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(54) Radiographic element 

(57) Radiographic elements are dis-
closed comprised of first and second 
silver halide emulsion layers separated 
by an interposed support capable of 
transmitting radiation to which the 
second imaging portion is responsive. 
At least the first imaging portion con-
tains a silver halide emulsion in which 
thin tubular silver halide grains of inter-
mediate apsect ratios (from 5:1 to 8:1) 
are present. Spectral sensitizing dye is 
adsorbed to the surface ofthe tubular 
grains. Increased photographic speeds 
can be realized at comparable levels of 
crossover. 
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SPECIFICATION 

Radiographic element 

5 This invention relates to radiographic elements. The radiographic elements have first and second silver 5 
halide emulsion layers comprised of a dispersing medium and radiation sensitive silver halide grains. A 
support interposed between the silver halide emulsion layers is capable of transmitting radiation to which 
the second silver halide emulsion layer is responsive. 

It is conventional practice to prepare radiographic elements by coating first and second silver halide 
10 emulsion layers each comprised of a dispersing medium and silver halide grains on a transparent, 10 

sometimes tinted, support. The purpose of coating emulsion layers on opposite sides ofthe support is to 
maximize photographic response for a given level of X-ray exposure. Typically fluorescent layers of separate 
fluorescent screens are placed adjacent each emulsion layer during exposure. A disadvantage that arises, 
however, is that light from one fluorescent layer or screen is not adsorbed by the adjacent emulsion layer, 

15 but penetrates the support and exposes the emulsion layer separated by the support. This phenomenon, 15 
referred to as crossover, results in loss of image sharpness resulting from light spreading as it passes 
through the support. Since the aim is to obtain the maximum photographic response for a given level of 
X-ray exposure, it is also convention practice to employ high speed silver halide emulsions in combination 
with double-sided coating. Unfortunately, crossover is higher with higher speed silver halide emulsions. 

20 Conventional radiographic elements are illustrated by Research Disclosure, Vol. 184, August 1979, Item 18431 20 
(published by Industrial Opportunities Ltd.; Homewell, Havant, Hampshire, P09 1EF, United Kingdom). 

According to the present invention there is provided a radiographic element having 
first and second silver halide emulsion layers comprised of a dispersing medium and radiation sensitive 

silver halide grains, and 

25 a support interposed between said silver halide emulsion layers capable of transmitting radiation to which 25 
said second silver halide emulsion layer is responsive 

characterized in that at least said first silver halide emulsion layer contains 
tabular silver halide grains having thickness of less than 0.2 micrometer and an average aspect ratio of 

from 5:1 to 8:1 accounting for at least 50 percent of the total projected area of said silver halide grains 
30 present in said silver halide emulsion layer, aspect ratio being defined as the ratio of grain diameter to 30 

thickness and the diameter of a grain being defined as the diameter of a circle having an area equal to the 
projected area of said grain, and 

spectral sensitizing dye adsorbed to the surface of said tabular silver halide grains. 
The present radiographic element at comparable levels of crossover of exposing radiation provides 

35 increased photographic speed. 35 
In a preferred configuration the radiographic elements have the two silver halide layer, or imaging units 

containing them, coated on each of two opposed major surfaces of a transmitting support, such as a film 
support. Alternate arrangements are possible. Instead of coating the imaging units on opposite sides ofthe 
same support, they can be coated on separate supports, and the resulting structures stacked so that one 

40 support or both supports separate the imaging units. 40 
The imaging units can take the form of any conventional radiographic imaging layer or combination of 

layers, provided at least one layer is comprised of a relatively thin, intermediate aspect ratio tabular grain 
silver halide emulsion, as more specifically described below. While it is specifically contemplated that the 
imaging units can each employ differing radiation-sensitive silver halide emulsions, in a specifically 

* 45 preferred form ofthe invention both ofthe imaging units are comprised of thin, intermediate aspect ratio 45 
tabular grain silver halide emulsions. It is generally preferred to employ two identical imaging units 
separated by an interposed support. Emulsions other than the required thin, intermediate aspect ratio 
tabular grain emulsion can take any convenient conventional form. Various conventional emulsions are 
illustrated by Research Disclosure, Vol. 176, December 1978, Item 17643, Paragraph I, Emulsion preparation 

50 and types. 50 

a. Thin, intermediate aspect ratio tabular grain emulsions and their preparation 
The thin, intermediate aspect radio tabular grain silver halide emulsions are comprised of a dispersing 

medium and spectrally sensitized tabular silver halide grains. As applied to the silver halide emulsions the 
55 term 'thin, intermediate aspect ratio' is herein defined as requiring that the tabular silver halide grains having 55 

a thickness of less than 0.2 micrometer and an average aspect ratio in the range of 5:1 to 8:1 account for at 
least 50 percent ofthe total projected area ofthe silver halide grains. In a preferred form ofthe invention 
these silver halide grains satisfying the above thickness and aspect ratio criteria account for at least 70 
percent and optimally at least 90 percent ofthe total projected area ofthe silver halide grains. 

60 The grain characteristics described above ofthe silver halide emulsions employed in the radiographic 60 
elements of this invention can be readily ascertained by procedures well known to-those skilled in the art. As 
employed herein the term 'aspect ratio' refers to the ratio of the diameter ofthe grain to its thickness. The 
'diameter' ofthe grain is in turn defined as the diameter of a circle having an area equal to the projected area 
of the grain as viewed in a photomicrograph or an electron micrograph of an emulsion sample. From 

65 shadowed electron micrographs of emulsion samples it is possible to determine the thickness and diameter 65 
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of each grain and to identify those tabular grains having a thickness of less than 0.2 micrometer i.e., the thin 
tabular grains. From this the aspect ratio of each such thin tabular grain can be calculated, and the aspect 
ratios of all the thin tabular grains in the sample can be averaged to obtain their average aspect ratio. By this 
definition the average aspect ratio is the average of individual thin tabular grain aspect ratios. In practice it is 

5 usually simpler to obtain an average thickness and an average diameter ofthe thin tabular grains having a 5 
thickness of less than 0.2 micrometer and to calculate the average aspect ratio as the ratio of these two 
averages. Whether the averaged individual aspect ratios or the averages of thickness and diameter are used 
to determine the average aspect ratio, within the tolerances of grain measurements contemplated, the 
average aspect ratios obtained do not significantly differ. The projected areas of the thin tabular silver halide 

10 grains can be summed, the projected areas ofthe remaining silver halide gains in the photomicrograph can 10 
be summed separately, and from the two sums the percentage of the total projected area ofthe silver halide 
grains provided by the thin tabular grains can be calculated. 

In the above determination a reference tabular grain thickness of less than 0.2 micrometer was chosen to 
distinguish the uniquely thin tabular grains herein contemplated from thicker tabular grains which provide 

15 inferior radiographic properties. The tabular grains for purposes of this disclosure are those silver halide 15 
grains which are less than 0.2 micrometer in thickness and appear tabular at 2,5000 times magnification. The 
term 'projected area' is used in the same sense as the terms 'projection area' and 'projective area' commonly 
employed in the art; see, for example, James and Higgins, Fundamentals of Photographic Theory, Morgan 
and Morgan, New York, p. 15. 

20 The tabular grains can be of any silver halide crystal composition known to be useful in photography. In a 20 
preferred form offering the broadest range of observed advantages the present invention employs thin, 
intermediate aspect ratio tabular grain silver bromoiodide emulsions. Obtaining thin grains at the outset of 
precipitation, as described below, will result in the intermediate aspect ratio tabular grain emulsions having 
thin tabular grains. Intermediate, as opposed to high, aspect ratio can be achieved merely by terminating 

25 precipitation earlier although other procedures, such as increasing grain thickness of high aspect ratio grains 25 
sufficiently to reduce aspect ratios and other techniques employed in the examples, can be employed 
alternatively or in combination. 

