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QHny) Designation: E 267 — 90 (Reapproved 1995)

Standard Test Method for
Uranium and Plutonium Concentrations and Isotopic
Abundances *

This standard is issued under the fixed designation E 267; 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 D 1193 Specification for Reagent Water

1.1 This test method is applicable to the determination of D 3084 Practice for Alpha-Particle Spectrometry of Water
uranium (U) and plutonium (Pu) concentrations and their E 137 Practice for Evaluation of Mass Spectrometers for
isotopic abundances (Note 1) in solutions which result from the _Quantitative Analysis from a Batch '”ﬁ?t o .
dissolution of nuclear reactor fuels either before or after E 219 Test Method for Atom Percent Fission in Uranium

irradiation. A minimum sample size of 50 pg of irradiated U ~_Fuel (Radiochemical Methodl) S _
will contain sufficient Pu for measurement and will minimize E 244 Test Method for Atom Percent Fission in Uranium

the effects of cross contamination by environment U. and Plutonium Fuel (Mass Spectrometric Mettfod)

Note 1—The isotopic abundance 6f%Pu can be determined by this 3. Summary of Test Method

test method; however, interference fréU may be encountered. This 3.1 An aliquot of solution to be analyzed is spiked with
interference may be due t@)(inadequate chemical separation of uranium K : ¢ 233 d 2%%Py (2-6) U dp

and plutonium, 2) uranium contamination within the mass spectrometer, nown amoun_ S 0 an u ( ) an u are .
and @) uranium contamination in the filament. One indication of uranium S€parated by ion exchange and analyzed mass spectrometri-
contamination is a changing 238/239 ratio during the mass spectromet@la")/-

run, in which case, a meaningfti®u analysis cannot be obtained on that o

run. If inadequate separation is the problem, a second pass through tde Significance and Use

separation may remove the uranium. If contamination in the mass 41 Thijs test method is specified for obtaining the atom
spectrometer or on the filaments is the problem, use of a larger sample, f? tios and U atom percent abundances required by Test Method

example, 1 pg, on the filament may ease the problem. A recommend . .
alternative method of determinirfg®u isotopic abundance withotittu 244 and the U concentration required by Test Method E 219.

interference is alpha spectroscopy using Practice D 3084. U Nore 2—The isotopic abundance &%Pu normally is not required for
abundance should be obtained by determining the ratio of alpha particlgyrmup analysis of conventional light-water reactor fuel.

activity of 2°%Pu to the sum of the activities 6F%Pu and®*%u. (1)2 The )
contribution of23%Pu and2*%Pu to the alpha activity differs from their 4.2 The separated heavy element fractions placed on mass

isotopic abundances due to different specific activities. spectrometric filaments must be very pure. The quantity
1.2 The procedure is applicable to dissolver solutions of€duireéd depends upon the sensitivity of the instrument detec-

uranium fuels containing plutonium, aluminum, stainless steefflon system. If a scintillator(7) or an electron multiplier

or zirconium. Interference from other alloying constituents haﬁetector is used, only a few nanograms are required. If a

not been investigated and no provision has been made in t ear_aday cup is used, a few micrograms are needed. Chemical
test method for fuels used in tR&2Th-234 fuel cycle. purity of the sample becomes more important as the sample

1.3 This standard does not purport to address all of thesize decreases, because the ion emission of the sample is

safety concerns, if any, associated with its use. It is théezrgssoed by_impuriti?s. d ¢ | 0
responsibility of the user of this standard to establish appro-_. peration at elevated temperature (for example, 50 to

priate safety and health practices and determine the applica_ﬁooc) (Note 3) will greatly improve the separation efficiency of

bilitv of requlatory limitations bprior to use. ion _exchange columns. Such high-temperaj[ure operation y?elds
y g y P an iron-free U fraction and U-free Pu fraction, each of which

2. Referenced Documents has desirable emission characteristics.

2.1 ASTM Standards: Note 3—A simple glass tube column can be heated by an infrared lamp
until it is warm to the touch.

4.4 Extreme care must be taken to avoid contamination of

Lo ) o ) the sample by environmental U. The level of U contamination
This test method is under the jurisdiction of ASTM Committee C-26 on Nuclear

Fuel Cycle. —
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should be measured by analyzing an aliquot & 8itric acid  magnetic field or the accelerating voltage.
(HNO,) reagent as a blank and computing the amount of U it
contains. 6. Reagents and Materials

