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ABSTRACT 

I n  t h e  a p p l i c a t i o n  of p re s su r i zed  f lu id ized-bed  combustors 
(PFBC) t o  t h e  gene ra t ion  of e l e c t r i c i t y ,  ho t  co r ros ion  of gas t u r b i n e  
components by a l k a l i  meta l  compounds i s  a p o t e n t i a l  problem. 
The ob jec t 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  
removing t h e s e  gaseous a l k a l i  meta l  compounds from the -h igh -p res su re  
high-temperature gas  from a PFBC be fo re  t h e  gas e n t e r s  t h e  gas : 
t u rb ine .  Agranular -bed  f i l t e r ,  us ing  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  as t h e  bed m a t e r i a l ,  i s  t h e  concept c u r r e n t l y  
being s tud ied .  

Resu l t s  a r e  presented  f o r  t h e ' t e s t i n g  of diatomaceous e a r t h  
f o r  a l k a l i  vapor s o r p t i o n  a t  8OO0C and 9-atm p res su re ,  us ing  a 
s imulated f l u e  gas .  

Act iva ted  b a u x i t e  sorbent can be  regenera ted  by leaching  wi th  
water ,  and t h e  k i n e t i c s  of t h e  leaching  i s  under s tudy .  

SUMMARY 

I n  t h e  proposed a p p l i c a t i o n  of p re s su r i zed  f luidized-bed combustion of 
c o a l  t o  power gene ra t ion ,  co r ros ion  of t h e  t u r b i n e  b lades  i n  a downstream.. 
gas t u r b i n e  due t o  t h e  presence of a l k a l f  meta l  compounds i n  t h e  ho t  f l u e  
gas may be  a prublem. Thc o b j e c t i v e  o f  t h i s .  t a s k  i s  t o  develop a h o t ,  ' 
fixed-bed f i l t e r  t o  s o r b  a l k a l i  meta l  compounds from t h e  ho t  f l u e  gas  before  
t h e  gas i s  expanded through a gas t u rb fne .  

Prevfous . s t u d i e s  have shown t h a t  both. diatomaceous ea r th .  and a c t i v a t e d  
. - 

baux i t e  a r e  very  e f f e c t i v e  sorl jents  f o r  remwfng N a C 1 ,  KC1,  and K2S'04 .vapors 
from ho t  siinulated f l u e  gas  of PFBC. Actfvated b a u x i t e  has  a l so  been demon- 
s t r a t e d  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?mple water- 
leaching  process ,  

Experimental s t u d i e s  t o  t e s t  t h e s e  two so rben t s  f o r  a l k a l i  vapor  s o r p t i o n  
under p re s su r i zed  cond i t i ons  have Geen cont inued,  Pour experiments  were 
completed a t  800°C and 9-atm p res su re  t o  t e s t  t h e  s o r p t i o n  of NaCl vapor from 
~ i m u l a t e d  PFRC f l u e  gas  by diatomaceous e a r t h .  I n  t h r e e  of t h e  experiments ,  
excurs ions  from exper imenta l  cond i t i ons  were observed due t o  unexpected 
decreases  i n  gas flow t o  t h e  s o r p t i o n  t e s t  u n i t .  Resu l t s  ob ta ined  from t h e  
s u c c e s s f u l l y  completed experiment w2th a 5-in. t h i c k  bed opera ted  25 11 onstream 
t ime a t  800°C and 9 a t m  i n d i c a t e  t h a t  90% of t h e  NaCl vapor w a s  removed from a 
simlilated f l u e  gas conta in ing  %3 ppmV N a C l  vapor.  

1 



Stud ie s  have a l s o  been i n i t i a t e d  t o  .obtain a b e t t e r  understanding of t h e  
k i n e t i c s  of t h e  water- leaching r egene ra t ion  of NaC1-adsorbed a c t i v a t e d  bauxi te .  
The regenera ted  a c t i v a t e d  b a u x i t e  samples from t h e  k i n e t i c  s t u d i e s  w i l l  a l s o  
be used i n  t e s t s  t o  c h a r a c t e r i z e  i t s  a l k a l i  s o r p t i o n  behavior  under p re s su r i zed  
condi t ions .  Two seven-cycle s e t s  of experiments of NaC1-vapor s o r p t i o n  and 
water- leaching r egene ra t ipn  'have been completed. Pre l iminary  r e s u l t s  f r o y  - ' 

t h e s e  leaching  s t u d i e s  show t h a t  t h e  maximum leaching  r a t e  of t h e  adsorbed 
N a C l  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 
leaching .  A f t e r  t h e  f i r s t  f i v e  minutes of l each ing ,  t h e  r a t e  r a p i d l y  
dec reases  and approaches a cons t an t  va lue .  The leaching  r a t e  a l s o  appears  t o  
i n c r e a s e  w i t h  an inc reas ing  number of water-leaching r egene ra t ion  cyc le s .  

