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emulsion is disclosed.
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PROCESS FOR THE MANUFACTURE OF SILVER
HALIDE PHOTOGRAPHIC EMULSION
CONTAINING IRIDIUM AND RHODIUM

This is a continuation of application Ser. No.
259,127, filed June 2. 1972 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process for the manufac-
ture of a silver halide photographic emulsion.

2. Description of the Prior Art

In photocomposition and facsimile. the sensitive ma-
terial is exposed imagewise to a light of a high illumina-
tion for a very short time (about 1072 — 10-% sec) and
the material should huve such characteristics that a
high contrast imuage can be formed by conventional de-
velopment by means of activator. Hitherto, for the for-
mation of a high contrast image, a water soluble rho-
dium compound has been added during the emulsifica-
tion of silver halide emulsion in the preparation of the
sensitive material. However, when a rhodium com-
pound is added to an emulsion of high sensitivity, above

all, a silver halide emulsion prepared using the ammo- 2

nia method, the sensitivity is elevated within the short
time after the exposure of the sensitive material. This is
called as “latent image sensitization.” In the practical
use of these sensitive materials, the periods of time be-
tween exposure to development are different and,
thercfore, the sensitivity of the initial portion of sensi-
tive material in the form of a roll is different from that
of the final portion thercof. When even the final por-
tion is developed completely in the development of
such a sensitive material, the development of areas
other than the image area in the initial portion pro-
ceeds rapidly resulting in, for example, an unclearness
of letters or a different densities in the letters. An ob-
Ject of this invention is to provide a process for the
manufacture of a silver halide photographic emulsion
through which a high contrast image can be formed and
which provides only a slight latent image sensitization
even by subjecting to a flash exposure of high illumina-
tion and short time.

SUMMARY OF THE INVENTION

After much research to solve the problems as de-
scribed above, we have reached to the following inven-
tion, Namely, this invention relates to a process for the
manufacture of a silver halide photographic emulsion
for the flash exposure characterized by adding a rho-
dium compound and an iridium compound during the
emulsification or the first ripening of the emulsion,

DETAILED DESCRIPTION OF THE INVENTION

As the photographic emulsions which are manufac-
tured according to this invention, those to which this
invention are particularly, applicable. as was described
above, are those silver halide emulsions prepared by
the ammonia method. The invention is also applicable
in general to suspensions in which a single or combined
hydrophilic colloid substances, (e.g., natural or syn-
thetic organic colloids) such as gelatin, gelatin deriva-
tives such as those set forth in Japanese application Ser.
No. 753325/71 (e.g., reaction products of gelatin and an
aromatic or aliphatic acid anhydride; of gelatin and a
compound having a halogen atom; of gelatin and an
isocyanate  compound:  of  gelatin and an  N-
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2

acryvinylsulphonamide (e.g.. phthalic gelatin, acetyl
gelatin, maleic gelatin, carboxy methyl gelatin, benze-
sulfonic gelatin, trimellitic gelatin, benzoic gelatin, sul-
fophthalic gelatin, succinic gelatin, etc.), polyvinyl al-
cohol, carboxy methyl cellulose, malcic anhydride-
phthalic acid copolymer and the like are used as the
protective colloid and in which microscopic particles of
a silver halide such as silver bromide, chlorobromide or
their mixtures with silver iodide are contained in the
form of a dispersion in the emulsion. These photo-
graphic emulsions are manugatured in general through
the first ripening (physical ripening) and the second
ripening (chemical ripening) after the so-called “emul-
ston process’ in which particles of silver halide are
formed in the aqueous solution of gelatin.

According to this invention, a rhodium und an irid-
ium compound are added in the preparation of the pho-
tographic emulsion, during the emulsification or the
first ripening thercof. Examples of suitable rhodium
compounds are the simple salts such as rhodium di- or
tri- halide (e.g., chloride, bromide), or the octahedral
complex salts such as alkali metal (e.g.. sodium, potas-
sium) or ammonium hexahalogenorhodate (e.g.. hexa-
chlororhodate, hexabromorhodate) etc.; and suitable
iridium compounds are the simple salts such as iridium
tri- or tetra halide (e.g.. chloride, bromide) the octahe-
dral complex salts such as alkali metal (e.g., sodium,
potassium) or ammonium hexahalogenoiridate (e.g.,
hexachloro iridate (1I1). hexachloroiridate (1V), hexa-
bromoiridate (1), hexabromoiridate (IV), and the oc-
tahedral complex acids such as hexahalogenoiridic (111)
acid, hexahalogenoiridic (1V) acid. These compounds
are preferably water soluble and the amount thereof
added to the emulsion is preferably at a level of from
107 to 107% mol/mol of silver halide. The range of the
above described amount is the most effective for an ob-
ject of the present invention and the upper limit means
the saturation of this effect; there is also an effect even
outside of the range.

