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ABSTRACT

Secondary ion mass spectrometry (SIMS) has been shown
to offer some significant advantages over conventional mass
spectrometry for the analysis of radioactive samples. We
have used SIMS for the rapid, accurate analysis of B, Li,
Cs, U and Pu in various nuclear materials. In many
instances, SIMS allows one to perform mass and isotopic
analysis on samples that are not amenable to other mass
spectrometric techniques (e.g., surface ionization, electron
impact, etc.). The significant advantage that accrues from
the use of SIMS for isotopic analysis of these materials is
the complete elimination of any chemical sample preparation
steps, and only sample dissolution is necessary for the
application of isotope dilution methods for quantitative
analysis. The high sensitivity of SIMS for B, Li, U and Pu
makes j.t possible to analyse sufficiently small radioactive
samples so that radiation is reduced to acceptable levels
for safe handling. The precision of SIMS isotopic analysis
for natural B samples is about 0.5% and is about 1% for
natural Li samples.

INTRODUCTION

Secondary ion mass sp?ctrometry has added a new
dimension to the analysis of irradiated nuclear materials.
The ultra high sensitivity of secondary ion mass



spectroaietry for many elements of interest in the nuclear
fuel cycle as well as other aspects of nuclear energy
production has made this technique worthy of application to
some of the difficult analytical problems encountered
therein. In our laboratory we are frequently asked to
analyze samples that are either radioactive, refractory., or
in unknown chemical form or that occur with some combination
of these features. In this paper, we discuss the applica-
bility of SIMS to the rapid, accurate determination of Li
and B in these difficult sample types. Preliminary data are
also presented that illustrate the type of results that can
be obtained in the analysis of U, Pu and Cs and in dissolver
solutions produced in the reprocessing of spent reactor
fuels.

Several significant advantages accrue from the use of
SIMS for analyses of nuclear materials. For isotopic
analysis, in many cases, sample preparation chemistry can be
completely eliminated and in most other instances it is
greatly simplified. The difficulties in preparing these
types of samples for conventional mass spectrometric
analysis (e.g., thermal ionization or electron impact) is?
well documented in the literature. » 2 Quantitative results
can be obtained by using isotope dilution techniques with
minimum sample chemistry. The high sensitivity of SIMS for
many elements allows analysis of sample aliquots
sufficiently small that radiation is reduced to acceptable
levels for safe handling in unshielded equipment. This is" a
distinct advantage if one is dealing with highly radioactive
samples.

In the SIMS technique, it is recognized that some
method of surface charge compensation must be employed when
analyzing insulator materials. Furthermore, SIMS requires a
sample with a reasonably smooth, flat surface as rough
surfaces can cause distortion in the electrostatic ion
extraction field that can result in anomalous analytical
results. The sample preparation technique that we have
developed meets the flat sample surface requirement and also
eliminates sample charging effects.

EXPERIMENTAL

Apparatus

The secondary ion mass spectrometer used in this work
(manufactured by ARL, Sunland, CA) is based on the design of
Liebl. 3 The reader interested in the details of the SIMS
method should consult excellent articles by McHugh/* or
Evans.



Sample Preparation

The sample handling technique we used was simply to
grind solid samples to micron particle size and distribute
them as thin layers on a conducting substrate. Samples that
were already liquid were simply diluted to the desired
concentration and were allowed to dry as thin films on a
conducting substrate. In this configuration the sample
behaves like a conductor and no external surface charge
compensation is required, allowing the analysis to be
accomplished with whatever primary bombarding species that
is convenient. Sample preparation in the case of solids was
achieved by crushing in a chromium plated mortar followed by
suspension in distilled water. A uL or so of this
suspension was then smeared onto a conducting substrate for
SIMS analysis. Complete details of the sample preparation
technique have been described elsewhere.

SIMS Analysis Procedure

The ARL ion microprobe accepts a circular sample mount
up to 2.5 cm in diameter. We used pyrolytic carbon
planchets, micro scribed with an appropriate sample
identification grid. Eight to ten samples as approximately
0.1 to 0.2 cm diameter spots were typically loaded along
with appropriate standards. Analysis was accomplished by
rastering a region 100 x 80 ym with a 5 nA, 0?+ primary
beam.

