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Description 

This  invention  relates  to  a  method  and  apparatus  for  denitration  which  can  remove  the  nitrogen  oxides 
(hereinafter  referred  to  as  NOx)  in  the  combustion  offgases  discharged  from  combustion  facilities  such  as 

5  industrial  furnaces,  a  variety  of  boilers,  gas  turbines,  waste  treatment  equipment,  etc. 
Recently,  because  of  the  limited  supply  by  heavy  oil,  thermal  power  plants  have  been  switching  from 

the  mono-fuel  combustion  of  heavy  oil  to  the  mono-fuel  combustion  of  coal,  in  order  to  reduce  dependency 
on  petroleum.  Large  capacity  thermal  power  plants  are  now  being  built  for  the  mono-fuel  combustion  of 
coal. 

io  However,  since  coal  is  less  combustible  than  petroleum,  NOx  and  unburned  carbon  are  likely  to  be 
formed  in  the  offgas.  Measures  to  reduce  the  NOx  include  flame  splitting,  the  recirculation  of  the  offgas, 
two-stage  combustion,  denitration  in  the  furnace,  and  slow  combustion. 

Most  coal  combustion  boilers  are  not  operated  continuously  at  full  load.  They  usually  follow  a  'daily 
start-stop'  operation  (hereinafter  referred  to  as  DSS)  in  which  the  operation  is  either  carried  out  by  loading 

75  up  and  down  to  80%  load,  59%  load,  and  25%  load,  or  completely  stopped;  or  they  follow  a  'weekly  stop- 
start'  operation  (hereinafter  referred  to  as  WSS)  in  which  operation  continues  during  the  weekdays,  when 
there  is  a  great  demand  for  power,  but  is  stopped  on  the  weekends.  Thus,  in  effect,  most  thermal  power 
plants  run  at  a  medium  load. 

Other  styles  of  medium  load  power  generation  include  the  so-called  combined  plant,  in  which  the 
20  thermal  power  generation  boiler  is  used  in  combination  with  a  gas  turbine.  This  system  has  an  exhaust  heat 

recovering  boiler  and  excellent  starting  characteristics.  The  plants  of  such  a  system  follow  the  above- 
mentioned  DSS  or  WSS  operations. 

But  even  though  such  systems  are  improvements  over  the  conventional  techniques,  their  discharge 
concentration  of  NOx  still  exceed  the  ever-stricter  limits  dictated  by  government  regulations. 

25  There  are  an  increasing  number  of  plants  which  have  a  denitration  apparatus  of  a  dry  contact  reduction 
system,  in  which  the  reaction  is  carried  out  in  the  presence  of  a  catalyst  using  ammonia  (hereinafter 
referred  to  as  NH3)  as  a  reducing  agent. 

Fig.  21  (to  be  mentioned  later)  is  a  system  diagram  of  a  conventional  denitration  apparatus  of  this  kind. 
In  the  figure,  an  inlet  flue  1  ,  a  denitration  reactor  2,  an  ammonia-injecting  means  6,  an  offgas  source  (such 

30  as  combustion  equipment,  etc.)  7,  an  air  heater  8,  a  ventilator  9  and  a  flue  10  are  illustrated. 
The  offgas  generated  by  combustion  is  vented  from  an  offgas  source  7  through  an  inlet  flue  1  which 

leads  to  a  denitration  reactor  2.  On  the  way,  an  ammonia-injecting  means  6  is  provided,  which  injects  NH3, 
a  reducing  agent  for  the  NOx  in  the  offgas.  The  NOx  in  the  offgas  reacts  with  the  NH3  by  virtue  of  the 
catalyst  contained  in  the  denitration  reactor  2  and  decomposes  into  harmless  water  vapor  and  nitrogen  gas. 

35  In  order  to  restrict  the  discharge  of  the  unreacted  portion  of  the  NH3  used,  (that  is,  to  restrict  the 
discharge  amount  of  leaking  ammonia),  the  amount  of  NH3  injected  is  restricted.  Such  restriction  is  required 
because  of  the  fact  that  when  the  unreacted  portion  of  the  NH3  is  vented  from  the  denitration  reactor  2,  it 
reacts  with  the  S03  in  the  gas;  as  a  result,  acidic  ammonia  sulfate  adheres  to  the  machinery  or  instruments 
downstream  of  the  denitration  reactor  2.  This  has  the  undesirable  effect  of  lowering  the  efficiency  of  the 

40  heat  exchange. 
Fig.  22  (to  be  mentioned  later)  is  a  diagram  showing  the  relation  between  the  amount  of  ammonia 

injected  (represented  in  terms  of  the  molar  ratio  of  ammonia  to  NOx)  and  denitration  performance. 
As  shown  in  this  figure,  when  mi  is  employed  as  the  molar  ratio  in  the  operation,  a  denitration  rate  of  r\a 

is  obtained.  Of  the  amount  of  ammonia  injected  (a  +  b),  (b)  represents  the  amount  consumed  in  the 
45  process  of  denitration,  and  the  remainder,  (a),  is  vented  as  leaking  ammonia  from  the  denitration  reactor. 

Now,  if  the  molar  ratio  is  increased  to  rri2,  the  denitration  rate  can  be  raised  to  i)b.  However,  as  the  molar 
ratio  is  increased  and  the  denitration  rate  approaches  its  ceiling,  the  amount  of  leaking  ammonia  (A)  also 
increases  to  an  undesirable  degree. 

In  conventional  plants,  the  injection  molar  ratio  is  usually  restricted  so  as  to  make  the  concentration  of 
50  the  NH3  discharged  as  low  as  possible,  in  consideration  of  its  effects  upon  the  machinery  and  instruments 

downstream  of  the  denitration  reactor.  It  is  supposed  that  the  denitration  reaction  proceeds  by  the  contact  of 
the  NH3  and  the  NOx  absorbed  on  the  catalyst  surface:  therefore,  if  the  injection  molar  ratio  is  restricted, 
the  amount  of  NH3  absorbed  on  the  catalyst  surface  inevitably  decreases,  as  compared  to  when  the 
injection  molar  ratio  is  high.  The  denitration  reaction  cannot  proceed  efficiently  on  the  whole  catalyst 

55  surface.  This  was  the  problem  encountered  when  considering  the  most  efficient  use  of  the  catalyst. 
US-A-4521388  discloses  a  selective  catalytic  reduction  process  for  reducing  the  NOx  content  of  furnace 

flue  gas  whereby  the  flue  gas  stream  is  split  into  two  streams  one  of  which  is  reduced  with  ammonia  in  a 
catalytic  converter  and  the  other  of  which  bypasses  the  converter,  with  the  two  streams  being  recombined 
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downstream  of  the  converter.  However,  there  was  a  need  for  improvement  of  this  process. 
The  present  invention  seeks  to  provide  a  method  and  apparatus  for  denitration  which  can  eliminate  the 

above-mentioned  defects  in  the  conventional  technique  by  rendering  it  possible  to  efficiently  use  a  catalyst 
and  improve  the  denitration  performance;  in  the  process,  it  reduces  the  amount  of  leaking  NH3  and  can 

5  reduce  the  amount  of  the  catalyst  used,  while  maintaining  a  denitration  rate  at  substantially  the  desired 
level. 

