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I n  1977 and 1978, workers a t  Idaho National Engineering Laboratory (INEL) 

developed and tes ted  a process f o r  t he  regenerat ion and reuse o f  s i l v e r  

mordeni te,  AgZ, used t o  t r a p  i o d i n e  from the  d i sso l ve r  o f f -gas  stream o f  a 

nuclear f u e l  reprocessing p lan t .  We were requested by the  Airborne Waste 

Management Program O f f i c e  o f  t h e  Department o f  Energy t o  perform a conf irm- 

a to ry  recyc le  study us ing  repeated loadings a t  about 150°C w i t h  elemental 

iod ine ,  each fo l lowed by a d r y i n g  step a t  300°C, then by i od ine  removal us ing  

e l  emental hydrogen a t  500°C. 

The r e s u l t s  o f  our study 'show t h a t  AgZ can be recycled. There was con- 

s iderab le  d i f f i c u l t y  i n  s t r i p p i n g  the  i o d i n e  a t  500°C; however, t h i s  s tep  went 

reasonably we l l  a t  550°C o r  s l  i g h t l y  h igher ,  w i t h  no apparent l o s s  i n  t he  

i odi  ne-1 oadi ng capac i ty  o f  t he  AgZ. 

Large releases o f  elemental i od ine  occurred du r ing  the  d ry ing  stage and 

the  e a r l y  p a r t  o f  the  s t r i p p i n g  stage. Lead z e o l i t e ,  which was employed i n  

t h e  o r i g i n a l  design t o  t r a p  t h e  H I  produced, i s  i n e f f e c t i v e  i n  removal o f  

12. The process needs m o d i f i c a t i o n  t o  handle the  iod ine .  

Severe cor ros ion  o f  t he  s t a i n l e s s  s tee l  components o f  t he  system r e s u l t e d  

from the  HI-12-H20 mixture.  MonelB o r  o the r  halogen-res is tant  ma te r i a l s  need 

t o  be examined f o r  t h i s  app l i ca t i on .  

Because o f  d i f f i c u l t y  w i t h  the  s t r i p p i n g  stage and w i t h  corros ion,  t he  

experiments were terminated a f t e r  12 cycles. Thus, t he  maximum l i f e t i m e  

(cyc les)  o f  recycled AgZ has n o t  been determined. 

Mechanistic s tud ies  of  i o d i n e  r e t e n t i o n  by s i l v e r  z e o l i t e s  and o f  t he  

behavior of s i l v e r  atoms on the  reduct ion  stage would be of  assistance i n  

op t im iz ing  s i l v e r  mordenite recycle.  

@Trademark of Huntington A1 loys ,  Inc., Huntington, West 
V i rg in ia .  
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INTRODUCTION 

S i  1 ver-exchanged zeol  i tes ,  especi  a1 l y  s i  1 ve r  mordeni te ,  AgZ , have rece i ved  

cons iderab le  a t t e n t i o n  as agents f o r  removal o f  r a d i o a c t i v e  i o d i n e  spec ies 

from gas streams. A1 though i t  i s  m a r g i n a l l y  s u i t a b l e  as a f i n a l  d isposa l  form 

(Burger,  Scheel e and W i  emers 1981), t h e  va lue o f  s i  1 v e r  has prompted some 

e f f o r t  i n  r ecyc l  i n g  t h e  s i l v e r  mordeni te  by removal o f  t h e  i od ine .  Workers a t  

Idaho Nat ional  Engineer ing Laboratory  ( INEL) (Thomas e t  a1 . 1977; Murphy, 

Stap les and Thomas 1977) c a r r i e d  o u t  a s e r i e s  o f  i o d i n e  load ings  f o l l owed  by 

removal by hydrogen. Th is  work was summarized by Thomas and a conceptual  

process descr ibed (Thomas, Stap l  es and Murphy 1978) . With an i o d i  ne 1 oadi  ng 

corresponding t o  about 34% s i l v e r  u t i l i z a t i o n ,  no decrease i n  c a p a c i t y  was 

observed over  5 cyc les ,  a 20% decrease a f t e r  13 cyc les .  By c o n t r a s t ,  s i l v e r  

f a u j a s i t e ,  AgX, was n o t i c e a b l y  degraded a f t e r  5 cyc les.  

As p a r t  o f  our  i o d i n e  f i x a t i o n  program, we were asked t o  c a r r y  o u t  a 

con f  i rmatory  recyc l  e t e s t  us i ng  repeated 1 oadi  ngs w i t h  e l  emental i o d i  ne, each 

f o l l owed  f i r s t  by a d r y i n g  step, then  by i o d i n e  removal u s i n g  elemental  hydro- 

gen. Th is  s tudy i s  presented here. 





CONCLUSIONS AND RECOMMENDATIONS 

Based on our  s tud ies  o f  hydrogen regenerat ion o f  i o d i  ne-1 oaded s i l v e r  

mordenite (AgZI),  we conclude t h a t  s i l v e r  mordenite (AgZ) can be reused f o r  

i o d i n e  capture from a nuc lear  f u e l s  reprocessing p l a n t ' s  d i  ssol  ver off-gas 

stream. Fo r  employment o f  t h i s  process, p r o v i s i o n  must be made f o r  c o n t r o l  of 

elemental i o d i n e  re leased du r i ng  t h e  d r y i n g  and s t r i p p i n g  stages; a1 so, mate- 

r i a l s  o f  cons t ruc t i on  r e s i s t a n t  t o  t he  12-HI-H20 t r i a d  must be determined. We 

be1 i eve t h a t  mechanist ic s tud ies  o f  t h e  i o d i n e  capture  and s t r i p p i n g  processes 

a re  very des i rab le .  

I n  t h i s  study, a 320 g AgZ bed (5  cm dia.  x  20 cm) was loaded and 

s t r i p p e d  a t o t a l  o f  12 t imes. The loadirrg l e v e l  s  and bed behavior  on d r y i n g  

and s t r i p p i n g  va r i ed  w i t h  each cyc le.  The i o d i n e  loaded per  c y c l e  ranged from 

60 t o  125 mg I / g  AgZ, w i t h  an average o f  86 mg I / g  AgZ; t h e  t o t a l  i o d i n e  

1 oadi ngs ranged from 96 t o  200, w i t h  an average o f  144 mg I / g  AgZ. The maxi- 

mum t h e o r e t i c a l  l oad ing  (based on t h e  s i l v e r  con ten t  o f  t h e  z e o l i t e )  i s  225 mg 

I / g  AgZ. 

Dur ing d r y i n g  and t h e  e a r l y  stages o f  hydrogen treatment,  considerable 

elemental i o d i n e  was re leased from t h e  bed. This  I2 was n o t  captured by t h e  

l ead  z e o l i t e  X (PbX) bed; i t  e i t h e r  c i r c u l a t e d  throughout t h e  r e c y c l e  system 

o r  was deposited onto t h e  AgZ bed o r  var ious  components o f  t h e  system. 

I od ine  i n  t h e  system loop  caused occasional p lugging o f  va lves and enhanced 

t h e  co r ros ion  o f  t h e  s t a i n l e s s  s t e e l  components o f  t h e  system. 

Success i n  removing t h e  i o d i n e  from t h e  AgZ va r i ed  f rom c y c l e  t o  cycle. 

Beginning w i t h  t he  5 th  cyc l  e, we were unable t o  remove a1 1 t h e  loaded i od ine ,  

which subsequently accumul a ted  w i t h  each successive c y c l e  u n t i l  r un  11. A f t e r  

a mu1 t i p l e  s t r i p p i n g  o f  l oad ing  11, we had reduced t h e  i o d i n e  conten t  from 140 

mg I / g  AgZ ( a f t e r  c y c l e  10) t o  21 mg I / g  AgZ. Upon c l o s e r  ana l ys i s  o f  t h e  

d i f f e r e n t  cyc les,  i t  appears t h a t  a  temperature o f  550°C o r  g rea te r  i s  

requ i red  t o  e f f e c t i v e l y  s t r i p  t h e  i odi  ne. 

Corrosion o f  t h e  s t a i n l e s s  s t e e l  components i n  our  system was a major 

problem. I n  p a r t i c u l  ar ,  t h e  s t a i n l e s s  s tee l  be1 1 ows of t h e  r e c i  r c u l  a t i  ng pump 



f a i l e d  f requen t l y  from corros ion.  I f  recyc l  i ng i s  considered f u r t h e r ,  then 

o the r  ma te r i a l s  o f  cons t ruc t ion ,  such as Monel@, need t o  be considered. 

The re lease o f  I2 upon heat ing  suggests an a l t e r n a t i v e  process us ing  a i r  

o r  N2 and hea t i ng  a t  400-600°C t o  remove the  60-80% o f  t h e  i o d i n e  which i s  n o t  

s t rong ly  bound. The re leased i o d i n e  cou ld  then be captured i n  an aqueous 

hydroxide t rap .  

