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(71) We, AGFA-GEVAERT, a naamloze vennootschap, organised under 
the laws of Belgium; of 27, Septestraat, B 2510 Mortsel, Belgium; do hereby 
declare the invention, for which we pray that a patent may be granted to us, and the 
method by which it is to be performed, to be particularly described in and by the 

5 following statement:— 5 
This invention relates to photosensitive elements for use in radiography, and 

to radiographic processes using such elements. 
Manufacturers of photosensitive elements incorporating light-sensitive silver 

halide emulsions for use in radiography are often faced with performance 
10 requirements which place conflicting demands on the composition of the 10 

photosensitive elements. Among such performance requirements are a certain 
mitiimum photographic speed, short processing time and a certain minimum 
standard of image density and resolution 

In order to Form radiographic images by relatively low X-ray dosages it is well 
15 known to use X-ray intensifying screens of the fluorescent type. These screens 15 

absorb X-rays and convert the absorbed energy into light to which the photo-
sensitive silver halide emulsions are sensitive. 

With a view to achieving some reconciliation between maximum optical 
image density requirements and economy in processing times, in particular the 

20 fixing time, it is an advantage to employ a photosensitive element having its total 20 
silver halide content distributed in emulsion layers disposed on opposite sides of 
the emulsion layer support. Such "double-sided" elements are normally exposed 
between two intensifying screens. The latter may be separate elements or they may 
be integral parts of a single element which also incorporates the silver halide 

25 emulsion layers. 25 
One of the other factors which is of much importance for certain radiographic 

work, and which has already been touched upon, is the image resolution. The 
capacity to resolve very fine detail of a subject is of course dependent inter alia on 
the resolving power of the light-sensitive silver halide emulsion layers. The 

30 resolving power of a photographic element is often expressed in terms of its 30 
Modulation Transfer Function (MTF), a characteristic which represents the 
resolving power of the element independently of subject contrast (see e.g. SPSE 
"Handbook of Photographic Science and Engineering" Edited by Woodlief 
Thomas, Jr. John Wiley & Sons, pages 942 to 949). 

35 During exposure of a light-sensitive element having emulsion layers on 35 
opposite sides of a support as above referred to, light from one intensifying screen 
irradiates the adjacent silver halide emulsion layer and the emulsion layer on the 
opposite side of the emulsion layer support. This phenomenon is known as "cross-
over" or "cross-talk". Due to refraction and other light-deflection phenomena 

40 within the photosensitive element, this cross-over can and does impair image 40 
definition. There are various factors which determine the extent to which 
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undesirable cross-over effects occur in a given screen-film system. One of these 
factors is the concentration of silver halide in the silver halide emulsions. In 
commercial X-ray screen-film systems a relatively high concentration of silver 
halide is usually employed in order to obtain a good contrast and maximum image 

5 density. With such relatively high silver halide concentrations adverse cross-over 5 
effects tend to be quite small. However the presence of such relatively high silver 
tialide concentrations adversely affects processing times. Instead of adopting such 
a relatively high silver halide concentration, the undesirable cross-over effects can 
be reduced by using emulsions of small silver halide grain size. However, 

10 unfortunately a decrease in the silver halide grain size of the emulsion is, other 10 
things being equal, accompanied by a lowering of the photographic speed. 

The foregoing indicates some of the problems involved in providing 
photosensitive elements to satisfy various requirements. In the nature of the case a 
compromise has to be made between different objectives. It is inevitable that 

15 performance needs arise which are not adequately met by any existing elements. 15 
The present invention provides elements having as compared with those 

hitherto known a new combination of useful properties. 
According to the present invention there is provided an element or 

combination of elements for use in forming a radiographic image, such element or 
20 combination of elements comprising: 20 

(1) a support bearing on each side thereof a light-sensitive silver halide emulsion 
layer each containing silver halide grains spectrally sensitized by means of one 
or more sensitizing dyes to light in the wavelength range 450—570 nm; each 
such layer being capable by exposure to such light and full development of a 

25 covering power (as herein defined) of more than 50; and said emulsion layers 25 
together containing silver halide in an amount equivalent to less than 8 g of 
silver per square meter; and 

(2) at least one intensifying screen which when activated by X-rays emits 
fluorescent light predominantly of wavelengths above 410 nm and of maximum 

30 intensity in the wavelength range 450—570 nm; 30 
the or each said intensifying screen giving with respect to said light-sensitive layers 
an intensification factor (as herein defined) of at least 20 at 40 kV and at least 25 at 
80 kV. 

The term "covering power" means the optical density of the developed silver 
35 divided by the mass of developed silver in grams per square decimeter, and is thus 35 

the reciprocal of the photometric equivalent of developed silver. Fine grain silver 
halide emulsions have a higher covering power than coarse-grained emulsions. (Cf: 
P. Glafkides, "Photographic Chemistry*5 Vol I (1958) 89—90). 

The term "intensification factor" as used in the foregoing definition and 
40 hereafter in this specification is a value obtained by dividing the radiation dose 40 

necessary for producing with the aid of the intensifying screen(s) a silver image of 
given density (Density: 1.00), by the radiation dose required to produce a silver 
image of the same density without the aid of the intensifying screen(s), the 
wavelength distribution of the radiation and the development conditions being the 

45 same in the two cases. 45 
Elements and combinations of elements according to the invention as 

hereinbefore defined can be used not only in radiography by means of X-rays, but 
also in radiography by means of other non-visible penetrating radiation, e.g. /}-
rays, y-rays or fast electrons e.g. as formed in an electron microscope. 

