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ML Analytical Chemistry f’rogram for Fissionable Nstcrlnls Safeguards

by

D. D. JACKSONand S. F. UASSH
Los Alamos Scientific Laboratory, Lca Alams, New Mextco

Fajor tasks in this program arc (1) dcvelopmnt of dissolution
techniques for refractory nuclear matcrLnls, (2) dwelopment ot methods
●nd automated analyzers fur determinin~ plutonlum, uranium, and Worlum,
(3) preparation of plutonium refercnr.c maturinls distributed as ccrtlflrd
reference mater!nls by the NaLional tlurrau of Stand~rds, used in tlm
Safeguards Anals.tical LahorJtory Evaluation (SALE) pro~r~m administered

by the Ncw Brunswick Laboratory, and used to calibrate nonde~tru:tlvu
●nalyais appnratu~ at I,ASL, and (4) prcporation and charactcriza ion of
plutonium isotope rmtcrials and part!clpation in an intralaboratory
program to measure longer-llvcd plutonlum isotope half Iivcs. More recent
and significant achievunmnLs nrc rvported. Gas-solid rcdctiona ar.
ekvated tempcracure, used prcviou~lv to convert uranium in refractory
iorms to spccics rcadlly soluble in acid, are bclng appllt,d to thorlurn
aaterials. A microgram-sensitive spuctrophotomctric m.,t!]od was dcvcluped
for determining uranium and the LA!!L Automatco Spectrophotorneter has
been modiflcd to use i t. The instrument now is fu~cti~ni)l for detur-
minin~ ❑illigram amounts of p]utonlum, anti mllligrlm and mlcrogrnm
●mounth of uranium. Construction of an automated cuntrullcd-poccntl.nl-
coulomctric analy<cr has Just bcort complctcd. It 1s giving dcslgn

performance of 0.1% telativc standard dcvlatlon for the dctcrmrnation
of pluLonl,lm using a method developed L,specially tor thu lnstrunn’nt, A
~thod has been dcvclup~,d for the mlcrocomplexomctric titration of
uranium in its stahlc (VT) 6~tdatlon stntc. A color prube trnalv?.,r
assembled for this titrntlon also has bwn used for mlcrocorl)lc.<@mL,L ric
titration of chorlum. Ttro prcssunt status of rCfCrL12LCL’ mdtet’lal~ prepnrud
for NBS and for chc SALE program, as WUI1l as cx.nmplug of working refcruncu
materials prcparud for usc with nondcstrucLlvu analyzers, is givt!n.
The intcrlaborutory nwasurud w-Iluc of Lhc 2’YPU half-llfc LS 26,119 yr.
Our just completed muasurtimrnt of the halt llfc of 2U’PU 1s 14.38 yr.
kteaaurcmmrt of the ~iopu half ]ifc [E! in prngreHs-

U?YWORDS: Assay of uranium, plutonium, and thorium, nutormtctl spuctro-
photometer, autom.tt~wl controlled-polentlal analyzer, com-
plCXOMCLriC Litrati~n of ~rmrium and thurlum, d[ssolutlun
of nuclear fud-cyclu nultc,rials. plutoulum rcfcrcncc maturi:d~,
half llvcs plutonium lsOLtJpL!S,

INTROLWC11ON

The primary purpose of choract,~rlzlng nucludr fuel cycle MSLCrlah for sufcf?,uflrds itppll-

cation is mens~rcmmnl of thuir uranium. plutunlum. nnd thorium conLcnlH. All rm,~sur.,mcntw
must bc accuratti, with prcclulon rL)f[UfromI.,ntH ranglnE irom .: 0.1?; +Li’tndilrd dL1VlUL[On for
product MUtCrh21H tu suvcrul p~rcLillk fr~r scrap m.nLurlnls contalnln~: low quuntltlrs uf Lhcsu
thruc elwnrntu. }kLnV fU~].-CyCle M~lCt’rlalH, inL!lllLflllc sCraP miLkCrld]H prOdUCL’d [n COIClll~-

tion proct?ssus, contain highly r~’frnclor:: componun~s and havu multlphasc. hrtcroguncuus
composition. At prrscnt, s partlcuhrly tlnu,-cunsumln~ operation in the chcrnlcnl L2:lsirv of
euch nmtcrlals iti their dlwolutlun to cfrcct solubllizfltiun of the ur;lntum, pluLOlliU~l, and
thorium. In addition tu fcwt, .,rf~,rtlvc dl~snlul loll tcchnlquu, automnlcd annlyix’ts l-or
●esaylng the tbrcc clrmt,nts will pruvldu cconumy, The accuracy of a~say mn’asurc~mc,nlx,



