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EXPERIENCES W 17 W AN ALPHA COUNTER 
D. J. Huntley 

Physics  Department 
Simon F r a s e r  Un ive r s i t y  
Burnaby, B. C. Cmada 

The a lpha  counter  was const:ructed f o r  determi.ning t h e  a lpha  p a r t i c l e  
emission rates from samples f o r  thermoluminescence da t ing ,  and f o r  de t e r -  
mining uranium and thorium contents .  

The b a s i c  technique i s  descr ibed  by Aitken (1974). The sample i s  prepared 
by spreading a covering of t h e  powder on a ZriS screen  which i n  t u r n  i s  placed 
i n  a s ea l ed  l u c i t e  con ta ine r  on a photomul t ip l ie r  tube. Each a lpha  p a r t i c l e  
causes a l a r g e  s c i n t i l l a t i . o n  pu l se  i n  t h e  ZnS which i s  e a s i l y  de t ec t ed  and 
counted. Figure 1 shows a diagram of t h e  o v e r a l l  apparatus .  

The d i sc r imina to r  s e t t i n g  on t h e  SCA was determined by p l o t t i n g  count 
i r a t e  vs .  s e t t i n g  f o r  a 1..02% U sample (Canadian C e r t i f i e d  Reference Mate r i a l  

BL-3 known t o  be w i t h i n  90% of s e c u l a r  equi l ibr ium)  and a d j u s t i n g  t h e  s e t t i n g  
so t h a t  t h e  count r a t e  was 82% of t h e  ex t r apo la t ed  zero-pulse he igh t  value.  
The d a t a  f o r  t h i s  is  shown i n  F igure  2. The 82% f i g u r e  i.s used s o  t h a t  t h e  
conversion f a c t o r s  of Aitken and Bowman (1975) can be used l a t e r .  

The corresponding f i g u r e  f o r  a sample of USAEC pi tchblende  No. 6 was 
determined t o  be  80.9 f 0.3%. 

I n  o rde r  t o  determine what kind of e f f e c t s  t h e  upper and lower discrim- 
i n a t o r  may have p luse  he igh t  s p e c t r a  were taken f o r  s e v e r a l  samples; t h e s e  
a r e  shown i n  F igure  3. W e  a t t r i b u t e  t h e  d i f f e r e n c e s  i n  t h e  s p e c t r a  mainly 
t o  d i f f e r e n t  r e f l e c t i v i t i e s  of t h e  samples, t hus  a h igh ly  r e f l e c t i n g  sample 
w i l l  g ive  l a r g e r  pu l se s  than  a poorly r e f l ec t i , ng  one. It would appear from 
t h i s  t h a t  it is  necessary t o  determine what d i sc r imina to r  s e t t i n g  i s  necessary  
f o r  each sample (one p o s s i b l e  way t o  do t h i s  would be t o  measure t h e  r e f l e c t i v i t y  
s i n c e  f o r  most samples counting s t a t i s t i c s  and an unknown U/Th r a t i o  would make 
t h e  present  method d i f f i c u l t ) .  

1 To e s t a b l i s h  whether o r  no t  t h e  counter  was w o r k i ~ g  as expected count 
r a t e s  were determined f o r  s e v e r a l  samples of known composition and converted 
t o  U and Th con ten tg>us ing  t h e  conversion f a c t o r s  of Aitken and Bowman (1975). 
f h e s e  g e s u l t s  were then  co r rec t ed  f o r  v a r i a t i o n s  of alpha- a r t i c l e  range w i t h  
atomic number (A) us ing  t h e  Bragg-Kleeman r u l e  (range 4 deff, J A ~ ~ ~  = (EY 1 . / J A ~ ) - ~  
where Yi  a r e  t h e  weight f r a c t i o n s ,  Evans, 1955). 

The r e s u l t s  a r e  shown i n  Table 1 where i t  i s  seen  that. f o r  t h e  two Canadian 
o r e  s tandards  t h e  agreement between t h e  s t a t e d  va lues  and those  we determined i s  
exce l l en t .  For t h e  U. S. s tandard  which has  a very  high U conten t  t h e r e  i s  a 
discrepancy which we a t t r i b u t e  t o  non-uniformity of t h e  U d i s t r i b u t i o n  and/or  
inadequacy of t h e  Bragg-Kleeman r u l e .  

Table l a l s o  conta ins  r e s u l t s  from two obs id ian  samples which happened t o  
be  ava i l ab l e .  For one t h e  r e s u l t s  a r e  s a t i s f a c t o r y  wh i l e  f o r  t h e  o t h e r  t h e r e  
i s  a disagreement, t h e  cause of which is unknown. 