50 A light-sensitive element comprising a support bearing on opposite sides 50 
thereof silver halide emulsion layers as specified in the above definition of the 
invention, is believed to be new as such, and the invention accordingly includes 
any such light-sensitive element without intensifying screens. Such a light-sensitive 
element can be placed between separate green-emitting intensifying screens 

55 having the properties hereinbefore referred to, by the user, prior to exposure to X- 55 
rays or other radiation activating the intensifying screens. 

Although a single intensifying screen can be used, the element or combination 
of elements according to the invention preferably comprises two intensifying 
screens disposed with the said light-sensitive emulsion layers between them. In 

60 order to avoid repeated reference to the alternative, the presence of two 60 
intensifying screens will be assumed in the following further description of the 
invention and its use. 

In preferred embodiments of the invention the intensifying screens are 
separately constituted elements, which can be separated from the light-sensitive 

65 element. However it is within the scope of the invention for the intensifying 
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screens to be integral parts of a single element which also incorporates the light-
sensitive silver halide emulsion layers. 

Any required intermediate and/or protective and/or stripping layers as known 
per se may be provided between or over the light-sensitive emulsion layers and the 
fluorescent screens. 5 

Because the light sensitive emulsion layers contain silver halide grains which 
are spectrally sensitized to green light it is possible to use intensifying screens 
comprising certain rare earth phosphors, particulars of which are hereafter given, 
which have emission peaks in the green and many of which have notably high X-
ray absorption coefficients and/or X-ray conversion efficiencies. Such screens, in 10 
or in combination with a light-sensitized element as herein before specified, make 
up high speed screen-film systems of particular value for forming radiographic 
images of good quality for low X-ray exposure values. 

The intensifying screens may, for example, incorporate phosphors or 
fluorescing substances comprising compounds of elements with atomic number 39 15 
or 57 to 71, which include yttrium, gadolinium lanthanum and cerium. Particularly 
suitable are the rare earth oxysulphide and oxyhalide fluorescing materials 
activated with other selected rare earths, e.g. lanthanum and gadolinium 
oxybromides activated with terbium or dysprosium, and lanthanum and 
gadolinium oxysulphides activated with terbium europium, or a mixture of 20 
europium and samarium. These rare earth fluorescent materials have been 
extensively described in recent literature, e.g. in German Patent Specification 
1,282,819, French Patent Specifications 1,540,341,1,580,544 and 2,021,397, French 
Patent of Addition 94,579 to 1,473,531 and United States Patent Specification 
3,546,128; by K.A. Wickersheim et al in "Rare Earth Oxysulphide X-ray 25 
Phosphors", IEEE Nuclear Science Symposium, San Francisco, October 29—31, 
1969 and by R.A. Buchanan in IEEE Transactions on Nuclear Science, February 
1972, pages 81—83. These rare earth photoluminescent materials especially the 
gadolinium and lanthanum oxysulphides and oxyhalides activated with other 
selected rare earths e.g. erbium, terbium and dysprosium have a high X-ray 30 
"stopping power" or average absorption and high emission density and enable 
radiologists to use substantially lower X-ray dosage levels. -

Specific phosphors which are very suitable for use in the intensifying screens 
employed in the present invention, and which we cite merely as examples, are 
phosphors having the following general formula: 

M(w_n).M'„OwX 

wherein: 
M is at least one of the metals yttrium, lanthanum, gadolinium or lutetium, 
M' is at least one of the rare earth metals dysprosium, erbium, europium, 

holmium, neodymium, praseodymium, samarium, terbium, thullium or 
ytterbium, 

X is sulphur or halogen, 
n is 0.0002 to 0.2, and 
w is 1 when X is halogen or is 2 when X is sulphur. 

The preparation of phosphorus falling within the scope of that general 
formula has been described e.g., in French Patent Specification 1,580,544, in 
United States Patent Specifications 3,418,246 and 3,418,247 and in United 
Kingdom Patent Specification 1,247,602. 

A fluorescent screen containing a mixture of (A) yttrium oxysulphide 
activated with from 0.1 to 10% by weight of terbium or activated with terbium and 
dysprosium, and (B) gadolinium or lanthanum or lutetium oxysulphide activated 
with terbium or dysprosium is particularly effective for converting X-rays to visible 
light. A preferred ratio by weight of (A) to (B) is 25:75. 

Particularly recommended phosphors for use in the present invention are 
terbium-activated gadolinium or lanthanum oxysulphides falling within the scope 
of the above general formula and having emission peaks at 490 and 540 nm. 

Other suitable intensifying screens containing fluorescent materials that emit 
green light when exposed to cathode rays and X-ray radiations are described in 
United Kingdom Patent Specification 1,248,968. 

The selected phosphor(s) can be incorporated in a layer which is carried by a 
support or which is a self-supporting layer or sheet. 

Preferably each of the phosphor layers is a layer which contains the phosphor(s) 
dispersed in a binder and which has a thickness of from 0.05 to 0.5mm. The binder 
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may be e.g., an organic high molecular weight polymer. Preferred binding agents 
are cellulose nitrate, ethylcellulose, cellulose acetate, polyvinyl acetate, 
polystyrene, polyvinylbutyral and polymethyl methacrylate. 

