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LASL Analytical Chemistry Program for Fissionable Materials Safeguards
by

D. D. JACKSON and S. F. MARSH
Los Alamos Sclentific Laboratory, Les Alamos, New Mexico

ABSTRACT

Major tasks in this program arc (1) development of dissolution
techniques tor rcfractory nuclear materials, (2) dovelopment ot methods
and automated analyzers for determining plutonium, uranium, and thorium,
(3) preparation of plutonium refercnce materials distributed as certified
reference mater’als by the NarLlonal Burcau of Standards, used in the
Safeguards Analytical Laboratory Evaluation (SALE) projram administered
by the New Brunswick Laboratory, and uscd to calilbrate nondestruitive
analysis apparatus at LASL, and (4) preparation and characteriza ion of
plutonium isotope materials and partic.pation in an intralaboratory
program to mcasure longer-llved plutonium isotope half lives. More recent
and significant achievements are reported. Gas-solid rcactions ar
alovated temperature, used previourly to convert uranium in refractory
torms to species readlly soluble In acid, are being applicd to thorium
materials. A micrograwm-scnsitive spectrophotometric method was develuped
for determining uranium and the LASL Automated Spectrophotometer has
been modificd to use it. The instrument now is functiongl for deter-
mining milligram amounts of plutonium, and milligrim and microgram
amounts of uranium. Construction of an automated contruvlled-pocentlinl-
coulometric analycser has just been completed. It Is glving desalgn
performance of 0.1%Z velarive standard deviation for the determination
of plutonium using a mcthod developed vspeclally tor the indgtrument., A
method has ibeen developved for the microcomplexometric titration of
uranium in 1vs stable (VT) dyidatlon state. A color probe analyzer
asgembled for this titratfon also has becn used for microcorplexometric
titration of tharium. The present status of reference materials prepared
for NBS and for the SALE program, as well as examples of working reference
materlals prepared for use with nondestructive amalyzers, 19 given.

The interlaboratory measured value of the 2??Pu half-11fe s 24,119 yr.
Our just completed measurement of the half life of 2“7Pu Is 14.38 yr.
Measurcoent of the **%Pu half life Is in progress.

XEYWORDS: Assay of uranlum, plutonium, and thorium, automated spcctro-
photometer, automated controlled-potential analyzer, com-
plexometric titratiosn of uranium and thorlum, dissvlution
of nuclear fucl=-cycle materials, plutonium reference materials,
half lives plutonium lsotopes.

INTRODUCT1ON

The primary purposce of characterizing nuclear fuel cyvele materials for safepuards appli-
cation is measurement of their uranium, plutonium, aud thorfum contents. All measurcements
must be accurate, with preclulon requirements vanging trom «< 0.1%3 standard deviation for
product materlald to several pereent {or scrap maturials contafning low quantities of thewse
three elements, Many fucl-cycle materials, including scrap materials produced in calelna-
tion procusses, contain hlghly refractory components and have multiphase, heterogencous
composition. At presenc, a particularly time-consuming operation in the chemlcal ausay of
such wmaterials 1y their disdolution to cffect solubilization of the urantium, plutonlum, and
thorium. In addition tv Fart, vffcctive disaolutlon technlque, automated analyzers for
assaylng the thrce clements will provide economy. The accuracy of assay measurements,



whether by chemical analysis or by usc of nondestructive (NDA) techniques, depends on cali-
bration, best attalned by use of proper reference materials. Accurate plutonium isotope half-
life values are essential to NDA methods based on radioactive calorimetry and decay measure-
ment, as well as for adjusting reference materials and accountable material inventories for
their changing plutonium content with time.

DISSOLUTION OF NUCLEAR FUEL CYCLE MATERIALS

Techniques currently being investigated to attain rapid and effective solubilization of
uranium, pluton{um and thorium in refractory materlals :re mineral acid reactions at elevat-
ed temperaturcs in pressurized contalners and reactions with reactive gases at elevated
temperatures.

We previously developed a dissolution apparatus of a Teflon container in pressure-
supporting stainless steel and nlckel shells which permit recactions with various mineral
acids at temperatures up to 260°C and pressures to 320 atm (5000 psi). The apparatus design
was made available to industry and was adopted by the Parr Instrumeat Company. A stainless
steel shell i{s used with HINO;, H2504, and HNO3-H2S0, mixtures. A nickel container is used
ior HCl, HF, and their mixtures. The dissolution apparatus has becn applled successfully
to a varicty of mater{als includlng Nb-U alloy, U02Zr0; in Zr matrix, U-Zr-Hf carbide,
1600°C-sintered (U-I'u)0z, and a variety of scrap-type matcrials supplied by the New
Brunswick lLaboratory (NBL).

