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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention  5 

This  invention  relates  to  a  method  for  recovering 
ammonia  from  an  ammonia  recovery  unit  which 
removes  by  adsorption  ammonia  escaping  from  an 
ammonia  reduction  denitrator  in  a  system  in  which  an  n 
exhaust  gas  containing  nitrogen  oxides  is  denitrated  in 
the  ammonia  reduction  denitrator. 

2.  Description  of  the  Related  Art 
H 

Fig.  8  is  a  schematic  illustration  of  the  flue  and  air 
duct  of  a  boiler  system  serving  as  an  example  of  the 
conventional  system.  In  Fig.  8,  reference  numeral  1 
designates  a  forced  draft  fan;  2  an  air  preheater;  3  a 
boiler;  4  a  dry  denitrator;  5  a  leak  ammonia  recovery  2t 
unit;  6  a  smoke  stack;  7  an  ammonia  injection  line;  8  a 
regenerated  ammonia  injection  line;  and  9  a  flue.  Nitro- 
gen  oxides  produced  in  the  boiler  3  are  introduced  into 
the  dry  denitrator  4  where  they  undergo  a  denitration 
reaction  with  ammonia  fed  to  flue  9  through  the  ammo-  21 
nia  injection  line  7.  A  portion  of  the  fed  ammonia  which 
remains  unreacted  in  the  dry  denitrator  (so-called  "leak 
ammonia")  is  recovered  by  the  leak  ammonia  recovery 
unit  5,  regenerated,  and  fed  again  to  the  flue  9  through 
the  regenerated  ammonia  injection  line  8  as  ammonia  3< 
useful  for  the  denitration  reaction  in  the  dry  denitrator  4. 

Although  the  boiler  system  having  the  dry  denitrator 
4  is  illustrated  in  Fig.  8  as  an  example  of  the  conven- 
tional  art,  the  present  invention  is  not  necessarily  limited 
to  the  use  of  an  ammonia  reduction  dry  denitrator  4,  so  3! 
long  as  the  system  is  such  that  leak  ammonia  is  present 
in  the  flue  9.  One  example  is  the  so-called  non-catalytic 
denitration  system  in  which  denitration  is  carried  out  by 
introducing  ammonia  into  the  hot  gas  from  a  boiler  3  to 
react  the  nitrogen  oxides  in  the  hot  gas  directly  with  the  4t 
ammonia,  instead  of  installing  the  ammonia  reduction 
dry  denitrator  4. 

As  another  example  of  the  conventional  art,  a  sche- 
matic  illustration  of  a  boiler  exhaust  system  constructed 
by  adding  an  induced  draft  fan  to  that  of  Fig.  8  is  shown  4t 
in  Fig.  9.  In  Fig.  9,  the  same  components  as  those  illus- 
trated  in  Fig.  8  are  designated  by  the  same  reference 
numerals  and  no  explanation  thereof  is  given. 

It  is  a  characteristic  of  the  leak  ammonia  recovery 
unit  5  which  recovers  leak  ammonia  on  the  downstream  5< 
side  of  denitrator  4  that  ammonia  is  adsorbed  in  the  unit 
at  low  temperatures,  for  example,  of  about  100°C  or 
below,  and  the  adsorbed  ammonia  is  desorbed  from  the 
unit  at  high  temperatures,  for  example,  of  300  to  400°C. 
Accordingly,  when  the  boiler  systems  illustrated  in  Figs.  5; 
8  and  9  are  taken  as  examples,  a  means  for  heating  the 
leak  ammonia  recovery  unit  5  to  an  appropriate  temper- 
ature  is  indispensably  required  so  that  the  ammonia 

adsorbed  in  the  leak  ammonia  recovery  unit  5  at  low 
temperatures  can  be  desorbed  therefrom  and  taken  out 
as  regenerated  ammonia.  Moreover,  a  cooling  means  is 
also  required  so  that,  after  the  ammonia  has  been 
removed  by  heating,  the  heated  leak  ammonia  recovery 
unit  5  can  be  restored  to  the  low-temperature  condition 
which  permits  the  adsorption  and  recovery  of  leak 
ammonia.  At  the  same  time,  a  means  for  recovering  the 
heat  retained  by  the  heated  leak  ammonia  recovery  unit 
5  without  releasing  it  wastefully  from  the  system  is  also 
required. 

A  similar  method  for  recovering  ammonia  adsorb- 
ent  is  known  from  EP-A-0  590  744.  It  comprises  the  fea- 
tures  of  the  pre-characterizing  clause  of  claim  1.  In 
order  to  recover  ammonia  from  ammonia  absorbing 
units,  NOx-containing  exhaust  gas  at  high  temperatures 
(300  to  600°C)  discharged  from  the  source  of  nitrogen 
oxide-containing  gas  is  introduced  into  the  ammonia 
absorbing  units.  In  this  case,  the  temperature  of  an 
ammonia  absorbent  in  the  ammonia  absorbing  units 
becomes  high  and  does  not  fall  readily.  Thus,  it  takes  a 
considerable  time  before  the  ammonia  absorbent  can 
absorb  ammonia  again.  This  method  is  appropriate  only 
when  the  desorption  of  ammonia  needs  to  be  consid- 
ered  without  worrying  about  transient  increase  of 
ammonia  released  into  the  environment. 

SUMMARY  OF  THE  INVENTION 

In  view  of  the  above-mentioned  shortcomings  of  the 
prior  art  methods,  it  is  a  problem  underlying  the  inven- 
tion  to  improve  the  known  method  to  the  effect  that  any 
increase  of  ammonia  release  into  the  environment  is 
avoided. 

A  method  for  the  recovery  of  ammonia  escaping 
from  a  dry  exhaust  denitrator  which  solves  this  problem 
is  defined  in  appended  claim  1  .  Advantageous  further 
developments  are  summarized  in  dependent  claims  2  to 
5. 

The  invention  achieves  the  continuous  removal  of 
NOx  and  ammonia  without  transient  release  of  ammo- 
nia  into  the  atmosphere.  The  cooling  gas  line  of  the 
present  invention  proved  to  be  important  in  achieving 
this  goal.  The  power  consumption  of  the  forced  draft  fan 
can  be  reduced  as  compared  with  the  conventional 
method  for  cooling  the  ammonia  recovery  units. 

Thus,  according  to  the  first  aspect  of  the  present 
invention,  a  part  or  all  of  the  hot  exhaust  gas  discharged 
from  a  boiler  or  nitrogen  oxide-containing  gas  source  is 
introduced  into  the  leak  ammonia  recovery  unit  which 
has  adsorbed  ammonia  so  as  to  desorb  the  adsorbed 
ammonia  therefrom.  Thereafter,  the  heated  leak  ammo- 
nia  recovery  unit  is  cooled  by  introducing  thereinto  cool 
exhaust  gas  discharged  from  the  boiler  or  the  source  of 
nitrogen  oxide-containing  gas,  or  cool  air,  so  that  the 
leak  ammonia  recovery  unit  is  restored  to  the  condition 
which  permits  the  adsorption  and  removal  of  leak 
ammonia.  In  the  same  manner  as  with  the  ammonia 
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injection  line  inherently  included  in  the  system,  the 
ammonia  desorbed  by  the  hot  exhaust  gas  and  the 
ammonia-containing  exhaust  gas  or  air  obtained  when 
the  heated  leak  ammonia  recovery  unit  is  cooled  with 
cool  exhaust  gas  or  cool  air  as  described  above  are  fed  5 
to  the  upstream  side  of  the  ammonia  reduction  denitra- 
tor  in  order  to  utilize  the  recovered  ammonia. 