Generally, a suitable proportion of high molecular weight polymer with 
5 respect to fluorescent material is 5—15% by weight. The grain size of the 5 

fiuorescent=substances is preferably in the range 1—25 ft. 
The phosphor layers may be protected against moisture and mechanical 

damage by a coating of an organic high polymer having, e.g., a thickness of 0.001 
to 0.05mm. Such a protective coating may be, e.g., a thin film of cellulose nitrate, 

10 cellulose acetate or polymethyl methacrylate. 10 
Besides the fluorescent light directed normally onto the silver halide layers 

there is always an amount of diffuse radiation in the fluorescent screens. This 
diffuse radiation can give rise to some image unsharpness. This can be avoided 
or substantially so by incorporating a fluorescent light-absorbing dye (herein-

15 after called a "screening dye") in the fluorescent screens, e.g., in the 15 
phosphor layers or in layers adjacent thereto e.g., antihalation layers or 
screen covering layers. As the oblique radiation covers a longer path in 
the phosphoriayers it is attenuated by the screening dye or dyes to a greater extent 
than the radiation incident on the emulsion layers normally thereto. A light-

20 absorbing dye present in the fluorescent screens and functioning in the said 20 
manner is hereafter called a "screening dye". This term includes coloured 
substances in molecularly divided form and pigments. 

It is much preferred to employ intensifying screens which are elements 
separable from the light-sensitive element. When using separate intensifying 

25 screens comprising a support carrying the phosphor layer, a screening dye may be 25 
provided in an antihalation layer subjacent to the phosphor layer, preferably in an 
amount of at least 0.5mg/mz, for attenuating the reflection of diffuse radiation from 
the support. 

An example of a suitable screening dye for use in fluorescent screens emitting 
30 in the wavelength region 500—600 nm is Neozapon Fire Red (C.I. Solvent Red 30 

119) an azochromium rhodamine complex. Other suitable screening dyes are: C.I. 
Solvent Red 8, 25, 30, 31, 32, 35, 71, 98,99, 100, 102, 109, 110, 118, 124 and 130. 

The screening dye does not have to be removed from the fluorescent screens 
and therefor may be any dye or pigment absorbing in the emission spectrum of the 

35 fluorescent substance(s). Thus a black substance such as carbon black 35 
incorporated in an intensifying screen antihalation layer yields quite satisfactory 
results. 

Very good results are obtained by using a screening dye or screening dyes in 
antihalation layers as aforesaid and in the phosphor layers. The screening dye(s) 

40 may be present in each phosphor layer in an amount e.g. of 5mg/mz. 40 
The amounts of screening dye above referred to are given only as examples 

because the amounts used in any given case can be chosen according to the 
required results. 

Adverse cross-over effects can be still further reduced by incorporating a 
45 filtering dye, which absorbs light in the emission wavelength range of the 45 

intensifying screens, in the support for the silver halide emulsion layers and/or in at 
least one of the layers carried thereby. Filtering dyes absorbing in the wavelength 
range 450nm to 600nm may be used. 

It is very satisfactory to incorporate one or more filtering dyes in a hydrophilic 
50 colloid layer between the silver halide emulsion layers, or in the emulsion layers 50 

themselves. A said filtering dye(s) may as an alternative or an addition be 
incorporated in one or more subbing layers, and/or, as already referred to, in the 
emulsion layer support. The said support may e.g. incorporate a screening dye 
giving it a blue appearance. Advantageously the support incorporates a filtering 

55 dye which confers on the support a specular absorption density reaching 0.45 in 55 
the 480—700 nm wavelength range. When a filtering dye or dyes is or are used it 
preferably has such chemical and/or physical characteristics that such dye(s) can 
be removed or decolourized in one of the processing baths. 

Generally, it is suitable to use the filtering dye(s) in an amount from 25 to 1000 
60 mg/m2 but lower or higher amounts can be used if required. ^Q 

Suitable filtering dyes that can be removed from hydrophilic colloid layers are 
e.g. those listed in the following table 1. 
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5 12. "Filterblaugrun"® Farbwerke Hochst 5 

For carrying the silver halide emulsion layers it is an advantage to use a 
support such that the light-sensitive element can readily pass through a rapid 
automatic processor. The support should for this purpose be reasonably flexible 

10 and the support should be able to maintain the dimensional stability and integrity JQ 
of the various coatings thereon. Suitable materials for film supports are cellulose 
nitrate, cellulose esters, polyvinyl acetal, polystyrene and polyethylene 
terephthalate. 

The silver halide grains may be spectrally sensitized by any of the known 
15 procedures. They may be spectrally sensitized by means of common spectrally ^ 

sensitizing dyes used in silver halide emulsions, which include cyanine dyes and 
merocyanine dyes as well as other dyes e.g. as described by F.M. Hamer in "The 
Cyanine Dyes and related Compounds", Inter-science Publishers (1964). These 
dyes are preferably used in an amount in the range of 20 mg to 250 mg per mole of 

20 silver halide. 20 
Suitable spectral sensitizing dyes for the silver halide are listed, by way for 

example only, in the following Table 2. 
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TABLE 2. 
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Supersensitization in the green spectral range may be obtained by using a 

combination of compounds 22 and 23 of Table 2 in a molar ratio 1:2. 
5 The silver halide emulsion layers may be of any required composition for 5 

forming a negative silver image silver chloride, silver iodide, silver bromide, silver 
chlorobromide and silver bromoiodide may for example be used. Particularly good 
results are obtained with silver bromoiodide emulsions in which the average size of 
the silver bromoiodide crystals is in the range 0.1 to 3 microns. 

10 The total silver halide quantity per unit area is equivalent to less than 8 g of 10 
silver per square meter. Preferably each of the silver halide layers contains silver 
halide in an amount equivalent to less than 4 g per square metre. 

It is preferred for the light-sensitive element to contain a total amount of 
silver halide equivalent to 3 to 8 g of silver per square metre. 

