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This invention relates to
halide emulsions.

In the manufaciure of photographic silver hal-
ide emulsions, which are dispersions of crystal-
line, light-sensistive silver halides protected by
hydrophilic eollcids, the most commonly used pro-
tective colloid is gelatin., While gelatin has many
advantages which contribute to its successful use
in photographic emulsions, it has s number of
undesirable properties. For example, it is britile,
unstable, susceptible to the action of mold, fungi
and bacteria, especially under conditions of high
humidity, and cannot be processed in warm water
unless given special treatment. Furthermore,
gelatin is derived from natural sources and hence
is subject to considerable variations in its prop-
erties. In particular, the properties vary with
the souree of the raw material and the particu-~
lar treatment to which it is subjected during iso-
lation. Therefore, gelatin for use in photographic
emulsions always requires careful and extensive
purification procedures to make it satisfactory
for use in this application.

Other polymeric materials have been proposed
for use &s the protective colloid in photographic
emulsions in order to aveid the defects of gela-
tin. The most promising of these new mate-
riaig are synthetie, hydroxylated polymers con-
taining as recurring intralinear units the group

iphotographic silver

|
—CH—CHOE

such as polyvinyl alechol. However, such syn-
thetie, hydroxylated pelymers have the disadvan-
tage of ferming gsilver halide emulsions of small
particle size and low photographic speed. Such
emulsions have bsen subjected to conventional
ripening processes in attempts to improve their
photographic properties. Some of the progedures
which have besn trisd involve boiling the emul-
sion for several hourg under acidic conditions,
and, when nitvogenous bases such as ammonis
or ethylenediamine are present heating has been
carried out at moderate temperatures, e, g.,
50-60° C. or lower. These treatments, which have
been based on conventional -gelatin emulsion
technology, whers it has been established .thaf
ripening temperatures mmust be held below 50° C.
when an slkaline material is present in order %o
id fogging of the emulsion and hydrolysis of
n, have not, however, been capakle of pro-
synthetie, hydroxylated polymer emul-
sicng with the high photographic speed dasired
for usé as negaiive emulsions. This deficiency of
the hydroxylated polymers 2s binders

2 synthetic,
In photographic einulsions hasapparentiy retard-
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ed their commercial use in high speed emulsions
up o the present time even though such binders,
particularly polyvinyl aicohol, have been proposed
for many years.

t htas now been found that high speed photo-
graphic silver halide emulsions which are free
from the disadvantages of gelatin emulsions, can
be prepared by this invention which involves sub-
Jecting to temperatures of above 80° C. light-
sensitive silver halides dispersed in a synthetic
hydroxyl-containing polymer having a plurality
of intralinear

!
—CH~CHOH

groups as recurring units in the presence of a
nitrogenous base in concentrations of between
0.1 and 2.56N. Several procedures can be used in
carrying out the process of this invention, all of
which involve treatment of the emulsions at tem-~
peratures of above 80° C. in the presence of the
concentration of the nifrogen base specified
ashove. This treatment of the emulsions at un-
conventionally high temperatures in the pres-
ence of the nifrogen base has been found to re-
suly in the formation of silver halide/hydrox-
ylated polymer emulsions having the requisite
large particle sizes to give high photographic
speed.

One method, which involves precipitating the
silver halides in the presence of a nitrogen base
a6 high temperature, is especially suitable for the
preparation of emulsions containing as the sil-
ver halide binder a synthetie, linear hydroxzylated
polymer containing g plurality of intralinear

|
~CH;—CHOH

groups having a minor amount of acetal sub-
stitution. In this process the precipitation of the
silver halide is earried cut in the presence of a
concentration of a nitrogen base preferably rang-
ing from 0.9 to 1.4I¥ at g temperature of between
80° and 100° C, The precipitation of the silver
halide may be carried out in any of several ways,
among which are: (@) the simultanesus addition
of the soluble silver salt and soluble halide solu-
tions, e. g., an agueous solution of silver nitrate
and an aqueous solution of a mixture of ammo-
nium bromide and potassium iodide, to a solution
of ths synthetic, hydroxyl-containing polymer:
(2) the addition of the soluble silver salt solution
%0 2 solution containing hoth the soluble halide
and the polyvinyl acetal binder; (¢) the addition
of soluble halide to the combined silver and syn-
thetic, hydroxyl-containing polymer solutions;
and, (&) the addition of the silver solution in
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portions at different temperatures to a solution
of a mixture of soluble halide and the synthetic,
hydroxyl-containing polymer. In the precipita-
tion procedures just described, the nitrogen base
may be included in the silver salt, soluble halide,
or hydroxyl-containing polymer solution. After
the precipitation of the silver halide particles
is complete, the emulsion is held at a tempera-
ture of 80° to 100° C. for a short period to com-
plete the develcpment of the desired silver halide
grain size. Periods of time ranging from 1 to 30
minutes are generally sufficient for such heab
treatment but periods up to two hours can he
used. After cooling to about 30° C., the emulsion
is coagulated, for example, by forcing the emul-
sion in a fine stream into 2 15% aqueous sodium
sulfate solution. The coagulum is then washed
free of soluble salts after which it is redissolved by
stirring it into a mixture of alcohol and water
at a temperature of about 75° C. Additional syn-
thetic hydroxyl-containing polymer solution is
conveniently added at this time to bring the emul~
sion to a viscosity suitable for coating on a sup-
port such as paper or film. Other finishing in-
gredients, e. g., triethanolamine and C-cetylbe-
taine can also be incorporated in the emulsion at
this stage.