4.4.1 The U blank is normally 0.2 ng of total U. Blanks 6.1 Purity of Reagents-Reagent grade chemicals shall be
larger than 0.5 ng are undesirable, because as much as 5 ngufed in all tests. Unless otherwise indicated, it is intended that
natural U contamination in a 50 pg sample of fully enriched Uall reagents shall conform to the specifications of the Commit-
will change its®*U-to-**®U ratio from 93.3-t0-5.60 to 93.3- tee on Analytical Reagents of the American Chemical Society,
to-5.61 (that is, 16.661 to 16.631) or 0.18 %. where such specifications are availab@ther grades may be

4.4.2 Where a 10 % decrease 3iU-to-**%U ratio from  used, provided it is first ascertained that the reagent is of
neutron irradiation of a fuel is being measured, such contamisufficiently high purity to permit its use without lessening the
nation introduces a 1.8 % error in the difference measuremenéccuracy of the determination.
It is clear that larger blanks or smaller samples cannot be 6.2 Purity of Water—Unless otherwise indicated, references
tolerated. In the analysis of small samples, environmental Wo water shall be understood to mean reagent water conforming
contamination can introduce the largest single source of erroto Specification D 1193.
6.3 Anion Exchange Resif
5 Appar_atutc, S _ 6.4 Blended®*Pu and®*®U Calibration Standare—Prepare

5.1 Shielding—To work with highly irradiated fuel, shield- 5 sojution containing about 0.25 nf§%Pulliter and 25 mg
ing is required for protection of personnel during preparation o&38yjiter in 8 M HNO,, as follows. With a new, calibrated,
the primary dilution of dissolver solution. The choice of ¢jean Kirk-type micropipet, add 0.500 mL &f%Pu known
shielding is dependent upon the type and level of the radioacso|ytion (see 6.12) to a calibrated 1-L volumetric flask. Rinse
tivity of the samples being handled. o the micropipet into the flask three times withBHNO,. In a

5.2 Glassware—To avoid cross contamination, use only gimilar manner, add 0.100 mL &8 known solution (see
new glassware (beakers, pipets, and columns) from whiclg 14). Dilute exactly to the 1-L mark with Bl HNO, and mix

surface U has been removed by boiling in HNO+ 1) for 1 thoroughly. From the valu,.4see 6.12), calculate the atoms
to 2 h. Glassware is removed from the leaching solution, rinsegf 239 /mL_ of calibration standare,s, as follows:

in redistilled water, oven-dried, and covered until used to avoid . _ o

recontamination with U from atmospheric dust. Wrapping C239; f(m'- *Pu solution/1000 mL calibration standard .

clean glassware in aluminum foil or plastic film will protect it 29 @

against dust. From the valueK,;4see 6.14), calculate the atoms of
5.2.1 For accurate delivery of 500-pL volumes specified in*> U/mL of calibration standardC,zg as follows:

this procedure for spike and sample, a Kirk-type microp{Bjt Cyse = (ML 238U solution/1000 mL calibration standard

(also known as a “lambda” transfer pipet) is required. Such a X Kyag )

pipet is calibrated to contain 500 pL with0.2 % accuracy and ) ) : :
is designed to be rinsed out with dilute acid to recover its Flame-seal 3 to 5-mL portions in glass ampoules to prevent

. h . evaporation after preparation until time of use. For use, break
contents. Volumetric, measuring, and other type pipets are n b prep

sufficiently accurate for measuring spike and sample volume;%)tff the tip of an ampoule, pipet promptly the amount required,

T nd discard any un lution. If mor nvenient, th
5.3 Mass SpectrometerThe suitability of mass spectrom- and discard any unused solutio ore convenient, the

. . . calibration standard can be flame-sealed in premeasured por-
eters for use with this test method of analysis shall be evaluatet ns for quantitative transfer when needed P P

by means of performance tests described in this test metho 6.5 Blended 24?Pi® and 2% Spike Solution-Prepare a

and in Practice E 137. The mass spectrometer used Shou&lution containing about 0.25 m@“Pulliter and 5 mg

possess the following characteristics: - 233Y/liter in 8 M HNO,.'° Standardize the spike solution as
5.3.1 A thermal-ionization source with single or multiple follows:

f'IaSrgegtiﬁf Z‘near;'un;r(?:()ji s sufficient to resolve adiacent 6.5.1 In a 5-mL beaker, place about 0.1 mL of ferrous
e yz s sufict . ve ad) solution, exactly 500 pL of calibration standard (see 6.4), and
masses in the mass-to-charge range being studied, that

mle = 233 to 238 for U or mle= 265 to 270 for UQ" ions. actly 500 L of spike solution (see 6.5). In a second beaker,