In  preferred  embodiments,  when  the  ammonia 
adsorbed  in  the  leak  ammonia  recovery  unit  is  to  be 
desorbed  therefrom,  the  hot  exhaust  gas  discharged  10 
from  the  boiler  or  the  source  of  nitrogen  oxide-contain- 
ing  gas  may  be  adjusted  to  a  temperature  appropriate 
for  ammonia  desorption  by  mixing  the  hot  exhaust  gas 
with  cool  exhaust  gas  discharged  from  the  boiler  or  the 
source  of  nitrogen  oxide-containing  gas,  or  with  cool  air  15 
such  as  ambient  air.  Alternatively,  a  part  or  all  of  the  hot 
exhaust  gas  discharged  from  the  boiler  or  the  nitrogen 
oxide-containing  gas  source  may  be  heated  by  means 
of  a  heat  source,  such  as  electric  heater,  heat 
exchanger  or  burner,  before  it  is  introduced  into  the  leak  20 
ammonia  recovery  unit  in  which  leak  ammonia  has 
been  adsorbed. 

By  introducing  a  part  or  all  of  the  hot  exhaust  gas 
discharged  from  the  boiler  or  the  source  of  nitrogen 
oxide-containing  gas  into  the  leak  ammonia  recovery  25 
unit  in  which  ammonia  has  been  adsorbed,  the  leak 
ammonia  recovery  unit  becomes  heated  and  the  ammo- 
nia  is  desorbed  therefrom.  After  desorption  of  the 
ammonia,  the  heated  leak  ammonia  recovery  unit  is 
cooled  by  introducing  thereinto  cool  air  or  cool  exhaust  30 
gas  discharged  from  the  boiler  or  the  source  of  nitrogen 
oxide-containing  gas.  Then,  the  exhaust  gas  or  air  used 
to  cool  the  heated  leak  ammonia  recovery  unit  is  heated 
by  the  heated  leak  ammonia  recovery  unit.  This  exhaust 
gas  or  air  is  fed  to  the  inlet  of  the  ammonia  reduction  35 
denitrator  through  the  same  line  as  the  regenerated 
ammonia  injection  line  for  feeding  the  gas  which  con- 
tains  ammonia  desorbed  by  the  hot  exhaust  gas  or 
through  a  line  independent  of  the  regenerated  ammonia 
injection  line.  Thus,  the  ammonia  recovered  in  the  leak  40 
ammonia  recovery  unit  can  be  utilized  effectively,  and 
the  system  can  be  simplified. 

This  exhaust  gas  or  air  is  conducted  to  the  inlet  of 
the  denitrator  either  through  the  regenerated  ammonia 
injection  line  or  through  a  line  independent  of  the  regen-  45 
erated  ammonia  injection  line.  In  either  case,  if  a  heat 
exchanger,  such  as  an  air  preheater,  is  installed  on  the 
downstream  side  of  the  denitrator  for  the  purpose  of 
recovering  heat  from  the  exhaust  gas  discharged  from 
the  boiler  or  the  source  of  nitrogen  oxide-containing  so 
gas,  it  is  possible  to  recover  heat  from  the  exhaust  gas 
or  air  used  to  cool  the  leak  ammonia  recovery  unit  and 
heated  thereby.  Thus,  an  improvement  in  efficiency  can 
be  achieved  as  compared  with  the  case  in  which  the 
exhaust  gas  or  air  used  to  cool  the  leak  ammonia  recov-  55 
ery  unit  is  discharged  directly  from  the  boiler  or  nitrogen 
oxide-containing  gas  source. 

In  one  preferred  embodiment  of  the  first  aspect  of 

the  present  invention,  the  hot  exhaust  gas  discharged 
from  the  boiler  or  source  of  nitrogen  oxide-containing 
gas  is  mixed  with  cool  air,  such  as  ambient  air,  or  cool 
exhaust  gas  discharged  from  the  boiler  or  source  of 
nitrogen  oxide-containing  gas,  so  that  the  ammonia 
desorption  gas  introduced  into  the  leak  ammonia  recov- 
ery  unit  can  be  adjusted  to  an  appropriate  temperature. 

By  mixing  the  hot  exhaust  gas  discharged  from  the 
boiler  or  source  of  nitrogen  oxide-containing  gas  with 
cool  air,  such  as  ambient  air,  or  with  cool  exhaust  gas 
discharged  from  the  boiler  or  source  of  nitrogen  oxide- 
containing  gas,  the  hot  exhaust  gas  used  to  desorb 
ammonia  from  the  leak  ammonia  recovery  unit  can  be 
adjusted  to  an  appropriate  temperature.  This  enables 
efficient  desorption  of  ammonia. 

On  the  basis  of  the  characteristics  the  boiler  or  the 
source  of  nitrogen  oxide-containing  gas,  the  tempera- 
ture  of  the  hot  exhaust  gas  discharged  therefrom  may 
not  be  sufficiently  high  for  the  desorption  of  ammonia 
from  the  leak  ammonia  recovery  unit  when,  for  example, 
the  boiler  or  the  source  of  nitrogen  oxide-containing  gas 
is  operated  under  partially  loaded  conditions.  It  is 
another  preferred  embodiment  of  the  first  aspect  of  the 
present  invention  that,  in  such  a  case,  the  hot  exhaust 
gas  can  be  heated  to  a  temperature  appropriate  for  the 
desorption  of  ammonia  by  means  of  a  heat  source,  such 
as  electric  heater,  heat  exchanger  or  burner,  which  is 
installed  in  the  hot  exhaust  gas  line  between  the  boiler 
or  the  nitrogen  oxide-containing  gas  source  and  the 
leak  ammonia  recovery  unit. 

By  heating  the  hot  exhaust  gas  discharged  from  the 
boiler  or  nitrogen  oxide-containing  gas  source  by  means 
of  a  heat  source,  such  as  electric  heater,  heat 
exchanger  or  burner,  the  hot  exhaust  gas  used  to  heat 
the  leak  ammonia  recovery  unit  and  desorb  ammonia 
therefrom  can  be  adjusted  to  an  appropriate  tempera- 
ture.  This  also  enables  efficient  desorption  of  ammonia. 

