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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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Dioxide Powders and Pelléts

1.1 These test methods cover procedures for the chemical, € 833 Specification for Sintered (Uranium-Plutonium) Di-
mass spectrometric, and spectrochemical analysis of nuclear- 0xide Pellet$ _ o _
grade mixed oxides, (U, Pu)Opowders and pellets to deter- C 852 Guide for Design Criteria for Plutonium Gloveboxes
mine compliance with specifications. C 1009 Guide for Establishing a Quality Assurance Pro-
1.2 The analytical procedures appear in the following order: ~ gram for Analytical Chemistry Laboratories Within the
Nuclear Industry
Uranium by Controlled-Potential Coulometry C 1068 Guide for Qualification of Measurement Methods
Plutonium by Controlled-Potential Coulometry 2 by a Laboratory Within the Nuclear Industry

Plutonium by Amperometric Titration with Iron (I1) 2 . _ .
Nitrogen by Distillation Spectrophotometry Using Nessler Re- 7 to 14 C 1108 Test Method for Plutonium by Controlled-Potential

Sections
2

agent Coulometry

(T?arblogh(qutal) bydDFiIrect.Corgbt;,stiorrzhelrmal Conductivity ;3 to gi C 1128 Guide for Preparation of Working Reference Mate-
otal Chlorine and Fluorine by Pyrohydrolysis to - - :

Sulfur by Distllation-Spectrophotometry B0 43 rials f_or Use in the Analysis of Nuclear Fuel Cycle

Moisture by the Coulometric, Electrolytic Moisture Analyzer 44t0 51 Materials

'Ffotopéc fr‘r?mgoscition bySMaSs SSpeCttrometfy er 6o C 1156 Guide for Establishing Calibration for a Measure-
are Earths by Copper Spark Spectroscopy 0

Trace Impurities by Carrier Distillation Spectroscopy 60 to 69 ment Method Used to Analyze Nuclear Fuel CyCIe Mate-

Impurities by Spark-Source Mass Spectrography 70 to 76 rials

Total Gas in Reactor-Grade Mixed Dioxide Pellets 77 to 84 C 1165 Test Method for Determining Plutonium by

Tungsten by Dithiol-Spectrophotometry 85 to 93 . . .

Rare Earth Elements by Spectroscopy 94 to 97 Contr_olled-PotentlaI Coulometry inJ30 , at a Platinum

Plutonium-238 Isotopic Abundance by Alpha Spectrometry 98 to 105 Worklng Electrodé

Americium-241 in Plutonium by Gamma-Ray Spectrometry C 1168 Practice for Preparation and Dissolution of Pluto-

Uranium and Plutonium Isotopic Analysis by Mass Spectrom- 106 to 114 . . .

etry nium Materials for Analysis

Oxygen-to-Metal Atom Ratio by Gravimetry 115 to 123 C 1204 Test Method for Uranium in the Presence of Pluto-

1.3 This standard does not purport to address all of the ~ Mum by Iron (i) Reduction in Phosphoric Acid Followed
safety concerns, if any, associated with its use. It is the _PY Chromium (Vi) Titratiort .
responsibility of the user of this standard to establish appro- C 1206 Test Method for Plutonium by Iron (I)/Chromium

- : : : VI) Amperometric Titratiort
priate safety and health practices and determine the applica- ( : .
bility of regulatory limitations prior to use.(For specific C 1210 Guide for Establishing a Measurement System

safeguard and safety precaution statements, see Sections 11, Quality Control Program for Analytical Chemistry Labo-

20, 64, and 120 and 110.6.1.) ratories Within the Nuclear Industry
T T C 1268 Test Method for Quantitative Determination of
2. Referenced Documents Americium 241 in Plutonium by Gamma-Ray Spectrom-
2.1 ASTM Standards: etry

C 1297 Guide for Qualification of Laboratory Analysts for
the Analysis of Nuclear Fuel Cycle Materials

D 1193 Specification for Reagent Water

E 60 Practice for Photometric and Spectrophotometric
Methods for Chemical Analysis of Metdls

*These test methods are under the jurisdiction of ASTM Committee C-26 on E 115 Practices for Photographic Processing in Optical
Nuclear Fuel Cycle and are the direct responsibility of Subcommittee C26.05 on
Methods of Test.

Current edition approved Feb. 10, 1998. Published June 1998. Originally pub————————
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Emission Spectrographic Analy$is 5.2.1 The materials [nuclear grade mixed oxides (U, Pu)O
E 116 Practice for Photographic Photometry in Spectropowders and pellets] to which these test methods apply are
chemical Analysi$ subject to nuclear safeguards regulations governing their pos-
o session and use. The following analytical procedures in these
3. Significance and Use test methods have been designated as technically acceptable for

3.1 Mixed oxide, a mixture of uranium and plutonium generating safeguards accountability measurement data: Ura-
oxides, is used as a nuclear-reactor fuel in the form of pelletmium by Controlled Potential Coulometry; Plutonium by
The plutonium content may be up to 10 weight %, and theControlled-Potential Coulometry; Plutonium by Amperometric
diluent uranium may be of ar{?®U enrichment. In order to be  Titration with Iron(ll); Plutonium-238 Isotopic Abundance by
suitable for use as a nuclear fuel, the material must meet certaflpha Spectrometry; and Uranium and Plutonium Isotopic
criteria for combined uranium and plutonium content, effectiveAnalysis by Mass Spectrometry.
fissile content, and impurity content as described in Specifica- 5.2.2 When used in conjunction with appropriate certified
tion C 833. reference materials (CRMs), these procedures can demonstrate

3.1.1 The material is assayed for uranium and plutonium taraceability to the national measurements base. However,
determine whether the plutonium content is as specified by thadherence to these procedures does not automatically guaran-
purchaser, and whether the material contains the minimurtee regulatory acceptance of the resulting safeguards measure-
combined uranium and plutonium contents specified on a drynents. It remains the sole responsibility of the user of these test
weight basis. methods to assure that its application to safeguards has the

3.1.2 Determination of the isotopic content of the plutoniumapproval of the proper regulatory authorities.
and uranium in the mixed oxide is made to establish whether . ) )
the effective fissile content is in compliance with the purchas- Sampling and Dissolution
er's specifications. 6.1 Criteria for sampling this material are given in Specifi-

3.1.3 Impurity content is determined to ensure that thecation C 833.
maximum concentration limit of certain impurity elements is 6.2 Samples can be dissolved using the appropriate disso-
not exceeded. Determination of impurities is also required fotution techniques described in Practice C 1168.

calculation of the equivalent boron content (EBC).
URANIUM IN THE PRESENCE OF PLUTONIUM BY

4. Reagents POTENTIOMETRIC TITRATION

4.1 Purity of Reagents-Reagent grade chemicals shall be (This test method was discontinued in 1992 and replaced by
used in all tests. Unless otherwise indicated, it is intended thafest Method C 1204.)
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society, PLUTONIUM BY CONTROLLED POTENTIAL
where such specifications are availabl®ther grades may be COULOMETRY
used, provided it is first ascertained that the reagent is of (This test method was discontinued in 1992 and replaced by
sufficiently high purity to permit its use without lessening the Test Method C 1165.)
accuracy of the determination.
4.2 Purity of Water— Unless otherwise indicated, refer- PLUTONIUM BY CONTROLLED-POTENTIAL
ences to water shall be understood to mean reagent water COULOMETRY
conforming to Specification D 1193. (With appropriate sample preparation, controlled-potential
coulometric measurement as described in Test Method C 1108

5. Safety Precautions may be used for plutonium determination.)
5.1 Since plutonium- and uranium-bearing materials are
radioactive and toxic, adequate laboratory facilities, gloved = PLUTONIUM BY AMPEROMETRIC TITRATION

boxes, fume hoods, etc., along with safe techniques must be WITH IRON(II)

used in handling samples containing these materials. A detailed (This test method was discontinued in 1992 and replaced by
discussion of all the precautions necessary is beyond the scogest Method C 1206.)

of these test methods; however, personnel who handle these

materials should be familiar with such safe handling practices NITROGEN BY DISTILLATION
as are given in Guide C 852 and in R€19 through(3).8 SPECTROPHOTOMETRY USING NESSLER
5.2 Committee C-26 Safeguards Statement: REAGENT
7. Scope

7“Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi- 7.1 This test method covers the determination of 5 to 100

cal Soc., Washington, DC. For suggestions on the testing of reagents not listed P . p - - .
the American Chemical Society, see “Reagent Chemicals and Standards,” by Jose /g of nitride nitrogen in mixtures of plutonlum and uranium

Rosin, D. Van Nostrand Co., Inc., New York, NY, and the “United States OXides in either pellet or powder form.
Pharmacopeia.”
® The boldface numbers in parentheses refer to the list of references at the end 8. Summary of Test Method
these test methods. . . . . .
°Based upon Committee C-26 Safeguards Matrix (C 1009, C 1068, C 1128, 8.1 The Sample is dissolved in hydl’OCh|0I’IC acid by the

C 1156, C 1210, C 1297). sealed tube test method or by phosphoric acid-hydrofluoric
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acid solution, after which the solution is made basic withprior to use, and 2) avoid contamination of the atmosphere in
sodium hydroxide and nitrogen is separated as ammonia bthe vicinity of the test by ammonia or other volatile nitrog-
steam distillation. Nessler reagent is added to the distillate tenous compounds.
form the yellow ammonium complex and the absorbance of thi2 p

. Procedure

solution is measured at approximately 430 i §). ) )
12.1 Dissolution of Sample

9. Apparatus 12.1.1 Transfer a weighed sample, in the range from 1.0 to
9.1 Distillation Apparatus (see Fig. 1). 1.5 g, to a 50-mL beaker.
9.2 Spectrophotometewisible-range. Note 1—Pellet samples should be crushed to a particle size of 1 mm or

less with a diamond mortar.

12.1.2 To the sample add 5 mL of HCI (sp gr 1.19) and 3

11%)0f1 lAzr?)mé)nium Chloridg¢NH,Cl)—Dry the saltfo 2 h at  grops of HF (sp gr 1.15). Heat to put the sample into solution.
(0] °C.

10.2 Boric Acid Solution(40 g/litre)—Dissolve 40 g of NoTe 2—Concen_trated phosphoric_acid or mixt_ures_of phosphoric acid
boric acid (HBO ) in 800 mL of hot water. Cool to and hydrofluoric acids or of phosphoric and sulfuric acids may be used for
approximately 20°C3 and dilute to 1 L ’ the dissolution of mixed oxide samples. Such acids may require a

. . purification step in order to reduce the nitrogen blank before being used in
10.3 Hydrochloric Acid(sp gr 1.19)—Concentrated hydro- this procedure.

chloric acid (HCI). e
: . 12.2 Distillation:
10.4 Hydrofluoric Acid(sp gr 1.15)—Concentrated hydrof- 12.2.1 Quantitatively transfer the sample solution to the

luoric acid (HF). I .
. distilling flask of the apparatus. Add 20 mL of ammonia-free
10.5 Nessler Reagent To prepare, dissolve 50 g of potas- water and then clamp the flask into place on the distillation

sium iodide (KI) in a minimum of cold ammonia-free water, apparatus (see Fig. 2).

approximately 35 mL. Add a saturated solution of mercuric .
chloride (HgCh, 22 g/350 mL) slowly until the first slight stolngl)ze.rz Turn on the steam generator but do not close with the

precipitate of red mercuric iodide persists. Add 400 mL & 9 12.2.3 Add 5 mL of boric acid solution (4 %) to a 50-mL

Zgg':ﬂ‘ocvygg)ggﬁ t(i’c:lr?%Hs?t:r?g g\'/lgrtﬁi t?nl llj_evc\;/gﬂ tvgr?(teesr.uMgr(ﬁ jraduated flask and position this trap so that the condenser tip
gnt. P s below the surface of the boric acid solution.

tant liquid and store in a brown bottle. . o
10.6 Nitrogen, Standard Solution (1 mk 0.01 mg Ny 12.2.4 Trans_fe_r 20 mL of NaOH solution (50 %) to the
Dissolve 3.819 g of NHCI in water and dilute to 1 L. Transfer funnel in the distillation head.
10 mL of this SglutiOI’I'-%[O a 1-L volumetric flask an.d dilute to 12.25 When the water begins to boil in the steam generator,
replace the stopper and slowly open the stopcock on the

volume with ammonia-free water. . : )
. . . . distilling flask to allow the NaOH solution to run into the
10.7 Sodium Hydroxide (9 N)—Dissolve 360 g of sodium sample solution.

hydroxide (NaOH) in ammonia-free water and dilute to 1 L.
10.8 Sodium Hydroxide Solution—(50 %)—Dissolve Note 3—The NaOH solution must be added slowly to avoid a violent
NaOH in an equal weight of ammonia-free water. reaction which may lead to loss of sample.
10.9 Water, Ammonia-Free-To prepare, pass distilled wa-  12.2.6 Steam distill until 25 mL of distillate has collected in
ter through a mixed-bed resin demineralizer and store in e trap.

10. Reagents

tightly stoppered chemical-resistant glass bottle. 12.2.7 Remove the trap containing the distillate from the
_ distillation apparatus, and remove the stopper from the steam
11 Precaut|0ns generator_

11.1 The use of ammonia or other volatile nitrogenous 12.2.8 Transfer the cooled distillate to a 50-mL volumetric
compounds in the vicinity can lead to serious error. Theflask.
following precautionary measures should be takdh:Glean 12.2.9 Prepare a reagent blank solution by following steps
all glassware and rinse with ammonia-free water immediatelj12.1.1 through 12.2.8.

50 ml RESERVOIR
FOR NoOH

126 8
h — T\
Pl amm BORE
‘ 25 STOPCOCK
‘ TC vaRiaBLE
TRANSFCRMER
. WATER COOLED
storrer © 11y CONDENSER

STEAM ~ IMMERSION
GENERATOR HEATER

FIG. 1 Distillation Apparatus
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NOTE: KEEP END LENGTH SHORT AS POSSIBLE
: (<10mm) BUT WITH GRADUAL CURVATURE
} 575

*l-*< 10
t27 1.D.
R R (GRADUAL) / 40 40
105 310.D. -

10 0.D. TUBING 7 0.D. TUBING

$ MALE BALL JOINT
$18/9 - NOTE: ALL DIMENSIONS IN MILLIMETERS

TOLERANCES: +0.5mm
FIG. 2 Quartz Reaction Tube

12.3 Measurement of Nitrogen an induction heating furnace. Traces of sulfur compounds and
12.3.1 Add 1.0 mL of Nessler reagent to each of thewater vapor are removed from the combustion products by a
distillates collected in 12.2.8 and 12.2.9. Dilute to volume withpurification train and the resultant carbon monoxide is con-

ammonia-free water, mix, and let stand for 10 min. verted to carbon dioxide. The purified carbon dioxide is
12.3.2 Measure the absorbance of the solutions at 430 nm inapped on a molecular sieve, eluted therefrom with a stream of

a 1-cm cell. Use water as the reference. helium upon application to heat to the trap, and passed through
12.4 Calibration Curve a thermal conductivity cell. The amount of carbon present,

12.4.1 Add 0, 5, 10, 25, 100, and 150 pg of nitrogen frombeing a function of the integrated change in the current of the
the nitrogen standard solution to separate distilling flasksdetector cell, is read directly from a calibrated-digital voltmeter
Then, add 5 mL of HCI and 3 drops of HF plus 20 mL of or strip-chart recorder.
ammonia-free water to each flask.

12.4.2 Process each solution by the procedure in 12.37. Interferences
through 12.3 (omit step 12.2.9). 17.1 There are no known interferences not eliminated by the

12.4.3 Correct for the reagent blank reading and plot thepurification system.
absorbance of each standard against micrograms of nitrogen
per 50 mL of solution. 18. Apparatus

18.1 Commercial Combustion Apparatusuitable for the
13. Calculation carbon determination, is often modified to facilitate mainte-

13.1 From the calibration chart, read the micrograms ofance and operation within the glove box which is required for

nitrogen corresponding to the absorbance of the sample sol@l work with plutonium materials.

tion. 18.2 Combustion Apparatys® consisting of an induction
13.2 Calculate the nitrogen content of the sample as folfurnace, suitable for operation at 1600°C, a catalytic furnace, a
lows: purification train, a carbon dioxide trap, thermal conductivity

cell with appropriate readout equipment, and a regulated

N, Hg/g= (A-B)/W i
supply of oxygen and helium.

where: 18.3 Combustion Tubes Quartz combustion tubes with

A = micrograms of nitrogen from sample plus reagents, integral baffle shall be used.

B = micrograms of nitrogen in blank, and 18.4 Crucibles—Expendable alumina or similar refractory
W = grams of sample. crucibles shall be used. The use of crucible covers is optional.