The rhodium or iridium compound is added during
the emulsification or first ripening in the preparation of
the emulsion.

Namely, both the rhodium and the iridium com-
pound are added during the emulsification or first rip-
ening or the rhodium compound is added during the
emulsification and the iridium compound during the
first ripening or vice versa. The rhodium or iridium
compound can also be added during both steps.

After the first ripening and the washing with water, a
chemical sensitizer such as a sulfur compound (See
Mees The Theory of the Photographic Process, 3rd Ed.
P. 114, (1966) U.S. Pat. Nos. 1,574,944, 2,278,947,
2,440,206, 3,189,458, etc.) or a gold compound (See
Mees, supra, P. 113, US. Pat. Nos. 2,540,085,
2,597,859, 2,597,915, etc.) is added in a conventional
manner to the photographic emulsion to be prepared.
After the second ripening spectral sensitizers such as
cyanines, stabilizers (See Mees, supra, P. 344) and an-
tifoggants (See U.S. Pat. Nos. 2,384,393, 2,708,162,
2,403,927, etc.), surface active agents (See U.S. Pat.
No. 3,415.649), such as saponine, polyethylene oxide,
sodium  3-p-nonyl phenoxy-propan-1-sulfonate, and
lauryl alcohol sulfate ester, film hardeners such as
formaldehyde, mucochloric acid (See Mees, supra, pp.
55 - 60) and the like arc added. One useful class of cya-
nines is the methine cyanine dyes. The term “cyanine”
as used herein includes the simple cyanine dyes, the
merocyanine dyes, the trinuclear merocyanine dyes
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and their higher homologs, ¢.g.. the carbocyanine, the
dicarbocyanine and the tricurbocyanine dves. As is well
known, cyanine dyes feature the amidinium jon chro-
mophore system. In cyanine dyes, each nitrogen atom
of the amidinium ion system is contained in a heterocy-
clic ring (See Mces, supra, PP. 201 - 2). The prepara-
tion is then coated on a support. If desired. the main de-
veloper can be contained in the silver halide emulsion
layer or another layer of the sensitive material. As the
support paper (coated with Baryta), films of polyethyl-
ene terephthalate, cellulose ester or polystyrene. metal
plate etc. can be used. The use of these supports is not
critical.

The sensitive material of silver halide photographic
emulsion obtained according to this invention is char-
acterized in that the image obtained by flash exposure
(high illumination and short time} and conventional
development (See U.S. Pat. No. 3,043,698, Mee, su-
pra, PP 51 - 58) or the development by means of an ac-
tivator such as sodium hydroxide (Sec C.E.K. Mees,
The Theory of the Photographic Process, Rev., Ch. 14) is
very hard and that only a slight latent image sensitiza-
tion results in the elapse of a considerably long period
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amount of potassium chloroaurate as chemical sensi-
tizer wus added, ripened at approxintately SO°C for 80
min, a dye sensitizer (cyanine dye). stabilizer (tet-
razaindene compound). film hardener (formuldehyde)
and surface active agent (Saponin) were added and the
mixture coated on Baryta paper. The resulting sensitive
material was designated as Sample 1.

Sample 2 (free from potassium hexachloroiridate
(1I1) in the liquid (1I})). Sample 3 (free from ammo-
nium hexachlororhodate) and Sample 4 (free from
both compounds) were prepared as controls in the
same manner.

These samples were subjected to “"EGG 107% second
xenon flash exposure™ (refer to “Industrial Manual”,
published by EGG Co.. Ltd.} using a Mark 6 sensitome-
ter, 2-. 20-, 40- and 60-minute-clapsed time period be-
tween the exposure and development were formed in
each sample, developed with a liquid developer of D-72
formulation, stopped. fixed and washed with water in a
conventional manner.

