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INTRODUCTION 

The methods used f o r  disposing o f  m i l i t a r y  chemical agents, such as VX, 
GB, and H, have been changed from land and sea b u r i a l  t o  chemical neu t ra l i za t i on  and 
inc ine ra t i on  due t o  environmental cons t ra in ts  and l e g i s l a t i v e  r e s t r i c t i o n s .  

As an approach t o  munit ions disposal ,  the Army has developed a Chemical 
Agent Munitions Disposal System (CAMDS) f a c i l i t y  a t  the  Tooele Army Depot, Tooele, 
Utah. This i s  a p ro to type f o r  other l e t h a l  chemical demi l i t a r i za t i on  p lan ts  expected 
t o  be b u i l t  i n  t he  fu tu re .  

The CAMDS f a c i l i t y  was espec ia l l y  designed f o r  t he  safe handling, disassembly, 
destruct ion,  and decontamination o f  chemical agents VX,  GB, and H, and munitions 
conta in ing  these chemical agents. These disposal  operat ions must inc lude adequate 
emission con t ro l  technology. The emissions o f  concern inc lude no t  o n l y  the agents 
themselves, bu t  a l so  c e r t a i n  species produced i n  the  disposal  process, such as s u l f u r  
oxides ( S O 2  and SOj), phosphorus oxides (e.g., PzO5). hydrogen ch lo r i de  (HCI), and 
pa r t i cu la te  matter.  

Although the  present method o f  gas t reatment i s  bel ieved t o  have exce l len t  
r e l i a b i l i t y ,  i t  i s  c o s t l y  t o  operate because o f  i t s  raw mater ia l  requirements and 
i t s  mater ia l  hand l ing  procedures. A p a r t i c u l a r l y  expensive step i n  the  ove ra l l  gas 
treatment procedure i s  t he  required evaporat ive dry ing  o f  s a l t s  which resu l t s  from 
the use o f  the  CAMOS s ing le  a l k a l i  scrubbing system. A l te rna t ives  t o  the  evapor- 
a t i ve  d ry ing  o f  the  s a l t s  have been inves t iga ted  i n  order t o  reduce the energy consump- 
t i o n  o f  the  f a c i l i t y .  

A f t e r  d e m i l i t a r i z a t i o n  o f  a mun i t ion  a t  the  CAMOS f a c i l i t y ,  the  metal parts 
are conveyed i n t o  the  metal pa r t s  furnace (MPF), a r o l l e r  hear th  furnace, where res idua l  
agent on metal p a r t s  i s  thermal ly  destroyed. Bulk mustard i s  a l so  destroyed i n  the 
MPF. Exhaust f rom t h i s  furnace i s  t rea ted  i n  an ex tens ive  con t ro l  system comprising 
(a) an o x i d i z i n g  sec t ion  f o r  thermal ly  decomposing any res idua l  agents a t  1600 F, 
(b )  a quench ven tu r i ,  and ( c )  a packed column where the  exhaust gases are contacted 
w i th  NaOH o r  Na2CO-j so lu t i on .  Exhaust from the packed tower e x i t s  through a stack 
t o  the atmosphere. 

To avoid bu i ldup o f  phosphates, su l fa tes ,  and ch lo r ides  i n  the scrubber 
so lu t ion ,  a p o r t i o n  o f  the  scrubber stream i s  removed from the system and evaporated 
t o  dryness. The r e s u l t a n t  d ry  s a l t s  a re  then placed in drums f o r  storage. The 
evaporation step requ i res  la rge  amounts o f  energy. The use o f  dual  a l k a l i  scrubbing 
technology could avo id  the  need t o  evaporate la rge  amounts o f  water t o  produce a s o l i d  
waste. 