14. Precision and Bias Satisfactory operation with covers must be established by
' ISt ) : _ o ~analysis of standards. Crucibles and covers (if used) must be
14.1 The estimated relative standard deviation for a singlggnited at a temperature of 1000°C or higher for a time

measurement by this test method is 20 % for 3 pg of nitrogeryfficient to produce constant blank values.

and 3 % for 50 to 90 ug of nitrogen. 18.5 Accelerators— Granular tin, copper, iron, and copper

oxide accelerators shall be used to obtain satisfactory results.
CARBON 'I('-II:|OE-|;AI\I/I,)A:_3 ég,I\IRDEUCgT%/?mBUSTION' The criterion for satisfactory results is the absence of signifi-
cant additional carbon release upon recombustion of the

15. Scope specimen.

15.1 This test method covers the determination of 10 to 20 18.6 Catalytic Furnace and Tube-This unit, which is used

ug of residual carbon in nuclear grade mixed oxides, (U,Pu) 0 ensure complete conversion of .CO.tOQQmS'StS of a tube
) containing copper oxide and maintained at a temperature of

300°C by a small furnace.
16. Summary of Test Method

16.1 POW_dered samples ar_e covered and m'_Xed with Qn 19A Leco Low Carbon Analyzer, sold by Laboratory Equipment Co., St. Joseph,
accelerator in carbon-free crucibles and burned with oxygen imi, or equivalent, has been found satisfactory for this purpose.
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18.7 Carbon Dioxide Purifiers—=The purifiers that follow sample crucible and accelerator in the amount to be used with
the combustion tube must remove finely divided solid metallicthe test specimen analyses. Successive blank values should
oxides and oxides of sulfur and selenium, dry the gases befo@pproach a constant value, allowing for normal statistical
they enter the CQtrap, and protect the absorber from outsidefluctuations. The instrument should be adjusted for a 2-min
effects. Finely divided solid metal oxides are removed from thecombustion period.
gases during their passage through the quartz wool. The SO o
given off by materials containing sulfur is removed by MnO 23. Calibration
and any water vapor is absorbed in a tube containing Mg- 23.1 Preparation of Standards for CombustieMix a
(ClO,),. Hot copper oxide converts carbon monoxide to carborweighed portion of an accelerator and a weighed portion of
dioxide. Additional components in the purification train may beapproximatel 1 g of NIST 131c Low-Carbon Steel in each of
required when materials containing very high amounts othe three sample crucibles. Repeat with NIST SRM 336 (Note
sulfur or of halides are being analyzed. The materials used i#), using approximately 30 to 40 mg.
the purification train must be checked frequently to ensure that Note 4—The NIST SRM 336 steel is assigned a carbon content of

their absorbing capacity has noft been exhausted. 0.567 % (5670 pg/g). Therefore, amounts ranging up to approximately 40
18-3 \AbratOW_ Samplg Pulverizer Apparatus capable of ~ mg are used for standardization. Weigh the steel into a tared container (a
reducing ceramic materials to a — 100-mesh powder. A stainsmall nickel sample boat if convenient), obtaining the mass to the nearest

less steel capsule and mixing ball must be used, in order 1801 mg. Transfer the chips to a 30-mm square of aluminum foil

reduce contamination of the sample with carbon. (previously acetone washed), and fold the foil into a wrapper with the aid
of stainless steel tongs and spatulas. The foil should not be touched by the
19. Reagents and Materials hands. Place the wrapped standard in a numbered glass sample vial and

transfer to the analyzer glove box.
19.1 Quartz Woo] used as a dust trap at the top of the

combustion tube. 23.2 Combustion of StandardsLoad and combust the
19.2 Sulfuric Acid (HSO,, sp gr 1.84) used in the oxygen standards and record the results. Adjust the calibration controls
purification train. @ in such a way as to produce the correct readout value on the

19.3 Standard Materials—National Institute for Standards direct readout meter. Combust additional standards as required
and Technology (NIST) SRMs 131c (0.0029 % carbon) and0 produce the correct direct readout. As an alternative,

336 (0.567 % carbon) or their replacements. consider the readout digits as arbitrary numbers and prepare a
calibration curve of known micrograms of carborersus
20. Safety Precautions readout value. A strip chart recorder connected to present the

integrated value of the carbon dioxide response signal is

20.1 Samples Containing PlutoniumDue to the extreme . ) X : !
D d helpful in detecting and correcting for analyzer drift and noise.

toxicity of plutonium and the certainty that some plutonium
will become airborne during the ana!ytipal operations, it iSo4  procedure
mandatory to perform all operations within an approved glove 24.1 Pulverize th I les for 15 s in th inl
box fitted with off-gas filters capable of sustained operation -1 Pulverize the pellet samples for S In the stainless
with dust-laden atmospheres. steel capsqle of the sample puI_venzer. N _

20.2 Samples Containing UraniumNatural or depleted 242 Weigh a sample crucible containing the required
uranium presents a somewhat less serious toxicological haza?ﬂgzugtﬁf ac?ele;]ator o tr|1e nea:jest 0.01g. d .
than plutonium, but operations should be conducted in a fume <™ ranster the sample powder, not to extcdeg or o

hood with adequate ventilation, as a minimum precaution. SUCh. size as to give not more than 200 g of carbon, fo the
crucible. Weigh the crucible and contents to the nearest 0.01 g

21. Sampling and Preparation and find the specimen mass by difference.
21.1 Sample Size- The normal size for mixed oxide 24.4 Mix the specimen powder and the accelerator with a

: . tainless steel spatula.
[(U,Pu)G,] fuel materials shall be 1 g. If necessary, this amount® L
shall be altered as required to contain less than 200 ug C{Leztp?elgi(r)r?gnt?grsgl;nnpi)rlle crucible into the furnace and combust
CagiOZn.SampIe Preparation-Pellet or particulate samples 24.6 Remove the sample crucible and examine it for evi-
shall be reduced to approximately — 100-mesh powder prior tgence o_l;lnco;nplec';e combustion. The crucible contents should
the weighing of the specimens. Exposure of the powdere € a uniform fused mass.
sample to atmospheric carbon dioxide should be minimized bys  cgiculation

storage of the powder in a closed vial. . :
9 P 25.1 Calculate the concentration of carbon in the sample by

22. Preparation of Apparatus dividing the net micrograms of carbon found by the sample

22.1 Analysis System PurgeAfter having properly set the mass expressed in grams as follows:

operating controls of the instrument system, condition the C, ng/g= (Cs—CyW) 2
apparatus by combustion of several blanks prepared with th?/vhere'

C, carbon in sample and reagents, pg,
carbon in reagent blank, ug, and

grams of mixed oxide sample.

C
11 Wig-L-Bug, sold by Spex Industries Inc., Scotch Plains, NJ, has been foundv\?
satisfactory for this purpose.
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26. Precision and Bias 30.1 Gas-Flow RegulaterA flowmeter and a rate control-
26.1 Precision—The average standard deviation for a single!€r are required to adjust the flow of sparge gas between 1 to 3

measurement from the results of six laboratories is on the orddymin.

of 10p g carbon/g of sample. 30.2 Hot Plate—A heater used to _keep the water bubbler
26.2 Bias—The results obtained by six laboratories partici- tmperature between 50 and 90° C is required.

pating in a recent comparative analytical program averaged 3_0.3_Fyrnace—A tube furnace is required that is capable of

85 % of the expected 100 pg/g of carbon in the sample. ThEaintaining a temperature from 900 to lOQO° _C. The bore of

incomplete recovery is thought to represent a lack of experithe furnace should be about 32 mn¥{in.) in diameter and

ence on the part of two laboratories inasmuch as 95 to 100 ®&Pout 305 mm (12 in.) in length.

recovery was obtained by three of the participating laborato- 30-4 Reactor Tubemade from fused-silica or platinum. The
ries. delivery tube should be a part of the exit end of the reactor tube

and be within 51 mm (2 in.) of the furnace. (See Fig. 3 for
TOTAL CHLORINE AND FLUORINE BY proper tube positioning.)
PYROHYDROLYSIS 30.5 Combustion Boatsmade from fused-silica or plati-
num. A boat about 102 mm (4 in.) long is made by cutting
27. Scope lengthwise a 20-mm diameter silica tube and flattening one end

27.1 This test method is applicable to the determination of 0 provide a handle. A fused-silica inner sleeve for the reactor
to 100y g/g of chlorine and 1 to 100 pg/g of fluorine in 1-gtube can facilitate the movement of the boat into the tube,

samples of nuclear-grade mixed oxides, (U, Pu)O prevent spillage, and thus prolong the life of the combustion
tube.
28. Summary of Test Method 30.6 Collection Vessel-A plastic graduate or beaker de-

signed to maintain most of the scrubber solution above the tip
of the delivery tube is required.
30.7 Automatic Chloride Titrator®2

28.1 A 1 to 2-g sample of the mixed oxide is pyrohydro-
lyzed at 950° C with a stream of moist air or oxygen. The
halogens are volatilized as acids during the pyrohydrolysis and

are trapped as chloride and fluoride in a buffered solution. 30.8 Ionf-selectivel Elecggdeshlo(;ideb?nq fluc_)ride. h
Several procedures are outlined for the measurement of chlo- 50-9 Reference ElectrogeUse a double-junction type suc

ride and fluoride in the resultant condensate. Chloride &S Mercuric sulfate, sleeve-junction type electrode. Do not use

measured by spectrophotometry, microtitrimetry, or with ion-2 calomel electrode.

selective electrodes and fluoride with ion-selective electrodes 30.10_Spectrophotome@eFUItrawolet to visible range and
or spectrophotometry6(-9) absorption cells. For a discussion on spectrophotometers and

their use see Practice E 60.
29 Interferences 30.11 Meter, pH with expanded scale with a sensitivity of 1

29.1 Bromide, iodide, cyanide, sulfide, and thiocyanate, ifmv'
present in the condensate, would interfere with the spectrophay Reagents
tometric and microtitrimetric measurement of chloride. Bro-
mide, iodide, sulfide, and cyanide interfere in the measuremerg[:;#&igiiﬁ;%ﬁgﬁg?;;ﬂgg%? Eﬁ;ﬁifﬂ%"\ﬁfgrﬁ:d
of chloride with ion-selective electrodes, but have very little 31.2 Air or Oxvaen comoressed '
effect upon the measurement of fluoride with selective elec- =~ ygen P '

trodes.

30 12 A Cotlov Titrator, sold by American Instrument Co., Silver Spring, MD, or by
’ ) . Buchler Instruments, Inc., Fort Lee, NJ, or equivalent, has been found satisfactory
Apparatus (See Fig. 3 and Fig. 2) for this purpose.

COMBUSTION TUBE FURNACE

QUARTZ REACTION TUBE

s

DELIVERY

TUBE RUBBER STOPPER

COMBUSTION R
BOAT FLOW METE
-

WATER

U -=—AIR OR
OXYGEN

BUFFER SOLUTION
50 ml POLYETHYLENE TUBE
FIG. 3 Pyrohydrolysis Apparatus
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31.3 Buffer Solution (0.001 N Acetic Acid, 0.001 N Potas- 32.1.3 Adjust the temperature of the furnace to 950
sium Acetatg—Prepare by adding 50 pL of glacial acetic acid 50° C.
(CH;CO,H, sp gr 1.05) and 0.10 g of potassium acetate 32.1.4 Add 15 mL of buffer solution to the collection vessel

(KCH30 ,) to 1 L of water. and place around the delivery tube.

31.4 Chloride Standard Solutiofl mL=1 mg C)— 32.2 Weigh accurately bt2 g of thepowdered mixed oxide
Dissolve 1.65 g of sodium chloride (NaCl) in water and diluteand transfer to a combustion boat. If an acceleratg® } is
tolL. used, mx 4 g with the sample before loading the powdered

31.5 Chloride Standard Solutiofl mL=5 pg C)— Pre-  mixed oxide into the boat.
pare by diluting 5 mL of chloride solution (1 m& 1 mg Cl) 32.3 Place the boat containing the sample into the reactor
to 1 L with water. tube and quickly close the tube. The boat should be in the

31.6 Ferric Ammonium Sulfat€0.25 M in 9 M Nitric  middle of the furnace.
Acid—Dissolve 12 g of FENK(SO,),-12 H,O in 58 mL of 32.4 Allow the pyrohydrolysis to proceed for at least 30
concentrated nitric acid (HNQsp gr 1.42) and dilute to 100 min.

mL with water. 32.5 Remove the collection vessel and wash down the
31.7 Fluoride, Standard Solutiofl mL=1 mg FH—  delivery tube with some buffer solution. Dilute the solution to

Dissolve 2.21 g of sodium fluoride (NaF) in water and dilute to25 mL with the acetate buffer. Determine the chloride and

1L. fluoride by one or more of the measurement procedures
31.8 Fluoride, Standard Solutiofl mL=10 pg BH— covered in Section 60.

Dilute 10 mL of fluoride solution (1 ml= 1 mg F) to 1 L with 32.6 Remove the boat from the reactor tube and dispose of

water. the sample residue.

31.9 Gelatin Solutior_q— Add 6.2 g of dry gelatin mixture 32.7 Run a pyrohydrolysis blank with halogen-free,Og
(60 parts of dry gelatin +1 part of thymol blue + 1 part of by following the procedure in 32.3 through 32.6.
thymol) to 1 L of hot water and heat while stirring until the
solution is clear. o _ 33. Measurement of Chloride and Fluoride

31.10 Lanthanum-Alizarin ComplexoreDissolve 0.048 g 33.1 Determination of Chloride by Spectrophotometry

of alizarin complexone (3-aminomethylalizafhN- . . ;
. . - : . 33.1.1 Prepare a calibration curve by adding 0, 1, 2, 5, and
diacetic acid) in 100 pL of concentrated ammonium hydrOX|de10 mL of chloride standard solution (1 m&5 pg Cl) to

rlnmLoj)f annzn;mrss'u;nwafitaéﬁt srotlﬁtlon I(%?&ncharoz’ r210hi hseparate 25-mL flasks. Dilute each to 20 mL with the buffer
ass% ), a ot water. er the solutio ough hig olution, add 2 mL of ferric ammonium sulfate solution and 2

grade, rapid filter paper. Wash the paper with a small volume o L . : : :
) of mercuric thiocyanate reagent. Mix the solution and
Wa(;eé anlfl afdéj 8(.:209: f anhyir%lés ts o?r:urplta cteta'tAe d%jN:Ii%(S((D)Z) L dilute to 25 mL with water. Mix the solutions again and allow
2Pacet:r)]neowhil|_£é sviirligsptr?(re fiitra?[eoAdz (') (;?1(;3. of Iantharr?umthem to stand 10 min. Transfer some of the solution from the
9 ' ' 9 flask to a 1-cm absorption cell and read the absorbance at 460

?v)\:l)dgélb?f(?r?l iﬁzo(lj\iﬁ?e'?ozgén#qff 'Xv‘f?er:nggl r|1_|1i$1|-r2/la:)(§ljtjhs? thenm uging water as the reference liquid. Plot thg micrograms of
solution volume:3 ' chloride per 25 mlversusthe absorbance reading.
' 33.1.2 To determine the chloride in the pyrohydrolysis

Note 5—A 0.1-g/L solution of Amadac-F is prepared by dissolving 100 condensate transfer 15 mL of buffer solution to a 25-mL
mg of the reagent in water and diluting with isopropy! alcohol to obtain ayglumetric flask. Add 2 mL of ferric ammonium sulfate
60 % alcoholic medium. solution and 2 mL of mercuric thiocyanate solution. Mix the

31.11 Mercuric Thiocyanate SolutierPrepare a saturated solutions, dilute to volume with water, and mix again. Allow
solution by adding 0.3 g of mercuric thiocyanate [Hg(SgIN) the solution to stand 10 min. Transfer some of the solution
to 100 mL of ethanol (95 %). Shake the mixture thoroughly forfrom the flask to a 1-cm absorption cell and read the absor-
maximum dissolution of the solid. Filter the solution. bance at 460 nnversuswater as the reference. Read the

31.12 Nitric Acid-Acetic Acid Solution(1 N nitric acid and  micrograms of chloride present from the calibration curve.

4 N acetic aci—Prepare by adding 64 mL of nitric acid Note 6—A calibration curve can be prepared by drying measured

(HNO;, sp gr 1.42) t‘? all VOlqmeFriC flask which contains aliquots of a standard chloride solution on some halogen-frgs; End
500 mL of water. Swirl the solution in the flask and add 230proceeding through pyrohydrolysis steps.

mL of CH;CO,H (sp gr 1.05). Dilute the solution with water to .