Minot mod i f i ca t ions  made to .  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  a r e  a l s o  
d iscussed  i n  t h i s  r e p o r t .  



I. REMOVAL OF ALKALI COMPOUNDS FROM HOT FLUE GAS FROM COAL COMBUSTION 

In the application of pressurized fluidized-bed combustion of coal to 
power generation, corrosion of the turbine blades of the gas turbine due to 
attack by alkali metal compounds in the hot flue gas is a possible problem. 
This problem can be solved by reducing the concentration of alkali metal 
compounds in the hot flue gas to a level which can be tolerated by a gas 
turbine. A way to accomplish this would be with a filter containing a hot 
fixed bed of sorbent to remove the alkali metal compounds from the hot 
flue gas before the gas is expanded into the turbine. The objectives of this 
task are to develop an effektive sorbent and to determine the necessary 
characteristic sorption parameters for the design of a hot fixed-bed filter. 

Diatomaceous earth and activated bauxite have been identified to be'very 
effective in removing NaC1, KC1, and K2S04 vapors from hot simulated flue gas 
of PFBC. Also, activated bauxite has been demonstrated to .be easily and' 
effectively regenerated using a simple water-leaching process. Regeneration 
of the alkali sorbent not only provides a possible economic benefit to the 
alkali-removal~process, but also alleviates the spent sorbent disposal 
problem. 

During this report period, a series of experiments has been initiated 
(1) to test'the alkali-sorption performance-of. diatomaceous earth under 
pressurized conditions using the pressurized sorption test unft and (2) to 
obtain kinetic data on the water-leaching. regeneration of activated bauxite. 
Experimental results from ,these studies are presented. Also described are 
minor modifications of the pressurized 'sorption test unit. ('ANL/CEN/FE-~O-~), . 
A. Sorption Tests 

In four experiments (PHGC-D-1 to -4) completed using the pressurized 
sorption test unit, the sorptfon--of NaCl vapor from a simulated PFBC flue 

, gas by diatomaceous earth was. measured.as a function of experiment duration 
(.7, 16, 20, and 25 h). The detafls of the pressurized sorption test unit 
,were reported previously (.ANL/CEN/FE-80-4). In each experiment, a 5-.in.-thick 
bed of sorbent was divided into ffve equal sections with platfnum gauze 
dividers as described in the preceding report Zn this series (:ANL/CEN/FE-~O-~).. 
The tests were performed at a bed temperature of 800°C, a system pressure 
of 9 atm absolute, and a superficial gas velocity of 30 cm/s. 

The volumetric composition of the simulated flue gas was 5.1% 02, 18.2% 
C02, 3 . 3 %  H20, and the balance N2, To prevent corrosion of the test system, 
no SO2 was contained in the simulated PFBC flue gas. 

The particle.size of the diatomaceous earth used was -8 +10 mesh, which 
is equivalent.to 2-mm-diameter particles.. The diatomaceous earth particles 
had been'he&t-treated at 900°C in.an air stream for 15 h prior to testing in 
order to remove any volatile alkali metal compounds initially present. 

At the end of each sorption test, the amount of NaCl vaporized and 
transported in the simulated PPBC flue gas to the sorbent bed was determined; 
each section of a sorbent bed was separately collected and analyzed for sodium 
content; condensates on the cold trap, the glass-wool fflter (:a back-up filter), 
and A1203 sorption tube were collected by washing the parts with distilled 
water and analyzing for .sodium concentration. From the above determinations, 
a NaCl material balance was uade around the sorbent bed .  



Close control of the bed temperature along the length of the sorbent bed 
is essential. In order to verify close control, the temperature profile along 
the entire 5-in. bed of diatomaceous earth is measured with five thermocouples 
and the measured temperature profile along the bed as a function of experiment 
duration in a blank run-are shown in Fig. 1. 

Fig. 1. Temperature Profile Measurement along 5-in. Bed 
of Diatomaceous Earth (8-10 .u~esh) 

The temperature,profile measurements were done under the same experimental 
corlditions as those used in sorption testc--namely, a Led temperature of 
8UUQC, a system pressure of 9 atm, :and a .superficial gas velocity of 30 cmls. 
As shown in Fig. l,.the temperature of the entire 5-in. bed can be controlled 
within 12OC, with the center of the bed at about 800°C, the upstream bed on , 

the low side of the selected temperature, and the downstream bed on the h%gh 
side of the selected temperature. 

