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ABSTRACT 

Cortain types  of" iodized charcoa l  have been found t o  be u s e f u l  for 
t rapping  r ad ioac t ive  methyl iodide.  
however, as t o  whether o r  not t h e  iod iz ing  process  reduces t h e  capac i ty  
of t h e  charcoal for elemental  iod ine  (12) t o  an unacceptabl-  p l e v e l .  
Inves t iga t ion  concerning t h i s  p o i n t  has been made for t h e  conditions of 
room temperature and of very  high r e l a t i v e  humidity, 98% and 100%. 
t h e  case of t h e  100% x l a t i v e  humidity condition, t h e  charcoal w a s  
caused t o  conta in  bulk phase l i q u i d  water, i.e., it, W ~ S  water-logged. 
According t o  t h e  results obtained, t h e  iodized charcoa ls  t h a t  were t e s t e d  
possess  ample capac i ty  a t  2 5 O C  f o r  I2 when t h e  relatf.;e humidity was 98%. 
The water-logged i o d i z s d  charcoals exhib i ted  e r r a t i c  I2 removal 
performance vhich ranged from good t o  fair .  This soaewkat unpredic tab le  
be2lavFor is probably s s soc ia t ed  wi th  sweep gas  channeling in t h e  charcoal 
bed r a t h e r  than  nve r loa? ing  of t h e  charcoal w i th  Ig. O D V X O U S ~ ~ ~  
operatlc,nal @onditi.ns t h a t  might r e s u l t  i n  water-logging should be 
avoided i f  e f f i c sex t  t r app ing  of I2 is requi red .  

The ques t ion  has been r a i sed ,  

In  
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III1TRODUCTION 

Cer ta in  s p e c i a l l y  iodized (impregnated) charcoals  have been observed 

131,) 
3 

t o  have t h e  c a p a b i l i t y  of removing r ad ioac t ive  methyl iodide (CH 

from flowing humid a i r  and s team-air  under a wide v a r i e t y  of condi t ions 

(1-6). The e f f i c a c y  of t hese  charcoals  is ,  i n  p a r t ,  due t o  an i so top ic  

exchange r eac t ion ,  i n  add i t ion  t o  t h e  so rp t ion  processes  p e c u l i a r  t o  t h e  

charcoal .  Because iodized charcoal  i t s e l f  i s  impregnated wi th  one o r  more 

iodine-containing substances,  during manufacture, t h e  quest ion has been 

raised a s  t o  whether o r  no t  t h e  capac i ty  of such charcoal  f o r  elemental  

iod ine  (1 has been reduced t o  a l o w  and thereby  unacceptable l e v e l .  
2 

Previous s tudy of t h e  t rapping  of e lemental  iodine by charcoal  had been 

concerned only with t h e  non-iodized v a r i e t y  of charcoal  and no a t t e n t i o n  

w a s  given t o  t h e  u l t ima te  capac i ty  of t h e  charcoal  f o r  gas-phase iodine 

under dynamic condi t ions ( 7 ) .  Accordingly, an inves t iga t ion  w a s  i n i t i a t e d  

t o  remedy t h i s  l ack  of i n f o m a t i o n ,  and a s i g n i f i c a n t  quan t i ty  of da t a  has 

been obtained a t  room temperature f o r  fou r  v a r i e t i e s  of iodized charcoal  

under condi t ions  of extremely high loadings of I and of high r e l a t i v e  

humidity . 
2 

Conceivably, i so top ic  exchange may be a f a c t o r  i n  elemental  rad io-  

iod ine  t rapping  by iodized charcoals .  If so, t h e  e f f e c t  would be b e n e f i c i a l  

provided t h e  impregnant had not prev ious ly  been exposed t o  rad io iodine  or ,  

i f  it had, provided the  s p e c i f i c  a c t i v i t y  of t h e  impregnant iodine was 

less than  t h a t  of t h e  I en te r ing  t h e  adsorber.  In  what follows, t h e  

r e t e n t i o n  of t h e  13'1 of I2 by iodized charcoal  w i l l  be t r e a t e d  as though 

it i s  e n t i r e l y  due t o  so rp t ion  of I I n  any event,  as i n  r ad ioac t ive  2. 