Thin, intermediate aspect ratio tabular grain silver bromoiodide emulsions can be prepared bythe 
precipitation process similar to that which is as follows: Into conventional reaction vessel silver halide 

30 precipitation equipped with an efficient stirring mechanism is introduced a dispersing medium. Typically the 30 
dispersing medium initially introduced into the reacion vessel is at least about 10 percent, preferably 20 to 80 
percent, by weight based on total weight of the dispersing medium present in the silver bromoiodide 
emulsion at the conclusion of grain precipitation. Since dispersing medium can be removed from the 
reaction vessel by ultrafiltratration during silver bromoiodide grain precipitation, as taught by U.S. patent 

35 4,334,012, it is appreciated that the volume of dispersing medium initially present in the reaction vessel can 35 
equal or even exceed the volume of silver bromoiodide emulsion present in the reaction vessel at the 
conclusion of grain precipitation. The dispersing medium initially introduced into the reaction vessel is 
preferably water or a dispersion of peptizer in water, optionally containing other ingredients, such as one or 
more silver halide ripening agents and/or metal dopants, more specifically described below. Where a 

40 peptizer is initially present, it is preferably employed in a concentration of at least 10 percent, most 40 
preferably at least 20 percent, ofthe total peptizer present at the completion of silver bromoiodide 
precipitation. Additional dispersing medium is added to the reaction vessel with the silver and halide salts 
and can also be introduced through a separate jet. It is common practice to adjust the proportion of 
dispersing medium, particularly to increase the proportion of peptizer, after the completion ofthe salt 

45 introductions. 45 
A minor portion, typically less than 10 percent, by weight, of the bromide salt employed in forming the 

silver bromoiodide grains is initially present in the reaction vessel to adjust the bromide ion concentration of 
the dispersing medium at the outset of silver bromoiodide precipitation. Also, the dispersing medium in the 
reaction vessel is initially substantially free of iodide ions, since the presence of iodide ions priorto 

50 concurrent introduction of silver and bromide salts favours the formation of thick and nontabular grains. As 50 
employed herein, the term 'substantially free of iodide ions' as applied to the contents ofthe reaction vessel 
means that there are insufficient iodide ions present as compared to bromide ions to precipitate as a 
separate silver iodide phase. It is preferrred to maintain the iodide concentration in the reaction vessel prior 
to silver salt introduction at less than 0.5 mole percent ofthe total halide ion concentration present. 

55 If the pBr of the dispersing medium is initially too high, the tabular silver bromoiodide grains produced will 55 
be comparatively thick and therefore of low aspect ratios. It is preferred to maintain the pBr of the reaction 
vessel initially at or below 1.5. On the other hand, if the pBr is too low, the formation of nontabular silver 
bromoiodide grains is favored. Therefore, it is contemplated to maintain the pBr of the reaction vessel at or 
above 0.6, preferably above 1.1. As herein employed, pBr is defined as the negative logarithm of bromide ion 

60 concentration. Both pH and pAg are similarly defined for hydrogen and silver ion concentrations, 60 

respectively. 
During precipitation silver, bromide, and iodide salts are added to the reaction vessel by techniques well 

known in the precipitation of silver bromoiodide grains. Typically an aqueous silver salt solution of a soluble 
silver salt, such as silver nitrate, is introduced into the reaction vessel concurrently with the introduction of 

65 bromide and iodide salts. The bromide and iodide salts are also typically introduced as aqueous salt 65 
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solutions, such as aqueous solutions of one or more soluble ammonium, alkali metal (e.g. sodium or 
pottassium), or alkaline earth metal (e.g., magnesium or calcium) halide salts. The silver salt is at least 
initially introduced into the reaction vessel separately from the iodide salt. The iodide and bromide salts are 
added to the reaction vessel separately or as a mixture. 

5 With the introduction of silver salt into the reaction vessel the nucleation stage of grain formation is 5 
initiated. A population of grain nuclei is formed which is capable of serving as precipitation sites for silver 
bromide and silver iodide as the introduction of silver, bromide, and iodide salts continues. The precipitation 
of silver bromide and silver iodide onto existing grain nuclei constitutes the growth stage of grain formation. 
The aspect ratios of the tabular grains formed according to this invention are less affected by iodide and 

10 bromide concentrations during the growth stage than during the nucleation stage. It is therefore possible 10 
during the growth stage to increase the permissible latitude of pBr during concurrent introduction of silver, 
bromide, and iodide salts above 0.6, preferably in the range of from about 0.6 to 2.2, most preferably from 
about 0.8 to about 1.5. It is, of course, possible and, in fact, preferred to maintain the pBr within the reaction 
vessel throughout silver and halide salt introduction within the initial limits, described above prior to silver 

15 salt introduction. This is particularly preferred where a substantial rate of grain nuclei formation continues 15 
throughout the introduction of silver, bromide and iodide salts, such as in the preparation of highly 
polydispersed emulsions. Raising pBr values above 2.2 during tabular grain growth results in thickening of 
the grains, but can be tolerated in many instances while still realizing thin, intermediate aspect ratio silver 
bromoiodide grains. 

20 As an alternative to the introduction of silver, bromide, iodide salts as aqueous solutions, it is specifically 20 
contemplated to introduce the silver, bromide, and iodide salts, initially or in the growth stage, in the form of 
fine silver halide grains suspended in dispersing medium. The grains are of a sufficiently small size that they 
are readily Ostwald ripened onto larger grain nuclei, if any are present, once introduced into the reaction 
vessel. The maximum useful grain sizes will depend on the specific conditions within the reaction vessels, 

25 such as temperature and the presence of solubilizing and ripening agents. Silver bromide, silver iodide, 25 
and/or silver bromo-iodide grains can be introduced. Since bromide and/or iodide are precipitated in 
preference to chloride, it is also possible to employ silver chlorobromide and silver chlorobromoiodide 
grains. The silver halide grains are preferably very fine e.g., less than 0.1 micrometer in mean diameter. 

Subject to the pBr requirements set forth above, the concentrations and rates of silver, bromide, and 
30 iodide salt introductions can take any convenient conventional form. The silver and halide salts are 30 

preferably introduced in concentrations of from 0.1 to 5 moles per liter, although broader conventional 
concentration ranges, such as from 0.02 mole per liter to saturation, for example, are contemplated. 
Specifically preferred precipitation techniques are those which achieve shortened precipitation times by 
increasing the rate of silver and halide salt introduction. The rate of silver and halide salt introduction can be 

35 increased either by increasing the rate at which the dispersing medium and the silver and halide salts are 35 
introduced or by increasing the concentrations of silver and halide salts within the dispersing medium being 
introduced. It is specifically preferred to increase the rate of silver and halide salt introduction, but to 
maintain the rate of introduction below the threshold level at which the formation of new grain nuclei is 
favored- i.e., to avoid renucleation, as taught by U.S. Patent 3,650,757, U.S. Patent 3,672,900, U.S. Patent 

40 4,242,445 German OLS 2,107,118, European Patent Application 80102242, and Wey 'Growth Mechanism of 40 
AgBr Crystals in Gelatin Solution', Photographic Science and Engineering, Vol.21, No.1 January/February 
1977, p.14, et seq. By avoiding the formation of additional grain nuclei after passing into the growth stage of 
precipitation, relatively monodispersed thin tabular silver bromoiodide grain populations can be obtained. 
Emulsions having coefficients of variation of less than about 30 percent can be prepared. As employed 

- 45 herein the coefficient of variation is defined as 100 times the standard deviation ofthe grain diameter divided 45 
by the average grain diameter. By intentionally favoring renucleation during the growth stage of 
precipitation, it is of course, possible to produce poly dispersed emulsions of substantially higher 
coefficients of variation. 

