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LASL Analytical Chemistry Program for Fissionable Materials Safeguards
by

D. D. JACKSON and S. F. MARSH
Los Alamos Scientific Laboratory, Lecs Alamos, New Mexico

ABSTRAC1

Major tasks in this program arc (1) development of dissoiution
techniques tor refractory nuclear materials, (2) dovelopment of methods
and automated analyzers for determining plutonium, uranium, and thorium,
(3) preparation of plutonium refercnce materials distributed as certifled
reference mater’als by the National Bureau of Standards, used in the
Safeguards Analvtical Laboratory Evaluation (SALE) projsram administered
by the New Brunswlick Laboratory, and used to calibrate uondestru:tive
analysis apparatus at L.ASL, and (4) prcparation and charactoeriza ion of
plutonium isotope matuvrials and partle.pation In an intralaboratory
program to mcasure longer-lived plutonium isotope half lives. More recent
and significant achicvements are reported. Gaa-solld rcactions ar
alcvated temperature, usced previously to convert uranium In refractory
torms to species rradily soluble In acld, are being applicd to thorlum
materials. A micrograw-scnsitive spectropiotometric method was developed
for determining uranium and the LASL Automatco Spectropliotometer has
been modificd to use it. The instrumeut now is functiongl for deter-
mining milligram amounts ot plutounium, and mllligram and microgram
amounts of uranium. Construction of an automated controlled-potentlal-
coulometric analyser has just been completed. It ls glving deslgn
performance of 0.1%Z relative standard deviation for the determlinacion
of plutonl.im using a mcthiod developed vspeclaily for the instrument. A
method has veen developed for the mlcrocomplexomctric tltration of
uranium in its stable (VT) dygidation state. A color probe analyzer
asgembled for this titratlou also hias been used for microcorplesometric
titration of tharium. The present status of refercnce materials prepared
for NBS and for the SALE program, as well as examples of working reference
materials prepared for usce with nondestructive analyzers, ig glven.

The Inturlaboratory measured value of the 2%YPu half-1l1fe s 24,119 vr.
Our just completed measurement of the half 1ife of 2“iPu 1s 14.38 yr.
Measurcment of the **°Pu half 1ife ls In progress.

XEYWORDS: Assay of urauium, plutonium, aud thorium, automated spuctro-
photometer, automated controlled-potential analyzer, com-
plexometric titration of aranium and thorlum, dlssolution
of nuclear fucl-cycle materiald, plutonlum reference materials,
half lives plutonium {sotopus.

INTRODUCTION

The primary purposc of characterlzing nuclear fuel cvele materlals for safepuards appli-
cation is measuremeut of thelr uraulum, plutoulum, aud thorfum contents. All measurcments
must be accurate, with preciuion requlrements ranglng trom -2 0.1% standard devlatlou fer
product materials to several perceut for scrap materlals contalning low quantlties of these
three elements.  Manv fucl-cyele materlals, Incledlug scrap materials produced in calelua-
tion procusses, contalu highly refractory cowponents and have multlphase, heterogencous
composltion. At present, a particulirly time-cousuming operation in the chemlenl ansay of
such materials is thelr disdolutlon to effect solubllization of the uranium, plutoulum, and
thorlum. In addition tv fart, cffuvctive dlssolut lon techinique, antomated analyzers lor
assaylng the three clements will provide economy. The accuracy of assay measurements,



whether by chemical analysis or by use of nondestructive (NDA) tecliniques, depunds on cali-
bration. best attained by use of proper reference materials. Accurate plutonium isotope half-
1life values are essentinl to NDA methiods bascd on radioactive calorimetry and dacay measure-
ment, as well as for adjusting reference materials and accountable material Iinventorica for
their changing plutonium content with time.

DISSOLUTION OF NUCLEAR FUEL CYCLE MATERIALS

Techniques currently being iuvestigated to attain rapid and effective solubilization of
uranium, plutonium and thorium {n refractory materlals :rc mineral acid reactions at elevat-
ed temperaturcs in pressurized containers and reactions with reactive pases at elevated
temperatures.

We previously developed a dissolutlon apparatus of a Teflon containcr in pressure-
supporting stalnless steel and nickel shells which permit reactions with various mineral
aclds at temperaturez up to 260°C and pressures to 320 atm (3000 psl). The apparatus design
was made avallable to Indwstry and was adopted by the Parr Instrumeat Company. A stalnless
stecl shell is used with 1INO3, H2SOs, and 1INO3-11250, mixtures. A nickel contalner is used
ior HC1l, HF, and their mixtures. The dlssolution aupparatus has beun applied successfully
to a variety of materlials including Nb-C alloy, U022r0; in Zr matrix, U-Zr-lf carbide,
1600°C-sintered (U-I'u)0;. and a variety of scrap-type matcrials supplicd by the New
Brunswick laboratory (NBL).