2 

methyl iod ide  t rapping ,  t h e  important cons idera t ion  i s  whether o r  not  t h e  

3 4456 0533253 0 
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r a d i o a c t i v i t y  i s  stopped on t h e  charcoal,  and, i n  t h i s  work, t h e  primary 

a t t e n t i o n  w a s  d i r ec t ed  toward a sce r t a in ing  t h e  ex ten t  t o  whLch t h i s  w a s  

accomplished. 

IODIZED CHARCOALS TESmD 

The types of commercial i d i z e d  charcoal  t h a t  were t e s t e d  i n  t h i s  

s tudy are l i s t e d  i n  Tah1.e 1. Details regarding t h e  procedures f o r  iodine 

irnpregnations are not  given because of p ropr i e t a ry  cons idera t ions .  MSA 

85851 and BC-727 are more-or-less equivalent  and contain abou$ 5'$> by  

weight, of t h e  impregnated iodine form(s) ;  BC-272 i s  s imilar  to BC-727 

b u t  contains  only about 2$, by weight, of t h e  impregnated iodine form(s);  

BC-117 i s  a new type of iodized charcoa l  and detai1.s on i t s  impregnation 

are lacking.  

Table 1. I d e n t i f i c a t i o n  of t h e  Iodized Charcoals 

Charcoal Lot N o 7  Mesh S i z e  Y!nufacturer o r  Suppl ier  

MSA 85851 95066a 8-14 wler Mine Safety Appl-Lances 

BC-727 01345 8-14 Tyler Barnebey-Ciieney 

BC-272 476Ta 8-14 Tyler Barnebcy-Sheney 

~3167~ 10- 14  Tyler  Barnebey- Chency 

a .  ORNL-assigned number. 

EXPERIMENTAL PROCEDURES 

A t o t a l  of t e n  experiments were performed; i n  each experimznt t h e r e  

w e r e  three sepa ra t e  2-inch depths of charcoal  t e s t ed ,  i n  e f f e c t ,  providing 

a t o t a l  OP t h i r t y  tes ts .  

consisted o f  two 1-inch depths, i n  series, so  that I e f f i c i e n c i e s  

corresponding t o  both I- arld 2-inch depths of charcoal  coluld be dcterrnind 

Also, each 2-inch depth of charcoal  under test 

2 
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The apparatus  i n  which t h e  t es t s  were conducted i s  schematical ly  

i l l u s t r a t e d  i n  F ig .  1 and p ic tu red  i n  Fig. 2. Xach set  of col lect ior i  

beds (three sets per experiment) included R I - inch  depth  of unimpegnated 

charcoal. and two I-- inch depths of iodized charcoal-; high-ef'Yicfency fi l- ter 

media were a l s o  included I-n some of t h e  l a t e r  tests. 'The amount of' 1 

i n j ec t ed  T w a s  determined by weighing t h e  TJ-tube before  and a f t e r  t h e  

experinlent; due a l l o ~ , ~ a n c e s  were made f o r  any depos i t ion  upstream of t h e  

t e s t  beds. The I removal e f f i c i e n c i e s  of each charcoa l  bed. under t e s t  

were ca lcu la ted  from t h e  r e s u l t s  of  a q u a n t i t a t i v e  determinat ion (by 

gamma spectrometry) of t h e  quan t i ty  of 13'1 i n  each sec t ion  of t h e  

apparatus  t h a t  hac1 been exposed t o  t h e  tagged iodine vapor. 

2 

2 

The f i r s t  fou r  experiments, Nos. 1 through 4, were similar with 

respec t  to t h e  experimental  condi t ions involved wi th  -the exception that 

the I loading, very high i n  a l l  fou r  cases,  was var ied  over a f a c t o r  

of' about two; t h e  prevai l i .ng re la t lve  humidity (at  t h e  middle o€ t h e  2- 

inch depths  of charcoal  being t e s t ed )  was ca lcu la ted  t o  have been YO$. 

This value i s  based upon measurements of pressure  d . i f f e r e n t i a l  i n  t h e  

system starti-np, from a po in t  where t h e  a i r  s t r e a m  was satiirated. and a t  

room temperature and proceeding downstream. 

