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1
This invention relates to radioactive metal
products, and is concerned especially (but not
solely) with an improved radioactive metal prod-
uct that emits alpha particles. Basically this

series; and actinon (another isotope of radon)

2

is the third disintegration product after actinium
in the uranium-actinium series. These radio-
active gases all have short half-lives, but when
they are produced by disintegration of their par-

product comprises a metallic core in which a g ent substance in very thin foils or extremely fine
radioactive substance is incorporated, and a wire, at least a small percentage of some of them
sealing film over the core which prevents escape can and does escape beyond the surface of the
of gaseous products of the radioactive disinte- foil or wire before disintegrating to the next
‘gration process bui which advantageously is product in the series. Escape of the radioac-
thin enough to be penetrable by alpha particles 10 tive gas is disadvantageous on two accounts.
emitted in this process. The invention further First, the escaped gas is highly poisonous and
provides a new method for making radioactive even very dilute concentrations are dangerous to
metal products of this character, ang a device human and animal life. Second, the escaped gas
based on the new radioactive metal product for is no longer able to contribute, by its own disin-
eliminating static charges. 15 tegration and the disintegration of its produects,
Various proposals have been made heretofore to the radioactivity of the foil or wire—the
for incorporating radioactive substances in metal escaped gas thus represents g waste of radioac-
products. In particular the patent to Alois tive energy which would not occur if the gas did
Fischer No. 2,326,631 describes a metal foil in not escape.
which a radioactive substance is incorporated, 20 The present .invention contemplates the pro-
and specifically a metal foil capable of emitting vision of an improved radioactive metal product
alpha particles and efficient in its use of the which retains the efficient alpha-particle-emit-
radioactive substance employed. Foils and ex- ting characteristics of thin foils but avoids the
tremely fine wires are especially advantageous foregoing disadvantages of thin radioactive foils
forms of metal products which are intended to 25 as heretofore used or proposed. The new radio-
emit alpha particles, because the depth of pene- active metal product comprises a thin metallic
tration in metals of alpha particles having the core or base structure (for example, a metallic
average energy with which they are emitted by film, ribbon, or fine wire) having a radioactive
ordinary radioactive elements is very small. alpha-particle-emitting substance intimately dis-
When the radioactive substance is uniformly dis- 30 persed therein. A thin, substantially continuous
tributed through the body of the metal product, sealing film substantially free of radioactive ma-
the thickness of the product should be no terial is bonded to a surface of the core metal.
greater than can be penetrated by an alphs par- The combined thickness of the core and the seal-
ticle as emitted by the substance; otherwise alpha ing film is no greater (for a product that emits
particles originating deep in the metal will not be 35 alpha particles) than can be penetrated by viz.,
able to reach the surface and be emitted from is permeable to alpha particles having the maxi-
the metal. In consequence efficient use will not mum energy with which they are emitted by the
be made of that portion of the radioactive sub- radioactive substance dispersed in the core. If
stance distributed deep in the metal. desired, this thin metal product may be bonded
While thin foils and very fine wires are known 40 to a backing sheet or strip, advantageously of
to possess the above-indicated advantage of be- metal, to provide it with mechanical support, and
ing efficient in the use of the radioactive sub- which may also act as an emanation shield, and
stance when the foil or wire is primarily intended to limit the angular width of the emitted beam
to emit alpha particles, the very thinness of the of alpha particles. (The term “emanation” is
foil or wire which leads to this advantage con- 45 wysed throughout this specification to denote all
tributes also to a substantial disadvantage. This the products emitted in the course of the radio-
disadvantage arises from the fact that in each active process, and not, as is often the case, to de-
of the well-known natural radioactive disinte- note merely the gaseous disintegration products.)
gration series, one of the early disintegration The core of the new product most advan-
products is a radioactive gas. For example, 50 tageously is a metal film and preferably a film of
radon, a gas, is the first disintegration product noble metal such as gold or platinum. A film of
after radium in the uranium-radium series: gold or other metal composed of pressed metal
thoron (an isotope of radon) is the fifth disin- powder is especially satisfactory because such
‘tegration product after thorium in the thorium - films are conveniently fabricated to incorporate,

intimately dispersed, the radioactive substance.
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The radioactive substance may be a radioactive
element, but most conveniently is a salt of such
element, for example, a salt of radium such as
radium sulphate or radium bromide.

The sealing film serves primarily to prevent
the escape of gaseous disintegration products of
the radioactive substance incorporated in the
base structure. It may be composed of any ma-
terial capable of forming a sufficiently thin film

which yet is sufficiently contifiuous to perforin i

this sealing function, viz., to be impermeable to
the radioactive gas. Organic film-forming com-
pounds, such as various plastic compositions, will
serve as the sealing film material, but it is usual-
1y better to employ a materid]l whiich is inore re-
sistant than organic compounds to emanations
from radioactive substances. . Noini-metallic in-
organic films, such as a thin film of fused silver
chloride, perform satisfactorily and may be used.