whether by chemical analysis or by usc of nondestructive (NDA) techniques. depunds on cali-
bration, bL,+,Lattalned hy usc wf proper ~cfuruncc materials. Accurate plutonium isotope halE-
life values are esqential to NDA truthods based on radlonctive calorimetry and decay maaure-
rmmt, as well as for adjmqting reference material~ and acco~mtablu mterial inventories for
their changing pluconiwrn content with time.

DISSOLUTION O? NUCLEAR FUEL CYCLE MATERIALS

Technlqlms currently being investigated to attnin rapid and effective solubilization of
uranium, plutonl.~m and Lhorium in refractory miiterlals :irc mineral ncid reactions at elevat-
ed Ccmperalurcs in pressurized containers and reactions with reactive gaties at elevated
temperatures.

We previously dcvclopcd IL dissolution apparatuz of a Teflon container in presqure-

supportinfi stninlcss SLIX1 and nlckcl shuns which permit reactions with mrious mineral
acids at cemperaturej up to 2fJ00C and prussure~ to 320 atm (5000 psi). The. apparatus design
was nmdr availa!)lc to Indlwtry and was adopted by the Parr Instrument Company. A stainless
steel shell is used wit4 IIN03, H~SOb, and llNi11-li2SOti mixtures. A nickel container is used
ior HC1 , HF, and their mixtures. The dissolution hpfrarritus has been applied successfully
to a Va~iCLy of nmtcrlnls lncludlng Nb-C alloy, Uf3zZrOZ in Zr matrix, U-Zr-llf carbide,
1600”C-sintered (LI-[’u)02, and n variety of scrap-type maLcrials supplird by the New
Brunswick I.aborittory (NBI.).

UC verified NBL findln~: thnt the Parr Tcflnn container frequently failed when used
at 2TO”C with HNL33-10W mo]urlty HF mixtureb for the dissolution of matcriula such as high-
fired FU02 and c;llclnud mlmxl oxidu. The l’arr Company supplied Teflon containers made from
new Teflon stcck and wc fab.”lcatcd rww contnlncrs. Ilotl) failud even when huated at only
250°C with a HNIJ3-1ow nwlarlty };F mlxturc and without tiamplt!s.

Thu du ~OIIL Company, in response to our rcque9t, rerornnw!nded two Teflon grades, molclcd
7A and TyptI 1 Prcmlum pcr I\STN D-3294. CunLaLners [abric,lLud from botil grades withstand
refwact~d u::(, with th,. llNO~-liF mixture at 2613”c. Thu Parr InsLrumunt Company has changed
it$i nruducl j on to usL! OIIIY tlIfJ molded iIi &~L3dLm.

Cas-sulld reuctions at cluvaced tdm>mraturcti arc b,,lng Invesllgatud for converging
refrccLury maLcl lals to soluble compounds or for forrnln~ vnlntilu urnalum and thorium com-
pounds that cundc,nsr ns compounds rt!miily Yolublc in miLILmri31 acids. Natu.rials In a quartz
boat arL, rcnctud 1:~ a quartz tube hentcd by a rcRlstancv furnace. The tube is designed to
provide a ccmtro!lablu acmusplmrc md cfructivc rvcovcry of tile volntilizcd compounds.

Rcactlnns wlLh chlorlnt, gas and corbon::l chlo! idc, especially the latter, are effec-
tive for vul:Il i 1 i::lnl:, uranithnm For vxampl.,, 0.1 g of U306, (as well as U02, U03. and UC2)
volatiliz,,s ct)ml,luc~,lv wlIun rciirt~!d with clllurln~, at 10000(: for 12 h or 12ilf)°C for 5 h.
With cnrb,myl ,:lllor[d~,, (I:;ing the snmc l-tiaCLIOt’l curtdltlons for ch]orinc, 0.1 gUIOg vo]a-

tillzes C(mq,lLIL1ilV in ‘: (1.J h at l(JOO”C an,l In ~ 1 h at 70L1°C. llle syscum has been
appllud ::tlcL.~s.,iully 10 u varictv of urilnillm-containlnfl mntc.rials prodllr’ed in a LASI, waste-
rccuv,-ry c:ll~ill~llu~l I’ariltty :Ind supplii,d for L!,stln~ I)y Ni!l,. Tht! method .s effective
for nl:lLi,rl :li+ L,L311L:IInll}l,, rirconlurn on[i niob [urn uh lci], like urnnlurn, volntlllzc as chlurldus.