2 

Tn experiments Nos. 5 and 6, t h e  charcoal  was preequi l ibra ted  wi th  

r e spec t  t o  moisture content  as w a s  done i n  Nos. 1-4, but ,  short ly-  before  

I in j ec t ion ,  water  was poured over two of t h e  %-inch depths of' c1ia:reoal 

(Reds A and C )  being t e s t e d  and, a l so ,  they  were maintained s l i g h t l y  below 

room temperature d-uring t h e  period 01' I 

the subsequent exposure t o  flowing a i r .  That is ,  they  were water-logged 

during t h i s  period. and the  r e l a t i -ve  humidity was, therefore ,  100%. T'lie 

t h i r d  of t h e  t h r e e  2-inch d.epths of charcoal. under t e s t  (Bed B) ,  however, 

2 

i n j e c t i o n  and during a p a r t  of 2 
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w a s  not  so t r e a t e d  and t h e  ca lcu la ted  r e l a t i v e  humidity foi- it w a s ,  a s  

before,  98%. Experiments 7 through 10 were performed s t m i l a r l y  to 

experiments 5 and 6 except t h a t  precooling of t h e  humidified a i r  en ter ing  

t h e  water-logged t e s t  beds w a s  appl ied;  t h i s  v a r i a t i o n  produced some 

m i s t  formation s l i g h t l y  upstream of ilie wetted beds. I n  order t o  avoid 

t h e  p rob lem assoc ia tcd  with sampling l3l1-bear ing charcoal. d r ipp ing  wi th  

l i q u i d  water,  t h e  sho r t  per iod of a i r  sweep subsequent t o  iodine i n j e c t i o n  

(and while t h e  charcoal  vas  v i s u a l l y  wet) w a s  followed by a much longer 

sweep during which t h e  p reva i l i ng  r e l a t i v e  humidity i n  t h e  charcoal  Lest 

beds w a s  slowly decreased from 98% o r  100% (whichever appl ied)  t o  a value 

of around 50%. The e f f e c t  011 removal e f f i c i ency  of t h i s  add i t iona l  swecp 

was negligibl-e s ince  t h e  iodine had a l ready  become a f f ixed  i n  Lhe charcoal.  

No experlrnen-tal evidence of e1utr i .m of iodine r a d i o a c t i v i t y  during t h i s  

purge was noted. 

RfEULTS AND DISCUSSION 

‘Yne r e s u l t s ,  toge ther  with t h e  more p e r t i n e n t  of t h e  experimental  

condi t ions employed, aye given i n  Tables 2, 3: and 4. Data for experiments 

Nos. 1-11 are  i n  Table 2, da t a  f o r  t h e  non-wetted t e s t  beds ( the  B group) 

of experiments Nos. 5-1-0 are i n  Table 3, while  da t a  f o r  t h e  wetted t e s t  

beds ( the  A and C groups) of experiments Nos. 5-1.0 are i n  Table 4. 

Examination of t h e  d i s t r i b u t i o n  of rad ioac t iv i - ty  i n  t h e  charcoal. c o l l e c t i o n  

beds downstream of’ tile t e s t  bed d id  not  r evea l  any information of 

significance regarding t h e  form o r  charac te r  of t h e  iod ine  pene t ra t ing  t h e  

t e s t  bed. I n  some of t h e  l a t e r  runs h igh-ef f ic iency  f i l t e r s  w e r e  placed 

downstream of t h e  f i r s i  1- inch sec t ion  of the c o l l e c t i o n  bed i n  an e f f o r t  

t o  determine i f  t h e  r a d i o a c t i v i t y  pene t r a t ing  t h i s  depth of charcoal  w a s  



Table 2. 

