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"This invention relates to the production of
neutrons and especially to neutron sources and
the method of manufacturing them.

One of the most convenient and economical
means of producing neutrons comprises a nuclear
reaction of radium with beryllium. This reac-
tion may be expressed by the following nuclear
equation:

4Bed-l-2ket> sC124-gnl! (&)

Neutron emission also results from the bom-
bardment of beryllium by gamma rays which
produces alphsa particles and neutrons according
to the equation:

4Be%+y—>2:Het - ont )

The following nuclear reactions also may oc-
cur as a result of delayed radioactivity, but they
probably represent only a small increment in the
total neutron emission:

4Be9+on1—>4Belo—>4Be8+2on1—~522He4 3
4BedL_1e0-33Li8 L onl—>sBed-—1e0+ont  (4)
£Bed->22F et (5)

Ideally, a hormogeneous dispersion- of mono-
atomic radium throughout an infinite number
of beryllium atoms will produce a maximum of
neutrons. The nearest approach to such a rela-
tion would result from an alloy of radium and
beryllium metals. However, a true alloy of this
nature has never been produced due, in part, to
the facts that beryllium has an extremely high
melting point and that both beryllium and ra-
dium are readily oxidized.

‘The nearest practical approach to an actual
alloy has been achieved by the intimate disper-
sion of radioactive metal salts in powdered
beryllium. This dispersion has heretofore been
produced by the evaporation of a solution of a
salt, such as an agueous solution of radium chlo-
ride or bromide in the presence of beryllium pow-
der. The resultant mixture was then dried and
compressed into a pellet and sealed in a con-
tainer, usually somewhat larger than the pellet.

Several disadvantages are inherent in such a
method, although some of them have not here-
tofore been appreciated. While it is possible to
produce microscopic crystal deposits of the ra-

dium salt on the surface of the beryllium parti- ¢

cles by the proper choice of solvent and evapora-
tion rate, such deposits as produced by prior
methods are not firmly attached to the particle
and the crystals are multimolecular in thickness.
This results in a mixture having non-uniform
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neutron emission. Also, the emission efficiency
is low because of the absorpiion function of the
radium salt crystals which will intercept and
stop part of the alpha radiation before it col-
lides with the beryllium surface. I} is impos-
sible to prevent localized deposits of crystals at
the time when the mixture approaches the dry
state. Additionally, most of the soluble radium
salts are hygroscopie, from which it follows that
extreme precaution must be used to seal the con-
tainers so as to exclude moisture. The presence
of water vapor in the closed container with a
radio-active substance eventually results in the
development of dangerous gas pressures due to
decomposition of the water by radium, and also
the free oxygen causes oxidation of the beryllium
metal. Lastly, the mechanical difficulties of
keeping a suspension of metal powder in a ra-
dium solution agitated during evaporation ren-
ders the operation hazardous to the operator.
The foregoing and other factors have heretofore
contributed to such non-uniformity of neutron
emission that any two sources intended to have
like emission would vary over a wide range, and
even these would vary over a period of time.

On the other hand, the neutren source of the
present invention is extremely stable; and any
number of such sources may be made to pro-
vide the same emission and to maintain it. The
invention includes an improved neutron-emitting
dispersion product and method of manufactur-
ing it, as well as an improved capsule or container
for the product. In combination, these com-
ponents provide all the advantages here set forth.

In accordance with the method of the present
invention extremely fine beryllium particles are
individually coated and combined with a radium
salt to form a new radium-beryllium dispersion
product, and a quantity of this product is then
preferably encased within or surrounded by a
layer or jacket of non-radioactive beryllium
metal so as to increase the chances that each
alpha particle emitted by the radium will col-
lide with a beryllium nuecleus to produce a neu~
tron. For this purpose it is preferable that the
jacket be in contact with as many as possible of
the adjacent radium-coated particles. The prod-
uct thus encased is placed within a suitable cap-
sule which is then preferably heated {o a tem-
perature of about 1500° F. to reduce the radium
salt to radium metal, with the result that the
dispersion of radium in the beryllium is consider-
ably increased. 'The capsule is then hermetically
sealed and may bz readily transported and ma-

5 nipulated as required.




