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SCRUBBING OF IODINE FROM GAS STREAMS WITH MERCURIC NITRATE - 
CONVERSION OF MERCURIC IODATE PRODUCT TO BARIUM IODATE 

FOR FIXATION I N  CONCRETE 

G. C. Rogers. 
J. G.  Moore 
M. T.   organ 

ABSTRACT 

A bench-scale model of a mercuric  n i t r a t e  scrubber  f o r  
removal of i od ine  from off-gas s t reams was cons t ruc ted  and 
opera ted  i n  conjunct ion wi th  a mercuric. indate- to-harium 
i o d a t e  conversion system t o  determine t h e  f e a s i b i l i t y  of 
t o t a l  r ecyc le  of a l l  p rocess ing  s o l u t i o n s .  The two main 
a s p e c t s  of t h e  system examined were (1) t h e  e x t e n t  of con- 
taminat ion of t h e  barium i o d a t e  product, and (2) t h e  e f f e c t  
of cross-contamination of v a r i o u s  process  s o l u t i o n s  on t h e  
e f f i c i e n c y  of t h e  process .  

The experimental  evidence obta ined  i n d i c a t e s  t h a t ,  w i th  
app ropr i a t e  c o n t r o 1 , a l l  s o l u t i o n s  can b e  recyc led  without  
s i g n i f i c a n t  contamination of t h e  product  t h a t  would be  
harmful t o  t h e  h o s t  conc re t e  o r  t o  t h e  environment. Mercury 
contamination was found t o  be 5 0 . 5  w t  % of t h e  barium i o d a t e  
product.  The most s i g n i f i c a n t  e f f e c t  on system e f f i c i e n c y  
was determined t o  be barium hydroxide contaminat ion of t h e  
sodium hydroxide s o l u t i o n  used t o  convert  mercur ic  i o d a t e  t o  
sodium ioda te .  A mole r a t i o  of barium hydroxide t o  sodium 
hydroxide of about 1:225 caused a dec rease  i n  conversion e f -  
f i c i e n c y  of about 45%. 

The waste  management of fi.s.sion product fodfne  r e q u i r e s  s p e c i a l  

a t t e n t i o n  because of i t s  h igh  b i o l o g i c a l  s i g n i f i c a n c e .  For tuna te ly ,  

most of t h e  i o s t o p e s  have s h o r t  h a l f - l i v e s .  However, 1 2 9 ~  has a h a l f -  
7 

l i f e  of 1.59 x 10 yea r s  and must be permanently i s o l a t e d  from t h e  bio- 

sphere.  Laboratory s t u d i e s  demonstrated t h a t  t h i s  i s o t o p e  can be f i x e d  
1-4 

a s  ~ a ( 1 0 ~ ' ) ~  and incorpora ted  i n  concre te  f o r  permanent d i sposa l .  

. One of t h e  proposed methods f o r  removing iod ine  from off-gas s t reams 

is a mercuric n i t r a t e - n i t r i c  a c i d  scrubbing system. This  sc rub  s o l u t i o n  

r e a c t s  w i th  both elemental  and o r g a n i c a l l y  combined forms of i od ine  t o  



y i e l d  mercuric ioda te .  2-6 Although mercuric ioda te  is a very inso lub le  

compound, mercury compounds a r e  sources of accumulative heavy-metal 

poisons and a r e  considered environmental hazards i f  re leased t o  t h e  bio- 

sphere.  Barium ioda te  is less tox ic  t o  t h e  environment and can be  r e a d i l y  

incorporated i n t o  concre te  mixes, and t h e  r e s u l t  is a decreased environ- 

mental hazard. Thus, s t u d i e s  were i n i t i a t e d  t o  f ind  an acceptable method 

f o r  convert ing mercuric i o d a t e  t o  barium ioda te .  To be acceptable,  t h e  

conversion process must m e e t  t he  t h r e e  following c r i t e r i a :  

1. A l l  s o l u t i o n s  used i n  t h e  system. must be recycled  to .  avoid 

,creating a d d i t i o n a l  waste streams. 

2 ,  The mercury content  i n  t h e  barium fodate  product must b e  

minimal t o  avoid a d d i t i o n a l  environmental hazards. 

3. Cross-contamination must be mtnfmized t o  ensure htgh con- 

ve r s ion  e f f i c i e n c y .  