A i r  ve loc i ty  ( supe r f i c i a l )  : b3 fprn 
Relat ive hurnidity (3.H.) : 98% 
System pressure:  approximately 1 a t m  

Eff ic iency  of Iodized Charcoals for Removing Elemental 3adioiodine a t  Very High Loadings 
from Flowing Eumid A i r  a t  Temperatures Around 25OC 

I n l e t  I2 Ig Removal 
Number Vnder Tes t"  T h e  (h r )  Additional f o r  2-in. Conc. Ef f ic iency  

b Xqerirr.ent Char coa l  12 In j ec t ion  Duration of I2 Loading 

- 
A i r  Sweep a t  Depth of (mg/m3)  or 1- in .   or 2-in. 
98% R.H.  (hr) Chax.coa1 (mg/g) Depth ( 5 )  2epth ($) 

l k  MSA 85851 15 l C  47 91 99.91 99.97 
1B BC-727 15 10 47 93 99.37 99-89 
1c 3C-272 '-5 1C 47 93 99 * 86 99 * 90 

2 A  KSA 85851 io 1-5 66 196 99 * 93 99.92 
28 BC-727 10 15 64 193 99 9L 99 960 
2c BC - 272 10 15 66 178 99.965 99.976 

3A MSA 85651- d 16 3b 126 99 * 935 99 * 9e7 
3 B  EC - 727 8 16 34 126 99.968 99 973 
3c BC-272 8 16 34 126 99 9 973 99.932 

1 u 
1 

4A MSA 85351 15 9 50 99 99.9 99.94 
4B BC-727 15 9 51 10 1 99.94 99 . 9 48 
4C BC-272 15 9 50 99 99.91 99.955 

a. Lot  nmnbers a r e  given i n  Table 1. 
b. This  refers t o  I in j ec t ed  during t e s t  and does not r e f e r  t o  impregnant. 

2 



Table 3. Efficiency of Ioc,ized Charcoals f o r  Renoving Elernen-tal Radiolodine a?; Farirly Eigh 
Lodings  from Flowing €Taxid Air a t  Temperatures Around 25OC 

A i r  ve:-ocity ( supe r f l c i a l j  : 40 f p m  
Relat ive h - x i c i t y  (R.H.) : 98% 
System pressure:  approximately 1 atm 

Experiment Charcoal I2 I n j e c t i o n  Duration of I2 Loading’ Inlet ,  I2 I Removal 
Xmb er 3ider  Time (hr) Additjonal :or 2-in.  Cone. &fic iency  

For 1- in .  For 2-53. I yes%a Air Sweeps Depth of img /m3 > 
A t  98$ B.E. A t  9%5C$R.R. Charcoal(ng/g) Depth($> Depth($) 

5B SC - 727 L 3 65 11 80 99.88 99.93 

6s BZ-727 4.25 3 61 16 I? i 

7B BC-727 4 3 6 b  6 &2 

83 Bil- 1-17 5 2 65 i+ 

93 BC-117 5 2 65 6 48 

99.95? 99.979 

99 987 39.995 

34 99 990 99.998 

99 995 99.998 

93-92 99.99e 10B BC-727 5 2 6j1 11 64 

I 
P 
0 
l 

a .  Lot numbers a re  given in Table 1. 

b. This r e f e r s  to I2 i n j ec t ed  dur-ing -test and does not r e f e r  to impregnant. 



Table 4. Eff ic iency  of Water-Logged Iodized Charcoals f o r  Removing Elemental Radioiodine a t  F a i r l y  
High Loadings from Flowing Humid A i r  a t  Temperatures Around 2OoC 

A i r  ve loc i ty  ( s u p e r f i k i a l )  : 40 f p m  
Relative humidity (R. H. ) : 100% 
System pressure:  approximately 1 a t m  

Experiment Charcoal I2 I n j e c t i o n  Duration of 
Number Under Time (hr)  Addit ional  

12 Loadingb I n l e t  I2 I2 Removal 
for 2-inch Cone. Ef f ic iency  

Tes t a  A i r  Sweeps Depth of (mg/m3) For 1- in .  For 2-in-  
A t  100% R.H. A t  lOO+O$ R.H. Charcoal Depth(%) Depth($) 
0-4 (hr 1 b-42/g) 

5A BC-727 4 3 65 11 80 99.33 99.993 
5c BC- 272 4 3 65 10 77 99.73 99.982 
6 A  BC-727 4.25 
6c BC- 272 4.25 

7A BC-727 4 
7c BC-272 4 

8A BC- 117 5 
BC MSA 85851 5 

3 
3 

3 
3 

2 
2 

64 17 118 96.63 99.89 
64 15 10 4 99.57 99.948 c 
64 5 39 98.43 99.90 
64 5 36 99-65 99.991 

P 
1 

65 4 32 95*% 99.91 
65 5 30 95-55 99.49 

9A BC-117 5 2 65 6 48 98.64 99.967 
9C MSA 85851 5 2 65 8 48 97.49 99.84 

LO A BC-727 5 
10C BC-272 5 

2 
2 

64 10 61 99.33 99.970 
64 11 64 99-62 99,982 

a. 

b. 

