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CARBON-14 IMMOBILIZATION V I A  THE 'C0@a(OH)2 HYDRATE 

GAS-SOLID REACTION 

G. L. Haag 

ABSTRACT 

Although no special* r e s t r i c t i o n s  have been p laced  on t h e  
release of 14C,  it has  been i d e n t i f i e d  as a p o t e n t i a l  h e a l t h  
hazard due t o  t h e  ease i n  which it may be a s s i m i l a t e d  i n t o  t h e  
biosphere. The i n t e n t  of t h e  Carbon-14 Immobilization Program, 
funded through t h e  Airborne Waste Program Management Of f i ce ,  
is t o  develop and demonstrate a novel process  f o r  r e s t r i c t i n g  
off-gas releases of 14C from va r ious  nuc lea r  f a c i l i t i e s .  The 
process  u t i l i z e s  t h e  C O e a ( 0 H )  hydra t e  gas-so l id  r e a c t i o n  t o  
d i r e c t l y  remove and immobilize 14C. The r e a c t i o n  product,  BaC03, 
possesses  both t h e  thermal and chemical s t a b i l i t y  d e s i r e d  f o r  
long-term waste d i s p o s a l .  The process  is capable  of provid ing  
decontamination f a c t o r s  i n  excess of 1000 and r e a c t a n t  u t i l i z a -  
t i o n  of >99% i n  t h e  t rea tment  of high-volumetric, a i r l i k e  (330 
ppm CO2) gas streams. 

i z e d  beds of Ba(OH)2 hydra tes .  For t h e s e  s t u d i e s ,  commercial- 
grade Ba(OH)2*H20, Ba(OH)2*5H20, and Ba(OH)2*8H20 and a n a l y t i c a l -  
g rade  Ba(OH)2*8H2O have been examined. S t u d i e s  a t  ambient condi- 
t i o n s  have i n d i c a t e d  Ba(OH)2'8H20 t o  be t h e  a c t i v e  species. 
Therefore,  p rocess  o p e r a t i n g  cond i t ions  w i l l  l i k e l y  be requi red  
which f avor  t h e  format ion  of Ba(OH)2*8H20. The d i s s o c i a t i o n  
water vapor p r e s s u r e ' f o r  Ba(OH)2*8H20 at  25OC is 1.10 kPa (8.26 mm 
Hg). 
have been found t o  be r e a c t i v e  toward C02, they are cons iderably  
less r e a c t i v e  than  e i t h e r  Ba(OH)2'H20 or Ba(OH)2'5H20 which have 
been hydrated t o  Ba(OH)2*8H20. We have observed t h a t  dur ing  t h e  
fixed-bed t r ea tmen t s  of humidifed-air  gas streams, t h e  two reac- 
t a n t s  undergo a cond i t ion ing  per iod  dur ing  which the C02 removal 
e f f i c i e n c y  of t h e  bed d r a m a t i c a l l y  improves. However, t h i s  acti- 
va t ion  s t e p  i s  accompanied by a twofold i n c r e a s e  i n  bed volume 
and degrada t ion  of t h e  r e a c t a n t  p a r t i c l e s .  The r e s u l t a n t  bed is 
extremely a c t i v e  f o r  C02 removal, but gas throughput is r e s t r i c t e d  
because of i nc reased  pressure-drop problems. For t h e  ope ra t ion  
of a f l u i d i z e d  bed, t h i s  would l i k e l y  not p re sen t  a problem. 
However, because of t h e  many merits of t h e  s imple r  fixed-bed con- 
c e p t ,  cons ide rab le  e f f o r t  has been d i r e c t e d  toward reducing t h e  
magnitude of t h e  p re s su re  drop problem. Recent exper imenta l  re- 
s u l t s  have i n d i c a t e d  that  f o r  t h e  t r ea tmen t  of an air-based o f f -  
gas stream, packed beds of commercially a v a i l a b l e  Ba(OH)2*8H20 
f l a k e s  possess  accep tab le  C02 removal, bed u t i l i z a t i o n ,  and 
p res su re  drop p rope r t i e s .  Under a p p r o p r i a t e  cond i t ions ,  w e  have 
observed a p r e s s u r e  drop of 3.64 kPdm (0.14 p s i / f t )  at a super- 
f i c i a l  gas v e l o c i t y  of 13 cm/s. 

Experimental s t u d i e s  have been conducted on f i x e d  and f l u i d -  

Although both commercial- and ana ly t i ca l -g rade  Ba(OH)2*8H2O 

General release l i m i t s  f o r  14C and o t h e r  r ad ionuc l ides  are t e s t e d  
i n  10 CFR 20. 

* 
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1. INTRODUCTION 

I n  t h e  r a d i a t i o n  f i e l d  which e x i s t s  w i t h i n  a nuc lea r  r e a c t o r ,  radio- 

i so tope  14C is produced by neut ron  i n t e r a c t i o n s  wi th  1 4 N ,  1 5 N ,  l60,  170, 

and I3C which is p resen t  i n  t h e  f u e l ,  t h e  c ladding ,  and t h e  p r imary  

cool ing  system.1-9 Although it  is a weak be ta  emitter, 14C poses a long- 

term h e a l t h  hazard due t o  i t s  long h a l f - l i f e  of 5730 y r  and t h e  ease with 

which it  may be a s s i m i l a t e d  i n t o  l i v i n g  matter.1°-14 

An apprec i ab le  f r a c t i o n  of t h e  14C produced would be expected t o  be 

converted t o  gaseous e f f l u e n t  dur ing  normal o p e r a t i o n  of a l igh t -water  

r e a c t o r ,  ex t ens ive  f u e l  element f a i l u r e ,  s t o r a g e  of spen t  f u e l ,  and upon 

f u e l  reprocess ing .  

weight hydrocarbons wi th  t h e  most probable method of t rea tment  being t h e  

o x i d a t i o n  of t h e  hydrocarbons t o  C02 and subsequent f i x a t i o n  of the  C02. 

Like ly  C02 gas concen t r a t ions  con ta in ing  traces of 1 4 C  would range from 10 

t o  330 ppm with gas flow rates of up t o  20 m3/min (700 f t3 /min)  a n t i c i -  

The 1 4 C  would exist  as e i t h e r  C02 o r  low-molecular- 

pated. Expected release rates from va r ious  nuc lea r  f a c i l i t i e s  a r e  pre- 

s en ted  i n  Table 1. 