According  to  the  method  of  the  first  aspect  of  the 
present  invention  described  above,  the  ammonia 
accompanied  by  the  hot  and  cool  gases  used  for 
respectively  heating  and  cooling  the  leak  ammonia 
recovery  units  is  conducted  to  the  ammonia  reduction 
denitrator  from  its  upstream  side,  so  that  the  ammonia 
desorbed  from  the  leak  ammonia  recovery  units  is  used 
for  the  denitration  reaction  of  combustion  exhaust  gas 
from  a  boiler  or  other  types  of  gas  from  a  source  of  nitro- 
gen  oxide-containing  gas.  However,  depending  on  par- 
ticular  systems  to  which  the  method  of  the  first  aspect  of 
the  present  invention,  the  amount  of  gas  which  enters 
the  air  preheater  or  heat  exchanger  for  heating  the  com- 
bustion  air  before  it  is  brought  into  the  boiler  increases 
and  the  efficiency  of  the  heat  exchange  may  be 
degraded  because  the  gas  from  the  leak  ammonia 
recovery  unit  is  added  to  the  gas  flowing  into  the  ammo- 
nia  reduction  denitrator  and  subsequently  into  the  air 
preheater.  This  may  cause  undesirable  losses  of  heat 
from  the  system  and/or  increases  in  equipment  cost  for 
preventing  or  reducing  such  losses. 
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The  second  aspect  of  the  present  invention  pro- 
vides  an  improvement  over  the  first  aspect.  That  is,  the 
second  aspect  of  the  present  invention  provides,  in  a 
system  comprising  a  source  of  nitrogen  oxide-contain- 
ing  gas,  an  ammonia  reduction  denitrator,  and  a  leak  5 
ammonia  recovery  unit  which  recovers  leak  ammonia 
escaping  from  the  ammonia  reduction  denitrator,  a 
method  for  removing  adsorbed  ammonia  from  said  leak 
ammonia  recovery  unit,  comprising  the  steps  of  heating 
said  leak  ammonia  recovery  unit  so  as  to  desorb  ammo-  w 
nia  adsorbed  in  said  unit,  subsequently  cooling  said 
leak  ammonia  recovery  unit  with  a  cooling  gas  selected 
from  the  group  consisting  of  cool  air  and  cool  gas,  and 
feeding  the  used  cooling  gas  to  said  source  of  nitrogen 
oxide-containing  gas.  75 

In  the  second  aspect  of  the  present  invention,  the 
cooling  gas  used  to  cool  the  ammonia  recovery  unit  can 
be  cool  air  or  cool  exhaust  gas  collected  from  the  flue 
between  the  ammonia  recovery  unit  and  the  stack.  After 
being  used  to  cool  the  ammonia  recovery  unit,  the  cool-  20 
ing  gas  may  be  fed  to  the  nitrogen  oxide-containing  gas 
source,  alone  or  in  admixture  with  preheated  air.  Alter- 
natively,  where  the  nitrogen  oxide-containing  gas 
source  is  a  boiler,  the  cooling  gas  may  be  fed  to  the 
recirculating  gas  line  of  the  boiler.  25 

According  to  the  second  aspect  of  the  present 
invention,  the  cooling  gas  used  to  cool  the  ammonia 
recovery  unit  from  which  ammonia  has  been  desorbed 
is  utilized  as  combustion  gas  for  the  nitrogen  oxide-con- 
taining  gas  source,  instead  of  being  discharged  from  the  30 
system  through  the  regenerated  ammonia  injection  line. 
Thus,  the  flow  rate  of  the  gas  passing  through  the  air 
preheater  can  be  made  equal  to  the  flow  rate  of  the  air 
passing  through  the  same  observed  when  no  ammonia 
recovery  unit  is  installed.  Moreover,  the  temperature  35 
level  of  the  exhaust  gas  at  the  outlet  of  the  air  preheater 
can  be  made  equal  to  that  observed  in  the  case  where 
no  ammonia  recovery  unit  is  installed.  Consequently, 
the  exhaust  gas  heat  loss  of  the  boiler  or  nitrogen  oxide- 
containing  gas  source  can  be  reduced  as  compared  40 
with  the  conventional  method  for  cooling  the  ammonia 
recovery  unit.  Furthermore,  since  the  air  used  to  cool 
the  ammonia  recovery  unit  is  utilized  as  combustion  air, 
the  amount  of  air  supplied  by  means  of  a  forced  draft  fan 
can  be  decreased  correspondingly.  Thus,  the  power  45 
consumption  of  the  forced  draft  fan  can  be  reduced  as 
compared  with  the  conventional  method  for  cooling  the 
ammonia  recovery  unit. 

When  the  ammonia  recovery  unit  from  which 
ammonia  has  been  desorbed  is  cooled  with  cool  so 
exhaust  gas  obtained  from  the  boiler  or  nitrogen  oxide- 
containing  gas  source,  the  used  exhaust  gas  is  fed  as 
recirculating  gas  for  the  boiler  or  mixed  with  combustion 
air  for  the  boiler.  Thus,  the  flow  rate  of  the  gas  passing 
through  the  air  preheater  can  be  made  equal  to  the  flow  55 
rate  of  the  air  passing  through  the  same  observed  when 
no  ammonia  recovery  unit  is  installed.  Moreover,  the 
temperature  level  of  the  exhaust  gas  at  the  outlet  of  the 
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air  preheater  can  be  made  equal  to  the  level  observed  in 
the  case  where  no  ammonia  recovery  unit  is  installed. 
Consequently,  the  exhaust  gas  heat  loss  from  the  boiler 
or  nitrogen  oxide-containing  gas  source  can  be  reduced 
as  compared  with  the  conventional  method  for  cooling 
the  ammonia  recovery  unit. 

Furthermore,  according  to  the  first  aspect  of  the 
present  invention  described  above,  when  the  ammonia 
desorbed  from  leak  ammonia  recovery  unit  is  fed  to  the 
flue  for  conducting  exhaust  gas  to  the  ammonia  reduc- 
tion  denitrator  and  the  exhaust  gas  in  the  flue  happens 
to  have  a  pressure  higher  than  atmospheric  pressure, 
the  gas  pressure  of  leak  ammonia  recovery  unit  from 
which  ammonia  is  being  desorbed  will  become  higher 
than  that  of  the  exhaust  gas  within  the  flue.  Conse- 
quently,  the  leak  ammonia  recovery  unit  undergoing  the 
desorption  of  ammonia  will  also  have  a  gas  pressure 
higher  than  atmospheric  pressure.  Since  the  mixture  of 
hot  gas  and  ammonia  desorbed  from  the  leak  ammonia 
recovery  unit  has  a  high  ammonia  concentration,  any 
leakage  of  gas  from  a  line  connecting  to  the  flue  and  to 
the  ammonia  reduction  denitrator  may  be  dangerous  to 
the  environment  and  human  health,  even  if  the  amount 
of  the  leaking  gas  is  small. 

In  addition,  when  the  pressure  of  the  exhaust  gas 
happens  to  be  higher  than  atmospheric  pressure,  the 
required  pressure  of  the  hot  gas  and  the  cooling  gas 
becomes  excessively  high.  Accordingly,  in  order  to 
secure  a  sufficient  pressure,  the  hot  gas  and  the  cooling 
gas  must  be  supplied  from  high-pressure  sources. 

In  view  of  possibility  of  such  problems,  the  third 
aspect  of  the  present  invention  provide  another  method 
for  the  recovery  of  ammonia  desorbed  from  a  leak 
ammonia  recovery  unit. 