This r e p o r t  desc r ibes  the  r e s u l t s  of an inves t iga t ion  made usfng a bench- 

s c a l e  model of a mercuric n i t r a t e - n i t r f c  ac id  iodine  scrubG2ug system i n  

combination wi th  a mercuric iodate-barfum fodate  conversion system. Oper- 

a t i n g  parameters were adjus ted  t o  determine t h e  condftfons t h a t  would re-  

s u l t  i n  meeting the  above c r i t e r i a .  , 

2. EQUIPMENT AND PROCEDURES 

A bench-scale model of a mercuric n i t r a t e - n i t r i c  ac id  iodine  scrub 

system and mercuric iodate-to-barium foda te  conversion system was as- 

sembled a s  shown schemat ica l ly  i n  Ftgure 1. The equipment was pr imar i ly  

b o r o s i l i c a t e  g l a s s  wi th  g l a s s / ~ e f l o n  valves  and some in terconnect ions  of ' 

heavy-wall Tygon tubing. Teflon t ape  was used on v e s s e l  s toppers  t o  avoid 

u s e  of stopcock grease. The t;crub coluuul was a 1-in.-ID g l a s s  column 

f i l l e d  t o  a depth of 36 i n .  wfth perforated,extruded s t a i n l e s s  s t e e l  pack- 

ing. The s to rage  capac i ty  f o r  mercuric n i t r a t e - n f t r i c  acid s o l u t i o n  was 

about 1 . 3  1 a t  t h e  bottom of t h e  scrub column and i n  t h e  adjacent  r e se r -  

v o i r .  The components were arranged f o r  g r a v f t g  flow wherever poss ib le ,  

and Teflon bellows pumps were used t o  t r anspor t  t h e  so lu t ions .  Solut ion  

r e s e r v o i r s  and r e a c t i o n  v e s s e l s  were equipped wfth heat ing  mantles OF 



t ape  hea t ing  elements.  So l id s  were separa ted  'from t h e  l i q u i d s  by vacuum 

f i l t r a t i o n  through f ine -po ros i ty  f r i t t e d  g l a s s  f i l t e r s .  

In  t h i s  system, a i r  conta in ing  gaseous i o d i n e  was passed counter- 

c u r r e n t l y  through a mercur ic ,  n i t r a t e n i t r i c  a c i d  s o l u t i o n .  This  con- 

v e r t e d  t h e  iod ine  t o  mercuric  iodate ,  which remained i n  th'e s o l u t i o n .  The 

s o l u t i o n  was oxid ized  by p a r t i a l  evaporat ion t o  o b t a i n  the  i ~ d a t e . ~  The 

mercuric  i o d a t e  product was converted t o  barium i o d a t e  i n  a two-step 

process:  

Hg(I03) 2 + 2 N a O H d  HgO + H20 + 2 NaI03,  

2 NaIOs + Ba(OH,) - Ba(I03),  + 2 NaOH. 

The mercuric oxide was . f i l t e r e d  from t h e  sodium i o d a t e  s o l u t i o n ,  r eac t ed  

wi th  n i t r i c  a c i d  t o  form mercur ic  n i t r a t m i t r i c  a c i d  s o l u t i o n ,  and was 

re turned  t o  t h e  i o d i n e  scrub  system. I n  t h e  f i n a l  s t e p ,  sodium i o d a t e  

s o l u t i o n  was r eac t ed  wi th  barium hydroxide s o l u t i o n  t o  form barium i o d a t e  

and sodium hydroxide. The barium i o d a t e  was f i l t e r e d  out  f o r  f i n a l  ' s t o r a g e  

i n  t h e  waste form, and t h e  sodium hydroxide was recyc led .  Thus, a l l  solu- 

t i o n s  were recyc led  and no a d d i t i o n a l  r a d i o a c t i v e  was te  t h a t  would re-  

q u i r e  f u r t h e r  t rea tment  o r  s t o r a g e  was generated.  

