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[57] ABSTRACT

Disclosed is a light-sensitive silver halide photographic
element which comprises photographic layers applied
under the condition that the surface tension of a coating
solution for forming an outermost layer 1s 6 dyn/cm or
more smaller than the surface tension of a solution for
forming a layer adjacent to the outermost layer, and
satisfying at least one of the conditions shown below:
(a) gelatin contained in at least the side of a support
having a light-sensitive silver halide emulsion layer
and a hydrophilic colloid layer is in an amount of 2.20
to 3.10 g/m?,
(b) the photographic layers are formed by the constitu-
tion such that said coating solution for forming the

outermost layer and said solution for forming the
layer adjacent thereto each have a viscosity of 20 cp

or less.

The light-sensitive silver halide photographic element
obtained by this invention can be processed with a high
speed processing, and has high sensitivity and also ex-
cellent pressure resistance and graininess even when
subjected to an ultra rapid processing.

14 Claims, No Drawings

L

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the

‘rights associated with a statutory invention registration

see 35 U.S.C. 157.
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LIGHT-SENSITIVE SILVER HALIDE
PHOTOGRAPHIC MATERIAL FEASIBLE FOR
HIGH SPEED

This application 1s a continuation of application Ser.
No. 07/231,659, filed Aug. 12, 1988, now abandoned,
which 1s a continuation of Ser. No. 07/029,774, filed
Mar. 24, 1987, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a light-sensitive silver halide
photographic material feasible for high speed process-
ing. Particularly, it relates to a light-sensitive silver
halide photographic material having high sensitivity
and also having excellent pressure resistance and graini-
ness even when subjected to an ultra rapid processing.

In recent years, light-sensitive silver halide photo-
graphic materials have been consumed in such quanti-
ties that go on increasing. For this reason, there is an
increase in the number of sheet for the processing of
light-sensitive silver halide photographic matenals, and
it has been needed to carry out the processing more
rapidly, in other words, to increase processing quanti-
ties 1n a given time.

The above trend is also seen in the field of X-ray
light-sensitive materials, for example, of X-ray films for
medical use. More specifically, with a rapid increase in
the frequency of diagnosis to be caused by encourage-
ment of periodical health examinations, it is attempted
to diagnose more accurately, thereby increasing check
items and thus increasing the number of sheet for the
X-ray photography.

On the other hand, it is also necessary to give notice
of results of diagnosis as soon as possible, to those who
have been diagnosed.

That 1s, there are strong demands for carrying out the
processing more rapidly than ever to facilitate the diag-
nosis. In particular, in angiography, perioperative pho-
tography or the like, it 1s essentially necessary to look at
photographs in a time as short as possible.

In order to satisfy the above demands 1n the medical
field, it 1s necessary to promote the automatization (in
photography, conveyance, etc.) of the diagnosis, and
also to process X-ray films more rapidly.

However, the ultra rapid processing causes problems
such that (a) density is insufficient (i.e., decrease 1in
sensitivity, contrast and maximum density), (b) fixing
can not be sufficiently carried out, (c) water washing of
films may become insufficient, (d) drying of films may
become insufficient, and so forth. Moreover, the insuffi-
cient fixing and insufficient water washing may cause a
change in tone during storage of films to lower image
quality.

A means for solving these problems 1s to decrease the
amount of gelatin. However, decrease in the amount of
gelatin tends to bring about troubles such as coating
unevenness and coating streaks. Also, films with less
gelatin may produce problems such that, when films rub
each other or films are rubbed by other matenals, the
so-called abrasion blackening may become liable to
occur after the processing to form a portion having
higher density than other portions, i.e., the so-called
abrasion blackening.

Ultra rapid processing has been sought after as men-
tioned above. In the present specification, the ultra
rapid processing is meant to be a processing for 20 sec-
onds to 60 seconds in total of the time during which a
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top end of a film 1s first inserted to an automatic proces-
sor, and then passes through a developing tank, a gang-
way, a fixing tank, a gangway, a washing tank, a gang-
way and a drying spot, and thereafter the top end of the
film comes out of the drying spot [in other words, the
quotient (sec) obtained by dividing the total length (m)
of a processing line by the line conveyor speed (m/sec)].
The reason why the time for the gangways is included
is, though well known in the present industrial field,
that a processing solution used in a step preceding
thereto may swell also at a gangway and a processing
step 1s considered to substantially proceed thereat.

To promote the rapid processing, it becomes very
important to control the surface tension and viscosity of
coating solutions used for forming an outermost layer
and a layer adjacent thereto which constitute a light-
sensitive silver halide photographic material. In particu-
lar, a technique for improving the viscosity of a coating
solution is disclosed in Japanese Unexamined Patent
Publications No. 115214/1977, No. 1350/1979 and No.
108566/1981 as a bead coating technique. Also, a great
number of efforts has been made on the formation of
better photographic layers according to other various
methods. For example, as conditions imposed to a low-
ermost layer in the layer constitution of a light-sensitive
material, the amount of coating solution and the viscos-
ity are defined to be 2 to 12 g/m? and 1 to 8 cp, respec-
tively (Japanese Unexamined Patent Publication No.
115214/1977), or, in respect of the viscosity mo of a
coating solution for a lowermost layer, when coated at
a low shear rate, the scope of tolerance between it and
the viscosity 111 of a coating solution for a layer directly
above this lowermost 35 layer i1s defined to be
no=mn1=x10 (cp), and, when coated at a high shear rate,
it is defined to be np<m; (Japanese Unexamined Patent
Publication No. 108566/1981).

Japanese Patent Publication No. 47045/1976 dis-
closes the importance of the amount of gelatin 1n a raptd
processing, in which, however, the processing time 1s 60
seconds to 120 seconds in total processing time inciud-
ing the time for gangways. Such a processing time,
however, can not satisfy the demands in the ultra rapid
processing recently practiced.

Also, 1n recent years, with increase in medical X-ray
examinations in particular, there is a strong demand for
decreasing exposed doses not only in the field of medi-
cal science but also as an international public opinion.
To meet such a demand, there have been used devices
or appliances such as fluorescent intensifying paper,
intensifying screens, fluorescent screens and X-ray
image amplifiers, and a remarkable trend is seen in 1m-
provement in these devices or appliances and increase
in the sensitivity of X-ray light-sensitive photographic
materials. On the other hand, to carry out examinations
more precisely, there is a demand for high precision
techniques of X-ray photography. Since the precision
may proportionally increase with greater X-ray irradia-
tion, an X-ray photographing technique utilizing a
larger radiation dose has been developed, and also a
large volume X-ray generator has been developed.
However, the photographing techniques requiring such
a large radiation dose may rather contradict the above
demands for decreasing exposed doses, and can not be
said to be preferable. Accordingly, in the field of X-ray
photographying techniques, 1t 1s required to provide a
photographic technique that can achieve less exposed
doses and yet higher precision. Thus, it has been sought
after to develop a photographic material that can obtain
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a precise image, in other words, a photographic mate-
rial having higher sensitivity, with less X-ray doses.

Many and various techniques are available for the
methods of Increasing sensitivity, i.e. sensitizing meth-
ods, under the same grain size. It is expected that sensi-
tivity can be increased while keeping the same grain
size, namely, while maintaining the covering power, if
an appropriate sensitizing technique is used. Many re-
ports have been made on such techniques, including, for
example, a method in which a development accelerator
such as thioethers is added to an emulsion, a method in
which a silver halide emulsion having been spectrally
sensitized is subjected to hypersensitization by use of
suitable combination of dyes, or an improved technique
for optical sensitizers. These methods, however, can not
necessarily be said to have general-purpose properties
when used in high sensitivity light-sensitive silver halide
photographic materials. In other words, the high sensi-
tivity hight-sensitive silver halide photographic materi-
als, which are chemically sensitized to an all possible
maximum extent, tend to be fogged during storage
when the above methods are applied.

Moreover, in the field of X-ray photographs for med-
1cal use, recently used are orthochromatic light-sensi-
tive materials which are made light-sensitive in the
wavelength region of 540 to 550 nm by carrying out
orthochromatic sensitization, rather than regular type
materials conventionally having a light-sensitive region
at 450 nm. The materials sensitized like this have wide
light-sensitive wavelength region and also have a sensi-
tivity made higher. Accordingly, they can decrease
exposed X-ray doses and minimize the influence to be
given to human bodies. Thus, dye sensitization is a very
useful sensitizing means, but is still involved in unsolved
problems. For example, there remains a problem that
sufficient sensitivity can not be obtained depending on
the kind of photographic emulsions to be used.

Pressure desensitization (i.e., desensitization seen at
the time of development, caused by mechanical pres-
sure applied before exposure) also may sometimes occur
due to various mechanical pressure applied before expo-
sure. For instance, in X-ray films for medical use, which
are large in size, film folding such as the so-called knick
mark folding may sometimes occur, which is a phenom-
enon that a film 1s folded by its own weight at a portion
where the film is held, whereby the pressure desensiti-
zation 1s liable to occur. Also, nowadays, automatic
exposing and developing apparatus utilizing mechanical
conveyance are widely used as medical X-ray photo-
graphic systems. In such apparatus, however, mechani-
cal force may be applied to films, whereby the above-
mentioned pressure blackening and pressure desensiti-
zation tend to occur especially in a dry place as in win-
ter. Such a phenomenon is likely to cause serious diffi-
culties in medial diagnosis. In particular, it is well
known that light-sensitive silver halide photographic
materials comprising silver halide grains having large
grain size and high sensitivity are still more likely to
cause the pressure desensitization.

As materials aiming at improving the pressure desen-
sitization, those using thallium or those using a dye are
disclosed in U.S. Pat. Nos. 2,628,167, 2,759,822,
3,455,235 and 2,296,204, French Pat. No. 2,296,204,
Japanese Unexamined Patent Publications Nos.
10712971976 and 116025/1975, etc., but the improve-
ment to such a level is insufficient, or dye stains may
greatly occur, or other materials can not necessarily be
sald to have sufficiently derived the nature inherent in
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the light-sensitive silver halide photographic materials
having high sensitivity, comprising large grain size
silver halide emulsions and chiefly utilizing ordinary
surface sensitivity.

On the other hand, various attempts have been made
to decrease the pressure desensitization by changing
binder properties of light-sensitive silver halide photo-
graphic materials, as disclosed, for example, in U.S. Pat.
Nos. 3,536,491, 3,775,128, 3,003,878, 2,759,821 and
3,772,032, and further in Japanese Unexamined Patent
Publications No. 3325/1978, No. 56227/1975, No.
147324/1975 and No. 141625/1976, etc. However, al-
though an improvement has been made for the pressure
sensitization by these techniques, no fundamental im-

provement has been achieved as there may seriously
occur the sticking of film surfaces or the deterioration

of binder properties such as dryness and scratching.

SUMMARY OF THE INVENTION

A first object of this invention is to provide light-sen-
sitive silver halide photographic material that can elimi-
nate the above problems in the prior arts even when a
high speed processing is carried out, for example, even
when the ultra rapid processing whose total processing
time 1s 20 seconds to 60 seconds as mentioned above is
carried out, and can be excellent in sensitivity, contrast,
maximum density, fixing performance, dryness, and so
forth.

A second object of this invention is to provide a
light-sensitive silver halide photographic material that
may be involved in less troubles in coating even with
less amount of gelatin, that may suffer less abrasion
blackening or pressure desensitization, and that can also
be excellent in graininess.

The above objects can be achieved by a light-sensi-
tive silver halide photographic material which com-
prises photographic layers applied under the condition
that the surface tension of a coating solution for forming
an outermost layer 1s 6 dyn/cm or more smaller than the
surface tension of a solution for forming a layer adjacent
to the outermost layer, and satisfying at least one of the
conditions shown below:

(a) Gelatin contained in at least the side of a support
having a light-sensitive silver halide emulsion layer and
a hydrophilic colloid layer is in an amount of 2.20 to
3.10 g/m2.

(b) The photographic layers are formed by the consti-
tution such that said coating solution for forming the
outermost layer and said solution for forming the layer
adjacent thereto each have a viscosity of 20 cp or less.

According to a preferred embodiment of this inven-
tion, the above light-sensitive silver halide photo-
graphic material may preferably have at least one silver
halide emulsion layer containing at least one compound
selected from the group of the compounds represented
respectively by Formulas (I), (II) and (II1).

Formulas (I), (II) and (III) are as follows:

Formula (1)

R)
o N
Z1 [ >=CH—CH=CH—< j Z>
N N>
R, R

R
(xl_)n—]
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wherein Ry, R; and R3 each represent a substituted or
unsubstituted alkyl group, alkenyl group or aryl group,
and at least one of R and Rj represents a sulfoalkyl
group or a carboxyalkyl group; X)—represents an an-
ion; Z1 and Z; represent a group of nonmetallic atoms
necessary for the completion of a substituted or unsub-

stituted carbon ring; and n represents 1 or 2, provided,
that n 1s 1 when an intramolecular salt 1s formed.

Formula (II)

Z;

_0 ffﬁ O
>= CH-—CH=CH—< ]
N N>

Rsg Rs

(X271

wherein R4 and Rs each represent a substituted or un-
substituted alkyl group, alkenyl group or aryl group,
and at least one of R4 and Rs represents a sulfoalkyl
group or a carboxyalkyl group; Re¢ represents a hydro-
gen atom, a lower alkyl group or an aryl group; X3~
represents an anion, Z; and Z; represent a group of
nonmetallic atoms necessary for the completion of a

substituted or unsubstituted carbon ring; and n repre-
sents 1 or 2, provided, that n 1s 1 when an intramolecu-
lar salt 1s formed.

Formula (1II)

)

R~ Rg
| |

A E >== CH—CH= CH—<\ j |
) N

Rg R1o

(X3 =1

wherein R7 and Rg each represent a substituted or un-
substituted lower alkyl group; Rg and Rjg each repre-
sent a lower alkyl group, a hydroxyalkyl group, a sulfo-
alkyl group or a carboxyalkyl group; X3 —represents an
anion, Zj and Zj represent a group of nonmetallic atoms
necessary for the completion of a substituted or unsub-
stituted carbon ring; and n represents 1 or 2, provided,
that n is 1 when an intramolecular salt is formed.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In this invention, photographic layers are applied
under the conditions that the surface tension of a solu-
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tion for forming an outermost layer i1s 6 dyn/cm or

more smaller than the surface tension of a solution for
forming a layer adjacent to the outermost layer. In
order to make 6 dyn/cm or more the difference in the
surface tension between the solutions used for the above
outermost layer (which is usually an uppermost layer)
and the adjacent layer (which is a layer directly under
the uppermost layer), an embodiment may be taken
wherein at least one kind of surface active agent is used
in the uppermost layer and the surface active agent may
be or may not be used in the layer directly under the
uppermost layer. The surface active agents used in the
uppermost layer and the layer directly under it may be
the same or different.

The difference in the surface tension between the
solutions used for the uppermost layer and the layer
directly under it 1s preferably controlled to be not less
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than 8 dyn/cm, more preferably not less than 10
dyn/cm, and most preferably not less than 12 dyn/cm.

Usually, the “outermost layer” mentioned in this
invention refers literally to a most outside layer, and, in
general, it is formed as an uppermost layer as mentioned
above, including, of course, in this invention a case
where a coating called as a super coat or the like formed
by spraying or coating is sometimes provided on such-
an outermost layer.

The above surface active agent usable in this inven-
tion may include, for exampie, nonionic surface active
agents such as saponin (steroid type), alkylene oxide
derivatives (for example, polyethylene glycol, a poiy-
ethylene glycol/polypropylene glycol condensate,
nolyethylene glycol alkyl ethers or polyethylene glycol
alkylaryl ethers, polyethylene glycol esters, polyethyi-
ene glycol sorbitan esters, polyalkylene glycol alkyla-
mines or amides, and addition products of silicone with
polyethylene oxides), glycidol derivatives (for example,
alkenylsuccinic acid polyglycerides, and alkylphenol
polyglycerides), aliphatic acid esters of polyhydric al-
cohol and alkyl esters of sugar. It may also include
anionic surface active agents containing an acidic group
such as a carboxyl group, a sulfo group, a phospho
group, a sulfuric acid ester group and a phosphoric acid
ester group, including alkyl carboxylates, alkyl sulfo-
nates, alkyl benzenesulfonates, alkyl naphthalenesulfon-
ates, alkylsulfuric acid esters, alkylphosphoric acid es-
ters, N-acyl-N-alkyltaurines, sulfosuccinic acid esters, |
sulfoalkyl polyoxyethylene alkylphenyl ethers, poly-
oxyethylene alkylphosphoric acid esters, etc. It may
further include amphoteric surface active agents such as
amino acids, aminoalkylsulfonic acids, aminoalkylsulfu-
ric acid or phosphoric acid esters, alkylbetaines and
amine oxides. It may also include cationic surface active
agents such as alkylamine salts, aliphatic or aromatic
quaternary ammonium salts, heterocyclic quaternary
ammonium salts such as pyridinium and i1midazolium,
phosphonium or sulfonium salts containing an aliphatic
or a heterocyclic ring. There may be further used fluo-
rine-containing surface active agents, fluorine-contain-
ing surface active agents having a polyoxyethylene
group, etc.

The surface active agents of alkylene oxide type are
disclosed in Japanese Patent publication No. 9610/1976,
DT-26 48 746, Japanese Unexamined Patent Publica-
tions No0.129623/1978, No. 89624/1979, No.
98235/1979, 203435/1983, No. 208743/1983, No.
80848/1985 and No. 94126/1985, etc. Examples of com-
bined use of the surface active agents of alkylene oxide
type and other compounds are disclosed in Japanese
Unexamined Patent Publications No. 89626/1979, No.
70837/1980, No. 11341/1982, No. 109947/1982, No.
74554/1984, No. 76741/1985, No. 76742/1985, No.
76743/1985, No. 80839/1985, No. 80846/1985, No.
80847/1985, No. 131293/1975, No. 29715/1978, etc.

The anionic surface active agents may include those
disclosed in Japanese Unexamined Patent Publication
No. 21922/1978, GB-1,503,218, Japanese Patent Publi-
cation No. 1617/1981, and sulfates of higher alcohols,
higher alkyl sulfonates, alkylbenzene sulfonates, dialkyl
sulfosuccinates, acylmethyltauride, N-acylsarcocinate,
aliphatic monoglyceride sulfate, a-sulfonic acid, etc.

The fluorine-containing surface active agents may
include the compounds disclosed in Japanese Patent
Publications No. 9303/1972, No. 43130/1973, No.
25087/1977 and No. 1230/1982, Japanese Unexamined
Patent Publications No. 46733/1974, No. 16525/1973,
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No. 34233/1975, No. 32322/1976, No. 14224/1979, No.
111330/1979, No. 557762/1980, No. 19042/1981, No.
41093/1981, No. 34856/1981, No. 11341/1982, No.
29691/1982, No. 64228/1982, No. 146248/1982, No.
114944/1981, No. 114945/1981, No. 196544/1983, No. 5
200235/1983, No. 109548/1985 and No. 136534/1982,
U.S. Pat. Nos. 3,589,906, 3,775,126, and 4,292,402, RD-
16630, etc., and the compounds exemplified in Japanese
Unexamined Patent Publication No. 164738/1985.

The surface tension of the coating solutions regulated 10
by the surface active agent can be determined by mea-
surement according to the Wilhelm’s conventional
method at a prescribed liquid temperature.

Preferable examples of anionic surface active agents

containing no polyalkylene oxide are shown below as 15
1-1 to 1-10.

C4HgO—S503Na i-1

-2 20
CgH 7 SO3Na
]1-3 95
0OSO3Na
30

8

-continued

T P

CH3=CHy=CH~CH=CH—C

| |
CH;3; CH;

CHy—COOCgH 7

|
NaQ3S—CH—COOC:sH;,

CsHij—CON~-—-CHsCH->S0O3Na
CH3

C4HoCON—CH>;COONa
CH;3

CgH17COOCHy=—CH—CH->0OS803Na

|
OH

CeHj 3——(|:H—-COOH
SO3Na

(|32H5
leHg“CDOCHg_CH—C.;Hg
NaO3S'“CH“‘COOCHgCI:H_C4HQ

CsHs

SO3Na

1-4

1-5

1-6

1-7

1-8

1-9

1-10

Preferable examples of fluorine-containing surface
active agents are shown below as 2-1 to 2-81.

C3F50(CH2CH0)20C12H 35
C3FsO(CH,CH>0O)sC3F5
CeF130(CH2CH20)10C3Hg
CeF130(CH2CH0)20C6H 13
CeF130(CH>CH30)7 CH;
CoF 170(CH2CH0)20CH;3

(|33H?

C7F15CON~CHCH0-97¢CH397SO3Na

P

CeF13502N~-CH,CH0-7¢CH397SO3Na

CoF 70

CoF170(CH2CH0)20

CeF130(CH2CH»0)y5

C6F130(CH1CH20)20“"1‘I‘1—C3H17

(|33H?