1L 33.1.3 Calculate the chlorine as follows:

Cl, nalg= [(A — BYW] (V,/V. 3
32. Pyrohydrolysis Procedure Hafg=[(A = BW] (ViIVo) @

32.1 Prepare the pyrohydrolysis apparatus for use as foIi&Vhere:
lows:
32.1.1 Regulate the gas flow between 1 and 3 L/min. B
32.1.2 Adjust the temperature of the hot plate to heat thevl millilires of scrub solution, and

water to approximately 90° C. Vs, aliquot in millilitres of scrub solution analyzed.
33.2 Determination of Chloride by Amperometric Microtit-
13 The reagent is available commercially under the name Amadac-F. rimetry.

micrograms of chlorine in aliquot measured,
micrograms of chlorine in blank,
grams of mixed oxide pyrohydrolyzed,
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33.2.1 Calibrate the titrimeter by adding 5 mL of buffer 33.4.1 Prepare a calibration curve by adding to separate
solution, 1 mL of nitric acid-acetic acid solution, and 2 drops10-mL flasks 0, 50, 100, 200, 500, and 1000 L of fluoride
of the gelatin solution to a titration cell. Pipet 50 pL of the standard solution (1 mkE 10 pg F). Add 2.0 mL of lanthanum-
chloride standard solution (1 m& 1 mg Cl) into the titration  alizarin complexone solution and dilute to volume with water.
cell. Place the cell on the chloride titrator and follow the Mix and let stand 1 h. Read the absorbance at 622/arsus
manufacturer’s suggested sequence of operations for titratinpe reagent blank. Plot the micrograms of fluoride per 10 mL
chloride. Record the time required to titrate 50 pg. Run aversusthe absorbance reading.
reagent blank titration. 33.4.2 Measure the fluoride in the pyrohydrolysis scrub
Note 7—The chloride analyzer generates silver ions which react toSOIUtIon by pipeting 5 m_L |n_to a 10-mL Volumetrlc_ flask. Add
precipitate the chloride ion. The instrument uses an amperometric en%‘0 mL _Of lanthanum-alizarin complexone and dilute to vol-
point to obtain an automatic shut-off of the generating current at a pre-sdiMme. Mix and let stand 1 h. Read the absorbance at 622 nm
increment of indicator current. Since the rate of generating silver ion isversusa reagent blank and obtain the fluoride content from the
constant, the amount of chloride precipitated is proportional to the timecalibration curve.

required for the titration. 33.4.3 Calculate the fluorine concentration in the mixed
33.2.2 Determine the chloride in the pyrohydrolysis scrub®Xide sample as follows:
solution by adding 5 mL to a titration cell which contains 1 mL F, ng/g= [(Fs—Fp)/W] X (V4/V,) (6)
of the nitric acid-acetic acid solution and 2 drops of the gelatin
solution. PP fuorine in aliquot of serub solution plus the blank
33.2.3 Place the cell in position on the titrator. Start the s ul;onne In aliquot ot scrub solution plus the biank,
tltratortand record the time required to titrate the chloride F, = fluorine in pyrohydrolysis blank, pg,
present. , _ V; = total volume of the scrub solution, mL,
33.2.4 Calculate the chlorine as follows: V, = aliquot of scrub solution analyzed, mL, and
Cl, ug/g= V,F(T = Tg)/V,W (4) W = grams of mixed oxide sample.
where: _ 34. Precision and Bias
xl z \éﬁ:quurgf ﬁlfriﬁlrllf:i?rggluctlfogjuzb&solution analyzed 34.1 The relative standard deviations for the measurements
F2 = microg’rams of Cl sfandard titrated/titration timé of of fluorine are approximately 7 % for the 5 to 50-pig/g range
standard — titration time of blank or and 10 % for the 1 to 5-ug/g range. The relative standard
= = 50/(Tg - Tg) deviations for the measurements of chlorine vary from 5 % at
T. = titration time to titrate sample and blank, the 5 to 50-pg/g level and up to 10 % below the 5-pg/g range.
T = titration time to titrate 50 pg Cl and blank,
Tg = titration time to titrate reagent blank, and SULFUR BY DISTILLATION-
W = grams of mixed oxide pyrohydrolyzed. SPECTROPHOTOMETRY

33.3 Determination of Chloride and Fluoride With lon-
Selective Electrodes i o ]

33.3.1 Preparation of the calibration curves requires the 35.1 This test method covers the determination of sulfur in
assembly of the meter and the ion-selective electrode with 1€ concentration range from 10 to 600 ug/g for samples of
suitable reference electrode. From these standards take tReCl€ar-grade uranium and plutonium mixed oxides, (U,
millivolt readings for each ion-selective electrode and plot onPU)0x
semi-log paper the halogen content per 25 warsusmilli-
volts. Prepare a series of standards in acetate buffer solution l%f’ Summary _Of Test Method ) '
pipeting aliquots of the halogen standards into separate 25-mL 36.1 Sulfur is measured spectrophotometrically as Lauth’s

35. Scope

flasks ranging in concentrations as follows: Violet following its separation by distillation as hydrogen
chloride 10 to 100 pg/25 mL sulfide (0). Higher oxidation states of sulfur are reduced to
fluoride 5 to 100 pg/25 mL sulfide by a hypophosphorous-hydriodic acid mixture, the

33.3.2 Determine the chloride and fluoride in the scrublydrogen sulfide is distilled into zinc acetate, and
solution from the pyrohydrolysis by using the appropriatep-phe!'lyle.nedlamlne and.fernc chlonde are added to form
ion-selective electrode. Record the micrograms of chloride ok-auth’s Violet. The quantity of sulfur is calculated from the

fluoride from the calibration curve and calculate the halide agnéasured absorbance at 595 nm and the absorbance per
follows: microgram of sulfur obtained for calibration materials having

known sulfur contents. The relative standard deviation ranges

ClorF, uglg = (Hs—Hy/W ®) " from 12 to 3 % for the concentration range from 10 to 600 pg
where: of sulfur per gram of sample.
Hs, = micrograms of halide in aliquot of scrub solution
plus blank, 37. Interference
H, = micrograms of halide in pyrohydrolysis blank, and 37.1 None of the impurity elements interfere when present
W = grams of sample. in amounts up to twice their specification limits for uranium
33.4 Determination of Fluoride by Spectrophotometry and plutonium mixed oxides.
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38. Apparatus 39.14 Sulfur Calibration Solution(l mL=5 ug §—
38.1 Boiling Flask adapted with a gas inlet line and fitted Dissolve 2.717 g of dry potassium sulfate,30,) in water and
with a water-cooled condenser and delivery tube. dilute to 1 L. Dilute 2.00 mL to 200 mL with water.
38.2 Spectrophotometewith matched 1-cm cells. 39.15 Zinc Acetate Solutior(4 %)—Dissolve 20 g of zinc
38.3 Sulfur Distillation Apparatus-see Fig. 4. acetate [Zn(GH30,),] in 500 mL of water and filter.
39. Reagents 40. Calibration
39.1 Argon Gas cylinder. 40.1 Use aliquots of standard sulfur solution (1 ml5 pg
39.2 Ferric Chloride Solution 2 % ferric chloride (FeG)  S) to test the test method and check the apparatus. Ideally,
in 6 M HCI. blends of oxides and sulfur (20 to 600 pg S/g) should be
39.3 Formic Acid redistilled. analyzed to simulate actual sample conditions.

39.4 Hydriodic-Hypophosphorous  Acid  Reducing  40.2 Prepare a calibration curve of absorbarersussulfur
Mixture—Mix 400 mL of 47 % hydriodic acid (HI) with 200 (using aliquots of the sulfur standard solution) covering a

mL of hypophosphorous acid ¢RO,) (31 %) and boil under  concentration range from 5 ug to 50 pg/50 mL.
reflux for 30 min with a continuous argon sparge. Test for the

sulfur content by analyzing a 15-mL aliquot as described in they1. Procedure
procedure. Reboil if necessary to reduce the sulfur content to

below 1 pg/mL 41.1 Pulverize mixed oxide pellets in a mixer-mill with a
395 HydrocHIoric Acid (0.6 M—Dilute 10 mL of 12M tungsten carbide container and a tungsten carbide ball.
hydrochloric acid (HCI) to 200 mL with water. 41.2 Transfer a sample, weighed 1.2 mg, to a 20-mL
39.6 Hydrochloric Acid (3 M)—Dilute 50 mL of 12M HCl ~ beaker or a 30-mL platinum dish. Use a 0.5-g sample when the
to 200 mL with water. expected level of sulfur is 100 pg/g or less.
39.7 Hydrochloric Acid (6 M)—Dilute 100 mL of 12M 41.3 Add 5 mL of 15.68M HNO ; and 3 to 4 drops of 281
HCI to 200 mL with water. HF and heat the solution below its boiling point. Watch glasses

39.8 Hydrochloric Acid (12 M)—Analyze an aliquot of or platinum lids are recommended to avoid spattering.
HCI (sp gr 1.19) for sulfur content. Use only a reagentin which  41.4 Add additional amounts of HNCGand HF acids until
the sulfur content is less than 1 ug/10 mL and prepare thene sample dissolves (see Note 8).
diluted acids with this reagent. _ o

39.9 Hydrofluoric Acid (HF), (sp gr 1.15—Concentrated Note 8—The sealed-tube technique described in USAEC Document

. - LA-4622, 1971, p. 5, is an alternative test method which may be used to

hydrofluoric acid (HF) . advantage for th?e dissolution of some samples. g

39.10 Hydroxylamine HydrochloridgNH,OH-HCI), 20 %
aqueous solution. 41.5 Evaporate the solution just to dryness, but do not fume

39.11 Nitric Acid (HNOs) (15.6 M), 70 %. intensely to dryness.

39.12 p-Phenylenediamingl % )—Dissolve 1 g of 41.6 Dropwise add 0.5 mL of formic acid. Heat the solution
p-phenylenediamine in 100 mL of 0/ HCI. at moderate heat until the vigorous reaction subsides and gases

39.13 Silver Nitrate (AgNG;), 1 % aqueous solution. are no longer evolved.

ASCARITE

HOKE-BANTAM 1% Hg
CO, GAUGE AND SILVER  RELIEF
VALVE NITRATE  vA(VE

Ve
WATER TUBE
TRAP

\
ARGON
IN

100 mlI
FIG. 4 Sulfur Distillation Apparatus



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay c 698

Note 9—The reduction of HN@by formic acid is vigorous. Keep the 41.15 Pipet 1.00 mL of 1 %p-phenylenediamine into the
dish or beaker covered with a watch glass between additions of formigg|ution and mix rapidly by swirling. Pipet 1.00 mL of 2 %
acid. ferric chloride solution and again mix rapidly.

41'7 Rinse the cover glass W'th_ water. Add 0.5 mL of fo_rm'c Note 11—Rapid mixing after each reagent addition prevents formation
acid and slowly evaporate the rinse and sample solution tgf a brown reduction product that interferes with the spectrophotometric

dryness. measurement.
Note 10—Nitrate must be completely removed because it reacts 41.16 Dilute to 50 mL with water, stopper the cylinder, mix
explosively with the reducing acid. the solution, and let stand 1 h.

41.17 Measure the absorbance within 10 min at a wave-

41.8 Dissolve the residue in a minimum volume dfi3HCI length of 595 nmversusa reagent reference.

and dilute to approximately 5 mL with water. Heat to just
below the boiling point and add 20 drops of hydroxylamine42_ Calculation
solution (Pu-lll, blue, is formed).
41.9 Add 30 mL of water to the trap of the distillation
apparatus (Fig. 5) and insert the trap tube. S, uglg= (S-B)/W ]
41.10 Pipet 10.0 mLfo4 % zinc acetate solution into a | ..
50-mL glass-stoppered graduated cylinder, dilute to 35 mLg  _— micrograms of sulfur in sample,
with water, and position the cylinder so the end of the deliveryg -~ mjcrograms of sulfur in blank, and
tube is immersed in the solution. W = grams of sample.
41.11 Transfer the sample solution (41.8) with a minimum
of water rinses to the distillation flask and insert the reducing43. Precision and Bias

acid delivery tube. 43.1 The relative standard deviations in 0.1-g samples are 6

41.12 Add 15 mL of the reducing acid mixture and 10 mL tg 3 9 for the range from 50 to 600 pg/g and in 0.5-g samples
of 12 M HClI to the delivery bulb. Insert the argon sweep gasare 12 to 5 % for the range from 10 to 20 pg/g.

tube and start the flow of the reducing acid mixture to the
distillation flask. MOISTURE BY THE COULOMETRIC,
41.13 Adjust the flow rate of argon to 100 ¥min; then ELECTROLYTIC MOISTURE ANALYZER
turn on the heating mantle and boil the solution for 35 min.
41.14 Disconnect the distillate delivery tube, and rinse it44. Scope
with 2.00 mL of 3M HCI followed by approximately 2 mL of 44.1 This test method covers the determination of moisture
water, collecting these rinses in the zinc acetate solution. Ring@ nuclear-grade mixed oxides of uranium and plutonium
zinc sulfide (ZnS) formed inside the tube into the zinc acetat¢u,Pu)0,. Detection limits are as low as 10 ug.
solution.

42.1 Calculate the sulfur content as follows:

45. Summary of Test Method

45.1 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 oflry 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 phosphorous pentoxide (a strong desiccant that becomes
electrically conductive when wet). A potential applied to the
wires produces a measurable electrolysis current when mois-
ture wets the desiccant. Electrolysis of the water continuously
regenerates the cell enabling it to accept additional water.

45.2 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
T L liquids and solids can cause cell failure and should be

Dj prevented from entering the gas stream. Ammonia and other
HEATER I basic materials react with the acidic cell coating and render the

CONNECTIONS Zp—_ ___—VITON G-RING .
: cell unresponsive. Hydrogen, and to a lesser extent, oxygen or

¥ 50/50

BOROSILICATE TUBE—""| N

BRASS COLLAR —

T Sy ] air, may cause a high reading due to recombination in the cell,
KNURLED NUT— S8 ST DN ; ’ . . -
AGE TuBe a0 il CaPILLARY or in the case of hydrogen due to reaction with oxide coating
— of the sample boat to produce water. Alcohols and glycols,
Lin . - .
SCALE particularly the more volatile ones, respond like water and
FIG. 5 Induction Furnace therefore must not be present.

10
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46. Apparatus where:
46.1 Moisture Analyzer* for solids, with a quartz-glass A = micrograms of moisture on counter when standard is
oven, capable of being heated from ambient temperatures to tested, _
1000°C. The assembly is to include an electrolytic cell, flow B = micrograms of moisture on counter from blank, and
meter, range from 30 to 140 &min of air, and a dryer = milligrams of BaC}-2 H,O. Each milligram of
assembly. BaCl-2 H,0O contains 112.2 ug of water.
46.2 Balance *° for weighing samples in the range from 1 50.2 Calculate the moisture in the sample as follows:
to 100 mg. _ _ Moisture, ug/g= (S— B/WZ 9)
46.3 Nitrogen Gas Cylinderwith a pressure regulator, a
flowmeter, and a drying tower. where: ) .
S = micrograms of moisture on counter when sample is
47. Reagents tested, _
47.1 Barium Chloride Dihydrate(BaCl,2 H,0). B = micrograms of moisture on counter from blank,
W = grams of sample, and
Z = recovery of moisture from standard.

48. Operation

48.1 Turn the main power switch ON. - ;
48.2 Adjust nitrogen gas pressure to 41.4 kPa (6 psi) and th5el' Precision and Bias
flow rate to 50 mL/min measured at the exit of the apparatus. 51.1 The relative standard deviation for moisture in a
48.3 Weigh the sample into a small, dry aluminum boatconcentration range of 100 pg/g is approximately 2% but
(Note 12) and insert it into the instrument oven as follows. increases to 10 % at the 20 pg/g level.

Note 12—For samples that have been reduced in a hydrogen atmo-
sphere and thus contain excess hydrogen, the use of a platinum boat in ISOTOPICSggé\:/I_II_DISOSI\IATé(_?EIYBY MASS

place of the aluminum tube and nickel boat will minimize any interference

due to the hydrogen. (This test method was discontinued in 1980 and replaced by
48.4 Open the top of the analyzer and remove the TFESections 106 to 114.)

fluorocarbon plug. Do not touch with gloves.

48.5 With forceps pull the nickel boat one third of the way RARE EARTHS BY COPPER SPARK
out of the tube and place the aluminum boat and sample inside SPECTROSCOPY
the nickel boat. Then reposition the nickel boat near the center
of the heating coils. 52. Scope

48.6 Replace the TFE-fluorocarbon plug and close the lid of
the analyzer.
48.7 Reset the counter to 0 pg.
48.8 Set the timer at 1 h.
48.9 Set the temperature at 400° C. This will activate th
analyzer and start the heating cycle. 53, Summary of Test Method

48.10 When the preset temperature has been reached and3.1 The general principles of emission spectrographic

52.1 This test method covers the determination of rare
earths in uranium-plutonium dioxide over the range from 10 to
200 pg/g.

the counter ceases counting, record the reading, analysis are given in an ASTM publicati¢hl). Determination
o of rare earth content requires their separation from uranium and
49. Standardization plutonium by solvent extraction followed by copper-spark

49.1 Determine the blank by processing dry, empty alumispectrographic measuremef@, 13)
num boats in accordance with 48.4 through 48.10 until constant
values are obtained. 54. Apparatus

49.2 Weigh and analyze replicate 5-mg samples of B&LI 54 1 Spectrograph- Commercially available equipment
H_ZO until consistent results are obtained. Sodlur_n tungstatg jth reciprocal dispersion of approximately 2.5 A/mm (second
dihydrate (Naw@Q2 H,0) may also be used for calibration.  rqger). A direct-reading spectrograph of comparable quality
. may be substituted for the equipment listed, in which case the
50. Calculation directions given by the manufacturer should be followed rather

50.1 Calculate the moisture recoveZy,for the standard as than those given in the succeeding steps of this procedure. The
follows: excitation stand must be mounted in a glove box. Power

Z = (A-B)/147.2( (8)  controls must be able to supply the conditions called for in
57.4.
54.2 Microdensitometemwith a precision of +1.0 % for

4 A CEC Solids Moisture Analyzer of Type 26-321A-MA, available from transmittances between 5 and 90 %.

DuPont Instruments, Inc., S. Shamrock Ave., Monrovia, CA 91016, or equivalent, 54.3 EIectrodes—EIectrontic copper, 6.4 mm J/@in_) in

has been found satisfactory. : f
15A Cahn Electrobalance, or equivalent, available from Cahn Div., Ventrundlameter by 38.1 mm (1'5 In‘) Iong.