We verified NBL findins: that the Parr Teflon containers frequently failed when used
at 270°C with HNU3-low molarlty HF mixtures for the dissolution of materials such as high-
fired Pu0; and calcined mixed oxide. The Parr Company supplicd Teflon contalners made from
new Teflon stcck and we fab.lcated new contalners. Both failed even when heated at only
250°C with a HNUj3-low molarlty LF mixture and without samples.

The du Pont Company, in response to our request, recommended two Teflon grades, molded
7A and Type 1 Premium per ASTM D-3294. Contalners [abricated from both grades withstand
repeated use with the HNOa-UIF mixture at 260°C. The Parr Instrument Company has changed
its oroduction to use only the molded 7A grade.

Cas-solid reactions at eluvated temperatures are being investigated for converting
refractory materfals to soluble compounds or for forming velatile uranium and thorfum com-
pounds that cundense as compounds readily soluble In mineral acids. Materials In a quartz
boat arc reacted [a a quartz tube heated by a resistance furnace. The tube i3 designed to
provide a controllable atmosphere and effective recovery of the volatllized compounds.

Reactions with ehlorine gas and carbonyl chlo: ide, especially the latter, are effec-
tive for volatilizing uranlum. For example, 0.1 g of U305 (as well as U0, U0, and UC,)
volatilizes completely when reacted with chlorine at 1000°¢ for 12 h or 1200°C for 5 h.

With carbouyl chloride, using the same reaction cundltlons for chlorine, 0.1 gU3i0s vola-
tillzes completely in < 0.5 h at 1000°C and In < 1 h at 700°C. The syscem has been

applicd succesafully to a varlety of uranium-containing materlals produced in a LASL waste-
recovery calcinatlon facility and supplicd for testing by NBL. The method s effective

for materials contalning sirconlum and niobium which, like uranium, volatllize as chlorides.

The techinique now s belng evaluated for thorium materials. As predicted by the rela-
tive bolling polnts of UCl, and ThCla, thorium I[s proving more difficult to velatilize.
For cxanple, 0 17 of ThOp, previously calelned ot 1200°C In air, volatilizes durlag a 1-h
react{on with chlorine, contrasted to about 407 for U0, Under the same condltiens
using carbionvl chloride Instead of chlorine, uranlum was completely velatilized, but vol-
atilization ot taorfua [nereased oaly to 3w, The formatlon of volatile MCL, and Thiiry
by reaction ot the oxldes with c¢hlorlne and bromine in the preecnce of ciarbon! prompted
an evaluation ot various forms of carbon. Charcoal s proving the most offective. With

16, 1. Seahorg and J. J. Katz, The Actinide Elements (McGraw=H111, New York, 1954),
pp. 84, 151.



mixtures of the 1200°C calcined ThO; and various charcoals, at a C/ThO; mole ratio » 3, the
thorium volatiltzation {s > 992 {n 1 h at 1000°C. The coudensed thorium compound dissolves
readily in mlperal acids.

ANALYTICAL METHODS AND AUTOMATED INSTRUMENTS FOR URANIUM,
PLUTONIUM, AND THORIUM DETERMINATIONS

Automated Spectrophotometer

The LASL Automated Spcctrophotometer 13 designed primarily for determining uranium and
plutonium {n scr.ap materials. The method used in cthe origlnal instrument? provides high
tolerance for the many impurity clemcnts present in scrap materfals. Measurcment jrecision
is about 1I stondard deviation for a range of about 1 to 14 mg of elther elemnt determined
in sample portions up to 0.5 aml.

Because many scrap materials have very low uranlum and plutonium contents, measurements
of microgram quantitivs of the two clements often are required. A method, designed for use
in the automatced spectrophotometer, was dOVC]opud.’ It features measurvmcnt of 2.5- to 100-
Ug amounte of uranium and high tolerance for impurity elemencs pre-ent in scrap materials.
The mathod consiste of extracting the U(VI)-benzovltrifluoroaceton: complex into butvl
propionate from a solution that contains Mg(ll)=-cyclohexanedlamlnetetraacetic acid masking
agent to provide high sclectivity und hexamethylenetetrasmine and tricthanolamine Lo provide
high buffering capacity.