Generally, however, a metallic sealing film, and .

preferably a rioble nietal sealirg film of the same
metal as that comprising the core, will be found
most satisfactory.

When, ds is gererally the c¢ase, the core is in

thé form of a thin ribbon or film, it is desirable o

t6 apply the sealihg filin to both surfaces of the
base struéture film. This is not always necessary
_ howeéver. For éxample, if the film is to be mount-
ed onr g relatively héavy backing strip, it is not

necessiry, in order to prevent radon loss through

the baek, that a sealihg filth be applied to that
surfdée of the core whieh is to be bonded to the
backing. Nevertheless, if the backing stiip is of
metal (Such ds silvér) different from that of the

core (sueh as gold), it is preferable that a sealing

layér of suitable non-radicactive metal (such as
gold) be initerposed between the radioactive core
and the baeking t§ prevent migration of radium
or its products into the backing when the mate-
rial is employed at high tempeératures.

and the sedlirng filin is made no greater than can
be penetrated by alpha particles having the maxi=
raum energy with whieh the radioaétive sub-
stariee emits them, so as te attain efficient emis-

sion of alphs particles f¥om the metal product.

For optimumi alplia particle emission, the core
and sealing film eombined shetild be thin enough
to be p‘en'etfa’b’le by alpha p‘artlcles possessmg the

the radioactwe substance employed The metal
produet will emit glpha patticles; however, so
long as the sealing filhi slone is permeable to
alpha. particles, viz., is of 4 thickness less than

that which can be peretrated by alpha particles ;-

having the maximum energy with which the
radioactive substance emits them.

In the case of the meétals that are most satis-
factory for use in making the new mietal product,
stich as geld and other noble metals, the maxi-
mum thickness of the base structure and sealing
film combined generally sheotld not exceed aboub
5 microns, and advantageously does hot exeeed
abotit 4 microns, with the.core contributing abeout

Y% to 21 mierons to the total thickness and the )

sealing film contributing about Y% te 1Y% micromns.

By making the sealing film of a material which
is substantially continuous and freé of any radio-
aetive substance, it is effective in preveriting the
eScape outside the metal of any appreciable
amount of gaseous. disintegration products of the

radioactive. process, even though it be df the

thickness necessary to permit the passage of
alpha particles emitted in this process. Seéalifig

films thicker than specified above dlso areé effée~

—
on

<
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tive for preventing escape of radioactive gas, and
may be employed if alpha-particle emission from
the metal product is not required. For example,
if a foil product that emits only beta particles and
gamma radiation is desived, the Sealing film, or
the core, of both, may be substantially thicker

~ than above indicated, and the sealing film will

§til} perform the useful function, with the above-
stated advantages, of preventing escape of radio-
active gas.

If a backing sheet or strip is employed to sup-
port the thin product, it is usually so heavy as to
éffectively prevent emission of alpha particles
from the surface to which it is bonded. In such
éase therefore, if a sealing film is applied to both
surfaces of the core film before bonding the re-

-sulting composite filin to the backing, the thick-

ness of the sealing film between the base struc-
ture dnd the backing is of no great consequence,
and it may appreciably exceed the thickness in-
dicated above. In such case only the thickness
of the core il and the sealing film on its exposed
side need be as thin as indieated for efficient
alpha-pdrticle emission.

Any materigal capable of providing the degree
of support desired for the thin metal foil product
described above may be used as a backing. Silver
is especially satisfactory fer this purpose.  Cor-
rosion-resistant metals such as copper, nickel and
stainless steel are also well' suited for backing
purposes, biit othier backing materials, metallic or
noh~metallic, may be used if de51red The thin
compasite r'adioactive‘ foil may be secured to the
backing by ary conventional method, such, for
example, as by soldering, brazing or welding, or
by the use of an adhesive.

The irvention provides a method for making
thin radiodetive metal products, as described
abové, preferably tsing metal powders. In ac-

it cordance with this method, a metal powder such
The conibiniéd thickness of the base structure

as gold powder and a finely-divided, radioactive
alpha-particle-emitting substance such as a ra-
diurh salt are intimately mixed together. The
radiodctive stibstance advantageously constitutes

- about 1% to about 12% by weight of the mix-

ture. The powder mixture is pressed and sintered
into o compact mass, and if desired, it may then
be compscted somewhat more by a rolling oper~
ation. - A layer of metal substantially free of ra-
diogetive material is applied to a surface of the
compacted mass, or advantageously the compact
is sandwicheéd between layers of such. metal. The
restulting composite structure or sandwich then is
reduced by rolling or other metal-working oper-
ation to a thickness no greater than can be pen-
etiated by alphs particles having the maximum
ehergy with whieh they are emitted by the radio-
active substanee. The layer of sealing metal may
be bonded to the core cormpact by welding or

: othéiwise before the composite is reduced in

thiékness; or the metal-working operation may
be cartied éut at an elévdted temperature high
ernoiigh so that at the pressure applied the sev-
eral layers of metdl are firmly and permanently
botded togethier.