Another method of earrying out the process of
this invention involves the heat treatment of a
previously precipitated emulsion. In this proc-
ess the silver halide is precipitated in a solution
of the synthetic, hydroxylated polymer in the
presence of 0.9 to 1.4N nitrogen base at tempera-
tures from about 29° to 30° C,, and the result-

ing precipitate is then subjected to 2 ripening ¢

step at a temperature of between 80° and 125° C,,
preferably between 90° and 116° C., without re-
moval of soluble salts and nitrogen base, or the
addition of other materials. Ripening times
ranging from 1 to 30 minutes at such tempera-
tures are usually sufficient tc develop silver halide
grains of the desired particle size, but ripening
times up to ten hours can be used. After ripen-
ing is completed, the emulsion is coagulated,

washed, redissolved, and finished as in the pre-

ceding embodiment.

In still another exemplary method the silver
halide/synthetic hydroxylated polymer emulsion
is subjected to the heat treatment in the pres-

ence of the nitrogen base after the silver halide ;

is precipitated, the emulsion coagulated, and the
coagulum washed free of excess soluble salts.
The washed coagulum is mixed with an amount
of a nitrogen base, e. g., triethanolamins, rang-

ing between 0.1 and 1.4 based on the total emul- ;

sion, and, if desived, a small amount of a surface-
active agent, e. g., C~cetylbetaine, and the emul-
sion digested at temperatures up to 200° C., pref-
erably at 150° to 200° C. In this embodiment of
the invention, the lower concentrations of nitro-
gen base within the limits specified above are
preferred. Digestion periods of 1 to 30 minutes at
temperatures of 150° to 200° C, are usually suffi-
cient to produce silver halide grains of the desired
particle size, but when digestion temperatures of
80° to 150° C. are used times up to ten hours are
required., After digestion is complete, the emul-
sion is cooled and brought to the desired coating
viscosity by the incorperation of additional syn-
thetic, hydroxylated polymer solution. At this
stage the desired finishing agents can also be in-
corporated in the emulsion. .

As evident from the above descriptions of the
different embodiments of this invention, the proc-
ess conditions can be varied considerably within
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the specified limits. The optimum temperature
and time to which the silver halide/synthetic hy-
droxylated polymer emulsion is to be subjected to
develop the desired silver halide grain size, how-
ever, are somewhat interrelated and are also de-
pendent on the concentration of the nitrogen
base. In general, heating times ranging from
one minute to ten hours can be employed. Usual-
ly heat treatments at the higher temperatures
within the ranges specified above are carried out
for the shorter times and in the presence of the
lower concentrations of nitrogen base. By way
of illustration, precipitation or ripening steps
carried out at 80° to 20° C. in the presence of
09 to 1.4N ammonia are continued for several
hours. However, when temperatures of 90° fo
95° C. are employed with the same concentration
of ammonia, periods of only 15 to 30 minutes are
sufficient and when ammonia concentrations of
25N are used still shorter times are sufficient.
At temperatures of 100° to 125° C. and with 0.9
to 1.4N ammonia, ripening periods of 5 to 15
minutes are usually employed. When the co-
agulated and waghed emulsion is subjected to a
digestion treatment at 150° to 200° C. in the pres-
ence of a nitrogen base in concentrations of 0.1
to 1.4, periods of 1 to 30 minutes are satisfac-
tory, the 30-minute digestion being necessary
only with very low concentrations of base, e. g,
0.1 to 0.5N,

The process of this invention has the commer-
cial advantage that it is capable of producing a
silver halide/synthetic, linear, hydroxylated poly-
mer emulsicn having photographic speeds suit-
able for use as negative-type coatings. The nega-
tive-type, hydroxvlated polymer emulsions pro-
duced hy the process of this invention are unique
in the photographic art. These emulsions are
characterized by having silver halide grains with
a root mean square diameter of from 0.6 to 3.0
microns.

