; cde3e; R O<.j R6T4; &N\O 001 73202 PCT/ L1S991 25597 PROCESS FOR NI TROUS OXI DE
PURI FI CATI ON FI ELD OF THE | NVENTI ON The present invention relates to a
process for purifying a nitrous oxide gas by renoval of various inpurities.
s BACKG?QJ'NQO@#”#IE | NVENTI ON A nunber of processes for BGFPFPEE’T on of of f
gases and exhaust gases produced from various thermal power plants are
known mJMMM"WWI h gases contain undesirable conponents, such as NOx
(nitroge udi ng NO N203, NOg,- N204, N205, etc.), sulfur oxides,
and the |ikeagohddSe processes are based either on absorption of such

inpurities by Iiquid absproeNss FOR NITROUS OXIDEFUREIEAQNON eduction) into
harml ess conpounds (e.g., water vapor and nitrogen in the case of NOx

reduction). The nost w der emﬁpﬂaﬁ%ﬁgw QN reduction of NOx use
amoni a and sefyRphds¥A 1&%@&%‘éla€esr’c@§5€c¢cb§§"fm(p%§®1ng 4 RRron$bkiBE PATYyTeRovERKE |t

possible to carry oqut the reduction of NOx to el enental nitrogén and water
vapor in YameupymiEtess of oxygen contained in the off gases. See U. S.

Patents Nos. 5,401, 479; 4, BROKGROUNIFOP THE INVEREIONE3; ~S 4, 438, 082;
4,720,476; 4,69S, 438; 4,732, 743; 4,975, 256; 4,521, 388; 5,401, 478; and

5, 753, 582, t heh anmbercofsprpgestes fampureficatidn ofipifigases and cuhavet gasedpieéuced Aropy
refer ence73rfg{1§ fEm ‘}amg ahtEhrE kﬁ&@ﬁgﬁﬂ e Bt ShdiOfas STH%H{aH ﬁlﬁésﬁmefc%‘}s&%h{sona'

processes eqU|pnent y are vented to the at ere Mor eover ere are
al so knowwchrs U@ts(eyrogm oxides ingludigg WNO.i T‘éz@s U@m?éz(hl HbOg etdesulfus exidesz ends uch

as inert V\Eﬁé Tlf% I%)é@sggl are bagad éthe?@# abso en of]' sm%ﬁ éﬁles%ﬁﬁqﬁg%bgo%eﬁgb ] ect

matt er of Ich s ncorporate y re ut
cat al ytoi comprmtheis sonversien@educ3®) iGOharrhizss ddapourdsde.92 Watayrvapor @dgmwggmm

Vari ous p{hgcg%soq%&}?\{gdr%gtg@ glt Id,gs?%ée%eﬂqgﬁg?dg ce@éesffop Médoh @*ﬁ@x @EJ[ rous

oxi de gas produced ne co rocesses or subsequent use
i N sem comumatie and selevtineléBalytin iedgrtioh SAR) aﬁvsSﬁR&pltoacssedcnal@ﬁOﬂMbE to oaygen

s remve&\ﬁ@tﬁé’%dﬁ&ﬁgﬁe@k&'% &é&&%&%@ Braggﬁva%' gor“ﬁa' the gt {i’f%&g ePXi de

cat al yst wever r es as to
oxi di ze td:mltaamdah}hctoff-gzsna aSdedeS. Raents angﬁléﬁl mgaﬁ&gw Gb(856615vm7&9t63does
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For m obisi 19 F R o7 B RPEPeL 3y B s eB e DB Sl P S gt

ni t rous othecaticf fubipat ﬂmtthasf wbich beemoqmmmbérameby rdRakemasi Affembffigases aoxi de
of f gases |nt t-he. envi r onme ol L uti and_a

it ous. oftPARES Arapindr e . B Buletdl PhordiesPiminich 0Bl o1 yhtE Iy, e
of f =gasesattmosphere\D 00/ 73202 -2 PCTNS99/ 25597 provide a commerci al grade

ni trous oxide gurce, thgoul dlsl,o %wtnorltsseu £ i R vari aus roceessesé such as
for use in converBndF BehPHR PP HRERD Igm'ﬁmﬁrv&ﬁ'& SmEpeTiEl gaqq g

