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A B S T R A C T 

As the C.E.A. possesses no isotopic separation facility, the productions 
of isotopes of actinide elements are performed : a) by neutron irradiation 
and chemical treatment of special targets, b) by milking decay products 
from stocks of aged actinide elements, c) by chemical treatment of alpha 
active wastes. These productions concern the following isotopes : 233TJ^ 

238p U f Z42PU, 243 A m, Z42Cm, W4 Cni <a> ? 2 2 8 T « » 2 2 9 T n » 2 3 4 u . 2 3 7 U , 
239Np, 240p u > 241 Am, Z4*C»n (b) ; 2 3 7 N p f 241 A n ( c ) . 

These isotopes are produced to satisfy french and international needs 
and are sent to users in various forms : solutions, metals, oxides, 
fluorides, or in different sources forms. The preparation of the sources 
represents an important field of activities divided into two parts : 
1/ Industrial sources : production of large series of different sources, 
2 / Scientific sources : production of sources suitable for a specific scien
tific problem. A large overview of these activities is given. 
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1. I N T R O D U C T I O N 

At the end of the sixties the C.E.A. created a program for the 
production of actiniae isotopes. The first isotope produced was 
plutonium 238, for the C.E.A. own needs and for the industrial production 
of nuclear isotopic batteries used in pacemakers / l / . Such a program 
necessitates the design and building of special facilities such as : 

1. Laboratories for the industrial preparation of the targets : Np/Al or 
NpOj/MgO (located in Cadarache Nuclear Research Center). 

2. Hot cells for the processing of irradiated targets. 

3. Alpha laboratories for the metallurgy of 238p u and the final prepa
ration of the sources. 

Another need was to create a stock of neptunium 237 for the prepa
ration of the targets, this was accomplished by special campaigns in the 
reprocessing plant facilities in La Hague and Marcoule. At the end of this 
program more than 2 kg of plutonium 238 were produced and the total 
amount of nuclear pacemakers sold was about 2000. 

Although the program of production of 238pu ended in 1978 other 
programs started and the activity in that field is now large. 

This activity can be divided in two parts : 1) Production of isotopes of 
actinides, 2) Production of sources emitting : alpha, neutrons, X,7 radia
tions for industrial applications or preparation of sources and targets for 
scientific uses. 

This paper gives a large overview of these two subjects. 

2. PRODUCTION OP ISOTOPES OF ACTINIDB ELEMENTS 

2.1. PROGRAMS 

The Table I presents all the isotopes actually produced in the C.E.A., 
their methods of preparation and their scale of production since the 
beginning of the programs. Basically there are two types of programs : 

I - Major programs 
(i) Involving the preparation of special targets, their irradiation by 

neutrons in nuclear reactors and the chemical treatment of 
irradiated targets. For example the production of uranium 233 is 
realized by irradiation of 232Th02 "caramel" targets in Osiris 
(Saclay Nuclear Research Center) and the treatment of these 
targets after cooling. The production of 2 4 2 P u , 243Am and 2 4 4 C m 
is done by irradiation of « ° p u / A l (CELESTIN - MARCOULE) or 
2 4 2 p u o 2 (OSIRIS - SACLAY) targets and the chemical treatment 
of the targets. 
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(ii) Involving the milking of large amounts of parent material : 
production of 241 Am by chemical treatment of kilogram amounts 
of PuC>2 or Pu metal stocks rich in 2 4 l P u . 

(iii) Involving the chemical treatment of large volumes of alpha active 
liquid wastes for the recovery of 241 Am. 

II - Minor programs 
Which correspond to the productions of special isotopes either by 

milking of stock of aged parents (2Z8Th, 229Th, 234 W , 237u 2 3 9 N P , 
2 4 ° P u , 248cm) or by chemical treatment of small irradiated targets 
(242cm). 

2.2. FACILITES /2 / 

For its productions of isotopes of actinide elements, the "Section des 
Transuraniens" has a series of hot cells, the main characteristics of which 
are given in Table II. The PETRUS cell shown figure 1 occupies a pivotal 
position among the various operations carried out including receipt of 
irradiated targets and active solutions transported in transfer casks, 
storage and removal of solid wastes. In addition to the "support" functions 
carried out. for other hot cells a number of process operations are also 
performed in Petrus, namely dissolution of plutonium irradiated targets 
and first cycles of the chemical treatment of these targets including 
extraction of plutonium 242 and americium 243, curium 244/Lanthanides 
separation cycle. 

Operations designed to carry out productions are distributed among 
the different hot cells in accordance with the biological shielding required 
and storage capacity for solutions and liquid wastes. Thus for the 
treatment of irradiated Pu/Al targets the "very high beta-gamma 
activity" cycle is performed in Petrus, which has sufficient shielding and 
possesses large solution storage capacities. The "medium beta-gamma 
activity" cycle is carried out in CANDIDE hot cell with 15 cm shielding of 
thick lead. The final purification of americium 243 which pratically 
involves alpha emitters only is carried out in PETRONILLE I with low 
beta-gamma shielding. 

