
C H A P T E R  I V

RESULTS AND DISCUSSIONS

4 .1  D ete rm in a tio n  o f  c o u n tin g  c o n d it io n s .

4 .1 .1  D e te rm in a tio n  o f  optimum g a in  s e t t i n g  o f  l iq u id  s c i n t i l l a t i o n  
sp e c tro m e te r  f o r  radon  co u n tin g .

The r e s u l t s  o f  co u n tin g  a radon  sample a t  d i f f e r e n t  g a in  
s e t t i n g  a re  shown in  T able  4 .1  and p lo t te d  in  F ig u re  4 .1 .

Table 4 .1  V a r ia t io n  o f  coun t r a t e  as  a fu n c t io n  o f  g a in . 
C o n d itio n s  ะ A c t i v i t i e s  o f  s ta n d a rd  radium -226 1031 P c i

ing row th  f a c to r ว .9052
flow  r a t e  o f  n it ro g e n 150 cm3mim
d e-em anation  tim e 50 m inutes
p a r t i c l e  s iz e  o f  s i l i c a  g e l 30-70 mesh
w eigh t o f  s i l i c a  g e l 2 .5 g
warm up tim e 5 m inutes
warm up tem p e ra tu re 0 Ûc
volume o f  l iq u id  s c i n t i l l a t o r 15 cm3
d e s o rp tio n  tem p e ra tu re 30 Cc
C ounting tim e 4 m inutes
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gain% count r a t e  o f 
s ta n d a rd  Ra-226 
(cpm)

Background 
coun t r a t e  
(cpm)

Net Count r a t e  
o f  s ta n d a rd  (cpm)

0 . 2 3394.3 23.3+ 2.4* 3371.0
0 .4 4229.9 31 .9+ 2.8 4198.0
0 . 6 4861.8 39.3+ 3.1 4822.5

00Ô 5018.3 47 .8+ 3 .4 4970.5
1 . 0 5372.5 57.5+3.8 5315.0
1 . 2 5300.9 56.9+3.8 5244.0
1 .4 5408.3 57.8+3.8 5350 .5
1 . 6 4886.9 55 .9+ 3.7 4831.0

00vf 4753.9 53.8+3.7 4700.0
2 . 0 4494 .1 50.1+3.5 4444.0
3 .0 2372.0 19 .5+ 2.2 2352.5
4 .0 1975.8 17.3+ 2.1 1958.5
5 .0 1757.8 16.8+ 2.0 1741.0
6 . 0 1582.3 16 .3+ 2 .0 1566.0
7 .0 1460.5 13 .0+ 1.8 1447.5
8 . 0 1297.3 12 .3+ 1.7 1285.0
9 .0 1168.9 11 .9+ 1.7 1157.0

1 0 . 0 1071.9 9 .9 + 1 .5 1062.0

* S tan dard  d e v ia t io n  - J — where N = t o t a l  coun t and T = C ounting  tim eV T
From th e  r e s u l t s  above, th e  maximum count r a t e  i s  th e r e f o r e  

o b ta in e d  by s e t t i n g  th e  g a in  o f  th e  s c i n t i l l a t i o n  c o u n te r  a t  1 p e r  c en t
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4 . 1 . 2  The d e te r m in a t io n  c f  d i s c r im i n a t io n  l e v e l s  f o r  rad on  c o u n t in g .
The v i r i a t i o n  o f  c o u n t  r a t e  a s  a  f u n c t io n  o f  d i s c r im in a t o r  

l e v e l s  was s t u d ie d  b y  c o u n t in g  t h e  sam p le  p r e p a r e d  u n d er  s e c t i o n  4 . 1 . 1 .  

The g a in  o f  t h e  s p e c tr o m e te r  was s e t  a t  t h e  optim um  o f  1 p e r  c e n t .  The 

r e s u l t s  a r e  t a b u la t e d  in  T a b le  4 .2  and g r a p h i c a l l y  shown in  F ig u r e  4 . 2 .

T a b le  4 .2  V a r ia t io n  o f  c o u n t  r a t e  a s  a f u n c t io n  o f  d i s c r im i n a t o r  l e v e l s

C o n d it io n s  ะ A c t i v i t i e s  o f  s ta n d a r d  ra d iu m -2 2 6  

in g r o w th  f a c t o r
1031

c .9 0 5 2
P c i

f lo w  r a t e  o f  n i t r o g e n 150 cm3min

d e -e m a n a t io n  t im e 50 m in u te s

p a r t i c l e  s i z e  o f  s i l i c a  g e l 3 5 -7 0 mesh

w e ig h t  o f  s i l i c a  g e l 2 .5 g
warm up t im e 5 m in u te s

warm up te m p e r a tu r e 0 0c

vo lu m e o f  l i q u i d  s c i n t i l l a t o r 15 CT*3

d e s o r p t io n  te m p e r a tu r e 30 cc

c o u n t in g  t im e  f o r  sam p le 4 m in u te s

c o u n t in g  t im e  f o r  b ack g rou n d 20 m in u te s
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d is c r im in a t o r
l e v e l s