Our b r i e f  examination o f  t h e  chemistry o f  i o d i n e  on s i l v e r  z e o l i t e s  shows 

gaps i n  t he  bas ic  in fo rmat ion .  O f  importance t o  t h e  present  s tudy a r e  such 

th ings  as the  bonding o f  molecular i o d i n e  i n  t he  z e o l i t e  and t h e  l o c a t i o n  o f  

s i  1  ver  atoms and t h e i  r m ig ra t i on  du r ing  reduct ion.  

@~rademark o f  Huntington A1 loys ,  Inc., Huntington, West V i r g i n i a .  
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EXPERIMENTAL ELEMENTS 

The l o a d i n g  and s t r i p p i n g  apparatus used i s  diagrammed i n  F i g u r e  1. The 

con ta ine rs  f o r  t h e  AgZ ( s i l v e r  mordeni t e )  and PbX ( l e a d  z e o l i t e  X) were con- 

s t r u c t e d  o f  50 mm I.D. qua r t z  and b o r o s i l i c a t e  g lass,  r e s p e c t i v e l y .  Each was 

heated w i t h  a  l a r g e  tube furnace. Three thermocouple w e l l s  were even ly  spaced 

over  t h e  20 cm, packed, AgZ bed l eng th .  The i o d i n e  generator  and assoc ia ted  

po r t s ,  as w e l l  as t h e  condensers f o r  water  removal, were b o r o s i l i c a t e  g lass .  

A1 1 o t h e r  components, i n c l u d i n g  t h e  13 mm connect ing 1 ines ,  were s t a i n l e s s  

s t e e l ,  predominately t ype  316. A Da ta tes t  Model 301 oxygen 

de tec to r  was employed d u r i n g  t h e  d r y i n g  and hydrogenat ion stages. It r e g i s -  

t e r e d  0-25% w i t h  a  l o g a r i t h m i c  response curve  g i v i n g  h i g h  accuracy a t  l o w  

concent ra t ions .  

The i o d i n e  generator  used t h e  I- + 105 r e a c t i o n  i n  t h e  presence o f  4  - M 

H2S04. Potassium i o d i d e  t r a c e d  w i t h  l3 '1  was pumped i n t o  t h e  IOj-H2S04 so lu -  

t i o n  w i t h  t h e  meter ing  pump, Pump No. 1, and t h e  r e s u l t i n g  I2 was swept 

i n t o  t he  AgZ bed w i t h  warmed a i r .  The 1 1 i t e r  hold-up b u l b  was operated w i t h  

a  res idence t ime c a l c u l a t e d  t o  conve r t  approx imate ly  50% o f  t h e  NO t o  NO2. 

A c y c l e  cons i s ted  o f  4  stages: pret reatment ,  i o d i n e  load ing ,  d r y i ng ,  and 

hydrogen reduc t i on  o r  s t r i p p i n g .  Pret reatment  cons i s ted  o f  a  s h o r t  t rea tment  

w i t h  room a i r  a t  150°C t o  r e - e q u i l  i b r a t e  t h e  AgZ w i t h  r espec t  t o  mois ture.  

F o r  t h e  l o a d i n g  stage, breakthrough was b e s t  determined by us ing  a l a y e r  

o f  AgX i n  a  tube a t  t h e  o u t l e t ,  p o i n t  a. Experience showed t h a t  t h e  AgX 

tu rned  ye1 low when t h e  decontaminat ion f a c t o r  (DF) dropped below about 10'. 

The progress was a l s o  moni tored by observ ing  t h e  c o l o r  o f  t h e  AgZ bed. The 

1 oading d i s t r i b u t i o n  on t h e  AgZ bed was then determined by making a v e r t i c a l  

scan w i t h  a  s c i n t i l l a t i o n  counter .  E i g h t  reg ions  were counted ove r  t h e  20 cm 

bed l e n g t h  us ing  an 8 mm s l i t  window i n  a  2  cm t h i c k  l e a d  sh ie l d .  A s i m i l a r  

scan was made a f t e r  each o f  t h e  succeeding stages. 

F o l l o w i n g  t h e  l o a d i n g  stage, t h e  AgZ bed temperature was r a i s e d  t o  300°C, 

and argon o r  6% H2 i n  he l ium was passed through t h e  bed t o  remove excess water  

f rom t h e  z e o l i t e .  F o r  t h i s  operat ion,  t h e  system was c losed  excep t  f o r  a  

( a )  Da ta tes t  Corporat ion,  Lev i  t town, Pennsyl vani  a. 
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FIGURE 1. Iod ine Loading and S t r i p p i n g  Experimental Apparatus 



small b leed stream o f  argon. The gas stream passed through t h e  f i r s t  

condenser f o r  t he  f i r s t  hour o r  two, and most o f  t h e  water was removed. 

Unfor tunate ly ,  considerable I2 was re1  eased from t h e  AgZ bed dur ing  

dry ing.  This came as no su rp r i se ,  f o r  our  prev ious s tud ies  had shown t h a t  a  

1  arge f r a c t i o n  o f  t h e  i o d i n e  1  oaded beyond about 25-30% t h e o r e t i c a l  s i l v e r  

u t i l  i z a t i o n  i s  l o o s e l y  bound i n  molecular  form and e a s i l y  removed by hea t i ng  

(Scheele and Burger 1980; Scheele and Weimers 1980; Burger and Scheele 1981; 

Scheele and Burger 1981). I n  t he  present  experiments, t h e  re leased I2 tended 

t o  move throughout t h e  system ( i t  was n o t  t rapped by PbX), and a  p o r t i o n  o f  i t  

was r e d i s t r i b u t e d  back onto t h e  bottom o f  t h e  AgZ bed. 

A secondary problem invo l ved  severe co r ros ion  o f  t h e  s t a i n l e s s  s tee l  

components, which occurred bo th  dur ing  t h e  d r y i n g  stage and t h e  subsequent 

s t r i p p i n g  stage. During several  o f  t h e  cycles, t h e  1  i nes  plugged w i t h  what 

appeared t o  be a  m ix tu re  of I2 and metal iod ides.  The most severe r e s u l t  o f  

t h e  corros ion,  however, was t h e  des t ruc t i on  o f  t he  s t a i n l e s s  s tee l  be l lows i n  

t he  c i r c u l a t i n g  pump, pump no. 3, which was used i n  bo th  t he  d r y i n g  and s t r i p -  

p i n g  stages. The bel lows i n  t h e  pump would t y p i c a l l y  l a s t  f o r  3-6 runs. I n  a  

few of t he  runs, an a d d i t i o n a l  charcoal o r  a  zeol i t e  t r a p  was i n s e r t e d  i n  t h e  

1  i n e  a t  p o i n t  b  t o  remove i o d i n e  from t h e  system. 

It should be emphasized t h a t  t h e  purpose o f  t h i s  work was t o  examine t h e  

behavior o f  AgZ under recyc le.  The remainder o f  t h e  system was ad jus ted  o r  

modif ied occasional l y  t o  f a c i l  i t a t e  t h e  opera t ion  and does n o t  necessar i l y  

represent  what would be used i n  an ac tua l  app l i ca t i on .  

Fo l  1  owing the  d ry ing  ope ra t i  on, hydrogen was passed i n t o  t h e  system, 

rep lac ing  t h e  argon, and t h e  temperature o f  t he  AgZ bed r a i s e d  t o  about 

500°C. This t reatment  removed t h e  i od ine ,  u s u a l l y  as H I .  It was d i f f i c u l t  t o  

ma in ta in  a  un i fo rm temperature i n  t he  bed, and t y p i c a l l y  t h e  very t op  o f  t h e  

bed was 30-50" h o t t e r  than the  remainder. A small b leed stream, about 100 

mL/min o f  H2, was c o n t i n u a l l y  added t o  t h e  system. Before te rm ina t i ng  t h e  

s t r i p p i n g  stage, t h e  c i r c u l a t i n g  H2 was t e s t e d  f o r  H I  by passing a  p o r t i o n  

through a  f r e s h  AgX bed. 

The prev ious recyc le  work of Thomas and coworkers (1977, 1978), as w e l l  

as more recent  experiments i n  our labora tory ,  have shown t h a t  t h e  reduced 

s i  1  ve r  mordeni t e  , AgOZ, i s  operable i n  t he  NO,-H20 concent ra t ion  regimes 



t y p i c a l  o f  o f f -gas streams. Therefore, these var iab les ,  as we1 1 as tempera- 

t u r e  and f l ow  ra te ,  were f i x e d  f o r  t h i s  study. D e t a i l s  f o r  each stage o f  t h e  

c y c l e  a r e  g iven i n  Tables 1 and 2. 

