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REMOVAL OF RADQN-220 FROM HTGR FUEL REPROCESSING ANI) REFABRICATION 
OFF-GAS STREAMS BY ADSORPTION (BASED ON A LITERATURE SURVEY) 

R. D. Ackley 

ABSTRACT 

This report presents literature theory and data that are 
considered relevant to the removal of Rn-220 from HTGR fuel 
reprocessing and refabrication off-gas streams by adsorption. 
The data include equilibrium adsorption coefficients for 
radon on activated carbon (charcoal) and silica gel in the 
presence of air and other gases, and for radon on molecular 
sieve Type 5A in the presence of air. Also included are a 
few dynamic adsorption data (adsorption coefficients and 
values for the number of theoretical plates per foot) for 
radon on charcoal, with air as the carrier gas. These various 
data, which were obtained mainly at or near 25°C, are actually 
for Rn-222; however, they should also be applicable to Rn-220, 
provided the conditions are the same. Based on the available 
information, the radon adsorption coefficients decrease in 
the expected order: charcoal, molecular sieve Type 5A, and 
silica gel. Thus, charcoal should be the most effective of 
these adsorbents for Rn-220 removal; however, its use for this 
application cannot be recommended until the associated fire 
and explosion hazards, particularly those with regard to 
interaction with ozone, are resolved. Sorbent poisoning and 
particle penetration due to a-recoil are briefly treated. 
Adsorber design is discussed. Existing information appears 
adequate for sizing, albeit crudely, the sorbent bed for a 
Rn-220-charcoal-air (1-atm, < 10% relative humidity) system, 
and a suggested approach for doing this is outlined. 

1.0 INTRODUCTION 
232 Fertile Th will be irradiated with neutrons in high-temperature 

233 gas-cooled reactors (HTGRs) to produce fissile U. At the same time, 
232 a small but significant quantity of unwanted U will also be produced. 

232 220 The U decay chain includes Rn as an intermediate daughter product, 
As a consequence, off-gas streams from those HTGR fuel reprocessing and 

233 220 refabrication operations involving U will be contaminated with Rn. 
And, as a further consequence, inclusion of some means for effective 

220 removal of Rn in the corresponding off-gas cleanup systems will be 
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required in order to satisfy, in part, the federal regulatory release 
criterion "As Low as Practicable." 

One of the methods employed for removing short-lived krypton and 
xenon from reactor off-gas streams is based on theic adsorptive-holdup 
and decay (mainly to stable or nonvolatile nuclides). Usually, the 

2 9 0 adsorbent is activated carbon (charcoal). Since " Rn has a half-life 
of only 55.3 sec and is less volatile than krypton or xenon, this method 

220 
should also be feasible for the Rn decontamination of off-gas streams. 
The principal objectives of this study were to review the available 
radon adsorption data and to identify a theoretical treatment that would 
be useful for adsorber design calculations. 

2.0 THEORY 

For a given noble-gas contaminant sit the low concentrations as 
are usually encountered in these various off-gas streams and for 
temperatures of, say, the following equilibrium adsorption 
equation or its equivalent is generally assumed: 

v a - k a p , ( 1 ) 

where 
V = amount of the noble gas adsorbed per unit weight of a 3 

sorbent [cm <STP)/g] (with STP referring to 0°C and 1 atui), 
o 

k = adsorption coefficient [cm (STP)/g atm], with its value a 
depending on the noble gas, the temperature, the sorbent, 
and the nature and concentration(s) of any other gas(es) 
present, 

and 
p = partial pressure (atm) of the noble gas. 

The performance of a radioactive noble gas adsorber operating under 
dynamic conditions depends, of course, to a large extent on its equilibrium 
adsorptive capacity. Other highly important factors are the flow rate 
(or velocity) of the carrier gas, the mass transfer characteristics of 
the system, and the half-life (or half-lives) of the noble gas(es). 

The behavior of a small pulse of nonradioactive noble gas injected 
into a carrier gas flowing through an adsorbent bed of uniform cross 
section will first be considered. The process involved here is termed 
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gas-solid chromatography. Use will be made, however, of certain 
theoretical considerations from gas-liquid chromatography; 
experimental justification for doing so will be cited subsequently. 
A theoretical plate treatment for a process approaching gas-liquid 
chromatography very closely and based on a linear distribution isotherm 
has been presented by Keulemans.x For use in treating radon (or other 
noble gas) removal by adsorptlve-holdup, the elution curve equation 
corresponding to this treatment was converted to the following form, 
using Eq. (1) and the ideal gas law: 

c = A ( F t ) N - 1 - N F t / k m } 

N i- N 
( k m / N ) ( N - 1 ) ! 

w i t h 

k = 7: + 1 k , (3) p r a ' 

where 
3 3 

C = concentration [cm (STP)/cm ] of noble gas at time t in 
the gas phase of plate N of a series of plates numbered 
1, 2i 3 . . . (also regarded as the exit concentration 
if the total number of plates is N), 3 A = amount of noble gas injected as a small pulse [cm (STP)], 

3 
F = volumetric flow rate of the carrier gas (cm /min), 
t » time after injection (min), 
N = number of theoretical plates, 
k = holdup coefficient (cm /g), 
m = mass of sorbent (g) in adsorber (m/N is mass per plate), 
e = void fraction, 
p = bulk density of sorbent (g/cm^), 
T » adsorber temperature (K)(adsorber considered isothermal), 

•a 
r = b/R, where b is the molar volume [cm (STP)/mole] and R is 

and 

3 
the gas constant (cm atra/K mole), i.e., 
r = 273.15 K cm3(STP)/cm3 atm. 

For sufficiently large values of k , 
SL 

k - Tka/r. (4) 
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An elution curve equation similar to Eq. (2) has been presented by 
2 

Brovming and Bolta. It was developed to describe the behavior of a 
85 

pulse of Kr injected into a carrier gas flowing through a charcoal 
trap. Comparison of their equation with Eq. (2), making allowance foe 
differences in units and assuming that Eq. (A) pertains, reveals that 
the two equations are equivalent even though the approaches employed in 
obtaining them were somewhat different. The Browning-Bolta equation was 
found to provide a reasonably good representation of experimental 

}K 
2 

85 elution curves for pulses of Kr injected into nitrogen or helium 
flowing through charcoal traps.' 

The time corresponding to the maximum in the elution curve, t , 
[QclX 

is obtained in a manner similar to that of Browning and Bolta, i.e., by 
setting dCjj t/dfc = 0, yielding: 

t = N I iffl (5) 
max N F ' 

If the elution curve were symmetrical, t would be the average 
holdup time for the noble gas in the pulse. An experimental elution curve 
can be used to evaluate N, using the simple procedure described in various 
books on gas chromatography (e.g., ref. 1), and then k, assuming m and 
F are known and t has been measured, max 

In the preceding analysis, no allowance has been made for radioactive 
3 

decay. However, Underhill has extended the Browning-Bolta treatment to 
allow for radioactive decay and to provide an equation which permits the 
calculation of a decontamination factor corresponding to the holdup and 
decay of a pulse of radioactive noble gas when values for m, F, k, N, 
and the decay constant are available. A similar expression has been 
developed .starting with Eq. (2) and using a mathematical procedure based 
on that presented by Underhill. (Details are given in the Appendix.) 
The expression is as follows: 

nv - /I + NF/kmAsN D F = ( - W 7 k S x — ) » ( 6 ) 

where 
DF = decontamination factor, 
X = decay constant (min ), 

and the other terms are as already defined. 
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W h i l e E q . ( 6 ) was d e v e l o p e d f o r a s i n g l e p u l s e o f r a d i o a c t i v e n o b l e 

g a s , i t s h o u l d a p p l y e q u a l l y w e l l t o t h e c a s e o f c o n t i n u o u s i n j e c t i o n 

o f s u c h g a s , p r o v i d e d t h e c o n c e n t r a t i o n s i n v o l v e d a r e s u f f i c i e n t l y l o w . 

T h a t i s , t h e c o n t i n u o u s l y i n t r o d u c e d n o b l e g a s may b e r e g a r d e d a s 

c o n s i s t i n g o f a s e r i e s o f s u c c e s s i v e p u l s e s f o r e a c h o f w h i c h E q . ( 6 ) 

w o u l d b e e x p e c t e d t o a p p l y w i t h i n t h e l i m i t a t i o n s o f t h e t h e o r y . 

E q u a t i o n ( 6 ) h a s n o t , s o f a r a s i s k n o w n , b e e n t e s t e d e x p e r i m e n t a l l y . 

T h e a b o v e t r e a t m e n t h a s m a i n l y b e e n c o n c e r n e d w i t h t h e b e h a v i o r o f 

a p u l s e o f n o b l e g a s . T h e r e l a t i o n s h i p b e t w e e n t h e e l u t i o n c u r v e f o r a 

p u l s e a n d t h e b r e a k t h r o u g h c u r v e f o r a s t e p — c o n s t a n t i n p u t ( i . e . , w h e r e 

t h e c o n c e n t r a t i o n r i s e s a b r u p t l y f r o m z e r o t o a c o n s t a n t l e v e l ) h a s b e e n 

t r e a t e d b y R o b e l l a n d M e r r i l l . ^ F o r t h e c a s e o f l i n e a r a d s o r p t i o n , t h e y 

s h o w e d t h a t p u l s e - t y p e d a t a c o u l d b e u s e d t o p r e d i c t s t e p — c o n s t a n t i n p u t 

b r e a k t h r o u g h c u r v e s , a n d t h e y i n d i c a t e d a m e t h o d f o r e v a l u a t i n g N f r o m 

t h e l a t t e r . T h e t h e o r e t i c a l t r e a t m e n t o f B r o w n i n g a n d B o l t a , t o g e t h e r 

w i t h c e r t a i n o f t h e t h e o r y a n d c a l c u l a t i o n a l t e c h n i q u e s p r e s e n t e d b y 

R o b e l l a n d M e r r i l l , h a s r e c e n t l y b e e n a p p l i e d b y S i e g w a r t h e t a l . , J 

who i n v e s t i g a t e d t h e d y n a m i c a d s o r p t i o n o f k r y p t o n a n d x e n o n b y c h a r c o a l . 

