wo 2014/124830 A1 I} A1) 00O O R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

21 August 2014 (21.08.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/124830 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

International Patent Classification:
BO1D 53/94 (2006.01) B01J 23/16 (2006.01)
B01J 21/06 (2006.01) B01J 23/44 (2006.01)

International Application Number:
PCT/EP2014/052043

International Filing Date:
3 February 2014 (03.02.2014)

Filing Language: English
Publication Language: English
Priority Data:

PA 2013 00091 14 February 2013 (14.02.2013) DK

Applicant: HALDOR TOPSQE A/S [DK/DK]; Nymal-
levej 55, DK-2800 Kgs. Lyngby (DK).

Inventors: CASTELLINO, Francesco; Danas Plads 23,
1. th.,, DK-1915 Frederiksherg C (DK). LUCASSEN
HANSEN, Viggo; Botoftevej 12, DK-2700 Brenshgej
(DK).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD AND CATALYST FOR THE SIMULTANEOUS REMOVAL OF CARBON MONOXIDE AND NITRO-
GEN OXIDES FROM FLUE OR EXHAUST GAS

B NH3 + NOx
=
= NZ + HZO
£
2
i
Z GO+ VoD
CO2 + H20
m\\ /‘;}
Y
\ 4

Fig. 1

(57) Abstract: A method and a
catalyst,where flue gas or exhaust gas con-
taining harmful carbon monoxide, organic
compounds (VOC) and NOx is contacted
with a layered catalyst in which a first layer
comprises an oxidation catalyst and in an un-
derlying layer a NH3-SCR catalyst for the
simultaneous removal of the carbon monox-
ide and NOx.




10

15

20

25

30

WO 2014/124830 PCT/EP2014/052043

Title: Method and catalyst for the simultaneous removal of

carbon monoxide and nitrogen oxides from flue or exhaust

gas.

The present invention relates to a method and catalyst for
the simultaneous removal of carbon monoxide and nitrogen

oxides (NOx) contained in flue or exhaust gas.

More particularly, the invention provides a method, where

flue gas or exhaust gas containing harmful carbon monoxide,
organic compounds (VOC) and NOx is contacted with a layered
catalyst in which a first layer comprises an oxidation cat-
alyst and in an underlying layer a NH3-SCR catalyst for the

simultaneous removal of the carbon monoxide and NOx.

Removal of NOx, VOC and CO from flue or exhaust gas is con-
ventionally exercised by use of two different catalyst com-
positions, wherein an oxidation catalyst is arranged up-
stream of an SCR catalyst with injection of a reductant be-
tween the catalysts. NOx removal is typically performed by
selective catalytic reduction (SCR) with NH3 on wvanadium
oxide or zeolite-based catalysts in monolithic form. Ammo-
nia is injected 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.

In the case of CO and VOC removal by catalytic oxidation,
the platinum metals are the most common choice due to their

high reactivity already at temperatures >200°C.



10

15

20

25

30

WO 2014/124830 PCT/EP2014/052043

As an example of a flue gas containing both CO, VOCs and
NOx is the flue gas from a turbine operating on natural
gas. Traditionally, in the HRSG design the CO oxidation
catalyst, often based on Pt, is located upstream the SCR
catalyst and the ammonia injection grid ("AIG"). This loca-
tion has been chosen mainly due to the fact that the oxida-
tion catalyst is very active in the oxidation of NH3 to
NOx, which is highly undesired. Having the CO oxidation
catalyst located upstream the AIG makes sure that no NH3 is
wasted, but all amounts of injected ammonia reach the SCR

catalyst limiting the operation costs of the utility.

In an alternative configuration, the oxidation catalyst is
arranged downstream the SCR catalyst. When positioned this
way the oxidation catalyst is operated at lower tempera-
tures than the conventional layout. The problem with this
configuration is that if not designed correctly, the oxida-
tion catalyst may oxidize the NH3 slip to NOx, thus reduc-
ing the overall NOx removal of the plant. Possibly, the ox-
idation catalyst may be designed in a way that NH3 is con-
verted to N2 instead, but such a catalyst is typically more
expensive than a conventional oxidation catalyst due to
both the kind and quantity of the noble metals used for its

production.

In the above configurations, the resulting reactor consists
of two separate catalyst units, i.e. one SCR catalyst unit

and one oxidation catalyst unit. More precisely, the total

volume of catalyst installed will be determined by the size
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 in some cases accomplished.