We verified NBL. findin-: that the Parr Teflon containers frequently failed whien used
at 270°C with HNU3-low molarity HF mixtures for the dissolution of materials such as high-
fired Pu0; and caledned mlxed oxide. The Parr Company supplicd Teflon contaliners made from
new Teflou steck and we fab.lcated new contalnerys. Both falled even wlicn hicated at only
250°C with a HNUj3-low molarity LF mixturc and wlthout samples.

The dv Pont Company, in response to our request, recommended two Teflon grades, molded
7A and Type 1 Premlum per ASTM D-3294. fontalners fabrilcatul from both grades withstand
repeated use wlith tha 1INOa-lIF mixture at 260°C. The Parr Instrument Company has changed
its orodaction to use ouly tihe molded 74 geade.

Cas-wolld rceactions at clevated temperatures arce being investigated for converting
refraciory matei lals to soluble compounds or for formlug volatile uranium and thorlum com-
pounds that cundense as compounds readily soluble in mincral acids. Materials In a quartz
boat arc reacted la a quartz tube heated bv a resistance l'urnace. The tube 13 designed to
provlde a coutrollable atmosphere und ef fuetive recovery of tlie volatlllzed compounds.

Reactlons with chilorlue gas and carbonyl chlo: lde, cspecially the latter, are effec-
tive for volatilistng wuranhien.  For exauwple, 0.1 g of U304 (as well as U0z, U0y, aud UC,)
volatilizes completely when reacted with chilorlne at 1000°C for 12 h or 1200°C for 5 L.

With carbauyl shlorlde, wilng the fame reaction cundltlous for chlorine, 0.1 gUi0s vola-
tillzes completely in 2 0.5 hae 1000°C and In < [ L at 700°C. The syscem has been

applled succes.tully to a varlety of uranlum-containing materlals produced in a LASL waste-
receovary calcinatlon farility and supplicd for testing by NEL. The method is effectlve

for matevlals contalnlug 7ivcoulum and uwioblum whifch, like uranlum, volatilize as chlorides.

The techulgque nwow Is helug evalwited for thorium materials. As predicted by the rela-
tivie bolllup poluts of UCly aud ThCia, thorium ls proving more difflenlt to volatllitize.
For example, 0 17 of Thop . previodsly calelued ot 1200°C {n alr, volatilizes duriag a 1-h
reactlon with cilorvlae, contrasted to about 40% for U0y,  Under the same condlitleus
unlng carhony! chilovide lustead ot chilvwrine, uranlam was compicetely wvelatillzed, but vol-
atilizatlonw o! taoerbua lucreased ovaly to 3o, The Tormatlow of volatile WCl, and Thlirg
by reactlon ot the oxldes with chlorlue and bromlue lv the presence of cirbou! prompted
an evaluation of varlous forms of carbon. Charcoal s proviug the most offectlve. With

'G. T. Seahorg and 1. J. Ratz, The Actinlde Elements (MeGraw-l1111, New York, 1954),
pp- 84, 151.



mixturas of the 1200°C calcined ThO; and various chiarcoals, at a C/ThO; mole ratio » 3, the
thorium volatil!zation {3 > 997 in 1 h at 1000°C. The coudensed thorivm compound dissolves
readily in mineral aclds.

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

Automated Spectropliotomater

The LASL Automated Spoctrophotomuter is designed primarily for determining uranium and
plutonium In scr.p materials. The method used in the origlnal Instrument? provides hilgh
tolerance for the many impurity clemcnts present in dcrap materials. Measurcment preclsion
ia about 1% stondard deviation for a range of about 1 to 14 mg of cither elem:nt determined
in sample portions up to 0.5 ml.

Becausc many scrap matcrials have very low uranlum and plutonlum contents, measurements
of microgram quantiticvs ot the two clements often are required. A method, desipned for use
in the automated spoctrophiotometued, wad dovclopud.’ It features measunmcnt of 2.5- to 100-
g amounte of uranium aud high tolerance for [mpurity clemen.s prevent in scrap matcerials.
The mathod consists of extracting the U(VI)-benzovltrifluoroacctone complex into butyl
proplonate from a solution that contains Mg(1ll)-cyclolicxanediaminetetraacetic acld maskling
agent to provide high sclectivity und hexamcthylenetetranine and tricthanolamine to provide
high buffering capacity.