C ount r a t e  o f  
s ta n d a r d  
R a-226  (cpm )

B ackground  
c o u n t  r a t e  

(cpm )
N et c o u n t  r a t e  
o f  s ta n d a r d  

(cpm )

0 -5 0 4 6 1 .5 2 0 .5 + 1 .0 4 4 1 .0
5 0 -1 0 0 5 7 7 .7 1 3 .2 + 0 .8 5 6 4 .5

1 0 0 -1 5 0 5 0 1 .0 9 .0 + 0 .7 4 9 2 .0
1 5 0 -2 0 0 3 0 0 .8 6 .3 + 0 .6 2 9 4 .5
2 0 0 -2 5 0 2 5 0 .8 3 .8 + 0 .7 2 4 7 .0
2 5 0 -3 0 0 2 4 4 .5 4 .5 + 0 .5 2 4 0 .0
3 0 0 -3 5 0 4 7 2 .3 1 .3 + 0 .2 4 7 1 .0

3 5 0 -4 0 0 8 1 9 .7 0 . 7 + 0 .2 3 1 9 .0
4 0 0 -4 5 0 8 1 7 .3 0 .8 + 0 .2 8 1 6 .5
4 5 0 -5 0 0 4 1 8 .9 0 .9 + 0 .2 4 1 8 .0

5 0 0 -5 5 0 1 7 7 .0 1 .0 + 0 .2 1 7 6 .0

5 5 0 -6 0 0 1 7 8 .9 0 .4 + 0 .1 1 7 8 .5
6 0 0 -6 5 0 2 8 9 .8 0 .3 + 0 .1 2 8 9 .5
6 5 0 -7 0 0 3 8 0 .8 0 .8 + 0 .2 3 8 0 .0

7 0 0 -7 5 0 2 5 7 .7 0 .7 + 0 .2 2 5 7 .0
7 5 0 -8 0 0 5 0 .6 1 .1 + 0 .2 4 9 .5
8 0 0 -8 5 0 4 3 .5 1 .0 + 0 .2 4 2 .5

8 5 0 -9 0 0 3 1 .8 2 .3 + 0 - 3 2 9 .5
9 0 0 -9 5 0 2 1 .8 3 .3 + 0 .4 1 8 .5
9 5 0 -1 0 0 0 2 1 .1 4 .1 + 0 .4 1 7 .0

\
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The b é s t  c o n d i t io n s  f o r  c o u n t in g  i s  o b t a in e d  when t h e  f i g u r e  o f  

m e r it  o r  t h e  f u n c t io n  ( e f f i c i e n c y ) 2 /b a ck g ro u n d  i s  a t  a maximum. (1 7 )
T a b le  4 .3  show s t h e  f i g u r e  o f  m e r it  o b t a in e d  b y  s e t t i n g  t h e  d i s c r im i n a t o r s  

a t  v a r io u s  l e v e l s .

T a b le  4 .3  F ig u r e  o f  M er it  a t  v a r io u s  d is c r im i n a t o r  l e v e l s .

D is c r im in a t o r Count r a t e  ' 
o f  s ta n d a r d  
R a-226  

(cpm )

B ackground
c o u n t
r a t e  ( 
(cpm )

N et c o u n t  
r a t e  o f  
s ta n d a r d  

(cpm )

E f f i c i e n c y  
(cp m F ci )

E2 / Bg
lo w e r
l e v e l

Upper
l e v e l

0 1000 6 3 1 7 .5 7 6 .0 + 2 .0 6 2 4 1 .5 6 .6 9 4 8 .6 4

50 1000 5 8 5 6 .0 5 5 .5 + 1 .7 5 8 0 0 .5 6 .2 2 5 7 .5 2

300 650 3 1 7 3 .9 5 .4 + 0 .5 3 1 6 8 .5 3 .4 0 1 7 6 .4 1

300 800 3 8 6 3 .0 8 .0 + 0 .6 3 8 5 5 .0 4 .1 3 1 7 6 .2 6
ช00 1000 3 9 8 1 .2 1 8 .7 + 1 .0 3 9 6 2 .5 4 .2 4 7 9 .6 7

I f  t h e  t h r e e  a l o h a - p a r t i c l e s  and t h e  tw o b e t a - p a r t i c l e s  w ere  

c o u n te d  w ith  100 p e r  c e n t  e f f i c i e n c y ,  11 c o u n ts  m in ^ P c i  ̂ w ou ld  be t h e  

maximum a t t a i n a b l e  o v e r - a l l  e f f i c i e n c y .  In p r a c t i c e ,  when t h e  g a in  

and d is c r im i n a t o r  c o n t r o l s  o f  t h e  l i q u i d  s c i n t i l l a t o r  s p e c tr o m e te r  a r e  

s e t  t o  d e t e c t  t h e  maximum number o f  p a r t i c l e s ,  t h e  h ig h e s t  e f f i c i e n c y  

o b s e r v e d  i s  6 .6 9  c o u n t s  min ^ P c i  ̂ o f  r a d o n . At t h e s e  d i s c r im i n a t o r  