The concentration of iodide in the silver bromoiodide emulsions employed in the radiographic elements of 
50 this invention can be controlled by the introduction of iodide salts. Any conventional iodide concentration 50 

can be employed. Even very small amounts of iodide e.g. as low as 0.05 mole percent are recognized in the 
art to be beneficial, except as otherwise indicated, all references to halide percentages are based on silver 
present in the corresponding emulsion, grain, or grain region being discussed; e.g., a grain consisting of 
silver bromoiodide containing 40 mole percent iodide also contains 60 mole percent bromide. In one 

55 preferred form the emulsions employed incorporate at least about 0.1 mole percent iodide. Silver iodide can 55 
be incorporated into the tabular silver bromoiodide grains up to its solubility limit in silver bromide at the 
temperature of grain formation. Thus, silver iodide concentrations of up to about 40 mole percent in the 
tabular silver bromoiodide grains can be achieved at precipitation temperatures of 90°C. In practice 
precipitation temperatures can range down to near ambient room temperatures--e.g. about 30°C. It is 

60 generally preferred that precipitation be undertaken at temperatures in the range of from 40 to 80°C. While 60 
for most photographic applications it is preferred to limit maximum iodide concentrations to about 20 mole 
percent, with optimum iodide concentrations being up to about 15 mole percent and such iodide 
concentrations can be employed in the practice of this invention, it is typically preferred in radiographic 
element to limit iodide concentrations to up to 6 mole percent. 

65 The relative proportion of iodide and bromide salts introduced into the reaction vessel during precipitation 65 
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can be maintained in a fixed ratio to form a substantially uniform iodide profile in the tabular silver 
bromoiodide grains or varied to achieve differing photographic effects. In one preferred form the 
intermediate aspect ratio tabular grain silver bromoiodide emulsions contain a higher proportion of iodide in 
laterally displaced, typically annular regions, as compared to central regions ofthe tabular grains. Iodide 

5 concentrations in the central regions ofthe tabular grains can range from 0 to 5 mole percent, with at least 5 
one mole percent higher iodide concentrations in the laterally surrounding annular regions up to the 
solubility limit of silver iodide in silver bromide, preferably up to about 20 mole percent and optimally to 
about 15 mole percent. The tabular silver bromoiodide grains employed in the radiographic elements of the 
present invention can exhibit substantially uniform or graded iodide concentrations profiles, and the 

10 gradation can be controlled, as desired, to favor higher iodide concentrations internally or at or near the 10 
surfaces ofthe tabular silver bromoiodide grains. 

Although the preparation ofthe thin, intermediate aspect ratio tabular grain silver bromoiodide emulsions 
has been illustrated by reference to the process described above, which produces neutral or nonammoniacal 
emulsions, the emulsions employed in the radiographic elements ofthe present invention and their utility 

15 are not limited by any particular process for their preparation. Alternatively a process of intermediate aspect 15 
ratio tabular silver bromoiodide emulsions can be prepared using silver iodide seed grains by modifying the 
procedure of U.S. Patents 4,150,994,4,187,877, or 4,187,878, cited above, in th6 following manner: In a 
preferred form the silver iodide concentration in the reaction vessel is reduced below 0.05 mole per liter and 
the maximum size of the silver iodide grains initially present in the reaction vessel is reduced below 0.05 

20 micrometer. Merely by terminating precipitation sooner, thin, intermediate aspect ratio tabular grain silver 20 
bromoiodide emulsions as employed in the radiographic elements of this invention can be produced. 

Thin, intermediate aspect ratio tabular grain silver bromide emulsions lacking iodide can be prepared by 
the proccedures described above (other than those in which silver iodide seed grains are employed) further 
modified to exclude iodide. Generally the exclusion of iodide results in the formation of thinner tabular 

25 grains when precipitation conditions are otherwise similar to those described above for precipitating tabular 25 
silver bromoiodide grains. Alternatively thin, intermediate aspect ratio silver bromide emulsions containing 
square and rectangular grains can be prepared. In this process cubic seed grains having an edge length of 
less than 0.15 micrometer are employed. While maintaining the pAg ofthe seed grain emulsion in the range 
of from 5.9 to 8.0, the emulsion is ripened in the substantial absence of nonhalide silver ion complexing 

30 agents to produce tabular silver bromide grains having the desired intermediate average aspect ratio. Still 30 
other preparations of thin, intermediate aspect ratio tabular grain silver bromide emulsions lacking iodide 
are illustrated in the examples. 

Other thin, intermediate aspect ratio tabular grain silver halide emulsions can be prepared by any one of 
the following illustrative procedures. High aspect ratios can be avoided merely by terminating precipitation 

35 when the desired intermediate aspect ratios are achieved. 35 
It is possible to prepare tabular grains of at least 50 mole percent chloride having opposed crystal faces 

lying in {111} crystal planes and at least one peripheral edge laying parallel to a <211> crystallographic 
vector in the plane of one ofthe major surfaces. Such tabular grain emulsions can be prepared by reaction 
aqueous silver and chloride-containing halide salt solutions in the presence of a crystal habit modifying 

40 amount of an amino-substituted azaindene and a peptizer having thioether linkage. 40 
Tabular grain emulsion wherein the silver halide grains contain silver chloride and silver bromide in at 

least annular grain regions and preferably throughout can also be prepared. The tabular grain regions 
containing silver, chloride, and bromide are formed by maintaining a molar ratio of chloride and bromide 
ions of from 1.6:1 to about 260:1 and the total concentration of halide ions in the reaction vessel in the range 

45 of from 0.10 to 0.90 normal during introduction of silver, chloride, bromide, and, optionally, iodide salts into 45 
the reaction vessel. The molar ratio of silver chloride to silver bromide in the tabular grains can range from 
1:99 to 2:3. 

The thin tabular grains can have average diameters of up to 1.6 micrometers. However, smaller average 
diameters are contemplated, and are limited only by the minimum average tabular grain thicknesses 

50 attainable. Typically the tabular grains have an average thickness of at least 0.03 micrometer, although even 50 
thinnertabular grains can in principle be employed- e.g., as low as 0.01 micrometer, depending upon halide 
content. Therefore minimum diameters of these grains, assuming a 5:1 average aspect ratio, is typically at 
least 0.15 micrometer. 

Modifying compounds can be present during tabular grain precipitation. Such compounds can be initially 
55 in the reaction vessel or can be added along with one or more of the salts according to conventional 55 

procedures. Modifying compounds, such as compounds of copper, thallium, lead, bismuth, cadmium, zinc, 
middle chalcogens (i.e. sulfur, selenium, and tellurium), gold, and Group VIII noble metals, can be present 
during silver halide precipitation, as illustrated by U.S. Patents 1,195,432,1,951,933,2,448,060,2,628,167, 
2,960,972,3,488,709,3,737,313,3,722,031, and 4,269,927, and Research Disclosure, Vol. 134, June 1975, Item 

60 13452. Tbe tabular grain emulsions can be internally reduction sensitized during precipitation, as illustrated 60 
by Moisar et al, Journal of Photographic Science, Vol. 25,1977, pp. 19-27. 

The individual silver and halide salts can be added to the reaction vessel through surface or subsurface 
delivery tubes by gravity feed or by delivery apparatus for maintaining control of the rate of delivery and the 
pH, pBr, and/or pAg ofthe reaction vessel contents, as illustrated by U.S Patents 3,821,002 and 3,031,304 and 

65 Claes et al, Photographische Korrespondenz, Band 102, Number 10,1967, p.162. In orderto obtain rapid 65 
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distribution ofthe reactants within the reaction vessel, specially constructed mixing devices can be 
employed, as illustrated by U.S. Patents 2,996,287,3,342,605,3,415,650,3,785,777,4,147,551,4,171,224, and 
U.K. Patent Application 2,022,431 A, German OLS 2,555,364 and 2,556,885 and Research Disclosure, Volume 
166, February 1978, Item 16662. 

