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iSTRODUCTION

Commercia l  sol id adsorbents are used in
: he  nuc lea r  i ndus t r y  as  f i na l  back -up  beds  t o
conven t i ona l  chem ica l  p rocesses  f o r  wasEe  d i s -
posal  and as a sol id s ink for  the permanent
: - e tenE ion  o f  nuc l í des ,  Seve ra l  impo r tan t
: ea tu res  a re  nove l  t o  t he  nuc lea r  app l i ca t i ons .
F i r sE ,  t he  v /as te  p roduc t s  a re  p resenE  i n  ex -
i r eme l y  1ow  magn i t udes ;  t he  concen t ra t i on  un í t
of  ppb j .s  considered to be high.  IE is  r^re l l
knor¡n that  many adsorpt ion isotherms measured
for  d i f ferent  charcoals in the convent ional
concentrat ion ranges actual ly  cross over when
rhe data are extended to lower values.  Such
behav io r  has  comp l i ca ted  t he  se lec t i on  o f  t he
adsorbent v/hen i t  is  based only on convent ional
t es t i ng  p rocedu res .

A second factor  is  the desígn of  an i -n-
s ta l l a t i on  f o r  ope ra t i ng  pe r i ods  o f  one  t o
ihree years r^¡ i thout  adsorbent replacement.
Thus ,  a  qua l i f i ca t i on  accep tance  t es t  o f  a  new
¡ater ia l -  must  be supplemented by some knowledge
o f  sa t i s f ac to r y  pe r f o rmance  a f t e r  a  yea r  o r
mre  se rv í ce .  The  adso rpE ion  p rocess  mus t
operate in pol luted environments that  may be
loca l  t o  nuc lea r  poq /e r  s i t es ;  t he  p rocess  i s  .
t hus  vu lne rab le  t o  t he  vaga r i es  o f  a i r  po l l u -
t  i o n .

Th i s  pape r  i s  r es t r i c t ed  t . o  t he  use  o f  a
base  cha rcoa l  as  a  caEa l ys t  suppo r t  i n  t he
trapping of  methylradio iodide.  I {h i1e the base
charcoal  a lone may be adequate for  removing
e lemenEary  i od i ne ,  t he  t r app ing  o f  o rgan i c
iodides in a i r  f lows of  h igh humidi ty require
impregnated mater ia ls.  Several  new impregna-
t ions have been examined and some of  the resul ts
are presented.  The evaluat ion was made wi th
neEhy l r ad io i od ide (131 )  as  t he  t es t  gas  i n
speci f ied ai r  f lows having a contact  t ime of
0 .25  seconds  and  a  t es t  bed  o f  2 - i nch  d i ame te r
and 2- inch height .  The prehumidí f icat ion was
1 6  h o u r s  a t  9 6  R H  ( 1 ) .

Charcoal  Impregnat ions

A charcoal  and the impregnat ion must
combine to real lze Ehe fo11or¿1ng object ives:
( a )  t he  e f f i c í ency  i n  t r app lng  o rgan i - c  i od i des
nust  be above 99% in a i r  f lows at  h igh re lat ive
humidi ty,  (b)  the product  must  have good ther-
na1 stabi l l ty  in order to minimize the desorp-
t i on  o f  any  i od i ne  p roduc t ,  ( c )  t he  imp regna ted
cha rcoa l s  mus t  possess  pa r t i c l e  i n t eg r i t y  i n
spec l f i ed  pa r t i c l e  r anges  aga ins t  excess i ve
dust  format ion,  (d)  the charcoal  must  be compat-
ib le wi th a h igh pH of  the impregnat ing solu-
t i ons ,  and  (e )  t he  p roduc t  mus t  r e ta i n  e f f i -

c i ency  i n  t he  p resence  o f  l oca l  a i r  po l l u t an t s .

Iodine in i ts  var ious chemfical* jomPgqnds
c g 9  h a v e  o x i d a t i o n  s t a t e s  I ,  I - ,  f  
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I"  .  I^ Ihen alkal ine solut lons of  these sal ts ¡

( for  example KI  and KIO.)  are mlxed,  the solu-

t lon then contains inte imediate oxidat ion
states due to several  wel l  known disproport iona-

t i on  r eac t i ons  (2 ) .  A  number  o f  such  so lu t i on

mixtures have been impregnated on charcoals (3)

and the tota l  iodine content  var ied f rom I  to 3

wt.Z of  the dry charcoal .  A second component '

a h igh f lash point  amine,  such as hexamethylene-
tetraamine (HMTA),  was added afEer the oxyiodine

sa1 t s .  So luE ion  concenEraE ions  \ 4 re re  ad jus ted
so that  the charcoal  reta ined a dry appearance

a f t e r  t he  2 - s tage  imp regna t i on .

Resu l t s

A few of  the many values obtained in inde-

pendent runs for  the penetrat ion of  methyl iodide

are given in Table 1.  üIhen paired rd i [h sui table
base charcoals,  excel lent  t rapping can be ob-

ta ined.  The coal  base charcoals appear to be

better  than coconut and wood charcoals for  the

designated ímpregnat ions.