The chemical treatment of targets which contain initially small 
amounts of fissile material and thus limited quantities of fission products 
at the time of their treatment can be performed in hot cells with 
moderate shielding. For example 2 3 2 T J , O 2 irradiated targets are 
processed in the hot cell POLLUX shielded by 15 cm thick lead for the 
production of uranium 233. 

In the case of the treatment of waste solutions for the recovery of 
americium 241 the distribution of tasks was based essentially on storage 
volume requirements. The first purification cycles were performed in 
POLLUX which has capacity for storing a total of 1 i»3 while final 
purification of americium 241 was performed in IRENE. 



- 4 -

The chemical treatment of aged stocks of PuÛ2 or Pu metal allovs for 
the milking of americium 241 is realized for the first steps in CASTOR, 
hot cell shielded by 10 cm thick lead : dissolution of the material and 
purification of the plutonium. The americium 241 purification cycles are 
carried out in PETRONILLE I. The hot cell named PRE-ANTINEA 
shielded by 40 cm thick of concrete containing calcium borate is used for 
the preparation of fluorides and metals of actinide elements. 

The correct management of the various gaseous liquid and solid wastes 
determines the regularity of production. The gaseous wastes flow through 
exhaust systems equipped with absolute filters and soda lime and 
activated charcoal traps. They are discharged into the atmosphere after 
analysis of their krypton 85 and radio iodine contents. The liquid wastes 
from the various cells are stored in 1 m 3 tanks (located in PETRUS) and 
removed periodically by a shielded tank truck for transport to a liquid 
waste treatment station located in La Hague. 

The solid wastes are packaged in "La Calhène" type polyethylene bins. 
These bins are then placed in steel drums and embedded in a quick setting 
resin.' After the covers are crimped, the drums are removed l>y shielded 
transfer casks. To provide for direct access to final alpha waste storage a 
special hot cell named PROLIXE is under construction, it was designed to 
treat solid wastes contaminated with alpha emitters. 

The unit operations to be performed on these wastes are : storing, 
crushing (which allow a volume reduction by a factor of ten), leaching, 
drying and embedding in various possible hosts : cement, epoxy resin or 
their mixtures. 

2.3. CHEMISTRY 
Generalities 
To achieve the productions of actinide isotopes on pure forms a large 

variety of contaminants must be eliminated. In the case of the production 
of 243A m and 244cm main problems lie in the elimination of fission 
products and plutonium ; for 2 3 3 U production, the elimination of 
thorium 232 constitutes the major problem to solve because the 
conversion yield 232Th—233u is low and thus at the time of the 
chemical treatment the molar ratio 2 3 2 T h / 2 3 3 U is close to 200. In the 
case of the recovery of 2*1 Am from alpha active liquid wastes difficulties 
arose generally from the small concentrations of the isotopes to be 
recovered and the presence of large amounts of inorganic impurities often 
corrosion products like iron, chromium, manganese, e tc . . All the 
processes developped are based on hydrometallurgical unit operations : 
chemical separations; are performed from solutions* containing the 
products. Due to chemical compatibility, from corrosion point of view, 
between nitric acid and stainless steel, which constitutes the material 
used to realize hot cell equipments, the nitrate medium is generally 
employed to achieve hydrometallurgical operations. 
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For some peculiar points, it is necessary to use more corrosive 
solutions than the nitrate ones ; for example nitro hydrofluoric acid 
mixtures are used to perform the dissolution of ^^ThOj irradiated 
targets, for that purpose a special dissolver made of tantalum was built. 
The technique adapted to realize the various chemical separations is 
liquid-liquid extraction or better extraction chromatography / 3 / , which 
consists in using columns filled with hydrophobic silica impregnated by an 
extracting molecule. 

To conceive an efficient process to purify a particular isotope of 
actinides, it is possible to select different parameters : 

(i) Oxidation state : for example to perform a separation between 
i 3 Y N p and "BPu as in the chemical treatment of 2 3 7 ^ 0 ^ 
irradiated targets, it is possible to adjust these elements on NpflV) 
and Pu(IÏÏ) oxidation states by a suitable reductor and to realize 
their separation by selective extraction of Np(IV) on TOAHNO3 (tri 
n-octylammonium nitrate) column. 

