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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-ptrecisi.:.
analyses of wuranium and pilutonium by multiple-filament therma.
ionization mass spe.trometry uti:lizing a commercial multic llect :
instrument. .Ye salient feature of the method is volatilizati 1. .t the
entire sample while simultaneously integrdting the sigral from ea},
isctope, thus virtually eliminating the efferts of isotope tractionat:

1n the evaporation process. The me"hod permits the analysis of samplen
much smaller than required for conventional technigques using Faraday
crl.ectors ani 1s expected to have aprlircatirn 16 the analysis .f marny
elements 1rn addition t: uranaum  and plutonium, Pun-t. -1
reproducibiiities of « §. 02 (K3I) have been oltainn! i {4 t- e rac

©f uranium and plutonian.



HIGH PRECISION ISOTOPIC ANALYSES OF URANIUM AND FLUTONIUM BY TOTAL
SAMPLE VOLATILI2ZATION AND SIGNAL INTEGRATIUON

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

1. INTRODUCTION

Conventicnal thermal i1onization techniques rely cn the use ot rig. iy
controlied experimental conditiunas such as sample size, purity, chen: -a,
form, heating patte:n, as well as other parameters to attemp' !
reproduce fractionation behavior and biases cbservasd due t. the
evapcration prccess.1 Sample evapcration is generally believe!
follow the Rayleigh distillation law in which the lighter isctopes a:e
preferentia.ly evapc-xat.ed.2 Observed rativs, in genetral, chlai.ge
throughout the analysis, producing a fractionation curve. Te obtairn o
stable ion beam for single collector measurements and tc reduce the ra'e
of fractionation, only a srall percentage, typically !% to 50y, ¢t t1.
sample 13 actua.ly evaporated. Unfortunately, unless a know: i18.% .-
ratio is present .n the sample, either inherent cr added, whe has I way
of knowing at a giver, point in the analysis, the corresponding pooai0

o the fract:i nat: n curve, '

The use of arn 1nterrnal Nermaliding ',
wher. avaiialtle, or a1, added drut le-spike can amprove teprodn, oL
dxama&icaily."b However, nct all elements are amenatle . tle .
techniques and the diouble-spice methud generally requires an adi:*; o,

analysis cof the unspikei ma*«=r114!.

A direct u® cme -t Rayleral, Adisrillation 18 that it a.. at == a..
evaporated, and a.., 1 a ftixed ftra-taen, nt *her o Lot |, 1, ) a

it dueed Gn the evap rats oL pr o cess b While this han been e 8

many yearn, aff." a'. 1 ° MLt Aot meanpenat e by (I
fatti-uit. Frebaemn an o Sude Yhe peceanity ot btganiteg a0 stal e oo b
ard nLoertaint ies 1L the an Lt f samp ie evap rated bLtonL 0 ey o
forang the ardaiy=1e and the nxh Wi aMm oun? ¢ matseria,. pemaiioang 0 e

friamnnt A ‘he teamirat o1t Y he abaiynan,



The availability ot multicollector instrumentation, however, eliminate:
most of the problems in applying the total evaporaticn method. Soitia-
advantages are: a stable ion beam in no longer required because a.

isotcopes are collected simultanecusly and mo:e intense ion beams Ca:n b
obtained as a result, and the duty cycle, the fractior ¢f time that *t.

icn beams are actually leing cclilected, is nearly 10C-.

Accordingly, techniques and scftware were developeld tu exploeit tihe
advantages of the multicollector system. Similar techriques have e,

simuitanecusly developed by others.’

<. EXPERIMENTAL

Appazatua

A cemmercial mdss spestrometer, (VG Isotoupes, Wanstord, Engiand, M. i,
VG-2¢4) equipped with f.ve adjustal..e Faraday collectors dand a la.y
detect<r 1on-counting Ssystem was employed in this work. Llem.untat .o
triple filamen' assemlies and filaments of hrgh purity rhoenium we:s
useil, The i1nstrument is equipped with a 16 sample turret ain<d 13 tuily

aut nmate:l, excer? fcr collectur pasitioning.

