
C H A P T E R  I I I

EXPERIMENTAL

3 .1  M a te r ia ls .

3 .1 .1  R ea g en ts. U n less  o th e r w ise  s t a t e d ,  a l l  c h e m ic a ls  a re  o f  
a n a ly t i c a l  r e a g e n t g ra d e .

An a lk a l in e  EDTA s o lu t io n  was prepared by d i s s o lv in g  10 g 
o f  th e  d isod iu m  s a l t  o f  e th y le n e d ia m in e te tr a  a c e t i c  a c id  and 10 g o f  
sodium  ca rb o n a te  in  1 dm3 d e m in e r a lise d  w a ter . T h is s o lu t io n  was used  
fo r  c le a n in g  a l l  g la s sw a r e s  fo r  d e-em a n a tio n .

C hrom atographic grade s i l i c a  g e l ,  p a r t i c l e  s i z e  o f  35-70  mesh 
was d r ie d  in  an oven a t  1 2 0 <*c fo r  10 hours b e fo r e  u s e .

L iq u id  s c i n t i l l a t o r  was prepared  by d i s s o lv in g  4 g o f  2 ,5  
D im eth y loxazo le(P P O ) and 0 .1  g o f  1 ,4 - b i s - 2 - ( 4 - M e t h y l - 5 -  P h e n y lo x a z o ly l) -  
Benzene (D im eth y l F’OPOP) in  1 dmJ t o lu e n e .

A stan d ard  s o lu t io n  c o n ta in in g  1 .9273x1°^  P c ig  1 o f  'R a-22โ' was 
pu rch ased  from th e  N a tio n a l Bureau o f  stan d ard  (N BS), W ashington , D .C .,
ข .S .A . A s to c k  s o lu t io n  o f  5 2 .6  Pcicm 3 was prepared  by w e ig h in g  1 .3 6 4 2  g 
o f  th e  radium stan d ard  s o lu t io n  in t o  10 cm3 o f  c o n c e n tr a te d  n i t r i c  a c id  
and th e  s o lu t io n  was made to  500 cm3 by th e  a d d it io n  o f  w a te r . T h is  
s to c k  s o lu t io n  was s to r e d  fo r  u se  fo r  5 m onths. I t  i s  used  fo r  th e  
d e te r m in a tio n  o f  co u n tin g  c o n d i t io n s ,  d e-em an ation  c o n d it io n s  and th e  
l i m i t  o f  d e t e c t io n .

An a lc o h o l i c  l iq u id  n itr o g e n  s lu r r y  a s  a c o o l in g  s o lu t io n  
fo r  th e  ra d o n -tra p  was prepared b y  ad d in g 125 cm' o f  e th a n o l in t o  a
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500 cm  ̂ dewar f l a s k .  L iq u id  n itr o g e n  in  50 cm  ̂ p o r t io n ,  was added w ith  
s t i r r i n g  in t o  e th a n o l u n t i l  a t h ic k  s lu r r y  was o b ta in e d .

3 .1 .2  Sam ples.

3 .1 .2 .1  Standard uranium ore sa m p les .
A stan d ard  uranium ore from th e  New B ru n svick  L aboratory  

(NBL), New J e r s e y ,  บ .S.A . NBL 74- A, was a n a ly se d  to  co n firm  th e  accu racy  
o f  th e  m ethod. The o re  c o n ta in s  0 .1  p er  c e n t  uranium , w ith  a r a t i o  o f  
3 .4 4  X  10 7 gram o f  radium -226 t o  pram o f  uranium a t  e q u ilib r iu m .

3 . 1 .2 .2  M onazite sa m p les .
F if t e e n  m on azite  sam ples from d i f f e r e n t  t i n  m ines in  th e  

sou th ern  p a r t o f  T ah ilan d  were a n a ly s e d . These sam ples were p u r i f ie d  to  
90 p er  c e n t  by th e  Department o f  M ineral R eso u r c e s , T h a ila n d . The cod es

t
and th e  sam pling so u r c e s  were ta b u la te d  in  T able 3 .1
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T able 3 .1  The cod es and sam pling so u r c e s  o f  th e  m on azite  sa m p les .

Code Sam pling Source P ro v in ce

PG2 Zoo Khun Luang Mine Pang nga
PG3 Khao Kata Tong Mine Pang nga
PGk Sup Rung Ruang Mine Pang nga
RN1 Sang Tong Mine Ranong
RN2 Sang Tong Mine Ranong
RN 3 Anuparp and Son Mine Ranong
RN4 S.A . M ineral Mine Ranong
RN6 Khun Manoon Mine Ranong
RN8 R a tta n a se t Ranong Kha Rae Mine Ranong
TK1 Toong Kamin Toiag Mine Amphur Takua Pa, Pang nga
TK2 Toong Kamin Tong Mine Amphur Takua Pa, Fang nga
TK3 J .T . M ineral Mine Amphur Takua Pa, Pang nga
TK5 Hck Jong Seng Mine Amphur Takua Pa, Fang nga
Tk7 Boon Soong Mine Amphur Takua Pa, Pang nga
Tk8 Boon Soong Mine Amphur Takua Pa , Pang nga

3 .2  A pparatus and In stru m en t.

