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Agenda

• In troduction  of Haldor Topsoe
• SCR ca ta lyst basics 
• Corrugated  ca ta lyst vs. extruded  ca ta lyst
• Considera tions for switch ing to  

corrugated  ca ta lyst
• Cata lyst rep lacem ent experience
• Cata lyst regenera tion
• Dual function  ca ta lyst for gas tu rb ines
• Review of ta lking poin ts
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SCR BASICS
Catalyst 101 – DNX GT
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Basic SCR Layout

 

Classical layout 



Topsoe DNX Catalyst – Design
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Basic SCR React ions

• 4 NO + 4 NH3 + O2 → 4 N2 +   6 H2O
• NO + NO2 + 2 NH3 → 2 N2 +   3 H2O
• 2 NO2 + 4 NH3+ O2 → 3 N2 +   6 H2O
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Benef it s of  Cor rugat ed Cat alyst
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• Pla te  ca rrie r is  corruga ted  to  provide  
p la te  separa tion .  It is  fused  with  TiO2 
and  fibe rs.

• A controlled  pore  volum e  is gene ra ted .
• V-oxide /W-oxide  as the  active  ca ta lytic 

m ate ria l a re  im pregna ted  gene ra ting a  
hom ogeneous ce ram ic.

• A front edge  hardening prom ote r is  
added . 

• Monolith  inse rted  in  e lem ent boxes.
• Variab le  p la te  he ight: 250 to  540 m m

Topsoe Cor rugat ed (DNX® GT-Ser ies) Cat alyst
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DNX® GT-Ser ies
Tailor -Made for  Gas Turbines

• Maxim ized  activity
• Resu lting from  low density and  

h igh  porosity

• Lowest ava ilab le  p ressure  d rop
• Custom izab le  m odule  design
• Lighte r ca ta lyst and  m odule  

fram e
• Sturdy and  robust m odule  

sea ling
• Rapid  low-tem pera ture  

response
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DeNOx reaction is “Diffusion Limited” 
more highways = higher diffusion rate = higher activity
Tri-modal pore structure

Advant ages of  DNX Cat alyst  – Sur face Area
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Advant ages of  DNX Cat alyst  – Ult ra High Porosit y –
ABS Tolerant
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Advant ages of  DNX Cat alyst  – Pore Volum e
• Topsoe  tri-m odal pore  volum e com pared  to  p la te  and  extruded  ca ta lyst
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• Topsoe’s pore  volum e is twice  tha t of p la te  and  extruded  ca ta lyst

Advant ages of  DNX Cat alyst  – Pore Volum e
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• High m echanical and t herm al 
resist ance

• High poison resist ance
• Very low  SO2 oxidat ion 
• Very low  draf t  loss
• Low weight  - Rapid heat  absorpt ion
• No seals or  gasket s bet ween blocks 

t o blow  out

Ot her  Advant ages of  DNX Cat alyst



16

• No addit ional suppor t  st eel 
required
• Cor rugat ed cat alyst  ~40% light er

• Lit t le t o no m odif icat ions t o 
exist ing st ruct ural st eel
• Module sizes are cust om ized t o 

al ign w it h suppor t s and/or  m at ch 
previous m odule design

• Module t o suppor t f ram e
at t achm ent syst em design is
sim ple and ef fect ive, requir ing
no welding or special t ools.

Considerat ions for  Cor rugat ed Cat alyst  -
St ruct ural
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• The reduct ion in pressure drop is 
an im provem ent  in ef f iciency for  
gas t urbines

• The physical st ruct ure of  t he 
cat alyst  is dif ferent , but  t he 
overall process is t he sam e

Considerat ions for  Cor rugat ed Cat alyst  –
Balance-of -Plant
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• Less am m onia is used dur ing 
st ar t -ups due t o t he increased 
response t im e of  t he cat alyst .

• Am m onia can be t urned on sooner  
for  im proved NOx reduct ion due 
t o t he low-t em perat ure 
per form ance of  t he cat alyst .

Considerat ions for  Cor rugat ed Cat alyst  –
Reagent  Usage
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• Lower  sulfur  oxidat ion reduces 
t he form at ion of  undesirable 
am m onium  bisulfat e salt s
• < 0.5 SO2 oxidat ion at  norm al 

operat ing t em perat ures

Considerat ions for  Cor rugat ed Cat alyst  –
Ot her  Gas Const it uent  Im pact s
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• Topsoe has ext ensive exper ience 
w it h replacem ent s of  ot her  
m anufact urers’ cat alyst
• > 50 replacem ent s of  ext ruded 

cat alyst  alone
• Exper ience includes replacem ent s for  

every m ajor  com pet it or  and al l  
cat alyst  t ypes – ext ruded, cor rugat ed, 
and plat e

