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Description 

FIELD  OF  THE  INVENTION  AND  RELATED  ART 
STATEMENT 

The  present  invention  relates  to  a  method  for 
desulfurizing  an  exhaust  smoke,  and  particularly,  it 
relates  to  a  method  for  desulfurizing  an  exhaust 
smoke  containing  a  fly  ash  such  as  a  coal  combus- 
tion  exhaust  gas. 

In  the  practice  of  a  method  for  desulfurizing  an 
exhaust  smoke  on  the  basis  of  a  well-known  wet 
lime  process,  the  exhaust  gas  contains  HF  as  a 
harmful  component  in  addition  to  SOx  sometimes. 

One  example  of  the  coal  combustion  exhaust 
gas  contains  about  1000  ppm  of  SOx  (SO  ,  SO2 
etc.)  and  about  40  ppm  of  HF. 

In  case  that  such  an  exhaust  gas  is  treated  by 
the  use  of  CaC03  as  an  absorbent  in  a  wet  exhaust 
gas  treating  tower,  for  example,  in  case  that  SO2  of 
SOx  is  treated,  the  following  reactions  take  place. 

CaC03  +  S02  -  CaS03  +  C02  (1) 

CaC03  +  2HF-CaF2  +  C02  +  H20  (2) 

Here,  in  case  that  a  large  amount  of  a  fly  ash 
is  contained  in  the  exhaust  gas,  an  Al  component 
present  in  the  fly  ash  is  dissolved  and  then  reacted 
with  HF  in  the  gas  to  produce  fluorides  (hereinafter 
referred  to  as  "AIFX"). 

It  is  known  that  the  AIFX  hinders  the  dissolving 
function  of  limestone  (CaCOs). 

In  JP-A-55-1  67023,  it  has  been  suggested  that 
the  above-mentioned  problem  can  be  solved  by 
adding  a  basic  sodium  salt. 

That  is,  in  the  treatment  of  the  exhaust  gas 
containing  S02  and  HF,  if  the  basic  sodium  salt  is 
added  in  an  amount  corresponding  to  that  of  HF,  it 
can  be  presumed  that  the  exhaust  gas  is  effectively 
treated  without  any  trouble  due  to  AIFX. 

In  this  case,  however,  the  fed  sodium  is  dis- 
solved  and  remains  in  an  absorbing  solution,  and 
therefore,  when  the  amount  of  a  waste  solution  is 
decreased,  the  concentration  of  sodium  is  in- 
creased  in  the  absorbing  solution.  For  this  reason, 
when  a  gypsum  is  recovered  from  the  absorbing 
solution,  the  purity  of  the  recovered  gypsum  tends 
to  lower  inconveniently. 

Furthermore,  as  another  means  for  solving  the 
problem,  JP-A-60-1  22029  discloses  that  an  alkaline 
compound  is  added  intermittently  so  as  to  increase 
the  pH  of  an  absorbing  solution  temporarily,  with 
the  result  that  the  problem  due  to  AIFX  can  be 
prevented. 

In  the  case  of  this  process,  however,  the  effi- 
ciency  of  the  desulfurization  is  low  till  the  recovery 
of  desulfurization  performance,  though  the  time  of 

its  low  efficiency  is  short.  In  addition,  from  the 
viewpoint  of  the  purity  of  a  gypsum  which  is  the 
by-product  of  the  wet  lime  process,  the  contamina- 
tion  of  the  gypsum  with  a  fly  ash  inconveniently 

5  leads  to  the  decrease  of  the  purity  of  the  gypsum. 

OBJECT  AND  SUMMARY  OF  THE  INVENTION 

In  view  of  the  above-mentioned  technical  level, 
10  the  present  invention  intends  to  provide  a  method 

for  treating  an  exhaust  gas  without  any  problems  of 
the  conventional  techniques. 

The  present  invention  is  directed  to  a  method 
for  desulfurizing  an  exhaust  smoke  which  com- 

15  prises  the  steps  of  leading  the  exhaust  gas  contain- 
ing  a  fly  ash  to  a  gas  absorbing  step,  removing 
S02  and  the  fly  ash  from  the  exhaust  gas  by  the 
use  of  an  absorbing  solution  slurry  containing  cal- 
cium  carbonate  as  an  absorbent  in  the  gas  absorb- 

20  ing  step,  and  blowing  air  into  the  absorbing  solution 
slurry  circulating  through  the  gas  absorbing  step  to 
oxidize  it  and  to  thereby  produce  a  gypsum,  the 
aforesaid  method  being  characterized  by  drawing  a 
portion  of  the  absorbing  solution  slurry  therefrom, 

25  leading  it  to  a  magnetic  field  to  separate  and  re- 
cover  the  fly  ash  from  the  absorbing  solution  slurry, 
and  then  returning,  to  the  gas  absorbing  step,  a 
portion  or  all  of  the  absorbing  solution  slurry  from 
which  the  fly  ash  has  been  separated. 