5 In forming the tabular grain emulsions a dispersing medium is initially contained with the reaction vessel. 5 
In a preferred form the dispersing medium is comprised of an aqueous peptizer suspension. Petizer 
concentrations of from 0.2 to about 10 percent by weight, based on the total weight of emulsion components 
in the reaction vessel, can be employed; it is preferred to keep the concentration ofthe peptizer in the 
reaction vessel prior to and during silver bromoiodide formation below about 6 percent by weight, based on 

10 the total weight. It is common practice to maintain the concentration ofthe peptizer in the reaction vessel in 10 
the range of below about 6 percent, based on the total weight, prior to and during silver halide formation and 
to adjust the emulsion vehicle concentration upwardly for optimum coating characteristics by delayed, 
supplemental vehicle additions. It is contemplated that the emulsion as initially formed will contain from 
about 5 to 50 grams of peptizer per mole of silver halide, preferably about 10 to 30 grams of peptizer per 

15 mole of silver halide. Additional vehicle can be added laterto bring the concentration up to as highas 1000 15 
grams per mole of silver halide. Preferably the concentration of vehicle in the finished emulsion is above 50 
grams per mole of silver halide. When coated and dried in forming a photographic element the vehicle 
preferably forms about 30 to 70 percent by weight ofthe emulsion layer. 

Vehicles (which include both binders and peptizers) can be chosen from among those conventionally 
20 employed in silver halide emulsions. Preferred peptizers are hydrophilic colloids, which can be employed 20 

along or in combination with hydrophobic materials. Suitable hydrophilic materials include substances such 
as proteins, protein derivatives, cellulose derivatives-, e.g., cellulose esters, gelatin- e.g., alkali-treated 
gelatin (Cattle bone or hide gelatin) or acid-treated gelatin (pigskin gelatin) gelatin derivatives- e.g., 
acetylated gelatin, and phthalated gelatin. These and other vehicles are disclosed in research Disclosure, Vol 

25 176, December 1978, Item 17643, Section IX. The vehicle materials, including particularly the hydrophilic 25 
colloids, as well as the hydrophobic materials useful in combination therewith can be employed not only in 
the emulsion layers ofthe radiographic elements of this invention, but also in other layers, such as overcoat 
layers and layers positioned beneath the emulsion layers. 

Grain ripening can occur during the preparation ofthe silver halide emulsions employed in the 
30 radiographic elements according to the present invention, and it is preferred that grain ripening occur within 30 

the reaction vessel during at least silver bromoiodide grain formation. Known silver halide solvents are 
useful in promoting ripening. For example, an excess of bromide ions, when present in the reaction vessel, is 
known to promote ripening. It is therefore apparent that the bromide salt solution run into the reaction vessel 
can itself promote ripening. Other ripening agents can also be employed and can be entirely contained 

35 within the dispersing medium in the reaction vessel before siIver and halide salt addition, orthey can be 35 
introduced into the reaction vessel along with one or more ofthe halide salt, silver salt, or peptizer. In still 
another variant the ripening agent can be introduced independently during halide and silver salt additions. 
Although ammonia is a known ripening agent, it is not a preferred ripening agent for the silver bromoiodide 
emulsions herein employed exhibiting the highest realized speed-granularity relationships. The preferred 

40 emulsions ofthe for use are non-ammoniacal or neutral emulsions. 40 
Among preferred ripening agents are those containing sulfur. Thiocyanate salts can be used, such as 

alkali metal, most commonly sodium and potassium, and ammonium thiocyanate salts. While any 
conventional quantity ofthe thiocyanate salts can be introduced, preferred concentrations are generally 
from about 0.1 to 20 grams of thiocyanate salt per mole of silver halide. Illustrative prior teachings of 

* 45 employing thiocyanate ripening agents arefound in U.S. Patent 2,222,264 cited above, 2,448,534 and 45 
3,320,069. Alternatively, conventional thioether ripening agents, such as those disclosed in U.S. Patents 
3,271,157,3,574,628, and 3,737,313, can be employed. 

The thin, intermediate aspect ratio tabular grain emulsions are preferably washed to remove soluble salts. 
The soluble salts can be removed by decantation, filtration, and/or chill setting and leaching, as illustrated in 

50 Research Disclosure, Vol. 176, December 1978, Item 17643, Section II. The emulsions, with or without 50 
sensitizers, can be dried and stored prior to use as illustrated by Research Disclosure, Vol.101, September 
1972, Item 10152. In preparing the emulsions washing is particularly advantageous in terminating ripening 
of the tabular grains afterthe completion of precipitation to avoid increasing their thickness and reducing 
their aspect ratio. 

55 Although the procedures for preparing tabular silver halide grains described above wil l produce thin, 55 
intermediate aspect ratio tabular grain emulsions in which the tabular grains satisfying the thickness 
criterion for determining average aspect ratio account for at least 50 percent ofthe total projected area of the 
total silver halide grain population, it is recognized that further advantages can be realized by increasing the 
proportion of such thin tabular grains present. Preferably at least 70 percent (optimally at least 90 percent) of 

60 the totally projected area is provided by tabular silver halide grains. The grains other than those required to 60 
satisfy the projected area requirements can be either nontabular or, preferably, high aspect ratio (greater 
than 8:1) tabular grains, most preferably thin aspect ratio tabular grains. 

b. Sensitization 
65 Although not required to achieve the advantages of this invention, the thin, intermediate aspect ratio 65 
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tabular grain silver halide emulsions as well as other silver halide emulsions in the radiographic elements of 
this invention are preferably chemically sensitized. They can be chemically sensitized with active gelatin, as 
illustrated by T.H.James, The Theory of the Photographic Process, 4th Ed., Macmillan, 1977, pp. 67-76, or 
with sulfur, selenium, tellurium, gold, platinum, palladium, iridium, osmium, rhodium, rhenium, or 

5 phosphorus sensitizers or combinations of these sensitizers, such as at pAg levels of from 5 to 10, pH levels 5 
of from 5 to 8 and temperatures of from 30 to 80°C, as illustrated by Research Disclosure,Vol 120, April 1974, 
Item 12008, Research Disclosure, Vol. 134, June 1975, Item 13452, U.S. Patents 1,623,499,1,673,522, 
2,399,083,2,642,361,3,297,447,3,297,466 3,772,031,3,761,267,3,857,711,3,565,633,3,901,714 and 
3,904,415 and U.K. Patents 1,396,696 and 1,315,755; chemical sensitization being optionally conducted in the 

10 presence of thiocyanate compounds, as described in U.S. Patent 2,642,361; sulfur containing compounds of 10 
the type disclosed in U.S. Patents 2,521,926,3,021,215, and 4,054,457. It is specifically contemplated to 
sensitize chemically in the presence of finish (chemical sensitization) modifiers-- that is, compounds known 
to suppress fog and increase speed when present during chemical sensitization, such as azaindenes, 
azapyridazines, azapyrimidines, benzothiazolium salts, and sensitizers having one or more heterocyclic 

15 nuclei. Exemplary finish modifiers are described in U.S. Patents 2,131,038,3,411,914,3,554,757,3,565,631, 15 
and 3,901,714, Canadian Patent 778,723, and Duffin Photographic Emulsion Chemistry, Focal Press (1966), 
New York, pp.138-143. Additionally or alternatively, the emulsions can be reduction sensitized- e.g., with 
hydrogen, as illustrated by U.S. patents 3,8911,466 and 3,984,249 by low pAg (e.g., less than 5) and/or high 
pH (e.g., greater than 8) treatment or through the use of reducing agents such as stannous chloride, thiourea 

20 dioxide, polyamines and amine boranes, as illustrated by U.S. Patents 2,983,609,2,518,698,2,739,060, 20 

2,734,182, '183,3,026,203 and 3,361,564 and Research Disclosure, Vol. 136, August 1975, Item 13654. Surface 
chemical sensitization, including sub-surface sensitization, illustrated by U.S. Patents 3,917,485 and 
3,966,476 is specifically contemplated. 