In an advantageous embodiment of this meth-
od, & bdckig metd] is applied and bonded to the
composite - of radicactive and sealing metals,
preferably after the cormposite has been reduced
substantially th thickness but before it has been
rediiced to its final thickness. The composite and
backing metals then may be rolled together suffi-
ciently so as to reduce the composite component
afid other layers to the thicknesses specified.

The radiogctive métal product herein described
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serves admirably as the fundamental element. of
o device for eliminating static charges wherever
their accumulation interferes with normal or de-
sired operation. Such charges, for instance, ac-
cumitlate on webs or sheets of paper in paper-
making, -fabricating and -printing operations;

on travelling webs of cloth in the textile industry; -

and on plastic materials in operations involving
their manufacture and use. The accumulation of
static charges may constitute a fire hazard, be-
cause the potential of the charge may become
sufficient to cause a spark capable of igniting
the inflammable material on which the charge
accumulates, or of igniling other inflammable
material nearby. Such static charges also often
cause sheets of material to adhere to each other
or to other objects.

A device for eliminating such static charges
based on the radioactive metal product described
herein may comprise a narrow strip of the radio-
active metal product, advantageously supported
by a backing strip and of a length about equal
to the width of the web from which static charges
are to be eliminated. The strip is mounted fairly
close to the web, but is spaced therefrom by a
short distance of the order of an inch or so, and
it extends transversely across the web. Since the

w

10

15.
‘active metal foil is very small, and the cost of the

radioactive metal product emits alpha particles .

efficiently, it is highly effective for ionizing the

atmosphere between it and the web with safety, 1

and static charges tending to accumulate on the
web “are neutralized and discharged in conse-
quence of this ionization.

If desired, the radioactive strip may bhe
mounted in the hollow of a channel, semi-
cylinder, or other shape which is thick enough
to prevent the passage of alpha particles. In
this manner the effective beam of emitted alpha
particles may be confined to & particular direc-
tion (determined by the direction in which the
open side of the channel faces). The angular
width of the effective beam may be controlled by
suitable choice of the depth of the channel
flanges relative to the width of the radioactive
strip, and other factors affecting the geometry of
assembled structure.

The following description of the manufacture
of g radioactive foil will afford a better under-
standing of the invention, although it is under-
stood that the invention is not specifically limited
to the embodiments described below.

41
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In the following description reference is made .

to the accompanying drawings, in which
Figs. 1 to 5 show schematic cross-sections

through various forms of the new radioactive

metal product;

Figs. 6 to 9 show various forms of backing for
limiting the angular width of the alpha particle
beam emitted from the radioactive metal prod-
uct; and ’

Fig. 10 shows diagrammatically the relation in
which a static eliminating device according to

the invention may be mounted relative to a~

travelling web of sheet material.

Generally, the first step in the manufacture of’

the radioactive metal product is the preparation
of the material for the radioactive core or base
structure. Various procedures may be employed
for this purpose. For example, a metal sheet or
strip may have a very thin layer of a radioactive
element or compound deposited on it by electro-
deposition, by sputtering or evacuation in vacu-
um, or by other means, and the deposit then may
be caused to diffuse into the underlying metal by
heating to an elevated temperature for a suffi-

60

70
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ciently long period of time. A more satisfactory
method is to mix the radioactive substance, in
finely divided form, intimately with a metal pow-
der of the composition desired.- Numerous metal

powders are available and may be used, such as
“copper powder, nickel powder, tungsten powder,

or alloy powder such as brass powder. Ordinarily,
however, a noble metal powder such as gold or
platinum powder or a gold-platinum alloy powder

is preferred. Noble metals are virtually unaf-

fected by. the emanations of radioactive sub-
stances, they are highly resistant to corrosion
and chemical attack, and they are very easily .
worked. While noble metal powders are costly,
the amount used per unit area of the thin radio~-

metal therefore is not a very large factor in the
cost of the produet. .

For a metal product that emits alphsg particles,
the radioactive substance employed is of course

‘'one which emits alpha particles in the course of -

its radioactive disintegration. A radioactive ele-
ment of this character may be employed as such,
but production of the radioactive elements in ele-
mental form is difficult and accordingly it is most

‘convenient to employ a salt or other compound

of a radioactive element. Salts of radium, such
as radium chloride, radium bromide, or radium
sulphate, are readily prepared in finely divided

_form and are especially advantageous substances -

to use. Salts of other radiocactive elements may,
however, also be used. For example, salts of
thorium and especially salts of thorium disin-
tegration products may be employed, as may salts
of actinium,.. All of these elements undergo radio-
active disintegration with the emission of alpha
particles, and yield disintegration products which
undergo further disintegration involving alpha-
particle emission. It is also possible to employ

. salts or other compounds of radioactive elements

above uranium in the periodic table, such, for
example, as salts of neptunium (atomic number
93) of atomic weight 237, an alpha-particle-
emitting element having a half-life of 2.25x 108
years; salts of plutonium (atomic number 94)
of atomic weight 238, an alpha-particle-emitting
element having a half-life of 50 years; and salts
of plutonium of atomic weight 239, an alpha-
particle-emitting element having a half-life of
24,000 years.

