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Title: Method and catalxst for the simultaneous removal of
carbon monoxide and nitrogen oxides from flue or exhaust
gas.

F

The present invention relates to a method and catalyst for

F

the simultaneous removal of carbon monoxide and nitrogen

oxides (NOx) contained in flue or exhaust gas.

More particularly, the 1nvention provides a method, where

flue gas or exhaust gas containing harmful carbon monoxide,

organic compounds (VOC) and NOx 1s contacted with a lavered

catalyst 1n which a first layver comprises an oxidation cat-

alyst and 1in an underlyving layer a NH3-SCR catalyst for the

H

simultaneous removal of the carbon monoxide and NOx.

H

Removal of NOx, VOC and CO from flue or exhaust gas 1s con-

H

ventionally exercised by use of two di

H

"erent catalyst com-

positions, wherein an oxidation catalyst 1s arranged up-

H H

stream of an SCR catalyst with 1njection of a reductant be-

tween the catalysts. NOx removal 1s typically performed by

selective catalytic reduction (SCR) with NH3 on vanadium

ox1de or zeolite-based catalysts 1n monolithic form. Ammo-

nia 1S 1njected upstream the SCR catalyst and reacts with

the NOx on the catalyst surface. An optimal temperature

window for the vanadium oxide-based catalysts is 200-400°C,
while zeolite based catalysts are more active at tempera-

tures >400°C.

H

In the case of CO and VOC removal by catalytic oxidation,

the platinum metals are the most common choilce due to their

high reactivity already at temperatures >200°C.



10

15

20

22

30

CA 02899149 2015-07-23

WO 2014/124830 PCT/EP2014/052043

’

As an example of a flue gas containing both CO, VOCs and

NOx 1s the flue gas from a turbine operating on natural

gas. Traditionally, 1n the HRSG design the CO oxidation

catalyst, often based on Pt, 1s located upstream the SCR

catalyst and the ammonia 1njection grid ("AIG"). This loca-

ti1on has been chosen mainly due to the fact that the oxida-

F

tion catalyst 1s very active 1n the oxidation of NH3 to

NOx, which 1s highly undesired. Having the CO oxidation

catalyst located upstream the AIG makes sure that no NH3 1s

H

wasted, but all amounts of i1injected ammonia reach the SCR

H

catalyst limiting the operation costs of the utility.

In an alternative configuration, the oxidation catalyst 1s
arranged downstream the SCR catalyst. When positioned this

way the oxidation catalyst 1s operated at lower tempera-

tures than the conventional layout. The problem with this

H

configuration 1s that 1f not designed correctly, the oxida-

tion catalyst may oxidize the NH3 slip to NOx, thus reduc-

F

1ng the overall NOx removal of the plant. Possibly, the ox-

1dation catalyst may be designed 1in a way that NH3 1s con-
verted to N2 instead, but such a catalyst 1s typically more
expensive than a conventional oxidation catalyst due to

H

both the kind and guantity of the noble metals used for 1ts

production.

In the above configurations, the resulting reactor consists

H

of two separate catalyst units, 1.e. one SCR catalyst unit

and one oxidation catalyst unit. More precisely, the total

H

volume of catalyst installed will be determined by the size

H H

of the SCR catalyst unit, plus the size of the oxidation

catalyst unit.
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In order to reduce the size of the reactor, a combination

of the two catalysts partly on the same support has been

attempted and 1n some cases accomplished.

US patent 7 390 471 discloses an exhaust gas treatment ap-

H

paratus for reducing the concentration of NOx, HC and CO 1n

an exhaust gas stream. The treatment

apparatus 1ncludes a

multifunction catalytic element having an upstream reduc-

1ng-only portion and a downstream reducing-plus-oxidilzing

H

portion that 1s located downstream o:

T an ammonlia 1njection

apparatus. The selective catalytic reduction (SCR) of NOy

H

1s promoted 1n the upstream portion of the catalytic ele-

F

F

ment by the 1njection of ammonia 1n excess of the stoichio-

metric concentration with the resulting ammonia slip being

H

oxldilzed 1n the downstream portion o:

ment. Any additional NOx generated by

- the catalytic ele-

H

the oxidation of the

ammonia 1s further reduced 1n the downstream portion before

being passed to the atmosphere. The reduction-only catalyst

may be vanadium/Ti0 2 and the reduction-plus-oxidizing cat-

alyst includes a reduction catalyst having 1.7 wt percent

H

num and palladium.

H

H

of vanadium/Ti02 impregnated with 2.8 g/ft 3 each of plati-

However, the SCR activity of the oxidation catalyst 1s con-

F

siderably lower than the SCR activity of an SCR-only cata-

’

lvst meaning that the total volume o:

H

- catalyst installed

will be equal to the volume of the oxidation catalyst plus

H

the volume of the SCR catalyst needed to compensate for the

H

low SCR activity of the oxidation catalyst.