Instruments Corp., Paramount, CA, has been found satisfactory. 54.4 Magnetic Stirrer

11
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54.5 Photographic Plates'® 57.3 Preparation of Electrode-Transfer 50 pL of the solu-
. tion from 57.2.7 to a pair of cleaned copper electrodes and
55. Reagents and Materials evaporate to dryness under a heat lamp. Evaporate slowly to
55.1 Boric Acid Crystals(H;BO5). avoid spattering of the sample. Adjust the analytical gap to 2.0

55.2 Dissolution Mixture—Add 10 drops of hydrofluoric mm.
acid (HF, 1 +20) to 10 mL of nitric acid (HNQ sp gr 1.42). 57.4 Excitation and Exposure-Produce and record the
55.3 Hydrochloric Acid (6.7 M)—Dilute 56 mL of hydro-  spectra according to the following conditions:

chloric acid (HCI, sp gr 1.19) to 100 mL with water. Electrical Parameters:

55.4 Hydrochloric Acid (1 My—Dilute 16.7 mL of HCI (sp Discharge high-voltage spark
gr 1.19) to 200 mL with water. Y 025

55.5 Internal Standard Solution, Yttrium (Y) (1 n#.2.54g  Current, rf, A 10
Y)—Dissolve 100 mg of yttrium metal in HCI (1 + 1) and Exposure Conditions:
dilute to 100 mL with HCI (1+1). Dilute 250 pL of this  preesare o 20
solution to 100 mL with HCI (1 + 1). Exposure, s 30

55.6 Nitric Acid (4 M)—Dilute 2.6 mL of nitric acid (HNQ, Slit width, pm 10

. Slit height, mm 2

Sp gr 1'42) to 10 mL with water. Filter, percent transmittance 100/50

55.7 Rare Earth Standard SolutionrsPrepare separate so- _ L
lutions of samarium, europium, gadolinium, and dysprosium in 57.5 P.hoto Pr(_)cessmg— Pracess the emulsion in accor-
HCI (1 + 1). Weigh and dissolve sufficient metal or oxide to 9&nce with Practices E 115. .
obtain 10 g of the element per mL of solution. 57.6 Photometry—Measure the percentage of transmittance

55.8 Tri-n-Octylamine (TOA), 20 volume percent in xy- of the analytical lines with the microphotometer.

lene. 58. Calculation

56. Calibration 58.1 Convert the transmittances of the analytical and the
56.1 Emulsion Calibratio—Calibrate the emulsion in ac- 'nternal standard lines of the sample into log-intensity ratios.

cordance with Practice E 116. Determine percentage concentration from the analytical

56.2 Preparation of Analytical Curve-Read and record CUTVeS. Report the average of triplicate determinations for each

transmittance measurements of the spectra for each of fié@mMPle:
standard samples that cover the test range. Convert the trargg Precision and Bias

mittance measurements of the analytical line and the internal™ o ) )
standard line to log-intensity ratios, using the emulsion cali- 99-1 Theprecisionof the test method is based on a duplicate

bration curve. measurement of the rare earths over a period of several days.
An average relative standard deviation of 10 % was obtained.
57. Procedure 59.2 The bias of the test method is dependent on the
57.1 Dissolution of Sample reliability of the solution standards. It is estimated that the bias

57.1.1 Weigh a pellet (approximately 1.5 g) or powderOf the test method is comparable to its precision.

(approximately 1 g) t0=0.001 g and place in @ 50-mL  ypacE \MPURITIES BY CARRIER DISTILLATION

volumetric flask.
57.1.2 Add 5 mL of the dissolution mixture, and heat slowly SPECTROSCOPY

until dissolution is complete. Allow the solution to cool, then gq Scope
dilute to volume with 6.7 HCI and mix thoroughly.

57.2 Separation from Actinides

57.2.1 Transfer a 10-mL aliquot of the solution from 57.1.2
to a 35-mL vial containing 10 mL of TOA, 4 mL of yttrium
standard, 5 mg of EBO, crystals and a magnetic stirring bar.

57._2.2 Stir vigorously for 3 m_in. Let the solution stand for 61. Summary of Test Method
15 min to permit phase separation. . . L

57.2.3 Discard the organic phase (upper layer). 61.1 The s.arr)ple.of uranium-plutonium d|0X|d¢ is ho_mog-

57.2.4 Add 10 mL of TOA and repeat 57.2.2 and 57.2.3. ©€nized by grinding it in an agate mortar or a mixer mill. A

57.2.5 Add 2 mL of xylene and stir for 1 min. Allow the weighed portion is taken, mixed with gallium oxide or sodium
phases to separate and discard the organic phase. fluoride carrier, a_nd arceq on th.e speqtrograph. An internal

57.2.6 Evaporate the aqueous phase to dryness under a hatgndard of CgD; is added if densitometric measurements are
lamp. taken.

57.2.7 Add 1 mL of 1M HCI. Warm and swirl to dissolve
the residue.

60.1 This test method covers the analysis of uranium-
plutonium dioxide [(U, Pu)@ for the 25 elements in the
ranges indicated in Table 1, using gallium oxides or sodium
fluoride as the carrier. (See also Table 2.)

62. Apparatus

62.1 Sample Preparation Equipment
62.1.1 Pulverizer-Mixet>—Mechanical mixer with a plas-

*®Eastman Kodak SA-1, or equivalent, has been found satisfactory for iidic vial and ball. Grmdmg_ may be do_ne W|t_h a h'_ghly p0|IS_hed
purpose. agate mortar and pestle if a mechanical grinder is not available.
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TABLE 1 Impurities in Uranium-Plutonium Oxide 63. Reagents and Materials
Element  Carrier Concsg:]ation, Wavelength, A 63.1 Cobalt Oxide (C0,03),> 99.99 % purity, <10 pm
article size.
Ag o 051025 3280.68 P 63.2 Gallium Oxide (Ga0,),> 99.99 % purity, <10 pm
Al aorb? 10t0 500  2567.99€, 3082.16€, 3092.71 o-e D¢ 3/ . '
B a 0.5 to 25 2496.78, 2497.73 particle size.
Ba b 1050 4554.047 63.3 Sodium Fluoride (NaF), >99.99 % purity, <10 pum
5. OS2 06772 particle size. | o |
ca b 510250  4226.73 63.4 Sodium Fluoride-Cobalt Oxide MixtureWeigh 5.000
Cd a 4o 40 2288.02, 3261.06 g of NaF and 0.10 g of C® ;. Transfer the two compounds to
co a 210100 2407.25, 2519.82, 3044.00 a plastic vial that contains a plastic ball, and homogenize on a
Cr aorb 5 to 500 4254.35, 4274.80, 4289.72, p h ical A p ’ g
2835.634 mechanical mixer.
gu aorg 1(1) to ;gg gig;g;‘ gg;g-gic 63.5 Electrodes—The counter electrodes are made from
e aor to 21, . : 5
Mg a 510250 279553 280269, 2852.13 graphite rods, ASTM Type C-6. The sample electrode is a
Mn aorb 210100  2798.27, 2801.06 cupped electrode, ASTM Type S-2.
Mo a Sl igg gégggg 2528253132-59 63.6 Photographic Plates'’
a a 0 .95, . . .
Ni aorb 1010500  3052.824, 3002.49%, 3003.63%, 63.7 Venting Tool (see Fig. 6).
3414.76 .
P a 5010250  2553.28, 2554.93F 64. Safety Precautions
Pb a 210100 283307, 2614.18 . 64.1 Plutonium materials are highly toxic and extreme care
Si aorb 1010500  2516.12%, 2881.58, 2514.32 ¢ .
sn a 210100  2839.99, 3175.02, 3262.33, must be used to ensure safe containment.
2863.33 I
Ti b 10t0 500  3349.03, 3234.52 65. Calibration
™ b 210100 204502, 330250, 3262 33 65.1 Densitometric Methad o
zr b 10010500  3391.97, 3348.23 65.1.1 Emulsion Calibratior—Calibrate the emulsion in
A2 — Ga,0, accordance with Practice E 116.
Bh = NaF - Co ,0. 65.1.2 Preparation of Analytical Curves-Make quadrupli-
St;zrgze lines may be used for microphotometric comparison with an internal cate exposures of at least four standards. Convert the percent
Dse Eastman Kodak 1-N film. transmittances of the analytical lines and the internal standard
EBoth times must be observed to confirm the presence of phosphorus. lines to log intensity ratios using the emulsion calibration
curve. Prepare analytical curves by plotting the log intensity
TABLE 2 Suggested Analytical Lines ratio versusthe log concentration for each element.
Element Wavelength, A 66. Procedure
Sm 3568.27 .
Eu 3819 67 66.1 Prepar_apon of Standards N
Gd 3362.23 66.1.1 A minimum of four standards containing from 0.5 to
Dy 3531.70 H H H
v 371030 (internal standard) 500 ppm of each of the impurity elements to be determined are

prepared by adding known amounts of each impurity to a
mixed oxide matrix. Care should be taken to ensure that the
62.2 Balance torsion type, with a capacity up to 10 g, standard is homogeneous and that the uranium to plutonium
Capab|e of We|gh|ng to the nearesb.1 mg accurate|y_ ratio is the same as the ratio in the Samples to be analyzed. The
62.3 Excitation Sourcecapable of providing 15 Ad-c (short density and particle size of the standards should closely
circuit). approximate that of the sample.
62.4 Excitation Stand- Conventional type with adjustable ~ 66.2 Preparation of Sample
water-cooled electrode holders, in a glove box. 66.2.1 Grind from 1 to 1.5 g of sample to a fine powder
62.5 Spectrographwhich provides a reciprocal linear dis- (approximately —200 mesh).
persion of 5.12 A/mm (first order 4000 to 7800 A) and 2.5 66.2.2 Weigh 350 mg of the powdered sample into a
Almm (second order 2100 to 4100 A). A direct readingPolystyrene vial, and add 21 mg of (. Place a plastic ball
spectrograph of comparable quality may be substituted for théd the vial and mix for 2 min.
equipment listed, in which case the directions gi\/en by the 66.2.3 If microphotometric measurements against an inter-
manufacturer should be followed rather than those given in th8al standard are to be performed, weigh an additional 250 mg

succeeding steps of this procedure. of the powdered sample into a separate vial containing 13 mg
62.6 Comparator of NaF-CgO,(50 + 1) and mix for 2 min.
62.7 Microphotometer having a precision of 1.0 for trans- ~ 66.3 Analysis of Sample

mittances between 5 and 90 %. 66.3.1 Transfer a 100-mg portion of each of the mixtures
62.8 Photographic Processing Equipmett provide facili-  into the cupped electrodes, ASTM Type S-2, and tap gently to

ties for developing, fixing, washing, and drying operations ancbettle the charge. Vent with the venting tool (Fig. 6).
conforming to the requirements of Practices E 115.

62.9 _quculating EqUipmemta_-pable of trgnsposing percent 17Eastman SA-1 or N, or equivalent, have been found satisfactory for this
transmission values into Intensity or densny values. purpose.
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Preburn, s
Ga,04
NaF:Co,04

Exposure, s
Ga,05 40
NaF:Co,04 50

66.5 Photographic Processing
66.5.1 Process the plates in accordance with Practices
E 115.

o o

67. Measurement

67.1 Visual Comparative Analysis

67.1.1 Visually compare the density of the sample impurity
spectral line with the corresponding line in a standard spec-
trum. Estimate the impurity concentration using the lines listed
in Table 3.

67.2 Photometry—Measure the transmittance of the analyti-
cal lines with a microphotometer and the internal standard lines
selected for use with each element. For iron, chromium, nickel,
magnesium, and manganese use cobalt (3044.00) and for
aluminum and silicon, use cobalt (2407.25).

68. Calculation

68.1 From the observed log intensity ratio, read the impurity
concentration from the appropriate analytical curve.

69. Precision and Bias

69.1 Precision—For photometric measurements, relative
standard deviations from 8 to 25 % have been obse(tdd
15). For visual estimates, factor-of-two (that ig/> to + 2)
reproducibility is reported15).

Y : \
? IMPURITIES BY SPARK-SOURCE MASS
" SPECTROGRAPHY
0.154 0.200"
£.0002 O™ +.001
% 0.330" 70. Scope
0.050" 3 & +.002 70.1 This test method covers the spark source spectro-
+ :gg] 9.1 13" 0,130 graphic analysis of uranium and plutonium dioxide for impu-
0.024" Q0 .00 ¢ rity elements. Because of its extreme sensitivity, it may be the
+.000 0™ ' most practical test method for the determination of certain
? impurities whose concentration is below the detectable limits
0.017" of other spectrographic methods.
+,001
35° | 3s°
FIG. 6 Venting Tool TABLE 3 Impurity Elements and Detection Limits
Impurity Lower limit of detection, ppm
66.3.2 Make duplicate exposures of each sample in each Al 1+1
region of the spectrum and duplicate exposures of 4 or more Bd 01+01
. . . . : ¢ 1+1
§tandards representing high and low concentrations of impuri- o 03+ 03
ties. Ca 05+*05
66.4 Excitation Conditions Cr 0.5 =05
) Fe 0.5 = 0.5
Electrical Parameters: Mg 0303
Voltage, V 250 Mn 03 +03
Current, d-c, A 15 Mo 15+ 05
Exposure Conditions: K 03 +03
Spectral region, A Ni 05=*05
Eastman SA-1 plates 2100 to 4300 Si 1+1
Eastman 1N plates 3200 to 7750 Ti 03+ 03
Slit width, um 10 Hg P
Slit length, mm 2.5 Th 1+1

Exposure Conditions:
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71. Summary of Test Method 74.2.1 Weigh, to the nearest 0.1 mg, abtg of amixed

71.1 Spark-source mass spectrografi—22)is the most oxide sample ah 1 g of powdered silver metfal (99.99_9 % AQ)
convenient method for determining impurity elements in mixed@nd transfer them to a 51 by 19.1-mm (2%yin.) plastic vial.
oxides which occur in low concentration. Detection limits for 74.2.2 Mix the contents on a shaker for 5 min.
most elements are in the atom-parts-per-billion range in mixed 74.2.3 Load the sample-silver mixture into a cylindrical
oxides. The procedure consists of forming the sample into rodgaphthalene mold and press the mixture isostatically into
with a cross-sectional area of 0.0323 to 0.0645?(6“305 to  a sample rod by applying a pressure of about 1034 MPa
0.01 in? and a length of 12.7 mm (0.5 in.). A radio-frequency (150 000 psi) for 1 min.
spark is generated between two such rods mounted in a high 74 2 4 Remove the naphthalene mold from the sample rod
vacuum chamber. The ions formed in the spark are focusegiiner by sublimation or by solution in acetone.
according to their energy and according to their mass-to-charge 74.2.5 Place the sample rod in a vacuum oven and allow it
ratio, on a photographic plate. The densities of the resultin d ‘ f t least 30 mi
lines are compared with standards or with minor isotope line o dry for atieas m|_n. i
of the matrix materials. Bias and precision vary with the test /4-2.6 The sample is now ready to be loaded into the
method of data interpretation and the concentration of théhStrument for evacuation.
impurities. 74.3 Sparking the Samples

71.2 Some impurities, such as iron, occur as inclusions. If 74.3.1 Detailed instructions for operating the spectrograph
metallographic examination indicates the presence of inclushould be followed.
sions, a representative portion must be homogenized by grind- 74 3 2 Load two sample rods, each approximately 12.7 mm
ing before preparation of the electrodes. (0.5 in.) long, counter to each other in the ion source of the
mass spectrograph. (If only one sample rod is available, load it
counter to a high-purity silver or gold probe electrode.)

! Evacuate the ion source to a pressure of approximately 13.3
72.2 Balance analytical. pPa (1x 107" mm Hg). If it is necessary to measure carbon,
72.3 Beakers TFE-fluorocarbon. oxygen, and nitrogen in the sample, bake the source at 150°C

72.4 Darkroom equipped with photographic developing for 12 h. The ultimate pressure reached is about 266 nPa
tanks and plate drying ovens. (2 X 10° mm Hg).

72.5 Forceps tantalum.
72.6 Isostatic Pressure Vessel
72.7 Laboratory, with clean room environment.

72. Apparatus
72.1 Analog Computer'® H&D.

74.3.3 When the pressure is low enough, spark the samples
so that an ion beam is generated. The instrument parameters

. . are:
72.8 Microphotometer® recording. Acceterating valiace. Ky 2
ccelerating voltage,

72.9 Oven vacuum. o RF voltage, kV approximately 30 (60 for insula-
72.10 Photographic Plates® tors)
72.11 Plate Viewer 2t Magnet current, mA 305 (105 for lithium and boron)

21 Source pressure,l Pa (mm Hg) 13.3 (1 X 1077)
72.12 Shaker Analyzer pressure, pPa (mm Hg) 1.33 (1 X 1078)
72.13 Spark Sourcemass spectrograg. Spark repetition rate, pulses/s 10 to 300
72.14 Vials, plastic 51 by 19.1 mm (2 in. b§sin.), with  Spark duration, ps 2510100

caps. 74.3.4 The ion beam produced is measured electronically by

intercepting 50 % of the beam before separating according to
the mass-to-charge ratio. By use of the electronic monitor, a
series of graded exposures are made on the photographic plate.

74.3.5 Exposures needed for a specific detection limit are:

73. Reagents

73.1 Acetone
73.2 Darkroom Supplies developef® short stop, dilute
acetic acid, and fixe¥*

. Detection Limit Exposure in Coulombs
73.3 Naphthaleng flakes (resublimed, Baker and Adam- 1to 3 ppb atom 1% 106
son). 10 ppb atom 1x 1077
73.4 Silver Powder (purity, 99.999 % AQ). 100 ppb atom 1x10°®
1 ppm atom 1x107°
10 ppm atom 1x 107

74. Procedure

74.1 Prepare and load samples in a clean room environment. The average detection limit has been about 2 ppb atom for a
74.2 Sample Preparatian 110 °C exposure.
74.4 Developing the Plates

74.4.1 Remove the photographic plate from the instrument

18 Jarrell-Ash Model 23-515, or equivalent, has been found satisfactory. and transfer it to the darkroom.
9 Jarrell-Ash Model 24-310, or equivalent, has been found satisfactory. . .
20 lford QII have been found satistactory. 74.4.2 Process the photographic plate as follows: develop

21 gyrveyor Microfilm Readers, or equivalent, has been found satisfactory. ~ for 3 min, short stop in dilute acetic acid, fix for 45 s in a rapid

22 A spectrometer Type MS-7 or MS-702, made by Associated Electricalfixer, and rinse thoroughly with distilled water.
Industries Ltd., has been found satisfactory.