s e t t i n g s  ( 0 - 1 0 0 0 )  t h e  b ack g rou n d  i s ,  h o w e v e r , h ig h  a t  7 6 .0 + 2 .0  co u n ts  

min ^. The d i s c r i m i n â t ioT. l e v e l s  b e tw een  3 0 0 -6 5 0  w ere c h o s e n . A t t h e s e  

optim um  d i s c r im in a t o r  s e t t i n g s  t h e  o v e r - a l l  e f f i c i e n c y  i s  3 .4 0  c o u n ts  

m in  ̂ P c i   ̂ o f  rad o n  and t h e  b ack g rou n d  i s  5 .4  + 0 .5  c o u n t s  min ■*■ .
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4 .2  D e te r m in a t io n  o f  t im e  r e q u ir e d  f o r  e s t a b l i s h m e n t  o f  e q u i l ib r iu m  

b e tw een  rad on  and i t s  . d a u g h te r s .
The a c t i v i t y  o f  a  rad on  sa m p le  c o u n te d  a t  d i f f e r e n t  t im e  a r e  

g iv e n  in  T a b le  4 .4  and g r a p h i c a l l y  i l l u s t r a t e d  in  F ig u r e  4 . 3 .

T a b le  4 .4  V a r ia t io n  o f  c o u n t r a t e s  a s  a f u n c t io n  o f  d e c a y  t im e  a f t e r  

d e -e m a n a t io n .

C o n d it io n s  : A c t i v i t i e s  o f  ra d iu m -2 2 6  s ta n d a r d  S o lu t io n  104  P c i
in g r o w th  f a c t o r 0 .7 1 8 5

3 -1f lo w  r a t e  o f  n i t r o g e n  g a s 150 cm"min

d e - em a n a tio n  t im e 50 m in u te s

p a r t i c l e  s i z e  o f  s i l i c a  g e l 3 5 -7 0 m esh

w e ig h t  o f  s i l i c a  g e l 2 .5 E
warm up t im e 5 m in u te s

warm up te m p e r a tu r e 0 0c

volum e o f  l i q u i d  s c i n t i l l a t o r 15 cm3

d e s o r p t io n  te m p e r a tu r e 30 °c

g a in 1 p e r  c e n t

d i s c r im in a t o r  l e v e l s 3 0 0 -6 5 0

c o u n t in g  t im e 20 m in u te s
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d e c a y  t im e  a f t e r  
d e -e m a n a tio n  

(m in )
c o a n t  r a t e  o f  

s ta n d a r d  
R a-226  (cpm )

B ackground  
c o u n t  r a t e  

(cpm )
N et c o u n t  r a t e  
o f  s ta n d a r d  

(cpm )

20 1 8 9 .6 3 . i+ 0 .4 1 8 6 .5
40 2 2 2 .7 2 .5 + 0 .3 2 2 0 .2
60 2 3 5 .6 3 .8 + 0 .4 2 3 1 .8
80 2 5 6 .3 4 .3 + 0 .5 2 5 2 .0

100 2 6 9 .3 4 .0 + 0 .4 2 6 5 .3
120 2 8 3 .4 4 .5 + 0 .5 2 7 8 .9
140 2 7 4 .0 4 .5 + 0 .5 2 6 9 .5
160 2 8 1 .4 4 .0 + 0 .4 2 7 7 .4

180 2 8 4 .3 4 .8 + 0 .5 2 7 9 .5
200 2 8 5 .3 5 .0 + 0 .5 2 8 0 .3
220 2 8 6 .3 5 .1 + 0 .5 2 8 1 .2

240 2 8 4 .3 5 .3 + 0 .5 2 7 9 .0

260 2 9 2 .1 5 .2 + 0 .5 2 7 6 .9

280 2 9 6 .0 5 .0 + 0 .5 2 8 1 .0
300 2 8 3 .7 5 .2 + 0 .5 2 7 8 .5
320 2 8 1 .0 5 .1 + 0 .5 2 7 5 .9

From F ig u r e  4 . 3 ,  i t  i s  o b v io u s  t h a t  r a d i o a c t i v e  e q u i l ib r iu m  

i s  e s t a b l i s h e d  w i t h in  3 h o u rs  a f t e r  d e -e m a n a t ton.
In  o r d e r  t o  c o n f ir m  t h a t  a p u re  rad o n  sam p le  was o b t a in e d  

from  t h e  d e -e m a n a t io n , a sa m p le  o f  111 F c i  R a -2 26  was d e -em a n a ted  and  

t h e  rad o n  sam p le  o b t a in e d  was c o u n te d  a f t e r  t h e  r a d i o a c t i v e  e q u i l ib r iu m



45

1 6 0  

1 4 0  -

i

i
Ii

i
I

F i g u r e  4 . 3  I n  g r o w l  h ๐ f  r a  clอก -  2 22



b e tw e e n  r a d o n  a n d  i t s  d a u g h t e r s  h a d  b e e n  e s t a b l i s h e d .