15 In certain embodiments of the invention the light-sensitive element is only 15 
capable of transmitting from one intensifying screen to the more remote silver 
halide emulsion layer less than 40% and preferably less than 30% of the incident 
radiation from said screen. The required light transmittance can be achieved in a 
variety of ways, e.g. by the incorporation of light absorbing barriers, e.g. 

20 undercoats, which can be positioned between the silver halide emulsion layers, by 20 
appropriate choice of the composition of such emulsion layers, by including 
filtering dyes as hereinbefore referred to, by adjusting the halide balance or by 
appropriate choice of the silver halide grain shape, grain size, size distribution and 
the like. 

25 The silver halide emulsion may be non-spectrally chemically sensitized by any 25 
of the known procedures. Thus the emulsions may be digested with naturally 
active gelatin or with small amounts of sulphur-containing compounds such as allyl 
thiocyanate, allylthiourea, or sodium thiosulphate. The silver halide emulsion can 
likewise be non-spectrally sensitized by means of reducing agents, e.g. tin 

30 compounds as described in United Kingdom Patent Specification 789,823, 30 
polyamines e.g. diethyltriamine, or small amounts of noble metal compounds such 
as of gold, platinum, palladium, iridium, ruthenium, and rhodium as described by 
R. Koslowsky, Z.Wiss.Phot. 46, 67—72 (1951). Representative examples of 
suitable noble metal compounds are ammonium chloropalladate, potassium 

35 chloroplatinate, potassium chloroaurate and potassium aurithiocyanate. 35 
Emulsion stabilizers and antifoggants may be added to the silver halide 

emulsion e.g., the known sulphuric and selenic acids or salts thereof, aliphatic, 
aromatic or heterocyclic mercapto compounds or disulphides, e.g. those described 
and claimed in published German Patent Application 2,100,622, preferably 

40 comprising sulpho groups or carboxyl groups, mercury compounds e.g. those 40 
described in Belgian Patent Specifications 524,121—677,337—707,386 and 709,195 
and tetra-azaindenes as described by Birr in Z.Wiss.Phot. 47,2—58 (1952), e.g. the 
hydroxy tetraazaindenes of the following general formula: 

0H 
A A 

v ? r B a A r
c = " 

45 wherein: 45 
each of R, and Rz represents hydrogen, an alkyl, an aralkyl, or an aryl group, and 
R3 represents hydrogen, an alkyl, a carboxy, or an alkoxy-carbonyl group, such as 
5-methyl-7-hydroxy-s-triazolo[l,5-a]-pyrimidine. 
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Other additives may be present in one or more of the hydrophilic colloid 
layers of the light sensitive element, e.g. hardening agents such as formaldehyde, 
dialdehydes, hydroxy aldehydes, mucochloric and mucobromic acid, acrolein, and 
glyoxal, mordanting agents for anionic colour couplers or dyes formed therefrom, 

5 plasticizers and coating aids e.g. saponin, e.g. dialkylsulphosuccinic acid salts such 5 
as sodium diisooctylsulphoccinate, alkylaryl polyether sulphuric acids, alkylaryl-
polyethersulphonic acids, carboxylalkylated polyethyleneglycol ethers or esters as 
described in French Patent Specification 1,537,417 such as iso-
C8H17—C6H4(OCH2CH2)8OCH2COONa, fluorinated surfactants e.g. those 

10 described in Belgian Patent Specification 742,680 and the published German 10 
Patent Applications 1,950,121 and 1,942,665, inert particles such as silicon dioxide, 
glass, starch and polymethylmethacrylate particles. 

Development of the light-sensitive element after exposure thereof can be 
accelerated by carrying out the development in the presence of a development 

15 accelerator. A development accelerator can be incorporated in the silver halide 15 
emulsion, in layers adjacent thereto or in the developing bath. They include 
alkylene oxide compounds of various types, e.g. alkylene oxide condensation 
products or polymers as described in United States Patent Specifications 
1,970,578—2,240,472—2,423,549—2,441,389—2,531,832 and 2,533,990 and in 

20 United Kingdom Patent Specifications 920,637—940,051—945,340—991,608 anc 20 
1,015,023. Other development accelerating compounds are onium and polyonium 
compounds preferably of the ammonium phosphonium, and sulphonium type for 
example trialkyl sulphonium salts such as dimethyl-n-nonyl sulphonium p-toluene 
sulphonate, tetraalkyl ammonium salts such as dodecyl trimethyl ammonium p-

25 toluene sulphonate, alkyl pyridinium and alkyl quinolinium salts such as 1-m- 25 
nitrobenzyl quinolinium chloride and 1-dodecylpyridinium chloride, bis-alkylene 
pyridinium salts such as N,N'-tetramethylene bispyridinium chloride, and 
quarternary ammonium and phosphonium polyoxyalkylene salts especially 
polyoxyalkylene bispyridinium salts, examples of which can be found in United 

30 States Patent Specification 2,944,900. 30 
Development can be achieved by means of an energetic surface developer to 

reduce the development time. Thus, development may take place in an alkalized 
developing liquid (pH 9—12) and by using a high-energy developer or a 
combination of developing substances having a synergistic effect. 

35 The preferred embodiments of the invention employ light-sensitive silver 35 
halide emulsions which develop to form a black and white silver image. However, 
if required in any given case, additional optical image density can be realised by 
forming a supplementary dye image. This may be done by incorporating in the 
silver halide emulsion at least one colour coupler which at least at the stage of the 

40 development is capable of forming a dye with the oxidation product of an aromatic 40 
primary developing agent, e.g. of the p-phenylenediamine type. 