Pat ent ® Nagh ad i8R 2a&31 3 ForSxample2B80S. BtabNo64£379, 31 the eﬁ%,suﬁmﬁ Yﬂattzr?&f,whxch

S, 756, 861. and 5 '

et oi by BREREHELSY RELEPEAGRy < FuEibaby R alitesl e ¢, 2o, KO M) 21 o
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
25 manufacturing. In Japanese Kokai No. 06016402, oxygen is removed from commercially
produced nitrous oxide using a 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
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s chem cal industry for a process that purifies nitrous oxide off gases and
at the sane tinme comercially and econonically produces nitrous oxide
suitable for various conmercial applications. SUMVARY OF THE | NVENTI ON The
present i nY@M7BM rel ates to a nmethod for purification oFCHUIPEHis oxi de
gas by io feeding the nitrous oxi de gas and reduci ng agent or precursor
thereof into a de-oxidation reactor, and perform ng de-oxidation by
reacting the reduci ng agent or precurson.thereof with oxygen using a
catalyst to forman inert, in order to deplete the oxygen in the nitrous
oxi de gas, while limting the amount of nitrous oxide renoved fromthe

ni trous growée gocmmAdnl iaddsitroys odidtesoprcesevild Jead @ritsi 38 irc RiIfiots Procasdspsuchd

for purification_of a nitro oxi de i fe dJng e _ni trous de
o hnd dvOhISE & oAb BrER R ghonol iy B eIt s e BS. Fatenis: p

sel ectivey @@tmbytswm,lze@iusosm3b>5 mep;@s; 8G72,1%7; aﬁma &id 98@83L57§Qlie Eﬁt&EeOf
wi th NOx | . the nltgwﬁs 0X] g}el ng a selective catal ytic, reductlon

cat al yst , S BednatsT R 85&“15?“’ aBF TFHE BY referencsorAceaidiety, thereis nispd By 8¢ em

and pesf adheinR@l GRueay datt 4 Phockys theaplrifd AifBud vEHe BBMeREs andhEMe e filer eof
w th oxygen in the nltrous oxi de gas using a de-oxidation catalyst. zo

BRI EF DESORMFREFfighy @od TeeonospispiNEIodpses SHteals noxifs, astiahle o yanose commerial
clearly Lgyilggasi(,ggd by reference to the follow ng description of exenplary
enbodi nents thereof in conjunction with the attached draw ngs, which

represent data obtained as SUMMARYAOF THERHVENIIIN of a process according

to the inventigp C%@seﬁﬂnvfeﬁfotnhrela&smﬁ%dlfo@'ﬂ%ﬁéaﬁoﬁ %f REmths I*l@lgg:by
| LLUSTRATI VE ENB MENTS | n accordance wth resent 1| nvention,

ni trouw oferding Biemityns oxide gag antiredncipgiagention gregurser tpqrf:qf lvp@cﬂewe@tlmowpwgm de
an econonj (3| eri%ﬁH{ngedeCHxldAhM By%a%ﬁgiﬁxe%%&&% QgeBPBr AU QY ShG OSF Tt l’?’l\%g?y

appl i cations. Mredver, the process of esent nvent| on sel ectiVe
purifies weing ocatalpstitel orax a0 igert, iniordes tordepietaithe oxygerhin therwious okide ges; ovhile

oxide in filigin gftﬁe mnpé/frﬁt?&\g%&idg%tﬂoviaﬂoﬁﬂﬁg*l?l%u?bﬁides ected inpurities in

the off gas. a puri nitrous oxi gas nay be utilized in
one st ep hydr oAdditiarially, thé prigsent iwentiop coheems a mathod éar pudfication of Wnit®us Pident s

