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- THE I NVENTI ON The present invention relates to a process for purif n 0
nitrous oxide gas by renoval of wvarious inpurities. 5 BACKGRCIJND%: @H@

"I NVENTI ON A nunber of processes for purification of off-gases and exhaust

» gases produced from various thermal power plants are known in the art.
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o or on their conversion (reduction) into harmless compounds (e.g., water vapor and nitrogen in
the case of NOx reduction). The most widely employed processes for reduction of NOx use
ammonia and selective catalytic reduction (SCR). The SCR processes make it possible to carry
out the reduction of NOx to elemental nitrogen and water vapor in the presence of oxygen
contained in the off-gases. See U. S. Patents Nos. 5,401,479; 4,859,439; 4,855,115; 4,789,533,
15 4,438,082; 4,720,476; 4,695,438; 4,732,743, 4,975,256; 4,521,388; 5,401,478; and 5,753,582,
the entire subject matter of which is incorporated herein by reference. After off-gases are
cleaned of minor impurities by conventional processes/equipment, they are vented to the
atmosphere.
Moreover, there are also known processes for purifying various commercial grade gases,
20 such as inert gases. For example, U. S. Patent No. 4,579,723, the entire subject matter of which
is incorporated by reference, utilizes a multi-step catalytic process to remove CO, CO;,, H;, H,0,
and O, from an argon gas.
Various processes have been utilized for removing O; from very pure nitrous oxide gas
produced from stand alone commercial processes for subsequent use in semiconductor
»s  manufacturing. In Japanese Kokai No. 06016402, oxygen is removed from commercially
produced nitrous oxide using 2 manganese oxide catalyst. However, oxygen is removed by using
oxygen present in the gas to oxidize the catalyst from a lower to a higher manganese oxide,
which does not involve catalysis of reactions involving oxygen containing gases to form easily
removed products.
30 Heretofore, removal of impurities from nitrous oxide off-gases has not been
contemplated. Releasing nitrous oxide off-gases into the environment is a source of pollution

and a waste of nitrous oxide that, if economically and feasibly separated from such off-gases to



25 manufacturing. In Japanese Kokai No. 06016402, oxygen is renoved from
Cmmercially produced nitrous oxide using a nanganese oxi de catal yst.
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- invol ve catalysis of reactions involving oxygen containing gases to form
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oxi de off-gases has not been contenplated. Releasing nitrous oxide
of f-gases into the environment is a source of pollution and a waste of
nitrous oxide that, if economcally and feasibly separated from such
of f-gases to 21 NOV 2003 provide a commercial grade nitrous oxi de source,
could lead to its use in various processes;2such as for use in conversion
of benzene to phenol by hydroxylation. See U S. Patents Nos. 4,982,013,
5, 001, 280; 5, 055, 623; 5, 110,995; 5,672.777;, 5,756,861 and 5,808, 167, the
entire subj ecevidest ¢carmetialgradeniirgusi axefsrsparcatcedidieaddd its bse iInehrewmresesses, such
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oxi de gas andpL&diCinBgFIRNta Pocddl GhH RPked REFEOToxidat Sr-BadE 0 Aahd Qhine time
reactor, and perform ng de-oxidation by reacting the reducing agent or

precur sor t heemogrowilly hamsk egenomicadly ngroduasat mitrgest oxigle f suitablanfar neartous j germonateial
to deplete tge gxygen in the nitrous oxide gas, while limting the anount
of nitrous OXF%E Choved from the nitrous oxide gas. Additionally, the
present invention concerns a neSUMMASY QBEMHE CNVENTION a nitrous oxide is
gas by feeding thgwnitrous odeeﬁgfs and anmmonia or..a precursor thereof