The invention is illustrated further by the fol-
lowing examples in which the proportions of the
ingredients are expressed in parts by weight un-
lesg otherwise specified and in which all radia-
tions which will expose or fog the light-sensitive
silver halides are excluded.

EXAMPLE I

A solution of a completely hydrolyzed vinyl
acetate/ethylene copolymer of mole ration 25:1
(prepared as described in Example IT of U. 8. P.
2,397,866) in aqueous ethanol is prepared in the
polymer/ethanol/water weight ratio of 10/10/80.
The following solutions are then prepared.

Solution A
3N aqueous silver nitrate solution _.___ ml__ 70
209 aqueous ammonium hydroxide ___ml__ 42
Solution B
3N aqueous ammonium bromide solution
ml.. 74
0.5N aqueous potassium iodide solution.ml__ 12
Distilled water .o m__. 26
Above-described polymer solution ______ g__ 140

Solutions A and B are heated to 95° C. and Solu-
tion A is added to B with stirring over a period
of nine minutes. After precipitation of the silver
halide is complete the emulsion is stirred for an
additional five minutes at 95° C., then cooled and
washed by dialysis (as described in Example I of
U. S. application Ser. No. 726,961, filed February
6, 1947, by C. F. Glick), until the conductivity of
the emulsion is 120 micromhos. Another 140
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-grams of the above-described polymer solution is
added with stirring to the dialyzed emulsion.
To one-half of the emulsion is added six mil-
liliters of 2 20% aqueous solution of triethanol-
amine and 3.5 milliters of a 3% agueous solution
of -C-cetylbetaine. The emulsion is finally ad-
justed to proper coating viseosity by the addi-
tion of 10% aqueous ethanol, and then coated
on cellulose nitrate film which has previously
been given a subcoating of vinylpyridine polymer
as described in U. 8. P. 2,448, 525. When dry, the
resulting film is exposed to tungsten light
through a step tablet, developed in a solution con-
taining:

: Grams
N,N - diethyl - p - phenylenediamine hydro-

chloride .o 2.5
Sodium sulfite (anhydrous) _____________ 10.0
Sodium carbonate (monohydrated) ___.__ 29.25
Potassium bromide ____________________ 2.0

Water to make 1.0 liter.

fixed for a period of fen minutes in a 259, sodium
thiosulfate solution, washed and dried.

Sensitometric measurements show the emul- «

sion of the ahove example has about eight times
the speed of one prepared from the same ingre-
dients but precipitated at 25° C., and ten times
the speed of an unsensitized gelatin print film.

The silver halide grain size of the eraulsion of the o

above example is 0.6 micron reot means squars
diameter. The grain size of the silver halide
emulsion precipitated at 25° €. is only 0.25
micron. An emulsion prepared in the same way
as that of Example I, except that precipitation is
carried out at 78° C. instead of 95° C., contains
silver halide grains having about the same roos
means square diameter as those precipitated at
25° C., and the emulsion has a speed about the
same as the emulsion precipitated at 25° C.

EXAMPLE 11

A photographic emulsion is prepared from the
same ingredients and in the same manner as de-
seribed in Example I except that the precipita-
tion is preformed at 25° C. One-half of the re-
sulting emulsion is placed in a sealed container
and heated with stirring at 110° C. for ten
minutes. The ripened emulsion is cooled, washed

by dialysis as described in Example I to a con-

ductivity of 350 micromhos and finished by the
addition of 70 grams of polymer solution and
the coating aids as in Example I. The emulsion
is coated on film base, exposed and processed as
in Example 1.

Sensitometric tests show that the emulsicn of
Example I, ripened at 110° C., has about 20 times
the speed as the other half of the emulsion which
was finished and coated on film base without
the high temperature ripening step.

