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I r v i n g  Johnson, W .  M. Swi f t ,  and S. H. D.  Lee 

ABSTRACT 

I n  t h e  a p p l i c a t i o n  of p r e s su r i zed  f luidized-bed combustion 
(PFBC) t o  t he  gene ra t i on  of  e l e c t r i c i t y ,  ho t  co r ros ion  of  t he  gas  
t u r b i n e  (downstream from t h e  combustor) by a l k a l i  metal  compounds 
i s  a  p o t e n t i a l  problem. ' The object . ive of t h i s  i n v e s t i g a t i o n  i s  t o  
develop a  method f o r . t h e  removal of gaseous a l k a l i  metal  compbunds 
from t h e  high-pressure high-temperature gas  from a  PFBC before  t h e  
gas  e n t e r s  t h e  gas  t u r b i n e .  The use of  a g ranu la r  bed f i l t e r ,  wi th  
. e i t h e r  diatomaceous e a r t h  o r  a c t i v a t e d  baux i t e  a s  t h e  bed m a t e r i a l ,  
i s  under s tudy .  Breakthrough d a t a  a r e  r epo r t ed  on t h e  s o r p t i o n  of 
gaseous NaCl by a c t i v a t e d  baux i t e .  ~ e s u i t s  a r e  r epo r t ed  f o r  t h e  
r egene ra t i on  of a c t i v a t e d  b a u x i t e  us ing  water  ' l each ing  and a  thermal 
swing method. 

SUMMARY 

Kemoval of A l k a l i  Compounds from t h e  Hot Flue Gas 

I n  t h e  p o t e n t i a l  a p p l i c a t i o n  of p r e s su r i zed  f luidized-bed combustion of  
. coa l  (PFBC) f o r  power gene ra t i on ,  c o r r o s i o n  of t h e  t u r b i n e  b l ades  ( i n  t h e  

downstream gas  t u r b i n e )  due t o  t h e  presence of  a l k a l i  metal  compounds i n  
t h e  h o t  PFBC f l u e  gas  appears  t o  be a  problem. The o b j e c t i v e  of t h i s  t a s k  i s  
t o  develop an e f f e c t i v e  sorbent.  f o r  use i n  a  h o t ,  g r a n u l a r  fixed-bed f i l t e r  . 

t o  remove a l k a l i  meta l  compounds from t h e  ho t  f l u e  gas  before  it is expanded 
through a gas t ~ i r b i n e .  

E a r l i e r  experiments  i d e n t i f i e d  a c t i v a t e d  baLxite  and, diatomaceous e a r t h  
a s  e f f e c t i v e  so rben t s  a t  high temperatur.e and atmospheric p re s su re .  f o r  remov- 
ing .NaCl, K C 1 ,  and K2SO4 vapors  from a  s imulated f l u e , g a s .  A lka l i  s o r p t i o n  
c h a r a c t e r i z a t i o n  of t he se  two so rben t s  i n  a  p re s su r i zed  system has  been 
s t a r t e d ,  . u s ing . a  p re s su r i zed  a . l k a l i  s o r p t i o n  t e s t  u n i t  which i s  descr ibed  . i n  
c h i s  r e p o r t .  Thc experimental  r e s u l t s  ob ta ined . f rom t e s t i n g  diatomaceous 
e a r t h  a t  8 0 0 ' ~  and 9  atm indic 'a ted t h a t  90% NaCl vapor removal from a simulated 
f l u e  gas  eon ta in ing  apprnximately 3  ppmV NaCl vapor was achieved wi th  .,a -5-in.- 
t h i c k  bed opera ted  f o r  25 h  onstream t ime.  

i) 

Pre l iminary  p re s su re  drop measurements ac ros s  f i xed  beds of diatomaceous 
e a r t h  and, a c t i v a t e d  baux i t e  were a l s o  made i n  t h e  p re s su r i zed  a l k a l i  s o r p t i o n  

In 

t e s t  u n i t ,  us ing  a  d i f f e r e n t i a l  p r e s su re  t r ansduce r .  Resu l t s  show t h a t ,  a s  
kxpected, p r e s su re  drop i n c r e a s e s  with (1) i nc reas ing  s u p e r f i c i a l  g a s . v e l o c i t y ,  
( 2 )  i nc reas ing  bed depth,  and ( 3 )  i n c r e a s i n g  system p r e s s w e .  



A sectioned-bed technique has  been developed t o  o b t a i n  a l k a l i  breakthrough 
d a t a  f o r  a  sorbent  without  d i r e c t  a n a l y s i s  of t h e  a l k a l i  vapor concen t r a t i on  
i n  t h e  s imulated f l u e  gas .  The technique i s  descr ibed  and i l l u s t r a t e d  i n  t h i s  
r e p o r t ;  a c t i v a t e d  b a u x i t e  was t e s t e d  a s . a  sorbent  f o r  removing NaCl vapor from 
f l u e  gas  a t  8 0 0 " ~  and atmospheric  p re s su re .  Test  r e s u l t s  show t h a t  ope ra t i on  
of  a  5- in . - thick a c t i v a t e d  baux i t e  bed f o r  an onstream time of 4  h  gave an 
average 0.1% breakthrough ( o r  99.9% NaCl vapor s o r p t i o n  e f f i c i e n c y ) .  

- Regenerat ion of a c t i v a t e d  baux i t e  has  been i n v e s t i g a t e d  by (1 )  water- 
l e ach ing  and ( 2 )  thermal-swing processes .  The r e g e n e r a b i l i t y  of  a c t i v a t e d  
b a u x i t e  by water- leaching h a s  been demonstrated i n  two c y c l i c  experiments-- 
a  t en-cyc le  experiment of  NaC1-vapor s o r p t i o n  and water- leaching r egene ra t i on  
and a  f ive-cyc le  experiment of KC1-vapor s o r p t i o n  and water- leaching regenera- 
t i o n .  .It was concluded from t h e s e  c y c l i c  experiments t h a t  a c t i v a t e d  baux i t e  
can  be  e a s i l y  and e f f e c t i v e l y  regenera ted  by a  simple water- leaching process .  

S t u d i e s  t o  measure t h e  r a t e  of  l each ing  showed t h a t ,  'on t h e ' a v e r a g e ,  75% 
of  t h e  adsorbed NaCl was leached i n  t h e  f i r s t  f i v e  minutes of l eaching  and 
t h a t  t h i s  amount increased  t o  85% f o r  one-llo~ir lparhing.  Thc maximilii i  l e a c l ~ i n g  
race of  t h e  adsorbed NaCl was found t o  occur during the  f i r s t  f i v e  minutes of 
l e ach ing .  Af te r  t h a t ,  t h e  r a t e  r a p i d l y  decreased and approached a  cons tan t  
va lue .  The leaching  r a t e  a l s o  increased  w i t h ' i n c r e a s i n g  number of  water- 
l e ach ing  r egene ra t i on  c y c l e s .  