I n  the  sodium-based dual a l k a l i  process, the  ac id  gases a re  absorbed by 
a SOlUtiOn O f  sodium s a l t s  a t  a pH range o f  5-8. The so lu t i on  i s  regenerated outside 
the scrubber w i t h  l ime o r  l imestone t o  produce a s o l i d  waste containing calc ium su l fa te  
and calcium s u l f i t e .  Some sodium s a l t s  a re  l o s t  w i t h  the  waste and must be made up 
by the add i t i on  o f  NaOH o r  NazC03. The p r i n c i p a l  chemical reac t ions  are as fo l lows:  

Scrubber: 2NaOH + SOi-NapSO3 + H20 1) 

Na2S03 + 1/2 02-Na2S04 2)  1 
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Regenerator: Ca(OH)2 + Na2S03-CaS03 + 2NaOH 3) 

Ca(OH)2 + NazSOq-CaSOq + 2NaOH. 4) 

One considerat ion i n  spec i fy ing  a dual  a l k a l i  system f o r  the  MPF i s  the  
r e l a t i v e l y  high concentrat ion o f  H C l  i n  the  f l u e  gas dur ing  mustard operat ions.  The 
NaCl r e s u l t i n g  from the  reac t i on  o f  NaOH and HC1 cannot be regenerated w i th  Ca(OH)2 
and must be purged from the  system. I n  order t o  avoid a l i q u i d  purge stream which 
would have t o  be dr ied,  the  process i n  Figure 1 was designed t o  remove the  NaCl w i t h  
the  l i q u i d  i n  the f i l t e r  cake. 

Dual a l k a l i  systems have been ex tens ive ly  app l ied  t o  scrubbing SO2 from 
b o i l e r  f l u e  gas. I n  most o f  these app l ica t ions ,  the  ob jec t i ve  i n  using a dual a l k a l i  
system as compared t o  a s ing le  a l k a l i  system, i s  t o  minimize the use o f  t he  more 
expensive sodium as compared t o  the  calc ium i n  l ime. However, the  most cos t -e f fec t i ve  
operat ion f o r  the  system on the  MPF i s  one t h a t  w i l l  e l im ina te  the expensive d ry ing  
process. The design shorn i n  Figure 1 may a c t u a l l y  requ i re  considerably more a l k a l i  
than the  minimum requ i red  i n  order t o  increase the  s o l i d s  content i n  the  waste f i l t e r  
cake and thereby a l low the  NaCl t o  be purged w i t h  the  l i q u i d  attached t o  the f i l t e r  
cake. I n  order t o  minimize t h i s  quan t i t y  o f  l i q u i d ,  the  ch lo r ide  content i s  al lowed 
t o  b u i l d  up t o  very h igh  l eve l s .  

The p r inc ipa l  advantage o f  a dual a l k a l i  process appl ied t o  the  MPF i s  the  
subs t i t u t i on  o f  a r e l a t i v e l y  inexpensive f i l t e r i n g  step f o r  the  expensive d ry ing  step 
i n  the  s ing le  a l k a l i  system. 

RESULTS AND DISCUSSION 

A f te r  assembling the  sodium dual a l k a l i  p i l o t  p lan t  shown i n  F igure  1, i t  
was operated a t  several d i f f e r e n t  cond i t ions  t o  explore the scrubbing e f f i c i ency ,  
the  e f f e c t  o f  ch lo r i de  bu i ldup i n  the  scrubbing l i q u o r ,  and t o  ob ta in  a ma te r ia l  
balance. Tables 1A and 18 sumnarize the  data obtained i n  the  13 runs made i n  the  
p i l o t  p lan t .  

Scrubbinq E f f i c i ency  

The e f f e c t  o f  the  s to ich iomet r ic  r a t i o  o f  t o t a l  a l k a l i  [Ca(OH)2 p lus  NaOH] 
t o  t o t a l  ac id  gas (SO2 p lus  HC1) i s  shown i n  Figure 2. The the ro re t i ca l  l i m i t  f o r  
reac t ion  o f  the a l k a l i  with the  ac id  gases i s  ind ica ted  i n  the f i gu re .  (Ac tua l l y ,  
some removal o f  HC1 can be expected w i t h  no a l k a l i  present.)  Su l fu r  d iox ide  removal 
e f f i c i e n c i e s  were found t o  exceed 99 percent when a1 k a l i / a c i d  s to ich iomet r ic  r a t i o s  
were greater than about 1.9. HCl removal e f f i c i e n c i e s  genera l l y  exceed SO2 removal 
a t  any gfven a l k a l i / a c i d  s to ich iomet r ic  r a t i o .  

