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INTRODUCTION
             Palladium-103 is used in medicine for the treatment of prostate cancer. Small sources (seeds), containing Pd-103 are
implanted in the tumors to provide a killing radiation dose for tumor cells without harmful dose for the rest of the patients body.
The treatment has been demonstrated to be very effective. The broad application of the seeds depends on reliable supply of Pd-
103 in large quantities.
             The goal of this work is to develop an extraction method of  no-carrier-added palladium-103 from silver. Metallic silver
targets may be irradiated by protons with energy of 60-200 MeV or more to generate palladium-103 simultaneously with other
radioactive isotopes of rhodium, ruthenium, technetium, palladium and silver. According to the dependence experimental
production yield of Pd-103 and isotopes of other elements in thick silver target vs. Proton energy the most suitable energy for
maximum yield of Pd-103 and minimum yield of other elements is from about 100 to about 140 MeV. Activity of radionuclides
produced in silver target depends from many factors ( target thickness, irradiation time , etc.). In accordance with data /1/ the
approximately composition of  radioisotopes in irradiated silver target  is presented  in Table 1.

Table 1. Calculated Radioactivity Produced in Silver Target in a Long Irradiation
(Energy range:136-46 MeV; irradiation time: 7 days; beam current 70 �A.)

20 days
after EOB

Pd-103+Rh-103
17.0 d    0.04 d

Pd-100+Rh-100
3.63 d   0.87 d

Rh-101m
4.34 d

Rh-99
16 d

Ag-106m
8.46 d

Ag-105
42.3 d

Ru-97
2.9 d

Tc-96
4.4 d

Ci 20 0.5 2.0 0.6 2.5 9.4 0.1 0.1
% 57 1.4 6 2 7 27 0.3 0.3
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Two methods of Pd-103 recovering from irradiated silver target are considered in this work:
1. Silver target is dissolved in nitric acid followed by silver precipitation in the form of silver chloride by addition of HCl. The

solution containing Pd, Rh and other radionuclides is passed throuh the layer of fibrous sorbent POLYORGS-15n. Then the
sorbent is washed and Pd is desorbed by hot 12M hydrochloric acid.

2. Silver target is dissolved in nitric acid followed by passing of the obtained solution (2M HNO3 ) through a disk set of
complexforming sorbent POLYORGS-33n. Under these conditions palladium is sorbed by the sorbent while silver, rhodium,
ruthenium and technetium are passed through the sorbent. Then the sorbent is washed with 2M nitric acid, and Pd is
desorbed by 12M hydrochloric acid.

PARAMETERS OF SORBENTS

Extraction of palladium is occurred during the formation of palladium complex with a chelate sorbent specific to palladium in
acidic solutions. Such a sorbent makes possible separation of palladium from accompanying radionuclides such as rhodium,
ruthenium and technetium. The polymeric complex-forming sorbent of fibrous structure with the groups of 3(5)-methylpyrazole
(POLYORGS-15) is used /2/.

Table 2. Parameters of the selected sorbents

Sorbent Polymer matrix Chemical group

POLYORGS-15
Co-polymer of

glycidil-methacrilate
with ethylene-
dimethacrilate

POLYORGS-33
Polyacrylonitrile

The sorbent containing amidoxim- and hydrozidine- groups (POLYORGS-33) is also promising /3/. Both POLYORGS-15
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and POLYORGS-33 were synthesired and investigated from the point of view of their chemical interaction with the ions of
platinum metals in GEOHI RAS. Now industrial manufacturing of the sorbents have been developed. The sorbents have a high
palladium-ions sorption capacity in wide range of acid concentration (hydrochloric and nitric). The parameters of the sorbents are
in the Table 2.

First these sorbents were obtained in the form of a fine powder. On this base fibrous “filled” materials were obtained
(POLYORGS-15n and POLYORGS-33n). The fibrous sorbents are non-weaved materials made of thick polyacryl fibers with
firmly held inside complex-forming sorbent. The filling agent (complex-forming sorbent) content is up to 50%.

