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[57] ABSTRACT 
A solution containing radioisotope and palladium val-
ues is atomized into an air flow entering a cryogeni-
cally cooled chamber where the solution is deposited 
on the chamber walls as a thin layer of frozen mate-
rial. The solvent portion of the frozen material is subli-
mated into a cold trap by elevating the temperature 
within the chamber while withdrawing solvent vapors. 
The residual crystals are heated to provide a uniformly 
mixed powder of palladium metal and a refractory ra-
dioisotope compound. The powder is thereafter con-
solidated into a pellet and further shaped into rod, 
wire or sheet form for easy apportionment into indi-
vidual radiation sources. 

4 Claims, 2 Drawing Figures 
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FREEZE DRYING METHOD FOR PREPARING eludes blending a solution containing californium val-
RADIATION SOURCE MATERIAL ues with noble metal powder followed by drying and 

BACKGROUND OF THE INVENTION forming the powder into the desired integral shape. Un-
fortunately yields, that is californium in the final prod-

The present invention was made in the course of, or 5 uct as a percentage of californium in the feed solution, 
under, a contract with the United States Atomic En- have exceeded 90 percent only in isolated cases. Gen-
ergy Commission. erally yields of only about 60-75 percent have been ob-

Field of the Invention t a i n e d a I t h o u g h substantially all of the californium has 
been recovered and recycled by leaching the process 

The present invention relates to radiation source ma- 10 vessels and tools with dilute nitric acid solution. One of 
terials, particularly those including rare and expensive the reasons for these relatively low yields is that liquid 
radioisotopes. For example, the spontaneous fission of splattering results from boiling and radiolytic gas ing as 
cahfornium-252 provides a substantial neutron flux but the liquid becomes concentrated during evaporation, 
this element is extremely difficult and expensive to pro-
duce and fabricate. This element is produced by the 15 SUMMARY O F THE INVENTION 
long and costly procedure of successive neutron cap- Therefore, it is an object of the present invention to 
ture m nuclear reactors, beginning with, for instance, provide an improved method of preparing a quantity of 
uranium-238. Handling this radioisotope is both diffi- r a d i a t i o n S 0 U rce material having a uniform distribution 
cult and hazardous due to neutron fission fragments o f a radioisotope within a matrix material for conve-
and alpha emissions. Consequently, californium-252 20 n i e n t a p p 0 r t j 0 n m e n t into individual radiation sources, 
must be provided in a material form that can be conve- I t i s a l s o a n o b j e c t t 0 p r o v i d e a m e t h o d of preparing 
mently and safely allotted into precise microgram and r a d i a t i o n s o u r c e material which minimizes loss of rati-
milhgram quantities for encapsulation as a neutron o i s o t o p e arising from mechanical mixing of powder, 
source with a m.nimum of process loss. In respect to H i d b o i l i n g a n d r adioIytic gasing. 
safety, this isotope must be contained in a refractory 25 h a f u n h e r o b j e c t t 0 p r o v i d e a m e t h o d of preparing 
and stable form to prevent its escape should the encap- n e u t r o n s o u r c e m a t e r i a , i n w h i c h a h i g h percentage 
sulation fail during use or storage. y i e ld of californium will be obtained in the product in 

Similar problems arise ,n the production and contain- J t Q t h e c a l i f o m i u m t i n t h e f e e d
H

 m a t e r i a l . 
ment of radiation sources from other radioisotopes. , , ... . • .. •, . . . . . . . . ___ . . v . in In accordance with the present invention a liquid so-Actinides such as actinium-227, plutonium-238, curi- j u . .. . . . . , . , . . . , 

- . . . . . . . „ lU lution containing a uniform mixture of pallidium and um-242 or 244, americium-241 or 243 as well as other v - . & . . . • , t . „ , . . , , . calitornium isotope values is atomized into a liquid mist transplutontum isotopes have potential as heat, gamma, . . , . , . . „ . . n , . . , . , , , , •, . „ , , . entrained within an air now. The mist is sprayed into a beta and alpha sources. Like californium-252 these iso- , , , \ c 1 unccpI i*r\rt Iĵ H tr\ n ciIrTir> if>nt v nnj rpmnprafiirp Tn trpp7p 
topes are produced by the costly process of neutron 
capture in a nuclear reactor. Other useful radiation 

vessel cooled to a sufficiently low temperature to freeze 
35 a thin layer of solid crystals onto the inside vessel walls. 