Table 1 presents the material balances for the four tests completed. 
Except in experiment PHGC-D-1 (7-h run), there were periods of unattended 
overnight operation, To provide uninterrupted gas flow throughout each run, 
two or more cylinders of each flue gac component were connected in series, 
with each cylinder controlled by its own flow regulator. When this gas flow 
arrangement was used, excursions occurred during portions of the first three 
experiments (PHGC-D-1, -2, and -3) due to decreases in nitrogen or nitrogen 
and C02 gas flows to the system, a result of improper regulation of the 
delivery pressure at each cylinder that caused gas flow to decrease during- 



Table 1. Material Balances 'for Experiments Testing Sectioned Beds 
. of Diatomaceous Earth for NaCl Vapor capturea 

. . 
Experiment PHCG-D- 1 

Experiment Duration, h ' 7 16 20 . 25 
. . 

INPUT (I) , - 

(1) NaCl Vap~rized, mg ' 70 267 146 228 

.OUTPUT (0) 

(2) NaCl Collected by 
(a) Cold Trap, mg 
Cb) Glass-Wool Filter, mg 
(c) A12C3 Sorption Tube, mg 

(3) NaCl Captured by S~rbent,~ mg 

Loss (I - O), mg. C%) 
- - 

a 
Tested at 800°C and 9 atm. Superficial gas velocity was 30 cm/s. 

b~odium content of sorbknt was obtained by dissolving two representative samples of 
growd sorbent (200 mesh) in a mixture. of, H~SOL,, HF, and HN03 and then .analyzing the 
solution by flame emission spectrometry (FE). FE was done by R. Bane. 



swi tch ing  from one c y l i n d e r  t o  another  i n  pe r iods  of unattended opera t ion .  
Excursions i n  gas  flow r a t e s  could cause excursions i n  so rben t  .bed temperature 
and NaCl sample temperature s o  t h a t  t h e  r a t e  of N a C l  vapor i za t ion  would vary  
du r ing  an experiment.  A proper  and c a r e f u l  adjustment  of each c y l i n d e r ' s  
d e l i v e r y  p r e s s u r e  was made and experiment PHGC-D-4 ( t h e  25-h run) was completed 
smoothly wi thout  any p,roblems. 

A s  can  be  s e e n . i n  Table 1, m a t e r i a l  ba lances  i n d i c a t e d  t h a t  34-43% of t h e  
t o t a l  NaCl vaporized cannot be accounted f o r  i n  experiments PHGC-1, 2 ,  and 3,  
i n  which excur s ions  were observed. Whether t h e  observed l o s s e s  of N a C l  a r e  
r e l a t e d  t o  t h e  excurs ions  o r  t o  o t h e r  f a c t o r s  i s  no t  known a t  t h i s  t ime. 
Fu r the r  i n v e s t i g a t i o n  is  needed t o  c l a r i f y  t h i s  discrepancy.  The m a t e r i a l  
ba lance  f o r  experiment FHGC-D-4 ( t h e  smooth, s u c c e s s f u l  run) shows e x c e l l e n t  
agreement of t h e  N a C l  "Input" and "Outputl'. 

The weight  of so rben t  and t h e  amount of N a C l  sorbed i n  each s e c t i o n  of 
t h e  bed i n  each  of t h e  completed f o u r  expcriments a r e  g iven  i n  Table 2. It 
i s  apparent  from t h i s  t a b l e  ' that  ' ~ a ~ 1  vapor i n  t h ~  qinl l - l la~vd f l u e  gas was 
r s s r ~ l t i a l l y  captured  by t h e  f i r s t  s e c t i o n  of t h e  bed. Based on the  r e s u l t s  of 
experiment PXGC-D-4, t h e  5-in. bed of diatomaceous e a r t h  removed (on t h e  

- average)  90% of t h e  NaCl vapor p re sen t  i n  a  f l u e  gas conta in ing  %3 ppmV NaCl 
vapor f o r  25 h o n s t r e m  time a t  800°C bed temperaturc and 9-atm system 
p res su re .  