into a reactor systeR{ecHerTareh 1€5e 0t MRPY: :ﬂ”{}f—’faémfl e PIUSHE Bﬁ'de gas by
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gas using a selective catalgtlc reduction catal yst, feeding hydrogen or a
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reacting t heum@[igﬁgﬂst to form an inert, in order to deplete the oxygen in the nitrous oxide gas, while
limiting the amount of nitrous oxide removed from the nitrous oxide gas.
Additionally, the present invention concemns a method for purification of a nitrous oxide
15 gas by feeding the nitrous oxide gas and ammonia or a precursor thereof into a reactor system,
performing selective catalytic reduction by reacting the ammonia or precursor thereof with NOx
in the nitrous oxide gas using a selective catalytic reduction catalyst, feeding hydrogen or a
precursor thereof into the reactor system and performing de-oxidation by r;:acting the hydrogen
or a precursor thereof with oxygen in the nitrous oxide gas using a de-oxidation catalyst.
20 BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be more clearly understood by reference to the following
description of exemplary embodiments thereof in conjunction with the attached drawings, which
represent dat~ ;btained as a result of an embodiment of a process according to the invention as
set forth in EXAMPLES I and If.
25 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
In accordance with the present invention, a nitrous oxide off-gas is purified utilizing
catalytic processes to provide an economical source of nitrous oxide suitable for various
commercial applications. Moreover, the process of the present invention selectively purifies
nitrous oxide off-gas while maintaining the amount of nitrous oxide in the oft-gas by selectively
1 reacting out selected impurities in the off-gas. Such a purified nitrous oxide off-gas may be

utilized in one-step hydroxylation of benzene to phenol, as set forth in U. S. Patents Nos.



or a precursor thereof with oxygen in the nitrous oxide gas using a
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The catalyst may comprise any known NOx abatement SCR catalyst, such as those based

on transition metals, e.g., Ti, V, W, Mo, Mn, Cu, Fe, Cr, Co, Ni, Zn, Sn, etc. The metal may be
in the form of an oxide and may be integrated with or placed on a conventional carrier, such as

15 silica and/or alumina. Preferably, an oxide of Ti-V catalyst is used .

The catalyst pellets may be formed into any shape, such as cylinders, spheres, discs,
rings, etc., or in the form of a honeycomb block and utilized under conventionat SCR conditions.
These conditions are dictated by the space velocity of the catalyst, its operating temperature, and
the NOx loading. _

20 For example, ammonia or a precursor thereof is mixed with the nitrous oxide off-gas
containing NOx at a molar ratio with respect to the NOx from 0.1 to 2.0, preferably 0.5 to 1.5,
and more prefe:ably from 0.8 to 1.2. The mixture may be at a temperature from 100°C to
600°C, preferably from 120°C to 400°C, and more preferably from 150°C to 300°C. For
adipic acid off-gas service where nitrous oxide is to be preserved, a low temperature range

5 between 150 to 350°C is preferable. Space velocities (amount of gas in cubic meters that passes
in one hour through one cubic meter of the catalyst (apparent volume of the catalyst bed) stated
with the dimension reciprocal hour) in the range from 300 to 100,000 h ' may be utilized. The
process may be conducted under any pressure. However suitable pressures range from about 1 to

about 10 atmospheres.



on transition netals, e.g., Ti, V, W M, M, Cu, Fe, C, Co, Ni, Zn, Sri
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and may be of any suitable configuration such as a fixed bed, a tubular reactor, or a lateral flow
reactor. Preferably, the reactor is a fixed bed reactor.

The catalyst may comprise any known oxidation catalyst, such as those based on a noble

15 metal or combination of noble metals (e.g., platinum or palladium, etc.). The catalyst may be
integrated with or placed on a conventional carrier, such as silica and/or alumina. Preferably, the
catalyst is a palladium metal with an alumina support.

The catalyst may be formed into any shape, such as cylinders, spheres, discs, rings, etc.,
of in the form of a honeyéomb block. Preferably, the catalyst is in the form of a honeycomb

20 block.

In this embodiment of the present invention, stoichiometric amounts of a reducing agent
or precursor thereof is mixed with the nitrous oxide off-gas containing oxygen. The mixture may
be at a temperz-iturc from 0°C to 600°C, preferably from 5°C to 300°C, and more preferably
from 10°C to 200°C. Space velocities (amount of gas in cubic meters that passes in one hour

25 through one cubic meter of the catalyst (apparent volume of the catalyst bed} stated with the
dimension reciprocal hour) in the range from 300 to 100,000 h "' may be utilized. The process
may be conducted under any pressure. However suitable pressures range from about 1 to about
10 atmospheres.

