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The  present  invention  relates  to  a  method  for  the  prevention  or  removal  of  soot  and  other  deposits 
from  heating  and  ancillary  surfaces,  which  deposits  are  formed  as  a  result  of  the  combustion  of  gaseous, 
liquid  and  solid  fuels,  and  also  to  the  reduction  of  corrosion  of  these  surfaces  by  the  lowering  of  the  acid 
dewpoint  of  the  combustion  gases.  In  particular  the  invention  relates  to  the  removal  of  deposits  from  and 
the  prevention  of  corrosion  of  heating  and  ancillary  surfaces  such  as  boiler  and  economiser  tubes,  in 
turbo-compressors,  turbo-chargers,  exhaust-boilers,  gas  turbines,  process  furnaces  and  other  equipment. 

By  the  term  "deposits"  as  used  herein  is  meant  the  deposits  formed  from  the  products  resulting  from 
the  combustion  of  gaseous,  liquid  and  solid  fuels.  The  deposits  may  consist  of  carbon,  in  the  form  of  soot, 
or  may  comprise  sulphur  and/or  sulphur  compounds  or  the  ash  of  fuels,  which  are  generally  argillaceous 
compounds  when  the  fuel  is  coal  or  a  product  thereof,  and  vanadium  compounds  when  the  fuel  is  an  oil. 

The  deposits  are  generally  hard  and  adherent.  When  deposits  are  formed  on  steel  or  other  metals,  then 
because  the  thermal  conductivity  of  the  deposits  is  low  compared  with  that  of  the  steel  or  other  metal,  the 
rate  of  heat  transmission  from  the  flame  or  hot  gases  to  the  water  or  other  fluid  which  is  being  heated  is 
reduced,  thereby  reducing  the  efficiency  of  the  equipment. 

The  deposits  may  also  increase  the corrosion  of  metal  surfaces  by  trapping  corrosive  agents,  such  as 
acid  sulphates,  therein.  At  high  temperatures,  in  the  absence  of  liquid  water,  these  sulphur  compounds  do 
not  riormally  cause  corrosion  and  it  is  usual  to  maintain  the  combustion  gases  at  a  temperature  above  that 
temperature  (the  "dew  point")  at  which  liquid  can  form.  However,  when  there  is  a  deposit  on  a  metal 
surface  the  temperature  at  the  metal  surface  itself  may  be  below  the  "dew  point"  whilst  the  temperature  of 
the  gases  is  above  the  "dew  point".  The  deposit  thus  increases  the  risk  of  corrosion. 

GB-A-1378882  discloses  a  method  for  the  removal  of  deposits  from  surfaces  which  comprises 
applying  to  a  heated  surface  an  agent  which  comprises  a  mixture  of  ammonium  nitrate  and  at  least  one 
nitrate  of  an  alkali  metal,  an  alkaline  earth  metal,  copper,  zinc  or  an  organic  base,  the  agent  not  including 
therein  an  oxidisable  organic  material,  sulphur  or  a  sulphur  compound. 

FR-A-1357992  discloses an  agent  for  the  chemical  removal  of  soot  which  comprises  a  nitrate  of  an 
alkali  metal  or  an  alkaline  earth  metal  and  one  or  more  combustible  materials  in  a  proportion  such  that  the 
mixture  is  overbalanced  in  favour  of  oxygen.  The  combustible  material  may  be  charcoal  or  sugar. 

EP-A-0042367  discloses  a  method  for  reducing  the  sulphur  context  of  exit  gases  resulting  from  the 
combustion  of  sulphur  bearing  fuels,  which  method  comprises  the  step  of  igniting  the  sulphur  bearing  fuel 
in  the  presence  of  at  least  one  alkaline  earth  metal  nitrate,  alkali  metal  nitrate  or  ammonium  nitrate. 