The distinctive feature of the sorbents in the form of fibrous “filled” material is good kinetic properties. It makes it possible to
use them in the process of sorbent extraction of platinum metals from solutions under the conditions of dynamic regime. For
example sorbent extraction can be carried out by passing of the solutions easier. Preliminary experimental data demonstrate
high radiation resistance of fibrous “filled” materials.

The dependence of palladium and rhodium extraction  versus concentration of HCl in the solution for sorbents POLYORGS-
15n and POLYORGS-33n under the static conditions of adsorption (mixing the 0.1g sorbent with 100 ml of solution, Pd and Rh
carrier amount is 20 mg/l) is given in Fig.1.

Fig. 1 Pd and Rh Extraction to POLYORGS-15 and 

POLYORGS-33 Sorbents vs. HCl Concentration
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According to this
dependence the maximum
extraction yield of Pd to the
sorbents POLYORGS-15 and
POLYORGS-33 may be
achieved at the HCl
concentration range from 0.1
to 1.5 M HCl.

On the basis of many
experiments and investigations
carried out the following
scheme of Pd-103 extraction
from irradiated silver target
has been chosen.

The radioactivity was
measured with Ge-Li detector.



EXPERIMENTAL METHODS AND RESULTS
   Pd-103 RECOVERY FROM
IRRADIATED SILVER TARGET
WITH POLYORGS-15n SORBENT

Silver Target
m=38 g

Separation from Ag:
1M HCl drop-wise is added to the

solution and is stirred in magnetic mixer

Dissolved in 200 ml
[HNO3 (10.7M) + H2O(1:2)]
at 40-600C

1. Filtered through glass

filter (10 �m).
2. Washed with 1M HCl.

Pd, Rh, Tc, Ru in
1M HCl

Separate Pd from Rh,Tc and Ru:
Disks of POLYORGS-15n with a

diameter 25 mm (m=0.4g)

1. Washed with 100 ml of 1MHCl.
2. Desorption by 12M HCl at 600 C

AgCl

 Rh, Ru in 1M HCl Pd in 12M HCl

1. The irradiated silver target 38 g weight was dissolved in 200 ml of
nitric acid solution at 40-600

C.

2. 1M HCl drop-wise was added to the solution and was stirred in
magnetic mixer. At the beginning the amorphous white product was
formed. The amorphous product was kept for 2-3 hours at 40-50

0
C

to form solid precipitate. Keep it in a dark place for 12 hours to
prevent co-precipitation of palladium on metallic silver.
3. The obtained precipitate was filtered through suction glass filter

(10 �m). Afterwards it was washed with 1M HCl.  As the result, 0.9
M HNO3 + 0.4M HCl solution was formed. Ag-contents in the final
solution was less then 0.01% comparing to the quantity of the initial
material (gamma measurements limit).
4. The sorbent POLYORGS-15n in the form of disks with a
diameter of 25 mm and a mass of 0.4g preliminary  was wetted with
distilled water and put into the sorption cell.
5. 50 ml of 1M HCl were passed through the sorbent. Then working
solution was added drop-wise (flow rate 3 ml/min).
6. The sorbent was washed with 100 ml of 1M HCl. Palladium
isotopes as well as technetium were remained at the sorbent while
the sorbent did nit adsorb Rh and Ru under these conditions.
7. To provide desorption of palladium, 150 ml of concentrated HCl
was eluted through a set of disks  (flow rate 0.5-0.7 ml/min; by
heating up to 60

0
 C). Tc was stayed on the sorbent.

8. To get a proper bulk of the solution it was evaporated and its
concentration was adjusted to a proper value with 0.1 M HCl
solution.