30  Usually,  the  composition  of  the  fly  ash  mainly 
comprises  oxides  of  silicon,  aluminum  and  iron, 
depending  upon  the  composition  of  coal  which  is  a 
fuel. 

Of  these  components,  the  oxide  of  iron  has 
35  strong  magnetic  properties.  Therefore,  when  a 

magnetic  field  where  magnetic  lines  of  force  are 
concentrated  is  made  by  the  use  of  an  electromag- 
net  or  a  permanent  magnet  and  the  absorbing 
solution  slurry  containing  the  fly  ash  is  then  led  to 

40  the  magnetic  field,  the  fly  ash  is  only  moved  to- 
ward  the  magnet  by  magnetic  force  and  finally 
separated  and  recovered  form  the  slurry. 

In  the  present  invention,  this  principle  is  ap- 
plied. 

45  Usually,  the  absorbing  solution  slurry  contains 
a  mixture  of  unreacted  calcium  carbonate  and  a 
gypsum  in  the  form  of  suspending  particles  in 
addition  to  the  above-mentioned  fly  ash.  However, 
the  magnetic  properties  of  calcium  carbonate  and 

50  the  gypsum  are  low,  and  thus  the  fly  ash  can  be 
only  separated  and  recovered  from  the  slurry  in  the 
magnetic  field.  After  the  separation,  a  portion  or  all 
of  the  slurry  is  returned  to  the  absorbing  step, 
whereby  the  fly  ash  which  is  an  Al  source  can  be 

55  removed  from  the  absorbing  solution  slurry.  Con- 
sequently,  the  problem  due  to  the  AIFX  can  be 
solved,  and  the  amount  of  the  fly  ash,  which  con- 
taminates  the  by-product  gypsum  obtained  by  fil- 

2 



3 EP  0  462  781  B1 4 

tering  the  absorbing  slurry,  can  be  decreased. 
For  example,  the  absorbing  solution  slurry  con- 

tains  20%  by  weight  of  the  slurry  sometimes,  and 
this  slurry  comprises  18.0%  by  weight  of  the  gyp- 
sum,  0.5%  by  weight  of  limestone  and  1.5%  by 
weight  of  the  associated  fly  ash.  In  this  case,  if  the 
by-product  gypsum  collected  by  the  filtration  has 
the  same  composition  as  in  the  slurry,  the  purity  of 
the  by-product  gypsum  is  presumed  to  be  90%  by 
weight  on  calculation. 

Now,  if  the  fly  ash  is  removed  from  the  slurry 
by  applying  the  method  of  the  present  invention  so 
that  removal  ratio  of  the  fly  ash  may  be  90%,  the 
concentration  of  the  fly  ash  in  the  absorbing  solu- 
tion  slurry  of  the  above-mentioned  example  is 
0.15%  by  weight,  and  therefore  the  purity  of  the 
by-product  gypsum  can  be  improved  up  to  96.5% 
by  weight. 

As  described  above,  according  to  the  present 
invention,  the  problem  due  to  the  fly  ash  and  HF 
present  in  the  exhaust  gas  can  be  solved,  and  as  a 
result,  the  activity  of  CaC03  can  be  maintained  and 
the  high-purity  gypsum  can  be  recovered. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

Fig.  1  is  a  schematic  view  illustrating  one  em- 
bodiment  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  PREFERRED  EM- 
BODIMENTS 

One  embodiment  of  the  present  invention  will 
be  described  in  detail  in  reference  to  Fig.  1. 

200  Nm3/hour  of  an  exhaust  gas  from  a  small- 
sized  fine  coal-fired  device  (not  shown)  is  treated  in 
accordance  with  a  method  for  treating  an  absorbing 
solution  slurry  of  the  present  invention  shown  in 
Fig.  1. 