US patent 7 390 471 discloses an exhaust gas treatment ap-
paratus for reducing the concentration of NOy, HC and CO in
an exhaust gas stream. The treatment apparatus includes a
multifunction catalytic element having an upstream reduc-
ing-only portion and a downstream reducing-plus-oxidizing
portion that is located downstream of an ammonia injection
apparatus. The selective catalytic reduction (SCR) of NOy
is promoted in the upstream portion of the catalytic ele-
ment by the injection of ammonia in excess of the stoichio-
metric concentration with the resulting ammonia slip being
oxidized in the downstream portion of the catalytic ele-
ment. Any additional NOy generated by the oxidation of the
ammonia is further reduced in the downstream portion before
being passed to the atmosphere. The reduction-only catalyst
may be vanadium/TiO 2 and the reduction-plus-oxidizing cat-
alyst includes a reduction catalyst having 1.7 wt percent
of vanadium/Ti02 impregnated with 2.8 g/ft 3 each of plati-

num and palladium.

However, the SCR activity of the oxidation catalyst is con-
siderably lower than the SCR activity of an SCR-only cata-
lyst meaning that the total volume of catalyst installed
will be equal to the volume of the oxidation catalyst plus
the volume of the SCR catalyst needed to compensate for the
low SCR activity of the oxidation catalyst.

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

ber one priority from a utility point of view is to reduce
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the total catalyst volume as much as possible. Large vol-
umes in fact mean high pressure drop across the catalyst
bed and overall lower efficiency of the HRSG. The pressure
drop has a direct impact on the net power achievable from
the turbine and an indirect effect on the heat flux, i.e.
the calories that can be extracted from the flue gas by the

HRSG.

In order to reduce the catalyst volume to a minimum, the
SCR activity of the oxidation catalyst has to be increased
to the same high levels of an SCR-only catalyst. One essen-
tial condition for obtaining this is the use of an oxida-
tion catalyst very active in the oxidation of CO and VOC,
but not reacting with NH3. Another important condition is
that the oxidation catalyst must still have the same oxida-

tion activity as an oxidation-only catalyst.

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 is equal to the volume of
the largest catalyst between a dedicated oxidation and a
dedicated SCR catalyst, which dependents on the regquired

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

Thus, this invention provides a method for the reduction of
amounts of carbon monoxide, volatile organic compounds and
nitrogen oxides in flue or exhaust gas, said method com-
prising the steps of

introducing ammonia and/or a precursor thereof into the
flue or exhaust gas;

converting the precursor if any into ammonia;
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contacting the gas and the ammonia at a temperature of up
to 350°C with a layered catalyst comprising in flow direc-
tion of the gas an upper first catalyst layer with an oxi-
dation catalyst and an underlying second catalyst layer
with an NH3-SCR catalyst supporting completely the first
layer and oxidising at least part of the amounts of carbon
monoxide and the volatile organic compounds in the upper
first layer without affecting the ammonia further contained
in the gas and reducing the amounts of nitrogen oxides in
the underlying second catalyst layer by reaction with the

ammonia.

A CO, VOC oxidation catalyst not active in the oxidation of
NH3 at temperatures up to 350°C for use in the method ac-

cording to the invention has been developed.

Thus, 1in an embodiment of the invention, the oxidation cat-
alyst in the first layer consists of palladium, wvanadium

oxide and titanium oxide.

By coating this catalyst on a commercial NH3-SCR catalyst
e.g. a NH3-SCR catalyst in comprising oxides of tungsten,
molybdenum, vanadium and titanium according to a further
embodiment of the invention, the resulting catalyst con-
sists of a first catalyst layer oxidizing CO and VOC but

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

Referring to Fig.l in the drawings at gas temperatures up
to 350°C, CO and VOC will be oxidized to C0O2 in the first
oxidation layer 2 of layered catalyst 1, while all injected

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

ing SCR catalyst layer 3.

By enhancing the pore structure and thickness of the first
catalyst layer, both NOx and NH3 will easily access the un-
derlying SCR catalyst and very limited SCR activity will be
lost due to the diffusion rate of reagents across the oxi-

dation catalyst layer.

Thus, in a further embodiment of the invention the first
catalyst layer has a layer thickness of between 10 and 200

micron, preferably of between 10 and 50 micron.

In the method according to invention as described above,
the flue or exhaust gas can additionally be treated with a
conventional not layered SCR catalyst either up or down-

stream the layered catalyst.