The thin, intermediate aspect ratio tabular grain silver halide emulsions are in all instances spectrally 
25 sensitized. It is specifically contemplated to employ in combination with the thin, intermediate aspect ratio 25 

tabular grain emulsions and other emulsions disclosed herein spectral sensitizing dyes that exhibit 
absorption maxima in the blue and minus blue, i.e., green and red, portions ofthe visible spectrum. In 
addition, for specialized applications, spectral sensitizing dyes can be employed which improve spectral 
response behond the visible spectrum. For example, the use of infrared absorbing spectral sensitizers is 

30 specially contemplated. 30 
The thin, intermediate aspect ratio tabular grain silver halide emulsions can be spectrally sensitized with 

dyes from a variety of classes, including the polymethine dye class, which class includes the cyanines, 
merocyanines, complex cyanines and merocyanines (i.e. tri-, tetra- and polynuclear cyanines and 
merocyanines), oxonols, hemioxonols, styryls, merostyryls and streptocyanines. 

35 The cyanine spectral sensitizing dyes include, joined by methine linkage, two basic heterocyclic nuclei, 35 
such as those derived from quinolinium, pyridinium, isoquinolinium, 3H-indolium, benz[e]indolium, 
oxazolium, oxazolinium, thiazolium,thiazolinium, selenazolium, selenazolinium, imidazolium, imidazoli-
nium, benzoxazolium, benzothiazolium, benzoselenazolium, benzimidazolium, naphthoxazolium, naph-
thothiazolium, naphthoselenazolium, dihydronaphthothiazolium, pyrylium and imidazopyrazinium quater-

40 nary salts. 40 
The merocyanine spectral sensitizing dyes include, joined directly or through an interposed methine 

linkage, a basic heterocyclic nucleus ofthe cyanine dye type and an acidic nucleus, such as can be derived 
from barbituric acid, 2-thiobarbituric acid, rhodanine, hydantoin, 2-thiohydantoin, 4-thiohydantoin, 2-
pyrazolin-5-one, 2-isoxazolin-5-one, indan-1,3-dione, cyclohexane-1,3-dione, 1,3-dioxane-4,6-dione, pyrazo-

45 lin-3,5-dione, pentane-2,4-dione, alkylsulfonylacetonitrile, malononitrile, isoquinolin-4-one, and chroman- 45 
2,4-dione. 

Sensitizing action can be correlated to the position of molecular energy levels of a dye with respect to 
ground state and conduction band energy levels ofthe silver halide crystals. These energy levels can in turn 
be correlated to polarographic oxidation and reduction potentials, as discussed in Photographic Science and 

50 Engineering, Vol. 18,1974, pp. 49-53 (Sturmer et al), pp. 175-178 (Leubner) and pp. 475-485 (Gilman). 50 
Oxidation and reduction potentials can be measured as described by R.J. Cox Photographic Sensitivity, 
Academic Press, 1973, Chapter 15. 

The chemistry of cyanine and related dyes is illustrated by Weissberger and Taylor, Special Topics of 
Heterocyclic Chemistry, John Wiley and Sons, New York 1977, Chapter VIII; Venkataraman, The Chemistry of 

55 Synthetic Dyes, Academic Press, New York, 1971, ChapterV; James, The Theory of the Photographic 55 
Process, 4th Ed., Macmillan, 1977, Chapter 8, and F.M. Hamer, Cyanine Dyes and Related Compounds, John 
Wiley and Sons, 1964. 

One or more spectral sensitizing dyes may be used. Dyes with sensitizing maxima at wavelengths 
throughout the visible spectrum and with a great variety of spectral sensitivity curve shapes are known. The 

60 choice and relative proportions of dyes depend upon the region ofthe spectrum to which sensitivity is 60 
desired and upon the shape ofthe spectral sensitivity curve desired. Dyes with overlapping spectral 
sensitivity curves will often yield in combination a curve in which the sensitivity at each wavelength in the 
area of overlap is approximately equal to the sum ofthe sensitivities ofthe individual dyes. Thus, it is 
possible to use combinations of dyes with different maxima to achieve a spectral sensitivity curve with a 

65 maximum intermediate to the sensitizing maxima ofthe individual dyes. 65 
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Combinations of spectral sensitzing dyes can be used which result in supersensitization-that is, spectral 
sensitization that is greater in some spectral region than that from any concentration ofthe dyes alone or 
that which would result from the additive effect ofthe dyes. Supersensitization can be achieved with selected 
combinations of spectral sensitizing dyes and other addenda, such as stabilizers and antifoggants, 

5 development accelerators or inhibitors, coating aids, brighteners and antistatic agents. Any one of several 5 
mechanism as well as compounds which can be responsible for supersensitization are discussed by Gilman, 
'Review of the Mechanisms of Supersensitization', Photographic Science and Engineering Vol.18,1974, 
pp.418-430. 

Spectral sensitizing dyes also affect the emulsions in other ways. Spectral sensitizing dye can also function 
10 as antifoggants or stabilizers, development accelerators or inhibitors, and halogen acceptors, or electron 10 

acceptors, as disclosed in U.S. Patents 2,131,038 and 3,930,860. 
In a preferred form of this invention the tabular silver halide grains have adsorbed to their surfaces 

spectral sensitizing dye which exhibits a shift in hue as a function of adsorption. Any conventional spectral 
sensitizing dye known to exhibit a bathochromic or hypsochromic increase in light absorption as a function 

15 of adsorption to the surface of silver halide grains can be employed in the practice of this invention. Dyes 15 
satisfying such criteria are well known in the art, as illustrated by T.H. James, The Theory ofthe 
Photographic Process, 4th Ed., Macmillan, 1977, Chapter 8 (particularly, F. Induced Color Shifts in Cyanine 
and Merocyanine Dyes) and Chapter 9 (particularly, H. Relations Between Dye Structure and Surface 
Aggregation) and F.M. Hamer, Cyanine Dyes and Related Compounds, John Wiley and Sons, 1964, Chapter 

20 XVII (particularly, F. Polymerization and Sensitization ofthe Second Type). Merocyanine, hemicyanine, 20 
styryl, and oxonol spectral sensitizing dyes which produce H aggregates (hypsochromic shifting) are known 
to the art, although J aggregates (bathochromic shifting) is not common for dyes of these classes. Preferred 
spectral sensitizing dyes are cyanine dye which exhibit either H or J aggregation. 

In a specifically preferred form the spectral sensitizing dyes are carbocyanine dyes which exhibit J 
25 aggregation. Such dyes are characterized by two or more basic heterocyclic nuclei joined by a linkage of 25 

three methine groups. The heterocyclic nuclei preferably include fused benzene rings to enhance J 
aggregation. Preferred heterocyclic nuclei for promoting J aggregation arequinolinium, benzoxazolium, 
benzothiazolium, benzoselenazolium, benzimidazolium, naphthooxazolium, naphthothiazolium, and naph-
thoselenazolium quaternary salts. 

30 Although native blue sensitivity of silver bromide and bromoiodide is usually relied upon in the art in 30 
emulsion layers intended to record exposure to blue light, significant advantages can be obtained by the use 
of spectral sensitiziers, even where their principal absorption is in the spectral region to which the emulsions 
possess native sensitivity. For example, it is specifically recognized that advantages can be realized from the 
use of blue spectral sensitizing dyes. 

35 Useful blue spectral sensitizing dyes for thin, intermediate aspect ratio tabular grain silver bromide and 35 
silver bromoiodide emulsions can be selected from any ofthe dye classes known to yield spectral 
sensitizers. Polymethine dyes, such as cyanines, merocyanines, hemicyanines, hemioxonols, and mero-
styryls, are preferred blue spectral sensitizers. Generally useful blue spectral sensitizers can be selected from 
among these dye classes by their absorption characteristics- i.e., hue. There are, however, general structural 

40 correlations that can serve as a guide in selecting useful blue sensitizers. Generally the shorter the methine 40 
chain, the shorter the wavelength ofthe sensitizing maximum. Nuclei also influence absorption. The 
addition of fused rings to nuclei tends to favor longer wavelengths of aborption. Substituents can also alter 
absorption characteristics. 