EP-A-0053085  discloses  a  method  for  cleaning  the  surfaces  of  an  installation  in  which  a  dispersion, 
for example of  a mixture  of  potassium  nitrate  and  ammonium  nitrate,  is  entrained  by the  combustion  gases 
whereby  it  reacts  with  the  deposits  of  carbon  and  minerals  which  encrust  the  surfaces  of  the  installation 
and  displacing  the  particles  resulting  from  the  reactions  by  the  use  of  sound  waves  so  that  they  become 
entrained  in  the  air  flow  or  combustion  gases  or  are  deposited  in  the  ashes  of  the  installation. 

The  present  invention  provides  a  method  for  preventing  deposits  on  or  removing  deposits  from 
heating  and  ancillary  surfaces  of  boilers  and  like  equipment,  which  method  comprises  continuously  or 
intermittently  introducing  into  the  combustion  chamber  of  the  equipment  or  into  the  flue  gas  stream  in 
atomized  form  by  means  of  at  least  one  injection  device  a  liquid  additive  comprising  an  aqueous  solution  of 
a  mixture  of  ammonium  nitrate,  at  least  one  nitrate  of  an  alkali  metal,  optionally  at  least  one  nitrate  of  an 
alkaline  earth  metal  and  an  indicator,  monitoring  the  pH  value  of  the  additive  and,  if  necessary  adjusting 
the  pH  value  to  within  the  range  of  from  7  to  9,  monitoring  the  dewpoint  of  the  flue  gas  stream  and 
adjusting  as  necessary,  the amount  and  composition  of  the  additive  supplied  to  the  metering  device  in 
order  to  maintain  the  exit  gas  temperature  of  the  equipment  above  the  acid  dewpoint  level. 

The  additive  which  is  used  in  the  present  invention  may  be  composed  as  follows: 

The  preferred  alkali  metal  nitrate  for  use  in  the  additive  is  potassium  nitrate  and  the  preferred  alkaline 
earth  metal  nitrate  is  magnesium  nitrate. 

The  indicator  may  be  any  suitable  indicator  which  will  indicate  the  pH  of  the  additive,  thereby 
indicating  whether  or  not the  pH  is  within  the  range  of from  7  to  9.  The  pH  of  the  additive  is  preferably  in  the 
range  of  from  8 to 9 and thymol  blue  or  bromothymol  blue  may  be  used  to  give  an  indication  of  a  pH  within 
this  range.  The  pH  may  be  adjusted  as  necessary  by  the  addition  of  a  base,  e.g.  potassium  hydroxide. 

The  dewpoint  of  the  flue  gas  may  be  monitored  by  any  conventional  dewpoint  meter. 
The  reactions  will  occur  in  the  neutralization  of  gases  containing  sulfur  oxides  are  as  follows:- 



In  addition,  the  nitrogen  oxides  produced  as  a  result  of  the  decomposition  of  the  nitrates  affect  the 
reactions  occurring.  The  nitrogen  oxides  thus  react  with  the  sulphur  oxides  to  form  the  anhydride  of 
nitrosylsulphuric  acid.  This  is  a  stable  compound  excluding  water  or  up  to  a  sulphuric  acid  concentration  of 
80%.  Even  at  a  70%  sulphuric  acid  concentration  (corresponding  to  a  flue  gas  temperature  of  about  100°C) 
decomposition  is  slight.  The  compound  leaves  the  combustion  chamber  undecomposed  and  does  not 
cause  any  corrosion. 

During  the  operation  of  the  method  of  the  invention  the  additive  is  fed  into  the  combustion  chamber  or 
flue  gas  stream,  the  composition  of  the  additive  and  the  volume  thereof  being  adjusted  to  suit  the  plant 
being  treated  and  the  problems  associated  with  the  particular  fuel  being  burnt.  The  additive  is  effective 
both  at  high  temperatures,  i.e.  >1000°C,  and  at  low  temperatures,  i.e.  >100°C. 