When applying a colour development preferably so-called 2-equivalent 
couplers are used to further reduce the consumption of silver. Thus only 2 instead 
of 4 molecules of exposed silver halide are necessary for the production of 1 dye 

45 molecule. Such couplers contain in the coupling position, e.g. a halogen atom such 45 
as iodine, bromine, or chlorine (see therefor e.g. the United States Patent 
Specification 3,006,759). The final image density is thus attributable to the 
densities of the silver images and the dye images. 

For good visual retrieval of the recorded information it is recommended to 
50 use phenol or a-naphthol type colour couplers which on colour development of 50 

the silver halide with an aromatic primary amino developing agent form a 
quinoneimine dye mainly absorbing in the red and also absorbing in the green and 
having an absorption maximum in the spectral wavelength range of 550 to 700 (cf. 
the published German Patent Application D.O.S. P 1,946,652). 

55 Examples of phenol couplers suitable for that purpose are those having the 55 
following general formula: 

OH 

wherein: 
each of R, and R2 represents an unsubstituted or substituted carboxylic acid acyl 

60 or sulphonic acid acyl group, e.g. an aliphatic carboxylic acid acyl group, an 60 



aromatic carboxylic acid acyl group, an heterocyclic carboxylic acid acyl group, 
e.g. a 2-furoyl group or a 2-thienoyl group, an aliphatic sulphonic acid acyl group, 
an aromatic sulphonic acid acyl group, a sulphonyl thienyl group, an aryloxy-
substituted aliphatic carboxylic acid acyl group, a phenyl carbamyl aliphatic 
carboxylic acid group, or a tolyl carboxylic acid acyl group. 

For such types of phenol colour couplers and their preparation reference may 
be made to United States Patent Specifications 2,772,162 and 3,222,176, to United 
Kingdom Patent Specification 975,773. 

When colour images are prepared together with silver images, use is 
preferably made of aromatic primary amino colour developing agents e.g. N,N-
dialkyl-p-phenylene-diamines and derivatives thereof, e.g. N,N-diethyl-p-
phenylenediamine, N-butyl-N-sulphobutyl-p-phenylenediamine, 2-amino-5-
d ie thy laminoto luene hydrochlor ide , 4-amino-N-ethyl-N(/3-methane 
sulphonamidoethyl)-m-toluidine sesquisulphate monohydrate and N-hydroxy-
ethyl-N-ethyl-p-phenylenediamine. The colour developer can be used together 
with black-and-white developing agents e.g. l-phenyl-3-pyrazolidinone and p-
monomethylaminophenol which are known to have a synergistic effect on colour 
development (see L.F.A. Mason, J.Phot.Sci. 11 (1963) 136—139), and other p-
aminophenol derivatives, e.g. those according to French Patent Specification 
1,283,420 such as 3-methyl-4-hydroxy-N,N-diethylaniline, 3-methyl-4-hydroxy-N-
ethyl-N-/3-hydroxyethylaniline, l-methyl-6-hydroxy-l,2,3,4-tetrahydroquinoline, 1-
/3-hydroxyethyl-6-hydroxy-l ,2,3,4-tetrahydroquinoline, and N-(4-hydroxy-3'-
methylphenyl)-pyrrolidine. It is also possible to use combinations of aromatic 
primary amino colour developing agents to obtain an increased rate of colour 
development (see e.g. German Patent Specification 954,311 and French Patent 
Specification 1,299,899); favourable effects are obtained e.g. by the use of N-ethyl-
N-2-hydroxyethyl-p-phenylenediamine together with N-butyl-N-sulphobutyl-p-
phenylenediamine, 2-amino-5-diethylamino-toluene hydrochloride or N,N-
diethyl-p-phenylenediamine hydrochloride. 

The developing solutions may also comprise any of the usual additional 
ingredients e.g. sodium sulphite and hydroxylamine or derivatives thereof, 
hardening agents, antifoggants e.g. benzotriazole, 5-nitro-benzimidazole, 5-nitro-
indazole, halides such as potassium bromide, silver halide solvents, toning and 
intensifying compounds and solvents e.g., dimethylformamide, dimethyl-
acetamide and N-methyl-pyrrolidone for chemical ingredients that are difficult to 
dissolve in the preparation of the developing solutions or that tend to precipitate 
upon standing. 

As already mentioned the support for the light-sensitive emulsion layers may 
be coloured. Blue dyes are preferred for this purpose. It is advantageous to use a 
linear condensation polymer for the material of the emulsion layer support, blue 
coloured polyethylene terephthalate being an example thereof. The support may 
be coated with subbing layers for improving the adhesion of gelatino-silver halide 
emulsion layers. 

The mechanical strength of melt-extruded supports of the polyester type can 
be improved by stretching. In some cases as described in the United Kingdom 
Patent Application 1,234,755 the support may carry a subbing layer in the 
stretching stage. 

Suitable subbing layers are known to those skilled in the art of silver halide 
photography. With regard to the use of hydrophobic film supports reference is 
made to the composition of subbing layers described in the United Kingdom 
Patent Specification 1,234,755. 

According to said specification a hydrophobic film support has 1) a layer 
which is directly adherent to the said hydrophobic film support and comprises a 
copolymer formed from 45 to 99.5% by weight of at least one of the chlorine-
containing monomers vinylidene chloride and vinyl chloride, from 0.5 to 10% by 
weight of at least an ethylenically unsaturated hydrojjhilic monomer, and from 0 to 
54.5% by weight of at least one other copolymerisable ethylenically unsaturated 
monomer; and 2) a layer comprising in a ratio of 1:3 to 1:0.5 by weight a mixture of 
gelatin and a copolymer of 30 to 70% by weight of butadiene with at least one 
copolymerisable ethylenically unsaturated monomer. 