The  third  aspect  of  the  present  invention  provides, 
in  a  system  comprising  a  source  of  nitrogen  oxide-con- 
taining  gas,  an  ammonia  reduction  denitrator  and  a  leak 
ammonia  recovery  unit  which  recovers  ammonia  escap- 
ing  from  said  ammonia  reduction  denitrator,  a  method  of 
removing  adsorbed  ammonia  from  said  leak  ammonia 
recovery  unit  and  reusing  the  removed  ammonia,  com- 
prising  the  steps  of  desorbing  ammonia  from  said  leak 
ammonia  recovery  unit  by  heating  said  unit  with  a  hot 
gas,  feeding  a  first  gas  obtained  by  desorbing  ammonia 
from  said  unit  to  the  flue  on  the  inlet  side  of  said  ammo- 
nia  reduction  denitrator,  cooling  said  leak  ammonia 
recovery  unit  with  a  cool  gas  after  the  desorption  of 
ammonia  with  the  hot  gas,  and  feeding  a  second  gas 
obtained  by  cooling  said  unit  to  said  source  of  nitrogen 
oxide-containing  gas,  wherein  said  first  and  second 
gases  discharged  from  said  leak  ammonia  recovery  unit 
are  fed  to  their  respective  desired  injection  sites  with  the 
aid  of  a  fan. 

The  first  and  second  gases  can  be  pressurized  with 
the  fan  or  fans  to  pressures  corresponding  to  the  gas 
pressures  of  their  respective  desired  injection  sites  and 
then  fed  thereto  while  the  leak  ammonia  recovery  unit  is 
adjusted  to  an  appropriate  gas  pressure  equal  to  or 
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lower  than  atmospheric  pressure.  This  enables  the  leak 
ammonia  recovery  unit  to  be  operated  under  atmos- 
pheric  pressure. 

According  to  third  aspect  of  the  present  invention, 
the  leak  ammonia  recovery  and  the  greater  part  of  the  s 
regenerated  ammonia  injection  line  can  be  operated 
under  a  pressure  equal  to  or  lower  than  atmospheric 
pressure  by  installing  a  fan  or  fans  in  the  regenerated 
ammonia  injection  lines  between  the  leak  ammonia 
recovery  unit  and  each  of  the  desired  injection  sites  10 
(i.e.,  the  inlet  side  of  the  ammonia  reduction  denitrator 
and  the  nitrogen  oxide-containing  gas  source).  Thus, 
even  if  a  leakage  of  gas  from  the  regenerated  ammonia 
injection  line  system  occurs,  its  influence  on  environ- 
ment  and  human  health  can  be  minimized.  is 

Moreover,  since  the  leak  ammonia  recovery  unit 
can  be  operated  under  a  pressure  equal  to  or  lower  than 
atmospheric  pressure,  the  hot  gas  and  cooling  gas  sup- 
plied  thereto  need  not  have  an  excessively  high  pres- 
sure.  Consequently,  it  is  not  always  necessary  to  supply  20 
the  hot  gas  and  the  cooling  gas  from  high-pressure 
sources.  This  enables  the  provision  of  an  ammonia 
recovery  system  which  does  not  depend  on  the  pres- 
sure  of  the  supply  sources  of  the  gases. 

25 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  view  illustrating  one  embodi- 
ment  of  the  first  aspect  of  the  present  invention; 
Fig.  2  is  a  schematic  view  illustrating  another  30 
embodiment  of  the  first  aspect  of  the  present  inven- 
tion; 
Fig.  3  is  a  schematic  view  illustrating  still  another 
embodiment  of  the  first  aspect  of  the  present  inven- 
tion;  35 
Fig.  4  is  a  schematic  illustration  of  the  flues  and  air 
ducts  of  a  boiler  system  in  accordance  with  one 
embodiment  of  the  second  aspect  of  the  present 
invention; 
Fig.  5  is  a  schematic  illustration  of  the  flues  and  air  40 
ducts  of  a  boiler  system  in  accordance  with  another 
embodiment  of  the  second  aspect  of  the  present 
invention; 
Fig.  6  is  a  schematic  illustration  of  the  flues  and  air 
ducts  of  a  boiler  system  in  accordance  with  still  45 
another  embodiment  of  the  second  aspect  of  the 
present  invention.; 
Fig.  7  is  a  schematic  view  illustrating  one  embodi- 
ment  of  the  third  aspect  of  the  present  invention; 
Fig.  8  is  a  schematic  view  illustrating  a  conventional  so 
system  for  the  recovery  of  leak  ammonia;  and 
Fig.  9  is  a  schematic  view  illustrating  another  con- 
ventional  system  for  the  recovery  of  leak  ammonia. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  55 
EMBODIMENTS 

Fig.  1  is  a  schematic  illustration  of  the  flues  and  air 
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ducts  of  a  boiler  system  in  accordance  with  one  embod- 
iment  of  the  first  aspect  of  the  present  invention. 

Combustion  air  for  this  boiler  system  is  introduced 
into  a  boiler  3  through  an  air  preheater  2  by  means  of  a 
forced  draft  fan  1.  The  nitrogen  oxide-containing 
exhaust  gas  produced  as  a  result  of  the  combustion  of 
fuel  in  boiler  3  is  denitrated  in  an  ammonia  reduction 
denitrator  4.  The  denitrated  exhaust  gas,  together  with 
unreacted  leak  ammonia,  is  passed  through  air  pre- 
heater  2  where  heat  is  recovered  by  the  combustion  air. 
The  leak  ammonia  is  recovered  in  a  leak  ammonia 
recovery  unit  5.  Thereafter,  the  exhaust  gas  from  which 
nitrogen  oxides  and  leak  ammonia  have  been  removed 
is  discharged  into  the  atmosphere  through  a  stack  6. 

In  the  system  of  Fig.  1  ,  while  leak  ammonia  recov- 
ery  units  5  and  7  are  operated,  they  are  switched  over 
alternatingly  between  two  operational  modes.  Thus, 
while  one  leak  ammonia  recovery,  say  unit  5,  is  recover- 
ing  leak  ammonia  from  the  boiler  exhaust  gas,  the  other 
leak  ammonia  recovery  unit  7  is  adjusted  to  an  appropri- 
ate  temperature  by  a  mixture  of  the  hot  exhaust  gas  and 
cool  air  8  diverted  from  the  outlet  of  the  forced  draft  fan 
1  .  Leak  ammonia  recovery  unit  7  is  heated  by  the  hot 
exhaust  gas  9  from  the  boiler  3  to  desorb  ammonia 
therefrom.  The  desorbed  ammonia  is  fed  to  a  flue  1  1 
through  a  regenerated  ammonia  injection  line  10  and 
used  for  the  denitration  reaction  in  the  dry  denitrator  4 
together  with  ammonia  fed  through  an  ammonia  injec- 
tion  line  12.  The  hot  exhaust  gas  9  from  the  boiler  3  is 
extracted  from  the  flue  within  the  boiler  3  in  which  a  heat 
transfer  surface  is  disposed  or  from  the  outlet  flue  of 
boiler  3,  i.e.,  from  an  upstream  or  downstream  position 
of  the  heat  transfer  surface  13.  After  the  desorption  of 
ammonia  is  completed,  leak  ammonia  recovery  unit  7  is 
cooled  by  introducing  thereinto  cool  air  8  diverted  from 
the  outlet  of  forced  draft  fan  1  .  After  being  used  to  cool 
down  leak  ammonia  recovery  unit  7,  this  air  is  fed  to  flue 
1  1  through  regenerated  ammonia  injection  line  10. 