This  is  achieved  by  the  invention  as  recited  in  the  appended  claims. 
The  method  and  apparatus  of  the  invention  will  be  further  described  with  reference  to  the  accompany- 

ing  drawings,  in  which: 
io  Fig.  1  is  a  system  diagram  of  a  denitration  apparatus  according  to  the  prior  art; 

Fig.  2  is  a  system  diagram  of  a  denitration  apparatus  as  described  in  an  embodiment  of  the  present 
invention; 
Fig.  3  shows  the  relation  between  the  molar  ratio  and  the  rate  of  denitration; 
Fig.  4  compares  the  conventional  art; 

is  Fig.  5  shows  the  relation  between  the  bypassing  proportion  and  the  At)SV  in  a  low  molar  ratio  operation; 
Fig.  6  shows  the  relation  between  the  bypassing  proportion  and  the  At)SV  in  a  high  molar  ratio  operation; 
Fig.  7  shows  the  relation  between  the  bypassing  proportion  and  the  At)M  in  a  low  molar  operation; 
Fig.  8  shows  the  relation  between  the  bypassing  proportion  and  the  At)M  in  a  high  molar  operation; 
Fig.  9  shows  the  relation  between  the  bypassing  proportion  and  the  A?)b; 

20  Fig.  10  shows  the  relation  between  the  bypassing  proportion  and  the  A?;,  in  a  low  molar  ratio  operation; 
Fig.  11  shows  the  relation  between  the  bypassing  proportion  and  the  A?;,  in  a  high  molar  ratio  operation; 
Fig.  12  is  a  system  diagram  of  a  system  in  which  the  denitration  reactor  has  been  divided  in  two  against 
the  stream  of  the  gas; 
Fig.  13  is  a  system  diagram  of  a  system  according  to  the  invention  in  which  the  denitration  reactor  has 

25  been  divided  in  two  and  a  bypass  flue  has  additionally  been  installed  to  it  on  the  upstream  side; 
Fig.  14  shows  the  amount  of  catalyst  reduction  in  a  low  molar  ratio  operation; 
Fig.  15  shows  the  amount  of  catalyst  reduction  in  a  high  molar  ratio  operation; 
Fig.  16  is  a  diagram  showing  roughly  the  constitution  of  the  apparatus  used  to  measure  the  denitration 
rate  of  the  present  invention; 

30  Fig.  17  shows  the  relation  between  the  bypassing  proportion  and  the  denitration  rate; 
Fig.  18  shows  the  relation  between  the  molar  ratio,  the  SV,  and  the  bypassing  proportion; 
Fig.  19  is  a  system  diagram  of  the  apparatus  for  denitration  as  described  in  another  embodiment; 
Fig.  20  is  an  enlarged  cross-sectional  view  of  the  catalyst  block  used  in  the  embodiments; 
Fig.  21  is  a  system  diagram  showing  the  conventional  apparatus  for  denitration;  and 

35  Fig.  22  shows  the  general  relation  between  the  molar  ratio  and  the  rate  of  denitration. 
With  reference  to  embodiments  and  drawings,  the  present  invention  will  now  be  explained  more  fully. 

(In  the  following  explanations,  the  same  symbols  will  be  used  interchangeably  in  describing  the  parts  of 
conventional  apparatuses  as  well  as  the  parts  of  the  invention.) 

Fig.  1  is  a  system  diagram  of  a  denitration  apparatus  as  used  in  the  prior  art.  In  the  figure,  a  bypass 
40  flue  4  going  around  the  denitration  reactor  2  and  damper  5  are  illustrated. 

As  shown  by  this  figure,  the  offgas  discharged  from  an  offgas  source  7  is  channeled  through  an  inlet 
flue  1  to  the  denitration  reactor  2. 

The  denitration  reactor  is  provided  with  a  bypass  flue  4  and  a  damper  5  located  on  the  said  bypass  flue 
4.  The  damper  5  regulates  the  amount  of  gas  bypassing  the  denitration  reactor  2.  The  ammonia-injecting 

45  means  6  is  located  downstream  of  the  bypass  fork,  yet  upstream  of  the  denitration  reactor  2. 
In  a  denitration  apparatus  constructed  in  such  a  way,  the  treated  gas  which  passed  through  the  reactor 

2,  and  the  untreated  gas  which  bypassed  it,  mix  once  again  at  the  outlet  flue  3.  Thereafter,  they  are 
discharged  through  an  air  heater  8,  etc.  via  the  flue  10.  The  amount  of  ammonia  injected  by  the  apparatus  6 
is  controlled  so  that  the  ammonia  concentration  in  the  offgas  at  outlet  flue  3  may  not  exceed  the  regulated 

50  amount. 
Fig.  2  is  a  system  diagram  illustrating  an  embodiment  of  the  invention.  In  this  embodiment,  the 

denitration  reactor  2  is  divided  into  a  primary  reactor  2-1  and  a  secondary  reactor  2-2,  along  the  stream  of 
the  gas.  As  in  Fig.  1,  a  bypass  flue  4  and  a  damper  5  on  the  said  bypass  flue  4  are  provided;  however,  in 
this  case  they  bypass  the  primary  reactor  2-1  . 

55  As  shown  in  the  figure,  the  ammonia-injecting  apparatus  6  is  located  downstream  of  the  bypass  fork, 
yet  upstream  of  the  primary  reactor  2-1  .  The  gas  to  be  treated  is  channeled  through  the  primary  reactor  2- 
1  ,  and  the  untreated  gas  which  bypassed  it  mix  at  the  outlet  flue  3,  which  is  upstream  of  the  secondary 
reactor  2-2.  Thus,  it  is  constructed  in  such  a  way  that  the  unreacted  NH3  (the  leaking  ammonia)  contained 

3 
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in  the  treated  gas  discharged  from  the  primary  reactor  2-1,  and  the  NOx  in  the  untreated  gas  which 
bypassed  it,  can  react  in  the  secondary  reactor  2-2.  Furthermore,  the  amount  of  ammonia  injected  is 
controlled  so  that  the  ammonia  concentration  in  the  offgas  at  the  outlet  of  the  secondary  reactor  2-2  may 
not  exceed  the  regulated  amount. 

5  Next,  in  order  to  make  the  concrete  effects  of  the  present  invention  more  understandable,  a  quantitative 
explanation  will  be  given  below. 

Fig.  3  is  a  diagram  showing  the  relation  between  the  molar  ratio  and  the  denitration  rate,  as  shown  in 
Fig.  16.  In  that  figure,  a  flow  meter  11  which  measures  the  flow  rate  of  each  gas,  a  heater  12,  a  reactor  13, 
a  plate  type  catalyst  14  carrying  a  reduction  catalyst  on  the  surface,  an  ammonia  trap  15,  and  an  NOx 

io  analyzer  16  are  illustrated. 
The  following  were  the  conditions  of  the  experiment: 

Table  1 

Amount  of  catalyst  200  mm  x  100  mm  (one  sheet) 

Temperature  350  °  C 

A/V  51  m/h 

Gas  Composition  NO  200  ppm 

NH3  Variant 

S02  500  ppm 

02  3% 

C02  12% 

H20  12% 

30  In  Table  1  A/V  is  the  Area/Velocity  which  is  obtained  by  dividing  the  amount  of  treated  gas  (in  m3/h)  by 
the  total  surface  of  the  catalyst  (in  m2). 

In  Fig.  3,  SV1  ,  SV2,  etc.  represent  the  superficial  velocity  of  the  gas  in  the  denitration  reactor  using  the 
platetype  catalyst  (to  be  described  later);  they  are  defined  as  follows: 

35  
sv  _  t he   a m o u n t   of   t h e   g a s   t r e a t e d   ( N m ^ / h )  

t he   a m o u n t   of  c a t a l y s t   (M^) 

(where  N  indicates  that  the  value  is  at  standard  barometric  pressure  and  0  0  C). 
40  That  is  to  say,  the  larger  the  SV,  the  larger  the  amount  of  gas  treated  per  unit  volume  of  the  catalyst.  In 

other  words,  when  the  same  amount  of  gas  is  treated,  a  high  SV  means  a  small  amount  of  catalyst,  and  a 
low  SV  means  a  large  amount  of  catalyst.  In  the  figure,  SV1  is  the  largest,  with  SV2,  SV3,  etc.  becoming 
smaller  and  smaller  in  that  order. 

By  examining  the  curves  shown  in  Fig.  3,  the  following  characteristics  become  obvious: 
45  (1)  As  the  molar  ratio  increases  from  Mi  to  M2,  to  M2'  etc.,  the  rate  of  denitration  improves. 