23 E astman Kodak D-19 developer has been found satisfactory. 74.4.3 P_Iace the developed plate in an oven and dry it for at
24 Eastman Kodak rapid fixer has been found satisfactory. least 10 min.
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75. Calculation I, = density of the impurity line in the standard, and

75.1 Visual Estimation of Line Densits? C. = concentration of the impurity in the standard.

75.1.1 Visual estimation of line density is used for all 75.2.1.2 Second, if the calculations are based on standard
low-level impurities (<1.0 ppm atomic) and for many high- impurity elements other than those desired, the calculation
level impurities. This type of interpretation usually gives databecomes:

that are accurate within a factor of two. This calculation is: C, = (DJ/D Y X (AJ100) X (1J1) X (EJE) X (SJS) X (M/My)
PS = (Ey/Ena) X (AJ100) X (1 J100) X 1P (10) (14)
where: where:
PS T the plate sensitivity G = concentration of the impurity in the sample,
E., = shortest exposure on the photographic plate, nC, _atom %, . . -
e = longest exposure on the photographic plate, nC, i = density or intensity of the impurity line,
= concentration of the chosen internal standard in “'s = density or Intensity of the standard line,
atom percent, and A, = concentration of the standard, atom %,
Is = isotopic abundance of the chosen isotope of the ls - |stotopc;: abundance of the standard isotope,
internal standard element, atom %. _ atom A, o
75.1.2 Then: l; = isotopic abundance of the impurity isotope,
o ' atom %,
Ci = PSX (E nafEged X (1004 ) (11) Es = exposure at which the standard line is mea-
where: sured, nC, _ _ o
G = concentration of the impurity, in ppm atomic, & - gﬁrpé)dsurr]%at which the impurity line is mea-
PS = Dlate sensitivity, = relati\;e sénsitivit factor for the standard
E.ax = longest exposure on the photographic plate, nC, S - | t y
E4w: = shortest exposure in nanocoulombs on which the element, . .
impurity isotope can be detected, and S = relative sensitivity factor for the impurity
I = isotopic abundance of the chosen impurity iso- element, and .
tope, atom %. M;and M, = smgle—to—mu_IupIe—chgrge ratio for the two
75 1.3 Now: ’ elements in question (preferably 1).
W, =C X (I/M}) (12)  76. Precision and Bias
where: 76.1 Precision and Bias-The microphotometric test
W _ the concentration of the impurity, in ppm mass method for spectral density interpretation should be employed
1 H il .« . .
C., = concentration of the impurity, in ppm atomic, _for (U_, Pu)O, sgmples. The precision for the technique of
I, = atomic mass of the impurity, and impurity evaluation is equal to or less thar80 % at the 95 %
= average atomic mass of the matrix. confidence level. This precision is applicable to all specifica-

(i/\/hen mixed, pressed Samp|es are used, it is necessary ﬁ!@n limits set forth for each |mpur|ty in the mixed oxide. Since
correct for the impurities present in the silver support material. ptandards are to be used, the bias is comparable to the
75.2 Measurement of Line Density: precision.
75.2.1 When more accurate and precise values are required,”6.2 Examples of some of the lower practical limits of
it is necessary to measure the line densities on the photograpti€tection are listed in Table 3.
plate with a microphotometer. The line transmission is mea-
sured and the transmission percent is converted to the lin OTAL GAS IN REACLOEIT_LGEI?I_QDE MIXED DIOXIDE
density with the analog computer and a previously determined
emulsion calibration curve. From the measured line densitie;7 scope

composition may be derived in two ways. . .
75.2.1.1 First, when a standard having the same ratio of 77.1 This test method covers the measurement of volatiles

. : . o . .. other than water in reactor-grade mixed dioxide pellets. The
mixed oxide to silver metal and containing the same impurity, L . . )
. ) Jower limit of the test method using the described equipment
elements as the sample is available, then under the same . .
e i and a sample of approximagel g is 0.01 cn? per gram of
conditions of exposure:

sample at STP condition&3).
G = (/19 X Cq 13)

78. Summary of Test Method
where:

C;, = concentration of the impurity in the sample, 73'1 A weighed samp!e is trap§ferred into the outgassi_ng
| = density of the impurity line in the sample, _sectlon of the appara;us in a position for subsequent dropping
“ into a tungsten crucible. The system is evacuated and the
tungsten crucible without the sample is outgassed at 1600° C
until the gas released from the empty crucible during a 35-min

. rzt;'il'shsoi]SMu;icl’:’nrogram for CEIR Computer Service has been found satisfactor&onection period decreases to less than 0.013 a@n STP
° 26 Cole-Pgrmer M.icroVModeI 4805, obtained from Cole-Parmer Instrument andconditions- After the crucible COO|S, the Sample is dmpped into

Equipment Co., Chicago, IL, or equivalent, has been found satisfactory. it and heated at 1600° C for 35 min. The released gas passes
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through a magnesium perchlorate trap to remove water vapguossibility of reactions caused by electrical sparks in a system
and thence into a calibrated volume where the temperature ambntrolled by mercury contacts. The mechanical pump should
pressure are measured. The gas content of the sample bis used to maintain vacuum in the system during periods when
calculated at STP conditions assuming that the released gastis®e equipment is not in use.
ideal. 80.1.3 Tungsten Crucible

78.2 Since this is an empirical method, it is important that
the steps in the procedure be followed carefully in order to31. Reagents
insure results that have a reliability approximating that givenin  g81.1 Grease high-vacuum (silicone).

Section 84. 81.2 Magnesium Perchlorate-(Mg(ClO,),) anhydrous.
79. Interferences 82. Procedure

79.1 No interferences are expected with the exception of g5 1 petermine a crucible blank for the entire system before
water in the sample which partially reacts with the tungsteryach sample is analyzed. The procedure for the crucible blank
crucible to produce hydrogen. The magnitude of this interferig included in 82.2.

ence, although unknown, probably is insignificant because of g2 5 The apparatus can be calibrated by either of the two
rapid removal of water vapor from the vicinity of the crucible. fo||owing test methods:

82.2.1 Measure the volume of the removable sample tube
80. Apparatus on the Toepler pump or,

80.1 Vacuum Outgassing and Gas Measuring Apparatus- 82.2.2 A more accurate test method is to introduce known

(see Figs. 5-8). volumes of gas into the system througin Fig. 8 and measure

80.1.1 Outgassing SectiorfFig. 5 and Fig. 7), consisting of these in the gas-measuring section in the same manner as the
a water-cooled, fused-silica furnace tube heated with indUCtiOgammes are measured. The calibration gas for this test method
coils, and a pellet loading arm with an externally operateccan be hydrogen, usually a major component of the gas
magnet feed. A glass wool plug is placed in the line just aftefreleased from samples. A series of known volumes covering
the furnace tube adapter to prevent transfer of small particles @he range from 0.01 to approximately 0.2 STP°dmrecom-

mixed oxide to the gas-measuring section. mended for this test method. This technique corrects for slight
80.1.2 Gas-Measuring SectiOI(lFig. 8), Consisting of a losses in the vacuum pumps.

mercury diffusion pump capable of transferring the gas against 82.3 Analysis of Samples
a forepressure equivalent to 667 Pa (5 torr), a magnesium | its that fall within the i f the cali
perchlorate trap to remove water, another mercury diffusiorgioNOTE 13—Only results that fall within the linear range of the calibra-

. . . n curve should be accepted. If results on samples are beyond this range
pump, a Toepler pump fitted with a removable calibrateds . 1ast should be repeated with a smaller sample.

volume sample tube, and a McLeod gage, a mercury diffusion . .
pump, and a mechanical forepump. The Toepler pump cycle is e8pzs.3.1 Start the three diffusion pumps. Refer to Fig. 8 for all

controlled by electrically timed solenoid valves in the vacuum®
82.3.2 Close valve¥, and V.

and pressure lines. This method of control eliminates the )
82.3.3 Open valv#/; and flush the furnace tube with argon
while placing the sample in the sample holder.

OPTICAL FLAT 82.3.4 Transfer a weighed sample into the arm of the sample
loader.
¥ 2042 FEMALE 82.3.5 Replace the sample loader on the furnace tube
SIGHT GLASS adapter, using silicone grease to make a seal.

82.3.6 Close valve¥, V,, Vs, V7, Vg, V1o, V 15 andVyg.
82.3.7 Slowly open valv&/ 5 to evacuate the system with
the mechanical pum@.

PELLET LOADING ARM

¥ 29/42 FEMALE Note 14—Rapid opening of valve; will cause violent agitation of the

SAMPLE LOADER

¥ 24/40 mercury in the Toepler pump and possible breakage of the pump.
MALE -
82.3.8 When the pressure indicated on thermocouple Bage
decreases to 67 Pa (0.5 torr), open valvgsV,, Vg, V5, Vg,
V10 V1o @andVye and close valvey¥ g, Vg, V g, Vi35 andVys.
82.3.9 When the pressure decreases to less than 1.33 Pa
;gg#oﬁoﬁmppw (0.01 torr), start the induction generator and slowly heat the
LEAK TIGHT crucible up to 1600° C over a period of approximately 4 h.
"PUSHER"
INDUCTION FURNACI Note 15—A slow outgassing rate is required to prevent excessive
ADAPTER coating of the furnace tube walls with tungsten oxides formed by the
¥ 50/50 FEMALE reaction between tungsten and water vapor. An excessive deposit causes
overheating of the O-ring seals and leakage of cooling water.
82.3.10 Heat the crucible at 1600° C for 0.5 h; then close
FIG. 7 Furnace Tube Adapter and Sample Loader valve V;,, and adjust the pressure in the mercury reservir
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A—Induction furnace M—Mercury reservoir
B—Monel bellows N—Mercury diffusion pump
C—CGlove box wall O—Water-cooled condenser
D—Low-pressure regulator P—Thermocouple gage
E—Thermocouple gage Q—Mechanical forepump
F—Water-cooled condenser R—Low-pressure regulator
G—Mercury diffusion pumps S—Needle valve
H—Semi-ball joint T—Needle valve
I—Magnesium perchlorate trap U—Solenoid valves
J—Calibrated sample volume V—Electric counter
K—Toepler pump W—Electric timer
L—McLeod Gage X—Mechanical vacuum pumps

FIG. 8 Outgassing and Gas Measuring Apparatus

using needle valves, until mercury half-fills the side arm 83. Calculation
leading to the Toepler pump.

82.3.11 Turn on the Toepler pump timéf, and collect the
gas evolved from the crucible in the sample tubefor 70
cycles of the Toepler pump as registered on the cowhiter

83.1 Where the sample tube has been calibrated with a
series of known volumes of gas calculate as follows: Use
least-squares formulas to calculate the best linear equation
relating the known volumes of gas in STPtta the measured

Note 16—The time required for collection is dependent on the con-pressure in the sample tube, in torr, corrected to 273 K.
struction of the Toepler pump. The use of large-bore stopcocks and tubing

will permit a cycle rate of 1 cycle/25 to 30 s. Pyw=a +b(STPcnp) (15)
82.3.12 At the completion of the collection period close the yhere:
stopcock between the Toepler pump mercury reservoir and thq»M = measured pressure, in torr, corrected to 273 K,
expansion volume with the mercury at the top of its cycle. = 273P (T, + 273),
82.3.13 Open valv¥/, ,, and raise the mercury in the side a = intercept of least-squares equation,
arm, by opening needle valvg, until the level reaches a b = slope of least-squares equation, and
predetermined calibration mark on the sample tube. STP cm® = known volume introduced corrected to 760
82.3.14 Measure the difference in heights of the columns of torr and 273 K,

mercury in the sample tube and the adjacent McLeod gage (PJ/760)-[273 \[/(273 + T,)]
This difference is the total pressure of the collected gas. here:
82.3.15 Record the temperature of the sample tube and théa ere.

= observed pressure, torr,
pressure of the gas, and calculate the volume of the gas at ST, observed volume, cinand

conditions. 0
) T, observed temperature, ° C.
82.3.16 Evacuate the sample tube by turning the two-way ° . P
Gas in sample per gram of sample:

stopcock on the mercury reservdir, to vacuum and lowering

the level of mercury in the side arm. STP cm¥/g = (P g Pg)/bW (16)
82.3.17 When a stable crucible blank of less than 0.01 cm

is attained, turn off the induction generator and allow the Where: 3 5

crucible to cool. STP cmy®/g = cnr of total gas per gram of sample, at 760
82.3.18 Transfer the sample to the crucible by pushing it torr and 273K, .

along the arm of the sample loader with an iron piece guidedF>S = measured pressure for sample, in torr, cor-

from outside with a magnet. b _ rected to 1‘273b:<, int red 1o 273
82.3.19 Close valv¥, ,, and start the induction generatorto ~ B B Eressure or biank, In tort, corrected 1o

heat the crucible and sample to 1600° C. b

82.3.20 Collect the evolved gases in the same manner as if), z zgnnp]glgfnl]e;sst—séquares equation, and

the blank determination.
82.3.21 Turn off the induction generator and record the ©3-2 Where the volume of the sample tube has been

pressure and the temperature of the sample tube. measured calculate the total gas content per gram of sample as
82.3.22 If a gas sample is desired for a gas compositiofP!lOWs:

analysis, remove the sample tube and transfer it to the desired Total gas, STP cg/g = [(273PVI760Ts) — (273PVI760Tg) YW

analytical apparatus. 17)
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where: 89.2 Dithiol-Pentyl Acetate Solutier-Prepae a 1 %solu-

STP cm®g = cn?® of total gas per gram of sample, at 760 tion of dithiol in pentyl acetate. Break an ampoule containing
torr and 273 K, 1 g of dithiol under 100 mL of pentyl acetate and stir until

Ps = recorded pressure, torr, for sample, dissolved. Prepare a fresh dithiol solution each day it is to be

\% = measured volume, cinof sample tube, used (Note 18); store the solution at -5 to 0° C.

Ts = recorded temperature of sample tube, for

Note 18—Test each freshly made solution by analyzing aliquots of the

(o}
sample gas, K*(C + 273), tungsten standard solutions because ampoules of dithiol may contain some

-I?B i Pégg?gé% Egg{ f((a)lra?lﬁgk,of sample tube for decomposed reagent which will produce biased results.
® blank. K. and P P 89.3 Hydrochloric Acid (12 M HCI, sp gr 1.19)
wW = mass,of,sample, g. 89.4 Hydrochlo_ric Acid (8.4 My—Dilute 70 mL of 12M
. ) HCI to 100 mL with water.
84. Precision and Bias 89.5 Hydrochloric Acid (6 M HCB—Dilute 50 mL of 12M

84.1 Since pellets with known volatile gas contents are noHCI to 100 mL with water.
available, the bias of the test method is not known. Estimates 89.6 Hydrofluoric Acid (28 M HF)
of the precision, including the between-pellet variability, indi- 89.7 Hydrofluoric Acid (0.56 M HF)-Dilute 2 mL of 28M
cate a relative standard deviation of about 25 % at a level ofiF to 100 mL with water.
approximately 0.050 cig of sample at STP conditions. 89.8 Nitric Acid (15.6 M HNOg, sp gr 1.42)

89.9 Pentyl Acetate- Redistill the pentyl acetate if it turns
TUNGSTEN BY DITHIOL-SPECTROPHOTOMETRY yellow when dithiol is dissolved in it.

85. Scope 89.10 Potassium Pyrosulfate Powde(K,S,0,).

85.1 This test method covers the determination of 5 to 150 89-11 Sulfuric Acid (18 M H,SQ,, sp gr 1.84)

ug of tungsten in 1-g samples of nuclear-grade uranium and 89.12'Titanium (111 Chloride Splution—Pour450 mL of 12
plutonium mixed oxides (U, Pu){24). M HCI into a 500-mL volumetric flask, and add 10 mL of

titanium tetrachloride (TiG) below the surface of the HCl and
86. Summary of Test Method mix. Add 12 g of stannous chloride dihydrate (SpelH,0)
86.1 Tungsten is measured spectrophotometrically as thand mix until dissolved. Dilute the mixture to volume with 12
blue-green dithiol (3,4-dimercaptotoluene) comp(@s, 26). M HCI and mix. When this blue solution starts to turn brown,
Following its reduction to W(V), tungsten is complexed with prepare a new mixture.

dithiol and extracted into pentyl acetate from hot 814HCI. 89.13 Tungsten Standard Solution (1 re100u gWH—
The absorbance of the dithiol complex is measured at 640 niRissolve 100 mg of tungsten metal in a minimum quantity of
to determine the amount of tungsten. 28 M HF containing a few drops of 15 HNO,. Transfer the

solution to a 1000-mL polypropylene volumetric flask and
87. Interference dilute to volume with 0.56V HF.

87.1 Platinum and technetium interfere in concentrations of 89.14 Tungsten Trioxidg/WO,).

100p g/g, whereas lead and palladium interfere about the

1000-pg/g level: however, these elements are not routinely®- Procedure

encountered in fuel materials. Molybdenum seriously inter- 90.1 Calibration— Prepare at least five different blends of

feres and must be separated by a preliminary extraction whic/ O3 in @ mixed oxide matrix which covers the range from 5 to

is part of the test metho(27). 150 ug of tungsten per gram of matrix material. Process each

Note 17—Separate the molybdenum by extracting the molybdenum-blend in duplicate starting at 91.1. . . .

dithiol complex from 6V HCI prior to the reduction of tungsten to w(v).  90-2 Use least-squares formulas to obtain the linear calibra-
tion equation, as follows, that best fits the calibration data.