(ii) Formation of complex : it is sometimes difficult to adjust the 
elements to be separated on different oxidation states, in that case 
a specific complexation of one element by a suitable ligand allows 
efficient separation. This is the case for the separation of 
2 4 1 Am (HI) from large amounts of Fein) present in liquid wastes. 
On the nitrate form both Am (III) anr! FedÊ) possess high affinities 
for POX.l 1 (di-n-hexyl octoxynoethyl phosphine oxide) from 3.6 M 
UNO3, 0.1 M HNO3 aqueous solutions. The addition of EDTA 
(ethylene diamine tetraacetic acid) to the solution transforms 
quantitatively Fe(IH) into a stable complex, thus separation can be 
achieved by selective extraction of Am (HI) by POX.l 1. /4 / 

(iii) Extracting molecule : A good extracting molecule must possess 
various qualities : 1) good affinity for the element to recover ; 2) 
poor affinity for the contaminants ; 3) quick extraction kinetics ; 4) 
low solubility in aqueous solution ; 5) good chemical and 
radiolytical stabilities. Depending on the oxidation state of the 
element to be recovered the extracting molecule can be selected. 
From nitric acid solutions the actinides at the (VI) oxidation state 
can be extracted by tributylphosphate extracting agent (TEP) ; at 
the (IV) oxidation state actinide ions possess high affinities for 
tri-n-octylammonium nitrate (TnOAHN03). The extraction of 
trivalent actinides can be realized with TBP or TnOAHN03 only 
from solutions highly concentrated in salting-out reagents like 
UNO3 or A1(N03)3 and adjusted to (HNO3I close to zero. 
Trivalent actinides can also be extracted with bidendate extracting 
agents like di-n-hexyl diethylcarbamoyl methylene phosphonate 
(DHDECMP) from 5 to 6 M HNO3 solutions /5 / . 
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For some peculiar separations, synergetic combination of extracting 
molecules can be employed to enhance separation factors ; for 
example a mixture of di-2-ethylhexylphosphorodithioic acid 
(D2EHDTP) and tributylphosphate can be »»ed for the separation 
between 238pu and its decay product 234u : 234u(vi) is extracted 
whereas 238pi,(iv) is reduced to ?'38Pu(III) by the DjEHDTP molecule 
and thus escapes from the extraction chromatographic column /6 / . 
Table m presents some of the extracting molecule used for actinide 
isotope productions and their type of applications. 

In order to illustrate the application of these principles a quick 
description of a particular process is done below. 

Treatment of Pu/Al irradiated targets /7 / 

The Pu/Al targets (eleven plates) possess a total mass of 5445 grams 
and contain initially 400 grams of 2 3 9pu. After irradiation in the 
CELESTIN reactor in MARCOULE to an integrated flux of 11.28 n.kb" 1, 
these targets stand for three years for cooling. At the time of their 
chemical treatment they contain : 242p u = 44 grams, ^^A.m = 8.5 grams, 
244Cm= 7.5 grams ; fission products : 340 grams (including ~200 grams 
of lanthanides) ; the beta-gamma activity is fairly high - 3.7x10 4 Ci. 

The irradiated Pu/Al targets are dissolved in nitric acid in the 
presence of mercuric ions acting as catalyst, in a dissolver placed in 
station 1 of the PETRUS cell. This dissolver include a reactor, bubble 
trap, condenser and soda scrubbing column for uncondensable gases. The 
reactor built of Uranus 55 stainless steel has an effective capacity of 
about 50 liters. Heating is provided by a heating fluid flowing through a 
double jacket, and the interior is lined with two coils designed to perform 
a cooling function (immersed coil) or a foam breaker function (exposed 
coil). The dissolution of an irradiated Pu/Al target requires two operations 
and leads to the preparation of 88 liters of solution. 

The goal of the chemical treatment is to recover with the highest 
possible yields the following actinide isotopes = 242p u > 243Am, Z44Cm. 
They have to be separated from aluminum constituting the matrix -fission 
products - and each others. The entire chemical process is based on the 
extraction chromatographic technique and necessitates the use of various 
extracting molecules = TnOAHNC<3, TBP and bis 2.6 dimethyl 4 heptyl 
phosphoric acid (HD(DiBM)P), special adjustment of actinide oxidation 
state and selective complexation reaction. 

The schematic flowsheet is presented on figure 2. The first step of this 
process is to extract 242p u • this is done on a TnOAHN03/SiO2 column 
after addition of H2O2 to adjust plutonium 242 to the + IV oxidation state. 
Due to the presence of 2 M of HNO3 in the feed, fission products and 
trivalent actinides are not extracted. Moreover A l 3 + ion, the main 
constituent of the feed is not extracted either. 
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After washing off the column with a HNO3 = 2 M, A l 3 + = 1.8 M 
solution, 24Zpu c a n be recovered by elution with a complexing solution 
whose composition is : H2SO4 = 0.75 M, HNO3 = 0.2 M. Although H2SO4 
acid is corrosive vs stainless steel, the concentration and the volume of 
the sulfuric acid solution are small thus this point is not a drawback for 
the process. After this step 242p u j s decontaminated vs the main other 
constituents of the target and can be converted on the oxalate form by 
addition of oxalic acid to the eluate which after calcination gives 
242pu0 2 . 

The following steps of the process constitute very critical operations, 
these are : 

trivalent actinides/trivalent lanthanides separation, 
trivalent 2 4 3 A m/tri valent 2 4 4 ç w separation. 