lIIL, Li,cli[)itIIIL, nuw is heln~ CVdL1:ltt>d fL1r tilorlum M.ltcrlfl]s. As prc,dicted by tllu reln-
tivr tIuil [m; I~t)inLs If u(~lb LIIIL!I’hi:]., Lhorium is prOVlllg more difficult to Vfllatilix~.
Fvr c$xanq,lc., .: 17 uf 11102, prk,vlo.lsly c(llclui,d .:I 121N)°C in :Iir, VOI.ILII{ZCS durlnp, it i-h
rcuct [on WI th cilior[n~h, L.onLr:l!+t(,d Lu ;lIJouL M12 for UIOq. Undur LhL, sunk} CIJlldLtlCll+
uhl,ng cnrllllllyl clllorid~, ills L,I.ld uf clli!~rl!h,, urmllum wa~ cnmpl~,tely VLJ1:ILIIIZA, huL vul-
aLl~i#.aLioll UI L;lt,tlu,l ill~rli:l!+{,d LWIIV to )u1. The lorm:lLluli uf volnti]c lIC1. and l%llrb
by react ion o! LllL! uxick’s wi Lh
au UV+LIU;lLJWI L31’var I{Iu:+ furm:;

‘c. ‘i’. Si*a:]urg mul .1. J. ILLLz.
pp. 84, Irl-l.

chlorinu, and bromlnu III thi, prtwuncc of c~lrbonl prompt ccl
of c:lrhun. lll~rcual 1s provin~b tlu* most tf[[!titlvc. with

The ActJnldu tilmcnLs (KcGrnw-lilll, Nur.r Yurk, 1’J54),



■ixturas of the 12 LN3°C calcined fiO? and vnrttm charcoalo, ●t a C/ThOZ mle ratio > 3, tb.c
thorim Volatil!zatlon 1S ~ 9QZ in 1 h at 10I)O”C. The condcttmed thorium compound dlnsolvcs
:eadily in mlnerul acids.

WYTI(ML }13Tt10DS AND AUTOPtATED INSTiLLllfENl% FOR URANILJH,
PL~13NIlJM, ,iND THORIUM DETEkNItdATIONS

Autnmted Spectrophotomater

fir ML Automated Spcctrophotom~tcr la dc~lgncd primarily for determining urnnium and
plutonium iit scr.lp mturiHIH. fit+ mthod used in the OriglMl instruumntz provldcs hlp.h
tolerance for the ~ny impurity cl~,mnts present in ncrap materials. F!!atiurcmnl i,reclslon
la about 1% stondard deviation for a range of about 1 to 14 mg of either clem.nt cletcrmined
in sample port[onm up to 0.2 ❑l.

Becauw mny ~crnp Mtrrlnls have very lW urnnlum and plutonium contents, uwa.urcnn.nts
of ❑icrogram quanLILiCH oi the two clcmnts o[tun arc required. A imthod, dc,si~:nL.d fnr US*J
in the autmtutl spcctrop!lotom.,tc,r, wu dcvclopcd.’ It features m,,asur.,mnt of 2.5- Lo ldO-
Ug amount~ of uranium anti high Lolcrance for iml>UrItV ~l~~n.~ prLmC12nt in LI1-rilr Ukltcria]S.
The rnthod con6isLn of extracting the U(VI)-bcnzovltrlfluoro~ccton(. complex into buLv]
propionate from a solutiun that contnirm Yg(lI)-cyclollcxallcdlamlnutctraaccLlc acid masking
agent to provide tii~ selectivity untl hc=mttlylcnetrtrfiaine and tricth.nnolaminc 10 provide
high buffcrlng capacity.

