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Standard Test Method for
the Determination of Uranium or Gadolinium, or Both, in
Gadolinium Oxide-Uranium Oxide Pellets or by X-Ray
Fluorescence (XRF) 1

This standard is issued under the fixed designation C 1456; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard describes the steps necessary for the
preparation and analysis by X-ray fluorescence (XRF) of
gadolinium and/or uranium in gadolinium oxide-uranium ox-
ide pellets or powders.

1.2 This method requires the use of appropriate internal
standard(s). Care must be taken to ascertain that samples
analyzed by this method do not contain the internal standard
element(s) or that this contamination has been corrected for
mathematically whenever present. Such corrections are not
addressed in this standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.Specific precau-
tions are given in Section 8 and various notes throughout the
method.

2. Referenced Documents

2.1 ASTM Standards:
C 982 Guide for Selecting Components for Generic Energy

Dispersive X-Ray Fluorescence (XRF) Systems2

C 1118 Guide for Selecting Components for Wavelength-
Dispersive X-Ray Fluorescence (XRF) Systems2

D 1193 Specification for Reagent Water3

E 135 Terminology Relating to Analytical Chemistry for
Metals, Ores, and Related Materials4

3. Terminology

3.1 Definitions—For definitions of terms used in this guide,
see Terminology E 135.

3.2 Symbol:
LiTB 5 lithium tetraborate (see 7.4).

4. Summary of Test Method

4.1 Solution or pellet standards containing the equivalent of

1–10 % gadolinium oxide and 90–99 % uranium oxide and
appropriate internal standards are placed in the sample holder
of a x-ray spectrometer and exposed to an x-ray beam capable
of exciting the uranium and gadolinium L-a emission lines and
the appropriate emission line for the internal standard. The
intensities generated are measured by an appropriate detector.
The intensity ratio values obtained from this data are used to
calibrate the x-ray analyzer.

4.2 Samples are prepared in the same manner as the
standards and analyzed using conditions and curves generated
from those standards.

NOTE 1—Yttrium and strontium have been used successfully as internal
standards for uranium and samarium for gadolinium. Scatter lines also
have been used as internal standard lines(1).5 An explanation of internal
standard method is found in several sources(2, 3).

5. Significance and Use

5.1 This guide is applicable to samples containing 2 to 10 %
gadolinium oxide and 90 to 98 % uranium oxide on the “as
received” basis. The method may be used to determine
concentration of either uranium, gadolinium, or both.

5.2 Either wavelength-dispersive or energy-dispersive x-ray
fluorescence systems may be used provided the software
accompanying the system is able to accommodate the use of
internal standards.

6. Apparatus

6.1 X-Ray Spectrometer—See Guide C 982 or Guide
C 1118 for the selection of the X-ray spectrometer. The method
is valid for either energy-dispersive or wavelength-dispersive
systems.

6.2 Sample Cups/Holders—Prepare liquid sample cups for
the x-ray spectrometer as described by the manufacturer.
Vented, disposable sample cups with snap-on caps are satis-
factory for most such analyses. Such cups decrease the
likelihood of contamination between samples. Sample holders
for fused pellets should keep any pellet chips from getting into
the moving parts of the instrument.

6.3 Window Film—Polyester, polyethylene, and polypropy-
lene films have been used successfully as the film window for
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