7
5. 110, oot oy ogics, 0 ffcls SR e ety pb g Brochebitbeebmury Rl P,
whi ch i s parfoompgrselectivelratabitin résipctiar ke wagmg thmaromenie b pucurem thaéofvith Ndesent
| nvent i ong, @l tEOYS O%ed%sq;s;n %?elécﬁvﬁ%ﬁtﬁgﬂc CRRRHED A s§,q%eéiﬁg%&8{o én?mt pe
presence O “amont a or recur sor therest to renove (& 65 by R I'ng)
NOx s whi precugsoritherecfante thq wactorody stemchnd i perfotniieg deroxidatianf byniesating sheohyidcheen n

the off g rl&?%&g%?éé)fmtﬁ%%h%ﬁm trolUSG% o, 88sitd gt %%?;daﬁ ndca?ﬂfs T8y be of

any suita PTEON I'on reac
par al | =l pI ate, ceramc hoMEFrm:?S(t‘RHUI‘I&)N OGYTHEIMMNGBI ow r eact or).
Preferably, t react

allows a pelle t@re%enofnvélét 06'111 WI { ‘3? %\{a\h ?5800(1 Qy frgérgacebto {ho%ﬁ e‘%cgﬁgr a

ed provi
hi gher codd¢sadptionfdfiegénepiary eaibod!rrienwelnercmf @ Scmjlmctlon with the attached drawings, which

represent data obtained as a result of an embodiment of a process according to the invention as
set forth in EXAMPLES I and II.
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 off-gas by selectively
30 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.



o drop than a honeyconb catal yst in the sane service. Intimate m xi ng

bet ween the anmmoni a vapor and process gas is acconplished with the use of
perforated plates., The catal yst may conprise any known nt SCR
catal yst, W72 ¢ hose based on transition netals, egN%#Q%g Mo, Mn,
Cu, Fe, C, Co, Ni, Zn, Sn, etc. The nmetal may be in the form of an oxide
and may be integrated with or placed on a conventional carrier, such as ~s
silica and/or alumna. Preferably, an oxdde of Ti-V catalyst is used . The
catal yst pellets may be forned into any shape, such as cylinders, spheres,
di scs, rings, etc., or in the formof a honeyconb bl ock and utilized under
convent i oAAB2,G0R SN i80; 5083,6Th 6% bl W i516724137;a5,85@8t anide 8,808,167 ehs putoe

vel ocity .1 at sl | ture, and the NOx | oading.
zo For exgJ%ﬁcggagéé‘ﬁgh@L(’l)srlh%a-ﬁ(%%g?%{g?ﬂfyhg{ég%{;éi s mxed with the nitrous
oxi de of f gas momeazimbodigeNiOxf the peesens|imventian, indtronis tolvide exfpgestis passedthrdigh afir om

0.1 to 2. preferably 0.5 to 1.5. and nore eferably from0.8 t.0 . The
i xt ure. neGRERRE e dresinge blardmpyip A B for G S Redovt (S ibp Rt 20
C to 400 while anthersame tiprecdice redhicingf the ambbft of Giifreus3dXide 0. thé&off-gasli dihe reaetod of f
gas service where nitrous oxide is, to be preserved, | ow. t enger at ur.e range
T5° bt weSHmREG figaskoie catiot S pid iy 8€ oBASE SHGRE sori R ion L B Beha
cubi c et edastof, N@lg., NA&SIE Patalleloplatel @ertamid hones bonals) tubully, Gr N2 1addraloflow [teactor).

catal yst (a rent vol une of the_catal yst bed) stated with the djnensiagn
reci proca fﬂ%@%ly’ '151?1 reagir 1% ateral fow b‘%yof’o Alg'ﬁg,’"ﬁ v, reactor allowsa H‘%HCF Pe®" The
process ngxalp 6 GLdplogel mnifttedadd ppsvedifigl b BighEloownweT effitiehdydt @ 1PWaSHEERE
range fro? about i}eto abouttéﬂo attgos her es, WD 001 73202 -4 PCT/ US99/.25597
The amibnif¥PPdhathp SORFYERRD CRBWELI the SURE Seivich dRwmalmixige {RsPYReRBnepamppd