3 .2 .1  Apparatus fo r  d ig e s t io n  o f  m on azite  sa m p les .
A 100 cm3 c o n ic a l  f l a s k  w ith  a rubber sto p co ck  and an a i r  

con d en ser  made o f  a p yrex  tu b e  ( 10 mm in  d ia m eter  and 50 cm in  le n g t h )  
was u sed  a s  a r e a c t io n  v e s s e l .  The v e s s e l  was p la c e d  on a m aïTietic
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s t i r r e r - h o t  p la t e  and th e  c o n te n t  was s t i r r e d  d u rin g  d ig e s t io n .  The 
tem p eratu re o f  th e  r e a c t io n  mass was m easured by a therm om eter. The 
sch em a tic  diagram  o f  th e  d ig e s t io n  ap p aratu s i s  shown in  F ig u re  3 .1

therm om eter

F igu re 3 .1  Schem atic diagram  o f  th e  d ig e s t io n  a p p a r a tu s .
3 .2 .2  A pparatus fo r  d e-em an ation  and tr a p p in g  o f  rad on .

The ex p e r im e n ta l s e t  up o f  th e  d e-em an ation  and tr a p p in g  l i n e  
i s  shown in  F igu re 3 .2

The d e-em an ation  f la s k  i s  a 500 cm  ̂ pas w ash ing  b o t t l e  w ith  
a ^ g r o u n d -g la s s  n eck . The i n l e t  tu b e , 6 mm d ia m e te r , r e a c h e s  nearly
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t o  th e  bottom  o f  th e  d e-em an ation  f l a s k .  The bottom  end o f  th e  i n l e t  
tu b e h as a fu n n e l shape w ith  h o le s  o f  1 mm in d ia m eter  on i t  to  break up 
th e  cu r r e n t o f  p as in to  a stream  o f  f in e  b u b b le s . The o u t l e t  tu b e i s  a 
6 m il l im e te r s  d iam eter  g la s s t u b e .  A p lu g  bore 3 m il l im e t e r s  vacuum 
s to p co ck  i s  s e a le d  to  th e  upper e n d s , o u t s id e  o f  th e  f l a s k ,  o f  b oth  th e  
i n l e t  and th e  o u t l e t  tu b e s .  The f la s k  i s  co n n ected  t o  th e  system  by 
vacuum -pressure ty p e  rubber tu b in g . T hus, th e  f la s k  a s  a u n it  can be d e -  
emanated and removed from th e  system  to  a w a it fo r  radon b u ild  up.

The w ater  vapor tr a p  i s  a 10 mm d ia m eter  by 120 mm U -tube  
w ith  ^ g r o u n d -g la s s  j o i n t s .  I t  i s  co n n ected  to  th e  system  by vacuum 
p r e ssu r e  ty p e  rubber tu b in g  through  10 mm d iam eter  g la s s  tu b e .

The r a d o n -tra p  i s  s im i la r  to  th e  w ater vapor tr a p  e x c e p t  th a t  
a t  th e  tim e o f  o p e r a t io n  i t  i s  c o o le d  by d ip p in g  in t o  a 500 cm3 dewar 
f l a s k  co n ta in in g , l iq u id  n it r o g e n .

A flow m eter  w ith  a maximum flo w  c a p a c ity  o f  500 cm3min i s  
co n n ected  to  each te r m in a l o f  th e  l i n e  to  c o n tr o l  c o n s ta n t  f lo w  r a te  
o f  th e  c a r r ie r  g a s . A d i f f e r e n c e  in  th e  f lo w  r a te  betw een th e  two f lo w  
m eters means th a t  a le a k  has d ev e lo p ed  in  th e  l i n e .

3 .2 .3  R a d ia tio n  c o u n tin g  in str u m e n t.
A l iq u id  s c i n t i l l a t i o n  sp e c tr o m e ter  from P ackard , T r i-c a r b  

m odel 2 4 2 5 , was u sed  fo r  r a d ia t io n  m easurem ent. The b lo c k  diagram  and 
a p ic tu r e  o f  th e  l iq u id  s c i n t i l l a t i o n  sp e c tro m eter  a re  shown in  F igu re
3 .3  and F igu re 3 .4 ,  r e s p e c t iv e ly .

3 .3  Sample P rep a ra tio n
3 .3 .1  Standard uranium e r e .



B lo c k  d ia g ra m  o f  l i q u i d s c i n t i l l a t i o n s p e c t r o m e t e rF ig u r e  3 .3
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F ig u r e

ANALOG CONTROLS DIGITAL CONTROLS
DISPLAY AND CONTROL PANEL

3 .4  M odel 2425  T r i - c a r b  l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r .
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F ive sam ples o f  th e  stan d ard  uranium ore  (NB174A) were 
w eighed  a t  th e  range o f  0 .1  to  0 .5  g in to  50 cra  ̂ t e f l o n  b e a k e r s . The 
radium c o n te n t  o f  th e  sam ples v a r ie d  betw een 4 2 .5  to  1 9 0 .0  P c i .  The 
sam ples were d ig e s te d  by 40 cm  ̂ o f  a m ixture o f  a c id  c o n ta in in g  40% 
h y d r o f lu o r ic  a c id ,  c o n c e n tr a te d  p e r c h lo r ic  a c id  and c o n c e n tr a te d  n i t r i c  
a c id  in  a r a t i o  o f  1 0 :5 :1  ( 2 8 ) .  A fte r  th e  co m p le tio n  o f  d ig e s t io n  th e  
s o lu t io n  was poured in to  a d e-em an ation  f l a s k ,  and th e  a c i d i t y  was 
a d ju s te d  to  0 .3  m o l/1  in  n i t r i c  a c id .  The t o t a l  volume o f  th e  s o lu t io n  
was made to  300 cm^. The head o f  th e  d e-em an ation  f la s k  w ith  th e  two 
s to p c o c k s  in  c lo s e  p o s i t io n  was put to  th e  neck  o f  th e  de-em anation  
f l a s k .