source isotopes such as polonium-210 and cobalt-60 * substantial portion of the solvent is sublimated from 
are similarly produced. Fission and decay products in- t h e c , r ^ a s ^ withdrawing solvent vapors from the ' 1 ' 1 iianpal urU i In vMmntiM în n tha foln n f n t n m I y* .1 vessel while maintaining the crystals at a temperature 

and promethium-147 also have use as radiation sources b 6 ' 0 ^ t h e i r m e l t l n S P° i n t - ™ e r e s l d u a l "y 5 . 1 3 ' 5 a r e 

and like the above-mentioned isotopes, are difficult to 4 0 t h e n h e a t e d t o r e m o v e t h e s o i v e n t associated with crys-
separate, handle and contain safely. tal.zation and to dissociate the cat,for,um isotope and 

palladium values to refractory and elemental forms. 
Description of Prior Art The resulting powder, comprising a uniform dispersion 

Prior radiation source materials have included salts o f t h e refractory californium isotope throughout the 
of radioisotopes in solution, in precipitate or oxide 4 5 palladium metal, can be consolidated into an integral 
form. Californium-252, for instance, can be transferred f o r m a n d further shaped into a rod, wire or sheet for 
or stored in an acidic aqueous solution of californium convenient apportionment into individual radiation 
nitrate, as a californium oxalate precipitate, perhaps sources. 
including a carrier metal oxalate, or as californium BRIEF DESCRIPTION OF THE DRAWINGS 
oxide or oxysulfate obtained by incinerating an ion ex-
change resin containing californium ions. The alloca- FIG. 1 is a schematic showing of one apparatus that 
tion of a californium material in any of these forms into can be employed in practicing the present invention, 
precise quantities followed by encapuslation to a form FIG. 2 is an illustration of one form of radiation 
usable as neutron sources can be a difficult process if source material that can be produced by the method of 
losses are held to an extremely small level as required. the present invention. 
Moreover, inconvenient wet chemistry procedures may DETAILED DESCRIPTION OF THE PREFERRED 
be required in the purification and encapuslation oi EMBODIMENT 
each californium neutron source from these prior art 
material forms. For example see SRO— 153 "Guide for „ Referring now to FIG. 1, the apparatus is shown with 
Fabricating and Handling 232Cf Sources" pp. 43-59, an assembly 11, including a first vessel 13 removably 
1971, available from National Technical Information disposed within a cooling device 15 and a second vessel 
Service, U.S. Department of Commerce; and U.S. Pat. 17 partially submerged in a container 19 of refrigerant 
No. 3,627,691 to Boulogne et al. 21. This particular arrangement of the apparatus is em-

One method of preparing a californium-252 neutron 6 5 ployed in performing one of the several steps of the 
source or other radiation source material is described present method which will be described hereinafter. In 
in the assignee's copending application Ser. No. this regard a furnace 23, adapted to receive and heat 
158,999(70) filed July 1, 1971. This earlier method in- vessel 13 is shown for use in a subsequent step. 
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Assembly 11 includes an injection tube 25 having 
manifold inlets 27 and 29 for gas and liquid feed solu-
tions. Tube 25 is directed to discharge towards the 
lower wall surfaces of vessel 13, but extends only part 
way down the vessel to a point sufficiently spaced from 5 
the bottom to avoid splattering. An outlet tube 31 com-
municates with the top portion of vessel 13 and 
branches into a valved vent outlet 33 and a valved inlet 
tube 37 extending into second vessel 17. Inlet tube 37 
is directed to discharge towards and near the lower, 10 
cold surfaces of vessel 17 to freeze and trap condens-
ible material as a deposit of ice. A vacuum source 39 
is connected through a valved conduit 35 to the inner 
volume of vessel 17 to evacuate noncondensible gases 
from within the assembly during sublimation. 15 

Where only milligram and gram quantities of mate-
rial are to be processed, assembly 11 can be laboratory 
type implements as illustrated. Vessel 13 can be 
adapted for positioning within cooling device 15 as 
shown, within furnace 23 or refrigerant container 19 20 
for performing the several process steps. 