In  a  preferred  mode  of  operating  the  present  invention  aqueous  solutions  of  the  nitrates  are  provided 
in  separate  tanks.  The  required  amounts  of  each  of  these  ingredients  is  then  supplied  in  the  desired  amount 
to  a  common  tank  for  mixing  prior  to  introduction  into  the  combustion  chamber  or  flue  gas. 

In  operating  the  method  of the  invention  a  reduction  in  the  temperature  of the  flue  gases  usually  occurs 
and  this  leads  to  a  reduction  in  flue-gas  heat  loss  with  a  concurrent  fuel  saving. 

The  present  invention  will  be  further  described  with  reference  to  the  following  Examples. 

Example  1 
A  STEINMULLER  water-tube  boiler  was  treated  with  the  aim  of  decreasing  the  heating-surface 

contamination  and  thus  keeping  the  flue-gas  temperature  almost  constant  during  a  3-month  seasonal 
operation. 

Addition:  02  litres  of  the  additive  per  ton  of  fuel 
Injection  point:  combustion  chamber  1  injection  lance 
Injection  appliance:  fully  automatic,  time-controlled  pneumatic  operation 



Results 
The  heating  and  ancillary  surfaces  were  free  of  solid  deposits,  and  the  surfaces  could  be  dry  cleaned 

using  compressed  air. 
The  flue-gas  temperature  rise  during  the  operation  was  only  6°C  as  compared  with  35°C  according  to 

the  previous  operating  records. 
A  reduction  in  flue-gas  heat  loss  of  2%,  was  achieved  which  was  equivalent  to  a  fuel  saving  of  about 

the  same  order. 

Example  2 
A  MAN  water-tube  boiler was  treated  with  the  aim  of  keeping  the  heating  and  ancillary  surface  deposit 

rate  as  low  as  possible  over  a  12  month  period  and  of  reducing  the  dew  point  from  134°C  to  about  105°C. 

Results 
The  heating  and  ancillary  surfaces  were  up  to  85%  free  of  solid  deposits.  The  surfaces  could  be  dry 

cleaned  by  means  of  compressed  air  and  no  wet  cleaning  was  required  in  the  combustion  chamber. 
The  acid  dew  point  was  reduced  to  102°C  accordingly,  the  steam-operated  air-preheater  could  be  used 

without  fear  of  corrosion. 
The  flue-gas  temperature  of  initially  172°C  adjusted  itself  to  145°C;  i.e.  the  flue-gas  heat  loss  was 

reduced  by  about  1.5%,  equivalent  to  a  fuel  saving  of  about  the  same  order  and,  additionally,  a  steam 
saving  in  the  air-preheater,  so  that  an  improvement  in  efficiency  of  about  2.5%  overall  was  achieved. 



Example  3 
A  VKW-Lentjes  Benson  boiler  was  treated. 

Addition 
Addition  of  the  additive  took  place  continuously  at  a  rate  of  4.9  litre  by  means  of  injection  lances 

securely  installed  in  the  combustion  chamber.  Pump  units  fed  the  additive  from  the  storage  containers  to 
the  injection  lancers.  It  was  thus  possible  to  match  the  output  of  the  pump  units  to  the  desired  reduction  in 
acid  dew  point. 

Results 
The  additive  was  used  over  a  relatively  long  period  of  time.  The  acid  dew  point  was  lowered  to 

60-62°C  and the flue  gas  temperature  was  set  at  147°C.  It was  possible  to  blow  or  dust  off  the  residues  on 
the  heating  and  ancillary  surfaces  with  compressed  air  when  the  boiler  was  taken  out  of  operation.  The 
lowering  of  the  sulphuric  acid  dew  point  by  about  60°C  enabled  an  economy  to  be  made  in  the  steam 
required  for  the  air  preheater,  without  any  fear  of  corrosion. 

