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I n  cont inued support o f  t he  design o f  t h e  gaseous r a d i o i o d i n e  c o n t r o l  

system f o r  t h e  P U R E X ( ~ )  Process F a c i l  i t y  M o d i f i c a t i o n  (PFM) , the  P a c i f i c  

Northwest Laboratory (PNL) conducted 1 aboratory -scal  e measurements o f  the  

performance o f  f o u r  s t a t e - o f - t h e - a r t  sorbents f o r  r a d i o i o d i n e  i n  t h e  d i s s o l -  
d 

ve r  o f f gas  (DOG) o f  a nuclear  reprocessing p l a n t .  The PFM i s  a new head-end 

t reatment  p l  ant  being designed by West i nghouse Hanford Company (WHC) f o r  t he  

PUREX P lan t  a t  t h e  Hanford S i t e .  

The experiments performed measured t h e  i o d i n e  e f f l  uent concent ra t ion  

from Norton s i l v e r  mordenite (NAgZ), L inde s i l v e r  mordenite (LAgZ), Linde 

s i l v e r  f a u j a s i t e  (AgX), and s i l v e r  n i t ra te - impregnated  s i l i c i c  a c i d  (AgN03Si) 

du r i ng  s imulated normal opera t ing  cond i t i ons  i n  t h e  PFM a f t e r  t h ree  shutdown/ 

s t a r t u p  cyc les,  and du r i ng  standby. A t  normal opera t ing  cond i t i ons  t h e  i n p u t  

gas i s  expected t o  have a dew p o i n t  o f  35°C t o  40°C and con ta in  0.1 pnol I /L ,  

1 vo l% NO, and 1 vol% NO2. The sorbent bed would be a t  150°C. A shutdown/ 

s t a r t u p  c y c l e  cons is ted  o f  e l  im ina t i ng  i o d i n e  and NOx from t h e  i npu t  gas, 

coo l i ng  t h e  bed t o  room temperature, s topp ing  gas f low,  and r e s t a r t i n g  t h e  

system. Dur ing standby cond i t i ons  t h e  i n p u t  gas conta ined no i o d i n e  o r  NOx, 

t h e  dew p o i n t  was a t  30°C t o  35"C, and t h e  bed temperature remained a t  150°C. 

Experimental s tud ies  repo r ted  i n  1987 by t h i s  l a b o r a t o r y  (Scheele and 

Burger 1987) showed t h a t  s i l v e r  mordenite was capable o f  reducing t h e  i od ine  

concent ra t ion  i n  a s imulated PFM o f fgas  t o  pnol I /L ,  which i s  an . 

acceptable l e v e l  o f  performance f o r  t he  PFM. However, these s tud ies  used an 

i n p u t  i o d i n e  concent ra t ion  t h a t  was h igher  than expected i n  t h e  process, 

which 1 e f t  some concern about s i  1 ve r  mordeni t e ' s  performance a t  process 

1 eve1 s. To a1 1 e v i  a t e  t h i s  concern and t o  determine i f  o the r  s t a t e - o f - t h e - a r t  

i o d i n e  sorbents would be acceptable subs t i t u tes ,  WHC requested t h a t  PNL per -  

form a long- term (2 t o  3 months) i o d i n e  t rapp ing  study us ivg  t h e  i od ine  

concent ra t ion  i n -  t h e  PFM's DOG. 

(a) eurex and Uranium Recovery by U t r a c t i o n .  The f a c i l  i t y  i s  loca ted  a t  
t h e  Hanford S i t e  i n  southeastern Washington s ta te ,  and i s  operated f o r  
t h e  U.S. Department o f  Energy by the  Westinghouse Hanford Company. 



This  experimental  study showed t h a t  20 cm beds o f  NAgZ, LAgZ, and 18 wt% 

s i l v e r  AgX could l oad  up t o  0.25 mmol I / g  sorbent and r o u t i n e l y  reduce t h e  

i o d i n e  concent ra t ion  i n  a simulated PFM DOG from 0.1 q o l  I / L  t o  l e s s  than 

t h e  i a r g e t  l e v e l  o f  q o l  I /L .  I n  cont ras t ,  t h e  AgN03Si unexpectedly 

f a i l e d  t o  achieve t h i s  requ i red  l e v e l  o f  performance, reducing the  

concent ra t ion  on a r o u t i n e  bas is  o n l y  t o  t o  lom2 q o l  I/i. 

Standby and shutdown/startup c y c l i n g  d i d  n o t  appear t o  a f f e c t  t h e  e f f l u -  

en t  concent ra t ion  from t h e  z e o l i t e  beds. It i s  poss ib le  t h a t  t h e  shutdown/ 

s t a r t u p  c y c l e  d i d  a f f e c t  t h e  performance o f  t h e  AgN03Si. Fol lowing the  

second shutdown/startup c y c l e  w i t h  t h i s  bed, t h e  e f f l  uent  i o d i n e  concentra- 

t i o n  increased t o  loe2 q o l  I /L .  Another increase occurred f o l l o w i n g  the  

t h i r d  shutdown/startup cyc le,  bu t  could have been due t o  normal v a r i a t i o n  f o r  

t he  AgN03Si system. It i s  poss ib le  t h a t  t h e  AgN03Si beds were exposed t o  

condensed water p r i o r  t o  t h e  f i r s t  shutdown/startup, and t h i s  might  have 

reduced t h e i r  t r app ing  a b i l  i t y .  

The pressure drop measurements across t h e  beds a f t e r  exposure t o  t h e  

a c i d i c  gases o f  t h e  PFM DOG and so rp t i on  o f  i od ine  i n d i c a t e  t h a t  a l l  o f  t h e  

m a t e r i a l s  t e s t e d  are  s u f f i c i e n t l y  r e s i s t a n t  t o  chemical degradat ion t o  be 

usefu l  up t o  an i od ine  l oad ing  o f  0.25 mmol I / g  sorbent. This  was e s p e c i a l l y  

encouraging f o r  t he  sorbent AgX, which had t h e  p o t e n t i a l  o f  no t  being r e s i s -  

t a n t  t o  t h e  combined NOx and water i n  t h e  DOG. 

Since t h e  mechanism f o r  i o d i n e  t rapp ing  by s i l v e r - c o n t a i n i n g  ma te r ia l s  

i s  n o t  understood, i t  i s  d i f f i c u l t  t o  i d e n t i f y  purchasing s p e c i f i c a t i o n s  t h a t  

would ensare adequate performance. Reasonabl e s p e c i f i c a t i o n s  f o r  purchase o f  

ma te r i a l  would i nc lude  z e o l i t e  type, form, mesh, and s i l v e r  content.  Chemi- 

c a l  analyses t o  con f i rm  s p e c i f i c a t i o n s  cou ld  be performed. Simple l abo ra to ry  

t e s t s  might  be appropr iate,  al though f i r s t  i t  would be necessary t o  develop 

t h e  t e s t ,  then c o r r e l a t e  t h e  t e s t  r e s u l t s  w i t h  both adequate and inadequate 

performance l e v e l s .  Such t e s t s  might i n v o l v e  so rp t i on  o f  i o d i n e  from a 

so lvent  o r  from t h e  gas phase. 

I n  terms o f  mon i to r ing  t h e  i o d i n e  content  i n  t h e  e f f l u e n t  from both t h e  

pr imary and secondary sorbent beds, c o l  1 e c t i  on o f  i o d i n e  in/on an i o d i n e  

sorbent fo l lowed by gamma and x - ray  count ing o f  t h e  sorbent sample appears t o  



be an acceptable method. C o l l e c t i n g  a sample f o r  8 h from a 500 mL/min s l  i p  

stream would prov ide  a reasonable measurement o f  t h e  12'1 content  i n  the  gas 

stream a t  lo - '  w o l  I /L.  

Although t h i s  experimental study d i d  show t h a t  t h e  s i l v e r  z e o l i t e s  NAgZ, 

LAgZ, and AgX can l oad  t o  0.25 pmol I / L  and e f f e c t i v e l y  reduce the  i od ine  

4 - concentrat ion from process l e v e l s  t o  the  t a r g e t  l e v e l ,  t he  ma te r ia l s  were n o t  

t es ted  t o  t h e i r  f u l l  load ing  capaci ty .  A study t o  determine t h e  performance 

o f  these ma te r ia l s  over t h e i r  use fu l  l i f e t i m e s  would be worthwhi le.  The 

unexpectedly poor performance o f  AgN03Si r e l a t i v e  t o  t h e  z e o l i t e s  and a l a c k  

o f  an expl anat ion f o r  t h e  comparative performances f u r t h e r  emphasizes the  

need t o  understand the  mechanism o f  i o d i n e  t rapping.  The che~ i i i s t r y  o f  

t r app ing  by s i l v e r  n i t r a t e  should be the  most s t r a i g h t f o r w a r d  t o  p r e d i c t  and 

understand. Fundamental s tud ies  such as suggested by Scheele and Burger 

(1987) may be requ i red  t o  p rov ide  t h e  necessary in format ion.  
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INTROUUCTION 

Since 1980, P a c i f i c  Northwest Laboratory (PNL) has conducted work f o r  

Westinghouse Hanford Company (WHC) i n  support  o f  t he  design o f  t h e  r a d i o i o -  

d ine  d i s s o l v e r  o f f gas  (DOG) c o n t r o l  system t h a t  would be used i n  the  P U R E X ( ~ )  

Process Faci 1  i t y  M o d i f i c a t i o n  (PFM) . Selected t rapp ing  methods f o r  gaseous 
1 .  

r a d i o i o d i n e  were evaluated on a  l abo ra to ry  sca le  under normal process and 

of f -normal  cond i t ions .  The i n i t i a l  s tud ies  evaluated a  combinat ion o f  caus- 

t i c  scrubbing f o r  t h e  b u l k  o f  t he  i o d i n e  and Norton s i l v e r  mordenite (NAgZ) 

f o r  t r app ing  the  remaining elemental i o d i n e  and t h e  organic  iod ides.  (b) 

Subsequent work has focused on t h e  study o f  so l  i d  sorbents. Scheele and 

Burger (1987) showed t h a t  a  12 cm bed o f  NAgZ cou ld  e f f e c t i v e l y  reduce t h e  

gas concent ra t ion  from 10 ,umol CH31/L t o  l e s s  than pmol I / L  a t  normal 

and of f -normal  cond i t ions ,  w h i l e  l oad ing  t o  0.4 mmol I / g  NAgZ a t  breakthrough. 