Table 1. Approximate Product ion  and Release Rates 
of Carbon-14 i n  t h e  Nuclear Fuel Cycle2 

Nuclear r e a c t o r s  C i  /Gw ( e y r  

LWR 
CANDU 

Reprocessing p l an t  
LMFBR 
LWR 
HTGR 

8-10 
500 

6 
18 

200 

For the  removal and f i x a t i o n  of 14C i n  s e l e c t e d  off-gas streams a t  

nuc lea r  f a c i l i t i e s ,  we  have e s t a b l i s h e d  t h e  fo l lowing  cr i ter ia  with r e s p e c t  

t o  process  development. F i r s t ,  t h e  process  removal e f f i c i e n c y  must be con- 

s i s t e n t  with o r  g r e a t e r  than  a n t l c i p a t e d  NRC release cri teria.  Second, t h e  

f i n a l  product must be an  accep tab le  form f o r  f i n a l  waste d i sposa l .  

t h e  process  must possess e x c e l l e n t  on-line r e l i a b i l i t y  c h a r a c t e r i s t i c s .  

Fourth,  i t  is d e s i r a b l e  t h a t  t h e  process  ope ra t e  a t  ambient cond i t ions .  

F i f t h ,  maximum process  c o s t s  should not exceed $lOOO/man-rem. 

Thi rd ,  
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2. SUGGESTED TECHNOLOGIES FOR 14c02 CONTROL 

Suggested technologies  f o r  14C c o n t r o l  have g e n e r a l l y  followed com- 

m e r c i a l l y  a v a i l a b l e  technology f o r  i n e r t  C02 c o n t r o l .  The processes  range 

from CO2 abso rp t ion  i n  amine-bearing s o l u t i o n s  t o  phys i ca l  adso rp t ion  on 

molecular s i e v e s  t o  chemical r e a c t i o n  with a NaOH s o l u t i o n  and carbonate  

in te rchange  wi th  Ca (OH) 2, t h e  double a l k a l i  process.  l5 However phys i ca l  

abso rp t ion ,  adso rp t ion ,  and r e a c t i o n  with NaOH s o l u t i o n  sha re  a common 

t r a i t  i n  t h a t  they are C02 removal processes ,  but they do not  chemically 

f i x  t h e  CO2 f o r  f i n a l  d i s p o s a l ,  a r e q u i s i t e  f o r  t h e  d i s p o s a l  of nuc lea r  

waste. Therefore ,  suggested technologies  f o r  t h e  t rea tment  of d i l u t e  

COZ-bearing gases  have g e n e r a l l y  employed a removal o r  an enrichment s t e p ,  

t o  i n c r e a s e  t h e  CO2 gas  concen t r a t ion ,  followed by a f i n a l  f i x a t i o n  s t e p  

whereby t h e  C02 i s  r eac t ed  wi th  Ca(OH)2 s l u r r y .  15-20 

possesses  e x c e l l e n t  thermal and chemical s t a b i l i t y  making it  s u i t e d  f o r  

long-term waste d i s p o s a l  ( thermal  decomposition a t  825°C and water so lub i -  

l i t y  of 0.0153 g/L a t  25°C).21,22 

volumetr ic ,  low-C02-content gas streams, t h i s  process  s u f f e r s  s eve re ly  as 

an enrichment s t e p  is r equ i r ed  t o  restrict t h e  o v e r a l l  s i z e  of t h e  Ca(OH12 

s l u r r y  r eac to r .  Other areas of concern wi th  t h i s  technology are t h e  

gene ra t ion  and r e c y c l e  of aqueous wastes and t h e  need f o r  s o l i d - l i q u i d  

s e p a r a t i o n  equipment. 

The product,  CaC03, 

However f o r  t h e  t rea tment  of high- 

For t h e  t rea tment  of a high-volumetric, d i l u t e  C02-bearing off-gas 

stream, many p o t e n t i a l  advantages could be r e a l i z e d  i f  a s u i t a b l e  tech- 

nology u t i l i z i n g  a gas-so l id  r e a c t i o n  f o r  14C removal and f i x a t i o n  e x i s t e d .  

However, widely accep tab le  C02 s o r b e n t s  such as ascarite (NaOH on a s b e s t o s )  

and LiOH*H20,  which has been used e x t e n s i v e l y  f o r  C02 c o n t r o l  i n  l i f e  sup- 

p o r t  systems,  l a c k  s u f f i c i e n t  carbonate  s t a b i l i t y  €or  f i n a l  waste d i sposa l .  

S tud ie s  i n  C02 removal have been conducted on soda l i m e  [NaOH-Ca(OH)z mix- 
23-28 t u r e ]  and baralyme [Ca(OH)2-Ba(OH)2 mixture]  w i t h  reasonable  success.  

However, t he  s o l u b i l i t y  of Na2C03 i n  t h e  former and poor r e a c t a n t  u t i l i z a -  

t i o n  i n  t h e  l a t te r  make t h e  use of these  r e a c t a n t s  doubt fu l .  An examina- 

t i o n  of t h e  carbonate  products of p o t e n t i a l  Group 1 ( a l k a l i  metals) hy- 

droxides  (Table 2) i n d i c a t e s  t h a t  they may be c a t e g o r i c a l l y  c l a s s i f i e d  as 

possess ing  excess ive  s o l u b i l i t y  i n  water f o r  long-term waste d i sposa l .  
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Table 2. Solubility and decomposition properties of Group 1 

at low C O ~  partial pressures21 9 22 
(alkali metal) and Group 2 (alkaline earth) carbonates 

Molal Decomposition 
solubility 

25 "C 100°C 
temperature 

("C) 

Group 1 carbonates 

K2C03 
Rb2CO-j 
cs2co3 

Group 2 carbonates 

MgC03 
CaC03 
SrC03 
BaCO 3 

0.18 
2.80 
8.10 
19.48 
8.00 

0.10 
4.26 
4.41 -- 

1310 -- 

740 
610 

350 0. 00126a -- 
0.00013 0.000375 825 
0.00007 5 0.00044 1340 
0.000124 0.000332 1450 

aCold water. 

However, the higher-molecular-weight carbonates of the Group I1 (alkaline 

earths) are considerably more stable. A s  shown in Table 2, the carbonates 
of calcium, strontium, and barium possess excellent solubility character- 

istics and furthermore, decompose at considerably greater temperatures. 
It has been suggested in the literature, and confirmed experimentally 

at ambient conditions in our lab, that a CaC03 coating forms about the 
Ca(OH)2 reactant thereby resulting in severe diffusional limitations.29 

Some success has been reported at higher temperatures. A German patent 
was issued in which thermal ramping was used to enhance the reactivity and 

conversion of the Ca(OH)2 rea~tant.~' Process temperatures were 100 to 
200°C. Work performed by Ontario Hydro has indicated that the reaction 

proceeds more readily at 4OO0C, but reactant conversions in excess of 60% 
have been uncommon. 5 

The alkaline earth hydroxides of strontium and barium differ from the 
other alkaline earth hydroxides in that they may exist in a hydrated form. 

