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INTERNATIONAL

Standard Test Methods for

Chemical, Mass Spectrometric, and Spectrochemical
Analysis of Nuclear-Grade Uranium Dioxide Powders and
Pellets’

This standard is issued under the fixed designation C696; 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 (€) indicates an editorial change since the last revision or reapproval. € Nete—Paragraph—9+2—was—corrected
Ltoriatv-in-Mareh—1994-

1. Scope

1.1 These test methods cover procedures for the chemical, mass spectrometric, and spectrochemical analysis of nuclear-grade
uranium dioxide powders and pellets to determine compliance with specifications.
1.2 The analytical procedures appear in the following order:

Sections

Yrantum-by-Ferrous-Sulate-ReduetioninPhespherie 2

. Bi Titration-M
Uranium by Ferrous Sulfate Reduction in Phosphoric
Acid and Dichromate Titration Method
C1267 Test Method for Uranium By Iron (II) Reduc- 3
tion In Phosphoric Acid Followed By Chromium (VI)
Titration In The Presence of Vanadium

ranivm-and-Oxygen-Uranium-AtomicRatio-by-the 4

™ Crarvi f O .

Method16-22
Uranium and Oxygen Uranium Atomic Ratio by the
Ignition (Gravimetric) Impurity Correction Method
C1453 Standard Test Method for the Determination 3
of Uranium by Ignition and Oxygen to Uranium Ratio
(O/U) Atomic Ratio of Nuclear Grade Uranium Diox-
ide Powders and Pellets

n

IS

Garben-{Totah-by-Direet-Combustion-Thermat-Gon- 2
Carbon (Total) by Direct Combustion-Thermal Con- 2
ductivity Method

C1408 Test Method for Carbon (Total) in Uranium 3

Oxide Powders and Pellets By Direct Combustion-
Infrared Detection Method

Fotal-Chlorine-and-Fluorine-by-Pyrohydrolysison 4
Selective-Electrode-Method33-39

Total Chlorine and Fluorine by Pyrohydrolysis lon- f
Selective Electrode Method

C1502 Standard Test Method for the Determination 3

of Total Chlorine and Fluorine in Uranium Dioxide
and Gadolinium Oxide

M - e E ‘oMo

Moisture by the Coulometric, Electrolytic Moisture 7-14

Analyzer Method

N g M

Nitrogen by the Kjeldahl Method 15-22
- - — . : =

Sotopie-Craniut Sormposttion by e ai

Isotopic Uranium Composition by Multiple-Filament s

Surface lonization Mass Spectrometric Method

" These test methods are under the jurisdiction of ASTM Committee C26 on Nuclear Fuel Cycle and are the direct responsibility of Subcommittee C26.05 on Methods
of Test.

Current edition approved Sept. 1, 2011. Published October 2011. Originally approved in 1972. Last previous edition approved in 2005 as C696 —99(2005). DOI:
10.1520/C0696-11.
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56-63
Spectrochemical Determination of Trace Elements in 23-30
High-Purity Uranium Dioxide
Silver, Spectrochemical Determination of, by Gallium 31 and 32
OxideCarrier D-C Arc Technique
Rare Earths by Gopper Spark-Spectrochemical 2
Method66-75
Rare Earths by Copper Spark-Spectrochemical 2
Method
tmpurity-Elementsby-a-Spark-SeureeMass-Speetro- 2
Impurity Elements by a Spark-Source Mass Spectro- 2
graphic Method
C761 Test Method for Chemical, Mass Spectromet- 3

ric, Spectrochemical, Nuclear, and Radiochemical

Analysis of Uranium Hexafluoride

C1287 Test Method for Determination of Impurities 3
In Uranium Dioxide By Inductively Coupled Plasma

Mass Spectrometry

83-89

Surface Area by Nitrogen Absorption Method 33-39

T Casin R 5 o Dioxd -

Pellets96-97

Total Gas in Reactor-Grade Uranium Dioxide Pellets 2
Thorium and Rare Earth Elements by 2
Thorium and Rare Earth Elements by Spectroscopy 2
. 4
4

Hydrogen by Inert Gas Fusion

C1457 Standard Test Method for Determination of
Total Hydrogen Content of Uranium Oxide Powders
and Pellets by Carrier Gas Extraction

Yranivm-isotopic-Analysisby-Mass

wl

Uranium Isotopic Analysis by Mass Spectrometry

C1413 Test Method for Isotopic Analysis of Hydro- 3
lysed Uranium Hexafluoride and Uranyl Nitrate Solu-

tions By Thermal lonization Mass Spectrometry

2. Referenced Documents

2.1 ASTM Standards:?

C753 Specification for Nuclear-Grade, Sinterable Uranium Dioxide Powder

C761 Test Methods for Chemical, Mass Spectrometric, Spectrochemical, Nuclear, and Radiochemical Analysis of Uranium
Hexafluoride