(2)  However,  as  the  denitration  performance  gradually  approaches  the  ceiling,  almost  no  improvement  is 
shown  above  molar  ratios  larger  than  a  certain  value  (about  1  .2  or  more). 
(3)  When  the  same  amount  of  catalyst  is  added  to  conditions  in  which  there  is  a  high  SV  value  (and  a 
low  denitration  rate)  and  to  conditions  in  which  there  is  a  low  SV  value  (and  a  high  denitration  rate),  the 

50  denitration  rate  is  more  effectively  improved  on  increasing  the  flow  rate  at  a  given  molar  ratio  when  there 
is  a  high  SV  value  than  when  there  is  a  low  SV  value. 
(4)  The  larger  the  range  within  which  the  molar  ratio  is  found,  the  larger  the  difference  in  the  denitration 
performance  resulting  from  the  difference  in  the  SV.  In  other  words,  the  characteristic  curves  of  SV1  , 
SV2,  etc.  gradually  separate  from  one  another  as  the  molar  ratio  increases. 

55  (5)  The  higher  the  SV  value,  the  smaller  the  gradient  of  the  curve. 
Taking  the  above  characteristics  into  consideration,  let  us  compare  the  denitration  performances  in  two 

cases  (See  Fig.  4).  Case  I  is  a  diagram  of  a  conventional  denitration  apparatus;  Case  II  is  a  diagram 
showing  the  bypassing  of  the  first  reactor  in  the  present  invention. 

4 
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In  case  II,  a  part  of  the  offgas  bypasses  the  denitration  reactor  2  by  being  channeled  through  the 
bypass  flue  4;  hence,  the  amount  of  gas  to  be  treated  by  the  reactor  2  decreases  by  a  corresponding 
amount.  If  the  amount  of  the  catalyst  packed  is  the  same  as  in  Case  I  (the  conventional  process),  we  have  a 
condition  similar  to  the  cases  in  the  experiment  in  which  small  SV  values  were  used. 

5  Further,  if  the  amount  of  ammonia  injected  is  the  same  in  both  cases,  the  total  amount  of  NOx  in  Case 
II  decreases  by  the  amount  corresponding  to  the  decrease  in  the  amount  of  gas  treated;  this  implies  that  a 
relatively  large  molar  ratio  is  used  in  the  operation.  It  may  be  mentioned  that  Case  II  uses  a  low  SV  and  a 
high  molar  ratio  in  comparison  with  Case  I. 

With  references  to  the  curves  shown  in  Fig.  3,  Case  I  and  Case  II  have  the  following  differences: 
io  When  Case  I,  wherein  the  molar  ratio  is  Mi  (0.6)  and  the  SV  value  is  SV2  (12,000h_1),  is  modified  so 

that  a  part  of  the  gas  to  be  treated  bypasses  the  reactor  2  as  in  Case  II,  it  is  found  that  the  molar  ratio  goes 
up  to  M2  (0.8),  and  the  SV  value  falls  down  to  SV3  (8,500h_1).  The  denitration  performance  before  and  after 
the  reactor  2  rises  from   ̂ (38.0%)  to  i)2  (60%).  It  may  be  supposed  from  this  that  if  the  amount  of  gas 
bypassing  the  reactor  2  is  increased,  the  molar  ratio  can  be  raised  to  M2'  (1.1),  and  the  SV  value  can  be 

75  lowered  to  SV+  (6,500h_1),  thus  making  it  possible  to  carry  out  an  operation  in  which  the  denitration  rate 
can  be  raised  to  t)2'  (80%). 

The  factors  contributing  to  the  improvement  in  the  performance  may  be  divided  into  those  relating  to 
the  change  in  SV  value,  and  those  relating  to  the  change  in  the  molar  ratio.  In  other  words,  At)SV  or  At)SV' 
may  be  taken  to  be  due  to  the  SV  effect,  while  At)M  or  At)M'  may  be  taken  to  be  due  to  the  effect  of  the 

20  increase  in  the  molar  ratio.  The  following  relation  may  be  thought  to  hold  good: 

7)1  +  Atjsv  +  A7)M  =  V2  or 
7)1  +  At)Sv  +  At)M'  =  7)2' 

25  Next,  this  At)SV  and  At)M  will  be  explained  more  concretely. 
Figs.  5  and  6  shows  the  relations  between  the  bypassing  proportion  of  gas  to  be  treated  and  At)SV.  Fig. 

5  indicates  the  characteristic  curves  in  the  case  of  a  low  molar  ratio  (0.6).  As  shown  in  that  figure,  the  larger 
the  proportion  of  the  bypassing  gas,  the  smaller  the  amount  of  gas  treated  in  the  denitration  reactor;  At)SV 
has  a  tendency  to  increase.  But  as  described  in  characteristic  (3)  of  the  molar  ratio/denitration  rate  curve, 

30  the  effect  gradually  decreases.  Also,  for  the  same  reason,  when  comparing  SVi  ,  SV2,  etc.,  it  is  found  that 
the  larger  the  SV  value,  the  larger  the  rate  of  change  in  At)SV. 

Fig.  6  indicates  the  relations  in  the  case  of  a  high  molar  ratio  operation  (0.8),  wherein  the  values  of  At)SV 
are  largely  different  from  those  in  Fig.  5.  This  stems  from  characteristic  (4)  in  the  molar  ratio/denitration  rate 
curve. 

35  Next,  Figs.  7  and  8  show  the  relations  between  the  bypassing  proportion  of  the  gas  and  At)M- 
Fig.  7  indicates  the  case  of  a  low  molar  ratio  operation.  As  shown  in  the  figure,  the  larger  the  proportion 

of  bypassing  gas,  the  larger  the  At)M;  but  the  effect  almost  vanishes  above  a  certain  level.  This  stems  from 
characteristic  (2)  of  the  molar  ratio/denitration  rate  curve. 

Fig.  8  indicates  the  case  of  a  high  molar  ratio  (0.8).  Compared  with  Fig.  7,  in  this  figure,  At)M  reaches 
40  the  ceiling  when  the  bypassing  proportion  of  the  gas  is  in  a  small  range.  This  is  obvious  from  characteris- 

tics  (1)  and  (2)  in  the  above  molar  ratio/denitration  rate  curve. 
As  described  above,  it  has  become  apparent  that  the  characteristics  of  At)SV  and  At)M  are  important 

factors  in  performance  improvement  when  the  gas  bypasses  the  denitration  reactor  2.  But  the  overall 
denitration  performance  should  be  evaluated  by  taking  into  consideration  the  decrease  in  performance 

45  resulting  from  the  bypassing  gas  and  comparing  the  above-described  improvement  factors  At)SV  and  At)M 
therewith. 

Fig.  9  indicates  the  decrease  in  A?)b  in  the  overall  denitration  rate  resulting  from  the  bypassing  of  the 
gas  to  be  treated. 

As  is  clear  from  the  figure,  the  higher  the  rate  of  denitration  r\  is,  the  larger  the  effect  of  the  bypassing 
50  gas  upon  the  overall  denitration  rate.  Therefore,  the  overall  evaluation  of  the  denitration  performance  by  the 

bypassing  of  gas  should  be  made  according  to  the  following  equation: 

A?;,  =  7)1  +  At)SV  +  At)M  -  A?)b 

55  (wherein  A?;,  represents  the  effect  upon  the  overall  denitration  rate.) 
Figs.  10  and  11  indicate  the  characteristic  curves  showing  the  relation  between  the  bypassing 

proportion  of  the  gas  and  A?;,.  Fig.  10  shows  the  case  of  a  low  molar  ratio  (0.8),  and  Fig.  11  shows  the  case 
of  a  high  molar  ratio  (1  .0). 
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As  shown  in  Fig.  10,  under  the  conditions  of  a  low  denitration  rate  (in  the  range  of  nearly  ?;i  <  50%),  the 
value  of  A?;,  becomes  positive  in  the  range  where  the  bypassing  amount  of  gas  is  less  than  about  50%. 
However,  when  the  denitration  rate  is  high,  the  effect  becomes  lesser  by  being  drastically  affected  by  the 
value  of  7)SV,  which  decreases. 

5  Also,  when  the  proportion  of  bypassing  gas  is  made  too  large,  the  value  of  i)b  increases  rapidly,  so  that 
A?;,  becomes  negative  and  the  overall  denitration  rate  falls. 

