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HIGH PRECISION ISOTOPIC ANALYSES OF URANIUM AND PLUTONIUM BY TOTAL
SAMPLE VOLATILIZATION AND SIGNAL INTEGRATION

E. L. Callis and R. M. Abernathey
Analytical Chemistry Group - MS G74C
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

Techniques have been developed which permit rapid, high-precisi.:.

analyses of wuranium and plutonium by multiple-tilamen? therma.

ionization mass spe.trometry ut;:izing a commercial muitic- ilec

instrument. .e salient feature of the method is volatiiizati 1. .t

tha-

entire sample while simultaneously integrating the sigral from ea-!,

isctope, thus virtually eliminating the effests of isotope tractionat

1n the evaporation process. The me®hod permits the analysis of sample:

much smaller than required for conventional techniques using Farauday

c¢.l.ectors ani 1s expected to have aprilicatirn 1 the analysis f many

elements 1r. addition ti uransum and gpaufconium, Pun-t. -1a:.

reproducibiities of  §. 02 (K3.) have been ot taine! iy js t.por 100

ura:diuft and pluton: e,



HIGH PRECISION ISOTOPIC ANALYSES OF URANIUM AND FLUTONIUM BY TOTA..
SAMPLE VOLATILIZATION AND SIGNAL INTEGRATION

E. L. Callis and R. M. Abernathey
Analytical Chemistry Group, MS G740
Los Alamos Nationai Laboratory
Los Alamcs, NM B7545

1. INTRODUCTION

Conventicnal thermal ionization techniques rely cn the use ¢! r:iy. ily
controlied experimental conditiunas such as sample 3size, purity, chen: “a,
form, heating patte:n, a3 well as other parameters to attemp' °
reproduce fractionation behavior and biases c¢bservasd due t. the
evapcration prccess.! Sample evapcration is generally belileve:
follow the Rayleigh distil.ation law in which the lighter isctopes aie
preferentia.ly evapc-xated.2 Observed ratiovs, in genera:, chaiagy
throughout the anralysis, producing a fractionation curve. To¢ obtasrn .
stable ion beam fcr single collector measurements and tc reduce the za°a
of fractionation, only a small percentage, typically i* to 50+, f ti.
samp.e 13 actua;ly evaporated. Unfortunately, unless a know!: 18.-7 .-
ratio is present .n the sample, either inherent cr added, wne han 1. way
of knowing at a givern pcint in the analysis, the corresponding pooa;' o,

o, the fracti.nat:'n .urve. '

The use «f arn 1nterral nermal:sing o,
wher, avai.iatle, or an added drul le-spike can ampreve repoodn WLt
dxamaticaily.4'5 Hrwever, nct all elements are amendl-ie . tle
techniques and the double-spicne methud genexaliy requires an adiz’; o,

analysis of the unspikei ma'rriai.

A direct ut ccme -t Rayleilat Aistiilaticn 18 that ot oa,. at re .
evaporate:d, and a.., 1 a faxed fractaon, of e e et g, 0, )

PR rc duend i the evap 1t o pr cess b While thga hat lesn owe e

many yearn, afFp .t a0 SREITE DY TR LIS N B TTYTRSA IV XY FLEER A P
fittoiuar . Frebgemn g Jvder Che nee ety o etaganiier a0 stal L oL 1.
ant nocertasnt jer 1t he oan ot LN LT SR TR LACYT S SULITEE B IR A
Forang the araiy=is and thee s wWie afm ound - 0 Mma' e ia, Jemait.oLgy

tiiamen a' "he Ceaminat o1, e alaiyein,



The availability o! multicollector instrumentation, howevel, eliminate:
most of the problems in applying the total evaporaticn method. N (T
advantages are: a stable ion beam in no longe: required because a..
isotopes are ccollected simultanecusly and more intense ion beams cCa:: is-
obtained as a result, and the duty cycle, the fracrior ¢f time thas .

icn beams are actualily keing cciilected, is neariy :0C:.

Accordingly, techniques and scftware were developed ti expleit the
advantages of the multicollector system, Similar techriqurs have wse,

simuitaneously developed by others.’

