. to United Kingdom Patent Specification
1,139,891 and French Patent Specification 1,507,874,
which relate i.a. to heat- and/or pressure-sensitive ma-
terials comprising a recording layer mainly consisting
of a dispersion of hydrophobic thermoplastic polymer
particles in a hydrophilic colloid binder. ‘

The coating aids according to the present invention
are good coating aids for use in coating compositions
as defined above either alone or in admixture with non-
ionic surface-active compounds such as those referred
to above or with other anionic surface-active agents
e.g. dialkyl sulphosuccinic acid salts and salts of alkyl
sulphuric acids, salts of alkyl sulphonic acids, salts of
alkylaryl polyether sulphuric acids and salts of alkylaryl
polyether sulphonic acids. It has been found that coat-
ing aids according to the present invention improve the
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coating characteristics of coating compositions even at
a concentration as low as 0.01 by weight relative to the
weight of solids. Larger concentrations, however, can
also be used but generally the concentration is not
higher than 5 % by weight based on the weight of solids.
In coating compositions intended for being coated as
hydrophilic colloid layers in photographic silver halide
matérials said coating aids are generally present in
amounts from 0.01 to 2 % based on the weight of dry
colloid.

The coating aids according to the invention are par-
ticularly suitable for use in a coating composition com-
prising gelatin as hydrophilic colloid, either as an aque-
ous solution of gelatin or as a photographic emulsion,
which ordinarily is composed of an aqueous solution of
gelatin containing as the light-sensitive material
therein, a silver halide e.g. silver bromide, silver chlo-
ride, silver iodide, or mixtures thereof or another light-
sensitive substance. The emulsion may contain other
additives e.g. sensitizing dyes, hardeners, stabilizers,
pH-adjusting compounds, colour couplers, antifogging
agents, development accelerators, thickening agents,
developing agents, softening agents, or the like. For in-
stance, the coating aids of the invention are useful in
gelatin photographic emulsions, not only those, which
are non-optically sensitized, but also in orthochromatic
and panchromatic emulsions. This also includes gelatin
emulsions intended for colour photography suc as
those containing colour forming couplers.

The coating aids of the invention and their mixtures
with other coating aids are also very useful in various
other types of coating compositions, in which gelatin is
an important constituent, e.g. in gelatin coating compo-
sitions to be applied as an antihalation layer to the back
or front of the base in a photographic material, as a
photographic material, as a protective layer, as a filter
layer, as an intermediate layer, as an anticurling layer,
ctc., which layers can also contain all kinds of other in-
gredients e.g. filling agents, hardening agents, antistatic
agents, antifriction agents, or in any type of gelatin
layer, which is coated from a composition comprising
an aqueous solution of gelatin.

The coating compositions in accordance with our in-
vention may be coated on a transparent support e.g. of
glass, cellulose esters, polyethylene terephthalate or on
a non-transparent reflecting material e.g. of paper or an
opaque cellulose ester. It is often desirable first to coat
a subbing layer on the support, this practice of subbing
being well known in the art.

The coating procedure may comprise any of the stan-
dard procedures employed in industry, such as roller
coating, brush coating, dip-coating, spraying, using a
doctor blade or an air blade to control the thickness
and distribution of the coating composition.

The following examples illustrate the favourable ef-
fect of the coating aids according to the present inven-
tion.

EXAMPLE 1

To a series of gelatin silver bromoiodide emulsions
comprising per kg 80 g of dry gelatin and 1.75 g of sa-
ponin a certain amount of coating aid was added as
listed in the table below. The emulsion samples were
then coated on a subbed film support and overcoated
while still wet with a protective gelatin layer comprising
30 g of gelatin per litre and containing an antistatic
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agent and sodium diisooctyl sulphosuccinate as coating
aid.

In each case the *‘critical speed”” for applying the pro-
tective layers on the wet emulsion layers was deter-
mined and the number of repellency spots i.e. comets
per sq.m. were counted for each material.

By critical speed is understood the maximum speed
of the moving base to be coated, at which the composi-
tion for forming the protective layer can be coated yet.
Indeed, the layers of air carried along by the moving
base are capable, at a certain speed, of preventing in
large areas, contact of the protective coating composi-
tion with the wet emulsion layer, whereby uncoated
portions remain on the moving emulsion layer. If the
speed of coating is reduced, the contact of the emuision
layer with the protective gelatin layer takes place over
the entire area, the instability of the coated layer, be-
cause of the incomplete wetting of the base, does not
occur and univormity of the layer thickness is main-
tained.

The results attained are listed in the following table.

