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ABSTRACT

A method based on decay measurements was

developed to determine the relatlve amounts of

zilrconlum=95 and nloblum-95 in mixtures of the
two nuclides, The method was 'tested on gynthetic
and process sclutions; plutonihm and ruthenlum
did not interfere. :
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DETERMINATION OF *°Zr AND 3°Nb
IN MIXTURES OF THE TWO NUCLIDES

INTRODUCTION

Zirconium~-95 and niovlum-95 are fission products that frequently
1imit decontamination in separatlions processes for the recovery of
uranium and plutonium from irrediated nuclear fuels. Although the
chemistry of zirconium and niobium are quite different, analysis of
mixtures is often difficult, particularly 1n process solutions. The
similarity of the gamma energies (0.724 and 0.757 Mev for 25zZr,

0.768 Mev for 25Nb) precludes the use of gimple gamma-ray spectrometric
techniques. A further difficulty is that in some process streams,
particularly organic streams, both zirconium and niobium behave ancma-
lously, and unless rigorous pretreatment of the samples is employed,
there is no assurance that conventiocnal wet chemical methods will
actually achieve the desired separation. These nuclides are therefore
usually determined together by gamma-ray spectrometry, and results are
reported as actlvity due to a mixture of zirconlum and nlcbklum.

In studies of methods for improving the decontamination of sepa-
ratione processes, knowledge of the relative amounts cof g57r and °SNb
in various process streams is mandatory. Some success was achleved
with coincidence counting for such determinations,(l) but the presence
of other nuclides that emit soft beta particles or gammsa rays often
Interfered severely. On the other hand, these soft radiations do not
interfere with mesasurement of the rates of growth and decay of the
0.75-Mev gamma peak, and these rates appeared to offer a convenient
method for determining the relative amounts of ®5Zr and ®SNb.

The present study was undertaken to develop such a method and to
determine its applicability to process solutions. During the final
stages of the work & similar method was reported in the literature.(a)
The method described in the present report, however, was found to be
more precise, less complicated, and more readlly applicable to process
solutions than that reported previously.

SUMMARY

A method was developed for determining ®5Zr and ®5Nb in mixtures
of the two nuclides, The method consilsts of counting a sample and a
stendard composed of an equilibrium mixture of 257r-25Nb on a gamma-ray
gpectrometer both initislly and after some specified Interval. The
fractions of °%Zr and ®3Nb in the original 25Zr-®5Nb mixture are then
calculated from egquations derived 1n this report.



Tests with synthetic mixtures of ®5Zr and ®5Nb at decay times of
T, 15, 22, and 29 days showed the absolute| accuracy of the method to
be about *2% when adequate counting statistics (10° counts) were
obtalned. The accuracy after 7 days was apout the same ag that after
29 days. '°%Ru activity present in amountg three times that of ®5Zr-

®S¥b did not interfere,

Teste with process solutions containing small amounts of ®%Zr-°SNb
[4-12 x 10® ¢/(min)(ml)] and ruthenium, andl larger asmounts of 2°®°Pu
[10® d/(min)(ml)] gave an average relative! standard deviation of +3,5%

with & maximum of +5.2%.



DISCUSSION

Method and Calculations

Samples were counted for ®5Zr-°SNb gamma activity immediately
after reception and periodically for thirty days thereafter. A
standard consisting of an equilibrium mixture of ®¥Zr and ¥SNb was
counted on the same instirument under identical conditions immediately
prior to counting the samples, Thls procedure was used to minimlze
the effects of fluctuatlons in counting efficlencles over long periods
of time, The fraction of the total ®5Zr-°SNb gamma counts due to ?52Zr
was then calculated from the following equation:

1 fr-x
fzr = §TI?(1 - x) (1)

Equation 2 was used to calculate the fraction of gamma counts due to
95
Nb,

fip =1 fo (2)

The terms of the equations are defined as follows:

= the fractions of the %%Zr-°SNb gamma
activity in the original sample due to 25Zr
and ®®Nb, respectively

e-0.009lt

er’ be

t = days after the original count weas made
. Agti//Astd(t)
A0 Astd(o)

A(t) = the sctivity of the sample at time t

v
f

A(0) = the initial activity of the sample

Astd(t) = the activity of the standard at time t

A 0) = the initial activity of the standard

std(

The constant 0,0091 is the difference of the decay constants for

niobium and zirconium, A = 1.98 x 1072 days ' and Ay, = 1.07 X 107%
days™ ',

P o = R R % 2




A table of values of X va. t and the derlvation of Equatiocns 1
and 2 are in the Appendlx.