A  gas  temperature  at  the  inlet  of  the  device  is 
adjusted  to  110°  C  by  the  heat  of  the  exhaust  gas 
to  be  treated  and  a  heat  exchanger  (not  shown), 
and  the  concentration  of  a  fly  ash  in  the  gas  is 
adjusted  to  about  400  mg/Nm3  by  a  cyclone  and  a 
bag  filter  (not  shown).  Concentrations  of  SO2  and 
HF  at  the  inlet  of  the  device  are  3000  ppm  and  40 
ppm,  respectively. 

The  exhaust  gas  to  be  treated  is  introduced 
into  an  absorbing  tower  2  through  a  line  1,  and  in 
the  tower  2,  SO2,  HF  and  the  fly  ash  are  removed 
from  the  gas  and  then  discharged  through  a  line  3. 

Under  the  above-mentioned  absorbing  tower  2, 
a  slurry  tank  4  is  disposed  in  which  the  absorbing 
solution  slurry  is  stored,  and  to  the  bottom  portion 
of  the  tower  2,  air  for  oxidization  is  fed. 

The  above-mentioned  absorbing  solution  slurry 
is  circulated  from  the  slurry  tank  4  to  the  upper 
portion  of  the  absorbing  tower  2  by  means  of  an 

absorbing  solution  pump  5. 
A  portion  of  the  absorbing  solution  slurry  is 

drawn  from  the  above-mentioned  circulation  line 
through  a  line  7  and  then  forwarded  to  a  fly  ash 

5  separator  8. 
This  fly  ash  separator  8  is  composed  of  an 

inner  cylinder  9  and  an  electromagnet  10  disposed 
on  the  outer  periphery  of  the  inner  cylinder  9,  and 
its  constitution  is  made  so  that  the  absorbing  solu- 

10  tion  slurry  fed  into  the  inner  cylinder  9  is  subjected 
to  a  magnetic  field. 

The  fly  ash  in  the  running  slurry  is  only  col- 
lected  on  the  surface  of  the  inner  cylinder  9  by 
magnetic  force,  and  the  thus  collected  fly  ash  is 

15  discharged  from  the  system  through  a  line  13 
together  with  industrial  water  which  is  fed  to  the  fly 
ash  separator  8  by  opening  a  valve  12  disposed  on 
a  line  1  1  at  certain  intervals.  At  this  time,  the  feed 
of  electric  power  to  the  electromagnet  10  is  stop- 

20  ped,  and  the  fly  ash  is  separated  from  the  surface 
of  the  inner  cylinder  9.  Moreover,  a  valve  14  is 
opened  and  a  valve  15  is  closed,  so  that  the  fly  ash 
is  discharged  from  the  system. 

A  portion  of  the  slurry  from  which  the  fly  ash 
25  has  been  separated  is  circulated  to  the  slurry  tank 

4  via  a  line  16.  Furthermore,  the  remaining  slurry  is 
fed  to  a  centrifugal  separator  18  via  a  tank  17,  and 
in  this  separator  18,  a  high-purity  gypsum  19  is 
separated. 

30  A  portion  of  the  filtrate  from  which  the  gypsum 
has  been  separated  is  discharged  through  a  line 
20,  and  the  remaining  filtrate  is  delivered  to  a 
limestone  preparation  tank  22  through  a  line  21  . 

A  limestone  powder  is  fed  to  the  limestone 
35  preparation  tank  22  through  a  line  23,  and  in  this 

tank  22,  a  limestone  slurry  having  a  predetermined 
concentration  is  prepared.  Afterward,  the  certain 
amount  of  the  thus  prepared  slurry  is  fed  to  the 
slurry  tank  4  by  means  of  a  limestone  slurry  feed 

40  pump  24. 
In  addition  to  the  filtrate,  make-up  water  is  fed 

to  the  limestone  slurry  preparation  tank  22  through 
a  line  25. 

Under  the  above-mentioned  conditions,  a  mag- 
45  netic  field  of  5000  gauss  was  applied  to  the  fly  ash 

separator  8,  and  a  steady  operation  was  carried 
out.  As  a  result,  when  the  concentration  of  SO2  in 
an  outlet  gas  was  115  ppm,  the  stable  operation 
could  be  effected,  and  at  this  time,  the  pH  of  the 

50  absorbing  slurry  in  the  slurry  tank  4  was  5.6.  Fur- 
thermore,  the  concentration  of  CaC03  in  the  ab- 
sorbing  solution  was  0.05  mol/liter,  and  the  reactiv- 
ity  of  CaC03  was  high. 