Besides the foregoing elements, which are nor-
mally radioactive, it is possible to employ ele-
ments and compounds which are not normally
radioactive but in which radioactivity has been
artificially induced. For example,  radioactive
forms of carbon have been prepared and may
be used as the radioactive substance, especially
those forms that emit alpha particles. Also com-
pounds such as common salt (sodium chloride)
have been rendered radioactive, and such com-
pounds (as well as compounds prepared from
elements in which radioactivity has been artifi-
cially induced) may be employed as the radio-

5. active substance.

The proportions of radioactive substance and
metal powder used in preparing the mixture may
be varied over wide limits, and in general will
depend upon how intense a degree of radioactiv-
ity is desired. Ordinarily, however, the radioac-
tive substance should constitute at least 1% by
weight of the mixture. Where infense radio-
activity is desired, as much as 12% by weight of
the mixture may be made up of radioactive salt,
and even higher percentages may sometimes be
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uSed W1th1n the lnmt of forming ‘a cohesive “and -

workable compact-with’ ‘the metal powder.;

~ purity. which reduces the ductility.-of “the. gold;

The-mixture of metal powder and radicactive .

salt” or other-substance-aresubjected t6 high

mechamcal pressure of the-order-of 30 tons per

square inch, t0-compact the powders and form-a-

cohesive mass:; 'The- compressed ‘mass, while co-

hesive; is very fragile, and-it*therefore’ is next -
subjected to-a sintering operatlon mvolvmg ‘heat=

ing-it-at about ‘85¢° C. for ‘about-one- -half “hour.

10

When-well=purified gold ‘powder is ‘used; no harm : -
is-done- t6 the -pressed- mass- by mtroducmg it
directly 1nto -an oven-at the sintering temperature

of950%°C: " If, however;
occludéd: g ses-may be -driven -off ‘during" sinter=
ing-and raise-blisters -on-the- -pressed -mass unless

‘impure’ powder is “used; .

the-sintering - operation- is- conducted carefully:
In such case, it is best to heat the pressed mass”
very-sléwly - (over -a-“period -of ‘several-‘hours)- 6 .
the-finai sintering temperature; and then to-hold-

it -at this -temperature ‘for % to 2 *hours.

- The"

compacted -mass -after - sintering is’ - quite strong-j
and-may-be handled without - fear -of -breakage.”
The sintered - compact is next-rolled ‘to reduce -

25

its:thickness and inerease its ‘density.- After some
reduction-in thickness:-has been -affected;-

it s

wrapped-in- a-sheet-of suitable-metal containing -
no radioactive substance; and the resulting sand- -

wichtis further rolled-to reduce the-thickness of-

both:the siritered-compaet and:the metal-wrap-

15
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ping;: which; in-the ‘finished product, forms the -
" sealing film.- Alternatively the'sintered:-compact; -
before-being ‘rolled- at-‘all, may-be- wrapped ‘in-

the:metaliand may be-subjected to-its first- 1011-"

ing.operation only: when-thus enclosed:!

Various metals may:be-used for the-wrapping;
Noble .metals;, especially -gold- and ‘platinum;: are-
particularly . suitable -for - this..purpose;: for :tha:
same:reasons:that make ithem:advantageous. for:

the:core-metal:: Other metals; however, such as

copper,mnickel; tin orichromium, or alloys sueh:as.:
brass,-bronze or; platinums=gold may:be employed::

suceessfully.: .

35
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Advantegeously the;thickness: ofi-the :gold-..or-
other: metal. wrapping sheet is :substantially less:
than the.thickness of the sintered-cempast;-but -

it must not be so-thin- that in:the :finished prod--
uet it does.nat- form .a.contintous. sealing :flm -.

1mperv1ous to the radioactive -gas.. . Anwrapping..
about %
is satlsfactory

In lieu of. mechanlcnlly applylng the seallng.

metal as 4 separate sheet, by wrapping about the.

core or otherwise, it may be. electrodeposited. on .

the radioactive core imetal,. either immediately
after sintering or after preliminary rolling .of the

core-following “sintering.~ There is no. particular .
difficulty in applying the sealing metasl.by electro- -
deposition, and any electroplating bath and tech-

nique suitable for the sealing metal to be applied

60"

(gold, platinum, nickel, copper ¢r chromivm,.for
example), using soluble or insoluble anodes, may ..

be employed. After a jayer of sealing metal of

> the thickness of the compact generally 5

desired thickness has -been -electrodeposited on
the core, it is sometimes: advantageocus. td heat.”

the resulting metal product to-an elevated tem-
perature - (say 950° C:) ‘for a-sufficient period of

time (say 1% hour) to eliminate hydrogen which -

often-accumulates in-undesirably large amounts

in electrodeposited metal and, if not eliminated ~

may make it difficult to roll the product.