Scheele and Burger a l so  showed t h a t  exposing loaded beds t o  t he  standby 

cond i t i on ,  which cons i s t s  o f  f l o w i n g  a i r  w i t hou t  t h e  presence o f  i o d i n e  o r  

oxides o f  n i t r ogen  i n  t he  i n p u t  gas, s t r i p p e d  a  p o r t i o n  o f  t h e  trapped i od ine  

from the  bed. Add i t i ona l  t e s t i n g  showed t h a t  i nc reas ing  bed l e n g t h  improved 

l oad ing  a t  breakthrough and v a r i a t i o n s  i n  i npu t  concent ra t ion  i n  the  range 

0.4 t o  I 0  pmol I / L  d i d  n o t  impact t he  load ing  o r  e f f l u e n t  concentrat ion.  

Using t h e  r e s u l t s  o f  t he  p rev ious l y  conducted work, E. D. Waters and 

R. M. Orme o f  WHC determined t h a t  t he  performance o f  NAgZ met t he  r e q u i r e -  

ments o f  t h e  PFM r a d i o i o d i n e  c o n t r o l  system. To con f i rm  t h a t  NAgZ could 

perform as expected under process cond i t i ons  and t o  determine a  s u i t a b l e  
s u b s t i t u t e  o r  b e t t e r  ma te r i a l ,  PNL evaluated NAgZ and o the r  p o t e n t i a l  i o d i n e  

sorbents under normal opera t ing  cond i t i ons  us ing  an i od ine  concent ra t ion  o f  

0.1 jmol I / L  (Burger and Scheel e  1983). The eval  ua t  ions  were conducted under 

cond i t i ons  s imu la t i ng  s ta r tup ,  shutdown, and standby. 

(a) El u t o n i  um and Uranium Recovery by E t r a c t i o n .  The f a c i l  i t y  i s  l oca ted  
a t  t h e  Hanford S i t e  i n  southeastern Washington s ta te ,  and i s  operated 

.+ 
f o r  t h e  U.S. Department o f  Energy by Westinghouse Hanford Company. 

(b) L e t t e r  r e p o r t  t o  Rockwell Hanford Operations, L. L. Burger, R. D. 
Scheele, and C. L. Matsuzaki. 1983. PFM Iod ine  Removal Studies. P a c i f i c  
Northwest Laboratory,  R i  ch l  and, Washington. 



The experimental program reported here involved tests of NAgZ, Linde 
silver mordenite (LAgZ), 50% exchanged silver faujasite (AgX), and silver 
nitrate-impregnated sil icic acid (AgNOjSi) . The effluent iodine concentra- 
tions were measured during simulated normal operating conditions, after three 
shutdown/startup cycles, and during standby. Because of funding and timing 
constraints, the experiments could not be continued until breakthrough. . .~ 
Thus, the loadiqg capacity of these materials at the process input iodine 
concentration was not determined. t 



The 1 aboratory-scal e experimental program described here demonstrated 

t h a t  20 cm deep beds o f  NAgZ, LAgZ, and 18 wtX s i l v e r  AgX can e f f e c t i v e l y  

c o n t r o l  gaseous i od ine  contained i n  a normal ly  operat ing PFM DOG up t o  an 

i o d i n e  load ing  o f  0.25 mmol I / g  sorbent. Performance o f  these z e o l i t e s  i s  
* - 

independent o f  whether t h e  system has been operated cont inuously  o r  shutdown 

and brought back i n t o  operat ion,  o r  i s  i n  standby mode. This  study a l so  

showed, by measurement o f  AP across t h e  beds, t h a t  t he  th ree  sorbents are  

s tab le  when exposed t o  the  h i g h l y  a c i d i c  gas representa t ive  o f  t he  PFM DOG 

and loaded t o  0.25 mmol I / g  sorbent. I n  contrast ,  AgN03Si f a i l e d  t o  perform 

t o  t h e  minimum requirements establ  ished f o r  acceptable operat ion i n  the  PFM. 

O f  the  th ree  z e o l i t e s  tested, t he  AgX had t h e  best load ing  p r o f i l e  

( sho r tes t  load ing  zone). Each o f  the  zeol i t e s  appears t o  have a much h igher  

usefu l  load ing  capac i ty  than reached i n  these experiments ( i .e. ,  0.25 mmol 

I / g  sorbent) . 
Since the  mechanism f o r  i od ine  t rapp ing  by s i  1  ver -conta in ing  ma te r ia l s  

i s  n o t  understood, i t  i s  d i f f i c u l t  t o  i d e n t i f y  purchasing s p e c i f i c a t i o n s  t h a t  

would ensure adequate performance. Reasonable s p e c i f i c a t i o n s  f o r  purchase o f  

ma te r i a l  inc lude zeol i t e  type, form, mesh, and s i l v e r  content.  Chemical 

analyses t o  conf i rm s p e c i f i c a t i o n s  cou ld  be performed. Simp1 e 1 aboratory 

i od ine  sorp t ion  t e s t s  might  be appropriate, al though the  t e s t  would have t o  

be developed and the  r e s u l t s  co r re la ted  w i t h  both adequate and inadequate 

performance l e v e l s .  Such t e s t s  might i nvo l ve  so rp t i on  o f  i od ine  from a 

so lvent  o r  from t h e  gas phase. 

C o l l e c t i o n  o f  i od ine  in/on an i od ine  sorbent fo l lowed by gamma and x - ray  

count ing of t he  sample appears t o  be an acceptable method fo r  mon i to r ing  the  

i od ine  content  i n  t h e  e f f l u e n t  from both the  pr imary and secondary sorbent 
. - beds. Co l l  e c t i n g  a sample f o r  8 h from a 500 mL/min s l  i p  stream would pro-  

v ide  a reasonable measurement o f  t he  12'1 content  i n  the  gas stream a t  t h e '  

t a r g e t  e f f l  uent concentrat ion.  

U n t i l  the  mechanism o f  i od ine  t rapp ing  by s i l v e r - c o n t a i n i n g  mater ia l  s  i s  

more completely understood, we cannot be sure t h a t  t he  sorbent w i l l  always be 



e f f e c t i v e .  This  i s  i l l u s t r a t e d  by the  poor performance o f  t he  AgN03Si i n  

these experiments, which has been shown by o thers  t o  be an e x c e l l e n t  sorbent. 

There i s  a t  t h i s  t ime  no s u i t a b l e  exp lanat ion  f o r  the  f a i l u r e  o f  AgN03Si t o  

perform s a t i s f a c t o r i l y ,  wh i l e  the  s i l v e r  zeol i t e s  performed very we1 1 and met 

process requirements. Basic chemistry s tud ies  such as those suggested by 

Scheele and Burger (1987) are s t i l l  needed. 

I n  add i t ion ,  experiments l i k e  those repor ted  here should be cont inued 

u n t i l  t h e  bed has been loaded t o  capac i ty  us ing  process l e v e l  i o d i n e  i n p u t  

concentrat ions.  Such experiments would be valuable f o r  ensur ing t h a t  t h e  

physical  i n t e g r i t y  o f  t h e  sorbents w i l l  be maintained f o r  t h e i r  scheduled 

1 i f e t i m e .  To support development o f  acceptance c r i t e r i a ,  t e s t s  should be 

developed t o  determine t h e  adequacy o f  purchased sorbent m a t e r i a l .  



EXPERIMENTAL DESIGN, APPARATUS, ANALYTICAL METHODS, AND PROCEDURE 

The o b j e c t i v e  o f  t he  l abo ra to ry  experimental program was t o  compare the  

performance o f  several s t a t e - o f - t h e - a r t  t r app ing  m a t e r i a l s  f o r  gaseous r a d i o -  

i o d i n e  under cond i t i ons  expected i n  t he  PFM. I n  t h i s  sec t i on  we d iscuss the  

experimental design, apparatus, and t e s t  methods. 

.. . 

EXPERIMENTAL DESIGN 

These experiments prov ided the  bases f o r  comparing the  performance o f  

f o u r  sorbents devel oped f o r  r a d i o i  od i  ne c o n t r o l  i n  a nuclear  f u e l  s reprocess- 

i n g  p l a n t  (FRP) (Burger and Scheele 1983). The experiments were designed t o  

measure the  sorbents'  a b i l i t y  t o  t r a p  process concentrat ions o f  i od ine  from a 

gas stream rep resen ta t i ve  o f  t he  PFM DOG a t  normal opera t ing  cond i t i ons  and 

when exposed t o  one o r  more shutdown/startup cyc les.  I n  add i t ion ,  t he  

chron ic  re1  ease 1 eve1 o f  i o d i n e  under standby cond i t i ons  was determined. The 

experimental design a1 so a1 lowed us t o  determine whether load ing  the  ma te r ia l  

w i t h  i od ine  o r  exposure t o  the  h i g h l y  a c i d i c  gas stream would impact the  

phys ica l  i n t e g r i t y  o f  the  mater ia ls .  

Our extensive t e s t i n g  o f  NAgZ i n  support o f  t he  PFM p r o j e c t  (Scheele and 

Burger 1987) made t h i s  z e o l i t e  t he  lead ing  candidate f o r  a p p l i c a t i o n  i n  the  

PFM. However, i t  would be des i rab le  t o  i d e n t i f y  a s u b s t i t u t e  sorbent i n  t he  

event NAgZ i s  no longer a v a i l  able. The Norton Company no longer manufactures 

mordeni t e ,  a1 though a mordeni t e  i s  avai 1 able from Linde. A1 t e r n a t i v e s  

i nc lude  several so l  i d  ma te r i a l s  t h a t  have demonstrated an a b i l i t y  t o  e f f e c -  

t i v e l y  t r a p  i o d i n e  from simulated DOG streams. Thomas e t  a l .  (1977) a t  t he  

Idaho Nat ional  Engineering Laboratory (INEL) demonstrated the  u t i l  i t y  o f  

f u l l y  exchanged AgX (36 w t %  s i l v e r )  and AgZ (18 w t %  s i l v e r ) .  As McKay, 

Miquel and White (1982) describe, t he  work o f  Wilhelm, Fu r re r  and others o f  

Kar lsruhe i nd i ca ted  t h a t  AgN03Si could e f f e c t i v e l y  t r a p  i od ine  i n  a DOG. 

Based on i n fo rma t ion  i n  t he  1 i t e r a t u r e ,  t he  ma te r ia l s  se lected f o r  t e s t -  

i n g  were AgZ (18 w t %  s i l v e r )  prepared from Norton mordenite Zeolon 900 (NAgZ), 

AgZ (18 w t %  s i l v e r )  prepared from Linde mordenite (LAgZ), p a r t i a l l y  exchanged 

s i l v e r  f a u j a s i t e  (AgX) (18 w t %  s i l v e r )  prepared from Linde 13X, and s i l v e r  



n i  trate- impregnated s i l  i c i c  a c i d  (AgN03Si ) . For comparison 18 w t %  s i l v e r  

AgX, prepared so t h e  s i l v e r  was un i fo rm ly  d i s t r i b u t e d  throughout t h e  
mater ia l ,  was used instead o f  t he  f u l l y  exchanged AgX. F u l l y  exchanged AgX 

has a s i l v e r  content o f  36 wt%. Figure 1 presents t h e  f o u r  mater ia ls ,  p lus  

t h e  36 w t %  s i l v e r  AgX used i n  t h e  sampler t raps .  

