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@>  Method  for  removing  particles  from  particle-laden  gas  stream. 

There  is  disclosed  a  method  for  removing  particles 
from  a  particle-laden  gas  stream  using  an  electrostatic  pre- 
cipitator,  which  comprises  adding  free  base  amino  alcohol 
to  the  particle-laden  gas  being  treated  by  the  precipitator. 
The  method  is  useful  e.g.  in  breaking  the  combustion  gas 
of  a  boiler  system  fired  by  sulfur-containing  coal. 



The  use  of  an  e l e c t r o s t a t i c   p r e c i p i t a t o r   for  r emoving  

p a r t i c l e s   from  gas  is  indeed  well  known.  T y p i c a l l y ,   th i s   type  o f  

device   u t i l i z e s   the  corona  d i s cha rge   e f f e c t ,   i . e . ,   the  c h a r g i n g  

of  the  p a r t i c l e s   by  pa s s ing   them  through  an  i o n i z a t i o n   f i e l d  

e s t a b l i s h e d   by  a  p l u r a l i t y   of  d i s c h a r g e   e l e c t r o d e s .   The  c h a r g e d  

p a r t i c l e s   are  then  a t t r a c t e d   to  a  grounded  c o l l e c t i n g   e l e c t r o d e  

p l a t e   from  which  they  are  removed  by  v i b r a t i o n   or  r a p p i n g .  

This  type  of  p r e c i p i t a t o r   is  e x e m p l i f i e d   in  U . S .  

3 ,109 ,720   to  Cummings  and  3 ,030 ,753   to  P e n n i n g t o n .  

A  common  problem  a s s o c i a t e d   with  e l e c t r o s t a t i c   p r e c i p -  

i t a t o r s   is  maximizing  the  e f f i c i e n c y   of  p a r t i c l e   removal.   F o r  

example,   in  the  u t i l i t y   i n d u s t r y ,   f a i l u r e   to  meet  p a r t i c l e   e m i s s i o n  

s t a n d a r d s   may  n e c e s s i t a t e   r e d u c t i o n   in  power  ou tpu t   ( d e r a t i n g ) .   Gas 

c o n d i t i o n i n g   is  an  impor t an t   method  for  a c c o m p l i s h i n g   th is   goal  as  

d e s c r i b e d   in  a  book  e n t i t l e d   "INDUSTRIAL  ELECTROSTATIC  PRECIPI- 

TATION"  by  Harry  J.  whi te ,   Addison-Wesley  P u b l i s h i n g   Company,  I n c .  

(Reading,   M a s s a c h u s e t t s ,   1963),   p.  309.  This  book  is  i n c o r p o r a t e d  

he r e in   by  r e f e r e n c e   to  the  e x t e n t   necessa ry   to  complete  th i s   d i s -  

c l o s u r e .  

An  ea r ly   p a t e n t   d i s c l o s i n g   a  gas  c o n d i t i o n i n g   method  f o r  

i m p r o v i n g . e l e c t r o s t a t i c   p r e c i p i t a t o r   per formance   is  U.S.  2 , 3 8 1 , 8 7 9  

to  Chit tum  a c c o r d i n g   to  which  the  e f f i c i e n c y   of  removal  of  " a c i d i c "  

p a r t i c u l a t e s   is  i n c r e a s e d   by  adding  o rgan ic   amine  to  the  gas,  s p e c -  

i f i c a l l y ,   primary  amines  such  as  methylamine ,   e t h y l a m i n e ,   n - p r o p y l -  

amine  and  s e c - b u t y l a m i n e ;   secondary  amines  such  as  d i m e t h y l a m i n e ,  

d i e t h y l a m i n e ,   d ip ropy lamine   and  d i i s o b u t y l a m i n e ;   t e r t i a r y   amines  

such  as  t r i m e t h y l a m i n e ,   t r i e t h y l a m i n e ,   t r i p r o p y l a m i n e   and  t r i i s o -  

bu ty l amine ;   polyamines   such  as  e t h y l e n e d i a m i n e   and  c y c l i c   amines  

such  as  p i p e r i d i n e .  



Chit tum  does  not  d i s c l o s e   the  use  of  a l k a n o l a m i n e s   as  gas 
c o n d i t i o n e r s   for  e l e c t r o s t a t i c   p r e c i p i t a t o r s .   However,  U . S .  
4 , 1 2 3 , 2 3 4   to  Vossos  does  d i s c l o s e   the  use  of  what  he  a l l e g e s   to  be 
a l k a n o l a m i n e   phospha te   e s t e r s   for  t h a t   purpose  and  has  been  p a t e n t e d  
over  C h i t t u m .  