Dampers  14,  15,  16,  17,  18,  19,  20,  21,  22  and  23 
installed  in  the  flues  and  air  ducts  are  suitably  controlled 
in  response  to  the  above-described  operation.  Specifi- 
cally,  when  leak  ammonia  recovery  unit  5  is  operated  so 
as  to  recover  leak  ammonia  and  leak  ammonia  recovery 
unit  7  is  heated  to  desorb  ammonia  therefrom,  dampers 
14,  16,  18,  20  and  22  are  opened  and  dampers  15,  17, 
19,  21  and  23  are  closed.  Damper  20  becomes  closed 
from  the  above  state  of  operation,  when  leak  ammonia 
recovery  unit  7  is  cooled. 

When  the  heating,  ammonia  desorption,  and  cool- 
ing  for  leak  ammonia  recovery  unit  7  are  completed  and 
the  removal  of  leak  ammonia  at  leak  ammonia  recovery 
unit  5  is  finished,  the  dampers  are  controlled  in  a 
reverse  manner.  That  is,  dampers  14,  16,  18,  20  and  22 
become  closed  and  dampers  15,  17,  19,  21  and  23  are 
opened.  As  a  result,  leak  ammonia  recovery  unit  7 
begins  to  absorb  and  remove  leak  ammonia  from  the 
exhaust  gas,  and  the  heating  of  leak  ammonia  recovery 
unit  5  is  started. 
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Thereafter,  leak  ammonia  recovery  units  5  and  7 
are  similarly  operated  in  such  a  way  that  the  recovery  of 
ammonia  from  the  exhaust  gas  and  the  process  of  heat- 
ing,  ammonia  desorption,  and  cooling  are  carried  out 
alternately  and  repeatedly.  5 

As  characteristics  common  among  boilers,  the  tem- 
perature  of  hot  exhaust  gas  9  discharged  from  the  boiler 
3  operated  under  a  partial  load  is  lower  than  the  temper- 
ature  attained  under  the  rated  load.  When  operated 
under-loaded  conditions,  a  sufficiently  high  temperature  10 
may  not  be  attained  in  leak  ammonia  recovery  unit  7.  As 
a  result,  the  desorption  of  ammonia  from  leak  ammonia 
recovery  unit  7  may  not  be  fully  achieved  owing  to  the 
characteristics  of  leak  ammonia  recovery  units.  In  such 
a  case,  a  heat  source  24,  such  as  an  electric  heater,  is 
heat  exchanger  or  burner,  can  be  operated  to  further 
heat  the  hot  exhaust  gas  9  discharged  from  boiler  3  and 
thereby  achieve  sufficient  desorption  of  ammonia  from 
leak  ammonia  recovery  unit  7. 

Figs.  2  and  3  are  schematic  illustrations  of  the  flues  20 
and  air  ducts  of  boiler  systems  in  accordance  with  other 
embodiments  of  the  first  aspect  of  the  present  invention. 
In  Fig.  1  ,  leak  ammonia  recovery  unit  7  is  heated  with 
the  hot  exhaust  gas  9  discharged  from  the  boiler  3  and 
adjusted  to  an  appropriate  temperature  by  mixing  it  with  25 
cool  air  8  diverted  from  the  outlet  of  forced  draft  fan  1  , 
and  cooled  with  the  same  cool  air  8.  In  contrast,  the  sys- 
tem  of  Fig.  2  is  such  that  cool  air  8  is  supplied  by  means 
of  a  fan  25  for  exclusive  use,  instead  of  being  diverted 
from  the  outlet  of  the  forced  draft  fan  1  ,  and  the  system  30 
of  Fig.  3  is  such  that,  in  place  of  cool  air,  the  cool 
exhaust  gas  8  discharged  from  boiler  3  is  supplied  by 
means  of  a  fan  25  which  is  disposed  exclusively  for  this 
purpose.  In  Figs.  2  and  3,  the  same  components  as 
those  illustrated  in  Fig.  1  are  designated  by  the  same  35 
reference  numerals  and  no  explanation  thereof  is  given 
here. 

Now  embodiments  according  to  the  second  aspect 
of  the  present  invention  will  be  described. 

Taking  the  system  illustrated  in  Fig.  2  as  an  exam-  40 
pie,  the  following  problems  may  arise  when  ammonia 
recovery  unit  7  from  which  ammonia  has  been  des- 
orbed  is  cooled  by  introducing  thereinto  a  cooling  gas  8, 
such  as  cool  air  or  cool  boiler  exhaust  gas,  and  the  used 
cooling  gas  is  discharged  from  the  system  through  45 
regenerated  ammonia  injection  line  10.  That  is,  when 
ammonia  recovery  units  5  and  7  are  installed  and  the 
cooling  gas  8,  such  as  cool  air  or  cool  boiler  exhaust 
gas,  used  to  cool  them  is  discharged  from  the  system 
using  regenerated  ammonia  injection  line  10,  the  flow  so 
rate  of  the  gas  passing  through  air  preheater  2  relative 
to  the  flow  rate  of  the  air  passing  through  the  same 
increases  as  compared  with  the  case  where  no  ammo- 
nia  recovery  unit  is  installed  (i.e.,  the  recovery  of  ammo- 
nia  is  not  carried  out).  Consequently,  in  the  former  case  55 
where  a  cooling  gas  8  such  as  cool  air  or  cool  boiler 
exhaust  gas  is  used  to  cool  ammonia  recovery  unit  7 
and  becomes  heated  therein,  the  recovery  of  the  heat 

the  air  or  gas  has  is  more  difficult  than  in  the  case  where 
no  ammonia  recovery  unit  is  installed.  More  specifically, 
the  flow  rate  of  the  gas  passing  through  air  preheater  2 
increases  relative  to  the  flow  rate  of  the  air  passing 
through  the  same,  resulting  in  an  increased  heat  loss 
with  an  increased  amount  of  discharged  exhaust  gas 
and  a  reduction  in  boiler  efficiency.  Moreover,  when  the 
size  of  air  preheater  2  is  the  same  as  in  the  case  where 
no  ammonia  recovery  unit  is  installed,  the  temperature 
of  the  exhaust  gas  at  the  outlet  of  air  preheater  2  is  ele- 
vated.  This  may  result  in  an  increased  heat  loss  of 
exhaust  gas  and  a  reduction  in  boiler  efficiency.  Con- 
versely,  in  order  to  prevent  the  temperature  of  the 
exhaust  gas  at  the  outlet  of  air  preheater  2  from  being 
elevated,  it  is  necessary  to  increase  the  size  of  air  pre- 
heater  2  as  compared  with  the  case  where  no  ammonia 
recovery  unit  is  installed.  However,  this  leads  to  an 
increase  in  equipment  cost.  Furthermore,  even  if  the 
size  of  air  preheater  2  is  increased,  it  may  be  difficult  to 
prevent  the  increase  in  exhaust  gas  loss  due  to  the 
increase  in  the  flow  rate  of  the  gas  passing  through  air 
preheater  2. 

According  to  the  second  aspect  of  the  present 
invention,  these  disadvantages  that  may  arise  under 
certain  circumstances  can  be  avoided. 

Fig.  4  is  a  schematic  illustration  of  the  flues  and  air 
ducts  of  a  boiler  system  in  accordance  with  one  embod- 
iment  of  the  second  aspect  of  the  present  invention.  In 
the  embodiment  illustrated  in  Fig.  4,  cool  air  is  used  as 
the  cooling  gas  for  ammonia  recovery  units  and  then  fed 
to  the  main  air  duct  at  the  outlet  of  the  air  preheater. 