The exposed radiographic elements of the present invention are preferably 
processed in an automatic processing apparatus for X-ray films in which the 
photographic material is guided automatically and at a constant speed from one 
processing unit to the other. However the exposed elements can be processed in 
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any other required manner, e.g. by manual operations using conventional 
processing tanks. 

For common emulsion preparation process and the use of particular emulsion 
ingredients reference is made in general to the Product Licensing Index of 

5 December 1971 in which the following terms are dealt with in more details: 5 

I/II Emulsion type and preparation of said element 
III Chemical sensitization 
IV Development modifiers 
V Antifoggants and stabilizers 

10 VI Developing agents 10 
VII Hardeners 
VIII Binding agents or polymers for silver halide layers 

and other layers 
IX Antistatic layers 

15 X Supports 15 
XI Plasticizers and lubricants 
XII Coating aids 
XV Spectral sensitization agents for silver halides 
XXIII Colour material ingredients 

20 XVI Absorbing and filter dyes 20 
XXI Physical development systems, and 
XVII and 

XVIII Addition agents and coating procedures. 

The invention will now be illustrated by specific examples (Examples 1 and 2 
25 below). In connection with Example 1 we would draw attention to our co-pending 25 

patent application No. 51628/71 Serial No. 1,414,455 in which there is described 
and claimed a light-sensitive material suitable for use in radiography comprising a 
support bearing at least one light-sensitive layer in which there is at least one 
colour coupler capable of coupling with an oxidized aromatic primary amino 

30 colour developer to form a dye and in which there is combined a first silver halide 30 
emulsion which contains silver halide grains spectrally sensitized to light in the 
wavelength range 480 to 600 nm and which is capable of producing a visible image 
upon exposure to light in said wavelenth range followed by colour development 
with a said primary amino colour developer, and a second emulsion which 

35 contains silver chloride and the blue-light sensitivity of which is less than one 35 
hundredth of the blue-light sensitivity of the said first emulsion. The presence of 
the relatively low speed silver chloride emulsion promotes the realisation of a 
colour image of good quality when the exposed element is subjected to processing 
at elevated temperature so as to shorten the processing time. The said Example 1 

40 which follows hereafter makes use of the invention which is the subject of that co- 40 
pending application. 

Example 1. 
A radiographic colour material was prepared in the following way. 
To 155 g of a high speed silver bromoiodide emulsion (9 mole % silver iodide) 

45 which comprises an amount of silver halide equivalent to 23.9 g of silver nitrate 45 
and 15.5 g of gelatin, and which has an average silver halide grain-size of 800 nm, 
22.5 ml of a 0.5% methanolic solution of the following sensitizing dye were added: 

o -

0 f ^ 0 

I f - U - o 
(c;i2)3-oso,| 

(CHĝ -OSOjH 

The potential covering power of said emulsion was 200. 
50 Then 200 g of a low speed silver chloride emulsion comprising an amount of 50 

silver chloride equivalent to 24 g of silver nitrate and 16.8 g of gelatin were added 
to the spectrally sensitized silver bromoiodide emulsion. 

The low speed silver chloride emulsion was prepared by admixing an aqueous 
solution of silver nitrate to an aqueous gelatin/sodium chloride solution, 

55 precipitating the gelatin emulsion with ammonium sulphate, washing and 55 
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peptizing. Gelatin was then added as well as 5-methyl-7-hydroxy-s-triazolo[l,5-a]-
pyrimidine so that no chemical ripening occurred. The mean grain-size of the 
silver chloride emulsion was 220 nm. 

The mixture was melted by heating for 1 h at 38°C whereupon were added: 
5 a) 14.5 g of the colour coupler having the formula: 

CH2C00H ^JL-NHCO-JJ^I 

from an aqueous alkaline solution, 
b) sufficient aqueous acetic acid solution to neutralize the emulsion (pH 7), 
c) 5-methyl-7-hydroxy-s-triazolo[l,5-a]pyrimidine as emulsion stabilizer, 

10 d) saponin as coating aid, and 
e) mucochloric acid as hardening agent. 

The emulsion was diluted to make 920 ml and then coated on both sides of a 
subbed polyethylene terephthalate support, the total surface of which is 10 sq.m. (2 
x 5 sq.m). On both sides a gelatin antistress layer of 0.0015 mm was provided 

15 whereupon the radiographic colour material formed was dried. . „ 
The spectrally sensitized material has a sensitivity maximum at about 555 nm. 
A second light-sensitive material was prepared by an identical procedure 

except that the spectrally sensitizing dye was omitted. Each of the spectrally 
sensitized and non-spectrally sensitized materials was placed between two 

20 fluorescent intensifying screens comprising as luminescent material gadolinium 20 
oxysulphide activated with terbium and the two screen-film systems were exposed 
to 60 kV X-ray radiation through a lead bar test object in order to determine the 
relationship between speed and modulation transfer function (MTF). 

After removal of the intensifying screens the radiographic colour materials 
25 were automatically colour-processed, the processing including colour- 25 

development (24 sec at 41°C), fixing (20 sec at 41°C), rinsing (25 sec at 41°C) and 
drying (20 sec at 55°C). 

The developing bath used had a pH of 10.6 and comprised per litre: 8 g of N-
hydroxyethyl-N-ethyl-p-phenylenediamine, 1.5 g of hydroxylamine, 4 g of 

30 anhydrous sodium sulphite, 1 g of potassium bromide, and 65 g of anhydrous 30 
potassium carbonate. Fixing occurred by means of a sodium thiosulphate fixing 
solution. 