Reagenta

Yiarnium ani piut niur a8 topac standards U-4%05, U-905, U-iG., U-LL,
NB: -94¢, NRO-Wd°, NHS=-94F ('Y Na®i. nhid: Buredu .t dcandarida) anl "EM
ISR (New Prunaw.ck Lab-rat-ry, Us DOFE) were converted te the nhitrale t -
arii f1iuvet t rnominal concentrations of 0.5 mg/ml () and U.0' m1 r.
(Fu) 1n 1M HNO,., The plutcenium standards, except §..1 ""HM= (7N, wer

put:ified by 11, exchanqe t« remeve <4 pam ingrowth.

The: stanfqard anstrumen® o pora’ ineg % f°wape watr m {01001 0 preerd o
anAa.ynen L Yhe *ovtal evap o rata Loantegration moede, Theese e bt cargon
wepter mAfer wit) *he g a. f m.aymizite] mampie ovap-1rat, N barang e

it ian et o pear o cat s o and teerusaaneg, and f rap addiy 1 it

Ittty e, Y A5 Ll le o VaLlae AN ity odan dafter o smtagpt gt
iRt grat . HITTL N I v hee gt ofire Arte an 4, we Whit oo Y Lt 0
*her mamp e filamest crren At rer , the il trarert an by 0

Jrerrat b terwperat ape by oot oLt t e : R N N The a- e



peaks are next located and the total beam intersity is set tu 1079 A
using the ion-counting system. Use of the ion--ounting system at this
stage, while nct :ssential, minimizes the consumption cf 3sample beto re
initiation of the integration. After the peaks have been located ar !
focusing has been completed, the Daly system is turned «ff, Faraday
amplifier zeros are measured, and the integration/current ramp ;o
started. Before each 5-second integration period, the sample tilamen
current 1is incremented in steps of 20 to 100 mA, deperding r the
present beam intensity. The maximum beam intensity is contralilict
roughly between 6 X 12711 and 7 x 10 “11a by suspending the current ram;
when the intensity is within these limits. Pecause all isotopes dare
colliected simultaneously, a stable ion beam is nct required. The
integration/current ramp continues until sample exhausticn («107-1 A
intensity). A second set of amplifier zeros is measured 4t the erndd

the analysis and averaged with the firsr set.

Individua. ratios are calculated an.) printed t.1r ea b fH-ses i
integration period. The finai. ratios, however, are basel on e
surmarions of the individual DVM readings, cocrrected t @ amp..itic:

zer»s, which are proporticnal tc the inteqrated intensities,
A, RESVLTS ANE DISCUSSIOSH

A typical intensity profile and Surrent ramp toroa piullLoiam saig e
sh-wre an Fig. 1. Nute that the intensity rises rapidiy and o
maintainedl at a high level, in thia case 31 X 1071ia, yiolding a boor
si1gnal/n-1se¢ ratico, and then drops rapidly on exhaustinn ! the saing oo
The jagged nature of the proftile in the mid pertiaon 13 Jdue te *he 5t
wise lncrementation of the tilament current. The rapil freyp L
intensity on sample exhausticn is important i reducing Che ottt e .

the terminat i internsity level on the inteqrated rar 5.

Inteagrartyorn vimes are genorally aboat 10 nanaten, g LTS BT O
h the quant ity of samp e oade | Cver b gt aviat e g g bar
1 “itirnhang, 1 hizihag fiiamen'  wdarm-up,  feecntiined, At chatineer e

aLailrat s oo b raney Yhee Pt Aty tame bt oale ot 4 e gt e

A fracts nat o Pt e ranan Ut samp ce an o the ret o

itve, banor o amp e ot nom o de g, ey bW s by, LN



the rapid drcp in the cbserved rati.s eariy in vhe dna.yiis ° @& Va..o
very near the true ratio and then the slow change unti. *%%, sarple
consumption. The difference between the theosretical and ckserved curven
is probably due to the assumption cf complete mixing ¢! the residzal
sample in the model. 1In the total evaporation prccedure, the samp.l.- i
veclatilized very rapidly and hence mixing probakly cnly occurs an t:ie
top few monciayers of sample. This view i3 reinf.rcel bty *he Lehav.. :
at the end of the analysis when only a few moriclayers are presert, o,
which a rapid drop ir the ratic s okserved, mere ir .:ne with the

model.