D—72 Formulation

of time between exposure and development. “Elon ™ 3l g
This invention will be illustrated more fully by refer- 25 ?*l(:/((l;:::usir‘:lgl‘c tanhyd.) ;‘:8 i
. ydro one 20 g
ence to the fOHOW”lg exump]es- Sodium Carbonate (anhyd.) 67.5 g
Potassium Bromide 19 ¢
EXAMPLE | Water to make [
The following liquid compositions (1) — (1V) were
repared: 30 . o .
prep The relative sensitivity and gradation (r) of the result-
ing images werc determined where the sensitivity of the
t (VJVL‘I‘;TH 5‘,'8;“ portion developed 2 minutes after the exposure at D
Aquecous Ammonia (2.5%) g (density) = 0.1, where the sensitivity is shown as 1/E X
(n Water 500 ce 35 1077 (E: the exposure amount at D = 0.1). was rated as
Stlver Nitrate 100 g . .
e Potassium Bromide 21 g 100. The results obtained are shown in Table 1.
Table 1
Sample Time Period Between Exposure and Development
2 min, 20 min. 40 min. 60 min.
1 100 105 105 105
26 262 2.62 2.65
2 100 120 140 150
(cuntrol)
18 1.85 1.87 1.90
3 100 103 105 105
(controf)
1.2 1.20 1.22 1.22
4 100 102 102 103
(control)
0.9 0.90 0.90 0.90
Sodium Chloride 34 g In the table, the values shown on the lcft side of the
;‘L“,‘r;ti';,'f,‘,‘,’{,‘i‘::‘,f,‘“[f,“ﬁ“,,':{{{;’f,’;'“‘“ 35 ce column are the sensitivity and those on the right side of
OrTes v ) "
rhodium compound per mot of silver the column are the 7 value.
Rﬂ'id; fl’ff_‘)cd)H horoirid From the results as shown in Table 1, it is found that
(Il\‘f, otassium Hexachloroindate 1.0 c¢ 55 the use of ammonium hexachlororhodate to give a high
(corresponding to 1077 mols of contrast as in Sample 2 provides an emphasized latent
I\LIL::.::H compound) 500 ce image sensitization and that the combination of the am-
(v Gelatin 200 ¢ monium hexachlororhodate compound with potassium
Water 200 ec hexachloroiridate prevents the latent image sensitiza-
60 tion with a large effect in comparison with the single
The prepared liquid composition (1) was kept at use of the compound as in Sample 2 and 3, resulting in
50°C. both liquid (II) and (IIl) were added thcreto at  a high contrast photographic image.
Y i ith stirri iqui V) was then .
the sume time with sFlrrlI}g. the h(gmd (v : e EXAMPLE 2
added thercto after ripening at 50°C for 20 min. and _ o -
aged for 30 min. while keeping at 50°C. The resulting 65  The following liquid compositions (1) - (IV) were

photographic emulsion was cooled to solidify, cut
finely and washed for 1 hr in a water stream. After
washing with water, it was dissolved again, a slight

prepared:

) Gelatin 10g
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-continued

W ater SO0 ce
(1F Sihver Natrate BV

Aueous Ammaonny (25 100 ce

Wter 500 cc
rih Potassium Bromide 70 ¢

Putassium lodide 2p

Ag. Potassium Hexachlororhodate 3.0 cc

teorresponding to 10 7 mals of iridium
vompound (same indium compound as used
mBxample 3 but at 3.00 ce level) per mal of
silver hahde Tormed)
Aq. Potassium hexachloroiridate (1) 35 ce
tecorresponding to 107 mols of iridium
compound}

I\ Gelatin 200 ¢
Water 300 ¢cc

The prepared liquid composition (1) was kept at
45°C.. the liquid (111) was added with stirring, the liquid
(11} was then added. ripened for 7 min and sulfuric acid
was added to neutralize. Thereafter, the liquid (IV) was
added, cooled to solidify, cut finely and washed for 1 hr
in a water stream. The solid mass washed with water
was then warmed to dissolve again, a canventional sul-
fur and gold sensitizer were added, ripened at 60°C for
I hr, the dyc sensitizer, stabilizer, film huardener and
surface active agent as described in Example | were
added to the resulting emulsion. which was then coated
on Baryta paper. The resulting sensitive material was
designated as Sample 5.