2,592,115

In addition to radium, other radioactive ma-
terials may be employed as sources of alpha par-
ticles in aecordance with the invention, such ma-
terials including actinium-X, thorium-X -and
mesothorium. While the latter is not an alpha
emitter, it is a radium isotope and rapidly de-
cays into alpha-emitting produects.

The preferred method of manufacturing the
radium-beryllium . dispersion product together
with several modifications in accordance with the
invention is described below. The construction
of a capsule and the contents thereof arranged in
accordance with the invention is illustrated in
the drawing wherein:

‘Fig. 1 shows in cross section,-a capsule com-
prising a neutron source according to: the in-
vention, this section being taken along the line
{—I of Fig. 2;

Fig. 2 is a plan view of the capsule of Fig. 1;

and

Fig. 3 shows an alternative modification of the
capsule of Fig. 1 in which the bottom is re-
movable. !

As above indicated, it has heretofore been pro-
posed to employ as a neutron source a mixture of
powdered beryllium and a radioactive salt such as
radium chloride or radium bromide. The prod-
uct of the present invention differs in several im-
portant respects from such previous mixtures,
including the fact that an insoluble radium salt
is directly deposited on the surface of and chemi-
cally combined with each beryllium particle. As
a result, the physical association of the beryllium
and radium salt is more intimate by a consider-
able degree than in any product heretofore
known.  Furthermore, the radium salt crystals
are more uniform and are smaller than in the
previous mixtures so that a given alpha particle
is less likely to be wasted by being intercepted
by a salt erystal and prevented from collision
with a beryllium surface. Since the absorption
of alpha particles by the crystal compounds is
approximately in proportion to the square root
of their molecular weights, the “stopping power”
of radium bromide, for example, is nearly 1.2
times that of the carbonate. Also, the dispersion
product made by the method of this invention is
mechanically stable because the radium salt is
firmly attached to the beryllium surface. 'To this
end, the anion should be so chosen that its com-
bination with beryllium likewise forms an in-
soluble salt. For this reason, the carbonate is

" preferred because it forms with both radium and
beryllium, salts which are substantially insolu-
ble. The particle size of the beryllium and the
radioactive material are, in general, to be as
small as practicable, for example, the beryllium
particles should be of a size which should pass
through a 325 mesh screen, viz., should ke not
substantially larger than 325 mesh. If the par-
ticles are thus graded by a 325 mesh screen the
average particle size will be somewhat less than
44 microns. The radioactive particles should be
no larger than of the order of one-twentieth as
large as the beryllium particles, and hence may
be of the order of 2 microns, and preferably
smaller. By employing radioactive particles of
this extremely small order of magnitude, a more
uniform and intimate dispersion is attained, and
also the chances of interception and absorption
of radiations from adjacent radioactive par-
ticles are minimized. Precipitation from alco-
holic solution results in the formation of finer
crystals (viz., less than one micron thick, -and
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approaching molecular thickness) and decreases
the solubility of radium carbonate and hence is
preferred in the method of the invention.

An important aspect of the present invention
resides in the discovery that a closer approach to
an ideal dispersion is achieved when a mixture
of radium carbonate and beryllium, as above de-

scribed, is heated to a temperature at which ra-

dium has appreciable vapor pressure, viz., be-
tween 1400° F. and 1500° F. In the presence of
beryllium metal, the reaction is believed to be as
follows:

RaCO03:-}-5Be—~3BeO--Be2C+Ra, (6)
From this equation, it will be noted that the car-
bide of beryllium, but not the carbide of radium,
is formed. The fact that elemental radium
metal but no radium carbide is formed has been
ascertained experimentally. . In this manner
metallic radium may be deposited on the sur-
faces of beryllium particles, which results in a
highly efficient neutron source comprising be-
ryllium particles a substantial portion of the
surface area of which is coated with a film of
elemental radium of substantially uniform thick-
ness. If the process is carefully carried out, the
peryllium particles will be substantially enveloped
with a film of metallic radium. As is pointed out
below, it is preferable that such radium-coated
or radium-enveloped berylium particles be in-
terspersed  with uncoated, non-radioactive be-
ryllium particles to increase the efficiency of the
source.