In  the  case  of  a  high  molar  ratio  operation,  as  shown  in  Fig.  11,  the  effect  of  At)M  is  small  (see  Fig.  8), 
so  that  a  large  effect  cannot  be  obtained,  in  comparison  with  a  low  molar  ratio  operation.  Thus,  in  a  low 
molar  ratio  operation,  the  value  of  A?;,  becomes  positive. 

io  For  the  above  reasons,  when  an  operation  of  low  molar  ratio  and  a  low  denitration  rate  is  carried  out, 
the  performance  can  be  enhanced  by  the  construction  of  a  system  such  as  depicted  in  Fig.  4  (II),  rather 
than  Fig.  4  (I).  In  other  words,  if  the  same  denitration  rate  is  to  be  obtained  in  both  cases,  smaller  amounts 
of  catalyst  will  suffice  for  Case  II. 

Since  the  maximum  bypassing  proportion  B  (at  which  the  overall  denitration  rate  i)X  is  found  in  the 
75  positive  range)  can  be  determined  on  the  basis  of  the  characteristic  values  shown  in  Figs.  10  and  11,  the 

relations  between  these  and  the  denitration  rates  are  plotted  in  Fig.  17. 
The  broken  line  in  the  figure  indicates  the  curve  of  B  =  156  log  (100  -  ^)  -  216.7.  As  clearly 

understood  from  each  characteristic  curve,  the  pereferable  bypassing  proportion  of  the  gas  to  be  treated 
varies  depending  on  the  molar  ratio.  For  instance,  where  the  molar  ratio  is  comparatively  low  (such  as  0.4, 

20  0.6,  and  0.8),  the  preferable  bypassing  proportion  of  the  gas  is,  for  example,  20%  to  80%  by  volume,  or 
more  preferably,  20%  to  60%  by  volume.  On  the  other  hand,  where  the  molar  ratio  is  high  (such  as  1.0  or 
1.1),  the  preferable  bypassing  proportion  B  is,  for  example,  5%  to  20%  by  volume,  or  more  preferably,  5% 
to  10%  by  volume. 

The  above  explanation  is  effective  so  long  as  the  molar  ratio  is  low  (in  other  words,  an  operation  in 
25  which  the  leaking  NH3  has  been  restricted)  and  the  SV  value  is  high  (in  other  words,  it  has  a  low  denitration 

rate).  But  in  the  case  of  a  low  molar  ratio  and  a  low  SV  value  (in  other  words,  it  has  a  high  denitration  rate), 
no  effect  can  be  expected. 

However,  if  (as  shown  in  Fig.  12)  [not  according  to  the  invention]  the  denitration  reactor  has  been 
divided  into  a  primary  and  a  secondary  reactor  disposed  along  the  stream  of  gas,  it  implies  that  the  same 

30  amount  of  gas  is  treated  by  a  smaller  amount  of  catalyst,  so  that  the  primary  reactor  2-1  may  be  regarded 
as  a  high  SV  denitration  reactor. 

Accordingly,  if  only  the  primary  reactor  2-1  is  provided  with  a  line  bypassing  the  gas  to  be  treated,  the 
same  effect  as  explained  with  regard  to  Fig.  4  (II)  can  be  obtained. 

The  construction  obtained  from  such  considerations  is  shown  as  a  system  diagram  in  Fig.  13  (according 
35  to  the  present  invention).  This  construction  is  characterized  by  the  fact  that  the  same  denitration  perfor- 

mance  can  be  achieved  by  using  the  catalyst  in  a  packed  amount  substantially  smaller  that  the  catalyst 
packed  in  the  primary  reactor  2-1  shown  in  Fig.  12. 

Figs.  14  and  15  show  the  characteristic  curves  in  the  above-described  case.  In  Fig.  14,  the  molar  ratio 
is  low  (about  0.6),  and  in  Fig.  15,  the  molar  ratio  is  high  (about  0.8).  In  these  figures  the  proportion  of  the 

40  amount  of  catalyst  packed  in  the  primary  denitration  reactor  2-1  to  the  total  amount  of  catalyst  is  shown  as 
abscissa;  (a)  is  the  bypassing  proportion  and  (b)  is  the  amount  of  the  catalyst  decreased.  These 
characteristic  curves  are  shown  in  the  bypassing  proportion  of  the  gas  at  the  maximum  rate  of  decrease  in 
the  amount  of  catalyst;  (the  bypassing  proportion  of  the  gas  treated  at  the  maximum  A?;,  in  Figs.  10  and 
11).  Thus  it  follows  that  if  the  proportion  of  the  catalyst  amount  packed  varies,  the  most  suitable  bypassing 

45  proportion  of  the  gas  will  also  vary,  as  a  matter  of  course. 
In  view  of  the  above  meaning,  the  amount  of  catalyst  that  can  be  reduced  can  be  unequivocally 

determined  from  the  molar  ratio  and  SV,  so  that,  irrespective  of  whether  the  SV  is  high  or  low,  the 
maximum  amount  of  catalyst  reduction  can  be  determined.  That  is  to  say,  if  the  amount  of  catalyst  packed 
in  the  primary  denitration  reactor  2-1  is  decreased,  it  results  in  an  operation  of  a  high  SV,  giving  a  large  rate 

50  of  decrease  in  the  amount  of  catalyst.  But  as  the  decrease  in  the  amount  is  given  by  (the  amount  of  the 
catalyst  packed)  x  (the  rate  of  decrease),  it  becomes  smaller  by  as  much  as  the  amount  of  catalyst  packed 
is  decreased.  Therefore,  in  regard  to  the  proportion  of  the  catalyst  packed  in  the  primary  reactor  2-1,  there 
should  be  one  point  at  which  the  decrease  in  the  amount  is  largest.  Thus,  if  the  amount  of  the  catalyst 
packed  in  the  primary  reactor  2-1  and  the  bypassing  proportion  of  the  gas  to  be  treated  are  determined 

55  from  such  a  consideration,  it  becomes  possible  to  attempt  the  decrease  in  the  amount  of  catalyst  even 
when  the  SV  is  low. 

Fig.  18  depicts  the  characteristic  curves  showing  the  relations  between  the  molar  ratio,  SV,  and 
bypassing  proportion.  In  the  operation  of  the  denitration  apparatus  attached  to  the  combustion  equipment  of 
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ordinary  utility  boilers  or  industrial  furnaces,  etc.,  the  SV  is  mostly  in  the  range  of  2,800h_1  to  20,000h_1. 
Accordingly,  from  the  experimental  results  in  Fig.  18,  it  is  preferable  that  the  relation  between  the  molar 
ratio  and  the  bypassing  proportion  should  be  made  as  nearly  as  shown  in  Table  2. 

T a b l e   2 

M o l a r   r a t i o   B y p a s s i n g   p r o p o r t i o n   (%) 

L e s s   t h a n   0 .2   7 0 - 9 0  

0 .2   -  0 .4   35  -  80  

0 .4   -  0 .6   io  -  65  

0 .6   -  0 .8   5 - 5 0  

0 .8   -  1 .0   5  -  30  

1 .0   -  5  _  1 5  

In  addition,  as  a  practical  problem,  it  is  undesirable  from  the  viewpoints  of  space  and  economy  to 
25  provide  a  bypass  flue  for  the  bypassing  proportion  less  than  5%;  hence,  in  Table  2,  the  lower  limit  of  the 

bypassing  proportion  has  been  taken  to  be  5%. 
The  ammonia/NOx  ratio  can  be  controlled  by  providing  the  ammonia-injecting  means  6  with  an 

ammonia  flow-rate  control  means  systematically  in  association  with  a  flow  rate  sensor  for  the  untreated  gas 
fed  through  the  inlet  flue  1  ,  an  NOx  sensor  for  determining  the  concentration  of  NOx  in  the  untreated  gas, 

30  and  an  opening  degree  regulator  for  the  damper  5. 
This  new  denitration  apparatus  can  be  applied  not  only  to  newly-built  plants,  but  also  to  existing  ones. 