T h e l a t t e r a u t h o r s n o t e t h a t t h e t i m e c o r r e s p o n d i n g t o t h e p e a k m a x i m u m 

f o r t h e p u l s e c a s e c a n b e e q u a t e d t o t h e t i m e c o r r e s p o n d i n g t o t h e 

i n f l e c t i o n p o i n t f o r t h e s t e p — c o n s t a n t i n p u t c a s e . 

I n c l u d e d among o t h e r r e c e n t d e v e l o p m e n t s i n t h e a r e a s o f g a s -

c h r o m a t o g r a p h i c t h e o r y a n d m a t h e m a t i c a l a n a l y s i s o f k r y p t o n - x e n o n h o l d u p 
6 7 8 

b e d s a r e t h o s e o f G r u b n e r a n d U n d e r h i l l . ' T h e m a t h e m a t i c a l e x p r e s s i o n s 

i n v o l v e d a r e r a t h e r c o m p l e x , a n d no p a r t i c u l a r e f f o r t w a s made t o a s c e r t a i n 

t h e i r u s e f u l n e s s w i t h r e g a r d t o t h e r a d o n p r o b l e m . T h e r e a r e n u m e r o u s 

o t h e r p a p e r s o f i n t e r e s t r e l a t i v e t o n j b l e g a s a d s o r b e r t h e o r y a n d 

d e s i g n . O f t h e s e , s e v e n w i l l b e n o t e d a s f o l l o w s : B u r n e t t e , G r a h a m , 

a n d M o r s e , ^ M a d e y G l u e c k a u f K o v a c h , x ^ , U n d e r h i l l , U n d e r h i l l , 
1 / 1 C 

Y u s a , a n d G r u b n e r , * a n d K o v a c h a n d E t h e r i d g e . 
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3 . 0 RADON ADSORPTION DATA 

3 . 1 A c t i v a t e d C a r b o n ( C h a r c o a l ) 

A f a i r l y l a r g e v a r i e t y o f r a d o n a d s o r p t i o n d a t a w a s f o u n d f o r 

c h a r c o a l ; h o w e v e r , f o r t h e p u r p o s e s o f t h i s r e p o r t , t h e e x a m i n a t i o n 

o f s u c h d a t a was r e s t r i c t e d t o a g r o u p o f e i g h t p u b l i c a t i o n s . I n a f e w 

c a s e s , t h e o r i g i n a l p a p e r s w e r e n o t r e a d i l y a v a i l a b l e , b u t e n o u g h 

i n f o r m a t i o n was g i v e n i n C h e m i c a l A b s t r a c t s t o p e r m i t t h e e v a l u a t i o n o f 

a d s o r p t i o n c o e f f i c i e n t s . W i t h one e x c e p t ^ n , t h e i n d i c a t e d a d s o r p t i o n 
222 

c o e f f i c i e n t s a r e i n f a i r a g r e e m e n t . T h e a v a i l a b l e r e s u l t s a r e f o r Rn 
220 

r a t h e r t h a n R n ; h o w e v e r , t h e i r r e s p e c t i v e a d s o r p t i o n c o e f f i c i e n t s 

s h o u l d b e n e a r l y i d e n t i c a l f o r a g i v e n s e t o f c o n d i t i o n s . E x c e p t f o r 

t h e l a s t o f t h e s e e i g h t p a p e r s t o b e t r e a t e d ( i . e . , t h a t o f T h o m a s ) , t h e 

a d s o r p t i o n c o e f f i c i e n t s a r e e q u i l i b r i u m v a l u e s . I n m o s t o f t h e s e c a s e s , 

c i r c u l a t i o n o r t r a n s p o r t o f r a d o n i n a c a r r i e r g a s w a s e m p l o y e d t o a i d 

i n a c h i e v i n g e q u i l i b r i u m . T h e d a t a a r e d i s c u s s e d , a c c o r d i n g t o a u t h o r s , 

i n t h e s u b s e c t i o n s t h a t f o l l o w . 

3 . 1 . , i B e c k e r a n d S t e h b e r g e r " ^ 

R a d o n a d s o r p t i o n r e s u l t s w e r e o b t a i n e d f o r a Z n C l 0 - a c t i v a t e d w o o d 

c h a r c o a l . T h e c o n d i t i o n s w e r e s u c h t h a t t h e a d s o r p t i o n c o e f f i c i e n t a t a 

g i v e n t e m p e r a t u r e , w a s i n d e p e n d e n t o f t h e r a d o n p a r t i a l p r e s s u r e . A 

s m a l l s e l e c t i o n o f t h e i r t a b u l a t e d d a t a w a s u s e d t o c a l c u l a t e r e p r e s e n t a t i v e 

k v a l u e s f o r r a d o n i n t h e p r e s e n c e o f a i r a t a p r e s s u r e o f 75 o r 76 cm H g , 

as f o l l o w s : 

T e m p e r a t u r e A d s o r p t i o n C o e f f i c i e n t , k 
a (°C) [ c m 3 ( S T P ) / g atml 

0 

17 
50 

6 4 0 0 

2200 

5 0 0 

3 . 1 . 2 G u b e l i a n d Sta ia rabach"^ 

T h e i n d i c a t e d k v a l u e s f o r r a d o n o n c h a r c o a l as c a l c u l a t e d f r o m t h e a 
d a t a i n t h i s p a p e r a r e h i g h e r , b y some t w o o r d e r s o f m a g n i t u d e , t h a n t h o s e 



f r o m t h e o t h e r s o u r c e s ; t h u s t h e y a r e n o t r e p o r t e d h e r e . W h e t h e r t h i s 

a p p a r e n t d i s c r e p a n c y i s d u e t o s o a e m i s i n t e r p r e t a t i o n o f t h e u n i t s 

e m p l o y e d o r h a s some o t h e r e x p l a n a t i o n i s n o t k n o w n . 

18 
3 . 1 . 3 G u b e l i a n d S t o r i 

T h e d a t a o f G u b e l i a n d S t o r i a r e i n t h e f o r m o f a d s o r p t i o n i s o t h e r m s 

f o r r a d o n a t l o w c o n c e n t r a t i o n s i n t h e p r e s e n c e o f v a r i o u s g a s e s a t 

a t m o s p h e r i c p r e s s u r e . T h e s o r b e n t w a s e l m - w o o d c h a r c o a l . T h e r a d o n 

p a r t i a l p r e s s u r e s w e r e ^ 1 0 "* a t m i n c a s e s w h e r e t h e p r e d o m i n a n t g a s -12 
w a s a i r , N ^ , o r CO^ a n d < 1 0 a t m i n c a s e s w h e r e t h e p r e d o m i n a n t g a s 

w a s H ^ . T h e a d s o r p t i o n c o e f f i c i e n t v a l u e s u n d e r t h e s e c o n d i t i o n s a r e 

l i s t e d i n T a b l e 1 . A p u z z l i n g a s p e c t i s t h a t , w h e r e a s t h e k v a l u e s 
a 

e s t i m a t e d f r o m t h e i r i s o t h e r m s a g r e e w i t h t h o s ^ g i v e n i n T a b l e I f o r 

0 ° C , t h e e s t i m a t e d v a l u e s a t h i g h e r t e m p e r a t u r e s t e n d t o b e l o w e r t h a n 

t h o s e t a b u l a t e d , f o r e x a m p l e , t h e e s t i m a t e d v a l u e s a t 1 2 0 ° C a r e l o w e r , 

o n t h e a v e r a g e , b y ^ 3 0 % , s u g g e s t i n g t h a t t h e t e m p e r a t u r e f a c t o r 

( 2 7 3 + 1 2 0 ) / 2 7 3 may b e i n v o l v e d . T h e r a t i o o f t h e a d s o r p t i o n c o e f f i c i e n t 

a t 2 0 ° C w i t h a i r p r e s e n t t o t h a t u i t h C 0 0 p r e s e n t i s o f p a r t i c u l a r i n t e r e s t 

s i n c e b o t h a i r a n d o f f - g a s s t r e a m s w i l l b e g e n e r a t e d i n c o n j u n c t i o n 

w i t h HTGR f u e l r e p r o c e s s i n g a n d r e f a b r i c a t i o n o p e r a t i o n s . T h i s r a t i o i s 

5 . 0 s , w h i c h may b e c o m p a r e d w i t h a r a t i o o f 3 . 5 fo : r d y n a m i c a d s o r p t i o n 
c o e f f i c i e n t s o f k r y p t o n i n 0 „ a n d i n C 0 7 a t 2 4 ° C f o r a n o t h e r t y p e o f 
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c h a r c o a l . A c t u a l l y , o n e w o u l d e x p e c t t h e l o w e r r a t i o t o b e a s s o c i a t e d 

w i t h r a d o n s i n c e CO2 s h o u l d i n t e r f e r e l e s s w i t h r a d o n a d s o r p t i o n t h a n 

w i t h k r y p t o n a d s o r p t i o n . 

20 3 . 4 C o l e m a n e t a l . T h e e q u i l i b r i u m r e t e n t i o n o f r a d o n b y c o c o n u t c h a r c o a l w a s m e a s u r e d 

f o l l o w i n g e x p o s u r e t o f l o w i n g a i r c o n t a i n i n g r a d o n a t c o n c e n t r a t i o n s o f 
3 a 

2 x 1 0 t o 8 x 1 0 p C i / l i t e r . P r e s u m a b l y , t h e t e m p e r a t u r e a n d p r e s s u r e 

w e r e a m b i e n t ( i . e . , t h o s e o f t h e b u i l d i n g ) . I f t h e t e m p e r a t u r e w a s 

2 5 ° C , t h e r a d o n p a r t i a l p r e s s u r e r a n g e w a s 1 . 4 x 1 0 t o 6 x 1 0 a t m . 