SO; Nt CHyCH7097¢ CH,97S03Na

CH;

CH;

2-1
2-2
2-3
2-4
2-5
2-0

2-7

2-8

2-9

2-10

2-11

b-d
b

W

tJ



CsF130(CH,CH,0)20—S

CeF130(CH2CH70)a0—C13H35
CoF170(CH>CH0)10—H
C2F230(CH2CH;0)50— CH3

CeF1 lO(CHZCHEO)ZD(?HCHEO)JCH3
CH;

OH

|
Ci1oF 12CH>CHCHH»O(CH2CH»O)0

OH

|
CoF19CHyCHCH»O(CoH40)10CH3

N
C6F13507N+CH3CH,097C—CH

CsHy 0
|
CeF13S0;N~+CH>CH»09 C—CH;—S03Na

CgF17(CHyCH0- ¢ CH7»97SO3Na
H-CF»95 CH2O-¢CH)CHy97¢CH37SO3H
C7F15COO~CHCHO97¢CH,37 503K

CH3

|
CgF17SO;N-CH;,;CH,;097503Na

CqFotCH2CH2O97503Na

(|33H7
CgF17SON-+CH;CHO93z CH2COONa

I
H~CF¥x CHQO'{'CHZCHQO?;IF“—ONH4
ONH4

C3H~
| @

CgF17SO9N~CH,CH,097 CHCH)yN(CH 3)3.CH;3

(|33H7 (|3H3

CgF17S0;N<CHCH,097 CH2CHy;— ®N—CH»CO0®

|
CH3

P

CgF17(CH;CH,097CH,CH;—®N—CH;CO0S

I
CH;

(|3«3H7
CgF178S0O;N-CHCH7,097H

CgF13S03Na
CgF17503Na
CeF13CO0OK
CgF1750,CO0OK

CBF”SOQTCHQCO{JK
C3Hy

CoHyg

Hg99

-continued

SO,

2-13

2-14
2-15
2-16

2-17

2-18

2-19

2-20

2-21
2-22
2-23

2-24

2-25

2-26

2-27

2-28

2-29

2-30

2-31

2-32
2-33
2-34
2-35

2-36

10
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F1C~—(CF3);—COCH
H—(CF3)s—COOH
CF3—{CFj7)¢g—COONH4
H—(CF3)10—~COOH
H=—(CF3)¢g™ CH>—0OS03Na
H~(CF7)3—CH>—0S0O3Na

O

|
H—(CFg)ﬁ—CHz-O-—II’—OH
OH

H—(CF3)§=~~CH>=—0O0C

SO3Na

T
H-‘(CFz)ﬁ_?—OOC
CH;

SO;Na

H=—(CF3)¢—CH;—0O0OC—CH,

SO3Na

o

H899

-continued

F3C—(CFj)g~—~CONH=CH;—CH;—CH»—N®~—CH—CHy—C0O0®©

|
CH;

H—(CF3)=—CONH—CH>—0O=S0;Na

H~(CF3)¢g—CONH—CH>;—CH>—0Q0C

SO3Na

7 7
F3C—(CF7)7—S07~~N—CH>CH,;0—P—0H

|
OH

H=(CF7)g=O

P—COH
/|
H=(CF2)s—0O O

H~—(CF7)g—CHy»—0O
AN
P—OH
/|
H—(CF3)§==CHH»—0O O

F1C

AN
CH—0—CHy—CH,—CH>—S03Na

yd
F1C

H=—(CF)¢g=~=CHy—0O—~CHy—CHy—CH>—S03Na
F3C—(CF3)¢=—CH;—0O0—CH>—~CH;—CH,—S0O3Na

2-37
2-38
2-39
2-40
2-4]
2-42

2-43

2-44

2-45

2-46

2-47

2-48

2-49

2-50

2-51

2-52

2-33

2-54
2-55
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Fs By
C—C
/ N\
F>C CH—QO—CH)——CH3y—CH>»=—S0O3Na
N /
C—C
F, B2
CsHs

|
F3C—C—0—CHy—CH,—CH>—S03Na

|
CyH;5

F1C—(CF7)y=—COO—CHy=CH»~-CH7—S03Na
H—(CF»)10—~COO—CH»—CH,—CH>,—S803Na

CONH—CH;=—CF;—CHF,

SO3Na
F1C==(CF37);— COO(—CHCH,0)7— CH}3

F1C=—(CF2)1=—S0Oy=N(—-CH»CH,OuH
C2Hs

FiC=—(CF2)=—CH>O(—CH,;CH;0O)sH

H=—(CF3)g=—CH—0Q0C

CH>=—S03Na

CieH33CH—COO—CH>—CF};

I
SO3Na

CieH33=CH~~CONH—CH;—CF;—CHF>.

I
SO3;H x

F1C—(CF37)7 —SOy—N—CH;COOH
Ca2Hs

F1C—(CF»)1=-~SO3y=N—CH;—CH>—O—S0OzH
C>Hs

Na(Q3S

NaQ3;S=—CH—COOCH(CF7CF7)3H

|
CHy— COOCHy(CF2CF»j)3H

i
CgF1750,NCH>CH20OP-0OH);

C->Hs

P

F7CsSO,NHCH;CH;CH;—®N—CH;CH;0HBre

|
CH;

H&99

-continued

2-56

2-37

2-38
2-59

2-61

2-62

2-63

2-64

2-65

2-66

2-67

2-68

2-69

2-70

2-71

2-72
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H-~CF3)s=CONH \ N&®—CH,COOCH;

/ .

CH
/' Ng, 7

F1sC7CON N
/0
CH>CONH,

I
CoF 70 CH;0P—(ONa);

I
H-CF7)10CH20P-0ONa)»
I
CanSOzl‘IJCHECHQOP-(—ONm)g
CiH7

(I:H3 ?H3
&
ChF1sCON—CHCH,CH,0OCH,,CHIN=—CHj3

|
CHa:

CH;

@
C+F1sCONHCH;CH>;CH,OCH2»CH;N—CH;

|
CH;

CHj

|
CoFi50 SO NHCH>CHCH-,O

OH

|
Col19CH2CHCH>,O(—CH2CH20)y0=CH3

CanSOzl‘fTCHgCHQO'}B—H
CH3

1<

CH;

HE&99

Commercially available fluorine-containing surface
active agents may include those which are commer-
cially available in the trade name of UNIDAIN from
Daikin Industries, Ltd., or in the trade name of FLO-

LARD from 3 M (Suimitomo 3M Limited).

Specific examples of polyoxyethylene surface active
agents preferably usable in this invention are shown as

3-1 to 3-44.

C11H23CO0~¢CH,CHO97H
Ci7H33CO0~«CH2CH0-m—H
CgH170-€¢CHCH703rH
C22H450¢CHCH2097—H

t-C4Hg O-¢CH,CHO¥z H

3-2
3-3
3-4

3-3

-continued

SO

CH;

|
CH,CH)N—CH;

CH3

50

33

65

2-73

2-74

2-73

2-76

2-77

2-78

2-79

2-80

CIe

2-81

2-82

t-CsHi

CisHizy

CgHi7

16

-continued
t-CsHyg

O—~CH;CH,0H

O-¢CH;CH,O-9mr—H

O—CH>CH103¢ H

3-6

3-8
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17 18
-continued -continued
Ci12H238-€CH2CH0917—H -
CH; > C12H250-{-CH(13H30'}3—(-CH2CH20-}13—H 3-20
5 CH3
O-¢CH;CH,03—H
S - 3.21
CgH17 3-10 10 oo /
4 Z CH3; 11H23—<
, N —
X (|:H3 . CH;CH;0~¢CH,CH,09m—H
O~ CH;CH>095~H 13 .
O~ CH>CH0915~H 3-22
3-11
/\ » X
| CoHyg
H~¢OCH;CH¥mp—O O-¢CH;CH;O9—H 20 P
t-CeH 3 CeH 13-t |
CH Ci12H>5 3-23
N\
CeHiz-t CeHa-t 25 CHy—r—
/23
CoHjg ' 3.12
O-¢CHCH,097~
CoHyg O=€CH,CH097~H - 30 H~OCH,CHy¥~0 O~ CH,CH,O9q—H 4
Csz CH3
(CH2CH,09- H 3-13
Cy3H27CON CH;
N 35
(CH2CHO9p H
a+b=1S C—CHs
(ISH3 3-14
C13H7CON~CH,CH;0-9r—H 40
(CH,CH;0%-H 3-13
| H~¢OCH;CH95—0 O~ CH,CH2037H %
Ci1z2Ha5N | 7
(CH,CH209rH 45 t-CgH, CH> CgHjq-t
a+b=20
3-16 |
Ci2Hzs Ci2H35
CgHyv—N CHj; 50
\ .
(CH2CH;09m—H
H-¢OCH;CH;910 O-¢CH;CH097~H
H~OCH;CHy3—0 O~¢CHyCH,09~H 317 TOCHCH; TR
t-CsHyy CH, C4Hg-t >3 t-CsHiy CH CsHj-t
CsHi-t CsHy-t
CsHj -t C4Ho-t
50111 4119 60
H~+OCHCH 9150 O-¢CH;CH09p=H 318 H-tOCH;CH2¥rO CZQﬁ ~CiHo 0+ CH)CH09yH 5%

CH;
t-CaHg (I:H C4Ho-t

CaHog-t CqHog-t



Hg99

-continued -continued
H~OCH;CHy37—0 O-CH;CH;09—H 3-28 t-CsHy 3-35
Hi7Cs—NSO; CH» SOZII‘I“CBHIT 5 t-CsH g O~¢CH;CH;0¥r—¢CH»31rSO3Na
CH; CHj
(I:Hg, 3-36
(0 C11H3CON(CHCHO95—tCH337 SO3Na
3-29 CoH 90~+CHCH;037 SO:K 3-37
3-38
15 t-CgH17 O—¢CH;CH2097TSO3NH4
O<¢CH;CH,O9y—H
Aty | C13H330~CH,CH2097SO3Na 3-39
C .
a4Hg 3-30 CysHa 3-40

20

|
COO _
| O~ CH2CH07r SO3H.HoNCCH2CH-2OH
CH>
N 25
C12H50-€CHCH,O 97 CH;COONa 3-41

O CHQCHQ_O)loH

3-42
C12H250-OCH,CH37—¢ CH¥7SO3Na 3-31
t-CgH17 O-¢CH>CH;097 CH,COONa
CigH350+CH2CH,03—¢CHy)TSO3Na =32 4
3-33 O 3-42
|
t-CgH 17 O~ CHCHO0y CH;CH;SO3Na C13H350"('CH2CH20')1'IT—ON3
15 ONa
3-34 ﬁ' 344
CoH 9 O=CH;CHy09z—¢CH?37S0O3Na CoH1o O'f'CHzCHzO'}g'I;-“ONa
40 ONa
Preferably quaternary ammonium salts may include
the compounds shown below as 4-1 to 4-20.
/ CH; 4-1
CH>—CH> CH>—CH>
®/ AN / N\
H'—'""I:I N—CH> CH> N N—CH;
AN /| AN /
| CH:2—CH, CH; : CH>—CH>
= S
CH; 2Cl1 Cl
Y 4-2
CH>—CH; 2C1~
+/ N\ +
H-1t=N—CH3—CHy;=—N=-CH> CH> Cl
N e
L CH,;—CH5
4
4.3
4 CHy~-CH» A CH>—CH>»
—i-/ \.,+ +/ \
BrCH> CHy—N—CH»—CHy~N—CH;CH»—t—N—CH>—CH>—N
AN / N /
L CH>»—CH3; 2Br— , CH>—CH3;

Br—



CHy=—CH>
+/ CHj

—t=N / N N=—CH>CHy~t—

N cH,
CHy—CH>

( CH;

N

l
CH;

\

g CH;

-+

CH
\ 3

CHy—CH->

CH>»—CH>

CH->—CH-

CH>—CH
\ 2 2

CH;

+/ N+
et N N—CH>
N\ /|
CHy~—CH; CH-CH>COOH
(] 2Br~ CH,
HOOCCH; CH»
CH>CH>»COOC4Hg
/' CH;—CH; /
+/ \ +
—+N N—CH;
AN /
L CHQ"""CHQ
HqoC4OOCCH» CH»
r CHy~CH>
+/ N+
—+N N—CH> CHy~—t+—
AN /
CH,~CH»
\\ |
CH> CH> 2C1—

—t—N=—CH;—CH;—N-—CH>

21

N—CH- CH;

2CH3;COOH—

\
N\ +

/

2C1— y

CH;
n

CH3 )

2C1—

CH; O O
I |

+
~twee N—CHy CHy=—N=—=CH3—C—0O(CH>)40CCH->

CH3 2C1—

CH;
\+/

N-—-CH> CHy-—t—

N+
N—CHCHHy=—1—

7 &
3  2Br— y

- H399

-continued

CHy—

2Ccl— CH2

4-5

4-6

4-7

4-8

4-9

4-10

4-11

4-12

22
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-continued
4-13
( CH,—CH,
+/ N\ +
et N N—CH- CHa>
\CH CH /(I:H
| 2—CH; CH; )
CH»
2CH; SQ3~
H
y 4-14
CH;—CH- CH;—CH»
+/ \ + +/ AN
H-1rN-—CHy;—CHs—N—CH> CH» N=—CHy—CHy=—N
AN / N\ /
CHy—CH; CHy»—CHj3
\ 3
2CH™ Cl—
(|:H3 4-15
CﬁH];"'iII\T"“CH}Br'”
CH;
(I:Hj, 416
CgH]g"ifl\I"‘CH'}_COO_
CH3;
417
/4
Ci1Ha3—N \ Br-
CH; 4-18
C7H5COCH;—N—CH>COO
CHj;
(]:H3 4-19
CgH;jSOzNH(CHz)3:IiJ—CH3 -
CH;
(I.'IH;:, C|IH3 4-20
C12H25OCH1—(13HCH2+I'l\I—CHg—C=CH2.CI_
OH CH;

Coating solutions for the outermost layer and the
layer adjacent thereto which form the photographic
constituent layers of the light-sensitive material of this
invention will be described below. The coating solu-
tions are controlled to have respectively a viscosity
preferably of 20 cp or less, more preferably 15 cp or
less. It is further preferable for both solutions to be
controlled so that the difference in the viscosity there-
between may be in the range of =2 cp. As a thickening
agent used therefor, any thickening agent can be used if
it has a thickening effect and, at the same time, may not
particularly adversely affect the light-sensitive silver
halide photographic material. In other words, if it is a 60
thickening agent that may not inhibit any properties of
the above light-sensitive material, it may not particu-
larly limited to a particular substance.

Those which are generally used as the thickening
agent may include, for example, agueous polymers hav-
ing a sulfuric acid ester group (Japanese Patent Publica-
tion No. 21574/1961), dextran and sulfuric acid esters
thereof (Japanese Patent Publications No. 11989/1960

50

55

035

and No. 12872/1970), polysaccharides (U.S. Pat. No.
3,767,410), polymers having a sulfonic acid group, a
carboxylic acid group or a phosphoric acid group (Jap-
anese Unexamined Patent Publication No. 18687/1983)
and colloid silica (Japanese Unexamined Patent Publi-
cation No. 36768/1983). Those which are particularly
preferable in this invention are disclosed in Japanese
Unexamined Patent Publication No. 109947/1982.

When working this invention, one or more kinds of,
for example, thickening agents other than colloidal
silica can be used as the thickening agent. In such a case,
the amount of the thickening agents may be suitably
selected depending on the layer(s) to which they are
added or the kind of the compound. In summary, it is
satisfactory if the viscosity has been controlled to 20 cp
or less by using the thickening agent.

After control by the thickening agent, the viscosity
can be determined by measurement at a liquid tempera-
ture of 35° C. with use of a viscometer such as a B-type
viscometer.
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When the above gelatin is used in the light-sensitive
photographic material of this invention, it is preferable
to control the amount of gelatin contained in the photo-
graphic constituent layers formed on a support to be
2.20 to 3.10 g/m?. If the amount of gelatin is in such a
range, the sensitivity as a light-sensitive material and the
resistance to abrasion blackening can be more improved
than the case where gelatin i1s contained in an amount
more than 3.10 g/m?. If it is less than 2.20 g/m?, gelatin
can be applied to a support only with difficulty.

Sensitizing dyes that can be used when working this
invention will be described below. The sensitizing dyes
may be any of substances having a desired absorption
band 1n the visible light region, and a group of the or-
gamic compounds represented respectively by Formula
(I), (II) and (III) shown below may be preferably used
in this mvention.

litz Formula (I)
O N
7 E >=CH—CH=CH 4 ] Zs
N N>
| |
R R3

(X1 n—1

wherein R, R> and R3 each represent a substituted or
unsubstituted alkyl group, alkenyl group or aryl group,
and at least one of Rjand Rjtakes a sulfoalkyl group or
a carboxyalkyl group; X|—represents an anion; Z; and
Z> represent a group of nonmetallic atoms necessary for
the completion of a substituted or unsubstituted carbon
ring; and n represents 1 or 2, provided, however, that n

1s 1 when an intramolecular salt 1s formed.

Formula (II}

(X277 =1

10

15

20

23

30

33
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wherein R4 and Rs each represent a substituted or un-
substituted alkyl group, alkenyl group or aryl group,
and at least one of R4 and Rstakes a sulfoalkyl group or
a carboxyalkyl group; R¢represents a hydrogen atom, a
lower alkyl group or an aryl group; X, — represents an
anion, Zand Z; represent a group of nonmetallic atoms
necessary for the completion of a substituted or unsub-
stituted carbon ring; and n represents 1 or 2, provided,
however, that n i1s 1 when an intramolecular salt 1s
formed.

Formula (I1I)

L)

1?7 l'ih}
N N
Z, [ >=CH—CH=CH—< ]
N N+
' | |
R

g Rip
(X3_)n— ]

wherein R7 and Rg each represent a substituted or un-
substituted lower alkyl group; Rg and R g each repre-
sent a lower alkyl group, a hydroxyalkyl group, a sulfo-
alkyl group or a carboxyalkyl group; X3~ represents an
anion, Zi and Z; represent a group of nonmetallic atoms
necessary for the completion of a substituted or unsub-
stituted carbon ring; and n represents 1 or 2, provided,
however, that n is 1 when an intramolecular salt ts
formed.

In Formulas (I), (II) and (III), the carbon ring con-
taining Z; and Z; may preferably include an aromatic
ring such as a substituted or unsubstituted benzene ring
or naphthalene ring.

In Formula (I), the anion represented by X|— may
include, for example, a chloride 10n, a bromide 10n, an
iodide ion, a thiocyanate 10n, a sulfate 1on, a perchlorate
ion, a p-toluene sulfonate ion, an ethyl sulfate 1on, etc.

Typical examples of the compound represented by
Formula (I) is shown below, but this invention i1s by no

means limited by these.