Resolution must be great enough to measure one paRof place about 0.1 mL of ferrous solution and 1 mL of calibration
in 250 parts of>%U,
5.3.3 Aminimum of one stage of magnetic deflection. Since
: i ; 7“Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
the resolution is not affected, the angle of deflection may vary . ; . ;

. . . al Soc., Washington, DC. For suggestions on the testing of reagents not listed by
with the instrument design, the American Chemical Society, see “Reagent Chemicals and Standards,” by Joseph
5.3.4 A mechanism for changing samples, Rosin, D. Van Nostrand Co., Inc., New York, NY and the “United States
5.3.5 A direct-current, electron multiplier, scintillation or Phgg"awpel'i-" ins (either AG 1-X2 or AG 1.X4, 200 to 400 mesh) obtained

. . owex-1-type resins (either -X2 or -X4, 0 mesh) obtaine
semi-conductor detectdi7) followed by a current-measuring P

. - \ . from Bio-Rad Laboratories 32nd St. and Griffin Ave., Richmond, CA, have been
device, such as a vibrating-reed electrometer or a fast countingund satisfactory.

system for counting individual ions, ®When 2*Pu becomes available, it can be substituted ¥#Pu with the

R ; 7 advantage that it does not appear in the sample as a normal constituent.
5.3.6 A pumping system to aftain a vacuum of20r30 1°These isotopes in greater than 99 % isotopic purity are obtained through the

torr in the source,_the analyzer, and the _detector region_s, angivision of Research of the Atomic Energy Commission from the Isotopes
5.3.7 Amechanism to scan masses of interest by varying thaistribution Office of Oak Ridge National Laboratory.
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standard without any spike. In a third beaker, place 0.1 mL othe 100-mm mark five times.
ferrous solution and 1 mL of spike without standard. Mix well  6.10 Nitric Acid (sp gr 1.42—Distill to obtain a 16 M
and allow to stand for 5 min to reduce Pu to Pu (IIl) or Pu (IV) reagent low in U and dissolved solids. Dilute further with
to promote Pu isotopic exchange. redistilled water to 8V, 3 M, 0.5 M, and 0.05M concentra-
6.5.2 Follow the procedure described in 8.5.2-8.8.6. On théions.
Pu fraction, record the isotopic ratios ¥Pu to>*%Pu in the 6.11 Nitrite Solution (0.1 M)—Add 0.69 g of sodium nitrite
calibration standardz,,q; in the spike solution$,,q; and inthe  (NaNG,) and 0.2 g of NaOH to 50 mL of redistilled water,
standard-plus-spike mixturé,,q. On the U fraction, record dilute to 100 mL with redistilled water, and mix.
the corresponding®U-to-?*J ratios, Cyg Sy and Myyg. 6.12 #*%Pu Known Solutioa-Add 10 mL of 6M HCL to a
Correct all ratios for mass discrimination bias (see Section 7)clean calibrated 1-L flask. Cool the flask in an ice water bath.
6.5.3 Calculate the number of atoms28fPu/mL of spike,  Allow time for the acid to reach approximately 0°C and place
S,, as follows: in a glove box. Displace the air in the flask with inert gas (A,
_ _ _ He, or N,). Within the glove box, open the U.S. New
% = Caan{(Mar = Canllll =~ Moo/l (%) Brunswick Laboratory Plutonium Metal Standard Sample 126,
containing about 0.5 g Pu (actual weight individually certified)
and add the metal to the cooled HCI. After dissolution of the

6.5.4 Calculate the number of atoms%3fU/mL of spike,
S,, as follows:

S; = Coap{(Majg = Col[1 — (Maje/Syig) I} (4)  metal is complete, add 10 drops of concentrated HF and 400
6.5.5 Calculate the ratio 3f2Pu atoms t333U atoms in the ML of 8 M HNO; and swirl. Place the flask in a stainless-steel
spike, S5, as follows: beaker for protection and invert a 50-mL beaker over the top
Sys= S/S, ) and let it stand for at least 8 days to allow any gaseous
13

oxidation products to escape. Dilute to the mark withvi8
6.5.6 Store in the same manner as the calibration standatiNO, and mix thoroughly. By using the individual weight of

(see 6.4), that is, flame-seal 3 to 5-mL portions in glaspy in grams, the purity, and the molecular weight of the Pu

ampoules. For use, break off the tip of an ampoule, pipegiven on the NBL certificate, with atom fractiot?*Pu, A,,

promptly the amount required, and discard any unused solijetermined as in Eq 14, (see 9.2), calculate the atoms of
tion. If more convenient, spike solution can be flame-sealed i83%y/mL of 22%Pu known solutionK 6 as follows:

premeasured portions for quantitative transfer to individual
samples.