3 .3 .2  M onazite Sam ples.
The m on azite  sam ples were ground to  minus 100 mesh by an 

au to m a tic  g r in d e r . For each  d ig e s t io n  a w e ig h t o f  2 to  3 g was u sed .
The s u lp h u r ic  a c id  d ig e s t io n ( 2 9 )  was a p p lie d . Com plete d ig e s t io n  was 
o b ta in e d  by a llo w in g  th e  sam ples to  r e a c t  w ith  9 6 .5  p e r c e n t su lp h u r ic  
a c id  a t  2 1 0 °c f o r  2 h o u r s , w ith  an a c id  to  sand sam ple r a t i o  o f  3 to  1. 
A fte r  d ig e s t io n  a th ic k  and gray  p a s te  o f  r e a c t io n  mass was o b ta in e d  w hich  
was c o o le d  to  7 0 ° c . Cool d e m in e r a lise d  w ater was added in  a r a t i o  o f  
9 p a r ts  o f  w ater to  1 p a r t o f  sand (w e ig h t by w e ig h t ) .  The r e s u l t in g  
m on azite  su lp h a te  s o lu t io n  was f i l t e r e d  th rou gh  a Whatman number 42 f i l t e r  
paper to  remove th e  gangue. The c le a r  s o lu t io n  was poured in to  a d e­
em anation f l a s k .  A p o r t io n  o f  6 cm^ o f  c o n c e n tr a te d  n i t r i c  a c id  was 
added in t o  th e  s o lu t io n  and th e  t o t a l  volume was made to  300 cm^ by 
d e -m in e r a lis e d  w a te r . The head o f  th e  d e-em an ation  f la s k  w ith  i t s  
two Stopcocks in  c lo s e  p o s i t io n  was th en  put to  th e  neck c f  th e
d e - em anation f l a s k .
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3 .4  P roced u re.
3 .4 .1  F ir s t  d e-em a n a tio n .

F ir s t  d e-em an ation  m ust be perform ed to  rem ote unsupported  
radon b e fo r e  th e  s t a r t  o f  ingrow th  p e r io d . The inprow th o f  radon from  
radium -226 a s  a fu n c t io n  o f  tim e i s  p iv en  in  T ab le 3 .2  ( 3 ) .

The d e-em an ation  and tr a p p in p  l i n e  were s e t  up a s shown in  
F igu re 3 .2 .  The w ater  v a p o r  tra p  and th e  radon tr a p  w ere , how ever, 
em pty. A fte r  th e  s to p c o c k s  were tu rn ed  t o  th e  open p o s i t i o n ,  n itr o g e n  
g a s w ith  a f lo w - r a t e  o f  203 cm^min  ̂ was a llo w ed  to  p a ss  through  th e  
l i n e  f o r  1 hour. Then th e  n itr o g e n  flo w  was sto p p ed  and th e  s to p c o c k s  
were tu rn ed  to  c lo s e  p o s i t io n .  The d e-em an ation  f la s k  was d isc o n n e c te d  
from th e  l i n e  and p la c e d  a s id e  fo r  inprow th o f  radon .

3 .4 .2  Second d e-em a n a tio n .
The w a ter -v a p o r  tr a p  f i l l e d  w ith  12 g o f  KOH p e l l e t s  was 

co n n ected  to  th e  l i n e .  The r a d o n -tra p  f i l l e d  w ith  s i l i c a  p e l  w ith  in e r t  
g la s s -w o o l  p lu g s  or. top  o f  th e  la y e r s  was co n n ected  t o  th e  l i n e  and 
dipped  in t o  a dewar c o n ta in in g  th e  a lc o h o l i c  l iq u id  n itr o g e n  s lu r r y .
The de-em anation  f la s k  was th en  c o n n e c te d . A fte r  th e  two s to p c o c k s  o f  
th e  d e-em an ation  f la s k  were tu rn ed  to  th e  open p o s i t i o n ,  n itr o g e n  pas  
was a llo w e d  to  p a ss  through th e  l i n e  f o r  a p e r io d  o f  tim e  w hich was 
c a l l e d  th e  d e-em an ation  t im e . When d e-em an ation  was c o m p le ted , th e  
n itr o g e n  f lo w  was stop p ed  and th e  s to p c o c k s  were tu rn ed  to  c l o s e - p o s i t i o n .  
The dewar f la s k  c o n ta in in g  th e  a l c o h o l i c  l iq u id  n itr o g e n  s lu r r y  was



T a b le  3 .2  F a c to r  f o r  d e c a y  o f  r a d o n -2 2 2 , g ro w th  o f  r a d o n -2 2 2  from  

r a d iu m -2 2 6  and c o r r e c t io n  o f  r a d o n -2 2 2  a c t i v i t y  f o r  

d ec a y  d u r in g  c o u n t in g .