88. Apparatus Y =AX +B (18)

88.1 Extraction Vesselconsisting of a 25 by 150-mm test
tube with a stopcock sealed to the bottom. where:

88.2 Heater-Stirrer 2° and an aluminum block drilled with Y = absorbance, _ _
holes for 200-mL tall-form beakers. X micrograms of tungsten per grams of matrix material,

88.3 Platinum Dish 30-mL. A = slope, and , ,
88.4 Spectrophotometef” with matched 1.00-cm cells. B = intercept on theY axis B should be approximately
88.5 Stirrer, electric, with glass-propeller stirring rod. zero (0)). _
90.3 Determine the reagent blank by starting at 91.1. Pro-
89. Reagents cess duplicate reagent blanks and use the average of the

89.1 Dithiol (3,4-dimercaptotoluené§j—Usually 1 g of the  absorbance reading to correct the sample absorbance reading as
yellow crystalline material is sealed in a glass ampouleindicated in 91.1.
Discard those ampoules which contain any yellow liquid. 90.4 Prepare a quality control chart for the valuef\aind
B and verify the calibration by frequently processing duplicates
of the calibration blend.
27 Beckman Model DU, obtained from Beckman Industries, Inc., Fullerton, CA, L .
or equﬁgle”:,??ha;’ b‘zen foznga?aiisf;i?;,fc man Indusiries, fnc., Fulierton 90.5 If anindividual value oA’ = Y/Xdisagrees at the 0.05

28 Eastern Chemical Corp., Box AC, Pequannock, NJ 07740. significance level with the value oA determined from the
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complete calibration set, correct the difficulty before procedinghe tungsten-dithiol complex.

with the analysis of samples. 91.19 Add 10 mL of 1 % dithiol-pentyl acetate solution and
. stir the mixture for 10 min while continuing to heat at 90° C.
91. Sample Analy§|s ) ] ) ) Tungsten extracts into the dithiol-pentyl acetate.

91.1 Place a weighed mixed-oxide pelletin a mixture of 510 91 20 Remove the beaker from the aluminum block and
10 mL of 15.6M HNO;, 0.5 t0 1 mL of 28M HF, and 1 mL 516,y the mixture to cool to room temperature.

of 18 M H,S0O, in a 30-mL platinum dish and heat until the 91 51 Transfer the mixture to an extraction vessel. rinse the

acids simmer. beaker with three 1-mL portions of pentyl acetate, and add
Note 19—Do not boil the solution because loss by spattering will these rinses to the extraction vessel.
occur. An infrared lamp is recommended. 91.22 Allow 5 to 8 min for the phases to separate. Drain the

91.2 When the volume has decreased to approximately @queous phase into a residue bottle.
mL, repeat the addition of 5 to 10 mL of 19\ HNO; plus 0.1 91.23 Wash the organic layer twice with 5-mL portions of
to 0.2 mL of 28M HF and heat until the solution looks clear. 8.4 M HCI, and add the washings to the residue bottle. Allow
_ time for good phase separation.
Note 20—The tungsten may not dissolve completely even though the 91.24 Drain the organic phase into a 25-mL graduated

solution looks clear. The steps given in 91.7 through 91.8 are intended to . . .
dissolve any tungsten-containing residue. cylinder, dilute to a volume of 15 mL with pentyl acetate, and

. ix well.
?1'3 Df(ﬁ::arnt :he sispfrrr]]ft%rt‘t SOIlIJt'O: bthr(;ugr]h a genera[pgl_zs Transfer a portion of the dithiolpentyl acetate solution
pugﬁofemnge (tﬁeedqi:h ?vﬁce) Wi t?] ? (r:neLaof vsaa:teer én d transferto a matched 1-cm absorption cell and measure the absorbance
o : at 640 nm using pentyl acetate as the reference. Record the
each rinse through the filter to the beaker.

91.5 Wash the filter with three 1-mL portions of water. absorbance ap
Collect the washes in the beaker.

91.6 Transfer the filter to the platinum dish, dry, and92' Calculation

carefully burn off the filter. 92.1 Calculate the tungsten content as follows:
91.7 Add 0.5 g of KS,0; to the dish and fuse over a burner W, pglg= (Z- B)/AW (19)
or in a furnace until S@ fumes are no longer evolved.
Tungsten is converted to a soluble sulfate salt. where:
4 = absorbance of sample, y, corrected for the blank

91.8 After the dish cools, add approximately 5 mL of water
and heat for 5 min to dissolve the fused salt. If dissolution is
slow, add 1 mL of 15.61 HNO.. W

91.9 Transfer the solution from the beaker to the dish with
the aid of at least three 1-mL rinses of water. - .

91.10 Evaporate the combined solutions to dryness angs: Precision and Bias
fume until SQ, fumes are no longer evolved. 93.1 The relative standard deviation for mixed oxide pellets
containing 50 to 60 pg/g of tungsten was 1.3 %, and at the 5
po/g level was 15 %28).

absorbance,
constants determined during calibration (90.2), and
grams of sample.

Note 21—This step removes the nitrate, which otherwise would
destroy the dithiol.

91.11 Redisso!ve the residue in 6 to 8 mL oM6HCI and RARE EARTH ELEMENTS BY SPECTROSCOPY
transfer the solution to an extraction vessel.

91.12 Rinse the dish twice with 2-mL portions oM6HCI ¢, Scope

and add the rinses to the extraction vessel. i o
91.13 Adjust the volume in the extraction vessel to 12 mL 94.1 This test method covers the determination of dyspro-
with 6 M HCI. sium, europium, gadolinium, and samarium in mixed oxides of

91.14 Add 5 mL of pentyl acetate plus 5 mL of 1% uranium and plutonium over the concentration range from 0.1
dithiol-pentyl acetate solution and stir for 3 min with an {© 10 pg/g of mixed oxide.

electric stirrer. Molybdenum extracts into the pentyl acetate.
91.15 After phase separation, drain the aqueous layer into % Summary of Test Method

200-mL tall-form beaker. 95.1 (Pu, U)Q is dissolved in a nitric-hydrofluoric acid
91.16 Wash the organic phase twice with 2.5-mL portions o HNO;-HF) mixture and evaporated to dryness. The residue is

6 M HCI and add the acid washes to the beaker. redissolved in dilute HN@and the uranium and plutonium are
91.17 Add 25 mL of Ti(lll) chloride solution to the beaker, extracted into 30 % tributyl phosphate irhexane. The aque-

5 mL of water, and mix. ous phase is treated with yttrium carrier and HF and the
Note 22—The HCI concentration is now 8M. Ti(lll) reduces W(VI) resu!ting rare. eart.h _pre_cipitat_e sepz_irated by filtration. .The

to W(V). fluoride precipitate is ignited, mixed with graphite, and excited

. . with a d-c arc. An argon atmosphere containing approximately
h 9%'18 t_PIace t?]e ?e;l;er 'gotrt]e Q%I:ngu(rjnhblc;cfk %f theZO % oxygen envelopes the electrode system. The spectra of
eater-stirrer preneated from 0 and heat for mln*s.amples and standards are recorded on photographic plates and

Note 23—The solution must be hot to ensure complete formation ofconcentrations are determined by visual comparison.
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96. Interferences 100.2 Alpha spectrometry is done within a day or two of the
96.1 Plutonium plus americium in excess of 3 mg in thepurification, especially if the abundance?®tPu is high, since

separated fraction contribute high background and suppre@4!’Am will grow in again from the beta decay df*Pu.
rare earth element intensities. However, if prompt analysis is not possible, suitable correc-

96.2 Calcium and other alkaline earths interfere in concentions for the bias due t&’Am interference may be made up to
trations in excess of 100 pg/g (Pu, W@ompensation for this & period of several weeks following the purification.
interference may be made by the addition of appropriate
amounts of interfering elements up to 1 mg/g to the standard&01- Apparatus
before separation. This changes the detection limit for rare- 101.1 lon-Exchange Columrdisposable polyethylene (see

earth elements to 0.15 pg/g (Pu, Y)O Fig. 9). Enough glass wool is added to the column to hold the
resin. Approximately 32 mm of converted resin (see Section
97. Procedure 137) is added. The resin is then washed with 10 mL oMLO

97.1 Determine the rare-earth element concentrations in (LJ','NOs-

Pu)O, mixed oxide powders and pellets (in accordance with 101.2 Counting Disks polished platinum, tantalum, or
the procedure outlined in Sections 81 to 88 of Test Methodstainless steel disks sized to fit the detection chamber. A disk 25

C 697. mm in diameter and 0.5 mm thick is commonly used.
101.3 Alpha SpectrometerThis should consist of the fol-
PLUTONIUM-238 ISOTOPIC ABUNDANCE BY lowing components:
ALPHA 101.3.1 Silicon Surface Barrier Detectorwith an active
SPECTROMETRY area of at least 100 mm100 pm or greater depletion depth,
and a resolution of 20 keV or less full width at half maximum
98. Scope (FWHM) (for 2*?Am 5.486 MeV alphas) is suitable. A detector
98.1 This test method covers the determination of theVith & rear microdot connector should be SE?C'f'eQ'
plutonium-238 (23%Pu) isotopic distribution in plutonium-  101.3.2 Evacuable, Light-Tight Chambef® in which the

uranium (PuU) samples. It is particularly useful for samples ind€tector and the counting plate on its support can be mounted.
which the plutonium-238 £28Pu) content is in the range from 101.3.3 Preamplifier charge-sensitive field effect transistor,

0.01 to 1 %. with noise less than 4.6 keV when used with above detector
(100 @ capacitance).
99. Summary of Test Method 101.3.4 Detector Bias SupplyO to 1000 V, continuously

. . . . . variable, well-regulated and stable, with noise and ripple less
99.1 The isotopic analysis of plutonium for th&%Pu iso- than 0.0002 %

tope involves the prior separation of interferences. After
dissolution of the sample the plutonium is separated from
interferences by an anion exchange techni(@8-31) Nitric
acid, H.NQ”(A' M) IS US(?d to aqsor_b the pIUt,Onlum frac_tlon on 29 A simple but adequate chamber is commercially available from ORTEC or
the resin and to elute interfering ions principally uranium andrennelec, Oak Ridge, TN.
americium. The plutonium is then eluted with HN@®.5 M).
Since an alpha-activity ratio is measured in the determination,
gquantitative recovery of the plutonium is not required. The 7 EZM‘M D‘A"f
alpha spectrum in the 5 to 6-MeV region is then obtained. The
total counts in the**®Pu and the®**Pu + 2*%Pu peaks are F
obtained and corrected for background. F##®u abundance is s
calculated from the ratio of the alpha activity due’t8Pu and g
n

that due to thé>*Pu +2%°Pu. The abundance 6t%Pu and®*°Pu ]
is determined by mass spectrometry on a separate portion of (% -

the purified sample.

[6MMR
100. Interferences

100.1 Americium-241?*?Am, is always present as a result
of ?*Pu decay and is a direct interference which must be y
removed prior to the determination é#Pu. Other nuclides 2MMWT
which would interfere such &2U, 2**Am, 2*°Cm, and**Bk

are not likely to be present following the separation. Uranium, ]

— 13M

<

while not a direct interference to the alpha-pulse height
determination, can contribute a high-salt content to the sample M
mount which can decrease resolution of the alpha spectra and

consequently decrease the sensitivity of the method. The 12 MDA
uranium is an interference for the mass spectrometer analysis 2 MM DIA
part of this procedure. FIG. 9 Extraction Column

-
el | CM|e—
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101.3.5 Main Spectroscopy Amplifielow noise, with vari- 104.1.1 Weigh sufficient sample to provide 50 mig5 mg
able shaping constants and baseline restoration. of plutonium. Transfer to a vial. Add 10 to 15 mL of 1@
101.3.6 Biased Amplifier and Pulse Stretchavith continu-  HNO,; and one drop of concentrated HF. Bring to slow boiling
ously adjustable post-gain and automatic pile-up rejection. on a hot plate, at medium setting. The sample should be
101.3.7 Multichannel Pulse-Height AnalyzerA multichan-  dissolved in approximately 1 h.
nel analyzer is most versatile and convenient, since it can be 104.1.2 Transfer 250 pL of the plutonium sample solution (1
used for the acquisition of data from one to four detectorang Pu) to a freshly prepared ion exchange column (see 101.1
simultaneously. Even if only one detector is used, such aand 102.1).
analyzer has the advantage that background may be stored in104.1.3 Wash the ion exchange column with approximately
another subgroup and subtracted electronically from the sped column volumes of 4 HNO,.
trum of interest, and that several spectra can be stored and104.1.4 Elute the plutonium from the resin by washing with
compared. An analyzer that permits setting windows around0 mL of 0.5M HNOs.
the peaks of interest and electronic integration is especially 104.1.5 If processing a mixed oxide sample containing
convenient. The analyzer should accept pulses 0 to 10 V angreater than 50 % uranium add 10 mL of WDHNO ; to the
3-6 us in width, and should have a capacity of at leaS1D  eluted sample, transfer the sample to a new ion exchange
counts full scale per channel. column, and repeat 104.1.3 and 104.1.4.
101.3.8 Teletype, Typewriter, or Other Peripheral Devijce  104.1.6 Mount 20 L or at least 1 ug Pu from the elution on
may be used for output of the data from the multi-channek counting disk and dry under a heat lamp.

analyzer. 104.1.7 Fire the disk by slowly heating the disk to dull
101.4 Micropipets 50-pL redness in a flame.
101.5 Infrared Heat Lamp 104.1.8 Place the counting disk in the chamber of the alpha

102. Reagents and Materials spectrometer and evacuate the chamber. Count the sample until
: there are at least 2500, and preferably 10 000, counts or more
102.1 Anion Exchange Resifi (50-100 mesh), containing in the 5.50 MeV peak of*&Pu.
pyridinium exchange groups (basic resin-chloride ionic form), 104.1.9 Obtain the total count for an equal number of
is prepared by washing thoroughly wittML.sodium hydroxide  channels over thé*®u (5.50 + 5.46 MeV) peaks and the
(NaOH) solution until the resin turns dark brown in color. Then,sgpy + 24%Py (5.11 to 5.17 MeV). Subtract the background
with 1 M nitric acid wash until the resin returns to its original counts in the same channels, adjusted for the same Counting

yellow color. Repeat once and store in deionized water.  time, from the total counts in the peaks, to obtain the net
102.2 Deionized Water counts.
102.3 Hydrofluoric Acid (HF), concentrated. 104.1.10 Using an aliquot from the purified sample obtained
102.4 Hydrochloric Acid (HCI), 6 M. in 104.1.4 or 104.1.5, perform analysis ffPu, 2*%Pu,?**Pu,
102.5 Nitric acid  (HNO3), 0.5M, 1M, 4 M, 10 M. and?*?Pu by mass spectrometry in accordance with Sections
102.6 Nitric Acid (HNO,) solution, concentrated. 73 to 79 of Test Methods C 697.
102.7 Sodium Hydroxide (NaOH), 1M. 104.1.11 Calculate the weight percéitPu as follows:

103. Calibration of the Alpha Spectrometer W, = SWehs + WoAo) (20)
103.1 Initial Alignment—Set the biased amplifier so that ’ AeCo

channel zero is at about 5 MeV. Use a standard alpha sourcgnere:
such as the 5.30 MeV particle 6f°Po, or the 549 MeV  \w, = weight % of23%Pu,

particle of***Am, for calibration. Establish the system gain at W, = weight % of?3**®Pu from mass spectrometry (normal-

some convenient value, such as 5 keV/channel. Alternatively, a ized)3*

238239y source may be used. W, = weight % of**°Pu from mass spectrometry (normal-
103.2 Resolutior—Count the standard source and determine ized)3*

the energy span at half the peak height. AFWHM of 30 keV or A; = alpha specific activity of>%Pu,

less is desirable, but 50 keV can be tolerated. A, = alpha specific activity of>*%Pu,
103.3 Backgrouné—Obtain a background spectrum with a A, = alpha specific activity of*®Pu,

clean counting disk in the chamber. Cs = observed counts if*Pu peaks, and

103.4 Frequency of Calibratioa-The system gain and Ce observed counts i Pu peaks +2%Pu peak. .
resolution should be checked periodically, in order to maintain The specific activity of a nuclide is calculated from its
the same operating conditions and to check whether anfalf-life by the formula:
deterioration of the spectrometer has taken place. Daily back- 7.942x 101
ground counting is advisable, to ensure that there has been no Specific activity(d/min/ug = —x—— (21)
contamination of the chamber or detector.

104. Procedure
104.1 Preparation of Sample

where:

*1The mass spectrometry values f&fPu, 2*°Pu, ?**Pu, and®*?Pu should be
%9 Bio Rad Laboratories “Bio-Rex 9” has been used successfully. normalized to 100 %.
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A = atomic weight of the nuclide, and included are sample preparation, sample mounting, sample degassing, and
half-life, years (see Table 4). the heating pattern for obtaining ion emission for the ratio measurements.

ta
Units of the specific activity are disintegrations per minute — g |nterferences

microgram. Table 4 . . .
crogra able 108.1 Uranium-238 antf®u interfere in the measurement

105. Precision and Bias of the other and®*Am interferes with the measurement of

24 iri ; ; ;
105.1 The relative standard deviation of the test method for Pu, thereby requiring chemical separation. Separation of

a single determination i2 % or better, depending on the total other components provides uniform ionization of uranium or

. . . . |utonium, hence improved precision, and reduces the inter-
integrated counts in each peak. The 2 % figure is based .