<. EXPERIMENTAL

Appazatua

A ccmmercial mass spestrometer, (VG Isotupes, Winstord, Frygsand, M. ie.
VG-24) equipped wit) fi.ve ad)justal..e Faraday collectors amd a ba.y
detect<~r 1on-¢ounting system was employed in this work. Lem.untal o
tripie filament assemb-]}ies and filaments of hrgh purity rhenium weds
useil., The i1nstrument is equipped with a 16 sample turret ain‘dl 13 tuily

aut nmated, excefrt fcr collectul pesitioning.

Beagents

Urarium and pla? naur aN top1~ atandards U=H08, U-90%, U-1Ge, -0,
NBR: -94¢, NR;-4qd ', NRS-94F (! Na®ti1.na: Bureau . f tasdarda) ani ‘M
el (New Prunaw:ok Labrzatrry, US BOF) were converted t: the nitrate f -
ari 41iuted rnominal concentrations of 0.5 mg/mi (1) and 0.0 m1 r.,
(Fu) 1n 1M HNG,, The plutcenium standards, except f..3 CHM-{7N, weis

putifieni by 101, exchdnqe t« rem ve <Aian ingrowth.

ALa.y. e ad

The: atan a1 instramen,® cpwera’iner 21 wdje was o 4,0y 0 jreert e
ana.lynen 1 the ttal evap 14ty Looantegration moedee. Theewee po daty a0
wWeeter ma e Wil *he o a. f m.unimi2ire] mamprie evag-1at, o, taring e

X AR IR 1T TR f peran o cat s ald teeuaneg, o annd ! dap adiy v gt

L esre ity S, ! TEREEEE N 2N LR SRR O TR YRR L ST IR I F N T AT R LA T B
iLte gt LEUERRRT IS Pt hee eedatee A an 0 W Whiioeo % 20 s
*ree mamp ae filament currernt a3t rey , fhee 3ot bt gan b g

Porrra® ater Canvpeenat wvee by oot e, tla A TR oy Thoet e e



peaks aie next located and the total beam internsity is set tu 1c7 9 A
using the ion-counting system. Use of the ion-_-:ounting sy:item at thi:
stage, while nct :ssential, minimizes the consumption cf sample bet.re
initiation of the integration. After the peaks have been located a: !
focusing has been completed, the Daly system is turned «ff, Faraday
amplifier zeros are measured, and the integration/current ramp

started. Before each 5-second integration period, the sample tilamnet®
current is incremented in steps of 20 to 100 mA, depernding o the
present beam intensity. The maximum beam intensity is controalcot
roughly between 6 X 12711 and 7 x 10 11 by suspending the current ramg
when the intensity is within these limits. Because all isotopes are
coliected simultaneously, a stabie ion beam is nct! requirei. Tie
integration/current ramp continues until sample exhausticn (~:07+' A
intensity). A second set of amplifier zeros is measuted at the end

the anal!ysis and averaged with the first set.

Indivicdua. ratios are calculated an. printed t.1 e¢a bk "-sec i
integration period. The finai ratics, however, ate Latsedl 10 il
surrazions of the individual DVM readings, corrected t @ amplitiv:

zers, which are propoerticnal tc the integrated intensities.
3. RESULT: AN DISCUSSION

A typical intensity profile and Zurrent ramp for oa pauloLiam na) e
sh.-wr, an Fig. 1. Nute that the intensity raisesn 14y iy and -
maintained at a high level, 1n thia case 31 X i0”lia, yielding a oo
s1gnal/n-i18e¢ ratio, and thern dreps rapidly on exhaust ion ot the saiyy o
The jagged nature -+f the pretile in the mid pertion as duer te ! he sty
wilde increnentation c¢f the tilament current. The rapa o dr-g o
intensity on sample exhausticn is important it redoang *he st e e .

the terminat 1o intersity leve, on the inteqgrated ra*an.