During t h i s  s e r i e s  of t e s t s ,  agglomeration of sorbent  p a r t i c l e s  w a s  
observed i n  t h e  f i r s t  s e c t i o n  of t h e  bed. Some p a r t i c l e s  were found t o  
adhere  t o  t h e  w a l l  of t h e  alumina s o r p t f o n  tube .  It i s  be l i eved  t h a t  
diatomaceous e a r t h  r e a c t s  wi th  sorbed N a C l  vapor ,  forming s o d i u m . s i l i c a t e s  
t h a t  m e l t  a t  ' the bed temperature (800°C). From a p r a c t i c a l  viewpoint ,  . 
formation of "s t icky"  sodium s i l i c a t e ' m e l t  on t h e  s u r f a c e  of sorbent  p a r t i - c l e s  
could cause o p e r a t i o n a l  d i f f i c u l t i e s  i n  a l a r g e  granirl-ar-bed f i l t e r .  

B. Modi f ica t ion  of t h e  P re s su r i zed  Sorp t ion  Tes t  Unit  

A pres su r i zed  a lka l i -vapor  s o r p t i o n  test u n i t  has  .been assembled 
(ANL/CEN/FE-80-4). Because of t h e  high r a t e  of n i t rogen  gas consumption dur ing  
a n  experiment,  a l i q u i d  n i t r o g e n  c y l i n d e r  equipped wi th  a  b u i l t - i n  vapor i ze r  

. (Model ARLG-45, Airco Welding Supply) has heen i n s t a l l e d  t o  repslace the  
p re s su r i zed  n i t r o g e n  cy l i .nders , (220  cu f t )  used previous ly .  The new cy l inde r  
h a s  a l i q u i d  n i t r o g e n  capac i ty  of 7.500 cu ft and w i l l  s u p p l y  l l l t rogen gas a t  
a r a t e  of 325 cu f t / h  a t  250 p s i g  dur ing  continuous ope ra t ion .  The normal 
v a p o r i z a t i o n  r a t e  (.leak rate.) i s  2.4X/day ( o r  87 cu I c /day ) .  Based on t h e  . 
n i t r o g e n  consumption r a t e  i n  t y p i c a l  experiments and t h c  l.nak raLe, replncc2therit 
of an AREG-45 l i q u i d  n i t r o g e n  c y l i n d e r  i s  expected t o  be  r equ i r ed  only once 
every  1.5 t o  2 months. This  mod i f i ca t ion  w i l l  save  t ime and l abo r  r equ i r ed  
t o  r e p l a c e  c y l i n d e r s ,  w i l l  conserve. l abo ra to ry  space f o r  t h e  s t o r a g e  of 
c y l i n d e r s ,  and most impor tan t ly ,  w i l l  prevent  flow excurs ions  during experi-  
ment s . 

A pres su re  swi tch  has  been i n s t a l l e d  t o  c o n t r o l  t h e  lower l i m i t  of t h e  
o p e r a t i n g  p r e s s u r e  i n  t h e  system ( a  p re s su re  swi tch  t o  c o n t r o l  overpressure  
of t h e  system w a s  p rev ious ly  i n s t a l l e d ) .  I n  ca se  t h e  A1203  s o r p t i o n  tube  
f a i l s  o r  a  gas  l e a k  occurs  during an  experiment,  t h e  newly i n s t a l l e d  p re s su re  
swi t ch  w i l l  be a c t i v a t e d  t o  s h u t  o f f  a l l  furnaces  and gas  s u p p l i e s  and t o  vent  
t h e  systems. 



' Table 2. Weight and Sodium Analyses of each Sec t ion  
of t h e  Diatomaceous Ear th  Bed 

W t  of ' NaCl c a p t u r e , .  T o t a l  NaCl A V ~  ' % 
Exp . Sec t ion  Sorbent ,  mg NaCl/g Captured , N a C l  Vapor 

PHGC-D- No. g so rben t  mg cap tureda  

t o t a l  23.9448 27 ..8 

t o t a l  24.1789 , ' 159.5 

1 4.6560 15 .3  71.2 
2 4.9889 0 .8  4.0 
3 4.7405 0 0 
4 4.7049 0 0 
5 4.8576 0 0 

t o t a l  25.9479 75.2 

1 4.9835 37.7 187.7 82.3 
2 4.7089 2.4 . . 11.4 . 5.0 
3 4.7804 0 .5  2.2 1 . 0  
4 4.7712 0 .3  1 .2  0 .5  
5 4.7864 0 .4  ' 1 . 8  0 .8  

t o t a l  . 24.0304 204.3 89.6 . 

a 
Obtained by d i v i d i n g  t h e  t o t a l  N a C l  cap tured  (Column 5 )  i n  each 
s e c t i o n  by t h e  t o t a l  amount of N a C l  vapor t r a n s p o r t e d  t o  t h e  bed,  
which i s  g iven  i n  row (1) of Table  1. 

