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This invention relates to photographic elements for
use in radiography, and more particularly, to X-ray
sensitive elements which have materially reduced sensi-
tivity to visible radiation.

It is know that photographic silver halide emulsions
can be usefully employed in radiography, and that these
sensitive elements can be provided with an opaque or
light impervious overcoat, which is removed during or
after processing to a radiographic image. It is obvious
that such protective layers have many drawbacks in that
they cause contamination of the photographic treating
solutions, or they require a separate step to remove them
from the surface of the photographic element. Further-
more, it is frequently difficult to disperse uniformly the
light reflective or light absorptive pigment throughout
the overcoating layer with the result that uniform pro-
tection is not aways provided.

Other radiographic elements have been suggested which
comprise a protective overcoat containing chrome yel-
low, Venetian red, or the like, and these pigments do
have the advantage of allowing the element to be handled
in ordinary ordinary daylight or room light, but it is
necessary to remove them prior to photographic develop-
ment, and this development must then necessarily be
carried out in a darkroom.

It has also been suggested that photographic silver ¢

halide emuisions designed for use in radiography be
substantially desensitized to visible radiation without ma-
terially affecting their sensitivity to X-rays. However,
as a practical matter, it has been difficult to discover de-
sensitizing compounds which effectively reduce the sen-
sitivity of these emulsions to visible radiation without
materially reducing the sensitivity of the emulsions to
X-ray.

We have now found a class of disulfide compounds
which can be effectively employed to reduce the sen-
sitivity of X-ray emulsions to visible radiations so that
they can be handled easily under ordinary safelights.
These disulfides of our invention have the advantage of
only slightly lowering the sensitivity of these emulsions
to X-rays.

The disulfide compounds useful in our invention are
known as thiuram disuifides and they are characterized
by marked desensitizing action toward silver halide emul-
sions, insofar as their sensitivity to visible radiations is
concerned (particularly those beyond the blue region
of the spectrum), yet retaining substantially the sen-
sitivity of the emulsions to X-rays. The thiuram di-
sulfide desensitizers which can be effectively employed
in our invention include those represented by the fol-
lowing general formula:

R 9 3 R
\N—g— s— S——(@-—N/
AN

Ri Ra

wherein R and R, each represents an alkyl group, such as
methyl, ethyl, propyl, butyl, isobutyl, etc. (e.g., an alkyl
group containing from 1 to 4 carbon atoms), an aryl
group, such as phenyl, tolyl, etc., or together R and R,
represent the atoms necessary to conplete an azine ring,
such as morpholine, piperidine, etc., or, alternatively, a

pyrrolidine ring, for example. The thiuvram disulfide
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compounds are characterized in that the nitrogen atoms
thereof are tertiary nitrogen atoms, Typical compounds
included by the above general formula are, for example,
the following:

(1) Bis(dimethylthiocarbamyl)disulfide

CH; 8 ] CH;
N—}IJ—S——S——(”J—-N/
CH; CHj
(2) Bis(diisobutylthiocarbamyl)disulfide
i) CiHg 3 S CiHy (@)
N—(LE— 8—8 —-(Ll—N
(i) CaHg \C4Hv ®
(3) Bis(4-morpholinothiocarbonyl)disulfide
Hy T, oy T,
c—C 8 9 c—C
of >N—(”)—- s— s—(uJ—N< >o
s, &, th
(4) Bis(1-piperidylthiocarbonyl)disulfide
o, H, Hy Hy
c=c¢ 8 S c—C
HgO\ >N—(||)—s—s—g—N< >CH2
B 5,
(5) Bis(diethylthiocarbamyl)disulfide
CHjs S 3] CyHg
N Il
N—C—~8§~§—C—N
02H5/ CoHy
(6) Bis(N-methyl-N-phenylthiocarbamyl)disulfide
' CH, S 8 CH;
\N—y)—s— s—yJ——N
CoHj CoHs
(7) Bis(diphenylthiocarbamyl)disulfide
CeHjp S S CeHs
\N—(ILJ——S—S——I —N/
C uHE/ \C 1Hs

The above compounds can be prepared according to tech-
niques which have been previously described in the prior
art, and any of these well known processes can be used
to prepare these compounds.