I n  experiments  employing a  thermal  swing i n  t h e  bed temperature  t o  e f f e c t '  
r e g e n e r a t i o n  of so rben t ,  40% of t h e  adsorbed ~ a ~ l  was desorbed i n  t h r e e  hours  
when t h e  bed temperature  of 8 0 0 " ~  w a s  increased  45" t o  8 4 5 ' ~  i n  N2 purging 
g a s .  The e x t e n t  of d e s o r p t i o n  was not s i g n i f i c a n t l y  a f f e c t e d  by inc reas ing  
t h e  thermal  swing t o  85'C. 

INTRODUCTION 

I n  t h e  a p p l i c a t i o n  of  p r e s su r i zed  f luidized-bed combustion of  coa l  t o  
power gene ra t i on ,  c o r r o s i o n  o f  t h e  t u r b i n e  b l ades  (downstream from t h e  com- 
b u s t o r )  due t o  a t t a c k  by a l k a l i  meta l  compounds i n  t h e . h o t  f l u e  gas  i s  a  
p o t e n t i a l  problem.. This .problem can be e l imina ted  by reducing t h e  concentra- 
t i o n  o f  a l k a l i  m e L a l  compn~indo i n  t h e  h o t  f l u e  gas  Lo a l e v e l  which can be 
t o l e r a t e d  by a ' g a s  t u r b i n e .  A way t o  accomplish t h i s  would be t o  use a  ho t  
fixed-bed sorbent  f i l t e r  t o  remove the  a l k a l i  metal  compounds from t h e  h o t  
I l u e  gas  before  i t  i s  expanded i n t o  the t u r b i n e .  The o b j e c t i v e  of  t h i s  t a s k  
i s  t o  develop an e f f e c t i v e  sorbent  and t o  o b t a i n  t h e  necessary  c h a r a c t e r i s t i c  
s o r p t i o n  parameters  f o r  t h e  des ign  of a  ho t  fixed-bed sorbent  f i l t e r .  

Among t h e  s i x  commercial products  screened i n  t h i s  work, diatomaceous 
e a r t h  and a c t i v a t e d  b a u x i t e  h,ave been i d e n t i f i e d  t o  be very  e f f e c t i v e  i n  
removing NaC1, K C 1 ,  and K2SO4 vapors  from h o t  s imulated f l u e  gas  of  PFBC. 
Also,  a c t i v a t e d  b a u x i t e  h a s  been found t o  be e a s i l y  and e f f e c t i v e l y  regcncra ted  
by a siulple water- leaching process .2  The s t u d i e s  completed were conducted 
under  a tmospheric  p re s su re .  To permit t e s t i n g  of both diatomaceous e a r t h  and 
a c t i v a t e d  baux i t e  f o r  a lka l i -vapor  removal under p re s su r i zed  cond i t i ons ,  a  



high-pressure alkali-vapor sorption test unit has been set up during this 
reporting period. The initial experimental results of testing these two 
sorbents using this/test unit are presented. 

In order to ohtain sorbent breakthrough data without direct analysis of 
the alkali vapor concentration in the simulated PFBC flue gas, a sectioned-bed 
technique has been developed. The development of the sectioned-bed technique 
is -presented. Results are also reported on continuing studies to inves.tigate 
(1) the regeneration of activated bauxite by both water-leaching and thermal 
swing methods, and ( 2 )  water-leaching regeneration kinetics . 



I. TESTS OF DIATOMACEOUS EARTH AND ACTIVATED BAUXITE 
I N  A PRESSURIZED SYSTEM 

I n  e a r l i e r  completed s t u d i e s ,  diatomaceous e a r t h  and a c t i v a t e d  baux i t e  
were t e s t e d  under a tmospheric  p re s su re  f o r  t h e i r  a l k a l i  vapor s o r p t i o n  per for -  
mance. I n  the  p o t e n t i a l  a p p l i c a t i o n  of t he se  so rben t s  i n  a  g r a n u l a r  fixed-bed 
f i l t e r ,  t h e  f i l t e r  w i l l  be opera ted  a t  about 10-atm p re s su re ;  t h e r e f o r e ,  t h e  
s o r p t i o n  behavior  of t he se  two so rben t s  i n  a  pressur ized  system needs t o  be 
c h a r a c t e r i z e d .  

A. Desc r ip t i on  of  P re s su r i zed  Alkali-Vapor Sorp t ion  Tes t  Unit  

This  u n i t .  (F ig .  1 )  i s  designed s o  t h a t  t e s t s  t o  c h a r a c t e r i z e  so rben t s  f o r  
a l k a l i  removal . f rom h o t  gas  s t reams can be c a r r i e d  ou t  a t  9 0 0 " ~  ( o r  lower) and 
10 atm ( o r  lower) .  A d e t a i l e d  d e ~ c r i p t i . o n  of t h i s  t e s t  u n i t  was presented i n  
a  p rev ious  q u a r t e r l y  r e p o r t  (ANL/CEN/FE-80-4). I n  t h i s  t e s t  u n i t ,  a  known 
amount of  pure a l k a l i  metal  compound (such a s  NaCl and  KC^) contained i n  a  
p la t inum sample pan i s  hea ted  and vaporized i n s i d e  a  pure A1203 tube  thaL 
i-s heated by a clam-$hell  type t u b u l a r  r e s i s t a n c e  furnace .  Preheated s imulated 
f l u e  gas  of  PFBC c a r r i e s  vapor ized  a l k a l i  metal  compound downstream through 
( 1 )  a  bed of t h e  sorbent  t o  be t e s t e d  and ( 2 )  a  cold t r a p .  The cold t r a p  i s  
used t o  condense a l k a l i  meta l  con~pound vapor no t  removed i n  t h e  sorbent  bed. 
Downstream from t h e  co ld  t r a p ,  a  glass-wool f i l t e r  backing up t h e  cold t r a p  
c a p t u r e s  t h e  a l k a l i  metal  compound condensate .  Minor mod i f i ca t i on  of  t h e  
equipment t o  improve t h e  c o n t r o l  and s a f e t y  of  t h e  u n i t  was desc r ibed  i n  a  
subsequent q u a r t e r l y  r e p o r t  (ANL/CEN/FE-80-6). 

B .  Sodium Chloride-Vapor So rp t ion  Tes t s  f o r  Diatomaceous Ea r th  

b - 
The performance of t he  t e s t  u n i t  was checked out  during two experiments  

made t o  t e s t  diatomaceous e a r t h  f o r  NaC1-vapor captiire a t  8 0 0 " ~  and 5-atm 
a b s o l u t e  p r e s s u r e ,  us ing  a  s imula ted  f l u e  gas  conta in ing  16% C02, 3% 02,  
a p p r o x i n ~ a t e l y  7 ppm N a C l  vapor ,  and the  ba1.anr.e N2. ' V ~ r y  good Mac1 l~lulrcrial  
ba l ances  were o b t a i n e d '  f o r  t h e  two shakedown experiments.  Resu l t s  obtained 
from t h e s e  two runs  (ANL/CEN/FE-~O-~) show t h a t  diatomaceous e a r t h  i s  as  
e f f e c t i v e  i n  cap tu r ing  NaCl vapor from f l u e  gas  a t  5  atm a s  a t  atmospheric 
p r e s s u r e .  