E f f e c t  o f  Chlor ide Bui ldup 

Removal E f f i c i enc  . The o u t l e t  stream from the  regenerat ion tanks was 
f i l t e r e d  t o e  the  soliyds. A t y p i c a l  f i l t r a t e  composition a t  the  h igher  ch lo r i de  
concentrat ion range i s  presented i n  Table 2. The f i l t r a t e  was recycled t o  the  system. 
mixed w i th  add i t iona l  sodium hydroxide, and pumped back i n t o  the  column as scrubbing 
l i q u o r .  

Figure 3 shows percent SO2 remaining i n  the  scrubbed gas as a func t i on  o f  
a l k a l i / a c i d  gas s to ich iomet r ic  r a t i o .  The numbers beside each p o i n t  a re  c h l o r i d e  
concentrat ion i n  the  scrubber l i quo r .  From an examination o f  t h i s  f i gu re ,  i t  does 
no t  appear tha t  ch lo r i de  concentrat ion has any s i g n i f i c a n t  e f f e c t  on SO2 removal i n  
the  range studied. 

Although ch lo r i de  concentrat ion i n  the  scrubber l i q u o r  
has l i t t l e  e f fec t  on removal e f f i c i ency ,  i t  has a s i g n i f i c a n t  e f f e c t  on the  opera t ion  
of the  column. Chlor ide concentrat ions grea ter  than about 6.6 percent (see Table 
3). lead  t o  some deposi t  o f  s a l t s  i n  the  scrubber column. Nevertheless, i t  appears 
t h a t  if chlor ide  l eve l  i s  maintained below about 8-1/2 t o  9 percent. column opera t ion  

Chlor ide b u i l t  up as the  scrubbing reac t i on  occurred. 

Sol ids P rec ip i t a t i on .  
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would no t  be impaired. Figure 4 shows ch lo r i de  concentrat ion o f  the  l a s t  n ine runs 
together w i t h  an i n d i c a t i o n  o f  the  degree o f  column plugging. 

P r e c i p i t a t i o n  occurs when s o l u b i l i t y  l i m i t s  o f  the components i n  so lu t i on  
are  exceeded. Th is  i s  the  case when C1- concentrat ion i n  the  scrubbing l i q u o r  reaches 
values above 6.6 percent. These s a l t s  red isso lve  i n  the l i q u o r ,  i nd i ca t i ng  tha t  they 
are most l i k e l y  sodium sa l t s .  

Ch lor ide  i s  removed w i th  the moisture i n  the  cake, thus maintaining a 
steady-state concent ra t ion .  Essen t ia l l y  no ch lo r i de  i s  removed as a s o l i d  as shown 
i n  a t y p i c a l  d r y  cake ana lys is  (Table 4). 

The o the r  type o f  s a l t  p r e c i p i t a t i n g  i n  the  column i s  calcium-based. 
E l im ina t ion  o r  reduc t ion  o f  calc ium ions i n  the l i q u o r  i s  c r i t i c a l  i f  the  temperature 
i n  the system drops. A l a r g e r  amount o f  p r e c i p i t a t e  was observed i n  the  p i l o t  p lan t  
when overn igh t  temperature dropped t o  about 60 F. Most o f  these s a l t s  returned t o  
so lu t i on  a f t e r  t h e  system was reheated t o  opera t ing  temperatures. This re la t ionsh ip  
between the  temperature and p r e c i p i t a t i o n  must be taken i n t o  considerat ion i n  the  
design and opera t ion  o f  a f u l l - s c a l e  p lan t .  As ind ica ted  by the ana lys is  and postulated 
composition shown i n  Table 5, these s a l t s  a re  be l ieved t o  be p r i m a r i l y  calcium s u l f i t e  
and su l fa te .  

Operation o f  a dual a l k a l i  p lan t  would be s i g n i f i c a n t l y  impaired i f  
p r e c i p i t a t i o n  i s  al lowed i n  the  system. For example, as observed dur ing  p i l o t  p lan t  
operation, p r e c i p i t a t i o n  present a t  the nozzle and i n  the  column sometimes l i m i t e d  
the  amount o f  l i q u o r  i n p u t  t o  the  column. 