lime
Factor for Decay ot Radon 222

Factor for Growth of Radon 222 from Radium 226

Factor for Correction of Radon 222 Activity for Decay during Counting
A = ç Xl B = - e A / c  = A//( l e

l lours Days I lours Dus 1 lours
00 1 (MXK) 0 000 00 1 0000 2 0 9985 0 001 51 1.0010.4 0 9970 0 00 5 01 1 001 •0 6 0.995 5 0.004 52 1 0020.8 0 9940 0 006 02 1 005
1 0 9925 0 8545 0 007 *2 0 1657 1 0042 0 98*0 0 6960 0 014 99 0 5040 1.0085 0 9776 0 *807 0 022 40 0 4195 1 01 14 0 970! 0 4844 0 029 75 0*1.56 1 0155 0 96 50 0 4041 0 05 7 05 0.5959 1 019
6 0 9557 0 5572 0.044 29 0 6628 1 02 57 0 948 5 0 281 5 0 051 48 0.7187 1 0278 0 9414 0 2547 0.0*8 6 1 0.7655 1.0519 0 9545 0 19*8 0 06* 69 0 8042 1 05410 0 9275 0.1655 0.072 72 0.8567 1 058

1 1 0 9’05 0 1 56 5 0.079 69 0 8657 1 04212 0 91 54 0 1157 0086 62 0.886 5 ! 0461 ? 0.9065 0.0948 0 09 5 49 0.9052 1 05014 0 8997 0.0791 0 100 51 0 9209 1 0*41 7 0 8929 0 0660 0.107 07 0 9540 1 0*8
16 0 8862 ท 0**1 0 1158 0 9449 1 06217 0 879* 0 04*9 0 120* 0.9*41 1 06618 0 8729 0 0585 0 1271 0 961 7 1 06919 0 8664 0 0»20 0 15 56 0 9680 1 07520 0 8*98 0.026 7 0 1402 0 975 5 1.077
21 0 8554 0.022 5 0 1466 0 9777 1.08122 0 8470 0 0186 0 1 *50 0 9814 1 08*25 0:8406 0 0155 0 1 *94 0.9845 1.08924 0 8545 0 0129 0.1657 0 9871 1 09 525 0 8280 0 0108 0.1720 0 9892 1.097
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T a b le  3 .2  ( c o n t i n u e )  F a c to r  f o r  d ec a y  o f  r a d o n -2 2 2 , gro w th  o f  ra d o n -2 2 2  

from  ra d iu m -2 2 6  and c o r r e c t i o n  o f  r a d o n -2 2 2  a c t i v i t y  fo r
d e c a y  d u r in g  c o u n t in g .

Time
Factor for Decay of Radon 222 Factor for Growth of Ration 222 from R.uiium 226

Factor for Correction of Ration 22 2 Activity tor Decay (.luring Countin';

II A / B = 1 ç A / c  = \ t / (  1 e A/
.

Hours Days Hours Days Hours
26 0 8218 0 0090 0.1 782 0.9910 1.10127 0 81 56 0 0071 0 1844 0 9921 1 10128 0.8091 0 006 3 0 1901 0 99 3 7 1 10929 0 8034 0 0012 0.1966 0 9948 1 1 1 (JO 0,7973 0 0044 0.2027 0 9916 111831 0.7913 0.0036 0 2087 0 9964 1.12232 0,7814 0.0030 0 2146 0.9970 1.12633 0.7791 0.0021 0 2201 0.9971 1 1 5034 0,7736 0.002 1 0 2264 0.9979 1 1 (431 0.7678 OCX) 18 0 2322 0.9982 1.13836 0 7620 0.0011 0.2 380 0.9981 1 14257 0 716 3 0.0012 0.24 37 0 9988 1 14638 0.7106 0 (8)10 0 2494 0 9990 1 1 !()39 0.7449 0.0009 0.2111 0.9991 1 11440 0 7393 0.0007 0 2607 0.9993 1.11941 0 73 38 0 0006 0 2662 0.9994 1.16342 0 7283 0 (8)01 0 2717 0.999 5 1 1674 3 0.7228 0.0004 0.2772 0 9996 117144 0.7173 0.0003 0.2827 0.9997 1.17141 0.7120 0.0003 0.2880 0.9997 1.17946 0.7066 0 (8)02 0.2934 0.9998 1.18447 0.701 3 0.0002 0.2987 0.9998 1.18848 0 6960 0.0002 0 3040 0.9998 1 19249 0 6908 0(MX)! 0 3092 0.9999 1 1 9610 0 6816 0 (8)01 0 น 44 0 9999 1 20111 0 6804 0 (88)1 0.3 1 '>6 0.9999 1.20152 0 6713 0 (88)1 0 (247 0.9999 1 2(1')13 0.6 702 0 (88)1 0 3298 0.9999 121!14 0 6652 0.0001 0.3 348 0.9999 121811 0.6602 0 0000 0.3 3 98 1 0000 12 2216 0.6112 0 0000 0 3448 1.0000 i 22617 0 6103 0 <)()()<) 0.3497 1 (8)00 1,2 (I18 0 6414 0 01)00 0 (146 ! (88)0 1 2(119 0 6401 0 0000 0 3191 1.0(8)0 1.23 960 0 6 317 0 (888) 0.3643 1 (88)0 1 2 44
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r e p la c e d  by an i c e - w a t e r  b a th  w i th  a te m p e r a tu r e  o f  a p p r o x im a te ly  0 °c 

c a l l e d  t h e  warm up te m p e r a tu r e . The rad o n  t r a p  was a l lo w e d  t o  warm up 

f o r  a p e r io d  o f  t im e ,  c a l l e d  t h e  warm up t im e . The t r a p  was th e n  w iped  

d r ie d  and d is c o n n e c t e d  from  t h e  l i n e .  The s i l i c a  p e l  w as p o u red  in t o  

a 22 cm3 g l a s s  c o u n t in g  v i a l  c o n t a in in g  a c e r t a i n  vo lu m e o f  l i q u i d  

s c i n t i l l a t o r .  The cap  was r e p la c e d  im m e d ia te ly  and t h e  m ix tu r e  was m ixed  

by s h a k in g .