Critical  Repel-
Coating aid used in the emulsion speed len-
per kg (in addition to the in'm/min cy spots
saponin) per

sq. m.

none 11 20
0.2 g of sodium oleyl methyl
tauride 32 26
12 ml of a 5 % aqueous solution
of the product of preparation 1
below >40 2
12 ml of a 5 % aqueous solution :
of the product of preparation 2
below >40 4
12 ml of a § % aquecous solution
of the product of preparation 3
below >40 4
12 ml of a 5 % aqueous solution
of the product of preparation 4
below >40 4
12 ml of a 5 % aqueous solution
of the product of preparation 5
below >40 14

From the above resuits the following can be learned.
Sodium oleyl methyl tauride has a favourable effect on
the critical speed, which means that the emulsion layer
can be overcoated easily with the gelatin antistress
layer. However, the number of repellency spots in the
case sodium oleylmethyl tauride is used, remains high.
As can be seen, by the use of coating aids according to
the present invention the critical speed is increased yet
while the number of comets is also reduced markedly.

EXAMPLE 2

A series of three photographic gelatino silver halide
emulsions all having the same composition, were pre-
pared. To each of these emulsion samples a certain
amount of coating aid was added as listed in the table
below.

After coating on a conventional subbed cellulose tri-
acetate support the number of repellency spots in the
layers formed was counted.

The results found were listed in the following table.

Coating aid used in the emulsion Repellency spots

layer per kg emulsion comprising per sq.m.
80 g of gelatin

15 m! of a 12 % aqueous solution of

saponin (A) 26
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(A)+ 17 ml of a 5 % aqueous solu-

tion of the product of preparation 6 below (B) 12
(A)+ (B)+ 2.5 mlof a5 % aqueous

solution of the ethoxylated nonyl-

phenol used in preparation 6 6

The above results show the favourable effect of the
use of a non-ionic surface-active material in addition to
the coating aids of the invention.

The coating aids according to the invention referred
to in the above examples were prepared as follows.
Preparation 1

Thirty-eight litres of an aqueous solution of sulpho-
acid material, having an acid concentration of 12,500
milliequivalents per litre, obtained by the controlled
pyrolysis of calcium citrate at a temperature of from
250° to 350°C for three hours, followed by hydrolysis
and sulphonation of the resulting acid material and
48.9 kg of an ethoxylated mixture of Cg~C,, linear syn-
thetic alcohols obtained by making react 3 moles of
ethylene oxide per hydroxyl equivalent and having a
hydroxyl value of about 215, were introduced into a re-
action vessel provided with an agitator.

The sulpho-acid material and the ethoxylated alco-
hols were made to react with stirring at a temperature
comprised between 60° and 100°C under a reduced
pressure of about 150 mm Hg. Water was distilled off
continuously. under vacuum and after about 3 hours
water evolution ceased. The reaction mixture was
heated under reduced pressure until the acidity of the
product formed was reduced to about 80 % of the origi-
nal acidity.

The remaining sulphonic and.carboxylic acid func-
tions were neutralized by means of a diluted aqueous
solution of sodium hydroxide.

" Preparation 2

In a similar way as described in preparatlon 1 a same
amount of sulpho-acid material was esterified with 59.4
kg of an ethoxylated mixture of C¢-C,4 linear synthetic
alcohols obtained by making react 5 moles of ethylene
oxide per hydroxyl equivalent and having a hydroxyl
value of about 177.

The sulpho-acid material and the ethoxylated alco-
hols were made to react as described in preparation 1
until the acidity of the product formed was reduced to
about 60 %. of the original aciditiy.

The remaining sulphonic and carboxylic acid func-
tions was neutralized by means of a diluted aqueous so-
lution of sodium hydroxide.

Preparation 3

Five hundred m! of an aqueous solution of sulpho-
acid material having an acid concentration of 12,500
milliequivalents per litre, obtained by the controlled
pyrolysis of calcium citrate at a temperature of 250° to
350°C in about 3 hours, followed by hydrolysis and sul-
phonation of the resulting acid material and 126.5 g of
diethylene glycol were introduced into a reaction vessel
provided with an agitator and therein made to react
with stirring at a temperature between 60° and 100°C
under a reduced pressure of about 150 mm Hg.

Water was distilled off continuously and after about
2 hours the evolution of water ceased. The contents of
the reactor:were then kept under reduced pressure and
heated until the remaining acidity had fallen to about
60 % of its initial value.

Six hundred twenty-seven g of an ethoxylated mix-
ture of C,—C,s secondary synthetic alcohols obtained
by making react 7 moles of ethylene oxide per hydroxyl
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equivalent and having a hydroxyl value of about 110.4
were the introduced into the reactor. The contents
were again made to react under reduced pressure of
about 150 mm Hg at a temperature of from 90° to
100°C for about 3 hours, until the remaining acidity
had fallen to about 40 % of the initial value.