It has also been found that at a temperature of
about 1850° F. and more, radium carbonate de-
composes into radium oxide and carbon dioxide.
In the presence of beryllium metal, this reaction
proceeds to produce beryllium oxide and radium

metal. These reactions may be written as
follows:
RaC03~»Ra0O-}CO:2 “n
RaO--Be—~>BeO+Ra 8

However, because of the difficulties introduced by
the high temperature and other considerations
connected with reactions (7) and (8), the re-
action indicated in Equation 6 is preferred.

If the heating is carried on under reduced pres-
sure the radium may be deposited on the inside
of the container or on other objects placed with-
in it, which may be desirable for some purposes.
However, to retain the radium metal within the
mixture, it is desirable to heat the mixture
at atmospheric pressure or above. Since both
peryllium and radium are readily oxidized, the
reaction must be carried out in either a neutral or
a reducing atmosphere. Radium forms a vola-
tile hydride and beryllium forms a nitride at the
temperature of the reaction, so neither a hydro-
gen nor a nitrogen atmosphere is appropriate in
this case. Suitable neutral atmospheres inay be
provided by the inert gases: helium, argon, neon,
etc. Because of the high degree of purity ob-
tainable, argon is here preferred. The stoi-
chiometric quantity of beryllium required in ac-
cordance with the Equation 6 is 0.16 mg. of be-
ryllium metal per millisram of radium, If sub-
stantially more than this quantity is used for
precipitation and then an afiditional amount of
beryllium is ground in with the mixture in ac-
cordance with the procedure below described, -a
minimum of self-absorption of alpha particles re-
sults, and the chances of collision between an
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;outwardly projected particle with a fresh beryl-
lium surface are increased.

Tl_le final mixture may then be pressed into
a pellet by a suitable die and plunger arrange-
‘ment, or preferably it may ke pressed into a con-
tainer directly. -An advantage in the latter pro-
cedure results from the fact that it permits the
use of a beryllium-coated foil of a metal, such
-as silver or platinum, between the walls of the
container and the active mass. By this means,
‘the alpha particles which normally would be lost
in the walls of the container are made to collide
‘with ‘a beryllium surface thus again to increase
the chances of producing neutrons. The ad-
vantages just described will result from the use
of any of the other alpha-emitting radioactive
‘materials among which are thorium, polonium
and plutonium, )

The mentioned compression of the powdered
-constituents resuits, as is well known in the art
of powder metallurgy, in a smaller and more
stable product. This may be important in con-
‘nection with various applications requiring a
neutron’source of minimum dimensions, and es-

pecially in measmements depending on an as-‘:

sumed point source. For this reason a sphere
would be preferr cd bbcauce it has the smallest
surface area per unit volume, and should have

‘uniform radiation in all directions, but inasmuch
30

as it is difficult to fill a spherical capsule uni-
formly, a cylinder has been chosen as the closest
practical approach to a sphere. A cylinder of
active material having the same height as diam-
eter is therefore the preferred form to approxi-
mate a point source.

A desirable procedure in accordance with the
‘invention comprises placing the precipitated
mixture in the centser of an inactive mass of
beryllium powder which in turh is contained in
a capsule comprising & cylinder of stainless steel
“or other non-corrosive metal such as an alloy
essentially of nickel and copper with a small pro~
portion of iron, known as “Monel,” then sub-
jeeting the entire mass to pressure and there-
after heating it to approximately 15060° F. in an
inert atmesphere, cooling in the same atmos-
‘phere and then sealing the capsule hermeti-

_cally. By this process the radium as a metal is
‘made to diffuse throughout the beryllium mass
to a greater degree, and with more uniformity,
than has heretofore besn achieved with radium
“compounds.

