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superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This method describes the determination of the isotopic
composition, or the concentration, or both, of uranium and
plutonium as nitrate solutions by the total evaporation method
using a thermal ionization mass spectrometer (TIMS) instru-
ment. Purified uranium or plutonium nitrate solutions are
deposited onto a metal filament and placed in the mass
spectrometer. Under computer control, ion currents are gener-
ated by heating of the filament(s). The ion currents are
continually measured until the whole sample is exhausted. The
measured ion currents are integrated over the course of the
measurement and normalized to a reference isotope ion current
to yield isotope ratios.

1.2 In principle, the total evaporation method should yield
isotope ratios that do not require mass bias correction. In
practice, samples may require this bias correction. Compared
to the conventional TIMS method described in Test Method
C1625, the total evaporation method is approximately two
times faster, improves precision of the isotope ratio measure-
ments by a factor of two to four, and utilizes smaller sample
sizes. Compared to the C1625 method, the total evaporation
method provides “major” isotope ratios *3U/***U and **°Pu/
239Pu with improved accuracy.

1.3 The total evaporation method is prone to biases in the
“minor” isotope ratios (***U/Z*U, #*U/*"U, and **°U/**U
ratios for uranium materials and 2*®Pu/**°Pu, 2*'Pu/?*°Pu,
242py/2¥py, and 2**Pu/**Pu ratios for plutonium materials)
due to peak tailing from adjacent major isotopes. The magni-
tude of the absolute bias is dependent on measurement and
instrumental characteristics. The relative bias, however, de-
pends on the relative isotopic abundances of the sample. The
use of an electron multiplier equipped with an energy filter may
eliminate or diminish peak tailing effects. Measurement of the
abundance sensitivity of the instrument may be used to ensure
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that such biases are negligible, or may be used to bias correct
the minor isotope ratios.

1.4 The values stated in SI units are to be regarded as
standard. When non-SI units are provided in parentheses, they
are for information only.

1.5 This standard may involve the use of hazardous mate-
rials and equipment. 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
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

C753 Specification for Nuclear-Grade, Sinterable Uranium
Dioxide Powder

C757 Specification for Nuclear-Grade Plutonium Dioxide
Powder for Light Water Reactors

C776 Specification for Sintered Uranium Dioxide Pellets

C787 Specification for Uranium Hexafluoride for Enrich-
ment

(833 Specification for Sintered (Uranium-Plutonium) Diox-
ide Pellets for Light Water Reactors

C859 Terminology Relating to Nuclear Materials

C967 Specification for Uranium Ore Concentrate

C996 Specification for Uranium Hexafluoride Enriched to
Less Than 5 % **°U

C1008 Specification for Sintered (Uranium-Plutonium)
DioxidePellets—Fast Reactor Fuel (Withdrawn 2014)*

C1068 Guide for Qualification of Measurement Methods by
a Laboratory Within the Nuclear Industry

C1156 Guide for Establishing Calibration for a Measure-
ment Method Used to Analyze Nuclear Fuel Cycle Mate-
rials

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3The last approved version of this historical standard is referenced on
www.astm.org.
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C1168 Practice for Preparation and Dissolution of Plutonium
Materials for Analysis

C1347 Practice for Preparation and Dissolution of Uranium
Materials for Analysis

C1411 Practice for The Ion Exchange Separation of Ura-
nium and Plutonium Prior to Isotopic Analysis

C1415 Test Method for***Pu Isotopic Abundance By Alpha
Spectrometry

C1625 Test Method for Uranium and Plutonium Concentra-
tions and Isotopic Abundances by Thermal Ionization
Mass Spectrometry

C1816 Practice for The Ion Exchange Separation of Small
Volume Samples Containing Uranium, Americium, and
Plutonium Prior to Isotopic Abundance and Content
Analysis

C1832 Test Method for Determination of Uranium Isotopic
Composition by the Modified Total Evaporation (MTE)
Method Using a Thermal Ionization Mass Spectrometer

D1193 Specification for Reagent Water

D3084 Practice for Alpha-Particle Spectrometry of Water

3. Terminology

3.1 For definitions of terms used in this test method but not
defined herein, refer to Terminology C859.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 isotopic equilibration, n—series of chemical steps
performed on a mixture of two samples (for example, a
uranium sample and a uranium spike) to ensure identical
valency and chemical form prior to purification of the mixture.
Failure to perform isotopic equilibration of a sample-spike
mixture may result in partial separation of the sample from the
spike during the purification procedure, causing a bias in the
results of isotope dilution mass spectrometry measurements.