3 . 4 . 3  C o u n tin g .
A f t e r  d e -e m a n a tio n  was c o m p le te d  and s i l i c a  g e l  w as p o u red  

i n t o  t h e  l i q u i d  s c i n t i l l a t o r ,  t h e  v i a l s  w ere l e f t  a s i d e  f o r  a minimum  

o f  3 h o u r s  so  t h a t  t h e  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  w ould  

b e e s t a b l i s h e d .  D u rin g  t h i s  p e r io d ,  t h e  v i a l s  w ere k e p t  a t  a c e r t a i n  

t e m p e r a tu r e ,  f o r  t h e  r e l e a s e  o f  rad on  from  s i l i c a  g e l .  The te m p e r a tu r e  

i s  c a l l e d  t h e  d e s o r p t io n  t e m p e r a tu r e .

The sa m p le s  w ere th e n  c o u n te d  f o r  100  m in u te s  e a c h . The c o u n t  

r a t e  o b t a in e d  was c o r r e c t e d  f o r  t h e  b ack grou n d  w h ich  was o b t a in e d  by  

c o u n t in g  a b la n k  s o l u t i o n  p r o c e s s e d  in  t h e  s i m i l a r  m anner a s  t h e  sam p le  

s o l u t i o n .

3 .5  D e te r m in a t io n  o f  c o u n t in g  c o n d i t i o n s .
For t h e  d e te r m in a t io n  o f  c o u n t in g  c o n d i t i o n s ,  1 9 ,6  cm3 rad ium  

226 s o l u t i o n  c o n t a in in g  5 2 .6  P cicm  3 was added  i n t o  a d e -e m a n a t io n  

f l a s k .  A p o r t io n  o f  6 cm3 c o n c e n t r a t e d  n i t r i c  a c id  and 300 cm3 

d e m in e r a l is e d  w a te r  w as ad d ed  t o  make t h e  s o l u t i o n  0 .3  m o l/1  in  a c i d i t y .  

T h is  s ta n d a r d  s o l u t i o n  was u se d  t o  d e te r m in e  t h e  g a in  and t h e  d is c r im i n a t o r
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l e v e l s  c f  t h e  c o u n t e r  f o r  rad o n  m ea su rem en t. S ta n d a rd  s o l u t i o n s  o f  104  

and 111 F c i  o f  ra d iu m -2 2 6  w ere u se d  f o r  t h e  d e te r m in a t io n  o f  t h e  t im e  

f o r  t h e  e s t a b l i s m e n t  o f  e q u i l ib r iu m  b e t ' /e e n  rad on  and i t s  d a u g h t e r s ,  
and a l s o  t h e  h a l f - l i f e  o f  th e  d e -e m a n a t io n  p r o d u c t  r e s p e c t i v e l y .

3 . 5 . 1  D e te r m in a t io n  o f  g a in  and d i s c r im in a t o r  s e t t i n g s .
The a c t i v i t y  o f  rad on  and i t s  d a u g h t e r s ,  p o lo n iu m -2 1 8 , le a d  

2 1 4 ,  b is m u th -2 1 4 , p o lo n iu m -2 1 4  and l e a d - 2 1 0 ,  w ere c o u n t e d . The 

m easu rem en t in v o lv e d  t h r e e  a lp h a  p a r t i c l e s  and tw o b e ta  p a r t i c l e s .  The 

d eca y  schem e o f  r a d o n -2 2 2  w ith  e n e r g i e s  o f  t h e  e m it t e d  p a r t i c l e s ,  i s  

a s  f o l l o w s :  ( 1 7 )

( 5 .4 9  Mev)

( 6 . อ Mev)

R n-222 ( 3 . 8  d )

o t

P o -2 1 8  ( 3 .0 5  m in )

P o -2 1 4  ( 1 . 6 x l 0 - 1 4 s e c )

Y

( 7 .6 9  Mev)
C -̂

( 1 9 .7  m in ) P b -2 1 0  ( 2 2 y )

In  o r d e r  t o  o b t a in  t h e  o p t im a l  c o n d i t io n s  f o r  c o u n t in g ,  t h e  

e f f e c t s  o f  g a in  and d i s c r im i n a t io n  l e v e l s  on c o u n t  r a t e  w ere s t u d ie d .  
A f t e r  s e c o n d  d e -e m a n a t io n , t h e  v i a l  was l e f t  f o r  3 h o u r s  b e f o r e  t h e  ■■ 
r a d i o a c t i v i t y  was c o u n te d  by s e t t i n g  t h e  lo w e r  d i s c r im i n a t io n  l e v e l  

a t  50 and t h e  h ig h e r  d i s c r im i n a t io n  l e v e l  a t  1 0 0 0 . The g a in  was 

v a r ie d  from  0 .2  t o  10 p e r c e n t ;  t h e  s ta n d a r d  and t h e  b a ck g rou n d  w ere
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c o u n te d  f o r  4 m in u te s  a t  e a c h  n a in .  The p a in  g i v i n g  t h e  maximum c o u n t  

r a t e  was c h o se n  a s  an optim um .