In  effect,  what  is  required  is  the  use  of  an  already-installed  duct  as  the  reactor's  bypass  flue,  and  the  new 
installation  of  an  additional  denitration  reactor.  Also,  when  the  surplus  of  the  draft  loss  in  the  already- 
installed  main  line  is  small,  only  a  secondary  denitration  reactor  need  be  provided  on  the  main  line,  so  long 

35  as  the  primary  reactor  is  provided  with  a  bypass  flue  In  such  a  case,  a  denitration  fan  should  be  provided, 
but  the  draft  capacity  need  not  be  large. 

Fig.  19  illustrates  another  embodiment  of  the  present  invention. 
In  the  first  embodiment  (illustrated  in  Fig.  2),  the  primary  and  secondary  denitration  reactors  are 

separately  provided,  but  this  example  shows  how  the  space  inside  a  casing  18  has  been  divided  in  two  to 
40  form  the  primary  denitration  reactor  2-1  and  the  secondary  denitration  reactor  2-2.  In  the  figure,  partition 

plates  19  which  build  up  gas  flow  passages  18a  in  the  casing  18  are  illustrated.  By  disposing  a  plurality  of 
them  at  regular  intervals  along  the  stream  of  gas  (upstream  of  the  casing  18),  the  primary  reactor  2-1  and 
the  bypass  flue  4  are  arranged.  The  nozzles  of  the  ammonia-injecting  means  6  are  respectively  arranged 
inside  the  partition  plate  19  in  positions  above  the  primary  reactor  2-1.  Also,  dampers  5  are  disposed  inside 

45  the  partition  plate  19  and  upstream  of  the  bypass  flues  4.  In  the  figure,  reference  numeral  20  is  a  mixing 
compartment  between  the  primary  reactor  2-1  and  the  secondary  reactor  2-2. 

In  a  denitration  apparatus  constructed  in  this  way,  when  exhaust  gas  is  introduced  into  the  casing  18, 
the  gas  is  separated  into  the  treated  portion  which  passes  through  the  primary  reactors  2-1  ,  and  the  yet-to- 
be-treated  (untreated)  portion  which  passes  through  the  bypass  flues  4.  The  amount  of  gas  bypassing  may 

50  be  regulated  by  means  of  the  dampers  5  so  as  to  give  the  optimum  value. 
The  offgas  introduced  into  the  primary  reactor  side  2-1  is  mixed  with  NH3  and  is  subjected  to  the 

denitration  reaction  in  the  primary  reactors  2-1  . 
Thereafter,  the  unreacted  NH3  contained  in  the  exhaust  gas  which  has  already  passed  through  the 

primary  reactors  2-1  ,  and  the  unreacted  offgas  which  has  passed  through  the  bypass  flues  4  are  mixed  in 
55  the  above-described  mixing  compartment  20,  and  then  led  to  the  secondary  reactors  2-2  wherein  the  NOx 

in  the  gas  is  removed  by  the  ensuing  denitration  reaction.  The  resulting  gas  is  led  to  the  outlet  of  the  casing 
18. 
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A  denitration  apparatus  of  such  a  construction  is  especially  adapted  to  be  applied  to  an  existing  boiler 
plant  to  which  no  denitration  apparatus  has  been  attached.  In  most  cases,  when  an  attempt  is  made  to 
newly  provide  a  denitration  apparatus  in  an  already  existing  flue  (casing  18),  the  space  is  frequently  too 
limited  to  achieve  the  desired  layout.  In  this  regard,  however,  as  shown  in  the  above  example,  by  reforming 

5  the  inside  of  the  casing  18,  both  the  primary  and  the  secondary  denitration  reactors  can  be  provided  within 
the  casing.  Moreover,  the  primary  reactor  2-1  and  the  bypass  flue  4  can  be  arranged  in  parallel,  so  that  the 
height  required  for  the  apparatus  can  be  reduced  by  so  much.  Therefore,  the  denitration  apparatus  of  this 
invention  can  be  newly  constructed  with  ease  even  at  an  already-built  boiler  plant.  Moreover,  since  it  is  of 
the  built-in  type  within  the  flue  (casing  18)  of  an  already-built  boiler  plant,  the  cost  of  new  construction  for 

io  the  denitration  apparatus  is  minimized.  Also,  when  a  denitration  apparatus  provided  with  parallel  bypass 
flues  is  to  be  constructed  within  an  already-installed  flue,  the  bypass  flue  which  usually  projects  outward 
from  it  is  a  hindrance,  and  presents  a  problem,  especially  when  there  is  not  enough  space  between  the 
flues  (casing  18)  and  other  equipment.  In  this  regard,  the  construction  described  above  is  provided  with 
bypass  flues  formed  in  parallel  with  the  primary  denitration  reactor  2-1  within  the  casing  18,  so  that  it  can 

is  be  applied  even  in  cases  where  there  is  not  much  space. 
In  the  denitration  apparatus  of  the  invention,  it  is  also  possible  for  the  gas  flow  regulating  apparatus  to 

be  disposed  downstream  of  the  bypass  duct  and  upstream  of  the  denitration  reactor  in  order  to  regulate  the 
flow  rate  of  the  gas  to  be  treated.  But  in  so  doing,  a  drift  is  formed  in  the  gas  within  the  denitration  reactor, 
exerting  a  bad  influence  upon  the  denitration  performance.  Therefore,  it  is  advantageous  that  the  gas  flow 

20  regulating  apparatus  be  disposed  on  the  bypass  flue  as  explained  in  the  above  embodiment. 
Fig.  20  shows  an  enlarged  cross-sectional  view  of  the  catalyst  block  used  in  the  embodiment  and  in  the 

previously-described  experiment.  On  the  surface  of  a  catalyst  carrier  21  in  the  form  of  a  plate  (such  as  a 
stainless  steel  plate,  for  example),  a  reduction  catalyst  is  supported  (such  as,  for  example,  containing  Ti02 
catalyst,  etc.).  As  shown  in  the  figure,  the  carrier  21  has  bends  22  projecting  upward  and  downward  at 

25  regular  intervals.  By  super-imposing  the  carriers  one  upon  the  other,  with  bends  22  being  arranged  in 
staggered  relation,  spaces  23  are  formed  for  the  gas  flowing  between  the  carriers  21.  As  shown  in  the 
figure,  a  catalyst  block  is  formed  by  superimposing  a  number  of  carriers  21,  one  upon  the  other,  to  be 
assembled  into  a  block.  By  disposing  a  number  of  these  catalyst  blocks  in  the  longitudinal  direction  as  well 
as  in  the  lateral  direction,  the  above-described  denitration  reactor  can  be  constructed. 

30  Since  the  constitution  of  the  present  invention  is  as  above  described,  it  can  provide  an  inexpensive 
denitration  apparatus  in  which  the  catalyst  can  be  efficiently  utilized,  even  restricting  the  leaking  NH3  in  the 
process;  and  further,  can  reduce  the  amount  of  catalyst  used,  while  maintaining  the  desired  rate  of 
denitration. 

35  Claims 

1.  A  method  for  the  denitration  of  an  NOx  containing  gas  stream  (1),  which  comprises  passing  the  gas  to 
be  treated  through  a  catalytic  denitration  reactor  (2)  containing  a  catalyst  effective  to  cause  the  catalytic 
reduction  of  the  nitrogen  oxides  in  the  presence  of  ammonia,  introducing  ammonia  (6)  into  the 

40  untreated  gas  stream  (1)  upstream  of  the  reactor  (2)  and  discharging  the  treated  gas  from  the  reactor 
(2),  a  proportion  of  the  untreated  NOx  containing  gas  stream  being  withdrawn  prior  to  introducing  the 
ammonia  therein,  bypassed  around  the  reactor,  and  reintroduced  into  the  treated  gas  stream  (3) 
downstream  of  the  reactor  characterised  in  that  the  NOx  containing  gas  passes  through  two  catalyst- 
containing  reactors  (2-1  and  2-2),  connected  in  series,  of  a  denitration  reactor,  and  said  untreated  gas 

45  stream  is  bypassed  (4)  around  the  first  reactor  (2-1)  and  reintroduced  into  the  treated  gas  stream 
upstream  of  the  second  reactor  (2-2),  and  both  the  ratio  of  untreated  gas  flowing  through  the  bypass  to 
the  total  untreated  gas  and  the  molar  ratio  of  the  introduced  ammonia  to  the  NOx  are  adjusted. 