'The  Vossos  p a t e n t   a l l e g e d l y   d e m o n s t r a t e s   the  o p e r a b i l i t y  

of  the  a l k a n o l a m i n e   phospha te   e s t e r s   as  e l e c t r o s t a t i c   p r e c i p i t a t o r  

e f f i c i e n c y   enhancers   through  a  f ly  ash  bulk  e l e c t r i c a l   r e s i s t i v i t y  
t e s t   a c c o r d i n g   to  which  r e s i s t i v i t y   of  a  t r e a t e d   sample  in  a  c o n -  

d u c t i v i t y   cel l   was  de t e rmined   by  app ly ing   an  e l e c t r o d e   to  t h e  

sample,  app ly ing   v o l t a g e s   to  the  cel l   and  measur ing   vo l t age   a c r o s s  

and  c u r r e n t   through  the  f ly   ash.  The  p a t e n t   f a i l s   to  d i s c l o s e   t h a t  

the  a d d i t i v e s   were  ever  t e s t e d   in  an  e l e c t r o s t a t i c   p r e c i p i t a t o r .  

I t   is  doubted  by  the  p r e s e n t   i n v e n t o r s   t h a t   aqueous  s o l u t i o n   chem- 

i s t r y   as  u t i l i z e d   in  Vossos  can  be  u s e d  t o   p r e d i c t   b e h a v i o r   o f  

chemica l s   in  the  gas  system  found  in  e l e c t r o s t a t i c   p r e c i p i t a t o r s .  

I n  f a c t ,   when  t e s t e d   for  e f f i c i e n c y   enhancement   in  an  e l e c t r o s t a t i c  

p r e c i p i t a t o r   system,  i t   was  d i s c o v e r e d   t h a t   these   compounds  demon- 

s t r a t e d   l i t t l e ,   if   any,  e f f i c a c y .   In  the  t e s t s   conduc ted ,   t h e  

a l k a n o l a m i n e   phospha te   e s t e r   a c t u a l l y   dec rea sed   e f f i c i e n c y .  

Upon  f u r t h e r   i n v e s t i g a t i o n   i t   was  u n e x p e c t e d l y   d i s c o v e r e d  

t h a t ,   as  compared  to  the  a l kano l amine   phosphate   e s t e r s   t ou t ed   by 

Vossos,   t e s t e d   f ree   base  u n n e u t r a l i z e d   amino  a l c o h o l s   were  f a r  

s u p e r i o r   as  e l e c t r o s t a t i c   p r e c i p i t a t i o n   e f f i c i e n c y   e n h a n c e r s .   These  

compounds  will   h e r e i n a f t e r   be  r e f e r r e d   to  as  f ree   base  amino  a l -  

c o h o l s ,   and  any  such  r e f e r e n c e   is  i n t ended   to  i nc lude   m ix tu r e s   o f  

such  compounds .  

Free  base  amino  a l c o h o l s   c o n s i s t   of  molecu les   c o n t a i n i n g  

p r imary ,   s econda ry ,   or  t e r t i a r y   amines  which  are  u n n e u t r a l i z e d ,   t h a t  

i s ,   they  are  in  the  bas ic   form  with  an  unbonded  pa i r   of  e l e c t r o n s  

a v a i l a b l e   for  r e a c t i o n .   These  compounds  a lso  have  f ree   h y d r o x y l  

f u n c t i o n a l i t i e s   and  could ,   a c c o r d i n g l y ,   be  s u b j e c t e d   to  t h o s e  .  

r e a c t i o n s   i n v o l v i n g   hydroxyl  g r o u p s .  



Quite  d i s t i n c t i v e l y   from  the  a b o v e - d e s c r i b e d   f ree   b a s e  
amino  a l c o h o l s ,   the  a l k a n o l a m i n e   phosphate   e s t e r s   of  Vossos  are  p r e -  
pared  by  the  r e a c t i o n   of  a lkano lamine   with  phosphor ic   ac id .   As  a 

r e s u l t ,   the  amine  f u n c t i o n a l i t y   is  n e u t r a l i z e d   making  i t   no  l o n g e r  

a v a i l a b l e   to  r e a c t   as  an  amine.  Also,  the  r e a c t i o n   of  a l k a n o l a m i n e  

with  phosphor i c   acid  causes   r e a c t i o n   of  the  a lcohol   f u n c t i o n a l i t y  

.  to  form  the  phospha te   e s t e r s ,   thus ,   reducing   or  e l i m i n a t i n g   t h e  

a lcohol   f u n c t i o n a l i t y   p r e s e n t   in  the  m o l e c u l e s .  