The most commonly reported coordination numbers are 1 and 8, although 2 and 
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3 waters of h y d r a t i o n  have been repor ted  f o r  Ba(OH)2. 

c e n t r a t e d  on t h e  use  of Ba(OH)2 hydra tes  s i n c e  t h e  hydra tes  of Sr(OH)2 are 

not  as a v a i l a b l e  i n  commercial q u a n t i t i e s .  

Our s t u d i e s  have con- 

To determine t h e  l i k e l i h o o d  of a r e a c t a n t  being coated by a nonporous 

product  which would r e s u l t  i n  severe  d i f f u s i o n a l  l i m i t a t i o n s  of t h e  gaseous 

r e a c t a n t ,  a comparison of t h e  molar c r y s t a l  volume r a t i o s  of t h e  product 

and r e a c t a n t ,  r e f e r r e d  t o  as t h e  Pilling-Bedworth r a t i o ,  is o f t e n  benefi-  

c ia l .  The Pilling-Bedworth r a t i o s  f o r  s e v e r a l  a l k a l i  and a l k a l i n e  e a r t h  

hydroxides and t h e i r  carbonate  products  are presented i n  Table 3. With t h e  

except ion  of t h e  Ba(OH)2 and Sr(OH)2 d a t a ,  t h e  t a b l e  was taken from a paper 

by Markowitz. 31 

of d i f f u s i o n a l  l i m i t a t i o n s ,  and a value of <1 i n d i c a t e s  t h a t  product poro- 

s i t y  may exist .  Apparent except ions t o  t h i s  r e l a t i o n s h i p  may r e s u l t  f o r  

v a r i o u s  mixtures  where s y n e r g i s t i c  e f f e c t s  o r  p h y s i c a l  changes of t h e  s o l i d  

such as s i n t e r i n g  o r  mel t ing  may occur. From Table 3, one would a n t i c i -  

p a t e  t h a t  LiOH2'H20, Sr(OH)2*8H20, Ba(OH)2*H20, and Ba(OH)2'8H20 would be 

e f f i c i e n t  C02 absorbents  i E  t h e  chemical r e a c t i o n s  were k i n e t i c a l l y  fa- 

vored. One might a l s o  p r e d i c t  Ba(OH)2*8H20 t o  be more e f f i c i e n t  than 

Ba(OH)2*H20 f o r  C02 removal. The Pill ing-Sedworth r a t i o  of 1.18 f o r  

Ca(OH)2 i s  c o n s i s t e n t  with t h e  repor ted  formation of an impervious s h e l l  

about t h e  Ca(OH)2 p a r t i c l e ,  thus r e s u l t i n g  i n  d i f f u s i o n a l  l i m i t a t i o n s .  

S i m i l a r l y ,  work performed by Boryta and and t h e  Naval Research 

Laboratory33 have i n d i c a t e d  LiOH*H20, P i l l i n g  Bedworth r a t i o  of 0.64, t o  

be t h e  reactive s p e c i e s  i n  C02 removal s t u d i e s  and L i O H ,  P i l l i n g  Bedworth 

r a t i o  of 1.07, t o  be unreac t ive .  

A Pilling-Bedworth r a t i o  >1 i n d i c a t e s  a high p r o b a b i l i t y  

3. LITERATURE REVIEW 

Although hydra tes  of Ba(OH)2 have been c i t e d  i n  t h e  l i t e r a t u r e 2 9  as 

being r e a c t i v e  toward C02 i n  ambient a i r ,  t h e  e x t e n t  of t h i s  r e a c t i v i t y  

had no t  been examined u n t i l  t h i s  study. The s to ich iometry  of t h e  o v e r a l l  

r e a c t i o n  may be represented  by 

Ba(OH)2*xH20(s) + C02(g) + BaC03(s) -k (x+l)H20(g), 

where x is t h e  i n i t i a l  degree of hydrat ion.  
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Table 3. Molar volume relattonships among some possible 
carbon dioxide absorbents 

Formula Density Molar volume Pi 11 ing- 
Substance weight g-cm -3 (cm'/g-rnol) Bedworth ratio 

LiOH 

LiOH* H20 

Li2C03 

NaOH 

Na2C03 

Na2C03*H20 

Mg(OH12 

%Cog 

Ca(OH12 

CaC03 

Sr(OH)2*8H20 

SrC03 

Ba(OH)2'8H20 

Ba(OH)2* 1H20 

BaC03 

23.95 

41.96 

73.89 

40.01 

106.00 

124.02 

58.34 

84.33 

74.10 

100.09 

265.76 

147.63 

315.48 

189.48 

197.35 

1.43 

1 ..51 

2.07 

2.13 

2.51 

2.25 

2.39 

3.04 

2.34 

2.71 

1.90 

3.70 

2.10 

3.65 

4.43 

16.75 

27.79 

35.70 

18.78 

42.25 

55.12 

24.41 

27.77 

31.63 

36.92 

139.87 

39.90 

150.23 

51.8 

44.47 

1.07 

0.64 

1.14 

1.18 

0.29 

0.30 

0.86 
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I n  the  opin ion  of t h i s  au tho r ,  t h e  most c r e d i b l e  s tudy  conducted t o  

d a t e  on t h e  d i s s o c i a t i o n  vapor p re s su res  of Ba(OH)2 hydra tes  w a s  t h a t  of 

Kondakov, Kovtunenko, and B ~ n d e l . ~ ~  The r e s u l t s  were published i n  1964. 

I n  t h i s  s tudy ,  t h e  water vapor p re s su re  of Ba(OH)2*xH20 samples with x 

values  of 0.3896, 1.342, 2.260, 3.282, 4.196, 5.042, 5.882, and 6.763 were 

determined. When t h e  r e s u l t s  were p l o t t e d  ( log  p vs l / T ) ,  t h r e e  d i s t i n c t  

l i n e s  were obta ined  as shown i n  Fig. 1. The l i n e s  correspond t o  Ba(OH)2 

hydra te  samples i n  which Ba(OH)2*H20, Ba(OH)2*3H20, and Ba(OH)2*8H20 were 

t h e  c o n t r i b u t i n g  s p e c i e s  t o  t h e  water vapor p re s su re  wi th in  the  system. 

The c o n t r o l l i n g  decomposition r e a c t i o n s  and t h e i r  r e s p e c t i v e  d i s s o c i a t i o n  

vapor p re s su re  equa t ions  were found t o  be t h e  fo l lowing:  

Ba(OH)2*1H20(s) + Ba(OH)2(s) + H20(g) 

61353 + 12.421 , 
19.155T l o g  P = - 

62618 + 13.823 , 
19.155T l o g  P = - 

58230 + 13.238 , 
19.155T l o g  P = - 

where 

P = vapor p re s su re ,  Pa o r  ntom-2s 

T = temperature,  K. 