(Examples of the compound)
ChHs

(1)

H3C 0 ]ll
>=CH—CH=CH—<
_ -+
H;C Ti‘ Tf

C,Hss

(CH3)3803~

CsHs (2)

|
O N Cli
>= CH—CH=CHA<
1‘|“ fl”‘ > Cl

C>Hs

(CH32)4503~

C>Hs (3)

I
O N
>= CH—CH=CH—<
N N c

C;Hs

- (CH2)}4503~
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-continued
(Examples of the compound)
C2Hs (4)
0 X
O: >"—"-CH—CH=CH4‘< O\
N N> Be
(!:Hzcﬂzcocm (I?,HgCHg()CHQCH3SO3_
CH>CH;0OH | (3)
o Lo a
>=CH'—CH=CH—<
H3CO TI‘T TI‘T “Cl
CsHs CH,CHCH)»SO3—
Cit:
C2Hs (6)
H3C 0O II\T | Cl
>=CH—CH=CH—< Q
1]‘ Tl“ Cl
C2Hs (CH3)3803™
CaHs (7)
0 d
>=CH-—CH=CH—< O\
= N N* CF
| | :
e CaHs (CH3)4503~
(|:2H5 (8)
O N Cl
>=CH*CH=CH—< U
Cl TT | Tl“+ Cl
(CH32)3803Na (CH32)4503~
(CH>)YOCOCH3 (9)
H3;C O I.Iq
>=CH—-CHECH—< @\
Cl Il\‘ TI‘I+ COOC;3H>
CHy—CH=CH, (CH»>)380;3~
(|:2H5 (10)
O N Cl
@[ >=CH—CH=CH—< ]/:\j[
N N> al
(l.sz ('ZHQC HCH>SO;3~
OH
CyHs (11)

(CH2)4503~

|
O N
>=CH—CH=CH—<
_I...
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-continued
Examples of the com u_nci
C>Hs (12)
O Ilq Cl
>= CH—CH=CH—<
+
H1CO fl“ 1;‘ Cl
C2Hs (CH2)4503~
(|:2H 5 (13)
O N
>= CH—CH=CH—<
N +
| I,*‘ CON(C3Hs),
u C-Hs (CH3)4503~
CoHs (14)
3¢ 0 N
>=CH—CH= CH—<
.+.
Cl TI“‘ T Cl
C,yHs (CH3)4803~
O N Cl ()
>= CH—CH= CH—<
‘ II\I T[“+ Cl
C->Hji CH>CH»S(CH7)3S0O3~
CH,CH>OCH;CH,0OH (16)
O ]lq Cl
>= CH—CH= CH—<
+
Cl Ir‘ 1|\‘ Cl
(CH»2)3803H (CH7)3S0O;3~
(ll‘sz (17)
O N
>= CH—CH= CH—<
X rf‘* a
CH,COOH (CH2)4S503—
(’Zsz (18)
f3C 0 N
>= CH— CH=CH«
1"1‘1 Tf+ Cl
CaHs (CH2)4503~
(|32H5 (19)
O N
>=CH—CH=CH—<
+
F Ii‘ II“ Cl
(CH»)3SO3H (CH»)3SOHOH
(|:2HS (20)
O N Cl
>= CH—CH =CH—<
+
Tf T'*‘ CF;
C,Hj; CH,CH;OCH7CHCH->S03—

|
CHi
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-continued
Examples of the compound)
f|32H5
a0 N
>=CH—-CH=CH—'<
+
Z N N CO2C4Hs
CHj (CH2)4803~
f|32H5
O N~
>=CH—CH=CH—<
) |
CaHs (CH32)4503~
flisz
O N
=CH"CH=CH—< S\
N> Nt
| II\I SO;—N O
CaHs (CH3)450;3~ \ /
(I34H9
O N
>=CH—CH=CH—<
+
II“ TI“ SO,CH;
CsHo (CH2)4SO3f
(|32H5
Cl N 0
>=CH—-CH=CH—< .
Cl ' II‘T Tl“
(CH»)3S03H (CH32)3S0;3~
(I:EHS
Cl N 0
>—CH=CH—-CH=<
Cl TI‘“ 1;‘ Br
(CH>3)4S803~ CaHs
(I32H5
Cl N O
>—CH=CH—-CH=<
CI TI‘” _ N CI
(CH3)4SO3— (CH37)3S03H
f|32H5
Cl N 0
>—CH=CH-—CH=<
Cl TI‘” II“ OCH;
(CH2)3803~ C2Hs :
CoHs

N O
%CH=CH-—CH=<
Cl N+ T F

|
(CH»),COOH Br—C>Hjs

(21)

(22)

(23)

(24)

(25}

(26)

(27)

(28)

(29)

32



HE&99

-continued
(Examples of the compound)
(|32H5 (30)
N | O
%CH=CH—CH=<
NC II‘“" 1]" COOH
(CH3)3803~ (CH3)3S03H
(|32H5 (31)
N O
>—CH=CH—-— CH=<
F3C N+ N Cl
I |
(CH2)4S03~ C2Hs
(|32H5 (32)
Cl N O
>—CH=CH—CH=<
O NSO; N~ N CN
| |
\ / (CHj3)3S03~ (CH3)3S03H
(|32H5 (33)
Cl N
/\ g H=
0 Nﬁ IIW
\ /0O (CH32)35803™
(I3ZH5 (34)
%CH=CH-—CH=<
Cl ll‘” N
(CH3)3SO3Na |
CH:CH;CII-ICH3
SO,
fIJsz - (33)
Cl N 0
>—CH=CH—CH=<
NC T+ T COOCH;
(CH3)3S03~ C2Hjs
(|32H5 (36}
Cl N o
>—CH=CH—-CH=< |
HsC,—NHCO | Tl‘”' 1?‘ COOCH:
C;Hs (CH3)380;3~
(|32H5 (37)
Cl N 0O
>—CH=CH-—CH=<
HsCy—NHSO; ll*” 11*‘ CHj
(CH7)350;3~ C2Hs
(|32H5 (38)
N O
}-CH=CH-—CH=<
H1C—S0, 1'|“+ Tl“ Cl

(CH2)35037 (CH2)3503H
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-continued
(Examples of the compound)
C2Hs (39)
N 0
>— CH=CH—-CH =< :@\
HO™ TI“+ Il‘*‘ Cl
CaHs (CH3)3503~
CoHs (40)
X 0
>— CH= CH‘—CH=< :O\
H3C.O T‘“" 1;‘ Cl
C,H;s (CH2)3S03~
C2Hs (41)
111 0 A
>— CH=CH—CH =< ‘
: W N
(CH37)4S03~ (CH32)3803™

In Formula (IT), Rg represents a hydrogen atom, a
lower alkyl group or an aryl group, and the lower alkyl
group may include groups such as methyl, ethyl, propyl
and butyl. The aryl group may include, for example, a
phenyl group. The groups represented by R4 and Rs
may include those exemplified for R; and R3in Formula
(I) in the above description of Formula(I). The anions

30

represented by X~ may also include those exemplified
for X;— in Formula (I).

Typical examples of the compound represented by
Formula (II) are shown below, but, also in this case, this
Invention is by no means limited by these examples as a
matter of course.

(Examples of the compound)

CH3 o (42)
remtad T ).
Cl 11\7 Cl
CHZCHQSO},H CH>CH3»S03™
| O Czl'ls (43)
>—- CH-C-—-CH—<
Cl Ii"
(CH32)3503Na (CH2)3503
O C‘_}_HS (44)
>—' CH—C""CH—<
Cl IN Cl
C,Hs (CH2)3SO3
o C2H5 (45)
>""‘CH'—'C_CH—< D\
H1C.O 1;‘ OCH;
CH-.CH->CH>S503H CHQCHECH?SO 3
Csz (46)

O
>— CH—C-—-—CH—<

(CH1)4SO3H (CH?)4503
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-continued
_(Examples of the compound)
o Csz (47)
>— H—C——CH—<
Cl If
(CH3)4S0O3Na (CH2)3503
S O CzHS (43)
‘ >"CH—C-—CH—‘<
N T
CyHs (CH2)3503
O C1H5 (49)
S »CL
Br ll\l
CH>CH>,CH3;S0O3H CHgCHzCHzSO;;
o C2H5 (50)
>— CH—C—CH—-<
F1C 1‘|‘
(CH3>)3S0O3H (CH2)3503
o CZHS (51)
>-—CH—C""CH4<
|
CH,CH>S50;3;H CHQCH2803
o CgHs (52)
>-- H—C""CH—<
|
(CH2)3803H (CH2)4SC‘3
o CZHS (53)
>"""‘ CH—'C-—-—CH—<
F |
(CH3)3:SO3H (CH2)3503
- '8 C2H5 (4
>"‘ CH—'C—-CH—<
Cl If
CyHs (CH2)3SO3
o Csz (55)
>— CH—C —<
NC ]I*T
(CH3)3SO3H (CH2)3503

(56)

C2H5
>""" H-C——-CH—(
OCH;

CH2)3503H (CH2)3503
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-continued
(Examples of the compound)
(37)
CH3;CONH l NHCOCH;
CH3 1
(53)
O
/@ >—CH—-C—CH-—<
CH;CONH C3H5 TI‘T CH,CONH
C2H5 C2Hs I
50
o (39)
=CH—(|2=CH
OCOCH; Il“ CHj OCOCH;
C,Hs ClO4—
60)
o (
>-- H—-C=CH—<
COOC,H; T|‘~‘ H ler COOC,H;
CoHs CyHs ClOs™
61
O O (®1)
>=CH-—(I‘J=CH—-<.
OH 1;*‘ C,Hs l"f OH
Ca2Hs CoHs ClOs™
62
O O (02)
—CH—-(|2=CH%
OCH; ler C,Hs If OCH3
(CH32)3SO3H (CH2)380;3™
63)
o (
>"‘CH—C—'CH-—<‘
N =
I
(CI-I )3S0+H (CH3)3S01
2 2 e
C2H5 A (64)
>—CH—C—CH—<
/
( CH2)3 SO3H (CH2)3503 -
65
o (65)
>==CH-—-C-—CH—<
Ci 1}*‘ C2H5 c1
CyHs CZHS

Next, in Formula (III), the lower alkyl group repre-
sented by R7and R¢may include groups such as methyl,
ethyl, propyl and butyl. The substituted alkyl group
may include the groups exemplified for R; to R3 in
Formula (I). The lower alkyl group represented by Rg
and R o may be exemplified by those same as for R+ and
Rg. Also, the hydroxyalky! group, sulfoalkyl group and
carboxyalkyl group represented by Rg and Rjg may

65

include the groups exemplified for R to R3 in Formula
(I).

The anton represented by X3— may also include the
1ons exemplified for X;— in Formula (1.

Typical examples of the compound represented by
Formula (IIT) are shown below. In this case also, this
iInvention is by no means limited by these examples as a
matter of course.
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(Examples of the compounds)
C)IH 5 Czll-lj
Cl N N Cl
>= CH— CH=CH—<
Cl 1|“ Tl“ | Cl
CyHs (CH2)4803™
Cles C2|H5
Cl N N Cl
>= CH—CH= CH—<
Cl Ii“ il“ Cl
(CH3)4S0O3H (CH2)4S03~
CiHj C2|H5
Br N N - Br
>= CH—CH=CH —<
Br II\I ITI | ‘Br
C2Hs (CH2)4S03~
C»Hs CyHs
1 1
N N
>= CH*CH=CH%
Cl 1}‘ PIJ Cl
CaHs (CH»)2,COO~

CH; CH3

I |
N N
>=CH—CH=CH—-<\
CH1CONH TI*‘ 1?7 NHCOCH;

CH3 (CH2)4S03
C-sH;s CoHs
Cl rlq Ilq Cl
>= CH—CH=CH—<
Cl Tl“ l"l*f Cl
C,Hs C,Hs I
ii32H5 (|32H5
N N
>= CH'—CH=CH—< O
N N |
CH3FO | | OCCH;
Cl) CyHs (CH3)3803~
CoHs CoHs

| | |
N N
>=CH—CH=CH%
(1)HoC400C Il“ If COOC4Ho(n)
I P

CoHs CaHs
C2Hs (|:2H5 -
|
N N
\ /
=CH=--CH=CH~C
N \\ N
(nYHeC4q0O0C | |

(CH32)4SO3Na (CH3)4S0;3~

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

COOC4Hg(n)
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-continued
(Examples of the compounds)
C2H;5 ([:ZHS (75)
|
N N
\ /
C=CH=-—~CH=CH—C
N/ \ N
COOCyHs | | COOCyHs
C>H;5 CaHs I
C,Hs (|3sz (76)
|
N N
\ /
/C=CH—CH=CH'—C\\
F3C 1'|‘T Il“ CF;
C,Hs C,Hs I
CaHs (I:ZHS (77)
|
Cl N N Cl
\ /
/C=CH-—CH=CH'—-C\
Cl 1?’ TI*‘ Cl
(CH3)2S0O3Na (CH2)2503~

The compounds represented by the above Formulas
(I), (II) and (III) may be used in an amount ranging
between 10 mg and 900 mg in total per mole of silver
halide. Particularly preferably, the amount ranges be-
tween 60 mg and 600 mg.

The compounds represented by the above Formulas
(D), (II) and (III) may be added at any position in the
course of the production of the light-sensitive materials.
For example, they may be added anywhere before
chemical ripening, during chemical ripening, after ter-
mination of chemical ripening or before coating.

The light-sensitive material of this invention is suit-
able for a high speed processing, and excellent photo-
graphs can be obtained without causing the problems
mentioned above even when used, for example, in the
ultra rapid processing mentioned above.

In a preferred embodiment of this invention, the
light-sensitive material of this invention can be pro-
cessed by an automatic processor having a processing
ttme of 20 to 60 seconds.

Another preferred embodiment is to use a silver hal-

ide photographic emulsion comprising a silver halide-
grain substantially comprising silver iodobromide and

having multi-layer structure, and to use light-sensitive
silver halide grains such that the difference in average
iodide contents between any two layers (between coats
or between an inner nucleus and a coat) in the multi-
layer silver halide grain, which are adjacent to each
other and each have uniform iodide distribution, is 10
mole % or less.

- It 1s further preferred that the most surface layer has
an average 10dide content of 10 mole % or less, and the
silver halide grains are chemically sensitized.

The grain having multi-layer structure is a grain pro-
vided outside an inner nucleus with a coat that may
have any halogen composition. This coat may comprise
only one layer or may be laminated to form two or more
layers, for example, three layers or four layers, but
preferably not more than five layers.

As silver halides in the inner nucleus and the coats,
silver bromide, silver iodobromide and silver iodide are
used, but they may be a mixture with a small amount of
silver chloride. Specifically, the mixture may contain
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about 10 mole % or less, preferably about 5 mole % or
less of siiver chloride.

Also, the most surface layer may preferably comprise
substantially silver bromide or substantially silver iodo-
bromide (1odide content: 10 % or less), and may contain
less than several % of chloride.

The average 1odide content in total in the silver hal-
ide grains of this invention is preferably 10 mole % or
less, more preferably 6 mole % or less.

In, for example, X-ray light-sensitive materials, iodide
may sometimes aggravate the problems such as devel-
opment Inhibition and infectious development, and,
therefore, it is preferable to make the iodide content not
more than a certain level in practical use. In any of the
cases, the method according to this invention is effec-
tive for decreasing fogging by pressure, and, for such a
reason, the total iodide content in all of the grains is
preferably 10 mole % or less, more preferably 7 mole %
or less, and most preferably 5 mole % or less.

When the inner nucleus comprises silver iodobro-
mide, it 1s preferably of homogeneous phase of a solid
solution.

Here, being “homogeneous™” may be more specifi-
cally explained as follows. ”

Namely, 1t means that, when an analysis by X-ray
diffraction is effected on powder of the silver halide
grains, the half-width at a peak of area index [200] of
silver iodide with use of Cu-Kg X-rays can read
A20=0.30 (deg) or less. Here, the conditions under
which diffractometer is used is such that, assuming the
scanning speed of a goniometer as w(deg/min), the time
constant as 7(sec) and the width as r(mm) wr/r= 10.

‘The halide composition of the inner nucleus may be
such that the average iodide content is preferably 40
mole or less, more preferably 0 to 20 mole %.

The difference 1n the silver iodide content between
the two layers adjacent to each other (any two coats, or
a coat and an inner nucleus) is preferably not less than
10 mole %, more preferably not less than 20 mole %,
and particularly preferably not less than 25 mole %.

The silver todide content in a coat other than the
most surface coat is preferably 10 mole % to 100 mole

%.
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When the silver halide grain comprises 3 or more
layers and the coats comprise silver iodobromide, they
may not necessarily be all homogeneous, but 1t 1s prefer-
able for all layers to comprise homogeneous silver 10odo-
bromide.

Such coats (or inner nucleus) having a high iodide
content are preferably present below the most surface

layer in the case of a negative type silver halide emul-
ston. In the case of a positive type silver halide emul-
sion, they may be present either in the inside or at the
surface.

The silver 10dide content in the most surface coat 1s
preferably not more than 10 mole %, more pretferably O
to 5 mole %.

The 10dide content in the inner nucleus and the coats
of the silver halide grain used in working this invention
can be aiso determined according to the method dis-
closed 1n J. I. Goldstein and D. B. Williams, “X-ray
Analysis in TEM/ATEM?”, Scanning Electron Micros-
copy (1977), Vol. 1, (I.I.'T. Research Institute), p.651
(March, 1977).

When the silver halide grain used in working this
invention comprises, for example, two layers, the inner
nucleus may preferably have a higher 1odide content

than the most surface layer, and, when it comprises
three layers, the coats other than the most surface layer
or the inner nucleus may preferably have a higher 10-
dide content than the most surtace layer.

This invention can be preferably applied in respect of
silver halide grains chemically sensitized. This is be-
cause unsensitized grains may be very poor in the sensi-
tivity itself, and neither abrasion blackening nor pres-
sure desensitization may tend to occur in the f{irst place.

The silver halide grains used in this invention may be
of positive type or of negative type.

In the case of negative type, chemical sensitization 1s
carried out preferably to such a degree that may give 60
% or more of the optimum sensitization degree when
taking a sensitivity point of “fog+0.1” 1in the optical
density.

In the case of positive type, chemical sensitization 1s
applied in the inside of grains preferably to such a de-
gree that may give 60 % or more of the optimum sensiti-
zation degree when taking a sensitivity point of “fog
—0.1” 1n the optical density.

As the silver halide grains used in this invention,
there can be further used a combination of internal fog
type silver halide grains with surface latent image type
silver halide grains as disclosed in Japanese Patent Pub-
lication No. 2068/1966.

Average grain size of the silver halide grains used In
this invention is expressed in terms of an average value
of the grain size determined by assuming as grain size
the edge length to be found when converted into a cube
having an equivalent volume.

In this invention, there may be included an embodi-
ment wherein the silver halide emulston grains used in
the silver halide emulsion layers have an average grain
size preferably of 0.30 to 1.50 um, more preferably 0.40
to 1.30 um, and most preferably 0.40 to 1.10 um.

Grain size distribution of the grains used may be
either narrow or wide.

Also, the silver halide grains contained in the photo-
graphic emulsion may have any grain size distribution,
but may be of monodispersed one. Here, the term
“monodispersed” contemplates a dispersed system
wherein 95 9% of the grains 1s included in =60 %, prei-
erably in 40 %, of the number average grain size.
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Here, the number average grain size refers to the num-
ber average diameter of projected area size of silver
halide grains.

The silver halide grains in the photographic emulsion
may have a regular crystal form such as a cube, an
octahedron, a tetradecahedron and a dodecahedron, or
may have an irregular crystal form such as a sphere and
a plate, or may have a composite form of these crystal
forms. The grains may comprise grains of various crys-
tal forms.

Also available are, for example, junction type silver
halide crystals formed by combining crystals of oxides
such as PbO with crystals of silver halides such as silver
chloride, silver halide crystals formed by epitaxial
growth (for example, silver chloride, silver 1odobro-
mide, silver iodide, etc. are epitaxially grown on silver
bromide), hexagonal crystals, crystals formed by epi-
taxy of regular hexahedral silver chloride on regular

octahedral silver 1odide.

There may be also used an emulsion such that silver
halide grains comprising an ultra flat plate having diam-
eter 5 times or more of its thickness account for 50 % or
more of the total projection area. Details thereof are

disclosed in the specifications of Japanese Unexamined
Patent Publications No. 127921/1983, No. 113927/1983,
etc.

The regular grains mentioned above refer to a silver
halide emulsion wherein at least 80 % of the weight or
number of silver halide grains are comprised of grains
having a regular form. Also, the silver halide grains
which are regular in the structure or form refer to
grains all of which may isotropically grow without
including any anisotropical growth of twin crystal face
or the like, and have the shape of, for examplie, a cube,
a tetradecahedron, a regular octahedron, a dodecahe-
dron, a sphere, etc. Method for the production of such
regular silver halide grains is disclosed in Journal of
Photographic Science, 5, 332 (1961), Berchte der Bun-
senges Physik Chemi, 67, 949 (1963), International Con-
gress of Photographic Science of Tokyo (1967), etc.
Such regular silver halide grains can be obtained by
controlling reaction conditions for allowing silver hal-
ide grains to grow with use of a simultaneous mixing
method. In such a simultaneous mixing method, silver
halide grains can be obtained by adding to an aqueous
solution of protective colloid a silver nitrate solution
and a halide solution each in a substantially equimolar
amount and with vigorous stirring.

In working this invention, when incorporating, for
example, the regular silver halide grains as mentioned
above, it is also possible to incorporate irregular silver
halide grains. However, when such grains are present, it
is better for them not to be generally about 350 % or
more in terms of weight or grain number. In a preferred
embodiment, an emulsion should comprise at least
about 60 to 70% by weight of the regular silver halide
grains.

When producing the monodispersed emulsion and/or
the emulsion having the regular silver halide grains,
silver ions and halide ions may be fed preferably by
gradually increasing in a continuous manner Or in a
stepwise manner the growth rate at a critical growth
rate, or within a tolerance scope thereof, for feeding the
silver halide necessary and sufficient for the growth
owing to existing grains only, without dissolving out
the existing crystal grains, and without generation or
growth of new grains on the contrary, accompanying
with the growth of the crystal grains. The method of
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gradual increasing is disclosed in Japanese Patent Publi-
cations No. 36890/1973 and No. 16364/1977, and Japa-
nese Unexamined Patent Publication No. 142329/1980.

In other words, silver 1ons and halide ions are effec-

tively fed at such a feed rate that the rate of growth of 5

silver halide grains is 30 to 100 % of the critical growth
rate.

This critical growth rate may vary depending on the
temperature, the pH, the pAg, the degree of stirring, the
composition of silver halide grains, the solubility, the
grain size, the distance between grains, the crystal form,
the kind and density of protective colloid, etc., but can
be readily determined by an experimental approach
according to the methods such as microscopic observa-
tion of emulsion grains suspended in a liquid phase,
measurement of turbidity, etc. |

In working this invention, the silver halide grains
used in the silver halide emulsion can be produced by
applying a neutral method, an acidic method, an ammo-
nia method, a regular mixing method, a reverse mixing
method, a double jet method, a controlled double jet
method, a conversion method, a core/shell method, etc.
as disclosed in publications, for example, of T. H. James,
The Theory of the Photographic Process, 4th Ed., pub-
lished by Macmillan Publishing Co., Inc. (1977); P.
Glafkides, Chemie et Physique Photographigue, pub-
lished by Paul Montel Co., 1967; G. F. Duffin, Photo-
graphic Emulsion Chemistry, published by The Focal
Press, 1966; V. L. Zelikman et al, Making and Coating
Photographic Emulsion, published by The Forcal
Press, 1964; etc.

As an alternative system of the double jet method,
there can be also used a triple jet method in which
soluble halogen salts having different composition (for
example, a soluble silver salt, a soluble bromine salt and
a soluble 10dine salt) are each independently added.

It is also possible to use a method in which grains are

formed in the presence of excess silver ions (the so--

called reverse mixing method). As one system of the
simultaneous mixing method, it is also possible to use a
method wherein the pAg is kept constant in a liquid
phase in which silver halide are formed, namely, the
so-called controlled double jet method.

According to this method, it is possible to obtain a
silver halide emulsion having regular crystal form and
substantially uniform grain size.

In forming silver halide grains, a silver halide solvent,
for example, ammonia, potassium thiocyanate, ammo-
nium thiocyanate, thioether compounds (see, for exam-
pie, U.S. Pat. Nos. 3,271,157, 3,574,628, 3,704,130,
4,297,439, 4,276,374, etc.), thion compounds (see, for
example, Japanese Unexamined Patent Publications No.
144319/1978, No. 82408/1978, No. 77737/1980, etc.)
and amine compounds (see, for example, Japanese Un-
examined Patent Publication No. 100717/1979) can be
used in order to control the growth of grains. Among
them, ammonia is preferred.