The measurements of the relationship between MTF and speed occurred by 
means of a microdensitometer and showed that for a given MTF value, the 

35 photographic speed of the screen-film system incorporating the spectrally 35 
sensitized emulsion layers was about 320% of the speed of the other screen-film 
system. 

It was also found that the combined use of the above luminescent screens with 
the spectrally sensitized radiographic colour material yields a more favourable 

40 relationship between MTF and speed than the combined use of the said non- 40 
spectrally sensitized radiographic colour element with conventional calcium 
tungstate screens. 

Example 2. 
A silver bromoiodide X-ray emulsion (1.5 mole % of silver iodide) was 

45 prepared in such a way that it contained silver halide grains with an average grain 
size of 0.60 /u and comprised per kg an amount of silver halide corresponding to 
190 g of silver nitrate and 74 g of gelatin. As stabilizing agents the emulsion 
contained per kg 545 mg of 5-methyl-7-hydroxy-s-triazolo[l ,5-a]pyrimidine, 6.5 mg 
of l-phenyl-5-mercaptotetrazole, and 0.45 mg of mercury cyanide. The silver 

50 halide emulsion was spectrally sensitized for green light with a spectral sensitizing 
agent corresponding to the structural formula: 

applied in an amount of 120 mg per mole of silver halide. The potential covering 
power of said emulsion was 60. 

55 The above emulsion was coated on both sides of a double side subbed 
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polyethylene terephthalate support in such a way that on each side of the support a 
silver halide emulsion layer was obtained containing an amount of silver halide 
equivalent to 6 g of silver nitrate per sq.m. 

Each emulsion layer was coated with a gelatino antistress layer at a coverage 
5 of 1 g per sq.m. 5 

This material and a comparative material prepared under identical 
circumstances but without the addition of the spectrally sensitizing dye wre each 
placed between two fluorescent intensifying screens comprising as luminescent 
material gadolinium oxysulphide activated with terbium and the radiographic 

10 combinations formed were exposed to 60 kV X-ray radiation through a lead bar 10 
test object in order to determine the relationship between speed and modulation 
transfer function. 

After removal of the fluorescent screens the radiographic materials were 
processed in an automatic 90 seconds processing machine. The development 

15 occurred for 23 seconds at 35°C in Agfa-Gevaert's hardening developer G 138 15 
which comprises hydroquinone and l-phenyI-3-pyrazolidinone as developing 
agents and glutaraldehyde as hardener. 

The measurement of the speed occurred by means of a densitometer and 
showed that for a given MTF value the photographic speed of the screen-film 

20 system incorporating the spectrally sensitized emulsion layers was about 320% the 20 
speed of the non-spectrally sensitized material. 

It was also found that the combined use of the above luminescent screens with 
the spectrally sensitized radiographic material yields a more favourable 
relationship between MTF value and speed than the combined use of the said non-

25 spectrally sensitized radiographic element with conventional calcium tungstate 25 
screens. 

WHAT WE CLAIM IS:— 
1. An element or combination of elements for use in forming a radiographic 

image, such element or combination of elements comprising: 
30 (1) a support bearing on each side thereof a light-sensitive silver halide emulsion 30 

layer each containing silver halide grains spectrally sensitized by means of one 
or more sensitizing dyes to light in the wavelength range 450—570 nm; each 
such layer being capable by exposure to such light and full development of a 
covering power (as herein defined) of more than 50; and said emulsion layers 

35 together containing silver halide in an amount equivalent to less than 8 g of 35 
silver per square meter; and 

(2) at least one intensifying screen which when activated by X-rays emits 
fluorescent light predominantly of wavelengths above 410 nm and of maximum 
intensity in the wavelength range 450—570 nm; 

(0 the or each said intensifying screen giving with respect to said light-sensitive layers 40 
an intensification factor (as herein defined) of at least 20 at 40 kV and at least 25 at 
80 kV. 

2. A combination of elements according to claim 1, comprising a pair of said 
intensifying screens and a separate said light-sensitive element which is located 

15 between said screens. 45 
3. An element or combination of elements according to claim 1 or 2, wherein 

there is at least one said screen which contains a fluorescent substance comprising 
an element with an atomic number of 39 or in the range 57 to 71. 

4. An element or combination of elements according to claim 3, wherein there 
>0 is at least one said screen which contains a fluorescent substance comprising a rare 50 

earth oxysulphide or oxyhalide activated with one or more other rare earth 
elements. 

5. An element or combination of elements according to claim 4, wherein there 
is at least one said screen which contains a fluorescent substance comprising a 
lanthanum or gadolinium oxybromide or oxychloride activated with terbium or 55 
dysprosium. 

6. An element or combination of elements according to claim 4, wherein there 
is at least one said screen containing a fluorescent substance comprising a 
lanthanum or gadolinium oxysulphide activated with terbium, europium or a 
mixture of europium and samarium. ^Q 

7. An element or combination of elements according to any of claims 4 to 6, 
wherein the or each screen comprises a layer which contains fluorescent 
substance(s) dispersed in a binder and which has a thickness of from 0.05 to 0.5 
mm. 
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8. An element or combination of elements according to any preceding claim, 
wherein there is at least one said screen which contains a fluorescent substance 
corresponding to the following general formula: 

M(w_JM'nOwX 

5 wherein: 5 
M is at least one of the metals yttrium, lanthanum, gadolinium or lutetium, 
M' is at least one of the rare earth metals dysprosium, erbium, europium, 

holmium, neodymium, praseodymium, samarium, terbium, thullium or 
ytterbium, 

10 X is sulphur or halogen; 10 
n is 0.0002 to 0.2, and 
w is 1 when X is halogen or is 2 when X is sulphur. 

9. An element or combination of elements according to claim 8, wherein there 
is at least one said screen which contains a terbium-activated gadolinium or 