T h e d a t a o f C o l e m a n e t a l . i n d i c a t e c o n s i d e r a b l e d e v i a t i o n f r o m l i n e a r i t y 

f o r t h e v a r i a t i o n i n a d s o r p t i o n w i t h p r e s s u r e . T h e r a t i o o f t h e v o l u m e o o f r a d o n a d s o r b e d [ c m ( S T P ) / g ] t o t h e r a d o n p a r t i a l p r e s s u r e ( a t m ) , 
o 2 

a s e s t i m a t e d f r o m t h e i r g r a p h , d e c r e a s e d f r o m ^ 3 x 1 0 t o ^ 9 x 1 0 

o v e r t h e a b < w e c o n c e n t r a t i o n r a n g e . 
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a b 
T a b l e 1 . A v e r a g e r a d o n a d s o r p t i o n c o e f f i c i e n t s ' f o r e l m - w o o d 

c h a r c o a l i n t h e p r e s e n c e o f v a r i o u s g a s e s c 

T e m p e r a t u r e P r e d o m i n a n t g a s 
< ° C ) A i r N 2 

co2 » 2 

- 1 8 - - 1 , 5 8 5 -

- 1 0 - - 1 , 6 0 8 -

0 1 2 , 6 8 5 1 6 , 8 5 4 1 , 6 3 4 2 9 , 5 5 5 

2 0 6 , 4 2 2 7 , 0 8 4 1 , 2 8 2 1 0 , 9 7 6 

5 0 2 , 2 6 8 2 , 1 8 9 7 5 4 2 , 5 0 7 

8 0 8 1 1 8 0 0 4 3 1 735 

1 2 0 3 9 2 2 4 9 1 6 5 2 9 0 

a IS 
O b t a i n e d b y G u b e l i a n d S t o r i . 

IJ 
T h e i n f o r m a t i o n i n t h e o r i g i n a l p a p e r i n d i c a t e s t h a t e a c h o f t h e s e 
v a l u e s s h o u l d b e e q u i v a l e n t t o k a [ c m 3 ( S T P ) / g a t m ] o f E q . ( 1 ) . 
c 

A t a t m o s p h e r i c p r e s s u r e . 



9 

[ c m 3 ( S T P ) / g a t m ] . 

71 
3 . 1 . 5 P r z y t y c k a * 

R a d o n a d s o r p t i o n was m e a s u r e d f o r t h r e e t y p e s o f c h a r c o a l , a t 

an i n d i c a t e d t e m p e r a t u r e o f 2 0 c C , i n a c l o s e d c i r c u i t w i t h a i r as 

t h e c a r r i e r g a s . T h e k v a l u e s c a l c u l a t e d f r o m t h e r e p o r t e d a 
a d s o r p t i o n c o e f f i c i e n t s r a n g e f r o m a b o u t 4 6 0 0 t o a b o u t 5 6 0 0 

22 
3 . 1 . 6 F u s a m u r a , K u r o s a w a , a n d Ono 

An e m p i r i c a l e q u a t i o n was p r e s e n t e d f o r r a d o n a d s o r ^ i o n o n 

c h a r c o a l w i t h a i r p r e s e n t a n d a p p l i c a b l e t o t h e t e m p e r a t u r e r a n g e 2 t o 

3 2 ° C . I n t e r m s o f k [ c m 3 ( S T P ) / g a t m ] f o r a n a b s o l u t e t e m p e r a t u r e T ( K ) . a 
t h i s e q u a t i o n may b e w r i t t e n a s : 

km-\r\ri /273v/288 s 12.7 
a = 6000 ( - y ) 

A k ^ v a l u e o f 3 5 6 3 was c a l c u l a t e d f r o m t h i s e , q u a t i o n f o r a t e m p e r a u r e 

o f 2 5 ° C . 

2 3 
3 . 1 . 7 S c h r o e d e r e t a l . 

D a t a w e r e p r e s e n t e d f o r t h e r e t e n t i o n o f r a d o n f r o m f l o w i n g a i r b y 

l u t charcoE 
are as f o l l o w s : 

c o c o n u t c h a r c o a l a t 2 4 ° C . T h e r e s u l t s , e x p r e s s e d i n t e r m s o f k v a l u e s , 
a 

R a d o n c o n c e n t r a t i o n A d s o r p t i o n c o e f f i c i e n t , k 
1 a 

( p C i / l i t e r ) fc in ( S T P ) / g a t m ] 

1 1 , 0 0 0 2 5 0 0 

5 , 0 0 0 1 5 0 0 

2 4 0 3 8 0 0 

3 . 1 . 8 T h o m a s 2 4 

T h i s r e p o r t i s o f p a r t i c u l a r i n t e r e s t b e c a u s e a f a i r l y l a r g e 

v a r i e t y o f d y n a m i c a d s o r p t i o n d a t a was p r e s e n t e d f o r t h e r a d o n - c h a r c o a l 

s y s t e m . T h e c a r r i e r g a s was a i r a t o r n e a r 1 a t m ; t h e t e m p e r a t u r e s 

i n v o l v e d w e r e 2 0 t o 2 5 ° C . M e a s u r e m e n t s w e r e made o n r e s p i r a t o r y 

c a n i s t e r s c o n t a i n i n g b e d s o f a c t i v a t e d c a r b o n . Two v a r i e t i e s o f c a n i s t e r s 

w e r e t e s t e d : t h e M i l a n d t h e S c o t t - A c m e . ( T y p e s 1 8 4 - O V a n d 184-OVWC 

o f t h e l a t t e r w e r e i n v o l v e d . ) T h e S c o t t - A c m e c a n i s t e r c o n t a i n e d t h e 

l a r g e r b e d , a n d m o s t o f T h o m a s ' d a t a t h a t a r e r e p o r t e d h e r e i n w e r e 
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o b t a i n e d u s i n g t h i s v a r i e t y o f c a n i s t e r . A p p r o x i m a t e v a l u e s f o r t h e 
3 

c o r r e s p o n d i n g c h a r c o a l b e d i n c l u d e d a v o l u m e o f 9 0 0 era , a f a c e a r e a o f 
2 

6 0 cm , a n d a 1 5 - c m d e p t h . T h e c h a r c o a l m e s h s i z e w a s l i s t e d a s 6 - 1 6 

( p r o b a b l y w i t h r e f e r e n c e t o t h e U . S . S i e v e S e r i e s ) . 

I n t h e t e s t s o f g r e a t e s t i n t e r e s t , t h e c a n i s t e r w a s p r e e q u i l i b r a t e d 

t o f l o w i n g a i r a t a d e f i n i t e h u m i d i t y ; t h e f l o w r a t e s w e r e 1 6 , 3 2 , o r 

6 4 l i t e r s / m i n . T h e n r a d o n f r o m a r a d i u m c h l o r i d e s o l u t i o n w a s i n t r o d u c e d a t a c o n c e n t r a t i o n o f 1 1 , 0 0 0 p C i / l i t e r , w h i c h c o r r e s p o n d s t o a r a d o n 
-15 

p a r t i a l p r e s s u r e o f 8 x 1 0 a t m a t 2 5 ° C . P r i o r t e s t s w i t h a n M i l 

c a n i s t e r h a d i n d i c a t e d no s i g n i f i c a n t d i f f e r e n c e i n t h e r a d o n t r a n s m i s s i o n 

( b r e a k t h r o u g h ) c u r v e s o b s e r v e d f o r 1 6 0 0 a n d 3 8 , 0 0 0 p C i / l i t e r . T h e 

t r a n s m i s s i o n c u r v e i s a p l o t o f t h e r a t i o o f t h e e x i t c o n c e n t r a t i o n t o 

t h e i n l e t c o n c e n t r a t i o n v s t i m e . D u r i n g t h e p e r i o d o f r a d o n i n j e c t i o n , 

t h e e x i t c o n c e n t r a t i o n was d e t e r m i n e d a t 3 - m i n i n t e r v a l s ; t h e i n l e t 

c o n c e n t r a t i o n w a s d e t e r m i n e d b o t h b e f o r e a n d a f t e r t h e e x p o s u r e o f t h e 

c a n i s t e r t o r a d o n - c o n t a i n i n g a i r . 

T h e t w o t y p e s o f S c o t t - A c m e c a n i s t e r s t h a t w e r e t e s t e d a c t u a l l y 

c o r r e s p o n d e d t o t h r e e d i f f e r e n t t y p e s o f a c t i v a t e d c a r b o n . One o f t h e 
2 

c a r b o n s w a s W i t c o t y p e 3 3 7 , w h i c h h a d a s u r f a c e a r e a o f a b o u t 1 3 0 0 m / g ; 

a n o t h e r w a s W e s t v a c o t y p e W V - H , w h i c h h a d a s u r f a c e a r e a o f a b o u t o 
1 0 0 0 m / g . A n a l o g o u s i n f o r m a t i o n w a s n o t a v a i l a b l e f o r t h e r e m a i n i n g 

c a r b o n . T h e c a n i s t e r c o n t a i n i n g t h e W i t c o c a r b o n e x h i b i t e d t h e s u p e r i o r 

r a d o n h o l d u p p e r f o r m a n c e ; t h e p e r f o r m a n c e s o f t h e o t h e r t w o w e r e a b o u t 

t h e s a m e . T h e c a r b o n l i f e t o 2% t r a n s m i s s i o n f o r t h e W i t c o c a r b o n w a s 

t h e l o n g e r , b y ^ 4 5 % , t h u s i n d i c a t i n g t h e d e s i r a b i l i t y o f h i g h s u r f a c e 

a r e a . T h i s o b s e r v a t i o n , h o w e v e r , a p p e a r s t o b e i n c o n f l i c t w i t h t h a t o f 

K o v a c h a n d E t h e r i d g e , " * ' " ' who f o u n d t h e o p t i m u m s u r f a c e a r e a f o r k r y p t o n 2 
h o l d u p t o b e n e a r 8 0 0 m / g f o r a s e r i e s o f s i m i l a r c a r b o n s h a v i n g s u r f a c e 

2 
a r e a s o f 5 2 5 t o 1 6 7 0 m / g . O b v i o u s l y , m o r e d a t a a r e n e e d e d t o s p e c i f y 

220 
w i t h c o n f i d e n c e a n e a r - o p t i m a l t y p e o f a c t i v a t e d c a r b o n f o r R n 

a d s o r p t i o n . 