The automtcd spcctrophoromL.,r, slluwn In FIR. 1, was mmdlficd to usc this mlcro~ram-
levcl uranium wthod as WC1l m thu arie,lnal mtLhod~ fJr dctcrmjnlng 1- mlll[y,rarn I,,vcIs
both of plutonium und uranium. f4ndifLcntiom~ Includr (1) a scparoLr r,.aRcnt ditip,n:;inE
●yatem for the mlcrup,~am-l~svcl m,Lllud, (2) a rm’chanlHm to HWILCh the, p]lcumtlc-llydr;llll[c
●yntcm automatically bctwecll Lhc two actti of dixpcnscrs, (3) ri.movn.l nf the cam-nctunt,,d
mwitchea that had controlled zwchnnlr.1] opcrmtlons and cxpanNtun of the mlcrocnmputt.r
OyOLcm to pruvidc complete conLrm] of all wmchanicol nnd clccLric;l] opt.rations, (4) lns[;ll-
lation of a pdlr of Intcrfcrcncu fllt,,rs ior ab~orb:lncu wasurcrm,nLs ior the mlcroRr:lm-
lCVC1 n-thodp ?nd (5) rcpluccnwnt of tll, 3.’.-dir,[l, aualog-Ln-dlp[tnl c:xtvl.rtcr with a
i~-djgl: c.yn~~ertcr t.- cc.ver n lnrC,?r clynnmlc r.m~r.

Output response for .he mlcrogrilm-’lwvcl Mctllod is lint,or OVL,r tilt. ?angc of 2.5 to

100 llg of uranium. Tlte precision ranr,us from 0.5Z standard di,vlntlon nL 90 Ug Lo 1% .lL
5 pg of uranium. Llulcr lnstrumc!lL opcrntlon conclltlrm~, tol~rar,rvM of 48 metal i[mi ond
17 nonwtal anions Ilavu been Cstilbllsht,d. h

AutomaLcd Contrt~l]~)d-lJotcnt [nl Cnulomctcr

ZD. ,,. J~ckROns D. ‘-HndgkinH,R. M. HolLcn. and J. E. Rein, “Aut,wmt.,d :;pt,ctr,,l,llr.L~,mtiL,,l”
for plutoulurn and L’ranlum LktcrMIWLIO,l,” Los A141.ws ScicnLific I.almrntorv r{.port l,i,-1,091
(Fchrunry lq76).

‘S. F. Hur~ll, “Extril(,tl On-Spt,ctr(ll,llt~t(lm~,t rir !Juturrl,ultlon of Mlcru~ram QunntitiL,s of
Uranium with Bcnzoyl trlflu!]roncl,L(lll~’ ,“ ,\llrtl. Uilim, ,lc L.1 [f)j, il~-~it’] (i~l~).

“G. R. Wnlurbury, Cnmpllcr, “An.llyLica] )Lhtllod+ (or Fltisiu IIiIIIlc !l:lL~,rl,lI!l In Ltli, Nucle.lr
h?] Cycle, Octullcr ] , ]?7S-SCpLtIMh(,l” 31). 1979,” LCIN iiltiwu Sclt,ll[ Iflc l,til~nrnli]ry rcporL,

in prUHS.
%. D. JackHon, R. M. Ilullcn, F. K. lioLnHch, and J. E. 111’~n, “lll!I,!Il,~ Scluctlvt, (:oult)mu?.rii.

Ffcthod and Equ!pnw!n L fL1r Lllc Au LumoIL,Id LklLc’rm[na Lion of ]’lllt,:n[llM.i’ in Analytl~.:1 Chin.
L3try in NUCIL-Ctr Filul R1’PrOCUqt;llll~. w. S. Ilvun, ~d. . Pruc. ?lsL Conf. ,An:ll . Cil L,m. kll L-I’~,\
Tcchnol. , GaLlinhurg, lenncsHcl’, L)cLuhcr h-b, 1977 (Scit’ncu l’rlh!Iti, Frin*-t~Lun$ 1978). p. 51.



❑tmndard dcvlation for the dutcrmination of 5 w plutonir.m, and operational simplicity.
Plutonium im reduced at 0.2 V (w SCE) to Pu(II[) in 5.5~HCl -1).015~mulfamic mcid
tluctrolytv. Diver#c ions arc oxidlzcd at 0.57 V at which PJ{lll) is not significantly
oaldizad. Pho~phate (aa NtLHzPO.) lb add,!d to lower tha Pu(lll)-Pu(lV) potcn:ial and Pu(lll)
ia titrimutrirally oxldlzcd to Pdlv) at 0.68 v. lla~ultn of a detailed lnvcstigatlon of
diver~e lon tolerances for more thtin 75 mtnl ions and nonmmtal anions have been reported.’
Fk2tallic elrmcntn normlly pr.’~tinc Ln nuclear fuel cycla materiala do not interfere at ●qual-
mle ratio rcla:lvc to pluLrmium. Hnet interfering wwatal aninnn ara separated by fuming
with parchlorlc acid prior to analy~h.