RESULTS AND DISCUSSION

SIMS Analysis of Borosilicate Glasses

In certaia instances' solutions of fissionable uranium
are stored in vessels that are of unsafe configuration from
the standpoint cf nuclear criticality. To ensure the
nuclear safety of these containers, they are loaded with
Raschig rings made of borosilicate glass. These rings are
sampled periodically and analyzed for *^B content to verify
that no significant neutron producing event has occurred in
the storage tank. The 10B/l:lB isotopic data reported in
Table I is indicative of the type of accuracy that can be
obtained via SIMS using the sample preparation technique
described earlier.

To examine the applicability of the SIMS method for
quantitative analysis, we dissolved five sample of
borosilicate glasses containing natural B in aqueous HF.
The solutions were spiked with enriched 1 0 B and the spiked
and unspiked samples were then analyzed. The quantitative



results thus obtained from '<:andard isotope dilution
calculations are compared in Table II to results for the
same samples by use of conventional atomic absorption
methods.

Table I. SIMS Isotopic Analysis of
Borosilicate Glass Powders

Sample
No.

1
2
3
4
5
6
7
8
9

av
SD

Atom Ratio
l°B/nB av

0
0
0
0
0
0
0
0
0

0
0

.2468

.2472

.2478

.2497

.2474

.2467

.2455

.2470

.2469

.2472

.0011

0
0
0
0
0
0
0
0
0

0

SDa

.0005

.0007

.0013

.0006

.0006

.0009

.0016

.0006

.0010

.0009

°A
RE

0.
0.
0.
0.
0.
0.
0.
0.
0.

0.

\&

20
28
52
24
24
36
65
24
41

35

10
10
10
10
10
10
10
10
10

% Abs Error .
100(y - x)/yd

-0.04
0.12
0.36
0.41
0.20
-0.08
-0.57
0.04
0.00

-0.05
0.29

?SD = standard deviation.
%RSD = percent relative SD.

a.xi - number of replicates.
"x = 1 0 B / n B average, natural B taken as

0.2469 = y.

Table II. Comparative Quantitative Analysis of Boron

Sample No.

1
2
3
4
5

Isotope Dilution
SIMS wt % B

3.94
3.88
3.98
3.87
3.94

Atomic Absorption
wt % B

3.91
3.90
3.92
3.90
3.88

SIMS Analysis of AI2O3/B4C Composite Pellets

Aluminum oxide/boron carbide composite pellets are used
as neutron shims (control rods) and contain from 1.5 to
4.0 wt % B which may or may not be enriched in *°B. Lithium
is of interest in these materials because Li is formed by n,



Atomic
6Li

45
35
38
49
46
43

Atomic
n B

83.4
83.4
82.9
82.9
83.8
84.3

a reaction on B during irradiation. These materials are
powdered in a hot cell enclosed ball mill. Using SIMS we
have analyzed these powders for Li and B. Only a few mR of
radiation is involved for each sample loaded. Li and B
isotopic data so obtained are reported in Table III for six
irradiated AI2O3/B4C composite pellets.

Table III. SIMS Isotopic Analysis of Li and B
AI2O3/B4C Composite Pellets

Sample

1
2
3
4
5
6

SIMS Analysis of Three-Mile Island Liquids

The application of SIMS to the quantitative and isotopic
determination of B and Li in solutions of unknown
composition was examined by analyzing a radioactive liquid
generated in the Three-Mile Island nuclear reactor
accident.7 The original sample consisted of a highly
radioactive aqueous solution that indicated about 1 R h"1

ml"1 of 3, Y activity on contact with the sample vial
surface. Properly diluted and spiked samples of this liquid
were subjected to SIMS analysis and the results obtained for
Li and B are reported in Table IV. Results obtained from
othsr techniques on aliquots of the sampe sample are shown
for comparison.