The re su lts  and the decay curve are shown 
Figure 4.4 respective ly

in  Table 4.5 and

Table 4.5 Count ra te  as a function o f decay time.
Conditions : A c tiv it ie s  o f standard radium 226 111 Pci

ingrowth fac tor 0.5156
flow rate o f nitrogen 150 cm3min
de-emanation time 50 minutes
p a rtic le  size o f s i l ic a  gel 35-70 mesh
weight o f s i l ic a  gel 2.5 £
warm up time 5 minutes
warm up temperature 0 oc
volume o f liq u id  s c in t i l la to r 15 cm3
desorption temperature 30 oc
counting time 20 minutes
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decay time 
a fte r  de-emanation 

(h r)
Count ra te  o f 
standard Ra-226 

(cpm)
Background 
count ra te  

(cpm)
Net count ra te  
o f standard 

(cpm)

4.16 183.3 5.2+0.5 178.1
29.33 162.7 ร .0+0.5 157.7
58.16 127.7 4,0+0.4 123.1
76.58 213.4 4.0+0.4 109.4

14 3.16 70.9 _3.5+0.4 67.4
167.58 57.8 3/5+0.4 54.5
176.42 55.3 3/5+0.4 52.1
181.50 52.2 _3.2+0.4 49.0
193.33 45.5 _3.-1+0.4 42.4

From the decay curve, an approximate h a l f - l i f e  o f 92 hours 
was atta ined which was in  good agreement w ith  the h a l f - l i f e  o f 
r a d p n - 2 2 2 ,

4.3 Determination o f de-emanation cônditions.

4.3.1 E ffec t o f de-emanation time on e ffic iency .

The e ffic ie n cy ; or the spec ific  count ra te , obtained at 
d iffe re n t de-emanation times when the nitrogen gas flow- ra te  was varied 
between 100 and 250 cm^min  ̂ is  given in  Table 4.6 and graphically
shown in Figure 4.5
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Table 4.6 E ffec t o f de-emanation time on e ffic iency  a t nitrogen flow  
ra te  between 100 and 250 cm3min

conditions ะ A c tiv it ie s  o f standard radium 226 263 Pci
flow ra te  o f nitrogen gas 100-250 cm3min~'
p a rtic le  size o f s i l ic a  gel 35-70 mesh
weight o f s i l ic a  gel 2 g

warm up time 5 minutes
warm up temperature 0 ac
volume o f liq u id  s c in t i l la to r 15 cm3
desorption temperature 30 °c

counting time 100 minutes



VH2gas De-emanation 
time (min) E ffic iency (cpmPcr 1)

Vde-
emanation

Expt.1 Expt.2 Expt.3 Average

nitrogen flow ra te  100 cm3min ^
5 15 2.30 2.35 2.16 2.27+0.09

10 30 2.66 2.87 2.75 2.76+0.11
15 45 3.33 3.43 3.73 3.51+0.19
20 60 3.43 3.48 3.54 3.48+0.06
30 90 3.88 3.69 3.40 3.66+0.24

nitropen flow ra te  150 cm3min ^

5 10 2.22 2.17 2.20 2.19+0.02
10 20 2.60 2.64 2.70 2.65+0.05
15 30 3.49 3.61 3.75 2.62+0.13
22.5 45 3.38 3.35 3.34 3.36+0.02
30 60 3 .44 3.56 3.50 3,50+0.06

nitrogen flow  ra te  250 cm3min ^

5 6 2.08 2.23 2.33 2.21+0.13
10 12 2.88 2.76 2.81 2.82+0.06
15 18 3.69 3.32 3.80 3.60+0.25
20 24 3.60 3.75 3.50 3.62+0.13
30 36 3.85 3.76 3.63 3.75+0.11
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From the results i t  is  seen that, a maximum efficiency was 
obtained at approximately 3.57+0.18 cpmPci  ̂ when a volume of nitrogen 
gas equals to 15 times that of the de-emanation solution has teen 
passed. No difference was abserved when the flow rate was varied between 
100 and 250 cm̂ min .̂

4.3.2 Effect of nitrogen flow rate on efficiency.

The influence of nitrogen flow rate was investigated by 
fixing the volume of gas at 15 times that of the volume of the
de-emanation solution. The results of the investigation are shown in Table 4.7

Table 4.7 Effect of nitrogen flew rate on efficiency at a ratio of 15 
between the volume of nitrogen to the volume of the de-emanation solution

conditions ะ conditions were similar to those described under section
4.3.1

Nitrogen 
flo^ r a t |  
(cm min" )

De-emana- 
t ion t ime

Efficiency (cpmPci )̂
(min ) Expt.1 Expt.2 Expt.3 Average

100 45 3.38 3.43 3.73 3.51+0.19
150 30 3.49 3.61 3.75 3.61+0.13
250 18 3.69 3.32 3.80 3.60+0.25
300 15 3.59 3.38 3.50 3.49+0.10
400 11.25 2.51 2.66 2.57 2.57+0.08
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N itr o g e n  f lo w  r a t e  (crrwnin ^) I