TABLE 1: ~ e o l  i t e ( a )  Bed Descr ip t ions  

9 - PbX 

Bed diameter 

Depth 

P a r t i  c l  e Size 

Mass ( d r y )  

Si 1 ver  con ten t  

Lead conten t  

5 cm 5 cm 

20 cm 20 cm 

10-16 mesh 1.5 mm beads 

320 g 400 g 

0.55 mol - - 
- - 0.65 mol 

(a )  Z e o l i t e s  obtained from t h e  Ionex Research Corporat ion, Broomf i e l  d, 
Colorado. The AgZ was 19% Ag by weight ( d r y ) .  

TABLE 2. Experimental Operat ing Condi t ions f o r  AgZ and PbX Beds 
During Iod ine  Loading and AgZ Recycle 

Loadi ng Dry i ng S t r i p p i n g  
*sL PbX P b f  PbX -- - Agr - Agr - 

Temperature, O C  150k10 X 300 150 460-550 150 

C a r r i e r  gas A i  r X A r  o r  6% H2 
i n  He 2 

Flow r a t e ,  L/min 30 X 2-4 24-30 

m/mi n 15 X 1-2 12-15 

I2 conc, pmol/L 10-20 X Var iab le  1 ow 

H I  conc, pmol/L 0 X 0 0 0 20 (es t . )  

H20 conc, pmol/L 200-500 X Var iab le  Very 1 ow 

NOx conc, % 2 x o o o o 
Run t ime, h r  4-8 X 8- 16 12-24 

X - n o t  i n  system 



RESULTS 

I n  t h i s  study, we used two separate beds. The f i r s t  was loaded, 

s t r ipped,  and re loaded t o  t e s t  t h e  system and check f o r  r e p r o d u c i b i l i t y .  The 

second was employed f o r  t h e  long-term r e c y c l e  study. 

The f i r s t  l oad ing  was on unreduced AgZ. The top  o f  t h e  bed 1 oaded t o  

about 160 mg I / g  AgZ, and t h e  l oad ing  f e l l  o f f  r a p i d l y  be1 ow sec t i on  5 ( t h e  

12.5 cm mark as measured f rom t h e  bed top ) .  S t r i p p i n g  was completed i n  20 

h rs .  The second l oad ing  on t h e  reduced AgOZ was h igher  - about 220 mg I / g  AgZ 

a t  t h e  top sect ions. Again, t h e  concentrat ions f e l l  o f f  r a p i d l y  i n  sec t ions  

6, 7, and 8. Actual scan data a r e  1 i s t e d  i n  Tables A.l-A.45 i n  t h e  

Appendix. The apparent ly  low i o d i n e  concent ra t ion  a t  t h e  t o p  o f  t h e  bed i n  

t h i s  and o the r  runs i s  an a r t i f a c t  r e s u l t i n g  from t h e  count ing  geometry. The 

average i o d i n e  conten t  f o r  t h e  f i r s t  l oad ing  was 106 mg I / g  AgZ z e o l i t e ,  and 

f o r  t h e  second, 155 mg I / g  AgZ. 

New AgZ was then p laced i n  t h e  r e a c t i o n  vessel and t h e  second s e r i e s  o f  

runs s ta r ted .  The f i r s t  l oad ing  was s i m i l a r  t o  t he  f i r s t  on bed 1 and 

produced a maximum concent ra t ion  ( l oad ing )  o f  about 160 mg I / g  AgZ and an 

average o f  110 mg I / g  AgZ. The d r y i n g  cyc le  f o r  t h i s  r u n  employed 6% H2 i n  

hel ium a t  300°C. About 21% o f  t h e  i o d i n e  was removed du r i ng  dry ing.  

The 6% H2-He t e s t  i n  p lace  o f  argon was performed t o  e l  im ina te  res idua l  

NOx on t h e  AgZ and t o  determi ne whether t h e  elemental i o d i n e  re leased du r i ng  

t h e  d ry ing  c y c l e  cou ld  be conver ted t o  H I  and trapped by t h e  PbX. Though 

apparent ly  successful on bo th  counts, we re tu rned t o  t h e  use o f  argon i n  

subsequent runs s ince  an i n e r t  gas was suggested f o r  t h e  recyc le  eva lua t ion .  

We d id ,  i n  l a t e r  runs, employ t h e  6% H2-He i n  an e f f o r t  t o  reduce t h e  cor ro -  

s i on  problems a t tendant  w i t h  t h e  c i r c u l a t i o n  o f  iod ine .  

A f te r  5 cyc les,  a  no t i ceab le  degradat ion o f  t h e  bed became manifested i n  

e i t h e r  o r  bo th  a decreased l oad ing  capac i t y  o r  more commonly a poor Ip removal 

w i t h  t h e  hydrogen s t r i p p i n g .  A t  t h e  end o f  t h e  10th run, f o l l o w i n g  t h e  normal 

s t r i p p i n g  treatment,  t h e  t o t a l  i o d i n e  remaining was s t ' i l l  137 mg I / g  AgZ. It 

was reloaded i n  r u n  11 and exposed t o  t h r e e  separate hydrogen t reatments f o r  

23, 21, and 24 hrs ,  r espec t i ve l y ,  a t  about 530°C, which f i n a l l y  reduced t h e  

t o t a l  i o d i n e  t o  21.4 mg I / g  AgZ. The bed was reloaded, and aga in  showed very 

poor s t r i p p i n g  behavior.  The temperature was r a i s e d  t o  550-555OC and 



res t r ipped.  Most o f  t he  res idua l  i o d i n e  (except t h a t  a t  t h e  t o p  o f  t h e  bed) 

was removed. We concluded t h a t  t h e  experimental apparatus was inadequate t o  

f u r n i  sh f u r t h e r  i nformation, and t h e  work was termi  nated. 

The runs beyond t h e  i n i t i a l  l oad ing  are  discussed i n d i v i d u a l l y  be1 ow, and 

a b r i e f  summary i s  g iven i n  Table 3. 

Loading 2 averaged 120 mg I / g  AgZ w i t h  a maximum concent ra t ion  o f  about 

175. During dry ing,  18% was removed, and another 80% upon s t r i p p i n g  w i t h  H2, 

l e a v i n g  2.4% o f  t he  I2 on t h e  bed. A charcoal t r a p  was placed i n  t h e  loop i n  A 

an attempt t o  t r a p  some o f  t he  i o d i n e  v o l a t i l i z e d  as I2 dur ing  t h e  d r y i n g  . 
stage and t h e  f i r s t  few minutes o f  t he  Hz s t r i p p i n g .  It was l a r g e l y  i n e f f e c -  

t i v e ;  much of t h e  I2 was deposited on t u b i n g  throughout t h e  system. d 

Loading 3 averaged 104 mg I / g  AgZ, and about 4% was removed by dry ing.  A 

crack developed i n  t h e  r e a c t i o n  vessel towards t h e  end o f  t h e  s t r i p p i n g .  The 

TABLE 3. Summary o f  I od ine  Loading and S t r i p p i n g  

Cycl e 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Average 
Cycle Loading 

mg I / g  AgZ 

Average 
Tota l  Loading 

mg I / g  AgZ 

Average 
Total  Loading 
A f t e r  S t r i p p i n g  

mg I / g  AgZ 



z e o l i t e  was t r a n s f e r r e d  i n  2  cm segments t o  a  new r e a c t i o n  vessel f o r  comple- 

t i o n  o f  t h e  cyc le.  About 92% o f  t he  remaining I2 was removed by hydrogen 

s t r i p p i n g  a t  500°C, l e a v i n g  about 2.7 g  I on t h e  bed. The t o t a l  i o d i n e  on t h e  

bed a t  t h i s  p o i n t  was about 3.6 g  I o r  11.4 mg I / g  AgZ. 

It may be noted t h a t  whether o r  n o t  i o d i n e  i s  removed a t  t h e  d r y i n g  stage 

l a r g e l y  depends on t h e  e f f ec t i veness  o f  t h e  t rapp ing  downstream from t h e  AgZ 

bed. I n  a  few cases, t h e  removal was aided by leaks,  which developed du r i ng  

the  heat-up f o r  d ry ing !  I2 n o t  removed from t h e  c i r c u l a t i n g  gas stream was 

deposited back on the  300°C AgZ bed. I n  some cases, t h i s  was seen as an 

increased l3'1 count a t  t he  bottom sec t ions  o f  t h e  AgZ bed. I2 was n o t  

t rapped by the  PbX bed. Even though hydrogen was present,  a  second re lease o f  

I2 occurred when t h e  AgZ bed was heated from 300 t o  500°C f o r  t h e  s t r i p p i n g  

stage . 
Loading 4  ran  w i t h o u t  compl ica t ion  and was completed i n  4  hours t o  a  

maximum o f  about 145 mg I / g  AgZ and an average o f  96. I n  t h e  d r y i n g  step, a l l  

b u t  about 2% o f  t he  re leased I2 was trapped back on t h e  AgZ bed. About 95% o f  

t he  cyc le  i o d i n e  was re leased by s t r i p p i n g  w i t h  H2, l e a v i n g  4  mg/g AgZ o f  t h e  

f r e s h l y  deposited i o d i n e  f o r  a  t o t a l  o f  about 15 mg I / g  AgZ on t h e  bed. 