The invention provides additionally a catalyst for simulta-
neous oxidation of carbon monoxide and volatile organic
compounds and selective reduction of nitrogen oxides by re-
action with ammonia, the catalyst comprises a first layer
of an oxidation catalyst and a second layer of an NH3-SCR

catalyst supporting completely the first layer.

Preferably, the oxidation catalyst consists of palladium,

oxides of vanadium and oxides of titanium.

The preferred oxidation catalyst according to en embodiment
of the invention also has some SCR activity due to the
presence of both Ti02 and vanadium oxides. Full SCR activi-

ty is thus preserved without the need of increasing the ad-
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dition of ammonia. In this way, the desired removal of both
CO and NOx can be accomplished with a significantly reduced

catalyst volume.

In an embodiment of the invention the first catalyst layer
has a layer thickness of between 10 and 200 micron, prefer-

ably of between 10 and 50 micron.

When structuring the layered catalyst in monolithic form,
the resulting monolith catalyst will have a uniform cata-
lyst composition across the monolith length. CO, VOC and
NOx removal proceeds simultaneously along the whole length

of the monolith.

EXAMPLE

A V/Ti based commercial SCR catalyst has been coated with a
catalyst consisting of 0.45 wt% Pd, 4.5 wt% V205 on TiO2.
The NOx removal efficiency has been measured and compared
to the NOx removal efficiency of the same SCR catalyst not
coated with the oxidation catalyst. The results and condi-

tions of the test are shown in Table 1 below:

Table 1

SCR 93.5 0 5.7

OXIDATION+SCR 92.9 97.8 4.4

Test conditions. Gas inlet composition: 50 ppmv NOx, 55
ppmv NH3, 100 ppmv CO, 15 %vol 02, 10 3vol H20, N2 balance.
Gas space velocity, NHSV = 27 000 h-1. Temperature: 350°C.
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As apparent from Table 1, the same (within experimental un-
certainty) NOx removal efficiency has been obtained in both

tests.
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CLAIMS

1. Method for the reduction of amounts carbon monoxide,
volatile organic compounds and nitrogen oxides in flue or
exhaust gas comprising the steps of

introducing ammonia and/or a precursor thereof into the
flue or exhaust gas;

converting the precursor if any into ammonia;

contacting the gas and the ammonia at a temperature of up
to 350°C with a layered 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 layer and oxidising at least part of
the amounts of carbon monoxide and the volatile organic
compounds in the upper first layer without affecting the
ammonia further contained in the gas and reducing the
amounts of nitrogen oxides in the underlying second cata-

lyst layer by reaction with the ammonia.

2. The method of claim 1, wherein the oxidation catalyst
in the first layer consists of palladium, vanadium oxide

and titanium oxide.

3. The method of claim 2, wherein the oxidation catalyst
consists of 0.45 wt% palladium, 4.5 wt% vanadium pentoxide

and supported on titanium oxide.

4, The method of anyone of claims 1 to 3, wherein the
first catalyst layer has a layer thickness of between 10

and 200 micron.
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5. The method of anyone of claims 1 to 4, wherein the
first catalyst layer has a layer thickness of between 10

and 50 micron.

6. The method of anyone of claims 1 to 5, wherein the
NH3-SCR catalyst in the second catalyst layer comprises ox-

ides of tungsten, molybdenum, vanadium and titanium.

7. The method of anyone of claims 1 to 6, wherein the
flue or exhaust gas is additionally treated with a conven-
tional not layered SCR catalyst either upstream or down-

stream the layered catalyst.

8. A catalyst for simultaneous oxidation of carbon monox-
ide and volatile organic compounds and selective reduction
of nitrogen oxides by reaction with ammonia,

the catalyst comprises a first layer of an oxidation cata-
lyst and a second layer of an NH3-SCR catalyst completely
supporting the first laver.

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-
lyst consists of 0.45 wt% palladium, 4.5 wt% vanadium pent-

oxide and supported on titanium oxide.

11. The catalyst of anyone of claims 8 to 10, wherein the
first catalyst layer has a layer thickness of between 10

and 200 micron.
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12. The catalyst of anyone of claims 8 to 11, wherein the
first catalyst layer has a layer thickness of between 10

and 50 micron.

13. The catalyst of anyone of claims 8 to 12, wherein the
NH3-SCR catalyst in the second catalyst layer comprises ox-

ides of tungsten, molybdenum, vanadium and titanium.
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