Similarly. with the use of the liquid (I11) free from eij-
ther potassium hexachloroiridate (I11) or potassium
hexachlororhodate as well as free from both of the
compounds, three emulsions were prepared. from
which Sample 6, 7 and 8 cach was formulated.

From these Samples 5 - 8, images were formed as in
Example [, from which the relative sensitivity and gra-
dation (¥) were determined. The results obtained are
shown in Table 2.

6
though the fatent image sensitization was a shight. For
Sample 5 according to this invention. in which both
compounds were used, the latent image sensitization
was prevented and an image of so much increased con-
5 trast, which could not be expected from the contrast of
Sample 6 and 7, could be obtained.

EXAMPLE 3

The following liquid compositions (1) — (IV) were
10 prepared: ‘

h Geiatin 15g
Aqueous Ammonia (25% ) 20 cc
Water 500 ¢cc
(1) Silver Nitrate 100 g
15 Water 500 ce
[§133)] Potassium Bromide 70 g
Potassium lodide g
Aq. Ammonium Hexachlororhodate 35 ce

tcorresponding to 1077 mols of
rhodium compound per mol of
silver halide formed)
20 Aq. Potassium Hexachloroiridate (1) 3.5 ce
(corresponding to 1077 mals of
iridium compound)

Water 500 ¢c
(V) Gelatin 200 g
Witter KIL N

25
The prepared liquid composition (1) was kept at
45°C, the liquid (III) was added with stirring and the
liquid (I1) was added additionally. The mixture was rip-
ened at 45°C for 15 min, a suitable amount of sulfuric
30 acid was added to neutralize, the liquid (I'V) was added
and the entire amount was cooled to solidify. The re-
sulting mass was cut finely, washed with water for | hr
in a water stream, dissolved again, a conventional sul-
fur and gold sensitizer were added and ripened at 60°C
35 for | hr. The resulting emulsion was coated on a Baryta
paper. on which a gelatin layer containing | g/m? of hy-

Table 2
Sample Time Period Between Exposure and Development
2 min. 20 min. 40 min. 60 min,
s 100 103 108 105
2.40 2.42 245 245
[ 100 130 150 160
(control)
1.60 .65 1.70 1.70
7 100 102 104 104
tcontrol)
1.10 110 1.15 1.20
LS 100 102 102 102
teontrol)
0.80 (.80 .80 0.82

In Table 2. the values have the same meanings as in
Table 1.

As can be scen from the results shown in Table 2. for
Sample 6 in which only potassium hexachlororhodate
was used. a very hard image was obtained compared
with Sample 8 free from the compounds but, due to the
latent image sensitization, the longer time from expo-
sure to development provided the higher sensitivity,
However, Sample 7 containing only potassium hexa-
chloroiridate (1) could not give a great contrast al-

droquinone was applied, to form a sensitive material
(Sample 9).

Similarly, Sample 10 (free from potassium hexa-

chloroiridate (II1), in the liquid (III), Sample 11 (free

35 from ammonium hexachlororhodate and Sample 12
(free from both compounds) were prepared as con-
trols.

For these Samples 9 to 12, images were formed as in
Example 1, from which the relative sensitivity and gra-
dation were determined. The results obtained are
shown in Table 3.

Table 3
Sumple Time Period Between Lxposure and Development
2 min. 20 min. 40 min. 6 min.
9 100 104 105 105
3.0 310 310 310
10 100 140 150 160

{control )
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Table 3-continued
Sample Time Period Between Exposure and Development
2 min. 20 min. 40 min 60 min
1.8 I.85 1.90 1.90
11 100 103 105 105
(control}
1.2 : 1.20 1.22 1.22
12 100 100 100 98
tcontrol)
0.9 0.4 0.9 0.9

In Table 3. the values have the sume meaning as in
Table 1.

From the results shown in Table 3, the same conclu-
sion as in the preceeding examples was obtained.

While the invention has been described in detail and
in terms of specific embodiments thereof, it will be ap-
parent to one skilled in the art that various changes and
modifications can be made therein without departing
from the spirit and scope thereof.