Using the  Van't 'Hoff equat ion ,  t h e  d a t a  were analyzed f o r  thermodynamic con- 

s i s t e n c y .  

hydra t e ,  they concluded t h a t  t h e  t r i h y d r a t e  may be less s t a b l e  than  t h e  

o t h e r  c r y s t a l l i n e  hydra tes .  However, o t h e r  i n v e s t i g a t o r s  under h igh ly  

c o n t r o l l e d  cond i t ions  have r epor t ed  Ba(OH)2*2H20 and amorphous compounds t o  

exis t  . 

Based upon t h e  en t ropy  change f o r  t h e  format ion  of t h e  tri- 
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Fig.  1. D i s s o c i a t i o n  vapor p r e s s u r e s  f o r  Ba(0H)Z hydra t e s .  
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With the except ion  of Ba(OH)2*2H20, t h e  thermodynamics of t h e  C02- 

barium hydroxide hydra t e  gas-so l id  r e a c t i o n  may be c a l c u l a t e d  from pub- 

l i s h e d  values.  34-40 

t i o n s  f o r  t h e  fo l lowing  r e a c t i o n s :  

P resen ted  i n  Table 4 are t h e  thermodynamic ca l cu la -  

Ba(OH)2.H2O(s) + C02(g) + BaC03(s) + 2H20(g) AH = -53 kJ/mol ; 

Ba(OH)2*3H20(s) + C02(g) + BaC03(s) + 4H20(g) AH = -73 kJ/mol ; 

Ba(OH)2'8H20(s) + C02(g) + BaC03(s) + 9H20(g) AH = 364 kJ/mol . 
Table 4. Thermodynamic p r o p e r t i e s  of t h e  CO+a(OH)2 hydra te  

gas - so l id  r e a c t i o n  a t  298.15 K32-37 / 

AG AH AS 
Keaction kJ/mol kJ/mol J'mol-lo K-l Qq 

5 -85.7 -114.6 -37.2 1.05- 1015 
6 -66.5 -53.0 104.6 4.52. 10l1 
7 -41.6 -72.6 442.3 1.94. lo7  
8 15.9 364.4 1230.0 0.00187 
9 -61.9 -31.8 161.3 6.84- 1O1O 

A t  298 K and 1 a t m ,  t h e  f u g a c i t i e s  of t h e  gas s p e c i e s  may be approxi- 

mated by t h e i r  p a r t i a l  p r e s s u r e s  (atm), and t h e  f u g a c i t i e s  of t h e  crystal- 

l i n e  s p e c i e s ,  wi th  respect t o  t h e i r  r e fe rence  states, is equal  t o  -1. I f  

t h e  water product is p resen t  as vapor, t h e  e q u i l i b r i u m  cons tan t ,  hS, is 

equa l  t o  [P(H20)]X+1/[P(C02)], where x is t h e  hydra t ion  number of t h e  

r e a c t i n g  s p e c i e s  and P(H20) and P(C02) are t h e  p a r t i a l  p re s su res  of water 

and carbon d iox ide  t h a t  exis t  w i t h i n  t h e  system. The maximun pa r t i a l  

p r e s s u r e  water vapor t h a t  can e x i s t  w i th in  t h e  s y s t e m  a t  a f i x e d  tempera- 

t u r e  is t h a t  a t  complete s a t u r a t i o n .  A t  25OC, t h i s  va lue  is 3.165 kPa o r  

23.75 m Hg. Therefore ,  based upon t h e  p rev ious ly  c a l c u l a t e d  equ i l ib r ium 

c o n s t a n t s  f o r  t h e  specu la t ed  r e a c t i o n s ,  t h e  cor responding  C 0 2  p a r t i a l  

p r e s s u r e  a t  equ i l ib r ium may be c a l c u l a t e d  f o r  t h e  p o s s i b l e  carbonat ion  
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r e a c t i o n s .  These va lues  are presented  i n  Table 5. With respect t o  t h e  

preceding  a n a l y s i s ,  i f  any of t he  specu la t ed  r e a c t i o n  mechanisms were 

e q u i l i b r i u m  c o n t r o l l e d ,  t h e  e f f l u e n t  C02 c o n c e n t r a t i o n  would be less than  

15 par t  p e r  t r i l l i o n .  

Table 5. Equi l ibr ium va lues  f o r  t h e  
C02-Ba(OH)2 hydra t e  gas-so l id  r e a c t i o n  

React i o n  Reactant 
hydra t ion  

5 1 .o- 1015 0 3.1.10-12 2.4.10-14 
6 4.52. lo1 1 2.2-10-10 1.7 1 0-l 
7 1.94. l o7  3 5.0- 10-9 3.7. 
8 1.87-  8 1.5- 1.1.10-8 
9 6.84-1010 8 1.5. 1.1910'8 

Based upon a d i s s o c i a t i o n  p r e s s u r e  f o r  Ba(OH)2*8H20 of 1.1 kPa (8.26 mm 

Hg) a t  298 K, any water vapor p r e s s u r e  g r e a t e r  than  t h i s  va lue  would over- 

r i d e  t h e  thermodynamic c o n s t r a i n t s  f o r  format ion  of Ba(OH)2*8H20. 

t h e  k i n e t i c s  of t h i s  exothermic t r ans fo rma t ion  are unknown. I f  t h e  gas 

surrounding t h e  par t ic le  is water s a t u r a t e d ,  t h e  excess  water of r e a c t i o n  

(n ine  molecules of water per  molecule of C 0 2  r e a c t e d )  must remain as a l i q -  

u id  i n  t h e  pore s t r u c t u r e  and may have a d e l e t e r i o u s  e f f e c t  on t h e  o v e r a l l  

r e a c t i o n .  Thermodynamic and e q u i l i b r i u m  va lues  f o r  t h i s  r e a c t i o n  sequence 

are a l s o  presented  i n  Tables 4 and 5 f o r  t h e  fo l lowing  r e a c t i o n :  

However, 

Ba(OH)*SH2O(s) + C02(g) + BaC03(s) + 9H20(1) AH = -32 kJ/mol. (9 1 

Again, t h e  r e a c t i o n s  w i l l  be e q u i l i b r i u m  c o n t r o l l e d  only f o r  very low C02 

p a r t i a l  p re s su res .  