In  Fig.  4,  the  actions  and  functions  of  the  forced 
draft  fan  1,  air  preheater  2,  a  boiler  3,  dry  denitrator  4, 
ammonia  recovery  units  5  and  7,  stack  6,  cool  air  (cool- 
ing  gas)  8,  hot  gas  9,  regenerated  ammonia  injection 
line  10,  flue  11,  and  ammonia  injection  line  12  are 
essentially  the  same  as  described  above  in  connection 
with  the  first  aspect  of  the  invention,  particularly  shown 
in  Fig.  2. 

When  ammonia  recovery  unit  7  is  heated  to  desorb 
ammonia  therefrom,  hot  gas  9  introduced  into  ammonia 
recovery  unit  7  becomes  mixed  with  the  desorbed 
ammonia  as  it  leaves  the  unit.  The  resulting  gas  mixture 
is  fed  to  the  flue  1  1  through  the  regenerated  ammonia 
injection  line  1  0  and  used  for  the  denitration  reaction  in 
the  dry  denitrator  4  together  with  ammonia  fed  through 
the  ammonia  injection  line  12.  After  the  desorption  of 
ammonia  is  completed,  ammonia  recovery  unit  7  is 
cooled  by  introducing  thereinto  cool  air  8  in  place  of  hot 
gas  9.  This  cool  air,  which  has  now  been  heated  by 
ammonia  recovery  unit  7,  is  fed  to  the  main  air  duct  27 
through  a  cooling  gas  recovery  line  26  (and  not  through 
the  regenerated  ammonia  injection  line  10)  as  combus- 
tion  air  for  the  boiler  3.  Thus,  the  heated  air  is  not  fed 
directly  to  the  flue  1  1  ,  so  that  the  flow  rate  of  the  exhaust 
gas  passing  through  the  air  preheater  2  does  not 
increase  relative  to  the  flow  rate  of  the  air  passing 
through  the  same.  The  regenerated  ammonia  injection 
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line  10  and  the  cooling  gas  recovery  line  26  are  selec- 
tively  operated  with  the  aid  of  a  suitable  changeover 
device  (not  shown).  More  specifically,  the  regenerated 
ammonia  injection  line  1  0  is  used  when  either  one  of  the 
ammonia  recovery  units  5  and  7  is  heated  to  desorb 
ammonia  therefrom,  while  the  cooling  gas  recovery  line 
26  is  used  when  ammonia  recovery  unit  5  or  7  is  cooled. 
Although  the  second  aspect  of  the  present  invention 
has  been  described  above  in  connection  with  the 
embodiment  in  which  cool  air  is  used  as  the  cooling  gas, 
similar  effects  can  also  be  achieved  by  using  cool 
exhaust  gas  collected  from  the  flue  between  ammonia 
recovery  units  5,  7  and  stack  6. 

Fig.  5  is  a  schematic  illustration  of  the  flues  and  air 
ducts  of  a  boiler  system  in  accordance  with  another 
embodiment  of  the  second  aspect  of  the  present  inven- 
tion.  In  the  embodiment  illustrated  in  Fig.  5,  cool  boiler 
exhaust  gas  is  used  as  the  cooling  gas  for  ammonia 
recovery  units  and  then  fed  to  the  circulating  gas  line  of 
the  boiler. 

In  Fig.  5,  the  actions  and  functions  of  the  forced 
draft  fan  1  ,  air  preheater  2,  boiler  3,  dry  denitrator  4, 
ammonia  recovery  units  5  and  7,  stack  6,  cool  boiler 
exhaust  gas  (cooling  gas)  8,  hot  gas  9,  regenerated 
ammonia  injection  line  10,  flue  11,  and  ammonia  injec- 
tion  line  12  are  essentially  the  same  as  described  above 
in  connection  with  the  first  aspect  of  the  invention,  par- 
ticularly  in  Fig.  2. 

When  ammonia  recovery  unit  7  is  heated  to  desorb 
ammonia  therefrom,  the  regenerated  ammonia  injection 
line  10  is  used  in  the  same  manner  as  in  the  embodi- 
ment  of  Fig.  4.  After  the  desorption  of  ammonia  is  com- 
pleted,  ammonia  recovery  unit  7  is  cooled  with  cool 
boiler  exhaust  gas  8.  This  cool  boiler  exhaust  gas  8  fed 
to  the  recirculating  gas  line  28  of  the  boiler  3  through  a 
cooling  gas  recovery  line  26'.  Thus,  similarly  to  the 
embodiment  of  Fig.  4,  the  cool  boiler  exhaust  gas  8  is 
not  fed  to  the  flue  1  1  ,  so  that  the  flow  rate  of  the  gas 
passing  through  air  preheater  2  does  not  increase  rela- 
tive  to  the  flow  rate  of  the  air  passing  through  the  same. 
The  regenerated  ammonia  injection  line  10  and  the 
cooling  gas  recovery  line  26'  are  selectively  operated 
with  the  aid  of  a  suitable  changeover  device  (not 
shown).  More  specifically,  the  regenerated  ammonia 
injection  line  1  0  is  used  when  either  one  of  the  ammonia 
recovery  units  5  and  7  is  heated  to  desorb  ammonia 
therefrom,  while  cooling  gas  recovery  line  26'  is  used 
when  ammonia  recovery  unit  5  or  7  is  being  cooled.  In 
Fig.  5,  reference  numeral  29  designates  a  gas  recircula- 
tion  fan. 

Fig.  6  illustrates  a  modification  of  the  embodiment 
of  Fig.  5.  In  the  embodiment  illustrated  in  Fig.  6,  exhaust 
gas  8  used  to  cool  the  ammonia  recovery  units  is  fed 
directly  to  the  upper  part  of  the  furnace  of  the  boiler  3 
through  line  26",  instead  of  being  fed  to  the  recirculating 
gas  line  28  having  the  gas  recirculation  fan  29  as  illus- 
trated  in  Fig.  5. 

Now  an  embodiment  according  to  the  third  aspect 

of  the  present  invention  will  be  discussed. 
Taking  a  system  illustrated  in  Fig.  2  as  an  example, 

when  the  ammonia  desorbed  from  leak  ammonia  recov- 
ery  unit  7  is  fed  to  the  flue  1  1  through  the  regenerated 

5  ammonia  injection  line  10  and  the  boiler  exhaust  gas 
within  the  flue  1  1  happens  to  have  a  pressure  higher 
than  atmospheric  pressure,  the  gas  pressure  of  leak 
ammonia  recovery  unit  7  from  which  ammonia  is  being 
desorbed  will  become  higher  than  that  of  the  boiler 

10  exhaust  gas  within  the  flue  11.  Consequently,  leak 
ammonia  recovery  unit  7  will  also  have  a  gas  pressure 
higher  than  atmospheric  pressure.  Since  the  mixture  of 
hot  gas  9  and  ammonia  desorbed  from  leak  ammonia 
recovery  unit  7  has  a  high  ammonia  concentration,  any 

15  leakage  of  gas  from  the  regenerated  ammonia  injection 
line  10  may  be  dangerous  to  the  environment  and 
human  health,  even  if  the  amount  of  the  leaking  gas  is 
small. 