Various types of heating and cooling means illus-
trated at 15, 21, and 23 can be selected. Refrigerant 21 
within container 19 is one that is capable of maintain-
ing a very low cryogenic temperature such as liquid ni- 25 
trogen or dry ice and acetone. Cooling device 15 can 
be a more moderate source of refrigeration such as a 
thermoelectric cooler or a liquid ammonia or freon 
cooled device. It is sufficient for device 15 to maintain 
a cold temperature that is several degrees centigrade 3 0 

below the melting point of the material to be freeze 
dried. Furnace 23 can be a conventional electric or 
other type furnace that can produce temperatures of 
several hundred degrees centigrade. 

In one manner of performing the method of the pres- 3 5 

ent invention, vessel 13 is placed within container 19 
in contact with refrigerant 21 maintained at a cryo-
genic temperature. A solution or slurry containing pal-
ladium valves, and a dissolved or colloidally dispersed 
californium isotope salt, such as californium nitrate or 
oxalate, is introduced into inlet 29 of injection tube 25. 
The solution can include water, an alcohol or some 
other suitable liquid substance as a solvent. An inert 
gas or air is simultaneously introduced into inlet 27 to 
atomize the solution into a mist as it is sprayed from 
tube 25 towards the lower walls of vessel 13. The walls 
of vessel 13 are maintained at a temperature substan-
tially below the freezing point of the solution to effect 
rapid and complete freezing of the solution as a thin 
layer of frozen crystals on the vessel walls. The frozen 
crystals include dissociable salts of the californium iso-
tope and palladium, as well as the solvent from the orig-
inal solution. The dry inert gas flow is continuously 
withdrawn through vent outlet 33 with valved inlet tube 5 5 
37 closed while the freezing operation is being per-
formed. 

After the solution is frozen onto the vessel walls, re-
melting must be prevented to avoid nonuniformity in 
the product. For this reason, thin frozen layers, e.g., 6 Q 
about 0.1 to 0.5 millimeters, are preferred to allow re-
moval of the heat generated in radioisotope disintegra-
tion before the central portion of the layer remelts. In 
addition, the relatively large exposed surface of the thin 
layer of frozen solution is beneficial in performing the 6 5 
following vacuum drying step. 

During vacuum drying, vessel 13 is disposed in cool-
ing device 15 and the second or trap vessel 17 is par-

40 

45 

tially submerged in refrigerant 21 as is shown in FIG. 
1. The temperature of vessel 13 is elevated to a level 
just several degrees centigrade below the melting point 
of the solution. Valved inlet tube 37 is opened with 
vent outlet 33 closed to draw solvent vapors from ves-
sel 13 into trap vessel 17. Vacuum source 39 is engaged 
to evacuate the assembly to a few millimeters of mer-
cury absolute pressure. Solvent vapors discharged from 
inlet 37 will contact the cold lower surfaces of trap ves-
sel 17 and freeze, thus capturing any of the radioi-
sotope that may be entrained with the vapors. As a re-
sult of this operation, the solvent within the frozen solu-
tion is sublimated into trap vessel 17 leaving crystals of 
hydrated salts 41 having a uniform distribution of disso-
ciable californium isotope salt and palladium salt 
within vessel 13. 

Drying of crystals 41 is completed by transferring 
vessel 13 to furnace 23 and slowly warming to a tem-
perature of between about 100° to 300°C. A flowing 
inert gas is introduced into inlet 27 and discharged 
through vent outlet 33 to remove solvent vapors from 
the assembly. During this drying step at elevated tem-
perature, the water or solvent bound within the hy-
drated salt crystals is removed to leave a dry salt resi-
due of powder consistency. 

After the salt is dehydrated, the gas flow is changed 
to a slightly reducing composition, for instance 4% 
H2—96% He gas, and the temperature elevated to a 
sufficient level to dissociate the palladium salt to the 
elemental state and the californium isotope salt to a re-
fractory form such as an oxide. The volatile portions of 
the salt or salts are discharged with the gas flow 
through outlet 33 as this step is performed. 