The th ree  zeol i t e s  were s ized -20t40 mesh. WHC selected t h i s  p a r t i c l e  

s i z e  based on t h e  work o f  Scheele and Burger (1987), which showed acceptable . -- 
pressure drops across beds o f  -20t40 mesh NAgZ, and Scheele, Burger, and 

Matsuzaki (1983), which showed t h a t  t rapp ing  e f f i c i e n c y  increased w i t h  a 

decrease i n  p a r t i c l e  s ize.  Presized s i  1 ver-exchanged zeol i t e s  were purchased 

from Ionex Corporation. The AgN03Si was used a t  i t s  manufactured s i z e  o f  

1.6-m-dia.  beads. Dr. J. Fur rer  o f  Kar lsruhe provided t h e  AgN03Si s ince the  

mater i  a1 was not  commerci a1 l y  avai 1 able unless purchased i n  very 1 arge 

q u a n t i t i e s .  Ionex Corporat ion prepared t h e  18 w t %  s i l v e r  AgX so t h a t  t h e  Ag 

was evenly d i  s t r i  buted throughout t h e  AgX p a r t i  c l  es . 
I n  t h e  o r i g i n a l  experimental design we planned t o  t e s t  th ree r e p l i c a t e  

beds o f  NAgZ, AgX, and AgN03Si. However, LAgZ was a lso  tes ted  because o f  t he  

p o t e n t i a l  shortage o f  NAgZ. Because NAgZ was t h e  lead ing candidate f o r  

a p p l i c a t i o n  i n  t h e  PFM and t h e  non-zeo l i te  AgN03Si was p rev ious l y  shown t o  be 

NAgZ LAgZ AgX AgN03Si 

FIGURE 1. S i l v e r  Sorbents Used i n  t h e  Performance Tests 



e f f e c t i v e  f o r  t h i s  app l i ca t i on ,  t h ree  beds o f  these ma te r ia l s  were tested.  

The AgX could be suscept ib le  t o  degradat ion i n  t h e  h i g h l y  a c i d i c  environment 

o f  an FRP, so one bed o f  LAgZ was subs t i t u ted  f o r  one bed o f  AgX. 

The experiments were performed a t  t he  PFM opera t ing  and standby 

cond i t ions  expected t o  e x i s t  i n  t he  PFM, as shown i n  Table 1. The e f f l u e n t  

I. . samplers were rep1 aced every 2 weeks. Approximately every 4 weeks a shutdown 

and s t a r t u p  t e s t  was performed. During normal operat ion o f  the  PFM, a bed o f  

AgZ w i l l  l a s t  about 1 year and may be exposed t o  one o r  more shutdown and * 
s t a r t u p  cycles. During shutdown gas w i l l  no t  f l o w  through the  beds and the  

bed heaters w i l l  be turned o f f .  I n  our t es t s ,  shutdown and s t a r t u p  t e s t s  

were accomplished i n  an 8 h day. The e f f l u e n t  gas sampler was l e f t  i n  p lace  

u n t i l  t h e  a i r  f l o w  was stopped. Samplers were n o t  i n s t a l l e d  f o r  t he  shutdown 

and s ta r tup  tes ts .  During standby the re  was no i o d i n e  o r  NOx i n  the  i n p u t  

gas, t he  bed was 150°C, and the  dew p o i n t  was maintained a t  30 t o  35". 

TABLE 1. Experimental Operat ing Condi t ions 

Level 
O ~ e r a t i n q  Parameter Normal Operat i on Stand bv Operation 

Gas Compos i t i on 

NO, vol% 1 0 

NO2, vol% 1 0 

H20, vo l% 6 6 

H20, mmol/L 2.5 2.5 

12, w o l  I / L  0.1 0 
A i r ,  vo l% 89.4 91.5 

Bed Parameter 

Length, cm 

Diameter, cm 

Face Vel o c i  t y ,  m/mi n 5 

Flow ra te ,  L/min 0.4 

Temperature, "C 150 



The nine beds were run in parallel, with the test materials distributed 

across the manifold to prevent experimental bias due to location. The NAgZ 

occupied positions 1, 4, and 7 (Figure 2), the AgN03Si occupied positions 2, 

5, and 8, the AgX occupied positions 3 and 6, and the LAgZ occupied position 

9. At the end of the iodine loading experiment the beds were subjected to 

standby conditions for 7 days to determine the chronic release rate (see 

Table 1). The apparatus used for these experiments is described in the 

following section. 

Due to budget and time constraints the experimental program was stopped 

after loading the 20 cm beds to approximately 0.25 mmol I/g material, or 15% 

silver utilization. 

APPARATUS USED FOR EXPERIMENTS 

The experimental apparatus was designed to allow simulation of the 

expected normal conditions in the PFM in terms of superficial face velocity, 

sorbent particle size, water content in the gas stream, NO and NO2 concentra- 

ti ons, and temperature. A schematic of the 1 aboratory apparatus is presented 
in Figure 2. The experimental apparatus consisted of the gas del ivery and 

flow control system; the gaseous iodine generator; and the test beds, includ- 

ing temperature control (Figure 3 to 6). 

The gas delivery and flow control system consisted of gas bottles, an 

oil-free air pump, mass flow controllers, rotameters, a gas holdup and mixing 

bulb for generation of NO2, a gaseous water generator, and a gas manifold to 

distribute the iodine-containing gas to each sorbent bed. Commerci a1 ly pro- 

duced gas bottles supplied purified grades of O2 and N2 and a technical grade 

(>99% purity) of NO. The oil -free air pump provided air flow. During opera- 

tion, the air was pumped into a ballast tank to el iniinate variations in air 

pressure to the mass flow controller. Electronic mass flow controllers con- 

trolled the gas flows and floating-ball flowmeters verified the flows. The 

NO2 was prepared by mixing a stoichiometric amount of O2 with the NO in the 

100 mL Pyrex bulb shown in Figure 4, thus providing a 50% N0/50% NO2 mixture. 

The glass bulb was sized to provide sufficient residence time for ensuring 

conversion of the desired amount of NO to NO2. 





F I G U R E  3 .  Gas Delivery and Control System 

F I G U R E  4 .  NO2 Generator, H 0 Generator, and Exit Flowmeters 
2 (g)  



FIGURE 5 .  Constant Temperature Oven, Beds, I 2(g) Generator, 
Condensate Traps 

and 

FIGURE 6. Beds, Preheater, and E f f luen t  Sample Trap Assembly 
(beds are shown a f t e r  loading and before standby) 



A dew p o i n t  o f  about 35 t o  40°C f o r  t h e  i n p u t  gas was obtained by bub- 

b l  i n g  t h e  a i r  stream through a b o t t l e  o f  40°C water, as shown i n  Figure 4. 

The water terr~perature was con t ro l  1 ed w i t h  a s t  i r re r /hea te r  p l  ate.  

The water-conta in ing a i r  and the  NOx were combined and de l  i vered through 

a heated s t a i n l e s s  s t e e l  l i n e  t o  t h e  preheater assembly, which was contained 

w i t h i n  t h e  oven shown i n  Figure 5. The preheater was a c o i l  o f  0.25-in.-O.D. 

s ta in less  s t e e l  tubing,  shown i n  Figure 6. This gas stream was mixed w i t h  

t h e  gaseous 12-1 aden stream from t h e  I2 generator and then passed i n t o  t h e  

gas mani fo ld  f o r  d i s t r i b u t i o n  t o  each o f  t h e  t e s t  beds (see F igure  6) .  The 

gas flowed downward through t h e  t e s t  beds t o  prevent f l u i d i z a t i o n  o f  t h e  bed 

mate r ia l .  The gas f l o w  through each bed was c o n t r o l l e d  us ing  i d e n t i c a l  

rotameters on t h e  e x i t  1 ines from each bed shown i n  Figure 4. 

To determine any remaining iod ine  i n  t h e  gas stream, t h e  gas leav ing  

each t e s t  bed f lowed downward through a 5-cm-deep by 1-cm-di a. bed o f  f u l l y  

exchavged (36 w t %  Ag) AgX. The iod ine  c o l l  e c t i o n  t r a p  and con f igu ra t i on  i s  

shown i n  F igure  6. The i o d i n e - f r e e  gas stream then l e f t  t h e  oven and passed 

through condensed-1 i q u i d  co l  l e c t i o n  t raps  before  passing through t h e  e x i t  

rotameters. 

The gas de l  i v e r y  1 ines f o r  t h e  a i r ,  N2, NO, and O2 were p l a s t i c ,  and t h e  

e x i t  l i n e  froni t h e  NO2 generator bu lb  was Tef lon  and g lass.  The gas 1 ines 

beyond t h e  water generator and the  mani fo ld  were s t a i n l e s s  s t e e l .  The bed 

conta iners and AgX sampler conta iners were borosi  1 i c a t e  g lass.  The beds were 

j o ined  t o  t h e  mani fo ld  by b u t t i n g  t h e  b o r o s i l  i c a t e  tube t o  t h e  mani fo ld  and 

using a Tef lon  sleeve and worm gear clamps t o  ensure a l e a k - f r e e  system. The 

beds were connected t o  t h e  sampler tubes using b a l l  and socket j o i n t s  and 

s i l i c o n e  grease was used t o  seal t h e  j o i n t s .  Grease s p e c i f i c a t i o n s  i nd i ca ted  

u t i l i t y  above 200°C; however, a f t e r  2 weeks a t  150°C, t h e  j o i n t s  f roze.  Pre- 

v ious experience w i t h  high-temperature s i l i c o n e  grease a t  temperatures up t o  

230°C had been p o s i t i v e  (Scheele and Burger 1987), and such grease would have 

been a more s u i t a b l e  choice. 

Since elemental i od ine  i s  expected t o  be t h e  predominant i od ine  species 

i n  t h e  PFM DOG, I2 was selected as t h e  chemical form o f  i od ine  t o  be used i n  

t h i s  study ins tead o f  methyl i od ide  (CH31), which was used i n  previous work 

12 



(Scheele and Burger 1987). Methods used p rev ious l y  were n o t  t o t a l l y  s a t i s -  

f a c t o r y  f o r  generat ing r a d i  ot raced I2 gas, p a r t  i c u l  a r l y  f o r  extended opera- 
- 

ti on (1 e t t e r  repo r t ,  Burger, Scheele, and Matsuzaki 1983). Therefore, an 

a1 te rna te  method was used t h a t  invo lved suspending so l  i d  elemental i od ine  i n  

water and c o n t r o l l i n g  the  temperature, and thus the  vapor pressure, o f  t he  

elemental iod ine .  