What is claimed is:

1. In a negative-working silver halide photographic
emulsion comprising an unfogged silver halide emul-
sion of silver halide particles dispersed in an aqueous
emulsion of a hydrophilic colloid, the improvement
comprising a combination of a rhodium compound and
an iridium compound which have been added to said
emulsion during the precipitation of the silver halide
particles in an amount sufficient to produce a high con-
trast image with a minimum of latent image sensitiza-
tion.

2. The emulsion of claim 1, wherein said silver halide
is silver bromide, silver chlorobromide, silver bromoio-
dide or silver chlorobromoiodide.

3. The emulsion of claim 1, wherein said aqueous
emulsion contains ammonia.

4. The emulsion of claim I, wherein said hydrophilic
colloid is a natural organic colloid or a synthetic or-
ganic polymer. .

5. The emulsion of claim 4, wherein said hydrophilic
colloid is gelatin, a gelatin derivative, polyvinyl alcohol,
carboxy methyl cellulose, or maleic anhydride-phthalic
acid copolymer.

6. The emulsion of claim 5, wherein said hydrophilic
colloid material is gelatin, phthalic gelatin, maleic gela-
tin, carboxy methyl gelatin, or trimellitic gelatin.

7. The emulsion of claim 1, wherein said rhodium
compound is a simple salt or an octahedral complex
salt of alkali metal or ammonium and wherein said irid-
ium compound is a simple salt, an octahedral complex
acid or an alkali metal or ammonium salt thereof.

8. The emulsion of claim 7, wherein said rhodium
compound is rhodium dihalide, rhodium trihalide, or
alkali metal or ammonium hexahalogeno rhodate and
wherein said iridium compound is iridium trihalide,
iridium tetrahalide, hexahalogenoiridic (II1) acid, hex-
ahalogenoiridic (1V) acid, or the salts of said acids.

9. The emulsion of claim 1, wherein both the rho-
dium compound and the irridium compound are water-
soluble.

10. The emulsion of claim 1, wherein said iridium
compound and said rhodium compound arc each pres-
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ent at a level of 10 ¥ to 107% mol per mol of silver hal-
ide.

11. The emulsion of cluim I wherein said combina-
tion consists essentially of said rhodium compound and
said iridium compound.

12. In a process for the manufacture of a negative-
working silver halide photographic emulsion having an
improved property for a flash exposurc comprising pre-
paring an unfogged silver halide emulsion of silver hal-
ide particles dispersed in an aqueous emulsion of a hy-
drophilic colloid including two ripening steps. said
emulsion being unfogged because reducing agents are
not added during the second ripening step, the im-
provement comprising:

adding a combination of a rhodium compound and

an iridium compound to said emulsion during the
precipitation of the silver halide particles in an
amount sufficient to produce a high contrast image
with a minimum of latent image sensitization,

13. The process of claim 12, wherein said silver hal-
ide is silver bromoiodide. silver chlorobromide, or sil-
ver chlorobromoiodide.

14. The process of claim 12, wherein said aqueous
emulsion contains ammonia.

15. The process of claim 12, wherein said hydrophilic
colloid is a natural organic colloid or a synthetic or-
ganic polymer.

16. The process of claim 15, wherein said hydrophilic
colloid is gelatin, a gelatin derivative, polyvinyl alcohol,
carboxy methyl cellulose, or maleic anhydride-
phthalic acid copolymer.

17. The process of claim 16, wherein said hydrophilic
colloid material is gelatin, phthalic gelatin, maleic gela-
tin, carboxy methyl gelatin, or trimellitic gelatin.

18. The process of claim 12, wherein said rhodium
compound is a simple salt or an octahedral complex
salt of alkali metal or ammonium and wherein said irid-
ium compound is a simple salt, an octahedral complex
acid or an alkali metal or ammonium salt thereof.

19. The process of claim 18, wherein said rhodium
compound is rthodium dihalide, rhodium trihalide, or
alkali metal or ammonium hexahalogeno rhodate and
wherein said iridium compound is iridium trihalide,
iridium tetrahalide, hexahalogenoiridic (HI), acid, hex-
ahalogenoiridic (IV) acid, or the salts of said acids.

20. The process of claim 12, wherein both the rho-
dium compound and the iridium compound are water-
soluble.

21. The process of claim 12, wherein said iridium
compound and said rhodium compound are each pres-
ent at a level of 107% to 107% mol per mol of silver hal-
ide.

* * * * *