The powder from the above dissociation step is 
shaped by metallurgical processes to form a pellet, rod, 
wire or sheet. The powder is compacted into a pellet 
and heated to a temperature just below where signifi-
cant sintering begins in a slightly reducing atmosphere. 
This heating step ensures that al! of the salt has dissoci-
ated to refractory and elemental form before the palla-
dium metal matrix is closed by sintering. The pellet is 
then heated to a sufficient sintering temperature in an 
inert gas atmosphere to fuse the palladium metal parti-
cles together in an integral matrix. The completed pel-
let will contain a uniform dispersion of the californium 
isotope sealed within the palladium metal matrix and 
can be encapsulated either along or with other pellets 
for use as a radiation source. If desired, the pellet or 
pellets can be enclosed within a tubular sheath of noble 
metal and elongated by rolling, swaging, drawing or 
other shaping processes into a rod or wire form with a 
noble metal cladding. Various cross sectional configu-
rations such as circular, square, rectangular, etc., can 
be adopted for the pellet, rod or wire members. Sheets 
of radiation source material can be provided by suit-
able rolling or pressing processes. 

FIG. 2 illustrates a rod or wire form of the radiation 
source material. An outer cladding 45 of noble metal 
protects and contains an inner core 47 of palladium 
metal matrix and refractory californium isotope mate-
rial. Small particles 49 of the californium isotope in re-
fractory form are shown uniformly dispersed through-
out the palladium metal matrix. A measured length of 
this wire can be removed with a conventional pinch 
cutting tool having rounded edges such as one used in 
pinch welding. A sealed end portion as shown at 51 can 
thereby be provided both on the severed length and the 
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remainder of the wire. The severed length of wire can 
be encapsulated to provide a radiation source of pre-
dictable strength. 

The following examples are presented to illustrate 
specific procedures and materials for preparing radia- 5 
tion sources in accordance with the present invention. 
It will be clear, however, that variations in materials, 
quantities and procedures can be employed within the 
scope of the invention. 

10 
EXAMPLE I 

A solution containing 10 grams of palladium tetra-
mine dinitrate, 10 milligrams of samarium nitrate and 
5 nanograms of californium-252 in about 50 cc water 
was prepared and atomized into a mist within a flowing 15 

air stream. The mist was rapidly frozen into a thin solid 
layer on the lower portion of a vessel cooled by liquid 
nitrogen at about —196°C. The resulting frozen crystals 
were allowed to warm to — 10°C and maintained at this 
temperature for about 10 hours while withdrawing sol-
vent vapors from the vessel at an absolute pressure of 
less than 2 mm. mercury. The solvent vapors were 
passed into contact with cold surfaces of a water trap 
vessel submerged in liquid nitrogen at about —196°C. ^ 
As a result of this treatment most of the water was sub-
limated from the crystals into the cold trap. However, 
none of the californium or samarium was discovered in 
the cold trap. The residual hydrated crystals were 
heated to 200°C in flowing argon for 30 minutes to 3q 
complete the drying operation. Then the atmosphere 
was changed to 4% H2—He and the temperature raised 
to 450°C for 1 hour to dissociate the samarium and cal-
ifornium nitrates to oxides and the palladium tetram-
mine dinitrate to palladium metal. The resulting pow- 35 
der was pressed at 15,000 psi to form a cylindrical pel-
let, heated to 1000°C in 4% H2—He gas and sintered on 
an alumina setter at 1300°C in argon for 30 minutes. 
The sintered pellet was enclosed in a palladium metal 
sheath and swaged into a 25 cm. long wire of about 1 40 
millimeter square cross section in several reduction 
steps interspersed with annealing at 800°C in argon. 
The wire was found to have both samarium and califor-
nium distributed along its length to within less than 5 
percent deviation from uniformity. Moreover, substan- 45 
tially 100 percent of the californium and samarium 
within the feed solution was detected within the final 
wire product. 

EXAMPLE II 50 
A similar procedure to that of Example I is per-

formed with about 1 gram of palladium as nitrate, 5 
milligrams of californium-252 in nitrate solution and no 
samarium in the feed solution. An approximately 10 
centimeter long palladium clad wire is produced having 5 5 

a substantially uniform distribution of californium 
along its length. 