The automatcd spcectrophotomcter, shiuwn In Flg, 1, was modified to use this microgram-
level uranium method ag well as the orig'nal methods for determining low millipram levels
both of plutonivm and uranium. Modiflcations Include (1) a separate reagent dispensiiag
system for the microgram-level mthod, (2) a mechanlsm to switch the pneumatic-hydraulice
systen automatically between the two acets of dispensers, (3} removal of the cam-actuated
switches that had centrolled mechanlcal operations and expansion of the mlcrocomputer
system to provide complete control of all mechanical and electrical opoeratlons, (4) Instal-
lation of a palr of interference filters for absorbance measurements for the micropram—
level wmothod, and (5) replacement of tle Il=diplt, analog=to-dipital coaverter wlith a
Ak=diplt converter te cover a lnrger dvanmic ranree.

Output rceponsc for .he micrepram-level method is linear over the -ange of 2.5 to
100 ug of uranlum. The precision ranges from .52 standard devliation at 90 g to 3% at
5 ug of uranium. Under Iinstrument operatlon conditlons, tolerances of 48 metal {ons and
17 poometal anions have been establlshed.®

Automated Controlled-Potential Coulometer

We previously have descr.oed? o controlled-potent fal-coalomettic method for plutonium
developad for use {n an automated analvzer. Construction of the analvzer has been com-
pleted recently. The method features high tolerance for fmpurlties, a precision of 0.1%

2p. p. Jackeon, D. J. Hndgkins,R. M, Hollen, and J. E. Rein, "Automated Spectrophctometer
for Plutonium and Uranlum Determinatioan,' Los Alaonos Scientific Laboratorv report La-6091
(February 1976).
¥S, F. Marsh, "Extractlon-Spectrophotometric Determination of Microgram Quantitics of
Uranium with Benzoyletrifluoroacctone,” Anal. Chim, Acta 103, 439-443 (i4979).

*G. R. Waterbury, Compller, "Analyvtical Methods for Flasionable Materlals in the Nuclear
Fuel Cycle, Octuober 1, 1978-Seprember 30, 1979," Los Alamew Sclent|fic Laboratory report,
in prens.

. D. Jackson, R. M. Lollen, F. R. Rovnsch, and J. E. Redn, "Hiphly Selective Coulomerric
Mcthod and Equipment for the Automated Determination of Plutenfum," in Analvtic:zl Chen -
{atry in Nuclear Fucl Reprocesdsing, W. 8, Lvun, Ed., Proc. 21st Goaf. Anal. Chem. Encrps
Technol., Gatlinburg, Tennessee, October 4=6, 1977 (Sclvnce I'resu, Frinceton, 1478), p. 51,



atandard deviation for the detcrmination of 5 mg plutonium, and operational simplicity.
Plutonium is reduced at 0.2 V (vs SCE) to Pu(IIl) in 5.5M HCl - 0.015M eulfamic acid
elvctrolyce. Diverse fons are oxidized at 0.57 V at which Pa(I11) is not significantly
oxidized. Phosphate (as NaH;PO.) lu added to lower the Pu(IIT)=-Pu(lV) potential and Pu(IIl)
is vitrimetrically oxidlzed to Pu(IV) at 0.68 V. Results of a detalled Lnvcstigation of
diverue lon tolerances for more than 75 metal ions and nonmotal anions have been reported.
Mctallie elemente normally present in nuclear fuel cycla materials do not interfere at squal-
mole ratio relative to plutonium. HMost interfering nonmetal aniona are separated by fuming
with perchloric acid prlor tu analysis.

An overall view of the instrument components is shown in Fig. 2 and its inotallation in
a containment box is shown in Fig. 3. The mechanical portion is installed in the sloping,
open-front box that {s 0.91 wm wide, 0.79 m dcep, and 0.64 m high and the electronic compo-
neats are mountcd outside the box.

