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1. Scope C 1210 Guide for Establishing a Measurement System
1.1 This test method describes the determination of pluto- Quality Control Program for Analytical Chemistry Labo-

nium in solutions of unirradiated nuclear-grade (that is, high- _ratories Within the Nuclear Industty

purity) materials by controlled-potential coulometry. C 1297 qule for Qualification of Laboratqry Analysts for

Controlled-potential coulometry may be performed in a choice _the Analysis of Nuclear Fuel Cycle Materidls

of supporting electrolytes, such as G9HNO;, 1 M HCIO,, 1 E 691 Practice for Conducting an Interlaboratory Study to

M HCI, 5M HCI, and 0.5M H,SO,. Limitations on the use of Determine the Precision of a Test Metftod

selected supporting electrolytes are discussed in Section §

i " ) . Summary of Test Method
Optimum quantities of plutonium for this procedure are 5 to 10 y _ .
mg. 3.1 In a controlled-potential coulometric measurement, the

1.2 Plutonium-bearing materials are radioactive and toxicSubstance being determined reacts at an electrode, the potential

Adequate laboratory facilities, such as gloved boxes fum®f which is maintained at such a value that unwanted electrode
hoods, controlled ventilation, etc., along with safe technique&eactions are precluded under the prevailing experimental
must be used in handling specimens containing these materiagonditions. Those substances which have reduction-oxidation

1.3 The values stated in SI units are to be regarded as tH§8d0X) potentials near that of the ion being determined

standard. The values given in parentheses are for informatigfPnstitute interferences. Electrolysis current decreases expo-
only. nentially as the reaction proceeds, until constant background

1.4 This standard does not purport to address all of thecurrent is obtained. Detailed discussions of the theory and
safety concerns, if any, associated with its use. It is théPplications of this technique have been publis{is®, 3, 4,

responsibility of the user of this standard to establish appro->: 6)° The control-potential adjustment technig(® can be

priate safety and health practices and determine the applicaused to terminate the .electrolysis of_the specimep at constant
bility of regulatory limitations prior to use. background current without exhaustive electrolysis with con-

siderable reduction in operating time. Use of the control-
2. Referenced Documents potential adjustment technique requires that the coulometer
2.1 ASTM Standards: integrator be capable of operations in a bipolar mode and that

C 1009 Guide for Establishing a Quality Assurance Prothe plutonium-containing solution be of high purity, that is,
gram for Analytical Chemistry Laboratories Within the nuclear grade.

Nuclear Industry 3.2 Plutonium(IV) is reduced to Pu(lll) at a working elec-
C 1068 Guide for Qualification of Measurement Methodstrode maintained at a potential more negative than the formal
by a Laboratory Within the Nuclear Industry redox potential. Plutonium(lll) is oxidized to Pu(lV) at a

C 1128 Guide for Preparation of Working Reference Mate-Potential more positive than the formal redox potential. The
rials for Use in the Analysis of Nuclear fuel Cycle 9uantity of plutonium electrolyzed is calculated from the net
Material$ number of coulombs required for the electrolysis, according to

C 1156 Guide for Establishing Calibration for a Measure-Faraday’s law. Corrections for incomplete reaction, derived

ment Method Used to Analyze Nuclear Fuel Cycle Mate-from the Nernst equation, must be applied for electrolysis of
rials® the sample aliquog7, 8).

C 1168 Practice for Preparation and Dissolution of Pluto- We (Qs— Q)M 1
nium Materials for Analysi$ = @
* This test method is under the jurisdiction of ASTM Committee C-26 on Nucl where:
IS test metnoda Is under the jurisaiction o ommittee C-. on Nuclear — H
Fuel Cycle and is the direct responsibility of Subcommittee C26.05 on Methods ofW grams of plutonlum,

Test.
Current edition approved Jan. 10, 1999. Published February 1999. Originally

published as C 1108 — 88. Last previous edition C 1108 — 93. I
2 A Julie 100 precision resistor number NB102A, accurate to 0.0015 %, has  “ Annual Book of ASTM Standardgol 14.02.

been found satisfactory. 5 The boldface numbers in parentheses refer to the list of references at the end of
2 Annual Book of ASTM Standardgol 12.01. this test method.
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Q. = coulombs required by the electrolysis, measurement of the iron concentration in the sample solution.