6.6 Ferrous Solution (0.001 M)}-Add 40 mg of reagent ©)
grade ferrous ammonium sulfate [Fe(NKSO,),-6H,0] and _ )
1 drop of 18M H,SO, to 5 mL of redistilled water. Dilute to ~ 6-13 Sucrose Solutior(0.002 M—Dissolve 0.07 g of re-
100 mL with redistilled water, and mix. This solution does not2dent grade sucrose in 100 mL of redistilled water. Store in
keep well. Prepare fresh daily. polyethylene to prevent alkali contamination. Prepare fresh

6.7 Hydrochloric Acid—Prepare reagent low in U and Week'ygg’gl‘j‘VOid fermentatiqn. . . .
dissolved solids by distiling 6M HCI or by saturating  ©:14 Known Solution-Heat triuranium octoxide

redistilled water in a polyethylene container with HCI gas(Y=Os) from the New Brunswick Laboratory Natural Uranium

which has passed through a quartz-wool filter. Dilute 6L Oxide Standard Sample 129 in an open crucible at 900°C for 1
M. 0.5M. and 0.05M HCI with redistilled water. Store each h and cool in a desiccator in accordance with the certificate

solution in a polyethylene container. One drop of acid, wherfccOmpanying the standard sample. Weigh about 6.Q@; U
evaporated on a clean microscope slide cover glass, must lea@gcurately to 0.1 mg and place it in a calibrated 100-mL
no visible residue. Test monthly. Commercial HCI (CP grade)VOIumemC flask. Dissolve the oxide in\ HNO; and dilute to

in glass containers has been found to contain excessive residft¢ 100-mL mark with 8V HNO; and mix thoroughly. By
(dissolved glass) which inhibits ion emission. using the measured weight of,0g in grams, the purity given

6.8 Hydrofluoric Acid—Reagent grade concentrated HF (28°0 the NBL certificate, ‘and the atom fractioffV, A,

M). ggetermmedzsgs in Eq 11, (_see 9.1), calculate the atoms of
6.9 lon Exchange ColumaOne method of preparing such U/mL of *U known solution Ky5g as follows:

a column is to draw out the end of a (150-mm) (6-in.) length of  Kzgs = (g UsO0g/100 mL solution X (percent purity/10D

4-mm inside diameter glass tubing and force a glass wool plug X (0.8480g U/1g U;0) X (6.022 10%%238.03 X Ag

into the tip tightly enough to restrict the linear flow rate of the ]

finished column to less than 10 mm/min. By means of a7, |nstrument Calibration

capillary pipet add resin (see 6.3) suspended in water to the

required bed length. Since the diameter of glass tubing mag 7'|1 I_n tth Cagbgatl?ﬁ of the masstspedctromettgr fo; the
vary from piece to piece, the quantities of resin and of liquid nalysis of U and Fu, the measurement and corréction of mass

reagents used are specified in millimeters of column length. Tg|scr|m|na}t|on bias is an important faqtor_m .obt{;unmg. accurate
and consistent results. The mass discrimination bias can be

impli mark th in ve the resin in millime- .
simplify use, mark the tubing above the resin bed ®measured on natural U where tR&U-t0-2% ratio spans

ters with a marking pen or back with a strip of millimeter graph 0 . U
paper. Dispense liquid reagents into the column from _Imos_t a 1.3 % spread in mass. Calculate the mass discrimina-
ion bias factorB, as follows:

polyethylene wash bottle to the length specified in the proce- B
dure. Thus 500 mm of wash solution can be added by filling to B = (1/0) [(Ry/R) — 1] (8)

K,39 = (g Pu/1000 mL solutionx (percent purity/100
X (6.022x 107 atoms/(Pu molecular weightx Ag
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where: of 1 M HF and 10 drops concentrated HG|@nd again mix.
FE,J. = average measured atom ratio of isotopeisotopsd, Place the beaker on a hot plate and heat to dense fumes of