The ni tr oygpopahdlfroiss gdsidacchplished Wath IRARPBf Feerdi@SfattNan 200 ppm of NOx,
preferably |less than 40 ppm,  and nore ﬁreferably | ess than 10 m _Pri or

P P.
to entering th&hs eiaRlysbmay SompReAny KpowR NOxebasme SCEy catalysk sich asdase bpsed The

carrier s ogaandiiioh AL, d), BNY, W)Md, M Tu, RatCrdo8NiN2h, S, 8kl fThe aidtal Yaay be
deactivate the caéﬁal yst. FqQr exanple, the carrier gas may .contain steam
hydr ogen, htgdpm

g0 oxiqgrangimay, hedategrated with ormlaced on g conyentional parrigry sygh @s

cont ai Bs sfiRAMd/drahmied. BEfeRBROS 588 ofofi-V BRalpSt 8S@Bd . | nvention, nitrous
oxi de off gas is passed through at |east one reactor in the presence of a

reduci ng agent TBt ciphetegliesmavikefamreddnig any sgpaisydrasicylindsrs, gbsire d%5%gen and
ot her i NPk, ieRS or MU oRS oPh HEMEYESNK Blotk andEliz&iundér bhidnAbhal SERUWehdiflodshe

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 preferably 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

25 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.



amount of nitrous oxide present in the off gas. The reactor conprises at

| east one catal yst bed and nay be of any suitable configuration such as a
fi xed bed, a tubular reactor, or a lateral flow reactor. Preferably, the
reactor i VA%T38d bed reactor. The catal yst may conpri sECHWR¥GIn

oxi dation catal yst, such as those based on a noble ~ s nmetal or conbi nation
of noble netals (e.g., platinumor palladium etc.). The catal yst may be
integrated with or placed on a conventi.qnal carrier, such as silica and/or
alum na. Preferably, the catalyst is a palladiumnetal with an al um na
support. The catalyst may be forned into any shape, such as cylinders,

sp h]?r es ¥ di sc ﬁ',he am n@al ja of fpeecursor th'ehrBof]Erbattsc \Difﬂmheﬂ\l@c ool Do Hﬂiﬁbﬁi@ CRhe nitrous
Prefera , the catalyst is i.n e formof a eyc 2 ocC In this
erboa merdsTenng SR Reom Ao 195 it 2D PR DG RCy PR RS g ALPRB AR g
agent or héeeteféably Id3etrefl0ppmm xed with the nitrous oxide off gas
cont ai ni ng oxygen. The m xture nmay be at_a tenperature fromO Cto 600 C,
preferably frgmiesto enterigs thsgeactor, apmonta prd 3 camnergp prg mixedhtogeshercThecatier
Space Vel 6 idal @8nthia MRy mertgas $a6ddeSnG 4 RinticaBLdeactivied thO2RAGS. For XaMpleour is
t hrough one cubic neter of the catal yst (apparent volune of the catal yst
bed) st attBecaiieneat ABY 4PrtaiAstean. hyskqgsp.quean. fsw Py mixuresderegh Jaetesabinthoo t o
100, 000 heatrier gBYcoRinttstdainzed. The process may be conducted under any
pressure. However suitable pressures range fromabout 1 to about 10

at nospher es. Taangthesembadimegiefithopressntiavention, nitiensaside pilyeasds passed dhrepghh t he
nitrous Oeﬁ'lggt Bk freadRF itBe Plesdice bfa ﬁ:ﬁ&&ﬁé ngmtci} rdcBRGE ﬁ\Ereof)&ld'arEa{aMt fpeact or
itself. This may be acconpl i shed using conventional means, such as an
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reduci ng angamay heemf apesuitablie gorfiguration sichse ladized bed, y tybalar rescton sradataml flow

