











AUTHORTZATION,

1, The studies and experimental work described in this report form
a part of a program of research on gamma radiography which was authorized .
by Bureau of Engineering Letter QP Radiography (7-31-DS) 19 September 1939
and QP Radiography (DW,D¥s) (12-4~1940).

STATRMENT OF THE PROBLRM,

: 2, The objects of this work were: (a) the study of the type of
defect produced in radiographs by the action of lead intensifying screens,
‘this effect is commonly known as lead marking; and (b) the development of
practical means for the elimination of this source of trouble., This work
includes studies to determine the relative resistance of the commercially
available radiographic films to lead marking, and the effccts of modifying
the material of the intensifying screens, In addition some experimental
__tests were made to show that there is a loss of radiographic sensitivity — - -
and definition when paper spacing sheets are used between the radiographic
film and its intensifying screen, This practice has been employed to avoid -
f£ilm marking, : :

KNOWN FACTS BEARING ON THE PROBLEM,

3. . From cne point of view the action of metals by direct contact .
with the emulsion of a photographic film or plate has been knovm for per~ .- .=
haps 40 years or so as the Russell effect. Experimenters have been chicf-'-
ly interested, however, in such matters because of a belief that perhaps

.-various metals, even the common ones, gave off peculiar radiations which
might be due to radioactivity in the metal itself, or due to secondary = -
radiation produced in the metal by unknown causes, Recently the use of
metal foils as intensifying screens in radiography has increased as the - - '

_ hardness of the x-radiation has been stepped up by use of higher voltage =

" equipment and radioactive sources, In this region metallic intensifying .- ..
screens while slow have certain advantages over the faster calcium tung- &+ -
state intensifying screens used in lower voltage radiography. NMetallic’
intensifying screens possess an advantage over the calcium tungstate
screens in that higher definition is obtained in the radiograph., In such
work the metallic intensifying screen is in intimate contact with the
radiographic films and it is obviously important that the intensifying

- screen does not gencrate false or spurious effects in the emulsion of the

radiographic film,- : . . L

_ " 4o -The cause of this action has engaged the curiosity, if not the -
sustained attention, of a number of investigators. As pointed out in a

recent article by Reboul, (1) the effect was first noted in 1896 by R, =
Colsen (2) and studied more intensively by Russell (3) who found that a

large number of metals had .the ability to exert a photographic effect even

when actually separated from the photographic emulsion for a slight dis=- -
tance by a non-metallic separating sheet. The order of activity for the

different metals was placed as Mg, Cd, 2n, Ni, Al, Pb, Bi, Co, Sb.
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This shows little relation to the atomic number or chem:}cal properties.
Russell explained the effect as being due to the formation of hydrogen
peroxide of which the photographic emulsion is known to be‘a very sen—
sitive detector and showed further that various non-metallic sheets,

such as paper and cordboard, produced similar effects if these had been
in contact with Hy0p. How the latter is formed by the metal is not quite
certain., One theory is that the motal by oxidation liberates atomic :
oxygen which unites with water, while another is that the metal, reacting
with moisture, produces active hydrogen vhich combines with the oxygen of
the air to form Hy0s. Whichever mechanism is assumed, the presence of
moisture is necessary for the effect. In recent work Reboul indicates that
this explanation is not entirely complete and that there is reason to
believe that the metals themselves emit radiations somewhat like very soft

¥-rays in quelity, These rodiations supplement the effect due to the inter= _

“action of metal and moisture,

5. These studies are valuable in that they suggest the main ceuse
‘of tho action but it is possible that the lead marking encountered in ,
radiography is more complicateds It is barely possible that at times head -
foils may be used which contain traces of radiocactive impurities, Over a
period of time these could cause spurious markings also, Another source