EXAMPLE IIT

A photographic emulsion containing a poly-
vinyl alecohol containing a minor amount of
acetal substitution as the binder. for the silver
halide particles is prepared as follows. Fifty
grams of a polyvinyl alcohol! containing minor
amounts of acetal groups of m-Ip-~(5-ethylcar-
bonato - 3 - methyl - 5 - pyrazolyl) -benzamidol-
benzaldehyde (prepared as described in Example
III of U. 8. P 2,476,988) is dissolved by heating
20 minutes at 80° C. in 190 milliliters of ethanol
and 450 milliliters of water containing two mil-
liliters -of 10% XOH solution. The solution is
filtered and made-up to 667 grams with 30%
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aqueous ethanol. ‘The following solutions are

then prepared:

Solution A
3N aqueous AgNOz ____________________ ml__ 60
20% aqueous NH«OH _________________ mi__ 60
Distilled water _._____.________________ ml.. 75
Solution B
3N aqueous NH4Br ____.._____________ ml_. 66
05N aqueous KI ______________________ ml__ 12
Distilled water ____.___._______________ mi__ 42
Ethanol __._ . _ ml__ 75
Solution C
Low-substituted polyvinyl acetal solution
(described above) ___________________ g.. 120
Distilled water ____._________________ ml__ 120
Ethanol _____ .o ml__ 60

The sclutions are maintained at 25° €. and Soly-
tions A and B are added separately and simul-
taneously (B leading A slightly) to C with stir-
ring within a period of eight minutes. Follow-
ing completion of precipitation the emulsion is
stirred for an additional ten minutes at the same
temperature. Seventy-five milliliters of ethanol
is then added. One-half of the emulsion is
placed in a sealed container and heated with
stirring at 95° C. for three minutes. Following
ripening, 26 milliliters of ethanol is added and
the emulsion is washed by dialysis as in Example
I until the conductivity is 500 micromhos. One
hundred and fifty-four grams of the low-substi-
tuted polyvinyl acetal solution is then mixed into
the emulsion. To one-half of the emulsion is
added 4.2 milliliters of a 20% agueous solution
of friethanolamine and 21 milliliters of a 2%
aqueous solution of C-cetylbetaine. The emul-
sion is then adjusted to suitable coating viscosity
and coated on film base as in Example I.

After drying, the photographic film coated
with the emulsion of Example III is exposed and
processed- as in Example I except that fellowing
development the filin is fixed in s solution con-
sisting of:

&o

3o

BoraX 6

Aeetic acld (Qlacial) o ____ 4

Waber to male 1 liter.

A the film is washed and bleached in
ion containing 4 potassium fer-

]

o
[
¥
o

2, 10 grams of i acid, 5 grams of
,and water to make one liter. After bleach-
the fim is washed, fixed in 259 sodium

3

, e
asulfate sclution, washesd and dried. . The film
en carri e,

show the speed of the
Bzample IIT to be about .
than that of an emulgion pre-

fou Sl var ol

g

T
£
i
it}
o
&
R
)
=1
5
[0

EOy S - "
500 times greater

pared in the same way with the single exception

thab the ripening step ot 05° €. iz omitted. The
siver halide particles in the ripensd emulsion

e
of ¥ IIT have a rogt m square dameter
of 2. i vileress, the silver halide grain
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acetamidobenzaldehyde (prepared as described
in U. S. application Ser. No. 9330, filed February
18, 1948, now U. S. Patent 2,513,190, is dissolved
by heating 25 minutes at 80° C. in 165 milliliters
of ethanol and 285 milliliters of water. Two
milliliters of a 109% agueous KOH solution is
added and heating is continued for five minutes
longer after which the solution is cooled and
made up to 500 grams with 30% aqueous ethanol.
The following solutions are prepared for use in
making the silver halide emulsions:

Solution A
3N aqueous AgNO3 oo ml___. 20
20% aqueous NH«OH oo mi___. 20
Distilled water oo ml____. 25
Solution B
3N aqueous NHaBr- oo ml.___ 22
0.5N aqueous BT ml . 4
Distilled water oo e mi_.__ 14
Ethanol oo e ml_.__. 25
Solution C
TLow-substituted polyvinyl acetal solution
(described above) g.. .. 30
Distilled water oo ml__._ 45
Ethanol - ml____ 25

Solutions A and B are added separately and
simultaneously (B leading A by two parts) to
Solution C over a period of 14 minutes while
stirring at 25° C. The emulsion is stirred 15
minutes after the completion of the precipita-
tion and then 50 milliliters of ethanol is added.
The emulsion is placed in a sealed container
and ripened by stirring at 105° C. for 716 min-
utes, cocled and washed by dialysis as In Ex-
ample I. At the completion of the dialysis most
of the emulsion has coagulated and has settied
out. The coagulum is redissolved by heating
15 minutes at §5° C. with 150 milliliters of 25%
aqueous ethanol, then an additional 100 grams
of the low-substituted polyvinyl acetal solution
is added and heating is continued 15 minutes
longer. The emulsion is then prepared for coat-
ing and coated on film base as In Example 1.

