wo 2010/080022 A1 I 0K 0 OO

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

oo o
1 rld Intellectual Property Organization 2 ey
(19) World Intellectual Property Organization /g ]I ) 0M)F 00N 010 00100000 O
International Bureau W U
3\ 10) International Publication Number
(43) International Publication Date \'{_5___,/ (10)
15 July 2010 (15.07.2010) PCT WO 2010/080022 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
BO1D 53/86 (2006.01) kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA. CH. CL. CN. CO. CR. CU. CZ. DE. DK. DM. DO
PCT/NL2009/050716 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
25 November 2009 (25.11.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
- ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: Dutch NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, 8G, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . .
2002257 26 November 2008 (26.11.2008) NL (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventor; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(71) Applicant : KNOOK, Theodoor Petrus [NL/NL]; ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Purmerstraat 24, NL-2131 AW Hoofddorp (NL). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV
(72) Inventor; and 2 i 2 2 > S e ’ ’
(75) Inventor/Applicant (for US only): MAKKEE, Michiel ¥[RC gfﬁIMBTﬁ I\];I; gFO’CPGL’ CI;T’c&O’GiE’GiIL SK (S“l\{[,
[NL/NL]; Dwarsweg 15, NL-3235 CE Rockanje (NL). ML)’ o N(E S Gy, T OAOR Q GW,
(74) Agent: HATZMANN, M.J.; Vereenigde, Johan de Witt- Published:

laan 7, NL-2517 JR Den Haag (NL).

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

(54) Title: PROCESS AND APPARATUS FOR REMOVING ETHYLENE FROM A FLUE GAS MIXTURE

(57) Abstract: The invention relates to a process for removing ethylene, and possibly SO, and NOy, from a flue gas mixture con-
taining inter alia CO», Oz, SO,, NOx and ethylene, wherein in a first step SO- is removed from the flue gas mixture through ad-
sorption; then, in a second step NOy is removed through adsorption; and after this, in a third step ethylene is removed through cat-
alytic oxidation, and to an apparatus suitable therefor.
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Title:  Process and apparatus for removing ethylene from a flue gas

mixture.

The invention relates to a process and apparatus for removing
ethylene from a flue gas mixture.

There is an increasing need to purify flue gases from engines, more
particularly (bio)gas engines, to a far-reaching extent. Typically, these flue
gases still contain organic compounds, such as methane and ethylene, as
well as inorganic compounds, such as sulfur oxides (SOgz), nitrogen oxides
(NOx) and carbon monoxide. For the further use of flue gases, for example as
a CO2 source in greenhouses, it is desired that the flue gases contain as few
pollutants as possible, in particular that they contain as few sulfur oxides,
nitrogen oxides and ethylene as possible. Also for the emission of the flue
gases to the atmosphere, it is desired that the content of pollutants be as
low as possible. |

To be able to effectively remove organic compounds and carbon
monoxide, the flue gases are typically treated by passing them over an
oxidation catalyst, with or without supply of extra oxygen to the flue gas.
The organic compounds and the carbon monoxide in this way can be
oxidized to form CO:. A suitable catalyst has been déscribed, for example, by
Wang et al. (Low temperature complete combustion of methane over titania-
modified alumina supported palladium, Fuel 81 (2002) 1883-1887). In that
publication, the positive effect is described of titania on the activity ofa
palladium catalyst for the oxidation of ethylene.

Preferably, it is endeavored to combine the removal of the organic
compounds and the carbon monoxide with the removal of sulfur oxides

and/or nitrogen oxides. If a flue gas mixture is passed under oxidative



WO 2010/080022 PCT/NL2009/050716

10

15

20

25

conditions over specific adsorbents for sulfur oxides and nitrogen oxides,
also the sulfur oxides and nitrogen oxides can be effectively removed from
the stream of the flue gas mixture. Such systems, in which on the one hand
the carbon-containing compounds are oxidized to CO2 and on the other hand
the sulfur oxides and/or nitrogen oxides are adsorbed, utilize, for example,
monolithic blocks with platinum catalyst and adsorption material
immobilized thereon.

As is well-known, it is desirable to supply COz to horticultural
greenhouses as a carbon sourée for the growth of the plants. This can be
done via gas pipes, through separate supply with tank trucks and/or storage
in containers. Often, it is endeavored to use CO2 from gas engine flue gases
that are used for combined heat and power (CHP) cogeneration at the
greenhouse.