T h e i n i t i a l l y d e l e t e r i o u s e f f e c t o n r a d o n a d s o r p t i o n o f e x p o s i n g d r y 

c h a r c o a l t o a i r c o n t a i n i n g a n a p p r e c i a b l e a m o u n t o f m o i s t u r e w a s o b s e r v e d 

a n d d i s c u s s e d . T h i s e f f e c t , w h i c h w a s o b s e r v e d w i t h t h e M i l c a n i s t e r s , 

r e s u l t s f r o m t h e e l e v a t i o n i n c h a r c o a l t e m p e r a t u r e t h a t o c c u r s w h e n w a t e r 

i s a d s o r b e d . I n t h e t e s t s o n t h e S c o t t - A c m e c a n i s t e r s , t h i s e f f e c t w a s 

a v o i d e d b y p r e e q u i l i b r a t i n g t h e c h a r c o a l w i t h f l o w i n g a i r a t t h e same 
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h u m i d i t y as t h a t w h i c h p r e v a i l e d d u r i n g r a d o n i n j e c t i o n . 

Thomas i n v e s t i g a t e d , i n some d e t a i l , r a d o n a d s o r p t i o n p e r f o r m a n c e a s a 

f u n c t i o n o f t h e m o i s t u r e c o n t e n t o f t h e a i r s t r e a m . T h e d a t a t o b e 

s u m m a r i z e d h e r e a r e f o r t h e S c o t t - A c m e c a n i s t e r c o n t a i n i n g W e s t v a c o t y p e 

WV-H a c t i v a t e d c a r b o n ( a b o u t 1 0 0 0 m / g ) a t 2 5 ° C ( w i t h p r e e q u i l i b r a t i o n 

h a v i n g b e e n e m p l o y e d ) . I n t e r m s o f t h e f r a c t i o n o f t o t a l i n p u t r a d o n 

a d s o r b e d d u r i n g a 6 0 - m i n t e s t , t h e p e r f o r m a n c e a t a f l o w r a t e o f 1 6 , 3 2 , 

o r 6 4 l i t e r s / m i n f o r 39% r e l a t i v e h u m i d i t y ( R . H . ) w a s p o o r e r b y o n l y a 

f e w p e r c e n t t h a n t h a t a t t h e same f l o w r a t e f o r 6% R . H . ( F o r m o s t t y p e s 

o f c h a r c o a l , t h e e x t e n t o f w a t e r a d s o r p t i o n r e m a i n s l o w up t o a b o u t 30% 

R . H . ) I n t e r m s o f c h a r c o a l b e d l i f e t o 2% r a d o n t r a n s m i s s i o n , t h e r a t i o 

o f t h e p e r f o r m a n c e a t 48% R . H . t o t h a t a t 6% R . H . a v e r a g e d a b o u t 0 . 6 

f o r 1 6 , 3 2 , a n d 6 4 l i t e r s / m i n ; t h e a n a l o g o u s r a t i o f o r 61% R . H . ( a n d 

6% R . H . ) w a s a b o u t 0 . 3 . 

T h e e f f e c t o f c h a n g i n g t h e a i r f l o w r a t e , b y a f a c t o r o f 2 , o n b e d 

l i f e t o 10% t r a n s m i s s i o n w a s m e a s u r e d u s i n g M i l c a n i s t e r s ( a t 8 a n d 1 6 

l i t e r s / m i n ) a n d a S c o t t - A c m e c a n i s t e r ( a t 1 6 a n d 3 2 l i t e r s / m i n a n d a t 3 2 a n d 

6 4 l i t e r s / m i n ) . T h e o b s e r v e d r a t i o s o f b e d l i f e ( 1 0 % ) a t a g i v e n f l o w 

r a t e t o t h a t a t t w i c e t h e f l o w r a t e v a r i e d f r o m 2 . 2 t o 2 . 9 . T h a t t h e s e 

r a t i o s a r e s i g n i f i c a n t l y h i g h e r t h a n 2 . 0 i s c o n s i s t e n t w i t h ( 1 ) t h e 

d e p e n d e n c e o f t h e s h a p e o f t h e b r e a k t h r o u g h c u r v e s o n N ( t h e n u m b e r o f 

t h e o r e t i c a l p l a t e s ) a n d ( 2 ) t h e d e c r e a s e i n N w i t h g a s v e l o c i t y t h a t 

o c c u r s i n t h e v e l o c i t y r e g i m e i n v o l v e d . 

T h e b r e a k t h r o u g h c u r v e t r e a t m e n t o f R o b e l l a n d M e r r i l l 4 w a s u s e d t o 

e s t i m a t e v a l u e s o f k a n d N f r o m two o f t h e t r a n s m i s s i o n c u r v e s p r e s e n t e d 

b y T h o m a s . T h e s e c u r v e s a r e f o r the. S c o t t - A c m e c a n i s t e r c o n t a i n i n g t h e 

W e s t v a c o c a r b o n a n d f o r a i r f l o w r a t e s o f 3 2 a n d 6 4 l i t e r s / m i n ; o t h e r 

c o n d i t i o n s w e r e 6% R . H . a n d 2 5 ° C . E s t i m a t i o n o f t h e k ' s a l s o i n v o l v e d a
 3 

t h e u s e o f E q . ( 5 ) , t o g e t h e r w i t h a n a s s u m e d b u l k d e n s i t y o f 0 . 4 8 g / c m 

f o r t h e c a r b o n . T h e v a l u e s o b t a i n e d w e r e a s f o l l o w s : 

A i r f l o w r a t e S u p e r f i c i a l v e l o c i t y A d s o r p t i o n c o e f f i c i e n t , N / f t 
( l i t e r s / m i n ) ( f p m ) k [ c m 3 ( S T P ) / g a t m ] ( f t ~ l ) 

a 

3 2 

6 4 

1 7 . 5 

3 5 . 0 

3 8 0 0 

4 6 0 0 

4 . 9 

3 . 7 
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T h e f a c t t h a t t h e s e k a n d N v a l u e s , a s e s t i m a t e d , a r e s o m e w h a t c r u d e 3 
i s i l l u s t r a t e d b y t h e f a i r l y l a r g e d i f f e r e n c e i n t h e k v a l u e s , 

a 

w h i c h s h o u l d b e i n d e p e n d e n t o f g a s v e l o c i t y . T h e v a l u e o f N i s e x p e c t e d 

t o d e c r e a s e w i t h v e l o c i t y i n t h i s f l o w r e g i m e a s b a s e d o n t h e r e s u l t s 
2 5 85 

f r o m a p r e v i o u s i n v e s t i g a t i o n b y B r o w n i n g e t a l . o f t h e K r - C ^ -

c h a r c o a l s y s t e m . T h e s e r e s u l t s a r e s h o w n i n F i g . 1 . T h e mesh s i z e o f 

t h e c h a r c o a l i n t h e e a r l i e r s t u d y w a s 8 x 16 ( U . S . S i e v e S e r i e s ) as 

c o n t r a s t e d w i t h t h e 6 x 1 6 m e s h s i z e f o r t h e c h a r c o a l c o n t a i n e d i n t h e 

S c o t t - A c m e c a n i s t e r . D e s p i t e t h e d i f f e r e n c e s i n n o b i s g a s , t y p e o f 

c h a r c o a l , a n d g r a n u l e s i z e ( t h e d i f f e r e n c e i n c a r r i e r g a s i s p r o b a b l y 

o f l e s s e r i m p o r t a n c e ) , o n e o f t h e a b o v e N / f t - v e l o c i t y d a t a p o i n t s 

p r a c t i c a l l y f a l l s o n t h e c u r v e o f F i g . 1 , w h i l e t h e o t h e r f a l l s m o d e r a t e l y 

a b o v e . T h e N v a l u e s i n t h e f i g u r e w e r e e v a l u a t e d f r o m p u l s e - t y p e 

e l u t i o n c u r v e s b y t h e m e t h o d t h a t i s m o r e commonly a s s o c i a t e d w i t h g a s -

l i q u i d c h r o m a t o g r a p h y . A l t h o u g h t h i s m e t h o d w a s a t t h a t t i m e 8 5 

c h a r a c t e r i z e d a s p r e l i m i n a r y w i t h r e g a r d t o e v a l u a t i n g N f r o m K r 

e l u t i o n c u r v e s , i t s u s e f o r t h i s p u r p o s e i s now c o n s i d e r e d t o b e o n a 

f i r m e r b a s i s . 

T h e e f f e c t o f t e m p e r a t u r e w a s i n v e s t i g a t e d f o r t h e a p p r o x i m a t e r a n g e 

2 0 t o 2 5 ° C a n d w a s c o m p a r e d w i t h t h a t p r e d i c t e d b y t h e e q u a t i o n o f 22 
F u s a m u r a , K u r o s a w a , a n d O n o . T h e o b s e r v e d e f f e c t w a s a b o u L t w o - t h i r d s 

t h e p r e d i c t e d e f f e c t ; h o w e v e r , t h i s a p p a r e n t d i s c r e p a n c y may r e f l e c t 

d i f f e r e n c e s i n t h e c h a r c o a l s a n d i n t h e t w o s e t s o f c o n d i t i o n s . 

T h e e f f e c t o f 2 v o l % C 0 2 i n t h e a i r s t r e a m w a s b r i e f l y i n v e s t i g a t e d 

a n d f o u n d t o b e d e l e t e r i o u s , e s p e c i a l l y a t l o w h u m i d i t y ( < 4% R . H . ) , 

w h e r e t h e i n d i c a t e d d e c r e a s e i n a d s o r p t i o n c o e f f i c i e n t w a s a b o u t 2 5 % . 

A much s m a l l e r e f f e c t ( r e f e r r i n g o n l y t o t h a t d u e t o t h e 2 v o l % C 0 2 ) 

was o b s e r v e d u n d e r t h e c o n d i t i o n o f ^ 50% R . H . , p r e s u m a b l y b e c a u s e t h e 

a d s o r p t i o n o f CO2 w a s s u p p r e s s e d b y t h e e n h a n c e d a d s o r p t i o n o f H^O a t 

t h e h i g h e r r e l a t i v e h u m i d i t y . 

