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In recent years several incidents involving illicit trafficking and smuggling of nuclear
material, radioactive sources and radioactively contaminated materials have raised growing
public concern about criminal acts involving nuclear materials. Consequently, research efforts
in nuclear forensic science have been intensified in order to develop and improve methods for
the identification of the nature and origin of seized materials. Information obtained from the
analysis of unknown nuclear materials is of key importance in order to aide authorities that
are in charge of developing fast and appropriate response action. For the identification of
nuclear materials various sample characteristics are of relevance, including isotopic
composition, the content of chemical impurities, material properties and the date of
production.

Information on the production date, respectively the "age" of nuclear materials, will also be of
key importance in other fields of nuclear science, i.e. for the verification of a Fissile Materials
Cut-Off Treaty (FMCT) in order to distinguish freshly produced materials from "old" excess
weapons materials. The age of nuclear materials may also be of relevance under a
strengthened safeguards regime to reveal clandestine production of weapons usable materials,
i.e. the separation of plutonium or production of highly enriched uranium (HEU).

The age dating of plutonium samples has been described in detail in [1,2] for bulk samples as
well as for particles. In this work we focused on the age determination of uranium materials
of different uranium enrichment. The radioactive decay of the uranium isotopes provides a
chronometer that is inherent to the material, in particular the mother/daughter pairs 234U/230Th
and 235U/231Pa can be advantageously used. Due to the relatively long half-lives of 234U
(2.46 10 years) and U (7.04 10 years) only minute amounts of daughter nuclides are
growing in, therefore both separation of Th and Pa from uranium must be of high chemical
recovery and must afford large decontamination factors. In general, the age obtained from
parent/daughter ratios refers to the last separation of the parent nuclide from its daughters, i.e.
the last purification of the material. The accuracy of the obtained age therefore depends on the
quality of the purification process and assumes that the material subsequently has not been
contaminated. Obviously the availability of two analytical methods relying on both,
independent parent/daughter pairs will therefore significantly increase the confidence in the
experimental results.

In this work we demonstrate analytical methods for the age determination of uranium samples
using the parent/daughter relations 234U/230Th and 235U/231Pa. Thorium is separated from bulk
uranium using extraction chromatography and subsequently quantified using D-spectrometry,
thermal ionisation mass spectrometry (TIMS) and inductively coupled mass spectrometry
(ICP-MS). Protactinium is separated by highly selective sorption of protactinium to silica gel
followed by D-spectrometric quantification. The methods were tested and validated using
uranium reference materials of different uranium enrichment and of known ages.
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The experimental results obtained with both methods were found to agree with the assumed
ages of the reference materials within the combined uncertainty of the measurement (Table 1).
The analysis exploiting the parent/daughter pair 235U/231Pa exhibits a slightly larger combined
uncertainty and bias than the thorium method but is found valuable in validating the
experimental results by means of a second, independent analysis.

Table 1: Results of the age determination of uranium by ID-AS from the 235U/231Pa and 234U/230Th
ratio, respectively. (ID-AS: Isotope Dilution Alpha Spectrometry, ID-TIMS: Isotope Dilution Thermal
Ionisation Mass Spectrometry, ICP-MS: Inductively Coupled Mass Spectrometry).

Sample

U-500

U-800

U-850

Assumed Age

(y)

39.3
38.8
38.5
39.1

43.5
43.0
42.7
43.3

44.2
43.8
43.4
44.0

Determined
age (y)

38.711.8

38.111.4

38.110.4

39.810.4

41.612.0

42.311.5

41 9+1 3

43.410.9

43.012.1

43.311.4

42.410.8

45.311.2

Bias (%)

-1.7
-1.8
-1.0
+1.6

-4.4
-1.6
-1.9
+0.3

-2.7
-1.1
-2.3
+2.9

Method

ID-AS
ID-AS

ID-TIMS
ICP-MS

ID-AS
ID-AS

ID-TIMS
ICP-MS

ID-AS
ID-AS

ID-TIMS
ICP-MS

Parent/daughter
pair

23iU/ i31Pa
234U/230Th

"

235U/231Pa
234U/230Th

46

235U/231Pa
234U/230Th
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