Amino  a l c o h o l s   can  be  c a t e g o r i z e d   as  a l i p h a t i c ,   a r o m a t i c  

and  c y c l o a l i p h a t i c .   I l l u s t r a t i v e   examples  of  a l i p h a t i c   amino 

a l c o h o l s   are  as  f o l l o w s :  

e t h a n o l a m i n e  

d i e t h a n o l a m i n e  

t r i e t h a n o l a m i n e  

p r o p a n o l a m i n e  

d i p r o p a n o l a m i n e  

t r i p r o p a n o l a m i n e  

i s o p r o p a n o l a m i n e  

d i i s o p r o p a n o l a m i n e  

t r i i s o p r o p a n o l a m i n e  

d i e t h y l a m i n o e t h a n o l  

2 - a m i n o - 2 - m e t h y l p r o p a n o l - 1  

1 - d i m e t h y l a m i n o p r o p a n o l - 2  

2 - a m i n o p r o p a n o l - I  

N - m e t h y l e t h a n o l a m i n e  

d i m e t h y l e t h a n o l a m i n e  

N , N - d i i s o p r o p y l e t h a n o l a m i n e  

N - a m i n o e t h y l e t h a n o l a m i n e  

N - m e t h y l d i e t h a n o l a m i n e  



N - e t h y l d i e t h a n o l a m i n e  

N - 2 - h y d r o x y p r o p y l e t h y l e n e d i a m i n e  

N - 2 - h y d r o x y p r o p y l d i e t h y l e n e t r i a m i n e  

a m i n o e t h o x y e t h a n o l  

N - m e t h y l a m i n o e t h o x y e t h a n o l  

N - e t h y l a m i n o e t h o x y e t h a n o l  

1 - a m i n o - 2 - b u t a n o l  

d i - s e c - b u t a n o l a m i n e  

t r i - s e c - b u t a n o l a m i n e  

2 - b u t y l a m i n o e t h a n o l  

d i b u t y l e t h a n o l a m i n e  

1 - a m i n o - 2 - h y d r o x y p r o p a n e  

2 - a m i n o - 1 , 3 - p r o p a n e d i o l  

a m i n o e t h y l e n e   g l y c o l  

d i m e t h y l a m i n o e t h y l e n e   g l y c o l  

m e t h y l a m i n o e t h y l e n e   g l y c o l  

aminopropy lene   g l y c o l  

3 - a m i n o p r o p y l e n e   g l y c o l  

3 - m e t h y l a m i n o p r o p y l e n e   g l y c o l  

3 - d i m e t h y l a m i n o p r o p y l e n e   g l y c o l  

3 - a m i n o - 2 - b u t a n o l  

I l l u s t r a t i v e   examples  of  a romat ic   amino  a l c o h o l s   are  as  

f o l l o w s :  

p - a m i n o p h e n y l e t h a n o l  

o - a m i n o p h e n y l e t h a n o l  

p h e n y l e t h a n c l a m i n e  

p h e n y l e t h y l e t h a n o l a m i n e  



p - a m i n o p h e n o l  

p - m e t h y l a m i n o p h e n o l  

p - d i m e t h y l a m i n o p h e n o l  

o - a m i n o p h e n o l  

p -aminobenzy l   a l c o h o l  

p - d i m e t h y l a m i n o b e n z y l   a l c o h o l  

p - a m i n o e t h y l p h e n o l  

p - d i m e t h y l a m i n o e t h y l p h e n o l  

p - d i m e t h y l a m i n o e t h y l b e n z y l   a l c o h o l  

1 - p h e n y l - 1 , 3 - d i h y d r o x y - 2 - a m i n o p r o p a n e  

1 - p h e n y l - 1 - h y d r o x y - 2 - a m i n o p r o p a n e  

1 - p h e n y l - 1 - h y d r o x y - 2 - m e t h y l a m i n o p r o p a n e  

I l l u s t r a t i v e   examples  of  c y c l o a l i p h a t i c   amino  a l c o h o l s  

are  as  f o l l o w s :  

c y c l o h e x y l a m i n o e t h a n o l  

d i c y c l o h e x y l a m i n o e t h a n o l  

4 , 4 ' - d i ( 2 - h y d r o x y e t h y l a m i n o ) - d i - c y c l o h e x y l m e t h a n e  

2 - a m i n o c y c l o h e x a n o l  

3 - a m i n o c y c l o h e x a n o l  

4 - a m i n o c y c l o h e x a n o l  

2 - m e t h y l a m i n o c y c l o h e x a n o l  

2 - e t h y l a m i n o c y c l o h e x a n o l  

d i m e t h y l a m i n o c y c l o h e x a n o l  

d i e t h y l a m i n o c y c l o h e x a n o l  

a m i n o c y c l o p e n t a n o l  

a m i n o m e t h y l c y c l o h e x a n o l  



Of  course ,   the  a l i p h a t i c   and  c y c l o a l i p h a t i c   amino 

a l c o h o l s   can  be  grouped  t o g e t h e r   under  the  ca t egory   a l k a n o l a m i n e s .  