Two kinds or more of silver halide emulsions sepa-
rately produced may be also used by mixing them.

These silver halide grains or the silver halide emul-
sion may preferably contain at least one of salts (soluble
salts) of irtdium, thallium, palladium, rhodium, zinc,
nickel, cobalt, uranium, thorium, strontium, tungsten
and platinum. It may be contained preferably in an
amount of 10— to 10—! mole per mole of silver. It is
particularly preferable to contain at least one of salts of
thallilum, palladium and iridium. These may be used
alone or in combination, and any position (or time) of
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addition may be selected. Thus, there can be expected
the effects such as improvement in flash light exposure
performance, prevention of pressure desensitization,
prevention of latent image fading, sensitization, and
others.

In working this invention, preferably employable is
an embodiment in which a mother liquor containing
protective colloids is kept to have the pAg of at least
10.5 or more in the course of the grain growth effected
before the chemical sensitization mentioned above. Par-
ticularly preferably, the grains should be allowed to
pass at least once through an atmosphere of pAg 11.5 or
more containing very excessive bromide ions. In this
manner, (111) face is increased and grains are rounded,
whereby the effect of this invention can be increased.
Such (111) face of a grain may preferably account for
3% or more in the proportion to the total surface area
thereof. '

In such a case, the rate of increase in (111) face (the
rate of increase relative to the grain having not yet been

allowed to pass the above-mentioned atmosphere of

pAg 10.5 or more) is preferably made to be not less than
10%, more preferably 10 to 20%.

- As to which of (111) face or (100) face covers the
outer surface of a silver halide grain, or as to how to
measure the ratio therebetween, there is a disclosure by

Akira Hirata in “Bulletin of the Society of Scientific
Photography of Japan”, No. 13, pp. 5-15 (1963).

In the course of the grain growth effected before
chemical sensitization, grains may be allowed to pass
once through the atmosphere where a mother liquor
containing protective colloids is kept to have the pAg
of at least 10.5 or more, whereby it can be readily con-
firmed according to Hirata’s measurement method to
see whether the (111) face is increased to 5% or more.

In this case, the mother liquor may be made to have
the above pAg preferably at the time after having added
about % of the total amount of silver and before taking a
step of the so-called desalting which is generally carried
out before the chemical sensitization. This is because a
monodispersed emulsion having wide grain size distri-
bution can be readily obtained by doing so.

Additionally speaking, the ripening in the atmosphere
of pAg 10.5 or more is preferably effected for 2 minutes
O more.

By controlling the pAg in this manner, the (111) face
can be increased to 5% or more and the grain can have
roundish shape, whereby a preferable grain having 5%
or more of (111) face, relative to the total surface area of
the grain, can be obtained.

In order to remove soluble salts from an emulsion
after the formation of precipitates or after physical rip-
ening, a noodle washing method which is carried out by
gelation of gelatin may be used, or a sedimentation
method (or.a flocculation method) utilizing inorganic
salts, anionic surface active agents, anionic polymers
(for example, polystyrene sulfonic acid) or gelatin de-
rivatives (for example, acylated gelatin, carbamoylated
gelatin, etc.) may also be used. The step of removing
soluble salts may be omitted.

The silver halide emulsion may be, or may not be,
chemically sensitized, but may preferably be chemically
sensitized. For the purpose of chemical sensitization,
the method disclosed in H. Frieser, Die Grundlagen der

Photo-graphischen Prozesse mit Silberhalogeniden,
Akademische Verlagaesellschaft, 1968, pp. 675-734 can
be employed.
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More specifically, there can be employed alone or 1n
combination a sulfur sensitization method using an ac-

tive gelatin or a sulfur-containing compound capable of

reacting with silver (for example, thiosulfate, thioureas,
mercapto compounds, rhodanines); a reduction sensiti-
zation method using a reducible substance (for example,
a silver-tin salt, amines, hydrazine derivatives, formami-
dinesulfinic acid, silane compounds); and a noble metal
sensitization method using a noble metal compound (for

example, gold complex salts, as well as complex salts of 10

Group VIII metals in the periodic table such as Pt, Ir,
Pd, etc.).

Specific examples thereof are disclosed in U.S. Pat.
Nos. 1,574,944, 3,410,689, 2,278,947, 2,728,668,
3,656,955, etc. in respect of the sulfur sensitization
method; U.S. Pat. Nos. 2,983,609, 2,419,974, 4,054,458,
etc. in respect of the reduction sensitization method;
and U.S. Pat. Nos. 2,599,083 and 2,448,060, British Pat.

No. 618,061, etc. in respect of the noble metal sensitiza-
tion method.

The photographic emulsion used in this invention
may be spectrally sensitized by use of a methine dye or
the like. The dye usable may include cyanine dyes,
merocyanine dyes, composite cyanine dyes, composite
merocyanine dyes, holopolarcyanine dyes, hemicyanine
dyes, styryl dyes and hemioxonol dyes. Particularly
useful dyes are dyes belonging to cyanine dyes, merocy-
anine dyes and composite merocyanine dyes. In these
dyes, any nuclei usually utilized in cyanine dyes as basic
heterocyclic ring nuclet can be used. Namely, there can
be used a pyrroline nucleus, an oxazoline nucleus, a
thiazoline nucleus, a pyrol nucleus, an oxazole nucleus,
a thiazole nucleus, a selenazole nucleus, an imidazole
nucleus, a tetrazole nucleus, a pyridine nucleus, etc.; a
nucleus wherein an aliphatic hydrocarbon nucleus i1s
fused with any of the above nucler; and a nucleus
wherein an aromatic hydrocarbon is fused with any of
the above nuclel, namely, an indolenine nucleus, a ben-
zindolenine nucleus, an indole nucleus, a benzoxazole
nucleus, a naphthoxazole nucleus, a benzothiazole nu-
cleus, a naphthothiazole nucleus, a benzoselenazole
nucleus, a benzimidazole nucleus, a quinoline nucleus,
etc. These nucleil may be substituted on a carbon atom.

In the merocyanine dyes or the composite merocya-
nine dyes, 5- or 6-membered heterocyclic ring nuclei
such as a pyrazolin-5-on nucleus, a thiohydantoin nu-
cleus, a 2-thiooxazolidine-2,4-dion nucleus, a thiazoli-
dine-2,4-dion nucleus, a rhodanine nucleus and a thio-
barbituric acid nucleus can be used as nuclet having
ketomethylene structure.

Specific examples of spectral sensitizing dyes are
disclosed in, for example, P. Glafkides, “Chemie Photo-
graphigue”, 2nd Ed., 1957; Paul Montel, Paris, Articles
35 to 41; F. M. Hamer, “The Cyanine and Related Com-
pounds”, Interscience; and U.S. Pat. Nos. 2,503,776,
3,459,553 and 3,117,210, Research Disclosure Vol. 176,
17643, published December, 1978, Paragraph 23-1V-J,
etC.

Sensitizing dyes may be used alone or may be used in
combination, and a combination of sensitizing dye 1s
frequently used particularly for the purpose of super-
sensitization.

Typical examples thereof are disclosed in U.S. Pat.
Nos. 2,688,543, 2,977,229, 3,397,060, 3,322,052,
3,327,601, 3,617,293, 3,636,960, 3,666,450, 3,272,898,
3,679,428, 3,703,377, 3,769,301, 3,814,609, 3,537,562 and
4,026,707, British Pat. Nos. 1,344,281 and 1,207,503,
Japanese Patent Publication Nos. 4536/1970 and
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12373/1978, Japanese Unexamined Patent Publication
Nos. 110615/1978 and 109923/1978, etc.

When the sensitizing dye is used in this invention, it
can be used in the concentration same as used in ordi-
nary negative type silver halide emulsions. It i1s particu-
larly advantageously used in the dye concentration of a
level that may not substantially lower the sensitivity

‘inherent in a silver halide emulsion. The sensitizing dye

may be preferably used in the concentration of about
1.0 10—5 to about 5.0x 10—4% mole per mole of silver
halide, particularly about 4.0 X 10—7 to about 2.0x 10—
mole per mole of silver halide.

Together with the sensitizing dye, the emulsion may
contain a dye having itself no action of spectral sensiti-
zation, or a substance substantially absorbing no visible
light and showing supersensitization.

For example, it may contain an aminostilbene com-
pound (for example, the compounds disclosed in U.S.
Pat. Nos. 3,533,590 and 3,638,721), an aromatic organic
acid/formaldehyde condensate (for example, the com-
pounds disclosed in U.S. Pat. No. 3,743,510), a cadmium
salt, an azaindene compound. Particularly effective are
the combinations disclosed in U.S. Pat. Nos. 3,615,615,
3,615,641, 3,617,295 and 3,635,921.

The photographic emulsion used in this invention
may contain various compounds for the purpose of
preventing fog during the production, storage or photo-
graphic processing of light-sensitive materials, or mak-
ing photographic performances stable. That is, there
can be added a variety of compounds known as antifog-
gants or stabilizers, including thiazoles, for example,
benzothiazolium  salts, nitroimidazoles, nitroben-
zimidazoles, chlorobenzimidazoles, bromobenzimidaz-
soles, mercaptothiazoles, mercaptobenzothiazoles, mer-
captobenzimidazoles, mercaptothiadiazoles, amino-
triazoles, benzotriazoles, nitrobenzotriazoles, mercapto-
tetrazoles (in particular, 1-phenyl-5-mercaptotetrazole),
etc.; mercaptopyrimidines; mercaptotriazines; thioketo
compounds such as oxazoline thion; azaindenes, for
example, triazaindenes, tetrazaindenes (in particular,

4-hydroxy substituted (1,3,3a,7)tetrazaindenes), pen-
tazaindenes, etc.; benzenethiosulfonic acid, benzenesul-

finic acid, benzenesulfonic acid amide, etc.

Details may be available by making reference to E. J.
Birr, ‘‘Stabilization of Photographic Silver Halide
Emulsions”, Focal Press, 1974, etc.

Usable compounds may include, for example,
thiazolium salts disclosed 1n U.S. Pat. Nos. 2,131,038,

2,694,716, etc.; azaindenes disclosed 1in U.S. Pat. Nos.
2,886,437, 2,444,605, etc.; urazoles disclosed in U.S. Pat.
No. 3,287,135; sultocatechols disclosed in U.S Pat. No.
3,236,632; oxymes disclosed in British Pat. No. 623,448;
mercaptotetrazoles disclosed in U.S. Pat. Nos.
2,403,927, 3,266,897, 3,397,987, etc; nitron; nitroin-
dazoles; polyvalent metal salts disclosed in U.S. Pat.
No. 2,839,403, etc.; thiuronium salts disclosed in U.S.
Pat. No. 3,220,839, etc.; salts of palladium, platinum or
gold disclosed in U.S. Pat. Nos. 2,566,263, 2,597,713,
etc.

The light-sensitive material of this invention may
contain a water soluble dye as a filter dye or for the
purposes of preventing irradiation and halation and for
any other various purposes. Such a dye may include
oxonol dyes, hemioxonol dyes, styryl dyes, merocya-
nine dyes, cyanine dyes and azo dyes. Among them,
useful are oxonol dyes, hemioxonol dyes and merocya-
nine dyes.
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In the light-sensitive material of this invention, when
a dye or an ultraviolet absorbent i1s contained in a hy-
drophilic colloid layer, they may be mordanted by use
of a cationic polymer or the like.

Such a dye to be used may include the compounds
disclosed in the paragraph of Absorbing and Filter
Dyes in Research Disclosure Vol. 176, pp. 23-26.

For the purpose of increasing sensitivity, increasing
contrast or accelerating development, the photographic
emulsion layers of the light-sensitive photographic ma-
terial of this invention may contain, for example, polyal-
kylene oxides, derivatives thereof such as ether, ester
and amine thereof, thioether compounds, thiomorpho-
lines, quaternary ammonium chloride compounds, ure-
thane derivatives, urea derivatives, imidazole deriva-
tives, 3-pyrazolidones, etc.

It 1s advantageous to use gelatin as a binding material
or a protective colloid which can be used in emulsion
layers or intermediate layers of the light-sensitive mate-
rial of this invention. However, it is also possible to use
other hydrophilic colloid alone or in combination with
gelatin.

When gelatin is used in working this invention, the

gelatin may be either lime-treated or treated with use of

an acid. Details of the method for producing gelatin are
disclosed in Arther Davis, The Macromolecular Chem-
1stry of Gelatin, Academic Press, published 1964).

The above usable hydrophilic colloid may include,
for example, proteins such as gelatin derivatives, graft
polymers of gelatin with other macromolecules, albu-
min and casein; cellulose derivatives such as hydroxy-
ethyl cellulose, carboxymethyl cellulose and cellulose
sulfuric acid esters; sugar derivatives such as sodium
alginate and starch derivatives; and various synthetic
hydrophilic macromolecular substances such as homo-
polymers or copolymers of polyvinyl alcohol, polyvi-
nyl alcohol partial acetal, poly-N-vinyl pyrrolidone,
polyacrylic acid, polymethacrylic acid, polyacryl-
amide, polyviny! imidazole or polyvinyl pyrazole.

In the light-sensitive photographic material of this
invention, the photographic emulsion layers and other
hydrophilic colloid layers may contain an inorganic or
organic hardening agent. For example, there can be
used, alone or in combination, chromium salts (such as
chrome alum and chromium acetate), aldehydes (such
as formaldehyde, glyoxal and glutalaldehyde), N-
methylol compounds (such as dimethylol urea and me-
thyloldimethylhydantoin), dioxane derivatives (such as
2,3-dihydroxydioxane), active vinyl compounds (such
as 1,3,5-triacryloyl-hexahydro-2-triazine and 1,3-vinyl-
sulfonyl-2-propanol), active halogen compounds (such
as 2,4-dichloro-6-hydroxy-3-triazine), mucohalogen
acids (such as mucochloric acid and mucophenoxy-
chloric acid), etc.

In the light-sensitive photographic material of this
invention, the photographic emulsion layers and other
hydrophilic colloid layers may contain a dispersed
product of a water soluble or slightly soluble synthetic
polymer for the purpose of improving the dimensional
stability. For example, there can be used, solely or in
combination, alkyl acrylates or methacrylates, alkoxyal-
kyl acrylates or methacrylates, glycidyl acrylates or
methacrylates, acryl or methacrylamide, vinyl esters
(for example, vinyl acetate), acrylonitriles, olefins, sty-
renes, etc. or polymers having monomer components
comprising the combination of these with acrylic acid,
methacrylic acid, a,B-unsaturated dicarboxylic acid,
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hydroxyalkyl acrylates or methacrylates, sulfoalkyl
acrylates or methacrylates, styrenesulfonic acid, etc.

A protective layer 1s preferably used in the light-sen-
sitive silver halide photographic material of this inven-
tion. The protective layer is a layer comprising a hydro-
philic colloid, and, as the hydrophilic colloid to be used,
there can be used those mentioned before. Also, the
protective layer may comprise either a single layer or
overlapped layers.

A matte agent and/or a smoothing agent or the like
may be added to the emulsion layers or the protective
layer, preferably to the protective layers, of the light-
sensitive silver halide photographic material of this
invention. Examples of the matte agent preferably used
may include organic compounds such as water dispers-
ible vinyl polymers including polymethyl methacrylate
having suitable grain size (preferably, grain size of 0.3 to
5 um, or twice or more, particularly four times or more,
of the thickness of a protective layer), or inorganic
compounds such as stlver halide and strontium or bar-
ium sulfate. The smoothing agent is useful for prevent-
ing an adhesion trouble as being similar to the matte
agent, and also effective for improving the friction char-
acteristics having a relation to the adaptability to cam-
eras when taking photographs of motion picture films
or projecting motion pictures. Specific exampies
thereof that can be preferably used may include waxes
such as liquid paraffin and higher aliphatic acid esters;
polyfluorinated hydrocarbons or derivatives thereof;
and silicones such as polyalkyl polysiloxane, polyaryli
polysiloxane, polyalkylaryl polysiloxane or alkylene
oxide addition derivatives of these.

If necessary, other additives can be used in the light-
sensitive photographic material of this invention. For
example, they include a dye, a development accelerator,
a brightening agent, a color fog preventive agent, an
ultraviolet absorbent, etc. Specifically, there can be
used those disclosed in Research Disclosure No. 176,
pp. 22-31 (RD-17643, 1978).

In addition, if necessary, the light-sensitive silver
halide photographic material of this invention can be
provided with an antihalation layer, an intermediate
layer, a filter layer and the like.

In the light-sensitive photographic material of this
invention, the photographic emulsion layers or other
layers are applied to one side or both sides of a flexible
support usually used in light-sensitive materials to em-
body a product. Useful as the flexible support are films
comprising semisynthesized or synthesized macromole-
cules such as cellulose nitrate, cellulose acetate, cellu-
lose acetate butylate, polystyrene, polyvinyl chloride,
polyethylene terephthalate, polycarbonate, etc.; paper
coated or laminated with a baryta layer or an a-olefin
polymer (for example, polyethylene, polypropylene, an
ethylene/butene copolymer), etc. The support may be
colored by using a dye or a pigment. It may be made
black for the purpose of light interception. The surface
of these supports are, in general, subbing-treated in
order to mmprove the adhesion with a photographic
emulsion. The surface of the support may be applied
with corona discharge, ultraviolet irradiation, flame
treatment, etc. before or after the subbing treatment.
Entering into details, those disclosed in the paragraph
of “*Supports” in Research Disclosure, Vol. 176, p. 25
may be used.

In the light-sensitive photographic material of this
invention, the photographic emulsion layers or other
hydrophilic colloid layers can be applied on a support
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or other layers according to various coating methods.
In coating, a dip coating method, a roller coating
method, a curtain coating method, an extrusion coating
method, etc. can be employed. Entering into details, the
method disclosed in the paragraph of “Coating Proce-
dures” 1n Research Disclosure, Vol. 176, pp. 27-28.
The light-sensitive silver halide photographic mate-
rial of this invention can be used specifically in X-ray
light-sensitive materials, lithographic light-sensitive
materials, black and white photographing light-sensi-
tive materials, color negative light-sensitive matenals,
color reversal light-sensitive materials, color photo-
graphic paper, a colloid transfer process, a silver salt

diffusion transfer process, a dye transfer process, a sil-
ver dye bleaching method, print-out sensitive materials,
heat development sensitive materials, and so forth.
Exposure for obtaining a photographic image may be
carried out by using conventional methods. Namely,
there can be used any of various kinds of light sources
containing ultraviolet light, including natural light (sun-
light), a tungsten lamp, a fluorescent lamp, a2 mercury
lamp, a xenon arc lamp, a carbon arc lamp, a xenon flash
lamp, a cathode ray tube flying spot, a light-emitting
diode, laser beams (for example, of a gas laser, a YAG
laser, a dye laser, a semiconductor laser, etc.). Also,

exposure may be carried out by use of light emitted

from phosphors excited by electron rays, X-rays,
gamma rays, alpha rays, etc. Exposure may be carried
out in the exposure time of 1/1000 second to 1 second
used in oordinary cameras, as well as in exposure time
shorter than 1/1000 second, for example, exposure time
of 1/10% to 1/10% second using a xenon flash lamp or a
cathode ray tube, or exposure longer than 1 second may
also be used. If necessary, spectral composition of light
used in exposure can be controlled by using a coior
filter.

Any of the various methods and various processing
solutions as disclosed in, for example, Research Disclo-
sure No. 176, pp. 25-30 (RD-17643) can be used in the
photographic processing of the light-sensitive material
of this invention. This photographic processing may be
either photographic processing for the formation of
silver images (1.e., black and white photographic pro-
cessing) or photographic processing for the formation
of color images (i.e., color photographic processing).
The processing temperature may be selected in the
range between 18° C. to 50° C. in usual cases, but may
be made lower than 18° C. or higher than 50° C.

Other various development methods (for example,
heat development, etc.) can be used as occasion de-
mands.

A developing solution to be used when, for example,
carrying out a black and white processing may contain
known developing agents. There can be used as the
developing agents, solely or in combination, dihydroxy-
benzenes (for example, hydroquinone), 3-pyrazolidones
(for example, 1-phenyl-3-pyrazolidone), aminophenols
(for example, N-methyl-n-aminophenol), etc. In gen-
eral, besides these, the developing solution may contain
a preservative, an alkali agent, a pH buffering agent, an
antifoggant, etc., and may further contain, if necessary,
a dissolution auxiliary, a color toning agent, a develop-
ment accelerator, a surface active agent, an antifoaming
agent, a hard water-softening agent, a hardening agent,
a viscosity-imparting agent, etc.

As a special developing processing system, there may
be employed a method in which a development agent 1s
incorporated in a light-sensitive material, for example,
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in emulsion layers, and the light-sensitive matenal is
processed in an aqueous alkali solution to carry out the
development. Of the development agent, a hydrophobic
development agent can be incorporated in the emulsion
layers according to various methods as disclosed in
Research Disclosure No. 169 (RD-16928), U.S. Pat. No.
2,739,890, British Pat. No. 813,253 and West German

Pat. No. 15 47 763. Such a developing processing may
be combined with a silver salt stabilizing processing
carried out by using thiocyanate.