Four a d d i t i o n a l  experiments  were made t o  t e s t  diatomaceous e a r t h  f o r  t h e  
s o r p t i o n  of  NaCl .vapor a s  a  f u n c t i o n  of  experimental  d u r a t i o n  ( 7 ,  16,  20, and 
25 h ) .  I n  t he se  experiments ,  a  5- in . - thick bed of  sorbent  was d iv ided  i n t o  
f i v e  equa l  s e c t i o n s ,  us ing  p la t inum gauze d i v i d e r s .  The tes ts  were performed 
a t  a  bed temperature  of 8 0 0 " ~ ;  a system p re s su re  of '9 atm clboolutc, and a 
s u p e r f i c i a l  gas v e l o c i t y  of  30 cm/s. The volumet r ic  composition of t h e  simu- 
l a t e d  f l u e  gas  was 5.1% 02, 18.2% C02, 3.3% H20, and the  balance N2: To 
prevent  co r ros ion  of t h e  t e s t  system, t h e r e  was no SO2 i n  t h e n s i m u l a t e d  PFBC 
f l u e  gas .  A measurement of t h e  temperature  p r o f i l e  along t h e  a x i s  of t h e  ,e 

so rben t  bed, and NaCl m a t e i i a l  ba lances  f o r  t h e s e  four  t e s t s , '  were r epo r t ed  
and d i scus sed  i n  d e t a i l '  i n  an e a r l i e r  r e p o r t  (ANL/CEN/FE-80-6). 

The temperature  p r o f i l e  measurement.shows t h a t  with t h e  c e n t e r  of  t h e  
so rben t  bed a t  about 800°c, t h e  temperature  of t h e  e n t i r e  5- in . - thick b e d ' c a n  
be c o n t r o l l e d  w i t h i n  1 2 " ~ .  The upstream end of  t h e  bed i s  o n . t h e  low s i d e  of 
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t h e  a v e r a g e  bed t e m p e r a t u r e ;  t h e  downstream end .of  t h e  bed i s  on t h e  h i g h  
s i d e  o f  t h e  t e m p e r a t u r e .  

I n  t h e  f o u r  t e s t s  completed,  a n  e x c u r s i o n  from e x p e r i m e n t a l  c o n d i t i o n s  
was obse rved  i n  t h r e e  o f  t h e  exper iments  due t o  unexpected d e c r e a s e s  i n . g a s  
f l o w  t o  t h e  s o r p t i o n  t e s t  u n i t  d u r i n g  t h e  t e s t s .  The r e s u l t s  o b t a i n e d  from 
t h e  s u c c e s s f u l l y  completed exper iment  i n d i c a t e  t h a t  (on  t h e  average  o v e r  t h e  
d u r a t i o n  o f  t h e  e x p e r i m e n t ) ,  90% NaCl vapor  removal from a  s i m u l a t e d  f l u e  g a s  
c o n t a i n i n g  approx imate ly  3  ppmV NaCl vapor  was ach ieved  w i t h  a  5 - in . - th ick  
bed o p e r a t e d  f o r  25 h  ons t ream t ime  a t  8 0 0 " ~  and 9  atm. 

C .  P r e l i m i n a r y  T e s t s  f o r  P r e s s u r e  Drop Measurement 

Measurements of  p r e s s u r e  d r o p  a c r o s s  f i x e d  beds  o f  d ia tomaceous  e a r t h  and 
a c t i v a t e d  b a u x i t e  were ohtai .ned .as f u n c t i o n 0  o f  oyotcm pressure, s u p e r , f i c i a l  
g a s  v e l o c i t y ,  and bed d e p t h .  The s o r b e n t  was packed i n s i d e  t h e  A1203 s o r p t i o n '  
t u b e  o f  t h e  s o r p t i o n  t e s t  u n i t ,  and t h e  p r e s s u r e  d r o p  was measured by u s i n g  a  
d i f f e r e n t i a l .  p r e s s ~ ~ r e  t r a n s d u c e r .  

For  t h i s  s e r i e s  o f  p r e s s u r e  d r o p  exper iments ,  measurements were made 
u s i n g  a  f i x e d  bed o f  -8 +10 mesh s o r b e n t  p a r t i c l e s  a t  approx imate ly  8 0 0 " ~  and 
h o t  s i m u l a t e d  PFRC f l u e  g a s .  The v o l u m e t r i c  composi t io i i  of  t h e  f l u e  g a s  was 
3% 0 2 ,  16% C02, 5% H20, and t h e , b a l a n c e  N2. I n  t h i s  s t u d y ,  p r e s s u r e  
d r o p s  were  measured a t  sys tem p r e s s u r e s  o f  5 ,  8 ,  and 10 a t m . a b s o l u t e  p r e s s u r e ,  
s u p e r f i c i a l  g a s  v e l o d i t i e s  o f  10 ,  1 5 ,  21,  and 27.5 cmls f o r  d ia tomaceous  e a r t h  
and 1 5 ,  21,  and 27.5 cm/s f o r  a c t i v a t e d  b a u x i t e ,  and s o r b e n t  bed t h i c k n e s s  of  
5 ,  8 ,  and 1 0  ' i n .  f o r  d ia tomaceous  e a r t h  and 5 ,  ' 8 ,  and 12 i n .  f o r  a c ~ i v a t e d  
b a u x i t e  . 

R e s u l t s  of t h e s e  p r e s s u r e  d r o p  measurements were g i v e n  i n  a  p r e v i o u s  
q u a r t e r l y  r e p o r t  (ANL/CEN/FE-80-5). R e s u l t s  show t h a t ,  a s  e x p e c t e d ,  p r e s s u r e  
d r o p  i n c r e a s e s  w i t h  ( 1 )  i n c r e a s i n g  s u p e r f i c i a l  g a s  v e l o c i t y ,  ( 2 )  i n c r e a s i n g  
bed t h i c k n e s s ,  arid ( 3 )  i n c r e a s i n g  sys tem p r e s s u r e .  When t h e  s u p e r f i c i a l  g a s  
v e l o c i t y  i n c r e a s e s  from 15 t o  27.5  cm/s a t  a  sys tem p r e s s u r e  o f  10  atm, t h e  
p r e s s u r e  d r o p  a c r o s s - t h e  dia tomaceous  e a r t h  bed i n c r e a s e s  from 0.38 t o  0.94 
i n .  o f  w a t e r  p e r  i n .  o f  bed.  For  t h e  same change,  t h e  p r e s s u r e  d r o p  a c r o s s  
t h e  a c t i v a t e d  b a u x i t e  bed i n c r e a s e s  from 0.47 t o  0 .90 i n .  o f  w a t e r  p e r  i n .  o f  
bed.  