Integraticn vimes are generaliy aboouat 10 manateen, g Yo G ey, e
sl the fquant ity t samp e G-a-lend. cevegheed o bavit e wach oan barn
oYt nanhg, o hilzang fiiAamer!  wdimegp,  fectianed, bl chakiees ale

wlab ot s on rareg Yhee ot Aanadynat tame T gl b it e
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the rapid dzcp in the cbserve.l rati. s eariy in “he dha.yii2 % d Vea..t
very near the true ratio and then the slow change urti. *Y%5%: sarpl!c
consumption. The difference between the the>retical and cEkserved curwvesn
is probably due to the assumption cf complete mixing c! the residza;
sample in the model. 1In the total evaporation prccedure, the samp.le- ::
velatilized very rapidly and hernce mixing probakbly cnily oczurs in ?ie
top few monciayers of sample. 7This view iJ reirnf.:ced bty the Lehav, . :
at the end of the analynis when Oniy a few moriclayers are presen', i,
which a rapid drop ir the ratic (s okserved, mcre irn .ine wit! ol

model.

The Ffact that even extreme variatisnd® in the - lse:ved fra'ti:f . 1
behavior during the analysis can he overcome by t-fal integJeati:i .
demonstrated in Fig 3, a plot cf the resuits ¢! a S. aha.ys:s. R
contras: tc the behav.:: «f U oer Py, whircl, usia..y exbib:? a 535,30
peak in the intensity prctilie and 4 mor,~tonically Jecreaning rat s (.
iight/heavy ratics ure plotted), Sr exhib:is tw, J.as:r.y Uh:ice,

distinct peaks as the fl.amen?! temperature 1% lalfpudl wi'? o

ccrresponding variation in the srserved 86/88 ratic. This bulavi 1

apparently due t:< the prese:.cte cf muitiple chem:-ai afu-ien wii

ve.arilize a* difteren! temperaturea. In spite cf *he v latii.za': .
d:fterent species, huwewer, the 1ntegrated ratic 13 very Lead (...

the cer-itied *;faue f.: *his Stallar i,

Fesuits abla:ined on uraniurm anl it Loum atandar is whe, cL Gt cate t e
very low Liuses ol:served witlh the techhique are shews i Tab e 3. Theess.
da*a have beer. ~crrected uaily for the ampiifier Qais.,, feterrmy ool witl, o,
bu;it-an current scurce, an'd 'he relative cfliet 1 ettt cicei 'y,
di1scusned later. The observed valiues are a; . wieil wi'has i
unertainty ,im;ta of the standards, 1ndi a4’ ing *ha’, wi'lon "l

ur.certainty Jamite, "true” g unfractl rated rati v oAre 4 ogiteed

Tihee @)t yemey bl o pre in,or 1’ a.hal e oI o, ot

UTAL I ALy o q)h wie 10 Tl goer 0oat ) e pae 0 e e S LI
Bre a8 on (RFSDE the Mt 1t par rdAt L 5 L0 Yl g,y
W se these data rTeprenest Shp® ten (s WeeR) Var a0, L0, Mg gpoesta e

Mafer " ver per: -4t several monthr alo w0y e 10ty R at bl e .
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The precisicn cof minsy 1sci pe MeEaRLIEments 18 Jelsegmitecd oo,y o
the no:se level an:d dr:fr -t the ampliifiers, and the mamin ,;m lives 0o
level that can be tolerated on the majtr isotope. OFserved values aze
typically = & tc + 3 ppm abundance for integrated intensities ir l..
10-50 V-min(Volt-minutes) range. The loading of larger sampie¢s w.wu.:

probakly not reduce these values significantly.

) . . o
In the case of <38py measurements, the contribution due to <3ty ¢p-n
filament materials or the sampie itself must be considered. Data !
NBS-947 indicates a contributicn of about + 10 ppm abundance fronm ® hese

sources.

The amount cf sample loaded was 1(0-20ng Pu and iC0-202 ng L. Wioe
10" ] input resistors, these 3sample sizes yielded integ:ate.s
intersities of about 10 V-min for plutonium and 50 V-min fc¢r urarniun.
The tctal analysis time fcr samples of this size is tyfica,.y 3!
minutes. As indicated in Talles 2 and 3, the tota. integrated intersi:y
fcr a giver. size samp.e may vary considerakly, part:icularly tcr urarniam.
Th.:s affect may be due .o the sensit.vity of the uranium jonizat:.n t.