The reducing agent or precursor thereof may be mixed with the nitrous oxide off-gas

3 prior to entering the reactor, or in the reactor itself. This may be accomplished using

conventional means, such as an inline mixer. Suitable reducing agents include agents that
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t he of f - gas ethyiten@deiae staem),. etc. Preferably, the hydrogen is provided in the form of pure
hydrogen.
In another embodiment of the present invention, the nitrous oxide off-gas is passed
ts  through an SCR reactor to remove NOx utilizing the NOx abatement process of the present
invention and subsequently the nitrous oxide off-gas is passed through a de-oxidation reactor to
remove oxygen and other impurities using the de-oxidation process of the present invention.
Alternatively, the de-oxidation process may precede the NOx abatement probess. Moreover,
such processes may be conducted multiple times and in any order. The NOx abatement and de-
20 oxidation processes may be conducted in a single reactor having multiple catalyst beds or in a
single reactor having multiple chambers. Additionally, each of the NOx abatement and de-
oxidation processes may be conducted utilizing multiple reactors. Preferably, NOx abatement
precedes de-ox‘i’dation.
The recovery of nitrous oxide from the nitrous oxide off-gas utilizing the present
25 purification system comprises greater than 50%, preferably greater than 70%, and more
preferably greater than 95%.
EXAMPLES
Processes of the present invention are further defined by reference to the following

illustrative examples.



In an enbodi ment of the present invention, it has been discovered that the

.. hydrogen > unexpectedly does not deplete the nitrous oxide in the off-gas
(hydrogen “woul d have been expected to also react with nitrous oxide to
formnitrogen and water. Another suitable reducing agent is, for exanple,
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di oxi de wi thout depleting the nitrous oxide present “+n the off-gas. The
reduci ng gas nay contain a mxture of gases, such as hydrogen and carbon
nonoxi de. Preferably, the reducing gas is a io hydrogen containing gas. The
hydrogen may be provided in any form including any hydrogen containing
gas such as hydrogen plant offgas, offgas froma dehydrogenation process
(e.g. ethylbenzene to styrene), etc. Preférably, t he hydrogen is provided
in the formof pure hydrogen. |In another enbodi nent of the present
invention, the nitrous oxide off gas is_passed 15 through an SCR reactor to
remove NOx utilizing the NOx abatenentggﬁgﬂgégLof the present invention
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not with nitrous oxide, respectively. Figure 1 shows the oxygen destruction as a function of the
hydrogen flow. Figure 2 demonstrates the percent nitrous oxide destruction as a function of the
hydrogen flow. Figure 3 represents the oxygen destruction selectivity as a function of the
hydrogen flow.
5 EXAMPLE I
The same experiment is conducted at 25°C with a contact time of 0.7 sec with the same
gas stream composition and velocities. Figures 4 and 5 demonstrate the performance achieved in
this set of conditions. Figure 4 shows the oxygen destruction as a function of the hydrogen flow.
Figure 5 illustrates the percent nitrous oxide destruction as a function of the hydrogen flow.
20 Figure 6 demonstrates the oxygen destruction selectivity as a function of the hydrogen tlow.
EXAMPLE 111
The same experiment is conducted at 25°C with a contact time of 0.7 sec with the same
gas stream cor:lposition and velocity but hydrogen is partially replaced by CO (i.e., up to 50
vol.% CO). Results in terms of oxygen destruction and selectivities are the same as those
35 provided by pure hydrogen.
EXAMPLE IV
A process for purification of a nitrous oxide gas of the present invention is performed as
follows:
A commercial SCR catalyst, Grade S-096 supplied by CRI Catalyst Company, Inc., is
30 exposed to an adipic offgas stream of 15 slpm containing .3% NOx, 8.0% O3, 26.5% N20, .1%

CO, .2% organic impurities (on a Carbon basis), and the balance inerts at an inlet temperature of