The p a in  o f  t h e  c o u n t e r  was s e t  a t  optim um  and t h e  d i s c r im i n a t io n  

l e v e l s  w ere d e te r m in e d  by s e t t i n g  a window w id th  o f  50 in c r e m e n ts  from  

0 t o  1 0 0 0 . The s ta n d a r d  was c o u n te d  f o r  4 m in u te s  a t  e a c h  s e t t i n g .
The sp ec tru m  o f  ra d o n  and i t s  d a u g h te r s  w as o b t a in e d  b y  p l o t t i n g  t h e  

c o u n t  r a t e  a t  e a ch  s e t t i n g .  The p r o c e d u r e  w as th e n  r e p e a t e d  f o r  

b ack g rou n d  w ith  a c o u n t in g  t im e  o f  20 m in u te s  f o r  e a c h  s e t t i n g .  The 

d i s c r im i n a t io n  r a n g e  t h a t  g i v e s  a  maximum r a t i o  o f  t h e  sq u a r e  o f  

e f f i c i e n c y  t o  b ack g rou n d  (E 'V B g) w as s e l e c t e d .  ( 1 7 )  The e f f i c i e n c y ,
E , c o u ld  b e  c a l c u l a t e d  from  t h e  f o l l o w i n g  e q u a t io n :

E = _c_ cpm P ci 
R af

w h ere E ะ e f f i c i e n c y  (cp m P ci ^)
c  = c o u n t  r a t e  o f  r a d iu m -2 2 6  w i th  an a c t i v i t y  o f  Ra P c i

a f t e r  b ack grou n d  c o r r e c t i o n  (cpm )
Ra = t o t a l  a c t i v i t y  o f  s ta n d a r d  r a d iu m -2 2 6  ( P c i )

f  = in g r o w th  f a c t o r  = 1 -  e ^
A = d i s i n t e g r a t i o n  c o n s t a n t  f o r  rad o n

t  = in g r o w th  p e r io d

3 . 5 . 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  

r a d i o a c t i v e  e q u i l ib r iu m  b e tw een  rad on  and i t s  d a u g h t e r s .
T h e  t i m e  r e q u i r e d  f o r  t h e  e s t a b l i s h m e n t  o f  r a d i o a c t i v e

e q u i l i b r i u m  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  w a s  d e t e r m in e d  b y  c o u n t i n g
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t h e  radon  sam p le  o b t a in e d  from  d e -e m a n a t io n  a t  d i f f e r e n t  t im e .  The 

c o u n t in g  t im e  f o r  t h e  sam p le  and f o r  t h e  b ack g rou n d  w ere s e t  a t  

20 m in u te s  e a c h . M easurem ent was c o n t in u e 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  was e s t a b l i s h e d  in  o r d e r  t o  o b t a in  t h e  d e c a y  c u r v e  o f  r a d o n . 
The h a l f - l i f e  o f  rad on  was c o n f ir m e d  from  t h e  d e c a y  c u r v e .

3 .6  D e te r m in a t io n  o f  optim um  d e -e m a n a t io n  c o n d i t i o n s .

The e f f e c t s  OI t h e  c a r r i e r  g a s  f l o w - r a t e ,  t h e  d e -e m a n a tio n  

t im e ,  t h e  p a r t i c l e  s i z e  and t h e  w e ir h t  o f  s i l i c a  p e l  a s  th e  r a d o n -  

a d s o r b e r ,  t h e  warm up t im e ,  t h e  warm up t e m p e r a tu r e ,  t h e  vo lum e c f  

l i q u i d  s c i n t i l l a t o r  and t h e  d e s o r p t io n  te m p e r a tu r e  w ere i n v e s t i g a t e d .
A p o r t io n  o f  5 cm ra d iu m -2 2 6  s o l u t i o n  c o n t a in in g  5 2 .6  P cicm  v was 

ad d ed  in t o  a d e -e m a n a t io n  f l a s k .  A p o r t io n  o f  6 cm^ c o n c e n t r a t e d  

n i t r i c  a c i d  and 300 cm^ d e m in e r a l is e d  w a te r  was added  t o  make t h e  

s o l u t i o n  0 .3  m o l / l  in  a c i d i t y .  A f t e r  f i r s t  d e -e m a n a t io n , t h e  sam p le  
w as k e p t  a s i d e  f o r  rad on  in g r o w th . S econ d  d e -'em a n a tio n  was p er fo rm ed  a t  

d i f f e r e n t  c o n d i t i o n s .  The radon c o n t a i n i n g  l i q u i d  s c i n t i l l a t o r  was 

c o u n te d  f o r  10G m in u te s  and t h e  e f f i c i e n c y  ( c o u n t s  p e r  m in u te  p e r  p ic r o  

c u r i e  o f  ra d iu m -2 2 6  a t  e q u i l ib r iu m )  was e v a lu a t e d .

3 . 6 . 1  E f f e c t  o f  f l o w - r a t e  o f  n i t r o g e n  p a s  and d e -e m a n a tio n  tim e  

on e f f i c i e n c y .