The dry film is exposed and processed as in
Example III, giving a yellow image.

Sensitometric measurements show the speed
of the emulsion to be about nine times that of
an emulsion prepared from the same ingredients
and in the same manner with the single excep-
tion that the ripening at 105° C. is omitted.
The silver halide particle size of the ripened
emulsion of Example IV is 1.48 miecrons root
mean square diameter; whereas, the grain size
of the uaripened emulsion is only 0.23 micron
rooct mean square diameter.

EXAMPLE V

A photographic emulsion having still another
partial acetal of polyvinyl alcohol as the silver
halide binder is prepared by a procedure similar
to that described in Example IV. Thirty grams
of a low-substituted polyvinyl acetal of m-(3-
methyl-salicylamido) benzaldehyde (prepared as
described in U. 8. application Ser. No. 29,921,
filed May 28, 1948, U. S. Patent 2,538,257) is dis-
solved by stirring a# 80° C. for 25 minutes in 90
milliliters of ethanol and 210 milliliters of water.
To this solution 9.5 milliliters of 10% aqueous
KOH solution is added and the heating continued
for an additional five minutes. The resulting
solution is made up to 300 grams by the addi-~
tion of 309% agueous ethanol. The photographic
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emulsion is prepared from the same solutions
deseribed in Example IV with the exception that
the polyvinyl acetal sclution of Solution C in
Example IV is replaced with the same quantity
¢f the above-described polyvinyl acetal solution.
At the compieiion of the precipitation 75 mil-
Iiliters of ethanol is added and the emulsion
placed in & sealed container and ripened by
heating for 7% minutes at 105° C. with stirring.
Pifty miililiters of ethanol is added aiter the
ripening step and the emulsion Is washed by
dialysis as in Example I. The emulsion coagu-
lates, and the coagulum is redissolved as de-
scribed in Example IV, then finished and coated
on film base in the manner described in that ex-
ample. Exposure to light and processing as in
Example IV yields a film having a cyan image.

Sensitometric measurements of the film of the
above example show it to have about 450 times
the speed of a film prepared froiz an unripened
emulsion. 'The silver halide grain size in the
emulsion of Txample V ig 0.65 micron root mean
square diameter. The grain size of the unripened
emulsion is only 0.11 micron rooft mean square
diameter.

EXAMPLE VI
The following solutions are prepared:
Solution A
3N agqueous AgNOs. o ml.._ 35
209% agqueous ammonium hydroxide____ml.__ 30
Solution B
3N aqueous NH4Br - mli._. 37
05N aqueous KI o ml... 6
Distilled water e ml.._ 22
Solution C

109% aqueous polyvinyl alechol (completely
hydrolyzed low molecular weight polyvinyl
acetate) solution oo g.-. 20

Distilled water

Solutions A and B are added separately and
simultaneously (B leading A by two parts) to So-
lution C at 25° C. while stirring over a period of
six minutes. The emulsion is then ripened for
15 minutes at 100° C. in a sealed container. Fol-
lowing ripening, 100 grams of a 10% solution of
a completely hydrolyzed high molecular weight
polyvinyl acetate is added, and the emulsion is
washed, prepared for coating as in Example I,
and coated on film base. After drying, the film is
exposed and processed as in Example 1.

The film of Example VI has a photographic
speed of 50 to 100 times that of a film coated with
an emulsion prepared with the sarne type of poly-
vinyl alcohol binder but ripened under acidic
conditions. The size of the silver halide grains
in the emulsion of Example VI is 2.0 microns root
mean sqguare diameter. Furthermore, an emul-
sion prepared in the same manner as Example VI
with the single exception that the ammonia is
omitted from the silver nitrate solution has a
silver halide grain size of only 0.04 micron root
mean square diameter and this grain size re-
mains unchanged on ripening a% 100° C. for 15
minutes.