= known value of the measured atom ratio. For the HCIO,, taking the sample to incipient dryness. Dissolve the
ratio of 2°U-t0-2*%U in natural U, R = 0.007258, residue in 250 pL of 83 HNOj; take care to ensure complete

and dissolution. Add about 100 pL of ferrous solution. In a second
¢ = A mass/mass. The values of c for various ratios andbeaker, place about 100 pL of ferrous solution and 1 mL of
ion species include: sample without any spike solution. As a blank for each series
Ratio U* or Pu* UO,* or PuO,* of samples, place 500 pL of Bl HNO;, about 100 pL of
s ferrous solution, and 1 mL of spike solution in another beaker.
U/?38y + 3/238 + 3/270 . .
236235 11235 11267 Mix well and allow to stand for 5 min to reduce Pu (VI) to Pu
233238y +5/238 +5/270 (1 or Pu (IV) to promote isotopic exchange. Follow the
U + 11235 + 11267 remaining procedure on each solution.
Pu/2*°Py -3/239 -3/271 - ) o
240py/239py -1/239 -1/271 8.5.2 Add 1 drop of nitrite solution to oxidize Pu to the
IPuPu ~2/239 -2/271 tetravalent state and evaporate the solution to near dryness to
7.2 Correct every measured average rafp, for mass reduce volume. Dissolve the residue in 250 UL d¥18INO;
discrimination as follows: take care to ensure complete dissolution.
Ry = ﬁ/j/(lJr cB) ) 8.5.3 Preparg a 20-mm Ion%] anion exchange column (see
6.9) for operation at 50 to 60°C. Since the diameter of the
where: . _ _ column may vary from one laboratory to another, the quantity
Ry = f[he cor_rected average atom ratio of isotopeo of resin and the quantity of liquid reagents used are specified in
Isotope). units of column length. Wash the column with 2700 mm of 0.05

M HNO; followed by 100 mm of 8V HNO;.

8. Procedure 8.5.4 Place a 5-mL beaker under the column to receive the
8.1 In mass-spectrometric isotope-dilution analysis it isunabsorbed fission product fraction and transfer the sample
imperative that 1) the sample be thoroughly mixed with the solution onto the column with a capillary pipet. Carefully wash
spike prior to any chemical operation, an) (sotopic ex-  the walls of the column with a few drops of @ HNO; to
change between the ions of the sample and the ions of the spikgsure that all the sample is absorbed on the column.

be achieved prior to any chemical separation step. Thorough g 5 5 complete the elution of unabsorbed fission products
mixing can be accomplished in a number of ways. with 50 mm of 8M HNO.

8.2 Isotope exchange between the uranium ions in the
sample and those in the spike is achieved by oxidation to the . : . .
hexavalent state. Any of a number of oxidizing agents plus he f3 MdHNO$' P“T'fVStg'S U solution further by following the
will accomplish this. In the perchloric acid fuming step of the PFOc€dure given in .. _ _
following procedure, exchange is assured as soon as the fumes8-5.7 Wash the column with 500 mm oMHNO,. Discard
of perch|oric acid appear. this wash. Elute Pu with 200 mm of O3 HN03 into a third

8.3 Exchange between the plutonium ions in the sample ang-mL beaker. Purify this Pu solution further by following the
those in the spike is far more difficult to achieve. Polymeriza-procedure given in 8.7.
tion of plutonium (IV) ions in the sample or spike, or both, 8.6 U Purification

often occurs and can inhibit, or even prevent, reduction or 8.6.1 Evaporate the U solution (see 8.5.6) to dryness. Add a
oxidation to a common oxidation state. Furthermore, even iflew drops of concentrated HCl and again evaporate to dryness.
the absence of plutonium (IV) polymers, complete oxidation 8.6.2 Prepare a 5-mm long anion exchange column (see 6.9)

(or reduction) requires a stringent set of conditions. In thefor operation at 50 to 60°C. Wash the column with 100 mm of
following procedure, plutonium (IV) polymers are destroyed1 M HCI and 100 mm of &V HCl

by the addition of a small amount of hydrofluoric acid. The . . .
plutonium ions are brought to a common oxidation state 8.6.3 Redissolve U in 0.5 mL Bl HCl and load it onto the

(hexavalent) by fuming the mixture of sample and Spikecolumn. Wash the column with 150 mm of\é HCI. Discard

strongly with perchloric acid. It is imperative that the fuming the washings. ) _

be brought to the point where the fumes are copious if the 8.6.4 Elute the U with 50 mm of 0.81 HCl into a 5-mL

oxidation, and hence exchange, is to be satisfactorily made. centrifuge tube and evaporate to dryness in a boiling water bath
8.4 Preparation of a Working Dilution of Dissolver Solu- With a gentle stream of filtered air. Dissolve the U in 1 drop of

tion: sucrose solution (see 6.13) and place a suitable portion (see
8.4.1 Prepare a dilution of fuel dissolver solution wittv8 ~ 4.2) of it on a rhenium mass spectrometer filament. Evaporate

HNO,—0.005M HF to obtain a concentration of 100 to 1000 it gently to dryness by passing a small electrical current (for
mg Ulliter; mix well. example, less than 1.5 A at 6 V or less) through the filament.