As a fixing solution, those having the formulation
generally employed can be used. As a fixing agent, there
can be used thiosulfate and thiocyanate, as well as or-
ganic sulfur compounds known to be effective as fixing
agents. The fixing solution may contain a water soluble
aluminum salt as a hardening agent.

The photographic emulsion layer of the light-sensi-
tive photographic material of the present invention may
contain a color image-forming coupler, t.e., a com-
pound capable of forming a dye by reacting with an
oxidized product of an aromatic primary amine (for
example, phenylenediamine derivative or aminophenol
derivative) developing agent in color developing pro-
cessing. For example, as a magenta coupler, there may
be included S-pyrazolone couplers, pyrazoloben-
zimidazole couplers, cyanoacetylcumarone couplers,
open chain acylacetonitrile couplers, etc.; as a yellow
coupler, acylacetamide couplers (for example, ben-
zoylacetanilides and pivaloylacetanirides); and as a
cyan coupler, naphthol coupler, phenol coupler, etc.

These couplers are preferably non-diffusible couplers
having a hydrophobic group called a ballast group 1n
molecules. The couplers may be either of four equiva-
lent type or two equivalent type relative to silver ion.
There may be also included colored coupiers having the

color correcting effect or couplers capable of releasing
a development restrainer as the development proceeds

(the so-called DIR couplers).

Besides the DIR couplers, there may be included
colorless DIR coupling compounds that may form a
colorless product by the coupling reaction and release a
development restrainer.

The light-sensitive silver halide photographic mate-
rial of this invention may contain a color fog preventive
agent including hydroquinone derivatives, aminophe-
nol derivatives, gallic acid derivatives, ascorbic acid
derivatives, etc.

The light-sensitive silver halide photographic mate-
rial of this invention may contain an ultravioiet absor-

bent in the hydrophilic colloid layer. For example,
there can be used benzotriazole compounds substituted
with an aryl group (for example, those disclosed in U.S.
Pat. No. 3,533,794), 4-thiazolidone compounds (for
example, those disclosed in U.S. Pat. Nos. 3,314,794 and
3,352,651), benzophenone compounds (for example,
those disclosed in Japanese Unexamined Patent Publica-
tion No. 2784/1971), cinnamic acid ester compounds
(for example, those disclosed in U.S. Pat. Nos. 3,705,805
and 3,705,375), butadiene compounds (for example,
those disclosed in U.S. Pat. No. 4,045,229), or benzoox-
vdole compounds (for example, those disclosed in U.S.
Pat. No. 3,700,455). Those disclosed in U.S. Pat. No.
3,499,762 and Japanese Unexamined Patent Publication
No. 48534/1979 can be further used. Couplers having
ultraviolet absorbing properties (for example, cyan dye-
forming couplers of a-naphthol type) or polymers hav-
ing ultraviolet absorbing properties may be also used.
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These ultraviolet absorbents may be mordanted in a
particular layer.

In working this invention, a variety of anti-color-fad-
ing agents shown below can be used in combination,
and color image stabilizers used in this invention can be
used alone or in combination of two or more of them.
The anti-color-fading agents may inciude hydrogquinone
derivatives, gallic acid derivatives, p-alkoxyphenols,
p-oxyphenol derivative, bisphenols, etc.

In general, a color developing solution may comprise
an alkalme aqueous solution containing a color develop-
ment agent. The color developing agent that can be
used may include various primary aromatic amine de-
veloping agents such as phenylenediamines (for exam-
ple, 4-amino-N,N-diethylamine, 3-methyl-4-amino-
N,N-diethylaniline,  4-amino-N-ethyl-N-8-hydroxye-
thylaniline, 3-methyl-4-amino-N-ethyl-N-8-hydroxye-
thylaniline, 3-methyl-4-amino-N-ethyl-N-3-
methanesulfoamide ethylaniline, 4-amino-3-methyl-N-
ethyl-N-f-methoxyethylaniline, etc.).

Besides these, those disclosed in L. F. A. Mason,
Photographic Processing Chemistry, Focal Press
(1966), pp. 226-229, U.S. Pat. Nos. 2,193,015 and
2,592,364, Japanese Unexamined Patent Publication No.
64933/1973, etc.

The color developing solution may further contain a
pH buffering agent such as sulfite of alkali metals, car-
bonate, borate and phosphate, a development restrainer
or antifoggant such as bromide, iodide and organic
antifoggants, and so forth. If necessary, it may also
contain a hard water softening agent, a preservative
such as hydroxylamine, an organic solvent such as ben-
zyl alcohol and diethylene glycol, a development accel-
erator such as polyethylene giycol, quaternary ammo-
nium salts and amines, a color dye-forming coupler, a
competing coupler, a fogging agent such as sodium
boron hydride, an auxiliary developing agent such as
1-phenyl-3-pyrazolidone, a viscosity imparting agent, a
polycarboxylic acid type chelating agent, an antioxi-
dant, etc.

After the color development, the photographic emul-
sion layers are usually subjected to a bleaching process-
ing. The bleaching processing may be carried out simul-
taneously with a fixing processing, or may be carried
out separately. As a bleaching agent, there may be used
polyvalent metal compounds such as iron (III), cobalt
(III), chrome (VI) and copper (II), peracids, quinones,
nitroso compounds, etc.

For example, there can be used ferricyanide, dichro-
mate, organic complex salts of iron (III) or cobalt (II11),
for example, complex salts of aminopolycarboxylic
acids such as ethylenediaminetetraacetic acid, nitrilotri-
acetic acid and 1,3-diamino-2-propanoltetraacetic acid,
or of organic acids such as citric acid, tartaric acid and
malic acid; persulfate; permanganate; nitrosophenol;
etc. Of these, particularly useful are potassium ferricya-
nide, sodium ethylenediaminetetraacetic acid iron (III)
and ammonium ethylenediaminetetraacetic acid iron
(1II). Ethylenediaminetetraacetic acid iron (III) com-
plex salts are useful in both an independent bleaching
solution and a combined bleach-fixing solution.

This invention will be described below by Examples.
As a mater of course, this invention is by no means
Iimited to these Examples.

EX{XMPLE 1

A silver iodobromide emulsion E-1 containing 2.0
mole % of silver iodide was {irst prepared according to
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regular mixing by a full ammonia method. This emul-
sion comprised grains having an average grain size of
1.10 um. This silver iodobromide emulsion E-1 was
subjected to an optimum gold/sulfur sensitization by
adding chloroauric acid, sodium thiosulfate and ammo-
nium thiocyanate, and stabilized with use of 4-hydroxy-
6-methyl-1,3,3a,7-tetrazaindene.

Both sides of a polyester film support having been
subjected to subbing treatment were coated with the
above stabilized emulsion and a protective layer to
which a hardening agent was added, to provide layers
in the order of the silver halide emulsion layer and the
protective layer according to a slide hopper method at
a coating rate of 100 m/min so that two layers may
simultaneously overlap, thereby obtaining Samples No.
1 to No. 28 shown in Table 1 (Table 1-a, -b, -¢). Coated
silver weight was 55 mg/dm?.

The amount of hardening agent in each of the above
samples was controlled to have a melting time of about
25 minutes. Here, the melting time refers to the time by
which an emulsion layer begins to melt out after a sam-
ple (a light-sensitive silver halide photographic mate-
rial) cut into 1 cm X2 cm was dipped in an aqueous
solution of 1.5% sodium hydroxide kept at 50° C.

Subsequently, the number and extent of coating trou-
bles (such as coating streaks and coating unevenness) in

the samples obtained as above were measured and indi-
cated by the five rank system ranging 1 (poor) to 5
(excellent). There i1s no problem when it shows 3 to 5,
but the rank of 1 to 2 means infeasibleness for practical
use.

Also, measurement of sensitivity was carried out as
follows. That is, a sample was interposed between two
optical wedges wherein the density inclination was
mirror-symmetrically adjusted, and exposed in equal
quantity from both sides for 1/12.5 second with use of a
light source of the color temperature of 5,400° K.

Processing was carried out according to the follow-
Ing steps by using an automatic processor of roller con-
veyor type. Total processing time was 45 seconds.

Processing Processing

temperature time
Insertion —_ 1.2 sec.
Developing & 35° C. 14.6 sec.
passing
Fixing & passing 33 C. 8.2 sec.
Washing & passing 25° C. 7.2 sec.
Squeegeeing 40" C. 5.7 sec.
Drying 45° C. 8.1 sec.
Total —— 435.0 sec.

Developing solution and Fixing solution used were
XD-90 and XF, respectively (both trade names; pro-
duced by Konishiroku Photo Industry Co., Ltd.).

Based on the characteristic curve showing the rela-
tionship between log E (a logarithm of exposure
amount) and D (optical density), the exposure amount
at base density +fog density -+ 1.0 was obtained to deter-
mine the relative sensitivity.

Also, drying characteristics were evaluated as fol-
lows. That is, after carrying out the above 45 second
automatic processing, touch on the samples having
passed through the drying area and degree of sticking to
other samples were overall evaluated to indicate by the
5 rank system ranging 1 (poor) to 5 (excellent). There is
no problem when 1t shows 3 to 5, but the rank of 1 to 2
means infeasibleness for practical use. Results obtained
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are shown together in Table 1 (Table 1-¢). At the right
end column of the table, a sample according to this
invention 1s indicated as “Yes”, and a sample not ac-
cording thereto as “No”.

Part of the samples were processed to obtain the 3
sensitivity in the conventional 90 second processing by
dropping to 4 the line speed of the above 45 second
automatic processor. Results obtained are shown in
Table 2.

As will be clear from Table 1 (Table 1-a, -b, -¢) and 10
Table 2, the samples (light-sensitive silver halide photo-
graphic materials) of this invention have good coating
properties and also excellent sensitivity and drying
characteristics, and thus have the feasibility for ultra
rapid processing. It is also seen from the comparison 15
with the conventional 90 second processing that the
processing time can be shortened to 4 to make twice the
processing ability, retaining the sensitivity attained in
the conventional system.

20
TABLE 1
Stiver halide emulsion layer
Gelatin
Sam- amount per Surface active agent Surface

ple one side Amount per one side tension 95

No. (g/ m?) Type (g/ m>) (dyn/cm)

! 2.20 1-10 1 X 10—7 36

2 i 1 tr 36

3 (X, r rr 36

4 2‘m r re rr

5 r i rs rHr 30

6 Hr 1! e rr

7 1.90 ” 1.5 x 10—3 4

8 rr rr rr rr

9 Ly rr rr

10 ir

11 1.75 ’ 2 X 1073 35 35

12 Iy i’ rr X

13 Hr i r tHE

14 H r re Fr

: 5 LN e e rr

16 1.70 ; " 35

7 Fr Ly e r

. 8 r e rr rr 40

19 i 1 e rr

20 tf i i rr

21 1.20 ¥ 4 % 103 34

22 Fr Fr rr i}

23 rr Fr 1r rr

24 i i ' iy 45

25 ' ry i ¥ )

26 1.10 i ’ 34

27 Fr r (¥ iy

23 r i1 (X r

Protective layer 50
Gelatin
Sam- amount per Surface active agent Surface

ple one side Amount per one side tension

No. (g/m?) Type (2/m?) (dyn/cm)

1 1.15 1-10 5% 104 31

2 .15 " 8 x 104 30 29

3 1.15 4 1 X 10— 28

4 1.15 3-3 4 x 10—4 31

5 § § 7 x 10—% 30

6 "’ " 1.3 x 103 28

7 " 2-70 4 x 10—* 31

8 " o 7 x 10—4 30 60

9 4 1 X 10—3 28

10 it H 4 >< 10-—3 26

11 " 2-6 7 x 10—4 30

12 & 1 x 10— 29

13 3 x 103 27

14 g x 103 25 65

15 g 2 X 102 22

16 1.00 2-80 4 x 10—4 30

17 '’ ' 7 x 10—4 29

18 " "’ 2 X 10—3 27

58
TABLE 1-continued
19 " 4 4 x 10— 25
20 & ' | X 10—2 22
21 ’ 2-26 6 x 10—%. 29
22 : : 8 x 10—% 28
23 & " 2 x 1074 26
24 4 - 4 x 10—3 24
25 " ; ] X 102 21
26 " 2-7 3 x 103 26
27 : 5 x 10— 24
28 2 % 10—* 19
Total Diftf.*
gelatin 1n sur- Coat- Drving
Sam- amount per face Ing Sensi-  char-
ple one side tension trou- tivi-  acter- Re-
No. (g/m?) (dyn/cm) ble ty 1stics marks
] 3.35 5 5 100 ] No
2 " 6 5 100 ] No
3 i 8 5 100 l No
4 3. 15 5 4 105 2 No
5 o 6 5 105 2 No
6 ' 8 5 105 2 No
7 3.05 5 2 110 3 No
8 ! 6 4 110 3 Yes
9 8 3 110 3 Yes
10 " 10 5 110 3 Yes
11 2.90 5 2 120 4 No
2 a 6 4 120 4 Yes
K " 8 5 120 4 Yes
14 " 10 5 120 4 Yes
15 " 13 5 120 4 Yes
16 2.70 5 1 130 5 No
17 " 6 3 130 5 Yes
18 ; 8 4 130 5 Yes
19 " 10 5 130 5 Yes
20 a 13 5 130 5 Yes
21 2.20 5 1 145 5 No
22 " 6 3 145 3 Yes
23 " 8 3 145 5 Yes
24 a 10 4 145 5 Yes
25 ' 13 5 145 3 Yes
26 2.10 8 1 150 5 No
27 ' 10 2 150 5 No
28 a 15 2 150 5 No
*Difference (between emulsion layer and protective layer)
Yes: Present invention
No: Not the invention
TABLE 2
Total Ditference
gelatin in
Sam- amount per surface L Sensitivity
ple one side tension 45 second 90 second
No. (g/m?) (dyn/cm) processing processing
3 3.35 - 3 100 120
10 3.05 10 ' 110 130
14 2.90 10 120 35
19 2.70 10 130 145
25 2.20 13 145 155
28 2.10 15 150 60
EXAMPLE 2

Here described are preparation of emulsions E-2 to
E-6 containing silver halide grains having multi-layer
structure. First, a 3.0N ammoniacal silver nitrate solu-
tion and a solution containing 2.0 mole % of potassium
iodide and 98.0 mole % of potassium bromide were
added according to a double jet method at 45° C. while
keeping pAg=11.0 and pH=9.0. The rate of addition
was gradually accelerated with growth of grains.

The emulision obtained was found to be an octahedral
monodispersed emulsion comprising grains having an
average grain size of 1.05 um. Further, an ammoniacal
silver nitrate solution and a solution of potassium bro-
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mide were added according to a double jet method at
pAg=11.0 and pH=9.0 to form shells comprising silver
bromide alone. The emulsion thus obtained was found
to be an octahedral monodispersed emulsion comprising
grains having an average grain size of 1.10 um. This
emulsion was designated as E-2.

Subsequently, octahedral silver iodobromide emul-
sions containing 5 mole %, 10 mole %, 20 mole % and
30 mole % of silver iodide, respectively, were prepared
employing substantially the same preparation method as
that for E-2, except that the ratio of potassium iodide to
potasstum bromide was varied, that the core size was
varied so as to make uniform the average silver content
after the shell formation, and also that the rate of addi-
tion at the initial stage of mixing was controlled so as to
give the same grain size. Thereafter, the procedures
quite same as those for E-2 were taken to prepare corre-
sponding octahedral monodispersed emulsions compris-
ing grains having an average grain size of 1.10 um,
which were designated as E-3, E-4, E-5 and E-6, respec-
tively. Chemical sensitization and coating were carried
out on emulsions E-1 to E-6 in the same manner as in
Example 1 to obtain samples Nos. 29 to 38 as shown in
Table 3 (Table 3-a, -b, -c).

These samples were subjected to the 45 second pro-
cessing as in Example 1 to determine the sensitivity.
Also, abrasion blackening was measured in the follow-
Ing manner: Samples were moisture-conditioned for 4
hours at 23° C. and 55% RH, and, thereafter, scratched
with use of a sapphire stylus of 0.3 mil in radius while
continuously varying the load, and developed to indi-
cate the abrasion blackening by the load (g) at which
the blackening began to occur. The smaller the value is,
it means that the weaker the abrasion blackening is.

Results obtained in the above are shown in Table 3
(Table 3-c). As will be clear from Table 3, in the grains
having the difference of 10 mole % or more in the io-
dine content between core and shell, the abrasion black-
ening is hard to occur and also the sensitivity is excel-
lent as gelatin amount is smaller, when compared with
the grains having the difference of less than 10 mole %.

TABLE 3
L Silver halide emulsion layer
Gelatin
amount Surface active agent
Sam- per one Amount Surface
ple Emul- side per one side tension
No. sion (g/m*) Type (g/m?) (dyn/cm)
29 E-2 2.20 1-10 1 X 10—3 36
30 E-3 1 ..H' rr (X
31 E-4 LX) rr r rr
32 E_S e kr '] rr
33 E-ﬁ iy | N re e
34 E-2 1.70 o 2 x 103 35
35 E-3 i’ ¥ Fr Fr
36 E-4 i e n e
37 E-S 'K, iy r I
38 E-6 s s ¥ e
Protective layer
Gelatin
Sam- amount per Surface active agent  Surface
ple one side Amount per one side tension
No. (g/m?) Type (g/m?) (dyn/cm)
29 1.15 1-10 1 x 10—3 28
30 L) rr rr e
3 1 kr e LN iy
32 rr rd rr (N
33 rE e i "
34 1.00 2-80 4 x 10—3 25
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TABLE 3-continued
35 " " " !
36 a ' ' "
3"? i LR iy t
38 N N ; "
Total Diff. in surface
gelatin tension (between Abrasion
Sam- amount per emulsion layer and blacken-
ple one side protective layer Sensi- ing
No. (z/m?) (dyn/cm) tivity (g)
29 3.35 8 110 55
30 '’ " 110 55
31 ' '’ 115 58
32 "’ " 120 60
33 " " 125 60
34 2.70 10 140 30
35 "’ ' 140 33
36 ' " 150 45
37 ' ' 155 50
38 ' : 160 55
EXAMPLE 3

Emulsions containing core grains were prepared in
the same procedures as those for E-3 to E-6, whereby
octahedral silver iodobromide emulsions containing 5
mole %, 10 mole %, 20 mole % and 30 mole % of silver
10dide, respectively, were obtained. In the same proce-
dures as those for E-2, except that 2.0 mole 9% of shell
potassium 1odide was contained in each of these emul-
sions, there were prepared corresponding octahedral
monodispersed core/shell emulsions comprising grains
having an average grain size of 1.10 wm, which were
designated as E-7, E-8, E-9 and E-10, respectively.

On these monodispersed emulsions, chemical sensiti-
zation and coating were carried out in the same manner
as in Example 1 to obtain samples No. 39 to No. 46 as
shown in Table 4 (Table 4-a, -b, -c). On. these samples,
abrasion blackening and sensitivity were determined in
the same manner as in Example 2 to obtain results as
shown in Table 4 (Table 4-c¢).

As will be clear from Table 4, in the grains having the
difference of 10 mole % or more in the iodine content
between core and shell, the abrasion blackening is hard
to occur and also the sensitivity is excellent as gelatin
amount 1s smaller, when compared with the grains hav-
ing the difference of less than 10 mole %.

TABLE 4
__dilver halide emulsion layer

Gelatin
amount  _ Surface active agent
Sam- per one Amount Surface
ple Emul- stde per one side tension
No. sion (g/m?) Type (g/m?) (dyn/cm)
39 E.7 2.20 1-10 1 x 103 36
40 E-B e fr (X Fr
41 E-g i’ It e Ly
42 E‘IO i e rs it
43 E.7 1.70 o 2 X 10—3 35
44 E"'B Y ! r T T,
45 E-g Fr et e L8
46 E‘.IG r i i L)
Protective layer
Gelatin
Sam- amount per _Surface active agent Surface
ple one side Amount per one side tension
No. (g/m?) Type (g/m=) (dyn/cm)}
39 .15 1-10 | x 10— 28
40 r 4 Hr -l'-l"
41 i’ rs rr ¥
42 I rr Hr Fr
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TABLE 4-continued
43 1.00 2-80 4 x 104 25
44 FF (N i fr
45 i1 Ly r it
46 " " "’ "
Total Diff. in surface
gelatin tension (between Abrasion
Sam- amount per emuision layer and blacken-
ple one side protective layer Sensi- ing
No. (g/m?) (dyn/cm) tivity (g)
39 3.35 8 115 55
40 ' ! 120 55
4] " " 125 58
42 " "’ 130 60
43 2.70 10 145 30
44 i " 150 35
45 " " 160 30
46 ' " 165 55
EXAMPLE 4

While controlling at 60° C., pAg=8.0and pH=2.0, a
cubic monodispersed emulsion comprising silver 10do-
bromide grains having an average grain size of 0.28 um
and containing 2.5 mole % of silver iodide were pre-
pared according to a double jet method. Part of this
emulsion was used as cores, and allowed to grow in the
following manner. That 1s, to the solutions containing
the core grains and gelatin, an ammoniacal silver nitrate
solution and a solution containing potassium iodide and
potassium bromide were added at 40° C., pAg 8.0 and
pH 9.5 according to a double jet method to form a first
coat each containing 5 mole %, 10 mole %, 20 mole %
or 30 mole % of silver 1o0dide.