The following examples will illustrate the
method of the invention more generally discussed
above. )
© ‘To a neutral or an alkaline solution (viz., cne
“having a pH greater than about 6) of 300 mg. of
‘radium element as a soluble salt such as the bro-
mide or chloride dissolved in approximately 15
ml; of water, is added 30 ml. of 95% ethyl alco-
hol, 'a weighed quantity consisting of approxi-
"mately one gram of high purity beryllium pow-
der of approximately 325 mesh, or smaller if ob-
tainable, is carefully added with stirring. The
radium is then precipitated by the slow addition
“with stirring of a solution of 600 mg, of ammo-
nium carbonate in 10 ml. of water. The mix-
ture- is stirred intermitiently for one-half to one
-hour and then allowed to stand for twelve or
more hours. '

An additional 180 mg. of beryllium powder is
- then weighed on the mat of a tared 30 ml. fine
porosity fritted Pyrex glass crucible., A few mil-

liliters of 50% ethyl alcohol are added, and the.

mixture is swirled until the beryllium is in sts-

6

" pension. The powder is allowed to settle for a
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-square inch is a suitable pressure.

few minutes and then the aleohol is drawn
through with suction. The active material pre~
pared as outlined in the last preceding paragraph
is then filtered through the resultant mat and
washed with 50% alcohol unti] the filfrate shows
no .chloride ion when tested with silver nitrate.
The mixture is heated for approximately one
hour at 110° C. to drive off the alcohol.

If the mizture is to be sealed without further
heat treatment, sufficient beryllium powder to
bring the total used to 25060 mg. is weighed into
a boron carbide mortar. The active material is
transferred to the mortar and ground for 30
minutes using a boron carbide pestle. The ac-

‘tive material thus ground is then ready for trans-

fer to the container or capsule of which a suit-
able form in accordance with the invention is 11-

‘lustrated in the drawing.

Referring to Fig. 1, the capsule may comprise
a container or shell { having a central cavity
therein. The upper portion of the inside sur-
face of the shell is threaded to receive a plug
2. By way of example, the cavity might be 1
inch long by % inch in diameter, and the walls
of the shell about % inch thick, although any
desired dimensions may be used. In accordance
with the invention it is preferable that the core
of the active material be completely surrounded
by beryllium metal. Consequently, before any
of the active mixture is inserted into the cavity,
a cylinder 3 of a foil of suitable metal, such as
platinum or silver, of which a surface has been
coated with a layer of beryllium powder, is in-
serted: within the cavity so as to line the same.
A layer of beryllium powder 4 is then deposited
in the bottom of the cavity within the foil cyl-
inder, and is pressed in place. 'The radium-
beryllium mixture is then transferred to the
tared container in three or. four portions, each
portion being pressed down hefore the next one
is added so as to form a compact mass 5. After
the last portion of active material has bheen
pressed down, a quantity, for example approxi-

‘mately 200 mg.,, of non-radioactive beryllium

powder 6 is placed over the top of the active
material and the entire mass subjected to con-
siderable pressure. Approximately 25 tons per
The sealing
plug 2 is then screwed in place and preferably
is sealed with a hard solder such as silver sol-
der, which is flowed info a groove in the top of
the cylinder formed for that purpose. For con-

3 venience in handling the capsule, a rod 8§ termi-

nating in a handle 9§ may be screwed into a
smaller threaded hcle, as shown, in the top of
plug 2. Although the dimensions of the cap-
sule and of the active material within it may be
of any values desired, satisfactory capsules have
been made pursuant to the invention in which
the cylinders of compressed radium-beryllium
mixture have varied in height from about once
to twice their diameters. In these instances the
diameuels of the cylinders varied from % inch
to 35 inch.