The rolling operation may-be carried- outjatj
room -temperature, or-at a higher temperature -

if desired.- The radioactive-substance -incorpo~
- rated in-thesintered compact-constitutes an im=

65
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and. it 'is. therefore usually necessary to.anneal’

the product periadically  during. rolling . (gener—'

ally after each thiee or four passes through:the

roll§ when the rolling operation is conducted. at .

room, temperature).

Annealing is effected . by,

heating the product to about. 800 to 900° C. The

combination of rolling and annealing steps con- .
tributes to firmly and permanently bonditig the.
outer layers of metal to the core 'metal, ‘especially .
when the outer layers have been applied by sim~

ply 'wrapping them abéut ‘the core. metal.
Rolling,” with” intermediate anneals, may . bé.

continued until the total thickness of.the produict
‘has been reduced to.about *.002 inch. This is. a

convenient thickness at which to apply the back-
ing sheet or strip. Owing to.the extreme thin-

ness-of the product in its finished.form, a fairly
heavy backlng strip—almost always is necessary

to providé support for handling. Silver is a par-
t1cularly ;advantageous metal to emp10y for back-
ing‘puiposes-although-other mstdls such’ as cop-
per;‘nickel, ‘etc;, may. be employed; if 'desired; ",

Thie rolled- product ‘advantageously is 1n1t1a11y

bonded to the -backing *metal oy ‘welding undei .

pressure’

After-welding - the rolled ‘prodict to

For this purpose the foil and backing |
metal;"suitably cleaned, are pressed together with,
a force of, ‘about. 5*tons. per square inch while.
heated- electrically or otherwise to a welding tems" "
‘perature.
the backing metdl, the assembly is further rolled

to reduce the radioactive ‘component ‘to the ré- -

quired thinness. ' As. abhove  indicated, rolling
should he.continued until’ the total. th1ckness of
the radioactive metal.core and the exposed seal-

ing filmis no greater than can be penetratéd by
alpha particles having the maximum.energy with .

which“they are emitted by the radivactive sub-
stadnce-employed” and- preferably to a thickness .

slight enough’to bé penetrable by alpha particles.
havmgwhe ‘ayerage energy withi which such. sub-.

stance emit§ them. The thickness of the backmg,_;

metal, at the time the rolled radioactive. product, .

is weldedtc “it;"should be such.that i the final

rolled ‘product -the-backing “metal. is still suffi-

ciently thick (say.about 0.010 inch) to brovide -
efféctive support. If the rolling operation reduces.

the backing metdl to a’ ‘thickness.less than this,

g further-layer.-of "backing metdl .of. adequate .
thickness may bé applied by welding or otherwise. .

The radioactive metdl product made. as-.de-
scribed above is illustrated ‘(without a ‘backing)

in Fig..1, which shows the core of bressed metal -
powder and radidactive substance sandwiched .

between the sealing films which' completely sur-
round the core.
through‘a structureof this type bonded to-a back-

A__fragmentary . cross-section

ing is shown in_ Fig. 2.. Fig. 3 shows.a modified .

structure in: which “the sealmg film is bonded to.

only one surface of the radioactive core, and Fig..4
shows a foil of this'structure bonded to a backing...
Fig. b shows a fragmentary cross-section through .

a wire' structure in. which_the radioactive .core

wire is enclosed in aséaling sleeve substantlally -

free of radioactive materigl.

Figs. 6 to 9 illustrate how the backmg layer (or .,

a second Separate backing or supportitg element)

may be configured to.limit the angular width.of =
a beam of dlpha particles emitted from a strip .
of radioactive ;foil (or. .from. a radioactive wire)

made-as herein “described.; Fig, 6, for.example,

illustrates how-a-flgt backing at least as wide as
the-foil limits the angular width of. the efféctive
beam to 180°:"

Figs. 7 and 8 Show channel shaped -
backing elements (of tonventional channel cross='
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section as in F1g 7 or in the form of a longltudl—
nally sectioned tube as in Fig. 8) which limit the
angular width of the alpha particle beam to some-
thing less than 180°.. A deep channel backing
- element as shown in Fig. 9 may be employed if a
-beam of narrow angular width is required. The
-backing elements in all of the structures shown
in Figs. 6 to 9 are, of course, thick enough to be
impenetrable by alpha particles of even the maxi-
mum energy with which they are emitted from
-the radioactive foil, so as to confine the effective
-emitted beam of these partlcles to the desired
angular width. .