C. N a C l  Vapor Sorpt ion '  and Water-Leaching Regenerat ion of Act iva ted  Bauxi te  

Th i s  s tudy  has  two o b j e c t i v e s .  The f i r s t  o b j e c t i v e  i s  t o  o b t a i n  a b e t t e r  
understanding of the water- leaching r egene ra t i on  k i n e t i c s  of NaC1-adsorbed 
a c t i v a t e d  b a u x i t e .  The second o b j e c t i v e  is  t o  produce r egene ra t ed  a c t i v a t e d  
b a u x i t e  samples f o r  subsequent  c h a r a c t e r i z a t i o n  of t h e i r  a l k a l i  s o r p t i o n  
behavior  i n  t h e  p r e s s u r i z e d  s o r p t i o n  test  u n i t ,  I n  t h e  water- leaching k i n e t i c s  
s tudy ,  a c t i v a t e d  b a u x i t e  is  c y c l i c a l l y  t e s t e d  f o r  N a C l  vapor  s o r p t i o n  and 
water- leaching regenera ion .  The procedures  f o r  t h e  c y c l i c  experiment a r e  
shown and expla ined  i n  F ig .  2. The N a C l  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 ,  h o r i z o n t a l  barch  f i x e d ~ l j e d  conllSustsr. 



'50g - 8 + 10 MESH 
ACTIVATED BAUXITE ( A.B.) 

1 

.FILTER CAKE 

. . -  

IT~ SCREENING A.B. FINES 

DRY REGENERATE'D A.B. 

F i g .  2. 

Flow Sheet Showing NaCl Vapor Sorp t ion  S tep  and 
Wstcr-Leaching Regel~e~aLluri Step f o r  Act ivated 
Bauxi t c  

a. Sorp t ion  Experiment Condit ions:  800°C a t  
, atmospheric  p re s su re  i n  a s imulated dry  

f l u e  gas of PFBC con ta in ing  3% Q2, 16% C02, 
300 ppm SO2, and the  ba lance  N2:  s u p e r f i c i a l  
gas  v e l o c i t y  = 66 cm/s; CHSV 2 18,600 h-I 
( o r  con tac t  t ime of 0.2 s ) ;  experiment 
d u r a t i o n  = 6 h. 

b. Leaching Condit ions:  leached wi th  d i s t i l l e d  
wacer f i ~  a beaker a t  gen t ly  b o i l i n g  temp- 
e r a t u r e  (~95 'C)  f o r  a s p e c i f i c  duration. 

c .  Drying Conditions:.  400°C f o r  1 h i n  an  a i r  
flow. 

d.  Sieved wi th  10-mesh s c r e e n  t o  d i s c a r d  f i n e s .  

To determine t h e  leaching  r a t e . o f  adsorbed N a C l  from. a c t f v a t e d  baux i t e ,  
t h e  fo l lowing  . exper imenta l  procedures  were used : (.I) t h e  NaC1-adsorbed 
a c t i v a t e d  ' baux i t e  ob ta ined  from each s o r p t i o n  cyc le  w a s  d iv ided  i n t o  f o u r  

. 

p o r t i o n s  by weighing. Each p o r t i o n  of t h e  sample was then  leached wi th  100 mL 
. of d i s t i l l e d  water  at 95°C f o r  a  s p e c i f i c  per iod  of' time--5, 10 ,  30, o r  60 min. 



D i s t i l l e d  water  w a s  i n t e r m i t e n t l y  added t o  each leaching  s o l u t i o n  t o  compensate 
f o r  vapor i za t ion  l o s s e s  and thereby main ta in  a cons tan t  amount of leaching  
medium. A t  t h e  end of each leaching  pe r iod ,  t h e  l e a c h a t e  was c o l l e c t e d  and 
analyzed f o r  its sodium content .  The leached a c t i v a t e d  baux i t e  samples 
(from a l l  fou r  leachings)  were then recombined and sub jec t ed  t o  Soxhlet  
e x t r a c t i o n  f o r  ~ 1 5  h.  Again, d i s t i l l e d  water  was used a s  t h e  e x t r a c t i o n  
medium. By repea ted  e x t r a c t i o n s  f o r  a long d u r a t i o n  wi th  pure water ,  Soxhlet  
e x t r a c t i o n  can achieve  p r a c t i c a l l y  complete e x t r a c t i o n  of t he  adsorbed N a C l  
from t h e  sorbent .  A t  t h e  end of e x t r a c t i o n ,  t h e  e x t r a c t i n g  s o l u t i o n  was a l s o  
analyzed f o r  sodium content .  Subsequent t rea tment  of t h e  e x t r a c t e d  a c t i v a t e d  
baux i t e  sample then  proceeded by t h e  procedures  shown i n  Fig. 2. 