The scrub  system ope ra t ing  cond i t i ons  were s e l e c t e d ,  based on previous  

experimentat ion,  t o  produce a t  a reasonable  e f f i c i e n c y  a maximum amount of 
3,4,6-9 

product per  t ime period.  From previous  s t u d i e s ,  t h e  fo l lowing  

o p e r a t i o n a l  condi t ions  were s e l e c t e d :  

Column scrub  s o l u t i o n  - 0.4 - M Hg(N0S)z; 1 4  - H HNO3 

Column s o l u t i o n  flow r a t e  - 40 ml/m5n 

Gas (d ry  air-T2) - 5 l /mfn  

Iodine  feed r a t e  -. 0.2 g/h 

Conversion system s o l u t i o n s  - 1 - M.NaOH and %2 - M B ~ ( o H ) ~  

Af t e r  t h e  sc rub  column had accumulated about  25% of i t s  i o d i n e  ca- 

p a c i t y  (112 g / l ) ,  about  50% of t h e  scrub  s o l u t i o n  was routed  t o  t h e  evapor- 

a t o r  f o r  i o d a t e  convers5on. The s o l u t f o n  volume w a s  reduced about 60% by 

evaporat ion.  The d T s t 5 l l a t e  w a s  r e tu rned  t o  t h e  sc rub  s o l u t i o n  r e s e r v o i r ,  

and t h e  mercurfc  i o d a t e  s o l u t f o n  was. dropped t o  a r e a c t i o n  v e s s e l  where 

t h e  mercur5c foda te  w a s  allowed t o  s e t t l e  ou t  dur ing  complet5on of  t h e  
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Fig. 1. Schematic of Hg(N03) 2-HN03 iodine scrub system and' iodate 
conversion system. 



p r e c i p i t a t i o n .  A minimum of 2 h was allowed f o r  completion of t h i s  s t e p ,  

Q a f t e r  which t h e  superna te  was r e tu rned  t o  t h e  iod ine  scrub  r e s e r v o i r  and 

t h e  mercuric  i o d a t e  w a s  r e t a i n e d  i n  t h e  r e a c t i o n  v e s s e l .  The e n t i r e  pro- 

cedure was repea ted  u n t i l  s e v e r a l  grams of mercur ic  i o d a t e  had accumulated. 

The scrub  s o l u t i o n  capac i ty  of t h e  system was s u f f i c i e n t  t o  al low t h i s  

type  of opera t ion .  

The accumulated mercur ic  i o d a t e  was r eac t ed  wi th  1 - M sodium hydroxide 

s o l u t i o n  a t  about  85OC t o  convert  t h e  mercuric  i o d a t e  t o  sodium i o d a t e  and 

mercuric  oxide. A per iod  of s e v e r a l  minutes was allowed f o r  t h e  r e a c t i o n  

t o  go t o  completion. The r e s u l t i n g  mercuric  oxide  was removed by f i l t r a -  

t i o n ,  r eac t ed  wi th  a po r t ion  of t h e  scrub  s o l u t i o n ,  then  r e tu rned  t o  t h e  

scrub  s o l u t i o n  r e s e r v o i r .  

The sodium i o d a t e  s o l u t i o n  was r eac t ed  wi th  barium hydroxide s l u r r y  

a t  85OC t o  form barium i o d a t e  and sodium hydroxide. The barium hydroxide 

used i n  t h i s  r e a c t i o n  was about  2 M and added i n  smal l  a l i q u o t s ,  s t i r r i n g  

a f t e r  each a d d i t i o n  u n t i l  p r e c i p i t a t i o n  was nea r  completion a s  determined 

by spec t rophotometr ic  a n a l y s i s  of t h e  supe rna t e  f o r  i o d a t e  concent ra t ion .  

Af t e r  i n i t i a l  p r e c i p i t a t i o n  of t h e  barium ioda te ,  t h e  supe rna t e  was allowed 

t o  s tand  and cool  f o r  1 h t o  a l low more complete p r e c i p i t a t i o n  p r i o r  t o  

f i l t r a t i o n .  The sodium hydroxide s o l u t i o n  w a s  r e tu rned  t o  a r e s e r v o i r  f o r  

u s e  i n  t h e  next  cyc le .  The barium i o d a t e  was removed from t h e  f i l t e r ,  

dr ied,and s t o r e d .  In  an a c t u a l  process ,  it would b e  immediately incorpo- 

r a t e d  i n t o  concre te  f o r  permanent s t o r a g e .  
1 0 , l l  

Two s e r i e s  df 'experiments  were made. The f i r s t  was conducted t o  

measure t h e  impur i t5es  i n  t h e  barium i o d a t e  product when complete s o l u t i o n  

r e c y c l e  was employed and t o  determine i f  t h e  contaminat ion w a s  de t r imen ta l  

t o  t he  f i n a l  s t o r a g e  of r a d i o a c t i v e  i o d i n e  i n  cement i t ious  m a t e r i a l s .  The 

second was conducted t o  examine t h e  e f f e c t s  of cross-contamination on t h e  

process. 