To rad io t race  the  elemental i od ine  a mix ture  o f  s o l i d  12, water, i o d i d e  

i o n  (0.01 mole I- /mole I ) ,  and 1 2 5 ~  t r a c e r  as i o d i d e  i o n  was prepared and 

al lowed t o  e q u i l i b r a t e  f o r  more than 4 weeks. Elemental i od ine  reac ts  

r a p i d l y  w i t h  I- t o  form the  t r i i o d i d e  ion,  which presumably improves the  i s o -  

t o p i c  exchange r a t e .  Samples o f  t he  aqueous phase, p l u s  gas samples from the  

bubbler described be1 ow, v e r i f i e d  t h a t  exchange had occurred. 

To del  i v e r  the  gaseous I2 t o  the  t e s t  beds, n i t rogen  was bubbled through 

a coarse frit submerged i n  the  s t i r r e d ,  aqueous i o d i n e / t r i  i od ide  suspension/ 

s o l u t i o n  contained i n  a gas-bubbl i n g  b o t t l e .  The n i t rogen  suppl ied from a 

gas b o t t l e  c a r r i e d  the  gaseous I2 t o  the  mani fo ld,  where i t  was mixed w i t h  

the  air/NOx stream. The n i t rogen  f l o w  was regu la ted  by a mass f l o w  con t ro l  - 
l e r  and monitored us ing a rotameter.  Pre l im inary  t e s t i n g  demonstrated t h a t  

the  gaseous I2 generator,  i f  operated a t  room temperature (22"C), could con- 

s i s t e n t l y  de l  i v e r  the  needed concentrat ion o f  I2 t o  the  manifold. The t rans -  

f e r  l i n e  from the  I2 generator was constructed o f  g lass  and s t a i n l e s s  s tee l ,  

and was as sho r t  as poss ib le  t o  l i m i t  I2 depos i t ion .  Pre l im inary  t e s t i n g  

i nd i ca ted  t h a t  I2 would pass q u a n t i t a t i v e l y  through 50 cm o f  6.4-mm-O.D. 

s t a i n l e s s  s tee l  t ub ing  heated t o  150°C. 

ANALYTICAL METHODS 

To evaluate the  performance o f  t he  i od ine  sorbents, t he  iod ine  concen- 

t r a t i o n  was p e r i o d i c a l l y  measured i n  both the  e f f l u e n t  and 12-laden gas from 

the  I2 generator .  Chemical and r a d i o a n a l y t i c a l  methods were used f o r  t he  

analyses. 

To chemical ly  analyze the  i od ine  i n  so lu t i ons  o f  i n t e r e s t ,  we used an 

i od ide  i o n  S p e c i f i c  I on  Elect rode (SIE). 'The ~iiethod was app l icab le  t o  de te r -  

mining the  amount o f  i od ine  present i n  the  caus t i c  t r a p s  used t o  c o l l e c t  



gaseous I2 and i n  t h e  I2 generator  i t s e l f .  I n  t h i s  method hydroxylamine 

n i t r a t e  o r  s u l f a t e  was added t o  reduce a l l  t h e  h igher  o x i d a t i o n  s ta tes  ( I 2  

and I03') present i n  s o l u t i o n  t o  iod ide .  N i t r i c  ac id  was used t o  ad jus t  t h e  

pH t o  2  and sodium n i t r a t e  was used t o  ad jus t  t he  i o n i c  s t reng th  o f  t h e  

so lu t i on .  

This  method was used i n  t h e  developmental stages o f  t h e  I2 generator and . .  
l a t e r  du r ing  t h e  experiments t o  determine t h a t  t h e  generator c o n s i s t e n t l y  

de l i ve red  t h e  des i red  amount o f  i o d i n e  t o  t h e  t e s t  beds. A  c o n t r o l l e d  f l o w  k 

o f  n i t rogen  was bubbled through t h e  I2 generator,  then passed through a  1 1 
caus t i c  scrubber t o  remove t h e  gaseous halogen. The c a u s t i c  s o l u t i o n  con- 

t a i n i n g  i o d i n e  was then analyzed t o  chemical ly  determine t h e  i o d i n e  content .  

A1 i quo ts  o f  t h e  aqueous rad io t raced  i o d i n e / t r i  i o d i d e  s l  u r r y / so l  u t i o n  were 

a lso  analyzed t o  determine t o t a l  iod ine .  The r a d i o i o d i n e  content  was then 

determined and t h e  s p e c i f i c  a c t i v i t y  o f  t h e  i od ine  was ca lcu la ted .  

The i o d i n e  was rad io t raced  w i t h  1 2 5 ~  a t  a  nominal s p e c i f i c  a c t i v i t y  o f  

2  Ci/mol I. We analyzed f o r  r a d i o i o d i n e  us ing NaI(T1) s c i n t i l l a t i o n  detec- 

t o r s .  We used a  w e l l  c r y s t a l  t o  measure rad io iod ine  i n  t h e  e f f l u e n t  t raps ,  

samples o f  t h e  i o d i n e  generator s l u r r y ,  and caus t i c  t raps .  Segmented bed 

counts were performed using a  r i g h t  c i r c u l a r  c y l i n d r i c a l  NaI(T1) c r y s t a l .  A  

l e a d  s h i e l d  w i t h  a  10 cm s l i t  was placed between t h e  c r y s t a l  and t h e  bed, 

thus p e r m i t t i n g  t h e  bed t o  be counted i n  s i x  s l i g h t l y  over lapping 35 mm 

segments. 

A  sample o f  1 2 5 ~  s o l u t i o n  was submitted f o r  s tandard iza t ion .  We then 

used t h i s  s tandardized s o l u t i o n  and d i l u t i o n s  o f  i t  t o  prepare lZ51 standards 

on 36 w t %  s i l v e r  AgX t h a t  contained vary ing  amounts o f  1 2 5 ~ .  The mean 

s p e c i f i c  a c t i v i t y  (cps/mol) and standard d e v i a t i o n  (sd), based on t h e  many 

analyses, were ca lcu la ted .  The sd was used t o  c a i c u l a t e  t h e  conf idence 

1  i m i  t s  f o r  t h e  e f f l u e n t  concentrat ions presented 1  a te r .  

The lZ51  standards on AgX were prepared by adding known amounts (20 t o  

500 pL) o f  standard so lu t i on ,  o r  d i l u t i o n s  o f  t h e  so lu t i on ,  t o  t h e  amount o f  

AgX used i n  t h e  i o d i n e  e f f l u e n t  sample t raps .  A  few drops o f  standard 

s o l u t i o n  were added t o  a  l a y e r  o f  AgX, adding on ly  enough t o  wet t h a t  l a y e r  

w i thou t  a l l ow ing  t h e  s o l u t i o n  t o  contac t  t h e  count ing tube. A second l a y e r  



o f  AgX was added and the  process repeated u n t i l  t h e  standard a l i q u o t  was 

added t o  the  AgX. The samples were a i r  d r i e d  o r  d r i e d  i n  a vacuum oven a t  

70'C. Rep l ica te  samples and standards were prepared by several people us ing 

d i f f e r e n t  vo l  umes o f  standardized so l  u t i on .  

To determine whether t he  sorbents were being chemical ly  degraded o r  

.. - a f fec ted  by exposure t o  the  ac ids i n  t he  gas stream o r  by t h e  sorp t ion  o f  

iod ine,  t h e  pressure drop across each bed was p e r i o d i c a l l y  measured using a 

+ mercury manometer. One s ide  o f  t he  manometer was connected t o  the  i n l e t  s i de  

o f  t he  gas man i fo ld  and the  o the r  s ide  was connected t o  t h e  o u t l e t  s i de  o f  

each bed. 

EXPERIMENTAL PROCEDURE 

The experiments consis ted o f  a load ing  stage and a standby stage. Three 

shutdown and s t a r t u p  t e s t s  were inc luded i n  the  l oad ing  stage. To s t a r t  t h e  

system t h e  oven was heated t o  40°C, when the  a i r  f l o w  was s tar ted .  When t h e  

oven s t a b i l i z e d  a t  150°C, t h e  NOx and i od ine  f lows were s ta r ted .  About tw i ce  

a week the  condensate t raps  were emptied. The pressure drops were measured 

each working day. Every 2 weeks the  e f f l u e n t  AgX sample t raps  were re~iioved 

and replaced. The b a l l  and socket j o i n t s  were regreased a t  each sampling and 

the  system was leak- tes ted .  A f t e r  t he  t h i r d  sampling a l l  j o i n t s  a f t e r  t he  

t e s t  beds were regreased. About every 4 weeks 2 shutdown and s t a r t u p  t e s t  

was performed. 

During t h e  shutdown and s t a r t u p  tes ts ,  the  i od ine  and NOx f lows were 

stopped and the  oven was turned o f f  and cooled t o  40°C. The a i r  f l ow  was 

then stopped and the  oven cooled t o  room temperature. The AgX iod ine  sample 

t raps  were then rep1 aced and the  experiments res ta r ted .  

A t  t he  end o f  67 days the  system was shut down. The beds were removed 

from the  oven and segment gamma counted, then re turned t o  the  oven f o r  t he  

standby t e s t .  S tar tup  f o r  t h e  standby stage was the  same as the  load ing  
' 

stage except t h a t  no NOx and I2 were present dur ing  the  7-day standby t e s t .  





The zeolites NAgZ, AgX, and LAgZ generally performed better than 

expected as compared to previously conducted work using a higher feed 

concentration (Scheel e and Burger 1987). Each materi a1 reduced the iodine 

concentration in the gas stream to pnol I/L. In these tests the 
.* - 

AgN03Si did not consistently meet the target criteria of pnol I/L in 

the effluent. 

The shutdown/startup cycle did not appear to affect the performance of 
the three silver zeol i tes, a1 though the second shutdown/startup cycle may 
have affected the performance of the A9N03Si beds. The effluent concentra- 
tion from each AgN03Si bed increased to x 1 0 - ~  pmol I/L following the second 
shutdown/startup cycl e. 

In general, standby operation also did not seem to affect the effluent 
concentration from any of the beds. The effluent concentration remained near 
the concentration measured during previous 1 oadi ng periods. 

The foll owing discussion presents more detai 1 ed information on the per- 

formance of each material during loading and standby, the effect of three 

shutdown/startup cycles, and the effects of iodine loading and exposure to a 
gas stream containing acidic NOx on the pressure drop across each of the 
beds. 

TRAPPING AND STANDBY PERFORMANCE 

In this section the trapping and standby performance of each material 
tested is presented graphical ly, with the iodine effl uent concentration from 
the bed shown as a function of iodine loading and time. The distribution on 
the beds after loading and after standby is also presented. 