I n  t h i s  N a C l  vapor s o r p t i o n  and water- leaching regenera t ion  work, .two 
s e t s  of c y c l i c  experiments (HGC-88 s e r i e s  and HGC-89 s e r i e s )  were conducted. 

Tables  3 and 4 show t h e  amounts of so rben t  being leached and t h e  amounts 
of NaCl leached ou t  as a f u n c t i o n . o f  leaching  d u r a t i o n  f o r  each cyc le  of 
experiments HGC-88 and HGC-89, , r e s p e c t i v e l y .  During t h e  water- leaching s t a g e ,  
act ivat 'ed b a u x i t e ' f i n e s  were produced due t o .  a t t r i t i . o n  of t h e  sorbent  p a r t i c l e s .  
As'shown i n  Fig.  2, a c t i v a t e d  baux i t e  f i n e s  (.<lo mesh p a r t i c l e s )  were sepa ra t ed  
by screening  and d iscarded  be fo re  t h e  regenera ted  a c t i v a t e d  baux i t e  w a s  f u r t h e r ,  
t e s t e d  f o r  N a C l  vapor s o r p t i o n  i n  t h e  next  cyc l e ;  t h e r e f o r e ,  t h e  to ta1 ,amount  
of regenera ted  so rben t  decreased cont inuously i n  l a t e r  r egene ra t ion  cycles , ,  
a s  shown i n  Tables  3 and 4. 

Table 3 .  Summary of Water-Leaching, Regeneration of NaC1-Adsorbed 
Activated Bauxite f o r  .Experiment HGC-88 

Leaching- Weight of NaCl Leached % NaCl 
Regeneration Leaching Sorbent T o t a l  N a C l  pe r  gram Leached 

Cycle Time, Leached, Leached, Sorbent ,a pe r  gram 
No. min g m g mg sorbentb  

Sum 

5 
, 10 

3 0 

6o c 
15 h 

Sum 

Sum 

(Contd j 



' Table 3.  (Contd) 

Leaching- . 

Regenerat ion Leaching 
Cycle Time, 
No. min 

Weight of 
Sorbent  

Leached, 
g 

. N a C 1  Leached 
T o t a l  N a C l  pe r  grim 

Leached, Sorbent , a 

mg' mg 

% NaCl 
Leached 
per gramb 

Sorbent 

Sum 

5 5 12.50 51.2 4.10 88.4 
1 0  12.49 47.6 3.81 82.1 ' 
30 ' 12.49 47 .O 3.76 81.0 

, 6 0  -&?4- 3 5 .  A 4 . 3 1  92.9 
15 hL: 45.74 30.7 

Sum 45.74 212.2 4.64 

. 3  12. ?U 54.8 4.38 8&. 7 
10  12.49 54..9 4.40 85.1, 
3 0 12.49 53.7 4.30 ' . 83.2 . 

60 7.24 35.3 4.88 94.. 4 
15  hc ' 44.72 32.4 

Sum 44.72 231.0 " 5.17 . 

7 ' . 5  11. UU 52.1 4.74 86.5 
10 11.00 53.3 '4 .85 .. 88.5 
30 ' 1.1. : 00 53.7 4.88 89 .1  
6 0 1.0.59 50.0 4.72 8G. 1 
1 5  hC. 43.59 29.8 

43.59 238.9 5.48 Sum 

a 
Obtained by . d i v i d i n g  va lues  i n  .column 4 by va lues  i n  column 3. 

b 
0btai.ned by d i v i d i n g  va lues  i n  column 5 by t h e  average,amount of.NaC1 
adsorbed Oil  one gram of  so rben t .  The . l a t t e r  i.8 obta ined  by d iv id ing  t h e  
sum of t h e  t o t a l  NaCl ' leached j.n each cyc l e  by the total wcight  of 
s o r b e n t  l eached  in t h e  cyc l e .  

C Dura t ion  of Soxhle t  . e x t r a c t i o n  i n  hours .  