The major cle~tronic romponcenta ot the instrument, shown in Fig. 4, are commercial which
simplifics m-intenance. A Hewletr-Packard 9825 Programmable calculator controls all mechan-
ical and electrical operationd, prncesscs titraction data, and outputs results on paper tape.
A Princetcn Applicd Rescarch Corporation 173 Potentlostar-Galvanostat and 179D Digital
Coulometer, modified for calculator control, do the eluctrolysis, Also interfaced and
under calculator control are a D to A converter, a digital multimeter, a scanner, a real
time clock and a digital plotter. The D to A converter provides calculator capability
to sclect electrode potentials., The digltal multimeter measures electrolysis conditions
of interest and scrves as an A to D converter to input data to the ealculator. ‘the digital
multimeter alsv monitors iuterlocks desipgned to protect the inatrument in case of a mal-
function. The scanner switches the digital multimeter co the polnt to be mecasured. The
mechanical operations are controlled through the scanner by contact closur. of relays.

The real-time clock monitors clectrolysis times and by means of an interrupc system tcrmi-
nates analyses In which the times exceed those found to affect Lhe determination adversely.
The plot of log current vs. time provided vy rhe on-line digital plotter allows a trained
analyst to spot duviations indicatlve of a faulty analysis.

The mwochanical aszembly i+ deslened fr- long-term, trouble-free operation. A turntable
noiding up v 24 elecirolysis colls ro ..+ them into podition nnder a fixed Te’lon sunport.
Smooth and accurate rotatlon Is provi:pod by a Geneva-drive, intermlttent motior assembly.
Positional accuracy Is further ineure.bracylindrical rod, Jriven by a pneumatie cylinder,
that engages slots in the edge of the turntable at each of the 24 positiors.

The clectrolvsis cells are simply fabrlcated from 4.8-cm-diam glass tubing by flame seal-
ing a flat hottom and grindiug the top flat. The eluctrodes, stirring mechanism, reagent-
delivery tubes, Inert-gpas Inlet, and rinslng system are mounted 19 a rigld Teflon support.
The cells arce raiscd by a hydraulie-cvlinder-driven assembly to form a gas-tight seal
againat the Teflon support and to position the varlous components reproduclblv. The reagent
dispensers fur the UCl-sulfamic acid electrolyte and the phosphate complexant are gimilar
to those used in tiie avtomated Hpcctrophntomulur.z Only glass, Teflon, 1nd Lei-F contact
the highly corrosive reagents.

The analyzed sample and rinse snlutlon are withdruwn by suction through a Teflon tube.
The aspiratlon tube is delven by a4 pneumatic-cylinder mechanism to an exact positien at
the battom of the cell near the platinum-gauze electrode for efficient removal of the
lquid. "Two cunsvcutive rinses, vach with - 25 ml of 5.5M HCl, leave less than 0.01Z of
the pre us sample.

Complexometric Titration of Uranium and Thorium

Methods are belng developed for the determination of microgram and milligram levels of
uranlum and thorium applicable tu materlals produced in varioud stages of fuel prodiction
and ultim: . : for Irradlated fuel analysle. A versatlle, sutomated apparatus, shown in
Fig. 5, hay u..n asserbled for this purpose. Tn the Instrument, titrant is delfvered by
a micrometer plnet driven by a stepplng motor to provide preclse Increments. A probe
-olorimeter immerscd In the solutlon monitors the continuously changlneg color. Light
18 trardmitted vo the probe tip through a rlexible fiber-optic light gulde. The light
pisses through the so-atlon and 14 retlected by a mirror at the end of the probe tip back



through another portion of the fiber-optic light guide to the photodiode detector. A pro-
gramable calculator controls the titrant addition, senses the approximate inflection point,
processecs the data, and calculates the quanr'{ty of titrant at the endpolnt as rthe intercept
of least squares fltted lines before and after the inflection point. A digital voltmeter
serves as an analog-to-digital converter to transfer the mecasured absorbance values into the
calculator. A stripchart recorder also monitars the absorbance output from the colorimeter
and provides a plot of absorbance vs dellvered tltrant volume.

Thorium is determined by titrating tb.- "L.orium-xylenol orange complex with diethylene-
triaminepentaacetlc acid. Over the r#- - of 20 to 140 ug thor{um, the precisien I. < 1 ug
standard deviation. Becausc this methed 1s rot selective, a chemical separation procedure
is being developed.

A selcctive, complexometric titration mothod has been developed for determining uranium.
The U(VI)-arsenazo I complex is titrated with dipicolinic acid (pvridine-2,6-dicarboxvlic
acid) at a pll of 4.9 attained with heximethyvlenctetramine buffering. Selectivity s gained
by use of cyclohexanediaminetetraacetlce acid and dJdicthylenctriaminepentaacetic acid as
masking agents. Measurement precision for 30 to 180 ppg of uranium ic about 0.6% standard
deviation. Tolerances of diverse impurities are belng establlshed.