The [fact that even exrvieme variaticns in the - lserved fracti:rna . 1,
behavior during the ara.ysis can he overcome by t-ta. integjrati:rn .
demcnstrated in Fig 3, a plot cf the results ¢t a4 S. afia.ys:s. i
contrast Lc the behav:i:: “f8 U cr Pu, whicl usually exhib:it a s5:5.30-
peak in the :intensity prctiie and a4 mor-tonicalily Jecrean:ng rat: (.t
iight/heavy ratics ure plotted), Sr exhib:its tw, [.asil.y throe,
distinct pedaks as the fillamert temperature 14 tafpel w@ith o«
ccrresponding variatiorn in the srserved 86/88 ratic. This belavi o1&
apparently due t:Z the presencte cf nmnultiple chem:-al spe ies whi b
vc.atilize at difteren! temperatures. In spite cf the v latii.za®: 1, !
drfterent species, huwever, the 1ntegrated rat:i-c 18 very Led: (s, _ L'

the cer..tied "rfa.ue fo:r °his Slal.iarn i,

Results ohta:ne! o1 uranium and pautcnaum atandar is wh, 2 Lot cate * e
very low LiaSes ol'served witl, the technique are show: if Tab .o L. Thess.
data have beer, ~crrected aly tor the ampiifier Qain, dectepmi of witl .
Luilt-an current scurce, and 'he jelative Cceliet 1 et!.cicern 'y,
discussed later. The »bserved valueas are a;. well withan th.
unertainty (imits of the Stahdards, 1ndl "a'ang *lLa’, Witlil *laoa

ur.certa:nty saimats, "true® L o unfracti rnated raty ot oAare bt

The extreme .y hagh pre s, o P atal e I N e L R e I T
UTAL T anhd.ynen i ah wi 0L Tal e 0 oan ] N, pepe e e | SR I
pre a8 o (BSDD 8 her Mac o 3t pae At L5 a0t Y PE L gLy

Woie these data roppeners she 1 tepp (¢ woek) Yal.a', L, Mg peers e
male: - ver per: | ! severa, monthn nlhow oL, uL L Rty sy at fee ] e
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The precisich cf minor 15Ci pe MeEASLIEmEnTS 18 fe'ermited prorar.Ly ooy
the no:se level an:d dr:ofe [t the amplifilers, and tte manMin . inver s, vy
level that can be tolerated on the majcr isotope. OFserved values a:ze
typically =z 2 tc * 3 ppm abundance for integrated intensiries ir !l..

10-50 V-min(Volt-minutes) range. The loading of larger sampies w.u.:

probakbly not reduce these values significantly,

In the case of <38py measurements, the contribution due to <380 er-n
filament materials or the sampie itself must be considered. Data .1
NBS-947 indicates a contributicn of about + 10 ppm abundance fronm these

sources.

The amount cf sample loaded was 10-20ng Pu and 100-202 rng U. Wit
10" 2 input resistors, these asample sizes yielded integrate.
intersities of about 10 V-min for plutonium and 50 V-min fcr urariun.
The tctal analysis time fcr samples of this size is tyfica.ly 3!
minutes. As indicated in Talles 2 and 3, the total integrated internsity
fcr a giver. size samp.e may vary considerably, part:icularly ter urariam,
Th.:s affect may be due "¢ the sensit.vity of the uranium ionizati.n t.

adyger. pressure in the socurCe regiun.

Using c¢onventicnal techniques, where only a portion of the sample 1s
evap. rated, care mus: be exercised t. cuntrcl the amiunt ot sanpie
loaded because the fractionarion bhelavior is affe-ted, This can o
Aigfacul «r impractical in reai-world situdtions where the ple -.ss
am--unt ~f sampie may not be knowr.. it Table 4 are sh.wn thue eftfer's ¢
a samp.e size variaticn of a facter t 10 for uranium us:ng the tta.
evap-reétion prcedure. Wh:le there 18 a discernilb-ie efte~t, on the
order of 0.02%, it 18 sma:. -~~mpared to what one wouid expet usina
conventionda!l te-hniques. I addition, the inteqrated intensity be: me:
4 va.ual-ie AdiaqrnoErgc ot £ rececticn of analytean which yield
irtegrated intennities far - utnide the noare Wittt - nvenL' L.
teshniqiers, —ne cfrer, bas it e andivation 0 pred ere bane g oo 0t
aAlAa.y % {a'a a. nLe

noogensetra., "he pre 0, forepllcate Pt LGl Al ytien i n Peewl g

Post ey Y ur grarn.,ur Thorw omovn g | STTI YL} ‘W fact orco LI '