The automated spectrophotometer, shown fu Flg. 1, was modlfied to use this mlcrogram-
level uranium mecthiod ag well as the orig'nal methods for determining low milllgram l.ovels
both of plutonivm and uraninm. Modificatious Include (1) a separate reagent dispensiug
ayatem for the microgiam-lcevel method, (2) a mechanlsm to switeh the pueumatic-hydraulle
aystem automatically between the two scts of dlspeusers, (3) removal of the cam-actuatad
switches that had controlled mechaunical operations and expanslon of the microcomputer
systcm to provide complete control of all mechanical and clectrlceal operations, (4) Instal-
lation of a palr of interference fllters for absurbaunce measurements (or the mlcropyim=
level method, sud (5) renlacement of el 3-diglt, analog-to-dipleal enaverter with a
Ak-4iplt converter te cover a lnrger dvnaamic ranre.

Output responde for .he mlcrogriam=-level method ls lincar over the -ange of 2.5 to
100 ug of uranium. The preclsion ranpes from 0.52 standard deviation at 90 pg to 3% at
5 pg of uranium. Under instrument operation condltlons, tolerances of 48 motal fons and
17 poometal anions have been established.”

Automatud Contrulled-Potential Coulometer

We previously have deser.oed? o contralled -potintlal-coulometiic method for plutonlum
developaed for use In iin antomated analyzer. Coustructlon of the amalvzer has heew com-
pleted recently. The method features hilgh tolcevance for fmpurftles. a precislon of 0.1%

2p, p. Jackson, D. J. Hodgkins,R. M. Hollen, and J. E. Rein. "Automarad Cpectraphctoneter
for Plutouifum aud Uranlum Determluatioa,” Los Alasos Scientific lLaboratorvy report La-6091
(February 1976).

¥S. F. Marsh, "Extractlon-Spectrophotometric Determlaation of Mlcrogram Quantltles of
Uranium with Bengoylerlfluoreacetone,”™ Anal, Citlm, Acta 103, a39=-443 (i979).

*G. R. Watcrbury, Compller, "Analyvtleal Methoda fur Flaslowabie Materlals In the Nuclear
Fuel Cycle, October {, 1978-sScptember ). 1979." Los Aames Sclentlfie Luboratnry report,
In press.

. D. Jackuson, K. M. Lollen, F. R. Rocnsch, awl J. E. Reln, "Hlphly Selectlve Coulomedrir
Mcthiod and Equipment for the Automat:d Determluation of Ilutcalum™ in Auafvtlesl Chen -
latry In Nuclear Fuel Reprocesdslug, W. 8. Lvon, Ed., Proe. 21sat Cenf. Anal. Chem. Euerpy
Technol., Gatllnburg, Teunessce, October 4=-6, 1977 (Sclence I'resu, Frinceton, 1Y78) . p. 51,



standard devfation for the determination of 5 mg plutonium, and operational simplicity.
Plutonium is reduced at 0.2 V (vs SCE) to Pu(IIl) in 5.5M HC1l - 0.013M sulfamic acid
electrolyte. Diverse ionw are oxidized at 0.57 V at which Pa(I11) is not aignificantly
oxidized. Plosphate (as NaH,PO.) la added to lower the Pu(lI1)-Pu(IV) potcntzial and Pu(lIl)
is titrimetrically oxidlzed to Pu(IV) at 0.68 V. Results of a detalled invcstigation of
diverse lon tolerances for more than 75 metal ions and nonmotal anions have been reported.
Mctallic elements normally present in nuclear fuel cycle materials do not interfere at aqual-
mole ratio rclative to plutonium. HMoat interfcring nonmetal aniona are separated by fuming
with perchlorlc acid prlor to analysis.

An overal| view of the instrument components is shown in Fig. 2 end its inotallation in
a containment box is shown In Fig. 3. The meehanical portion is installed in the sloping,
open-front box that is 0.91 m wide, 0.79 m deep, and 0.64 m high and the electronic compo-
neats are mounted outside the box.