H

In the cleaning of gas turbine flue gas as an example, num-

F

ber one priority from a utility point of view 1s to reduce
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the total catalyst volume as much as possible. Large vol-

umes 1n fact mean high pressure drop across the catalyst

H

H

bed and overall lower efficiency of the HRSG. The pressure

drop has a direct i1mpact on the net power achievable from

the turbine and an i1ndirect e

H

"ect on the heat flux, 1.e.

the calories that can be extracted from the flue gas by the

HRSG.

H

In order to reduce the catalyst volume to a minimum, the

SCR activity of the oxidation catalyst has to be 1ncreased

H

to the same high levels of an SCR-only catalyst. One essen-

H

ti1al condition for obtaining this 1s the use of an oxida-

tion catalyst very active 1n the oxidation of CO and VOC,

but not reacting with NH3. Another important condition 1s

that the oxidation catalyst must still have the same oxida-

tion activity as an oxidation-only catalyst.

F

By the present invention these two conditions are achieved,

the total volume of the resulting catalyst for the combined

’

removal of both CO, VOC and NOx 1s equal to the volume of

’

the largest catalyst between a dedicated oxidation and a

dedicated SCR catalyst, which dependents on the reqgquired

H

removal of CO, VOCs and NOx for a particular installation.

Thus, thilis invention provides a method for the reduction of

’

amounts of carbon monoxide, volatile organic compounds and

nitrogen oxides 1n flue or exhaust gas, said method com-

H

prising the steps of

H

introducing ammonia and/or a precursor thereof into the

flue or exhaust gas;

H

converting the precursor 1f any 1nto ammonia;
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’

contacting the gas and the ammonia at a temperature of up

to 350°C with a lavyered catalyst comprising in flow direc-

H

tion of the gas an upper first catalyst layver with an oxi-

dation catalyst and an underlyving second catalyst laver

with an NH3-SCR catalyst supporting completely the first

H H

layver and oxidising at least part of the amounts of carbon

monoxide and the volatile organic compounds 1n the upper

’

first layer without affecting the ammonia further contained

H

1n the gas and reducing the amounts of nitrogen oxides 1n

the underlving second catalyst layver by reaction with the

ammonia.

)

A CO, VOC oxidation catalyst not active 1n the oxidation of

NH3 at temperatures up to 350°C for use in the method ac-

cording to the invention has been developed.

H

Thus, 1n an embodiment of the 1nvention, the oxidation cat-

H

alyst 1n the first lavyer consists of palladium, vanadium

ox1de and titanium oxide.

By coating this catalyst on a commercial NH3-SCR catalyst

H

e.g. a NH3-SCR catalyst 1n comprising oxides of tungsten,

molvbdenum, vanadium and titanium according to a further

H

embodiment of the invention, the resulting catalyst con-

F

sists of a first catalyst layver oxidizing CO and VOC but

’

not ammonia and a second layer of NH3-SCR-only catalyst.

Referring to Fig.l i1in the drawings at gas temperatures up

to 350°C, CO and VOC will be oxidized to C0O2 in the first

H

oxidation laver 2 of layered catalyst 1, while all 1njected

HH

NH3 for the NOx abatement will simultaneously diffuse
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through oxidation layer 2 and react instead on the underly-

1ng SCR catalyst layer 3.

H

By enhancing the pore structure and thickness of the first

catalyst laver, both NOx and NH3 will easily access the un-

derlyving SCR catalyst and very limited SCR activity will be

F

lost due to the diffusion rate of reagents across the oxi-

dation catalyst laver.

H

Thus, 1n a further embodiment of the invention the first

H

catalyst laver has a layer thickness of

micron, preferably of between 10 and 50

In the method according to invention as

between 10 and 200

micron.

described above,

the flue or exhaust gas can additionally be treated with a

conventional not layvered SCR catalyst either up or down-

stream the lavered catalyst.

The 1nvention provides additionally a catalyst for simulta-

’

neous oxidation of carbon monoxide and volatile organic

H

compounds and selective reduction of nitrogen oxides by re-

action with ammonia, the catalyst comprises a first laver

H

of an oxidation catalyst and a second layer of an NH3-SCR

catalyst supporting completely the first laver.

’

Preferably, the oxidation catalyst consists of palladium,

H H

ox1des of vanadium and oxides of titanium.