Q, = coulombs of background current, In 1 M HCI, 1 M HNOg, or 1 M HCIQ,, iron interferes to a

M = gram-atomic weight of plutonium (must be adjusted much lesser extent. The effect of iron in these supporting
for isotopic composition), electrolytes may be minimized by the choice of redox poten-

n = number of electrons involved in the electrode reaction tials, by a secondary titratiorf10), or by electrochemical
(for Pu(lll) - Pu(lV),n=1), correction(12, 13)

F = Faraday constant, coulombs/equivalent, and 5.5 Nitrites—Nitrites are electrochemically active; there-

f = fraction of plutonium electrolyzed. fore, saturated sulfamic acid solution should be added to the

o electrolyte in the cell to destroy any interfering nitrites.
4. Significance and Use 5.6 Sulfate—Because of the complexing action of sulfate on

4.1 Factors governing selection of a method for the deterPu(lV) and the resultant shift in the redox potential of the
mination of plutonium include available quantity of sample, Pu(lil)-Pu(lV) couple, only small amounts of sulfate are
sample purity, desired level of reliability, and equipment. tolerable in HNQ, HCI, and HCIQ electrolytes. When using

4.1.1 This test method determines 5 to 10 mg of plutoniunthese supporting electrolytes, specimens should be fumed to
with prior dissolution using Practice C 1168. dryness to assure adequate removal of excess sulfate (see

4.1.2 This test method calculates plutonium assay using0.1.3).

physical constants as reference standards. . .
4.1.3 Chemical standards are used for quality control when Note 1—Interference from a sulfate concentration of >0.00 1 M
T Yy HCIO, has been reported.0).

prior chemical separation of plutonium is necessary to remove . ,
interferenceg9). 5.7 Fluoride—Free fluoride cannot be tolerated and must be
4.2 Committee C-26 Safeguards Staterfient removed from the specimen. Evaporation of the specimen in

4.2.1 The materials (plutonium metal, plutonium oxide oriNOs o alow volume and fuming with k80, are effective in
mixed oxide [(U, Pu) G] powders and pellets) to which this rémoving fluoride. _
test method applies are subject to nuclear safeguards regula-2-8 OXyger—In HNO;, HCI, and HCIQ supporting elec-
tions governing their possession and use. Materials for use tgolyte;, oxygen may be an interference. IpS®,, oxygen
the commercial nuclear community must also meet composi0€s interfere and must be removed. Purging the specimen
tional specifications. with hlgh-punty argon prior to and during the coulometric

4.2.2 The analytical method in this test method both meet§€términation is recommended for all electrolytes.
U. S. Department of Energy guidelines for acceptability of 36 Apparatus
measurement method for generation of safeguards accountabil- . .

.1 Controlled-Potential CoulometerA coulometer with

ity measurement data and also provides data that may be us . sl ; ; .
y b y §1e following specifications is recommended to achieve highly

to demonstrate specification compliance in buyer-seller inter ) .

actions precise and accurate results. (Room temperature stability of
+1°C is recommended to ensure optimum instrument perfor-

5. Interferences mance. Instruments with smaller output current or smaller

5.1 Interference is caused by ions that are eIectrochemicaII\{/Oltage span may be satisfactory.)

active in the range of redox potentials used or by species thgféequzftjélfgée o5y
prevent attainment of 100 % current efficiency (for example, output current >200 mA
reductants, oxidants, and organic matter). Open-loop response d-c gain >10°
5.2 Polymer—Polymerized plutonium is not electrochemi- ~ Zn-92in bandwid Z300kHz
i . ) . ull-power response >10 kHz (slewing rate 0.5 V/us)
cally active(10) and thus is neither reduced nor oxidized. The voltage zero offset stability >1-mV long term
presence of polymerized plutonium will give low results. The Input g-c resistance >50 MQ
: : i ne INput d-c current <50 nA
polymer may be converted to electrochemically active species ;=" -~ voltage span AV
by HF treatmen(10). Resolution, hum, and drift <l mvV