AMoverall VICW of the inntruwnt compont!nta ia shown in Fig. 2 and ita installation in
● contain=nt box is nhwn in Fig- 3. TIIC mechanical portion ia inatallad io the sloping,
open-front box th~t [B 0.91 m wide, 0.79 m tkwp, and 0.64 ❑ high ●nd the ●leetromic compo-
aenta are muntcd outsldc the box.

TIW BOJO? clr’”trontc cnmponcnta OL th- instrument, shown in Fig. 4, are comm=cial which
●implific.s uk.lntcnancc. A tlewlctt-Packard 9825 Programbl~ calculator controls a:l mechan-
ical and electrical opcrmtlon~, prnces~cs titration data, and outputs results on papur tape.
A Prlncetcn Applitwl Sescurch Corporntlrrn 173 Potentlostac-Gillvanoatat and 179D Digital
Cnulonctcr, mrrdlficd for calculator control, do the ●lmctrolyaia. Also interfaced and
under calculator control are a D to A converter, a digital multimetcr, a mcanner, a raal
tim clock and a digital plotter. TIIC D to A converter provides calculator capability
to aclcct electrode p,~tuntials. The diglt~l multlmetcr mcasuraa electrolysis conditlona
of interest find serves M an A to D convurter to input datn to the calculator. “lhe digital
multimatcr UISU munltors illtCrlOCkS dcsl~ncd to protect the inatrumcnc in caac of a mal-
function. Thr scanner swltchua the dlgltol multimeter co the point to bc mcaaurcd. Thr
mechanical operations arc controlled through the ~canner by contact cloaur- of relaytr.
Tha real-tire clock monitord clectrolysln timwr and by ux!ans of an interrupt ayatcm tcrml-
nate~ analyncs In wh~ch the tirinwexcccd Lhos~ found to affect I.hc dctcrmlnation adver~cly.
The plot of log currunt va. time providctl .y che on-line digital plotter allows a trainad
analyet to spot dcvlatlons indicative of a faulty analysi~.

~Ic mchaniczl assembly ;,. desly.ncd rP- long-term, trouble-free operation. % turntable
-., “-’k r=”mL. !-noid~ng UP LIJ *.o IJIJtLL’dlYGlt; . . . Wt.m !nto po+itfmn !wdrr a fixed Te’lon dll~POrC.

S=uth and acruratr rotation 1.+ provi, !,d by a tlenev~-drive, intermittent mntior aancmbly.
Potiltional nccuracy lH further incurv. b:acylindrtcal rrml, Jrlven by a pncumnLic cylinder,
thnl cngagus slots lrr the edgr of thn turnLablc at each of Lhc 24 poaitiocH.

The cluctroly~is cell.+ arc simply fabrlt.ated from 4.8-cm-dinm glaas tubing by flnmc seal-
ing n flat bottom and grirrdln~ the top [lat. TIIC cluctrodcs, stirring mcchanI~m, rcagent-
dclivery tubt’s, inert-~us lnlltL, and rlnslnrj Yystcm are muunti”d 1.I a :lgld Tc~lou Hupport.
lhc CU1lM nrL’ riliHL’d by a llydralll lc-(:yllnd~’r-driven .wscmbly Lo f~rIII a g~~-tightSeal
against the TLifltUI sqIporL iInd to posltirvr lhu vnrloun ct}mponcnts reproduclblv. Thu rcagt’nt
dispunscrs fur Lh,m11~1-sulfnm[c :lcid uh,cLrolyLe :ud thLi phosphate complcxant are similar
to ttlo~~ u!d ill ti~L, ~t:LI)milt(d F;llCctrO+llllto;kLL’r. Only glass, Teflon, Ind 4ci-F contflct
the hlghlv curroslvm, rcag{’ntti.

TIICannlyz.wl samplr ond rinw Nnlutlon are wlthdruwn by suctton through n Tcfion tube.
llIC asplrdlll~l] Luhu 1* drlvun h>. il pncunmtlc-ryllndcr nwchnniMm to an uxact poaltlen at
the hottnm o! th~’ CVI1 near thr plntlr.um-gnuz.i ulvctrodc for efficient rcmmml of thu
liquid. IWO cun+ucutlv~ rinSLt9, L,uch wit!l .. 25 ml of 5.5X HC1, luuve lCLIY thun 0.01% 0[
t.h!, prt UH Silm,ll l’.