The 1 oading portrayed in the graphs and tab1 4s is based on an input 

concentration of 0.1 pmol I/L, as measured during prel iminary testing of the 
gaseous I2 generator and periodic measurement of the iodine generator output 
during the loading. Error 1 imi ts at the 95% confidence level 'are also 
included. The error results from the sd of the standard and gamma counting 
of the sample. In some cases the 1 ower 1 imi t was 1 ess than 0 and is shown on 



t h e  f i g u r e s  as a 1 i n e  extending below t h e  1 i m i t s  o f  t he  ord ina te .  The e r r o r  

l i m i t s  repor ted  i n  t h e  tab les  are based s o l e l y  on count ing s t a t i s t i c s  and do 

n o t  i nc lude  v a r i a b i l  i t y  due t o  bed placement du r ing  count ing. The var iance 

due t o  placement may account f o r  some o f  t h e  d i s t r i b u t i o n  changes observed 

f o r  t h e  beds a f t e r  standby. 

The mass t r a n s f e r  zone i s  t y p i c a l l y  de f ined as t h e  l eng th  o f  bed t h a t  

reduces t h e  concent ra t ion  o f  t h e  species invo lved from i t s  i n p u t  va lue t o  

some prescr ibed low value. The l a t t e r  may cover a wide range, perhaps 1 0 ' ~  

o r  Since i n  t h i s  study t h e  i o d i n e  concent ra t ion  cannot be measured 

w i t h i n  t h e  bed, we adapted t h i s  method t o  ob ta in  est imates o f  t h e  mass t r a n s -  

f e r  zone. The f i r s t  and most a n a l y t i c a l l y  s e n s i t i v e  measurement uses t h e  

load ing  l e v e l  measured on d i f f e r e n t  segments o f  t h e  t e s t  beds. The second 

measurement uses t h e  c o l o r  o f  t h e  iodine- loaded t e s t  bed t o  de f i ne  t h e  t r a n s -  

f e r  zone. I n  bo th  cases t h e  end o f  t h e  t r a n s f e r  zone i s  de f ined as t h e  p o i n t  

where t h e  i o d i n e  l oad ing  f a l l s  t o  an a r b i t r a r y  low l e v e l .  

Norton S i l v e r  Mordenite 

As shown i n  Figures 7 and 8, NAgZ can reduce t h e  i od ine  concent ra t ion  

from 0.1 pmol 1/L t o  l e s s  than t h e  t a r g e t  concent ra t ion  o f  pmol I / L  up 

t o  load ings  o f  0.24 mmol I / g  NAgZ. General1 y, t h e  e f f l u e n t  concent ra t ion  was 

pmol I /L .  The concent ra t ion  from bed 1 rose above l o e 6  pmol I / L  o n l y  

du r ing  standby. 

Shutdown and s t a r t u p  cyc les  do no t  appear t o  impact t h e  a b i l i t y  o f  NAgZ 

t o  t r a p  gaseous i o d i n e  from a s imulated DOG. The e f f l u e n t  i o d i n e  concentra- 

t i o n  r i s e s  o r  f a l l s  f o r  t h e  th ree  beds i n  an apparent ly  random fash ion  a f t e r  

t h e  bed cyc l  es through shutdown/startup. 

Standby f o r  7 days a lso  appears t o  have 1 i t t l e  o r  no e f f e c t  on t h e  

e f f l u e n t  concent ra t ion  from t h e  bed. For bed 1 i t  increased t o  pmol I / L  

bu t  remained below pmol I / L  f o r  beds 4 and 7. Table 2, which presents 

t h e  i o d i n e  d i s t r i b u t i o n  on each bed a f t e r  load ing  and a f t e r  standby, shows 

some downstream mig ra t i on  o f  t h e  iod ine .  This  suggests t h a t  i f  standby 

cont inued f o r  a longer  per iod,  more i od ine  might  have migrated from t h e  beds. 

However, t he  i n fo rma t ion  i s  i n s u f f i c i e n t  f o r  f u r t h e r  conclusions. 
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FIGURE 7. E f f l u e n t  Concentrat ions f rom NAgZ Beds as a Funct ion 
of I o d i n e  Loading. ( I n p u t  Gas: 0.1 pmol I j L ,  1 vo l% 
NO, and 1 vo l% NO2) 
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FIGURE 7. (contd) 

Table 2 a l so  shows t h a t  i o d i n e  c o l l e c t e d  on the  f i r s t  10 cm f o r  beds 

1 and 7 and the  f i r s t  13 cm f o r  bed 4, i n d i c a t i n g  t h a t  the  mass t r a n s f e r  zone 

f o r  NAgZ i s  probably l e s s  than 12 cm. 

I n  a d d i t i o n  t o  the  planned tes ts ,  bed 4  was acc iden t l y  f looded w i t h  

water be fore  the  f i r s t  shutdown. The bed's performance was n o t  s i g n i f i c a n t l y  

impacted by the  f l ood ing ,  a1 though the  small d i f f e rences  observed between bed 

4  and beds 1 and 7 might  be a t t r i b u t a b l e  t o  the  f l ood ing .  

The d i f f e r e n t  beds a f t e r  load ing  and before  standby were presented 

e a r l i e r  i n  F igure  6. Inspect ion  o f  beds 1, 4, and 7 shows a  dark band a t  t he  

top  o f  each bed. About 5 mm down each bed, a gap formed a f t e r  t he  f i r s t  

shutdown/startup cyc le .  When t h e  mater ia l  was removed from the  g lass  columns 

a t  t he  end o f  t h e  experiments, t he  upper h i g h l y  loaded p o r t i o n  o f  t he  bed was 

ag i ta ted .  The ma te r ia l  then flowed e a s i l y .  Th is  suggests t h a t  exposure t o  

t h e  simulated DOG o f  t h e  PFM o r  occasional condensation du r ing  shutdown 
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would cause some agglomerat ion o f  t h e  m a t e r i a l ,  which cou ld  r e s u l t  i n  b lock-  

age. Based on pressure drop measurements, which are discussed 1 a t e r ,  no 

s i g n i f i c a n t  blockage occurred. 
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A t  room temperature t h e  NAgZ was dark  gray.  Upon heat ing  t o  150°C, t h e  
m a t e r i a l  changed t o  a t ann i sh  gray-whi te.  A t  t h e  end o f  t h e  experiment t h e  

top  1 cm o f  each bed was dark  brown, t h e  nex t  4 cm sec t i on  was l i g h t  ye l low,  

t h e  nex t  1 cm was p a l e  v i o l e t ,  and t h e  remainder o f  each bed was tann i sh  

gray-whi te.  Th i s  c o n f i g u r a t i o n  suggests a mass t r a n s f e r  zone o f  about 6 cm. 

The apparent discrepancy i n  mass t r a n s f e r  zone probably  r e s u l t s  because t h e  

c o l o r  method i s  l e s s  s e n s i t i v e .  The segmented gamma count prov ides a more 

accurate measure. 

- 

The r e s u l t s  o f  t h e  NAgZ t e s t s  show t h a t  NAgZ would be an e f f e c t i v e  t r a p -  

p i n g  agent f o r  gaseous i o d i n e  present i n  t he  DOG o f  t h e  PFM, up t o  an i o d i n e  

l oad ing  o f  0.25 mmol I / g  NAgZ. The l oad ing  p r o f i l e  a l so  i n d i c a t e s  t h a t  

h ighe r  load ings  should be poss ib le  a t  PFM process cond i t i ons .  
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TABLE2. I o d i n e D i s t r i b u t i o n o n N A g Z B e d s  B e f o r e a n d A f t e r S t a n d b y  

Segment, 
3 .3  cm/seqment 

Bed 1 

0 - 3.3 cm 

3.3 - 6.6  cm 

6 .6  - 9.9  cm 

9 .9  - 13.2 cm 

13.2 - 16.5 cm 

16.5 - 20.0 cm 

TOTAL 

Bed 4 

0 - 3.3 crn 

3 .3  - 6.6 crn 

6.6 - 9.9  cm 

9.9 - 13.2 cm 

13.2 - 16.5 cm 

16.5 - 20.0 cm 

TOTAL 

Bed 7 
0 - 3 .3  cm 

3 .3  - 6.6  cm 
6 .6  - 9.9 cm 

9 .9  - 13.2 cm 

13.2 - 16.5 cm 

Load i ns 
Before Standby Af te r  St and bv 

mmol I /q  AqZ % (a> mmol I /q  AqZ % (a>  

16.5 - 20.0 an 0.0001 0.05 f 0.08 0.0001 0.06 f 0.08 

TOTAL 0.2398 100.00 0.2398 99.99 

(a)  95% confidence l e v e l  based on counting s t a t i s t i c s .  



Linde S i l v e r  Mordenite 

As shown i n  F igures 9 and 10, LAgZ can reduce t h e  i od ine  concent ra t ion  

i n  t he  gas stream from 0.1 pnol I / L  t o  l e s s  than the  t a r g e t  concent ra t ion  o f  

pnol I/L, up t o  an i od ine  load ing  o f  0.27 mmol I / g  LAgZ. Dur ing load ing  

the  e f f l u e n t  concent ra t ion  from the  bed was r o u t i n e l y  pmo? I / L .  

Standby and t h e  shutdown/startup cyc les  apparent ly  had l i t t l e  e f f e c t  on t h e  - -- 

a b i l i t y  o f  LAgZ t o  t r a p  gaseous i od ine  from a simulated DOG. The e f f l u e n t  

sampler t r a p  f o l l o w i n g  the  t h i r d  shutdown/startup cyc le  could no t  be analyzed b 

because i t  was acc iden t l y  combined w i t h  t h e  e f f l u e n t  sample t r a p  from bed 8 

(AgN03Si), which was very rad ioac t i ve .  We cou ld  n o t  separate t h e  two samples 

and be sure t h a t  t he  i n t e g r i t y  o f  t he  sample from bed 9 was maintained. 

Table 3 i n d i c a t e s  t h a t  i od ine  c o l l e c t e d  i n  t h e  top  7 cm o f  t h e  bed, com- 

pared t o  t h e  t o p  11 cm o f  t h e  beds o f  NAgZ. Th is  suggests a mass t r a n s f e r  

zone o f  (7 cm f o r  LAgZ a t  PFM process cond i t ions .  The l oad ing  d i s t r i b u t i o n  

a l so  i nd i ca tes  t h a t  a 20 cm bed o f  LAgZ could be loaded t o  a much h igher  

load ing  than t h e  0.27 mmol I / g  LAgZ t h a t  was achieved i n  t h i s  experiment. 