In t h e  s tu d y  o f  th e  e f f e c t  c f  t h e  f lo w  r a t e  o f  n i t r o g e n  p a s  

on t h e  e f f i c i e n c y ,  t h e  f lo w  r a t e s  o f  n i t r o g e n  was v a r ie d  b etw een  100  

and 40 0  cm3min 1 . For e a c h  f l o w - r a t e ,  t h e  t im e s  w h ich  r e q u ir e d  f o r  

d e -e m a n a t io n  w ere  v a r ie d  t o  g i v e  a r a t i o  o f  5 t o  3 0 ,  w ith  an in c r e m e n t
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o f  5 , b e tw een  t h e  vo lu m e o f  n i t r o g e n  p a s  t o  t h e  vo lum e o f  t h e  

d e -e m a n a tio n  s o l u t i o n .  Two gram s o f  s i l i c a  p e l  w i th  a p a r t i c l e  s i z e  

o f  3 5 -7 0  m esh was u s e d  a s  rad on  a d s o r b e r .  The warm up t im e  and t h e  

warm up te m p e r a tu r e  w ere 5 m in u te s  and 0 ° c ,  r e s p e c t i v e l y ,  The vo lum e  

o f  t h e  l i q u i d  s c i n t i l l a t o r  was 15 cm3 and t h e  d e s o r p t io n  te m p e r a tu r e  

was 30 c .

3 . 6 .2  E f f e c t  o f  p a r t i c l e  s i z e  o f  s i l i c a  p e l  on  e f f i c i e n c y .
In o r d e r  t o  o b t a in  t h e  optim um  p a r t i c l e  s i z e  o f  s i l i c a  p e l

f o r  t h e  a d s o r p t io n  o f  r a d o n , t h e  f r a c t i o n s  b e tw een  1 6 -3 0  m esh , 3 5 -7 0  mesh 

and 8 5 -2 0 0  mesh w ere c h o se n  and e x p e r im e n te d . The w e ig h t  o f  s i l i c a  p e l  

was f i x e d  a t  2 p ,  t h e  f lo w  r a t e  o f  n i t r o p e n  was 150 cm3min  ̂ w h erea s  

t h e  d e -e m a n a tio n  t im e  was 30 m in u te s .  The warm up t im e  and t h e  warm1 
up te m p e r a tu r e  w ere  5 m in u te s  and 0 °c r e s p e c t i v e l y .  The l i q u i d  

s c i n t i l l a t o r  vo lu m e was 15 cm3 and t h e  d e s o r p t io n  te m p e r a tu r e  was 30 °c.
3 . 6 . 3  E f f e c t  o f  w e ig h t  o f  s i l i c a  p e l  on e f f i c i e n c y .

The e f f e c t  o f  t h e  w e ig h t  o f  s i l i c a  p e l  on t h e  e f f i c i e n c y  was 

s t u d ie d  by v a r y in g  t h e  w e ig h t  o f  s i l i c a  p e l  b e tw een  1 and 3 p . The 

f lo w  r a t e  o f  n i t r o p e n  was 150 cm3min and t h e  d e -e m a n a t io n  t im e  was 

30 m in u t e s .  The p a r t i c l e  s i z e  o f  s i l i c a  p e l  w as 3 5 -7 0  m esh , t h e  warm 

up t im e  was 5 m in u te s  and t h e  warm up te m p e r a tu r e  was 0 °c . The l i q u i d  

s c i n t i l l a t o r  vo lu m e and t h e  d e s o r p t io n  tem pe: a t u r e  w ere 15 cm3 and  

30 c ,  r e s p e c t i v e l y .

3 . 6 . 4  E f f e c t  o f  warm up t im e  on e f f i c i e n c y .

The e f f e c t  o f  warm up t im e  on e f f i c i e n c y  w as s t u d ie d  b y  v a r y in g
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t h e  warm up t im e  b e tw een  0 t o  20 m in u te s .  The f lo w  r a t e  o f  n i t r o p e n
and d e -e m a n a tio n  t im e  w ere  150 cm3min  ̂ and 30 m in u t e s ,  r e s p e c t i v e l y .
Two prams o f  s i l i c a  p e l  w ith  a p a r t i c l e  s i z e  b e tw een  3 5 -7 0  m esh was 

u se d  a s  t h e  a d s o r b e r .  The warm up te m p e r a tu r e  w as 0 Cc  w h e r e a s  t h e  

l i q u i d  s c i n t i l l a t o r  vo lu m e and t h e  d e s o r p t io n  te m p e r a tu r e  w ere 15 cm3 

and 30 °c , r e s p e c t i v e l y .

3 . 6 . 5  E f f e c t  o f  warm up te m p e r a tu r e  on e f f i c i e n c y .

In t h e  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  warm up te m p e r a tu r e ,  
t h e  warm up te m p e r a tu r e  w as a l lo w e d  t o  v a r y  b e tw een  0 ๐c  and 50 c .
The f lo w  r a t e  o f  n i t r o p e n  was 150 cm3min  ̂ and d e -e m a n a t io n  t im e  was 

30 m in u te s .  Two prams o f  3 5 -7 0  mesh s i l i c a  p e l  was u se d  a s  a d s o r b e r ,
t h e  warm up t im e  was f i x e d  a t  5 m in u te s .  F i f t e e n  cm3 o f  l i q u i d
s c i n t i l l a t o r  was u se d  and t h e  d e s o r p t io n  te m p e r a tu r e  was 30 c .

