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UNITED STATES PATENT OFFICE
2,506,749
X-RAY. SENSITIVE SCREEN-
James-H; Schulman; Washingten, D. C., Lyle.W. .
Evans; Emporiim; Pa,, and'Ropert  Ginther;
Waskington, D:CY
Application-May 27; 1948; Serial No.:29;607
7'Claims: (CL 2505-71)"
(Granted. vnder the act of: March. 3, 1883;, as:
amended . April 30, 1928;.370.-Q. G..75%7)

This invention relates to the use of non= The:-present..invention. involves, on .the. other
photographic chemical materials in the-detecting hand, not a.process for. altering tlie rate of ‘the
and.recording.:of . high. frequency radiation, such- emission. of. absorbed.radiant energy, but rafher:
as.-X-ray- and gamma.ray radiation, and:their: for. permanently. altering. the. physical nature of:.

applications.to radipgraphy anddiffraetion. 5- the affected materials. (to. which we.shall.apply,.
Certain materials, generically- referred. to- as- broadly, the term “phosphors”) by means of one:
“phosphors,” have been widely used for.this pur- type.of.radiation in.such.a way that their char=
pose-in X-ray.- work.in.conjunction with. photo- acteristics . under. certain other radiations are
graphic-plates-or film. . cleaxly . altered..
In.this-latter: capacity. they: emit actinic.radi+ 10: 1t.is_the general object.of this.invention to.
ation as-a:direct.result .of. simply being:irradi--  provide.a. method.for détecting.by means of ‘one”

ated with. X-rays- and thereby. augment. the:  type of radiation the permanent changes brought.
photochemical . reduction. brought: about as- about in.certain. phosphor. materials by means-
primarily .a function. of.the-X-rays.. Thus:they- of.another type.of_radiation..

act. a3 “intensifiers” in: that- they:- reduce. the- 15  Another object is to provide a method of!
amount of . X-ray- energy-required.for- adequate:  permanently. affecting.certain materials. by X-
film blackening: and consequently. the-requisite:  ray or gamma ray radiation so that the effect.
exposure time or-tube-current.. It may be:pointed can.at.any later. time. be.détected by. subsequent’
out that the phenomenon here involved isprop--  ultra-violet radiation.treatment..

erly referred . to.-as. “flucrescence;” rather-tham: 20 It is the particular.object of the invention to
“phosphoreseence’ even: though- the: radiation: provide: a. new and. improved  radiographic or
emitted is-notnecessarily visible:. This:is because: diffraction.. teehnique wherein certain. non-
the “luminescence’” (broad.usage) -continues:only: photographic.phosphor material is permanently
during the: period- of:exposure-to - X-rays: whereas: affected: by X-ray. or. gammea ray. radiation,
“phosphorescence” is a: phenomenon- operative: 25 gifferentially, according, to. the intensity of the:
after-the primary-radiation has ceased: transmitted:or. diffracted beam so.as-to form a

Another example: of: a: “phosphor” is: the:  «shadowgraph” (radiographic. image) or dif-
“fluoroscopic sereen” which-is:made: of- a: closely: fraction: pattern on.the.affected .phosphor ma-
related - luminescent: material. differing- only Inv terial, and:subsequently irradiating said material.
that its emits radiation falling within the:visible: 39 with - ultra-violet radiation to bring out said.
range of:the speetrum: and thus-does away- with shadowgraph.. or. pattern,. negatively, through.
the:need for.aiphotographic.operation when-only:  yisible. fluorescence..of :the-unaffected portion of.
observation: is- desired: the. screen.

Some phosphor. mater:ials»afterg treatment . with. The . present .invention. consists-in.the. process
X-rays exhibit-to varying: degrees: a true. phos=- 35: o1 repting certain phosphor materials with high-
phorescence ‘or- after-glow-in.eibher the visible.or: freguency - radiation. having..a: wave. length be--
invisible: range:. Recently: phosphors- hsfwe»,-been:. tween 0'601 A. and 500 &. such as X-rays or.gam-
dereoped in which the-after-giow (v Db S oy asoreasin thi Tumines-

5 Aot PN ' . cence-under:subsequent-radiation treatment.with.
siderable period of-time, particularly at-low tem- 40: 7=~~~ = lira-violet Tadiation. . said- materials.- be--
peratures. 'The. radiation. rate. of.these. phos- & &iven ultra-violevraciation,. sald-ma e
phors is increased by raising. the temperature  ing stronely luminescent in the V151b1e=1.3range~
and also by subjecting. the. material to infra- under- said: ul.tra—V}olet;. radiation- pr,i'or.--‘ o:‘ex-
red Tadiation. posure : to. said . high-frequency: ra:d1at1on;, in