T Xyger. pressure in the source regiun.

Using conventicnal techniques, wherc only a portion of the sample 1s
evap.rated, care mus. Dbe exercised t. cuntrol the amunt nt sanrjpie
loaded because the fractionatiorn hehavior is affe-~ted, This cai Lo
diff:cult or impractical in reai-wo:id situations where the pre .
am-unt ~f{ sampie may not be known. ! Table 4 are shown the effer's ¢
a samp.e size variaticn of a facter t 10 for uranium us;ny the tota,
evajpr&t1on pr.onedure. Wh:le the:e 18 a discernilie etfte~t, on the
order of 0.00%, it 1s smai! ~rmpared to what one wou.d expest unimr
cunventiota: te hniques, 1, aded;t 21oon, the irntegrated intensity he:ome:
4 va,ual-ie AdiaqioRigc o tor D o recerticl of analyrea which o yiel
itegrare! internnstaer far - G*siche the nerr With o nLvent1 foa.
teshn e, e %, ban 350 e andaiart o ot b ere fated ot

arAa y s {a'a a. e

o genera., Che pre o, LR ] ST LTI NPL R I H ] R T L XA TR LR S
Pos® oo v hues, ararn., e LR L T tPL L ETIE TR L~ A SR KRS T B
Phee v At ssi2a’ . B b Fa taop Yl tplAaret 0w Pt ey P aets
Aft e an, onsa, geveral  and b osang e tiiame s we i 00 D)o
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ilament. Residual Pu war less than 19 while uranicm averaget al o
The large: uranium residua. may be due t d;ffus..: ' U one LN
filament material at the somewhat higher temperatuses redgaitei !,

vclazilization.

Secondly, the production rate oY urarium cxide ions may vary durlng :te
analysis, and hence alter the fractio: of sample molecules . nverte.d °
U* ions and ccllected. The production of plutorium oxide isny apypeas.

to be insignificant.

Arcther interesting difference :in the behavicr of U an! Pu s thae
uranium volatilizes quite differently from filaments wh..r have Lo,
previcus,y degassed. On undegassed filaments, bcth elemen:s o-xfiti' o
reiatively rapid drop in intensity as the sample is exrausted, ri.
desired behavicr. On degassed filaments, however, urarniufml ex!lil.'sS a
long, relatively low intensity tail, which may last many minutes evel a*
filament currernts cf 4A (=~i90C°'C). An explanation ct this lehavi oo

nct readiiy apparent.

Coat]r saLldill

The standard VG s ifrware priv,des $¢1 determinaticnr ot the ¢ | .evr
eff:>jency, which may ke defined as the ratic of the gains measu:ol w.' ..
the currert sturce t.: th.se measured with an actual 1an beanm, 1y

sequentially measuring an 1. beam, such as 187ge and 13305, NI TP IO

the collect~rs. Becaude this is essentially a peak sw:trhing techn: ja-,
and subject to beam instabilities, long data acqu:siticn times ade of!el.
required tc¢ oltain adequate fprecision, In additicn, the stariar:
proecedure was rnot fuily automated. A fully automated procelure wa.
deve.oped which allcwed the acquis:itian »f large am-uit's ¢ data i o
meie converniern® manner, The colliecter efficienries derermined 1 v

-
mar.l,er, us:ihq a °* “".’

P08 bean, variedl fromw o CO6 U v Cle, witl gaenpae 0
t- tfhe axia. r.lle<tcr, with a4 precisiis, f ab- ur UV e, Pane ) - .
t:.ament l-adinas.