I f i n d  i,t very p leas ing  t h a t  without  any a r b i t r a r y  adjustments  one can 



cons t ruc t  such a simple device  f o r  determining U and Th contents  s o  accu ra t e ly ,  

D r .  M. J. Aitken gave much u s e f u l  advice  which i s  very  g r a t e f u l l y  
acknowledged. 
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TABLE I .  

SLa t e d  
--U- 

S A M L  E U Th 

Measured --- 
Sanpple Pa l+  

Count. Ra te  Count R a t e  

NCCC 5 6 P P ~  14.2 ppm 1 1020  03  0 2 3 t  004 

NCWE 5 4 p p ?  1 3  6 ppm 1 4 3 t 0  02 0212 002 

C a l c u l a t e d  --- .-- 
U ?h A e f f  C o r r e c t e d  

(uncorrc c t e d )  
OP 

NOTES FOR DIE FABLE 

BL-2, BL-3, D L - l  a r e  Canadian  C e t t i f i e d  
R e f e r e n c e  H a t e r i a l s  o b t a i n e d  from t h e  Nines  
Branch ,  555 Booth S t r e e t ,  Ot tawa KlA OCl w i ~ o  a l s o  
s u p p l i e d  d e t a i l e d  c o m p o s i t i o n  d a t a  f o r  c : l l c u l a t i o n  
o f  A e f f  

EL,-? and B P 3  a r e  s t a t e d  t o  b e  w i t h i n  ?OX o r  
b e t t e r  of  e q u i l i b r i u m  The equi l ib r ' iu r r :  s t a t u b  o f  
DL-l i s  n o t  known 

N o . 6  p i t c h b l e n d e  i s  from t h e  New Brunswick 
L a b o r a t o r y  of EKDA, Box 150 ,  ?!ew Brunswick ,  Sew 
J c r s e ~ ,  08963, 1 I . S  .i. I b i s  \ a s  a 5 s c 1 : ; ~ d  to have  

2 0  a p a r t  from uran ium o x i d e .  
A e f f  iCCC a i d  NCiE a r e  o b s i d i a n  i r o n  ::owherry 
C a l d e r a ,  Oregon,  C i n d e r c o n e  a n d  'h'cstcr'n !:ast Lake 
f lows  r e s p e c t i v e l y .  l! and Ih c o n t e n t s  a r e  from 
L a i d l e y  and McKay ( 1 9 7 1 ) .  

U n c e r t a i n t i e s  q u o t e d  a r e  a s s o c i a t e d  w i t h  
c o u n t i n g  s t a t i s t i c s  and  s a m p l e  a r e a s ;  no a c c o u n t  
is t a k e n  of t h e  (unknown) uncertainties i n  t h e  
c o n v e r s i o n  f a c t o r s .  - 

I h e  p a i r '  c o u n t  r a t ?  measured  i n c l u d e s  a  
s i g n i f i c a n t  p o r t i o n  o f  random p a i r s ;  t h e  111 c o u n t  
r a t e  i s  d e t e r m i n e d  by s u b t r a c t i n p  t h e s e  a n d  
m u l t i p l y i n g  t h e  r e m a i n d e r  by  26 9 .  The i o t t e t .  
f i g u r e  i s  c ~ l c o l a t e d  a l l o w i n g  f o r  p e o m c t r ) ,  t h e  
random e m i s s i b n  clime, a  random ( u p  t o  0 I s )  d e l a y  
t ime  i n h e r e n a  i n  t h e  719 t i n e r ,  a n d  t h e  6 
p a r t i c l e s  in  t h e  'Th c h a i n  

A  measured  backeround c o u n t  r a t e  o f  0 l l + 0 ; 0 2  
c / k s  f o r  t h e  1 3  6  cm2 ZnS d i s c s  h a s  b e e n  alToGed 

f o r ;  t h i s  was measured  c i t h  a c l e a n  l u c i t e  d l s c  
l a i d  o n  t h e  ZnS s c r e e n  W i t h o u t  t h i s  d i s c  t h e  
r a t e  was f i v e  t i m e s  l a r g e r , p r e s u m a b l )  d u e  t o  radon  
i n  t h e  a i r  o f  t h e  chamber .  