Among useful spectral sensitizing dyes for sensitizing silver halide emulsions are those referred to in 
45 Research Disclosure, Vol. 176, December 1978, Item 17643, Section III. 45 

Conventional amounts of dyes can be employed in spectrally sensitizing the emulsion layers containing 
nontabular or low aspect ratio tabular silver halide grains. To realize the full advantages of this invention it is 
preferred to adsorb spectral sensitizing dye to the grain surfaces of the thin, intermediate aspect ratio tabular 
grain emulsion in a substantially optimum amount-- that is, in an amount sufficient to realize at least 60 

50 percent ofthe maximum photographic speed attainable from the grains under contemplated conditions of 50 
exposure. The quantity of dye employed will vary with the specific dye or dye combination chosen as well as 
the size and aspect ratio ofthe grains. It is known in the photographic art that optimum spectral sensitization 
is obtained with organic dyes at about 25 to 100 mole percent or more of monolayer coverage ofthe total 
available surface area of surface sensitive silver halide grains, as disclosed, for example, in West et al, 'The 

55 Adsorption of Sensitizing Dyes in Photographic Emulsions'Jou/na/of Phys. Chem., Vol 56, p.1065,1952; 55 
Spenceetal/Desensitization of Sensitizing Dyes', Journal of Physical and Colloid Chemistry, Vol. 56 No.6, 
June 1948, pp. 1090-1103; and Gilman et al U.S. Patent 3,979,213. Optimum dye concentration levels can be 
chosen by procedures taught by Mees, Theory of the Photographic Process, 1942, Macmillan, pp. 1067-1069. 

Spectral sensitization can be undertaken at any stage of emulsion preparation heretofore known to be 
60 useful. Most commonly spectral sensitization is undertaken in the art subsequent to the completion of 60 

chemical sensitization. However, it is specifically recognized that spectral sensitization can be undertaken 
alternatively concurrently with chemical sensitization, can entirely precede chemical sensitization, and can 
even commence priorto the completion of silver halide grain precipitation, as taught by U.S. Patents 
3,628,960 and 4,225,666. As taught by the latter, it is specifically contemplated to distribute introduction of 

65 the spectral sensitizing dye into the emulsion so that a portion ofthe spectral sensitizing dye is present prior 65 
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to chemical sensitization and a remaining portion is introduced after chemical sensitization. Unlike U.S. 
Patent 4,225,666, it is specifically contemplated thatthe spectral sensitizing dye can be added to the 
emulsion after 80 percent of the silver halide has been precipitated. Sensitization can be enhanced by pAg 
adjustment, including cycling, during chemical and/or spectral sensitization. A specific example of pAg 

5 adjustment is provided by Research Disclosure,\Jo\. 181, May 1979, Item 18155. 5 
In one preferred form, spectral sensitizers can be incorporated in the emulsions employed in the 

radiographic elements ofthe present invention priorto chemical sensitization. Similar results have also been 
achieved in some instances by introducing other adsorbable materials, such as finish modifiers, into the 
emulsions priorto chemical sensitization. 

10 Independent ofthe prior incorporation of adsorbable materials, it is preferred to employ thiocyanates 10 
during chemical sensitization in concentrations of from about 2 x 10"3to 2 mole percent, based on silver, as 
taught by U.S. Patent 2,642,361, cited above. Other ripening agents can be used during chemical 
sensitization. 

In still a third approach, which can be practiced in combination with one or both ofthe above approaches 
15 or separately thereof, it is preferred to adjust the concentration of silver and/or halide salts present 15 

immediately prior to or during chemical sensitization. Soluble silver salts, such as silver acetate, silver 
trifluoroacetate, and silver nitrate, can be introduced as well as silver salts capable of precipitating onto the 
gain surfaces, such as silver thiocyanate, silver phosphate, silver carbonate, and the like. Fine silver halide 
(i.e., silver bromide, iodide, and/or chloride) grains capable of Ostwaid ripening onto the tabular grain 

20 surfaces can be introduced. For example, a Lippman emulsion can be introduced during chemical 20 
sensitization. The chemical sensitization of spectrally sensitized intermediate aspect ratio tabular grain 
emulsions atone or more ordered discrete sites ofthe tabular grains is specifically contemplated. It is 
believed thatthe preferential adsorption of spectral sensitizing dye on thecrystallographic surfaces forming 
the majorfaces of the tabular grains allows chemical sensitizaton to occur selectively at unlike 

25 crystallographic surfaces ofthe tabular grains. 25 
The preferred chemical sensitizers for the highest attained speed-granularity relationships are gold and 

selenium sensitizers, and gold, sulfur, and selenium sensitizers. Thus, in a preferred form ofthe invention, 
thin, intermediate aspect ratio tabular grain silver bromide or, most preferably, silver bromoiodide 
emulsions contain a middle chalcogen, such as sulfur and/or selenium, which may not be detectable, and 

30 gold, which is detectable. The emulsions also usually contain detectable levels of thiocyanate, although the 30 
concentration ofthe thiocyanate in the final emulsions can be greatly reduced by known emulsion washing 
techniques. In various ofthe preferred forms indicated above the tabular silver bromide or silver 
bromoiodide grains can have another silver salt at their surface, such as silver thiocyanate, or another silver 
halide of differing halide content (e.g. silver chloride or silver bromide), although the other silver salt may be 

35 present below detectable levels. 35 
Although not required to realize all of their advantages, the emulsions employed in the present invention 

are preferably, in accordance with prevailing manufacturing practices, substantially optimally chemically as 
well as being substantially optimally spectrally sensitized. That is, they preferably achieve speeds of at least 
50 percent of the maximum log speed attainable from the grains in the spectral region of sensitization under 

40 the contemplated conditions of use and processing. Log speed is herein defined as 100 (1 -log E), where E is 40 
the exposure measured in meter-candle-seconds that produces a density of 0.1 above fog. 

c. Completion ofthe radiographic element 
Once thin, intermediate aspect ratio tabular grain emulsions have been generated by precipitation 

45 procedures, washed, and sensitized, as described above, their preparation can be completed by the 45 
incorporation photographic addenda. 

The radiographic elements according to the present invention intended to form silver images can be 
hardened to an extent sufficient to obviate the necessity of incorporating additional hardener during 
processing permit increased silver covering power to be realized as compared to radiographic elements 

50 similarly hardened and processed, but employing nontabular or conventional, thick tabular grain emulsions. 50 
Specifically, it is possible to harden the thin tabular grain emulsion layers and other hydrophilic colloid 
layers of radiographic elements in an amount sufficientto reduce swelling ofthe layers to less than 200 
percent, percent swelling being determined by (a) incubating the radiographic element at 38°C for 3 days at 
50 percent relative humidity, (b) measuring layer thickness, (c) immersing the radiographic element in 

55 distilled water at 21°Cfor 3 minutes, and (d) measuring change in layer thickness. Although hardening ofthe 55 
radiographic elements intended to form silver images to the extent that hardeners need not be incorporated 
in processing solutions is specifically preferred, it is recognized thatthe emulsions employed in the 
radiographic elements ofthe present invention can be hardened to any conventional level. It is further 
specifically contemplated to incorporate hardeners in processing solutions, as illustrated, for example, by 

60 Research Disclosure,Vo\. 184, August 1979, Item 18431, Paragraph K, relating particularly to the processing 60 
of radiographic materials. 

Typical useful incorporated hardeners (forehardeners) include formaldehyde and free dialdehydes, such 
as succinaldehyde and glutaraldehyde; blocked dialdehydes; a-diketones; active esters; sulfonate esters; 
active halogen compounds; s-triazines and diazines; epoxides; aziridines; active olefins having two or more 

65 active vinyl groups (e.g. vinylsulfonyl groups); blocked active olefins, carbodiimides; isoxazolium salts 65 
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unsubstituted inthe3-position; esters of 2-alkoxy-IM-carboxydihydroquinoline; N-carbamoyl and N-
carbamoyl-oxypyridinium salts; hardeners of mixed function, such as halogen substituted aldehyde acids 
(e.g., mucochloricand mucobromic acids); 'onium substituted acroleins; vinyl sulfones containing other 
hardening functional groups; and polymeric hardeners, such as dialdehyde starches and copoly 

5 (acrolein-methacrylic acid); the use of such hardeners, single and in combination, being further illustrated by 5 
Research Disclosure, Vol. 176, December 1978, Item 17643, Section X. 