It is well known that radon, which is a gas, re-
sults from decay of radium, and that the de-
cay of radium, of radon, and also of some of the
decay products of radon, is accompanied by
emission of alpha particles. Consequently, it-is
of importance to retain within the capsule- of
this invention all of the products resulting from

~the déeay of .the radium and so to -locate -the

-beryllium. within the capsule ds to ‘assure the
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maximum opportunity for collision of these al-
pha particles with a beryllium surface.

An alternative construction is illustrated in
Fig. 3 which shows a bottom plug 10 sealed with
a solder seal §1 similar to the seal T at the top
of the plug. Although in general it is prefer-
able to form capsules for the present purpecse
with as few openings as possible, a removable
bettom plug is in .some instances desirable to
facilitate emptying the capsule, as for example,
if it be desired to recover the radium in the mix-
ture. In that event by removing the top and
hottom plugs the contents of the capsule can be
pushed out and the capsule cavity washed if
desired. Otherwise the contents can most read-
ily be removed by cutting out the bottom of the
capsule.

In the foregoing description referring to Fig. 1,
the layer 3 surrounding the mass § of radium-
beryllium has been stated to comprise a suitable
_metal foil coated with beryllium metal. Analter-
native embodiment and one which in many in-
stances is preferable, comprises the substitution
of a layer of powdered beryllium metal for the
mentioned foil. In this event the capsule may
be loaded as follows: First a layer 4 of beryllium
metal powder is placed in the bottom of the
capsule and pressed down. Next, a rod or plug,
having the diameter of the final compacted mass
or pellet § of the radium-beryllium mixture is
centered in the cavity of the capsule and beryl-
‘lium metal powder is poured in the space between
the plug and the inside wall of the capsule { to
form a sleeve 3 of powdered metal. This pow-
‘dered metal sleeve is compacted from time to time
during the filling process by pressing on the top
of it a length of metal tubing which is of size
suitable to fit snugly within the space around
the central plug. After this sleeve of metal pow-
der has been compacted around the central plug
it will remain in place, so the plug is withdrawn
and a suitable quantity of the radium-beryllium
powder mixture is poured into the cavity within

the beryllium sleeve, and tamped periodically-

‘during the filling process, as above described.
Thereafter the inactive top layer & of beryllium
is added, compacted under high pressure, and the
capsule sealed, as before. The construction re-
sulting from either of the embodiments above

described provides ‘a core or pellet of radium- ;:

beryllium completely surrounded by a layer or
jacket of beryllium metal, which as above ex-
plained, increases the neutron emission and thus
the efficiency of the capsule as a neutron source.

Various alternative constructions and varia-
tions of the embodiments above described, all
within the invention, will occur to those skilled
in the art. Three such variations comprise the
substitution for the layers 4 and 6 of powdered
beryllium metal, a disc of solid beryllium metal,
or the plugs 2 and {0 may be formed of beryllium,
or the inner ends of such plugs may be coated
with beryllium. In any event, the object is to
form a beryllium jacket enclosing and preferably
in contact with the radium-beryllium mixture.
The thickness of the beryllium jacket is unim-
portant so long as it is thick enough to intercept
substantially all of the alpha particles.

It has already been explained that greater dis-
tribution of the radium in the radium-beryllium
mixture is achieved by heating the mixture. If
-the mixture is to be heated in accordance with
.the invention it is first transferred to a mortar
without addition of further beryllium powder
-and ground for ahout 30 minutes. . A piece-of
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.gnnealed platinum foil, of, say, 0.005 inch thick-