EXAMPLE ViL

A photographic emulsion is prepared by pre-
cipitating silver halide at a high temperature in
the polyvinyl acetal binder of Example IV. Ten
grams of the low-substituted polyvinyl acetal of
m-henzoyl-acetamidobenzalydehyde is stirred ab
80° C. for 15 minutes in a mixture of 24 milliliters
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of ethanol, 171 milliliters of water, and 1 milliliter
of 7.5% aqueous NaHCOz solution. The follow-
ing solutions are then prepared for use in form-
ing the emulsion:

Solution 4
3N aqueous AgNOs____________________ ml.._ 29
20% aqueous NHLsOH_____________ . __ ml.__ 29
Water __ o ml... 7
Solution B
3N aqueous NH«Br___________________ ml.._ 31
0.5N aqueous XI._____________________ ml.__ 2
Water o mi.__ 32
Solution C
Low-substituted polyviny! acetal solution
described above) _________________.___ g.-- 103
Ethanol __ . ___ .. ml... 25

Sclutions A and B are run geparately and simul=
tanecusly into Solution C while stirring at 95° C.
The emulsion is maintained at 95° C. for ten min-
utes after completion of precipitation. The
emulsion is then coagulated by pumping it
through a capillary into 159 aqueous N2sSO:
solution. The coagulum is broken up and washed
in running water for one hour; after which it is
redissolved by stirring at 75° C. for 15 minutes
with 25 milliliters of ethanol' made up to 100
milliliters with water. The remainder (103
grams) of the polyvinyl acetal solution is then
added, and heating is continued for 15 minutes
more. The emulsion is fAnished and coated on
film base as described in Example IV. After dry-
ing, the photographic film is exposed and: proc-
essed as in Example IV. Sensitometric tests of
the resulting film show that the emulsion is. ap-
proximately 1,000 times as fast as one prepared
from the same ingredients and in a similar man-
ner with the single exception that the preeipita~
tion of the silver halide was carried out at 20° c.

The examples have illustrated the process. of
this invention by referring to certain hydroxyl-
ated polymers as the polymeric binders for the
silver halide particles; however, other synthetic,
linear, hydroxylated polymers can be used. Syn-
thetic hydroxylated polymers which are cperable
include film-forming polymers which contain as
the predominant hydrophilic group a plurality of
recurring vinyl alcohol,

|
—CH—CHOH

units.. Polyvinyl alcohol and its partially sub-
stituted esters, ethers and acetals are especially
useful polymers of this type. Polyvinyl alcohol
is'a tough, water-white, polymeric material which
is soluble in water.. The more highly polymerized
varieties are soluble in hot water, and the lower

polymers are soluble in cold water. They are

usually prepared by hydrolysis of polyvinyl esters,
such as polyvinyl acetate, and polyvinyl isobutyr-
ate, ete. The partially hydrolyzed esters which
contain a large number of recurring vinyl gleohol:

|
—CH~CHOH

units. are hydrophilic in: character. The ethers
can be made by incompletely etherifying com-
pletely or partially hydrolyzed polyvinyl acetate,
etc. In addition to the synthetic hydroxylated
polymers just deseribed, there may be also used
the partially and compiletely hydrolyzed vinyl
ester, e. g., vinyl acetate, copolymers with ethyl-
enieally unsaturated. compounds such: as vinyl
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chloride and styrene; and monoolefins, e. g.,
ethylene, Hydrolyzed ethylene/vinyl acetate
copclymers are especially useful types of such
copolymers. Hydrolyzed ethylene/vinyl acetate
copolymers containing less than 10 % ethylene are
hydrophilic and form highly suitable polymeric
binders in the process of this invention.

An indicated above the low-substitutedq poly-
vinyl acetals, i. e., rolyvinyl alcohol having less
than about 13% of its hydroxyl groups substi-
tuted as acetals, are especially preferred as the
synthetie, hydroxyl-containing bolymer binders
of this invention. These acetals can be made by
acetalization of polyvinyl alechol and its com-
pletely hydrolyzed carboxylic esters. Examples
of such acetals are polyvinyl aleohols whose hy-
droxyl groups are partially substituted as acetals
by acetaldehyde, benzaldehyde, 2-thiophene alde-
hyde, m~acetamidobenzaldehyde, m-~-aminobenz-
aldehyde, succinaldehydic acid, butyraldehyde,
and p~diethylaminobenzaldehyde.

Synthetic, hydrozylated polymers containing
small amounts of color~foriming acetal groups are
especially suitable as the silver halide binder.,
These are more precisely defined as essentially
colorless, synthetie, linear, hydroxylated poly-
mers, 0.75 to 7.5% of whoge hydroxyl groups are
substituted as acetalg by color-former nuclei with
the structure