When no work is  being performed on or  by the  system, t h e  en tha lpy  

change is  a measure of t h e  endo- o r  exo the rmic i ty  of t he  r e a c t i o n  a t  298 K. 
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Although hydroxide-carbonate r e a c t i o n s  are g e n e r a l l y  regarded as exother- 

m i c ,  as r e f l e c t e d  by t h e  s t a b i l i t y  of t h e  carbonate  product ,  t h e  waters of 

r e a c t i o n  (when r e l e a s e d  as a vapor) tend t o  make t h e  r e a c t i o n  less exother-  

m i c .  I f  t h e  surrounding gas is water s a t u r a t e d  and hea t  is not removed 

from t h e  system by v a p o r i z a t i o n  of t h e  r e l e a s e d  waters of hydrat ion,  t h e  

r e a c t i o n  becomes more exothermic. Therefore ,  f o r  s i t u a t i o n s  i n  which t h e  

feed gas  i s  r i c h  i n  C02, t h e  gas may quickly  become s a t u r a t e d  with water. 

I n  t h i s  case, p a r t  of t h e  column may o p e r a t e  under endothermic c o n d i t i o n s  

(Reaction 8 )  and another  s e c t i o n  under exothermic c o n d i t i o n s  (React ion 9) .  

4.  EXPERIMENTAL STUDIES 

Experimental s t u d i e s  are being conducted t o  develop a b e t t e r  under- 

s t a n d i n g  of t h e  C02 - Ba(OH)2 hydra te  gas-sol id  r e a c t i o n  and t o  develop a 

process  capable  of t r e a t i n g  a high-volumetric,  low-C02-content gas stream. 

S t u d i e s  have been conducted on packed and f l u i d i z e d  beds of Ba(OH)2 

d r a t e .  P r e s e n t l y ,  t h e  packed-bed concept is p r e f e r r e d  due t o  o v e r a l l  

o p e r a t i o n a l  s i m p l i c i t y .  

hy- 

4.1 P o t e n t i a l  Ba(OH)2 Hydrate Reactants  

A s  p rev ious ly  mentioned, s t a b l e  Ba(OH)2 hydra te  s p e c i e s  with hydra t ion  

of 1 ,  2, 3, and 8 have been reported.  To d a t e ,  w e  have examined t h e  reac- 

t i v i t y  of reagent-grade Ba(OH)2'8H20 and commercially a v a i l a b l e  Ba(OH)2*H20, 

Ba(OH)2*5H20, and Ba(OH)2*8H20. 

i n  Fig. 2. 

and t h e  r e s u l t s  presented  in Table 6 .  Reactant ana lyses  M e r e  conducted on 

two 200-lb drums of t h e  commercial Ba(OH)2*8H20. 

sen ted  i n  Table 7. 

A photograph of t h e  materials is presented  

X-ray d i f f r a c t i o n  p a t t e r n s  were obta ined  f o r  each material form, 

These r e s u l t s  are pre- 

From t h e  r e s u l t s ,  one cannot s t a t i s t i c a l l y  reject t h e  hypothes is  t h a t  

t h e  mean compositions f o r  t h e  drums are t h e  same. I n  a similar manner, t h e  

s tandard  d e v i a t i o n  a t t r i b u t e d  t o  t h e  experimental  technique was determined 

t o  be 0.077. This  va lue  was obtained by r e p e t i t i v e  t i t r a t i o n s  of 

ana ly t ica l -grade  Ba(OH)2'8H20. Therefore ,  t h e  d e v i a t i o n  about t h e  mean 

which was observed f o r  t h e  two drums of commercial-grade Ba(OH)2*8H20 may 
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ORNL-PHOTO 4309-81 

Fig. 2. Commercial and analytical Ba(OH)2 hydrates. 
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Table 6. X-ray diffraction analyses of Ba(OH12 hydrate samples 

Sample 

Observed 
1 ine 

intensities 

Ba(OH)2*H20 Ba(OH)2*H20 - strongest 

Ba(OH)2*3H20 

Ba(oH)2'H20 1 - same intensity 
Ba(OH)2'8H20 - commercial Ba(OH)2*8H20 

Ba(OH)2*8H20 - analytical Ba( OH) 2- 8H20 

Table 7. Reactant analyses on commercial Ba(OH)2*8H20 

Drum Number of 
No. Average composition Standard deviation samples 

1 Ba(OH)2*7.54H20 0.0966 12 

2 Ba(OH)2*7.47H20 0.0830 20 
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be a t t r i b u t e d  t o  t h e  a n a l y t i c a l  technique and not  t h e  sample p o s i t i o n  i n  

t h e  drum. 

i n d i c a t e  t h e  r e a c t a n t  composition t o  be between Ba(OH)2'7.13H20 and 

Ba(OH)2*7.86H20m The mean of t hese  va lues  is Ba(OH)2*7.50H20, which agrees  

w e l l  with t h e  ana lyses  repor ted  above. It is  i n t e r e s t i n g  t o  n o t e  t h a t  

Michaud repor ted  a B a ( O H ) 2 ' 3 H 2 O - B a ( O H ) 2 ' 8 H 2 0  e u t e c t i c  t o  e x i s t  dur ing  

s o l u b i l i t y  s t u d i e s  on t h e  Ba(OH)2 hydrat-ater system. 41,42 

omet r ic  composition of t h e  e u t e c t i c  corresponds t o  Ba(OH)2*7.12H20, which 

a g r e e s  with the  lower s p e c i f i c a t i o n  c i t e d  by t h e  vendor. 

c o n s i s t s  of 18 mol % Ba(OH)2*3H20. Therefore ,  t h e  samples of commercial 

Ba(OH)2*8H20 used i n  our s t u d i e s  appear  t o  c o n s i s t  of 47 mol % e u t e c t i c  and 

53 mol % Ba(OH)2*8H20. 

would then  be 10 mol %. 

Vendor s p e c i f i c a t i o n s  f o r  t h e  commercial-grade Ba(OH)2*8H20 

The s t o i c h i -  

This  e u t e c t i c  

The t o t a l  amount of Ba(OH)2*3H20 i n  t h e s e  samples 

Discussions with t h e  vendor have i n d i c a t e d  t h a t  t h e  f l a k e s  are p re -  

pared by d i s t r i b u t i n g  a h o t  magma s o l u t i o n  of Ba(OH)2 hydra te  (- .3 mm 

t h i c k )  on a conveyer b e l t  which is cooled on t h e  unders ide  by a water bath. 