6 EXAMPLE | A process for purification of a nitrous oxide gas of the
.present invention is perforned as follows: A 0.2% w w Pd on al um na
catalyst in the formof beads from Johnson-Matthey is 5 exposed to &]QHEZMJ
stream of 60 cc/mn conmposed of 2.4 cc/mn of oxygen, 36 cc/mn of nitrous
"oxide, and 6 cc/mn of heliumat 150C in a quartz reactor. Contact time is
4.6 seconds. Part of thé heliumgas is gradually réplaced by pure
hydrogen. Reaction is followed up by analysis of the reactor effluent by
mass spectronetry (anmu 32 for oxygen, amu 28, 30 and 44 for nitrous oxide,
amu 2 for hydrogen, anu 18 for water). Conplete reaction of hydrogen is
observed in all io the tested cases. Figures 1 and 2 illustrate the
sel ective reaction of oxygen with hydrogen. and not with nitrous oxide,
respectively. Figure 1 shows the oxygen destruction as a function of the
hydr ogen f1 ° r t struct
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conposition and velocity but hydrogen is partially replaced by CO (i.e., up
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A process for purification of a nitrous oxide gas of the present invention
is performed as follows: A commercial SCR catalyst, G ade S-096 supplied
by CRI Catalyst Conpany, Inc., is 3o exposed to an adipic offgas stZr]efd{m B3
15 sl pm cont ai ni ng . 3% NOX, 8 0% 02, 26.5% N20, .1% CO, .2%organic
inmpurities (on a Car bon baS|s) and the bal ance inerts at an inl et
tenperature of 21 Nov 2003 7 247C in & i sothernmal pipe reactor heated by a
sandbat h. Space velocity is 15,000 reciprocal hours. The ammonia is fed
stoichionetrically to the NOx | evels which are neasured with an online NOx
anal yzer .Ciihwg:outl et conposition is as follows: .044% NOx, 7.3% 02, 26.5%
N2O, .2% CO, .008%organic inpurities (on a Carbon basis), and the bal ance
inerts. 21 NOV 2003 8 Clains: 1_ A method for purification of a nitrous
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hydr ogen, car bon m)noxi de, ammonia and m xtures thereof into a

de- oxi datnlﬁ QL. Performng de-oxidati on by reacting said reducing
agent wit oxyge ‘USThg a dc-oxidation catal yst to forman inert, in
order to deplete 1d ox ygen 1n aid nltrous oxi de gas, while I|mt|ng t he
amount of nitrouf gmgdw F‘é@ﬁi\?éﬁ"%r%?‘ﬁ UP&DSL@BW%t@aﬁomzﬂmgrm hod
according to aim 1, wherein said redu0| ng agent is hydrogen. 3. A nethod
according to Caim1l, wheoesistimpoidhydregdn, cobpn mreesxida) enmoniacakdoiz tures
dioxide. 4. A method according to Claiml1l, wherein said |nert is water.

thereof into a de-oxidation reactor;
performing de-oxidation by reacting said reducing agent with. oxygen using a
de-oxidation catalyst to form an inert, in order 1o deplete said oxygen
in said nitrous oxide gas, while limiting the amount of nitrous oxide
removed from said nitrous oxide gas.
2. A method according to Claim, 1, wherein said reducing agent is hydrogen.
3. A method according to Claim 1, wherein said inert comprises water or carbon
dioxide.
4. A method according to Claim 1, wherein said nert is water.
5. A method according to Claim 1, wherein said nitrous oxide gas further
comprises NOx, nitrogen, carbon monoxide, carbon dioxide or organic compounds.

6. A method according to Claim 5, wherein said NOx is removed from sad
nitrous oxide gas by selective catalytic reduction using ammeonia or a precuwrsor thereof

and a selective catalytic reduction catalyst.

7. A method according 1o Claim S,IWheTBiJ‘J said carbon monoxide and.organic

compounds are yemoved from said nitrous oxide gas during said de-oxidation.