F ig u r e  1เ . ธ Ef f e c t  o f  n i t r o g e n  f lo w  r â t e  on e f f i c i e n c y  a t  a r a t i o  

o f  15 b e tw een  t h e  volum e o f  n i t r o g e n  t o  th e  volum e
o f  d e -e m a n a tio n  s o l u t i o n .
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The effect of nitrogen flow rate on efficiency is  graphically 
shown in Figure 4.6. A constant efficiency of 3.57+0.18 cpmPci  ̂ was 
obtained when the gas flow-rate was under 300 crâ min .̂ Further 
increase of the flow resulted in a decrease in the efficiency. At 
high nitrogen flow-rate the particles of s ilica  gel moved inside the +. ■'■ 
trap and radon could not be adsorbed quantitatively.

The results of the present investigation support the results 
obtained by Jacobi (30) which indicated that radon might be effectively  
swept out of an aqueous solution at room temperature provided that the 
sweeping gas passed through the solution as a stream of small bubbles, 
and the total volume of gas was large comparée with the volume of the 
de-emanation solution. This, however, disagreed with the result of 
Moran and Evan (10) which showed that the quantitative removal of 
radon from an agneous solution could be achieved by prolonged boiling 
only,

4.3.3 Effect of particle size of s ilica  gel on efficiency.

The results of the investigation are given in Table 4.8
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Table 4.8 Effect of particle size of s ilica  pel on efficiency.

conditions: Activities of standard radium-226 263 Pci
flow rate of nitrogen 150 cm3min
de-emanation time 30 minutes
weight of s ilica  gel 2 g
warm up time 5 minutes
warm up temperature 0 °c
desorption temperature 30 r'c
volume of liquid scin tillator 15 cm3

particle 
size of 
s ilica  
gel (mesh)

Efficiency (cpmPci )̂

Expt.l Expt.2 Expt.3 Average

16-30 3.66 3.48 3.03 3.39+0.32
35-70 3.49 3.61 3.75 3.62+0.13
85-200 2.61 2.19 2.23 2.01+0.71

According to Darral et. a l. (17) the particle size of s ilica  
gel should be small enough to permit 100 per cent adsorption of radon 
but large enough to be stable (not flowing) at high nitrogen flow rate 
and could be easily transferred. The obtained results from this study 
indicated that the particle size of 85-200 mesh was too small. However, 
the difference between 16-30 and 35-70 mesh was not significant.
Hence, in the subsequent experiments, the particle size of 35-70 mesh
was chosen.
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4.3.4 Effect of weight of s ilica  gel on efficiency.

The result of the effect of weight of s ilica  gel used as radon 
adsorber is shown in Table 4.9 and the efficiency as a function of 
weight is  also plotted in Figure 4.7. The results indicated that, 
increasing the weight of s ilica  gel from 1.0 to 2.0 g increased the 
efficiency to a maximum of 3.62 cpmPci .̂ Further increase of the 
weight of adsorber gave a decrease in effciency. Since s ilica  gel 
did not dissolve in liquid Scintillator; two layers would be formed in 
the counting v ia l. The liquid scin tilla tor with a ll the dissolved ' 
radon (31) would be in the upper layer. Apparently, when the weight of 
s ilica  gel was increased to more than 2 g, the scin tilla tor  layer is  
above the optimum geometry. Consequently, this made a decrease in the 
efficiency.

Table 4.9 Effect of weight of s ilica  gel on efficiency.

Conditions ะ Activities of standard radium-226 263 Pci
3 . -1flow rate cf nitrogen 150 cm min

de-emanation time 30 minutes
particle size of s ilica  gel 35-70 mesh
warm up time 5 minutes
warm up temperature 0 •c
volume of liquid scintillator 15 cm3
dessorptior temperature 30 0c
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weight of 
s ilica  gel 

(p)
Efficiency (cpmPci )̂

Expt.1 Expt.2 Expt.3 Average

1 . 0 0.51 0.47 0.42 0.47+0.05
1.5 2.64 2.41 2.51 2.52+0.12
2.0 3.49 3.61 3.75 3.62+0.13
2.5 3.43 3.80 3.46 3.56+0.21
3.0 3.11 3.02 3.22 3.12+0.10

4.3.5 Effect of warm up time on efficiency.

The effect of warm up time on efficiency is  given in Table 4.10 
and graphically shown in Figure 4.8. No significant increase in 
efficiency was observed when the warm up time was kept longer than 5 
minutes.

Table 4.10 Effect of warm up time on efficiency.

Conditions ะ A ctivities of standard radium 226 263
flow rate of nitrogen 150
de-emanation time 30
particle size of s ilica  gel 35-70
weight of s ilica  gel 2
warm up temperature 0
volume of liquid scin tilla tor 15

Pci
cm̂ min
minutes
mesh

i .
desorption temperature 30
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warm up 
time

Efficiency (cpmPci - 1 )

(min) Expt.l Expt.2 Expt.3 Average

0 ๐โ''CN 2.93 2.77 2.80+0.12
5 3.49 3.61 3.75 3.62+0.13

10 3.12 3.61 3.49 3.41+0.26
20 3.98 Csj 3.37 3.59+0.34

4.3.6 Effect of warm up temperature on efficiency.

The results are given in Table 4.11 and graphically shown in 
Figure 4.9. It is  found that the efficiency decreases at higher 
temperature. This might happen as a result of the release of radon 
from the adsorber at higher temperature.