3.1 Product Contamination 

The most l i k e l y  contaminants of t h e  barium i o d a t e  produced i n  a 

s c r u b  and i o d a t e  conversion system a r e  mercury and sodium hydroxide. 

High mercury contaminat ion would be undes i r ab le  because i t  would be  a 

sou rce  of heavy-metal poisoning i f  r e l e a s e d  t o  t h e  b iosphere .  A high 

concen t r a t ion  of sodium hydroxide could have undes i r ab le  e f f e c t s  on t h e  

p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  conc re t e  o r  o t h e r  cement i t ious  m a t e r i a l s  

i n  which t h e  r a d i o a c t i v e  i o d a t e  is  encapsulated.  

To da terminc  t h e  type  and l e v e l  of i m p u r i t i e s  i n  t h e  f i n a l  product ,  

f i v e  ba t ches  of barium i o d a t e  were prepared us ing  t h e  bench model and 

t h e  cond i t i ons  desc r ibed  previous ly .  The scrub  s e c t  ion  was run  cont in-  

uous ly  dur ing  . t h e  p r e p a r a t i o n  period of each ba t ch  of barium i o d a t e .  A t  

i n t e r v a l s ,  an a l i q u o t  of s c r u b  s o l u t i o n  was removed f o r ' p r e c i p i h a t i o n  

and conversion.  T o t a l  r e c y c l e  w a s  used i n  t h e  s e r i e s .  Spectrochemical 

ana lyses  showed mercury and sodium were p re sen t  w i t h  maximum concentra- 

t i o n s  of 0.5 and 0 .1  w t  %, r e s p e c t i v e l y  (Table 1) . A l l  o t h e r  contaminants 

were p re sen t  a t  concen t r a t ions  of I 0 . 5  w t  %. The c o l o r  of t h e  sodium 

.hydroxide s o l u t i o n  i n d i c a t e d  t h a t  i t  contained mercuric  oxide  a f t e r  pro- 

c e s s i n g  t h e  f i r s t  ba t ch  of barium i o d a t e .  However, a n a l y t i c a l  r e s u l t s  

showed t h a t  i t  remained i n  s o l u t i o n  and w a s  no t  ex t ens ive ly  occluded o r  

adsorbed i n  subsequent barium i o d a t e  p r e c i p i t a t i o n s . ,  

Table  1. Contamination l e v e l  i n  barium i o d a t e  
produced by sc rub  and conversfon system 

Batch Nu. 

Contaminat i on  l e v e l s  
Barium i o d a t e  Mercury Sodium 

(I41 (wL %) ( w t  X) 

n .1  n , na. 

0.05 0.1 

U . 2  0.05 

0.5 0 .01  



The low y i e l d s  of ba tch  3A and 3B seemed t o  i n d i c a t e  t h a t  t h e  p roces s  

w a s  no t  as e f f i c i e n t  as d e s i r a b l e .  However, i t  w a s  found t h a t  mercuric  

i o d a t e  w a s  caking and accumulating i n  t h e  evapora tor  v e s s e l  i n s t e a d  of 

dropping wi th  t h e  s o l u t i o n  t o  t h e  s e t t l i n g - r e a c t o r .  I n  a p i l o t  p l a n t  o r  

p l a n t  i n s t a l l a t i o n ,  p rov i s ions  would have t o  be  made t o  prevent  such 

caking and accumulation. The caked m a t e r i a l  i n  t h e  evapora tor  was loosened * 
a f t e r  ba tch  3B, and included i n  t h e  ba t ch  4 product .  

A m a t e r i a l  ba lance  a n a l y s i s  w a s  made a f t e r  t h e  conclus ion  of t h e  

s e r i e s  t o  check t h e .  e f f i c i e n c y  of t h e  system. The d i s t r i b u t i o n  of t h e  

iod ine  fed  t o  t h e  system was a s  fo l lows:  

Barium i o d a t e  product - 86.74% 

In-process s o l u t i o n s  - 5.98% 

Equipment holdup s o l i d s  - 4.01% 

Lost  i n  column off-gas,  - 3 . 2 7 2  
a n a l y t i c a l  e r r o r s ,  e t c .  