The major ele-trouic romponents o1 the instrument, shown in Flg. 4, are commercial which
simplifics m-intenance. A Hewlett-Packard 9825 Programmably calculator contvols all mechan-
ical snd elcectrical operations, prncesses titratlon data, and outputs results on paper tape.
A Princetcn Applicd Rescarch Corporation 173 Potentiostat-Galvanostat and 179D Digital
Coulomuter, modified for calculator control, do the eluctrolysis. Also interfaced and
under calculator control are a D to A converter, a digltal multimeter, a scanner, a real
time clock and a digital plotter. The D to A converter provides calculator capability
to sclect electrode potentials. The digital multimeter measures elcctrolysis conditions
of interest and scrves as an A to D converter to lnput data to the calculator. ‘LThe digital
multimeter also monltors iuterlocka deslgned to protect the instrument in case of a mal-
functlon. The scanner switches the dlgital multimeter co the polnt to be measured. The
mechanical operations are controlled through the scanner by contact closur. of relays.

The real-tim: clock monitors clectrolysis times and by means of an interrupt systcem tcrmi-
nates analyses In which the times exceed those found to affect Lle determinatlon adverscly.
The plot of log current vs. time provided vy the on-line digital plotter allows a trained
analyst to spot duviations indicatlve of a faulty analyais.

The mochanlcal assembly (i deslened fe* long-term, trouble-free operation. A turntable
noiding up tv 24 clectrolysic cofls ro..v Lhem !nto position ander a fixed Te’lon sumport.
Smooth and accurate rotation I3 provi:pd by a Geneva-drive, intermlttent motior asscmbly.
Positional accuracy is further Infurc.pracylindrical rod, Jriven by a pnecumatie cylinder,
that engasges slots In the edge of th: turntable at cach of the 24 positiors.

The clectrolysis cells are simply fabrlcated from 4.8-cm-diam glass tubing by flame seal-
ing a flat bottom and grindiug the top flat. The elzctrodes, stirring mechanlsm, reagent-
delivery tubes, Inert-gas inlet, and rlnsing yystem are mounted 14 a rigld Teflou support.
The cells are raised by a hydraulle-cylinder-driven assembly to form a gas-tight seal
against the Teflon support and to position the varlous components reprodiuiclblv. The reagent
dispensers fur tlee ICI-sulfamic acld clectrolyte and the phosphate complexant are gimilar
to those used in tie atomited spectroplvtoster.? Only glass, Teflon, 1nd £ei-F contact
the Lilghly corrosive reagents.

The analyzed sample aind rlnse snlutlon are withdruwn by suction thirough a Tefion tubo.
The aspiratlon tulic s driven by a pneumatic-cyllnder mechunism to an exact posltien at
the bottom ol the cell uear the platinum-ganze electrode for efficient removal of the
1iquid. Two cuniccutive rinses, cach with - 25 ml of 5.5M HCL, lcave less than 0.01% of
the pre us sample.

Complexometric Titration of Uranium and Thorium

Methods are belng developed for the determiuation of microgram and mllligram levels of
uranlum and thorium applicable te materlals produced in varioud stages of fuel prodiction
and ultlm: . : TFor {rradlated fucl znalysla. A versatlle, sutomated apparatus, shown in
Fig. 5, has u..n asse-bled for thin purpowr. Tn the Instrument, titrant is delfvered by
a mlcrometer pluet driven by a stepping motor to provlde preclse Incremunts. A probe
solorimcter immerss d ln the solutlon monitors the contlnuously chianging color. Light
1a trarsmitted to the probe tip throuph a Flexlble fiber-optic light gulde. The light
pisscs through the so-ition and 1 retlected by a mirror at the ¢nd of thie 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 Lnflecztion point,
processes tlic data, and calculated the quan'lty of titrant at the endpoint as the intercept
of least squarvs flitted llines hefore and after the inflection point. A digital voltmeter
servegld ad an analog-to-digltal converter to transfer the measured absorbiance values into the
calculator, A stripchiart recorder also monitars the absorbance output from the colorimetuer
and provides a plot of absorbance vs delivered titrant volume.

Thorium is determined by titrating th.- *‘.orium-xvlenol orange complex with dicthylene-
triaminepentaacetic acid. Over the r»~ - of 20 to 140 ug thor{um, the precision [. 1 ug
standard deviation. Because this methicd 1s rot selective, a cliemical separation procedure
is being developed.

A selecctive, complexometric titration method has been developed for determining uranium.
The U(VI)-arsenazo T complex is titrated wilth dipicollnic acid (pvrldine=2,6=dlcarboxvlic
acid) at a pll of 4.9 attaiuced with hex imethylenctetramlye buffering. Sclectivity Is gained
by use of cyclohexanediamiunetctraacetlc aeld s dfcchylenctriamlnepentaacetic acld as
masking agents. Measurement precision for 30 to 180 ug of uranium is about 0.6% standard
deviation. Tolerances of diverse impurities arc being established.