X—(é:(l)),,—-(’jz(l)'ﬂ

where X is a member of the group consisting of
hydroxyl and primary and secondary amino rad-
leals, n having a value of 9 or 1, and which may.
be 0.1 to 5.2% substituted as acetals by aldehydss
containing carboxylie or sulfonic acid groups,
said polymers containing at lesst 12.5 hut less
than 49 hydroxyl groups for every 100 chain
atoms and between 1 and 35 color-forming groups
for each 100 chain atoms and a polymer chain
in: excess of 200 carbon atoms. In addition to the
Specific polyvinyl acetals of this type mentioned
in Examples III, IV, V and VII other bolyvinyl
acetal color-formers having a maximum of 7.5%
of the hydroxyl groups substituted as acetals by
the color-former nuclei which can be used include
polyvinyl acetals of m~[p—(5-benzoxy-3-methyl—
1= pyrazolyl‘)benzamido]benzaldehyde, as de-
scribed in U. S. application Ser. No. 682,137, U. S.
Patent 2,476,988; m-~(p-chlorokenzoylacetami-
do) benzaldehyde, and 4~methyl-3- (benzoylacet-
amido) benzaldehyde, as described in U. S. ap-
plication Ser. No. 9330, U. 8. Patent 2,5613,190; and
other m—(methylsalicylamido)benzaldehydes, as
described in U. S. application Ser. No. 28,921, U. 8;
Patent 2,538,257,

The light-sensitive silver salts' mentioned in
the examples are mixed crystals, i. e., iodobro-
mides obtained from silver bromide and silver
iodide. However, other light-sensitive silver salts
may be employed if desired. The silver halides,
€. g., silver chloride, silver bromide, and silver
lodide, or mixtures-of any of these, or mixed crys-
tals containing two or more of these salts, are
especially suitable.

In additioh to the céllulose nitrate film base
mentioned specifically in the examples as the sup-
port for the emulsions of this invention, other
common- photographic supports can be used if
desired. For example, other cellulose derivativss,
e. g., cellulose acetate, cellulose acetate butyrate,
cellulose propionate; celltlose ethers; polyamides,
polyvinyl chloride, polyvinyl acetal, paper, glass,
metals, ete., can be used as.supports for the emil-
sions; '
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The examples have illustrated the process of
this invention by the use of ammonia as the pre-
ferred nitrogen-containing base which must e
present during the high temperature treatment of
the silver halide emulsions. However, other ni-
trogen bases which can act as silver solvents by
forming complexes with the silver ion can also be
used. Thus, ammonia and amines, including pri-
mary, secondary, tertiary, acyclic, cyclic, hetero-
cyclie, mono, and polyamines can be used. Ex-
amples of specific operable amines include meth-
ylamine, ethylamine, diethylamine, triethyl-
amine, benzylamine, triethanolamine, ethylene-
diamine, propylenediamine, cyclohexylamine, 2-
methyl-cyclohexylamine, pyridine, piperidine,
and morpholine.

The photographic emulsions of this invention
may also contain the usual sensitizers such as cy-
anines and the carbocyanine salts and bases com-
monly used to extend the sensitivity of photo-
graphic emulsions.

The process of this invention has the great
advantage over the hitherto known methods for
producing photographic emulsions having syn-
thetic, hydroxylated polymer binders of being
capable of producing such emulsions which have
the high speeds desired for fast photographic
films, i. e., negative emulsions. Furthermore, the
emulsions of this invention do not possess the
previously mentioned disadvantages of conven-
tional gelatin emulsions. The step of heating the
synthetic, hydroxylated polymer/silver halide
emulsion to the unusually high temperatures
herein specified in the presence of a nitrogen hase
in the specified concentrations, makes possible
the production of high-speed emulsions by devel-
opment of sufficiently large silver halide grain
size. Processes in which hydroxylated polymer
emulsions are heated at high temperatures in the
absence of the nitrogen Bbase, or heated to the
moderate temperatures of the gelatin emulsion
art in the presence of a nitrogen base, are not
capable of producing the necessary silver halide
grain size for a truly rapid emulsion. For exam-
ple, an emulsion containing the low-substituted
polyvinyl acetal of Example VII precipitated at
85° C. has particles having a root mean square
diameter of 0.46 micron; whereas, the particles
in a similar emulsion precipitated at 70° C. have
2 root mean square diameter of 0.22 micron and
the particles in another similar emulsion precipi-
tated at 55° C. have a root mean square diameter
of only 0.16 micron.

The synthetic, hydroxylated polymer/silver
halide emulsions of this invention are useful for
all applications in which gelatin/silver halide
photographic emulsions are normally used, i. e.,
as light-sensitive coatings on paper, glass, films,
ete., including both positive and negative types
of film. The emulsions of this invention having
a silver halide grain size of between 0.6 and 3
microns root mean square diameter are especialiy
suitable as high-speed emulsions for negative-
type films.