The iod ine  compounds h e l d , u p  i n  t h e  process ing  s o l u t i o n s  should be 

recoverable  w i th  continued ope ra t ion  of t h e  system. The i o d i n e  compounds 

adhering t o  t h e  system components may r e p r e s e n t  a s t e a d y - s t a t e  inventory  

o r  may cont inue  t o  b u i l d  up wi th  system use; '  t h i s  f a c e t  of t h e  ope ra t ion  

was no t  i nves t iga t ed .  The l o s s  of i od ine  i n  t h e  off-gas from t h e  scrub  

column v a r i e s  wi th  ope ra t ing  c h a r a c t e r i s t i c s  and would r e q u i r e  r e t r i e v a l  

by a second iod ine  scrub  system o r  by s o l i d  so rben t s .  No s p e c i a l  e f f o r t  

was made t o  o p e r a t e  t h e  iod ine  sc rub  column f o r  h igh  e f f i c i e n c y  becaus.e 

t h e  main i n t e r e s t  was t o  gene ra t e  m a t e r i a l  t o  check f o r  harmful contami- 

nan t s  i n  t h e  product .  

3 . 2  E f f e c t  of Cross-Contamination of Process  So lu t ions  

A c h a r a c t e r i s t i c  of any system i n  which v a r i o u s  s o l u t i o n s  a r e  r e -  

cycled is t h a t  t h e r @  may be' some'unavoi'dable cross-contami'nation. I n  

t h e  mercuric  n i t r a t e - n i t r i c  acid-iodine sc rub  syst,em combined wi th  a 

mercuric  iodate-to-barium i o d a t e  conversion system, t h e  oppor tun i ty  f o r  

cross-contamination e x i s t s  i n  t h e  r e a c t i o n  vesse l , .  Here, t h e  mercuric  

i o d a t e  con ta ins  a r e s i d u a l  amount of mercuric  n i t r a t e ~ i t r i c  a c i d  scrub  



s o l u t i o n  adher ing  t o  t h e  p r e c i p i t a t e d  p a r t i c l e s .  Also, t h e  mercuric  

ox ide  formed w i l l  con ta in  a r e s i d u e  of sodium hydroxide a f t e r  t h e  mercuric  

ioda te to-sodium i o d a t e  conversions.  Following r ecyc le ,  i f  excess  barium 

hydroxide  i s  used i n  t h e  sodium iodate-to-barium i o d a t e  conversion,  t h e  . . 
sodium hydroxide w i l l  c o n t a i n  r e s i d u a l  barium hydroxide. T h i s  p a r t i c u l a r  

contaminat ion is t h e  one most l i k e l y  t o  occur  and may b e  de t r imen ta l  t o  

t h e  o p e r a t i o n a l  e f f i c i e n c y .  The fo l lowing  r e a c t i o n  would t ake  p l ace  i f  

t h e  mercur ic  i o d a t e  was r eac t ed  wi th  sodium hydroxide contaminated wi th  

barium hydroxide: 

~ g ( 1 0 ~ ) ~  + 2 NaOH + Ba(OH)2 -+ 2 Naf03 + Ba(T03)a 4- HgO + HzO. 

The barium i o d a t e  formed would p r e c i p i t a t e  and remain on t h e  f i l t e r  

w i t h  t h e  mercur ic  ox'ide. Then, when t h e  mercuric  oxide  has  r eac t ed  wi th  

n i t r i c  a c i d  t o  y i e l d  t h e  mercur ic  n i t r a t e - n i t r i c  a c i d  s o l u t i o n  t h e  barium 

i o d a t e ,  being s o l u b l e  i n  n i t r i c  a c i d ,  would go i n t o  t h e  column sc rub  

s o l u t i o n .  