. . erence from molecular species of the same mass number as the
accumulating at least 2500 counts in #f&Pu alpha peak for

samples containing 0.01 % of that isotope. For most sampleg,ramum or plutonium isotopes being measured.

a much larger count will be accumulated in this peak, with

: - - - .. 109. Apparatus
correspondingly better precision. The inaccuracy with which )
the half-lives of the plutonium isotopes are known constitutes 109.1 Mass SpectrometerA typical mass spectrometer

a bias of the test method. laboratory would have 305-mm (12-in.) radius of curvature, 60
or 90° sector, single or double focusing, and single- or
AMERICIUM 241 IN PLUTONIUM BY GAMMA-RAY multiple-filament thermal ionization instruments designed for
SPECTROMETRY isotopic abundance measurements on high-atomic mass ele-
(Test Method C 1268 may be used for the determination ofnents. Resolution and abundance sensitivity specifications are
Americium 241 in plutonium.) dictated by the end performance desired of the instrument. In
general, a typical 33), (34) well-designed single-stage mass
URANIUM AND PLUTONIUM ISOTOPIC ANALYSIS spectrometer should resolve adjacent masses in the 230 to 245
BY MASS SPECTROMETRY mass range with less thanx110™* interaction between tails.
Abundance sensitivities of less than 1 in 20 000 should be
106. Scope obtained.

106.1 This test method covers the determination of the 109.2 The mass spectrometer should also be equipped with
isotopic composition of uranium and plutonium in nuclear-the following: a collector that adequately suppresses electrons;

grade mixed oxides ((U, Puyp an expanded scale strip-chart recorder; or a suitable scaler-
timer and voltage-to-frequency converter combination for
107. Summary of the Test Method digital measurements. Without this type of measuring circuit,

107.1 The uranium and plutonium are separated from eacf€ limit of error for a ratio measurement is0.5 relative %.
other and purified from other elements that would interfere by 109.3 AnOptical Pyrometershould be available to deter-
selective extraction or anion exchange purification. The urafMine the filament temperature.
nium and plutonium fractions are individually mounted and
dried on rhenium filaments. Tungsten or tantalum filamentd10. Reagents
may be substituted with minor modifications in the procedure. 110.1 Anion Exchange Resit?

The prescribed ion beam and intensity are obtained, the 110.2 Ethylenediamine Tetraacetate (EDTA) Solution (0.03

spectrum is scanned, the peaks are recorded, and the relativf—Dissolve 1.12 g of disodium ethylenediamine tetraacetate

abundances of the isotopes are calculatda)( dihydrate (EDTA) in 90 mL of water, adjust the pH to 7, and
dilute to 100 mL with water.

Note 24—For the highest precision and bias, all steps of the mass . .
spectrometric analytical procedure must be strictly adhered to in order to 110.3 Ferrous Sulfamate Solution (3.2 M)Dissolve 794 g

maintain the same experimental conditions for all analyses. Failure to bef ferrous sulfamate (Fe(N4$05),) in water and dilute to 1 L.
consistent will have a direct effect on the observed data and will be 110.4 Hydrochloric Acid (2 M}—Dilute 17 mL of hydro-
detrimental to the precision and bias of the ratio measurement. Stepshloric acid (HCI, sp gr 1.19) to 100 mL with water.

110.5 Hydrochloric Acid (12 M)}-The hydrochloric acid
must be at least 1M and can be prepared by bubbling

TABLE 4 Principal Alpha Peaks of Interest # . A )
hydrogen chloride gas through hydrochloric acid of lower

Nuclide t1/2, years AEng?g;’a,[;:\'f ALTLTE;;EZ{E concentrations. Determine the molarity by titration with a
' percent standard base.

238py 87.75 5.50 72 110.6 Hydrochloric-Hydriodic Acid Mixture (12 M HCI-0.1
ss9p, 24 400 g‘llg 533 M HI)—This mixture must be made just before use. Add a

514 451 calculated amount of hydriodic acid to MHCI (146.15). The

5.11 15 hydriodic acid must be free of hypophosphorus acid that is
%Pu 6,540 517 76 used as a preservative in reagent grade hydriodic acid. This can
. 133 S o be done by distilling the hydriodic acid.

5.44 12.7

5.40 1.3

“Data taken from Ref (31). Half-lives have been updated to values accepted as -
of July 1974. Peaks of low abundance (less than 0.1) have been omitted. %2 Bjo-Rad AGMP-1, 50-100 mesh, has been found satisfactory.
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110.6.1 Caution—To avoid danger of explosions, hydriodic | =
acid should be distilled only in an inert atmosphere. Determine

average measured value?fU/ 228U for n different
analyses.

the molarity of the hydriodic acid by titration with a standard At the 95 % confidence level, the mass discrimination

base.

110.7 Hydrofluoric Acid (1 My—Dilute 1 mL of hydrofluo-
ric acid (HF, sp gr 1.18) to 29 mL with water.

110.8 Hydroxylamine Hydrochloride Solution (5 M)
Dissolve 348 g of hydroxylamine hydrochloride (N®H-
HCI) in water and dilute to 1 L.

110.9 Nitric Acid (0.75 M)}—Dilute 4.8 mL of nitric acid
(HNOg, sp gr 1.42) to 100 mL with water.

110.10 Nitric Acid (1 M)—Dilute 6.3 mL of nitric acid
(HNOg, sp gr 1.42) to 100 mL with water.

110.11 Nitric Acid (8 M)—Dilute 50 mL of nitric acid
(HNOg, sp gr 1.42) to 100 mL with water.

110.12 Nitric-Hydrofluoric Acid Mixture (15 M HN@-0.05
M HF)—Add 0.9 mL of hydrofluoric acid (HF, sp gr 1.15) to
485 mL of nitric acid (HNQ, sp gr 1.42) and dilute to 500 mL
with water.

110.13 Perchloric Acid (1 M}—Dilute 17 mL of perchloric
acid (HCIQ,, sp gr 1.67) to 200 mL with water.

110.14 Perchloric Acid (6 M}—Dilute 5 mL of perchloric
acid (HCIQ,, sp gr 1.67) to 10 mL with water.

110.15 Sodium Hydroxide (4 M}-Dissolve 16 g of sodium

hydroxide in 80 mL of water and dilute to 100 mL with water.

110.16 Sodium Nitrite Solution (2 M)}-Dissolve 138 g of
sodium nitrite (NaNQ) in water and dilute to 1 L.
110.17 Thenoyltrifluoroacetone (0.5 MyDissolve 110 g of

thenoyltrifluoroacetone (TTA) in xylene and dilute to 1 L with

xylene.

111. Calibration of the Mass Spectrometer

correction for>>U/2%%U can, under ideal conditions, be deter-
mined with a precision that is equal to or less than 2 in 10 000.

Note 25—Corrections for mass discrimination of plutonium are made
by assuming that under equivalent analytical conditions the mass-
dependent isotopic fractionation effects for uranium and plutonium are
identical. This method of calibrating for plutonium mass discrimination is
highly dependent upon establishing equivalency of analytical conditions
and can be subject to significant systematic errors. Although plutonium
isotopic SRMs available from NIST, certified relative to uranium, present
some unfavorable factors, magnitude of #7&Pu/ 2*%Pu ratios and the
small (one) mass difference, for the most precise and accurate mass
discrimination determination; it is an attractive alternative that establishes
a common measurement base using plutonium.

111.3 Linearity—The linearity of the mass spectrometer
may be determined over the ratio range from 0.1 to 10, 0.05 to
20, or 0.005 to 200 by measuring tHé%U/ 23%U, under
identical analytical conditions, of NIST SRMs U100-U500-
U900, SRMs U050 through SRM U930, or SRMs U005
through U970, respectively. The ratio of the certiffédU/>8U
ratio to the experimentat®®U/?*& ratio is a dimensionless
number and is independent of isotopic ratio, if the system is
linear. Under ideal conditions, any deviation from a constant
value greater than 4 in 10 000 is likely to be nonlinearity. Only
uranium SRMs are used because the range of isotopic ratios of
existing plutonium SRMs is not adequately large.

112. Procedure

112.1 Sample Preparation-Dissolve a few milligrams of
sample in 19V HNO;-0.05M HF mixture by heating. Dilute
the sample solution in enoughM HCIO, to give a solution
containing 100 pg Pu/mL.

111.1 Mass Discriminatior~The measurement and correc-
tion for mass discrimination is a critical factor in obtaining
precise and accurate results. Equally critical to the accuracy . . -
the measurement is the linearity of the total measuring circuit, léfz'lfja:gkgvzn g:leﬂlécigogﬁhﬁ;;mme solution containing 10
including the collector. Calibration of the mass spectrometer &9 : P dryness. ) . .

. 112.2.2 Dissolve the residue inM HCI; heat slightly, if
based upon the assumption that these are the only two sources
A : . . necessary.
of significant (>1 in 1¢%) systematic error in the measurement.

NP : 112.2.3 Add 10 pL of ferrous sulfamate solution and 50 pL
Thus, accurate calibration is made by analyzing standards of . ; : . N
known isotopic composition under conditions in which cross-Of 5 Mhydroxylamine hydrochloride. Digest for 5 min at 80°C.

contamination between samples does not occur. 112.2.4 Add 2 mL of 0.5M TTA, stir for 2 min, and

) ) centrifuge the sample. Transfer the aqueous phase to a clean
111.2 The recommended calibration standard, for determ\—/iaI 9 P q P

nation of mass discrimination to be used to correct both ; :
uranium and plutonium ratios, is NIST SRM U500 (Note 25).80:1%2'2'5 Add 500 pL of M NaN©, and digest for 5 min at
T_he Qeyiatipn from the certified value is a measure of the mass 112..2.6 Add 2 mL of 0.5M TTA, stir for 2 min, and
d!scr|m|nat|0n_ of the spectrometer f°f a th_ree mass unlE:entrifuge the sample. Transfer the TTA phase (Pu fraction) to
difference. Using thé>%U/?3®J mass discrimination factor, the a clean vial

mass discrimination is then calculated for each ratio and mass 112.2.7 éave the aqueous phase (U fraction) and continue
range to be calibrated. Th&U/>®U mass discrimination with it in 112.2.13

factor, B, is calculated as follows: 112.2.8 To the TTA phase, add 2 mL oM HNO;, stir for
2 min, centrifuge, and transfer the TTA phase to a clean vial.
112.2.9 Repeat 112.2.8.

112.2 Separation of Plutonium and Uranium by Solvent
OI%xtraction

B = (UAM)[( = RRy — 1] (22)

\I/there: discrimination fact 112.2.10 Add 1 mL of 8 HNO ,, stir for 2 min, centrifuge,
= mass discrimination factor ;
) and transfer the aqueous phase to a clean vial.
AM = mass unit difference= (238-235), . P

112.2.11 Evaporate the solution to dryness by heating the

Rs certified value of SRM, and vial on an aluminum block at 120°C.
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112.2.12 Dissolve the plutonium residue in 0.5 mL of 0.75the following manner: 1 A for 10 min, 1.3 A for 3 min, and

M HNO; and reserve for 112.4. slowly increase the filament current to a maximum, usually 1.8
112.2.13 To the aqueous phase from 112.2.7, add 200 uL ¢ 2.2 A in air, that is safely below red-heat (approximately
5 M NH,OH-HCI. Digest for 5 min at 80°C. 600°C). The temperature of the filament during the final stages
112.2.14 Add 1.0 mL of 0.0 EDTA and 1 drop of methyl of sample mounting is a critical factor and must be carefully
violet indicator solution. controlled to prevent significant variations.

112.2.15 Add 4M NaOH until the solution turns blue, then Note 27—The rhenium filaments may be cleaned by heating M 5
add one more drop. HCI for several hours to remove surface contaminants, then rinsed in high
112.2.16 Add 2 mL of 0.9M TTA, stir for 2 min, and  purity water and dried in a clean air environment. The final cleaning,
centrifuge. which is the minimum recommended, is degassing in a vacuum station
112.2.17 Transfer the TTA phase to a clean vial, add 1.0 mland under a potential field fat. h at approximately 2000°C.

of 1 M HNO;, stir for 2 min, and centrifuge. . 112.4.2 Insert filament assembly into the mass spectrometer
112.2.18 Transfer the aqueous phase to a clean V|a|, addﬁ']d obtain a source pressure of less than 400 HBA 13 -6
drops of HCIQ, and evaporate to dryness. torr).
112.2.19 Dissolve the uranium residue in enough W5 112 4.3 Degas by adjusting the ionizing filament tempera-
HNO; to give a solution containing 1 mg U/mL and reserve fortyre to 2140°C and set the sample filament currents at 1.5 A.

112.5. _ _ _ After 3 min of heating, readjust the ionizing filament tempera-
112.3 Separation of Uranium and Plutonium by lon Ex- tyre to 2140°C and set the sample filament currents at 1.7 A.
change (39): After 15 min of heating, turn off all filaments and allow to cool

112.3.1 Add 10 drops of 8 HCIO, and 10 drops of M for 30 min for high-accuracy measurement and for 15 min for
HF to an aliquot of the sample solution (147.1) containingproduction analyses.
approximately 100 pg of uranium or 30 ug of plutonium, or _ _ _ _
both, and evaporate to dryness. NoTe 28—Sample degassing may be considered optional for plutonium

. . . isotope analysis but is strongly recommended for high reliability. Degas-
112.3.2 _D'SSOIVe_ the residue in 9'5 mL of M HCl and sing is considered essential for measurements with high-sensitivity
transfer with the aid of a 0.5-mL rinse of I HCI to the  electron detectors where low-level interference from organic and inor-
prepared column. ganic molecules is a major problem. Degassing is also essential with

N 26—p | foll ol | lasti conventional faraday cup detectors when there are small amounts of
ote 26—Prepare a column as follows: place a glass or plastic Woobrganic or inorganic impurities.

plug in the bottom ba 6 by 60-mm column. Slurry the resin in water and . ] )
pour the resin into the column, avoiding formation of air bubbles, untilthe 112.4.4 Heating Pattern and Isotopic Ratio Measurement
resin is 50 mm in height. Condition the column just before use by passing 112.4.4.1 During the first minute, adjust the ionizing fila-

5 mL of 12M HCI through the column. ment temperature to 2140°C, set the sample filament currents
112.3.3 Elute the americium with 4 mL of 1@ HCl and @t 1.5 A, locate the'®'Re peak, and focus for maximum
discard. Intensity.
112.3.4 Elute the plutonium with 4 mL of 14 HCI-0.1 M Note 29—The ®Re signal is normally 1.5 to 1.8 10 ““'A and
HI, evaporate to dryness, and continue with the plutoniunmtecaying. If the rhenium signal is unstable or erratic, the analysis should
fraction in 112.3.8. be terminated. The most probable causes of an unstable signal are a

112.3.5 Wait 10 min to ensure complete reduction of anydefective filament, large alkali background, and electronic instability.
residual plutonium and add 6 mL of 22 HCI-0.1 M HI to the 112.4.4.2 At 5 min, readjust the ionizing filament tempera-

column to remove the traces of plutonium. ture to 2140°C. Increase the sample filament currents to yield
112.3.6 Add 0.5 mL of 0.IM HCI to the column and a PUJ signal of 2x 10 *?A. Focus for maximum signal
discard. intensity.
112.3.7 Elute the uranium with 4 mL of 0 HCI and 112.4.4.3 At 10 min, adjust the sample filament currents to
evaporate to dryness. yield a PU signal of 5x 10 *2A. Focus for maximum signal

112.3.8 Add 0.5 mL of 15.4M HNO; to the plutonium intensity.
residue (112.3.4) and to the uranium residue (112.3.7) and 112.4.4.4 At 15 min, check the ionizing filament tempera-
fume to dryness to expel chloride and destroy any organieure and adjust to 2120°C if necessary.
matter. 112.4.4.5 At 20 min, adjust the sample filament currents to
112.3.9 Repeat 112.3.8. yield a Pd signal of 1x 107 ™A,
112.3.10 Dissolve the plutonium residue in enough 075 112.4.4.6 At 25 min, readjust, if necessary, the sample
HNO; to give a solution containing 20 pg Pu/mL and dissolvefilament currents to yield a Pwignal of 1x 10 *A. Focus
the uranium residue in enough 0.WBHNO; to give a solution  for maximum intensity. Determine baselines f3? Pu and®*°
containing 1 mg U/mL. Pu (See Note 32).
112.4 Mass Spectrometer Measurement of Plutonium 112.4.4.7 At 30 min, start the ratio measurement (Note 30).
112.4.1 Mount the sample by placing 10 pL of plutoniumThe PJd signal intensity should be approximately 1.0 to
solution (112.2.12 or 112.3.10), containing 0.2 pg of pluto-1.2 X 10 A and slowly changing. For complete isotopic
nium, on each suitably prepared 0.031 by 0.762-mm (0.0012haracterization measure the ratios (Note 31) on a strict time
by 0.030-in.) rhenium sample filament (Note 28) and evaporatschedule that is the same for each analysis and in the following
to dryness with a heat lamp and electrical current adjusted isequencez*Puf*Pu; 2**Puf*Pu; 2*PuP*°Pu; 2% uP*%Pu;
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242PuP%Pu; 24 PuP%Pu; PuP*%Pu. Exception to the recom-  112.5.4.4 At 15 min, check the ionizing filament tempera-
mended ratio sequence is suggested when the measureméante and adjust to 2120°C if necessary.