Pig. 10 illustrates: d1agrammat1cally a static-
eliminating device according to -the invention
(which advantageously consists essentially of a
long narrow strip of the new radioactive metal
product mounted on a backing and supporting
element of the character shown in Figs. 6 to 9)
mounted for eliminating static charges that ac-
cumulate on a ‘web of travelling :sheet material.
The static-eliminating device extends transversely

“'of the web, and preferably completely across its
width. It is spaced an inch or so from the web,
with the beam of emitted alpha particles directed
toward the web. The alphg particles ionize the
‘atmosphere hetween the:radioactive foil and the
.web, and static charges accumulated on the web
are heutralized or discharged as the web passes
over or under this region of ionized atmosphere.
‘The spacing between the web and the static-
eliminating device should not exceed about three
inches, as this is the maximum distance in air at
ordinary atmospheric pressure at which the alpha
particles emitted from a radium-metal foil of the
character herein described are effective for ioniz-
ing the air. Optimum ionization of the air for
static elimination purposes occurs within an inch
or less of the foil, and accordingly it is desirable
‘to mount the static eliminator with the exposed
surface of the foil no farther than this from the
-web.

It is evident that' instead Vof the web of sheet
material travelling over a stationary static elimi-
nator, the static eliminator may be moved over a
stationary sheet. It may be set up to be moved
mechanically, or it may be hand operated.as a
wand. It also may be of other physical form
than a thin ribbon—for example, it may be in the
form of a broad sheet, and may be flat or curved.
The radioactive element may cover a continuous
surface expanse of the backing structure, or it
may be arranged thereon as a series of spaced
strips, triangles, squares, circles, or other shapes.
The alpha particles emitted from the foil diverge
unless confined by a shield of some sort, so even
when the foil is discontinuous on the backing,
the separate foil pieces may be arranged so that
the alpha particle density in the atmosphere a
short distance from theé plane of the foil is sub-
stantially uniform. . » _

It is also evident that the web itself may be
thin and continuous, as is usually the case with
paper or sheet plastic material, or it may be rela-
tively thick and discontinuous, as are the rovmgs
and bats encountered in textile mills.

Another advantageous use of the new prodwct
is to eliminate static charges on the parts of ana-
lytical and other balances, the accurate operation
of which is affected by such charges. A foil or
wire prepared in accordance with the invention,
with or without a backing, may be mounted near
the pans or beam, or both, wherever objectionable
static' charges might accumulate, to eliminate
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such charges. Numerous other snmlar uses of
the new product-are apparent,

Radioactive metal products prepared as above
described with a thin; continuous sealing film
substantially free of any radioactive substance
over the radioactive core give off virtually. no
radioactive gas. Their use therefore will not
result in contaminating the surrcunding atmos-
phere with these highly poisonous gases. ~ More-
over, by retention of the radioactive gas within
the core, the radioactive effects of its own dis-
integration, and of the disintegration of its prod-
ucts, are preserved for use in the environment in
which the metal product is employed.

The effect of the sealing film in retaining the
gaseous disintegration products in the core makes
the use of such film advantageous even in those
instances where the thickness of the sealing film
alone, or of the sealing film and metal core com-
bined, is greater than can be penetrated by any
alpha particles emitted by the radicactive sub-
stance.. Such thick metal products, of course, will
not emit alpha particles, but for uses where beta-
particle emission and gamma radiation are all
that are required of the foil, the sealing film, even
though thicker than above specified, still is ad-
vantageous and performs the highly useful func-
tions of preventing contamination of the sur-
rounding atmosphere with a radioactive gas and
preserving within the metal the radioactive en~
ergy of the gas and its disintegration products.

‘We claim:

1. The method of ma,kmg a radioactive metal
product which is substantially proof against leak-
age of radioactive gas which comprises, intimate-

-1y admixing a finely divided metal ‘and a finely

divided radicactive alpha-particle-emitting sub-
stance, pressing and sintering the resulting mix-
ture into a compact, applying a sealing layer of
metal substantially free of radioactive material
to one surface of said compact, bonding a rela-
tively thick metal backing to the other surface
of said compact, and rolling the resulting product
until the thickness 'of said sealing layer is no
greater than can be penetrated by alpha particles
having the maximum energy with which they dre
emitted by said radioactive substance. ’

2. The method of making a radioactive metal
product which is-substantially proof against leak-
age of radioactive gas, which comprises, intimate-
ly admixing a metal powder and a finely divided
radioactive alpha-~particle-emitting substance,
pressing and sintering the resulting mixture into
a compact, sandwiching the compact between
layers of a metal substantially free of radioactive
material, rolling the sandwich to reduce - the
thickness thereof and to bond the several layers
together, applying a  relatively thick layer of
backing metal to the resulting bonded sandwich,
and rolling the sandwich and backing metal to-
gether until the compact and at least one of the
layers of the sandwich component of a thickness
no greater than can be penetrated by alpha par-
ticles ‘having the maximum energy with which
they are emitted by said radioactive substance.

