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ABSTRACT 

Using an anion resin bead as a loading vehicle for  uranium 
and plutonium samples which are t o  be analyzed isotopically in 
a mass spectrometer has many advantages over conventional tech- 
niques. I t  i s  applicable t o  any laboratory routinely perform- 
i n g  such analyses, b u t  should be particularly relevant for  Safe- 
guards' purposes. Because the techniques requi red d i f f e r  
markedly from those of conventional methods, t h i s  report has 
been written t o  describe them i n  detail  t o  enable those unfamil- 
i a r  w i t h  the technique t o  master i t  w i t h  a m i n i m u m  of  trouble, 



PRACTICAL ASPECTS OF THE RESIN BEAD 
TECHNIQUE FOR MASS SPECTROMETRIC 

SAMPLE LOADING 
'. 

In troducti cn 

The intention of  t h i s  report i s  t o  describe some of the practical 
problems involved i n  implementing the resin bead sample loading technique 
for mass spectrometric analysis of urani um and plutonium, described re- 
cently by Walker, e t  a l .  ',' The technique seems t o  have tremendous poten- 
t i a l  for  application to  Safeguards samples. I t s  principal advantages, 
when compared t o  conventional techniques, are:  

separation. 

of sample need t o  be handled. 
Reduction of transportation costs by reducing the amount of 
radioactive material t o  be shipped. 

These advantages have been discussed by Walker, e t  a l .  a t  some length i n  
the i r  papers and will no t  be pursued here. 
Eq u i  pmen t Requi red 

1. Dramatic reduction in time and money required for  chemical 

2. Reduction of radiation hazards because only small quantit ies 

3. 

4. More rel iable  238Pu data. 

1. First and foremost, a mass spectrometer w i t h  suf f ic ien t  sensi- 
t i v i t y  t o  analyze uranium samples i n  the 1-10 ng range, 
q u i  res a pu l  se-coun t i  ng detection system. 
minor isotope values, the instrument s h o u l d  also have an abundance 
sens i t iv i ty  of >10 . 
A laminar flow hood in which t o  mount microscopes and do the 
sample handling. 
apparatus clean, which i s  crucial for this operation. 
A good (medium power) microscope. 
binocular microscope. 
with the help of this microscope. 

T h i s  re- 
To obtain accurate 

6 Such instruments have been previously 
and a photograph of one i s  shown i n  Figure 1. 

2. 
This helps s ignif icant ly  i n  keeping the sample 

3. ORNL uses a Wild M5-Pol 
Most of the resin bead handling i s  done 
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. 
Fig.  1. Two stage mass spectrometer.. 
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4. A lower power microscope t o  use when actually p u t t i n g  resin beads 
on filaments. OWL uses a Bausch and Lomb Model YB6145 stereo- 
microscope; a three-dimensional image is  very helpful i n  this 
opera ti  on. 
An assortment of needles, preferably, b u t  n o t  necessarily, of 
tungsten o r  s ta inless  s teel  , rxounted i n  handles. 

6. Dowex 1, 2% cross linked, 100-200 mesh anion resin in the chloride 
form. 

7. Pyrex t u b i n g ,  $6 mm i n  diameter. 
8. Clean microscope s l ides .  ORNL uses precleaned Gold Seal, Model 

3010 s l ides  provided by Clay Adams Division o f  Becton-Dickinson 
Company, Parsippany, New Jersey, U. S. A. 

9. Centrifuge cones of 2 or  3 ml volume. Stoppers from volumetric 
flasks can be used fo r  these cones. These items should be thor- 
oughly leached i n  8 1 HN03 before using.  

All HN03 should be red is t i l l ed  a t  the laboratory i n  a quartz s t i l l  
t o  obtain the necessary purity. S ta r t  w i t h  analytical grade HN03. 

5. 

Reagents 

1. 