EXAMPLE III 

A low intensity neutron source material is provided 6 0 

without introducing a carrier element in addition to the 
californium and palladium. A slurry containing about 
5 grams of palladium nitrate and less than 10 nano-
grams of californium nitrate is prepared and processed 6 S 
as in Example I. A palladium chid wire having a uni-
form neutron emission of about 10:! neutrons/cm-sec 
throughout its length is produced. 

,65 1 
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Although isotopes of elements other than californium 
and samarium have not been tried in this process, it is 
reasonable to assume that a large number of other ra-
dioisotopes could be processed by the present method. 
Any radioisotope which forms a refractory compound 
on the decomposition of a dissociable salt could most 
probably be employed. Most lanthanides and actinides, 
as well as other metallic cations, form soluble nitrate 
solutions and nitrate salts crystalized from these solu-
tions can be dissociated to refractory oxides. Salts 
other than nitrates such as carbonates, and phosphates 
might also be used in some instances. For example a 
colloidal dispersion in solution of cesium, noble metal 
and uranyl carbonates could be frozen to form crystals 
which could then be thermally dissociated into water, 
carbon dioxide gas and powder particles having a uni-
form distribution of Cs6U207 within palladium metal. 

Noble metal cations other than palladium, for in-
stance platinum, ruthenium, rhodium, silver, osmium, 
iridium, and gold can be crystallized from solution 
along with the radioisotope salt in practicing the pres-
ent invention. However, palladium has been found to 
be a preferred matrix material for use in a radiation 
source after consideration of numerous properties of 
this noble metal. For instance, palladium resists oxida-
tion, has a high melting point (1552°C), alloys readily 
with californium and other elements, is ductile, dis-
solves in concentrated nitric acid for recovery of the 
radioisotope, gives little gamma interference on neu-
tron activation, and is less expensive than many other 
noble metals. 

It will be seen that the method of the present inven-
tion can be used to prepare radiation source materials 
of uniform intensity including neutron, gamma, beta, 
alpha, heat or a combination of various type sources. 
The method reduces the risk of contamination associ-
ated with other methods employing the blending of dry 
powders or of blending powders with solutions. A high 
yield of the radioisotope from feed to product is ob-
tained even in the preparation of low intensity sources 
due to the complete freezing of substantially all of the 
feed solution and the gentle process of removing the 
solvent therefrom by sublimation. The radiation source 
material produced by the present method will include 
a radioisotope in refractory form uniformly dispersed 
and sealed within a stable noble metal matrix material. 
A measured portion of the material can be subdivided 
and encapuslated for use in an individual radiation 
source of predictable strength. The source will in most 
instances safely contain the radioisotope even if the en-
capsulation should fail since the radioisotope is in the 
form of a refractory compound trapped within an inert 
noble metal matrix. 

What is claimed is: 
1. A method of preparing radioisotopic source mate-

rial comprising: 
a. atomizing a liquid solution of palladium and cali-

fornium isotope values into an air flow to form a 
liquid mist; 

b. freezing said mist to form a layer of solid crystals 
including, within a solid solvent, a uniform mixture 
of said californium isotope and said palladium as 
dissociable salts; 

c. withdrawing solvent vapors from above said crys-
tals to sublimate said solvent from said mixture of 
salts; 
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d. heating said crystals to a sufficient temperature to 
decompose said mixture of dissociable salts to a 
uniform mixture of palladium metal and refractory 
californium isotope compound; 

e. consolidating said uniform mixture into a pellet; 
f. sintering said pellet to close said palladium metal 

into a matrix containing said refractory californium 
isotope compound; and 

g. shaping said sintered matrix into an elongated 
member that includes a uniform dispersion of said 
refractory californium isotope compound through-
out the length of said palladium metal matrix. 

2. The method of claim 1 wherein the step of freezing 

3,651 
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said mist is performed at a first temperature substan-
tially below the melting point of said crystals and the 
step of withdrawing solvent vapors is performed while 
maintaining said crystals at a second temperature be-

5 tween said first temperature and the melting point of 
said crystals. 

3. The method of claim 1 wherein said dissociable 
salts are nitrates and said refractory californium iso-

IQ tope compound is an oxide. 
4. The method of claim 1 wherein said californium 

isotope is californium-252. 
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