A s e r i e s  of experiments  was conducted t o  determine t h e  e f f e c t s  of 

sodium hydroxide con ta in ing  d i f f e r e n t  amounts of  barium hydroxide 

(Table 2 ) .  The of i od ine  p r e c i p i t a t e d  as Ba(I03)2  decreased 

s h a r p l y  as the  contaminat ion r o s e  t o  l e v e l s  g r e a t e r  than  a Ba(0H) 2:NaOH 

mole r a t i o  of 1:1100. Iod ine  remained i n  t h c  NaOH s o l u t i o n ,  i n  t h e  a c i d  

s c r u b  s o l u t i o n ,  and as unreac ted  Hg(I03)2.  The latter should n o t  b e  a 

problem bec'ause i t  should r e a c t  i n  t h e  nex t  cyc l e .  I n  t h e s e  t e s t s ,  5-g 

p o r t i o n s  of Hg(103)2 were prepared ,  d r i e d ,  and ground t o  a homogeneous 

state. These samples were washed w i t h  250 m l  of f r e s h  i o d i n e  scrub  

column s o l u t i o n ,  f i l t e r e d ,  and then  r e a c t e d  wi th  contaminated sodium 

hydroxide  s o l u t i o n s .  The u s u a l  procedure was followed f o r  t h e  remainder 

of t h e  conversion process .  

4 .  CONCLUSIONS 

R e s u l t s  from a bench-scale mercuric  n f c r a c ~ i r r i c  ac id  scrubbirig 

system f o r  gaseous i o d i n e ,  when combined wi th  conversion of mercuric  

i o d a t e  t o  barium ioda te ,  showed t h a t  t h e  ba r ium. ioda te  produced 

w a s  s u i t a b l e  f o r  permanent s t o r a g e  i n  a Por t land  cement concre te .  The 



Table 2. Iodine d i s t r i b u t i o n  i n  conversion of mercuric 
i o d a t e  t o  barium ioda te ,  us ing  1 M  sodium hydroxide 

contaminated wi th  barium hydroxide 

b .Compounds 
Ba,(OH) conc . I o d a t e  Unprec ip i ta ted  a so lubleC p r e c i p i t a t e d  

mole Ba(0H) Unreacted converted iod ine  iod ine  a£ ter 
moles NaOH Hg(I03) 2 t o  Ba(103)2 compounds compounds f i l t r a t i o n  

0 95.4 4.14 0.49 - 

1: 555 1.81 85.5 12.36 0.16 - 
1: 370 0.03 86.6 9.35 3.70 - 
1: 275 4.17 83.1 7.27 2.03 3.52 

1: 225 10.02 51.7 30.36 1.40 6.56 

Reaction. s t e p s  : 

a Hg(IOg), + 2 NaOH -HgO + 2 N a I O g  + H20 

b2 Na109 + Ba(0H). - 2 NaOH + ~a(10.). 
C HgO + 2 HN03- Hg(N03) 2 + Hz0 



mercury contaminat ion l e v e l  i n  t h e  barium i o d a t e  produced by t h e  system 

d i d  n o t  exceed 0.5 w t  %, and t h e r e  w a s  no o t h e r  element o r  compound 

p r e s e n t  i n  s u f f i c i e n t  concen t r a t ion  t o  have a n  apprec i ab le  e f f e c t  on 

t h e  s t o r a g e  ma t r ix .  

Barium hydroxide contaminat ion of t h e  recyc led  sodium hydroxide 

solut ion%ised t o  conver t  mercur ic  i o d a t e  t o  sodium ioda te  w a s  t h e  major 

d e t e r r e n t  t o  e f f i c i e n t  o p e r a t i o n  of t h e  combined system. A Ba(OH)2: 

NaOH mole r a t i o  of 1:225 decreased t h e  f i n a l  y i e l d  of barium i o d a t e  pro- 

d u c t  t o  51.7%. S t r i c t  c o n t r o l  would b e  r equ i r ed  i n  t h e  amount of barium 

hydroxide used i n  t h e  conversion of sodfum i o d a t e  t o  ba r ium ' ioda te  t o  

minimize cross-contaminat ion.  The i o d a t e  content  could be  determined 

b e f o r e  t h e  conversion s o  t h a t  l e s s  than  t h e  s t o i c h i o m e t r i c  anou~ l t  of 

barium hydroxide could b e  used. The  unreacted sodium i o d a t e  would b e  

r e c y c l e d  w i t h  t h e  sodium hydroxide and would c a u s e  no adverse  e f f e c t s  

i f  c o n t r o l l e d  a t  low concen t r a t ions .  This  technique,.combined wi th  

s u f f i c i e n t  r e a c t i o n  t ime,  would ensure  t h a t  barium hydroxide would no t  

accumulate  i n  t h e  sodium hydroxide s o l u t f o n .  
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