uncertainty of the isotopic ratio is very large with respecttothe 1125.4.5 At 20 min, adjust the sample filament currents to

mass discrimination factor. For many samples, the ratio seyje|d a 4x 107A U* signal and focus for maximum intensity.
4 .24 4 . 24
quence may be changed &PuF*Pu; **PufPu; **%pu/ 112.5.4.6 At 25 min, readjust, if necessary, the sample

.24 4 .23 4 . 24
_2|_4r$Pun, nl]lzu/: ofru'ti gpuf OPur,rart]id tgetn g‘nﬁﬁsg?i%wn ;PLL iofflament currents to yield a % 10 A U * signal. Focus for
€ number of ratio S€1s per ratio cetermination can be Vaneg, . m intensity and then determine baselines¥au and
but will usually fall within the range from 7 to 10. The number 23

of ratio sets is determined by the point at which the internal i ,
standard deviation is smaller than the external or between- 112-5:4.7 At30 min, start the ratio measurement ('}'101'[6 30).
filament standard deviation. The U’ signal intensity should be approximately410 A

_ _ _ ~and slowly growing. For complete isotopic characterization
Note 30—The “peak-hopping” technique of ratio measurements ismeasure the ratios (Note 31) on a strict time schedule that is the

normally preferred to the “mass-scanning” technique. Baselines ar'es3me for each analysis and in the following sequeﬁ%/

therefore determined immediately before or after each ratio determinatiopag ,. 234 ;235 ;. 236 1123 - .
within the analysis, or both. If there is significant baseline drift or U; UL 22U, For a major isotope characteriza-

resolution problems, then mass scanning must be used. tion, the ratio sets per ratio determination can be varied but will
Note 31—The peak top observation time is governed by many factor&iSually fall within the range from 7 to 10. The number of ratio
including: response of the measuring circuit; emission stability; rate ofSets is determined by the point at which the internal standard
signal decay; settling time of magnet switching circuit; and desireddeviation is smaller than the external or between-filament
precision and accuracy of the measurement. For most systems equippgthndard deviation.
with vibrating reed electrometers, there is a minimum delb$ s for
circuits to stabilize after peak switching occurs in the ratio range from 13. Calculation
0.05 to 20. Outside of this range, longer delay times may be required tg‘ - Laiculatio
minimize the effects of system response and should be determined for 113.1 Averaging Peak IntensitiesObtain the peak inten-
each measuring circuit/mass spectrometer. sity for a single ratio by subtracting the average baseline
112.5 Mass Spectrometer Measurement of Urarium reading from the average peak heights of a set of three peaks.
112.5.1 Mount the sample by placing 10 pL of uranium The averages for the peak heights are taken at the center of
solution (112.2.19 or 112.3.10), containing 10 pg of uraniumfime for the set and consists of two peaks for one isotope and
on each suitably prepared 0.031 by 0.762-mm (0.0012 bgne peak for the other. The ratios of the determination are
0.030-in.) rhenium sample filament (Note 27) and evaporate t6alculated using a “dependent” set in which all peaks are used
dryness with a heat lamp and an electrical current adjusted ifwice in the calculation, exclusive of the first and last. The
the following manner: 1 A for 10 min, 1.3 A for 3 min, and “independent” set in which all peaks are used only once in the
slowly increased until the yellow-orange oxide forms (1.8 tocalculation is not preferred because a significant amount of
2.2 A). If the color change cannot be detected, exercise extrenfiata is rejected; the ratio is biased when the ion emission is
caution to avoid temperatures significantly greater than 600°Q1onlinear or the rate of change is great.

The temperature of the filament during the final stages of _ .
le mounting is a critical parameter and can produce Note :_%2—For autpma_ted and semiautomated systems, the baseline and
Sfam.p. . 9 'p P SEak height determinations are performed by a computer. However, the
significant bias between runs, if not carefully controlled. basic principles are the same whether the ratios are determined manually
112.5.2 Insert the filament assembly into the mass spegGrom a strip-chart recorder or by computer. TH&Pu and?*%Pu or23%U
trometer and obtain a pressure of less than 400 uPai8°®  and”U baselines are the average of the initial and final low-mass and
torr). high-mass reading. Usually, the initial and fifafPu?*%u or23°U/2%%y
112.5.3 Degas by adjusting the ionizing filament temperapasellne values_W|II not dl_ffer 3|gn|flca_ntly. It can be observed _that the
ture to 2140°C and set the sample filament currents at 1.5 AO/-Mass baseline value is always slightly greater than the high-mass
. - . Lo . Value. For most ratios, this difference is not a significant source of bias. In
After 3 min of heating, readjust the 'O_nlz'ng filament tempera-y,se instances where averaging this difference is significant, the baseline
ture to 2140°C and set the sample filament currents at 1.8 Anyst be determined at a point in the spectrum or on the high-mass side of
After 15 min of heating, turn off all filaments and allow to cool each peak. Because of possible scatter tails, the proper background zero
for 30 min for high-accuracy measurement and for 15 min forfor the other low-abundance isotopes is estimated as follows:

production ana_lyses. _ LMZ + (1/5) [HMZ — LMZ] (23)
112.5.4 Heating Pattern and Mass Spectrometer Ratio Mea-
surements where:
; - ; ; PR 1. LMZ = low-mass baseline, and
112.5.4.1 During the first minute, adjust the ionizing fila HMZ — high-mass baseline.

ment temperature to 2140°C, set the sample filament currents
at 1.5 A, locate the'®’Re peak, and focus for maximum  113.2 The average raw isotopic ratios are obtained from the

intensity (Note 29). ratios calculated by interpolation by use of appropriate scale
112.5.4.2 At 5 min, increase the sample filament currents téactors and are designated as follows:

yield a 1x 10 ™A U* signal and adjust focus controls for BPuPi9Pu= Ry

maximum intensity. 2HpyPi%Pyu= Ry,
112.5.4.3 At 10 min, adjust the sample filament currents to 292PyPi%u= R,

yield a 2x 10 A U* signal and focus for maximum intensity. ZpyP%Pu= Ry,
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and _ 95 % Confidence 95 % Confidence
B = Rgg Ratio Limit for High-Precision Limit for Production
234U/235U = R Conditions, % Conditions, %
236 1123 54 1 0.02 0.05 t0 0.2
U = Ry 100 0.02 to 0.05 01 t00.3
113.3 The final isotopic ratios are corrected for mass dis- 200 0.1 t00.2 0.2 1005
crimination as follows: . 93 09° 93 0t
R =[R/(1+ CB)], sinceB 114.2 Bias—The accuracy of an isotope ratio measurement,
_ under ideal conditions where synthetic calibration mixes are
= VAM[(R/Ry— 1] then 1+ AMB prepared from high-purity separated isotopes, is obtained by
=RIR (24)  the summation of three uncertainty components: mass spectro-
wher metric analytical error (precision of the ratio measurement);
R’ © e: final isotopic ratio corrected for mass discrimina- possible systematic_: error in th_e compc_;sition qf separate_d
tion isotopes; and pos_s!ble systematic error in chemical f_;malys_ls.
R = ave'rage raw ratio Under these conditions and with the most favorable isotopic
AM = mass unit differen’ce, ratio of unity, the accuracy will normally fall between 0.03 and
B = mass discrimination factor as determined in 111.2, 0-07 relative %. _ ,
and 114.2.1 Plutonium—Until the uncertainty components for
R = average measured valuéSt/ 238U for n different ~ Plutonium are properly evaluated, the accuracy is estimated to
analyses. be within 0.15 % for the ratio range from 1 to 20. Outside of
113.4 Calculate the atom and mass percent for all isotope§is range, the increased imprecision of the ratio measurement
as follows: and the analytical conditions, high accuracy versus routine,
Atom %, A = 100R/(1+ Rgo+ R 10+ R0+ R'ao will normally require larger limits for the accuracy.
Mass %,W,, = 100 MR/(240.05 + 239.0R' o, Note 33—The assumption that uranium and plutonium have the same
+241.06R' ;5 + 242.06R’ ,,+ 238.05R'g) mass discrimination factor under identical or equivalent analytical condi-
and tions, or both, is tenuous because of the difficulty in defining these
Atom %, A = 100R/(1+ R g+ R 55+ R conditions and obtaining the proper relationship. Unless these conditions
Mass %,W,,, = 100MR'/(238.05 + 234.0R are accurately produced, there can be systematic errors of 0.2 % per mass

unit in the mass discrimination factor. This systematic error is due to
variable isotopic fractionation for different analytical conditions and can
be demonstrated to range from less than zero to nearly 0.2 % per mass unit

+235.04R g + 236.05R 45)

VAVhere_: ¢ t of . isot d for uranium. Approximately the same magnitude can be obtained for
= alom percent of a given ISOtope, an . plutonium by changing the analytical conditions of the mass spectrometry.
R - f'iverage Corrgcted '203n Qurrent ratio of the given Based upon these experimental data, the uncertainty in the accuracy for
Isotope to thé %Pu or**4 isotope. (Note that Rfor the most precise plutonium ratio measurement must be larger until proper
240py or**® is equal to 1.) Rig = R',5 X R'gg R’ calibration using synthetic calibrating standards is performed.
6g = R' g5 X Risg 114.2.2 Uranium—When SRMs calibrated by synthetic

W,, = mass percent for isotopes, m,
W = mass percent of a given isotope, and
M = nuclidic mass of the given isotope.

standards are utilized under high-accuracy laboratory condi-
tions to calibrate the isotopic ratios of uranium extracted from
fuel rods or pellets, the estimated accuracy under favorable
114. Precision and Bias ratio conditions is 0.1 to 0.2 relative %. For production or
routine analysis, the mass spectrometric analytical error is
pic ratio measurements by thermal ionization mass spectrorrg-reater _and the possible systematic error in the chemical
reparation of the analyte samples is not only greater but

etry requires consideration of factors that are not necessaril sually undetermined in magnitude. For this type of analysis
readily apparent in the description of the test method. It '%e estimated accuracy of a favorable ratio will fall between 0.2

114.1 Precision—The ultimate precision and bias of isoto-

assumed that these factors are under rigid control durin nd 1.0 relative %
high-precision and high-accuracy measuring conditions. Sinc : o

control of these factors may be relaxed during routine or OXYGEN-TO-METAL ATOM RATIO BY
production analyses, the precision of the test method is given GRAVIMETRY
for two sets of laboratory conditions.
Plutonium 115. Scope
95 % Confidence 95 % Confidence 115.1 This test method covers the determination of the
Ratio Limit éor gigh-Precision Limét fo& Production oxygen-to-metal atom ratio (O/M) in sintered mixed oxide
onditions, % onditions, %
1 0.02 0.05 10 0.2 pellets and powders.
100 0.1t0 0.2 0.2 to 0.5
200 031005 05 t01.0 116. Summary of Test Method
1388 2'5 Egi é 12 fo 116.1 The sample is weighed before and after heating under
Uranium conditions that are reported by McNeilly and Chikalla to

produce a stoichiometric oxide (ratio 2.000) (36). These
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conditions are heating at 800°C for a minimurh6oh in an 119.4 Ice.

atmosphere of hydrogen-helium saturated with water vapor at 119.5 Magnesium Perchlorate Mg(ClO,),, anhydrous, for
0°C. The O/M is calculated from the weight change. the drying tube in the O/M apparatus.

117. Interferences 120. Safety Precautions

117.1 Depending upon the contents and natures of impuri- 120.1 Because of the toxicity of plutoniuum, all operations
ties in the sample, the weight change during analysis may bghould be performed within an approved glove box fitted with
affected by loss of volatile impurities or by oxidation or appropriate filters to contain any small particles of plutonium.
reduction of impurities. High concentrations of inert impurities A detailed discussion of the necessary precautions is beyond
would also reduce the weight change. The O/M values obthe scope of these test methods. Personnel involved in these
tained should be evaluated considering possible biases causagalyses should be familiar with safe handling practide<,

by impurities. 3).
118. Apparatus 121. Procedure

118.1 Analytical Balancecapable of weighing within=0.1 Note 34—This test method is based on a one-step heating cycle. Other
mg or better. thermogravimetric methods using a two-step heating cycle are also

118.2 Moisture Analyzercapable of measuring water con- Satisfactory for this analysig8, 39).
tents of argon or helium to less than 20 ppm. A Panametrics 121.1 Pellets

probe has been found satisfactory for this purpose. 121.1.1 Adjust the flow rate of the hydrogen-heliud) (
118.3 O/M Apparatus— See Fig. 10. (see Fig. 10) to 300 to 500 mL/min, adjust valves so that the
gas passes through the water bubbley, @dd ice to the Dewar
119. Reagents flask (G), turn on the furnacelj, and adjust its temperature to

119.1 Argon (A) prepurified grad€37) or equivalent, <20 800°C.
ppm water. Test water content with a moisture analyzer to 121.1.2 Heat the boat&) under the above conditions for 1
assure that the level is less than 20 ppm. h, remove the furnace tube from the furnace to allow rapid
119.2 Helium (He) high purity grade(37) or equivalent, cooling, and allow the boats to cool to room temperature in the
<20 ppm water. Test water content with a moisture analyzer thiydrogen-helium atmosphere.

assure that the level is less than 20 ppm. 121.1.3 Remove the boats from the furnace tube, weigh
119.3 Hydrogen-Helium Mixture6 % hydrogen, prepared each within=0.1 mg, and repeat 121.1.2 and 121.1.3 until a
from prepurified grad€37) or equivalent gases. constant tare weighd/( ;) is obtained for each empty boat.

)

A. ARGON OR HELIUM F. WATER BUBBLER K. FUSED SILICA TUBE

B. 6% H,-He G. DEWAR FLASK L. FUSED SILICA BOAT

C. DRYING TUBE H. PANAMETRICS CONTROL UNIT M. BUBBLER

D. FLOWMETER I.  PANAMETRICS PROBE N. TEMPERATURE CONTROLLER
E. NEEDLE VALVE J. FURNACE @ BALL VALVE

FIG. 10 O/M Apparatus
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121.1.4 Place a whole pellet or peices of a pellet having aninimum d 6 h under the conditions given in 121.1.1 (300 to
total weight d 1 g ormore in each boat and weigh within0.1 500 mL/min water-saturated, hydrogen-helium gas flow at
mg (W,) at room temperature. 800°C).

121.1.5 Place the boats containing the samples into the 121.2.7 Adjust the furnace temperature to 150°C and adjust
furnace tube, replace the furnace tube in the furnace, and helite valves so that the hydrogen-helium gas bypasses the ice
the samples for a minimumf & h under the conditions given bath bubbler.
in 121.1.1 (300 to 500 mL/min of water-saturated hydrogen- 121.2.8 Keep the samples at 150°C, increase the hydrogen-
helium with the furnace at 800°C). helium gas flow rate to about 1200 mL/min, and measure the

121.1.6 Remove the furnace tube from the furnace andhoisture content of the exit gas with the moisture analyzer.
allow the samples to cool to room temperature in the hydrogen- 121.2.9 When the moisture content of the gas is reduced

helium atmosphere. below 20 ppm, transfer the boats and samples to a desiccator.
121.1.7 Remove the boats from the furnace tube and weigAllow them to cool to room temperature and quickly weigh
each within=0.1 mg ¥\,). each boat and samplé/(,) within = 0.1 mg.

121.1.8 Repeat 121.1.5 through 121.1.7 until each boat 121.2.10 Repeat steps 121.2.7 through 121.2.9, if necessary,
weight remains constant withif0.2 mg. (Heating fo6 h in  to obtain constant weightsW,)
121.1.5 should be sufficient to attain constant weight.)

121.2 Powders 122. Calculation

121.2.1 Adjust the flow rate of dry helium (He) orargey) ( 122.1 Calculate the O/M ratio as follows:
(see Fig. 10) to 300 mL/min, adjust valves so that the gas does

not pass through the bubbler, turn on the furnaleand adjust O/M = 2.000 M (25)
: (W, — Wy)
its temperature to 800°C.
121.2.2 Heat the boatt) under the above conditions for 1 where:
h, remove the furnace tube from the furnace, and allow boatdV, = final weight of sample and boat,
to cool in the dry gas atmosphere to room temperature. W, = initial weight of sample and boat,
121.2.3 Remove the boats from the furnace tube, weighF = (formula weight of metal oxide)/15.999, and

each within+ 0.1 mg, and repeat 121.2.2 and 121.2.3 until aWy = tare weight of boat.
constant tare weigh ;) is obtained for each empty boat. o )
121.2.4 Add approximately 1.5 g of powder sample to eacht23. Precision and Bias
boat, adjust the furnace temperature to 150°C, replace the 123.1 The standard deviations obtained with mixed oxide
furnace tube in the furnace, place the boats with samples in theellets are 0.001 to 0.002 in the O/M.
furnace tube, and dry the samples at 150°C1fdn in the dry 123.2 The bias of the test method cannot be tested reliably
argon or helium flowing at 300 mL/min. because of the lack of suitable reference or calibration mate-
121.2.5 Transfer each boat and dried sample to a desiccatdals. The absence of bias depends upon quantitative conver-
and allow the sample to cool to room temperature. Quicklysion of the sample to the stoichiometric dioxide. The condi-
weigh the boat and sampl&V) within = 0.1 mg. tions of analysis were selected on the basis of thermodynamic
121.2.6 Prepare the O/M apparatus as described in 121.1.data to ensure complete conversion to the stoichiometric
Place the boats and samples into the furnace tube, and heat@xide, and therefore no measurable bias should exist.
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