ApPr OPr | Afefu AP AbIy Hhe HESRE SATLB LI LN OXygEN present in the off
gas to produce water.  I'n an enbodi nent of the present invention, it has
been di scover ethetdatatyst may hymiprisgeny knayresidation datglysto suchas thodepised en a heble

ni trous oxi ' f hee X t

Feact i ¢ Bet ol hrfifbh or BBt matdl RAELRILD o B RANAS Bt PAE' BHINEpfY 50
reduci ng mgerated with énplaced anp lcenventionabearmaynakh desilicdindfor sluinaret iPreferpblycthet s
wth OXYggn, th%%ﬂ%&§&9$%MQ%R§%%$Hm%$g1 rtdepleting the nitrous oxide
present in tHe'o gas. € reducing gas nay contain a m xture of gases,
such as hydr ogEr catatlyst e be forowd iitcdeny $hrapd, enctbasycylindees, rsplatmesi digesgeisgs, stca ~0
hydrogen gontal pln oigaaﬁoneT{‘o‘?nbhéﬁ%?gﬁr’lfew Bfe RLAYLAST tHd f‘é‘ﬂg of 31&,5% comb
i'ncl udi ng any %y rogen con al ni ng ‘gas SUCH 8% %y rogen plant o gag, of f gas
f r om azdeblpck.ogenati on process (e.g. ethyl benzene to styrene), etc.
Preferably, t ydr n i ovi .1n the formaof. pure hydr n. |

Aot herenbodi T <Bpoq ety BheieRtinhdogrsc B Al in o 428 e gl
passed ~ er firbauniog theeoof B@xedwith te nitmous exide effigak cantdihihg bxyged. hEhdNalixtadmbhe ment
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i mpuriti egomsiONg tbIP00de - SphddalelcRiticd (DERBEOFas il GubiE BfefRs thatpasses iPone hour
Al ternatively, the de-oxidation process may precede the NOx abat enent
proces®. HEoUEbaue cubiganeter ofclhe swalystegpnsient yplumet afthergatelyss) bed) ptaed withcthe n

any or der ginfigGohNeetiRal f6ENIn tﬁ@%?@ fr6f 306118300,000 RFPIRSSEERIITRY. BRe HRRGNCT ed

in a single reactor having nultiple catalyst beds or i'n a single reactor
havi ng rumay b eordygied ander apy aresgusm diloweversuitable raspusesNangeafivem abayd teakput
deoxi dat i 9§ il Q6RsSses may be conducted utilizing nultiple reactors.
Preferably,ahﬁ&ﬁgﬁatenent precedes de-oxidation. The recovery of nitrous
oxi de from t heThd teducing eginter pfecurgerstheredf may g miked pith shanitioys pxidé pffegasi on
system,co j se : 9 gr o0, e
or of e;né.qbl gﬂgﬂr goat%rétrgﬁﬁiﬁg é«%{%%p, 3P Y ?Ja%ﬁmsg]f. £k %a} 'B@”acZ&h@hsﬁéhd uEERé
conventional means, such as an inline mixer. Suitable reducing agents include agents that



EXAMPLES Processes of the present invention are further defined by
reference to the following illustrative exanpl es. WO 00/ 73202 -6 EXAMPLE
| PCTNS99/ 25597 A process for purification of a nitrous oxide gas_of the
present i nYEHY32is perfornmed as follows: A 0.2% w w PdPGHUEPHha
catalyst in the formof beads from Johnson-Matthey is s exposed to a gas
stream of 60 cc/mn conposed of 2.4 cc/mn of oxygen, 36 cc/mn of nitrous
oxide, and 6 cc/mn of heliumat 150C i4pa quartz reactor. Contact tine is
4.6 seconds. Part of the heliumgas is gradually replaced by pure hydrogen.
Reaction is followed up by analysis of the reactor effluent by nass

spect r oneselgetifelmeadwitly oxygey gre the matnons 28jde 30f-gas dvithbuf daplening tieusitrovsi akéde ianu 2