1.  A  method  for  preventing  deposits  on  or  removing  deposits  from  heating  and  ancillary  surfaces  of 
boilers  and  like  equipment,  which  method  comprises  continuously  or  intermittently  introducing  into  the 



combustion  chamber  of  the  equipment  or  into  the  flue  gas  stream  in  atomized  form  by  means  of  at  least 
one  injection  device  a  liquid  additive  comprising  an  aqueous  solution  of  a  mixture  of  ammonium  nitrate,  at 
least  one  nitrate  of  an  alkali  metal  and  optionally  at  least  one  nitrate  of  an  alkaline  earth  metal  characterized 
in  that  the  additive  also  contains  an  indicator  and  the  pH  value  of  the  additive  is  monitored  and,  if 
necessary,  adjusted  to  within  the  range  of from  7  to  9,  and  in  that  the  acid  dewpoint  of the  flue  gas  stream  is 
monitored  and  the  amount  and  composition  of  the  additive  supplied  to  the  metering  device  is  adjusted  as 
necessary  in  order  to  maintain  the  exit  gas  temperature  of  the  equipment  above  the  acid  dewpoint  level. 

2.  A  method  as  claimed  in  Claim  1  wherein  the  alkali  metal  nitrate  is  potassium  nitrate. 
3.  A  method  as  claimed  in  Claim  1  or  Claim  2  wherein  the  alkaline  earth  metal  nitrate  is  magnesium 

nitrate. 
4.  A  method  as  claimed  in  any one  of  the  preceding  claims  wherein  the  indicator  is  thymol  blue  or 

bromothymol  blue. 
5.  A  method  as  claimed  in  any one  of  the  preceding  claims  wherein  the  pH  value  of  the  additive  is 

adjusted  to  within  the  range  of  from  7  to  9  by  the  addition  of  an  alkali. 
6.  A  method  as  claimed  in  any one  of  the  preceding  claims  wherein  the  injection  device  is  an  injection 

lance. 
7.  A  method  as  claimed  in  any one  of  the  preceding  claims  wherein  aqueous  solutions  of  the  nitrates 

are  provided  in  separate  tanks. 
8.  A  method  as  claimed  in  claim  7  wherein  the  aqueous  solutions  of  the  nitrates  are  supplied  in  the 

desired  amounts  to  a  common  tank  for  mixing  prior  to  their  introduction  into  the  combustion  chamber  or 
flue  Qas. 

1.  Verfahren  zum  Verhindern  oder  Entfernen  von  Ablagerungen  auf  Heiz-  oder  Zubehörflächen  von 
Kesseln  und  dergleichen  Vorrichtungen,  bei  welchem  kontinuierlich  oder  intermittierend  in  die  Brenn- 
kammer  der  Vorrichtung  oder  in  den  Brenngasstrom  in  zerstäubter  Form  mit  Hilfe  einer  Injektions- 
vorrichtung  ein  flüssiges  Additiv  eingeführt wird,  welches  aus  einer  wässrigen  Lösung  einer  Mischung  aus 
Ammoniumalpeter,  mindestens  einem  Nitrat  eines  Alkalimetalls  und  wahlweise  mindestens  einem  Nitrat 
eines  Erdalkalimetalls  besteht,  dadurch  gekennzeichnet,  daß  das  Additiv  auch  einen  Indikator  enthält  und 
der  pH-Wert  des  Additivs  überwacht  und,  wenn  nötig,  korrigiert  wird  in  den  Bereich  zwischen  7  und  9,  und 
daß  der  Säuretaupunkt  des  Brenngasstromes  überwacht  wird  und  die  Menge  und  Zusammensetzung  des 
zum  Meßgerät  zugeführten  Additivs  eingestellt  werden,  wie  es  nötig  ist,  um  die  Abgastemperatur  der 
Vorrichtung  oberhalb  des  Säuretaupunktpegels  zu  halten. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daß  das  Alkalimetallnitrat  Kalisalpeter  ist. 
3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daß  das  Erdalkalimetallnitrat 

Magnesiumnitrat  ist. 
4.  Verfahren  nach  einem  der  vorangehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  der  Indikator 

Thymolblau  oder  Bromthymolblau  ist. 
5.  Verfahren  nach  einem  der  vorangehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  der  pH-Wert 

des  Additivs  auf  den  Bereich  von  7  bis  9  eingestellt  wird  durch  die  Zufügung  von  einem  Alkali. 