3 . 1 . 9 O t h e r i n v e s t i g a t i o n s r e l a t i n g t o r a d o n a d s o r p t i o n o n c h a r c o a l 

T h e s e i n v e s t i g a t i o n s i n c l u d e t h e f o l l o w i n g ( i d e n t i f i e d b y a u t h o r s ) : 
0 1 2 8 2 9 3 0 3 1 

N i k i t i n a n d l o f f e , G u b e l i a n d S t o t i , R o g a l y a , ' L u c a s , ' 
32 3 3 3 4 

K a p i t a n o v e t a l . , T h o m a s , a n d B a e t s l e a n d D r o i s s a r t . A b r i e f 

a b s t r a c t i n d i c a t e s t h a t t h e s e c o n d p a p e r o f R o g a l y a i s a r e v i e w o f t h e 
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X H CD 2 Ul -I 
CL < 
or 
i-
u. 
O 

1 0 0 

5 0 

20 

10 

5 

2 

1 

0 . 5 
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• TRAP ID = 0 . 8 in.ttj 
o TRAP ID = 2.7 in: 

SWEEP GAS IS 0 2 ; TRACER IS K R Y P T O N - 8 5 ; 
rADSORBENT IS COLUMBIA-G CHARCOAL (AT 2 4 ° C ) . ^ = 
'VALUES OF N WERE DETERMINED BY A PRELIMINARY:: 
METHOD 

l i 
0.01 0.1 1 10 

SUPERFICIAL LINEAR VELOCITY (ft /min) 
100 

Fig. 1. Effect of linear velocity of che sweep gas on N, the nuniber 
of theoretical plates. 
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a d s o r p t i o n o f r a d i o a c t i v e e m a n a t i o n s ( c h i e f l y r a d o n ) o n c h a r c o a l a n d 

o t h e r p o r o u s a d s o r b e n t s . ( T h e o r i g i n a l p a p e r w a s n o t r e a d i l y 

a v a i l a b l e . ) 

3 . 2 M o l e c u l a r S i e v e s 

O n l y a s m a l l a m o u n t o f r a d o n a d s o r p t i o n d a t a w a s f o u n d f o r 
20 

m o l e c u l a r s i e v e a d s o r b e n t . C o l e m a n e t a l . m e a s u r e d t h e e q u i l i b r i u m 

r e t e n t i o n o f r a d o n f r o m f l o w i n g a i r b y m o l e c u l a r s i e v e T y p e 5 A i n a 

m a n n e r s i m i l a r t o t h a t e m p l o y e d f o r t h e i r m e a s u r e m e n t s w i t h c h a r c o a l . Q f 
F o r t h e same r a d o n , c o n c e n t r a t i o n r a n g e ( 2 x 1 0 J t o 8 x 10* p C i / l i t e r ) , 

t h e i n d i c a t e d r a t i o o f t h e v o l u m e o f r a d o n a d s o r b e d [ c m 3 ( S T P , , / g ] t o t h e 
2 2 

r a d o n p a r t i a l p r e s s u r e ( a t m ) i n c r e a s e d f r o m ^ 5 x 1 0 t o ^ 8 x 1 0 . 

T h u s , t h e o b s e r v e d d i r e c t i o n o f c h a n g e i n t h i s r a t i o w i t h c o n c e n t r a t i o n 

f o r m o l e c u l a r s i e v e T y p e 5 A w a s o p p o s i t e t o t h a t w h i c h t h e y o i D s e r v e d 

w i t h c h a r c o a l . T h e y a l s o n o t e d t h a t t h e a d s o r p t i v e c a p a c i t y * o f m o l e c u l a r 

s i e v e T y p e 4 A f o r r a d o n w a s t o o l o w t o b e o f s i g n i f i c a n c e . T h i s l a t t e r 

o b s e r v a t i o n i s i n a c c o r d w i t h a r e s u l t f r o m a n o t h e r i n v e s t i g a t i o n i n o 
w h i c h a n a p p a r e n t a d s o r p t i o n c o e f f i c i e n t o f ^ l [ c m ( S T P ) / g a t r u ] w a s 

8 5 o b t a i n e d f o r K r i n d y n a m i c a d s o r p t i o n m e a s u r e m e n t s o n L i n d e M o l e c u l a r 
1 9 

S i e v e T y p e 4 A a t 2 5 ° C w i t h O2 a s t h e c a r r i e r g a s . On t h e o t h e r h a n d , 

a n e q u i l i b r i u m a d s o r p t i o n c o e f f i c i e n t o f a b o u t 1 1 h a s b e e n o b s e r v e d f o r 

k r y p t o n o n L i n d e M o l e c u l a r S i e v e T y p e 4 A a t 2 5 ° C u s i n g e q u i l i b r i u m 35 
t i m e s o f up t o 4 h r . 

3 . 3 S i l i c a G e l 

A f a i r l y l a r g e n u m b e r o f r a d o n a d s o r p t i o n d a t a f o r s i l i c a g e l w e r e 

f o u n d , a n d a s e l e c t i o n o f t h e s e d a t a i s p r e s e n t e d i n t h e s u b s e c t i o n s 

b e l o w . 

3 . 3 . 1 B e c k e r a n d S t e h b e r g e r ^ 

R e p r e s e n t a t i v e v a l u e s w e r e c a l c u l a t e d f r o m t a b u l a t e d d a t a 

o f B e c k e r a n d S t e h b e r g e r f o r t h e a d s o r p t i o n o f r a d o n o n s i l i c a g e l 

I n t h e p r e s e n c e o f a i r a t 1 a t m . T h e s e k v a l u e s a n d t h e c o r r e s p o n d i n g a 
t e m p e r a t u r e s a r e a s f o l l o w s : 

jf 
R e f e r r i n g t o t h a t w h i c h i s r e a d i l y a c c e s s i b l e ( t o r a d o n ) . 
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T e m p e r a t u r e A d s o r p t i o n c o e f f i c i e n t , k 

. C P ) fern3 (STP)/R a t m ] 

- 8 0 3 2 2 3 

5 65 

1 4 4 6 

3 5 2 2 

3 . 3 . 2 B u r t t and K u r b a t o v 3 6 

V a r i o u s a d s o r p t i o n d a t a , i n c l u d i n g t h o s e f o r r a d o n o n s i l i c a g e l 

i n t h e p r e s e n c e o f a i r , a r g o n , a n d C O j * w e r e r e p o r t e d b y B u r t t a n d 

K u r b a t o v . T h e i r r a d o n d a t a , a f t e r b e i n g c o n v e r t e d t o p r e s s u r e s a n d k f l 

v a l u e s , a r e p r e s e n t e d i n T a b l e 2 . 

T a b l e 2 . Radon a d s o r p t i o n c o e f f i c i e n t s 3 a t 2 5 ° C f o r s i l i c a g e l i n 
t h e p r e s e n c e o f v a r i o u s g a s e s 

P r e d o m i n a n t g a s R a d o n p a r t i a l A d s o r p t i o n 
I d e n t i t y P r e s s u r e ( a t m ) p r e s s u r e ( 1 0 ~ 1 2 & t m ) c o e f f i c i e n t , k a 

( c m 3 ( S T P ) / g a t m ] 

A i r 0 . 9 6 7 1 7 . 1 25. , 4 
9 . 8 2 6 . 1 
2 . 4 2 7 . 0 
1 . 7 2 7 . 5 

A r 0 . 9 0 0 1 7 . 1 3 9 . 3 
9 . 8 3 9 . 4 
2 . 4 3 9 . 4 
1 . 7 3 9 . 5 

CO 0 . 9 2 6 1 7 . 1 2 1 . 6 
9 . 8 2 2 . 9 
2 . 4 2 4 . 7 
1 . 7 2 4 . 6 

d e r i v e d f r o m d a t a o f B u r t t and K u r b a t o v . 

T h e s e v a l u e s , w h i c h a r e r a t i o s o f t h e q u a n t i t y o f r a d o n a d s o r b e d t o 
t h e r a d o n p a r t i a l p r e s s u r e , e x h i b i t some d e v i a t i o n f r o m c o n s t a n c y ; 
c o n s e q u e n t l y , t h e y a r e n o t , s t r i c t l y s p e a k i n g , t r u e k v a l u e s . 

a 



16 

3 . 3 . 3 O t h e r i n v e s t i g a t i o n s r e l a t i n g t o r a d o n a d s o r p t i o n on s i l i c a g e l 
37 

T h e s e i n v e s t i g a t i o n s i n c l u d e t h e f o l l o w i n g : F r a n c i s , L i v i n g s t o n 
3 8 3 9 17 

a n d R e y e r s o n , S i e b e r t , a n d G u b e l i a n d S t a m m b a c h . I s o t h e r m s i n 

t h e l a t t e r p a p e r a r e i n d i c a t i v e o f h i g h e r r a d o n a d s o r p t i o n c a p a b i l i t y 

t h a n t h a t i n d i c a t e d b y t h e d a t a p r e s e n t e d a b o v e . H o w e v e r , s i n c e t h e 

a c c o m p a n y i n g d a t a f o r c h a r c o a l i n d i c a t e d u n u s u a l l y h i g h a d s o r p t i o n 

c o e f f i c i e n t s , a s w a s n o t e d e a r l i e r , v a l u e s c o r r e s p o n d i n g t o t h e s i l i c a 
3 9 g e l d a t a a l s o w i l l n o t b e r e p o r t e d h e r e . T h e d a t a o f S i e b e r t h a v e b e e n 

4 0 4 1 
b r i e f l y d i s c u s s e d b y B r u n a u e r a n d b y B i k e r m a n . T h e y p r e s e n t c e r t a i n 

o f S i e b e r t ' s d a t a w h i c h show t h a t r a d o n a d s o r p t i o n o n s i l i c a g e l a t 

- 8 0 ° C i s s t r o n g l y s u p p r e s s e d b y t h e p r e s e n c e rf CO^. I n t e r m s o f t h e 

a d s o r p t i o n c o e f f i c i e n t , t h e v a l u e w i t h C0£ p r e s e n t a t 1 a t m i s o n l y a b o u t 

0 . 0 2 t i m e s t h a t w i t h a i r a t 1 a t m ( f o r - 8 0 ° C ) . 