Moreover,  when  the  pressure  of  the  boiler  exhaust 
20  gas  is  higher  than  atmospheric  pressure,  the  required 

pressure  of  the  hot  gas  9  and  cooling  gas  8  becomes 
excessively  high.  Accordingly,  in  order  to  secure  a  suffi- 
cient  pressure,  the  hot  gas  9  and  cooling  gas  8  must  be 
supplied  from  high-pressure  sources. 

25  Fig.  7  is  a  schematic  illustration  of  the  flues  and  air 
ducts  of  a  boiler  system  in  accordance  with  one  embod- 
iment  of  the  third  aspect  of  the  present  invention.  In  Fig. 
7,  reference  numeral  1  designates  a  forced  draft  fan;  2 
an  air  preheater;  3  a  boiler;  4  an  ammonia  reduction  dry 

30  denitrator;  5  and  7  leak  ammonia  recovery  units;  6  a 
stack;  8  a  cooling  gas;  9  a  hot  gas;  10  an  outlet  pipe  for 
first  and  second  gases  discharged  from  the  leak  ammo- 
nia  recovery  units;  30'  a  first  gas  injection  line;  30"  a 
second  gas  injection  line;  11  a  flue;  12  an  ammonia 

35  injection  line;  31'  and  31"  fans;  and  14  to  17,  22,  23,  20' 
and  21'  dampers. 

By  the  use  of  fan  31',  leak  ammonia  recovery  unit  5 
or  7  which  is  being  heated  with  the  hot  gas  9  to  desorb 
ammonia  therefrom  is  operated  so  as  to  have  an  appro- 

40  priate  gas  pressure  equal  to  or  lower  than  atmospheric 
pressure.  At  the  same  time,  the  first  gas  comprising  a 
mixture  of  the  hot  gas  9  and  ammonia  desorbed  from 
leak  ammonia  recovery  unit  5  or  7  is  pressurized  to  a 
pressure  corresponding  to  the  gas  pressure  in  the  flue 

45  1  1  and  then  fed  to  the  flue  1  1  .  During  this  process,  fan 
31"  is  stopped  and  the  second  gas  injection  line  30"  is 
closed  with  a  damper  (not  shown).  Similarly,  by  the  use 
of  fan  31",  leak  ammonia  recovery  unit  5  or  7  which  is 
being  cooled  with  the  cooling  gas  8  is  also  operated  so 

so  as  to  have  an  appropriate  gas  pressure  equal  to  or 
lower  than  atmospheric  pressure.  At  the  same  time,  the 
second  gas  comprising  a  mixture  of  the  cooling  gas  8 
and  ammonia  discharged  from  leak  ammonia  recovery 
unit  5  or  7  is  pressurized  to  a  pressure  corresponding  to 

55  the  pressure  of  the  main  air  duct  for  supplying  air  to  the 
boiler  3  and  then  fed  to  the  main  air  duct.  During  this 
process,  fan  31'  is  stopped  and  the  first  gas  injection 
line  30'  is  closed  with  a  damper  (not  shown). 

7 
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In  the  embodiment  illustrated  in  Fig.  7,  the  second 
gas  is  fed  to  the  main  air  duct  which  supplies  combus- 
tion  air  to  the  boiler.  However,  the  second  gas  may  be 
fed  directly  to  the  boiler  3.  Moreover,  in  the  illustrated 
embodiment,  fans  31'  and  31"  are  installed  in  the  first  5 
gas  injection  line  30'  and  the  second  gas  injection  line 
30",  respectively.  However,  these  fans  31'  and  31" 
installed  in  the  first  gas  injection  line  30'  and  the  second 
gas  injection  line  30"  may  be  replaced  by  a  single  fan 
(not  shown)  installed  in  the  outlet  pipe  10  for  the  first  w 
and  second  gases.  In  this  case,  a  valve  (not  shown) 
needs  to  be  installed  so  as  to  supply  the  gases  selec- 
tively  to  first  gas  injection  line  30'  or  the  second  gas 
injection  line  30". 

15 
Claims 

1.  A  method  for  the  recovery  of  ammonia  escaping 
from  a  dry  exhaust  denitrator  for  the  denitration  of 
an  exhaust  gas  discharged  from  a  source  of  nitro-  20 
gen  oxide-containing  gas  (3),  ammonia  being 
injected  as  a  reducing  agent  upstream  of  the  deni- 
trator  (4)  into  the  exhaust  gas,  comprising  the  steps 
of 

25 
alternatingly  adsorbing  ammonia  still  present  in 
the  denitrated  gas  discharged  from  the  denitra- 
tor  (4)  by  means  of  one  of  at  least  two  leak 
ammonia  recovery  units  (5,  7)  disposed  down- 
stream  of  the  denitrator  (4),  30 
and  desorbing  the  adsorbed  ammonia  by  intro- 
ducing  hot  NOx-containing  exhaust  gas  drawn 
from  the  source  of  nitrogen  oxide-containing 
gas  (3)  into  the  other  of  the  at  least  two  leak 
ammonia  recovery  units  (5,  7)  and  redirecting  35 
the  recovered  ammonia  for  use  as  a  reduction 
gas  into  the  denitrator, 
characterized  by 
supplying  the  leak  ammonia  recovery  unit  (5,  7) 
after  the  desorption  step  with  a  cooling  gas  of  40 
the  group  consisting  of  cool  exhaust  gas  and 
cool  air  by  means  of  a  forced  draft  fan  (1  ,  25) 
through  a  cooling  gas  line  (8)  for  cooling  the 
recovery  units  (5,  7)  being  heated  by  the  hot 
exhaut  gas  during  the  desorption  step;  and  45 
feeding  the  cooling  gas  containing  the  des- 
orbed  ammonia  through  a  regenerated  ammo- 
nia  injection  line  (1  0)  to  an  upstream  side  of  the 
denitrator  (4). 

50 
2.  The  method  as  defined  in  claim  1  , 

characterized  in  that  the  hot  exhaust  gas  dis- 
charged  from  the  nitrogen  oxide-containing  gas 
source  (3)  is  further  heated  by  means  of  a  heat 
source  (24)  before  it  is  used  as  a  desorption  gas  for  55 
desorbing  ammonia  from  the  leak  ammonia  recov- 
ery  unit  (5,  7). 

3.  The  method  as  defined  in  claim  1  or  2, 
characterized  by  feeding  used  cooling  gas  to  the 
source  of  nitrogen  oxide-containing  gas  (3). 

4.  The  method  as  defined  in  any  of  claims  1  -3, 
characterized  in  that  the  used  cooling  gas  drawn 
from  said  recovery  unit  (5,  7)  is  fed  to  its  respective 
injection  site  with  the  aid  of  a  fan. 

5.  The  method  as  defined  in  claim  4, 
characterized  in  that  the  used  hot  exhaust  gas 
drawn  from  said  recovery  unit  (5,  7)  is  fed  to  the 
denitrator  with  the  aid  of  a  fan. 