The  amount  of  f ree   base  amino  a lcohol   r e q u i r e d   for  e f f e c t -  

i v e n e s s   as  an  e l e c t r o s t a t i c   p r e c i p i t a t o r   e f f i c i e n c y   enhancer   (EPEE) 

may  vary  and  w i l l ,   of  cour se ,   depend  on  known  f a c t o r s   such  as  t h e  

na tu re   of  the  p r o b l e m  b e i n g   t r e a t e d .   The  amount  couTd  be  as  low 

as  about  1  p a r t   of  a c t i v e   amino  a lcohol   per  m i l l i o n   pa r t s   of  gas  

being  t r e a t e d   (ppm);  however,  about  5  ppm  is  a  p r e f e r r e d   l o w e r  

l i m i t .   Since  the  systems  t e s t e d   r e q u i r e d   at  l e a s t   about  20  ppm 
a c t i v e   amino  a l c o h o l ,   t h a t   dosage  ra te   r e p r e s e n t s   the  most  p r e f e r r e d  

lower  l i m i t .   I t   is  b e l i e v e d   t h a t   the  upper  l i m i t   could  be  as  h i g h  

as  about  200  ppm,  with  about  100  ppm  r e p r e s e n t i n g   a  p r e f e r r e d   m a x i -  

mum.  Since  i t   is  b e l i e v e d   t h a t   about   75  ppm  a c t i v e   amino  a l c o h o l  

wi l l   be  the  h i g h e s t   dosage  most  commonly  e x p e r i e n c e d   in  ac tua l   p r e -  

c i p i t a t o r   sys tems,   t h a t   r e p r e s e n t s   the  most  p r e f e r r e d   upper  l i m i t .  

While  the  t r e a t m e n t   could  be  fed  neat ,   i t   is  p r e f e r a b l y  

fed  as  an  aqueous  s o l u t i o n .   Any  well  known  f eed ing   system  could  be 

used,   p rov ided   good  d i s t r i b u t i o n   ac ross   the  gas  s t ream  duct  is  e n s u r -  

ed.  For  example,  a  bank  of  a i r - a t o m i z e d   spray  nozzles   ups t ream  o f  

the  p r e c i p i t a t o r   p roper   has  proven  to  be  qu i t e   e f f e c t i v e .  

If   the  gas  t e m p e r a t u r e   in  the  e l e c t r o s t a t i c   p r e c i p i t a t o r  

exceeds  the  decompos i t i on   po in t   of  a  p a r t i c u l a r   amino  a l c o h o l  

being  c o n s i d e r e d ,   a  h igher   homolog  with  a  h igher   decompos i t i on   p o i n t  

should   be  used.  For  example,  in  c e r t a i n   t e s t s   conduc ted ,   d i e t h a n o l -  

amine  was  not  e f f e c t i v e   as  an  EPEE  at  about  620°F,  but  a  h i g h e r  

homolog,  such  as  t r i e t h a n o l a m i n e ,   should  be  s u i t a b l e   at  such  t e m p e r -  

a t u r e .  



EXAMPLES 

A  s e r i e s   of  t e s t s   were  conducted   to  de te rmine   the  e f f i c a c y  

of  va r ious   amino  a l c o h o l s   using  a  p i l o t   e l e c t r o s t a t i c   p r e c i p i t a t o r  

system  comprised   of  four   s e c t i o n s :   (1)  a  h e a t e r   s e c t i o n ,   (2)  a  p a r -  

t i c u l a t e   f eed ing   s e c t i o n ,   (3)  a  p r e c i p i t a t o r   proper   and  (4)  an 

exhaus t   s e c t i o n .  

The  h e a t e r   s e c t i o n   c o n s i s t s   of  an  e l e c t r i c   h e a t e r   i n  

s e r i e s   with  an  a i r - a s p i r a t e d   oil  burner .   I t   is  f i t t e d   with  s e v e r a l  

i n j e c t i o n   por t s   p e r m i t t i n g   the  a d d i t i o n   of  a  chemical  and/or   t h e  

f o r m u l a t i o n   of  s y n t h e t i c   f lue   gas.  Con ta ined   wi th in   the  h e a t e r  

s e c t i o n   is  a  damper  used  to  con t ro l   the  amount  of  a i r   flow  into  t h e  

s y s t e m .  