~of trouble in radiography is uneven’kcontact‘ef the metallic intensifying. =~

scroen with the emulsion of the film, This, however, is a mechanical

difficulty which has to be overcome by proper care in preparing and gy |

ing radiographic exposure holders. A considerable amount of resecarch on
metallic intensifying screens and their proper use has been carried out E
by Seeman4 and Tobey & Seeman5 at the Eastman Kodak Research Laboratories, .
“In their opinion; the-lead marking is due to a reducing action which the
Jead exerts on the silver bromide during the oxidation of the metal, In .
- support-of this view they have observed that a lead surface, .freshly .. ...

cleaned by steel wool, will cause a fogging action while a lead foil thatﬂ_

has been exposed to air for some time will not, -While this observation
js correct as far as it goes, it will be shown in this report that even
uncloaoned lead foils exert 2 fogging action when the humidity and temper- -
ature are high enough. Another source of trouble according to Tobey and
Seeman, is a leadmarking vhich is due to the rubbing off of particles of .
lead on the photographic film and the consequent. marking of the film in
‘the development, To get around this source ‘of trouble they have adopted
the use of 2 "hard"-lead (antimony lead) which they claim is giving satis-
factory results. In the past, extensive use has been nade of the tin coat-
ed lead foils, and on the whole these have becn fairly satisfactory. One
of the foils studied in the present work is of this kind and has been on
the narket for some time, It is stated, however, by Tobey and Seeman that
a homogeneous metal intensifying screen is to be preferred to one of the
coated veriety because any variations in thickness of the plating will be
. likely to give rise to irregular absorption of electronic radiation at
the surface of the foil which gives 2 mottled effect in the radiographs


















reason for keeping exposure holders loaded for such lengths of time before
use or development.

'25, These gtudies have shown that when the humidity of the air around
radiographic exposure holders is increased considerably, the action of the
metallic foil on the £ilm is accelerated indicating that moisture is the
prime factor that determines the amount of marking a film receiver. The
subsequent attempts to exclude moisture from exposure holder by devising '

_sealed packs, and sealed packs containing a drying agent, showed that the =
fogging action of the foils can be reduced decidedly, even under adverse
conditions of temperature and humidity.

26, An objection may be made that the conditions of temperature and
humidity employed in the accelerated tests are seldom met in practice
-~ except perhaps in the tropicss This is true, and it may be emphasized that
this type of test was chosen primarily to bring sbout definite effects in
reasonable lengths of time and not to duplicate some possible practical
situation. The preliminary experiments in this work showed that these
effects could be brought gbout under ordinary room oonditions over much long-
er times,

27, The experiments have showmn the importance of using dry exposure 5
" holders and have also shown that internal air spaces in the exposure holders D
can broduce desired blackened areas on the radiographic film.

, 28, In eliminating the effect of moisture in ‘the exposure holder by :
sealing, the question. maturally arises as to whether the reduction of moist~ .
ure in the film emulsion may adversely affect the sensitivity. However, it -

anpears certain that the presence of moisture decreased rather than increas— -

. ed the sensitivity of the. emulsi.on, thus it is advantageous to use. as dx‘y )

a film as possible.

29, From the results obtalned in the accelerated test, it seems that

. there is little to be gained by the use of paper and other organic sheets
between the radiographic foil and film, Even under climatic conditions less
drastic, the use of paper did not give -any definite protection; however, the
use of paper separators has been tried elsewhere and even advocated, Before

the use of such means to prevent film marking is discouraged, it may be re-
called that in the cases of-foils having suyface impurities, such methods. c
may allow continued use of such foil while otherwise it would be necessary to. ..
discard it. This slight advantage is probably offset by a decrease in in~
tensifying effect and the tendency of the paper to absord moisture and theres
by hasten action between the foil and the film., . .

30. The part:.cular t'ype of lead mark:.ng tests ‘asdopted in this work S
showed that a number of different radiographic metal foils gave about the.
same action between the radiographic film and foils ~Some minor differences
were noted; in general, it was found that pure or nearly pure lead sheet
gave sl:.ghtly more pronounced marking than the commercial tin coat.ed foil. ‘
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