Patentanspruche 

1.  Verfahren  zur  Riickgewinnung  von  Ammoniak- 
Emissionen  aus  einem  Trockenabgasdenitrator  fur 
die  Denitrierung  eines  Abgases,  das  aus  einer 
Stickstoffoxid  enthaltenden  Gasquelle  (3)  abgege- 
ben  wird,  bei  dem  Ammoniak  als  Reduktionsmittel 
stromaufwarts  eines  Denitrators  (4)  in  das  Abgas 
eingefuhrt  wird, 
umfassend  die  Schritte 

abwechselndes  Adsorbieren  von  im  denitrier- 
ten  Gas  noch  enthalten  Ammoniak,  das  aus 
dem  Denitrator  (4)  mittels  einer  von  zwei  dem 
Denitrator  (4)  nachgeschalteten  Leckammo- 
niak-Riickgewinnungseinheiten  (5,7)  abgezo- 
gen  wurde, 
und  Desorbieren  des  Adsorbierten  Ammoniaks 
durch  Einleiten  von  heiBen  NOx_enthaltendem 
Abgas,  das  aus  der  Stickstoffoxidgasquelle  (3) 
in  die  andere  der  wenigstens  zwei  Leckammo- 
niak-Riickgewinnungseinheiten  (5,7)  abgezo- 
gen  wurde,  und  Zuruckleiten  des  wieder- 
gewonnenen  Ammoniaks  zur  Verwendung  als 
Reduktionsgas  in  den  Denitrator,  gekenn- 
zeichnet  durch 
Zuftihren  von  Ktihlgas  aus  der  Gruppe  beste- 
hend  aus  kaltem  Abgas  und  kalter  Luft  in  die 
Leckammoniak-Riickgewinnungseinheit  (5,7) 
nach  dem  Desorbtionsschritt  mit  Hilfe  eines 
Ansauggeblases  (1,25)  durch  eine  Kuhlgaslei- 
tung  (8)  zum  Ktihlen  des  durch  das  heiBe 
Abgas  wahrend  des  Desorbitionsschritts 
erhitzten  Riickgewinnungseinheit  (5,7),  und 
Zuftihren  des  das  desorbierte  Ammoniak  ent- 
haltenden  Kiihlgases  durch  eine  Einftihrungs- 
leitung  (10)  fur  das  regenerierte  Ammoniak  zu 
einer  stromaufwarts  gelegenen  Stelle  des 
Denitrator  (4). 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  das  aus  der  Stickstoffoxid  enthalten- 
den  Gasquelle  (3)  abgegebene  heiBe  Gas  ferner 
mittels  einer  Warmequelle  (24)  erhitzt  wird  bevor  es 
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als  Desorpionsgas  fur  die  Desorpition  von  Ammo- 
niak  aus  der  Leckammoniak-Ruckgewinnungsein- 
heit  (5,7)  eingesetzt  wird. 

3.  Verfahren  nach  Anspruch  1  oder  2,  gekennzeichnet  5 
durch  das  Zuftihren  verwendeten  Kiihlgases  in  die 
Stickstoffoxid  enthaltende  Gasquelle  (3). 

4.  Verfahrens  nach  einem  der  Anspriiche  1  bis  3, 
dadurch  gekennzeichnet,  daB  das  aus  der  Riickge-  10 
winnungseinheit  (5,7)  abgezogene  eingesetzte 
Ktihlgas  an  die  entsprechende  Einleitungsstelle  mit 
Hilfe  eines  Geblases  eingefuhrt  wird. 

2.  Procede  selon  la  revendication  1  , 
caracterise  en  ce  que  les  gaz  d'echappement 
chauds  emis  par  la  source  de  gaz  contenant  de 
I'oxyde  d'azote  (3)  sont  chauffes  davantage  au 
moyen  d'une  source  de  chaleur  (24)  avant  qu'ils 
soient  utilises  comme  gaz  de  desorption  pour 
desorber  I'ammoniac  de  I'unite  de  recuperation 
d'ammoniac  de  fuite  (5,  7). 

3.  Procede  selon  la  revendication  1  ou  2, 
caracterise  par  le  fait  d'alimenter  le  gaz  de  refroidis- 
sement  usage  a  la  source  de  gaz  contenant  de 
I'oxyde  d'azote  (3). 

5.  Verfahren  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  daB  das  aus  der  Riickgewinnungseinheit 
(5,7)  abgezogene  eingesetzte  heiBe  Abgas  in  den 
Denitrator  mit  Hilfe  eines  Geblases  eingefuhrt  wird. 

15  4.  Procede  selon  I'une  quelconque  des  revendications 
1-3, 
caracterise  en  ce  que  le  gaz  de  refroidissement 
usage  extrait  de  ladite  unite  de  recuperation  (5,  7) 
est  alimente  a  son  emplacement  d'injection  respec- 

20  tif  a  I'aide  d'un  ventilateur. Revendications  20 

1.  Procede  pour  recuperer  I'ammoniac  s'echappant 
d'un  denitrificateur  d'echappement  sec  pour  la 
denitrification  de  gaz  d'echappement  emis  par  une 
source  de  gaz  contenant  de  I'oxyde  d'azote  (3),  25 
I'ammoniac  etant  injecte  comme  agent  reducteur 
en  amont  du  denitrificateur  (4)  dans  le  gaz  d'echap- 
pement,  comprenant  les  operations  consistant  a 

adsorber  de  fagon  alternee  de  I'ammoniac  30 
encore  present  dans  le  gaz  denitrif  ie  decharge 
du  denitrificateur  (4)  au  moyen  d'une  au  moins 
de  deux  unites  de  recuperation  d'ammoniac  de 
fuite  (5,  7)  disposees  en  aval  du  denitrificateur 
(4),  35 
et  desorber  I'ammoniac  adsorbe  en  introdui- 
sant  des  gaz  d'echappement  chauds  conte- 
nant  des  NOx  extraits  de  la  source  de  gaz 
contenant  de  I'oxyde  d'azote  (3)  dans  I'autre 
des  au  moins  deux  unites  de  recuperation  40 
d'ammoniac  de  fuite  (5,  7)  et  renvoyer  I'ammo- 
niac  recupere  pour  I'utiliser  comme  gaz  de 
reduction  dans  le  denitrificateur, 
caracterise  les  operations  consistant  a 
fournir  a  I'unite  de  recuperation  d'ammoniac  de  45 
fuite  (5,  7)  apres  I'operation  de  desorption  un 
gaz  de  refroidissement  du  groupe  forme  de  gaz 
d'echappement  frais  et  d'air  frais  a  I'aide  d'un 
ventilateur  a  courant  d'air  force  (1  ,  25)  par  une 
conduite  de  gaz  de  refroidissement  (8)  pour  so 
refroidir  les  unites  de  recuperation  (5,  7)  chauf- 
fees  par  les  gaz  d'echappement  chauds  pen- 
dant  I'etape  de  desorption;  et 
alimenter  le  gaz  de  refroidissement  contenant 
I'ammoniac  desorbe  par  une  conduite  d'injec-  55 
tion  d'ammoniac  regenere  (10)  d'un  cote  amont 
du  denitrificateur  (4). 

5.  Procede  selon  la  revendication  4, 
caracterise  en  ce  que  le  gaz  d'echappement  chaud 
usage  extrait  de  ladite  unite  de  recuperation  (5,  7) 
est  alimente  au  denitrificateur  a  I'aide  d'un  ventila- 
teur. 
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