In addition to the features specifically described above the radiographic elements of this invention can 
include additional features of a conventional nature in radiogaphic elements. Exemplary features of this type 
are disclosed, for example, in Research Disclosure, Item 18431, cited above. For example, the emulsion can 

10 contain stabilizers, antifoggants, and antikink agents, as set forth in Paragraph II, A to K. The radiographic 10 
element can contain antistatic agents and/or layers, as set forth in Paragraph III. The radiographic elements 
can contain overcoat layers, as set out in Paragraph IV. The overcoat layers can contain matting agents 
disclosed in Research Disclosure, Item 17643 cited above. Paragraph VI. The overcoat and other layers ofthe 
radiographic elements can contain plasticizers and lubricants, such as those disclosed in Item 17643, 

15 Paragraph XII. Although the radiographic elements of this invention will in most applications be used to form 15 
silver images, color materials, such as those disclosed in item 17643, Paragraph VII, can be incorporated to 
permit the formation of dye of dye-enhanced silver images. Developing agents and development modifiers, 
such as those set forth in Item 17643, Paragraphs XX and XXI can be optionally incorporated. The crossover 
advantages of the present invention can be further improved by employing conventional crossover 

20 exposure control approaches, as disclosed in item 18431, Paragraph V. 20 

In accordance with established practices within the art it is specifically contemplated to blend the thin, 
intermediate aspect ratio tabular grain emulsions with each other or with conventional emulsions to satisfy 
specific emulsion layer requirements. For example, it is known to blend emulsions to adjustthe 
characteristic curve of a photographic element to satisfy a predetermined aim. Blending can be employed to 

25 increase or decrease maximum densities realized on exposure and processing, to decrease or increase 25 
minimum density, and to adjust characteristic curve shape intermediate its toe and shoulder portions. To 
accomplish this the thin, intermediate aspect ratio tabular grain emulsions can be blended with conventional 
silver halide emulsions, such as those described in Research Disclosure Item 17643, cited above, Paragraph I. 
It is specifically contemplated to blend the emulsion as described in sub-paragraph F of Paragraph I. When a 

30 relatively fine grain silver chloride emulsion is blended with the thin, intermediate aspect ratio emulsions, 30 
particularly the silver bromoiodide emulsions, a further increase in the sensitivity-- i.e. speed-granularity 
relationship- ofthe emulsion can result. 

The supports can be of any conventional type known to permit crossover. Preferred supports are polyester 
film suports. Poly(ethylene terephthalate) fi lm supports are specifically preferred. Such supports as well as 

35 their preparation are disclosed in U.S. Patents 2,823,421,2,779,684,and 3,939,000. Medical radiographic 35 
elements are usually blue tinted. Generally the tinting dyes are added directly to the molten polyester prior 
to extrusion and therefore must be thermally stable. Preferred tinting dyes are anthraquinone dyes, such as 
those disclosed by U.S. Patents 3,488,195,3,849,139,3,918,976,3,933,502, and 3,948,664, and U.K. Patents 
1,250,983 and 1,372,668. 

40 The spectral sensitizing dyes are chosen to exhibit an absorption peak in their adsorbed state, usually, in 40 
their aggregated form, in the H or J band, in a region ofthe spectrum corresponding to the wavelength of 
electromagnetic radiation to which the element is being imagewise exposed. The electromagnetic radiation 
producing imagewise exposure is emitted from phosphors of intensifying screens. A separate intensifying 
screen exposes each of the two imaging units located on opposite sides ofthe support. The intensifying 

* 45 screens can emit light in the ultraviolet, blue, green, or red portions ofthe spectrum, depending upon the 45 
specific phosphors chosen for incorporation therein. It is common for the intensifying screens to emit light in 
the green (500 to 600 nm) region ofthe spectrum. Therefore, the preferred spectral sensitizing dyes for use in 

' the practice of this invention are those which exhibit an absorption peak in the green portion ofthe 
spectrum. In a specifically preferred form ofthe invention the spectral sensitizing dye is a carbocyanine dye 

50 exhibiting a J band absorption when adsorbed to the tabular grains in a spectral region corresponding to 50 
peak emission by the intensifying screen, usually the green region ofthe spectrum. 

The intensifying screens can themselves form a part ofthe radiographic elements, but usually they are 
separate elements which are reused to provide exposures of successive radiographic elements. Intensifying 
screens are well known in the radiographic art. Conventional intensifying screens and their components are 

55 disclosed by Research Disclosure, Vol. 18431, cited above, Paragraph IX, and by U.S. Patent 3,737,313. 55 
The exposed radiographic element can be processed by any convenient conventional technique. Such 

processing techniques are illustrated by Research Disclosure, Item 17643, cited above, Paragraph XIX. Roller 
transport processing is particularly preferred, as illustrated by U.S. Patents 3,025,779,3,515,556,3,545,971 
and 3,647,459, and U.K. Patent 1,269,268. Hardening development can be undertaken, as illustrated by U.S. 

60 Patent 3,232,761. Either the developers or the radiographic elements can contain adducts of thioamine and 60 
glutaraldehyde or acrylic aldehyde, as illustrated by U.S. Patents 3,869,289 and 3,708,302. 

Examples 
The invention can be better appreciated by reference to the following illustrative examples. 

65 In each of the examples the contents ofthe reaction vessel were stirred vigorously throughout silver and 65 
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halide salt introductions. All solutions, unless otherwise indicated are aqueous solutions 

Examples 1 and 2 
Control Emulsion A 

Control Emulsion A, typical of the prior art in crossover response, was a 0.4 [i.m diameter octahedral AgBr 5 
emulsion prepared by a conventional double-jet precipitation technique at controlled pAg 8.3 at 75°C. 

Tabular Grain Emulsion 
To 6.0 liters of a well-stirred aqueous bone gelatin (0.75 percent by weight) solution at 55°C which 

1 0 contained 0.143 molar potassium bromide was added a 1.0 molar AgN03 solution at constant flow for 4 10 
minutes consuming 1.8 percent ofthe total silver nitrate used. The AgN03 solution was next added by 
accelerated flow (5.75 x from start to finish) for an additional 4 minutes consuming 6.6 percent of the total 
silver nitrate used. Then 850 ml. of a phthalated gelatin (15.3 percent by weight) solution were added. A 2.3 
molar NaBr solution and a 2.0 molar AgN03 solution were added at controlled pBr —1.47 at 55°C by 

15 double-jet addition by accelerated flow (5 x from start to finish) for 26 minutes consuming 35.6 percent of 15 
the total silver nitrate used. Then the NaBr solution was halted and the AgN03 solution continued at a 
constant flow rate until pAg 8.35 at 55°C was reached consuming 3.4 percent of the total silver nitrate used. 
An additional 850 ml. of a phthalated gelatin (15.3 percent by weight) solution were added. Then a 2.3 molar 
NaBr solution and a 2.0 molar AgN03 solution were added by double-jet addition at constant flow for 58 
minutes at controlled pAg 8.35 at 55°C consuming 52.5 percent ofthe total silver nitrate used. Approximately 20 
8.8 moles of silver nitrate were used to prepare this emulsion, Following precipitation the emulsion was 
cooled to40°C, washed two times by the coagulation process of U.S. Patent 2,614,928. Then the 1.6 liters of a 
bone gelatin (16.7 percent by weight) solution was added and the emulsion was adjusted to pH 5.5 and pAg 
8.3 at 40°C. 

2 5 The resultant tabular grain AgBr emulsion had an average grain diameter of 0.73 |xm, an average thickness 2 5 

of 0.093|xm, and an average aspect ratio of 7.9:1, and greater than 75 percent of the projected area was 
contributed by thin, intermediate aspect ratio tabular grains (thickness <0.30|j,m and aspect ratio >5:1). 