ness, is then cut to such dimensions that it may
later serve as a cylindrical liner or sleeve 3
(Fig. 1) for the capsule intended to be used.
By bending upward two or three millimeters of
each edge of this piece of foil a small boat is
formed into which a uniform layer of inactive
beryllium metal powder is placed so as to cover
the bottom and sides of the boat. The active
material is then transferred from the mortar to
this boat which is placed on a support in a quartz
tube of which one end is closed. The air in the
quartz tube is displaced by alternately evacuat-
ing to, say, 20 mm.; and filling it with argon gas
at a pressure of approximately one pound in
excess of atmospheric pressure, five or more
times. The tube is then placed in a combustion
furnace the temperature of which has previously
been raised to approximately 1500° ¥. and is -
heated under pressure for one to two hours.
After heating, the tube is removed from the fur-
nace and allowed to cool to room temperature in
an argon atmosphere. As before, sufficient beryl-
lium powder to bring the total, including the
radium-beryllium mixture cooled as just men-
tioned, to approximately 2500 mg. is weighed into
a boron carbide mortar and the contents of the
mortar ground for approximately 30 minutes,
preferably in an argon atmosphere. The plati-
num boat may then be flattened, formed into a
cylinder on a suitable mandrel, and inserted into
the capsule, active side in, to form the cylinder 3
above mentioned. The ground mixture of active
and inactive material is then added, pressed in
as before, and the container sealed.

- In the event that the capsule structure in-
cludes a beryllium sleeve 3 of powdered beryllium
metal, and it is to be heated, the procedure above
described may be modified as follows: After the
entire mass, comprising a radium-beryllium core
within a powdered beryllium jacket, has been
subjected to a high pressure such as that of
25 tons per square inch above mentioned, the
top plug is screwed into place and the capsule
is placed in the closed quartz tube as above de-
scribed. The air is then displaced by pumping
argon in and out, as mentioned, after which the
capsule containing the mixture is heated at about
1500° J. for approximately 2 hours, and the cap-
sule is sealed with solder as before. -

The mentioned operation of grinding the radi-
um-beryllium mixture with additional beryllium
powder results in a more uniform mixture and
one in which the radium is dispersed in more
intimate contact with the beryllium, both being
desirable. The grinding does not detach the
radium compound from the surface of the beryl-
lium metal, particles to any appreciable degree
except in the event that the crystal deposit is
unusually thick. Thick crystal deposits, if any,
are likely to be broken off by the grinding, and
this is an advantage, because it decreases the
probability that any given alpha particle will be
intercepted by an undesirable thickness of salt
which might prevent it from striking a beryllium
surface. The reason for the unusually strong
adhesion between the beryllium particles and the
radium carbonate crystals attached to the sur-
face thereof as a result of the present method
is not clearly understood, but it is evident that
the radium carbonate is chemically attached to
the beryllium. - The surface of the beryllium par-
ticles is chemically active, even in a water slurry,
and since this metal forms an insoluble carbonate
when carbonate ion is added to solutions of its
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salts, an actual system of coordinate valence
obtains when radium carbonate is precipitated
in the presence of beryllium powder.

VWhat Iclaim is:

1. A neutron source comprising a mass of mi-
nute beryllium metal particles substantially com-
pletely coated with radium carbonate crystals in
firm adherence to the surface of said particles
and of a thickness not exceeding approximately
one micron. -

2. A neutron source comprising a mass of
beryllium metal particles not substantially larger
than 325 mesh coated with radium carbonate
crystals deposited thereon as an insoluble precip-
itate,. S

3. A neutron source comprising a compacted
mass of beryllium particles, the surfaces of said
particles comprising carbonate ions chemically
combined with radium and beryllium.,

4. A neutron source comprising a mass of mi-
nute beryllium metal particles each of which is
substantially coated with radium carbonate crys-
tals in firm adherence to the surface of said par-
ticles, intimately mixed with an approximately
equal weight of uncoated berylliura metal par-
ticles.

5. The method of making a neutron source
which comprises compressing in a capsule a mix-
ture of beryllium powder and radium carbonate,
heating said compressed mixture in an ‘atmos-
phere of inert gas at a temperature sufiicient to
form beryllium oxide and radium, cooling the
capsule and its contents in said a,tmosphere and
hermetically sealing said capsule.

6. The method of making a neutron source
which comprises compressing in a capsule a mix-
ture of beryllium powder and g radioactive sub-
stance, heating said compressed mixture to ap-
proximately 1590° F. in an atmosphere of inert
gas, cooling the capsule and its contents in-said
atmosphere, and hermetically sealing the cap-
sule.