8.5 U and Pu Separatian When dry, increase the current briefly (not over 2.5 A at 6 V)
8.5.1 In a 10-mL beaker, place exactly 500 uL of spiketo char sucrose. The filament is now ready for insertion in the
solution, and exactly 500 pL of diluted sample solutionmass spectrometer (see 8.8).
containing about 50 to 500u g U. Mix thoroughly, add 1 drop 8.7 Pu Purification

8.5.6 Elute the U into a second 5-mL beaker with 200 mm
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8.7.1 To the Pu solution (see 8.5.7), add 1 mL of concenemission of the desired intensity is achieved. The emission rate
trated HNGQ, and evaporate to 100-pL volume. Do not evapo-should be constant or at least increase or decrease slowly and
rate to dryness, which might thermally decompose the nitratevenly.
to oxide; such oxides are difficult to redissolve. 8.8.5 When acceptable ion emission is reached, measure the

8.7.2 Prepare a 5-mm long anion exchange column (see 6.9¢lative intensities of the ion peaks of interest by scanning
for operation at 50 to 60°C. Wash the column with 100 mm ofalternately up mass and down mass either magnetically or by
0.05M HNO; followed by 100 mm of 81 HNO,. changing the accelerating voltage. Sequential measurement of

8.7.3 Dilute the Pu solution with 5 drops of\8 HNO; and isotope pairs may be made to provide good statistical precision.
transfer it to the column. Rinse the beaker with 5 drops Bf8  8.8.5.1 Adjustments are made in beam focus or filament
HNO; and transfer the rinse to the column. Wash the columreurrent before a spectrum sweep or an isotope ratio measure-
with 250 mm of 3M HNO,. Discard this wash. Elute the Pu ment. If a strip-chart recorder is used, the read-out sensitivity
with 50 mm of 1M HCl into a 5-mL centrifuge tube. may be switched to obtain comparable displacements for

8.7.4 Evaporate the solution to dryness in a boiling watefnasses of widely varying abundances. If the beam intensity is
bath with a gentle stream of filtered air. Dissolve Pu in 1 dropchanging slowly, an extrapolation in time will be necessary to
of 0.05M HCI and place a suitable portion (see 4.2) of it on acorrect for this chang€2). Usually, a linear rate of change is
rhenium mass-spectrometer filament. Evaporate the solution ®ssumed for short periods (less than 1 min).

dryness on the filament by passing a small electrical current Note 4—Comparison of isotopes is often made by measuring intensi-

(for example, less than 1.5 A at 6 V or less) through theties of peaks observed when increasing or decreasing either the magnetic
filament. If it is desired to increase the ratio of ‘Pions to  field or the accelerating voltage. An empirical correction must be made to

PuO' ions particularly on single filament mass spectrometersemove the effect of any change in source transmission and the gain of an
(9), evaporate 1 drop of 0.00€ sucrose solution to dryness electron multiplier detector. This correction should be determined by
over the sample and increase the current briefly (not over 2.5 easuring the isotopic abundance of a well-known sample, such as a

£6\) to ch The fi ti dv for i " ational Institute for Standards and Technology Natural Uranium Oxide
a ) to char sucrose. The filament is now ready for inser 105 andard Sample 950. The same sensitivity levels should be used in the

in the mass spectrometer (see 8.8). measuring system for standards and samples whenever practical to avoid
8.8 Mass Analysis correction for any inherent nonlinearity in the amplification factor.

8.8.1 Position the filament containing the sample in the g g g \when sufficient data are collected to obtain the desired
source region. This may be accomplished by using a vacuumecision, turn off the filament current and discontinue the

lock and rapid sample changing mechanism or by venting thgpysis. If the UQ* ion is measured, the natural abundance of

Instrument. oxygen isotopes must be considered for their contribution to
8.8.2 When a vacuum of less than<3107° torr is reached  the various mass positiorfg).

in the source, heat the sample filament gently to a dull, red g g7 Record and correct (see Section 7) the isotopic ratios,

glow (500 to 700°C), for 5 to 30 min, to permit outgassing. R . of the ith to thejth species in the unspiked sample, as