C776 Speefﬁe&&en—feﬁSifﬁefed—Hr&ﬂ&m—Bieﬂde—Peﬁefsz—Speciﬁcation for Sintered Uranium Dioxide Pellets

C1267 Test Method for Uranium by Iron (II) Reduction in Phosphoric Acid Followed by Chromium (VI) Titration in the
Presence of Vanadium

C1287 Test Method for Determination of Impurities in Nuclear Grade Uranium Compounds by Inductively Coupled Plasma
Mass Spectrometry

C1347 Practice for Preparation and Dissolution of Uranium Materials for Analysis

C1408 Test Method for Carbon (Total) in Uranium Oxide Powders and Pellets By Direct Combustion-Infrared Detection
Method

C1413 Test Method for Isotopic Analysis of Hydrolyzed Uranium Hexafluoride and Uranyl Nitrate Solutions by Thermal
Jonization Mass Spectrometry

C1453 Test Method for the Determination of Uranium by Ignition and the Oxygen to Uranium (O/U) Atomic Ratio of Nuclear
Grade Uranium Dioxide Powders and Pellets

C1457 Test Method for Determination of Total Hydrogen Content of Uranium Oxide Powders and Pellets by Carrier Gas
Extraction

2 Discontinued January 1999. See C696-80.
3 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

Vel-H-6+-volume information, refer to the standard’s Document Summary page on the ASTM website.

2 Annual Book of ASTM Standards, Vol 03.05.
4 Discontinued September 2011.
3 Discontinued as of May 30, 1980.
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C1502 Test Method for Determination of Total Chlorine and Fluorine in Uranium Dioxide and Gadolinium Oxide
D1193 Specification for Reagent Water

O OtO ap O

of Graphite Electrodes

E402 Test Method for Spectrographic Analysis of Uranium Oxide (U;0g) by Gallium Oxide-Carrier Technique

3. Significance and Use

3.1 Uranium dioxide is used as a nuclear-reactor fuel. In order to be suitable for this purpose, the material must meet certain
criteria for uranium content, stoichiometry, isotopic composition, and impurity content. These test methods are designed to show
whether or not a given material meets the specifications for these items as described in Specifications €753—and-€-776C753 and
C776. —

3.1.1 An assay is performed to determine whether the material has the minimum uranium content specified on a dry weight
basis.

3.1.2 The stoichiometry of the oxide is useful for predicting its sintering behavior in the pellet production process.

3.1.3 Determination of the isotopic content of the uranium in the uranium dioxide powder is made to establish whether the
effective fissile content is in compliance with the purchaser’s specifications.

3.1.4 Impurity content is determined to ensure that the maximum concentration limit of certain impurity elements is not
exceeded. Determination of impurities is also required for calculation of the equivalent boron content (EBC).

4. Reagents

4.1 Purity of Reagents—Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all
reagents shall conform to the specifications of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available.® Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high
purity to permit its use without lessening the accuracy of the determination.

4.2 Purity of Water—Unless otherwise indicated, references to water shall be understood to mean reagent water conforming to
Specification B—+H93D1193.

5. Safety Precautions

5.1 Proper precautions should be taken to prevent inhalation, or ingestion of uranium dioxide powders or dust during grinding
or handling operations.

6. Sampling
6.1 Criteria for sampling this material are given in Specification €E753C753 and Specification EF#6C776.

©® Reagent Chemicals, American Chemical Society Specifications, American Chemical Society, Washington, DC. For suggestions on the testing of reagents not listed by
the American Chemical Society, see Analar Standards for Laboratory Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia and National
Formulary, U.S. PharmaeeutieatPharmacopeial Convention, Inc. (USPC), Rockville, MD.
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6.2 Samples can be dissolved using the appropriate dissolution techniques described in Practice C1347, but final determination
of applicability must be made by the user.

aenetic erand

URANIUM BY FERROUS SULFATE REDUCTION IN PHOSPHORIC ACID AND DICHROMATE TITRATION
METHOD
This test method was withdrawn in January 1999 and replaced by Test method C1267.
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URANIUM AND OXYGEN TO URANIUM ATOMIC RATIO BY THE IGNITION (GRAVIMETRIC) IMPURITY
CORRECTION METHOD
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CARBON (TOTAL) BY DIRECT COMBUSTION-THERMAL CONDUCTIVITY METHOD
This test method was withdrawn in January 1999 and replaced by Test Method C1408

TOTAL CHLORINE AND FLUORINE BY PYROHYDROLYSIS ION-SELECTIVE ELECTRODE METHOD
This test method was withdrawn in September 2011 and replaced by Test Method C1502.
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MOISTURE BY THE COULOMETRIC ELECTROLYTICMOISTURE ANALYZER METHOD

49:

7. Scope
40-+Fhis7.1 This test method covers the determination of moisture in uranium dioxide samples. Detection limits are as low as
10 pg.