During cyc le  5, a  crack i n  t h e  a i r  preheater occurred and caused an 

i n t e r r u p t i o n  i n  t h e  l oad ing  stage. Breakthrough occurred i n  a  t o t a l  o f  about 

4  hours. During the  d ry ing  stage, t h e  bel lows of t h e  r e c i r c u l a t i n g  pump 

f a i l e d  due t o  corros ion,  and some i o d i n e  was l o s t  f rom t h e  system. Consider- 

ab le  i o d i n e  was a1 so t rapped i n  t h e  condenser, Con-1. The maximum load ing  was 

145 mg I / g  AgZ and t h e  average 84 mg I / g  AgZ. About 45% o f  t he  c y c l e  5  i o d i n e  

was removed dur ing  dry ing.  During s t r i p p i n g ,  a  new leak  developed from co r ro -  

s ion  through the  13 mm s t a i n l e s s  tub ing.  A f t e r  r e p a i r ,  a  second hydrogenation 

s tep  was c a r r i e d  o u t  f o r  a  t o t a l  s t r i p p i n g  t ime o f  54 hrs .  S t r i p p i n g  removed 

35% o f  the  added iod ine .  A t  t h i s  po in t ,  considerable i o d i n e  remained on t h e  

bed. A t o t a l  o f  about 60 mg I / g  AgZ o r  19 g  I appeared t o  be r a t h e r  f i r m l y  

f i x e d  i n  t h e  z e o l i t e .  

Cycle 6  added about 26 g  I dur ing  l oad ing  o f  about 82 mg I / g  AgZ (143 mg 

I / g  AgZ t o t a l  1. The t o t a l  i o d i n e  1  oadi ng a t  t h e  t o p  o f  t h e  bed was q u i t e  h igh  

a t  t h i s  po in t ,  over 200 mg I / g  AgZ. Dry ing  removed 15% o f  t h e  c y c l e  6  i o d i n e  

and somewhat l e v e l e d  t h e  d i s t r i b u t i o n  on t h e  bed. S t r i p p i n g  removed an add i -  

t i o n a l  79% and appeared t o  a l s o  remove a  p o r t i o n  of t h e  res idua l  i o d i n e  from 



c y c l e  5  from bed sec t ions  4  and 5. The t o t a l  i o d i n e  on t h e  bed, a t  t h i s  t ime, 

averaged 70 mg I / g  AgZ, and about 150 mg I / g  AgZ was a t  t h e  t o p  o f  t h e  bed. 

Cycle 7  was loaded over a  6  hour per iod,  and an average o f  195 mg I / g  AgZ 

added t o  t h e  bed be fore  breakthrough. Note i n  Table A.21 t h a t  t he  l o a d i n g  a t  

t h e  top  o f  t h e  bed i s  very h igh,  336 mg I / g  AgZ (225 maximum t h e o r e t i c a l  on a  

t o t a l  s i l v e r  bas i s )  . The 5% of t h e  I2 removed by d r y i n g  was deposi ted i n t h e  

condensers and i n  t h e  connect ing tub ing.  S t r i p p i n g  f o r  28 hours, w i t h  temper- 

a tu res  ranging up t o  540°C , removed an a d d i t i o n a l  64%. A second s t r i p p i n g  a t  

500°C l e f t  t he  bed unchanged. 

Cycle 8  loaded i n  about 2.5 hours. It was d r i e d  f o r  14 hours. A small 

1  eak was repa i  red  dur ing  the  27 hour s t r i p p i n g  stage. Considerabl e  re1 oading 

and r e d i s t r i b u t i o n  o f  t h e  i o d i n e  occurred du r i ng  t h e  d r y i n g  stage. A c t u a l l y  , 
t h e  l3 '1  count ing data suggest t h a t  some a d d i t i o n a l  i o d i n e  may have been 

p icked up from t h e  remainder of t h e  system and deposited on t h e  AgZ. The 

unce r ta in t y  here i s  about 10% (see Appendix tab1 es)  . A1 though n o t h i  ng unusual 

occurred du r i ng  t h e  run, t h e  s t r i p p i n g  stage removed much o f  t h e  i o d i n e  from 

t h e  t o p  of t h e  bed. This a c t i o n  had n o t  been observed before.  I n  s p i t e  o f  

t h i s  loss ,  however, t he  res idua l  i o d i n e  was s t i l l  about 200 mg I / g  AgZ a t  t h e  

top  of the  bed and averaged 140 mg I / g  AgZ throughout t h e  bed a t  t h e  end o f  

t h e  cyc le.  

Cycle 9  took a  nominal 3  hours t o  load. The l oad ing  reached a  t o t a l  

i o d i n e  maximum o f  290 mg I / g  AgZ (82  mg I / g  AgZ new i o d i n e )  and a  t o t a l  i o d i n e  

average o f  201 mg I / g  AgZ (60  mg I / g  AgZ new iod ine )  . Very 1  i ttl e i o d i  ne was 

added t o  t h e  bottom o f  t h e  bed a t  breakthrough. Before d ry ing ,  t he  c i r c u l a -  

t i n g  pump had t o  be repa i red  again, as t h e  valves and be l lows had been 

destroyed by cor ros ion .  Dry ing removed 89% of t h e  added i od ine .  The behavior  

on s t r i p p i n g  was unusual. I od ine  was removed from the  c e n t r a l  p o r t i o n s  o f  t he  

bed, i n c l u d i n g  res idua l  i o d i n e  from prev ious runs, and some was deposi ted a t  

t he  top. However, t h e  t o t a l  i o d i n e  1  oading was n o t  g r e a t l y  reduced. 

This l oad ing  was charac ter ized  by a  pronounced p ink  c o l o r  i n  t h e  upper 

reg ions  o f  t h e  bed. A1 t h o ~ ~ g h  var ious  p ink  , red, and pu rp le  c o l o r s  a re  common 

i n  iod ine-1 oaded z e o l i t e s ,  t h e  predominant c o l o r  i n  these runs was ye1 1  ow, 

w i t h  occasional dark orange patches o r  streaks. Typ i ca l l y ,  a f t e r  a  d r y i n g  

stage w i t h  argon, t h e  bed was uni formly ye l low.  I n  con t ras t ,  c y c l e  1, which 



was d r i e d  w i t h  6% Hz i n  helium, was b lack.  A f t e r  Hz s t r i p p i n g ,  t h e  bed was a 

1 i g h t  t o  medium gray c o l o r .  

A1 though c o l o r  i s  n o t  necessar i l y  i n d i c a t i v e  o f  i o d i n e  content  -- i t  i s  

probably associated w i t h  the  I2 i n t e r a c t i o n  w i t h  oxygen s i t e s  i n  t h e  z e o l i t e  

l a t t i c e s  -- bands o f  c o l o r  a re  in fo rmat ive .  I n  these experiments, s t reaks o f  

c o l o r  o f t e n  appeared v e r t i c a l l y  through the  bed, suggest ing some degree o f  

channeling. We should mention t h a t  marked c o l o r  changes i n  z e o l i t e s  are n o t  

unique t o  i od ine  sorpt ion.  See f o r  example, t he  paper o f  Jacobs and Uy t te r -  

hoeven (1978). 

Loading 10 requ i red  2 hours t o  reach breakthrough. The l oad ing  added 

15 g 12, o r  an average o f  47 mg I / g  AgZ, g i v i n g  a t o t a l  o f  170 mg I / g  AgZ. 

The peak t o t a l  i od ine  l oad ing  again was high, 280 mg I / g  AgZ a t  t h e  t o p  o f  t he  

bed. The top  quar te r  o f  the  bed was p ink,  and a broad y e l l o w  st reak extended 

through the  remainder. Dry ing w i t h  the  6% Hz-He f o r  16 hours a t  300-320°C 

removed 17% o f  t he  added iod ine .  A f t e r  dry ing,  t h e  c o l o r  va r i ed  from y e l l o w  

a t  t h e  bottom, through orange t o  p ink,  and t o  black a t  t h e  top. A spec ia l  

charcoal t r a p  placed downstream from t h e  PbX bed p icked up very l i t t l e  a c t i v -  

i t y  , b u t  considerable i odi  ne-contai  n i  ng 1 i qui d c o l  l e c t e d  i n  t h e  remainder o f  

t he  system dur ing  bo th  d ry ing  and s t r i p p i n g .  S t r i p p i n g  w i t h  t h e  usual 100% Hz 

a t  500-550°C f o r  20 hours on ly  removed 53% more, l e a v i n g  14 mg I / g  AgZ o f  t h e  

added iod ine  on the  bed f o r  a t o t a l  o f  137 mg I / g  AgZ. 