5.3 Pu(VI)}—Plutonium(VI) is only partially reduced to  Stability through extreme of line and =5 mV

Pu(lll) in 1 M HNO,, HCI, or HCIO, supporting electrolyte Digitg’f‘lﬂtéggﬁr‘(m)

solutions; therefore, the presence of Pu(VI) can lead tO Nonlinearity of VIF converter <0.01 % full scale
inaccurate results when present even as a small fraction of thelFuII Sc?f'e erfolr agjustag:e to zero
H H H H nput offset voltage error adjustable to zero
total plutonium. Plutonium(V1) is com_pletely reduced in 0/5 Output readability <1 g Pu
H,S0O,(10) or 5.5M HCI (11) supporting electrolyte. Integrating capacity >10 C
5.4 Iron—In 0.5 M H,SO, supporting electrolyte, iron is  Accuracy <0.01%

reduced and oxidized at essentially the same formal redox 6.2 Digital Voltmeter 15-V range, %:digits accurate to

potentials as the Pu(lll)-Pu(IV) couple and thus constitutes ®.01 % of full scale on all ranges. Input resistance *900

direct interference. Iron must be removed by prior separation, 6.3 Cell Assembly-The success of controlled-potential

or the effect of its presence must be corrected by a separagdulometric methods is strongly dependent on the design of the
cell. The cell dimensions, electrode area, spacing, and stirring

®Based upon Committee C-26 Safeguards Matrix (C 1009, C 1068, C 1128,
C 1156, C 1210, and C 1297). 7 A Hewlett-Packard 3455A DVM has been found to exceed these specifications.
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rate are important parameters in a design that will minimize the 6.3.4 Working Electrode fabricated from either 8Au8-5/0
time required for titration. The following components are expanded annealed-gold metal or from 45-mesh platinum
required for the recommended cell assembly (Fig. 1). gauze (Fig. 2). Storage of either electrode iIM8NO; when

6.3.1 Cell—The coulometry cell is fabricated from a cut-off not in use and rinsing with 8 HNO; between specimens are
50-mL borosilicate glass beaker with an inside diameter of 3% ormally adequate to maintain satisfactory electrode response.
mm and a height of 42 mm; the cut edges are rounded an(batisfactory response may be defined as the ability of the
polished smooth. Other cells conforming to these dimensionslectrode to oxidize and reduce the supporting electrolyte to 1
are satisfactory. to 2 pA in about 3 min with the current following an

6.3.2 Counter Electrode and Salt Bridge Tubd he counter  exponential curve.) If such electrode response is not obtained,
electrode is a coiled length of 0.51-mm (0.020-in.) diameteithe following electrode reconditioning treatments, in increas-
platinum wire. The salt bridge tube is unfired high-silica ¢ftass ing order of severity, have been found to be successful in
filled with the supporting electrolyte solution. restoring response.

6.3.3 Reference Electrode and Salt Bridge TubEhe ref- 6.3.4.1 The gold electrode may b&) briefly dipped in cold
erence electrode is a miniature saturated-calomel electrodmncentrated HCI and thoroughly rinsed witivBHNO;; (2)
(SCE)? The salt bridge is identical to the salt bridge describedoriefly dipped in hot HCI and thoroughly rinsed with HNO
in 6.3.2 and is also filled with supporting electrolyte solution.(3) briefly dipped in aqua regia and thoroughly rinsed with
HNO,; or (4) soaked 10 min in the sulfuric acid-hydrofluoric
o . i . acid mixture (7.16), the residual acid removed by fuming and
o ot oo o e 7030 D otaned 1o"ine hot electrode quenched MBHNO, After each treatment,
7930 sealed into one end of a glass tube with heat-shrinkable TFE-fluorocarbothe electrode is stored in Bl HNO; overnight. Following
tubing, has been found satisfactory for this application. overnight storage, conditioning, that is, alternating reduction
Satis%l;z?;r Calomel Reference Electrode Catalog No. 13-639-79 has been foungnd 0)_(idati0n of the supp_orting electr_olyte With and without

plutonium, may be required to achieve desired electrode
performance.