11. DEVELOPMENT OF SECTIONED-BED TECHNIQUE FOR MEASURING - SORPTION PERFORMANCE PARAMETERS 

Breakthrough d a t a  f o r  t h e  s o r b e n t s  under  i n v e s t i g a t i o n  would p r o v i d e  
u s e f u l  i n f o r m a t i o n  f o r  t h e  d e s i g n  o f  a  f ixed-granular-bed f i l t e r ,  u s i n g  t h e  
sorb ,ent  a s  t h e  f i l t e r  medium. Breakthrough d a t a  cou ld  be  e a s i l y  o b t a i n e d  i f  
d i r e c t  measurement of  t h e  a l k a l i  c o n c e n t r a t i o n  i n  t h e  e f f l u e n t  f l u e  g a s  from 
t h e  s o r p t i o n  t e s t  equipment were p o s s i b l e .  However, no a n a l y t i c a l  method i s  
a v a i l a b l e  f o r  d i r e c t l y  measur ing t h e  a l k a l i  c o n c e n t r a t i o n  i n  t h e  f l u e  g a s ;  
t h e r e f o r e ,  a n  a l t e r n a t i v e  t e c h n i q u e  i s  needed t o  o b t a i n  b reak th rough  d a t a  f o r  
b o t h  d ia tomaceous  e a r t h  and a c t i v a t e d  b a u x i t e .  A sect ioned-bed t e c h n i q u e  h a s  
been developed and i s  i l l u s t r a t e d  i n  t h e  f o l l o w i n g  by a  s e r i e s  o f  exper iments  
u s i n g  a c t i v a t e d  b a u x i t e  a s  a  s o r b e n t  f o r  removing NaCl vapor  from s i m u l a t e d  
f l u e  g a s .  

I n  t h i s  t e c h n i q u e ,  a  bed of  a c t i v a t e d  b a u x i t e  was d i v i d e d  i n t o  e q u a l  
s e c t i o n s  ( t h i c k n e s s e s )  by u s i n g  p l a t i n u m  gauze .  d i v i d e r s .  T e s t s  wer'e made f o r  
t h e  s o r p t i o n  o f  NaCl vapor  t r a n s p o r t e d  i n  a  h o t  s i m u l a t e d  f l u e  g a s  o f  PFBC 
a s  a  f u n c t i o n  of  exper iment  d u r a t i o n .  A t  t h e  end o f  each t e s t ,  t h e  s o r b e n t  
i n  each s e c t i o n  was s e p a r a t e l y  c o l l e c t e d  and ana lyzed  f o r  sodium c o n t e n t .  
From t h e s e  a n a l y s e s ,  t h e  amount o f  NaCl vapor  c a p t u r e d  i n  each  s e c t i o n  o f  
t h e  bed c a n  be  o b t a i n e d .  By d i v i d i n g  t h i s  amount by t h e  t o t a l  amount o f  NaCl 
vapor  t r a n s p o r t e d  t o  t h e  bed,  t h e  a v e r a g e  p e r c e n t  NaCl vapor  c a p t u r e  f o r  each 
s e c t i o n  i s  o b t a i n e d .  Then, t h e  a v e r a g e  cumula t ive  p e r c e n t  NaCl vapor  c a p t u r e d  
and t h e  average  p e r c e n t  b reak th rough  c a n  be  c a l c u l a t e d '  a s  "a f u n c t i o n  o f  bed 
d e p t h  and exper iment  d u r a t i o n .  

A s  a n  i l l u s t r a t i o n  o f  t h i s  t e c h n i q u e ,  t h e  a c t i v a t e d  b a u x i t e  (-8 +10 mesh) 
bed ( 5 - i n .  t h i c k )  was d i v i d e d  i n t o  f i v e  s e c t i o n s  and t e s t e d  a t  8 0 0 ° c ' a n d  atmos- 
p h e r i c  p r e s s u r e  f o r  exper iment  d u r a t i o n s  ( o r  ons t ream t i m e )  o f  3 ,  5 ,  and 8  h .  
The s u p e r f i c i a l  g a s  v e l o c i t y  was 66 cm/s,  and t h e  g a s  h o u r l y  s p a c e  v e l o c i t y  
( b a s e d  on t h e  e n t i r e  5- in .  bed)  was 18 ,600  h-l  ( o r  a  c o n t a c t  t ime of  0.2 s 
between t h e  f l u e  g a s  and t h e  e n t i r e  b e d ) .  The r e s u l t s  o f  t h i s  s e r i e s  of  
e x p e r i m e n t s ,  p r e s e n t e d  and d i s c u s s e d  i n  d e t a i l  i n  an e a r l i e r  q u a r t e r l y  r e p o r t .  
(ANL/CEN/FE-80,-5), a r e  summarized i n  F i g .  2 .  

Figure.  2  shows t h e  a v e r a g e  p e r c e n t  NaCl b reak th rough  d a t a  f o r  a c t i v a t e d  
b a u x i t e  a s  a  f u n c t i o n  o f  exper iment  d u r a t i o n  f o r  e a c h  bed d e p t h  ( o r  GHSV). 
p e r c e n t  b reak th rough  i s  d e f i n e d  h e r e  a s  t h e  amount of  NaCl vapor  p a s s i n g  
th rough  t h e  bed and i s  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  NaC1,vapor 
t r a n s p o r t e d  t o  t h e  s o r b e n t  bed.  The b reak th rough  d a t a  p r e s e n t e d  i n  F i g .  2  
e s t a b l i s h e s  a  r e l a t i o n s h i p  f o r  t h e  ons t ream t ime  ( o r  exper iment  d u r a t i o n )  and 
bed d e p t h  ( o r  GHSV) r e q u i r e d  t o  a c h i e v e  a  s p e c i f i c  ave rage  b reak th rough  o f  
NaCl vapor  through t h e  bed.  By e x t r a p o l a t i n g  t h e  c u r v e s  i n  F i g .  2 t o  0% 
break th rough ,  a  s e r i e s  o f  c u r v e s  c a n  be d e r i v e d  f o r  t h i s  r e l a t i o n s h i p ,  a s  shown 
i n  F i g .  3 .  T h i s  g r a p h  i n d i c a t e s  t h a t  a  5 - in . - th ick  a c t i v a t e d  b a u x i t e  bed cou ld  . 
b e  o p e r a t e d  f o r  a n  ons t ream t ime  o f  o n l y  4 h  i f  a n  average  0.1% break th rough  
( o r  99.9% NaC1-vapor s o r p t i o n  e f f i c i e n c y )  was n o t  t o  be  exceeded,  c o u l d  be  
o p e r a t e d  f o r  5 h  i f  b reak th rough  was t o  be l i m i t e d  t o  1%, and s o  on.  It must 
b e  no ted  t h a t  t h e  r e l a t i o n s h i p  shown i n  F i g .  3 a p p l y  o n l y  f o r  the s p e c i f i c  
s o r p t i o n  c o n d i t i o n s  used f o r  t h e  t e s t  s e r i e s - - s o r b e n t  bed t e m p e r a t u r e  o f  800°c ,  
sys tem p r e s s u r e  o f  one atmosphere ,  s u p e r f i c i a l  g a s  v e l o c i t y  o f  66 cm/s, and 
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NaCl vapor  c o n c e n t . r a t i o n  o f  approx imate ly  35 ppm i n  t h e  f l u e  g a s .  R e l a t i o n -  

,, . - s h i p s  of  t h i s  type  f b r  v a r i o u s  s o r p t i o n  c o n d i t i o n s ,  e s p e c i a l l y  f o r  a  h igh-  
p r e s s u r e  sys tem ( a p p r o x i m a t e l y . 1 0  atm) and low a l k a l i  vapor  c o n c e n t r a t i o n  
( a p p r o x i m a t e l y  10  ppm), a r e  needed f o r  t h e  d e s i g n  o f  a  l a r g e - s c a l e  g r a n u l a r -  
bed f i l t e r . '  Work t o  o b t a i n  t h e s e  r e l a t i o n s h i p s  w i l l  be c o n t i n u e d .  