Anclysis of Errors

Errors in the computation of f r and fy will arise from counting
fluctuation, failure to count the sample and standard simultaneously,
and uncertainties in the decay constants of 23Zr and ®°Nb, Emphasis is
placed on errors in the ®5Zr determination because ®3Nb is determined
by difference,

Cork et al.‘®) reported values for the half-lives of ®5Zr and °°Nb
as 65 %1 days and 35 %0.5 days, respectlively. Propagation of these
errors in the computation of f causes an uncertalnty of about *0.02
in er. This error is a bias In the method and can be reduced if more
precise valuer of the half-lives become avallable,

Errors in er due to counting fluctuation are represented by the

following equation:
g _ 1 UY
f 3.17\ - X

Zr

The relative error in ¥, o_/Y, 1s twlice the relative counting error of
any one of the measgured quantitlies used to calculate Y providing all
measgurements are made to about the same total number of counts. Since
the relative counting error, cA/A, is the reciprocal of the square root
of the total number of ccunts, C, the error in er can be expressged as
follows: ’ :

s o2 b _,,_1__.(_..35,_)
£, VG [zr 7 3.17\1 - X

Although this equation shows that the error decreases as the
counting interval increases, fairly reliable estimates of f, or o
can be obtained in reasonably short times 1f adequate counting statis-
tics are obtained. For example, 1f the mixture contalns equal amounts
of ®5Zr and ®SNb, and the total number of counts ig 10° in each measure-
ment, the errors in f, . or fiu would be only 0.033, 0.018, 0,012, and
0,009 after 7, 15, 22, and 30 days, respectively.

Errors in f5,. due to uncertainty in time could arise from the fact
that samples and standards must be counted over a finite time interval
and from the fact that the sample and standard cannot be counted at
precisely the same time, The first of these can be shown to be com-
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pletely inslgnificant, compared to other sources of error, for counting
times normally employed (up to several hours). The second can be
eliminated if careful records of time are kept and suitable corrections
are made, but 1t is worth considering Just how precigely the time need
be known to obtain adequate results with a minimum of effort.

If the sample is counted before and after an interval t, and the
standard is counted after an interval t tAt, the error in er due to
the difference in the time interval At, expressed in hours, is given
by the foilowing equation:

1 X

0p = foge (W)] 0.26 ot
er Zr 3.17\1 - X

The factor 0.26 1is the decay constant of 2%°Zr in hours”®. The interval
At that will give rise to an error of any arbltrary size can readily

be calculated from the above equeation. Tor example, 1if of is set at
Zr

10,01 {an error smaller than that caused by other sources) and er is
one, At will be approximately 4, 8, 10, and 12 hours for total time
intervals t of 7, 1h, 22, and 30 days, respectively. Since samples

and standards are counted both at the beginning and end of the interval
t, the time difference At will be the sum of differences occurring at
each end of the interval., The allowable interval between counting the
sample and standard will therefore be just half of At,

Evaluation of the Method

The method was tested with synthetic mixtures of ®3Zr and °3Nb
that contained no other radionuclides, with equilibrium mixtures of °SzZr
and 25§¥b to which *°®%Ru was added, and with a series of organic extracts
from a miniature mixer-settler test of the Purex process.

The tracers 2°Nb, *°%Ru, and an equilibrium mixture of ®%Zr and
®SNb were obtained from Oak Ridge National Laboratory. When pure °SZr
was desired, it was separated from ®SNb in the equilibrium mixture by
extractlon into thenoyltrifluorcacetone immediately before use,
Synthetic mixtures were prepared by mixing known amounts of pure °%Zr,
25b, and 1°%Ru activities. In the test made to determlne the effect
of ruthenium on the method, the *°°Ru activity was three times that of
the 25Zr-®5Fb activity.

All samples were counted in a well-type gamma scintillation counter
in conjunction with & 256-channel pulse helght analyzer. FPhotopeak
boundaries were selected as 0.68 and 0.90 Mev. When °fRu was present,
corrections were made for the slight interference of ruthenium on the
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°57r-®5Nb peak, In the series of experiments with synthetic mixtures,
the counting error was held to only 0.3% by accumulating 10° counts
within the photopeak boundaries, The process samples were counted to
only sabout 10* counts, so a counting error of about 1% resulted, All
samples were counted at intervals over a period of 30 days., The standard
857y-95Nb equilibrium mixture was counted similarly and always within

two hours of the samples. Values of fy, were calculated from Equation 1
and are reported as % Zr (100 x fz,) 1n the tables. The % Nb is merely
the difference between % Zr and 100,

RESULTS

The results of tests with synthetic mixtures are summarized in
Table I, Each of the values in columns 2, 3, 4, and 5 (% Zr found) is
the average cf two measurements. The standard deviations at the bottom
of the table are the root mean squares of the deviatlons of these
measured values from the appropriate average, and gilve the measure of
the precislon after the number of days Ilndicated at the top of each
column. The quantities labeled "RMS Bias" are the root mean squares
of the bimses of the guantities in each column and give & measure of ‘
the absolute accuracy of the method after the designated time intervals.