6.3.4.2 The platinum electrode may be subjected to any of
the above treatments, or it may bé) peated to red heat in a
gas flame and quenched ilVBHNO; or (2) heated in a furnace

FIG. 1 Exploded View of Cell Assembly: (a) Counter Electrode,
(b) Cell Head, (c) Counter Electrode Frit Tube, (d) Reference
Electrode Frit Tube, (e) NBL-Designed S-Shaped Stirrer, (f)

Working Electrode, (g) Sample Cell, (h) Stirrer Motor, (i) Motor ) el
Pedestal and Bearing, and (j) Stirrer Shaft FIG. 2 Working Electrode (Top View)

dantants
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to 900°C and quenched inM HNO,. Do not use these latter 6.5 Hot Plate—Recommended for heating during the plu-

treatments on gold electrodes as melting may occur. tonium oxidation state adjustment with hydrogen peroxide.
6.3.5 Stirrer—Several types of stirrers have performed sat- 6.6 Quartz Clock Timeraccurate to 0.001 s.

isfactorily. A paddle-type stirrer capable of being driven at 6.7 100{) Precision Resistgr accurate to better than

1800 r/min by a synchronous motor, or a magnetically driver0.01 %?

stirring bar, is adequate. Magnetic stirring slightly simplifies :

the arrangement of the cell cap. For optimum stirring efficiency’- ‘éagents and Materials

with freedom from losses due to splashing, an S-shaped 7.1 Purity of Reagents-Reagent grade chemicals shall be

polytetrafluoroethylene stirrer (Fig. 815) driven by synchro- used in all tests. Unless otherwise indicated, it is intended that

nous motor is recommended. all reagents conform to the specifications of the Committee on
6.3.6 Inert Gas Inlet Tube-A polyvinyl chloride tube, Analytical Reagents of the American Chemical Society where

approximately 3 mm in outside diameter (1 mm in insidesuch specifications are availaBfeOther grades may be used,

diameter), is inserted so that its tip is about 10 mm above therovided it is first ascertained that the reagent is of sufficiently

surface of the electrolyte solution. The gas flow is adjusted s8igh purity to permit its use without lessening the accuracy of

that the surface of the solution is depressed almost 3 mm. TH&€ determination.

gas is high-purity argon. While inert gas is not required for all 7.2 Argon, greater than 99.99 % purity.

electrolytes, it is recommended for this procedure. 7.3 Hydrochloric Acid concentrated hydrochloric acid
6.4 Quartz Heating Lamps-Optimum heating or evaporat- (HCI, specific gravity 1.19).

ing efficiency without bumping of solutions, or both, is 7.4 Hydrochloric Acid (1 M), prepare by diluting 85 mL of

obtained using overhead heating with quartz heat l&fps hydrochloric acid to 1 L with water.

controlled by a variable power supply_ However, with proper 7.5 Hydrochloric Acid-Nitric Acid-Hydroquoric Acid Mix-

care, other conventional means of heating may be used.  ture (5.4 M HCI-1.6 M HNO;-0.014 M HF)—Prepare by

slowly adding 450 mL hydrochloric acid, 100 mL nitric acid,
and 10 drops hydrofluoric acid to 450 mL water in a polytet-
—_— rafluoroethylene beaker. Cool and store in a tetrafluoroethylene
1°Quartz heating lamps and Quartz epiradiator lamps, Model 534 RCL, 500(TFE) fluorocarbon bottle.

‘t')":gﬁ‘féﬁgdvtgAgzssigggj;pp"es' P.O. Box 1300, Hialeah, Florida, 33011) have4870./§) Hydrofluoric Acid concentrated hydrofluoric acid (HF,

7.7 Hydrogen Peroxide30 % solution of hydrogen perox-
ide (H,0,).

7.8 Nitric Acid, concentrated nitric acid (HNQ specific
gravity 1.42).

7.9 Nitric Acid (8 M)—Prepare by diluting 500 mL nitric
acid to 1 L with water.

7.10 Nitric Acid (0.9 M)—Prepare by diluting 57 mL of
nitric acid to 1 L with watet?

7.11 Perchloric Acid (1 M)—Prepare by diluting 85 mL of
perchloric acid (HCIQ, specific gravity 1.76) to 1 L with
water.

7.12 Plutonium Standard SolutierDissolve plutonium
metal (NBL CRM 126, currentissue) in an Erlenmeyer flask by
slow addition of approximately 30 mL of hydrochloric acid-
nitric acid-hydrofluoric acid mixture. Add 30 mL of &1
HNO,; evaporate to less than 15 mL. Transfer to a tared
container with the 81 HNO; and dilute to about 100 mL with
8 M HNO; prior to aliquotting. Proceed to 10.1.3.