3. The method of making a radicactive metal
product which is substantially proof against leak-
age of radioactive gas, which comprises, intimate-
ly admixing a finely divided metal and a finely
divided radioactive alpha-particle-emitting sub-
stance, pressing, sintering and forming the re-
sulting mixture into a compact, wrapping said
compact in a sheet of non-radioactive malleable
metal of a thickness about one-tenth that of the
compact to form a sandwich, rolling said sand-
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~ wich successively until'the thickness thereof is
<oft:he order:of two-thousandths of+an'inch;-an~-
nealing said sandwich pericdicglly between said
-rollings by heating.to about 800 t0:900: degrees C.,
welding«said: rolled sandwich to -a-metal backing
-strip considerably - thicker “than' saig »sandwich,
»and rolling said-sandwich :and-backing metal to-
rgether until the thickness.of the-sandwich com-
-:ponent does not exceed about five microns.
~4..The method of making a:radicactive metal
“product which is substantially preof-againstleak-
~age:0f radioactive gas, which comprises; intimate-
-ly -admixzing o finely divided-metal .and - a’finely
-divided: radioactive: alpha-particle-emitting-sub-
stance, pressing, -sintering and forming: the re-
~sulting mixture ‘into ‘a compact, elecirodepositing
~on-said-compact a'layer-6f non-radicactive'malle-
“able metal of a thickness less' than that -o6f the
sgompact to form a-sandwich, heating said-sand-
-wich:at an-elevated: temperature for . a -period
zsufficient -to drive off hydrogen accumillated*dur-
~ing said electrodeposition, rélling-said:saridwich
ssuccessively until the. thickness thereof is-of the
-order: .6f two-thousanidths of -an. inch, annealing

: saidrsandwich- periddically between- said rollings -3

by heating, bonding. said: rolled -sandwich:fo-a
~metal -backing strip: considerably ‘thicker ' than
~said. sandwich,:and: rélling -said -sandwich - and
- backing metal ‘together - until- the - thickness- of

the sandwich component’ is no:greater than‘can 55+

~be penetrated by alpha particles having the max-
imumr energy with-which they are-emitted by said
radioactive substance.
+6.- A radioactive-product; comprising:a-core ¢on-
-taining a-radioactive sitbstance which emits 4lpha
~particles and:amanates-a: radicactive.rgas:as:a
=disintegration :product,:and :a ccontinnous . thin
-sealing ‘film substantially free of radioactive ma-
.terial bonded toia surfaee-of said:core;said:zeal~

+ing:filmvbeing sufficiently thin:to.be: permeable 4

‘to said-alpha particles-and:sufficiently: thick to.be
-substantially impermeable:to:said radicactive:gas.
:6.-A radioactive metal product thatemits alpha
sparticles comprising a.thin imetaltic:core ‘having
:a: radioactive - alpha=particle-emitfing substance
Aintimately dispersed therein,:-and- a substantially
-continuous radioactive=gas-sealing: film substan-
tially free of:radioactive:materialubondedito: a
surfaceof ;said: core, :the. combined: thickness. of
-said: corerand-film heing no greater:than ean’ be
-penetrated “by:alpha:particles: having the maki-
muny energy: with:which: they:are emittéd- by said
ra.dmactlve substance,
‘1. :A radioactive metal - product that-emits- alpha
Pparticles comprising & thin: metallic’film’having-a,

radioactive alpha-particle-emitting: silbstance in-

timately- dispersed: therein,:a: substantiglly -con-
tinuous radioactive-gas-sealing film-substahtially
free:0f radioatctive material borided to a suiface
-of:said metallic film,; the' combined: thickness-of

said twofilms beingnoe greater than carbe pene- -

trated :by: alpha particles having: the maximum
energy-with which they are emitted by-said radio-
active substance, -and - a-relatively: thick-backing
element bonded to- and providing support for said
ﬁlms

' 8. A radioactive metal product that emits alpha
particles  comprising - a -metallic “core: having " a
radioactive alpha-particle-emitting sitbstance in-
timately disperséd therein, and-a- substantially