Cornplrxomctric TitraLlon of Uranium and Thorium

Muthodti arc bt’lng dcvclupvd for the dc’Lt’rmInntlon of mlcrngrnm and milligrnm lPVCIH of
urunlum and thorium uppllcNIIll’ LU nmturln]s produced in vnrloud MtngcM of [UU1 production
and Ultlmi, . ; ror lrrwll~ltud fuul :lnnlyMln. i\ versatllc, tiulrmatcd apparatus, shown in
Fig. 5, ha~ ti..n nssclhlud fur thl!~ purpo~l’. Tn the lnstrunu’nt. titrnnt In dcl!vorcd hy
a mlcromtcr pI’IuL drtvun by ~1 ~tcpplnl: motnr to provldc prrclqu lncrcmcnts. A prohc
:olurlm,ter lnm’rm d 111 the mlutlon mcnltors thu contlnunuHly chnngln~ culor. Light
IS trar~mlttcd to tht, prohu tip rhrolqfll il flt’xiblu fIbCr-OpLiC ll~lt guldc. mlu liKht
~ls~ue tllrou~ll the SO.I1lUII and IN rt.tlrctod by a ❑irror at the vnd of thr prnbu tip back



through another portion of the fiber-optic llght guide to the photodiodc dctecLor. A pro-
grarmsblc c.nlculator COnLrOIMthv titranc addition, ~enqcs the approximate inflection point,

procercscs the data, #nd ~~lculateg the quar,!lty of tltrant at the endpolrrt as ?hc intrrccpt
of least squarus fltt~d l!ncs beforu ~nd after the Inflection point. A digital voltmctur

aierves ns an analog-to-dl.qital conwrtc’r to trmsfcr tk measured ahscrbmrce vnlucs into the
calculator. A sLripch:lrk recorder also rmnitors the ahsorhancc output from the colorimc.tur
and provldcs a plot of absorbance vs dellvcrtid tltranL volume.

Thorium is determined by titrating tb. ‘:..~rium-xyluno 1 orange complex with diethylcne-

triamincpcntaacetic acid. owr tl~e r;,- : of 20 to .140 Lg thor{um, tllc prccigion i.: , 1 pg
standard devlatlon. Becrrusc this nwthc.d is rot selcctivc, a chemical sepirrirtion proccclurc
is being devel~ped.

A aelcctivc, complcxomi~tric titrfitlon ns.thod has been dct~eloped for (!ctermining (Irani!;m.
The U(VI)-arsenazo I complex is tltr:!tr’1 with dtpicollnic acid (pvrldific-2,6-dlcarhnx&r lic
acid) at a pll of 4.9 ~]ttaincd with llrxlrl,~t llvl., n~, tctranll liLI buf:t,rln~. Scluclivicy is p,~ili(!d

“oy uae of cyclohexanediarllncL.. Lruacetlc ,lcLd .u,d dicLh:~lcn~.trlaminepc.,~ ra:lcctic acid as
masking agunLs. Measrrrenw,nt precision for 30 co 180 DR of uranium is alnmJL 0.62 stand;lrd
deviation. Tolerances of diverse impurities irrc being estnbllshed.

PREPARA’I’1ONOF RFFERENCE MATt:KI,\LS

Rafercnce materials, molnly contalnic~ plutonium wi !,, lc~:ser num!wrs conta.rrlng urllnlllm,
are prepared for discribllt Ion iIs NBS stand[lrd rcfcr~ncv m.ll~,riills. for usc in t,Ic NUL-
administercd Safe#mrds AnalyLlcal Lahori.:orv Evaluation (SA1.E) [Irw}:r;lmr and as working
calibration materials fOr v.~rl(lus nondl’structlvc anirlvzcrs in operation at t;lc new LAS1.
plutonium processing facility al)d clscwimrc. Table 1. summarizes the sL~tUS of l,ASL-
prcparad materials prepar~,d for NBS. TIM, statu~ of rm~tt?rlals prepared for the SALE
program is g!ven Ln Tablu 11. Examples of working .alihra, ‘on mateti,nls fur nonrjcstrllcrlvi.

analyzer~ are given in Table [II.