7.13 Sulfamic Acid(NH,SO;H), saturated solution.

7.14 Sulfuric Acid (0.5 M)—Prepare by adding 28 mL of
sulfuric acid (HSO,, specific gravity 1.84) to water with
constant stirring and dilute to 1 L.

7.15 Sulfuric Acid (6 N)—Prepare by adding 167 mL of

170 180

110 120 130 140 130 160

1 Reagent Chemicals, American Chemical Society Specificatiom&rican
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, sAealar Standards for Laboratory
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockuville,
MD.

120.9 M HNO; is used because the range from 0.8 to M.GINO, provides a
FIG. 3 S-Shaped Stirrer stable formal potential for the PtPu** couple.
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sulfuric acid (HSO,, specific gravity 1.84) to water with where:

constant stirring and dilute to 1 L. P = potential drop across the precision resistor, V,
7.16 Sulfuric Acid-Hydrofluoric Acid Mixture(8.1 M R value of the precision resistaf),

H,S0O,-2.9 M HF)—Prepare by adding 45 mL of sulfuric acid V integrator output signal (from 8.3.6), counts,

(H,SQ,, specific gravity 1.84) to 45 mL of water with constant t time of calibration, s, and

stirring. Add 10 mL of hydrofluoric acid, cool, and store in a F = the Faraday constant, C/equivalent.

TFE-fluorocarbon polymer bottle.

9. Plutonium Determination
8. Calibration of Instrument 9.1 Specimen Preparation

8.1 The type of instrumentation recommended he(& 9.1.1 Weigh a sample, approximately 1 g, so that the overall
17) includes an electronic integrator circuit. The digital weighing error is=0.01 %. If homogeneity of material or
(voltage-to-frequency) integrator develops a series of pulsegepresentativeness of samples cannot be assured, take multiple
the sum of which is proportional to the integrated currentsubsamples according to a statistically designed plan.
generated during electrolysis. Establish the relationship be- 9.1.2 Dissolve the sample using an appropriate acid or

tween coulombs of electricity and integrator output by calibra-2cidic salt. After dissolution, volatilize the HF, if used, by
tion. (See 8.2 and 8.3.) evaporating to a low volume of nitric acid. Transfer to a tared

8.2 Adjustment of the Digital Integrator container with 81 HNO; and determine mass of solution (the
8.2.1 Adjust the full-scale and input offset voltage error ofWeighing error should be=0.01 %).

the voltage-to-frequency converter (V/F) to zero using the 9.1.3 Aliquot, by weight, a quantity of solution sufficient to

digital voltmeter and a frequency courféaccording to the contain 5 to 10 mg Pu, directly into a coulometry célAdd 1

V/F manufacturer’s procedure. mL 6 N H,SO, to the cell. Heat gently to dense fumes of SO
8.3 Electrical Calibration then fume the Pu(Sf, to dryness. The heating volatilizes
8.3.1 Connect the circuit as shown in Fig. 4, with theHCl, HF, HNG;, and excess }80,. (If coulometry is to be

potentiostat leads connected to the calibration precision resisterformed in HSO, supporting electrolyte, proceed to 9.2.2.

rather than the cell. Place the timer in the STOP (open circuitpection 9.1.4 is intended to reduce any Pu(VI) that may be

position. Connect the digital voltmeter to the integrator outputPresent so that other electrolytes may be used. If Pu(VI) is
8.3.2 Place the potentiostat and the integrator in the operaknown to be absent, proceed to 9.2.2.)