Standby f o r  7 days appears t o  have caused some o f  t h e  i o d i n e  trapped i n  

t h e  f i r s t  3  cm o f  t h e  bed t o  migrate i n t o  t h e  nex t  3 cm. None o f  t he  i od ine  

appears t o  have migrated below the  o r i g i n a l  l oad ing  zone, Based on a s i n g l e  

bed o f  LAgZ i t  i s  d i f f i c u l t  t o  assess any d i f f e r e n c e s  between LAgZ and NAgZ 

du r ing  standby. Comparison o f  Tables 2 and 3 shows iod ine  m i g r a t i o n  du r ing  

standby f o r  NAgZ from t h e  second 3 cm t o  t h e  lower regions, w h i l e  f o r  LAgZ no 

ma te r ia l  moved i n t o  t h e  p rev ious l y  loaded LAgZ. 

Fol lowing t h e  second shutdown/startup cyc le,  a small c rack  o r  gap formed 

immediately below t h e  l oad ing  zone a t  about 5 mm, s i m i l a r  t o  t h e  gap observed 

i n  t h e  NAgZ beds. As w i t h  the  NAgZ, a g i t a t i o n  was requ i red  be fore  the  mate- 

r i a l  could be removed from the  g lass  column. A f t e r  breaking t h e  c r u s t y  upper 

1 ayer, t h e  ma te r ia l  f lowed e a s i l y  from t h e  c o l  urnn. A longer  t e s t  t ime would 

be requ i red  t o  determine whether s i g n i f i c a n t  degradat ion o f  t h e  LAgZ w i l l  

occur, which could impact the  use o f  LAgZ i n  t h e  PFM. 

The as-received LAgZ was wh i te  ins tead o f  dark gray l i ke t h e  NAgZ. Upon 

heat ing  t o  150°C, t h e  LAgZ remained whi te.  As i od ine  loaded onto t h e  mate- 

r i a l  i t  became red  v i o l e t ;  however, w i t h  t ime the  top  1 t o  2 mm o f  t he  bed 
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FIGURE 9. E f f l u e n t  Concentrat ions from LAgZ Bed 9 as a Funct ion o f  I od ine  
Loading. ( I npu t  Gas: 0.1 pnol I/L, 1 volX NO, and 1 vol% NO2) 
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TABLE 3. Iod ine  D i s t r i b u t i o n  on LAgZ Bed Before 
and A f t e r  Standby 

Segment , Before Standbv A f t e r  Standbv 

3.3 cm/segment mmol I / q  AqZ % (a) mmol I / q  AqZ % (a ) 

Bed 9 

TOTAL 0.2783 100.01 0.2783 100.01 

(a) 95% conf idence l e v e l  based on count ing  s t a t i s t i c s .  

became whi te.  A t  t he  end o f  t he  experiment t he  t o p  1 t o  2 mm was wh i te  w i t h  

some dark p a r t i c l e s  intermixed, and t h e  nex t  1 cm was a  dark p ink i sh -pu rp le  

band fo l lowed by an uneven pa le  p i n k  band about 1 cni deep. The r e s t  o f  t he  

bed was whi te.  Th is  c o n f i g u r a t i o n  i nd i ca tes  a  mass t r a n s f e r  zone o f  2  t o  

3  cm. Again, t h e  d i f ference i n  observed mass t rans fe r  zones between t h a t  

measured by segmented gamma count and by c o l o r  1  i ke ly  r e s u l t s  because t h e  

c o l o r  method i s  l e s s  a n a l y t i c a l l y  s e n s i t i v e .  

This  experiment i nd i ca tes  t h a t  LAQZ would be an e f f e c t i v e  sorbent f o r  

gaseous i o d i n e  present  i n  t h e  DOG o f  t h e  PFM. The ma te r ia l  can r o u t i n e l y  

reduce the  i o d i n e  concent ra t ion  i n  t h e  gas stream t o  l e s s  than t h e  t a r g e t  

concentrat ion o f  pmol I /L .  Based on t h i s  experiment, t h i s  ma te r i a l  may 

be a  s u i t a b l e  s u b s t i t u t e  f o r  NAgZ. 

Linde S i l v e r  Fau-iasi t e  

As shown i n  F igures 11 and 12, 18 wt% AgX was an e f f e c t i v e  t rapp ing  

agent f o r  gaseous i o d i n e  i n  the  simulated PFM DOG. The AgX can r o u t i n e l y  

reduce t h e  i od ine  concent ra t ion  i n  t h e  gas stream from 0.1 pmol I / L  t o  l e s s  
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than the  t a r g e t  concent ra t ion  o f  j ~ o l  I/L. up t o  an i o d i n e  load ing  o f  

0.24 mmol I / g  LAgZ. The AgX r o u t i n e l y  reduced the  concent ra t ion  t o  

1  I / L  dur ing  loading,  independent o f  whether t h e  ma te r ia l  was 

exposed t o  a  shutdown/startup cyc le .  The chronic  re lease dur ing  standby was 

a l so  l ess  than 1  I /L .  

.. - The load ing  p r o f i l e  measured f o r  t h e  AgX, as shown i n  Table 4, i nd i ca tes  
t h a t  t he  i od ine  c o l l e c t e d  i n  t h e  top  3 o r  6 cm o f  t h e  bed. Subsequent expo- 

sure t o  standby cond i t i ons  f o r  7 days caused no s i g n i f i c a n t  r e d i s t r i b u t i o n  o r  

l oss  o f  the  iod ine .  Comparison o f  t h e  i od ine  d i s t r i b u t i o n  o f  t he  AgX and the  

NAgZ beds shows a  sharper load ing  band f o r  t he  AgX. E s s e n t i a l l y  a l l  o f  t h e  

trapped i o d i n e  was l oca ted  i n  t h e  f i r s t  3.3 cm o f  t he  bed. This  suggests a  

mass t r a n s f e r  zone o f  l e s s  than 4  cm, w h i l e  i od ine  was found i n  the  f i r s t  

10 cm o f  the  NAgZ beds. This  l oad ing  p a t t e r n  suggests t h a t  a  h igher  s i l v e r  

u t i l i z a t i o n  might be poss ib le  w i t h  t h e  AgX than w i t h  NAgZ o r  LAgZ, and t h a t  a  

much h igher  load ing  than 0.24 mmol I / g  AgX could be achieved. 

F o l l  owing t h e  second shutdown/startup cycle, small vo ids formed a t  t h e  

lead ing  edge o f  t he  i od ine  l oad ing  band, 5 mm i n t o  the  bed. As the  exper i -  

ment progressed the  vo id  expanded t o  1 mm wide. As w i t h  the  mordenites, t o  

remove the  AgX from the  g lass  columns the  upper 5  mm l a y e r  had t o  be a g i -  

ta ted,  a f t e r  which the  ma te r ia l  f lowed e a s i l y  from the  g lass  column. A  

longer t e s t  t ime would be requ i red  t o  determine i f  t h i s  agglomeration would 

s i g n i f i c a n t l y  impact t he  use o f  AgX i n  the  PFM. 

The as-received AgX was 1  i g h t  t a n  a t  both room temperature and 150°C. 
As the  i o d i n e  loaded onto t h e  AgX, t h e  ma te r ia l  became yel low.  The load ing  

zone became dark brown as more i o d i n e  was trapped. Eventual ly ,  t he  5 mm o f  

AgX above t h e  vo id  became wh i te .  The next  1 cm below the  crack became l i g h t  

v i o l e t ,  even tua l l y  t u r n i n g  i n t o  a  pinkish-brown band about 1 cm wide. This  

con f i gu ra t i on  suggests t h a t  t he  mass t r a n s f e r  zone was l e s s  than 2  cm. 

These experiments i n d i c a t e  t h a t  18 w t %  Ag AgX would be an e f f e c t i v e  

sorbent f o r  gaseous i od ine  present i n  the  DOG o f  t h e  PFM. The mater ia l  can ~. 
r o u t i n e l y  reduce t h e  i o d i n e  concent ra t ion  i n  a  simulated DOG t o  l ess  than the  



TABLE 4. I od ine  D i s t r i b u t i o n  on AgX Beds Before 
and A f t e r  Standby 

Loadi nq 

Segment, Before Standby A f t e r  Standbv 

3.3 cm/segment mmol I / q  AgZ % (a) mmol I / q  AqZ % (a) 

Bed 3 

0 - 3.3 cm 0.226 95.56 f 4.80 0.234 98.98 f 5.44 

3.3 - 6.6 cm 0.010 4.25 f 0.73 0.002 0.72 f 0.33 

6.6 - 9.9 cm 0.0001 0.05 + 0.08 0.0002 0.09 + 0.11 
9.9 - 13.2 cm 0.0001 0.05 f 0.08 0.0002 0.08 f 0.11 

13.2 - 16.5 cm 0.0001 0.05 f 0.08 0.0002 0.08 f 0.11 

16.5 - 20.0 cm 0.0001 0.04 + 0.07 0.0002 G.08 ,+ 0.11 

TOTAL 0.2369 100.00 0.2369 100.03 

Bed 6 

TOTAL 0.2316 100.00 0.2316 99.99 

(a) 95% conf idence l e v e l  based on count ing  s t a t i s t i c s  

t a r g e t  concent ra t ion  o f  lom5 q o l  I /L .  Based on these experiments, 18 w t %  Ag 

AgX cou ld  be a s u i t a b l e  s u b s t i t u t e  f o r  NAgZ. The r e s u l t s  a l so  imp ly  t h a t  36 

w t %  Ag AgX m e r i t s  f u r t h e r  eva lua t ion .  

AqN02S i 

As shown i n  F igures 13 and 14, t he  s i l v e r  n i t r a t e - l o a d e d  s i l i c i c  ac id ,  

AgN03Si, d i d  n o t  r o u t i n e l y  reduce the  concent ra t ion  i n  t h e  s imulated DOG 
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FIGURE 13. (contd) 

from 0.1 pmol I / L  t o  l e s s  than t h e  t a r g e t  concent ra t ion  o f  pnol  I /L .  

A f t e r  t h e  second shutdown/startup c y c l  e, t h e  e f f l u e n t  i o d i n e  concent ra t ion  

from a l l  t h r e e  beds increased t o  about l o - '  pmol I / L  and remained between 

and lo - '  pmol I /L .  Standby apparent ly  has no e f f e c t  on t h e  e f f l u e n t  

concent ra t ion  from t h e  beds. Whether shutdown/startup cyc les  a f f e c t  t h e  

e f f l u e n t  concent ra t ion  i s  unc lear .  

The e f f l u e n t  concent ra t ion  d u r i n g  standby remained i n  t h e  range observed 

d u r i n g  load ing ;  thus, standby appears t o  have 1  i t t l e  o r  no adverse e f f e c t  on 

t h e  r e t e n t i o n  o f  i o d i n e  by t h e  AgN03Si. Table 5 shows l i t t l e  change i n  

d i s t r i b u t i o n  o f  i od ine  on the  AgN03Si beds. Table 5 a1 so shows t h a t  t h e  

i o d i n e  i s  d i s t r i b u t e d  throughout t h e  AgN03Si beds, which i s  n o t  s u r p r i s i n g  

cons ider ing  the  h igh  e f f l u e n t  concent ra t ions  t h a t  were measured. 