~o~ositlon..—.— . . l?As&!!M!.
Certified for—.—.-— .-

Pu metal slot 945 purity 99.9%,
impurity hlcld
matrix

Pu metal SR.. 94Q as~ay R Pu/g

Pu-244 not aasign~,d atonw Pu-244
pcr contnincr

status.——-—

prcs~nr
lot in
ample
Scpply

eighth
lot to
be prc-
parod in
1980

prepared.
charactcr-
iznLion
in progress



T.ehle II. Reference Ftaterials Prez3arsd by

@fEQLm

Pu nitrate
solution

Paz

(U-PU)02
powdc r

(U-PU)02
pellets

Material—.

PU02

Pucl s

Pu(N03)o

Wz(tids)z

(U-PU)CI,

LA9L for

Certified for

g Pu/ccmtair3er,
isotopic

~ Pulg

g Pufg, 8UI13
Pu and U isotopic

- above

Table IIi. Ty?ical Reference
Analytical

NBL 5AJ,E Progrem -

SK!&!2

one series uged in the pnat.
Not planned for future use.

second series of 3 Iota
achedulcd for 1900.

previoue series of 3 lot66
prepared. Not planned for
future use.

second eerieg of ] Iota
prepared. Characterization
in progrcsa.

Meteriala Prepared by f&L
Chemistry Croup for

Calibration of NDA Instru&nts

Characterization Various CunfiRuratior3~

PU assay, particle solutions
size, lmpuritiea

solid~
Pu assay, Isotopi,.

solid~ on epecific
Pu aesay, laotoplc substrates “

U assay geumetric containers

U, Pu assay

PLliiONIfJM ISOTOPE HALF-LIFE MEASL!RE}llNTS

Accur&te half-lifti values uf lunRcr- lived plutonium isotopes arc cssentinl to non-
deatructlvc rwthods 01’ an:llysis th~t measure a nuclear property associated with a dis-
integration rate, fncludln~: c.llorimcLry and various radioactive particle nwasurcm:,nts, and
to adjiwt Cl],’ pl(ltonium cunLl!nt and isotopl~ distribution vaiucs of rcferwrce matcrlals
and t6ccounttiulL> r:utcrinL Invc,rtcrivs. Ill an lnterl~boratory uffort sponsored by the DOE
Office of !iaf~,p.u:lrd:: :Ind Sucurity, 1.ASL prepares and clloraccurizcs pure, rmriched-isoLopc
plutonium rr~ltcr[~is fur distribution to participating lahoraLoriec, :nd participates In

thr hal f-l lfc mcasurek. nts.

As Shown la Tahlv IV, thL, lntralahuratory effort has pruducrd iz precise nrcasu~”cmont
Of thr ‘Ia]f- lLrc of ~1”’Pum6 Our recently completed rmnsurumcrtt of the 2*’Pu hzlf-life,
based ruI nmss spuctrom,:trlc deturm[natlons of the dccrunsrnu 2“ ‘W 2“:1’u ratio owr h
3.h-yr tlm,, p.,riod, 1s 14.3~ yr with a 952 confldencu limit of 0.06 yr. At present, an
lnter]al,or:l[ory uffort IS In progress for the mca,urcmrnt of the ‘*JPu half-llft

‘L. L. LIJCUS und W. B. Mum, Editor, Int. J. APP1. Radlat. Isotopvs, 29 [No. 8), 479-524
(1978) .



‘Table IV. Plutonium Isotope Half-Life ::easurements Statuo

Wasurement
~o~~ Technique Labor6tor< Statun—. —.

23S not done reco-nded
average of
87.74 yr
=asured by
ANL and ML

239

240

a-particle ANL, LLL, NBS
calorimetry LLL, ML
mam spcctromctry ANL, LASL, LLL
of U-235 daughter

a-psrticle LASL, NBS
calorhetry LLL, ML
mnsd spcccromctry LASL
of U-236 daughter

241 ❑ass spcctrcmnetry IASL
of changing
2411242 ratio

*
ANL- Argonne National L.+or:ltory
LLL- Lawrence Livcrmmre Laboratory
NBS- National Bureau of Standards
uL- Mound Laboratory
~L - Los Alamos Scientific Laboratory

complete:
21i, 119 i 26 y

2b0PUOZ pre-
pared. Char-
acr.erizstion
and half-life
~asurcnwnts
in proccs9

Complete:
14.38 ? f).OfI y

.
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