A s  shown i n  Fig. 3, t h e  two s i d e s  of t h e  r e s u l t a n t  f l a k e  are q u i t e  d i f -  

f e r e n t  - t h e  s i d e  next  t o  t h e  b e l t  i s  very smooth; t h e  o u t e r  s i d e ,  somewhat 

rough. Presented i n  Fig. 4 is a photo obta ined  by t h e  t ransmiss ion  of 

l i g h t  through t h e  f l ake .  Of p a r t i c u l a r  i n t e r e s t  are t h e  star-shaped pat-  

t e r n s  appearing i n  t h e  material. Based upon t h e  observa t ions  of Flemings 

i n  Solidification Processes f o r  a similar s o l i d i f i c a t i o n  process  i n  which 

e u t e c t i c  and pure species are present ,  w e  s p e c u l a t e  t h e  d e n d r i t i c - l i k e  

s tars  t o  be Ba(OH)2'8H20.43 This  material p r e f e r e n t i a l l y  c r y s t a l i z e s  next  

t o  t h e  c o o l  s u r f a c e  a t  t h e  conveyor b e l t  and then extends i n  a d e n d r i t i c a l  

manner up through t h e  f l a k e .  The e u t e c t i c  then  p r e c i p i t a t e s  ou t  and f i l l s  

i n  t h e  voids. The s t o i c h i o m e t r i c  composition of t h e  commercial Ba(OH)2'8H20 

is 47% e u t e c t i c ,  53% Ba(OH)2*8H20. 

4.2 Experimental  Equipment 

A schematic of t h e  experimental  equipment is presented  i n  Fig. 5. The 

equipment may be used f o r  e i t h e r  d i f f e r e n t i a l - b e d  o r  extended-length 

packed-bed s t u d i e s .  The feed  gas is  metered through ro tameters  and f e d  t o  
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ORNL-PHOTO 4310-81 

ORNL- PHOTO 431 1-8 1 

Fig. 3. Top and bottom views of commercial Ba(OH)2*8H20 flakes; 
2.85-by 3.75-in. original photograph, magnification - 12.75X. 
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ORNL-PHOTO 4312-81 

Fig. 4. Ba(OH)3-8H2O flake; 2.85-by 3.75-in. original photograph, 
magnification - 12.75X. 
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Fig. 5. Schematic of the experimental equipment for C02 removal 
studies. 
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a humidi f ie r .  The e x t e n t  of humid i f i ca t ion  i s  c o n t r o l l e d  by t h e  tempera- 

t u r e  and p r e s s u r e  of t h e  humid i f i e r .  The gas i s  then  passed through a pre-  

h e a t e r  and t o  t h e  r e a c t o r .  A t  t h e  base of t h e  10.2-cm (4-in.I-ID g l a s s  

r e a c t o r ,  t h e  gas i s  d i spe r sed  by P a l l  r i n g s  be fo re  pas s ing  through t h e  bed. 

The Ba(OH)2 hydra t e  r e a c t a n t  is suppor ted  i n  t h e  g l a s s  column by 100-mesh 

wire screen .  The r e a c t o r  is j acke ted  t o  ensure  a uniform tempera ture  pro- 

f i l e .  The minimal bed depth f o r  d i f f e r e n t i a l  r e a c t o r  s t u d i e s  i s  6 mm (114 

in . ) .  The common l e n g t h  f o r  t h e  extended-length packed-bed s t u d i e s  i s  51 

c m  (20 - in . ) .  For t h e s e  s t u d i e s ,  a d i f f e r e n t i a l  p r e s s u r e  (D/P) ce l l  was 

used t o  monitor t h e  p r e s s u r e  drop i n c r e a s e  a c r o s s  t h e  bed as a f u n c t i o n  of 

t i m e .  To ensure  a p o s i t i v e  p r e s s u r e  system f o r  gas ana lyses ,  t h e  p r e s s u r e  

a t  t h e  top  of t h e  bed i s  maintained a t  108 kPa (1 ps ig ) .  A small p o r t i o n  

of t h e  e f f l u e n t  gas i s  passed through a f i l t e r  and t o  a metal bellows pump 

' f o r  p r e s s u r i z a t i o n  t o  145 kPa (7 p s i g ) .  Following p r e s s u r i z a t i o n ,  t h e  gas 

flows through two knockout v e s s e l s  f o r  water removal and then  t o  the  o f f -  

gas a n a l y t i c a l  system. 

The a n a l y t i c a l  system c o n s i s t s  of a flowthrough Wilks-Foxboro Miran 1 A  

i n f r a r e d  ana lyze r  t h a t  is l o c a t e d  i n  a glove box. Because t h e  window t o  

t h e  flow c e l l  and I R  l i g h t  sou rce  of t h e  ana lyze r  are s e p a r a t e d  by t h e  

sur rounding  gas,  we have found it necessary  t o  place t h e  ana lyze r  i n  a 

c o n t r o l l e d  environment because of f l u c t u a t i o n s  i n  t h e  ambient C02 concen- 

t r a t i o n  and hence, t h e  d r i f t i n g  of t h e  base l ine .  The g love  box is  con- 

t i nuous ly  purged wi th  argon. The i n f r a r e d  spec t rometer  wavelength is set 
a t  4.25 pm and t h e  pa th l eng th  a t  20.25 m. The ce l l  p r e s s u r e  is maintained 

a t  136 kPa (5  p s i g ) ,  and t h e  ce l l  is j acke ted  and maintained a t  50°C t o  

avoid  water condensation w i t h i n  t h e  cel l .  No i n t e r f e r e n c e  from high  water 

concen t r a t ions  has been observed a t  extremely low C02 concen t r a t ions .  The 

ins t rument  has been c a l i b r a t e d  over  t h e  c o n c e n t r a t i o n  range of 100 ppb t o  

330 ppm C02, us ing  c a l i b r a t i o n  gases  obta ined  from t h e  Bureau of Mines 

Helium Opera t ions  P l a n t  i n  Amaril lo,  Texas, and from commercial vendors. 

The c a l i b r a t i o n  gases  obta ined  from t h e  Bureau of Mines are e x c e l l e n t  sub- 

ppm s t anda rds  as they have been analyzed by a f reeze-out  p reconcen t r a t ion  

technique  followed by mass spec t roscopy a n a l y s i s .  



19 ' 

The runs are g e n e r a l l y  continued through column loading  (complete 

breakthrough of C02). The product is then analyzed by a s t anda rd  acid-base 

t i t r a t i o n  wi th  a Brinkmann automat ic  t i t r a t o r .  The reactant conversion is 

determined from t h e  t i t r a t i o n  resul ts ,  and t h e  e x t e n t  of hydra t ion  is 

c a l c u l a t e d  by an o v e r a l l  mass balance on t h e  analyzed sample. 