2 .  All water used should be t r ip le -d is t i l l ed .  
Preparations 

1. I t  is extremely impor tan t  t o  keep the en t i re  working area scrupu- 
lously clean. 
tamination, b u t  they can render identification of the single resin 
bead o f  in te res t  extremely d i f f icu l t .  I t  i s  for  this reason t h a t  
a laminar flow hood i s  strongly recommended. 
One of  the most useful tools i n  manipulating resin beads is  a f ine 
Pyrex loop. They are made from ~6 mm Pyrex t u b i n g  (which has been 
found t o  be easier  t o  use than rod) by f irst  heating the center of 
the t u b i n g  until i t  coalesces t o  a rod and then drawing i t  o u t  t o  
a diameter of about 0.5 mm, 
held s t ra ight  and then gently warmed until i t  can be pulled apart. 
Hopefully a loop will be formed a t  the t i p  of the fine rod. 
m i g h t  expect, there is  considerable art involved here, and a sub-  

Not only do  foreign par t ic les  lead t o  sample con- 

2 .  

The rod  i s  allowed to  cool while being 

As one 

’. . 
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3. 

4. 
5. 

6. 

7. 

s tan t ia l  number of fa i lures .  The c r i t i ca l  parameters are the 
velocity w i t h  which the glass i s  p u l  led apart and i t s  temperature. 
On a good day, an experienced person can expect t o  make one loop 
i n  15 minutes. The work requires patience and steady hands,  and 
probably should n o t  be continued for more than two o r  three hours. 
The loops thus formed are of  variable s i ze ,  b u t  some will be of 
appropriate geometry for resin beads of  a g i  ven diameter. 
A few Pyrex probes, made while making loops, are also very useful. 
Transfer pipets, made from 6 mm Pyrex, are a l so  needed. 
All glassware should be soaked i n  the same medium the samples 
will be in ,  i . e . ,  6-8 - M HN03. When an item i s  t o  be used, i t  
should be rinsed with t r i p l e  d i s t i l l ed  water and l e f t  in an oven 
u n t i l  i t  i s  needed. 
Resin beads should be conditioned by soaking  i n  8 E HN03 a t  leas t  
two days before use; they can remain thus indefinitely.  
discard an old batch of beads before the new one has been verified 
t o  be sui table  fo r  use. 
The resin bead-8  - M HN03 mixture should be kept i n  a p las t ic  (poly- 
propylene) container. HNO leaches uranium out o f  glass and thus 
introduces contamination. 

Do n o t  

3 

Loading Samples on Beads 

Extract a number of conditioned resin beads from the acid w i t h  a clean 
transfer pipet and deposit them on a clean microscope s l ide .  
about 30 minutes for  the beads t o  reach optimum dampness-they should be wet, 
b u t  w i t h  no water s t a n d i n g  on the s l ide .  
each other and are vir tual ly  impossible t o  work w i t h  individually. 
t h a t  are too  dry become e lec t ros ta t ica l ly  charged and are also vir tual ly  i m -  
possible t o  control. 

the microscope stage w i t h  a l in t - f ree  wiper and t r i p l e -d i s t i l l ed  water. 
Kimwipes are suitable for  this purpose. 
the stage clean. 

I t  will take 

Beads t h a t  are too wet cling t o  
Beads 

While waiting for  the beads t o  reach sui table  wetness, carefully clean 

I t  i s  extremely important t o  keep 
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The l i q u i d  sample s h o u l d  be held i n  0.1-0.2 m l  of s o l u t i o n  placed i n  
a 2 or 3 ml centrifuge cone. 
beads d i f f i cu l t .  
be adjusted t o  give about g of U and g of Pu  i n  a 0.1-0.2 m l  a l i -  
quot ;  acid concentration should be 7-8 - M HN03. 
the sample should be spiked prior t o  i t s  t ransfer  t o  the centrifuge cone. 