The extracting molecule selected for this purpose is TBP, thus the 
feed has to be adjusted to [KNO3] = 0 £ 0.05 M in order to insure high 
distribution coefficients for An(HI) and LndU) ions. The separation 
between An(IH) and Ln(HI) ions is realized by elution with a solution 
containing diethylene triamine pentaacetic acid (DTPA), a ligand which 
possesses higher affinity for trivalent actinides than for trivalent 
lanthanides, thus trivalent actinides are eluted first from the column. The 
selectivity of the separation is fairly high for lightest lanthanides, for 
example 0t[D(Ln3+)/D(Am3+)J s 1800 for lanthanum, and decreases with 
the increase of the atomic number of the lanthanide (or = 2 for Eu 3 + ) , thus 
while lanthanides fission products are essentially light lanthanides several 
cycles are necessary to achieve good decontamination of trivalent 
actinides from lanthanides. 

The first step of the 243Am/244cm separation is identical to the one 
described above. To restore high distribution coefficients for Am (HI) and 
Cm (III) for the new TBP column their DTPA complexes have to be 
destroyed, this was done by addition of AlfNO*^ to the eluate containing 
2 4 3 A m and 244Cm. The separation 243Am/244cm is also realized, after 
their mutual extraction on the TBP column, by elution using a complexing 
DTPA solution. As the separation factor Am/Cm is moderate = 2.5, this 
cycle has to be repeated. 

As the 243Am product must have high radiochemical purity and like 
half lives are respectively : t \ ( 2 4 3 Am) = 7400 years and t } (244c m ) = 
18 years, special purification cycle of 243Am is carried out. The first step 
consists in the selective precipitation of 243AUI as potassium americyl 
(Am V) carbonate obtained after conditionning of the mixture 
243Am/244cm in K2CO3 medium, by oxidation of Am(m) with S20 g 2-
ions, Ag+ ion acting as catalyst. Filtration of the precipitate allows 
separation of 243Am from the largest part of 244cm initially present 
which remains in carbonate solution. 
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Additionnai purification step of 243Am, which allows a decrease of its 
244cm content to values below 1 ppm, is realized by selective extraction 
of A m (VI) on bis (Z.6 dimethyl 4 heptyl) phosphoric acid column /8/ . 
Americium(V) potassium double carbonate is first taken up with an acid 
oxidizing solution (HNO3, KzSzOg, AgNCty. After dissolution the warming 
of the solution allows the total oxidation of 243Am on Am(VI) form. After 
a control of the valence adjustment by spectrophotometry and a cooling, 
the solution is injected on the HD(DiBM)P column, Am(VI) extraction is 
apparent by the formation of a greenish front on the column. After 
washing with an oxidizing solution americium can be recovered by a 
reductive elution with a solution whose composition is : HNO3 = 1M, 
N2H5NO3 = 0.5 M. At that step 243Am is chemically and radiochemically 
pure and can be converted in oxide ^^AmO^ by conventionnal oxalate 
route. 

2.4. PRODUCTS : FINAL FORMS 

The last step of a peculiar production of an isotope of actinide 
element is the conditioning on a final form which is generally the oxide. 

In the.case of uranium Z33 production the oxide can be obtained by 
two routes : 
. Precipitation of U(VI) peroxide after pH adjustment and addition of 

H2O2 to the solution, then calcination of the precipitate to obtain 
2 3 3 U 3 o 8 . 

. Precipitation of U(TV) oxalate after valence adjustment of uranium 
(done for example by rongalite) and addition of oxalic acid to the 
solution. The U(IV) oxalate is then converted into the oxide form 
U 3Og. 

For neptunium, plutonium, americium and curium isotopes, the prepa
ration of the oxides is carried out through the oxalate precipitation : 
M(C 2 0 4 )2-xH 2 0 (Np(IV), Pu(IV)) or M^CzO^-xflzO (Am(m) ; CmOH)). 

Upon request the final form of actinide isotopes can be fluorides or 
metals. Preparation of fluorides is carried out in a furnace at 500 to 
600°C by leaching thin beds of actinide oxides in a monel plate with 
gaseous HF. For th» preparation of UF4 gas phase must contain hydrogen 
in order to reduce hexavalent uranium present in the oxide. 

Preparations of actinide metals is achieved by calciothermic technique 
where layers of actinide fluorides and calcium metal are deposited in a 
Ca?2 crucible, the reaction started after heating the crucible in an 
induction coil. Hundreds of grams of actinide metals can be prepared in 
the peculiar hot cell. 



- 9 -

3. PRODUCTION OF SOURCES OF ACTTNTOE ISOTOPES 

3.1. PROGRAMS 

The Table IV presents an overview of the sources produced and their 
field of applications. Discrimination between industrial and scientific 
sources in only made for us on the basis of the scale and methods of 
production : large series and (if possible) automatized techniques for the 
industrial ones, small quantities and specific techniques for the scientific 
ones. 

I - Major programs involve the preparation of : 

(i) Alpha active sources of low activity (ACi range) produced at the scale 
of several ten of thousands per year for smoke detectors, of high 
activity (mCi range) produced at the scale of ten of thousands per year 
for rod lightings. Under development we have a static electricity 
eliminator strip containing 86 individual sources. This corresponds to a 
linear activity of 20 m Ci per meter. Isotopes used for these 
productions are 238p u > 24lAm, and 244cm. 