In the copending application of A. H. Herz, Serial
No. 147,766, filed October 26, 1961, now Patent No.
3,144,336, there is described a method of sensitizing
photographic emulsions by a combination of two sulfur-
containing compounds, neither of which is a sensitizer
in its own right., As indicated in this application, one
of these sulfur-containing compounds can be a thiuram
disulfide. However, it is imperative in the sensitizing
combinations of U.S. application 147,766, now Patent
Mo. 3,144,336, that a sulfinic acid compound be present.
However, in the present invention no sensitization occurs:
since no reaction occurs between a sulfinic acid compound
and the decomposition products of the thiuram disulfide
compounds,

The quantity of thiuram disulfide compound employed

5 a . . . .
in our invention can be varied, depending upon the par-

ticular silver halide used in the emulsion, the amount
of gelatin or other colloid binder, etc. In general, we
have found that quite useful results can be obtained at
concentrations as low as 2 mg. per mole of silver halide,
while amounts as high as 75 mg. per mole of silver
halide can be used without affecting the X-ray sensitivity
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too seriously. Different types of silver halide, e.g., silver
chloride, silver bromide, silver chlorobromide, etc., can
be employed although we have found that 1od1de -con-
taining emulsions are especially useful. ‘These typically
include silver- bromoiodide, - silver chloroiodide, silver
chlorobromoiodide, etc. Emulsions - which form the
latent image: especially within the silver halide grain can
be. usefully ‘employed in our invention. -The prepara-
tion of such internal latent image emulsions is described
in Davey and Knott U.S. Patent 2,592,250, issued - April
8, 1952." The amount of desensitizer employed will ob-
v1ously depend somewhat upon .the type of silver halide
emulsion used.

In order to decrease still further the sensitivity of the
silver halide emulsions of our invention to visible radia-
tion, a small amount of a light-absorbing organic dye
can be employed either- in the. emulsion or in’ an over-
coating layer.
invention may retain some sensitivity in the blue region
of the spectrum, it.has been found that many azo dyes,
such as tartrazine, can be usefully employed. Other
visible-light absorbing dyes which can be employed in
such arrangements are 2-(2’-methoxy styryl)guinoline
hydlochlorlde, the condensation product of two -molecu-
lar proportions of quinaldine methosulfate and one molec-
- ular proportion of 4,4’-diphenyl dialdehyde pyridine, 4,4’-

methenyl-bis-(1-naphthyl - 3 - methylpyrazolone 5), etc.:

Other light-absorbing dyes are ‘described .in: Dostes and
Pfaff U.S. application Serial- No. 83,709, filed January
19, 1961. The amount of ‘light-a b°orb1ng dye used to

reduce the sensitivity of our photographic elements can

vary as described in Serial No. 83,709. Instead of using
a dyed silver halide emulsion layer or a dyed overcoating
layer to protect further-the radiographic sensitive layer,
it is possible to use a light-absorbing silver halide emul-

sion layer which has very low sensitivity to visible radia- -
tion. Lippmann-type emulsions can conveniently be-em-

ployed for this purpose.- Silver iodide-containing emul-
sion layers are also useful for this purpose:

Tf desired, the silver halide emulsion layers of our in-
vention ‘can_be coated-on. one .or both sides of-a trans-
parent support, ‘such -as- cellulose ester film, polyester
film, polycarbonate film, polystyrene ﬁlm, etc.

Since the-silver halide emulsions of our.
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The silver halide can be dispersed in any -of the con- .

ventional hydrophilic * water-permeable ~ binding. mate-
rials, such as gelatin,-albumin, .polyvinyl pyrrolidone,
polyvinyl alcohol, hydrolyzed cellulose acetate, -etc.

The following examples’ will serve. to. illustrate more
fully the manner of practicing our invention:

EXAMPLE 1

An ordinary coarse-grained sﬂver bromoiodide. emul—
sion of the type normally used in radiography, which had
been - chemically sensitized fo -its optlmum ‘speed - was
divided into several portions and each portion was:then

treated with- varying amounts .of bls(dlmethylﬂchxocar-:

bamy!)disulfide at the concentrations indicated in the fol-
lowing table. One portion of emulsion was untreated
and this served as a control.

of emulsion was thén coated on an mdmary celliilose ace-:.
tate film base, and the coatings dried. The coated films’
were then divided in-half and one-haif was: exposed. to:

80 ‘kilovolt X-rays and ‘the other: half was-divided into
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‘Each of the aliquot portions. -

60

_ , 4
the strips which had- been exposed through Wratten filters
was measured. . The following results were obtained:

Table I
i Addenda,] Rel. Gross D (7 mins. Exp.)
Coating mg./mol. | Speed
. CAgX to
X-rays 6B [e] e} 0A 00
0 . 100 >3 >3 >3 >3
5 98 0.28 >3 >3 >3
10 89 0.12 0.60 1.1 - >3
20 9 0.12 0.12 0.14 >3
30 71 0.12 0.12 0.12 1.02
50 55 0.12 0.12- 0,12 0.48
EXAMPLE 2

An crdinary photooraplnc ‘bromoiodide . emulsion of
the type described in Example 1 was treated with' com-
pounds as identified in the following table at the amount
shown and strips of film coated with these emulsions were
exposed either to 80 kv. X-rays or to a 15-watt darkroom
lamp mounted 4 feet above the film plane and equipped
with either a Wraiten Series OA or Series-OO Filter. . The
safelight exposure was for- 6 minutes. The strips were
then developed in an MQ developer, fixed, washed and
dried, ‘as described in Example The following results
were obtamed

