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HIGH PRECISION IS9TOPIC ANALYSES OF URANIUM AND PLUTONIUM BY TOTAL

SAMPLE VOLATILIZATION AIK) SIGNAL INTEGRATION

E. L. Callis and R. M. Abernathy

Analytical Chemistry Group - MS G74C

Los Alamos National Laboratory

Los Alamos, NM 87545

ABSTMCT

Techniques have been developed which permit rdpid, high-p~ecisi.:.

analyses of uranium and plutonium by multiple-! ~!~mef;: Lhul%.(1 .

ionization mass spe.:trometry utilizing a commercial muir. ic, ilec! !

instrument. .>e salient feature of the method is vclatiilzdti r. (.I tt.c.

entire sample while simultaneously inteqrdting the signal frcm ed._!o

isctgpe, thus virtually eliminating the effects of isoto~w trd:-! ionat: :,

In the evaporation process. The me?hod permits the afialysls 01 samF!t,:{

mush smaller than required for conventional techr,iques usinq Fard.iily

ccl:ectors an~ IS exp=cted to have ap!”licmt if.n ~r~ tt.e an~:y%:s 1? ~l.il.-;

elements Ar, aclditioc tu uranAum and p;u’,r,:umm Pu::-!, -1.;:,

repra,iuclblilt.les of o5.C2’ (KS:.)tldv? txscrl ot?rli:l~! ! !( : ;3, t }J*.r.1’ : ‘:

“;! UCd:iAUR? dri\i ~lu?.f,f::dn,.



HIGH PRECISION ISOTOPIC ANALYSES OF URANIUM AND FLUTONIUM NY TOTA:.

SAMPLE VOLATILIZATION AND SIGNAL INTEGRATI&:

E. L. Callis and R. ?!. Abernathy

Analytical Chemistry Group, MS G740

Los Alamos Nationai Laboratory
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1. INTRODUCTION

Conventional thermal ionization techniques rely cn the use r.! r:g. i~;

controlled experiments: conditions such as sample size, pbx it.y, C!IOP.: -ii.

form, heating pattetn, ● s well as other parameters to at!em,~~~ !

reproduce fractionation behav+.or and biases cbserv=:i due t.. !t,,.

evapcrat~on prccess.1 Sample evapc~rat ior, is generally k,~l~wv.! ! o

follow the Raylelgh distillation law in which the ligk,ter isct.,\IQ,:,,1:.

preferentially evapclateci.2 Observed ratius, in qurtethl, (:t. d:. q!

throughout the analysis, producinq a fractionation curve. Tc: ok!?,I:r. .I

stable ion beam fcr single cr)llacto; measurements and tc, redurc t~,~~ r,~.,.

of fractionation, only a srrall percentage, typicdlly lW to 50-, (.! T Ii.

sample LS ●ctuaily evaporated. ‘Jnturtunately, unless a kll;,w:. lS.,? },.

ratio is pre~er)~ ~~. the ~aKI~Jl~, eAther inherent c~t adde,i, U:W tiri:i I. h.1’,

of knowing at a giver, pc~ln? in thv analysis, the c nrresl;~)ndlnq ~1.,=4;’ ; :,

on the !rac:ifnat:.~n ,:tirve, .’ ~h~ use cif a:, Ir.terr,al n,.rma::x;nq : i“ ,

wher, ava~iat :e, i) r dl, d!l.lwti df.ui :w-.spike cal, ~ml I IovQ~ :t”IJ:l.ii# .1 . ...”.

dramatically.4~b Hcwevcr, ntt all ● lements are amer,dl,lt) !. !!,,. .

techniques and ?he d{~uble-spiwe me~h,)(l qenefaliy tequ~res aI, ,s.1!;” ; :.I.

analysis rf the ur19plkei IrId*~’lL4~.



The availability of multi collector instrurnentatio:l,hawevet , elirr.i;la!~::

most of the problems in applyinq the total evaporatir:n methxi. :.:1:.~.

advantages are: a stable ion beam in no lonqex required becaust: ~..

isotcpes are collected simultaneously and mcl:e incense ion beams CA:: !II.

obtained as a result, and the duty cycle, the frdctior. :: tlmt- :!JtI: “ !..

ion beams are ac:uai!y kwing ccl;ected, is neatly ;OCT .

Accordingly, techniq’Jes and scftware were devt.lopt”J t i, u.xplLit ! 1,1.

advantages of the multicollector system. Similar techr’.i(~ui~:ihave i~~.,.:.

simultaneously developed by others.’