When the beads are ready, use a fine glass rod to  segregate some of 
those of roughly equal s ize ,  viewing the operation t h r o u g h  the microscope. 
Separate these into bundles containing the number of beads you want to  p u t  
in to  each sample (usually 3-10). There should be enough sample t o  give 1 
ng o f  P u  and 5-10 ng of U on each bead. Pick up each bundle of beads (5 
beads can be picked up simultaneously) w i t h  the glass rod and p u t  them into 
the sample by gently touching the t i p  against the glass below the l iquid 
level. Verify the position of the beads t h r o u g h  the microscope. The beads 
s h o u l d  s t a n d  24-48 hours i n  the sample solution before an analysis i s  
attempted. 
Loading Beads on Filaments 

Too much liquid makes manipulation of the 
T h u s ,  the concentrations of uranium and plutonium should 

If total  U or Pu i s  desired, 

Transferring beads to  filaments i s  a tedious business and s h o u l d  be 
performed w i t h  ample time i n  hand. 
due pressure makes i t  just t h a t  much more d i f f i c u l t  t o  execute the delicate 
operations properly. 

Get a wheel of filaments i n t o  position under the coarse microscope- 
only operations i n v o l v i n g  filaments are done here. 
can ' t  be used fo r  these because i t  must have a stage,  which makes position- 
i n g  a wheel under i t  impossible. 

the cone t o  sp l a t t e r  the l iquid up on the glass. 
the side of  the cone above the level of the liquid. 
t o  have a clean cone t o  prevent water from remaining beaded on the glass sur- 
face, thus obscuring the beads. 

that  of the beads) and, u s i n g  the microscope, drop i t  around one of the beads 
on the wall of the cone. The surface tension o f  the l iquid surrounding the 

Steady hands are required, and any un- 

The other microscope 

To i so la te  the beads, f l i ck  your finger gently against the bottom o f  
Some beads should s t ick  t o  

I t  i s  a great advantage 

Select a loop of appropriate s ize  (one w i t h  a diameter about four times 



7 

bead will cause i t  to adhere t o  the loop, and i t  can be wi thdrawn from the 
cone. 
scope, touch a Kimwipe (or other l in t - f ree  absorbent paper) t o  the loop, 
b r i n g i n g  the paper up from beneath the loop. 
permits, i t  i s  a good idea to  have i t  bending down a l i t t l e .  
w i t h  decent luck, will move onto  the paper as the l i q u i d  i s  absorbed. 
Figure 3 i s  a drawing of a bead on the paper. 
however, the bead will often remain b e h i n d  and not transfer.  Pick the bead 
up  from the paper w i t h  a clean needle ( b u f f  w i t h  No. 600 ( U .  S .  grade) sand- 
paper, clean thoroughly w i t h  t r i  ple-di s t i  1 led water and acetone) and trans- 
f e r  i t  t o  the w a i t i n g  filament. 
needle. Try t o  center the bead w i t h  respect t o  the rhenium canoe t o  o p t i -  
mize i o n  optics i n  the mass spectrometer, as indicated i n  Figure 5.  Crimp 
the canoe w i t h  tweezers o r  hemostats-+bout f ive  crimps i s  right.  This 
operation helps keep the bead i n  place. 

d i s t i l l ed  water, acetone and use i t  on the next sample. 
geometry is  valuable and should be zealously cared for t o  prolong i t s  l i f e ,  
which .should be several months or more. 
Long Term Sample Storage 

Figure 2 is  a drawing of a bead in the loop. S t i l l  under the micro- 

I f  the geometry o f  the loop 
The bead, 

If  the loop i s  too small, 

Figure 4 shows schematically a bead on a 

If  the loop you used i s  a good one, r inse i t  w i t h  8 - M HN03, t r ip le -  
A loop w i t h  good 

I f  beads w i t h  sample on them are t o  be stored over a long period of time 

Arrange the beads individually i n  an array of con- 
(months o r  years) ,  a good way of d o i n g  so i s  t o  keep them under collodion on 
a glass microscope s l ide.  
venient dimensions on a clean s l ide  and cover each w i t h  a small drop o f  col- 
lodion, 
confusion. 

knife or sharp n e e d l e h e  collodion drop i s  i n  general too large t o  be 
loaded i n  i t s  ent i re ty .  
use great care, because i t  is easy t o  f l i ck  the bead off into space-and 
m o u n t  i t  direct ly  on the filament. 