Tower and packing designs a lso  a f f e c t  the accumulation o f  inso lub le  matter 
i n  the column. A spray tower design would considerably reduce the  plugging po ten t ia l ,  
bu t  a t  t he  expense of scrubbing e f f i c i ency .  The packing size.  shape. and height are 
a lso  c r i t i c a l  t o  the  plugging problem. Large size,  open shape, and low packing height 
would a l l  minimize plugging. However, t he  l a rge  s i r e  has a reduced surface area per 
u n i t  volume which may cause a reduct ion i n  scrubbing e f f i c i e n c y .  The low packing 
height would a l so  reduce the  scrubbing e f f i c i ency .  During the  p i l o t  p lan t  operation, 
no attempt was made t o  opt imize the packing mater ia l .  

The area o f  scrubber plugging has been the  sub jec t  o f  intense study by 
inves t iga tors  of  convent ional  l imestone and dual a l k a l i  scrubbing systems. 

Materi a1 Ba 1 ance 

I n  P i l o t  P lan t  Run No. 10, a l l  the mater ia ls  i n  and o u t  o f  t he  system were 
accounted f o r  i n  order t o  ca l cu la te  a mater ia l  balance. The balance i s  shown i n  Table 
6. Note t h a t  most o f  the values closed w i t h i n  10 percent w i t h  the except ion o f  calcium. 
The discrepancy i n  calc ium may have resu l ted  f rom accumulation i n  the  scrubber column 
o r  other pa r t s  o f  the system and losses i n  the  f i l t e r  washwater. 

Sol ids Removal 

Some problems were found dur ing the  p i l o t  p lan t  opera t ion  which were d i r e c t l y  
re la ted  t o  the f i l t r a t i o n  step. The f i r s t  problem was the  f i l t e r  c l o t h  s ize.  The 
i n i t i a l  f i l t e r  c l o t h  i n s t a l l e d  plugged w i t h  the  so l i ds  causing equipment malfunction. 
This problem was overcome by using a coarser weave f i l t e r  c lo th .  

A second problem encountered w i t h  the  f i l t r a t i o n  step was the add i t iona l  
Water in t roduced i n  the  system most l i k e l y  as a r e s u l t  o f  the  continuous washing of 
the  f i l t e r  c lo th .  This problem would probably be minimized with la rger -sca le  equipment. 

An a l t e r n a t i v e  t o  the  hor izon ta l  b e l t  f i l t e r  f o r  so l i ds  separation i s  the 
use of a cen t r i f uge  o r  cen t r i f uga l  f i l t e r .  A continuous decanter cent r i fuge may be 
acceptable fo r  t h e  operat ion.  The separat ion o f  so l i ds  i s  con t ro l l ed  by the cent r i fuga l  
force. t he  bowl radius,  and the  e f f e c t i v e  length. The spec i f i ca t i on  depends on the 
desired product:  

The degree o f  dryness i n  t h i s  system i s  determined by the  amount o f  water 
necessary i n  the  cake t o  ca r ry  ou t  s u f f i c i e n t  C1- f o r  an 8-1/2 t o  9 percent ch lo r ide  
Concentration i n  the  f i l t r a t e .  

maximum c l a r i f i c a t i o n ,  c l a s s i f i c a t i o n ,  o r  so l  i d s  dryness. 
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A cen t r i f uga l  f i l t e r  was used i n  the p i l o t  p l a n t  t o  remove excess l i q u o r  
from the cake co l l ec ted  i n  the mater ia l  balance run  (Run 10) p r i o r  t o  ana lys is  and 
disposal .  The f i l t e r  operated we l l ,  reducing the wet cake t o  about 30 percent moisture.  

pH Control and Mon i to r inp  

The pH o f  the  scrubbing so lu t i on  was monitored du r ing  the  p i l o t  p l a n t  
operation. An unsuccessful attempt was made t o  con t ro l  pH by use o f  pH con t ro l l e rs .  
The pH var ied  g r e a t l y  w i t h  small add i t ions  o f  NaOH u n t i l  i t  reached a value o f  about 
12. A t  t h i s  l eve l ,  the  system appeared t o  be buffered. Higher pH leve ls  were n o t  
reached dur ing operat ion.  Because o f  t he  d i f f i c u l t y  i n  c o n t r o l l i n g  the  pH. the  e f f e c t  
o f  pH on scrubbing was n o t  determined and the  method o f  NaOH add i t i on  changed t o  pump 
feeding a t  a selected ra te .  