According  to  measurement,  concentrations  of 
55  Al  and  F  in  the  filtrate  of  the  absorbing  solution 

were  low,  1  .0  mg/liter  and  25  mg/liter,  respectively. 
In  addition,  according  to  analysis,  the  purity  of  the 
resultant  gypsum  was  96%  or  more,  and  the  ap- 
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pearance  of  the  gypsum  was  white. 

(Comparative  Example) 

The  same  procedure  as  in  the  above-men- 
tioned  example  was  repeated  by  the  use  of  the 
same  device  under  the  same  gas  conditions  as  in 
the  above  example  except  that  the  feed  of  electric 
power  to  the  electromagnet  10  was  stopped. 

In  this  comparative  example,  the  pH  of  the 
absorbing  solution  slurry  in  the  slurry  tank  4  gradu- 
ally  decreased  after  the  start  of  the  operation,  and 
finally  it  became  4.4.  The  concentration  of  CaC03 
in  the  absorbing  solution  was  constant,  0.05 
mol/liter,  since  it  was  controlled  as  in  the  above 
example.  However,  judging  from  the  decrease  of 
the  pH,  the  reactivity  of  CaC03  noticeably  de- 
clined,  as  compared  with  the  above  example.  Fur- 
thermore,  the  concentration  of  SO2  in  the  outlet 
gas  was  280  ppm,  which  meant  that  a  desul- 
furization  ratio  also  lowered. 

Concentrations  of  Al  and  F  in  this  filtrate  of  the 
absorbing  solution  were  86  mg/liter  and  140 
mg/liter,  respectively.  According  to  analysis,  the 
purity  of  the  resultant  gypsum  was  92%,  and  the 
appearance  of  the  gypsum  was  gray,  which  meant 
that  the  gypsum  was  contaminated  with  a  fly  ash. 

Claims 

1.  A  method  for  desulfurizing  an  exhaust  smoke 
which  comprises  the  steps  of  leading  said  ex- 
haust  gas  containing  a  fly  ash  and  hydrogen 
fluoride  to  a  gas  absorbing  step,  removing  SO2 
and  said  fly  ash  from  said  exhaust  gas  by  the 
use  of  an  absorbing  solution  slurry  containing 
calcium  carbonate  as  an  absorbent  in  said  gas 
absorbing  step,  and  blowing  air  into  said  ab- 
sorbing  solution  slurry  circulating  through  said 
gas  absorbing  step  to  oxidize  it  and  to  thereby 
produce  a  gypsum,  said  method  being  char- 
acterized  by  drawing  a  portion  of  said  absorb- 
ing  solution  slurry  therefrom,  leading  it  to  a 
magnetic  field  to  separate  and  recover  said  fly 
ash  from  said  absorbing  solution  slurry,  and 
then  returning,  to  said  gas  absorbing  step,  a 
portion  of  said  absorbing  solution  slurry  from 
which  said  fly  ash  has  been  separated  and 
separating  a  portion  of  the  absorbing  solution 
slurry  from  which  said  fly  ash  has  been  sepa- 
rated,  for  the  recovery  of  high-purity  gypsum. 

2.  The  method  for  desulfurizing  an  exhaust 
smoke  according  to  Claim  1  wherein  a  mag- 
netic  field  of  5000  gauss  is  applied  to  said 
absorbing  solution  slurry  to  separate  and  re- 
cover  said  fly  ash  therefrom. 

3.  The  method  for  desulfurizing  an  exhaust 
smoke  according  to  Claim  1  wherein  a  portion 
of  said  absorbing  solution  slurry  from  which 
said  fly  ash  has  been  separated  is  led  to  a 

5  centrifugal  separator  to  recover  said  gypsum. 

Patentanspruche 

1.  Verfahren  zur  Entschwefelung  eines  Abgases, 
10  das  die  folgenden  Schritte  aufweist:  Zufuhrung 

des  Abgases,  das  Flugasche  und  Fluorwasser- 
stoff  enthalt,  zu  einer  Gasabsorptionsstufe; 
Entfernen  des  SO2  und  der  Flugasche  aus 
dem  Abgas  durch  Verwendung  eines  Absorp- 

15  tionslosungsschlammes,  der  Calciumcarbonat 
als  Absorptionsmittel  enthalt,  in  der  Gasab- 
sorptionsstufe;  und  Einblasen  von  Luft  in  den 
Absorptionslosungsschlamm,  der  durch  die 
Gasabsorptionsstufe  zirkuliert,  urn  ihn  zu  oxi- 