Table T

Determination of 25Zr in Synthetic Mixtures

Zr Zr Found, %
Added, 7 15 22 29 Std
% Days Days Deys Days Avg Dev Bilas
0.0 0.1 0.9 0.1 1.3 0.6 0.5 +0.6
4.5 7.0 7.8 6.5 5.9 6,8 0,7 +2.3
9.3 11,% 11,8 9.3 9.6 10.5 1.1 +1.2
14,4 13.7 16.% 14.5 14.9 14,6 1.0 +0.5
31.6 31.8 32.4 31.2 32.6 32.0 0.6 +0.4
31.6(8) 32,9 30,5 33,0 34.9 32.8 1.6 +1.2
100,0 100.6 9%.9 96.3 99.8 97.9 2.% -2,1
Std
Dev: 0.6 0.8 0.8 0.7
RMS
Blag: 1.4 2.7 1.7 1.5

{a) Contained three times as much '°“Ru activity as
®SZr-2°Nb activity.
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Examination of these quantlties reveals that the RMS bias is about
twice that of the standard deviation and that nelther quantity changes
greatly with time, so the precision and accuracy are as good after 7
days as they are after 29 days. However, the precision after 7 days
1s somewhat better than predicted.

The standard deviations and biases at the right of the table are
those calculated from averages of results over the different time
intervals. The biases are all positive except for the one at 100% Zr;
therefore, a small error in the constants used in Egquation 1 might be
inveolved, tut since the standard deviations are of the same size as
the biases, modification of the constants is not worthwhile. The
over-all standard deviation and RMS bias were 1.3 and 1.%, respectively,
and are in good agreement with calculated values based on counting
statistics for 10%° counts. The results obtained on solutions containing
198Ry showed '9%Ru had little if any effect on the precision or
accuracy. Generally, the experimental data indicate the determination
of ®°5Zr and ®SNb will be accurate to *2%.

Table II containg the results of measurements made on organic

streams from a miniature mixer-settler test of the Purex process.
These samples contained between 4 x 10%® and 12 x 10% ¢/{min){(ml) of

Table IT

Determination of 25Zr in Process Solutlons

Zr Found, %
7 15 22 29 Std
Semple Days Deys Days Days Avg Dev
1 - 66 T2 69 69 2.5
2 69 59 €9 - 66 L6
3 72 73 69 62 69 b2
4 - 75 T4 T2 Th 1.3
5 76 68 70 T4 72 3.2
6 85 85 82 8 83 1.8
7 84 70 78 777 5.0
8 - 81 83 82 8 1.0
g - 88 93 31 90 2.2
10 72 67 68 - 69 2.2
11 - 68 75 7372 3.0
12 81 68 78 71 75 5.2

Mean 3.5

- 11 -



®57r-25Nb activity and approximately 10% c¢/(min)(ml) of 23®°Pu alpha
activity. The samples also contained *°°Ru and °%Ru of activities
between 4 and 0.2 times that of the ®5zZr-®°SNb, The precielon of these
results, which varies between 1 and 5%, is about that predicted on the
basis of the number of counts used in each measurement., The results
demonstrate that good precislon can be obtained with rather small
amounts of ®5Zr-2S5Nb in the presence of large quantities of 23°Pu and
gignificant amounts of 1°%Ru and '°®Ru gamme activities.

- 12 -



APPENDIX

DERIVATION OF EQUATION FOR CALCULATING THE
95Zr FRACTION OF Zr-Nb GAMMA ACTIVITY

The equations for the activity due to ®5Zr and ®°Nb as a function
of time, derivable from elementary principles of radicactive decay,
are:

A, (t) = 4, (0) ?;;—:*i;; e - e + A, (0) e

A(t) and A(0) are the activities in disintegrations per unit time at
time t and time O, respectively, and the A's are the respective decay
constants,

The total measured activity at time t, A(t), is the sum of that
due to ?5Zr and °5Nb

A(t) = A, (t) +A_ (%) (3)

and

A(0) (0) (3')

L

AZr(O) + ANb

The fractions of the total activity due to ®5Zr and ®SNb are defined
as follows:

A (0)

&y
frr = A](?O)
g
¥ - A(0)

From Equation 3' and the above definitions it follows that

- 4
er+be 1 (&)
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If Equations 1, 2, 3, and 4 together with the definitions of er and
be above are combined, the following 1s obtalned:

A At “A Lt “A_t
G FR—— - H Y N T (5)
A(0) Zr M - Mz |

The decay expression for the standard

ns & parent nucllde with
its daughter in transient equilibrium can b

B stated as:

-\ -
Astd(t) Zrt

(0) = e : (6)

AStd

where Astd refers to the activity of the equllibrium mixture of 857y
and ®SNb.

If Equation 5 is divlded by Equation 6, the following results:

(7)

When the term on the left of Equation 7 1s deflned as Y, the
values Ny = 1,98 x 1072 days™! and A

= 1,07 x 1072 days™! are
-0.00911t Zr .
substituted, the term e ~° 1s defined as X, and the equation is
solved for er, the followlng results:.

-1 (Y-X
Lor = 3.17(1 . x) (8)
0f course, [

Np cen be obtained from Equation 4 after fz, has
been determined.
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values of X

Time,

days X
1 0.991
2 0.982
3 0.973
b 0.964
5 0,956
6 0,947
7 0.938
8 0.930
9 0.921
10 0.913
11 0.905
12 0.895
13 0.889
14 0.881
15 0.872

- 15 -

Time,
days X
16 0,864
17 0.886
18 0.849
19 0.841
20 0.834
21 0.826
22 0.819
23 0.811
24 0.80k
25 0.796
26 0.789
27 0.782
28 0.775
29 0,768
30 0,761
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