Continuous mon i to r ing  o f  the pH i n  the  regenerat ion tank was a l so  accompanied 
w i th  d i f f i c u l t i e s .  Apparently, the  higher concentrat ion o f  so l i ds  and extremely h igh  
pH's i n  l oca l i zed  areas ( f rom the  l ime feed) adversely a f fec ted  the  e lec t rodes  and 
the meter. However, spot mon i to r ing  was accomplished w i t h  a por tab le  u n i t .  

The scrubber discharge pH (see Table 3 )  var ied  f rom less  than 1 t o  over 
4. This wide range probably resu l t s  f rom the absence o f  a strong b u f f e r i n g  e f f e c t  
a t  the column discharge. The discharge pH does no t  appear t o  co r re la te  w i th  e i t h e r  
column plugging o r  removal e f f i c i e n c y .  

Corrosion 

Soon a f t e r  t he  p i l o t  p lan t  s ta r ted  operat ion.  the  column s o l u t i o n  tu rned 
purple,  dark green, and black. The co lo rs  were a r e s u l t  o f  the  cor ros ion  occu r r i ng  
i n  the gas feed l i nes .  It was o r i g i n a l l y  bel ieved t h a t  the  d ry  a c i d  gases cou ld  be 
re ta ined i n  the  s ta in less  s tee l  l i n e s  a t  l e a s t  dur ing  the  course o f  t he  study. However, 
moisture from the  compressed a i r ,  u n i t i n g  w i th  the  ac id  gases, caused cor ros ion  a t  
the  po in t  where the  gases and a i r  mixed. To a l l e v i a t e  t h i s  problem, the  j u n c t i o n  
o f  the gas l i n e  and the  a i r  l i n e  was moved t o  j u s t  ahead o f  the column i n l e t .  Th i s  
i s  an i nd i ca t i on  o f  the  need f o r  cor ros ion- res is tan t  pipes f o r  a l a r g e r  p lan t .  

The column should a lso  be made of cor ros ion- res is tan t  mater ia l  t o  avo id  
corrosion problems. The pH i n  the  tower i s  expected t o  change from very bas ic  a t  
the  top (pH 12) t o  ac id i c  (down t o  about pH 1 )  before the  l i q u o r  reaches the  bottom 
o f  the scrubber. 

CONCLUSIONS 

Laboratory and p i l o t  p l a n t  studies on the  sodium dual a l k a l i  scrubbing process 
i nd i ca te  t h a t  i t  i s  a feas ib le  method o f  scrubbing the  products o f  combustion o f  mustard 
agent. High removal e f f i c i e n c i e s  (over 99 percent)  o f  bo th  HC1 and SO2 may be obtained 
a t  s to ich iomet r ic  r a t i o s  o f  a l ka l i - t o -ac id  gas o f  about 1.9 o r  higher.  Removal 
e f f i c ienc ies  appear no t  t o  be a f fec ted  by ch lo r i de  i n  the  scrubber l i q u o r  w i t h  load ings  
as high as 8.6 percent C1- (14.3 percent NaCl). .Plugging o f  the  scrubber occurs a t  
ch lo r ide  loadings o f  over about 9 percent C1- (15 percent NaCl); however, t he  s o l i d s  
red isso lve  as the  ch lo r i de  content f a l l s .  Cake moisture content a t  t h i s  c h l o r i d e  
l eve l  was about 35 percent. 
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FIGURE 1. P I L O T  PLANT PROCESS FLOW DIAGRAM 
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F I G U R E  2. SO2 AND HC1 REMOVAL E F F I C I E N C Y  
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