ing mode. 9.1.4 Add 10 mL 8V HNO,, one drop 6N H,SO,, and two
8.3.3 Place the timer in the START (circuit closed) position.drops 30 % HO, to the cell. Cover with a watchglass to
8.3.4 After 150 s, use the DVM to record the potential drop,prevent solution losses due to effervescing from oxygen

P, across the resistor, R. evolution® Allow the sample to stand at least two hours,
8.3.5 After 300 s, place the timer in the STOP (circuit open)during which time the solution turns blue (indicating*Pu
position. Heat gently to oxidize the Btito PU** and to destroy excess
8.3.6 After stopping the timer, record the final integratorH-O(solution will turn green):® Remove watchglass and rinse
output, V. with 6 N H,SQO, into the cell. Fume the sample to dryness as in

8.3.7 Record the time required for calibration, s. 9.1.3. Repeat the fuming stépProceed to 9.2.2.

8.3.8 Repeat calibrations as required.
8.3.9 Calculate the electrical calibration factdZ,, in

. 14 H 4 H H H
equ|valents Pu/count, as follows: Adjust the solution weight so that the overall weighing error of each 5 to

10-mg aliquot of plutonium is 0.01 %.
Pt 15 Sulfuric acid is critical to the oxidation state adjustment step as it prevents
Ce= RVE (2 formation of insoluble plutonium dioxide on the cell walls and coverglass.
16 A hot plate set at 120°C is recommended for this heating step.
17 After cooling the solution, the coulometry cell may be coverechwit2 by
2-in. (50 by 50-cm) piece of parafilm to prevent sample loss or contamination prior

3 A Hewlett Packard 3458 digital multimeter has been found satisfactory. 0 measurement.

TIMER
Signal START/STOP
Return
/ t o——

— O e —o
O
—/|O— Connection
POTENTIOSTAT I O— i; To DM
Digital Qutput 1 —_—
Display — O:
DIGITAL INTEGRATOR [> To The Working Electrode
L— = To The Reference Electrode

‘———{=> To The Counter Electrode
FIG. 4 Coulometer with Digital Integrator

5
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NoTte 2—As an alternative to peroxide oxidation state adjustment or for 9.2.2.2 Attach the cell to the cell head.
samples with lower purity or high iron content not covered by this 9 2 2.3 Stir at 1200 to 1400 r/min and purge with argon gas.
procedure, use the ferrous ion oxidation state adjustment technique 9.2.2.4 Reduce the sample at 0.28 VV more negative than the
followed by anion-exchange purificatidag) formal potential until the current decreases to <200 pA. Adjust

9.2 Coulometric Measurement® the control potential until the current is approximately zero
Note 3—Measurements described in 9.2.3 are made during the eled*2 UA). ) )
trolysis of the supporting electrolyte (9.2.1) and the sample (9.2.2). 9.2.2.5 Record the potential between the working and ref-
erence electrodes§.q Turn the integrator to the operating

9.2.1 Electrolyte Blank position
9.2.1.1 Add 18 to 20 mL of supporting electrolyte and three : . . I
drops of saturated sulfamic acidplt)o a cglean ceIIYtMeasure the 9.2.2.6 Adjust the potentiostat controls for oxidation of the

solution temperature], using a thermometer accurate to sample. - .
+0.2°C P g 9.2.2.7 Oxidize the sample at 0.23 V more positive than the

9.2.1.2 Attach the cell to the cell head and stir the solutionforrnal potential until the_current decreases o about .100 bA.
at 1200 to 1400 r/min. Adjust the control potential until the current is approximately
ero (=2 pA).
9.2.2.8 Record the integrator outpét, at 300 s*° Record
We amperes of constant background currégt® [A~ Ag].
9.2.2.9 Record the working electrode versus reference elec-
ode potential S,
9.2.3 Time Constants
9.2.3.1 Time constants of the celt,( t,) are determined
gom measurements taken during the electrolysis of the sup-
porting electrolyte and of the sample, respectively. Determina-
tion of the time constants during each electrolysis is not
9.2.1.6 Adjust the potentiostat controls for oxidation of therequir ?d as Iong'ag parameters .SUCh as ce!l geometry, e'lectr.ode
condition, and stirring rate remain reproducible. Fluctuations in

supporting electrolyte.
9.2.1.7 Oxidize the electrolyte at 0.23 V more positive thanthe cell constants of less than 20 % can be tolerated. As an

the formal potential. After a time equivalent to five cell alternative, plots of current versus time or log current versus
constants (see 9.2.3), adjust the control potential to 0.18 yme may be taken dur!ng each equt_ronss to DFOV'de v_|sual
more positive than thé formal potential evidence that reproducible cell conditions are being attained.