111. REGENERATION OF ACTIVATED BAUXITE 

NaCl-vapor-adsorbed a c t i v a t e d  baux i t e  has  been found t o  be e a s i l y  and 
e f f e c t i v e l y  regenera ted  by use of a  s imple water- leaching process .2  Regen- 
e r a t i o n  o f  the  so rben t  no t  on ly  provides  a  p o s s i b l e  economic b e n e f i t  t o  t h e  
a lka l i - removal  p roces s ,  bu t  a l s o  e l i m i n a t e s  t h e  spent  sorbent  d i s p o s a l  
problem. S tud ie s  on t h e  r egene ra t i on  of  a c t i v a t e d  baux i t e  have been cont inued 
( 1 )  t o  i n v e s t i g a t e  t h e  water- leaching r e g e n e r a b i l i t y  of  a c t i v a t e d  baux i t e  
t h a t  ha s  adsorbed K C 1  vapors ,  ( 2 )  t o  o b t a i n  a  b e t t e r  understanding of t h e  
water - leaching  k i n e t i c s  of NaC1-vapor-adsorbed a c t i v a t e d  baux i t e ,  and (3 )  t o  
e v a l u a t e  t h e  "thermal swing" method a s  an a l t e r n a t i v e  r egene ra t i on  process  f o r  
a c t i v a t e d  baux i t e .  

A .  Water-Leaching Regenerat ion 

The r e g e n e r a b i l i t y  o f  a c t i v a t e d  baux i t e  has  been demonstrated by a  10-cycle 
, experiment 0.f NaC1-vapor s o r p t i o n  and water- leaching regenera t ion .2  The 

r e g e n e r a b i l i t y  o f  a c t i v a t e d  baux i t e  by a  water- leaching process  was f u r t h e r  
i n v e s t i g a t e d  In a  t ive-cyc le  expe r imen~  uL KC1-vapu~ surp t io i i  and water- lcaching 
r e g e n e r a t i o n .  The s o r p t i o n  t e s t s  f o r  t h i s  s e r i e s  of experiments were c a r r i e d  
o u t  i n  t h e  l abo ra to ry - sca l e ,  ba tch-uni t  combus tot s y s  tern3 a t  800°c and atmos- 
p h e r i c  p re s su re ,  us ing  a  s imula ted  d ry  f l u e  gas  of PFBC. The f l u e  gas  had a  
vo lume t r i c  composition of 3% 02, 16% C02, about 300 pplrl S02, about 180 ppm 
H20, about  35 ppm K C 1  vapor ,  and t h e  balance N2. The s u p e r f i c i a l  gas  v e l o c i t y  
o f  t h e  f l u e  gas pass ing  through t h e  sorbent  bed was 66 cm/s, and t h e  gas  hou r ly  
space  v e l o c i t y  was 18,600 h-l .  A t  t h e  end of  each s o r p t i o n  t e s t ,  t h e  sorbent  
was leached wi th  d i s t i l l e d  wa te r ,  s epa ra t ed  from l i q u i d  by f i l t r a t i o n  wi th  a  

' 
f i l t e r  paper ,  d r i e d  i n  a  muf f l e  furnace ,  and f i n a l l y  s ieved  wi th  a  lO-mesh 
s c r e e n  t o  remove f i n e s .  Make-up sorbent  was added t o  r e p l a c e  t h e  f i n e s  removed 
by sc reen ing ,  and t h e  next s o r p t i o n  t e s t  was i n i t i a t e d .  

Experimental r e s u l t s  f o r  t h i s  c y c l i c  t e s t  were presented prev ious ly  
(ANL/CEN/FE-80-4). The  KC^' vapor removal e fLic iency  a s  a  func t ion  of rcgcncrs-  
t i o n  c y c l e  i s  summarized i n  F ig .  4 .  To al low comparison, r e s u l t s  of  t he  pre- 
v i o u s  10-cycle c y c l i c  t e s t  w i t h  NaCl a r e  a l s o  inc luded .  A s  shown i n  F ig .  4 ,  
bo th  f r e s h  and regenera ted  a c t i v a t e d  baux i t e  ve ry  e f f e c t i v e l y  cap tured  98% 
(on t h e  average)  of  e i t h e r  NaCl vapor o r  K C 1  vapor i n  t h e  f l u e  gas .  The 
q u a n t i t y  o f  f r e s h  a c t i v a t e d  baux i t e  make-up added t o  t h e  regenera ted  a c t  i vo t ed  
b a u x i t e  r ep re sen t ed  l e s s  t han  3% by weight of t h e  t o t a l  q u a n t i t y  of sorbent  
bed (50  g ) .  The a l k a l i  vapor  removal e f f i c i e n c i e s  observed f o r  t h e  regenera ted  
a c t i v a t e d  baux i t e  were c o n s i s t e n t l y  ve ry  high* ( s i m i l a r  t o  t h a t  f o r  f r e s h  a c t i -  
v a t e d  b a u x i t e ) ,  i n d i c a t i n g  t h a t  t h e  s o r p t i o n  c a p a b i l i t y  nf  regenera ted  a c t i v a t e d  
b a u x i t e  i s  una f f ec t ed  by t h e  number of  sorp t ion- regenera t ion  cyc l e s .  

It i s  concluded from Fig .  4  t h a t  a c t i v a t e d  baux i t e  can be e f f e c t i v e l y  
r egene ra t ed  by a s imple water- leaching process  and t h a t  regenera ted  a c t i v a t e d  
b a u x i t e  behaves a s  e f f e c t i v e l y  a's f r e s h  a c t i v a t e d  baux i t e  ' i n  cap tu r ing  NaCl 
and K C 1  vapors Fro~n f l u e  gas .  