Loading 11 requ i red  2 hours and placed 18 g o r  58 mg I / g  AgZ on t h e  

bed. The bed was d r i e d  overn igh t  w i t h  6% Hz-He a t  300°C. Some o f  t h e  i o d i n e  

from the  c i r c u l a t i o n  loop was p icked up and reloaded onto t h e  AgZ bed. The 

t o t a l  a t  t h i s  p o i n t  i n  t ime was 210 mg I / g  AgZ. A f t e r  t he  d r y i n g  stage, t he  

condensers and t h e  charcoal t r a p  were removed from t h e  system and s t r i p p i n g  

c a r r i e d  o u t  f o r  24 hours. During t h i s  s t r i p ,  t h e  temperature was low a t  t he  

bottom o f  the  bed, -425". Considerable b lack,  i o d i  ne-contai n ing 1 i q u i d  again 

c o l l e c t e d  i n  t he  system. I n s e r t i o n  o f  t h e  condensers i n t o  t h e  system removed 

some o f  t he  l i q u i d ,  b u t  t he  tubing, valves, and rotometers had t o  be com- 

p l e t e l y  cleaned. The pump be1 1 ows had again corroded through, and t h e  pump 

was rep1 aced. 

The system, a f t e r  s i t t i n g  i d l e  and c losed f o r  3 days, was d r i e d  again 

w i t h  6% Hz-He, and t h e  s t r i p p i n g  cont inued f o r  23 hours a t  a uni form 

temperature throughout t he  bed o f  520-540°C. A t h i r d  s t r i p p i n g  o f  18 hours 



was then employed a t  t h e  same temperature. The bed was counted a f t e r  each 

t reatment .  

The f i r s t  24 hour s t r i p  removed 93% o f  t h e  i od ine .  Th i s  was t h e  f i r s t  

r e a l l y  e f f i c i e n t  s t r i p p i n g  r u n  s i nce  e a r l y  i n  t h e  t e s t s .  A t  t h e  end o f  t h e  

t h i r d  s t r i p ,  t h e  t o t a l  i o d i n e  l o a d i n g  was down t o  21 mg I / g  AgZ, most o f  which 

was a t  t h e  bot tom o f  t h e  bed. The very  bot tom o f  t h e  bed was a b r i g h t  orange 

c o l o r  a t  t h e  end of t h e  run. 

Cyc le  12 loaded norma l l y ,  p u t t i n g  about  94 mg I / g  AgZ on t h e  bed w i t h  a  

maximum o f  160 mg I / g  AgZ. 'The t o t a l  i o d i n e  was 116 mg I / g  AgZ. The d r y i n g  

s tage was delayed due t o  pump f a i l u r e  ( t h e  be1 lows was aga in  des t royed) .  

Dry ing  was f i n a l  l y  accompl i shed by u s i n g  argon f rom a c y l  i n d e r  and re1  eas ing  

i t  downstream f rom t h e  PbX bed through a secondary AgX t r a p .  A f l o w  o f  4 

L/min was used f o r  about 20 hours.  The d r y i n g  temperature was s l i g h t l y  h i g h e r  

than  nor~ i ia l ,  about 330°C. 'This removed about 16% o f  t h e  i o d i n e ,  which was 

r a t h e r  u n i f o r m l y  depos i ted  a t  va lves  i n  t h e  main l i n e ,  i n  Con-1 and i t s  

r ece i ve r ,  and a t  t h e  very  t o p  of t h e  PbX bed. 

F o r  s t r i p p i n g ,  t h e  temperature was mainta ined a t  510°C o r  s l  i g h t l y  

below. No i o d i n e  was removed i n  24 hours. An a d d i t i o n a l  s t r i p  was t r i e d ,  o f  

64 hours a t  t h e  same temperature.  About 47% of  t h e  i o d i n e  was s t r i p p e d .  A 

t h i r d  s t r i p p i n g  was added, of 48 hours, which removed a smal l  amount. The n e t  

l o a d i n g  a t  t h e  end o f  t h e  f i n a l  500°C s t r i p  was 72 mg I / g  AgZ, w i t h  r eg ions  a t  

t h e  t o p  o f  t h e  bed as h i gh  as 140 mg I / g  AgZ. A f i n a l  s t r i p  was then  added, 

of 18 h r s  a t  a  temperature o f  550-555°C. 'This removed 17% o f  t h e  c y c l e  12 

i od ine ,  p r i m a r i l y  f rom t h e  upper p a r t  o f  t h e  bed, l e a v i n g  an average c y c l e  

i o d i n e  1 oadi  ng o f  32 mg I / g  AgZ (44 mg I / g  AgZ t o t a l  ) . 



DISCUSSION 

Some comment on t h e  na tu re  o f  z e o l i t e s  i s  necessary t o  app rec ia te  t h e  

observa t ions  o f  t h i s  r e p o r t .  Mordeni te  i s  a h i g h - s i l i c a  z e o l i t e  o f  nominal 

composi t ion Na20eA1203e10 Si02e6 H ~ O . ( ~ )  F i g u r e  2 p resen ts  a s te reo  view o f  i t s  

s t r u c t u r e .  There a r e  two s e t s  o f  channels. The main ones, 6.7 x 7.0 A ,  

a r e  1 i nked  i n  t h e  same p lane  by small pockets  hav ing  aper tu res  o f  about  

2.8 A .  Thus, on l y  f o r  smal l  molecules i s  t h e  channel system 2-dimensional . 
I2 i s  -5.3 A alorlg i t s  1 ongi  t u d i  na l  ax i s .  A1 though b l o c k i n g  o f  t h e  channels 

i s  common i n  n a t u r a l  mordenites as a r e s u l t  o f  i m p u r i t i e s  o r  c r y s t a l  f a u l t s ,  

t h i s  does n o t  appear t o  be a problem w i t h  t h e  s y n t h e t i c  m a t e r i a l  Zeolone. O f  

t h e  8 sodium atoms of t h e  u n i t  c e l l ,  4 a r e  i n  small c a v i t i e s  and 4 randomly 

s i t u a t e d  i n  t h e  l a r g e  channels. A1 1 a r e  apparen t l y  r ep laceab le  w i t h  s i l v e r  

ions;  however, they a r e  obv ious ly  n o t  equa l l y  access ib le .  

FIGURE 2. Stereo View o f  Sodium Mordenite,  Repr in ted  w i t h  Permission 
from Meier  and 01 son (1971).  Copyr igh t  1971 American 
Chemical Soc ie ty  . 

(a )  Breck (1974) g i ves  a comprehensive survey of re01 i t e  s t r uc tu res .  
O ~ r a d e m a r k  of  Norton Chemical Process Products D i v i s i o n ,  Akron, Ohi o. 



X-ray s t ruc tu res  o f  several cation-exchanged na tu ra l  mordenites have been 

determined by P lu th  and cowo'rkers. See, f o r  example, Schlenker, P l u t h  and 

Smith ( 1979). Powder pa t te rns  o f  several s i  1  ver-subst i  t u t e d  zeol i tes,  i n c l  ud- 

i n g  s i l v e r  mordeni te ,  were obtained by Vance and Agrawal (1982). However, no 

s i n g l e  c r y s t a l  work has been reported, and the  l o c a t i o n s  o f  t h e  s i l v e r  atoms 

are  no t  ce r ta in .  The i n fo rma t ion  on mordenites i s  l e s s  we l l  developed than 

f o r  many o the r  zeol i tes. 

I n  t h i s  study, we have used Zeol on@ exc lus ive ly .  The s i  1  ver-exchanged 

ma te r ia l  was prepared by Ionex Corporat ion and had a  t y p i c a l  s i l v e r  content  o f  

19% (d ry  bas is ) .  

Three o the r  comments are  necessary. Random assembl i es o f  water molecules 

i n  the  z e o l i t e  c a v i t i e s  may a c t  as micro so lu t ions .  Thus, s o l u t i o n  phase 

reac t i ons  a re  possible, such as hyd ro l ys i s  t o  form Ag20 and hydrogen 

mordeni t e .  

The second comment concerns the  reduc t i on  o f  t he  s i l v e r  mordenite by 

hydrogen, which occurs i n  t he  s t r i p p i n g  stage. The reduced s i l v e r  atoms tend 

t o  form aggregates o f  considerable size, up t o  a  micrometer i n  diameter. The 

ex ten t  o f  the  m ig ra t i on  o f  reduced-metal atoms i n  z e o l i t e s  and t h e  s i z e  o f  t he  

aggregates o r  c r y s t a l l i t e s  formed depend on t h e  temperature and on t h e  ex ten t  

o f  hydra t ion  a t  the  t ime o f  reduct ion.  Low temperature and low water content  

f avo r  t h e  format ion o f  smal ler  p a r t i c l e s  (Minachev and Isakov 1976). F igu re  3 

shows a  lOOOx magn i f i ca t i on  o f  a  po l i shed sec t ion  o f  iodine-loaded AgOZ. 

Scanning e l e c t r o n  microscopy, coup1 ed w i t h  x-ray f luorescence, i nd i ca tes  t h a t  

the  wh i te  p a r t i c l e s  conta in  on l y  s i l v e r  and iod ine .  S im i l a r  scans o f  unloaded 

AgOZ show s i l v e r  metal p a r t i c l e s  which are the  precursors o f  t h e  AgI p a r t i c l e s  

( Scheel e  e t  a1 . 1980). 