It should be  po in ted  but t h a t  i n  t h e s e  series of experiments ,  t h e  m o u n t  
. . 

of N a C l  vapor t r anspo r t ed  t o  t h e ' s o r b e n t  bed v a r i e d  i n  each cyc l e .  Th i s  i s  
probably  due t o . l o o s e  c o n t r o l  of t h e  NaCl sample temperature .  A s  a r e s u l t ,  
t h e  amount o f  N a C l  cap tured  by t h e  so rben t  bed v a r i e d  i n  each cyc l e ,  a s  
r e f  lkcked i n  the d i f f e r e n t  amounts .of NaCl leached .out  i n  t h e  d i f f e r e n t  c y c l e s  
(column 4 i n  bo th  Tables  3 and 4) .  It was a l s o  no t i ced  t h a t  t h e  so rben t  bed 
became more l o o s e l y  packed a s  t h e  amount of regenera ted  sorbent .  decreased,  
r e s u l t i n g  i n  (1) a dec rease  i n  t h e  NaCl vapor  cap tu re  e f f i c i e n c y  of t h e  b e d .  
and (2)--usually--a decrease  i n  t h e  to ta l  ainount of NaCl leached ( I ~ a b l e s  3 and . 
4) .  The decrease  i n  N a C l  vapor  cap tu re  e f f i c i e n c y  by t h e  so rben t  bed was . 
r e f l e c t e d  i n  more N a C l  being cap tured  by cold traps.  downstream from t h e  



Table 4. Summary of water-~eadhin~ Regeneration of NaC1-Adsorbed 
Activated Bauxite for Experiment HGC-89 

- -  - 

Leaching- Weight of NaCl Leached % NaCl 
Regeneration Leaching Sorbent Total NaCl per gram Leached 

Cycle Time, Leached, Leached, Sorbent ,a per gram 
No. min g m g mg ~orbentb 

1 5 12.50 65.6 5.25 78.1 
10 -' 12.50 62.3 4.98 74.1 
3 0 ' 12.50 .: 60.8 4.86 72.3 
6 0 13. 26 68.3 . . 5.15 76.6 
15 hC 50.76 84.2 
Sum 50.76. 341.2 6.72 . . . 

2 5 12.50 27.4 2.19 50.3 
" '10 12.50 , 42.8 3 :43 78.9 

30 12.46 .. ,47.7 3.83 . 88.0 
60 , 11.18 '46.6 4.17, ,- 95 :9 
15 hC. 48.64 47.3 - 
Sum 48.64' 211.8 , 4.35 

N.A. 
d 

Sum 

5 
10 
30 . 
60 
15 hC 

Sum 

(Contd) 



Table 4. (Contd) . 

. Leaching- Weight 'of N a C l  ~ e a c h e d  .% NaCl 
~ e g e n e r a t i o n  Leaching Sorbent T o t a l  N a C l  pe r  gram Leached 

Cycle Time, Leached, Leached, Sorbent , a pe r  gram 
No. min g mg mg . sorbentb  

7 5 , 11.00 52.7 4.79 72.8 
10 11.00 60.8 ' 5.53. 84.0 
3 0 11 -00  . 65.4 5.95 90.4 
60 9.08 54.9 6.05 ' 92.0 
1 5  hC 42.08 43.1 

Sum .42.08 276.9 6.58 

a 
Obtained by d iv id ing  vii?ues i.n .c:olumn 4 by va lues  i n  co lu~ur~  3 .  

bobrained by d i v i d i n g  va lues  i n  column 5 by t h e  average amount of NaCl 
adsorbed on one gram.of so rben t .  The l a t t e r  is  obta ined  by d iv id ing  the  
sun ul: 1:h~  r n r a l  NaC'l lonahcd i n  each cycle by Lht! t o r a l  weight o i  
so rben t  leached i n  t h e  cyc l e ,  

C; 

Durat ion of Soxhlet  e x t r a c t i o n  i n  hou.rs. 
a 

N.A. - Not analyzed due t o  incomplete  s o r p t i o n  t e s t  caused by power 
f a i l u r e .  Adsorbed N a C l  w a s  completCly leached from so rben t  be fo re  i t  
was t e s t e d  i n  t h e  next  .cycle. . . 

s o r b e n t  bed. Beginning wi th  cyc l e  4 o f  experiment HGC-89, a s t e p  .was raken 
t o  c o r r e c t  t h e  v a r i a t i o n  i n  bed packing hy in t roducing  an  e x t r a  plat inum 
gauze ko suppor t  t h e  bed. ' T h i s  c o r r e c t i v e  measure e f f e c t i v e l y  increased  t h e  
c a p t u r e ' e f f i c i e n c y  of t h e  bed and thus  increased  t h e  amount of N a C l  leached. 
as  shown i n  Tablea 3 and 4. 