The Isotopic Analysis of B in Plastic Materials

In certain applications neutron adsorbers are made of
plastic materials containing enriched 10B. Historically,
the isotopic analysis of B in these materials has been
troublesome because these samples were prepared for
quantitative analysis by fusion in molten Na2C03. This
procedure was adequate for quantitative B analysis, but
precision isotopic analysis was difficult because of poor B
ion emission observed in the thermal ionization mass
spectrometry of these samples. SIMS analysis of these same
NaaC03 dissolution solutions was also found to be
unsatisfactory because of the highly variable a°BH
contributions to the m/z 11 position. This problem (hydride



Table IV. Analysis of a Three-Mile Island Water Sample
and a Comparison of SIMS with Other Techniques01

Method

^Isotope dilution
spark source
spectrometry

aMicrotitration
mannitol procedure

aFlame emission
spectrometry

Isotope dilution
SIMS

wt, ppm
Total

B Li

3314
3565

3211
3235

5

2978 4.
3050

Isotopic B
:i B/io B
(atom)

a, 4

,64
4.07

Isotcpic Li
Atom

Fraction

6Li < 0.02
7Li <99.98

formation) was probably aggravated by the large excess of
Na2CO3 present in the aliquots dried for SIMS analysis. A
satisfactory resolution of this difficulty, which also
avoided doing separation chemistry for B, was achieved by
low temperature ashing of the plastic samples. The samples
were ashed in an LFE Corporation LTA-302 instrument for 16
hours. This produced a powdery, water insoluble residue
that was easily prepared for SIMS analysis by briefly
grinding in a mortar as described earlier. The unknown
samples, distributed as thin films, gave stable, intense,
elemental ion signals • with no appreciable hydride
interference. The results for boron isotopics on four
samples are reported in Table V.

Table

Sample

V.

I• D

SIMS

•

Analysis of

Atom

B

%

in

"B

Plastic Materials

Atom % 10B

1
2
3
4

Calibration Std.

7.93
7.56
5.48
4.84

92
92
94
95
92

.07

.44

.52

.16

.41



Investigations of Fuel Reprocessing Dissolver Solutions

A recent study8 done in our laboratory demonstrated that
SIMS could be used to measure isotopics on very small
samples of uranium. In this study we calculated that only
20-60 fg of V was sputtered during the measurement. The
average of the 235v/238v r a t i o obtained was 1.012 ± 0.015;
the NBS certified value for this standard was 0.9997. In
view of this exceedingly high sensitivity for U analysis, we
investigated the possibility of looking directly at a
dissolver solution to ascertain what information could be
gleaned from a chemically unaltered but diluted sample. The
original dissolver solution contained 130 mg/ml U and
40 mg/ml Pu. A 1000:1 dilution of this solution was made
and about 0.25 pL of this solution was loaded as a thin film
for SIMS analysis. Isotopic measurements were made on Cs, U
and Pu and are reported in Table VI.

Table

Isotope

1 3 3 Cs
1 3 5 Cs

. 1 3 7 Cs

2 3 5 U
2 3 8 u
2 3 9 P u
21+0 Pu
241 p u
2k2Pu

V I .

SIMS

' i - l . l

16.2
42.7

0.68
99.32

80.10
17.04
2.57
0.29

SIMS Isotopic

ORIGEN
Code

46.2
15.4
38.3

0.64
99,33

80.8
17.2

1.9
0.1

Measurements

Resin Bead
Thermal MS

-
-

-

79.18
18.47
1.86
0.37

SSMS

44.2
12.2
43.4

-

_
-
-
-

The excellent agreement between the Pu isotopics
determined via SIMS compared to the reference resin bead
thermal MS method9 demonstrates the potential of the SIMS
method. The SIMS-determined isotopics for Cs were in
excellent agreement with those determined on a shielded
spark-source mass spectrometer10 in our laboratory. Both
SSMS and SIMS give values for Cs that are in good agreement
with those predicted by the computer code ORIGEN.11 We feel
that the low levels of radioactivity that can be handled in
a SIMS analysis is a feature that is worthy of exploitation.
There are, of course, limits to the levels of activities
that can be handled in an unshielded instruments and this
aspect of the problem will be considered in future studies.
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