2, EXPERIMENTAL

A cL.rmnercialmdss spectrometer, (W :sotopes, Wirls!:.lri, EfiI_I~(~Ii

VG-?!4) equipped wit), five adlustdt,ie Fdladdy c~lle~t(”.rs drid

. M.:!,.

d ;., d .’:”



peaks ale next located and the total beam int.er.sity is set ru lC-:4 A

using the ion-taunting system. Use of the ion-:ounting system at ltl~:

stage, while net sssential, minimizes the consumption c,f sample k&fI.ru*

initiation of the integration. After the peaks have been located ~:.!

focusing has been completed, the Daly system is turned :~ff, k“ar~.ict}’

amplifier zeros are measured, and the inteqra: ion!currt<nt r drn}~ ::

started. Before each 5-second integration, period, the s~~~}~ietl:cI:I.~:,*

current is incremented in steps of 20 to 100 mA, deper.dinq ::. :!:,

present beam intensity. The maximum beam intensity is cont~:,il~ :

--11 ‘llA by suspending the current r.im~roughly between 6 X 1. and 7 X 10

when the ictensity is within these limits. Because aii JSOt:)pe5 drl-

caliected simultaneously, a stable ion beam is nr! requirr i. T!.FA

integration/current ramp continues until sample exhaust icr: (“:~-:’ A

intensity) , A second set of amplifier zeros is medsure.1 a: [he er,ii !

the a~a!ysis and averaged with the first 9et

Indlvi$ad; ratios are calculated and prir,tud t I e.1 .t. l!-.s, .-’ !,:

integration period. The finai ratios, howe~’er, ate t,.i:ie ! ,.,r, !!.,.

s’urmaziar,s of the individual DVM readings, C(,lre”!el t : rl.n!~:;!:(.:

zer~:s,whlcti are prop~~rt i(:nal tc.thb int.eqrated interi!+i? Jes.



the rapid drcp in the observe,l rat :... s eariy in :.?,e d:;~.y:.:s : ~ v,, i..,.

l~ery near the true ratio and then the slow chdnqe ur;ti: ’95, sa~.p.!u

consumption. The difference between the the~rctical and etservei c:;!..w:;

is probably due to the assumption cf complete mix]ng C: the resi.iu,l:

sample in the model. In the total evaporation procedure, t!i~ sam.}.1,.- i:

volatilized very rapidly and hecze mixing probak!y cr.:y CICCUrS 1 r, : . . .. .

top few monciayers of sample. -}
A..ig view i~ reiri!.::n~ity :t,e L.ek.,i ... . . :

at the end of the ana~ysis Wheri orliy a few mor~claye:s are pX,.:;e:.O , ~:.

which a ~apid drap ir. the rat~c iS okserve~, mcjre ir. i :rlL. wit !. :.}, w=

model .

The fact that even exrleme variatlsns in the .“,kse:v~q ~ld :t;: :.i. : :,

behavior during the ar,a:ysis can be .~vercame by L-.tai !.r.tug:~:.i: :. ;:

demonstr.~ted in Fi9 3, a plot c? the resu:ts ~1 d S. aridiys:s, ::.

Contras: tc the beh.avi: : i-f (’ cr Pu, wt.ir!. Us:.dlly cx!.it.:~ fi s;:,.~l.-

peak in the intensity prct:le and d ml-’r.-tonicaliy .le:IIffi::;:,7 rd: : (.:

iight/heavy ratl:ls ure pli,tced), Sr ent,it.:ts LW., ~.ss:I iy c!.:c,.,

distinct pedkS a3 t :Je fllamer,t temperature 1 :i xdr~,~: 1 -Win?. ,1

ccrrespondinq var iat ior. in the otservcd 86/811 ratl( . Tk. is t.v!, (Iv J I ::

apparently clue t:. the prese:, ~e cf muitiple cherr.:- ai spi: .i+::i w:, : .!.

vciatillze a: dlfter.?n! temper a?.ures. Ifi spite c! ?h13V~i#t:;. T. d*: :. !



Tf;p ~:p:igi:n cf rnin~r 15c:.”}Ie rncas:.lerrti~r.rs 13 11-”..:r!. ::t. i 1: !“.l!. .y :.:

the nG:9e Level and ~xlf:. ~ f L~.P am. p::f le!s, ar.~ :!mV. ?.a:.::n. .P i:.’ ..:.- .“ .:

level that can be tolerated on the majt,r isatope. ~tservel vaiue~ a:~.

typically = 2 tc = 3 ppm abundance for integra~ed ifiter,si?ies ir. :?...