Fig .  4 .  NaC1- and KC1-Vapor Sorp t ion  by Fresh Act iva ted  
Bauxite and by ~ c t i v a t e d  Bauxi te  Regenerated by 
Water Leaching a s  a  Funct ion of Sorpt ion-  
,Regenerat ion  Cycle 
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This  s tudy  has  two o b j e c t i v e s .  The f i r s , t . i s  . to o b t a i n  in format ion  on 
t h e  r a t e  of NaCl leaching  by water  from NaC1-adsorbed a c t i v a t e d  baux i t e .  The 
second o b j e c t i v e  i s  t o  produce regenera ted  a c t i v a t e d  baux i t e  samples which 
w i l l  be charac te r ized ,  f o r  t h e i r  a l k a l i  s o r p t i o n  behavior  us ing  t h e  p re s su r i zed  
. s o r p t i o n  t e s t  u n i t .  I n  t h i s  water- leaching k i n e t i c s  s tudy ,  a c t i v a t e d  baux i t e  
was c y c l i c a l l y  t e s t e d  f o r  NaCl vapor s o r p t i o n  and water- leaching r egene ra t i on  
f o r  seven cyc l e s .  The procedure f o r  t h e  c y c l i c  experiments  i s  shown and -"-' 

expla ined  i n  F ig .  5. The NaCl-vapor s o r p t i o n  experiments  were c a r r i e d  ou t  
us ing-  t h e  l abo ra to ry - sca l e ;  ba tch  fixed-bed combustor.3 Experimental 
r e s u l t s  from t h e s e  c y c l i c  t e s t s  have been presen ted  i n  an e a r l i e r  r e p o r t  . . 
( A N L / C E N / P E , . - ~ ~ . . ~ , ~ )  . I , .  

~ 1 1 , , , 1 1 1 1 , ~ ~  

0 
0 1 2 3 4 5 6 7 8 9 1 0  

NO OF SORPTION AND REGENERATION CYCLE 

F i g u r e s . 6  and 7 summarize t h e  r e s u l t s  of t h e s e  c y c l i c  t e s t s .  F igure  6  
i s  a  p l o t  o f . t h e  percent  NaCl leached a s  a  func t ion  of  l eaching  d u r a t i o n  i n  
minutes .  The va lues  p l o t t e d  i n  t h i s  f i g u r e  r ep re sen t  t h e  average va lues  f o r  
t h e  percentage's of NaCl leached i n  t h e  corresponding cyc l e s  of experiments  
HGC-88 and HGC-89. A s  shown,in t h i s  f i g u r e ,  t h e  d a t a  p o i n t s  a r e  somewhat 
s c a t t e r e d .  This  is  be l ieved  t o  be due t o  d i f f i c u l t y  i n  d iv id ing  NaC1-adsorbed . 

a c t i v a t e d  baux i t e  sample i n t o  e q u a l l y  homogeneous po r t i ons  f o r  l eaching .  
Despi te  t h e  s c a t t e r  i n  t h e  d a t a ,  Fig.  6  shows t h a t  t he  maximum . leaching r a t e  
of  the.adsorbed NaCl from t h e  a c t i v a t e d  baux i t e  occurs  dur ing  t h e  f i r s t  f i v e  

-. ' 
minutes  of l eaching .  Af t e r  t h a t ,  t h e  leaching  r a t e  qu ick ly  dec reases  and 
approaches a  v e r y  low cons t an t  va lue .  . -  . . 
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ACTIVATED BAUXITE ( A.B.) 
I 

I NoCl SORBED A.B. 

I FILTER CAKE 

1 1  DRYING t 
I DRY REGFNERATED A.B. 

' . Fig. 5. Flowsheet Showing NaCl-Vapor 
~o;*tion Step and Water- 
Leaching R,egenerat i,nn Step 
for Activated Bauxite 

a. Sorption experiment .conditions: 
800°C at atmospheric pressure in 
a simulated dry flue gas of PFBC 
containing 3% 02, 16X C O a ,  300 
ppm S02, and the balance N2; 
superficial gas velocity = 66 cm/s; 
GHSV '2 18,600 h-l or contact 
time of 0.2 s); experiment dur'a- 
tion G h. 

h. T , ~ a r h j n g  c o n d i t  Ions r leached 
with distilled water in a beaker 
at gently boiling temperature 
(about 95°C). 

c. Drying conditions: 400°C for 1 h 
in an air flow. 

d. Sieved with lo-mesh screen to discard. 
fines. 
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LEACHING DURATION, min 
Fig .  . 6 .  Quantity o£  Leachable NaCl Leached as  a   unction 

, of Leaching ~ u r a t i o n .  Each point represents the 
average of  an Exp. HGC-89 value .  
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min.. 

LEACHING CYCLE 

- '  Fig .  7 .  Amount o f  Leachable NaCl Leached from 
', NaC1-Adsorbed dct ivated  Bauxite as a . 

Function of Leaching Cycle 



Figu re  6 a l s o  shows t h a t  t h e  r a t e  of l each ing  inc reases  a t  l a t e r  l each ing  
c y c l e s .  This  i s  f u r t h e r  i l l u s t r a t e d  i n  F ig .  7, a  p l o t  of t he  average percen- 
t a g e s  of NaCl leached from experiments  HGC-88 and HGC-89 a s  a  func t ion  of  
l e ach ing  cyc l e .  It i s  ev ident  from Fig .  7 t h a t  f o r  each experimental  l e v e l  
of  l e ach ing  d u r a t i o n ,  t h e  percent  NaCl leached increased  i n  each subsequent 
l e ach ing  r egene ra t i on  ' cyc l e .  On t h e  average,  75% of t he  adsorbed NaCl was 
leached i n  the  f i r s t  f i ve .minu te s  of l e ach ing ,  and t h i s  amount increased  t o  
approximately 85% f o r  one-hour leaching .  

A s  expla ined  i n  a  previous r e p o r t  (ANL/CEN/FE-80-61, t h e  r e a c t i o n s  of 
NaCl vapor  with both S i02  and c l a y  minera l s  ( p r e s e n t  a s  i m p u r i t i e s  i n  a c t i -  
va t ed  b a u x i t e )  t end  t o  open up t h e  s t r u c t u r e  of a c t i v a t e d  baux i t e ,  i .e . . ,  t o  
i n c r e a s e  t h e  average pore s i z e  of t h e  a c t i v a t e d  baux i t e  and c r e a t e  more f i n e  
pores .  The i n c r e a s e  i n  pore s i z e  reduced t h e  r e s i s t a n c e  t o  water  d i f f u s i o n  
i n t o  t h e  p o r e p a n d  thus  t o  exk rac t ion  o f  t h e  adsorbed N a C 1  mnlccules .  ' Conse- 
q u e n t l y ,  r a t e  of  l each ing  i n c r e a s e s  a t  l a t e r  l each ing  r egene ra t i on  cyc l e s ,  
a s  observed i n  F ig .  7. 

IL is  cuncluded from t h i s  s e r i e s  ok c y c l i c  experiments  t h a t  t h e  maximum 
l each ing  r a t e  of  t he  adsorbed NaCl from a c t i v a t e d  baux i t e  occurs  dur ing  t h e  
f i r s t  f i v e  minutes  of  l eaching .  Following t h e  f i r s t  f i v e  minutes of l e ach ing ,  
t h e  r a t e  r a p i d l y  dec reases  and approaches a  very  low cons t an t  va lue .  The 
l each ing  r a t e  a l s o  i n c r e a s e s  with an' i nc reas ing  number of water-leaching 
r e g e n e r a t i o n  c y c l e s .  