(ii) Gamma active sources emitting 60 keV radiation from 24lAm. These 
sources are prepared by incorporation of americium 241 oxide in a 
ceramic placed in a copper cup, the mixture is then vitrified. The 
active assembly is then encapsulated inside two stainless steel 
housings. Activities are in the range 0.03 to 5 Ci. These sources are 
sold for level and tickness gauges applications. 

(iii) Neutron active sources can be prepared by mixture of alpha 
active isotopes : " 8 P u , M U m , 244cm and light element target : Be, 
Li, F, B or l 3 c which provokes an (a,n) nuclear reaction. Final forms 
of these sources can be either cylinder or Annular made of stainless 
steel. These sources are used in Industry for many applications : 
moisture content measurement, neutron radiography, analysis by 
neutron activation, reactors startup. Neutrons sources containing self 
fissile isotope 2 5 2 C f (bought in USA) are also prepared for the same 
type of industrial uses. 

II - Minor programs include essentially the scientific sources. Among 
the various types of sources produced, one can cite : 

. Alpha source containing three or four isotopes for calibration of alpha 
spectrometers. 

. Deposits of special isotopes on metallic foils for the preparation of 
fission chambers. 

. 252cf ionizing source used in a time of flight mass spectrometer. 
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3.2. FACIIJTIES 

Industrial alpha active sources are produced in a special laboratory 
containing ten glove boxes equipped with the following apparatus : 
automatic system (X-Y table) for the delivery of americium 241 solution, 
and I.R. lamp for evaporation of the solution (as seen on figure 3), furnace 
to prepare enamel, automatic ionization chambers and vacuum cathodic 
sputtering apparatus for deposit coating, alpha detectors. 

Neutron and gamma active sources are prepared or encapsulated in a 
special hot cell named ANTTNEA which has the following dimensions : 
length = 10.1 m ; width = 2.6 m, height = 2.9 m ; and possess four working 
stations equipped with eight MA 11 "La Calhène" telemanipulators. 
ANTINEA is (a,n) shielded by 80 cm thick of water. ANTINEA equipments 
include : balance, mechanical shakers, argon-arc whelding machine, 
ultrasonic baths. Scientific sources are prepared in a special laboratory 
equipped with conventionnal glove-boxes and a small hot cell (a,7,n) 
shielded and equipped with telemanipulators. Conventionnal radiochemical 
equipments are used in these glove-boxes and hot cell except for 
apparatus designed to prepare electrodeposited radioactive sources. 

3.3. TECHNIQUES 

Industrial sources 

Instead of a complete description of all the techniques used, let us 
focus on that allowing the preparation of alpha active sources. The alpha 
active sources of the SAC typé consist in a radioisotope (238p u > 24lAm or 
2 4 4 ç œ ) incorporated in a ceramic that covers the enamel coated surface 
of a sintered alumina base. These chemically inert materials afford 
outstanding resistance to attack by chemical substance, thus these can be 
classified as "sealed sources". Their preparation procedure consist in the 
following steps : 

. Deposit of a radioactive nitrate solution of the actinide isotope on a 
pressure sintered alumina substate coated with a layer of enamel 
baked to over UO0°C. This operation is realized automatically : 80 
(SAC.l) or 35 (SAC.2) individual buttons placed on a monel plate 
moved on an X-Y table. 

. Evaporation of the solution to obtain the actinide nitrate done by 
heating with an I.R. lamp. 

. Spray of a mixture of enamel with ethanol on the pre-heated plates 
(300°C) containing the sources. 

. Vitrification of the mixture of enamel and actinide isotope oxide by 
heating at 1050°C during half an hour. 
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. Measurement of the ionizing capacity of each source and check of the 
absence of contamination by a wipe test. 

Coating with a 1 to 2 microns thick tantalum film done by vacuum 
cathodic sputtering technique. 

Final measurement of the ionizing capacity and external 
contamination verification for each source. 

Such a techniaue was found efficient for the production of ten of 
thousands alpha active sources per year, the overall yield of production is 
better than 95 %. 

Scientific sources 

Usually scientific sources consist in a deposit of an actinide isotope on 
a substrate. Several techniques are used to realize adherent deposits. The 
simplest technique consist in the dispersion of small drops of a solution 
containing the isotope and then evaporate the solution until dryness with 
an heating source. The source can be calcined, at that Ftep the deposit is 
not strongly held on the substrate. It is possible to immobilize the 
radioactive material by coating the deposit with a film of epoxy resin. 
This is done by spraying'a mixture of the epoxy resin constituents in a 
volatile solvent. 

Painting is also a very simple but tedious technique to realize adherent 
deposits of actinide isotopes with high thicknesses. Actinide isotope is 
dissolved in an organic solvent and layers of solution are deposited on the 
substrate, then the substrate is placed in a furnace to destroy the organic 
matter and new layers are realized until the desired thickness is obtained. 