Each of the emulsions was treated in the same proce-
dures as those for E-2, except that the pAg was made to
be 9.0, to form a second coat comprising silver bromide
alone, thereby preparing core/shell emulsions compris-
ing cubic monodispersed silver i1odobromide grains
having an average grain size of 1.0 um, which were
designated as E-11, E-12, E-13 and E-14, respectively.
All of these emulsions were made to have an average
silver iodide content of 3.0 mole %. |

On these monodispersed emulsions, chemical sensiti-
zation and coating were carried out in the same manner
as in Example 1 to obtain samples No. 47 to No. 54 as
shown 1n Table 5 (Table 3-a, -b, -c). On these samples,
abrasion blackening and sensitivity were determined in
the same manner as in Example 2 to obtain results as
shown 1n Table 5 (Table 5-c).

As will be clear from Table 5 (Table 5-a, -b, -¢), in the
grains having the difference of 10 mole % or more In
the iodine content between core and shell, the abrasion
blackening 1s hard to occur and also the sensitivity is
excellent as gelatin amount is smaller, when compared
with the grains having the difference of less than 10
mole %.

TABLE 5
Silver halide emulsion layer
Gelatin
amount Surface active agent
Sam- per one Amount Surface
ple Emul- side per one side tenston
No. sion (g/m?) Type (g/m?) (dyn/cm)
47 E-11 2.20 1-10 1 x 10— 36
48 E-12 ” ” " "
4‘; E-IB s s r
50 E- 14 rr Xy e 1
51 E-11 1.70 " 2 x 10— 35
52 E_12 H r I ry
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TABLE 5-continued
53 E-13 ' '
54 E-14 B "
_ Protectivelayer
Gelatin
Sam- amount per Surface active agent  Surface
pie one side Amount per one side tension
No. (g/m?) Type (g/ m?) (dyn/cm)
47 1.15 1-10 1 x 10—3 28
48 " ' " a
49 rr (N rs ke
50 ri [ e I
51 1.00 2-80 4 X 103 25
52 e 1 re rr
53 I I rr re
54 '’
Total Dift. 1n surface
gelatin tension (between Abrasion
Sam- amount per emulsion layer and blacken-
ple one stde protective layer Sensi- ing
No. (g/m?) (dyn/cm) tivity (2)
47 3.35 8 120 55
48 '’ ' 125 58
49 " a 130 60
50 " " 135 60
51 2.70 10 150 35
52 " " 160 20
33 " " 165 55
54 N 170 60
EXAMPLE 5

Example 1 was repeated to prepare emulsion E-15,
except that the following thickening agents and surface
active agents were used. Using this emulsion E-15,
chemical sensitization and coating were carried out In
the same procedures as in Example | to obtain samples
No. 55 to No. 110. Subsequently, the experiments were
carried out in the same manner as in Example 1. Results
are shown in Tables 6 and 7.

Thickening agents:
- (A}
—+FCH;—CH (le cI:H-—-—-—-
COONa COONa ~
o —Iﬂ
Colloid silica (Ludox AM, Produced by DuPont) (B)

Surface active agents used were surface active agents
1-10, 2-26, 2-80 and 3-3 of this invention, and the follow-

ing compounds (1) to (3).

NaQ3;8—CH—COOCsH 1] (1)

|
CHy—COOCsH1

F19CoOCH2CH;0-335~CH3 (2)

(|33H7
F15C1CON-+CH-CHy;O9€¢ CH297SO3Na

(3)

As will be clear from Table 6 (Table 6-a, -b, -¢) and
Table 7, the samples (light-sensitive silver halide photo-
graphic maternials) of this invention have good coating
properties and also excellent sensitivity and drying
characteristics, and thus have the feasibility for ultra
rapid processing. It is also seen from the comparison
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with the conventional 90 second processing that the
processing time can be shortened to # to make twice the
processing ability, retaining the sensitivity attained in
the conventional system. Also, Example 5 was repeated

64

(A) as a thickening agent of the emulsion layer. The
same result as in Example 5 was observed. Further,
Example 5 was repeated except for changing the melt-
ing time to 20 minutes. The same result of relation was

except for employing dextran in place of the compound 5 observed.

TABLE 6
Silver halide emuision layer _____________ Protective layer
Gelatin Type of Gelatin Type of
Sam- amount per surface  Surface Type of amount per surface  Surface Type of
ple one side active tension  thickening Viscosity  one side active tension  thickening  Viscosity
No. (g/ m?) agent (dyn/cm) agent (cp) (g/m?) agent {(dyn/cm) agent (cp)
55 2.20 (D 36 (A) 24 1.15 1-10 30 (B) 22
56 2.20 (1) 36 (A) 10 1.15 110 30 (B) 10
57 2.20 (1) 36 (A) 24 1.15 1-10 31 (B) 22
58 2.20 (1) 36 (A) 10 1.15 1-10 31 (B) 10
59 2.00 (1) 36 (A) 24 1.135 3-3 30 (B) 22
60 2.00 (D 36 (A) 10 1.15 3-3 30 (B) 10
61 2.00 (1) 36 (A) 24 1.15 3-3 31 (B) 22
62 2.00 (1) 36 (A) 20 1.15 3-3 31 (B) 20
63 1.90 (D) 36 (A) 24 I.15 (1) 30 (B) 22
64 1.90 (1) 36 (A) 20 1.15 (1) 30 (B) 20
65 1.90 (1) 36 (A) 10 1.15 (1) 30 (B) 12
66 1.90 (1) 36 (A) 12 1.15 (1 30 (B) 10
67 1.90 (1) 36 (A) 24 115 (1) 31 (B) 20
68 1.90 (1) 36 (A) 20 .15 (D 31 (B) i 20
69 1.90 (1) 36 (A) 10 1.15 (1) 31 (B) 12
70 .90 (1) 36 (A) 12 1.15 (1) 31 (B) 10
71 1.75 (1) 335 (A) 24 [.15 (2) 29 (B) 22
72 1.75 (1) 35 (A) 20 1.15 (2) 29 (B) 20
73 1.75 (1) 35 (A) 10 1.15 (2) 29 (B) 12
74 1.75 (D 35 (A) 12 1.15 (2) 29 (B) 10
75 1.75 (D 35 (A) 24 1.15 (2) 30 (B) 22
76 1.75 (1) 35 (A) 20 1.15 (2) 30 (B) 20
77 1.75 (1) 35 (A) 10 .13 (2) 30 (B) 12
78 1.75 (1) 35 (A) 12 1.15 (2) 30 (B) 10
79 1.75 (1 35 (A) 24 1.15 (2) 27 (B) 22
80 1.75 (1) 35 (A) 20 1.15 (2) 27 (B) 20
81 1.75 (D 35 (A) 10 1.15 (2) 27 (B) 12
82 1.75 (1) 35 (A) 12 .15 (2) 27 (B) 10
83 1.70 (1) 35 (A) 24 1.00 2-80 29 (B) 22
84 1.70 (1) 35 (A) 20 1.00 " 29 (B) 20
85 1.70 (D 35 (A) 10 1.00 '’ 29 (B) 12
86 1.70 (1) 35 (A) 12 1.00 " 29 (B) 10
87 1.70 (1) 35 (A) 24 .00 " 30 (B) 22
88 1.70 (1) 35 (A) 20 1.00 ! 30 (B) 20
89 1.70 (1) 35 (A) 10 1.0G N 30 (B) 12
90 1.70 (1) 35 (A) 12 1.00 " 30 (B) 10
91 1.70 (1) 35 (A) 24 1.00 " 27 (B) 22
92 1.70 (D 35 (A) 20 1.00 ' 27 (B) 20
93 1.70 () 35 (A) 10 1.00 a 27 (B) 12
94 1.70 (D 35 (A) 12 1.00 ' 27 (B) 10
95 1.20 (1) 34 (A) 24 1.00 2-26 28 (B) 22
96 1.20 (D 34 (A) 20 1.00 ' 28 (B) 20
97 1.20 (1) 34 (A) 10 §.00 " 28 (B) 12
98 1.20 (1) 34 (A) 12 1.00 ” 28 (B) 10
99 1.20 (1) 34 (A) 24 1.00 ' 29 (B) 22
100 1.20 (1) 34 (A) 20 1.00 " 29 (B) 20
101 1.20 (H 34 (A) 10 1.00 ! 29 (B) 12
102 1.20 (1) 34 (A) 12 1.00 ' 29 (B) 10
103 1.20 (D) 34 (A) 24 1.00 N 26 (B) 22
104 1.20 (1) 34 (A) 20 1.00 " 26 (B) 20
105 1.20 (1) 34 (A) 10 1.00 o 26 (B) 12
106 1.20 (1) 34 (A) 12 1.00 ! 26 (B) 10
107 1.10 (1) 34 (A) 24 1.00 (3) 28 (B) 22
108 1.10 (1) 34 (A) 10 1.00 " 28 (B) 10
109 1.10 (D) 34 (A) 24 1.00 N 26 (B) 22
110 1.10 (1) 34 (A) 10 1.00 " 26 (B) 10
Total IDiff.* Diff.* Dry-
gelatin In sur- in  Coat- Sen- ing
Sam- amount/ face vis-  ing si-  char-
ple oneside tension cosity trou-  tiv- acter- Re-
No. (g/m?%) (dyn/cm) (cp) ble ity  istics marks
35 3.35 6 2 5 100 | No
56 3.35 6 0 5 100 ! No
57 3.35 5 2 5 100 1 No
58 3.35 5 0 5 100 l No
59 3.15 6 2 S 105 2 No
60 3.15 6 0 5 105 2 No
61 3.15 5 2 4 105 2 No
62 3.15 5 0 4 105 2 No
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TABLE 6-continued
63 3.05 6 2 2 110 3 No
64 3.05 6 0 4 110 3 Yes
65 3.05 6 -2 5 110 3 Yes
66 3.05 6 2 3 110 3 Yes
67 3.05 3 2 2 110 3 No
68 3.05 5 0 2 110 3 No
69 3.05 5 -2 2 110 3 No
70 3.05 J 2 2 110 3 No
71 2.90 6 2 2 120 4 No
72 290 6 0 4 120 4  Yes
73 2.90 6 —2 3 120 4 Yes
74 2.90 6 2 5 120 4 Yes
75 2.90 d 2 2 120 4 No
76 2.90 d 0 2 120 4 No
77 2.90 5 —2 2 120 4 No
78 2.90 § 2 2 120 4 No
79 2.90 3 2 2 120 4 No
80 2.90 8 0. 4 120 4 Yes
81 2.90 8 -2 5 120 4 Yes
82 2.90 8 2 S 120 4 Yes
83 2.70 6 2 2 130 5 No
84 2.70 6 0 4 130 5 Yes
85 2.70 6 —2 5 130 > Yes
86  2.70 6 2 5 130 5  Yes
87  2.70 5 2 130 5  No
88 2.70 5 0 1 130 S No
89 2.70 5 -2 I 130 5 No
90 2.70 5 2 1 130 d No
91 2.70 8 2 1 130 5 No
92 2.70 8 0 4 130 5 Yes
93 2.70 8 —2 J 130 3 Yes
94  2.70 8 2 5 130 5  Yes
95  2.20 6 2 2, 145 5 No
96 2.20 6 0 3 145 5 Yes
97 2.20 6 —2 4 145 3 Yes
98 2.20 6 2 4 145 5 Yes
9% 2.20 3 2 | 1435 5 No
100 2.20 5 0 i 145 5 No
01 2.20 5 -2 145 5  No
102 2.20 5 2 1 145 5  No
103 2.20 8 2 2 145 5 No
104 2.20 8 0 3 145 5 Yes
105  2.20 8 -2 4 145 5  Yes
106  2.20 8 2 4 145 5  Yes
107 2.10 6 2 i 150 5 No
108  2.10 6 0 1 150 5  No
109  2.10 8 21 150 5  No
110 2.10 3 0 1 150 5 No
*Difference (between emulsion layer and protective layer)
Yes: Present invention
No: Not the invention
TABLE 7 4> EXAMPLE 6
;T;:L Diinff' Oife Example 2 was repeated to prepare emulsions E-16 to
Sam- amount per surface in Sensitivity E-20, except that the thickening agents and surface
ole  oneside  temsion  viss 45second  90second  active agents used in Example 5 were used. Chemical
No. (g/m?) (dyn/cm) cosity processing  processing 5§ sensitization and coating were carried out in the same
56 135 6 0 100 120 procedures as in Example 2 to obtain samples No. 111 to
60 3.15 6 0 105 125 No. 120 shown hereinbelow. Experiments were carried
?;; 3-3(5) 2 g i;g gg out on these samples in the same manner as in Example
” 570 y 0 130 145 2. Results obtained are shown in Table 8 (Table 8-a, -b,
96 220 6 0 145 155 55 <€) | | |
106 2.10 6 0 150 160 As will be clear from Table 8, in the grains having the
difference of 10 mole % or more in the 10dine content
between core and shell, the abrasion blackening is hard
to occur and also the sensitivity is excellent as gelatin
60 amount is smaller, when compared with the grains hav-
ing the difference of less than 10 mole %.
TABLE 8
Silver halide emulsion layer . Protective laver
Gelatin Type of Type of Vis-  Gelatin Type of
Sam- amount per surface  Surface thick- cos- amount per surface  Surface Type of
Emul- one side active tension ening ity one side active tension  thickening  Viscosity
No. ston (g/mz) agent (dyn/cm) agent (cp) (g/ m?) agent (dyn/cm) agent (cp)
E-16 2.20 (1) 36 (A) 10 1.15 (1) 30 (B) 10
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TABLE 8-continued
112 E-17 2.20 (1) 36 (A) 10 1.15 (1) 30 (B) 10
113 E-I8 2.20 (1) 36 (A) 10 1.15 (1) 30 (B) 10
114 E-19 2.20 (1) 36 (A) 10 .15 (1) 30 (B) 10
115 E-20 2.20 (1) 36 (A) 10 §.15 (1) 30 (B) 10
116 E-16 1.70 (1) 35 (A) 10 £.00 2-80 27 (B) 10
117 E-17 1.70 (1) 35 (A) 10 £.00 i 27 (B) 10
118 E-18 1.70 (1) 35 (A) 10 1.00 o 27 (B) 10
119 E-19 1.70 (1) 35 (A) 10 1.00 " 27 (B) 10
120 E-20 1.70 (1) 35 (A) 10 1.00 " 27 (B) 10
Total Diff.* Dift*
gelatin In sur- in
Sam- amount per face Vis- Abrasion
ple one side tension  cosity  Sensi-  blackening
No. (g/m?)  (dyn/cm) (cp)  tivity (g)
111 3.35 6 0 110 33
112 3.35 6 0 110 55
13 3.35 6 0 115 58
114 3.35 6 0 120 60
115 3.35 6 0 125 60
116 2.70 8 0 140 30
117 2.70 8 0 140 33
13 2.70 8 0 150 43
119 2.70 8 0 155 30
120 2.70 8 0 160 33

*Difference (between emulsion layer and protective layer)

Emulstons containing core grains were prepared in
the same procedures as those for E-17 to E-20, whereby
octahedral silver iodobromide emulsions containing 5

25 determined in the same manner as in Example 6 to ob-

tain results as shown in Table 9 (Table 9-c).
As will be clear from Table 9, in the grains having the
difference of 10 mole % or more in the 10dine content

between core and shell, the abrasion blackening is hard

EXAMPLE 7

mole %, 10 mole %, 20 mole % and 30 mole % of silver 30 to occur and also the sensitivity is excellent as gelatin

iodide, respectively, were obtained. In the same proce-
dures as those for E-16, except that 2.0 mole % of shell

amount 1s smaller, when compared with the grains hav-
ing the difference of less than 10 mole %.

TABLE 9
_ Silver halide emulsion layer Protective layer
Gelatin Type of Type of Vis-  Gelatin Type of
Sam- amount per surface  Surface thick- cos- amount per surface  Surface Type of
ple Emul- one side active tension ening ity one side active tenstion  thickening  Viscosity
No. sion (g/m?) agent  (dyn/cm) agent (cp) (g/m?) agent  (dyn/cm) agent {(cp)
121 E-21 2.20 (D 36 (A) 10 .15 (D 30 (B) 10
122 E-22 2.20 (1) 36 {A) 10 .15 (1) 30 (B) 10
123 E-23 2.20 (D 36 (A) 10 .15 (D 30 (B) 10
124 E-24 2.20 (1) 36 (A) 10 [.15 (D 30 (B) 0
125 E-21 1.70 (D 35 (A) [0 1.00 2-80 27 (B) 0
126 E-22 1.70 (D 35 (A) 10 1.00 " 27 (B) 0
127 E-23 1.70 (1) 35 (A) t0 1.00 " 27 (B) 0
128 E-24 1.70 (1) 35 (A) 10 1.00 ' 27 (B) 0
Total Diff.* Dift.*
gelatin in sur- in
Sam- amount per face Vis- Abrasion
ple one side tension  cosity  Sensi-  blackening
No. (g/m?) (dyn/cm) (cp) tivity (g)
121 3.35 6 0 115 55
122 3.35 6 0 120 55
123 3.35 6 0 125 58
124 3.35 6 0 130 60
125 2.70 8 0 145 30
126 2.70 8 0 150 35
127 2.70 8 0 160 50
128 2.70 8 0 165 35
*Difference (between emulision layer and protective layer)
potassium 10dide was contained in each of these emul-
sions, there were prepared corresponding tetrahedral 60
pr=p pOnCIng EXAMPLE 8

monodispersed core/shell emulsions comprising grains
having an average grain size of 1.10 um, which were
designated as E-21, E-22, E-23 and E-24, respectively.

On these monodispersed emulsions, chemical sensiti-
zation and coating were carried out in the same manner
as 1 Example 5 to obtain samples No. 121 to No. 128 as
shown in Table 9 (Table 9-a, -b, -¢) shown below. On
these samples, abrasion blackening and sensitivity were

Example 4 was repeated to prepare emulsions E-25 to
E-28, except that the thickening agents and surface
active agents used in Example 5 were used. Chemical

65 sensitization and coating were carried out on these sam-
ples 1n the same procedures as in Example 4 to obtain

samples No. 129 to No. 136 as shown in Table 10 (Table
10-a, -b, -c). Experiments were carried out in the same
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manner as in Example 4 to obtain the results shown 1n
Table 10 (Table 10-c).

As will be clear from Table 10 (Table 10-a, -b, -C), In
the grains having the difference of 10 mole % or more
in the 10dine content between core and shell, the abra-

/
| CoHjs

O

|
CaHs

CgHj

HsC207C
C2H5

sion blackening is hard to occur and also the sensitivity
is excellent as gelatin amount is smaller.

5

C2H5

Vb D
Cl N

_ 70
in Table 11 (Table 11-a, -b, -c) shown below. On these
samples, coating troubles, sensitivities and drying char-
acteristics were evaluated in the same manner as In
Example 5 to obtain the results as shown in Table 12
shown below.

C>Hs5 Control dye (a)

O rlq Cl
>$ CH—-CH=CH% |

+
fr* | :

CHixI—

Control dye (b)

CgHsBr

CgHs Control dve (c)

Yo ]CL
CO»CHHs

CszI_

R.M.S. granularity was also measured 1n the follow-
Ing manner.

TABLE 10
Silver halide emulsion layer Protective layer
Gelatin Type of Type of Vis-  Gelatin Type of
Sam- amount per surface  Surface thick- cos- amount per surface  Surface Type of
ple Emul one side active tension ening ity one side active tension  thickening  Viscosity
No. sion (g/m?) agent (dyn/cm)  agent (cp) (g/m?) agent  (dyn/cm) agent (cp)
29 E-25 2.20 (1) 36 (A) 10 1.135 (1) 30 (B) 10
130 E-26 2.20 (1) 36 (A) 10 .15 (1) 30 (B) {0
131 E-27 2.20 (1) 36 (A) 10 .15 (1) 30 (B) 10
132 E-28 2.20 (1) 36 (A) 10 1.15 (1) 30 (B) 10
133  E-25 1.70 (1) 35 (A) 10 1.00 (1) 27 (B) 10
134  E-26 1.70 (1 35 (A) 10 1.00 (1) 27 (B) 10
135  E-27 1.70 (1) 35 (A) 10 1.00 (1) 27 (B) 10
136 E-28 1.70 (1) 35 (A) i0 1.00 (D 27 (B) 10
Total Diff.* Diff.*
gelatin in sur- In
Sam- amount per face vis- Abrasion
ple one side tension  cosity  Sensi-  blackening
No. (g/ m?) (dyn/cm) (cp) tivity (g)
129 3.35 6 0 120 55
130 3.35 6 0 125 58
131 3.35 6 0 130 60
132 3.35 6 0 135 60
133 2.70 8 0 150 35
134 2.70 8 0 160 50
135 2.70 8 0 165 55
136 2.70 8 0 170 60

*Difference (between emulsion layer and protective layer)

EXAMPLE S

In this example, using the emulsion used in Example
5, the sensitizing dyes shown as the examples of the
compounds of Formulas (I) to (III) or control dyes (a)
to (c) shown below were added to the respective sam-
ples. Thereafter, chloroauric acid, sodium thiosulfate
and ammonium thiocyanate were added to carry out
optimum gold and sulfur sensitization, followed by
stabilization with  4-hydroxy-6-methyl-1,3,3a,7-tet-
razaindene. Coating weight of silver was 45 mg/dm?,
and other conditions same as in the procedures in Exam-
ple 5 were used to obtain samples No. 137 to No. 197 as

60

65

That is, each sample was inserted to an orthochro-
matic sensitizing screen KS (produced by Konishiroku
Photo Industry Co., Ltd.), and irradiated with X-rays
for 0.10 second at a tube voltage of 90 KVP and a tube
current of 100 mA with use of an aluminum wedge,
followed by the above 435 second processing. Subse-
quently, an emulsion layer of the sample was peeled off
at a portion of the density 1.0 and at the front side tacing
to an X-ray generator, and, using Sakura one-touch type
RMS measuring machine (produced by Konishiroku
Photo Industry Co., Ltd.), the other side emulsion face



larity is.