4 . 0 HAZARDS ASSOCIATED W I T H CHARCOAL ADSORBERS 

E v a l u a t i o n o f t h e p o t e n t i a l h a z a r d s a s s o c i a t e d w i t h t h e u s e o f 
220 

c h a r c o a l a d s o r b e r s f o r Rn h o l d u p a n d d e c a y i s b e y o n d t h e s c o p e o f 

t h i s p a r t i c u l a r s t u d y b u t v e r y l i k e l y w i l l r e c e i v e d e t a i l e d a t t e n t i o n 

a s w o r k o n t h e r a d o n p r o b l e m d e v e l o p s . A f e w o f t h e p r e s e n t l y r e c o g n i z e d 

h a z a r d s w i l l , h o w e v e r , b e n o t e d h e r e , t o g e t h e r w i t h r e f e r e n c e s w h i c h 

m i g h t a i d i n i n i t i a t i n g t h e h a z a r d s e v a l u a t i o n . 

A h a z a r d o f p a r t i c u l a r c o n c e r n t o t h o s e i n v o l v e d i n r a d o n 

a d s o r b e r d e s i g n i s t h a t r e p r e s e n t e d b y t h e r a d i o - - . « u - i n d u c e d 

g e n e r a t i o n o f o z o n e a n d i t s s u b s e q u e n t a c c u m u l a t i o n on a n d i n t e r a c t i o n 

w i t h t h e c h a r c o a l . B e c a u s e o f t h i s c o n c e r n , t h e u s e o f a n i n o r g a n i c 

s o r b e n t ( r a t h e r t h a n c h a r c o a l ) I s b i i i n g c o n s i d e r e d f o r a t l e a s t o n e 

i m p o r t a n t a p p l i c a t i o n . H o w e v e r , b a s e d on t h e a v a i l a b l e a d s o r p t i o n 

d a t a a l o n e , c h a r c o a l w o u l d b e t h e p r e f e r r e d s o r b e n t b y a w i d e m a r g i n . 

T h e i n t e r a c t i o n o f o z o n e w i t h c h a r c o a l h a s b e e n I n v e s t i g a t e d b y D e i t z 

a n d B i t n e r . U n d e r c e r t a i n c o n d i t i o n s , e x p l o s i o n s o f o z o n e -

t r e a t e d c h a r c o a l w e r e e n c o u n t e r e d . T h e o z o n e - c h a r c o a l s y s t e m h a s a l s o 44 
b o o n i n v e s t i g a t e d b y fioberg a n d L e v i n e . 

T h e p r e s e n c e o f o x i d e s o f n i t r o g e n may r e s u l t f r o m f u e l r e p r o c e s s i n g 

o p e r a t i o n s a n d / o r f r o m r a d i a t i o n . U n d e r c e r t a i n c o n d i t i o n s , t h e NO -X c h a r c o a l c o m b i n a t i o n c o n s t i t u t e s a s e r i o u s f i r e h a z a r d . R o d g e r a n d 
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R e e s e , ^ i n d i s c u s s i n g f u e l r e p r o c e s s i n g o f f - g a s s y s t e m s , r e f e r t o 
46 

t h e w o r k o f W t . ; c h a n d R o s s a n d comment t o t h e e f f e c t t h a t o x i d e s 

o f n i t r o g e n l e v e l s m u s t a l w a y s b e r e s t r i c t e d t o w e l l b e l o w 3 v o l % i f 

c h a r c o a l i s u s e d . 

O t h e r s i t u a t i o n s p o s i n g p o t e n t i a l p r o b l e m s i n c l u d e t h e p r e s e n c e o f 

c o m b u s t i b l e g a s e s a n d , i n t h e c a s e o f r e f r i g e r a t e d b e d s , t h e 

r e l a t i v e l y h i g h c o n c e n t r a t i o n s o f o x y g e n i n t h e c h a r c o a l t h a t m i g h t 

t h e r e b y b e e n c o u n t e r e d . 

5 . 0 PROCESSES A F F E C T I N G ADSORBER PERFORMANCE 

T h e e f f e c t i v e s u r f a c e a . ' a a o f c h a r c o a l t h a t i s e x p o s e d t o f l o w i n g 

g a s e s d e c r e a s e s w i t h t i m e , m a i n l y a s t h e r e s u l t o f p o i s o n i n g . D e c r e a s e s 

r a n g i n g up t o a b o u t 50% o f t h e i n i t i a l v a l u e h a v e b e e n o b s e r v e d o v e r a 

s i x - m o n t h p e r i o d , a l t h o u g h t h e c o n d i t i o n s c o r r e s p o n d i n g t o t h e l a r g e r 
4 7 

d e c r e a s e s c a n p r o b a b l y b e c h a r a c t e r i z e d a s u n u s u a l l y s e v e r e . I n a n y 

e v e n t , t i h e n d e s i g n i n g a d s o r b e r s , some a l l o w a n c e s h o u l d b e m a d e f o r t h e 

l o s s in . a d s o r p t i o n c a p a b i l i t y o f t h e c h a r c o a l ( o r a n y o t h e r s o r b e n t ) 

t h a t r e s u l t s f r o m e x t e n d e d e x p o s u r e t o o f f - g a s . 

T h e p h e n o m e n o n o f a g g r e g a t e r e c o i l a s a c o n s e q u e n c e o f a - d e c a y 

a n d i t s p o s s i b l e i n v o l v e m e n t i n t h e e n h a n c e d p e n e t r a t i o n o f f i l t e r s b y 

a - e m i t t i n g a g g r e g a t e p a r t i c l e s h a v e b e e n r e v i e w e d a n d i n v e s t i g a t e d b y 4 8 
R y a n , S k r a b l e , a n d C h a b o t . T h e i r w o r k s u g g e s t s t h a t m u l t i p l e 

p a r t i c u l a t e f i l t e r s , b o ^ h u p s t r e a m a n d d o w n s t r e a m o f t h e s o r b e n t 
220 

b e d ( s ) , may b e r e q u i r e d i n a Rn r e m o v a l s y s t e m . T h e q u e s t i o n 
220 

n a t u r a l l y a r i s e s a s t o w h e t h e r o r n o t t h e r e t e n t i o n o f Rn d e c a y 

p r o d u c t s i n t h e s o r b e n t b e d w o u l d b e a d v e r s e l y a f f e c t e d t o a 

s i g n i f i c a n t e x t e n t b y a - r e c o i l . I n t h i s c a s e , t h e p o s s i b i l i t y o f 

d e c a y p r o d u c t a g g r e g a t i o n w o u l d a p p e a r t o b e l i m i t e d , a s w o u l d t h e 

p o s s i b i l i t y o f r e e n t r a i n m e n t o f t h e s e d e c a y p r o d u c t s . S u c h 

s u p p o s i t i o n s , h o w e v e r , r e m a i n s u b j e c t t o v e r i f i c a t i o n . F o r t h i s 
220 222 

r e a s o n a n d o t h e r s , t h e u s e o f R n , r a t h e r t h a n t h e 3 . 8 2 - d a y R n , 
w o u l d b e p r e f e r a b l e i n e x p e r i m e n t a l i n v e s t i g a t i o n s r e l a t i n g t o t h e 
220o . . 

R n p r o b l e m . 
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6 . 0 ADSORBER D E S I G N 

220 

O b v i o u s l y , i n d e s i g n i n g a d s o r b e r s f o r Rn h o l d u p a n d d e c a y , i t 

w o u l d b e d e s i r a b l e t o h a v e c o n s i d e r a b l y m o r e i n f o r m a t i o n t h a n i s 

c u r r e n t l y a v a i l a b l e . A n a t t e m p t w i l l b e m a d e , h o w e v e r , t o o u t l i n e 

w h a t m i g h t b e d o n e u s i n g e x i s t i n g i n f o r m a t i o n . I n t h i s c o n n e c t i o n , i t 

s h o u l d p e r h a p s b e r e e m p h a s i z e d t h a t , a l t h o u g h t h e s i z i n g o f a d s o r b e r s 

c o n t a i n i n g c h a r c o a l i s d i s c u s s e d , t h e q u e s t i o n o f t h e i r s a f e t y f o r t h i s 

a p p l i c a t i o n r e m a i n s u n r e s o l v e d . 

S i n c e t h e r a d o n a d s o r p t i o n a n d m a s s t r a n s f e r c h a r a c t e r i s t i c s o f 

t h e c h a r c o a l - a i r s y s t e m a r e m o r e f i r m l y e s t a b l i s h e d t h a n t h o s e f o r t n e 

o t h e r s y s t e m s o f i n t e r e s t , i t w i l l b e c o n s i d e r e d f i r s t . A b e d t e m p e r a t u r e 

o f 2 5 ° C , a c a r r i e r g a s ( a i r ) p r e s s u r e o f 1 a t m , a r e l a t i v e h u m i d i t y o f 
220 —5 

l e s s t h a n 1 0 % , a n d a n i n l e t Rn c o n c e n t r a t i o n o f < 8 x 1 0 C i / l i t e r 

( < 1 x 1 0 a t m p a r t i a l p r e s s u r e ) a r e a s s u m e d . I t i s a l s o a s s u m e d t h a t 

a g o o d g r a d e o f g r a n u l a r g a s a d s o r b e n t c a r b o n w i t h a s u r f - i c e a r e a 

( i n i t i a l ) o f ^ 1 2 0 0 m 2 / g a n d a m e s h s i z e o f 6 x 1 6 ( U . S . ) i s t o b e 

i n s t a l l e d . T h e k v a l u e f o r f r e s h c h a r c o a l o f t h i s t y p e u n d e r t h e a s s u m e d 
3 3 

c o n d i t i o n s w o u l d p r o b a b l y b e a t l e a s t as h i g h a s 5 0 0 0 cm ( S T P ) / g a t m . 