The de ta i l s  of  the technique fo r  mass spectrometric analysis of the 
beads have been described i n  detail  by Walker, e t  a l .  

Ten beads can easi ly  be mounted on a s l ide  w i t h  l i t t l e  chance of 

To remove a bead, cut around i t  through the collodion w i t h  an Exacto 

Gently pry the circumscribed area out with a needle- 

192  
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ORNL-DWG 75-11284 

F i g .  3. Resin bead on paper. 
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Fig. 5. P o s i t i o n i n g  a res 
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n bead on a Re f i l amen t .  
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Concl u s i  ons 

The two pr imary requirements f o r  t h e  r e s i n  bead technique (as ide  from 

equipment) are c lean l i ness  and t ime. Any dust i n  the microscope f i e l d  

renders l o c a t i o n  and i d e n t i f i c a t i o n  of  beads d i f f i c u l t ,  and, s ince the 
amounts of sample are so small ,  great  care must be exe rc i sed  t o  prevent 

contamination. Beads are so l i g h t  and p i c k  up e l e c t r o s t a t i c  charge so 
r e a d i l y  t h a t  they e a s i l y  m ig ra te  w i th  a i r  current .  

should be l o c a t e d  and discarded t o  e l i m i n a t e  any chance o f  i t  contaminat ing 
a l a t e r  sample. 

Even w i t h  experienced personnel, these operat ions are very slow. 
takes a p r o f i c i e n t  t echn ic ian  1-1/2 t o  2 hours t o  l oad  t h e  s i x  f i l amen ts  on 

a sample wheel, and a considerable amount o f  t ime  i s  r e q u i r e d  f o r  c lean ing  
up af terwards. But t h i s  t ime schedule i s  o n l y  v a l i d  i f  a l l  goes w e l l .  

Losing beads i s  a f a c t  o f  l i f e ,  and must be coped w i t h .  They can be l o s t  a t  

any stage i n  the proceedings, and each such loss requ i res  a d d i t i o n a l  t ime t o  

l o c a t e  t h e  bead again. 
I n s e r t i n g  beads i n t o  the  sample s o l u t i o n s  i s  somewhat f a s t e r  than load-  

i n g  f i l amen ts ,  b u t  i t  s t i l l  takes about f o u r  hours t o  p u t  beads i n t o  15-20 
samples. 

t o  perform these operat ions.  

and i t  i s  very d i f f i c u l t  t o  ma in ta in  the h i g h  standards requ i red  f o r  l onger  

per iods.  I n  f a c t ,  we consider  t h a t  i t  would be unwise t o  have a techn ic ian  
whose on ly  f u n c t i o n  was t o  do bead work. Near ly  anyone can do the j o b  w i t h  
a l i t t l e  p r a c t i c e ;  we have th ree  techn ic ians  a t  OWL who have been t r a i n e d  

i n  t h i s  technique. 

t h e  o n l y  ones t h a t  would work, o r  even t h a t  they are t h e  bes t  ones. I n  f a c t ,  
each o f  ou r  th ree  techn ic ians  uses s l i g h t l y  d i f f e r e n t  v a r i a n t s ;  f o r  instance, 

one of them uses o n l y  the  loop w h i l e  t r a n s f e r r i n g  beads t o  f i laments.  These 

i n s t r u c t i o n s  are in tended t o  serve merely as guide l ines,  and i t  i s  t o  be ex- 

pected t h a t  each techn ic ian  w i l l  evo lve an i n d i v i d u a l  technique t h a t  bes t  
s u i t s  him. 

I f  a bead i s  l o s t ,  i t  

It 

Four hours i s  about the maximum l e n g t h  o f  t ime a person can be expected 
The demands on pat ience and s k i l l  are enormous, 

We do n o t  c l a i m  t h a t  the d e t a i l s  o f  t he  technique as o u t l i n e d  here are 
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