T orherk the waiitity o the eff, iencies meassted if YLt Fattecl, o
Nepies rl measuremen'r wWwere Mad i s Che !t tdl o evap tat s o i eeriat

pr e dare an o whiclhoa Ieer AN ULt Suepara® o vtab s, b, L4 I
Mear aqed -1, sah o0 e 8 pasre HETE B ELE A A L L LGP ‘e
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[

nfcrtunate.y, idenvtical 1esults were nct orta:ne:i r. €a~h pair -t
clieftters, the differencues indicating errors on the -rder ot (L1 .

the efficiency factors,

According.y, a method was sought for calibrating the ccllectors in th.
simultaneous colleciion mode to resolve this discrepancy. Because r.-°
standards are available having ratios certified to the accuracy levels
required (<.0l%), a procedure was sought which would be independent cf
the true value of the ratio being measured. An inspection Gf the
possibilities of using a one mass u:;it separaticn ratis suchk as F.
240-239, reveals an unsclvabtle system since tsr N ccllentors, conly %-.©
equaticns car be written, and the numbe: of unknowns is N (i.e., .t
re;ative gain of N-1 coilectcrs pius the unknown ratic). Similatiy !¢
otzher isotope mixtures, the number of unknowns is always one mrre thal
the number of independent equations that can be written for a ¢ix.i

cclleltcr arrangement.

dowever, for adiuszable ccllector systems, calik:atiosn is pcssikie usi:,

-Ka

a mixture of isotopes such as U-233-235-738 without any knowledge +f tle
actua. 1sct)pe ra%ti:is c¢r tractionation during the analyses 1ty
repcs:itioning the cciject_rs. Cons:de: the arrangements showr in F,

j.5:

Fi: pzsivi:n ] we have

ry = F1 By (1-%%)5 eq 1
Fa

rz = 1R (1 - %3 eq 2
Fq

where rl,rl = clhserveld rat::s, yrriected ¢ 1 amtiilie! aa.irv
Fl.Fg = Tillect r eftiien'y ta-t.rs, . at i H
Pl, F/ = True ratics 233-23R and 208 4R, g, sasnp oo

v Frarticra*i.n fa=st-r ! r . AM' ¢

L I A



For position 2

r3 = F1 . Rl (1-Qps eq 3
F4
Iy = F2 gy (1- )3 eq 4
F4
where ry, r,; = observed ratios
F2 = collector efficiency factor, L1

|, = Fractionation factor for second analysis
L3

By combining eq 1| and eq 3 we have

r] -/1 -°& S orfl -dl > =fr|\3/5

P e ———7; —

ry3 \1 -q2 1 =Y 3 eq 5
combining eq 2 and 4 we have

? = .fx 3
.i_ 1 . 1 ]
rf Fo 1 +QE eq 6

Combining eq 5 and 6 and solving for F, we have

Fo = rgir\v/5
—— —

ra\rq eq 7

Fer statistical analysis of multiple runs at the two positions the teiis
can be regrcuped as

-

Fa = I13/5 t_4
ra . r3 3/5 eq 8

feause the expressiocns in brackets shouid be ccnetant from run to rul
t:r a give:n co-liectcr ariarngemernt.

Similar rearrangements carn be dovised for determiniung the: lemaiiniy e
£6 5 ~ 3 ~ ~ g . .

effitiency face rs F:' FJ ansl F4_

A corparist: ¢! the efficienties determined in this manne) with th e

determined by § akswitiling 4 singlie iun bedrm is shown o in Fig Y. Whils

the dilferernces are no! large (G002 to (Cle), they are suflicive

av-eunt ftor the wvaria' s nn oof sepve ]l wheernn Measurineg o goviss o tn v pae 3at,

crodditteren' patea ot 1l g



1. CONCLUSIONS

The combination of multicollector instrumentation and techniques which
permit total sample volatilization has been found to provide significarnt
improvements in analysis precision and sample through-put, The
insensitivity of the method to sample size and drying procedures allows
the relaxation of controls normally applied in order to achieve high
precision &nd accuracy. The method should be applicable to many
elements in addition to those studied so far, which include U, Pu, Am,
Eu and Sr. It appears that the method is capable of producing near-
absolute measurements based on uranium and pluconium 5landard data.
Unfortunately, an order-of ‘magn:.ude improvement in reference material

uncertainties will be required to evaluate the methrd fully.
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Fig 1:

Fig 2:

Fig 3:

Fig 4:

Fig 5:

Table 1:

Table 2:

Table 3:

Table 4:

A typical intensity profile and current ramp for a plutcfiunm
sample.