The most widely used technique is electrolysis. It consists to 
electrolyse an aqueous solution containing the actinide isotope placed in 
an electrolytical cell. The metallic substrate of the source served as 
cathode and the anode is generally a rotating platinum twisted wire. 
Figure 4 presents such an electrochemical cell made by plexiglass. As 
there is no diaphragm between the two electrodes suitable aqueous media 
have to be selected in order to have the reduction of protons and water on 
the cathode : H + + e —» } H j and H2O + e —-1H2 + OH" to have not the 
oxidation of water at the anode but oxidation of a substance like CI" or 
C2O4"" ions. 

Due to the formation of OH" ion on the cathode surface, actinide ions 
move from solution towards the cathode where they precipitate as 
hydrous oxides. Two types of aqueous solutions are generally used either 
ammonium chloride or ammonium oxalate media. From ammonium 
chloride medium actinide ions and hydrolyzable metallic impurities ions 
can be deposited on the metallic substrate, thus if the initial solution 
contains such impurities ammonium oxalate medium isprefered. 
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Adherent deposits are prepared by such a technique until 
thickness of 50 mg.cm~2. This technique can be used for the preparation 
of large series of actinide deposits : for example in 1978, 40,000 individual 
deposits of 237jjp02 on stainless steel were prepared to realize large 
amount of fission chambers for reactors instrumentation. Self-transfer 
Z5ZCf source are also prepared. The preparation consists in the transfer 
under vacuum of 252cf atoms from a mother-source to a substrate under 
the recoil energy arising from fission of some 252 C f atoms. 

Generally, it takes a long time to obtain sources with high activities 
and the rate of transfer depends largely on the presence of inactive 
impurities on the mother 252cf source. 

4. CONCLUSIONS 

In the last fifteen years the C.E.A. produced a large effort to establish 
programs and facilities suitable for the production of actinide isotopes 
and sources. Large variety of isotopes of actinide elements are now 
available- at g to kilogram scale (depending on the isotope) and can be 
proposed to customers on various forms : oxides, fluorides, metals, etc.. . 
Development of sources is also noticeable either for industrial or for 
scientific applications. The task force now in charge of these programs is 
able to give quick answers to new requests and can develop new 
productions : for example fission product 10&Ru radioactive source for 
betatherapie have been prepared recently. Of course for particular 
problems it will be ideal to have separated actinide isotopes, for such 
purpose European Community will may be take a decision in the future. 
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F I G U R E C A P T I O N S 

FIGURE 1 

PETRUS HOT CELL - GENERAL VIEW 

FIGURE 2 

CHEMICAL PROCESS FOR Pu/Al TARGETS TREATMENT 

FIGURE 3 
AUTOMATIC X-Y TABLE FOR THE PREPARATION 
OF SMOKE DETECTORS ALPHA ACTIVE SOURCES 

FIGURE 4 

ELECTROLYTICAL CELL FOR PREPARATION 
OF ACTINIDE ISOTOPE DEPOSITS 
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TABLE 1 
ISOTOPES PRODUCED OR RECOVERED 