Table 4.11 Effect of warm up temperature on efficiency.

Conditions : Activities of standard radium-226
flow rate of nitrogen 
de-emanation time 
particle size cf s ilica  gel 
weight of s ilica  gel 
warm up time
volume of liquid scin tillator  
desorption temperature

263
153
33

35-70
2

5
15

Pci
cm3min ^
minutes
mesh
F

minutes
cm3

ac30
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warm up 
te m p e r a tu r e  

( c )
E f f i c i e n c y  (cp m P ci )

E x p t .1 E x p t .2 E x p t .3 A verage

0 3 .4 9 3 .6 1 3 .7 5 3 .6 2 + 0 .1 3
15 3 .5 3 3 .1 1 3 .4 7 3 .3 7 + 0 .2  3
30 2 .9 9 3 .1 8 2 .6 8 2 .9 5 + 0 .2 5
50 2 .7 1 2 .7 1 3 .1 4 2 .8 5 + 0 .2 5

4 . 3 . 7  E f f e c t  o f  vo lu m e o f  l i q u i d  s c i n t i l l a t o r  on e f f i c i e n c y .

The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  a r e  t a b u la t e d  in  T a b le  4 .1 2  

and t h e  e f f i c i e n c y  a s  a f u n c t io n  o f  vo lu m e o f  l i q u i d  s c i n t i l l a t o r  i s  

p l o t i e d  in  F ig u r e  4 . 1 0 .  The r e s u l t s  i n d ic a t e d  t h a t ,  in c r e a s i n g  t h e  

volu m e o f  l i q u i d  s c i n t i l l a t o r  from  10 t o  15cm3 in c r e a s e s  t h e  e f f i c i e n c y  

ะ๐ 3 .6 2  cpm Poi F u r th e r  in c r e a s e  o f  l i q u i d  s c i n t i l l a t o r  c a u s e s  no 

s i g n i f i c a n t  ch an g e  in  e f f i c i e n c y
T a b le  4 .1 2  E f f e c t  o f  vo lu m e o f  l i q u i d  s c i n t i l l a t o r  on e f f i c i e n c y .

C o n d it io n s  ะ A c t i v i t i e s  o f  s ta n d a r d  ra d iu m -2 2 6 269 P c i

f lo w  r a t e  o f  n i t r o g e n 150 cm3min
d e -e m a n a tio n  t im e 50 m in u te s
p a r t i c l e  s i z e  o f  s i l i c a  g e l 3 5 -7 0 m esh

w e ig h t  o f  s i l i c a  g e l 2 g
warm up t im a 5 m in u te s

warm up te m p e r a tu r e 0 °c

d e s o r p t io n  te m p e r a tu r e 30 oc
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vo lu m e o f  
l i q u i d

E f f i c i e n c y  (cp m P ci ^ )
s c i n t i l l a t o r  

(cm ) E x p t . 1 E x p t .2 E x p t .3 A v erag e

10 1 .3 5 1 .6 2 1 .7 5 1 .5 7 + 0 .2 2
13 2 .8 7 2 .6 0 2 .8 5 2 .7 7 + 0 .1 5
15 3 .4 9 3 .6 1 3 .7 5 3 .6 2 + 0 .1 3
18 3 .7 2 3 .6 9 3 .8 9 3 .7 7 + 0 .1 1

U .3 .8  E f f e c t  o f  d e s o r p t io n  te m p e r a tu r e  on e f f i c i e n c y .

The r e s u l t s  a r e  g iv e n  in  T a b le  4 .1 3  and g r a p h i c a l l y  shown in
F ig u r e  4 .1 1 . I t  i s  o b v io u s  t h a t  t h e  c o u n t  r a t e i s  in d e p e n d e n t on t n e
d e s o r p t io n te m p e r a tu r e .

T a b le  4 .1 3 E f f e c t  o f  d e s o r p t io n  te m p e r a tu r e  on e f f i c i e n c y .

C o n d it io n s ะ A c t i v i t i e s  o f  s ta n d a r d  rad ium  226 263. P c i

f lo w  r a t e  o f  n i t r o g e n 150 cm3min

d e -e m a n a tio n  t im e 30 m in u te s
p a r t i c l e  s i z e  o f  s i l i c a  g e l 3 5 -7 0 mesh
w e ig h t  o f  s i l i c a  g e l 2 g
warm up t im e 5 m in u te s

warm up te m p e r a tu r e .0 oc

vo lu m e o f  l i q u i d  s c i n t i l l a t o r 15 cm3
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Desorption
temperature

(°c)
Efficiency (cpmPci ■*■)

Expt.1 Expt.2 Expt.3 Average

4 3.35 3.63 3.49 3.55+0.07
30 3.49 3.61 3.75 3.62+0.15
50 3.55 3.45 3.39 3.46+0.08

The optimum conditions for de-emanation and counting of radon 
are summarized in Table 4.14.