Fo l lowing   the  h e a t e r   s e c t i o n   is  the  p a r t i c u l a t e   f e e d i n g  

s e c t i o n   which  c o n s i s t s   of  a  10  foot   length   of  i n s u l a t e d   duct  work 

l e a d i n g   in to   the  p r e c i p i t a t o r   p rope r .   Fly  ash  is  added  to  t h e  

a i r   s t ream  and  e n t e r s   the  f lue   gas  s tream  a f t e r  p a s s i n g   t h r o u g h  

a  ven tu r i   t h r o a t .   The  fly  ash  used  was  o b t a i n e d   from  i n d u s t r i a l  

s o u r c e s .  

The  p r e c i p i t a t o r   p roper   c o n s i s t s   of  two  d u c t - t y p e   p r e -  

c i p i t a t o r s ,   r e f e r r e d   to  as  i n l e t   and  o u t l e t   f i e l d s ,   p laced   i n  

s e r i e s .   P a r t i c u l a t e   c o l l e c t e d   by  the  un i t   is  d e p o s i t e d   in  h o p p e r s  

l o c a t e d   d i r e c t l y   below  the  p r e c i p i t a t o r   f i e l d s   and  is  p r o t e c t e d  

from  r e e n t r a i n m e n t   by  s u i t a b l y   l o c a t e d   b a f f l e s .  



The  exhaus t   s e c t i o n   c o n t a i n s   a  v a r i a b l e   speed,   i n d u c e d -  

d r a f t   fan  which  p r o v i d e s   the  a i r   flow  through  the  p r e c i p i t a t o r .  

Sampling  por t s   are  l o c a t e d   in  the  duct-work  to  allow  e f f i c i e n c y  
d e t e r m i n a t i o n s   to  be  made  by  s t a n d a r d   s tack  sampl ing  m e t h o d s .  

Opt ica l   d e n s i t y ,   0 . 0 . ,   is  a  measure  of  the  amount  of  l i g h t  

a b s o r b e d  o v e r  a   s p e c i f i c   d i s t a n c e .   Op t i ca l   d e n s i t y  i s   p r o p o r t i o n a l  

to  p a r t i c u l a t e   c o n c e n t r a t i o n ,   C,  and  o p t i c a l   path  l e n g t h ,   L,  a c c o r d -  

ing  t o :  

where  K  is  a  c o n s t a n t   and  is  a  f u n c t i o n   of  the  p a r t i c l e   s ize   d i s t r i -  

bu t ion   and  o the r   phys i ca l   p r o p e r t i e s   of  the  p a r t i c l e .  

Since  o p t i c a l   d e n s i t y   is  d i r e c t l y   p r o p o r t i o n a l   to  p a r t i c u -  

l a t e   c o n c e n t r a t i o n   i t   may  be  used  to  moni tor   e m i s s i o n s .   A c c o r d i n g -  

ly,   an  o p t i c a l   d e n s i t y   moni tor   l o c a t e d   in  an  e x i t   duct  of  an  e l e c -  

t r o s t a t i c   p r e c i p i t a t o r   would  moni tor   p a r t i c u l a t e   e m i s s i o n s   with  and  

w i t h o u t   the  a d d i t i o n   of  chemical  t r e a t m e n t s   to  the  gases .   T r e a t -  

ments  which  i n c r e a s e   the  e f f i c i e n c y   of  a  un i t   would  r e s u l t   i n  

d e c r e a s e d   dust  l oad ings   in  the  e x i t   gas.  This  would  be  r e f l e c t e d  

by  a  dec rea se   in  0 .0 .   To  ensure   r e p r o d u c i b i l i t y   of  r e s u l t s ,  

p a r t i c u l a t e   s ize   d i s t r i b u t i o n   and  o t h e r   p a r t i c u l a t e   p r o p e r t i e s ,   such 

as  d e n s i t y   and  r e f r a c t i v e   index,   should  not  change  s i g n i f i c a n t l y  

with  t i m e .  



A c c o r d i n g l y ,   in  the  t e s t s   conduc ted ,   a  Lear  S i e g l e r   RM-41 

o p t i c a l   d e n s i t y   moni tor   l o c a t e d   in  the  ex i t   duct-work  was  used  t o  

e v a l u a t e   p r e c i p i t a t o r   c o l l e c t i o n   p e r f o r m a n c e .  

The  use  of  the  p i l o t   e l e c t r o s t a t i c   p r e c i p i t a t o r   and  

o p t i c a l   dens i t y   moni tor   for  e v a l u a t i n g   the  e f f i c a c y   of  a  c h e m i c a l  

t r e a t m e n t   as  an  EPEE  is  i l l u s t r a t e d   below  in  Example  1 .  