9.2.1.8 After 300 s total elapsed time, record the integrator 9.2.3.2 During both the electrolyte blank and sample mea-

ts, record the electrolysis currents at20Ds and at
output, Eg, and the amperes of constant background currenl';uremen ’ .
]Pg B P 9 00 = 1 s after the start of the electrolysis.

9.2.3.3 Calculate each time constant as follows:

9.2.1.3 Purge with an argon gas at flow rate sufficient to”
cause a 3-mm dimple to form in the solution surface.

9.2.1.4 Reduce the electrolyte at 0.28 V more negative tha
the formal potential (see Section 10 and Table 1) until the
current decreases to 30 pA, at which time adjust the contrdf
potential to 0.18 V more negative than the formal potential.

9.2.1.5 Allow the solution to equilibrate for about 1 min.
Record the potential difference between the working electrod
and reference electrodB,. at their respective connections to
the coulometer.

9.2.1.9 Record the working electrode versus reference elec-
trode potential difference as befor@&,(). . — 100s 3)

9.2.2 Sample Inizfiy

9.2.2.1 Transfer the electrolyte (from 9.2.1) using a transfer,

. L . | where:
pipet to a cell containing the dried plutonium sample.

T time constant, s,

current at 100 s, A, and

" _ o o i current at 200 s, A.

Chen;:te}yp\r/zfes%urfégsbasegl%“ a modification of a method describ&ualytical 9.2.3.4 If gross variations inr are observed, electrode
*®The sign of A, has been arbitrarily designated ( + ), oxidation current; and (-), condition or matrix differences between electrolyte and sample

reduction current. should be investigated before proceeding to sample analysis.

Iy

L . .
TABLE 1 Formal Redox Potentials of Pu(lll)-Pu(lV) Couples in 10. Determination of the Formal Potential, E

Various Supporting Electrolytes (10, 11) 10.1 A determination of the formal potential is required for
Cectiont R ton v E Volt Versus Saturated the calculation of the fraction of plutonium electrolyzed (12.1).
ectonte oncentration. Calomel Electrode A satisfactory determination of the formal potential is de-
HClO, 1.0 0.71 scribed.
o (2)51" g-;g 10.1.1 After completion of the coulometric measurements
0.95 075 on a standard or sample (9.2), repeat the reduction (9.2.2.3
1.0 0.72 through 9.2.2.5).
3.0 0.68 10.1.2 Oxidize the sample at 0.23 V more positive than the
5.0 0.67 . . .
HNO, 05 0.69 formal potential until the _mtegrator output approaches.
1.0 0.69 Adjust the control potential such that the current becomes
1.5 0.65
H,SO, 0.25 0.50
0.5 0.49

20|f blank and sample oxidation are not done for the same length of time, a

10 048 constant background current correction is required. See Section 11.
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approximately zero £50 pA¥! when the integrator output \where:

equalsEy2. At this time the P&7/PU** ratio will be sufficiently  t,and t; = time for sample and blank oxidation, respec-
close to unity such that the control potential will equal the tively, s,

formal potential within the required accuracy. Ag = constant background current during the blank

determination, A,

10.1.3 Record the working electrode versus reference elec- ; ) L .
integrator electrical calibration factor, equiva-

trode potential, E°’. (Literature values forE® for different e
lents Pu/counts, and

electrolytes are given in Ta_lble 1) o F Faraday constant, coulombs/equivalent.
10.2 The formal potential determination for sample and 11 3 pjutonium Content:

standard should agree within 0.005 V. The source of differences v 3
greater than 0.005 V must be resolved to ensure achieving the fEfS"XfBS‘;“) -
stated precision and accuracy of the test method. Differences in S

the formal potentials measured for samples and standards do

not necessarily indicate a shift in the formal potential of the where:
plutonium system. Electroactive impurities can cause a bias inVs and Vs
the measurement of the formal potential while complexing
impurities can shift the formal potential of the plutonium
system. These differences can be eliminated by purification off
the sample or standard using an anion-exchange (9.1.4) or
other suitable separation method. s