7. The method of making a neutron source
which comprises compressing in a capsule a mix-
ture of beryllium powder and a mass of beryllium
particles each of which is substantially coated
with crystals of a radioactive substance, heating
said compressed mixture to approximately 1500°
F. in an atmosphere of inert gas, cooling the cap-
sule and its contents in said atmosphere, and
hermetically sealing the capsule.

8..The method of making a neutron source
which comprises chemically precipitating crys-
tals ‘of radium carbonate on the surfaces of mi-
nute particles of beryllium, grinding the coated
particles together with additicnal uncoated
berylliumn particles to form a powder mixture,
compressing & quantity of said mixture within a
casing of non-radioactive beryllium, and sealing
the resulting product within a capsule.

9. The method of making a neutron source
which comprises chemically precipitating crys-
tals of radium carbonate on the surfaces of mi-
nute particles of beryllium, grinding the coated
particles together with additional wuncoated
beryllium particles to form a powder mixture,
compressing a quantily of said mixture within a
capsule, and sealing the capsule.

10. The method of making a neutron source
which comprises chemically precipitating crys-
tals of radium carbonate on the surface of mi-
nute particles of beryllium, grinding the coated
particles together with additional uncoated
- beryllium particles to form a powder mixiure,
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and sealmg a quantity of said mixture in a cap-~
sule

11, In the method of making a neutron source,
the step which comprises precipitating radium in
the form of a carbonate in situ on finely divided
particles of metallic beryllium whereby the sur-
faces of said particles are coated with a tenacious
radioactive film,

12. In the method of making a neutron source,

the steps which comprise, precipitating radium
from a non-acidic alcoholic solution of a soluble
salt of radium by the addition of ammonium car-
tonate while stirring into the solution a quantity -
of minute particles of beryllium metal, whereby
radium in the form of a carbonate is precipitated
in situ on the surfaces of said particles and
forms a tenacious radioactive coating thereon,
- 13. The method of making a neutron source
which comprises enclosing in a container a mix-
ture of beryllium particles and radium carbcnate,
and heating said mixture to a temperature be-
tween approximately 1400° F. and approximately
1500° ., whereby the radium carbonate is de-
composed to metallic radium and the metallic
radium is dispersed among and deposited on sur-
faces of said beryllium particles.

14, The method according to claim 13 charac-
terized in that said mixture is heated in an inert
gas atmosphere and is subsequently cooled in the
same atmosphere.

15. The method according to claim 13 charac-
terized in that the radium carbonate is admixed
with the beryllium by precipitating it on the
beryllium particles.

16. The method of making a neutron source
which comprises enclosing in a confainer a mix~
ture of beryllium particles and radium carbonate,
and heating said mixture to a temperature be-
tween approximately 1400° F. and approximately
1500° F, whereby the radium carbonate is decom-
posed and particles of beryllium oxide and beryl-
lium carbide are formed and whereby metallic
radium is deposited on surfaces of said particles.
© 17. A neutron source including a mass of a
finely divided radioactive substance intimately
dispersed among particles of a2 material which
emits neutrons when exposed to the radioactivity
of such substance, the particles of said radioac~
tive substance being of a size not substantially
larger than two microns, and the particles of said
material being not substantially larger than
twenty times the size of said radioactive parti-
cles, and a Jjacket completely surrounding said
mass, said jacket being formed of a non-radio-
active material which emits neutrons when ex-
posed to radioactivity of said substance. -

18. A neutron source including g mass of finely
divided alpha-emitting radioactive substance in-
timately dispersed among particles of a material
which emits neutrons when exposed to alpha radi-
ation, the particles of said material being not
substantially larger than forty microns, and the
particles of said radioactive substance being not
substantially larger than two microns, whereby
minimum interception of alpha radiation occurs
in the particles of said radioactive substance.