Example  1 

Fly  ash  produced  as  the  combust ion  b y - p r o d u c t   of  an 

a p p r o x i m a t e l y   1%  s u l f u r   coal  was  found  to  have  a  r e s i s t i v i t y   o f  

1011  ohm-cm  at  300°F.  U t i l i z i n g   t h i s   ash  type  and  a  f lue   gas 
s i m i l a r   to  t ha t   of  an  i n d u s t r i a l   u t i l i t y   p l a n t ,   p i l o t   e l e c t r o s t a t i c  

p r e c i p i t a t o r   s t u d i e s   were  performed  to  de te rmine   whether   or  not  a 

gas  c o n d i t i o n i n g   agent  could  enhance  the  c o l l e c t i o n   e f f i c i e n c y .  

The  r e s u l t s   of  the  t r i a l   are  p r e s e n t e d   in  Table  1 .  



Example  2 

The  amino  a l c o h o l s   were  t e s t e d   for  EPEE  a c t i v i t y   u s i n g  

s eve ra l   d i f f e r e n t   i n d u s t r i a l   fly  ashes .   The  va r ious   fly  ashes  w e r e  

c h a r a c t e r i z e d   by  known  s t a n d a r d   s l u r r y   a n a l y s i s ,   and  x-ray  f l u o r -  

escence   and  o p t i c a l   emiss ion   s p e c t r a   with  the  f o l l o w i n g   r e s u l t s   as  

r e p o r t e d   in  Table  2 .  





The  r e s u l t s   of  the  t e s t s   e v a l u a t i n g   the  e f f i c a c y   o f  

va r ious   amino  a l c o h o l s   are  r e p o r t e d   below  in  Table  3  in  t e r n s   o f  

%  dec rease   in  o p t i c a l   d e n s i t y   (%  d . O . D . ) .   The  va r ious   f ly  ash  d e -  

s i g n a t i o n s   are  taken  from  Table  2.  The  column  headed  "Fly  Ash 

Content"   is  the  amount  of  fly  ash  in  the  gas  in  g ra ins   per  a c t u a l  

cubic   foot   (gr /ACF).   Gas  flow  r a t e s   in  the  p i l o t   p r e c i p i t a t o r  

are  r e p o r t e d   as  ac tua l   cubic  f ee t   per  minute  at  310°F,  and  the  S02 
and  S03  r e p o r t e d   are  the  r e s p e c t i v e   amounts  c o n t a i n e d   in  the  gas  i n  

terms  of  pa r t s   per  m i l l i o n   p a r t s   of  gas.  The  H20  is  a p p r o x i m a t e  

volume %  in  the  gas.  The  chemical  feed  r a t e s   are  p a r t s   of  a c t i v e  

t r e a t m e n t   per  m i l l i o n   p a r t s   of  g a s .  





As  can  be  seen  from  Table  3,  the  amino  a l c o h o l s   were  e f -  

f e c t i v e   as  e l e c t r o s t a t i c   p r e c i p i t a t o r   e f f i c i e n c y   e n h a n c e r s .   W h i l e  

the  compounds  t e s t e d   were  a l k a n o l a m i n e s ,   i t   is  b e l i e v e d   t h a t   amino 

a l c o h o l s   as  a  c l a s s   would  be  e f f e c t i v e   for  the  purpose .   Also,  w h i l e  

the  t e s t   gas  c o n t a i n e d   fly  ash  and  SO2,  which  are  c o n d i t i o n s  

t y p i c a l l y   found  in  c o a l - f i r e d   b o i l e r s ,   i t   is  b e l i e v e d   t h a t   t h e  

EPEE's  acco rd ing   to  the  p r e s e n t   i n v e n t i o n   would  be  e f f e c t i v e   i n  

o the r   gas  systems  where  p a r t i c u l a t e   ma t t e r   is  to  be  removed  by  an 

e l e c t r o s t a t i c   p r e c i p i t a t o r .  

As  a  r e s u l t   of  these   t e s t s ,   d i e t h a n o l a m i n e ,   being  the  m o s t  

a c t i v e   compound,  is  c o n s i d e r e d   to  be  the  most  p r e f e r r e d   a d d i t i v e .  

Example  3 

To  p rov ide   a  comparison  with  a  phospha te   e s t e r   a c c o r d i n g  

to  the  above -no ted   Vossos  P a t e n t ,   d i e t h a n o l a m i n e   was  t e s t e d   for  EPEE 

e f f i c a c y   as  was  d i e t h a n o l a m i n e   phosphate   e s t e r   made  a c c o r d i n g   to  t h e  

p a t e n t .  