3.2.2 major ratio, n—alternate expression for **>U/***U (or
Z8U/%°U) and 2*°Pu/***Pu isotope ratios.

3.2.3 minor ratios, n—alternate expression for 23y,
234U/238U, 236U/238U, 234U/235U, and 236U/235U or 238Pu/239Pu,
24 py/2Py, 2*2Pu/**Pu, and ***Pu/**°Pu isotope ratios.

3.2.4 turret, n—holder for sample filaments, other words
used: wheel, magazine.

3.3 Acronyms:
3.3.1 CRM—Certified Reference Materials

3.3.2 DU—Depleted Uranium
3.3.3 HEU—High Enriched Uranium
3.3.4 IDMS—Isotope Dilution Mass Spectrometry

3.3.5 IRMM—Institute for Reference Materials and Mea-
surements (IRMM is now known as European Commission
Joint Research Center, JRC-Geel)

3.3.6 LEU—Low Enriched Uranium

3.3.7 NBL—New Brunswick Laboratory

3.3.8 NU—Natural Uranium

3.3.9 TIMS—Thermal Ionization Mass Spectrometry
3.3.10 WRM—Working Reference Material

4. Summary of Test Method

4.1 Uranium and plutonium are separated from each other
and purified from other elements by selective anion exchange
chromatography (such as in Practice C1411 or Test Method
C1415 or C1816). The purified uranium or plutonium samples
as nitrate solutions are drop-deposited or otherwise loaded on
a refractory metal filament (typically rhenium, tungsten, or
tantalum) and converted to a solid chemical form via controlled
heating of the filament under atmospheric conditions. The
sample filament is mounted on the sample turret, often in the
double filament configuration. This configuration consists of an
evaporation filament (Re or W) on which the sample is loaded,
and an ionization filament (Re filament with no sample). The
filaments are heated to yield a small ion current suitable for
lens focusing and peak centering. Following focusing and peak
centering, data acquisition begins, with the filaments heated
under computer control to yield a pre-defined major isotope ion
current (***U or **%U for uranium and **°Pu or **°Pu for
plutonium) or a predefined sum total for all measured ion
currents. Data acquisition and filament heating continues until
the sample is exhausted or the ion current reaches a pre-defined
lower limit. Ion intensity of each isotope is integrated over the
course of the analysis, and the summed intensity for each
isotope is divided by the summed intensity of a common
isotope (typically the most abundant isotope) to yield ratios.
The isotopic composition of the sample (formatted as amount
fraction or mass fraction) may be calculated from the isotope
ratios. Additional information on the total evaporation method
may be found in Refs (1-5).*

4.2 The isotope dilution mass spectrometry (IDMS) method
may be used to determine the uranium or plutonium concen-
trations. In this method, a spike of known isotopic composition
and element concentration is added to a sample prior to
chemical separation. Typical spike materials in-
clude 233U, 2*°U, or 2*®*U  for uranium samples,
and 2*°Pu, **Pu, or ***Pu for plutonium samples. Samples
containing both uranium and plutonium (for example, mixed
oxide fuels or fuel reprocessing materials) may be mixed with
a combined U/Pu spike prior to separation. When using a spike
containing significant quantities of one or more of the isotopes
present in the sample, the isotopic composition of the sample
must be known in advance. The spike-sample mixture under-
goes a valency adjustment, purification, and is then loaded onto
a filament and the isotopic composition of the mixture is
determined. Using the measured isotope ratios of the spike-
sample mixture, the known isotopic composition and amount
of spike added to the mixture, and the isotopic composition of
the sample, the elemental concentration of the sample may be
calculated. The IDMS method yield results that are directly
traceable to the SI unit of mole, provided the spike is SI
traceable.

5. Significance and Use

5.1 The total evaporation method is used to measure the
isotopic composition of uranium and plutonium materials, and

+The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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