When a  s a m p l e  i s  n o t  d e t e r m i n e d  t o  b e  i n  
e q u i l i b r i u m  o n l )  a  l o w e r  l i r o i t  on t h e  U c o n t e n t  
c a n  b e  c a l c u l a t e d  and  t h i s  i s  s o  i n d i c a t e d  



,- light-tight box 
main timer 

lucite holder 
--- sample ---_ - ZnS screen 

I 
I 

pair timer 
0.4 sec -7 - 

ZnS screen Yhn.D.Johnsonl Research Park, Montville, N . J . ,  U.S.A.1 

HV power supply Hewlett Packard 6515A (900v) 

components 
and 

settings 
used 

PM tube EM1 9656B 
Preamp Ortec 113 (C=O) 
Amp & SCA 490A (gain=3x4, disc LLz0.4 I UL=10) 

Main timer 'l 773 _. _ _ _ _ _ _ _ _ _ _  ____----.------....- - 
Pair timer " 719 (0.4s) Figure 1 
Counters (2of) " '772 The Alpha Counting Apparatus 
Printer " 7'77 ______._ _.._______ _-.-__-___------ . 
Nim Bin " 701/2 

c o u n t s  
p e r  
s e c  

F i q u r e  2 
t 

a l p h a  c o u n t  r a t e  d i s c r i d i n a t o r  s e t t i n g  
Canadian  s t a n d a r d  r e f e rAnce  m a t e r i a l  BL-3 

\ 

z e r o  v o l t a g e  h e r e  

-.- L L 1 . - . . - . - - - L  ..--- 
0 0.1 0 .. 2 0.3 0.4 

d i s c r  j  mlnat-or s e t t i n g  



6 

Figure  3: Pulse-height analysis 

CLEANING QUARTZ GRAINS 
Gary W. Carriveau 

Research Laboratory 
Metropol i tan  Museum of Art 

New York, New York l0028 

A simple method of c leaning  qua r t z  g r a i n s  using HF ac id  i s  descr ibed  i n  
t h e  fol lowing no te  ( see  a l s o ,  Langmyhr and Sveen, Anal. Chem. Acta, 32, 1, 196 
This  technique i s  q u i t e  u se fu l  a s  i t  al lows one t o  u se  only a  s i n g l e  beaker ,  
thereby  reducing t h e  chance of l o s i n g  c r y s t a l s .  Furthermore, when e tch ing  is 
completed, a d d i t i o n  of an  A l C 1 3  s o l u t i o n  p a c i f i e s  t h e  harsh  HF sol.ution and 
el. iminates t h e  problem of p r e c i p i t a t e d  f lou r ides .  

Sieved g r a i n s  (up t o  a  few hundred mil l igrams) a r e  ;laced i n  t h e  bottom 
of a  dry 100 m 1  Nalgene polypropylene beaker. ~ p ~ r o x i m a e e l y  5 m 1  of 49% HF 
a c i d  i s  slowly added. The mixture  i s  c a r e f u l l y  swir led  and then  allowed t o  
s i t  a t  room temperature f o r  30 minutes.  A t  t h e  end of t h i s  time, approximately 
50 m 1  of 25% AlC13  s o l u t i o n  is added. (This s o l u t i o n  i s  e a s i l y  prepared by 
p lac ing  t h e  contents  of a  s tandard  one pound j a r  of A l C l  6 H  0  c r y s t a l s  i n  a  
one l i t r e  b o t t l e  and f i l l i n g  i t  wi th  d i s t i l l e d  water . )  &te? swi r l i ng ,  t h e  
beaker is  placed i n  a  b o i l i n g  water  ba th  and t h e  s o l u t i o n  i.s s lowly s t i r r e d  
us ing  a Teflon covered s t i r r i n g  ba r  w i t h  a hot -p la te  s t i r r e r .  

Af te r  a  few minutes t h e  cloudy s o l u t i o n  w i l l  become c l e a r  (sometimes 
s l i g h t l y  yel low),  and t h e  cleaned g r a i n s  can be  r e t r i e v e d  by f i l t e r i n g  w i t h  
a g l a s s  f r i t  and vacuum appara tus .  When t h e  l a s t  of t h e  s o l u t i o n  has  been 
drawn o f f ,  t h e  c r y s t a l s  a r e  washed twice  us ing  d i s t i l l e d  water  and acetone. 
A f t e r  drying,  t h e  g ra ins  can be  loosened and removed from t h e  f r i t  by g e n t l y  
tapping over a  p i ece  of weighing paper. 

The procedure may be  changed for. l a r g e r  o r  smaller  samples by simply 
s c a l i n g  t h e  1 . i s ted  quant i . t ies .  
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