In  p r e p a r i n g   the  a l l e g e d   e s t e r ,   0.435  mole  of  p h o s p h o r i c  

acid  was  r e a c t e d   with  0.435  mole  of  d i e t h a n o l a m i n e   to  y i e l d   an 

equ imola r   m ix tu re .   Af te r   a l lowing   a p p r o x i m a t e l y   1.35  hours  o f  

r e a c t i o n   t ime,  the  m a t e r i a l   was  t e s t e d .  

The  r e s u l t s   of  these   t e s t s   are  r e p o r t e d   below  in  Table  4 

in  terms  of  r e d u c t i o n   in  0.0.   (%  d.O.D).   The  fly  ash  used  was  fly  a sh  

IV  from  Table  2 .  





As  can  be  seen  from  Table  4,  the  d i e t h a n o l a m i n e   was  f a r  

s u p e r i o r   to  the  d i e t h a n o l a m i n e   phosphate   e s t e r   as  an  EPEE.  The  n e g -  
a t ive  %  d.O.D.  value  for  the  phosphate   e s t e r   run  meant  t h a t   t h e  

p a r t i c l e   c o l l e c t i o n   e f f i c i e n c y   of  the  p i l o t   p r e c i p i t a t o r   was  a c t u a l -  

ly  dec reased   by  t h i s   compound. 

P r e l i m i n a r y   r e s u l t s   of  f i e l d   t r i a l s   p r e s e n t l y   being  c o n -  
ducted  at  a  u t i l i t y   p l an t   confirm  the  a b o v e - r e p o r t e d   EPEE  e f f i c a c y  

s t u d i e s .  

I n d u s t r i a l   b o i l e r   systems  commonly  i n c l u d e   the  b o i l e r  

proper   and  heat   exchanger   means  to  r e c e i v e   hot  combust ion  gas  f rom 

the  b o i l e r .   The  heat   exchanger   can  be  e i t h e r   an  economizer ,   which  

uses  the  combust ion  gas  to  heat   b o i l e r   f e e d w a t e r ,   or  an  a i r   p r e h e a t -  

er,   used  to  heat   a i r   fed  to  the  b o i l e r .   In  e i t h e r   case ,   the  h e a t  

exchanger   ac ts   to  cool  the  combust ion  g a s .  

The  most  widely  used  b o i l e r   fue l s   are  oil  or  coa l ,   both  o f  

which  c o n t a i n   s u l f u r .   A c c o r d i n g l y ,   the  combust ion  gas  can  c o n t a i n  

s u l f u r   t r i o x i d e   which  r e a c t s   with  mo i s tu re   in  the  combust ion  gas  t o  

produce  the  very  c o r r o s i v e   s u l f u r i c   ac id .   Since  the  c o r r o s i v e  

e f f e c t s   a r e ,  i ndeed ,   qu i t e   ev iden t   on  metal  s u r f a c e s   in  the  h e a t  

exchanger   equipment ,   co ld -end   a d d i t i v e   t r e a t m e n t s   are  i n j e c t e d   i n t o  

the  combustion  gas  u p s t r e a m  o f   the  economizer   or  a i r   p r e h e a t e r   t o  

reduce  c o r r o s i o n .  



If  a  b o i l e r   is  c o a l - f i r e d ,   e l e c t r o s t a t i c   p r e c i p i t a t o r  

equipment   is  sometimes  p rov ided   downstream  of  the  heat   exchanger   t o  

remove  fly  ash  and  o the r   p a r t i c l e s   from  the  combust ion  gas.  To  im- 

prove  the  e f f i c i e n c y   of  p a r t i c l e   c o l l e c t i o n ,   e l e c t r o s t a t i c   p r e c i p i -  

t a t i o n   e f f i c i e n c y   enhancers   are  t y p i c a l l y   added  to  the  c o m b u s t i o n  

gas  at  a  l o c a t i o n   between  the  heat   exchanger   means  and  t h e  p r e c i p i -  

t a t o r ,   t h a t   is ,   downstream  of  the  heat  exchanger   means.  

Based  on  economic  and/or   e f f i c a c y   c o n s i d e r a t i o n s ,   i t   may 

be  d e s i r a b l e   to  blend  v a r i o u s  a m m o   a l c o h o l s   for  o p t i m i z a t i o n   p u r -  

p o s e s .  

I t   is  u n d e r s t o o d   t ha t   the  amino  a lcohol   can  be  fed  d i r e c t -  

ly  or  formed  in  the  gas  s t ream,   e . g . ,   a  decompos i t ion   p r o d u c t .  