41+:8. Summary of Test Method

4++The8.1 The sample is heated in an oven (up to 400°C) to drive off any water. The moisture is carried from the oven into
the electrolytic cell by a flowing stream of dry nitrogen. Two parallel platinum wires wound in a helix are attached to the inner
surface of the tube, the wall of which is evenly coated with phosphorus pentoxide (P,O 5) (a strong desiccant that becomes
electrically conductive when wet). A potential applied to the wires produces a measurable electrolysis current when moisture wets
the desiccant. Electrolysis of the water continuously regenerates the cell enabling it to accept additional water.
| 4t2Precautions8.2 Precautions must be taken to prevent interference from the following sources. Hydrogen fluoride will cause
permanent damage to the cell and sample system and should not be run under any conditions. Corrosive acidic gases, such as
chlorine and hydrogen chloride, will corrode the instrument. Entrained liquids and solids can cause cell failure and should be
prevented from entering the gas stream. Ammonia and other basic materials react with the acidic cell coating and renders the cell
unresponsive. Hydrogen, and to a lesser extent, oxygen or air, may cause a high reading due to recombination, in the cell, or in
the case of hydrogen, due to reaction with oxide coating of the sample boat to produce water. Alcohols and glycols, particularly
the more volatile ones, respond like water and therefore must not be present.

42:9. Apparatus

42+
9.1 Moisture Analyzer, for solids, with quartz glass oven capable of being heated from ambient temperatures to 1000°C. The
assembly includes electrolytic cell, flow meter, range 30 to 140 cm’/min air, and a dryer assembly.
| Y

7 The boldface numbers in parentheses refer to the list of references at the end of these methods

7 A CEC Solids Moisture Analyzer, of Type 26-321A-MA is available from DuPont Instruments Inc., S. Shamrock Ave., Monrovia, CA 91016. If you are aware of
alternative suppliers, please provide this information to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend.

10
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9.2 Balance,® for weighing samples in the range from 1 to 100 mg.
423
9.3 Nitrogen Gas Cylinder, with a pressure regulator, a flow meter and a drying tower.

43;

10. Reagents

43+
10.1 Barium Chloride Dihydrate (BaCl,-2 H,0).

44

11. Operation
44+TFurnll.1 Turn the main power switch ON.
442Adjust11.2 Adjust nitrogen gas pressure to 41.4 kPa (6 psi) and the flow rate to 50 mL/min measured at the exit of the

apparatus.
I 44311.3 Weigh the sample into a small, dry, aluminum boat (Nete-#Note 1) and insert it into the instrument oven as follows:
|

Note?—Fer 1—For samples that have been reduced in a hydrogen atmosphere and thus contain excess hydrogen, the use of a platinum boat in place
of the aluminum tube and nickel boat will minimize any interference due to the hydrogen.

443+06penl1.3.1 Open the top of the analyzer and remove the TFE-fluorocarbon plug. Do not touch with gloves.

443 2With11.3.2 With forceps pull the nickel boat one third of the way out of the tube and place the aluminum boat and the
sample inside the nickel boat, then reposition the nickel boat near the center of the heating coils.

443 3Reptacel1.3.3 Replace the TFE-fluorocarbon plug and close the lid of the analyzer.

44-4Resetl1.4 Reset the counter to 0 pg.

44-5Set11.5 Set the timer at 1 h.

44-6Setl11.6 Set the temperature at 400°C. This will activate the analyzer and start the heating cycle.

44 7Whenll.7 When the preset temperature has been reached and the counter ceases counting, record the reading, S.

45;

12. Standardization

45+1Peterminel2.1 Determine the blank by processing dry, empty, aluminum boats according to steps 44-3-44-711.3-11.7 until
constant values are obtained.

452Weighl2.2 Weigh and analyze replicate 5-mg samples of BaCl ,-2 H,O until consistent results are obtained. Sodium
tungstate dihydrate (Na,WO, -2 H,0) may also be used for calibration.

46.

13. Calculation
46-tCaleutate13.1 Calculate the moisture recovery, Z, for the standard as follows:

Z=(A - B)1472Y 1)

I C06%-11_1

where:

A = micrograms of moisture on counter when standard is tested,

B = micrograms of moisture on counter from blank, and

Y = milligrams of BaCl,-2 H,0O. Each milligram of BaCl,-H,O contains 147.2 ug of water.

462€Cateutate13.2 Calculate the percent moisture in the sample as follows:

C0696-11_2

where:

S = micrograms of moisture on counter when sample is tested,

B = micrograms of moisture on counter from blank,

W = milligrams of sample, and

8

8 A Cahn Electrobalance, or equivalent, available from Cahn Division, Ventrum Instrument Corp., Paramount, CA has been found satisfactory. If you are aware of
alternative suppliers, please provide this information to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend.
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