Table 11
80 kv. Safelight Exposure
- Direct
- _Addenda X-ray Ex-
Coating (mg./mole AgX) - posure,
i : Rel. Spd. Gross, | Density,
at D =0.85 OA 00
. above fog
0 100 0. 56 >3.0
25 mg. Compound 1 _____ 93 - .0.12 0.68
25 mg. Compound 2___:- 95 0.18 1.62
_| 40 mg. Compound-2._.._ 93 0.14 | 1.21
75 mg. Compound 2.__._ 50 0.12 0,68
25 mg. Compound 3_____ 107 0.12 0.72
35 mg. Compound 3._.._ 100 0.12 0. 59
50 mg. Compound 3__._. 95 0.12 |. 0.52

Kodak Developer D-19b" has the followmg composi-

tion:

Grams
N- methylup-anunophenol sulfate _______________ 2.2
Hydroquinone e e 8.8
Sodium sulfate anhydrous ____________________ 72.0
Sodiom: carbonate-crystalline - e 130.0
Potassium bromide — ool 4.0

Water to make.1 liter.

For use in the prevent invention, this developer was found
most effective- when the pH was raised slightly to 11.0 by
the addition of additional alkali.

Kodak Safelight Filter Wratten Series OA transmits
visible. radiation prxncxpally ‘between about 540 and 680
my with maximum transmission at about 575 mu.  (Den-

‘sity of ‘about. .76 at this point.)- Kodak Safelight Filter

‘Wratten Series OC transmits radiation principally between
about 560 and 660 mu with maximum transmittance at
about 585 .mpu. (Density of ‘about-0.92 .at this point.)

_Kodak Safelight Filter Wratten Series OO transmits sub-

four strips which were-separately exposed to a 100-watt"

bulb equipped with a Kodak Wratten’ Filter as indicated
in the table at a distance of 14 inches.
film- was. then- developed for 5" minutes. in-an ordmary
MQ developer, ie., a developer containing hydroquinone
and N-methyl-p- amn'-ophenol sulfate, such -as Kodak DPe-

veloper D—19b to which had been added a- small amount

Fach section of
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of alkali to increase the pH to about 11.0." After develop-:-.
ment, the. strips were then: ﬁxed washed and-dried in-the ..

usual ‘manner.

had been- exposed to- 80 kvi:iXirays were then. measuled
-ata dens1ty of 0: 85 above fog and the: gross den51ty of

- The-relative: speeds ofthé:coatings which -

75

stantially all' wavelengths beyond about 530 mu. (Den-

sity of 0.8 at about 530.). - Kodak Safelight Filter-Wratten

Series 6B fransmits. radiation between about 565 and 660
my with fnaximum tr ansmxttance at about 595 mp. - (Den-

 sity of 1.7 at this point.):-

The -amount: of desers1tlzlng compound used ‘can be

>var1ed considerably ‘as’shown in the- above examples.

““The invention has been described in detail with partic-
ular Treference to- prererred embodiments thereof, but it
w1ll be uinderstood that:variations and modifications can

- be-effected within thé" spirit’ and -scope- of ~the -invention
“as dnscnbed Lereinabove and-as deﬁned 1n the appended

clalms
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What we claim as our invention and desire secured by
Letters Patent of the United States is:

1. A photographic silver halide emulsion which has
been substantially desensitized to visible radiation by the
addition thereto of from 2 to 75 mg. per mole of silver
halide of a tetraalkyl thiuram disulfide,

2. A photographic emulsion according to claim 1
wherein said disulfide is bis(dimethylthiocarbamyl)disul-
fide.

3. A photographic emulsion as defined in claim 1
wherein said disulfide is bis(diisobutylthiocarbamy!)di-
sulfide.

4, A photographic element comprising a transparent,
flexible support having coated thereon a photographic
silver halide emulsion having substantially reduced sensi-
tivity to visible light by the addition thereto of from 2 to
75 mg. per mole of silver halide of a tetraalkyl thiuram
disulfide.

5. A photographic element comprising a transparent,
flexible support having coated thereon a photographic
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silver halide emulsion having substantially reduced sensi-
tivity to visible light by the addition thereto of from 2
to 75 mg. per mole of silver halide of bis(dimethylthio-
carbamy!)disulfide.

6. A photographic element comprising a transparent,
flexible support having coated thereon a photographic
silver halide emulsion having substantially reduced sensi-
tivity to visible light by the addition thereto of from 2
to 75 mg. per mole of silver halide of bis{diisobutylthio-
carbamyl)disulfide. ’

References Cited by the Examiner
UNITED STATES PATENTS

2,759,821 8/56 Jomesetal. .. 96—109
2,927,899 3/60 Goldwasser oo 260—567
3,017,270 1/62 Tregillus et al. o ___ 96—29

NORMAN G. TORCHIN, Primary Examiner.