[
~——
[
-

Pher v Ld® a2, 0 Yhe folaPent at e near Ly Py oL

Afr e ana, sa, ever g abcd b omamg ce fiiame st owere Lt Il o
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f:ilament. Residual Pu war less than 19 while uranicm daverage® al o°
The large: uranium residua. may be due t diffusa.: ¢ U ous t
filament material at the somewhat highle: temperatures reguired .

vclatilization.

Secondly, the production rate oY urarium cxide ions may vary durlng tte
analysis, and hence alter the fractio:. of sample molecules c.nverted -
U* ions and ccllected. The production of plutornium oxide icne appéa:.

to be insignificant.

Arcther interesting difference in the behavicr of U an! Pu is tha:
urarium volatilizes quite differently from filaments wh:.rn have Li.-:.
previcus.y degassed. On undegassed filaments, bcth elemen!s exf:it:' o
reiatively rapid drop in intensity as the sample is extausted, !l
desired behavicr. On degassed filaments, however, urarniufml exlibL.'sS a
long, relatively low intensity tail, which may last many minutes evuern a*
filament currernts c! 4A (~i90C°C). An explanation ct this behavi ro::

nct readily apparent.

Loaaege <aLill

Tre srandard VG s:ftware priv.des ¢:r determinaticn ot the =/ L.e"r
eff.-iency, which may be defined as the ratic ot the gains measured w.':.
the currert siurce t: th.se measured with an actual 1on rPeasnm, oy
sequentially measuring an 1. beam, such as 187re and 1331, ¢rn eac:
the czllect~rs. BPBecause this is essentially a peak sw:itrhing teshn: juar,
and subject to beam instabilities, long data acquisiticn times a:e of:cer
required tc¢ oltain adequate fprecision, In additien, the starniar:
preredure was rnot fully automated. A tully automated procefure wa.
developed which allcowed the acquis:ition »f large am-un's ¢ 1ata i o
Mere converliern' manrer, The crollecter effirienries determinetd 1 v

-
mar.r.e'r, us:hiq a * -“"E_r

ion bear, varied firom o Q04 - e Ol with ozeenpe
t- the axial r.lle~tcr, with a precisiin ~f ab- u* L fUUs, basmedt -r oL
f..ament 1~ aiinas.

T rtheck the Yao:idity f the eff,. ienies measuie] L e Falter, o
Neries r! measurement s were made uroLng the ' otdl evap rats o LoinLteqrat.

Frowdare an o which a0 Lee mASY UL SebdrAtic L orats , bno.4 0 L, oy
Meac rend -1, @l -8 e 0 pase HEN IS TR A YL I .

v hx, Ax ML, H. H.:
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unate.y, identical 1results were nct oktaine:dl .r each pair -t

collectors, the differences indicating errors on the .rd=r ot L1 -t
the efficiency factors,

Accordingly, a method was sought for calibrating the ccllectors irn the
simultaneous collection mode to resolve this discrepancy. Because .-
standards are available having ratios certified to the accuracy levels
required (<.0l%), a procedure was sought which would be independent cof
the true value of the ratio being measured. An inspection of the
possibilities of using a one maas unit separaticn ratis such as §.
240/233%, reveals an unsclvable sys:em since fcr N ccllecrors, only N-.
equaticns car be written, and the number of unknowns is N (i.e.,
relative gain of N-1 coilectcrs pius the unkncwn ratic). Similarziy ¢::
other isotope mixtures, the number of unknowns is always one mrre tlan
the number of independent equations that can be written for a fixr.i
ccllector arrangement.

dowever, for adiustakle ccllector systems, calikbratiosn is possible usi:

-Ka

e
a mixture of isotopes such as U-233-235-738 without any knowiedge ¢f the

w

Iy

attual 1sctope rati<s cr tractionation during the analyse
F.j.5;

repcsitioning the ccilect.rs. Cons:ide: the arrangements showrn in

Fir pcsi<i:n ] we have

ry = F1 P, (1-'&)5 eq 1
Fq

r- = 1 R2 (1 - ag)3 eq &
Fq

where rl,120 = crserveld rati:s, srrrected ¢ 1 amtlitie:r ga.ire
F1,Fg = -.l.ect : effizien-y ta-t.1s, .. anl N
Pl, F’ = True ratios 233-03R and 2+8 R, g1, sang e