Table 1:  Penetrat ion of  Methyl  Iodide Using

Impregnat ions of  Oxyiodine Sal ts

Source Impregnation Penetratilqrll(Z)

0 . 2 1 , 0 . 2 1 , 0 . 3 8
0 . 3 5 , 0 . 2 2 , O . 2 5

0 . 5 1 , 0 .  3 0 , 0 . 4 3
0 . 3 0 , 0 . 2 9 , 0 . 2 9

0 . 5 6 , 0 . 7 4 , 0 . 3 2
0 . 5 1 , 0 . 3 7 , O . 7 r

0 . 7 3 , 0  . 4 4 , r . 1 0
2 . 0 8 , 1 , 0 9 , 0 . 7 2

3 . 9 2 , 3 . 2 7 , 4 . 2 1 ,
1 . 5 6 , 2 . 0 6 , 3 . 0

r . 6 2  , 1 .  1 8 , 1 . 0 4
1 . 3 8 , 2  . 3 4 , 7 . 5

4 . 9 , 4  . 0 , 5  . 0
4 . 6 , 2 . 4 , 4 . 7

Thermal Stabi l i tv

Thermal analyses of  several  impregnated

charcoals have been made in a temperature

g rad ien t  o f  5o / rn i n  and  Ehe  co ,  co? ,  r ,  and

organic iodides have been moni torEd. 
-The 

re-

sul ts indicate rather complex chemical  reac-

t ions that  re lease both elementary iodine and

volat i le organic iodides at  temperatures wel l

below the igni t ion of  the charcoals.  The

spontaneous igni t ion of  the impregnated char-

coals appears to be of  secondary importance in

the nuclear aPPl icat ions.

2O7A Coa l

MBV Coal

CHR- Coal
76108

337 Pet. Coke

G-2L0 Coconut

AX-202 l^Iood base

G-2L2 Coconut

Kr ,  K IO1,
HMTA

1 2 ' K r r K o H ,
I{MTA

K I ,  K I O 2 ,
HMTA

KI
x

K r , K r o ? ,
HMTA

K r , K r o j ,
HMTA

1 2 , K o H ,
I{RTA

259



-  I^  Added
unarcoal  z

,  Organic
TemD. 

'2 
Iodide

The iodine emíssion var ies wi th both char-
coal  and the i rnpregnat ion formulat íon.  This
behavior  may best  be seen when base charcoals
are írnpregnated vrith only elementary iodine
(0.5"/ . ) .  The rate of  emission of  iodine was
f i rst  fo l lohred using a heat ing rate of  5o/rn in.
by sampl ing the ai r  f low (5 L/rn in)  d i rect ly
into the mlcro-coulombmeter and then in a re-
peat  determinaEion the raEe was determined by
sanpl ing the ai r  f low af ter  i t  had passed
through a quartz tube held at  700oC. Some
typical  resul ts (Tab1e 2) for  three charcoals
show the var iat ion wi th both charcoal  and
tenperature.  Note that  the iodine emission is
a smal l  f ract ion of  the tota l  iodine added to
the charcoal ,  but ,  nevertheless,  th is is  in the
concentrat ion range pert inent  to a nuclear
app l i ca t i on .

Table 2:  Rate of  Iodine Emission
(nanomoles/minute )

1.  The chain involves the regenerat ion of  the
act ive species OI and.  f r ¡ rn ishes a stable s ink for
rad io i od ine ,  name ly  K l t r t .

2.  The f ree energy change is favorable.

3.  The charcoal  support  serves as a s ink for
the CHrOH produced.

4.  The mechanism accounts for  h igh ef f i .c iency
when the pH is h igh and a 1ow ef f ic iency observed
when the pH is reduced.

5 .  The  obse rved  ax i a l  l o ca t i on  o f  I ( 131 )  i n
t he  cha rcoa l  bed  f o l l ows  caEa l y t i c  k i ne t i c s . ( 4 )

6.  Economícal  quant i t ies of  impregnants are
employed.

One test  for  the react ion mechanism is the detect ion
of  methyl  a lcohol  as a react ion product .  0bviously,
excess nethyl  a lcohol  wi l l  serve as a t tpoisont t  in
the proposed mechanism.

The complete react ion mechanism is doubt lessly
very complex.  In some cases the adsorpt ion process
appears to dominate the t rapping k inet ics.  However,
í n  mos t  cases ,  e f f i c i en t  t r app ing  appea rs  t o  occu r
v i a  a  ca ta l y t i c  p rocess .
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Trappine Mechanism

A react ion mechanism for  CH"I  retent ion
was devised as a guide to fur thel  research.  The
many combinat ions of  the sal ts of  iodine oxyacíds
used as impregnat ing solut ions in the present
study have one th ing in common: in basic
so lu t i ons  i t  i s  poss ib l e  t o  f o rm  the  hype r i od i t e
species.  The format ion is  thermodynamical ly
possib le f rom calculated heats of  format ion.
Postulat ing a sma11 but  f in i te concentrat ion of
OI in the boundary surface of  a charcoal ,  the
fol lowing t rapping mechanism may occur:

c H " r 1 3 1 1 g ¡  +  r +  o r - ( c ) + c H , o r ( g )  +  K r 1 3 1 ( c )  ( r )
5 - 3 ' " '

CH.o r (g )  +  K+OH- (c ) *6s .g r (g )  +  r+  o I - ( c )  ( 2 )
J  ' " '

The free edergy change for the sum of these two
reac t i ons  i s  - 17 .45  Kca1 .  A  CH^ I  mo lecu le  i n
approaching the OI species otr  Éh.  surface

,  (Figure 1)  is  or lented wi th CH, towards the ion
and I  d i rected away. By means'of  a h la ldon
Inversion a t ransi t ion state I  is  formed which
readi ly  is  t ransformed into products I I  as
indicated.  A neighbor ing rnobi le OH surface
group then rapid ly forms the t ransi t ion state
I I  which resul ts in the format ion of  I I I ,  CH"OH
and  t he  o r i g i na l  r eac r í ve  O I  spec ies .  A  chd ín
react ion is  thus establ ished r^7i th the fo l lowing
fea tu res :

2 0 0 " c  0 . 4
l l  ^  t

J .  I

r ,  1 3 . 9

c.óÉé
Tronsi lion
Stofe I

. - E @ - E

@.@'é os
@

Trons¡fion
Sto ts t r  

\

@@O. 'h€'
T¡I
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