Thus it is seen-that the-prior art of phosphor- 48% Oﬁhe{ words,. the: process-of destroying- some- of.
materials is limited: to- cases. where- the Iumi= the: “ultra-violet : luminescent responsivity” by-
nescence is a- direct result-of-the primary-irradi- means: of “Xerays: In:all.cases t1/1ev-ma,-ter1a1 18-
ation, whether said luminescence-be- concurrent:  originally- visibly. fluiorescent’ under the par-
with- (fluorescent) or subsequent-to-(phosphores-  tieular: ultra=violet radiation: used:
cent) said irradiation. Tn obher word$ the 500 In. our: co-pending: application; Serial- No:.
phenomenon- of+ luminescence: follows: immedis- -99,606; filed of even date-herewith; we-have- dis=
ately and neeessarily as-a-result of ‘the:originali  closed:a type of phosphor material and.a-teeh--
excitation, and:further treatment: of any:kind!  niguerembodying its usage,in which: ultra-violet.
is-one-affecting only-the-rate:of luminesecent-dé=-  responsivity is created by treatment with X=-
cay: 88 rgys;. Whether:-or- not: az materia} is.-originally
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luminescent or non-luminescent under ultra-
violet radiation may depend on the wavelength
of said radiation. Thus, it is necessary to know
the effect of a particular ultra-violet radiation
on g particular phosphor prior fo its exposure to
X-irradiation, and to bring out the effect of said
irradiation with the same ultra-violet radiation
after exposure. Although there is probably for
every phosphor an optimum ultra-violet wave-
length at which the intensity of contrast is a
maximum, any radiation under which an ap-
propriate phosphor is originally Iumineseent (as
in this application) or non-luminescent (as in
our co-pending application) is operative.

Tn this invention a phosphor material which is
normally luminescent (in the visible range)
under a given ultra-violet radiation is reduced
in the intensity of its luminescence upon being
irradiated by high-frequency radiation having
a wave length between 0,001 A. and 500 A, said
reduction being proportional to the quantity of
radiant energy reaching the phosphor material.
Thus the invention constitutes a means of mak-
ing negative radiographic images (shadow-
graphs) or diffraction patterns of an opadque ob-
ject.

An advantage of the invention is that a verma-
nent record of the image or pattern is made with-
out the employment of photographic means. The
image or pattern, resulting from a permanent
change in the nature of the phosvhor material,
is not susceptible to dissipation with time, tem-
perature (except possibly at high levels), or fo
continued application of the ultra-violet radia-
tion.

The phosphor material used in a preferred em-
bodiment of this invention is a solid solution of
salts of lead and manganese and at least one
other salt wherein the Pb++-Mn++ comhination
constitutes the “activator” ingredient. However,
phosphors containing other “activators,” for ex-
amble, Sn++, may be used. This phosphor mate-
yial may be prepared by fusion together of the
respective components and subsequent solidifica~
tion, or by precipitation from a conecentrated
aqueous solution of said comnonents. In the
preparation of the lead-containing phosphors the
precipitation method is preferred since volatiliza-
tion may occur during fusion. The relative quan-
tities are not eritical, only a small amount of the
“getive” ion or ion combination being required
to make s phosphor luminescent under ultra-
violet radiation. The solid solution is ground
mechanically (if prepared by fusion) to a particle
size in the order of 200-300 mesh and applied
to a suitable backing material to form a phos-
phor seraen.

As an illustration of one way in which the
process may be carried out the accompanying
drawings are shown and the following procedure
described:

A phosphor material is prepared by fusion or
precipitation of a mixture of one part lead chlo-
ride, one part manganese chloride and fifty parts
sodium chloride. " The material is then ground
and mounted on a suitable backing material. If
it is now examined under ultra-violet radiation,
for example 2537 A., it will be seen that the mate-
rial luminesces brightly emitting visible light.
This particular radiation is desirable since it is
conveniently produced (by “germicidal” lamps)
and creates a strong luminescence in this phos-
phor.