Box1 Bredv S)x' and S’ed

Vs - Vc

% Pu=

MC, X 100 (6)

integrator output for the blank
and the sample, respectively,
Ce = calibration factor (8.3.9),
equivalents Pu/count,
fraction electrolyzed, from
Table 2,

sample in aliquot, g,

potential difference between
working electrode and refer-
ence electrode for the blank
oxidation/reduction and the
sample oxidation/reduction,

11. Calculation

11.1 Calculate the fraction of the plutonium electrolyzed,
(1, 7) (see Table 2).

exp Sox L E” exp S‘Ed; E respective, V, and _
f= s —E S 4 M = gram atomic |(1f 1) we|g_ht
1+ exp|=g 1+ exp |~ N of plutonium (adjusted for iso-
topic composition).
where
E° = formal potential of P{i/Pu**couple, and 12. Use of Standards
N = R(T+ 273.16)hF. Ris the molar gas constariis the 12.1 Chemical standards should be used for quality control
sample solution celsius temperatune= 1 for Pu**/ to verify proper and consistent performance of this test method.
Pu** couple, andFis the Faraday constant. At 25°C, o )
N = 0.025693. 13. Precision and Bias®?
11.2 Constant background current correctidg, 13.1 An interlaboratory comparison was performed (see
Practice E 691) in which six laboratories each assayed two
V, = (tS_C#B (5) subsamples from each of two samples of plutonium dioxide

(PuG,). Each subsample was dissolved and coulometric mea-
surements, using the laboratory’s choice of electrolyte and
working electrode material, were performed on a single aliquot

21In the region near the formal potential, it will be difficult to adjust the current

on two separate days. Thus, each laboratory performed four
measurements on each sample. The unweighted mean of all 48

exactly to zero as small changes in the control potential cause large shifts in th@bservations was 87.732 wt % Pu (0.065 % relative difference

equilibrium P&/PU** ratio.

TABLE 2 Correction Factors for Fraction Plutonium Electrolyzed

from the assigned value). Statistical analysis of the 48 data
points revealed that the data from one laboratory, less experi-
enced with the test method, were statistical outliers and were
excluded from the subsequent analysis. The unweighted mean
of the 40 remaining observations was 87.672 wt% Pu

(-0.004 % relative difference from the assigned value). Based

O i Ukt —— on an analysis of variance, the within-laboratory standard

— ; — ~ deviation (sometimes called “repeatability,” see Practice

Soc " E f Sea” E f E 691) was+0.100 wt % Pu (0.115 % relative to an assigned

8'23 8-3;285 _‘8-22 g-éigggg value of 86.676 wt % Pu); the between-laboratory standard

015 0.997094 ~0.15 0.002906 deviation (sometimes called “reproducibility,” see Practice
0.18 0.999094 -0.18 0.000906
0.20 0.999584 -0.20 0.000416

0.22 0.999809 -0.22 0.000191 22 A research report is available from ASTM headquarters. Request RR:
0.25 0.999941 -0.25 0.000059

C26-1005.
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E 691) was+0.439 wt % Pu (0.506 % relative to the assignedtest method exhibits no statistically significant bias.
value).

13.2 A recovery of 99.99 %, RSD 0.05% (= 40), on  14. Keywords
NBS SRM 949e was obtained over a six-month period by three 14.1 trolled-potential | - | trv: el
experienced analysts using anion-exchange separation. This™ controfied-potential  cou qme fy, coulome r'y,. elecs
fact, coupled with the agreement (within 0.004 %) between thér_oanalytlcal m_ethod for plut(_)nlum, plutonium analysis; pluto-
interlaboratory mean and the assigned value, indicates that UM assay using electrolysis
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