Similar to Example 5, part of the samples were pro-
cessed to determine the sensitivity in the conventional 5
90 second processing by dropping to 4 the line speed of
the above 45 second automatic processor. Results ob-

71

was measured under an aperture size of 50200 um.
The smaller the measured value 1s, the better the granu-

tained are shown in Table 13.

Sample
No.

137

138
139
140
141
142
143
144
145
146
147
148
149
150
151
§52
1583
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
78
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

Emui-

sion

E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15
E-15

E-15 .

E-15

(Table 11-a)

Gelatin
amount per

one side
(g/m?)

2.00

2.00
2.00
2.00
.90
.90
1.90
1.90
1.50
1.90
1.75
1.75
1.75
1.75
1.75
1.75
1.75
.75
.75
.70
70
1.70
1.70
1.70
1.70
1.70
1.70
1.70
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.10
1.10
1.10
1.10
1.7
1.70
1.70
1.70
1.70
1.70
1.70
1.70
1.70
1.90
1.90
{.90
.90
1.20
1.20
1.20
1.20
1.70
1.70
1.70

Silver halide emulsion layer

Type of
surface

active
agent

(1)
(1)
(1)
(1)
(1)
(1)
(1)

Surface

tension
(dyn/cm)

36

36
36
36
36
36
36
36
36
36
35
35
35
35
35
35
33
35
35
35
35
35
35
35
35
35
35
35
34
34
34
34
34
34
34
34
34
34
34
34
34
33
35
35
35
35
35
35
35
35
36
36
36
36
34
34
34
34
35
335
35
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As will be clear from Table 12 and Table 13, the
samples according to this invention have good coating,

properties and also excellent sensitivity and drying

characteristics, and thus have the feasibility for ultra
rapid processing. It is also seen from the comparison
with the conventional 90 second processing that the
processing time can be shortened to 4 to make twice the

processing ability, retaining the sensitivity attained in
the conventional system.

TABLE 11

Type of
thickening Viscosity
agent (cp)
(A) 24
(A) 10
(A) 24
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) i0
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 10
(A) 20
(A) 24
(A) 10
(A) 24
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 20
(A) 10
(A) 24
(A) 10
(A) 24
(A) 10
(A) 24
(A) 10
(A) 24
(A) 10
(A) 24
(A) 20
(A) 10

(Table 11-c)

Gelatin

amount per
one side

(g/m?)

.15

.13
1.15
1.15
.15
.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.13
1135
1.135
1.15
[.15
.15
1.10
1.10
.10
1.10
1.i0
1.10
1.10
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
£.00
1.00
1.00
1.00
1.00
1.15
1.15
1.15
i.15
£.00
1.00
1.00
1.00
1.00
1.00
1.00

(Table 11-b)

3—3

Fr

Fr

Fr

(1)
(1)

(1)

(1)
(1)
(1)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
2-80

I

I

2-26

rr

i

r

(3)

rr

2-80

Protective layer

Type of
surface

surface
agent

Sensitizing dye

Surface

tension
(dyn/cm)

30
30
31
31
30
30
30
31
31
31
29
29
29
30
30
30
27
27
27
29
29
29
30
30
30
27
27
27
28
28
28
29
29
29
26
26
20
28
28
20
20
29
29
29
30
30
30
27
27
27
30
30
31
31
28
28
29
29
29
29
29

thickening

Type of

agent

(B)
(B)
(B)
{B}
~(B)
(B)
(B}
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B)
(B}
(B)
(B)
(B)
(B)

Viscosity
(cp)

22
{0
22
10
22
20
10
22
20
10
22
20
10
22
20
10
22
20
10
22
20
10
22
20
10
22
20
10
22
20
10
22
20
10
22
20
10
22
10
22
10
22
20
10
22
20
10
22
20
10
22
10
22
10
22
10
22
10
22
20
10
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TABLE 11-continued
Total gelatin amount/ Diff.* in surface Diff.* in Amount
Sample No. one side (g/m?) tension (dyn/cm) viscosity (cp) Type (mg/mole AgX) Remarks
137 3.15 6 2 (2) 120 No
138 3.15 6 0 (2) 120 No
139 3.15 3 2 (2) 120 No
140 3.15 5 0 (2) 120 No
141 3.05 6 2 (2) 120 No
142 3.05 6 0 (44) 120 Yes
143 3.05 6 0 (74) 120 Yes
144 3.05 5 2 (44) 120 No
145 3.05 J 0 (44) 120 No
146 3.05 5 0 {(44) 120 No
147 2.90 6 2 {74) 120 No
148 2.90 6 0 (2) 120 Yes
149 2.90 6 0 (44) 120 Yes
150 2.90 5 2 (44) 120 No
151 2.90 5 0 (2) 120 No
152 2.90 5 0 (74) 120 No
153 2.90 8 2 (44) 120 No
154 2.90 8 0 (2) 120 Yes
155 2.90 8 0 (74) 120 Yes
156 2.70 6 2 (74) 120 No
157 2.70 6 0 (44) 120 Yes
158 2.70 6 0 (2) 120 Yes
159 2.70 5 2 (2) 120 No
160 2.70 5 0 (44) 120 No
161 2.70 5 0 (74) 120 No
162 2.70 8 2 (2) 120 No
163 2.70 8 0 (44) 120 Yes
164 2.70 8 0 (74) 120 Yes
165 2.20 6 2 (44) 120 No
166 2.20 6 0 (74) 120 No
167 2.20 6 0 (2) 120 Yes
168 2.20 3 2 (44) 120 No
169 2.20 5 0 (2) 120 No
170 2.20 5 0 (74) 120 No
171 2.20 8 2 (74) 120 No
172 2.20 8 0 (2) 120 Yes
173 2.20 8 0 (44) 120 Yes
174 2.10 6 2 (74) 120 No
175 2.10 6 0 (74) 120 Yes
176 2.10 8 2 (74) 120 No
177 2.10 8 0 (74) 120 Yes
178 2.70 6 2 (a) 120 No
179 2.70 6 0 (b) 120 Yes
180 2.70 6 0 {C) 120 Yes
181 2.70 5 2 (a) 120 No
182 2.70 5 0 (b) 120 No
183 2.70 5 0 (©) 120 No
184 2.70 8 2 (a) 120 No
185 2.70 8 0 (b) 120 Yes
186 2.70 8 0 (¢) 120 Yes
187 3.05 6 2 (a) 120 No
188 3.05 6 0 (b) 120 Yes
189 3.05 5 2 (b) 120 No
190 3.05 5 0 (c) 120 No
191 2.20 6 2 (©) 120 No
192 2.20 6 0 (a) 120 Yes
193 2.20 3 2 (a) 120 No
194 2.20 5 0 (b) 120 No
195 2.70 6 2 None — No
196 2.70 6 0 None — Yes
197 2.70 6 ¢ None — Yes
“*Difference {between emulsion layer and protective layer)
Yes: Present invention
Ng: Not the invention
TABLE 12 TABLE 12-continued
Sample  Coating Sensi- Drying char-  Granu- Sample  Coating Sensi- Drying char-  Granu-
No. trouble tivity acteristic larity  Remarks 60 No. trouble tivity acteristic larity  Remarks
137 5 150 2 0.0017 No 47 2 165 4 0.0019 No
138 5 150 2 0.0017 No 48 4 170 4 0.0019 Yes
139 5 150 2 0.0017 No 49 5 165 4 0.0019 Yes
140 5 150 2 0.0017 No 150 2 165 4 0.0019 No
41 2 160 3 0.0018 No 151 2 170 4 0.0019 No
42 4 155 3 0.0018 Yes 65 152 2 165 4 0.0019 No
43 5 155 3 0.0018 Yes 153 2 165 4 0.0019 No
44 2 155 3 0.0018 No 154 4 170 4 0.0019 Yes
145 2 155 3 0.00i18 No 155 5 165 4 0.0020 Yes
146 2 155 3 0.0018 No 156 2 175 5 0.0020 No
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On these samples, experiments were carried out in the
same manner as in Example 6 to obtain the results as
shown 1n Table 15 shown below.

As will be clear from Table 15, in the grains having
the difference of 10 mole % or more in the iodine con-
tent between core and shell, the abrasion blackening is
hard to occur and also the sensitivity is excellent as
gelatin amount is smaller, when compared with the
grains having the difference of less than 10 mole .

Similar experiments were carried out also on sensitiz-
ing dyes (44) and (74) to obtain similar results.

TABLE 14

_ Silver halide emulsion layer
Gelatin

Using the emulsion used in Example 6, the sensitizing
dyes (2) were added, and thereafter, chloroauric acid,
sodium thiosulfate and ammonium thiocyanate were
added to carry out optimum gold and sulfur sensitiza-
tion, followed by stabilization with 4-hydroxy-6-meth-
yi-1,3,3a,7-tetrazaindene. Coating weight of silver was
45 mg/dm?, and other conditions same as in the proce-

dures 1n Example 5 were used to obtain the samples as
shown in Table 14 (Table 14-a, -b, -¢) shown below

7S
TABLE 12-continued
Sample  Coating Sensi- Drying char- Granu-
No. trouble tivity acteristic larity ~ Remarks
157 3 180 3 0.0020 Yes 5
158 4 175 5 0.0020 Yes
159 ] 180 5 0.0020 No
160 | 175 5 0.0020 No
161 1 175 5 0.0020 No
162 | 180 5 0.0020 No
163 4 175 5 0.0020 Yes 10
164 5 175 5 0.0021 Yes
165 1 190 5 0.0021 No
166 3 190 5 0.002]1 Yes
167 4 195 5 0.002! No
168 1 190 5 0.002}! No
169 1 195 5 0.0021 No 15
170 1 190 5 0.0021 No
{71 1 190 5 0.0021 No
172 4 195 5 0.0021 Yes
173 5 180 5 0.0021 Yes
174 1 195 5 0.0022 No
175 3 195 5 0.0022 Yes 20
176 1 195 5 0.0022 No
177 3 195 5 0.0022 Yes
178 1 135 5 0.0020 No
179 3 135 5 0.0020 Yes
180 4 135 5 0.0020 Yes
181 1 135 5 0.0020 No 25
182 1 135 5 0.0020 No
183 1 135 5 0.0020 No
184 i 135 5 0.0020 No
185 2 135 5 0.0020 No
186 2 135 5 0.0020 No
187 2 105 3 0.0018 No 30
188 2 105 3 0.0018 No
189 2 105 3 0.0018 No
190 2 105 3 0.0018 No
191 1 150 5 0.0021 No
192 3 150 5 0.002] Yes
193 { 150 5 0.0021 No 35
194 1 150 5 0.0021 No
195 | 130 5 0.0020 No
196 3 130 5 0.0020 Yes
197 3 130 5 0.0020 Yes
Yes: Present invention 40
No: Not the invention
TABLE 13
Total Diff. Sen-
gelatin in Diff. si-  ___ Sensitivity 45
Sam- amount per surface n tiz- 45 sec. 90 sec.
ple one side tension vis- Ing Proc- proc-
No. (2/m?) (dyn/cm) cosity dye  essing essing
138 3.15 6 0 (2) 150 170
143 3.05 6 0 (74) 155 175
149 2.90 6 0 (44) 165 130 0
158 2.70 6 0 (2) 175 190
167 2.20 6 0 (2) 195 205
175 2.10 6 0 (74) 195 205
180 2.70 6 0 (c) 135 140
188 3.05 6 0 (b) 105 115
192 2.20 6 0 @ 150 155 9
EXAMPLE 10
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Type of Type of Vis-
Sam- amount per surface  Surface thick- COS-
ple Emul-  one side active tension ening ity
No. 10N (2/m?) agent (dyn/cm)  agent (cp)
198 - E-16 2.00 (1) 36 (A) 0
199 E-17 2.00 (1) 36 (A) 0
2000 E-18 2.00 (1) 36 (A) {0,
201 E-19 2.00 (1) 36 (A) 0
202 E-20 2.00 (1) 36 (A) 10
203  E-16 1.70 (1) 35 (A) 10
24 E-17 1.70 (D) 35 (A) 0
205 E-18 1.70 (1) 35 (A) 10
206 E-19 1.70 (1) 35 (A) 10
207 E-20 1.70 (1) 35 (A) 10
Protective layer _
Gelatin Type of
Sam- amount per surface Surface Type of
ple one side active tension  thickening Viscosity
No. (g/m%) agent  (dyn/cm) agent (cp)
198 1.15 3-3 30 (B) 10
199 1.15 " 30 (B) 0
200 I.15 ! 30 (B) 0
201 1.15 ; 30 (B) 10
202 1.15 ' 30 (B) 10
203 1.00 2-80 29 (B) 10
204 1.00 " 29 (B) 10
205 1.00 ! 29 (B) 10
206 1.00 ' 29 (B) 10
207 1.00 " 29 (B) 10
Total Dift.* Daff.*
gelatin in sur- in
Sam- amount/ face Vis- Sensitizing dve
ple one side tension COSity Amount
No. (g/m?)  (dyn/cm)  (cp) Type (mg/mole AgX)
198 3.15 6 0 (2) 120
199 3.15 6 0 (2) 120
200 3.15 6 0 (2) 120
201 3.05 6 0 (2) 120
202 3.05 6 0 (2) 120
203 2.70 6 0 (2) 120
204 2.70 6 0 (2) 120
205 - 2.70 6 0 (2) 120
206 2.70 6 0 (2) 120
207 2.70 6 0 (2) 120
*Difference (between emulsion layer and protective layer)
TABLE 15
Sample No. Sensitivity Abrasion blackening
198 160 58
169 165 58
200 170 61
201 175 63
202 180 63
203 185 33
204 190 36
205 195 48
206 200 33
207 205 58
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EXAMPLE 11

Two kinds of silver iodobromide emulsions contain-
ing 3.0 mole % of silver iodide were prepared accord-
ing to regular mixing by a full ammonia method. They
comprised grains having an average grain size of 1.10
um and 0.80 um, respectively, which are designated as
emulsions E-29 and E-30, respectively. To these emul-
sions E-29 and E-30, the sensitizing dyes as shown in
Table 16 (Table 16-¢) were added. Thereafter, chlo-
roauric acid, sodium thiosulfate and ammonium thiocy-
anate were added to carry out optimum gold and sulfur
sensitization, followed by stabilization with 4-hydroxy-
6-methyl-1,3,3a,7-tetrazaindene.

Both sides of a polyester film support having been
subjected to subbing treatment were coated, together
with the above emulsions, with a protective layer to
which a hardening agent was added, to provide layers
in the order of the silver halide emulsion layer and the
protective layer according to a slide hopper method at
a coating rate of 100 m/min so that two layers may
simultaneously overlap, thereby obtaining Samples No.
208 to No. 230. Amount of gelatin, surface active

agents, difference in surface tension and sensitizing dyes
are shown in Table 16 (Table 16-a, -b, -c) with use of
reference to the above-mentioned exemplary compound
No. (and control dye No. shown below).

Silver weight was 45 mg/dm?2.

The amount of hardening agent in each of the above
samples was controlled to have a melting time of about
30 minutes.

In measuring R.M.S. granularity, the sample to
which no sensitizing dye was added was inserted to a
regular sensitizing screen NS (produced by Koni-
shiroku Photo Industry Co., Ltd.) and the sample to
which the sensitizing dye was added was 1nserted to an
orthochromatic sensitizing screen KS (produced by
Konishiroku Photo Industry Co., Ltd.).

Measurement of pressure desensitization was also
carried out in the following manner. That is, each sam-
ple was moisture-conditioned at 23° C., 35 9% R.H. for 5
hours, and, under such conditions, folded about 280°
with a curvature radius of 2 cm. Three (3) minutes after
folded, with use of an optical wedge, the sample was
exposed for 1/10 second using a tungsten lamp as a light
source to carry out development. The difference in
density between the portion with a blackening density
of 1.0 where desensitization occurred due to the folding
and the density of 1.0 at the portion where the sample
was not folded, was indicated by AD. It follows that,
the smaller this value is, the smaller the pressure desen-
sitization 1s.

Results obtained above are shown in Table 17.

Part of the samples were also processed to obtain the
sensitivity in the conventional 90 second processing by
dropping to 3 the line speed of the above 45 second
automatic processor. Results are shown in Table 18.

As will be clear from Table 17 and Table 18, the
samples according to this invention have good coating
properties and also totally excellent sensitivity, granu-
larity, pressure desensitization, abrasion blackening and
drying characteristics, and thus have the feasibility for
ultra rapid processing. It is also seen from the compari-
son with the conventional 90 second processing that the
sensitivity is higher than the conventional system, and
yet the processing time can be shortened to 4 to make
twice the processing abihity.

78
TABLE 16
Silver halide emulsion layer -
Gelatm
amount
> Sam- per one Surface active agent Surface
ple Emul- side Amount per one side tenston
No. sion {(g/m%) Type (g/m?) (dyn/cm)
208  E-29 1.60 1-5 2 x 10—% 35
209 E-30 2.10 1-5 2 x 104 35
10 210 E-30 2.10 1-5 2 x 10— 35
211  E-30 2.10 1-5 2 x 10—+ 35
212 E-30 2.00 1-5 2 X 10—+ 35
213  E-30 2.00 1-5 2 x 10—+ 35
214  E-30 2.00 1-5 2 X 10—4 35
215 E-30 1.60 {-5 2 X 10—+ 35
15 216 E-30 1.60 -5 2 X 10—* 35
217  E-30 .60 1.5 2 x 10—4 35
218  E-30 1.60 1-5 2 X 10—* 35
219  E-30 .60 1-5 2 %X 10—+ 35
220 E-30 1.60 1-5 2 x 10—% 35
221 E-30 1.60 1-5 2 x 10—4 35
20 222 E-30 1.60 1-5 2 X 10—4 35
223  E-30 1.60 1-5 2 x 10—4 35
224  E-30 1.10 1-5 4 x 10—4 34
225 E-30 1.10 -5 4 x 10—4 34
226 E-30 1.10 -5 4 x 104 34
227 E-30 1.10 -5 4 x 10—4 34
228 E-30 1.00 1-5 4 % 10—4 34
229  E-30 1.00 -5 4 x 10—4 34
230 E-30 1.00 -5 4 x 10—¢ 4
L Protective layer
Gelatin
Sam- amount per Surface active agent Surface
30 ple one side Amount per one side tension
No. (2/m?) Type (g/m?) (dyn/cm)
208 1.10 1-10 5 x 10—+ 25
209 1.10 1-10 8 x 10—+ 30
210 1.10 1-10 1 X 10—3 29
35 211 1.10 1-10 2 %X 103 27
212 1.10 1-10 8§ x 10—4 30
213 1.10 1-10 1 x 10— 29
214 1.10 1-10 2 X 10—7 27
215 1.10 2-80 4 x 10—4 30
216 1.10 2-80 7 x 104 29
217 1.10 2-80 2 % 10—3 27
40 ;13 1.10 2-80 4 % 10-3 25
219 1.10 2-24 3 x 103 25
220 1.10 2-24 3 x 10—3 25
221 1.10 2-24 3 x 10—3 25
222 1.10 2-24 3 x 10— 25
223 1.10 224 3 x 10— 25
45 224 1.10 2-81 6 x 10—+ 29
225 (.10 2-81 8 w 10— 28
226 1.10 2-81 4 x 103 24
227 1.10 2-81 | X 10—2 21
228 .10 2-33 2 % 103 26
229 1.10 2-33 4 x 10— 24
50 230 1.10 2-33 2 x 10—2 19
Total Daft.*
gelatin in sur- Sensitizing dye
Sam- amount/ face Amount
ple one side tension (mg/mole Re-
55 No. (g/m?) (dyn/cm) Type AgX) marks
208 2.70 i0 —_ — Yes
209 3.20 5 Compound (2) 120 No
210 3.20 6 Compound (2) 120 NO
211 3.20 8 Compound (2) 120 No
212 3.10 5 Compound (2) 120 No
60 213 3.10 6 Compound (2) 120 Yes
214 3.10 8 Compound (2) 120 Yes
215 2.70 5 Compound (2) 20 No
216 2.70 6 Compound (2) 20 Yes
217 2.70 8 Compound (2) 120 Yes
218 2.70 0 Compound (2) 120 Yes
65 216 2.70 10 —_ — Yes
220 2.70 10 Compound (44) 120 Yes
221 2.70 10 Compound (74) 120 Yes
222 2.70 10 Conirol (a) 120 Yes
223 2.70 10 Controi (b) 120 Yes
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TABLE 16-continued
224 2.20 3 Compound (2} 120 No
225 2.20 6 Compound (2) 120 Yes

226 2.20 10 Compound (2) 120 Yes
227 2.20 13 Compound (2) 120 Yes
228 2.10 8 Compound (2) 120 No
229 2.10 10 Compound (2) 120 No
230 2.10 15 Compound (2) 120 No

*Difference (between emulsion layer and protective layer)

Yes: Present invention

No: Not the invention

TABLE 17
Coat- Sen- Pres- Abra-

Sam- ing Si- sure sion Drying
ple  trou- tiv-  Granu-  desensi- blacken-  charac-
No. ble ity larity tization ing (g) teristic
208 d 100 0.0023 0.19 25 5
209 4 85 0.0017 0.06 60 2
210 3 85 0.0017 (.06 60 2
211 3 85 0.0017 0.06 60 2
212 3 90 0.0018 0.07 57 3
213 4 90 0.0018 0.07 57 3
214 5 90 0.0018 0.07 58 3
215 ! 120 0.0019 0.08 50 3
216 3 120 0.0019 0.08 50 5
217 4 120 0.0019 0.08 51 5
218 5 120 0.0019 0.08 52 3
219 5 75 0.0019 0.09 50 5
220 5 115 0.0019 0.08 52 5
221 5 120 0.0019 0.08 52 5
222 5 90 0.0019 0.09 52 S
223 5 95 0.0019 0.09 32 5
224 l 135 0.0020 0.09 45 5
225 3 135 (0.0020 0.09 45 3
226 4 135 0.0020 0.09 46 5
227 5 135 0.0020 0.09 47 5
228 l 140 0.0023 0.10 41 5
229 2 140 0.0023 0.10 41 5
230 2 140 0.0023 0.10 42 5

TABLE 18
Total Dhff.
gelatin in Amount of Sensitivity

Sam- amount per surface sensitizing 45 sec. 90 sec.
ple one side tension dye proc- proc-
No. (g/m%) (dyn/em) (mg/mol AgX) essing essing
211 3.20 8 Comp. (2) 120 85 105
214 3.10 3 Comp. (2) 120 90 110
218 2.70 10 Comp. (2) 120 120 135
219 2.70 10 e — 75 90
226 2.20 10 Comp. (2) 120 135 145
229 2.10 10 Comp. (2) 120 140 150

EXAMPLE 12

Here will be described on the preparation of emul-
sions E-31 to E-35 containing silver halide grains having
multi-layer structure. A 3.0N ammoniacal silver nitrate
solution and a solution containing 2.0 mole % each of
potassium iodide and 98.0 mole % of potassium bromide
were added 1n a gelatin solution according to a double
jet method at 45° C. while keeping pAg=11.0 and
pH=9.0. The addition rate was gradually accelerated
with growth of grains.