10-50 V-min(Valt-minutes) range. The loading of larger sampics W.L. :

probably not zeduce these values significar,tly,

Iri the case of 238pu mea~uremnt~, the contrihutior, d’ue tc ‘:’5:-::.:

filament materials or the sampie itself must be considered, Da:.d :.!.

NBS-947 inaxcatcs a cantributic!r: of about I 10 ppm abundaricc frc.R. !F,us,.

sources.

Tbe amount cf sample loaded was iC!-2@ng Pu and iCO-2C!~ :,g L:. w:: !.

:0” n input re3istor3, these 3amFJle size3 yielded irlteg:atc.:

intefisities of about 10 V-rein for plutonium and 50 V-rein fcr u;ar,iu~,.

The tcta: analysis time fcr sarr.pies of this size is ty~.ica;:y 1;

minutes . As indicated in Tak,les 2 and 3, the tots: integrated int.e;.si:y

fGr a giver. size Samp:e may vary c<,nsiderably, pa~ticularly tr.x urdr.i~~..

This affect may be due ~.o the sensitivity of the uranium ior.izat~. c t.

cxyger, pressure in the :,ource reqi:)n.



Secondly, the production rate of uranium cxide ions may vary dtiring :t.u

analysis, and hence alter the fractia:. of sample maiecuies :.”n\”erte.::

u+ ions and ccllected. The production of plutor.ium oxide ic~~ appo:,,:..

ta be insignificant.

Ancther intereatinq difference in the behavic,r cf :1 a?,! p: ~S t:.,1:

urariium volatilizes qtiite differently from fiiaments w!.:.::.t;d-(~LIT.:.

pre~-iousiy degasged. On undeg~ssed filaments, bcth ~!erm:.:s ,.x:.:1.:w ,,

relatively rapid drap in ir.tensity as the sample is ex!.azsted, ! :.,

desired behavicr. an degassed filaments, hcwever, urar,i~n.ex:.:t...:s a

long, relatively low intensity tail, which may last many rmz::?es ev,:r. ti.

Eilament curre~ts c! 4A (_i9SC.C). An explanati~n c! tt,is tw-!iavi r ::

net readiiy apparezt .



Accordingly, a method was sought for calibrating the collectors ir:t!,...

simultaneous collection mode to resolve this discrepancy. Berausc, r.-

Scandarda are available having ratios certified to the aczuraiy ievels

required (<.01-), ~ pr~~cedure Was sought which would be iridependent C,f

the true value of the ratio being measured. ArI inspection Gf t!,~

possibilities of usinq a one mass u:.it separaticfi rati~ Buck as i-

240!239, reveals an unsclvakie system sznce fc.rN cc~iec?::s, -.-1-l,.y ::-:

equaticns car. be written, and tt,e numbe: of unknowns is N [ie., z!.{.

relative gain of N-1 collectors plus the unknc,wn ratic.). Sim.iiaxiy !::

ocher isotope mixtures, the riumber of unknowns is always one ~,r.re t!,a:,

the number of independent equations that can be written for a ! l!tc-.. i

=cLLe:tcr arrangement .

FL : pcsi:i:,n 1 we hdWS

r! = eq 1

F4



For position 2

r-j ‘F1. RI (1-~2)5

z

eq 3

eq 4

F4

where r3, r4 = observed ratios

‘2 = Collector efficiency factor, L1

~~ = Fractionation factor for second analysis

By combining eq 1 and eq 3 we have

eq 5

combir.ing eq 2 and 4 we have

Cambining eq 5 and 6 and solving for F, we have
L

F“J

)

- r4/r~-4/5
—1 —
r~ \,r2. eq 7

FcIrstatistical analysis of multiple runs at the twc? pc)sitior:s the te::i,:,.

can be regr~uped as

F~ = r13/5 r4
—

r~ . rj 3/5 eq 8



-1.CONCLUSIONS

The combination of multicollector instrumentation and techniques wF,ich

permit total sample volatilization has been found to provide significar:t

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, h,

Eu and Sr. It appears that the method is capable of producing near-

absolute measurements based on uranium and plutonium s~andard data.

Unfortunately, an order-of -magn~.ude improvement in reference material

uncertainties will be required to evaluate the me~hm? fully.

1.

2.

3,

4,

5.

5 REFERENCES

Garner, E. L., Machlan, L. A. and Shields, W. R., Nat. Bur. Std.

(US) Spec Publm 260-27 (April 1971).