radioactive material completely surrouriding .and
borided to-said core, the thickness of-said sedling
film* being: less: than the . depth - of penetration
therein of ' alpha particles' having- the maximum
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energy with which they are emitted by said radio-
+abtive: substanece.
' 9.- A radioactive ‘metal product that-entits alpha
~vp’a‘rti'eles --comprising =a :thin *film - composed -of
cpressed--metal - powder intimately-mixéd with-a
finely-divided-radioactive alphas=particlesemitting
“shbstance; sandwichéd between thin-substantial-
: ly-continuous metallic gas sealing*films-substan-
tially free of rddioactive material, the  corabined
10 “thickness -of said“first-mentioned film ~and =at
~least -one-of saidvsealing “filmsi-being: mo- grekiter
~than.can be:penetrated by alpha particles-having
the :maximum ‘:energy -with »which ' they ::are
emitted by said radioactive substance; andsa-rel-
15 &tively:thick - metallic backing element:-boridéd to
sand-providing support for saidfilms. )
10. A 'radioactive:metal: product-comprising: a
rgold film -having-a v radioactive ::alpha=particle~
semittingsubstanceé:intimately incorporated there-
=g In,"acsubstantially::continueus:gold  sealing =film
- ‘borided to-a surface:thereof;:the: combined: thick-
snessof: said-tworfilms: being mo greater-than:can
vhe penetrated by alpha particles:havingthe:max-
simum energyswithhwhich they:are emitted by:said
-radioactive-substance, and:arrelatively thick:me-
"7t tallicbacking: element. borided® toqand prmddmg
ssupport for: said films.
111.- A radioactivermetal; product enmpnsmg 1a
¢thin. film-about - ¥ ::50-2V%:microns:in sthickness
composed of::gold having:a radioactiversubstance
intimately. incorporated- therein, and-a vsealing
film:of -nonzradieactive: gold-approximately % to
: 136 smicrons -in- thickness.bonded:to -at-leastwone
ssurface of said first-mentioned film.
-12.-A radioactive..metal produet.comprising-a
thin- film .about ¥:$0-2% «microns:in. thickness
composed- of .pressed. gold:-powder.intimately-ad-
-mixed with about 1% t0.12%.by-weight of.a-finely
.divided . radioactive  substance, .sandwiched i be-
-bween.thin gold films. substantially free of. radio-
-active .material.and each-about. . to.1% .microns
-In thickness,..and .a ~metallic ;;backing element
bonded to and providing support for said films.
-13.-A radioactive :metal:product .which- emits
45 alpba particles,. comprising..a-thin. core..film-.of
.+ noble imetal having .an. alpha-particle-emitting
radium. compound intimately dispersed.therein,
2 .substantially continuous. radioactive-gas-seal-
ing film. of noble.metal substantially free-of radio-
50 -active .material boended. to.a_ surface of. said.core
film and constituting the.alpha-~particle~emitting
Iront.of said product,.the combined. thickhess -of
sald’ two. films .being no . greater.than .can .be
.penetrated by. alpha particles having. the. maxi-
55 um. energy with- which .they are .emitted .by
said radium compound,.a.backing.and. support-
ing. member positioned .at.the.back. of said.core
film, said member being greatly thicker.than said
core and. sealing films. together--and.being. of-a
60 metal different from that.of said.core film.stch
that radium may. tend to.migrate from. said.core
film into said member, and a.layer..of radium
- impervious metal substantially free of .radioac-
tive: material interposed between.and.bonded. to
65 said core film.and. said backing .member. so.as to
constitute.a radium-sealing layer and:a bonding
agent between said.core film. .and. said.backing
member. -
"14.” A radioactive metal product .which emits

B

an5-

70 albha particles, comprising. a thin _gold core film
continuous gas sealing film' substantially free of ~°

having an alpha-~particle-emitting. radium. com-
pound intimately. and substantially uniformly.dis-
persed therein, a substantially continuous. radio-
active-gas-sealing film of gold substantially. free

\75 of radioactive material bonded.to.a.surface. of
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said core film and constituting the alpha-par-
ticle-emitting front of said product, the com-
bined thickness of said two films being no greater
than can be penetrated by alpha particles having
the maximum energy with which they are emitted
by said radium compound, a backing and sup-
porting member positioned at the back of said
core film, said member being greatly thicker than
said core and sealing films together and being of
silver whereby radium may tend to migrate from
said core film into said member, and a sealing
layer of gold substantially free of radicactive ma-
‘terial interposed between and bonded te said core
film and to said backing member so as to con-
stitute a radium-sealing layer and a bonding
agent between said gold core film and said silver
backing member.

15. :As an article of manufacture, a device
serving as a source of alpha-particle emission
within a restricted field aad substantially proof
against leakage of dangerous radioactive gas,
which comprises, a narrow strip of thin metallic
.core film having a radioactive alpha-particle-
‘emitting substance intimately dispersed therein,
“Bn effectively continuous radioactive-gas-sealing
film of noble metal free of radioactive material
and bonded to a first surface of said core film
whereby radioactive gas is substantially prevented
from escaping from said first surface of said
core film, said sealing film being thin enough to
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be penetrable by alpha particles having the max-
imum energy with which they are emitted by said
radioactive substance whereby alpha particles are
free to escape from said core film through said
sealing film, and a metallic backing element af-
fixed to the second surface of said core film, said
element being sufficiently thick to support said
core and sealing films and to be impenetrable by
said emitted alpha particles and radicactive gas
and having side flanges so deep as to limit the
angular width of the beam of alpha particles
emitted from said first surface to substantially
less than 180 degrees.
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