• Topsoe is t he leading m arket  
provider  for  low  dust  and no dust  
cat alyst  unit s
• Maint ains ~95% loyalt y for  

replacem ent s of  Topsoe cat alyst

Previous Exper ience –
Sw it ching t o Cor rugat ed Cat alyst
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• Exelon – Wolf  Hollow
• (2) 501G Engines
• Delt ak HRSG’s
• Replaced ext ruded cat alyst

• Pack ing for  exist ing cat alyst  had 
blown out  w it h cat alyst  elem ent s 
beginning t o fal l  out

• Lit t le t o no deact ivat ion af t er  2 
years of  operat ion

Previous Exper ience –
Sw it ching t o Cor rugat ed Cat alyst
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• NAES – New Harquahala
• (3) 501G Engines
• NEM HRSG’s

• Replaced 2 layers of  com pet it or  
cat alyst  w it h 1 layer  of  Topsoe 
cat alyst

• Cat alyst  replacem ent  result ed in 
signif icant  operat ional cost  
saving

Previous Exper ience –
Sw it ching t o Cor rugat ed Cat alyst
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• Cit y of  Redding
• (2) GE Fram e 5 Gas Turbine
• High t em perat ure peak ing unit s –

832 °F average t em perat ure
• Replaced ext ruded cat alyst

• Norm al inst al lat ion of  cat alyst  
layer
• Only dif f icult y was rem oving 

exist ing m odules

Previous Exper ience –
Sw it ching t o Cor rugat ed Cat alyst
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• SCR cat alyst  for  gas t urbines can pot ent ial ly be regenerat ed, 
but  is seen as an unproven and im pract ical solut ion

• Unlike coal applicat ions, gas t urbines usually ut i l ize a single 
layer  of  cat alyst , m ak ing rel iabil i t y and st able per form ance 
m ore cr it ical

• The cat alyst  deact ivat ion observed for  gas t urbine unit s is 
m ost  of t en due t o a general wear ing out  of  t he cat alyst  over  
t im e (e.g. dust ing, t herm al fat igue)

• Regenerat ion of  t h in-walled, sm all pit ch cat alyst  can 
weaken t he overall st ruct ural in t egr it y

Cat alyst  Regenerat ion
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What  if  bot h SCR cat alyst  and CO cat alyst  could be 
com bined in one layer?

 

Classical layout 

Dual Funct ion Cat alyst  for  Gas Turbines
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Com par ison – About  t he Posit ion of  t he CO Cat alyst

Classical Layout Dual Funct ion Layout
Lower CO-cata lyst volum es Lower specific p ressure drop
Higher HC oxida tion Lower SO2 oxida tion
Not exposed  to  NH3 Not im pacted  by SO2

Easie r insta lla tion
Liqu id am m onia  in jection

 

Classical layout 

Dual Funct ion Cat alyst  for  Gas Turbines
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The Dual Funct ion Posit ion – React ions

4 NO + 4 NH3 + O2 → 4 N2 +   6 H2O

CO + ½ O2 → CO2

SCR-Cat  OXI-Cat

CO = 100 ppm

NOx = 50 ppm

NH3 = 50 ppm

CO = 100 ppm

NOx < 5 ppm

NH3 < 5 ppm

CO < 5 ppm

NOx < 5 ppm

NH3 < 5 ppm
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The Dual Funct ion Cat alyst  – Basic Pr inciple

• Noble  m e ta l based
• Pd

• Supported  on  a  DeNOx cata lyst
• V,W on  Titan ia

SCR-Cat  Dual Funct ion

SCR & OXI-Cat

CO = 100 ppm

NOx = 50 ppm

NH3 = 50 ppm

CO = 100 ppm CO < 5 ppm

NOx < 5 ppm

NH3 < 5 ppm
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Sum m ary

• Prim ary advantages of corruga ted  ca ta lyst include :

• Maxim ized  ca ta lyst activity
• Enhanced  poison  resistance
• Lowest p ressure  d rop
• Lighte r ca ta lyst
• Efficien t usage  of am m onia
• Lowest su lfu r oxida tion
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Sum m ary

• Haldor Topsoe  has extensive  expe rience  rep lacing com pe titors’ 
ca ta lyst in  gas tu rb ines and  othe r applica tions.

• Replacem ent with  corruga ted  ca ta lyst require s no m ajor structura l 
a lte ra tions and  Topsoe’s h ighly custom izable  m odules will fit any 
reactor space .

• Switch ing to  corruga ted  ca ta lyst re su lts in  savings from  reduced  
am m onia  usage  and  pressure  drop

• Cata lyst regene ra tion  is conside red  gene ra lly unsu itab le  for sm all-
p itch  gas tu rb ine  applica tions

• Dual function  ca ta lyst can  be  an  a ttractive  op tion  for the  lowest 
possib le  pressure  drop  and  su lfur oxida tion
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