PREPARATION OF RFFERENCE MATERIALS

Refercence materials, mainly containing plutonium wira lesser numbers conta:nlng uranium,
are prepared for distribution as NBS standard refarance aaterials, for use in tae NBL-
administered Safeguards Analytlcal Laboritory FEvaluation (SALE) program, and as working
calibration materials for varlous nondrstructive analvzurs in operation at thie new LASL
plutonium processing faclility and elsewherce., Table ) summarizos the status of LASL-
preparad materials preparced for NBS. The status of materlals preparced for the SALE
program is given In Table 1I. Examples of working calibra. 'on materials for nondestructive
analyzers are given Iln Table I1I.

Table I. Plutonium Refercnce Materials Preparcd by.
LASL as NBS Cortificed Refercnece Mare-iada

Composition Designation Certified for Status
Pu metal SKRM 945 purlty 99,9%, present
impurity blead lot in
matrix ample
supply
Pu metal SRM 949 assay g Pu/g eighth
lot to
be pre-
pared (n
1980
Pu-244 not assigned atoms Pu-244 prepared.
per container character-
ization

in progress



Tabhle II.

Compeaition

Reference Materials Prepar:d by

LASL for NBL SALE Program

Certified for

Status

Pu nitrate g Pu/container, one series uged in the past.
solution isotopic Not planned for future use.
PuO2 g Pu/g second serics of 3 lots
acheduled for 1980.
(U~Pu)03 g Pu/g, g U/2 previoua series of 3 lots
powder Pu and U isotopic prepared. Not planned for
future use.
(U-Pu)0, as above second series of 3 lots
pellets prepared. Characterization
in progress.
Table IIi. Tynical Reference Materials Prepared by LASL
Analytical Chemistry Group for
Calibration of NDA Instruments
Material Characterization Various Configurations
Pu0:2 Pu assay, particle solutions
size, Impurities
aclids
PuCl, Pu assay, isotopic
golidas on specific
Pu(NO3) 4 Pu assay, [sotopic substrates
Uoz (NOa)2 U assay geometric contajners
(U-Pu)Cl, U, Pu assay

PLUTONIUM ISOTOPE HALF-LIFE MEASUREMENTS

Accurgte half-life values of longer-lived plutonium isotopes are essential to non-
destructlve methods of analysis that measure a nuclear property assoclated with a dis-
integration rate, Including calorimetry and various radicactive particle measurements, and
to adjust the platonium content and isotople distribtution vaiues of refurence materials
and accountuvle raterial {nverterics. In an Interlaboratory cffort sponsored by the DOE
Office of Safvpuards and Sceurity, LASL preparces and characturizes pure, enriched-isorope
plutonium materials for distribution to participating laboratoriec, and participates in
the hall-]1fe measurements.

As shown ia Table TV, the intralaboratory effort has pruduced a preecise measurement
of the walf-1ife of 277Pu.® oOur recently completed measurement of the Ivlpy half-1ife,
based ou mags spectrometric determinatlons of the decrevas'ng 2“!'Pu/?“’pPu ratio over &
3.h-yr time period, {s 14.3R yr w'th a 952 confidence limit of 0.06 yr. At present, an
Interlaboratory effort Is In progress for the mearurement of the 7%%py half-11fc

5L. L. Lucas and W. B. Mann, Editor, Int. J. appl. Radlat. Isotopes, 29 (No. B8), 479-524
(1978).



Table 1V. Plutonium Isotope Half-Lifec .easurements Status

Mcasurement *
leotope Technique Laboratory Status
238 not done - recommended
average of
87.74 yr
measured by
ANL and ML
239 a-particle ANL, LLL, NBS comp lete:
calorimetry LLL, ML 24, 119 ¢+ 26 ¥
BAEE spectrometry ANL, LASL, LLL
of U-235 daughter
240 a-particle LASL, NBS 2%°py0; pre-
calorimetry LLL, ML pared. Char-
masa gpoctrometry LASL acterization
of U-236 daughter and half-life

measurements
in process

241 mass spectrometry LASL complete:
of changing 14.38 + 0.06 y
241/242 ratio

*ANL- Argonne National Laboruatory

LLL- Lawrence Livermore Laboratory
NBS- National Bureau of Standards

ML- Mound Laboratory

LASL - Los Alamos Sclentific Laboratory
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