Th i rd l y ,  stages o f  t he  recyc le  process, subsequent t o  t he  reduct ion,  

sub jec t  the  s i l v e r  p a r t i c l e s  t o  H20 + O2 fo l lowed by H20 + NOx + I2 and may 

r e d i s t r i b u t e  some o f  the  s i l v e r .  However, t he  presence o f  NO i s  expected t o  

keep the  s i l v e r  i n  reduced form dur ing  the  load ing  stage (Thomas, Staples and 

Murphy 1978). Thus, s i l v e r  aggregates are expected t o  be t h e  normal occur- 

rence, and they probably increase w i t h  each cyc le.  This has n o t  been con- 

f irmed, however. The impor tan t  p o i n t  i s  t h a t  t he  chemistry o f  t h i s  loading,  

dry ing,  s t i p p i n g  cyc le  i s  very complex and i s  probably n o t  always 



F I GURE 

20 cc 

3 .  Scanning E lec t ron  Micrograph o f  100 mg - 

reproducib le under the  cond i t i ons  o f  t he  experiment. Unfor tunate ly ,  the  

program d i d  n o t  permi t  us t o  exami ne the  d e t a i l s  o f  the  chemical mechanisms. 

The t e s t  r e s u l t  data conf i rm previous work t h a t  s i l v e r  mordenite can 

indeed be recycled. There appears t o  be no major degradat ion o f  AgOZ w i t h  

respect t o  i od ine  pickup. However, there  i s  evidence t h a t  s t r i p p i n g  becomes 

more d i f f i c u l t  as e a r l y  as the  5 th  cycle. For  t h e  i o d i n e  h e l d  a s  AgI, t h e  

s t r i p p i n g  i s  thermodynamical l y  unfavorabl e, and t h e  c a l c u l a t e d  H I  p a r t i a l  

pressures f o r  the  reac t i on  A g I  + Hz + Ago + HI, based on data from Bar in  

and Knacke (1973), a re  9 x  atm a t  500" and 3.2 x 10'~ atm a t  600°C. The 

present experiments suggest t h a t  a temperature of 550°C o r  g rea ter  i s  des i r -  

able, i n  agreement w i t h  these ca l cu la t i ons .  However, i t  has been shown t h a t  

AgZ 1 oses i t s  zeol i t i c  s t r u c t u r e  a t  700°C (Vance and Agrawal 1982). I n  t he  

presence o f  H20 + NO2, the  maximum safe temperature may be even lower. It 

should a1 so be noted t h a t  t h e  v o l a t i l i t y  o f  s i l v e r  i o d i d e  becomes appreciable 

above about 600°C (Scheele and Burger 1980). Thus, a f a i r l y  l o n g  reduct ion  

t ime a t  a 1 ower temperature i s probably necessary. 



Inspect ion  o f  Tables A.l-A.45 i n d i c a t e s  t h a t  t he  t r a n s f e r  zone i s  o f  t h e  

order  o f  10 cm under the  cond i t i ons  o f  t h e  experiment. It would appear t h a t  a 

15 cm bed could be loaded t o  a h igh  capac i ty  w i thou t  breakthrough. Some 

channel ing was observed w i t h  t h e  10-16 mesh ma te r ia l  used here. Previous work 

a t  our  l abo ra to ry  has shown t h a t  t h e  t r a n s f e r  zone i s  much sho r te r  f o r  20-40 

mesh z e o l i t e  and a l s o  a t  lower face v e l o c i t i e s  w i t h  10-16 mesh AgZ. 

As was noted e a r l i e r ,  our  prev ious work had shown t h a t  on l y  about 25-30% 

o f  t h e  sto ich iometr ic- loaded i o d i n e  on AgZ i s  chemical ly  bound, e.g., as AgI 

and s tab le  t o  heat ing. The remainder i s  mo lecu lar ly  bound and vo l  a t i l  i z e s  as 

12, s t a r t i n g  a t  about 250-300°C. This has been conf irmed by Vance and Agrawal 

(1982). A t  t h e  temperature o f  t he  reduct ion,  500-550°C, much o f  t h e  i o d i n e  i s  

removed whether o r  n o t  the  hydrogen i s  present. A r e a l i s t i c  recyc le  design 

would have t o  accommodate t h i s  f a c t  r a t h e r  than prov ide on ly  f o r  t rapp ing  

H I .  

Jubin (1980) had good success removing I2 from AgZ us ing  4.5% H2 i n  

argon. He found, however, t h a t  t he  z e o l i t e  was degraded w i t h  respect  t o  

f u r t h e r  i od ine  1 oadi ng. 

Aside from t h e  s u b s t i t u t i o n  o f  6% HZ-He f o r  argon i n  3 runs, t h e  d ry ing  

stage was n o t  studied. With v i r t u a l l y  any f lowing gas a t  300°C, z e o l i t e s  can 

usua l l y  be d r i e d  i n  a few minutes t o  a small percentage o f  t h e i r  sa tura ted  

water content.  The NOx may add some complicat ions. However, t h e  ove rn igh t  

d ry ing  pe r iod  was more o f  a convenience than a necessity.  Although, as noted 

e a r l i e r ,  the  amount o f  water i n  t he  z e o l i t i c  pores may i n f l u e n c e  t h e  phys ica l  

behavior o f  t he  s i l v e r  du r ing  reduct ion, a separate d ry ing  c y c l e  may a c t u a l l y  

be unnecessary. 

Corrosion was severe du r ing  these experiments; the  HI-12-H20 system i s  

incompat ib le w i t h  s t a i n l e s s  s t e e l  . Thus, Monel@ o r  o the r  cons t ruc t i on  mate- 

r i a l s  need t o  be inves t iga ted .  

I n  t h i s  study, we evaluated t h e  e f f e c t s  o f  hydrogen recy le  o f  AgZ on I2 

capture and delayed study on t h e  e f f e c t  o f  AgZ recyc le  on organic i o d i d e  

capture. However, o the r  work has shown t h a t  hydrogen-reduced AgZ i s  an 

e f f e c t i v e  t r a p  f o r  methyl i o d i d e  (Scheele and Wiemers 1980; Scheele, Matsuzaki 

and Burger 1981). Recycled AgZ shoul d behave simi 1 a r l y  . 



In summary, AgZ can be recycled,  but  the cycle ,  a s  t e s t e d  here, would 

have t o  be modified t o  t r a p  I 2  -- a major r e l e a s e  product -- before t rapping 

the HI i n  PbX. An a1 t e r n a t i v e  scheme might t r a p  both i n  an aqueous system. 

I t  may be necessary t o  r a i s e  the s t r i p p i n g  temperature t o  550-600°C. If  i t  

i s ,  indeed, necessary t o  reuse the AgZ, an a1 t e r n a t i v e  process would be: 1) 

t o  1 oad AgZ t o  maximum capaci ty  ( t h i s  can be g r e a t e r  than t h e o r e t i c a l  1, 2) t o  

d r ive  o f f  the 60-80% I2  not  s t rongly  bound w i t h  a i r  o r  ni t rogen a t  400-600°C, 

and 3) t o  reload with iodine.  Se r i e s  opera t ion  of beds should guarantee the 
requi red decontami nat ion f ac to r .  Occasional l y  , i f des i red ,  a bed caul d be 

removed t o  a sepa ra t e  f a c i l i t y  a f t e r  the 400-600°C t rea tment  and s t r ipped  w i t h  

pure o r  d i l u t e  Hz a t  550-600°C. 
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APPENDIX  

TABLES OF I O D I N E - L O A D I N G  C H A R A C T E R I S T I C S  F O R  EACH CYCLE 





TABLE A . l  I o d i  ne-Loading C h a r a c t e r i s t i c s  f o r  
AgZ Bed 1, Cycle 1, Loading Stage 

AgZ 
Bed 

Segment 

1 

2 

3 

4 

5 

6 

7 

8 

Cyc 1 e 
Loadi ng, 

g 1 

Tota l  34.2 

Average 

Cycl e 
Loadi ng , 
mg I / g  AgZ 

TABLE A.2. I o d i  ne-Loadi ng Character i  s t i c s  f o r  
AgZ Bed 1, Cycle 1, Dry ing Stage 

AgZ 
Bed 

Segment 

To ta l  

Average 

Cyc 1 e 
Loadi ng, 

g 1 

Cycl e 
Loadi ng, 
mg I / g  AgZ 

100% o f  c y c l e  i o d i n e  remains. 