Lot numbers are given i n  Table 1. 

This r e f e r s  t o  I 2 i n j ec t ed  during hest and does not refer t o  impregnant. 
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assoc ia ted  with a p a r t i c u l a t e  form of iodine o r  p a r t i c u l a t e  ma te r i a l ;  

no evidence of p a r t i c u l a t e  i.odine was found. Actually, t h e  quan t i ty  

of r ad ioac t ive  material en te r ing  t h e  c o l l e c t i o n  beds was so srnal l  

t h a t  very l i t t l e  could be done with it i n  t h e  e f f o r t  t o  i d e n t i f y  i t s  

form . 
The r e s u l t s  i n  Table 2 do not show any pronounced t r ends .  The 

iod ine  loadings were d e l i b e r a t e l y  caused t o  be exceedingly high (much 

higher t han  any loading proposed f o r  a f u l l - s c a l e  charcoa l  adsorber  

system) i n  order t o  make immediately apparent any overloading of t h e  

remaining capac i ty  of the impregnated charcoals f o r  elemental  iodine.  

A s  may be judged from t h e  high e f f i c i e n c i e s  t h a t  were obtained, 

t h e s e  iodized charcoals under t h e  s t a t e d  l abora to ry  conditions a r e  

e f f e c t i v e  up t o  t h e  h ighes t  I2 loading t h a t  w a s  

d i f f i c u l t  t o  determine an exact number f o r  t h e  I loading tha t  i s  

appl icable  throughout t h e  depth of t h e  charcoal bed. Actually, 

e s s e n t i a l l y  a l l  of t h e  iodine mass i s  stopped by t h e  f i r s t  inch of 

charcoal ar,d, w i th in  this inch of depth, t h e  loading v a r i e s  q u i t e  

wideiy from f r o n t  t o  back. Since most i n s t a l l e d  o r  proposed cirareoal 

adsorber systems i n  t h e  I.argc power r e a c t o r s  contain a 2-inch depth 

of i-odized charcoal f o r  c o n t r o l  of methyl iodide,  t h e  I, loading w i l l  

be  expressed on the bas r s  of mass of iod ine  in j ec t ed  divided by t h e  

m a s s  of charcoal contained i n  a 2-inch depth of charcoa l  under t h e  

geometry of our t e s t  beds; i .e . ,  1-tnch diameter r i g h t  cylinder,  2 

inches lorig. 

of charcoa1,then t h e  loading values i n  Tables 2-4 should be doubled, 

'The s i t u a t i o n  wi th  respect t o  loading a t  higher temperatures w i l l ,  more 

s tudied.  It i s  r a t h e r  

2 

2 

If one wishes t o  observe t h e  loading p e r  ].-inch depth 
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t han  l i k e l y ,  not  be as favorable ,  and one of t h e  extensions of t h i s  work 

w i l l  be t o  i n v e s t i g a t e  t h i s  p o i n t .  

charcoals  i s  compared on t h e  b a s i s  of t h e  Table 2 r e s u l t s ,  no d i f f e rences  

t h a t  can be deemed t r u l y  s i g n i f i c a n t  are evident;  t h e  averages of t h e  

1- inch e f f i c i e n c i e s  ( four )  f o r  t h e  ind iv idua l  types v a r i e s  from 99.924$ 

t o  99.927% while, f o r  t h e  2- inch e f f i c i e n c i e s ,  t h e  analogous range i s  