O . s Fracti-nLati.n fast-1 f or I AMU ¢ @ oth,: THE IR



ro

For position

ry = Fl . Rl (1-%,)5 eq 3
F4
rq = EE_RZ (1- dz)3 eq 4
F4
where r3, rq = observed ratios
F2 = collector efficiency factor, L1

|, = Fractionation factor for second analysis
“

By combining eq 1 and eq 3 we have

r -/1 -%\° orf1 -%1\0  afrpass

—_— g ———7; —

rj \l—qz 1 =Y 3 eq 5
combining eq 2 and 4 we have

o\ 3

= n

r2 1 . 1 ]

rf Fo 1 +QE eq 6

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

Fa = rqimy/s

rp\rq eq 7

For statistical analysis of multiple runs at the two positions the terms

can be regrcuped as

“

Fo = 113/5 14
;z . r3 3/5 eq 8

b'ecause the expressioens in brackers shculd be ccnetant from
t:r a given c-llectcr arrangemernt.

Similar rearrangements carn be devised for deterwmining the

efficiency fac*~rs F. F,

L, 3 an-l F4.

A corparis-rn ¢! the etficiencies determined in this manne:
determined by | .akswitiuling a s:ngle [iun bedam is shown o in Fig
the differerces are n’! large (.G02 to .Clv), they are suf

ac--ur* frr the varia' s L= ol serwvel whern measurineg o asgver,

rrnoditterernt paira oot lie v opw

run to rul,

rTelalnii g

with tlh e

Y. While:
L]

[ BV
AR N TN
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4. CONCLUSIONS

The combination of multicollector instrumentation and techniques which
permit total sample volatilization has been found to provide significart
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 pluctonium standard data.
Unfortunately, an order-of -magni.ude improvement in reference material

uncertainties will be required to evaluate the mecthnd 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 plutcriun

sample.

Observed and theoretical fractionation curves (U500)

Intensityprofile, fractionation <curve, and cur :znt

ramp for a strontium sample.

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

Comparison of collector efficiencies, determined by

single ion bnam switching and collector repositioning.

Observed versus cercvified values for several

uranium and plutonium standards

Replicate analyses of NBS-947 plutonium standard
demonstrating the high precision obtaineble, 10-2C
ng Pu loaded.

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

Effect of osample size on observed 235/238 ratic
for NBS-U500 standard.
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235/238 Ratio
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L2 LI Ax HI H2

Position1: LJ UJ L1 LJ 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.

Los Alamos
CLS-89-7241



Collector Efficiency, Axlal = 1

o - Peak Switching
238U

@ - Collector Repositioning
233-235-238U

1.0002—

1.0001 — *T * § i
NESI AN

L2 u Ax Hl H2
Collector

Collector Efficiency by Different Methods
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OBSERVED VS CERTIFIED VALUES FOR
URANIUM AND PLUTONIUM STANDARDS

Deviation from Uncertainty
Standard Element Ratio 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 1] 235/238 0.113642 +0.037% +0.1%
NBS-U020 u 235/238 0.020812 +0.010% +0.1%
NBS-U010 ] 235/238 0.010144 +0.040% +0.1%
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ANALYSES OF NBS-947

20 ng Pu Loaded

Run VY-Min 238 239 240 211 242

1 1.6 2659 77.6597 18.869 2.0331 1.2244

2 132 2667 77.6601  18.8159 2.0331 1.2243

3 10.3 2658 776616  18.8164 2.0324 1.2239

¢ 6.2 2662 776586  18.8164 2.0349 1.2240

5 9.7 2645 77.6590  18.8191 2.0331 1.2243

€ 9.4 2655 77.6582  18.8172 2.0343 1.2248

7 14.5 2653 77.6617  18.8158 2.0330 1.2242

e 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
BRun V-Min 234/238 235/238 236/238
1 325 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
7 323 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
STD DEV 38.6 + 9 + 68 + 7
CERTIFIED VALUE 010422 9997 001519
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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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