2.  A  method  according  to  claim  1  ,  wherein  the  ammonia  is  introduced  into  the  untreated  gas  stream  at  a 
50  molar  ratio  of  less  than  0.2,  and  from  70-90  vol.%  of  the  total  volume  of  untreated  gas  is  bypassed 

around  said  first  reactor. 

3.  A  method  as  claimed  in  claim  1  or  claim  2,  wherein  the  ammonia  is  introduced  into  the  untreated  gas 
stream  at  a  molar  ratio  in  the  range  0.4  to  0.2  and  from  35-80  vol.%  of  the  total  volume  of  untreated 

55  gas  is  bypassed  around  said  first  reactor. 

4.  A  method  as  claimed  in  claim  1  or  claim  2,  wherein  the  ammonia  is  introduced  into  the  untreated  gas 
stream  at  a  molar  ratio  in  the  range  of  0.4-0.6,  and  from  10-65  vol.%  of  the  total  volume  of  untreated 
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gas  is  bypassed  around  said  first  reactor. 

5.  A  method  as  claimed  in  claim  1  or  claim  2,  wherein  the  ammonia  is  introduced  into  the  untreated  gas 
stream  at  a  molar  ratio  in  the  range  0.6-0.8,  and  from  5-50  vol.%  of  the  total  volume  of  untreated  gas  is 

5  bypassed  around  said  first  reactor. 

6.  A  method  as  claimed  in  claim  1  or  claim  2,  wherein  the  ammonia  is  introduced  into  the  untreated  gas 
stream  at  a  molar  ratio  in  the  range  0.8-1.0,  and  from  5-30  vol.%  of  the  total  of  volume  untreated  gas  is 
bypassed  around  said  first  reactor. 

10 
7.  A  method  as  claimed  in  claim  1  or  claim  2,  wherein  the  ammonia  is  introduced  into  the  untreated  gas 

stream  at  a  molar  ratio  greater  than  1.0,  and  from  5-15  vol.%  of  the  total  volume  of  untreated  gas  is 
bypassed  around  said  first  reactor. 

is  8.  Apparatus  for  the  denitration  of  a  NOx  containing  gas  stream  comprising  a  denitration  reactor  (2) 
containing  a  denitration  catalyst,  an  inlet  (1)  for  feeding  the  NOx  containing  gas  to  the  denitration 
reactor,  an  inlet  (6)  for  introducing  ammonia  into  the  NOx  gas  stream  upstream  of  the  reactor,  an  outlet 
(3)  for  discharging  treated  gas  from  the  denitration  reactor,  and  a  bypass  (4)  connected  between  the 
inlet  (1)  upstream  of  the  point  of  introduction  of  the  ammonia  (6)  and  the  outlet  (3)  downstream  of  the 

20  denitration  reactor  for  bypassing  untreated  NOx  containing  gas  around  the  reactor  for  subsequent 
mixing  with  the  treated  gas,  and  flow  control  means  (5)  for  adjusting  the  relative  proportions  of  NOx 
containing  gas  passing  through  the  reactor  and  around  the  bypass  characterised  in  that  the  apparatus 
comprises  a  denitration  reactor  comprising  a  first  and  a  second  catalyst-containing  reactor  (2-1;  2-2) 
arranged  in  series  with  the  said  bypass  (4)  being  arranged  around  the  upstream  catalyst-containing 

25  reactor  (2-1),  and  means  for  adjusting  the  molar  ratio  of  the  introduced  ammonia  to  the  NOx. 

9.  Apparatus  as  claimed  in  claim  8,  wherein  the  flow-rate  control  means  (5)  is  located  in  the  bypass  (4). 

10.  Apparatus  as  claimed  in  claim  8  or  claim  9  wherein  said  denitration  reactor  (2)  comprises  an  outer 
30  casing  (18)  which  forms  said  first  catalyst-containing  reactor  (2-1)  by  being  divided  internally  into  a 

plurality  of  gas  flow  passages  (18a)  by  partition  members  (19)  arranged  along  the  direction  of  the  flow 
of  the  gas  through  the  casing  (18),  at  least  one  of  said  passages  (18a)  comprising  said  catalyst  located 
therein,  and  at  least  one  other  of  said  passages  (18a)  constituting  said  bypass  (4),  ammonia  inlets 
being  located  in  the  first  mentioned  of  those  passages  comprising  the  catalyst,  upstream  of  the 

35  catalyst,  and  flow  regulating  means  (5)  positioned  in  said  at  least  one  other  passage  to  regulate  the 
relative  proportions  of  gas  flowing  through  the  catalyst  containing  passage(s)  and  the  bypass  passage- 
(s),  and  a  second  catalyst-containing  reactor  (2-2)  located  in  said  outer  casing  (18)  downstream  from 
the  outlet  end  of  said  gas  flow  passages  (18a)  and  positioned  to  receive  both  treated  gas  from  the 
catalyst  containing  passage(s)  and  untreated  gas  from  the  bypass  passage(s). 

40 
11.  Apparatus  as  claimed  in  claim  10  wherein  a  gas  mixing  compartment  (20)  is  formed  in  said  outer 

casing  (18)  between  the  outlet  end  of  said  passages  and  the  second  catalyst-containing  reactor  (2-2). 

12.  Apparatus  as  claimed  in  either  one  of  claims  10  and  11,  wherein  the  catalyst  is  supported  upon  a  plate 
45  type  catalyst  carrier. 

13.  Apparatus  as  claimed  in  claim  12,  wherein  the  catalyst  carrier  comprises  a  plurality  of  superimposed 
zig-zag  catalyst  carrier  plates  (21)  in  contiguous  array  defining  a  plurality  of  enclosed,  parallel  gas 
through  flow  passageways  (23)  therebetween. 

50 
Patentanspruche 

1.  Verfahren  zur  Denitrierung  eines  NOx-enthaltenden  Gasstromes  (1),  bei  dem  das  zu  behandelnde  Gas 
durch  einen  katalytischen  Denitrierungsreaktor  (2)  geleitet  wird,  der  einen  Katalysator  enthalt,  der  die 

55  katalytische  Reduktion  der  Stickstoffoxide  in  Anwesenheit  von  Ammoniak  bewirkt,  Ammoniak  (6) 
stromauf  des  Reaktors  (2)  in  den  unbehandelten  Gasstrom  (1)  eingeleitet  und  das  behandelte  Gas  aus 
dem  Reaktor  (2)  abgefuhrt  wird,  wobei  ein  Anteil  des  unbehandelten,  NOx-enthaltenden  Gasstromes  vor 
dem  Einleiten  von  Ammoniak  abgezogen,  in  einem  Bypass  urn  den  Reaktor  gefuhrt  und  in  den 
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behandelten  Gasstrom  (3)  stromab  des  Reaktors  wiedereingefuhrt  wird, 
dadurch  gekennzeichnet, 
daB  das  NOx-enthaltende  Gas  durch  zwei  in  Reihe  geschaltete,  einen  Katalysator  enthaltende  Reakto- 
ren  (2-1  und  2-2)  eines  Denitrierungsreaktors  geleitet  wird,  und  der  unbehandelte  Gasstrom  in  einem 

5  Bypass  (4)  urn  den  ersten  Reaktor  (2-1)  gefuhrt  und  in  den  behandelten  Gasstrom  stromauf  des 
zweiten  Reaktors  (2-2)  wiedereingeleitet  wird,  und  sowohl  das  Verhaltnis  des  unbehandelten,  durch  den 
Bypass  stromenden  Gases  zu  dem  gesamten  unbehandelten  Gas  als  auch  das  Molarverhaltnis  des 
eingeleiteten  Ammoniaks  zu  NOx  eingestellt  wird. 

io  2.  Verfahren  nach  Anspruch  1  ,  wobei  Ammoniak  in  den  unbehandelten  Gasstrom  bei  einem  Molarverhalt- 
nis  von  weniger  als  0,2  eingeleitet  und  70  bis  90  Vol.-%  des  Gesamtvolumens  des  unbehandelten 
Gases  in  einem  Bypass  urn  den  ersten  Reaktor  geleitet  wird. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  Ammoniak  in  den  unbehandelten  Gasstrom  bei  einem 
is  Molarverhaltnis  im  Bereich  von  0,4  bis  0,2  eingeleitet  und  35  bis  80  Vol.-%  des  gesamten  Volumens 

des  unbehandelten  Gases  im  Bypass  urn  den  ersten  Reaktor  gefuhrt  wird. 