The remaining sulphonic acid and free carboxyl func-
tions were then neutralized with dilute sodium hydrox-
ide solution.

Preparation 4

36.4 litres of an aqueous solution of sulpho-acid ma-
terial having an acid concentration of 11,000 milli-
equivalents per litre, obtained by the controlled pyroly-
sis of calcium citrate at a temperature of from 250° to
350°C for 3 hours, followed by hydrolysis and sulpho-
nation of the resulting acid material, 40.2 kg of an eth-
oxylated mixture of C,~C,; secondary synthetic alco-
hols obtained by making react 7 moles of ethylene
oxide per hydroxyl equivalent and having a hydroxyl
value of about 110.4 and 45 kg of n-butyl alcohol were
introduced into a reaction vessel provided with an agi-
tator. The contents were made to react with stirring at
a temperature between 60° and 95°C under a reduced
pressure of about 100 mm Hg.

An azeotropic mixture consisting of butyl alcohol
and water was distilled off and collected in a water sep-
arator, the supernatant alcoholic layer being recycled
continuously to the reaction vessel. After 8 hours the
reaction was almost completed and then neutralized
with a sodium hydroxide solution. The excess of alco-
hol was removed by distilling off of the azeotropic mix-
ture under reduced pressure.

Preparation 5

In a similar way as described in preparation 1, a same
amount of sulpho-acid material was esterified with 43.5
kg of an ethoxylated mixture of C\»~C,4 linear synthetic
alcohols obtained by making react 6 moles of ethylene
oxide per hydroxyl equivalent and havmg a hydroxyl
value of about 121.

Preparation 6

In a similar way as described in preparation 1, a same
amount of sulpho-acid material was esterified with 55.8
kg of an ethoxylated nonylphernol obtained by making
react 8.5 moles of ethylene oxide per hydroxyl equiva-
lent and having a hydroxyl value of about 94.3.

We claim:

1.A photographlc element compnsmg a support and
one or more water-permeable colloid layers including
light-sensitive silver halide emulsion layers wherein one
or more of said layers comprise an ester of a sulphonate
derivative of an unsaturated polycarboxylic acid mate-
rial comprising more than three carboxylic acid equiva-
lents and at least one non-ionic surface-active hydroxy
compound, at least one of the carboxylic acid groups
of said acid material being esterified with the said non-
ionic surface-active compound and the remaining unes-,
terified carboxylic acid groups being in acid form, in
salt form, or esterified with one or more compounds
containing at least one hydroxyl group wherein the said
polycarboxylic acid material is a product of the process
which comprises heating an alkaline-earth metal salt of
citric acid at a temperature within the range of 230° to
400°C. until an increase of titratable alkalinity of the
reaction mixture is obtained and until not more than
32% by weight of the original citric acid salt remains,
and converting the product thereby obtained, before or
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after sulphonation thereof, into the corresponding acid
material.

2. A photographic element according to claim 1,
wherein said non-ionic surface-active hydroxy com-
pound is a polyalkoxylated alkylphenol.

3. A photographic element according to claim 1,
wherein said non-ionic surface-active hydroxy com-
pound is a polyalkoxylated aliphatic monohydric alco-
hol.

4. A photographic element according to claim 1,
wherein said non-ionic surface-active hydroxy com-
pound corresponds to the formula :

RO (CH:CHQO)n(CHCHzO)p](CII;CH;O)mH
CH; a
wherein :
R stands for a hydrocarbon group, or an aliphatic
carboxylic acyl group,
each of n and m stands for 0 to 50,
p stands for 0 to 25, and
q is such that p X g is at most 25,
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the total number of recurring ethylene oxide units
being at least 3 and at most 50 and the ratio of ethylene
oxide recurring units to isopropylene oxide recurring
units (if present) being at least 2. )

5. A photographic element according to claim 4,
wherein R stands for alkyl or alkenyl comprising from
six to 24 carbon atoms or for alkylated aryl, in which
the alkyl contains from four to 14 carbon atoms.

6. A photographic element according to claim 1,
wherein said ester is present in the said layer in an
amount ranging from 0.01% to 2% by weight based on
the weight of dry colloid present in the said layer.

7. A photographic element according to claim 1,
wherein said colloid layer comprising the said ester is
a light-sensitive hydrophilic colloid silver halide emul-
sion layer.

8. A photographic element according to claim 1,
wherein the said colloid layer comprising the said ester
is a protective hydrophilic colloid layer coated over a

silver halide emulsion layer. .
* * * * *
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