5. A nethod according to Claire 1, wherein said nitrous oxide gas further
conpri ses NOx, nitrogen, carbon nonoxide, carbon di oxide or organic
conmpounds. 6. A nethod according to Claimb5, wherein said NOx is r mﬁg
fromsaid nitrous oxide gas by selective catalytic reduction usi ngw lea
or a precursor thereof and a selective catalytic reduction catalyst. 7. A
nmet hod according to Caimb5, wherein s8rd carbon nonoxide and organi c
conpounds are renoved from said nitrous oxide gas during said de-oxidation.
21 NOV 2003 -9 8. A nethod according to Claiml1, wherein said nitrous oxide
gas conprises adipic acid off-gas. 9. A nmethod. according to C aim S8,
wherein said of.f - gasnathethetcoednpae wdaim 100bersinitidngrobg oxple 9asosoyRalses and
bet ween 100 .ppnv, d 1% N Ox. 10. A nethod according to Claim1, wherein up
to 99 vola.d%l&a‘:lgé&gg?ﬁ(ygen is renoved fromsaid nitrous oxide gas. 11. A

met hod accordigg to ' . rei iod de-oxidat i gl She i

sel ect ed. froth h@ éﬁﬁpﬁ%ﬁé&ggitﬁgﬁgﬁﬁpsglvﬂg%ﬁﬁﬁg@ %ﬁ alggzhﬁiquﬁ%s %&}(Vfﬁnr es
thereof. 12. A method according to Caimb6 vvhereigl a&gﬁ sel ective

catal yt i 008dpety 81 1 Lualsh pxyests ard periesr 100 prmy ARY §YoiB*consi sti ng of

oxi des of vanadium titaniumand m xtures thereof 13. A nethod according
to Caimi1, whereinmesdiod aeomixiglad Chnimst,ephdrainprgr foo? hredl. i efhsanbpeygenan one
reactor. 14. A nethod according to Claim®6, wherein said selective

catal yti Gep@dbe FoRsdi® nitf@s befdegdsi n a sel ective catal ytic reduction
reactor separate fromsaid de-oxidation reactor. 15. A nethod according to

caimla, wherg) N ShchaflRehing Ak S RS 00 oL 8GN | Aufydateral
selected. from the group lconsistjn.g of iﬂalladium, platinurn and mixtures thereof.
12. A method accorciin.g to Claim 6, wherein said selective catalytic reduction
catalyst is selected from tile grou-p consisting of oxid.es of vanadium, titanium and

mixtures thereof.

13. A method according to Claim 1, wherein said de-oxidation step is performed

with more than one reactor.

14, A method according to Claim 6, wherein said selective catafytic reduction is
performed in a selective catalytic reduction reactor separate from said de-oxidation

Teactor.

15. A method according to Claim 14, wherein said selective catalyuc reduction

reactor is a lateral flow reactor.

16. A method according to Claim 6, wherein steam is used as a carrier gas for

said nitrous oxide gas dunng said selective catalytic reduction.

17. A method according to Claim 6, wherein prior to said selective catalyuc
reduction, an oxygen containing gas is passed over said selective catalytic reduction

catalyst.



16. A method according to Claim®6, wherein steamis used. as a carrier gas
for said nitrous oxide gas during said selective catalytic reduction. 17.
A method according to Claim6, wherein prior to said selective catalytNO§ 2003
reducti on, an oxygen containing gas is passed over said selective catalytic
reduction catalyst. 21 NOV 2003 -10 18. A nethod for purification of a

ni trous oxi de gas conprising; feeding @ oxygen. and NOx containi ng nitrous
oxi de gas and amonia or a precursor thereof into a reactor system
perform ng sel ective catal ytic reduction by reacting said ammoni a or

pr ecur sor thereof -with. NOx in said nitrous oxide gas using a selective

Cot ALY C T Pty hinl 86810 A SURI, 2aRRlBL 0 oal & 1 oactof

system perfor e- oXi Ion reac Sal I'hg~'agent with oxygen
in said nitrous OXI de gas using a de-oxidation catalyst. 19. A _nethod
according to CReding 28, OX¥aeEresnd g‘&?wmtﬁmmsnﬁmua@xgksgwmmémmmr|ases
NOx, nitrogen, carbon nonoxi de, carbon dioxide or organic conpounds. 20. A