When outgassing has ceased, increase the filament temperatyggired in the calculations (see Section 9). Similarly, record

to emit ions. Typical emitting temperatures are 1450 to 1650°Gnq correct the isotopic ratios for the spik®; and for the

for Pu and 1650 to 1850°C for U. sample-plus-spike mixturdd;;. The symbols for the isotopes
8.8.3 For a single filament source, set accelerating voltagesdy, 234y, 233y, 239y, 238, 25%py,2*%Pu,?**Pu and?*?Pu are

and magnet current to collect eithef br UO," ions and scan  appreviated to 3, 4, 5, 6, 8, 9, 0, 1, and 2, respectively (see

the region of interest. For a triple filament source, adjust thesection 9). In this nomenclature, the observed raticSf to

source controls to collect ions emitted from the center filament3%y in the sample, the spike, and the sample-plus-spike

only; set accelerating voltage and magnet current to collechixture Ry, S, and My;) becomeRgs Sys and Mgg,

either U" or UO," ions, increase center filament temperature torespectively.

working level, and increase the temperature of the sample

filament slowly while scanning the mass region of interest. U9, Calculation

ions are found by their emergence and growth from the 9.1 Calculate atom fractiof?U, A, on the unspiked U as

background. A source pressure of 2 tx3L0™’ torr or better is foII6WS' Y

desirable for good Uion emission. A slightly higher pressure '

is satisfactory for UQ" ion emission. As = Reig/(Rys + Reig + Reis + Ree) (10)
8.8.4 When the ion beam is found, focus the major isotope where Ry, (Which equals 1) is retained for clarity. Next,

beam by adjusting the magnetic field, the accelerating voltagealculate atom fractioR*®U, Ag, as follows:

and any electrical or mechanical controls available. The Ag = Ryg(Rys + Ress + Ris + Rege) (11)

intensity of this beam may be recorded on a fast-response (1 s

or better) strip-chart recorder. Adjustment of the filament, In these eq_Llation%°:8l_J is assume%stltj _be the P”F‘Cipa'
current (a-c or d-c) will determine the intensity of the ion Isotope. For highly enriched U whe Is the principal

beam isotope, obtain the ratio of each isotope’fdU instead of to
. 23

8.8.4.1 This intensity is selected to provide a good statisticaén?éj y u;:ggllr 4’5(’:;(5:’&6‘?3’\'5’ zﬁla;\r: ﬂgiﬁlg\%’?’ Ree Rere
measurement of the ion abundance and permit its comparison /& Y > 8 :
with another isotope of lesser abundance with good precision. N5 = 1007 (12)

The intensity of the major beam is adjusted until stable Ng = 1004, (13)
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If desired, calculateN, and Ng similarly by dividing the  w, = A, x 241.06, and
corresponding atom ratio by the same sum of four ratios asn, = A, X 242.06.
shown in Eq 10 and Eq 11 and by multiplying the resultantg.5.1 If desired, calculate the weight percéfU, 2°%U, and
atom fraction by 100 to obtain percent as shown in Eq 12 an@3® similarly by dividing W,, W,, and Wy in turn by
Eq 13. (W, + W5 + W5 + W) and by multiplying the resultant weight
9.2 Calculate the corresponding atom fractid®Pu,A, and  fraction by 100 to obtain percent. The weight perc&lPu,
atom percent®*®Pu,N,, on the unspiked Pu fraction as follows: 24*Pu, and**®Pu can be found similarly by dividingV,, W,,
A9 = Roig/ (Ryg + Ryg + Ryjg + Rypo) (14) and V.V2 by .(\NQ ’ WO.+ Wy +W,) and b.y multiplying the
N, = 1008, (15) resultmg weight fract|.on by 100 to o.bta|.n percent. Calculate
o the weight concentration of U by multiplying the atoms U/mL,
whereRy, (Which equals 1) is retained for clarity. If desired, U, by the millimolecular weight of the U under test (that is,

calculateNy, Ny, andN, similarly by dividing the correspond- W, + W; + W, + Wp) and dividing by the number of atoms in a
ing atom ratio by the same sum of four ratios shown in Eq 14millimole as follows:

and by multiplying by 100 to obtain percent as shown in Eq 15. millimolecular weight of U

9.3 As required for Test Method E 219, calculate the U mg UL = U = oroms/milimole (28)
atoms per milliliter. U, for low- and high?*®U-enrichment o '
samples as follows:: Similarly for Pu,
U = (mL spike/mL sample mg PU/mL= Pu m|II|molecuOIar we|gh.t 9f Pu 29)
X (S/AgH(Mgj3 = Sya)l[1 — (Mg/d/Rey3) (16) 6.022 10*’atoms/millimole
U = (mL spike/mL sample 10. Report
X (SfAs){(Msj3 = S9)/[1 — (Mg Rej) I} (€] o _
- 10.1 Report the following information:
Calculate Pu atoms per milliliteRu, as follows: 10.1.1 U and Pu concentrations in atoms or milligrams per
Pu = (mL spike/mL sample milliliter to four significant figures.
X (SIAN (Mg = S/[1 = (Mgy/Ropo) I} (18) 10.1.2 The atom or weight percent abundance of each

isotope to the nearest 0.01 % absolute for abundance levels

9.4 As required for Test Method E 244, calcul&gs, Ry
between 6 and 100 % to the nearest 0.001 % at lower levels.

Ri/s Ry/a Rse Rge @NdRg 5 as follows:

9.5 Isotopic abundances have been expressed in atom ; . .
P P poq.ptalned by analyzing five selected samples for U and two

have been expressed in atoms per milliliter (see 9.1, 9.2, al

{(MQIZ B %/2)/[1 B (MQIZ/ RQ/Z)]}

Ros = S {(Mys — 39 11— (Mg Rl (19)
o« Mg — §) 11 = (Mg / Ry T}

Ros = S {(Mys — 539 111~ (Mg R ] (20)
o AMyp = S I[1 = (Myp/ R}

Ris = S Mys ~ S0 1L~ (Mo R @)

Ros = Rojg X Ryg (22)

Rsig = N5/ Ng (23)

Reig = Ng/ Ng (24)

Reis = Ng/ Ng (25)

11. Precision and Bias

11.1 Precision of Uranium and Plutonium Concentration
Results—No significant difference has been observed in the
precision with which the uranium and plutonium concentra-
tions are determined by this test method. In an interlaboratory
comparison, the estimated precision of the average of duplicate
results of a single laboratory was 0.6 % relative standard
deviation. The relative standard deviation is the estimated
standard deviation of a single laboratory multiplied by 100 and
divided by the average of all laboratories. The corresponding
precision between laboratories is 0.7 % relative standard de-
é(ligtion for the participating laboratories. These values were

lected samples for Pu. A total of seven laboratories measured
and five measured Pu.

9.3). For accountability, it may be necessary to report isotopi s . .

abundances in weight percent and concentrations in milligrams 11.2 Srem?l_(l)nbof Isotopic AbgndancesThe hsmgble I(;;\bora-

per milliliter. Calculate weight percer®®U and 2%Pu as 0¥ and multilaboratory precisions vary with abundance, as
shown in Fig. 1 and Fig. 2, expressed as relative standard

follows:
Weight percent®®U = (W X 100/(W, + W5 + Wg + Wy)  (26) 10.0 =TT T
where: s E MULTI-LABORATORY
W, = A, X 234.04, g 1ok P
W; = Ag X 235.04, E EsmGLE-LAaouTORY\'A\A\
W = Ag X 236.05, and wo T . \
’ > 4 1967 SINGLE-LABORATORY
Wy = Ag X 238.05. T ol
© [ e 1968 SINGLE-LABORATORY
Weight percent>Pu= (W, X 100/(W, + W, + W, + W,)  (27) “ f i
ool ol i vl vl s
where: 0.001 0.1 0.1 1.0 100 100.0
W, = A X 239.05 ISOTOPIC ABUNDANCE, %
V\/9 = Ag X 240105’ FIG. 1 Variation of Relative Error With Uranium Isotopic
o - 0 . ’

Abundance
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0.0

T T T Ty T

confusion, the points for multilaboratory precision are not
shown, but they show a comparable amount of scatter about the
plotted multilaboratory line.

11.3 Bias (Systematic Erros-In mass spectrometry, the
presence of a bias is possible, but mass spectrometers can be

IBLERARL

MULTI-LABORATORY

/ s
SINGLE-LABORATORY x

]

TTITTf

A,

4 1969 SINGLE-LABORATORY \ calibrated so that bias is eliminated. Isotopic abundances shall
. be bias corrected in accordance with Section 7 and concentra-
0.00 ol i ool H,j tions shall be obtained from spikes calibrated against accu-

RELATIVE ERROR, %
o

T YHTTTW

ooor oo  of 10 100 1000 rately known concentrations of New Brunswick Laboratory
ISOTOPIC ABUNDANCE, % .
- . } _ : Reference Samples. It is expected that the test method so
FIG. 2 Variation of Relative Error With Plutonium Isotopic . . . .
Abundance calibrated will be free of bias and that the bias can be taken to
be equal to the precision (see 11.1 and 11.2).

deviation for the average of duplicate analyses. Each plotte
point was obtained for the average of duplicate analyses by o
analyst in each laboratory (seven for U and five for Pu) on two 12.1 concentrations; isotopic abundance; nuclear fuel; ura-
separate days for each isotopic abundance level. To avoitium and plutonium; uranium and plutonium fuel
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