F igure  3 i s  a p l o t  of t h e  percent  of t h e  NaCl-leached a s  a func t ion  of 
l each ing  du ra t ion .  The va lues  p l o t t e d  i n  t h i s  f i g u r e  each r ep resen t  t h e  
average  f o r  t h e  percentages  of N a C l  leached i n  corresponding cyc le s  of 
experiments HGC-88 and HGC-89 ( l a s t  columns of Tables  3 and 4 ) .  A s  shown , 
i n  t h i s  f i g u r e ,  t h e  d a t a  p o i n t s  are somewhat s c a t t e r e d .  This  is  be l ieved  due 
t o  t h e  ' d i f f i c u l t y  of d iv id ing  t h e  NaC1-adsorbed a c t i v a t e d  'bauxi te  sample i n t o  
e q u a l l y  homogeneous p o r t i o n s  f o r  leaching .  

Despi te  t h e  s c a t t e r  i n  t h e  d a t a ,  Fig.  3 shows t h a t  adsorbed NaCl i s  
leached from t h e  a c t i v a t e d  b a u x i t e  at t h e  maximum r a t e  dur ing  t h e  f i r s t  
f i v e  minutes of l each ing .  Af t e r  t h a t ,  t h e  r a t e  quick ly  decreases ,  approaching 
a cons t an t  va lue .  

Figure 3 a l s o  shows t h a t  t h e  r a t e  of leaching  i n c r e a s e s  wi th  leaching  
cyc le .  This  i s  f u r t h e r  . i l l u s t r a t e d  i n  Fig:4, which is  a p l o t  of the  average 
percentages  of NaCl leached i n  experiments HGC-88 and HGC-89 ( l a s t  columns 
of Table 3 and 4) a s  a func t ion  of leaching  cyc le .  It i s  evident  from Fig .  4 
t h a t  f o r  each . l each ing  d u r a t i o n ,  t h e  percent  N a C l  leached increased  wi th  
each subsequent leaching  r egene ra t ion  cyc le .  On t h e  average,  75% of t h e  
sorbed N a C l  w8s leached i n  t h e  f i r s t  f i v e  minutes of  leaching  and t h i s  amount 
i nc reased  to ,%85% i n  one hour of leaching.. 



LEACHING DURATION, min 
Fig. 3 .  Amount of Leachable N a C l  Leached as a Function of Leaching 

Duration. .Each point  represents  t h e  a v e r a g e . o f , a n  Exp. 
HGC-88 value  and\ an Exp. HGC-89 value .  

o DURATION, 
min. 

LEACHING CYCLE 

Fig. 4 ,  Amount of Leachable N a C l  Leached from NaC1-Adsorbed 
A c t h a t e d  Bauxfte as a Function of Leaching Cycle 



I n  previous  s t u d i e s Y 2  i t  was found t h a t  a c t i v a t e d  baux i t e  t h a t  has  been 
regenera ted  by water l each ing  cont inuously ga ins  i n  pore volume a s  the'number 
of water- leaching r egene ra t ion  cyc le s  i nc reases .  Also, a f r a c t i o n  of t he  N a C l  
vapor  captured  by a c t i v a t e d  b a u x i t e  w a s  found t o  r e a c t  w i th  Si02 and c l a y  
mine ra l s  ' p r e sen t  a s  i m p u r i t i e s  t o  form water - inso luble  compounds (such a s  
sodium aluminum s i l i c a t e s ) .  Apparently,  t h e s e  r e a c t i o n s  open up t h e  s t r u c t u r e  
of a c t i v a t e d  b a u x i t e  and t h e r e f o r e  open up t h e  pores  of 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  reduces t h e  r e s i s t a n c e  t o  
d i f f u s i o n  of water i n t o  t h e ' p o r e s  f o r  e x t r a c t i n g  t h e  adsorbed N a C l  molecules.  
Consequently, t h e  r a t e  of l each ing  i n c r e a s e s  wi th  inc reas ing  leaching  
r egene ra t ion  c y c l e ,  as i s  observed i n  Fig.  4. 

D. Fu ture  Work 

Experimental  s t u d i e ~  w i l l  be con.ti.nu.ed t o  t a a t  a c t i v a t e d  bauxite under 
. p r e s s u r i z e d  cond i t i ons  and t o  ob ta in  the  t e c h n i c a l  data b a ~ e  r equ i r ed  f o r  

t h e  design of l a rge - sca l e  granular-bed f i l t e r s .  A lka l i  ' sorp t ion  isotherm and 
a l k a l i  breakthrough d a t a  wil.1. be obta ined  ' in t h e  f i r s t  phase o f  t h l s  mrk.  
3 tud ie s  on che water- leaching 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  b e  continued i n  
o r d e r  t o ' i n v e s t i g a t e  the  e f f e c t s  on leaching  r a t e  of '  (1)  adsorbed a lka l i .  
loading  i n  a c t i v a t e d . b a u x i t e  and (2) leaching  temperature.  
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