ELEMENT ISOTOPE METHOD 
OF PRODUCTION 

Scale of production 
since the beginning 

of the program 
T 
H 
O 
R 
I 
U 
M 

228TH 232u «. ?28Th 
milking of large amounts 

of aged 233u rich in 232u 

10/xg T 
H 
O 
R 
I 
U 
M 

229Th 233u » . 229Th 
milking of large amounts 

of aged 233u 

mg 

U 
R 
A 
N 
I 
O 
M 

233u Irradiation of 232TJI by neutrons 
Chemical treatment of 

irradiated 232-rho2 targets 

hundreds 
of grams 

U 
R 
A 
N 
I 
O 
M 

234u 238pua, 234u 
milking of large amounts 

of aged 2 Î 8 p u o 2 

grams 

U 
R 
A 
N 
I 
O 
M 237u 241 p u a, 237u 

milking of aged plutonium 
fiCi 

N 
E 
P 
T 
U 
N 
I 
U 
M 

237 N p Recovered in special campains in 
the reprocessing plant devoted to 

treatment of irradiated nuclear fuels 

10 kg 
N 
E 
P 
T 
U 
N 
I 
U 
M 

2 3 9 N p ' 243Am SU 2 3 9 N P 

milking of aged 243Ânj0 2 P9 

P 
L 
D 
T 
O 
N 
I 
tJ 
M 

2 3 8 P u Irradiation of 237Np/ty 
Chemical treatment of irradiated 

Np/Al or NpO^MgO targets 

kg 
P 
L 
D 
T 
O 
N 
I 
tJ 
M 

240p u 244cm 2 . 240pt, 
milking of aged 244cm0 2 

10 of mg 

P 
L 
D 
T 
O 
N 
I 
tJ 
M 

2 4 2 P u Irradiation of 239p u targets^ 
chemical treatment of irradiated 

Pu-Al targets 

hundreds 

of grams 

A 
M 
E 
R 
I 
C 
I 
U 
M 

2 4 l A m 241pu/î;24lAm 
Milking of aged P u 0 2 or 

Pu metal stocks - Chemical treatment 
of alpha active liquid wastes 

kilogram A 
M 
E 
R 
I 
C 
I 
U 
M 

243Am Irradiation of 239p u or 242p u 

by neutrons 
Chemical treatment of Pu-Al 

or P u 0 2 irradiated targets 

100 g 

C 
U 
R 
I 
U 
M 

2 4 2 C n i Irradiation of 24lAm by neutrons 
Chemical treatment of 

irradiated A m 0 2 targets 

10 mg 

C 
U 
R 
I 
U 
M 

244cm Irradiation of 239p u or242p u 

by neutrons - Chemical treatment 
of irradiated Pu-Al or P u 0 2 targets 

100 g 

C 
U 
R 
I 
U 
M 

248cm 252cfQU248cm 
Milking of aged 2 5 2 C f stock 

10 of ng 



TABLE kl 

Mam Characteristics of the Hot Cells of the S T U 

CHARACTERISTICS 

Outer dimensions 
Lenght 
Width 
Height 

Biological Shield 
. type 

. thickness 

Solution Storage 
Capacities 

Work Stations 

Telemanipulators 
Number 
Model 
Manufacturer 

Inputs/outputs 
. Padirac(6) 
. I L 4 8 or 2 2 * * 

PBTRTJS 

15 m 
5.1m 
5.1m 

a/37» 
Special Concrete 

lm 

5 .3m 3 

7 front 
4 rear 

front 
14 
G 

CRL 

rear 
3/1* 
F 

yea 
yes 

POLLUX 

8.1m 
1.8m 
2.5m 

a/37 
Pb 

15cm 

l m 3 

5 

10 
M7 

CRL 

yes 
no 

Name of Hot Cell 

CANDIDE FETRON1LLEI PETRONILLEII 

7.1m 
1.7m 
2.5m 

a/37 
Pb 

15cm 

70L 

4 

8 
MA11 

La Calhene 

yes 
no 

3.90m 
1.45m 
2.00m 

a / 3 7 
steel 

10cm 

150L 

2 

4 
M7 

CRL 

yes 
no 

3.90m 
1.45m 
2.00m 

a / 3 7 
steel 

10cm 

150L 

2 

4 
M7 

CRL 

yes 
no 

IRENE ANTÏNEA 

3.45m 
1.45m 
2.37m 

10.1m 
2.6m 
2.9m 

a/37 a* 
Pb water 

5cm 80cm 

180L 0 

2 4 

8 
MA11 

La Calhene 

no no 
no no 

* 3 CRL, 1 Wallish-Mfiller 
# • Heavy transfer casks 



N° FORMULA ABBRE
VIATION 

STATE 
MOLE
CULAR 
(weight) 

TYPE OF 
APPLICATION 

© 
C 4 H 9 O v 

C4H9O- P—O 
C4H9O' 

TBP liquid 266 
j238puflv)/237Np(V) 

l 2 4 3 A m / 2 4 4 C m 

© C6H13. 
C 6 H 1 3 - P - 0 
C 7 H 1 5 - 0 - C H 2 

POX.ll liquid 346 241 Am(m)/transition 
elements 

© 
C6H13 a , C 2 H 5 

P - CH 2 - Ç - N 
C6H13 66 0 "c 2 H 5 

DHDECMP liquid 363 241 Am (m)/transition 
elements 

© © L . / C H 4 H 9 

P - CH 2 - C - N 
<£> 0 O ^ 4 H 9 

Çtp solid 371 24lAm(m)/transition 
elements 

© 
C 8 H i 7 . 
C 8 H 1 7 _ N H + , NO3- _ 
C 8 H i 7 X 

TOAHNO3 solid 416 237 N p(iv)/238p u(nD 

© 
I(CH3) 2-CH-CH2]2-CH-0N JO 

P 
I(CH3)2-CH-CH2)2-CH-0'' OH 

HD(DIBM)P liquid 350 241Am(VI)/Ln(in) 

© 
c 8 H 1 7 " O x S* 

C 8 H 1 7 - 0 SH | 
D2EHDTP liquid 354 234U(VD/238pu0V) 

TABLE III Extracting molecule* and their oses in actinide separationa 
^ ) t r i -n butylphosphate 

(^di-n-hexyloctoxymethylphoaphine oxide 

(?)di-n-hexyl diethyl carbamoymethylene phosphonate 

(4) di phenyl di-n-butyl carbamoyl methylene phosphine oxide 

@ tri-n-octylammonium nitrate 

(^bis(2,6 dimethyl 4 heptyl)phosporic acid 

(7)di-2-ethyl hexyl phosphoro dithioic acid 
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C S A œMMISSARIAT A L'ENERGIE ATOMIQUE iml 
TABLE IV 

RADIOACTIVE SOURCES USING 
TRANSURANIC ELEMENTS: 

FOR INDUSTRY AND THE LABORATORY 

ALPHA SOURCES 

Sealed 24iAm, 2 3 8 Pu and 244Cm sour
ces. 
Activity: fraction of a microcurie to 
several millicuries. 
Applications: smoke detectors, elimi
nation of static electricity, lightning 
rods, etc. 