If t h e  performance of t h e  t h r e e  

99.942 $ t o  99=953%0 

I n  Table 3 ,  t h e  I2 loadings are s t i l l  high, bu t  considerably lower 

than  those  of t h e  preceding t a b l e ,  This may be t h e  explanat ion f o r  t h e  

1- and 2-inch e f f i c i e n c i e s  for BC-727 i n  Table 3 being, on t h e  average, 

somewhat higher  t han  t h e  r e spec t ive  values  i n  Table 2* The d a t a  f o r  type 

BC-117 charcoal,  while  l imi ted  i n  number, i n d i c a t e  t h a t  it is h ighly  

e f f e c t i v e  f o r  t rapping  I, under these  condi t ions.  
L 

Considering now t h e  r e s u l t s  f o r  water-logged charcoal  i n  Table 4, 

t h e  v a r i a t i o n  i n  performance imposed by this condi t ion  appears t o  obscure 

any s m a l l  v a r i a t i o n s  due t o  o the r  €ac tors ,  as is  i l l u s t r s t e d  most 

dramat ica l ly  by t h e  I - inch  e f f i c i e n c i e s .  For instance,  the 1-inch value 

f o r  experiment 7 A  is  only 98,4376 while  t h a t  f o r  10A i s  99.5356 and t h e r e  

i s  no evidence t o  suggest t h a t  t h e  c o n t r o l l a b l e  experimental  condi t ions  

of 7A were more severe than  t.hose of 10A. The probable explanat ion i s  

t h a t  t h e  degree of sweep gas channeling w a s  higher i n  t h e  tes t  producing 

t h e  lower e f f i c i e n c y ,  

removal e f f i c i ency  can be obtained ~ -7 i th  a 1- inch depth of iodized charcoal  

even when water-logged and exce l l en t  removal e f f i c i e n c y  for I2 can be 

obtained wi th  a 2-inch depth i f  sweep gas channelfng can be l imi t ed .  

O f  course, c o n t r o l  of channeling would be almost impossible t o  achieve 

Provided t h i s  explanat ion i s  co r rec t ,  good I2 
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and it would be pre fe rab le  t o  avoid a l toge the r  having t h e  iodized 

charcoal i n  a water-logged condition, not on ly  from t h e  standpoint of 

t rapping  elemental radioiodine,  bu t  a l s o  wi th  regard t o  t h e  t rapping  of 

r ad ioac t ive  methyl iodide, as has been discussed elsewhere (I+-6). 

The apparent I2 removal e f f i c i e n c y  of charcoal has, i n  c e r t a i n  

s tud ie s ,  been observed t o  be r e l a t i v e l y  low when t h e  i n l e t  iod ine  

concentration w a s  low (8). 

g r e a t e r  proport ion of t h e  I? being converted t o  more pene t r a t ing  forms 

such as methyl- iod ide  and/or iodine-bearing p a r t i c u l a t e s .  

another planned extension of t h e  present  work i s  t o  i n v e s t i g a t e  t h i s  

concentra%ion e f f e c t  as It app l i e s  t o  iodized charcoals.  

This has been explained on t h e  b a s i s  of a 

Consequently, 

CONCLUSIONS 

1. Cer ta in  types of iodized charcoal (four have been t e s t e d )  a r e  highly 

e f f e c t i v e  a t  around 25 C f o r  t r app ing  elemental rad io iodine  from 

flowing a i r  a t  high r e l a t i v e  humidity (98%) and a t  extrenel-y high 

1 loadings on t h e  charcoal. 

0 

2 

2. Iodized charcoa l  wh-n it i s  water-logged (100% r e l a t i v e  humidity 

p l u s  l i qu id  waier ic i  t h s  bed)may e x h i b i t  e i t h e r  f a i r l y  poor o r  good 

I removal efI 'icierlry (at around 2OoC). T h i s  e r r a t i c  performance is 

probably assoc ia ted  wi th  sweep gas channeling, and whether o r  not 

channeling occurs appears t o  be on a somewhat random b a s i s .  

2 

3. Further i n v e s t i g a t i o n  o f  I t rapping  by iodized charcoals i s  nceded 2 

and should include e f f e c t s  of e leva ted  temperature 

concentration i n  air oa removal e f f i c i ency .  

and of low I2 
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