Table 4.1*4- Optimum conditions for de-emanation and counting of radon.
flow rate of nitrogen 150 cm3min *
de-emanation time 30 minutes\
particle size of s ilica  gel 35-70 mesh
weight of s ilica  gel 2 g ■
warm up time c•J minutes
warm up temperature 0 Q

C'

volume -of liquid scin tillator 15 cm3
Desorption temperature 3 ว c

c

gain - 1 per cent
discriminator levels 300-650

*4.*4 Determination of detection lim it.
Standard radium-226 solutions of various activ ities  were prepared. 

After de-emanation under the optimum conditions as listed  in Table *4.13.,
their activ ities were measured and the specific activity or efficiency,E.
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was e v a lu a te d . The r e s u l t s  a re  shown in  T ab le  4 .1 5 . The c o n te n t o f  

ra d ium  w h ich  g iv e s  a s p e c i f i c  coun t r a te  d e v ia te d  from  3 .50+0 .12  cpm pci 

was c o n s id e re d  to  be o u ts id e  th e  dynam ic range o f  th e  d e te c t io n .

T ab le  4 .15  D e te c t io n  l im i t .

C o n d it io n s  ะ as summarized in  T ab le  4 .14

s ta n d a rd
rad ium -226

E f f ic ie n c y  (cpm Pci ^ )

a c t i v i t y
(P c i) E x p t .1 E x p t .2 E x p t .3 Average

0 .50 3 .00 2 .68 2 .39 2 .69+0 .31

0 .70 3 .18 2 .90 2 .63 2 .9 1+ 0 .2 7

1 .1 3 .28 3 .67 3 .79 3 .58+0 .27

3 .2 3.52 3 .36 3 .80 3 .5 6+0 .7 2

5 .2 3 .34 3 .65 3 .19 3 .39+0 .23

10 .4 3 .19 3 .51 3 .46 3 .39+0 .17

31 .2 3 .34 3 .53 3 .48 3 .4 5+0 .1 0

oCNLO 3 .17 3 .43 3 .29 3 .3 0+0 .1 3

72 .8 3 .13 3 48 3 .53 3 . 38+U.22

104 .0 3 .75 3 .63 3 .50 3 .6 3+0 .1 3

263 .0 3 .49 3 .61 3 .75 3 .6 3+0 .1 1

520 .0 3-6? 3 .72 3 ,51 3 .63+0 .11
728 .0 3 .58 3 .49 3 .71 3 .59+0 .11

A c o n s ta n t e f f i c ie n c y  o f  3 .50+0 .12  cpmPci ^ was o b ta in e d  from

a rad ium  a c t i v i t y  ranged  between 1 .1 -7 2 8  P c i.  Lower c o n te n ts  o f  
ra d ium -226  gave s ig n i f i c a n t l y  lo w e r e f f i c ie n c y .  F o r th e  deve loped
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m eth o d , a d e t e c t i o n  l i m i t  o f  1 P c i  c o u ld  b e  a ssu m ed .

4-. 5 D e te r m in a t io n  o f  c o n t e n t  o f  ra d iu m -2 2 6  in  s ta n d a r d  u ran iu m  e r e .

The a c c u r a c y  o f  t h e  m ethod was d e te r m in e d  by a n a ly s in g  t h e  

t o t a l  ra d iu m -2 2 6  c o n t e n t s  in  a s ta n d a r d  u ran iu m  o r e  w ith  d i f f e r e n t  

sam p le  w e i g h t s .  The r e s u l t s  a r e  shown in  T a b le  4 .1 6

T a b le  4 .1 6  R adium -226 c o n t e n t  in  a s ta n d a r d  u ran iu m  o r e .

C o n d it io n s  ะ a s  sum m arized  in  T a b le  4 . 1 4 .
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The results indicate that the developed method is  very 
effc itive  for the determination of radium-226 contents. If the uranium 
in the ore is  in the radioactive equilibrium with i t s  daughters, the 
uranium content in the ore could be precisely determined.

น. 6 Determination of radium-226 content in monazite samples.
The radium-226 contents in 15 monazite samples were investigated. 

Analyses were performed at the optimum conditions as described in 
Table น.1น. The results are given in Table น.17.

Table น. 17. Radium 226 content in monazite samples.