4.  Verfahren  nach  Anspruch  1  oder  2,  wobei  Ammoniak  in  den  unbehandelten  Gasstrom  bei  einem 
Molarverhaltnis  im  Bereich  von  0,4  bis  0,6  eingeleitet  und  10  bis  65  Vol.-%  des  Gesamtvolumens  des 

20  unbehandelten  Gases  im  Bypass  urn  den  ersten  Reaktor  gefuhrt  wird. 

5.  Verfahren  nach  Anspruch  1  oder  2,  wobei  Ammoniak  in  den  unbehandelten  Gasstrom  bei  einem 
Molarverhaltnis  im  Bereich  von  0,6  bis  0,8  eingeleitet  und  5  bis  50  Vol.-%  des  Gesamtvolumens  des 
unbehandelten  Gases  im  Bypass  urn  den  ersten  Reaktor  gefuhrt  wird. 

25 
6.  Verfahren  nach  Anspruch  1  oder  2,  wobei  Ammoniak  in  den  unbehandelten  Gasstrom  bei  einem 

Molarverhaltnis  im  Bereich  von  0,8  bis  1,0  eingeleitet  und  5  bis  30  Vol.-%  des  Gesamtvolumens  des 
unbehandelten  Gases  im  Bypass  urn  den  ersten  Reaktor  gefuhrt  wird. 

30  7.  Verfahren  nach  Anspruch  1  oder  2,  wobei  Ammoniak  in  den  unbehandelten  Gasstrom  bei  einem 
Molarverhaltnis  groBer  als  1,0  eingeleitet  und  5  bis  15  Vol.-%  des  Gesamtvolumens  des  unbehandelten 
Gases  im  Bypass  urn  den  ersten  Reaktor  gefuhrt  wird. 

8.  Vorrichtung  zur  Denitrierung  eines  NOx-enthaltenden  Gasstromes,  umfassend  einen  Denitrierungsreak- 
35  tor  (2)  mit  einem  Denitrierungskatalysator,  einem  EinlaB  (1)  zum  Einfuhren  des  NOx-enthaltenden 

Gases  in  den  Denitrierungsreaktor,  einem  EinlaB  (6)  zum  Einleiten  von  Ammoniak  in  den  NOx-Gasstrom 
stromauf  des  Reaktors,  einem  AuslaB  (3)  zum  Abfuhren  von  behandeltem  Gas  aus  dem  Denitrierungs- 
reaktor,  und  einem  Bypass  (4),  der  zwischen  dem  EinlaB  (1)  stromauf  der  Einleitungsstelle  des 
Ammoniaks  (6)  und  dem  AuslaB  (3)  stromab  des  Denitrierungsreaktors  zum  Umleiten  von  unbehandel- 

40  tern  NOx-enthaltenden  Gas  urn  den  Reaktor  zum  nachfolgenden  Mischen  mit  dem  behandelten  Gas 
angeschlossen  ist,  und  eine  Stromsteuereinrichtung  (5)  zum  Einstellen  der  relativen  Anteile  von  NOx- 
enthaltendem  Gas,  das  durch  den  Reaktor  und  durch  den  Bypass  stromt, 
dadurch  gekennzeichnet, 
daB  die  Vorrichtung  einen  Denitrierungsreaktor  mit  einem  ersten  und  einem  zweiten,  einen  Katalysator- 

45  enthaltenden  Reaktor  (2-1;  2-2)  aufweist,  die  in  Reihe  angeordnet  sind,  wobei  der  Bypass  (4)  urn  den 
stromauf  liegenden,  einen  Katalysator-enthaltenden  Reaktor  (2-1)  gefuhrt  ist,  sowie  eine  Einrichtung 
zum  Einstellen  des  Molarverhaltnisses  des  eingeleiteten  Ammoniaks  zu  NOx. 

9.  Vorrichtung  nach  Anspruch  8,  wobei  die  Einrichtung  (5)  zum  Steuern  des  Stromdurchsatzes  im  Bypass 
50  (4)  angeordnet  ist. 

10.  Vorrichtung  nach  Anspruch  8  oder  9,  wobei  der  Denitrierungsreaktor  (2)  ein  auBeres  Gehause  (18) 
aufweist,  das  den  ersten,  einen  Katalysator-enthaltenden  Reaktor  (2-1)  bildet,  indem  es  innen  in  eine 
Anzahl  von  Durchlassen  (18a)  fur  den  Gasstrom  durch  Trennelemente  (19)  unterteilt  ist,  die  langs  der 

55  Richtung  des  Gasstromes  durch  das  Gehause  (18)  angeordnet  sind,  wobei  wenigstens  einer  dieser 
Durchlasse  (18a)  den  darin  angeordneten  Katalysator  umfaBt,  und  wenigstens  ein  anderer  dieser 
Durchlasse  (18a)  den  Bypass  (4)  bildet,  wobei  ferner  Ammoniakeinlasse  in  dem  erstgenannten  dieser 
Durchlasse  mit  dem  Katalysator  stromauf  des  Katalysators  angeordnet  sind,  und  die  Einrichtung  (5) 
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zum  Regulieren  des  Stroms  in  diesem  wenigstens  einen  anderen  DurchlaB  zum  Regulieren  der 
relativen  Anteile  des  Gases  umfaBt,  das  durch  den  den  Katalysator  enthaltenden  DurchlaB  bzw.  die 
entsprechenden  Durchlasse  und  den  Bypass-DurchlaB  bzw.  -Durchlasse  stromt,  und  wobei  ein  zweiter, 
einen  Katalysator  enthaltender  Reaktor  (2-2)  in  dem  auBeren  Gehause  (18)  stromab  des  AuslaBendes 

5  der  Durchlasse  (18a)  fur  den  Gasstrom  angeordnet  und  so  positioniert  ist,  daB  er  behandeltes  Gas  aus 
dem  einen  Katalysator-enthaltenden  DurchlaB  bzw.  aus  den  entsprechenden  Durchlassen  und  unbehan- 
deltes  Gas  aus  dem  Bypass-DurchlaB  bzw.  aus  den  entsprechenden  Durchlassen  aufnimmt. 

11.  Vorrichtung  nach  Anspruch  10,  wobei  in  dem  auBeren  Gehause  18  zwischen  dem  AuslaBende  der 
io  Durchlasse  und  dem  zweiten,  einen  Katalysator-enthaltenden  Reaktor  (2-2)  ein  Gasmischraum  (20) 

ausgebildet  ist. 

12.  Vorrichtung  nach  einem  der  Anspruche  10  und  11,  wobei  der  Katalysator  auf  einem  Katalysatortrager 
vom  Plattentyp  angeordnet  ist. 

15 
13.  Vorrichtung  nach  Anspruch  12,  wobei  der  Katalysatortrager  eine  Anzahl  von  ubereinander  angeordne- 

ten,  zickzackformigen  Tragerplatten  (21)  fur  den  Katalysator  in  nebeneinanderliegender  Gruppierung 
umfaBt,  die  eine  Anzahl  von  eingeschlossenen  parallelen  Kanalen  (23)  dazwischen  fur  das  durchstro- 
mende  Gas  begrenzen. 