To this end, it is necessary to lower the concentration of nitrogen
oxides, sulfur oxides and ethylene. For it is well-known that the first two
gases have an adverse effect on crop growth, and that the last gasis a
growth hormone for plants. Too much ethylene in (horticultural)
greenhouses can lead to soft crops with fruits ripening too soon and too fast.

As expected, under oxidative conditions prevailing in the different
monolithic blocks, both the concentration of sulfur oxides, or nitrogen
oxides, and the concentration of ethylene cén be reduced. The ethylene
concentration proved to be reduced from 40,000 ppb to 2,000 ppb. Through
the use of an extra monolith, specifically for the oxidation of ethylene, it was
found that the concentration of ethylene can be reduced to 300 ppb. While
this satisfies the current standards for (horticultural) greenhouses, the
concentration of ethylene is still too high for future standards.

It is an object of the invention to provide a process by which the
ethylene content in the CO2 can be reduced to values in the order of

magnitude of a few tens of ppb's at most.
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It is in particular an object of the invention to find a procedure by
which the concentration of ethylene can be reduced to less than 300 ppb, in
particular to less than 10 ppb.

The invention is based on the surprising insight that through the
specific choice of the order of the treatment steps in the process leads to a
surprisingly good purification of the gases and yields a CO; gas stream that
is so pure that it can be used as a COz feed for greenhouses without any
problems. Only with the present order is this result obtained, as appears
from the examples included herein. Other orders of treatment lead only to a
limited and insufficient resuit.

The invention accordingly relates to a process for removing
ethylene, and possibly SOz and NOy, from a flue gas niixture containing
inter alia COg, Oz, SOz, NO, and ethylene, wherein in a first step SO; is
removed from the flue gas mixture through adsorption; then, in a second
step NOx is removed through adsorption, and after this, in a third step
ethylene is removed throuéh catalytic oxidation.

The present invention further relates to an apparatus for removing
ethylene from a flue gas mixture, comprising in downstream direction: -

- acompartment for the removal of SO; from the flue gas mixture,
comprising a catalytic oxidation/adsorption material for SOz;

- acompartment for the removal of NOy from the flue gas mixture,
comprising a catalytic oxidation/adsorption material for NOx; and

- acompartment for the removal of ethylene from the flue gas mixture,
comprising an oxidation catalyst, in particular an oxidation catalyst

comprising platinum or palladium or the combination of the two.

According to a preferred embodiment, for the removal of SOz a
combination of catalytic oxidation of SOz into SO3 and adsorption of SO is
used. The oxidation catalyst and the adsorbent are then preferably

integrated in the same material, which as such, in turn, may be provided on

PCT/NL2009/050716
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a monolith. Suitable catalysts are noble metals, while as adsorbent a
material that forms sulfates is used. An example of a suitable combination
of materials is Pt/Cu on titania. _

For the removal of NOx a comparable system is used, a preferred
material being Pt/K salt, such as a carbonate, on alumina washcoat.

Ethylene is most preferably removed using a noble metal on a
washcoat. Suitable noble metals are platinum, palladium or combinations
thereof. As a washcoat, preferably alumina or titania is used.

Since all process steps preferably utilize oxidation, it is desired that
in the gas mixture oxidizing conditions prevail, preferably an excess of
oxygen with respect to the components to be oxidized.

As soon as the materials are saturated, regeneration may be done
under reducing conditions, for example through treatment with CO
and/or Hz.

The invention is preferably used for the treatment of flue gases of
gas engines. To be considered in this connection are, for instance, engines
with powers of from 1 MWe to 22 MWe, flue gas flow rates in the range of
from 5,000 kg/h to 110,000 kg/h, with temperatures of between 300 and
500°C.

In a representative example, for the removal of NOx a Pt/KCOs3
system is used. Adsorption takes place under oxidizing conditions, the
following two reaction schemes being representative of the removal and
desorption.