Observed and theoretical fractionation curves (U500)

Intensityprofile, fractionation curve, and cur ant

ramp for a strontium sample,

Example of collector calibration (L1/Ax) by
:epositioning of L2 and H2 collectors.

Comparison of collector efficienciea, determined by

single ion bnam switching and collector repositioning.

Observed versus certified values for secveral

uranium and plutonium standards

Replicate analyses of NBS-947 plutonium standard
demonstrating the high precision obtaineble, 10-2¢

ng Pu loaded.

Replicate analyses of U-500 uranium standard, 100-
200 ng U loaded.

Effect of aample size on observed 235/738 ratic
for NBS-U500 standard,
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235/238 Ratio
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L2 LI Ax Hi H2

Position1: LJ UL ULJ U L
233 235 238
L2 LI Ax HI H2
Position2: | | EREEEEE
233 235 238

Example of collector calibration (LI/Ax) by repositioning of
L2 and H2 collectors.
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Collector Efficiency, Axlal = 1

@ - Peak Switching
238U

m - Collector Repositioning
233-235-238U
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Collector Efficiency by Different Methods
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OBSERVED VS CERTIFIED VALUES FOR
URANIUM AND PLUTONIUM STANDARDS

Deviation from Uncertainty
Standard Element Ratip Qbserved Value Centified of Certified Value
NBS-946 Pu 240/239 0.144963 -0.019% +0.14%
NBS-947 Pu 240/239 0241278 +0.003% + 0.14%
NBS-948 Pu 240/239 0.086353 +0.049% +0.14%
CRM-128 Pu 242/239 1.00096 +0.022% +0.026%
NBS-U500 u 235/238 0.99985 +0.015% +0.1%
NBS-U900 u 235/238  10.3785 +0.034% +0.1%
NBS-U100 u 235/238 0.113642 +0.037% +0.1%
NBS-U020 u 235/238 0.020812 +0.010% +0.1%
NBS-U010 1] 235/238 0.010144 +0.040% +0.1%

Los Alamos
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ANALYSES OF NBS-947

20 ng Pu Loaded

Run Y-Min 238 239 240 241 242

1 10.6 2659 77.6597 18.869 2.0331 1.2244

2 13.2 2667 77.6601 18.8159 2.0331 1.2243

3 10.3 2658 776616 18.8164 2.0324 12239

¢ 6.2 2662 776586 18.8164 2.0349 1.2240

5 9.7 2645 77.6590 18.8191 2.0331 1.2243

6 9.4 2655 77.6582 18.8172 2.0343 1.2248

7 14.5 2653 77.6617  18.8158 2.0330 1.2242

8 12.5 2650 77.6583 18.8194 2.0330 1.2242
MEAN 2656 77.6597  18.8171 2.0334 1.2242
STD DEV 7 14 14 8 3
RSD +.26% +.0018% +.0074% +.039% +.025%
CERTIFIED VALUE 264 77.66 18.816 2.034 1.226

Los Alamos
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ANALYSES OF NBS - U500
100-200 ng Uranium Loaded

Atom Ratios
Bun Y-Min 234/238 235/238 236/238
1 32.5 010413 999801 001528
2 80.1 010411 999743 001520
3 142.5 010426 999756 001520
4 75.0 010437 999622 001522
5 13.4 010414 999892 001532
6 65.9 010437 999850 001529
7 32.3 010428 999796 001516
8 58.0 010427 899733 001511
9 37.6 010424 999762 001531
10 143 010427 999773 001520
MEAN 55.4 010424 999768 001523
SYD DEV 38.6 + 9 + 68 + 7
CERTIFIED VALUE 010422 9997 001519

Los Alamos
CLS-89-7236



20 10.0 99982
50 17 99985
100 45 99975
200 103 99962

Variation of observed 235/238 ratio with sample size for NBS U-50v standard.
Certified value = .9997. (Mean of 2 determinations at each level.)
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