T h e n a t u r e o f t h e a g r e e m e n t ( a s n o t e d e a r l i e r ) b e t w e e n N / f t v a l u e s 

c a l c u l a t e d f r o m T h o m a s ' r a d o n d a t a a n d t h o s e f o r t h e same a i r 

v e l o c i t i e s i n F i g . 1 p r o v i d e s some j u s t i f i c a t i o n f o r u s i n g F i g . 1 i n 

o b t a i n i n g e s t i m a t e s o f N / f t f o r t h e r a d o n - a i r - c h a r c o a l s y s t e m u n d e r 

c o n s i d e r a t i o n . I n a n y e v e n t , a s u p e r i o r a p p r o a c h t o t h e e v a l u a t i o n o f 

N f o r t h i s s y s t e m u s i n g e x i s t i n g i n f o r m a t i o n i s n o t r e a d i l y a p p a r e n t . 

W h e t h e r t h e r e d u c t i o n i n a d s o r p t i o n c a p a b i l i t y d u e t o p o i s o n i n g i s 

a c c o m p a n i e d b y a s i g n i f i c a n t ( a n d u n d e s i r a b l e ) r e d u c t i o n i n N i s n o t 

k n o w n . T h e r e f o r e , some u n c e r t a i n t y e x i s t s w i t h r e g a r d t o b o t h t h e i n i t i a l 

e s t i m a t i o n o f N a n d i t s p o s s i b l e c h a n g e d u r i n g e x p o s u r e . 

One w a y t o m a k e a l l o w a n c e f o r t h e u n c e r t a i n t y r e g a r d i n g N a n d , 

a l s o , f o r t h e e f f e c t s o f p o i s o n i n g i s t o u s e a r e d u c e d v a l u e o f k & f o r 

d e s i g n p u r p o s e s . A s s u m i n g t h a t t h e e x p o s u r e c o n d i t i o n s a r e n o t t o o 
o 

s e v e r e , r e d u c t i o n o f t h e a b o v e v a l u e o f 5 0 0 0 [cm ( S T P ) / g a t m ] t o 2 5 0 0 

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

f o r some u n d e t e r m i n a b l e p e r i o d o f o p e r a t i o n . 
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R e f e r r i n g t o F i g . 1 , i t may b e s e e n t h a t a c h a n g e i n v e l o c i t y 

f r o m 1 0 f p m t o 4 0 fpra w a s a c c o m p a n i e d b y a c h a n g e i n N / f t f r o m 8 t o 2 . 

T h i s i m p l i e s t h a t t h e r a t i o o f b e d l e n g t h t o b e d d i a m e t e r i s n o t 

c r u c i a l f o r t h i s p a r t i c u l a r r e g i o n . H o w e v e r , b e d s d e s i g n e d o n t h e 

b a s i s o f t h e d a t a s h o w n i n F i g . 1 s h o u l d b e a t l e a s t 1 f t l o n g ; i n 

g e n e r a l , t h e u s e o f a s o m e w h a t l o n g e r b e d ( e . g . , 3 f t ) i s e n v i s a g e d . 

E q u a t i o n ( 6 ) r e l a t e s t h e d e c o n t a m i n a t i o n f a c t o r ( D F ) t o k ( r e a d i l y 

c a l c u l a t e d f r o m k i f t h e b e d t e m p e r a t u r e i s k n o w n ) , N ( t o t a l f o r b e d ) , X , m 
a 

( m a s s o f s o r b e n t ) , a n d t h e v o l u m e t r i c f l o w r a t e o f t h e c a r r i e r g a s t h r o u g h 

t h e a d s o r b e r . T h u s , i t w o u l d a p p e a r t h a t e x i s t i n g i n f o r m a t i o n i s a d e q u a t e 

f o r s i z i n g a c h a r c o a l b e d f o r t h e a b o v e d e s c r i b e d s i t u a t i o n ( a i r , 2 5 ° C , 

e t c . ) , p r o v i d e d o f c o u r s e t h a t o p t i m a l d e s i g n o f t h e a d s o r b e r i s n o t 

r e q u i r e d . F o r p u r p o s e s o f i l l u s t r a t i o n , a c a l c u l a t i o n w a s made u s i n g 

t h e f o l l o w i n g a s s u m e d o r d e r i v e d q u a n t i t i e s : 2 0 0 c f m o f a i r ( R . H . < 1 0 % ) ; 

2 5 ° C ; k = 2 5 0 0 c m 3 ( S T P ) / g a t m ; b e d d i a m e t e r o f 2 . 5 2 3 f t ; s u p e r f i c i a l 

v e l o c i t y o f 4 0 f p m ; b e d l e n g t h o f 3 f t ; N / f t = 2 , o r N = 6 ; c h a r c o a l 
3 - 1 

b u l k d e n s i t y o f 0 . 4 5 g / c m ; 4 2 1 l b o f c h a r c o a l ; a n d A = 0 . 7 5 2 0 6 m i n 

( f o r t j y 2 o f 5 5 . 3 s e c ) . T h e c a l c u l a t e d DF as o b t a i n e d u s i n g E q . ( 6 ) 

w a s 3 . 9 x 1 0 6 . 

T h e r a d o n - C 0 0 - c h a r c o a l system w i l l b e d i s c u s s e d o n l y b r i e f l y . 
- 18 

B a s e d o n t h e 2 0 ° C d a t a o f G u b e l i a n d S t o r i , t h e k v a l u e a t 2 5 ° C f o r 
a 

t h e 1 0 0 % C 0 2 - c h a r c o a l s y s t e m w o u l d b e o n l y ^ 20% o f t h e v a l u e f o r t h e 

a i r - c h a r c o a l s y s t e m d i s c u s s e d a b o v e . T h u s , i f t h e 50% a l l o w a n c e f o r 

p o i s o n i n g , e t c . , i s i m p o s e d , t h e r e s u l t i n g k v a l u e i s ^ 5 0 0 cm ( S T P ) / g a t m . 

H o w e v e r , n o d i r e c t l y r e l e v a n t d a t a a r e a v a i l a b l e t o p r o v i d e t h e b a s i s 

f o r e s t i m a t i n g N v a l u e s f o r t h i s s y s t e m , a l t h o u g h a p p l i c a t i o n o f m a s s 

t r a n s f e r t h e o r y m J g h t y i e l d u s e f u l e s t i m a t e s . 

C o m p a r i s o n o f t h e l i m i t e d a m o u n t o f e q u i l i b r i u m r a d o n a d s o r p t i o n 

d a t a f o u n d f o r m o l e c u l a r s i e v e T y p e 5A a d s o r b e n t w i t h t h e r e l e v a n t d a t a 

f o r c h a r c o a l i n d i c a t e s t h a t a b o u t t e n o r m o r e t i m e s a s m u c h , b y w e i g h t , 

o f s i e v e T y p e 5A a s c h a r c o a l w o u l d b e r e q u i r e d t o a c h i e v e t h e same DF 

f o r t h e c a s e w h e r e t h e o f f - g a s i s a i r a t 2 5 ° C . ( C o m p a r i s o n o n a v o l u m e 

b a s i s w o u l d b e s o m e w h a t m o r e f a v o r a b l e . ) F o r t h e c a s e o f a n o f f - g a s 

w h o s e c o m p o s i t i o n i s p r e d o m i n a n t l y C O , , t h e f a c t o r r e l a t i v e t o c h a r c o a l 
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i s e v e n l e s s c e r t a i n . C o n c e i v a b l y , a m o l e c u l a r s i e v e t y p e o t h e r 
2 ^ 0 

t h a n 5 A m i g h t b e m o r e u s e f u l f o r ~ R n h o l d u p . T h u s , c o n s i d e r a b l y 

m o r e i n f o r m a t i o n t h a n i s now a v a i l a b l e w i l l b e r e q u i r e d b e f o r e m o l e c u l a r 
220 

s i e v e b e d s f o r R n d i s p o s a l c a n b e d e s i g n e d w i t h a r e a s o n a b l e d e g r e e 

o f c o n f i d e n c e w i t h r e s p e c t t o t h e i r p e r f o r m a n c e o r o p t i m i z a t i o n . I n 
4 9 

c o n n e c t i o n w i t h a d i f f e r e n t a p p l i c a t i o n , P e n c e , D u c e , a n d M a e c k 

h a v e o b s e r v e d t h a t g r a n u l a r s o r b e n t s h a v e b e t t e r m a s s t r a n s f e r 

c h a r a c t e r i s t i c s t h a n s o r b e n t s i n t h e f o r m s o f p e l l e t s a n d b e a d s ( t h e 

u s u a l f o r m s o f m o l e c u l a r s i e v e a d s o r b e n t s ) . T h i s o b s e r v a t i o n h a s 

r e l e v a n c e h e r e s i n c e i t i m p l i e s t h a t u s i n g t h e s o r b e n t a s g r a n u l e s 

r a t h e r t h a n p e l l e t s o r b e a d s w o u l d r e s u l t i n a h i g h e r v a l u e f o r N , 

t h e n u m b e r o f t h e o r e t i c a l p l a t e s . D e c r e a s i n g t h e s o r b e n t p a r t i c l e s i z e 

a l s o r e s u l t s i n a h i g h e r v a l u e f o r N ; h o w e v e r , e x p l o i t a t i o n o f t h i s 

e f f e c t i s l i m i t e d b y t h e h i g h e r p r e s s u r e d r o p a n d b y t h e m e c h a n i c a l 

d i f f i c u l t i e s a s s o c i a t e d w i t h r e t a i n i n g t h e s o r b e n t . 

T h e c a p a b i l i t y o f s i l i c a g e l f o r a d s o r b i n g r a d o n a p p e a r s t o b e t o o 

l o w t o b e c o n s i d e r e d f o r t h i s a p p l i c a t i o n ; n e v e r t h e l e s s , a f e w o f t h e 

m o r e p r o m i s i n g t y p e s s h o u l d p r o b a b l y b e i n c l u d e d i n s c r e e n i n g t e s t s o f 

p o s s i b l e s o r b e n t s . 