4 . 3  Ba(OH)2*H20 S tud ie s  

Due.to t h e  l a c k  of r e a c t i v i t y  and poor product conversion a s s o c i a t e d  

wi th  the  carbonat ion  of Ca(OH)2, t he  prime o b j e c t i v e  i n  i n i t i a l  s t u d i e s  on 

t h e  hydra t e s  of Ba(OH)2 was t o  e s t a b l i s h  t h e  r e a c t i v i t y  of t he  va r ious  

hydrated species. A s  i n d i c a t e d  i n  Fig. 6,  beds of Ba(OH)2*H20 were supe- 

r i o r  t o  e i t h e r  beds of Ba(OH)2*8H20 o r  Ba(OH)2'5H20 f o r  t h e  t rea tment  of a 

humidified 4.8% C02 gas stream. Therefore ,  i n i t i a l  exper imenta l  emphasis 

was placed upon t h e  use of Ba(OH)2*H20 f o r  C02 removal and f i x a t i o n .  The 

r e s u l t s  of t h e s e  s t u d i e s  i n d i c a t e d  C02 removal from a i r  (330 ppm C02)  con- 

c e n t r a t i o n s  t o  <lo0 ppb t o  be poss ib le .  Reactant u t i l i z a t i o n  i n  excess  of 

99% was r o u t i n e l y  obta ined ,  and the  mass t r a n s f e r  zone was extremely shor t .  

A s  may be observed i n  Fig. 2, t h e  r e a c t a n t  is p a r t i c u l a t e  i n  nature.  How- 

eve r ,  t hese  runs were c h a r a c t e r i z e d  by a t w o f o l d ' i n c r e a s e  i n  bed volume and 

accompanying i n c r e a s e s  i n  p re s su re  drop a c r o s s  t h e  bed. A s  i n d i c a t e d  i n  

Fig. 7 ,  when a bed of Ba(OH)2'H20 w a s  contac ted  wi th  a dry feed gas,  poor 

removal was noted. However, when t h e  water vapor p re s su re  of t he  feed  gas 

exceeded the  d i s s o c i a t i o n  vapor p r e s s u r e  of Ba(OH)2'8H20 (Fig. 7 o r  Fig. 

8 ) ,  t h e  r e a c t i o n  proceeded q u i t e  rap id ly .  The format ion  of Ba(OH)2'8H20 

w a s  confirmed by x-ray d i f f r a c t i o n  a n a l y s i s .  A s  shown i n  Run 10 (Fig. 8),  

a packed bed of Ba(OH)2'H20 undergoes a cond i t ion ing  per iod  when contac ted  

with a humid C02-bearing gas,  dur ing  which t h e  a c t i v i t y  of t he  bed 

dec reases  and then  inc reases .  The i n i t i a l  r e a c t i v i t y  is a t t r i b u t e d  t o  t h e  

presence of a small amount of Ba(OH)2'8H20 which is g radua l ly  deple ted .  

t i m e ,  mois ture  from t h e  a i r  conver t s  t he  rest of t h e  bed t o  active 

Ba(OH)2'8H20. A s  i n d i c a t e d  by Run 22 (Fig. 81, t h e  bed may a l s o  be precon- 

d i t i o n e d  by a humid i n e r t  gas. In both cases, a f a c t o r  of 2.5 i n c r e a s e  i n  

bed volume, r e s u l t i n g  from Ba(OH)2'8H20 format ion  was observed, and reac- 

t a n t  conversions i n  excess of 99% were obta ined .  The bed expansion d id  

In 
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Fig. 8. The effects of bed preconditioning on Ba(OH)z*H20 
with humidifed nitrogen. 
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r e s u l t  i n  a s i g n i f i c a n t  p re s su re  drop i n c r e a s e  a c r o s s  t h e  bed. Therefore ,  

t h e  i n c r e a s e  i n  r e a c t i v i t y  of Ba(OH)2* 1H20 over t h a t  of e i t h e r  Ba(OH)2*5H20 

o r  Ba(OH)2*8H20 is now a t t r i b u t e d  t o  t h e  e x i s t e n c e  of a more a c t i v e  

( g r e a t e r  s u r f a c e  area) form of Ba(OH)2*8H20. 

on f lu id ized-bed  s t u d i e s  with humidified a i r  (330 ppm) C 0 2  as a feed  gas 

and Ba(OH)2*H20 as a r e a c t a n t .  

entrainment of f i n e s  i n  t h e  off-gas presented  and w i l l  p r e sen t  a cons ider -  

a b l e  problem f o r  process  opera t ion .  Therefore ,  because of o p e r a t i o n a l  

s i m p l i c i t y ,  t h e  fixed-bed approach has been des igna ted  as the  d e s i r e d  mode 

of gas-so l id  contac t ing .  

S i m i l a r  r e s u l t s  were obta ined  

I n i t i a l  r e s u l t s  were promising a l though t h e  

For the  t rea tment  of an a i r l i k e  (330 ppm C02)  gas stream, i n i t i a l  s tu -  

d i e s  on packed beds of commercially des igna ted  Ba(OH)2*5H20 f l a k e s  were 

d i scon t inued  as t h e  material degraded upon convers ion  t o  oc tahydra te .  This 

degrada t ion  r e s u l t e d  i n  seve re  pressure drop problems. A t t e m p t s  t o  press 

e i t h e r  Ba(OH)2'H20 o r  Ba(OH)2*5H20 i n t o  p e l l e t s  a l s o  f a i l e d  as t h e  p e l l e t s  

degraded upon convers ion  t o  the  oc tahydra te .  A s  a r e s u l t  of t h e s e  obser- 

v a t i o n s ,  t h e  r e sea rch  e f f o r t  was then  r e d i r e c t e d  toward t h e  development of 

a s u f f i c i e n t l y  a c t i v e  Ba(OH)2*8H2O species which, when p laced  i n  a packed 

bed, r e s u l t e d  i n  a c c e p t a b l e  o p e r a t i o n a l  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  wi th  

respect t o  p r e s s u r e  drop. 

4.4 Commercial Ba(OH)2*8H20 Flake 

Present  e f f o r t s  are d i r e c t e d  toward t h e  use of t h e  f l a k e s  of commercial 

Ba(OH)2*8H20 i n  packed-bed r e a c t o r s .  

s i d e r a b l y  less r e a c t i v i t y  than  hydra ted  Ba(OH)2'H20, t h e  m a t e r i a l  has been 

found t o  have s u f f i c i e n t  r e a c t i v i t y  f o r  t h e  t rea tment  of d i l u t e  C 0 2  gas 

streams. The bulk of t h e s e  runs have been conducted on 10.2-em-ID by 

51-cm-long (4-in.-ID by 20-in.-long) packed beds which con ta in  4200 g of 

r e a c t a n t .  The i n i t i a l  void volume of t h e  bed is  52%. However, n e g l i g i b l e  

bed expansion is  noted upon complete convers ion  t o  carbonate ,  and t h e  f i n a l  

Although t h e s e  f l a k e s  possess  con- 

void volume is  77% due t o  t h e  lower molar volume of t h e  product. Although 

s e v e r a l  gas s u p e r f i c i a l  v e l o c i t i e s  have been examined, a nominal supe r -  

f i c i a l  v e l o c i t y  of 10 cm/s has been e s t a b l i s h e d  as a reasonable  process  

s t anda rd  based upon d e s i r e d  scale-up cr i ter ia .  The bulk of t h e  d a t a  t o  be 
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presented ,  however, was obta ined  a t  a s u p e r f i c i a l  v e l o c i t y  of 13 cm/s. For 

t h e s e  s t u d i e s ,  v a r i a b l e s  of p a r t i c u l a r  i n t e r e s t  are t h e  e f f e c t  of water 

vapor p re s su re  and column tempera ture  upon t h e  removal e f f i c i e n c y  of t h e  

bed, and t h e  f i n a l  p re s su re  drop a c r o s s  t h e  bed upon 100% conversion. 

