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Standard Test Methods for
Chemical, Mass Spectrometric, and Spectrochemical
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This standard is issued under the fixed designation C 698; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript 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, C 833 Specification for Sintered (Uranium-Plutonium) Di-

mass spectrometric, and spectrochemical analysis of nuclear- 0xide Pe_lleté _ o _

grade mixed oxides, (U, Pu)Qpowders 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

C 1068 Guide for Qualification of Measurement Methods
by a Laboratory Within the Nuclear Industry

C 1108 Test Method for Plutonium by Controlled-Potential

Sections
Uranium by Controlled-Potential Coulometry 2
Plutonium by Controlled-Potential Coulometry

Plutonium by Amperometric Titration with Iron (I1)
Nitrogen by Distillation Spectrophotometry Using Nessler Re- 7 to 14

2
2

agent Coulometry

(T?zirblogh(qutal) bydDFiIrect.Corgbt;,stiOE-Tdhelrmal Conductivity ;3 EO gi C 1128 Guide for Preparation of Working Reference Mate-
otal orine an uorine by Pyronydrolysis (0] . - .

Sulfur by Distillation-Spectrophotometry 3e1dlas rials f_or Use in the Analysis of Nuclear Fuel Cycle

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

'Ffotopéc fr?mgosciﬁon bySMaSs gpectfmmetfy er s 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

Pa' ?asli)“ Fé‘ii?t?fé@fa?e "ﬂiXIEd DIiOXide Pellets {73; ;0 g‘s‘ C 1165 Test Method for Determining Plutonium by
ungsten by Dithiol-Spectrophotometry 0 . . .

Rare Earth Elements by Spectroscopy 04 to 97 Contr_olled-PotentlaI Coulometry inJ30 , at a Platinum

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

Gme('c'”m'i“él"l P'_UIO“I'U”; by iamlmé-Rbayﬁpectgomet"y 106 10 114 C 1168 Practice for Preparation and Dissolution of Pluto-
ranium an nium I n | rom- - . .

etr?, am and Fufonium isofopic Analysis by Mass spectro © 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.
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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


https://standards.iteh.ai/catalog/standards/sist/376f8fe0-36b4-4876-b18e-3c6989d45b00/astm-c698-98

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

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 fuggel in the gdistillation head.
10 mL of this SglutiOI’I'-%[O a 1-L volumetric flask an.d dilute to F=-FCWIPQty§/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. o _

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- 30-9 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_SpectrophotomeFeFUItrawolet 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 c;—:ta'tAe d%iji%(%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(ljni?e'?ozé%én#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-lig/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-ug/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-
! 35. Scope

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

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 HNCand 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 thF::- 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
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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.
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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
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