15 lanthanum oxysulphide having emission peaks at 490 and 540 nm. 15 
10. An element or combination of elements according to any preceding claim, 

wherein there is at least one said screen which contains a mixture of: 
(a) yttrium oxysulphide activated with from 0.1 to 10 % weight of terbium or 

activated with terbium and dysprosium and 
20 (B) gadolinium or lanthanum or lutetium oxysulphide activated with terbium or 20 

dysprosium. 
11. An element or combination of elements according to any preceding claim, 

wherein there is at least one said screen which contains fluorescent particles 
dispersed in a binder and in a proportion of 85—95% by weight with respect to 

25 such binder. 25 
12. An element or combination of elements according to any preceding claim, 

wherein there is at least one said screen which contains fluorescent particles in the 
size range 1—25 ju. 

13. An element or combination of elements according to any preceding claim, 
30 wherein the said silver halide emulsion layers together contain silver halide in an 30 

amount equivalent to at least 3 g of silver per sq.m. 
14. An element or combination of elements according to any preceding claim, 

wherein each of the said silver halide emulsion layers contains silver halide in an 
amount equivalent to less than 4 g of silver per sq.m. 

35 15. An element or combination of elements according to any preceding claim, 35 
wherein the silver halide is sensitized by at least one cyanine or merocyanine 
sensitizing dye. 

16. An element or combination of elements according to any preceding claim, 
wherein the silver halide in said silver halide emulsion layers is a silver bromo-

40 iodide having an average grain size in the size range 0.1 to 3 u. 
17. An element or combination of elements according to any preceding claim, 

wherein each of the silver halide emulsion layers contains a colour coupler for 
forming a dye with an oxidized p-phenylenediamine developing agent. 

18. An element or combination of elements according to claim 17, wherein-
45 each of the light-sensitive emulsion layers contains a phenol or a a-naphthol 

colour coupler which on development of the silver halide with an aromatic 
primary amino developing agent forms a quinoneimine dye mainly absorbing in 
the red and partly absorbing in the green and having an absorption maximum in 
the spectral wavelength range 550 to 700 nm. 

50 19. An element or combination of elements according to claim 18, wherein 
said colour coupler is a phenol corresponding to the following general formula: 

OH 

r V 

wherein: 
each of R, and R2 represents an unsubstituted or substituted carboxylic acid acyl 

55 or sulphonic acid acyl group. 
20. An element or combination of elements according to claim 19, wherein 
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each of R, and R2 represents an aliphatic acid acyl group, an aromatic carboxylic 
acid acyl group; a 2-furoyl, 2-thienoyl or other heterocyclic carboxylic acid acyl 
group; an aliphatic sulphonic acid acyl group, an aromatic sulphonic acid acyl 
group, a sulphonyl thienyl group, an aryloxy-substituted aliphatic carboxylic acid 

5 acyl group, a phenylcarbamyl aliphatic carboxylic acid acyl group, or a tolyl 5 
carboxylic acid acyl group. 

21. An element or combination of elements according to any preceding claim, 
wherein a dye (hereafter called "filtering dye") which absorbs light in the 
wavelength range 450—570 nm is distributed in a layer between said silver halide 

lO emulsion layers and/or is distributed in said emulsion layers in the binder for the 10 
silver halide grains, said filtering dye being capable of being decolourized in a 
processing bath for processing the stiver halide after exposure thereof. 

22. An element or combination of elements according to claim 21, wherein 
there is present as a said filtering dye, a dye having one of the chemical structures 

15 listed in Table 1 herein. 15 
23. An element or combination of elements according to any preceding claim 

wherein the support bearing said silver halide emulsion layers has a blue colour. 
24. An element or combination of elements according to any preceding claim, 

wherein a dye (hereafter called "screening dye") for absorbing some of the light 
20 emitted by fluorescent substance(s) in said intensifying screen(s) is present in the 20 

or each layer containing such fluorescent substance(s) and/or is present in an anti-
halation or other adjacent layer, so as to reduce the amount of fluorescent light 
which is incident obliquely on the silver halide emulsion layers. 

25. An element or combination of elements according to claim 24, wherein 
25 Neozapon Fire Red (C.I. Solvent Red 119) is present as a said screening dye. 25 

26. A light-sensitive element comprising a support bearing on each side 
thereof a light-sensitive silver halide emulsion layer each containing silver halide 
grains spectrally sensitized by means of one or more sensitizing dyes to light in the 
wavelength range 450—570 nm; each such layer being capable by exposure to such 

30 light and full development of a covering power (as herein defined) of more than 50; 30 
and said emulsion layers together containing silver halide in an amount equivalent 
to less than 8 g of silver per square metre. 

27. A light-sensitive element according to claim 26, wherein the silver halide 
emulsion layers have the features attributed to such layers in any of claims 13 to 

35 20. 3 5 
28. A light-sensitive element according to claim 25 or 26, wherein the support 

for the silver halide emulsion layers is of a blue colour. 
29. A combination of elements according to claim 1 and substantially as 

described in Example 1 herein. 
40 30. A combination of elements according to claim 1 and substantially as ^ 

described in Example 2 herein. 
31. A light-sensitive element according to claim 26 and substantially as 

described in Example 1 herein. 
32. A light-sensitive element according to claim 26 and substantially as 

45 described in Example 2 herein. 4c 
33. A method of forming a radiographic image wherein an element or 

combination of elements according to any of claims 1 to 25 and 29 to 30 is used. 
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