PREPARATION OF RfFERENCE MATERIALS

Refercnce materials. mainly containikg plutonium wits lesser wumbers conta:ning uranium,
are preparced for distributlon as NBS standard roefercace adterials, for use in tae NBl-
administerced Safezuards Analytical Laboriiory Evaluation (SALE) program, and as workiug
calibration materials for varlous noudrnstructlve analvzers in operation at thie new LASL
plutonium processing facllity aud clsewitere. Table ) summarizos the status of LASL-
preparad materials preparcd for NBS. The status of materials prepared for the SALE
program {s given in Table 1I. Examples of working calibra. fon materials for nondestructive
analyzers arc given ln Table III.

Table 1. Plutonium Referance Materlals Pripared by,
LASL as NBS Cortlfled Refievenen Marte=:ds

Composition Deslgnation Certified for Status
Pu metal SRM 945 purity 99.9%, prescnt
impurity blead lot in
matrix ample
supply
Pu metal SRM 949 assay g Pulg eighth
lot to
be pre-
parcd in
1980
Pu-244 not assignud atoms Pu-244 prepared.
per container character-
ization

in progress



Table II. Reference Materials Prepar:d by
LASL for NBL 5ALE Program

Composition Certified for Status

Pu nitrate g Pu/container, one series uged in the pasr.

solution igotopic Not planned for future use.

PuO: g Pu/g second series of 3 lots
#cheduled for 1980.

(U-Pu)0. g Pu/g, g U/2 previoua serles of 3 lots

powder Pu and U isotopic prepared. Not planned for
future use.

(U-Pu)0, as above aecond series of 3 lots

pellets prepared. Characterization

in progtess.

Table IIi. Tynical Reference Materlals Prepared by LASL
Analytical Chemistry Group for
Calibration of NDA Instruments

Material Characterization Various Configurations
Pu02 Pu assay, particle solutions
size, Impurities

gsclids
PucCl, Pu assay, 1isotopi:-

golida on specific
Pu(NOj3) Pu assay. Isotopic substrates
Uda (NO3J 2 U assay geometric containers
(U-Pu)Cl, U, Pu assa}

PLUTONIUM ISOTOPE HALF-LTFE MEASUREMENTS

Accurcste half-life values of longer-lived plutonium {sotopes are cssential to non-
destructive methods of analysis that measure a nuclear property associated with a dis-
integration rate. includiny calorimetry and various radicactive particle mcasurements, and
to adjust th: platonium cont:nt and isotopic distritution vaiues of reference materlals
and accountunle raterial lovertceries. [u an Interlaboratory cffort sponsored by the DOE
Office of safvpuiards and Security. LASL prepuares and clisracterizes pure, enriched-isotope
plutonium materlatls for distribution to participating laboratories, =nd participates In
the half-1ife measurements.

As shown [a Table IV, the lntralaboratory effort has pruduced a precise measurement
of the half-1tfe of *?"Pu.® oOur recently completed measurcment of the 2“'Pu half-life,
based on nass spectrometric determlnations of the decreas’'ng 2“'Pu/?*“pPu ratio over &
3.h=yr tlm pueriod, Is 14.3R yr with a 952 confidcence llmlt of 0.06 yr. At present, an
interlaboratury effort is In progress for the mearurcment of the 74%py half-11£¢

5L. L. lLucas and W. B. Maun, Editor, Int. J. Appl. Radlat. Isotopus, 29 {No. B), 479-524
(1978).



Table 1V. Plutonium Isotope Half-Lifc .leasurements Statua

Mcasurement *
leotope Technique Laboratory Status
238 not done - recommended
average of
87.74 yr
measured by
ANL and ML
239 a-particle ANL, LLI., NBS comp lete:
calorimetry LLL, ML 24, 119 £ 26 y
mass spectrometry ANL, LASI, LLL
of U-235 daughter
240 a-particle LASL, NBS 2%9p,0, pre-
calorimetry LLL, ML pared. Char-
masa spectromctry LASL acterization
of U-236 daughter and half-1life

measirements
in proccss

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

*ANL- Argonnc National Laboratory

LLL- Lawrence Livermore Laboratory
NBS- National Bureau of Standards

ML- Mound Laboratory

LASL - Los Alamos Scientific Laboratory
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