19. A neutron source including a mass of a
finely divided radioactive substance intimately
and uniformly dispersed among particles of beryl-
lium, the particles of said radioactive substance
being of a size not substantially larger than itwo
microns and the particles of said beryllium be-
ing not sukstantially larger than forty microns,
and a jacket completely surrounding said mass,
said jacket being formed of a non-radioactive
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material which emits neutrons when exposed to
the radioactivity of said substance,

20. A neutron source comprising a mass of
a finely divided radioactive substance which in-
cludes a form of radium. intimately dispersed
among particles of beryllium, the size of said par-
ticles of beryllium being not substantially larger
than forty microns, and the size of the particles
of said radioactive substance being not substan-
tially larger than two microns whereby minimum
absorption of alpha radiation cccurs in the par-
ticles of said radioactive substance, and a jacket
completely surrounding said mass, said jacket be-
ing formed of a non-radioactive material which
emits neutrons when exposed to the radioactivity
of said substance.

21. A neutron source including a mass of finely
divided radioactive substance intimately dispersed
among particles of beryllium, said substance com-
prising a salt of a metal selected from the radio-
active group which includes radium, actinium-X,
thorium-X and mesothorium, the particles of said
radiocactive substance being of a size not sub-
stantially larger than two microns and the parti-
cles of said beryllium being not substantially
Jarger than forty microns, and a jacket com-
pletely surrounding said mass, said jacket heing
formed of a non-radioactive material which emits
neutrons when exposed to the rad10act1v1ty of
said substance.

22. A neutron-source comprising a mixture of
beryllium particles not substantially larger than
325 mesh and a salt of g radioactive metal di-
vided into particleés not substantially larger than
one-twentieth as large as those of the beryl-
lium, a layer of non-radioactive beryllium en-
closing said mixture, and a hermetically sealed
capsule enclosing the same.

23. A neutron source according to claim ‘22
characterized in that said beryllium particles are
coated with a salt of a radioactive metal which
comprises particles of the maximum dimension
of which is less than one micron.

24. A neutron source comprising a mixture of
beryllium particles not substantially larger than
325 mesh, and a radioactive substance divided
into particles not substantially larger than one-
twentieth as large as those of the beryllium, a
layer of non-radioactive beryllium enclosing said
mixture, and a sealed capsule enclosing the same.

25. A neutron source according to claim 24,
characterized in that said beryllium particles are
coated with a radioactive substance comprising
particles of which the maximum thickness is
less than one micron.

26. A neutron source according to claim 24,
characterized in that said beryllium particles are
coated with crystals of radium carbonate.

27. A neutron source comprising a quantity of
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mmute particles of beryllium a substantial por-
tion of the surface area of each particle being
coated with a film of elemental radium of sub-
stantially uniform thickness.

28. An article of manufacture comprising ﬁnely
divided beryllium substantially enveloped with a
film of elemental radium metal -

29. An article - of manufacture comprising
metallic beryllium substantially enveloped with a’
film of metallic radium.

30. The method of depositing a radium-con-
taining coating on an object which includes en-
closing said object in a vessel with radium car-
bonate in contact with elemental beryllium and
heating the contents of the vessel to a temper-
ature sufficiently high to cause reduction of the
radium carbonate to elemental radium and vapor-
ization of radium metal.

31. The method of coating an obJect with
metallic radium which comprises enclosing said
object in a vessel with radium carbonate in con-
tact with elemental beryllium and heating the
radium-~beryllium mixture to a temperature at
which radium has an appreciable vapor pressure
and of at least 1400° F., maintaining the mix~
ture at said temperature at least until the amount
of radium required for coating said article has
been liberated from the radium carbonate, and
cooling said vessel.

32. The method of coating an object with
metallie radium which includes enclosing said ob=~
ject in g vessel with radium carbonate in contact
with elemental beryllium and in an inert atmos-
phere, and heating the contents of the vessel to
a temperature sufficiently high to vaporize ra-
dium.

33. The method of producing metallic radium
which. comprises heating radium carbonate in
contact with metallic beryllium.

34. As an article of manufacture, an object a
substantial portion of the surface area of which
is coated with a film of elemental radium metal
of substantially uniform thickness.

CLAYTON C. CARROLL.
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