C .  Thermal Swing Method o f  Act iva ted  Bauxi te  Regenerat ion 

Act iva ted  b a u x i t e  has  been shown t o  cap tu re  a l k a l i  c h l o r i d e  vapors by 
two mechanisms: chemical r e a c t i o n s  and phys ica l  a d ~ o r ~ t i o n . 1  It has  a l s o  
been found t h a t  w i th  r e p e a t e d .  u t i l i z a t i o n  of t he  sorbent  over  s e v e r a l  cyc l e s  
of  a l k a l i - s o r p t i o n ,  and water  l eaching  r egene ra t i on ,  t h e  physical  adsn rp t ion  
mechanism g r a d u a l l y  comes t o  p lay  a  dominant r o l e  i n  capti.~ri,ng a l k a l i  c h l o r i d e  
vapur s .  The gene ra l  c h a r a c t e r i s t i c s  o f  a. physical  adsnrpt  inn prnrpss a1 1nr.r 
t h e  r e g e n e r a t i o n  of a c t i v a t e d  baux i t e  by a  "thermal swing" of  t h e  bed tempera- 
t u r e ' a s  an  a l t e r n a t i v e  t o  water- leaching.  The o b j e c t i v e  of t h i s  s tudy  i s  t o  
eva lua t e -  t h e  thermal swing method a s  a  r egene ra t i on  process  f o r  a c t i v a t e d  
b a u x i t e .  

Regenerated a c t i v a t e d  b a u x i t e  t h a t  had been subjec ted  t o  more than t e n  
c y c l e s  uf a l k a l i  c h l o r i d e  vapor s o r p t i o n  and water-leaching r egene ra t i on  was 
used i n  t h e s e  thermal  swing s t u d i e s .  This  was t o  minimize t h e  r o l e  05 chemical 
r e a c t i o n  dur ing  a l k a l i  s o r p t i o n  by t h e  sorbent .  The experiments (RAB s e r i e s )  
were conducted i n  t h e  p re s su r i zed  s o r p t i o n  t e s t  m i t  d ~ s c r i h e d  i n  Sec t ion  A 

' 

of  t h i s  r e p o r t .  In  t h e s e  s t u d i e s ,  t h e  amount of NaCl vapor t h a t  can be  adsorbed 
by a c t i v a t e d ' b a u x i t e  under s p e c i f i c  s o r p t i o n  cond i t i ons   able 1 )  was f i r s t  
measured. This measurement was ob ta ined  by Soxhle t -ex t rac t ing  t h e  sorbent  
( a f t e r  t h e  s o r p t i o n  t e s t )  f o r  15 h ,  us ing  water  a s  an e x t r a c t i n g  medium. The 
same ba tch  of a c t i v a t e d  baux i t e  sorbent  ( a f t e r  Soxhlet  e x t r a c t i o n )  was then . . 

t e s t e d  i n  a  s e p a r a t e  run f o r  NaCl vapor s o r p t i o n  under t h e  same s o r p t i o n  
c o n d i t i o n s ,  a s  we l l  a s  f o r  subsequent deso rp t ion  of  t h e  adsorbed NaCl a t  a  
h i g h e r  bed temperature .  A t  t h e  end o f  a  t e s t ,  t h e  sorbent  was aga in  Soxhlet-  
e x t r a c t e d  f o r  15 h  and t h e  amount of t h e  adsorbed NaCl was measured. 



Table 1. Experimental Condi t ions f o r  RAB S e r i e s  Experiments 

Sorp t ion  Stage Desorpt ion Stage 

Sorbent Bed Temperature, "C 800 845; 885 

System Pres su re ,  p s i g .  12-15 18-25 

Sorbent Bed Thickness,  cm 5.08 (2  i n . ) .  ' 5.08 ( 2  i n . )  

., . Simulated Flue Gas 
Composition, % 

02 
CO 2  

N2 

4  
16 

Balance 

S u p e r f i c i a l  Gas Ve loc i ty ,  cm/s 2  1 20 

Gas Hourly Space Ve loc i ty ,  h-l 
( con tac t  Time, s )  

1; t h e s e  s t u d i e s ,  de so rp t ion  of t h e  bed. was s t a r t e d  i n  s i t u  immediately 
a f t e r  t he  s o r p t i o n  stage. '  The experimental  procedures  f o r  swi tch ing ,  from t h e  
s o r p t i o n  s t a g e  t o  t h e  deso rp t ion  s t a g e  a r e  a s  fol lows:  . ( I )  flow of s imulated 
f l u e  gas  is. s topped,  ( 2 )  t h e  NaCl .sample pan i s  , r a i s ed  t o  t he  cool  s e c t i o n  of  
t h e  r e a c t o r  t o  prevent  f u r t h e r  v a p o r i z a t i o n  of NaC1, ( 3 )  t h e  sorbent  bed tem- 
p e r a t u r e  i s  increased  t o  a  s e l e c t e d  va lue ,  and f i n a l l y  ( 4 )  a  n i t rogen  sweeping 
g a s  i s  in t roduced .  The deso rp t ion  cond i t i ons  a r e  g iven  i n  Table 1. 

During experimental  handl ing of t h e  so rben t ,  sorbent  f i n e s  were produced; 
t h e r e f o r e ,  some r e g e n e r a t e d ' s o r b e n t  ( g e n e r a l l y  l e s s  than 2% by weight of t h e  
regenera ted  a c t i v a t e d  baux i t e )  was added t o  make up t h e  bed f o r  t h e  subsequent 
t e s t .  For t he  deso rp t ion  s t a g e ,  i t  took 10 min t o  hea t  t h e  bed from 8 0 0 " ~  t o  
. t h e . d e s o r p t i o n  bed temperature  of  8 4 5 " ~  and 20 min f o r  hea t ing  t o . 8 8 5 " ~ .  

Table 2  p re sen t s  m a t e r i a l  ba lances  f o r  t h e  f i v e  RAB-series t e s t s  com- 
p l e t e d .  I n  t h i s  t a b l e ,  t h e  amount of NaCl e x t r a c t e d  from t h e  sorbent  [row 
( 3 )  i n  t h e  t a b l e ]  r e p r e s e n t s  t h e  amount of NaCl p h y s i c a l l y  adsorbed by a c t i -  
va t ed  baux i t e  so rben t .  The d i f f e r e n c e  [row (511 between t h e  amount of NaCl 
t r a n s p o r t e d  t o  t he  bed [row (111 and t h e  sum of t h e  t o t a l  NaCl c o l l e c t e d  
[row ( 4 ) l  r e p r e s e n t s  t h e  amount of NaCl r e t a i n e d  i n  a c t i v a t e d  baux i t e  a s  
water - inso luble  compounds. The c l a y  minera l s  p r e sen t  a s  i m p u r i t i e s  iu a c t i -  
va ted  baux i t e  a r e  r e spons ib l e  f o r  t h e  NaCl r e t e n t i o n .  