The resulting emuision was found to be an octahedral
monodispersed emulsion comprising grains having an
average grain size of 0.70 um. Keeping pAg=11.0 and
pH=9.0, an ammoniacal silver nitrate solution and a
potassium bromide solution were further added accord-
ing to a double jet method to form shells comprising
silver bromide alone. Obtained was an octahedral
monodispersed emulsion comprising grains having an

10

15

20

25

30

35

40

45

30

55

035

80

average grains size of 0.75 um. This emulsion was desig-
nated as E-31.

Following substantially the same procedures as those
for E-31, provided, however, that the ratio of potassium
10dide to potassium bromide was varied, that the core
size was varied so as to make uniform the average silver
1odide content after the formation of shells, and that the
addition rate at an initial stage of mixing was controlled,
there were prepared octahedral silver iodobromide
emulsions containing 5 mole %, 10 mole %, 25 mole %
and 40 mole %, respectively, of silver iodide. Subse-
quent steps were made quite the same as those for E-31
to prepare octahedral monodispersed emulsions com-
prising grains having an average grain size of 0.75 um,
which were respectively designated as E-32, E-33, E-34
and E-35. On E-29 and E-31 to E-35, chemical sensitiza-
tion and coating were carried out in the same manner as
in Example 1 to obtain samples No. 231 to No. 239.
Profiles of the samples are shown in Table 19 (Table
19-a, -b, -C).

These samples were evaluated in the same manner as
in Example 10 to obtain the results as shown in Table
20.

As will be clear from Table 20, the samples according
to this invention are excellent in sensitivity, granularity,
pressure desensitization, and abrasion blackening as a
whole, and it is also seen from the comparison with the
conventional 90 second processing that the sensitivity is
higher than the conventional system (samples No. 231
and No. 235), and yet the processing time can be short-
ened to 4 to make twice the processing ability.

TABLE 19
Silver halide emu_]_gj_g___nlalei_
Gelatin
amount
Sam- per one m__SE_mE_acti__ﬂgent Surface
ple Emul- side Amount per one side tension
No. sion (2/m?) Type (g/m?) (dyn/cm)
231 E-31 1.70 1-10 2 % 10—+ 35
232  E-33 1.70 © 1-10 2 X 10—% 35
233  E-34 £.70 -10 2 X 104 35
234 E.35 1.70 1-10 2 x 10—4 35
235  E-36 1.70 1-10 2 x 10—4 35
236 E-36 170 1-10 2 X 104 35
237  E-36 1.70 1-10 2 X 104 35
238 E-.36 1.70 1-10 2 x 10—+ 35
239  E-37 1.70 1-10 2 % 10—+ 35
__Protective layer L
Gelatin

Sam- amount per MVE agent . Surface

ple one side Amount per one side tension
No. (g/m?) Type (g/m?) (dyn/cm)
231 1.00 1-10 5 x 103 25
232 1.00 1-10 5 x 10— 25
233 1.00 1-10 5% 10—3 25
234 1.00 + 1-10 5 % 103 25
235 1.00 1-10 5% 10—3 25
236 1.00 1-10 5% 103 25
237 1.00 1-10 5 x 10—7 25
238 1.00 1-10 5 % 10—3 25
239 1.00 1-10 5 x 103 25

Total Dift.*
gelatin In sur- Sensttizing dve

Sam- amount/ face Amount

ple oneside tension (mg/mole Re-
No. (g/m?) (dyn/cm) Type AgX) marks
231 2.70 10 —_— — Yes
232 2.70 10 Compound (2) 120 Yes
233 2.70 10 Compound (2) 120 Yes
234 2.70 10 Compound (2) 120 Yes
235 2.70 10 — — Yes
236 2.70 10 Compound (2) 120 Yes
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TABLE 19-continued

82
These samples were evaluated in the same manner as
in Example 10 to obtain the results shown in Table 22.

237 2.70 10 Compound (74) 120 Yes
238 2.70 10 Control (¢) 120 Yes
TABLE 21
(Table 21-a) _ (Table 21-b)
Silver halide emulsion layer _Protective layer
Gelatin Surface active agent Surface Gelatin Surface active agent Surface
Sample . amount per Amount per tension amount per Amount per tension
No. Emulsion one side (g/m?) Type one side (g/m?) (dyn/cm) one side (g/m?) Type one side (g/m?) (dyn/cm)
240 E-29 .60 2-83 I x 10—4 35 1.00 2-81 1 x 10— 27
241 E-36 1.60 2-83 1 x 10— 35 1.00 2-81 I x 10—4 27
242 E-37 1.60 2-83 | x 104 35 1.00 2-81 1 x 10— 27
243 E-38 1.60 2-83 | x 10—4 35 1.00 2-81 | x 10=3 27
244 E-38 1.60 2-83 1 x 104 35 1.00 2-81 1 x 103 27
245 E-38 1.60 2-83 | x 104 35 1.00 2-81 | x 10— 27
246 E-38 1.60 2-83 1 X 10—4 35 1.00 2-81 1 x 10—3 27
247 E-39 1.60 2-83 1 X 10—4 35 1.00 2-81 I X 10— 27
(Table 21-c)
Sensitizing dye
Total gelatin amount/ Diff.* in surface Amount
Sampie No. one side (g/m?) tension (dyn/cm) Type {mg/mole/AgX) Remarks
240 2.60 8 e — Yes
241 2.60 8 Compound (44) 250 Yes
242 2.60 8 Compound (44) 250 Yes
243 2.60 8 — — Yes
244 2.60 8 Compound (44) 250 Yes
245 2.60 8 Compound (47) 250 Yes
246 2.60 8 Control (b) 250 No
247 2.60 8 Compound (44) 250 Yes
*Difference (between emulsion layer and protective layer)
Yes: Present invention
No: Not the invention
TABLE 22
239 2.70 10 Compound (2) 120 Yes s __Sensitivity
*Difference (between emulsion layer and protective layer) 3 45 sec. 90 sec. PI'ESSUI:E Abrasn_:m
Yes: Present invention Sample process- process- (Granu-  desensi-  blackening
No: Not the invention No. Ing ing lanity tization (g}
240 103 118 0.0024 0.19 23
241 130 145 0.0017 0.08 42
TABLE 20 40 242 140 155 0.0017 0.08 50
Sensitivity 243 95 110 0.0017 0.09 35
45 sec. 90 sec. Pressure Abrasion 244 145 160 0.0017 0.09 33
Sample  process- process- Granu-  desensi-  blackening 245 145 160 0.00 : 7 0.09 5‘:
No. ing ing larity tization () 246 105 120 0.0017 0.09 52
237 148 165 0.0017 0.09 58
231 100 115 0.0023 0.19 25
232 115 130 0.0016 0.08 45 43
233 120 135 0.0016 0.09 47 As will be clear from Table 22, the samples according
%g‘; Igg }gg gﬁig g'gg 2; to this invention are excellent in sensitivity, granularity,
136 135 150 0.0016 0.09 60 pressure desensitization, and abrasion blackening as a
237 135 150 0.0016 0.09 58 whole, and it 1s also seen from the comparison with the
238 100 L13 0.0016 0.10 57 50 conventional 90 second processing that the sensitivity is
237 13 152 0.0016 0.1 02 higher than the conventional system (samples No. 240
and No. 243), and yet the processing time can be short-
ened to 4 to make twice the processing ability.
EXAMPLE 13 P 5

Formation of core grains was carried out in the same 55
procedures as those for E-32 to E-35 to prepare octahe-
dral silver iodobromide emulsions containing 5 mole %,

10 mole %, 25 mole % and 40 mole %, respectively, of
silver iodide. In the same procedures as those for E-31,
except that shells were made to contain 1.0 mole % of 60
potassium iodide, octahedral monodispersed emulsions
comprising grains having an average grain size of 0.75
um were prepared, which were respectively designated

as E-36, E-37, E-38 and E-39.

On these emulsions, chemical sensitization and coat- 65
ing were carried out 1n the same manner as in Example
10 to obtain samples No. 240 to 247. Profiles of the
samples are shown in Table 21 (Table 21-a, -b, -c).

EXAMPLE 14

While controlling at 60° C., pAg=8.0and pH=2.0, 2
cubic monodispersed emulsion comprising silver 10do-
bromide grains having an average grain size of 0.28 um
and containing 2.0 mole % of silver 1odide were pre-
pared according to a double jet method. Part of this
emulsion was used as cores, and allowed to grow in the
following manner. That 1s, to the solutions containing
the core grains and gelatin, an ammoniacal silver nitrate
solution and a solution containing potassium 10odide and
potassium bromide were added at 40° C., pAg 8.0 and
pH 9.5 according to a double jet method to form a first
coat each containing 5 mole %, 10 mole %, 25 mole %
or 40 mole % of silver 1odide.
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Each of the emulsions was treated in the quite same
procedures as those for E-2, except that the pAg was
made to be 9.0, to form a second coat comprising silver

bromide alone, thereby preparing core/shell emulsions

84

ing performance and drying characteristics even when
an ultra rapid processing of total processing time of 20
seconds to 60 seconds i1s carried out.

This invention can also give a light-sensitive si halide

comprising cubic monodispersed silver iodobromide 5 photographic material being involved in less trouble in
grains having an average grain size of 0.65 um, which coating even with a small amount of gelatin, suffering
were designated as E-40, E-41, E-42 and E-43, respec- less abrasion blackening or pressure desensitization, and
tively. All of these emulsions were made to have an also having excellent graininess.

average silver iodide content of 3.0 mole %. We claim:

On these monodispersed emulsions, chemical sensiti- 10 1. A light-sensitive silver halide photographic ele-
zation and coating were carried out in the same manner ment comprising a support having on one side thereof at
as in Example 10 to obtain samples No. 248 to No. 255. least two photographic constituent layers comprising:
Profiles of the samples are shown in Table 23 (Table (a) at least one silver halide emulsion layer formed
23-a, -b, -C). from at least one first coating solution comprising a

These samples were evaluated in the same manner as 15 silver halide photographic emulsion and having
in Example 10 to obtain the results as shown in Table surface tension x; and
24, (b) an outermost hydrophilic colloid layer adjacent to

TABLE 23

(Table 23-a)

Siulver halide emulsion layer _

(Table 23-b)
Protective laver

Gelatin __Surface active agent  Surface Gelatin __Surface active agent Surface
Sample amount per Amount per tension amount per Amount per tension
No. Emulsion cne side (g/m?) Type  one side (g/mz) (dyn/cm) one side (g/m?) Type one side (g/m%) (dyn/cm)
248 E-29 1.50 2-82 1 x 10—4 35 1.10 2-82 4 x 10—3 25
249 E-40 1.50 2-82 | x 10—4 35 1.10 2.82 4 % 10—3 25
250 E-41 1.50 2-82 I x 10—4 35 1.10 2-82 4 x 10— 25
251 E-42 1.50 2-82 1 x 10—+ 35 1.10 2-82 4 x 10—? 25
252 E-42 1.50 2-82 1 x 10—4 35 1.10 2.82 4 x 10—° 25
253 E-42 1.50 2-82 1 X 104 35 1.10 2-82 4 x 10—3 25
254 E-42 1.50 2-82 1 x 10—* 35 1.10 2-82 4 x 10—3 25
255 E-43 1.50 2-82 1 x 10—4 35 1.10 2-82 4 x 103 25
(Table 23-c)
Sensitizing dye
Total gelatin amount/ Diff.* in surface Amount
Sampie No. one side (g/m?) tension (dyn/cm) Type (mg/mole/AgX) Remarks

248 2.60 10 — — Yes

249 2.60 10 Compound (74) 50 Yes

250 2.60 10 Compound (74) 50 Yes

251 2.60 10 — — Yes

252 2.60 10 Compound (74) 50 Yes

253 2.60 10 Compound (69) 30 Yes

254 2.60 10 Control {c) 50 Yes

255 2.60 10 Compound (74) 50 Yes

*Difference (between emulsion layer and protective layer)
Yes: Present invention
No: Not the invention

TABLE 24
Sensttivity

- 45 sec. 90 sec. Pressure Abrasion

Sample  process- process- Granu-  desensi-  blackening
No. Ing ng lanty tization (2)
248 103 118 0.0024 0.19 23
249 135 150 0.0014 0.06 45
250 150 165 0.0014 0.06 53
251 100 115 0.0014 0.06 35
252 155 170 0.0014 0.06 35
253 155 170 0.0014 0.06 55
254 110 125 0.0014 0.06 52
255 158 175 0.0014 0.07 57

As will be clear from Table 24, the samples according
to this invention are excellent in sensitivity, granularity,
pressure desensitization, and abrasion blackening as a
whole, and 1t is also seen from the comparison with the
conventional 90 second processing that the sensitivity is
higher than the conventional system (samples No. 248
and No. 251), and yet the processing time can be short-
ened to 3 to make twice the processing ability.

As described in the foregoing, this invention can give
a light-sensitive silver halide photographic material
excellent in sensitivity, contrast, maximum density, fix-

45

30

335

60

65

said at least one silver halide emulsion layer, said
outermost layer being formed from a second coat-
ing solution comprising a hydrophilic colloid and
at least one surface active agent, said second coat-
ing solution having a surface tension y, wherein y is
smaller than x by at least 6 dyne/cm;
wherein

(a) said photographic element has 2.20 to 3.10 g/m?2 of
gelatin 1n the photographic constituent layers on
sald one side of said support, or

(b) each of said first and second coating solutions has

a viscosity of 20 ¢p or less;
and wherein

(a) the surface tension, x, of said first coating solution

1S about 34 to 36 dynes/cm and

(b) the surface tension, y, of said second coating solu-

tion 1s about 19 to 30 dynes/cm.

2. The light-sensitive silver halide photographic ele-
ment according to claim 1, wherein said at least one
silver halide emulsion layer comprises a sensitizing dye
having an absorption band in the visible light region.
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3. An X-ray light-sensitive silver halide photographic
element according to claim 2.

4. The light-sensitive silver halide photographic ele-
ment according to claim 2, wherein said sensitizing dye
comprises at least one compound selected from the
group consisting of compounds represented by Formu-

las (I), (1I) and (III): Formula (I):

Formula (I)

R>
~0 II\I
>= CH—CH=CH—< ] Z5
5 v

R Rj3

(X177 dn—1

wherein Ri, Ry and Rj3 each represent a substituted or
unsubstituted alkyl group, alkenyl group or aryl group,
and at least one or R} and Rj3 represents a sulfoalkyl
group or a carboxyalkyl group; X|— represents an an-
10n; Z1 and Z, represent a group of nonmetallic atoms
necessary for the completion of a substituted or unsub-
stituted carbon ring; and n represents 1 or 2, provided
that n 1s 1 when an intramolecular salt i1s formed;

0 lrﬁ o Formula (II)
Z) >= CH=C=CH—, ] Z;
[N N*
R Rs
(X277 )n—1

wherein R4 and Rs each represent a substituted or un-
substituted alkyl group, alkenyl group or aryl group,
and at least one of R4 and Rs represents a sulfoalkyl
group or a carboxyalkyl group; R¢ represents a hydro-

gen atom, a lower alkyl group or an aryl group; X;— 40

represents an anion; Z; and Z; represent a group of
nonmetallic atoms necessary for the completion of a
substituted or unsubstituted carbon ring; and n repre-
sents 1 or 2, provided that nis 1 when an intramolecular
salt 1s formed;

R Formula (II1)

Ill? 9
N N
Z [ >=CH—CH=CH—'< j 2
N N>
R R

8 10

(X3 )n—1

wherein R7 and Rg each represent a substituted or un-
substituted lower alkyl group; Rs and Rig each repre-
sent a lower alkyl group, a hydroxyalkyl group, a sulfo-
alkyl group or a carboxyalkyl group; X3— represents an
anion; Z1 and Z; represent a group of nonmetallic atoms
necessary for the completion of a substituted or unsub-
stituted carbon ring; and n represents 1 or 2, provided
that n is 1 when an intramolecular salt 1s formed.

5. An X-ray hght-sensitive silver halide photographic
element according to claim 4.

6. The light-sensitive silver halide photographic ma-
terial according to claim 1, wherein the difference in the
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viscosity between said second coating solution and said
first coating solution is in the range of 2 cp.

7. The light-sensitive silver halide photographic ele-
ment material according to claim 4, wherein the anion
represented by X~ is selected from the group consist-
ing of a chloride ion, a bromide i1on, an iodide 10n, a
thiocyanate ion, a sulfate ion, a perchlorate 1on, a p-tol-
uene sulfonate ion and an ethyl sulfate ion; and said
substituted or unsubstituted carbon ring containing Zi
or Z is a substituted or unsubstituted benzene or naph-
thalene ring.

8. The light-sensitive silver halide photographic ele-
ment according to claim 4, wherein the lower alkyl
group represented by Rg is selected from the group
consisting of a methyl group, an ethyl group, a propyl
group and a butyl group; the aryl group represented by
Rg is a phenyl group; the anion represented by Xz~ 1s
selected from the group consisting of a chloride 1on, a
bromide ion, an iodide ion, a thiocyanate ion, a sulfate
ion, a perchlorate ion, a p-toluene sulfonate ion and an
ethyl sulfate ion; and said substituted or unsubstituted
carbon ring containing Zj; or Z3 is a substituted or un-
substituted benzene or naphthalene ring.

9. The light-sensitive silver halide photographic ele-
ment according to claim 4, wherein the unsubstituted
lower alkyl group represented by R7and Rg1s selected
from the group consisting of a methyl group, an ethyl
group, a propyl group and a butyl group; the iower
alkyl group represented by Rg and R g 1s selected from
the group consisting of a methyl group, an ethyl group,
a propyl group and a butyl group; the anion represented
by X3~ is selected from the group consisting of a chlo-
ride ion, a bromide ion, an iodide ion, a thiocyanate 1on,
a sulfate ion, a perchlorate ion, a p-toluene sulfonate 10n
and an ethyl suifate ion; and said substituted or unsubsti-
tuted carbon ring containing Z; or Z i1s a substituted or
unsubstituted benzene or naphthalene ring.

10. The light-sensitive sitlver halide photographic
element according to claim 4, wherein the total amount
of said compounds represented by Formuias (I), (II) and
(IT1) present in said at least one silver halide emulsion
layer is from 10 mg to 900 mg per 1 mole of silver halide
in said silver halide emulsion layer.

11. The light-sensitive silver halide photographic
element according to claim 4, wherein said at least one
silver halide emulsion layer comprises silver halide
grains having a multilayer structure comprising silver
iodobromide, wherein the difference in average 10dine
contents between two layers in said multilayer struc-
ture, which are adjacent to each other and have uniform
10odine distributions, is 10 mole % or less.

12. The light-sensitive silver halide photographic
element material according to claim 11, wherein said
multilayer structure comprises an inner nucleus and
coats, said inner nucleus and coats comprising a com-
pound selected from the group consisting of silver bro-
mide, silver iodobromide and silver 1odide.

13. The light-sensitive silver halide photographic
element according to claim 11, wherein the surface
layers of said grains having a multilayer structure com-
prise a compound selected from the group consisting of
silver bromide and silver 1odobromide.

14. The light-sensitive silver halide photographic
element according to claim 1, wherein said at least one
silver halide emulsion layer comprises silver halide
grains which have an average grain size within the
range of 0.30 to 1.50 pm.

x *

x * *



	Front Page
	Specification
	Claims