GAMMA SOURCES 

These are "speciat form" sources. 

1. LOW-ENERGY (60 keV) 24iAm 
SOURCES, TYPE AME 

Seven models. Activities from 10 
mCi to 5 Ci. 

Industrial applications: 
analysis; level and thickness gau
ges. 

2. HIGH-ENERGY (6.13 MeV) 
SOURCE 
238Pu source using the reaction 
13C (o, n) 160* y 6.13 MeV. 
For calibration of radiation detec
tors. 

NEUTRON SOURCES 

1. Sources using alphas from 24iAm, 
238Pu or 244Cm to provoke (a, neu
tron) reactions in low atomic num
ber element targets (Be, Li. F, B or 
13Q, resulting in neutron emission. 
9 models. Emission rates up to 
5.107 n/s.4 7r. 

2. Spontaneous fission sources using 
252Cf. 

3. Reactor startup sources, class 1A, 
designed and manufactured to cus
tomer specifications. 

These "special form" neutron sour
ces have many applications: mois
ture content measurement, neutron 
radiography, specialized gauging 
techniques, etc. 

ACTINIDE DEPOSIT SOURCES 

These laboratory sources are not classified as sealed sources. Diverse depositing techniques are available, 
allowing a great variety of isotopes to be used. 

TIG weld 

Stainless steel (316 L) 

Window (0.3 or 0.4 mm) 

Engraved source identification data 

0 5 mm thick copper 
cup containing the 
vitrified radioactive 
source material 

Gamma source, type AME 
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CERTIFICATION 

All the sources (except actinide deposit sources) are certified as "sealed sources" by the Laboratoire Natio
nal d'Essais (National Test Laboratory), in conformity with ISO and AFNOR standards. Most of the sources 
are also certified "special form" by the French Ministry of Transport and Ministry for the Environment, after 
testing in the L.N.E. 

QUALITY CONTROL 

Strict QC is applied during and at the end of fabrication, with final product quality checked in a special labo
ratory. Inspection involves essentially: 
— tests for absence of external contamination, 
— leaktightness tests, 
— measurement of source parameters: neutron f luence rate, gamma flux, ionizing capacity (alpha sources), 

etc. 

Each sealed source is delivered with an inspection certificate. 

TECHNICAL ASSISTANCE 

The CEA also offers customers full-scope technical assistance for the use of radioisotope sources and the 
development of related instrument techniques. 

Information: 
Section des Transuraniens 

Centre d'Etudes Nucléaires de Fontenay-aux-Roses 
B.P. n° 6 - 92260 FONTENAY-AUX-ROSES • France 

Tel.: (Paris) 657.13.26 extension 31.92 or 31.12 



1 BIOLOGICAL SHIELOING 
2 AIR TIGHT BOX 
3 OPERATING AREA 
4CRL MODEL F MASTER SLAVE 

TELEMANIPULATOR 
5-CRL MOOEL G MASTER SLAVE 

TELEMANIPULATOR 
6 - CONTROL BOARD 
7 • TRANSFER TRUCK RAILS 
8 • CRANE RAILS 
9 • FLUIO DISTRIBUTION RACK 

10 REAGENT PREPARATION 
11 • PNEUMATIC CONTROL AND 

REGULATION OEVICES 
12 < PNEUMATIC TRANSFER PIPE 

Fiaure 1. Petrus Hot cp/t - nnnpmf I/''PM 



DISSOLUTION 

TO RECVCLINC 
TRACES 244 Cm 

i l 

ELUTION 

MNOJÏÛ.2N 

GK 

T 

0 

A 

© 

T 

B 

P 

TTT 
© © 

© 
SCRUB. 

T 

B 

P 

h ELUTION 
liNO}= 7M 
0TPA-0.1N 

pH=1.2 

( Î ) 
STRIP. 
HNO)34N 

© ID 
® 

AKNOïh-i(OH) 

FEED 
Al»*»1.8M 
H*s 0*005 M 

/ 

H 
0 

I 
B 
M 

SCRUB. 
id © 

<£] 

OXH)IS50LUTION 

• t 
CARBONA-

Snlt TE 

0-

f»* 

TO WASTE j n w v H J r 
•Cm 

® | ELUTION 
•— b . . . - n i NjM t = 0.5M 

HW03-1N 

FEED 
MNOl = 0.lM, NiNO) =2H 
K J S ) « | = 0 . 2 M . A»*=2 .10" *N 

Pu EXTRACTION Am(HI)/Ln(m) SEPARATION Am (]U)/Cm(IIl) 
SEPARATION 

Am m ) t Ln(UI ) 
SEPARATION 

Ci **»» r-*\ *) r*,-
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