20  dieren,  und  urn  dadurch  einen  Gips  zu  erzeu- 
gen,  wobei  das  vorangehend  erwahnte  Verfah- 
ren  durch  die  folgenden  Schritte  gekennzeich- 
net  wird:  Herausziehen  eines  Teils  des  Absorp- 
tionslosungsschlammes;  Zufuhrung  dieses  zu 

25  einem  Magnetfeld,  urn  die  Flugasche  aus  dem 
Absorptionslosungsschlamm  abzuscheiden 
und  zuruckzugewinnen;  und  danach  Zuruck- 
fuhren  eines  Teils  des  Absorptionslosungs- 
schlammes,  aus  dem  die  Flugasche  abge- 

30  schieden  wurde,  zur  Gasabsorptionsstufe;  und 
Abtrennen  eines  Teils  des  Absorptionslosungs- 
schlammes,  aus  dem  die  Flugasche  abge- 
schieden  wurde,  fur  die  Ruckgewinnung  von 
Gips  mit  hoher  Reinheit. 

35 
2.  Verfahren  zur  Entschwefelung  eines  Abgases 

nach  Anspruch  1  ,  bei  dem  ein  Magnetfeld  von 
5000  Gaul3  beim  Absorptionslosungsschlamm 
zur  Anwendung  gebracht  wird,  urn  die  Fluga- 

40  sche  daraus  abzuscheiden  und  zuruckzugewin- 
nen. 

3.  Verfahren  zur  Entschwefelung  eines  Abgases 
nach  Anspruch  1,  bei  dem  ein  Teil  des  Ab- 

45  sorptionslosungsschlammes,  aus  dem  die  Flu- 
gasche  abgeschieden  wurde,  einem  Zentrifu- 
galabscheider  zugefuhrt  wird,  urn  den  Gips 
zuruckzugewinnen. 

50  Revendications 

1.  Procede  pour  la  desulfuration  des  gaz 
d'echappement  comprenant  les  etapes  de 
transfert  desdits  gaz  d'echappement  contenant 

55  des  cendres  volatiles  et  du  fluorure  d'hydroge- 
ne  vers  une  etape  d'absorption  des  gaz,  d'ex- 
traction  du  SO2  et  desdites  cendres  volatiles 
desdits  gaz  d'echappement  par  I'intermediaire 
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d'une  suspension  d'absorption  epaisse  conte- 
nant  du  carbonate  de  calcium  en  tant  qu'ab- 
sorbant  au  niveau  de  ladite  etape  d'absorption 
des  gaz,  et  d'insuflation  d'air  dans  ladite  sus- 
pension  d'absorption  epaisse  circulant  a  tra-  5 
vers  ladite  etape  d'absorption  des  gaz  pour 
I'oxyder  et  pour  produire  ainsi  du  gypse  ledit 
procede  etant  caracterise  par  le  soutirage 
d'une  partie  de  ladite  suspension  d'absorption 
epaisse  et  par  son  transfert  vers  un  champ  10 
magnetique  pour  separer  et  recuperer  lesdites 
cendres  volatiles  de  ladite  suspension  d'ab- 
sorption  epaisse,  avant  le  retour  vers  ladite 
etape  d'absorption  des  gaz  d'une  partie  de 
ladite  suspension  d'absorption  epaisse  de  la-  is 
quelle  lesdites  cendres  volatiles  ont  ete  sepa- 
rees,  et  la  separation  d'une  partie  de  la  sus- 
pension  d'absorption  epaisse  de  laquelle  lesdi- 
tes  cendres  volatiles  ont  ete  separees  en  vue 
de  recuperer  du  gypse  de  grande  purete.  20 

Procede  pour  la  desulfuration  des  gaz 
d'echappement  selon  la  revendication  1,  dans 
lequel  un  champ  magnetique  de  5000  Gauss 
est  applique  a  ladite  suspension  d'absorption  25 
epaisse  pour  separer  de  celle-ci  lesdites  cen- 
dres  volatiles  et  les  recuperer. 

Procede  pour  la  desulfuration  des  gaz 
d'echappement  selon  la  revendication  1,  dans  30 
lequel  une  partie  de  ladite  suspension  d'ab- 
sorption  epaisse  de  laquelle  lesdites  cendres 
volatiles  ont  ete  separees  est  transferee  vers 
un  separateur  centrifuge  pour  recuperer  ledit 
gypse.  35 
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