Lord Rayleigh, ~. ~. (1896) 493.

Habfast, K., Int. J- Mass Sgec . and_Ion Phv~ 51 165-189 (1983).

Chen, J. H and Wasserburg, G. J., ~. 53, 2060 (1981).

Callis, E. L., Proceedings of the Twenty-Fifth Conf. on Analytical

Chem. in Energy Tech., W. S. Lyon Ed., Ann Arbor Science

Publishers, p. 115 (1982).

6. Cohen, K., of e sPo~ , McGraw-Hill, New York

1951,

7, Waqner, G., Tuttas D., Pocsthorgt D., Romkowski, M., Franzlni s.

and Koch L. presented at 36th ASMS Conference San Franciscc], 191



Fig 1:

Fig 2:

Fig 3:

Fig 4:

Fig 5:

A typical intensity pro f!.le and current ramp for a plutcr.iun

sample.

Observed and theoretical f~actionation curves (U500)

Intensityprofile, fractionation curve, and cur :Ilt

ramp for a strontium sample.

Example of collector calibration (L~/Ax) by

repositioning of L2 and H2 collectors.

Comparison of col16ctor efficiencies, determined by

single ion b~am switching and collector repositic,ning.

Table 1: Observed versus cercified values f~r several

uranium and plutonium standards

Table 2: Replicate analyses of NBS-947 plutor~ium standal,d

demonstrating the high precision obLain~ble, 10-2C

ng Pu loaded.

Table 3: Replicate analyses of U-500 uranium standard, lco-

200 ng U loaded.

Table 4: Effect of 3ample size on observed 235!238 ratit,

for N13S-U500 standard,
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U!LIAXHI H2

Position 1: Uuuu 1--1
233 235 238

Uz HI HZ

Position 2: l-l F.HhJu
233 235 238

Example of collector calibration (LI/Ax) by repositioning of
U? and HZ collectors.
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1.0002
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OBSERVEDVS
URANIUM AND

WS946
WS947
NBS948
CXlula
NBSWW
NBS—U900
N8S-Ul~
NBSU020
N6SUO1O

RJ
PIJ
Pu
RJ
u
u
u
u
u

240/239
24W239
240i239
242/239

CERTIFIED VALUES FOR
PLUTONIUM STANDARDS

DwlatlOn from Uncertainty
m vahlQ GQrMkSlwA!Mkww

0.144963
0241278
0.086353
1.0m96
0.99985

10.3785
0.113642
0.020812
0.010144

4.019%
+0.W3%
4.049%
+0.022%
+0.015%
+0.034%
+0.037%
+0.010%
+0.040%

f 0.14%
f 0.14%
fl.14%
fo.026%
fo.1%
ml%
to.1%
ml%
al%

Los Alamos
CLS89-7239



1

2
3
4
5
6
i’
8

MEAN

m DEv

ANALYSES OF NBS-947

20 ng Pu Loaded

10.6
132
10.3

62
9.7
9.4

14.5
12.5

CERTIFIED VALUE

a
2659

.2658
2662

2655
2653

2656

7

~~%

239

77.6597
n.6601
n.6616
77.6586
n.6590
77.6582
n.6617
m55f13
77.6597

14

18S69
18.8159
18.8164
18.8164
18.8191
18.8172
18.8158
-
18.8171

14

Ml

2.0331
2.0331
2.0324
2.0349
2.0331
2.0343
2.0330
Z!XMQ
2.0334

8

192244

1.2243
12239

12240

12243

12248

12242

ISU!Ii!
12242

3

n.66 18.816 2.034 1226

Los Names
CLS89-7237



ANALYSES OF NBS - U500

100-200 ng Uranium Loaded

1

2
3
4
5
6
7
8
9

10
MEAN

32.5
ml

142.5
75.0
13.4

65.9
32.3
58.0
37.6

55.4

ml DEv 38.6

.010413

.010411

.010426

.010437

.010414

.010437

.010428

.010427

.010424
Im

.010424

.999801

.999743

.999756

.999622

.999892

.999850

.9997s

.999733

.999762

.999768

.W1528

.m1520

.001520

.m1522

.001532

.W1 529

.W1516

.W1511

.001531
l=

.001523

.9997 .001519

Los Alamos
CLS8%7Z36



Ubaded
.

Jntefyated Intensltv. V rni~ bsewed 235/238 RatlQ
..

20 10.0 .99982
50 17 .99985

100 45 .99975
103 .99962

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

Los Alamos
CLS-89-7238