I n  Table  2 ,  i t  i s  seen t h a t  i n  experiment RAB-2, 13.0 mg ,NaC1 was 
. - p h y s i c a l l y  adsorbed per  gram of sorbent .  I n  experiment RAB-4, t h e  sorbent  

was sub jec t ed  t o  s o r p t i o n  cond i t i ons  s i m i l a r  t o  those  i n  experiment No. RAB-2 
(except  for. s l i g h t l y  h ighe r  system p r e s s ~ ~ r e  and lower NaCl vapor concen t r a t i on  
i n  t h e  f l u e  gas )  fol lowed.  by 1 h  deso rp t ion  of  NaCl from t h e  bed a t  8 4 5 " ~  
under n i t r o g e n  sweeping gas .  , I n  experiment RAB-4, 12.4'mg.NaCl was adsorbed 

. . 



Table 2. NaCl Ma te r i a l  Balances f o r  RAB S e r i e s  of  Experiments (25 g . o f  
Sorbent was Tested f o r  NaCl Vapor So rp t ion  a t  8 0 0 " ~  f o r  8  h )  

RAB- RAB- RAB- RAB- RAB- 
2 4 6 7 8 

System P r e s s u r e ,  p s ig  12 18 25 25 25 

Desorp t ion  Bed Temperature,  "C -- 845 84 5 -- 885 

Desorp t ion  Durat ion,  h  -- 1 3 -- 3 

Avg. NaCl Vapor Conc . i n  
F lue  Gas, ppmV 

INPUT 

( 1 )  NaCl Transported t o  
the Dcd, lug 

OUTPUT 

( 2 )  l ~ a ~ 1  Captured by 
( a )  Cold Trap, mg 7 6 
( b )  Glass-Wool F i l t e r ,  mg 24 

( 3 )  NaCl Ex t r ac t ed  from 
Snrbene, mg 3 24 - 

(4.) Sum, mg 4 24 413 528 542 499 

( 5 )  D i f f e r ence  [ ( I ) - (411 ,  mg 6 1 32 50 39 22 

(6') NaCl Adsorbed, mg 
. ~ a ~ l / g  so rben t  
[ (3) /251  13 .O 12.4 9.8 16.3 9.2 

. . 

pe r  gram of  so rben t .  Also, t h e  amount of NaCl captured by t h e  co ld  t r a p  and 
t h e  t h e  glass-wno,,  f i l t e r   lightly increased .  These resul ts  i n d i c a t e  t h a ~  
t h e  adsorbed NaCl vapor pos s ib ly  desorbed dur ing  t h e  deso rp t ion  s t age .  . . 

To f u r t h e r  i n v e s t i g a t e  NaCl des0 rp t i .m  a t  high temperature ,  e x p e r i u ~ e n ~ s  
RAB-6 and -7 were conducted a t  t h e  same s o r p t i o n  cond i t i ons ,  except  t h a t  t h e  
bed of  experiment RAB-6 was f u r t h e r  desorbed a t  8 4 5 " ~  f o r  3  h .  Resu l t s  i n  
Table  2  show t h a t  a t  t h e  h ighe r  temperature ,  t h e  amount of  NaCl p h y s i c a l l y  
adsorbed p e r  gram of sorbent  decreased from 16.3 mg t o  9.8 mg, i n d i c a t i n g  
d e s o r p t i o n  of 40% of  t he  adsorbed NaC1. This  deso rp t ion  phenomenon'was 
f u r t h e r  supported by t h e  cap tu re  on t h e  co ld  t r a p  and t h e  glass-wool f i l t e r  
of  an amount of NaCl corresponding t o  t h a t  desorbed from t h e  sorbent .  

Based on t h e  r e s u l t s  of experiments  RAB-6 and -7, t h e  r a t e  of NaCl 
d e s o r p t i o n  caused by an upward thermal swing i n  t h e  bed temperature  of 4 5 " ~  
i s  r e l a t i v e l y  low--only 40% o f  t h e  adsorbed NaCl was desorbed i n  3  h. To 



' i n v e s t i g a t e  how t h e  magni tude o f  t h e  t e m p e r a t u r e  swing a f f e . c t s  t h e  d e s o r p t i o n  
r a t e ,  exper iment  No. RAB-8 was conducted a t  a  d e s o r p t i o n  bed t e m p e r a t u r e  o f  

,. 
8 8 5 , " ~ .  Tab le  2 shows t h a t  t h e  e x t e n t  o f  d e s o r p t i o n  was' not, s i g n i f i c a n t l y  
a f f e c t e d  by . i n c r e a s % n g  t h e  the rmal  swing.  t o  . 8 5 " ~ .  . . 

  he ore tic all^,' i n  a  p h y s i c a l  a d s o r p t i o n  p r o c e s s ,  t h e  a d s o r b a t e  s h o u l d .  , 

d e s o r b  from t h e  a d s o r b e n t  a t  a  h i g h e r  s o r b e n t  bed t e m p e r a t u r e  t h a n  t h a t  a t  
which t h e  a d s o r b a t e  i s  adsorbed ;  t h e r e f o r e ,  t h e  r e s u l t s  o f  exper iment  No. RAB-6 

. . 
' a p d  -7 p r o v i d e  a d d i t i o n a l  ev idence  f o r  t h e  c o n c l u s i o n  made p r e v i o u s l y  t h a t  
p a r t ' o f  t h e ' N a C 1 . i ~  p h y s i c a l l y  adsorbed by a c t i v a t e d  b a u x i t e . .  

D .  F u t u r e  Work 

~ x ~ e r i m e n t a l  s . t u d i e s  w i l l  be c o n t i n u e d  t o  t e s t  a c t i v a t e d  b a u x i t e .  i n  a  
p r e s s u r i z e d  sys tem.  The t e c h n i c a l  d a t a  base  t o  be  o b t a i n e d  is' r e q u i r e d  f o r  
t h e  d e s i g n  o f  l a r g e - s c a l e  g ranu la r -bed  f i l t e r s  i n  which a c t i v a t e d  b a u x i t e  a s  
t h e  f i l t e r  medium would remove gaseous  a l k a l i  m e t a l  compounds from h o t  ' f l u e  

' g a s .  . A l k a l i  s o r p t i o n  i s o t h e r m  and a l k a l i  b reak th rough  d a t a  w i l l  be o b t a i n e d  
i n  t h e  f i r s t  phase  o f  t h i s  work. Next, t h e  e f f e c t s  o f  p r e s s u r e  and th .e .  
m o i s t u r e  c o n t e n t  of  t h e  f l u e  g a s  on t h e  a l k a l i  vapor  s o r p t i o n  performance o f  
t h e  sorb'ent  w i l l  be i n v e s t i g a t e d .  ~ t u d i e s ' o f  t h e  w a t e r - l e a c h i n g  of  a c t i v a t e d  

:!\ b a u x i t e  w i l l  a l s o  be  c o n t i n u e d  t o . i n v e s t i g a t e  t h e  e f f e c t s  on t h e  l e a c h i n g  
r a t e  o f  ( 1 )  adsorbed a l k a l i  l o a d i n g  on a c t i v a t e d  b a u x i t e ,  ( 2 )  l e a c h i n g  tem- 
p e r a t u r e ,  and ( 3 )  t h e  q u a n t i t y  o f  l e a c h i n g  medium. . 
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