T h e a b o v e d i s c u s s i o n o n a d s o r b e r d e s i g n i n d i c a t e s , i n a g e n e r a l 

w a y , t h e a p p r o a c h t h a t m i g h t b e f o l l o w e d i n t h e a n a l y s i s a n d a p p l i c a t i o n 222 
o f d y n a m i c a d s o r p t i o n d a t a o b t a i n e d w i t h 3 . 8 2 - d a y R n . On t h e o t h e r 

220 
h a n d , i f s u c h d a t a a r e o b t a i n e d w i t h Rn i n t e r m s o f DF v s b e d d e p t h , 

t h e r e s u l t s c o u l d b e a p p l i e d w i t h o u t a c t u a l l y e v a l u a t i n g k ( o r k ) a n d 
a N , a l t h o u g h some a l l o w a n c e s h o u l d b e made f o r t h e e f f e c t s o f p o i s o n i n g . 

7 . 0 SUMMARY AND CONCLUSIONS 

2 3 3 
O f f - g a s s t r e a m s f r o m U r e p r o c e s s i n g a n d r e f a b r i c a t i o n o p e r a t i o n s 

220 
w i l l b e c o n t a m i n a t e d w i t h R n , a n d , a s a c o n s e q u e n c e , some e f f e c t i v e 

m e a n s f o r i t s r e m o v a l w i l l b e r e q u i r e d . I n v i e w o f t h e s h o r t h a l f - l i f e 
220 

a n d r e l a t i v e l y f a v o r a b l e v o l a t i l i t y o f R n , t h e m e t h o d b a s e d o n 

a d s o r p t i v e - h o l d u p a n d d e c a y s h o u l d b e f e a s i b l e f o r c o p i n g w i t h t h i s 

d e c o n t a m i n a t i o n p r o b l e m . T h i s l i t e r a t u r e s u r v e y r e p r e s e n t s a n e f f o r t 

t o c o l l e c t a n d s u m m a r i z e w h a t i s c u r r e n t l y k n o w n r e l a t i v e t o t h e u s e 
220 o f a d s o r p t i o n f o r R n r e m o v a l a n d d i s p o s a l . 
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A t r e a t m e n t o f d y n a m i c a d s o r p t i o n t h e o r y , e x t r a c t e d f r o m t h e 

l i t e r a t u r e a n d b a s e d o n t h e a s s u m p t i o n o f a l i n e a r a d s o r p t i o n i s o t h e r m , 

i s p r e s e n t e d f o r p o s s i b l e u s e i n d a t a a n a l y s i s a n d a d s o r b e r d e s i g n . T h i s 

t r e a t m e n t y i e l d s a n e q u a t i o n r e l a t i n g D F w i t h a h o l d u p c o e f f i c i e n t , t h e 

mass o f s o r b e n t , t h e v o l u m e t r i c f l o w r a t e o f t h e c a r r i e r g a s , t h e n u m b e r 

o f t h e o r e t i c a l p l a t e s , a n d t h e d e c a y c o n s t a n t . T h e h o l d u p c o e f f i c i e n t i s , 

i n t u r n , r e l a t e d t o t h e a d s o r p t i o n c o e f f i c i e n t a n d t h e s o r b e n t 

t e m p e r a t u r e . 

A f a i r l y l a r g e q u a n t i t y o f e q u i l i b r i u m d a t a w a s f o u n d f o r t h e 
222 

a d s o r p t i o n o f Rn o n c h a r c o a l i n t h e p r e s e n c e o f a i r a n d o t h e r g a s e s , 
222 

i n c l u d i n g C C ^ . A l s o , v a r i o u s d y n a m i c a d s o r p t i o n d a t a f o r R n r -

c h a r c o a l w i t h a i r a s t h e c a r r i e r g a s h a v e b e e n p r e s e n t e d i n a r e c e n t 
2 4 

r e p o r t . B a s e d o n t h e a v a i l a b l e d a t a f o r t h e r a d o n - c h a r c o a l - a i r ( 1 -

a t m ) s y s t e m , t h e c o r r e s p o n d i n g s a d o n a d s o r p t i o n c o e f f i c i e n t a t 2 5 ° C w o u l d 3 
p r o b a b l y b e a t l e a s t 5 0 0 0 cia ( S T P ) / g a t m ( i n i t i a l l y ) i f c e r t a i n c r i t e r i a 

r e g a r d i n g t h e r a d o n c o n c e n t raJ: s o n , t h e q u a l i t y a n d h u m i d i t y o f t h e a i r , 

a n d t h e n a t u r e o f t h e c h a r c o a l a r e m e t . I f CO2 r a t h e r t h a n a i r i s 

s p e c i f i e d f o r t h e s y s t e m , a r e d a c t i o n i n t h e a n a l o g o u s c o e f f i c i e n t t o a 

v a l u e o f a b o u t 1 0 0 0 i s i n d i c a t e d . 

T h e s m a l l a m o u n t o f e q u i l i b r i u m d a t a f o u n d f o r m o l e c u l a r s i e v e T y p e 

5A a d s o r b e n t i n d i c a t e s t h a t i t s r a d o n a d s o r p t i o n c o e f f i c i e n t a t a m b i e n t 

t e m p e r a t u r e i n t h e p r e s e n c e o f a i r ( t h e h a m i d i t y w a s u n s p e c i f i e d ) i s 3 

a b o u t 6 0 0 cm ( S T P ) / g a t m . 

E q u i l i b r i u m d a t a f o r s i l i c a g e l i n d i c a t e t h a t i t s c a p a b i l i t y f o r 

a d s o r b i n g r a d o n i s r e l a t i v e l y l o w . R a d o n a d s o r p t i o n c o e f f i c i e n t v a l u e s 

d e r i v e d f r o m o n e g r o u p o f m e a s u r e m e n t s o n s i l i c a g e l a t 2 5 ° C a r e a b o u t 

2 5 a n d a b o u t 2 1 c m 3 ( S T P ) / g a t m , r e s p e c t i v e l y , f o r a i r a n d f o r CO2 p r e s e n t 

a t 1 a t m . 

O f t h e p o t e n t i a l h a z a r d s a s s o c i a t e d w i t h t h e u s e o f c h a r c o a l f o r 

t h i s a p p l i c a t i o n , t h e h a z a r d i n v o l v i n g o z o n e p e r h a p s r e p r e s e n t s t h e 

g r e a t e s t c o n c e r n a n d p r o b a b l y i s m o s t i n n e e d o f e v a l u a t i o n . 

T h e s o r b e n t s u f f e r s a l o s s i n a d s o r p t i o n c a p a b i l i t y d u r i n g 

e x t e n d e d e x p o s u r e t o o f f - g a s , a ^ d a l l o w a n c e s h o u l d b e made f o r t h i s 

l o s s w h e n p e r f o r m i n g a d s o r b e r d e s i g n c a l c u l a t i o n s . 
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T h e u s e o f m u l t i p l e p a r t i c u l a t e f i l t e r s may b e r e q u i r e d i n a 
220 

R n r e m o v a l s y s t e m a s a c o n s e q u e n c e o f t h e a - r e c o i l p h e n o m e n o n . 

On t h e o t h e r h a n d , i t d o e s n o t a p p e a r t h a t O i - r e c o i l w o u l d s i g n i f i c a n t l y 

a f f e c t t h e r e t e n t i o n ( i n t h e s o r b e n t ) o f d e c a y p r o d u c t s f r o m a d s o r b e d 
220 

R n , a l t h o u g h t h i s s u p p o s i t i o n r e m a i n s s u b j e c t t o e x p e r i m e n t a l 

e x a m i n a t i o n . T h i s , t o g e t h e r w i t h o t h e r c o n s i d e r a t i o n s , s u g g e s t s t h e 
220 222 

u s e o f Rn r a t h e r t h a n R n i n e x p e r i m e n t a t i o n r e l a t e d t o t h e 

Rn p r o b l e m . 

W i t h r e g a r d t o a d s o r b e r d e s i g n , e x i s t i n g i n f o r m a t i o n i s p e r h a p s 
2 , 0 

a d e q u a t e f o r s i z i n g , a l b e i t c r u d e l y , t h e s o r b e n t b e d f o r a ~ R n -

c h a r c o a l - a i r ( 1 - a t m , < 10% R . H . ) s y s t e m o p e r a t i n g a t a m b i e n t 

t e m p e r a t u r e , a n d a s u g g e s t e d a p p r o a c h f o r d o i n g t h i s h a s b e e n o u t l i n e d . 
220 

F o r o t h e r R n - c h a r c o a l s y s t e m s i n w h i c h t h e c a r r i e r g a s d i f f e r s 

f r o m n e a r l y d r y a i r , t h e s i t u a t i o n i s m o r e u n c e r t a i n ; h o w e v e r , e x i s t i n g 

i n f o r m a t i o n , t o g e t h e r w i t h mass t r a n s f e r t h e o r y , m i g h t p r o v i d e a 

r e a s o n a b l e b a s i s f o r s i z i n g t h e a d s o r b e r b e d . T h e a v a i l a b l e d a t a f o r 

o t h e r s o r b e n t s ( e . g . , m o l e c u l a r s i e v e s ) a r e t o o l i m i t e d t o p r o v i d e t h e 220 b a s i s f o r d e s i g n i n g Rn r e m o v a l s y s t e m s . 
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9 . 0 API ' feNDIS: DEVELOPMENT OF DECONTAJ'lIKATtO* FACTOR EQUATION' 

As already noted, the following analysis is based on that 
originally presented by Underbill. First, 

c 5 — c G ( t ) ' ck<»r 
where 

C* *» as for C,» „ In Eq. (2) but with effect of decay iaposed, Pi i C 1 1 
ii-l - n r t / k » 

t ; ( t ) " (M - ' D I ' 

and the other tern* arts as already defined. In titae dt, the amount of 
radioactive noble gas exiting is: 

c* f dt „ M i l e~',,cC(t) 4c, 
' (k»)4 

Kext, integrating over infinite tltae and dividing by A, 

&" 7TT» L C(c) ^ 
(km) 0 

This Integral is readily evaluated by using the Laplace transformation 
since a function having the form tft~\sat/(n - 1)S is listed in tables 
of Laplace transforms. The result is: 

1 1 _ .NF/kjaX .K 

(km)" + 