3 . 6 . 6  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 optim um  vo lu m e o f  l i q u i d  s c i n t i l l a t o r  was d e te r m in e d  b y  

v a r y in p  t h e  vo lu m e b etw een  10 and 18 cm3 . The n i t r o p e n  f lo w  r a t e  and  

t h e  d e -e m a n a t io n  t im e  w ere 150 cm'3min  ̂ and 30 m in u t e s ,  r e s p e c t i v e l y .  

Two pram s o f  s i l i c a  p e l  w ith  p a r t i c l e  s i z e  b e tw e e n  3 5 -7 0  m esh w as u s e d .  
The warm up t im e  was 5 m in u te s  w h erea s  t h e  warm up te m p e r a tu r e  was 

0 °c . The d e s o r p t io n  te m p e r a tu r e  w as 3 0 °c

3 . 6 . 7  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 te m p e r a tu r e  in  w h ich  t h e  v i a l  was l e f t  d u r in p  t h e  t im e  

f o r  t h e  e s t a b l i s h m e n t  o f  r a d i o a c t i v e  e q u i l ib r iu m  b e tw een  ra d o n  and i t s  

d a u p h te r s  o r  t h e  d e s o r p t io n  t e m p e r a tu r e ,  w as s t u d ie d  by v a r y in p  t h e
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d e s o r p t io n  te m p e r a tu r e  b e tw een  4 and 50 c .  The f lo w  r a t e  o f  n i t r o g e n  

was 150 cm3min * and t h e  d e -e m a n a t io n  t im e  was f i x e d  a t  30 m in u te s .

Two gram s o f  s i l i c a  g e l  w ith  p a r t i c l e  s i î e  b e tw een  3 5 -7 0  mesh was u s e d .
The warm up t im e  was 5 m in u te s  w h erea s  t h e  warm up te m p e r a tu r e  was s e t  

a t  0 c .  The vo lu m e o f  t h e  l i q u i d  s c i n t i l l a t o r  was 15 cm3 .

3 .7  D e te r m in a t io n  o f  d e t e c t i o n  l i m i t .

In th e  d e te r m in a t io n  o f  t h e  l i m i t  o f  d e t e c t i o n ,  ra d iu m -2 2 6  

a c t i v i t i e s  b e tw een  0 .5  and 729 P c i  w ere p ip e t t e d  in t o  300  cm'3 p o r t io n s  

o f  0 .3  m o l/1  n i t r i c  a c id  s o l u t i o n s .  A f t e r  f i r s t  d e -e m a n a t io n , t h e  s o l u t i o n s  

w ere  k e p t  a s i d e  f o r  r a d o n - in g r o w th . Second  d e -e m a n a t io n  was p er fo rm ed  

u n d er  o p t im a l  d e -e m a n a tio n  c o n d i t i o n s ,  and c o u n te d  u n d er  o p t im a l  

c o u n t in g  c o n d i t i o n s .  The e f f i c i e n c y ,  E , was e v a lu a t e d  f c r  a l l  s o l u t i o n s .

3 .8  Q u a n t i t a t iv e  a n a l y s i s  o f  ra d iu m -2 2 6  in  o r e  s a m p le s .

3 . 8 . 1  Q u a n t i t a t iv e  a n a l y s i s  o f  ra d iu m -2 2 6  in  s ta n d a r d  uran ium  

o r e  sam p le
The s o l u t i o n s  o b t a in e d  from  t h e  d i g e s t i o n  o f  t h e  s ta n d a r d  

uranium  o r e  sa m p le  p r e p a r e d  a s  d e s c r ib e d  u n d er  s e c t i o n  3 . 3 . 1  w ere  

s u b j e c t e d  t o  d e -e m a n a tio n  u n d er  o p t im a l  c o n d i t io n s  and s u b s e q u e n t ly  

c o u n te d  u n d er  o p t im a l c o u n t in g  c o n d i t i o n s .  The rad iu rn -22 6  c o n t e n t  in  

t h e  sa m p le  c o u ld  b e  c a l c u l a t e d  from  t h e  f o l l o w i n g  e q u a t io n :

Pc ip*"''A
EfM
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where A = radium  c o n te n t .in th e  sample (P c ig  ^)
c = coun t r a t e  o f  sam ple a f t e r  background c o r r e c t io n  (cpm)
E = e f f i c ie n c y  o f  th e  co u n tin g  and d e-em anation  p ro c e d u re ,

f  =

o b ta in e d  from known c o n c e n tra t io n  o f  radium -226 
s o lu t io n .  (cpmPci *)

- Tit
ing row th  f a c to r  = 1-e

A = d is in te g r a t io n  c o n s ta n t  o f  radon
t  =
M ะ

ingrow th  tim e (day) 
w eig h t o f  sam ple (g )

3 .8 ,2 Q u a n ti ta t iv e  a n a ly s is  o f  radium  226 in  m onazite  sam p les.

The s o lu t io n s  o b ta in e d  from th e  d ig e s t io n  o f  m onazite  sam ples 
p re p a re d  a s  d e s c r ib e d  u nd er s e c t io n  3 .3 .2  were s u b je c te d  to  de-em anation  
u nd er o p tim a l c o n d it io n  and su b seq u en tly  co u n ted . The radium -226 
c o n te n t in  th e  sam ples co u ld  be c a lc u la te d  in  th e  s im i l a r  manner a s  
d e s c r ib e d  under s e c t io n  3 .8 .1
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