The preferred oxidation catalyst according to en embodiment

H

H

of the i1nvention also has some SCR activity due to the

presence of both Ti0Z and vanadium oxides. Full SCR activi-

F

ty 1s thus preserved without the need o:

T 1ncreasing the ad-
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both

’

the desired removal o

this way,

171

dllinorilida.

’

dition o

tly reduced

’

ignifican

CO and NOx can be accomplished with a s

Cr—

H
R e

t catalyst lavyer
pre

r1rs

H

the

10N

t
between 10 and 200 micron,

1NvVerl

H
R e

the

H
—

catalyst volume.
bodiment o

11 4arl eIn

has a layer thickness o

between 10 and 50 micron.

H

ably o

——

1C

lith

11 mornao

When structuring the lavered catalyst

oOrm cata-

H
p—

have a uni

the resulting monolith catalyst will

10

VOC and

CO,

lyst composition across the monolith length.

NOx removal proceeds simultaneously along the whole length

the monolith.

H

O

EXAMPLE

15

A V/Ti based commercial SCR catalyst has been coated with a

V205 on Ti10Z2.

4.5 wts

Pd,

5

0.45 wt

H
R e

catalyst consisting o

has been measured and compared

fficiency

HH

The NOx removal e

the same SCR catalyst not

’

fficiency o

e B ]

to the NOx removal e

20

The results and condi-

Table 1 below

coated with the oxidation catalyst.

11

the test are shown

H
p—

ci1ons O
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50 ppmv NOX,

10N
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let composit
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NHSV

11

Gas

Test conditions.

vol HZ20,

zvol 02, %

100 ppmv CO,

ppmv NH3,

350°C.

Temperature

Gas space velocity,
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H

Method for the reduction of amounts carbon monoxide,

volatile organic compounds and nitrogen oxides in flue or

exhaust gas comprising the steps of

H

H

introducing ammonia and/or a precursor thereof into the

converting the precursor 1f

flue or exhaust gas;

’

any 1nto ammonia;

H

contacting the gas and the ammonia at a temperature of up

to 350°C with a lavered catalyst comprising an upper first

catalyst layer with an oxidation catalyst and an underlying

second catalyst layer with an NH3-SCR catalyst supporting

completely the first layver and oxidising at least part of

’

ﬁ

the amounts of carbon monoxide and the volatile organic

compounds 1n the upper

first laver without a

H

‘ecting the

ammonla further contained 1n the gas and reducing the

H

amounts of nitrogen oxides 1n the underlying second cata-

lvyst lavyver by reaction with the ammonia.

2 . The method of

in the first laver

and titanium oxide.

3. The method of

claim 1,

consists

claim 2,

wherein the oxidation catalyst

H

of palladium, wvanadium oxide

whereiln the oxidation catalyst

consists of 0.45 wts palladium, 4.5 wt3s vanadium pentoxide

and supported on titanium oxide.

4, The method of

and 200 micron.

H

anyone o:

- claims 1 to 3, wherein the

H

first catalyst layer has a layer thickness of between 10
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and 50 micron.

0.

first catalyst layer has a layer thickness of
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’

claims 1 to 4, wherein the

H

between 10

H

whereln the

The method of anyone o0:

claims 1 to b5,

NH3-SCR catalyst 1n the second catalyst layer comprises 0OX-—

F

1des of

cungsten,

/.

mo lybdenum,

vanadium and titanium.

H

whereln the

The method of anyone o:

claims 1 to o,

flue or exhaust gas 1s additionally treated with a conven-

tional not layered SCR catalyst either upstream or down-

stream the lavered catalyst.

3 . A catalyst

for simultaneous oxidation of

’

carbon monox-

1de and volatile organic compounds and selective reduction

H

O

the catalyst comprises a

first lavyer of

f nitrogen oxides by reaction with ammonia,

H

an oxidation cata-

H

lyst and a second layer of

supporting the first laver.

an NH3-SCR catalyst completely

9. The catalyst of claim 8, wherein the oxidation cata-
lyst consists of palladium, oxides of vanadium and oxides
of titanium.

10. The catalyst of claim 9, wherein the oxidation cata-

’

lvyst consists of

0.45 wts palladium,

4.5 wt3s vanadium pent-

oxl1de and supported on titanium oxide.

H
——

11. The catalyst of

anyone

and 200 micron.

first catalyst layer has a layer thickness of

H

of whereiln the

claims 8 to 10,

H

between 10




0
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)

’

12. The catalyst of anvyone of claims 8 to 11, wherein the

H

first catalyst layer has a layer thickness of between 10

and 50 micron.

13. The catalyst of anvyvone of claims 8 to 12, wherein the

NH3-SCR catalyst 1n the second catalyst layer comprises 0OX-—

ﬁ

1des of tungsten, molybdenum, wvanadium and titanium.
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