Resu l t s  of a run opera ted  a t  near op t imal  cond i t ions  are shown i n  Fig. 

9. The C02 breakthrough was reasonably  sha rp  wi th  a mass t r a n s f e r  zone of 

18 cm. The i n i t i a l  p r e s s u r e  drop a c r o s s  t h e  bed was 1.01 kPa/m (.04 

l b *  in.'2f t-1) and g r a d u a l l y  inc reased  t o  3.64 kPa/m (. 14 l b * i ~ ~ . ' ~ f  t-1). 

The f i n a l  bulk conversion of t h e  bed upon completion of t h e  run w a s  g r e a t e r  

than  99%. The f i n a l  product was a free-flowing s o l i d  which w a s  e a s i l y  

removed from the  column (Fig. l o ) .  

A s  prev ious ly  mentioned, it is be l i eved  t h a t  t h e  c o n d i t i o n s  f o r  t h e  pre- 

ceeding run  were near  op t imal  as r e s u l t s  have i n d i c a t e d  an o p e r a t i n g  enve- 

lope  t o  exist .  The r e l a t i v e  humidity f o r  t h i s  run was 40%, which cor re-  

sponded t o  an i n l e t  water p r e s s u r e  of 1129 Pa  (8.47 mm Hg). The d isso-  

c i a t i o n  vapor p r e s s u r e  of Ba(OH)2*8H20 at  t h e s e  cond i t ions  i s  918 Pa (6.89 

mm Hg). 

s u r e s  less than t h a t  of t h e  d i s s o c i a t i o n  vapor p re s su re  f o r  Ba(OH)2*8H20 

have r e s u l t e d  i n  bed d e a c t i v a t i o n  and e a r l y  C02 breakthrough, i n d i c a t i n g  

Ba(OH)*3H20 t o  be cons ide rab ly  less r e a c t i v e  than  Ba(OH)2*8H20. 

t i v a t i o n  s t e p  appears  t o  be k i n e t i c a l l y  c o n t r o l l e d .  S t u d i e s  are p r e s e n t l y  

under way t o  develop a b e t t e r  unders tanding  of t h e  d e a c t i v a t i o n  phenomenom. 

Although prolonged o p e r a t i o n  a t  vapor p r e s s u r e s  below t h e  d i s s o c i a t i o n  

vapor p r e s s u r e  of Ba(OH)2*8H20 does not appear f e a s i b l e .  

Resu l t s  ob ta ined  under similar cond i t ions  wi th  water vapor pres- 

This deac- 

Experimental s t u d i e s  have a l s o  i n d i c a t e d  t h a t  t h e r e  may be an upper 

r e l a t i v e  humidity o r  water vapor p r e s s u r e ,  above which it  may not  be 

d e s i r a b l e  t o  ope ra t e  as p r e s s u r e  drop problems are compounded. A s  pre-  

v ious ly  c i t e d ,  t h e  f l a k e s  of commercial Ba(OH)2*8H20 are composed of 53 

mol % Ba(OH)2'8H20 and 47 mol % Ba(OH)2*8H20-Ba(OH)2*3H20 e u t e c t i c .  

R e s u l t s  have i n d i c a t e d  t h a t  when a f l a k e  i s  exposed t o  a high-humidity gas 

stream, a t r ans fo rma t ion  t akes  p l ace  whereby t h e  f l a k e  p r e f e r e n t i a l l y  c u r l s  

on one s i d e  and becomes a more a c t i v e  s p e c i e s  (Fig. 11). Work is  i n  pro- 

g r e s s  t o  develop a b e t t e r  unders tanding  of t h e  mechanism f o r  t h i s  t r ans -  

format ion ,  a l though conversion of Ba(OH)2*3H20 t o  Ba(.OH)2*8H20 and c a p i l -  

l a r y  condensation of H20 vapor w i t h i n  t h e  pores of t h e  f l a k e s  appear t o  be 
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Fig. 10. 
flakes. 

Commercial Ba(OH)2*8H20 reactant and BaC03 product 
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ORNL-PHOTO 4314-81 

ORNL-PHOTO 4315-81 

Fig. 11. Top and bottom views of commercial Ba(OH)2*8H20 subjected to 
high humidity; 2.85-by 3.75-in. original photograph, magnification - 
16.5 and 13X, respectively. 
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l i k e l y  candida tes .  The r e s u l t i n g  material is more a c t i v e ,  but p r e s s u r e  

drop problems are a l s o  much g r e a t e r  due t o  ensuing par t ic le  degrada t ion .  

S t u d i e s  are under way t o  determine t h e  s e v e r i t y  of t h e  problem as t h e  humi- 

d i t y  o r  water vapor p re s su re  is inc reased  whi le  o t h e r  system parameters 

remain cons tan t .  

5. CONCLUSION 

For t h e  t rea tment  of an a i r -based  off-gas stream, t h e  use of packed 

beds of Ba(OH)2'8H20 f l a k e s  t o  remove C02 has been demonstrated. However, 

t h e  ope ra t ing  cond i t ions  must be maintained between certain upper and lower 

l i m i t s  with r e spec t  t o  t h e  p a r t i a l  p r e s s u r e  of water. I f  t h e  water vapor 

p r e s s u r e  i n  t h e  gas is less than  t h e  d i s s o c i a t i o n  vapor p re s su re  of 

Ba(OH)2'8H20, t h e  bed w i l l  d e a c t i v a t e .  I f  t h e  vapor p re s su re  is con- 

s i d e r a b l y  g r e a t e r ,  p r e s s u r e  drop problems w i l l  i n c r e a s e  with i n c r e a s i n g  

humidity as t h e  p a r t i c l e s  c u r l  and degrade. Resu l t s  have i n d i c a t e d  t h a t  

when opera ted  i n  t h e  proper regime, t h e  bulk of t h e  i n c r e a s e  i n  p re s su re  

drop r e s u l t s  from t h e  convers ion  of Ba(OH)2'8H20 t o  BaC03 and not from t h e  

hydra t ion  of t h e  commercial Ba(OH)2*8H20 ( i . e . ,  Ba(OH)2-7.50H20) t o  

Ba(OH)2*8H20. 
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