Con t rad i c to ry  evidence e x i s t s  regard ing  t h e  e f f e c t  o f  shutdown/startup 
-. 

cyc les  on ma te r i a l  performance. There was no l o s s  i n  t r a p p i q g  a b i l  i t y  a f t e r  

t h e  f i r s t  shutdown/startup cyc le ;  however, f o l l  owing t h e  second shutdown/ 
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startup cycle the effluent concentration increased from 10.' to pmol 
I / L .  Following the third shutdown/startup cycle, the effluent concentration 

increased less dramatically from to pmol I i L .  These observed 

increases suggest that the shutdown/startup cycle causes a loss in trapping 

efficiency. However, these results are not conclusive and additional work 

would be required to confirm the observation. It is possible that water 

condensed in the AgN03Si, as it did in one of the NAgZ beds, but no condensed 

water was observed. 

No explanation for this poor performance by silver nitrate- impregnated 

amorphous silicic acid has been determined. As Scheele, Burger and Matsuzaki 

(1983) discussed, the chemistry of the zeolite system with NOx present is 

quite complex. The ingredients present in the AgN03Si material should be 

present in the silver zeolites exposed to the PFM DOG. The difference in 

trapping ability suggests that the substrate may be a significant factor in 

retaining iodine. Other'factors that could influence iodine trapping and 

retention include pore size and the nature of the silver in the substrate. 

The mechanism of iodine trapping by silver-containing materials must be 



TABLE 5. Iod ine  D i s t r i b u t i o n  on AgN03Si Beds Before and A f t e r  Standby 

Loadi ns 

Segment, Before S tandbv A f t e r  Standbv 

3.3 cm/segment mmol I/g AgN0,Si % (a) mmol I / g  AqN0,Si %(a) 
3 3 

Bed 2 

0 - 3.3 cm 0.123 41.50 f 5.25 0.149 50.28 f 6.33 

3.3 - 6.6 cm 0.043 14.42 + 2.78 0.042 14.33 + 2.95 
6.6 - 9.9 cm 0.027 9.14 f 2.16 0.023 7.91 + 2.12 
9.9 - 13.2 cm 0.034 11.61 f 2.46 0.028 9.49 + 2.35 
13.2 - 16.5 cm 0.044 15.01 f 2.84 0.032 10.81 f 2.52 

16.5 - 20.0 cm 0.025 8.32 f 2.06 0.021 7.12 f 2.01 

TOTAL 0.296 100.00 0.296 99.94 

Bed 5 

0 - 3.3 cm 0.153 53.10 + 4.90 0.176 60.85 ,+ 6.00 

3.3 - 6.6 cm 0.035 12.09 + 2.00 0.034 11.67 + 2.19 
6.6 - 9.9 cm 0.024 8.26 f 1.62 0.021 7.22 f 1.69 

9.9 - 13.2 cm 0.028 9.66 f 1.77 0.022 7.58 f 1.73 

13.2 - 16.5 cm 0.029 9.88 f 1.79 0.021 7.31 f 1.70 

16.5 - 20.0 cm 0.020 7.01 f 1.49 0.015 5.34 f 1.44 

TOTAL 0.289 100.00 0.289 99.97 

Bed 8 

0 - 3.3 cm 0.134 45.87 + 5.07 0.154 52.67 + 6.32 
3.3 - 6.6 cni 0.050 17.08 + 2.77 0.048 16.52 + 3.09 
6.6 - 9.9 cm 0.031 10.46 f 2.10 0.028 9.42 f 2.26 

9.9 - 13.2 an 0.029 9.88 + 2.04 0.024 8.15 f 2.09 

13.2 - 16.5 cm 0.030 10.17 f 2.07 0.024 8.06 f 2.07 

16.5 - 20.0 cm 0.019 6.53 f 1.63 0.015 5.22 f 1.65 

TOTAL 0.293 99.99 0.293 100.04 

(a) 95% conf idence l e v e l  based on count ing s t a t i s t i c s .  



f u r t h e r  understood before t h i s  d i f f e r e n c e  i n  performance can be understood. 

The performance o f  t h e  AgN03Si ma te r i a l  emphasizes the  need f o r  s tud ies  t h a t  

would increase our  understanding o f  t ne  mechanism f o r  t rapp ing  and re ta insng  

i od ine  by s i l v e r  sorbents. 

The as-received A ~ N O ~ S ~  was predominately wh i te  spher ica l  beads, w i t h  

some 1 i g h t - t o - d a r k  gray beads a t  room temperature and a t  150°C. When i o d i n e  % 

began load ing  on t h e  beds, t h e  AgN03Si turned yel low.  A f te r  t h e  f i r s t  

shutdown/startup cycle, beds 2 and 8 tu rned wh i te  and remained wh i te  f o r  t h e  . 
remainder o f  t h e  experiments. Bed 5 developed a 5 cm wide ye1 low band t h a t  

g radua l l y  spread down one s ide  f o r  15 cm. 

Based on these studies, the  AgN03Si d i d  n o t  meet t he  t a r g e t  concentra- 

t i o n  o f  pin01 I /L,  and would no t  be an acceptable sorbent ma te r i a l  f o r  

a p p l i c a t i o n  i n  t h e  PFM. 

PRESSURE CROP 

During these experiments t h e  pressure drops (AP) across each bed were 

measured almost d a i l y  t o  determine t h e  poss ib le  e f f e c t s  on t h e  physical  

p rope r t i es  o f  t h e  t e s t  beds as a r e s u l t  o f  load ing  w i t h  iod ine,  exposure t o  

t h e  h i g h l y  a c i d i c  DOG, and exposure t o  the  shutdown/startup cyc le .  It would 

be unacceptable if, dur ing  ac tua l  a p p l i c a t i o n  i n  the  PFM, the  ma te r ia l  were 

t o  degrade, l o s e  i t s  p a r t i c u l a t e  nature, and subsequently r e s t r i c t  gas f low.  

One o f  t he  c r i t e r i a  t h a t  has been used f o r  recommending AgZ over AgX i s  t h e  

s u s c e p t i b i l i t y  o f  AgX t o  a t t a c k  by an a c i d i c  environment a t  room temperature 

Th is  s u s c e p t i b i l i t y  has been observed i n  our l abo ra to ry  and was discussed i n  

Scheele and Burger (1987). 

As shown i n  Table 6, t h e r e  were no major changes i n  AP across t h e  d i f -  

f e r e n t  beds du r ing  t h e  experiments, al though enough v a r i a b i l i t y  ex i s ted  t o  

make i t  unce r ta in  whether r e a l  changes occurred over t he  experiment. There 

i s ,  however, some i n d i c a t i o n  t h a t  t he  APS across the  LAgZ beds increased with • 
1 

t ime. The degree o f  change observed f o r  t h e  NAgZ beds was g rea tes t  f o r  bed 4 

(24 t o  50 mm Hg) . No change occurred f o r  bed 7. The increase i n  AP f o r  

bed 4 was observed a f t e r  t h e  f i r s t  shutdown/startup cycle, when bed 4 f looded 

w i t h  water. The increase observed f o r  bed 1 occurred l a t e r  i n  t h e  experiment, 

and the  reason f o r  t he  increase i s  n o t  apparent. 



TABLE 6. Pressure Drop Across Test Beds 

1 - NAgZ 

2-AgN03Si 

3 -AgX 

4 - NAg Z 

5-AgN03Si 

6-AgX 

7-NAgZ 

8-AgN03Si 

9- LAgZ 

Flow, m ~ / m i n ( ~ )  

Face Vel o c i  t y ,  m/mi n 

Pressure Drop (AP) (a)(b) ,  mm Hg 

Day 0 Day 6 Day 18 Day 46 Day 67 

3 0 27 3 1 45 4 4 

10 7 10 17 14 

18 13 16 2 1 2 2 

24 5 1 4 0 5 2 40 

16 9 10 14 13 

17 17 14 2 4 2 1 

29 34 3 0 36 30 

8 18 10 16 16 

2 1 2 4 2 0 27 2 4 

380 315 325 3 73 353 

4.8 4.0 4.1 4.8 4.5 

(a) T = 150°C, Dia. = 1 cm, Length = 20.0 cm except Bed 2 and 
Bed 8 = 19.5 cm. 

(b) AgNO S i  i s  1.6 mm d i a .  beads; remainder are -20t40 mesh 
(c)  ~ e a s a r e d  a t  23°C 

The AgX e x h i b i t s  t h e  same degree o f  chemical - s t a b i l i t y  as NAgZ and LAgZ 

when exposed t o  t he  a c i d i c  gases o f  a simulated PFM DOG a t  150°C. It i s  

1 i k e l y  t h a t  t he  h igh  temperature o f  ope ra t i  on, 150°C, prevented condensation 

o f  a s u f f i c i e n t  amount o f  water t o  form a h i g h l y  co r ros i ve  n i t r i c  o r  n i t r o u s  

a c i d  s o l u t i o n  i n  t h e  pores o f  t he  z e o l i t e .  Th is  apparent ac id  res i s tance  

suggests t h a t  AgX cou ld  a l s o  serve as a sorbent f o r  gaseous i od ine  present  i n  

t h e  DOG o f  t he  PFM. Before us ing  AgX i n  a p l a n t  environment, i t  would be 

wise t o  t e s t  t he  ma te r i a l  f o r  i t s  p ro jec ted  use fu l  l i f e t i m e .  

When the  pressure drop da ta  f o r  day 67 are normal ized t o  account f o r  bed 

diameter, leng th ,  and temperature, t he re  i s  good agreement w i t h  r e s u l t s  pre-  

v i o u s l y  obtained a t  t h i s  1 aboratory (Scheel e and Burger 1987). 
v 

The l a c k  o f  any progress ive  changes i n  t he  observed APS across each o f  

t h e  bed ma te r i a l s  i n d i c a t e s  t h a t  load ing  w i t h  iod ine ,  exposure t o  t h e  a c i d i c  



gases o f  the PFM DOG, and exposure t o  repeated shutdown/startup cycles w i l l  
not a f f e c t  the physical i n t e g r i t y  o f  the sorbent materials.  