As many widely different embodiments of this
invention can be made without departing from
the spirit and scope thereof, it is to be under-
stood that the invention is not to be limited ex-
cept as defined by the claims.

‘What is claimed is:

1. A process for increasing the speed of pho-
tographic silver halide emulsions which com-
prises subjecting an aqueous dispersion of light-
sensitive silver halides in a synthetic hydrophilic
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hydroxyl-containing polymer having a plurality
of recurring intralinear

I
—CH,~CHOH

groups to a temperature hetween 80° and 200° C.
in the presence of a nitrogenous base which
forms 2 complex with a silver ion and acts as a
silver solvent and is taken from the group con-
sisting of ammonia, primary, secondary and ter-
tiary aliphatic amines, cycloaliphatic amines,
pyridine, piperidine and morpholine in a concen-
tration of between 0.1 and 2.5N while excluding
radiations which will expose the light-sensitive
silver halides.

2. A process as set forth in claim 1 wherein
said polymer is a low-substituted polyvinyl acetal
wherein less than 13 percent of the hydroxyl
groups have acetal substitution.

2. A process as set forth in claim 1 wherein
said polymer is a hydrophilic hydrolyzed ethyl-
ene/vinyl acetate copolymer.

4, A process as set forth in claim 1 wherein
said polymer is polyvinyl alcohol.

5. A process for increasing the speed of photo-
graphic silver halide emiulsions which comprises
precipitating light~-sensitive silver halides in an
aqueous dispersion of a synthetic hydrephilic hy-
droxyl-containing polymer having a plurality of
recurring intralinear

I
—CH—~CHOH

groups st a temperature between 80° and 100°
C. in the presence of a nitrogenous base which
forms a complex with a silver ion and acts as a
silver solvent and is taken from the group con-
sisting of ammonia, primary, secondary and ter-
tiary aliphatic amines, cycloaliphatic amines,
pyridine, piperidine and morpholine in a eoncen-
tration of between 0.9 and 1.4 while maintain-
ing the mixture at such temperatures for a period
of one minute to two hours.

8. A process for increasing the speed of photo-
graphic silver halide emulsions which comprises
vrecipitating ligshi-sensitive silver halides in an
agueous dispersion of a synthetic hydrophilic hy-
droxyl-containing polymer having a plurality of
recurring intralinear

—-CH?——(‘JHOH

groups and then heating the resulting aqueous
silver halide dispersion to a temperature between
80° and 125° C. in the presence of a nitrogenous
base which forms a complex with a silver ion
and acts as a silver solvent and is taken from the
group consisting of ammonis, primary, secondary
and tertiary aliphatic amines, cycloaliphatic
amines, pyridine, piperidine and morpholine in
a concentration of between 0.9 and 1.4N for a
period of one minute to ten hours while exclud-
ing radiations which will expose the light-sen-
sitive silver halides.

7. A process as set forth in claim 6 wherein
said polymer is 2 hydrophilic hydrolyzed ethyl-
ene/vinyl acetate copolymer.

8. A process as set forth in claim 6 wherein
said polymer is polyvinyl alcohol.

9. A process as set forth in claim 6 wherein
said polymer is a low-substituted polyvinyl acetal
wherein less than 13 percent of the hydroxyl
groups have acetal substitution.

10. A process for increasing the speed of pho-
tographic silver halide emulsions which com-
prises precipitating light-sensitive silver halides
in an aqueous dispersion of & synthetic hydro-
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bhilie hydroxyl-containing polymer having a plu-
rality of recurring intralinear

—CHz-—(IJHOH
groups, coagulating the silver halide emulsion
of said polymer, washing the coagulum and heat-
ing an agueous dispersion of the washed coagu-
lum to a temperature between 80° and 200° C.
in the presence of a nitrogenous base which forms
a complex with a silver ion and acts as a silver
solvent and is taken from the group consisting
of ammonia, primary, secondary and tertiary
aliphatic amines, cycloaliphatic amines, pyridine,
piperidine and morpholine in a concentration of
between 0.1 and 1.4N for a period of one minute
to ten hours while excluding radiations which
will expose the light-sensitive silver halides.

11. A process as set forth in claim 10 wherein
said polymer is a low-substituted polyvinyl acetal
wherein less than 13 percent of the hydroxyl
groups have acetal substitution.

12. A process as set forth in claim 10 wherein
said polymer is a hydrophilic hydrolyzed ethyl-
ene/vinyl acetate copolymer.

<t
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13. A process as set forth in claim 10 wherein
said polymer is polyvinyl alcohol.
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