met hod accordi ng tg;ra@kdsnd;&mmﬂ@cmkygrgr@actor system conpri ses nore
than one reactor. 21. A nethod according to C-ai m 18, wherein said

ol 2t num  and mxtur?s@%ﬁ%ﬁr%"e%?*?‘?a”dﬁ o RE 45BN e O

wherein said sel ect c .reductjon catalyst is sel ected fromthe
group consi sting, of! SB?P é’é‘%&@’&ﬁ%éﬁﬂn{“@% e EasaRUNE % SRIERTNG QRREYNSOf 23,
A met hod according to Claim18, wherein, said selective catalytic reduction
reduction catajyst; o
feeding a reducing agent into said reactor system;
performing de-oxidation by reacting said red'ucing agent with oxygen in said
nitrous oxide gas using a de-oxidation catalyst.

19. A method according to Claim 18, wherein said nitrous oxide gas further

compnses NOXx, nifrogen, carbon monoxide, carbon dioxide or organic compounds.

20. A method according to Claim 18, .wherein said reactor system comprises

more than one reactor.

21. A method according to Claim 18, wherein said de-oxidation catalyst is
selected from the group consisting of palladium, platinum and mixtures
thereof,

22. A method according to Claim 18, wherein said selective catalytic reduction

catalyst 15 selecled from the group consisting of oxides of vanadium, ti.taniu.m, and

mixtures thereof.

23. A method according to Claim 18, wherein. said selective catalytic reduction

reactor is a lateral flow reactor.

24. A method according to Claim 18, wherein steam is used as a carrier gas for

said nitrous oxide gas during said selective catalytic reduction.



reactor is a lateral flow reactor. 24. A nethod according to C aim 18,
wherein steamis used as a carrier gas for said nitrous oxide as durin
sai d selective catalytic reduction C3 2 1 NOV 2003 -11 25. A nethodZ1NU€ZMB
according to Claim 18, wherein prior to said selective catalytic

reducti on, an oxygen containing gas i s passed over said selective catalytic
reduction catalyst. 26. A nethod accollding to Claim 18, wherein recovery
of nitrous oxide from said. nitrous oxide gas utilizing said reactor
systemis greater than 95% 27. A nethod for purification of a nitrous

oxi de gas conprising; feeding an NOx containing nitrous oxide gas and
anmoni a or a precursor, thereof. - nto a reaotor.syst%gls%erjornin

sel ective cat abyt Acmed@dcaceerling o Slaw Hy WhAENPRASMIP & FRUVE e vtic
thereof with NOx in said nitrous oxide gas using a selective catalytic
reduct i ofedestied, &t oxwen eodthimirig pes (shpasaebuntr edidrselecus catalyile redntived
fromsaid nitrous oxide gas. 28. A nethod. according to Claim27, wherein
said nit OXxide gas further conprises nitrogen, carbon nonoxide, carbon
di oxi de or of gani ¢ conmpounds. 29. A nethod according to Caim 27, wherein

id i d | ecti.vel od f i.d. nit id
S8 3 o ganL <, CRIPRURIS. 8T LUy TBER LLRI S B4, R 0o

said nitrous oxide gas utilizing said reactor system is greater than 95%.
27. A method for purification of a nitrous oxide pas comprising,;
feedﬁ'hg an NOx contaipiog nitrous oxide gas and ammonia or a precursor thereof.. “-
1Dto a reactor system;
performing selective catalytic reduction by reacting said ammonia or precursor
.thereof with NOx in said nitrous oxide gas using a selective catalytic
| reduction catalyst; while Hmiting the amount of nitrous oxide removed
from said nitrous oxide gas.
28. A method according to Claim 27, wherein s;jd nitrous oxide gas further
comprises nitrogen, carbon monoxide, carbon dioxide or organic compounds.
29. A method according to Claim 27, wherein said organic compounds are
selectively removed from said nitrous oxide pas stream by said selective catalyuc

reduction.