TABLE A.3. Iodine-Loading Character is t ics  f o r  
AgZ Bed 1, Cycle 2, Loading Stage 

AgZ Cycl e Cyc 1 e 
Bed Loading, Loading, 

Se gnie n t g I  mg I / g  AgZ 

Total  

Average 



TABLE A.4. I o d i  ne-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 1, Loading Stage 

AgZ 
Bed 

Segment 

Cyc 1 e 
Loading, 

g 1 

Total  37.6 

Average 

Cyc 1 e 
Loading , 
mg I / g  AgZ 

TABLE A.5. I o d i  ne-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 1, Dry ing Stage 

AgZ 
Bed 

Segment 

1 

2 

3 

4 

5 

6 

7 

8 

Cyc 1 e 
Loadi ng , 

9 1  

Tota l  29.8 

Average 

Cyc 1 e 
Loadi ng , 
mg I / g  AgZ 

118 

122 

120 

110 

99 

7 6 

4 3 

8 

79.2% o f  c y c l e  i o d i n e  remains. 



TABLE A.6. I o d i  ne-Loadi ng Charac te r i  s t i  cs  f o r  
AgZ Bed 2, Cycle 2, Loading Stage 

AgZ Cycl e Cycl e 
Bed Loading, Loadi ng, 

Segment 9 1  mg I / g  AgZ 

Tota l  38.5 

Average 

TABLE A.7. I o d i  ne-Loading C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2, Cyc le 2, Dry ing  Stage 

AgZ 
Bed 

Segment 

Cyc 1 e 
Loadi ng, 

9 1  

To ta l  31.4 

Average 

Cyc 1 e 
Loading, 

mg I / g  AgZ 

136 

148 

136 

119 

102 

83 

46 

15 

81.5% o f  c y c l e  i o d i n e  remains. 



TABLE A.8. Iod i  ne-Loadi ng Characteri  s t i c s  f o r  
AgZ Bed 2, Cycle 2,  Str ipping Stage 

AgZ 
Bed 

Segment 

Cycl e 
Loading , 

g I  

Total 0.94 

Average 

Cyc l e 
Loadi ng , 

mg I / g  AgZ 

2.4% o f  cycle iod ine  remains. 



TABLE A.9. Iod ine-Loading C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2, Cyc le  3, Loading Stage 

AgZ Cycl e Cycl e To ta l  
Bed Loadi ng, Loadi ng, Loading 

Segment 9 1 mg I / g  AgZ mg I / g  AgZ 

To ta l  32.2 

Average 101 

TABLE A . l O .  I o d i  ne-Loadi ng C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2, Cyc le  3, D ry i ng  Stage 

AgZ Cycl e Cycl e To ta l  
Bed Loading, Loading, Loadi ng 

Segment g I mg I / g  AgZ mg I / g  AgZ 

To ta l  30.8 

Average 96 

95.7% o f  c y c l e  i o d i n e  remains. 



TABLE A . l l .  Iodine-Loading Character is t ics  f o r  
AgZ Bed 2,  Cycle 3, S t r ipp ing  Stage 

AgZ 
Bed 

Segment 

Cycl e 
Loading, 

9 1  

Cycl e 
Loading, 

mg I / g  AgZ 

10 

8 

7 

9 

8 

9 

2 

13 

Total  2.71 

Average 8 

Total  
Loading, 

mg I / g  AgZ 

8.4% o f  cyc le  iod ine  remains. 



TABLE A.12. I o d i  ne-Loadi ng Character i  s t i c s  f o r  
AgZ Bed 2, Cycle 4, Loading Stage 

Ag Z Cycl e Cycl e Tota l  
Bed Loadi ng , Loading, Loadi ng , 

Segment g I mg I / g  AgZ mg I / g  AgZ 

Tota l  27 .O 

Average 8 4 

TABLE A.13. I o d i  ne-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 4, Dry ing Stage 

AgZ Cyc 1 e Cyc 1 e Tota l  
Bed Loading, Loadi ng, Loadi ng , 

Segment g I  mg I / g  AgZ mg I / g  AgZ 

Total  26.4 

Average 8 2 

97.8% o f  cyc le  i o d i n e  remains. 



TABLE A.14. I o d i  ne-Loadi fig Character i  s t i c s  f o r  
AgZ Bed 2,  Cycle 4 ,  S t r i p p i n g  Stage 

AgZ Cycl e Cycl e Tota l  
Bed Loading, Loading , Loadi ng, 

Segment g 1 mg I / g  AgZ mg I / g  AgZ 

Total  1.23 

Average 15 

4.7% o f  c y c l e  i o d i n e  remains. 



TABLE A.15. I o d i  ne-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 5, Loading Stage 

AgZ Cycl e Cycl e Tota l  
Bed Loading, Loadi ng, Loadi ng, 

Segment g I  mg I / g  AgZ mg I / g  AgZ 

Total  22 .O 

Average 6 9 

TABLE A. 16. I o d i  ne-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 5, Dry ing Stage 

AgZ 
Bed 

Segment 

Cycl e 
Loadi ng, 

g 1 

0.93 

3.1 

3.1 

2.6 

1.6 

0.61 

0.18 

0.07 

Cycl e 
Loadi ng , 
mg I / g  AgZ 

Total  12.2 

Average 38 

Tota l  
Loading 

mg I / g  AgZ 

55 .l% o f  cyc le  l oad ing  remains. 



TABLE A.17. I o d i  ne-Loadi ng C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2 ,  Cycle 5 ,  S t r i p p i n g  Stage 

AgZ Cycl e Cycl e 
Bed Loading, Loadi ng , 

Segment g I  mg I / g  AgZ 

Total  14.2 

Average 44 

Tota l  
Loading, 

mg I / g  AgZ 

64.5% o f  cyc le  i o d i n e  remains. 



TABLE A.18. Iodine-Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 6, Loading Stage 

AgZ 
Bed 

Se gme n t 

Total 

Average 

Cyc 1 e 
Loadi n g , 

g I  

Cycl e 
Loadi ng, 
mg I / g  AgZ 

Tota l  
Loading, 

mg I / g  AgZ 

TABLE A. 19. I o d i  ne-Loadi ng Charac ter is t i cs  f o r  
AgZ Bed 2, Cycle 6, Dry ing Stage 

AgZ Cyc 1 e Cyc 1 e Total 
Bed Loadi ng, Loadi ng , Loadi ng , 

Segment ! 3 I  mg I / g  AgZ mg I / g  AgZ 

Total 22.3 

Average 70 

84.5% o f  cyc le  i o d i n e  remains. 



TABLE A.20. Iodine-Loading C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2,  Cycle 6 ,  S t r i p p i n g  Stage 

AgZ 
Bed 

Segment 

Cycl e  Cycl e  
Loadi ng, Loading, 

! 3 I  mg I / g  AgZ 

Tota l  5.49 

Average 17 

T o t a l  
Loading, 

mg I / g  AgZ 

20.7% o f  c y c l e  i o d i n e  remains. 



TABLE A.21. I o d i  ne-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 7, Loading Stage 

AgZ 
Bed 

Segment 

1 

2 

3 

4 

5 

6 

7 

8 

Cycl e 
Loading, 

9 1  

Cycl e 
Loading, 
mg I l g  AgZ 

Tota l  
Loading, 

mg I l g  AgZ 

Tota l  40 .O 

Average 125 

TABLE A.22. I o d i  ne-Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 7, Dry ing Stage 

AgZ 
Bed 

Segment 

1 

2 

3 

4 

5 

6 

7 

8 

Cyc 1 e 
Loadi ng , 

g 1 

Cycl e 
Loadi ng, 
mg I l g  AgZ 

Tota l  
Loading, 

m g I / g  AgZ 

Tota l  38.0 

Average 119 

95.0% o f  cyc le  i o d i n e  remains. 



TABLE A.23. Iodine-Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 7, S t r i p p i n g  Stage #1 

AgZ 
Bed 

Segment 

1 

2  

3  

4  

5  

6 

7  

8 

Cyc 1  e  
Loading, 

9  1 

Cycl e  
Loadi ng, 
mg I / g  AgZ 

Tota l  14.3 

Average 45 

Tota l  
Loading 

mg I / g  AgZ 

35.7% o f  c y c l e  i o d i n e  remains. 

TABLE A.24. Iodine-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 7, S t r i p p i n g  Stage #2 

AgZ Cyc 1  e  Cyc 1  e  To ta l  
Bed Loadi ng, Loadi ng, Loadi ng 

Se gme n  t 9  1 mg I / g  AgZ mg I / g  AgZ 

Tota l  14.3 

Average 4  5 

37.9% o f  c y c l e  i o d i n e  remains. 



TABLE A.25. I o d i  ne-Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 8, Loading Stage 

AgZ 
Bed 

Segment 

Cyc 1  e  
Loading, 

9 1  

Cyc 1  e  
Loading, 
mg I / g  AgZ 

Tota l  
Loading 

mg I / g  AgZ 

Total  27.1 

Average 85 

TABLE A.26. I o d i  ne-Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 8, Dry ing Stage 

AgZ 
Bed 

Segment 

Cycl e  
Loadi ng, 

g  1  

Cycl e  
Loadi ng , 
mg I / g  AgZ 

Total  
Loading 

mg I / g  AgZ 

Total  27.1 

Average 85 

115% o f  cyc le  i o d i n e  remains. 