6.  Verfahren  nach  einem  der  vorangehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  die  Injektions- 
vorrichtung  eine  Injektionslanze  ist. 

7.  Verfahren  nach  einem  der  vorangehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  die  wässrigen 
Lösungen  der  Nitrate  in  separaten  Tanks  bereitgehalten  werden. 

8.  Verfahren  nach  Anspruch  7,  dadurch  gekennzeichnet,  daß  die  wässrigen  Lösungen  der  Nitrate  in  den 
gewünschten  Mengen  in  einen  gemeinsamen  Tank  zugeführt  werden  zum  Mischen  vor  der  Injektion  in  die 
Verbrennungskammer  oder  das  Brenngas. 

1.  Procédé  pour  la  prévention  ou  l'élimination  de  dépôts  de  surfaces  de  chauffe  et  de  surfaces  annexes 
de  chaudières  et  d'appareil  similaire,  lequel  procédé  comprend  l'introduction  en  continu  ou  de  façon 
intermittente  dans  la  chambre  de  combustion  de  l'appareil  ou  dans  le  flux  de  gaz  de  combustion,  au  moyen 
d'au  moins  un  dispositif  d'injection,  d'un  additif  liquide  sous  forme  atomisée  comprenant  une  solution 
aqueuse  d'un  mélange  de  nitrate  d'ammonium,  d'au  moins  un  nitrate  d'un  métal  alcalin  et, 
facultativement,  d'au  moins  un  nitrate  d'un  métal  alcalino-terreux,  caractérisé  par  le  fait  que  l'additif 
contient  aussi  un  indicateur  et  que  la  valeur  du  pH  de  l'additif  est  contrôlée  et,  si  nécessaire,  ajustée  dans 
une  marge  allant  de  7  à  9,  et  par  le fait  que  le  point  de  rosée  acide  du  flux  de  gaz  de  combustion  est  contrôlé 
et  que  la  quantité  et  la  composition  de  l'additif  alimentant  le  dispositif  doseur  sont  ajustées  comme  il  le  faut 
pour  maintenir  la  température  du  gaz  de  sortie  de  l'appareil  au-dessus  du  niveau  du  point  de  rosée  acide. 

2.  Procédé  selon  la  revendication  1,  dans  lequel  le  nitrate  de  métal  alcalin  est  du  nitrate  de  potassium. 
3.  Procédé  selon  les  revendications  1  ou  2,  dans  lequel  le  nitrate  de  métal  alcalino-terreux  est  du  nitrate 

de  magnésium. 



4.  Procédé  selon  l'une  quelconque  des  revendications  précédentes,  dans  lequel  l'indicateur  est  le  bleu 
de  thymol  ou  le  bleu  de  bromothymol. 

5.  Procédé  selon  l'une  quelconque  des  revendications  précédentes,  dans  lequel  la  valeur  du  pH  de 
l'additif  est  ajustée  dans  la  marge  allant  de  7  à  9  par  l'addition  d'un  alcali. 

6.  Procédé  selon  l'une  quelconque  des  revendications  précédentes,  dans  lequel  le  dispositif  d'injection 
est  une  lance  d'injection. 

7.  Procédé  selon  l'une  quelconque  des  revendications  précédentes,  dans  lequel  les  solutions  aqueuses 
des  nitrates  sont  prévues  dans  des  cuves  séparées. 

8.  Procédé  selon  la  revendication  7,  dans  lequel  les  solutions  aqueuses  des  nitrates  sont  introduites  en 
quantités  désirées  dans  une  cuve  commune  afin  d'être  mélangées  avant  leur  introduction  dans  la  chambre 
de  combustion  ou  dans  le  gaz  de  combustion. 
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