9. Extraction yield was about 85% for 1 l of the solution.
Radionuclidic purity of a final product is 99.95%.



This method possess some disadvantages while using in hot cells. First, the stage of the silver participation with chloride
ions in the form of silver chloride followed by removal of precipitate cause technical difficulties. Second, the use of hot (60

0
C)

concentrated hydrochloric acid during the stage of desorption cause corrosion of the equipment of the hot cell and failure of the
electronic devices. It is more perspective to use the chelate sorbents POLYORGS-33n in hot cells.

Preliminary experiments with POLYORGS-33n were performed in GEOHI without radioactivity. The experiments showed
that POLYORGS-33n is the most perspective sorbent for palladium separation from rhodium and silver in nitric acid solutions.
The following scheme of Pd-103 recovery from irradiated silver target with POLYORGS-33n sorbent has been used.

   Pd-103 RECOVERY FROM
IRRADIATED SILVER TARGET
WITH POLYORGS-33n SORBENT

1. The sorbent POLYORGS-33n in the form of disks with a
diameter 25 mm was wetted with distilled water and put into the
sorption cell.
2. 100-200 ml of 2M HNO3 was passed through the sorbent
right before the experiment.
3. The silver target 1.5 g weight was dissolved in 5 ml of  HNO3

+ H2O (1:1). This solution was diluted to 20 ml to obtained 1.5M
HNO3 concentration.
4. The solution containing the radionuclides was added drop-
wise (flow rate is 3ml/min). It is important to drop strictly in the
center of the disk.
5. The sorbent was washed by 60 ml of 2M HNO3 for
purification from rhodium and silver.
6. 100 ml of 12M HCl was eluted through a set of disk for
palladium desorption (flow rate is 3ml/min).

The results of the experiment are shown in Table 3.

Silver Target
m=1.5 g

Separate Pd from Ag , Rh, Ru
and Tc

Disks of POLYORGS-33n with a
diameter 25 mm (m=0.12g)

1. Dissolved in HNO3

+ H2O (1:2)
2. Diluted to 1.5M

HNO3

Ag, Rh Pd, trace
Ag, Rh

1. Washed by 2M
HNO3

2. Desorption by 12
M HCl



Ag, % Pd, % Rh, %

Working solution after passing
through the sorbent, 20 ml

75.5 <0.001 78.0

Solution after the sorbent
washing, 60 ml

21.5 <0.001 19.2

Solution after the palladium
desorption by concentrated

hydrochloric acid, 100 ml

0.5 98.0 1.0

DISCUSSION

The methods described above have advantages and disadvantages. The disadvantages of the first method were described
above. The advantages of this method are: 1) this provides no-carrier-added (NCA) Pd-103; 2) the method provides a high
purification from all other radio-elements presented in the target.

Method 2 avoid precipitation in a hot cell. Moreover, only cold HCl may be used to avoid equipment corrosion. An additional
advantage of Method 2 is obtaining NCA Pd-103. POLYORGS-33n works better than POLYORGS-15n for separation from
silver. A disadvantage of this method is comparably low purification from silver and rhodium (0.15% total). The following
approaches may be suggested:
i) The method of silver precipitation may be used for purification from silver following by the separation of the solution via

filtration.
ii) To find an optimal acid concentration in order to minimize Rh adsorption.
iii) To optimize better the flow rate of the solution to prevent palladium breakthrough.
iv) In order to purify better from silver a preliminary saturation of the sorbent by stable silver may be tested.

CONCLUSION

Two methods have been developed to recover micro quantities of Pd-103 from irradiated silver
target.

This work was supported by the Initiatives for Proliferation Prevention Program, USA.

Table 3.

Percentage of adsorption and
desorption at the sorbent
POLYORGS-33n (sandwich of two
disks with diameter of 25 mm and
total weight of 0.112 g). Flow rate of
the solution passed through the
sorbent is 3 ml/min; flow rate of the
washing solution is 4-6 ml/min; flow
rate of the desorption solution is 3

ml/min.