Tabular Grain Emulsion 2 
3 0 Tabular grain emulsion 2 was prepared similar to emulsion 1 above except that forthe double jet addition 30 

ofthe NaBr and AgN03 solutions at pBr 1.47 x 55°C the accelerated flow profile was from 3.75 x from start to 
finish and the run time was reduced from 26 minutes to 17 minutes consuming 21.5 percent of the total silver 
nitrate used. A total of 7.25 moles of silver nitrate were used to prepare this emulsion. 

The resultant tabular grain AgBr emulsion had an average grain diameter of 0.64|im, an average thickness 
3 5 of0.098fj.rn, and an average aspect ratio of 6.5:1, and greater than 70 percent of the projected area was 

contributed by thin, intermediate aspect ratio tabular grains (thickness <0.30(i.m and aspect ratio >5:1). 

Sensitization and Coating 
Control Emulsion A and tabular grain emulsions 1 and 3 were chemically sensitized with 5 mg. potassium 

4 0 tetrachloroaurate/Ag mole 10 mg. sodium thiosulfate pentahydrate/Ag mole, and 150 mg. sodium 
thiocynate/Ag mole, held for 45 minutes at70°C, and then spectrally sensitized with 600 mg. anhydro 5, 
5'-dichloro-9-ethyl-3,3'-di-(3-sulfopropyl)-oxa-carbocyanine hydroxide, sodium salt/Ag mole and 400 mg. 
potassium iodide/Ag mole. 

The control and tabular grain emulsions were coated on both sides of a poly(ethylene terephthalate) f i lm 
4 5 support. Each side contained an emulsion layer of 21.5 mg. silver/dm2 and 28.7 mg. gelatin/dm2 with an 8.8 

mg. gelatin/dm2 overcoat. The emulsions were forehardened with 0.5% by weight bis(vinylsulfonyl-
methyljether based on the total weight of gelatin. 

Crossover and Speed Comparisons 
5 0 The coatings were exposed to radiation from a Picker Corp. single-phase X-ray generator operating a 

Machlett Dynam Type 59B X-ray tube. Exposure times were 1 second using a tube current of 100 milliampere 
and a tube potential of 70 kilovolts. Following exposure the radiographic elements were processed in a 
conventional radiographic element processor, commercially available under the trademark Kodak RP 
X-Omat File Processor M6A-N, using the standard developer for this processor, commercially available 

55 under the trademark MX-810 developer. Development time was 21 seconds at 35°C. 
The crossover comparisons ofthe coatings were obtained from a sensitometric exposure utilizing one 

intensifying screen adjacent to the film. Emission from the single screen produced a primary sensitometric 
curve attributable to the emulsion layer adjacent the intensifying screen and a secondary, slower curve 
attributable to the emulsion layer separated by the film support from the intensifying screen. The emulsion 

6 0 layer farthest from the exposing screen was exposed entirely by radiation which had penetrated the nearest 
emulsion layer and the fi lm support. Thus, the farthest emulsion layer from the screen was exposed entirely 
by radiation which had 'crossed over'. The average displacement (expressed as A log E) between the 
intermediate portions of the characteristic curves (density vs. log E plots, where E is exposure in 
meter-candle-seconds) was used to calculate percent crossover forthe separate coating using the following 

65 equation: 
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(A) 

1 
Percent Crossover =— - r .—rn—.-> , x 100 antilog (A log E) + 1 

5 The crossover and sensitometric results ofthe coatings of the control and tabular grain emulsions are 5 
reported in Table I 

TABLE I 

10 Emulsion Grain Thick- Aspect Crossover Relative 
No. Diameter ness Ratio Percent log speed* 

Control A 0.4ptm 0.4p,m 1:1 17.0 100 
Tabular 1 0.73(i.m 0.093(i.m 7.9:1 18.0 205 

15 Tabular 2 0.64(jim 0.098(JLm 6.5:1 17.5 199 
*30 relative speed units = 0.30 log E 

The data in Table I illustrate the photographic advantage ofthe thin, intermediate aspect ratio tabular grain 
silver halide emulsions when coated on both sides of a support and tested in an X-ray format. Control 

20 emulsion A had a grain volume of 0.030(p,m)3. Although both emulsions demonstrated comparable 20 
crossover results at near equivalent grain volumes, the tabular grain emulsion was significantly faster in 
speed {—1.0 Log E). Likewise tabular grain emulsion 1,0.038(^m)3 grain volume, had similar crossoverto the 
control emulsion A and was 1.05 Log E faster in speed. 

25 CLAIMS 25 

1. A radiographic element having first and second silver halide emulsion layers comprised of a 
dispersing medium and radiation sensitive silver halide grains, and a support interposed between said silver 
halide emulsion layers capable of transmitting radiation to which said second silver haiide emulsion layer is 

30 responsive characterized in that at least said first silver halide emulsion layer contains tabular silver halide 30 
grains having a thickness of less than 0.2 micrometer and an average aspect ratio of from 5:1 to 8:1 
accounting for at least 50 percent ofthe total projected area of said silver halide grains present in said silver 
halide emulsion layer, aspect ratio being defined as the ratio of grain diameter to thickness and the diameter 
of a grain being defined as the diameter of a circle having an area equal to the projected area of said grain, 

35 and spectral sensitizing dye adsorbed to the surface of said tabular silver halide grains. 35 
2. The radiographic element according to Claim 1 characterized in that said support is a film support. 
3. The radiographic element according to Claim 2, characterized in that said support is a blue tinted 

transparent film support. 
4. The radiographic element according to any one of Claims 1 to 3 characterized in that said tabular silver 

40 halide grains account for at least 70 percent of the total projected area of said silver halide grains. 40 
5. The radiographic element according to any one of Claims 1 to 4 characterized in that said dispersing 

medium is composed of a hardenable hydrophilic colloid. 
6. The radiographic element according to Claim 5 characterized in that said dispersing medium is gelatin 

or a gelatin derivative. 
• 45 7. The radiographic element according to any one of Claims 1 to 6 characterized in that said silver halide 45 

is silver bromide or silver bromoiodide. 
8. The radiographic element according to any of Claims 1 to 7 characterized in that said spectral 

sensitizing dye exhibits a shift in hue as a function of adsorption. 
9. The radiographic element according to any of claims 1 to 8 characterized in that said spectral 

50 sensitizing dye is a polymethine dye, preferably a cyanine dye. 50 
10. The radiographic element according to Claim 9 characterized in that said sensitizing dye is a cyanine 

dye exhibiting a bathochromic shift in hue as a function of absorption. 
11. The radiographic element according to Claim 10 characterized in that said cyanine dye contains at 

least one quinolinium, benzoxazolium, benzothiazolium, benzoselenazolium, benzimidazolium, naphthox-
55 azolium, naphthothiazolium, or naphthoselenazolium nucleus. 55 

12. The radiographic element according to Claim 11 characterized in that said cyanine dye is a 
carbocyaninedye. 

13. The radiographic element according to any one of claims 7 to 12 characterized in that sensitizing dye 
is present in a concentration of from about 25 to 10 mole percent of monolayer coverage ofthe surface of 

60 said silver bromide or bromoiodide grains. 60 
14. The radiographic element according to any one Claims 8 to 13 characterized in that said spectral 

sensitizing dye is a green spectral sensitizing dye. 
15. The radiographic element according to any of Claims 7 to 14 characterized in that said tabular silver 

bromide or silver bromoiodide grains have been chemically and spectrally sensitized to achieve speeds of at 
65 least 60 percent ofthe maximum log speed attainable from said grains in the spectral region of sensitization, 65 
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log speed being defined as 100(l-log E), where E is the exposure measured in meter-candle-seconds that 
produces a density of 0.1 above fog. 

16. The radiographic element according to any one of Claims 7 to 15 characterized in that said tabular 
grains are optimally chemically and spectrally sensitized. 

5 17. A radiographic element according to Claim substantially as described herein and with reference to 5 
the Examples. 
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