20 
Revendicatlons 

1.  Procede  pour  la  denitration  d'un  courant  gazeux  (1)  contenant  des  NOx,  qui  comprend  le  passage  du 
gaz  devant  etre  traite  a  travers  un  reacteur  de  denitration  catalytique  (2)  contenant  un  catalyseur 

25  efficace  pour  la  reduction  catalytique  des  oxydes  d'azote  en  presence  d'ammoniac,  I'introduction 
d'ammoniac  (6)  dans  le  courant  gazeux  non  traite  (1)  en  amont  du  reacteur  (2)  et  I'evacuation  du  gaz 
traite  a  partir  du  reacteur  (2),  une  proportion  du  courant  gazeux  non  traite  contenant  des  NOx  etant 
retiree  avant  I'introduction  de  I'ammoniac  dans  celui-ci,  derivee  en  amont  du  reacteur,  et  reintroduce 
dans  le  courant  gazeux  traite  (3)  en  aval  du  reacteur,  caracterise  en  ce  que  le  gaz  contenant  des  NOx 

30  passe  a  travers  deux  reacteurs  (2-1  et  2-2)  contenant  du  catalyseur,  couples  en  serie,  d'un  reacteur  de 
denitration,  et  ledit  courant  gazeux  non  traite  est  derive  (4)  en  amont  du  premier  reacteur  (2-1)  et 
reintroduit  dans  le  courant  gazeux  traite  en  amont  du  deuxieme  reacteur  (2-2),  le  rapport  de  gaz  non 
traite  circulant  a  travers  le  circuit  de  derivation  du  gaz  non  traite  total  et  le  rapport  molaire  de 
I'ammoniac  introduit  aux  NOx  etant  tous  deux  regies. 

35 
2.  Procede  selon  la  revendication  1,  dans  lequel  I'ammoniac  est  introduit  dans  le  courant  gazeux  non 

traite  selon  un  rapport  molaire  de  moins  de  0,2  et  on  derive  70  a  90%  vol.  du  volume  total  de  gaz  non 
traite  en  amont  dudit  premier  reacteur. 

40  3.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'ammoniac  est  introduit  dans  le  courant  gazeux  non 
traite  selon  un  rapport  molaire  compris  entre  0,4  et  0,2  et  on  derive  35  a  80%  vol.  du  volume  total  de 
gaz  non  traite  en  amont  dudit  premier  reacteur. 

4.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'ammoniac  est  introduit  dans  le  courant  gazeux  non 
45  traite  selon  un  rapport  molaire  compris  entre  0,4  et  0,6,  et  on  derive  10  a  65%  vol.  du  volume  total  de 

gaz  non  traite  en  amont  dudit  premier  reacteur. 

5.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'ammoniac  est  introduit  dans  le  courant  gazeux  non 
traite  selon  un  rapport  molaire  compris  entre  0,6  et  0,8,  et  on  derive  5  a  50%  vol.  du  volume  total  de 

50  gaz  non  traite  en  amont  dudit  premier  reacteur. 

6.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'ammoniac  est  introduit  dans  le  courant  gazeux  non 
traite  selon  un  rapport  molaire  compris  entre  0,8  et  1,0,  et  on  derive  5  a  30%  vol.  du  volume  total  de 
gaz  non  traite  en  amont  dudit  premier  reacteur. 

55 
7.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'ammoniac  est  introduit  dans  le  courant  gazeux  non 

traite  selon  un  rapport  molaire  superieur  a  1,0  et  on  derive  5  a  15%  vol.  du  volume  total  de  gaz  non 
traite  en  amont  dudit  premier  reacteur. 

11 
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8.  Appareil  pour  la  denitration  d'un  courant  gazeux  contenant  des  NOx  comprenant  un  reacteur  de 
denitration  (2)  contenant  un  catalyseur  de  denitration,  une  entree  (1)  pour  I'alimentation  du  reacteur  de 
denitration  en  gaz  contenant  des  NOx,  une  entree  (6)  pour  I'introduction  d'ammoniac  dans  le  courant 
gazeux  des  NOx  en  amont  du  reacteur,  une  sortie  (3)  pour  I'evacuation  du  gaz  traite  a  partir  du 

5  reacteur  de  denitration,  et  un  circuit  de  derivation  (4)  entre  I'entree  (1)  en  amont  du  point  d'introduction 
de  I'ammoniac  (6)  et  la  sortie  (3)  en  aval  du  reacteur  de  denitration  pour  deriver  le  gaz  contenant  des 
NOx  non  traite  en  amont  du  reacteur  en  vue  d'un  melange  ulterieur  avec  le  gaz  traite,  et  des  moyens 
(5)  de  controle  du  debit  pour  le  reglage  des  proportions  relatives  de  gaz  cotenant  des  NOx  passant  a 
travers  le  reacteur  et  par  le  circuit  de  derivation,  caracterise  en  ce  que  I'appareil  comprend  un  reacteur 

io  de  denitration  comprenant  un  premier  et  un  second  reacteurs  (2-1;  2-2)  contenant  du  catalyseur, 
couples  en  serie,  ledit  circuit  de  derivation  (4)  etant  dispose  pour  contourner  le  reacteur  en  amont  (2-1) 
contenant  du  catalyseur,  et  des  moyens  pour  le  reglage  du  rapport  molaire  de  I'ammoniac  introduit 
dans  les  NOx. 

is  9.  Appareil  selon  la  revendication  8,  dans  lequel  les  moyens  de  controle  (5)  du  debit  se  situent  dans  le 
circuit  de  derivation  (4). 

10.  Appareil  Selon  la  revendication  8  ou  9,  dans  lequel  ledit  reacteur  de  denitration  (2)  comprend  une 
enceinte  exterieure  (18)  qui  forme  ledit  premier  reacteur  (2-1)  contenant  du  catalyseur  en  etant  divisee 

20  a  I'interieur  en  une  pluralite  de  passages  (18a)  de  courant  gazeux  par  des  organes  (19)  de  division 
disposes  le  long  de  la  direction  du  courant  gazeux  a  travers  I'enceinte  (18),  au  moins  un  desdits 
passages  (18a)  comprenant  ledit  catalyseur  situe  a  I'interieur  de  ce  dernier,  et  au  moins  un  autre 
desdits  passages  (18a)  constituant  ledit  circuit  de  derivation  (4),  des  entrees  d'ammoniac  etant  situees 
dans  le  premier  cite  de  ces  passages  comprenant  le  catalyseur,  en  amont  du  catalyseur,  et  des 

25  moyens  (5)  de  regulation  du  debit  etant  situes  dans  ledit  au  moins  un  autre  passage  pour  reguler  les 
proportions  relatives  de  gaz  s'ecoulant  a  travers  le(s)  passage(s)  contenant  du  catalyseur  et  le(s) 
passage(s)  de  derivation,  et  un  deuxieme  reacteur  (2-2)  contenant  du  catalyseur  situe  dans  ladite 
enceinte  exterieure  (18)  en  aval  de  I'extremite  de  sortie  desdits  passages  (18a)  de  courant  gazeux  et 
mis  en  place  pour  recevoir  a  la  fois  le  gaz  traite  a  partir  du(des)  passage(s)  contenant  du  catalyseur  et 

30  le  gaz  non  traite  a  partir  du(des)  passage(s)  de  derivation. 

11.  Appareil  selon  la  revendication  10,  dans  lequel  un  compartiment  (20)  de  melange  de  gaz  est  forme 
dans  ladite  enceinte  exterieure  (18)  entre  I'extremite  de  sortie  desdits  passages  et  le  deuxieme 
reacteur  (2-2)  contenant  du  catalyseur. 

35 
12.  Appareil  selon  I'une  quelconque  des  revendications  10  et  11,  dans  lequel  le  catalyseur  est  supporte  sur 

un  support  de  catalyseur  du  type  plateau. 

13.  Appareil  selon  la  revendication  12,  dans  lequel  la  support  de  catalyseur  comprend  une  pluralite  de 
40  plateaux  (21)  en  zigzag  de  support  de  catalyseur  superposes  selon  un  arrangement  contigu  definissant 

entre-eux  une  pluralite  de  passages  (23)  inclus  et  paralleles  destines  a  etre  traverses  par  un 
ecoulement  de  gaz. 

45 

50 

55 
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