The screen is then placed in the film position
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f in a radiographic assembly, Fig. 1, arranged for
example, to X-ray a steel flange 2, and a high
frequency radiation 3 such as from a tungsten
target 4 operating at 30 kv. (0.5-1.0 A.) is directed
toward and through the flange. After exposure
the phosphor screen is again examined, Fig. 2,
under ultra-violet radiation {0 of wave length
2537 A. and it is observed that the screen {{ has
lost much of its Juminescence and now is quite
dark over the directly exposed areas. Further-
more, the loss of luminescence is proportional to
the intensity of the X-irradiation reaching the
screen. Of course, the practical value of such a
technique lies in showing up differences in density
in the X-rayed ohject, such as result from in-
ternal defects, rather than differences in thick-
ness.

The above example is intended to be illustrative
and not limitative of the invention except as to
the extent defined in the herewith appended
claims.

The invention described herein may be manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalfies
thereon or therefor.

What is claimed is:

1. The method of permanently reducing umi-
nescent responsivity to a given ultra-violet radia-
tion in a phosphor material originally responsive
to said ultra-violet radiation, said material con-
sisting essentially of a solid solution of one
part each of a lead salt and a manganese salt
and fifty parts of sodium chloride, comprising
subjecting said ultra-violet responsive material to
high-frequency radiation having a wave length
within the range of 0.001 A. to 500 A.

2. In apparatus for the preparation of a per-
manent, negative with respect to luminescence,
radiographic image or g diffraction pattern of an
opaque object on a luminescent screen, the com-
bination of a phosphor screen having an X-ray
sensitive, fluorescent responsivity to a given ultra-
violet radiation consisting essentially of one part
each of a lead salt and a manganese salt and fifty
parts of sodium chloride, ultra-violet radiation
means providing said radiation, and high-fre-
quency radiation means providing radiation hav-
ing a wave length within the range of 0.001
A. to 500 A.

3. In apparatus for the preparation of a per-
manent, negative with respect to luminescence,
radiographic image or a diffraction pattern of an
opaque object on a Iuminescent screen, the com-
bination of a solid solution of one part each of
a lead salt and a manganese salt and fifty parts of
sodium chloride mounted on a suitable backing
material, ultra-violet radiation means providing a
radiation having a wave length between 2400
A. and 3000 A., and high-frequency radiation
means providing radiation having a wave length
within the range of 0.001 &. to 500 A.

4. In the preparation of a permanent, negative
with respect to luminescence, non-photographic,
radiographic image of an opaque metal object
upon 2 luminescent screen, the method compris-
ing, placing in the film position in a radiographic
assembly a phosphor screen luminescent under a
given ultra-violet radiation comprised essentially
of a lead salt and 2 manganese salt of about one
part each and sodium chloride of about fifty parts,
transmitting high-frequency radiation of a wave
length within the range of 0.001 A. to 500 A. to-
ward and through said metal object, thereby
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permanently affecting said phosphor screen, and
subsequently irradiating said permanently af-
fected phosphor screen with said ultra-violet ra-
diation to bring cut, negatively, the image of
said opaque object.

5. The method of detecting the permanent re-
duction in the luminescent responsivity of a phos-
phor material responsive to a given ultra-violet
radiation brought about by exposure of said

material to X-ray radiation, said material con- i

sisting essentially of one part each of a lead salt
and a manganese salt and fifty parts of sodium
chloride comprising subjecting said X-ray exposed
material to said given ultra-violet radiation.

6. The method of evaluating the intensity of a
high-frequency radiation of wave-length be-
tween 0.001 A. and 590 A. comprising, irradiating
a guantity of phosphor material consisting es-
sentially of one part each of a solid solution of a
lead salt and a manganese salt and fifty parts of
sodium chloride with an ultra-viglet radiation
having a wave-length from 2400 A. to 3000 A. to
produce a given fluorescent response, irradiating
a quantity of said phosphor material with said
high-frequency radiation, and irradisting said ir-
radiated quantity of phosphor material with said
ultra~violet radiation to produce a different flu-
orescent response, the difference in the respec-
tive fluorescent responses being an evaluation of
the intensity of the high-frequency radiation.

7. The method of preparing an image of a pat-
tern of high-frequency radiation having a wave-
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length between 0.001 A. and 500 A., comprising,
forming a permanent, invisible image of said
pattern on an ultra-violet responsive, X-ray
sensitive phosphor screen comprising essentially
one part each of a solid solution of a lead salt
and 2 manganese salt and fifty parts of sodium
chloride mounted on a suitable backing material,
by exposing said screen to said pattern, and form-
ing a fluorescent, visible, negative image of said
pattern by exposing said exposed phosphor screen
to ultra-violet radiation having a wave-length
between 2400 A. and 3000 A.

JAMES H. SCHULMAN.

LYLE W. EVANS.

ROBERT GINTHER.
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