Conditions ะ as summarized in Table น.1น



sample weight
(g)

Expt. 1 Expt.2 1 Pa-226 content 
(experment) 
(Pclg  ̂ sample)

m
U-content when 
equilibrium is 
assumed

(%)
U-con tent* 
from de*rs ved 
ก*»นtron enaiysis

EPa /
// / /  e(,( d*» ไ ayed )

ingrowth
factor

cour, t 
rate 
( cpm )

Ra-226 
found 
(Tcisf1 )

ingrowth
factor

count 
rate 
( cpm)

Ra-226
found
(rdg"1

PG? 3.0039 0.6620 265.0 uo. 90 0.6626 300.7 MM. 30 M2.30+1.mm 0.0127 0 . 5:; + 0 . 03 0.00x10 7

3.0123 0.6628 292.1 91.80 0.6628 29U . 7 U2. IP
TG3 3.0061 0.6626 119.8 17.18 0.6628 99. น 1M .25 15,02+1.26 0.0QU8 0.?5 + n.02 0.OUxlO-7

3.0050 0.6628 116.1 16.65 0.6628 1 1 1 .น 15.98
PG น 3.0070 0.6̂ ?R 267.1 Ml. 16 0.6628 270.7 38.80 38.58+ 2.55 0.0116 0.39+0.02 0.OOxlo"7

3.0120 0.6628 2M 5 . 1 35.07 0.6620 27U. 5 39.28
RN1 2.6601 0.7653 10 3.7 1M . 51 0.5958 77.8 13.99 13.30+1.22 0.oouo 0.3 0 + o . 0 2 0.03x10”7

3.00̂ 5 0.7653 76.0 1 1 .7U 0.5959 81.1 12.95
PN2 3.0615 0.662 9 11 น. 0 16.05 0.6628 101.8 1U. 3U 1M . 82 + 1.25 0.0กฺน 5 0.30*0.02 0.05x10”7

3.0350 0.6629 93.5 13.29 0.6629 109.8 15.59
RN 3 3.0886 0.6626 139.0 19.UO 0,6628 12 5. น 17.50 18.56+0.83 0.0056 0.26+0.02 0.07x1 ก”7

3. OU 81 0.6628 129.7 18.3U 0.6628 13น.น 19.01
Rim ,3.0086 0.6626 216.2 30.97 0.5958 182.0 29.01 30,06+1136 0.0090 0.2 +̂0.02 0.17x1 o' 7

3.0065 0.6629 219.5 31. น 7 0.5° 58 180.5 28.78
PNG 3,02M 8 0.6628 2 13.0 30.07 0.5959 178.9 20.37 27.07+2.93 0.0001 0.32+0,กุ? 0.OPx10’ 7

น. 00IS 0.6629 l pน. 5 2 3.63
1

0.5959 162.0 25.89



Sample weight! Expt,1 Expt.2
(g) ingrowth 

f ac to r
count rate 

( cpm)
Ra-226 
found 
(Pclg'1)

ingrowth
factor
*

count ra 
( cpm)

R110
3.0057 0.6628 19 3.9 26.38 0.7105 182.5
3,0063 0.6620 1 5*4. 8 22.19 0 . ’■ /18 5 191.9
2. *19 85 0.7165 9 0 2.2 1 แ9,96 0.5950 6 2 7.0TK1 2.7682 0.7185 870.2 125,00 0.5950 756.1
2.9309 0.7165 701.7 95.08 0.5958 592.2TK2 3.0060 0.7105 7»e. 3 97.57 0.5958 571.6
2.99*10 0.5958 36.1 5.78 0.5968 แ 2.2ใ K3 3.0010 5.5956 แอ. 1 6.Ml 0.5958 00.1

2.9951 0.5956 139.8 22 1 38 0.5958 131.8TK5 3.0077 0.5958 1 แร. 2 23.15 0.5958 15U.0
3.0165 0.6628 16 8.2 26.90 0.7653 230.5TK7 3.0016 0.6628 190.3 27.33 0.7653 2 แ 1 . แ
3.0018 0.6628 แ 1 9.2 59.91 0.7663 500.5TK8 3.0112. 0.6628 แ 19.7 60.C8 0,7653 แ 9 9.9

“Departirent of Chemistry, the Office cf Atomic JYiergy for ?°ace,

Ra-22 6
found
(Pcig'1

Ra-225 content 
(experiment) 
(Pcig ŝample)

2'*. 1 5 
25.38 

120.3*1 
130,99 
96.76 
91.10 
3.76 
6 . M l  

21.10 

2น. 5 6 
20.53 
30,02 
62.25 
61.98

2น.53tl.00

m .67+13.01

95.13t2.88

6.3แ+0.น1

22.00+1 .แร

28,20+1.แ0

61.06 + 1.23

U-content when 
eๆ นi l i hriurn 
i e a ssumed

0.007น

0.0396

0.0029

0,0019

0.0069

0.0085

0.018แ

U-contentA 
fr'om delayed 
neutron(\ )

0.30+0.02

0.'16 + 0.03

0,30+0.02

0.26+0,02

0.29+0.02

0.37+0.02

0.89+0.05

(delayed,)

0.08x10

0.29x10

0.32x10

0.02x10

0.08x10

0.08x10

0.07x10
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As already mentioned under section 4 .5 ., i f  the uranium ore 
is  in radioactive equilibrium, the weight ratio of radium to uranium 
should be 3.44 X 10 7. The uranium content in the monazite samples 
were analyzed by the technique of delay-meutron counting. The
results obtained clearly show that the ores are not in equilibrium.
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