Having  thus  d e s c r i b e d   the  i n v e n t i o n ,   what  is  c la imed  i s :  



1.  A  m e t h o d   f o r   r e m o v i n g   p a r t i c l e s   f r o m   a  

p a r t i c l e - l a d e n   gas   s t r e a m   u s i n g   an  e l e c t r o s t a t i c   p r e -  

c i p i t a t o r ,   c h a r a c t e r i s e d   by  a d d i n g   t o   s a i d   gas   s t r e a m  

an  e f f e c t i v e   a m o u n t   f o r   e n h a n c i n g   t h e   e f f i c i e n c y   o f  

s a i d   p r e c i p i t a t o r   of  e f f e c t i v e   f r e e   b a s e   a m i n o   a l c o h o l  

a d d i t i v e .  

2.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r i s e d  

i n   t h a t  s a i d   a d d i t i v e   i s   a d d e d   as  an  a q u e o u s   s o l u t i o n .  

3.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   1  or   2,  c h a r a c t -  

e r i s e d   i n   t h a t   s a i d   a d d i t i v e   i s   f r e e   b a s e   a l k a n o l a m i n e .  

4.   A  m e t h o d   as  c l a i m e d   i n   c l a i m   3,  c h a r a c t e r i s e d  

i n   t h a t   s a i d   a d d i t i v e   i s   w a t e r - s o l u b l e ,   a l i p h a t i c   a l k a n -  

o l a m i n e .  

5.  A  m e t h o d   as  c l a i m e d   i n   any   one  of   t h e   p r e c e d -  

i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   a d d i t i v e   i s   a t  

l e a s t   one  m e m b e r   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

m o n o e t h a n o l a m i n e ,   d i e t h a n o l a m i n e ,   t r i e t h a n o l a m i n e ,  

m e t h y l e t h a n o l a m i n e ,   N - a m i n o e t b y l e t h a n o l a m i n e ,   and   N , N  

d i e t h y l e t h a n o l a m i n e .  

6.   A  m e t h o d   as  c l a i m e d   i n   c l a i m   5,  c h a r a c t e r i s e d  

i n   t h a t   s a i d   a d d i t i v e   i s   d i e t h a n o l a m i n e .  

7.  A  m e t h o d   as  c l a i m e d   i n   any   one  of   t h e   p r e c e d -  

i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   a d d i t i v e   i s   a d d e d  

i n   an  a m o u n t   of  f r o m   a b o u t   1  to   a b o u t   200  p a r t s   o f  

a c t i v e   a d d i t i v e   p e r   m i l l i o n   p a r t s   of  g a s .  

8.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   7,  c h a r a c t e r i s e d  

i n   t h a t   s a i d   a d d i t i v e   i s   a d d e d   i n   an  a m o u n t   of   f r o m  

a b o u t   5  t o   a b o u t   100  p a r t s   of   a c t i v e   a d d i t i v e   p e r  
m i l l i o n   p a r t s   of  g a s .  

9.   A  m e t h o d   as  c l a i m e d   i n   any   one  of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   a d d i t i v e  

i s   s p r a y e d   i n t o   s a i d   gas   s t r e a m .  

10 .   A  m e t h o d   as  c l a i m e d   i n   any  one  of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   gas   s t r e a m  



i s   t h e   c o m b u s t i o n   gas   of  a  b o i l e r   s y s t e m   f i r e d   b y  

s u l f u r - c o n t a i n i n g   c o a l .  

1 1 .   A  m e t h o d   as  c l a i m e d   i n   any  one  of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   gas   s t r e a m  

c o n t a i n s   f l y   a s h .  

.  12 .   A  m e t h o d   as  c l a i m e d   i n   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   g a s  
s t r e a m   c o n t a i n s   s u l f u r   d i o x i d e .  

13 .   A  m e t h o d   as  c l a i m e d   i n   any   one  of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   by  u s e   of  a  p r e c i p i t a t -  

o r   s y s t e m   c o m p r i s i n g   h e a t   e x c h a n g e r   m e a n s   f o r   c o o l i n g  

s a i d   gas   s t r e a m   and   e l e c t r o s t a t i c   p r e c i p i t a t o r   m e a n s  

c o n n e c t e d   t o   s a i d   h e a t   e x c h a n g e r   m e a n s   f o r   r e c e i v i n g  

s a i d   c o o l e d   gas   s t r e a m ,   and   c h a r a c t e r i s e d   i n   t h a t   s a i d  

a m i n o   a l c o h o l   i s   a d d e d   t o   s a i d   gas   s t r e a m   a t   a  l o c a t i o n  

b e t w e e n   s a i d   h e a t   e x c h a n g e r   m e a n s   and   s a i d   e l e c t r o -  

s t a t i c   p r e c i p i t a t o r .  
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