Assumed no i o d i n e  l o s s  f o r  ca l cu la t i ons .  



TABLE A.27. Iodine-Loading Character is t ics  f o r  
AgZ Bed 2, Cycle 8 ,  Str ipping Stage 

AgZ 
Bed 

Segment 

Cycle 
Loading, 

9 1 

0 .oo 
0.00 

0.52 

0.53 

1.5 

2.6 

2.2 

1.0 

Cycl e 
Loadi ng, 
mg I / g  AgZ 

Total 8.35 

Average 26 

Total 
Loading 

mg I / g  AgZ 

30.6% o f  cycle iodine remains. 



TABLE A.28. I o d i  ne-Loadi ng C h a r a c t e r i s t i c s  f o r  
Bed 2, Cyc le  9, Loading Stage 

AgZ 
Bed 

Segment 

Cyc le  
Loadi ng, 

9 1  

Cyc le  
Loadi ng, 
mg I / g  AgZ 

To ta l  19.4 

Average 6 1 

To ta l  
Loading 

mg I / g  AgZ 

TABLE A.29. I o d i  ne-Loadi ng C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2, Cyc le  9, D ry i ng  Stage 

AgZ Cycl e Cyc 1 e To ta l  
Bed Loading, Loadi ng, Loadi ng 

Segment 9 1 mg I / g  AgZ mg I / g  AgZ 

To ta l  2.2 

Average 

11.4% o f  c y c l e  i o d i n e  remains. 



TABLE A.30. I o d i  ne-Loadi ng Characteri  s t i c s  f o r  
AgZ Bed 2, Cycle 9 ,  S t r ipp ing  Stage 

AgZ 
Bed 

Segment 

1 

2 

3 

4 

5 

6 

7 

8 

Cycl e 
Loadi ng , 

g 1 

Cycl e 
Loading, 
mg I l g  AgZ 

Total 2.22 

Average 7 

Total  
Loading 

mg I / g  AgZ 

13.8% o f  cyc le  iod ine  remains. 



TABLE A.31. I o d i  ne-Loadi ng Charac te r i  s t i c s  f o r  
AgZ Bed 2, Cycle 10, Loading Stage 

AgZ 
Bed 

Se gme n t 

Tota l  

Average 

Cycl e 
~ o a d i  ng, 

9 1 

Cycl e 
Loadi ng, 
mg I / g  AgZ 

To ta l  
Loading 

mg I / g  AgZ 

TABLE A.32. I o d i  ne-Loadi ng Character i  s t i c s  f o r  
AgZ Bed 2, Cycle 10, Dry ing  Stage 

AgZ 
Bed 

Segment 

Cyc 1 e 
Loadi ng, 

g 1 

Cycl e 
Loadi ng , 
mg I / g  AgZ 

To ta l  12.6 

Average 40 

To ta l  
Loadi ng 

mg I / g  AgZ 

83.4% of c y c l e  i o d i n e  remains. 



TABLE A.33. I o d i  ne-Loadi ng Charac ter i  s t i c s  f o r  
AgZ Bed 2 ,  Cycle 10, S t r i p p i n g  Stage 

AgZ 
Bed 

Segment 

1 

2 

3 

4 

5 

6 

7 

8 

Cycl e 
Loadi ng , 

g I  

Cycl e 
Loadi ng, 
mg I / g  AgZ 

Tota l  4.6 

Average 14 

Tota l  
Loading 

mg I / g  AgZ 

30.4% o f  c y c l e  i o d i n e  remains. 



TABLE A.34. Iod ine Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 11, Loading Stage 

AgZ 
Bed 

Se gme n t 

Cycl e 
Loading, 

g 1 

Cycl e 
Loading, 
mg I / g  AgZ 

Total 18.5 

Average 5 8 

Tota l  
Loading 

mg I / g  AgZ 

TABLE A.35. Iod ine Loading Charac ter is t i cs  f o r  
AgZ Bed 2, Cycle 11, Drying Stage #1 

AgZ Cycl e Cycl e Total 
Bed Loadi ng, Loadi ng, Loading 

Segment g I mg I / g  AgZ mg I / g  AgZ 

Total 18.5 
Average 



TABLE A.36. I o d i  ne Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 11, S t r i p p i n g  Stage # 1  

AgZ 
Bed 

Segment 

Cyc 1 e 
Loadi ng, 

9 1 

Cycl e 
Loading, 
mg I l g  AgZ 

Total  1.35 

Average 34 

Tota l  
Loading 

mg I l g  AgZ 

11 

6 6 

90 

7 3 

8 7 

67 

6 0 

6 4 

7.35% o f  cyc le  i od ine  remai ns. 

TABLE A.37. I o d i  ne Loadi ng Character i  s t i c s  f o r  
AgZ Bed 2, Cycle 11, Dry ing Stage #2 

AgZ Cycl e Cyc 1 e Tota l  
Bed Loading, Loading, Loading 

Segment 9 I mg I l g  AgZ mg I l g  AgZ 

Total  0.42 

Average 1 

2.3% o f  cyc le  i o d i n e  remains. 



TABLE A.38. I od ine  Loading C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2, Cycle 11, S t r i p p i n g  Stage #2 

AgZ Cycl e Cycl e To ta l  
Bed Loading, Loading, Loading 

Se gme n t g I  mg I / g  AgZ mg I / g  AgZ 

Tota l  

Average 

3.8% o f  c y c l e  i o d i n e  remains. 

TABLE A.39. I o d i  ne Loadi ng Character i  s t i c s  f o r  
AgZ Bed 2, Cycle 11, S t r i p p i n g  Stage #3 

AgZ 
Bed 

Se gme n t 

Cycl e 
Loadi ng, 

9 1  

0.013 

0.010 

0 .oo 
0.00 

0.00 

0.00 

0.15 

0.54 

Cycl e 
Loadi ng, 
mg I / g  AgZ 

Tota l  0.70 

Average 2 

To ta l  
Loading 

mg I / g  AgZ 

3.8% of c y c l e  i o d i n e  remains. 



TABLE A.40. I od ine  Loading C h a r a c t e r i s t i c s  f o r  
AgZ Bed 2, Cycle 12, Loading Stage 

AgZ 
Bed 

Segment 

Cycl e 
Loadi ng, 

9 1 

Cycl e 
Loading, 
mg I / g  AgZ 

Tota l  
Loading 

mg I / g  AgZ 

Total  30 .O 

Average 9 4 

TABLE A .41. I o d i  ne Loadi ng Character i  s t i c s  f o r  
AgZ Bed 2, Cycle 12, Dry ing  Stage 

AgZ 
Bed 

Segment 

Cyc 1 e 
Loading, 

9 1  

Cycl e 
Loadi ng, 
mg I / g  AgZ 

Total  
Loading 

rrrg I / g  AgZ 

Total  25.3 

Average 79 

84.2% o f  cyc le  i o d i n e  remains. 



TABLE A.42. I o d i  ne Loadi ng Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 12, S t r i p p i n g  Stage #1 

Ag Z  
Bed 

Segment 

1 

2 

3 

4 

5 

6 

7 

8 

Cycl e  
Loadi ng, 

g  I 

Cycl e  
Loadi ng , 
mg I / g  AgZ 

85 

134 

147 

92 

9 6 

45 

2 1 

11 

Tota l  25.3 

Average 79 

Tota l  
Loading 

mg I / g  AgZ 

84.1% o f  c y c l e  i o d i n e  remains. 

TABLE A.43. I od ine  Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 12, S t r i p p i n g  Stage #2 

Ag Z  
Bed 

Segment 

Cycl e  
Loadi ng, 
- g I 

Cycle 
Loadi ng, 
mg I / g  AgZ 

Total  15.9 

Average 50 

Tota l  
Loading 

mg I / g  AgZ 

53.0% o f  c y c l e  i o d i n e  remains. 



TABLE A.44. I o d i  ne Loadi ng Character i  s t i c s  f o r  
AgZ Bed 2, Cycle 12, S t r i p p i n g  Stage #3 

AgZ 
Bed 

Segment 

Cycl e 
Loading, 

g I  

Cycl e 
Loading, 
mg I l g  AgZ 

Tota l  15.5 

Average 48 

Tota l  
Loading 

mg I l g  AgZ 

51.6% o f  cyc le  i o d i n e  remains. 

TABLE A.45. I od ine  Loading Charac te r i s t i cs  f o r  
AgZ Bed 2, Cycle 12, S t r i p p i n g  Stage #4 

AgZ 
Bed 

Segment 

Cycl e 
Loading, 

9 1 

3.23 

3.74 

2.46 

0.35 

0.14 

0 

0 

0 

Cycl e 
Loading, 
mg I l g  AgZ 

Tota l  
Loading, 

mg I l g  AgZ 

Tota l  10.2 

Average 32 4 4 
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