Adsorption of SO: (oxidizing conditions; Pt.Cu on a titania

washcoat)

SOz + 1/20;2 + Pt + Sorber ----> Sorber-SO; + Pt
Desorption (reducing conditions)

Sorber-SOx + Hz + CO + Pt —» Sorber + SOz + H20+ COz + Pt
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For the removal of NO, (NO) a comparable reaction scheme

applies, where as adsorbent a Pt/ an alumina washcoat is used

2 NO + 3/2 02 + Pt + K2COj3 ---> 2KNO3 + Pt + CO2
Desorption (reducing conditions)

2 KNOs + Pt + CO +4H; - K2COs + N2 + 4 H20 + Pt

In the following examples, under comparable conditions the
conversion of ethylene, SO; and NOx is given with different configurations
of the catalysts.

Flue gases of a gas engine with a temperature of 400°C were
treated using a removal system with various configurations.

In the table the conversion values of NOx and ethylene are given
for different configurations. The NO, and SO2 removal are based on the
systems as described above. Ethylene removal is done with the aid of a Pt

cétalyst on an alumina washcoat.

Average ethylene and NOx values under practical conditions

Inlet concentration configuration Outlet concentration
Ethylene NOx Ethylene NOx

(ppb) (ppm) (ppb) (ppm)

40, 000 130-220 no cleaner 40,000 130-220
40,000 130-220 SO2 NOx NOx NOx 1500-20600 1-3

40,000 130-220 OXI SO2 NOx NOx NOx 200 - 300 1-3

40,000 130-220 502 OXI NOx NOx NOx 200 - 300 -3
40,000 130-220 S02 NOx NOx NOx OXI <50 1-3

This shows that the ethylene conversion before the SOz and before
the NOx (after the SO2) gives the same conversion of ethylene from
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approximately 40,000 ppb to approximately 200-300 ppb. This conversion
satisfies the current standards for ethylene concentration to the
horticultural greenhouse, but for future standards the conversion level is too
low.

Surprisingly, the placement of the oxidation catalyst after the NOx
adsorption gives a much higher degree of conversion of ethylene (40,000 ppb
to less than 50 ppb and in most cases below 10 ppb and in some cases below
the detection level of 2 ppb).

The reasons of this surprisingly strong reduction of the ethylene
content cannot be explained on the basis of the known literature and the

patent literature.
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1. A process for removing ethylene, and possibly SOz and NOy, from a
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flue gas mixture containing inter alia CO2, O2, SO2, NOx and ethylene,
wherein in a first step SOz is removed from the flue gas mixture through
adsorption; then, in a second step NOy is removed through adsorption; and
after this, in a third step ethylene is removed through catalytic oxidation,
wherein in each step preferably an excess of oxygen is present.

2. A process according to claim 1, wherein the adsorption of SOz is
done with the aid of a catalytic oxidation of SOz to SO3 and adsorption of the
SO3 formed, preferably with the aid of a Pt/Cu on titania catalyst/adsorbent.
3. A process according to claim 1 or 2, wherein the adsorption of NOy
is done with the aid of a catalytic oxidation of NOx to NO3z and adsorption of
the NO; formed, preferably with the aid of a Pt/alkali metal on alumina
catalyst/adsorbent.

4. A process according to claims 1-3, wherein the catalytic oxidation of
ethylene is done with the aid of a supported noble metal catalyst, preferably
a platinum on a metal oxide, such as alumina.

5. A process according to claim 4, wherein the catalytic oxidation of
ethylene is done in a monolith, provided with an alumina or titania

washcoat with noble metal catalyst.

. 6. A process according to claims 1 - 5, wherein the concentration of

ethylene after the third step is lower than 300 ppb, in particular lower than
50 ppb, and more particularly lower than 10 ppb.

T. A process according to claims 1 - 6, wherein the concentration of
NOx after the third step is lower than 10 ppm, preferably lower than 5 ppm,
in particular lower than 2 ppm.

8. An apparatus for removing ethylene from a flue gas mixture,

comprising in downstream direction
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- acompartment for the removal of SO; from the flue gas mixture,
comprising a catalytic oxidation/adsorption material for SOy;

- acompartment for the removal of NOx from the flue gas mixture,
comprising a catalytic oxidation/adsorption material for NOy; and

- acompartment for the removal of ethylene from the flue gas mixture,

comprising an oxidation catalyst, in particular an oxidation catalyst

comprising platinum.
9. Use of an apparatus according to claim 8 in horticultural
greenhouses.
10. Use of an apparatus according to claim 8 for the purification

of COsa.
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