QUALITY ASSURANCE TESTING OPTIONS 

Since the  mechanism f o r  t rapp ing  i od ine  on s i l v e r  sorbents i s  n o t  com- 

p l e t e l y  understood, i t  i s  d i f f i c u l t  t o  prov ide d e s c r i p t i v e  s p e c i f i c a t i o n s  f o r  

purchasing appropr ia te  mater i  a1 . E a s i l y  determined s p e c i f i c a t i o n s  i n c l  ude 

t h e  ma te r ia l  type, t he  ex ten t  o f  s i l v e r  s u b s t i t u t i o n ,  t he  mesh s i ze  and 
4 - 

d i s t r i b u t i o n ,  and the  form (e.g., beads o r  pel l e t s ) .  However, choosing 

ma te r ia l  based on l y  on those c r i t e r i a  does no t  guarantee adequate perform- 

ance; l abo ra to ry  t e s t s  must be conducted on t h e  ma te r ia l .  Reasonable pur -  

chase s p e c i f i c a t i o n s  would i nc lude  ma te r ia l  o r  zeol i t e  type, form, mesh 

(range), and s i  1  ver  content.  Laboratory t e s t s  should inc lude chemical analy-  

s i s  t o  conf i rm the  purchase s p e c i f i c a t i o n s  and a  t e s t  f o r  iod ine  so rp t i on  

e f f i c i e n c y  . Chemical ana lys is  can be done by i n d u c t i v e l y  coup1 ed p l  asma 

(ICP) atomic absorpt ion spectroscopy, which i n  a d d i t i o n  t o  s i l v e r  would g i v e  
the  s i l icon- to-a luminum r a t i o  and an i n d i c a t i o n  o f  i m p u r i t i e s .  

Laboratory t e s t i n g  t o  determine i od ine  so rp t i on  e f f i c i e n c y  poses a  much 

more d i f f i c u l t  problem. The most e f f e c t i v e  approach would be t o  load a  sam- 

p l e  o f  t he  sorbent under process cond i t i ons  and examine both the  e f f l u e n t  gas 

concentrat ion and t h e  1  oadi ng 1  eve1 . 
An a l t e r n a t i v e  approach invo lves  load ing  t h e  zeol i t e  from the  gas phase. 

A sample o f  sorbent, cond i t ioned i n  a i r  a t  150°C, would be sealed i n  a  g lass  

vessel w i t h  100 mg o f  Ip per gram o f  s i l v e r  sorbent.  The vessel would then 

be evacuated and heated f o r  48 hours, opened t o  the  atmosphere, purged w i t h  

a i r ,  and cooled. X-ray f luorescence would then be used t o  analyze the  

iod ine-conta in ing  sorbent sample f o r  i od ine  content .  The mass change would 

a l so  be recorded. Thermal analys is ,  thermogravimetry and d i f f e r e n t i a l  scan- 

n ing  ca lo r ime t ry  o f  t he  loaded sample could be used t o  ob ta in  more d e t a i l e d  

in format ion.  

Another a l t e r n a t i v e  invo lves  a  simple t e s t  load ing  from the  l i q u i d  
8 phase. The s i l v e r  sorbent cou ld  be placed i n  a  small column (e.g., 10 g  o f  

. . sorbent i n  a  1 cm d ia .  tube) and 1 g  o f  i od ine  d isso lved i n  an i n e r t  organic 

solvent  would then be passed through the  bed i n  a  con t ro l l ed ,  slow fashion.  



The e f f l u e n t  would be t e s t e d  f o r  i od ine  concentrat ion.  To implement t h i s  

t e s t ,  l abo ra to ry  t e s t i n g  would be needed t o  p i c k  the  best  so lvent  and 

opt imize  the  geometry and f l o w  ra tes .  Another i e s s  des i rab le  method o f  doing 

t h i s  t e s t  would be t o  s t i r  o r  shake a q u a n t i t y  o f  s i l v e r  sorbent w i t h  t h e  

iod ine-conta in ing  solvent .  It i s  probable t h a t  a t e s t  l oad ing  from t h e  

1 i q u i d  phase can be designed t o  g i v e  important  in fo rmat ion  on t h e  qua1 i t y  o f  - - 
t h e  sorbent. 

Before app ly ing  these t e s t s  o r  s i m i l a r  t es t s ,  i t  would be necessary t o  

develop the  t e s t  and evaluate i t  using ma te r ia l s  t h a t  are e f f e c t i v e ,  pa r -  

t i a1 l y  e f f e c t i v e ,  o r  i n e f f e c t i v e  i od ine  t raps .  

F i n a l l y ,  i f  a research program i s  undertaken t o  p rov ide  the  bas ic  i n f o r -  

mation needed t o  understand t h e  mechanism of i od ine  t rapp ing  on s i l v e r  so r -  

bents (e.g., thermal analys is ,  s t r u c t u r e  studies,  species i d e n t i f i c a t i o n ,  

k i n e t i c s ,  and thermodynamic ca l cu l  a t ions) ,  i t  i s  q u i t e  1 i k e l y  t h a t  b e t t e r  and 

perhaps s impler  s p e c i f i c a t i o n s  o r  qual i t y  assurance t e s t s  can be devised. 



IODINE MONITORING 

To monitor the performance of the gaseous radioiodine control system in 
the PFM or in any type of fuel reprocessing plant, it is necessary to monitor 
the concentration of radioiodine in the exit gas. Changing out the first 
sorbent bed at the proper time is also determined by monitoring the 
concentration of iodine in the first bed's effluent. No real-time monitor 
exists f o r  12'1 (Scheele, Burger, and Soldat 1984), so a sampler based on 
iodine trapping must be used to accumulate sufficient radioiodine to measure. 

Potenti a1 iodine traps include caustic scrubbers and the si 1 ver- 
containing sorbents. Bubblers using sodium hydroxide solution are often used 
for trapping ha1 ogen gases. We prefer 36 wt% si 1 ver, si 1 ver-substi tuted 
faujasite (AgX). contained in a glass tube heated to 150°C. The AgX material 
has been demonstrated to efficiently trap gaseous iodine. If this method 
were used, the contents could be counted periodically in a NaI(T1) well 
counter to determine the '*'I. An added advantage of using AgX is that the 
top 1 to 2 mm of the bed becomes yellow when the material has sorbed signifi- 
cant quantities of iodine, thus allowing the operator to see that a large 
amount of iodine exists in the exit gas. 

Although the lower 1 imit for 12'1 detection by counting (gamma and 
x-rays) may be in the vicinity of lo-' to pCi, a practical routine lab- 
oratory limit for iodine on zeolite may be two orders of magnitude greater 
(e.g., pCi or 4.5 x pmol). Thus, a sampler tube operating at 
500 mL/min for 90 min would detect 10-5 pmol/L. An 8-h sample time should 
give a re1 iable measurement. The amount of AgX used in the sampler can be 
adjusted for the counter used; for example, 5 to 15 g of -20t40 mesh AgX 
could be used in a 1 cm I.D. column, and a high recovery factor would still 
be possible. 

In a radioiodine control system. with a second sorbent bedrin place, 

there would be no danger of iodine release even if the level from the first 
bed exceeds pmol I/L during the sample period. 





REFERENCES 

Burger, L. L. and R. D. Scheele. 1983. The Status o f  Radioiodine Contro l  
f o r  Nuclear Fuel Re~rocess inq  P l  ants. PNL-4689, Paci f! c Northwest 
Laboratory, R ich l  and, Washington. 

McKay, H. A. C., P. Miquel , and I. F. White. 1982. "Management Modes f o r  
Iodine-129." I n  Manaqement Modes f o r  Iodine-129, eds. W. Hebel and 

3 
G. Cottone. Harwood Academic Pub1 ishers,  New York, New York. 

Scheele, R. D. and L. L. Burger. 1987. Eva1 ua t i on  o f  S i l v e r  Mordenite f o r  

* 
Radioiodine Retent ion a t  t he  PUREX Process F a c i l i t v  Mod i f i ca t i on .  
PNL-6261, P a c i f i c  Northwest Laboratory, R ich l  and, Washington. 

Scheele, R. D., L. L. Burger, and C. L. Matsuzaki. 1983. Methyl Iod ide  
S o r ~ t i  on bv Reduced S i  1 ver  Mordeni t e .  PNL-4489, P a c i f i c  Northwest 
Laboratory, R i  ch l  and, Washington. 

Thomas, T. R., L. P. Murphy, B. A. Staples, and J. T. Nichols.  1977. 
Ai rborne Elemental Iod ine  Loadins C a ~ a c i t i e s  o f  Metal Zeol i t e s  and A Method 
f o r  Recvclinq S i l v e r  Z e o l i t e .  ICP-1119, Idaho Nat ional  Engineering 
Laboratory, Idaho Fa1 1 s, Idaho. 





DISTRIBUTION 

No. o f  
C o ~ i  es 

No. o f  
C o ~ i  es 

OFFS ITE Westinqhouse Hanford Com~any 

10 DOE/Office o f  S c i e n t i f i c  and 
Technical In format ion 

Exxon Nuclear Idaho 
P.O. Box 2800 
Idaho Fa l l s ,  I D  83401 
ATTN: R. A. Brown 

J. D. C h r i s t i a n  
T. R. Thomas 

J. Fur rer  
Kar l  sruhe Nuclear Center 
7500 Kar l  sruhe 
FEDERAL REPUBLIC OF GERMANY 

R. T. Jubin 
Oak Ridge Nat i onai Laboratory 
P.O. Box X 
Oak Ridge, TN 37830 

D. F. Torgerson 
Whi t e s h e l l  Nuclear Research 

Establ i shment 
Atomic Energy o f  Canada 
Pinawa, Man; toba, CANADA 

ONS ITE 

3 DOE-Rich1 and O ~ e r a t i o n s  

J. D. Furubotten (2) 
J. J. Sutey 

D. L. He r t i ng  
J. P. H inck ley  
K. N. Jordan 
E.  J.  Kosiancic 
R. E. Lerch 
W. F. N ica ise  
R. M. Orme 
K. E. Plum~iier 
G. W. Reddick 
D. A. Reynolds 
R. C. Roal 
D. E. S c u l l y  
W. W. Schulz 
J.  A. Swenson 
D. J.  Washenfelder 
E. D. Waters 

38 Paci f i c Northwest Laboratory 

23 West i na house Hanford Com~anv 

D. E. B a l l  
G. L. Borsheim 
D. R. Bra tze l  

I 

C. R. Cawley . 
. , G. E. Coul t e r  

D. A. Dodd 
E. W. H a r r i s  

W. F. Bonner 
K. A. Borgeson 
D. J. Bradley 
F. P. Brauer 
L. A. Bray 
L. L. Burger (2) 
R. W. Goles 
E. J.  Kaiser  
R. S. Kemper 
L. T. Lakey 
J. W. Latkovich 
J. L. McElroy 
A. M. P l a t t  
W. A. Ross 
L. J. Sealock 
R. D. Scheele (10) 
J. K. Soldat 
J.  L. S t raa l  sund 
J. L. Swanson 
P. C. Walkup 
E. J.  Wheelwright 
Pub l ish ing  Coordinat ion (2) 
Technical Report F i l e s  (5) 