for hydrogen,. anu 18 for ter). .Conplete reaction of. rogen 1s. opserved
o a) O R B, FBE ctellpid Beteboms RO MGy BRI, Bpich KRS AEED e85
reacti on ai apgprypgiate catalyst isydbsaibed heein) withtoxygdnpresent ia tise aff-paleto pteipewhter el v.
Figure 1 shows the.oxygen. destruction as a function,.of th drog fl ow.
Fi gure 2 i‘br?BnglP odin 19 ?1@ &beePEeéﬂﬁ BVErtSts l%)??ﬁg’cﬂbﬁﬁcﬁ‘é??‘gﬁgﬁs{hﬁ ﬁglﬁ?ﬁc{‘on
of the hydhexpededly does fotadeplte3thecitraweotide M eheoxff-gay (ldfdgen Ghdultnhave been

selectivity as. a function_of. the hydraogen flow ~s EXAMPLE Il The sane
exper i renEXRegted B alifieat Wit Beus,gde t TegnpipEen A Ve M@w £ reduRiBe same

gas streagydb ) s dxh@ple2@boremeRdxided whidhi @lecively! reattd with asid B8 chfben
performance achieved 1n this set of conditjons. Figure 4 shows the oxygen
dest ruct i gipxisls Withpvtfepieting 9 nitious pXids prgesnt 1 theefeagy uthe reducing gas may eentdine
percent nNitrhiQthfe OX3aI6, SRhlds Hytito@tn afd SarboabhdkiieO T PrefRALEY HeOBMRidg gl is £0
Figure 6 denonstrates the gxygen destruction selectivity as _a function of
the hydft ofEfrosangpntaiming\gos £ The ?‘Yf’f"ﬁéef’s‘a%b“ek'i%&dF‘?@h%“yi fermy, dpglvrding anyalpydpogen v t h

a contact cbhtaRin@fgad sdchS &€ hrbgent PiantS affas Jofigaat fr&A™M AHTRREELHSH p%mssvg.g?m ty
but hydrogen _is partially replaced bé CO ;ll .e., up to 50 vol.% CO. Results
in terns GHYDRIA5ES 189Gk iSon Baplgrablyy dbg nydregensis pravided ins shee form ofy opwe 75
provi ded RygBgene hydrogen. EXAMPLE IV A process for purification of a
nitrous oxide gas of the present invention is perforned as follows: A
commer ci al SCRITc aroshey smbodimert oS tigopresant invieatipny yhecritromsy pxidy ff-gasnip pagsed

Inc., iis 3RophPRsSERact? t8dbmbie RKIR iz AN aﬂa&n%pgmeggt@i L BRsers 70
NOx, 8.0% 02, 26.5% N20, .1 CO, .2%organic inpurities (on a Carbon Ba5| s),

. .

and the batvapticn and spbssquently theimiireus oxideedi-gas ig pasesd 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 process. 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-oxidation.
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.



WO 001 73202 _7_ PCTNS99/ 25597 247C in an isothermal pipe reactor heated by
a sandbat h. Space velocity is 15,000 reciprocal hours. The ammnia is fed
st oi chi onetrlcally to the NOx | evels which are neasured with an online NOx
anal yzer . Wh®B¥2| et conposition is as follows: .044% NBCTUSYRSHH 26, 5%
N20, .2% CO .008% organic inpurities (on a Car bon basi s), and the bal ance
i nerts. WO 00/ 73ZQZ -g_ CLAIMsS: PCTNS99/ z5597 1. A nethod for
purification of a nitrous oxide gas conprising; feeding said nitrous oxide
gas and reducing agent into a de-oxidation reactor; perform ng de-oxidation
by reacting said reducing agent with oxygen using a des oxidation catal yst
to forman inert, in order to depl cERAMPLE®xygen in said nitrous oxide
gas, vvhilell tlngsr% unt f nltroud%om r enoy ed fromsa dntrous
oxi de gas. 't‘16°‘{§|°éi' g3 o EPEF‘H‘ LYFRpandy “Gent

conpri sesommhydr ogen cont a| n| ng gas a car bon nonoxi de cont ai ni ng gas or an

ammoni a cont ai.n net ho acco n d ai 1, in,. said
reduci ng agent® {)29 a'z‘Q}d)tdoﬁ'éﬁﬁ Sﬁt%iy'ﬁg‘" t f@"g% 0941333 %PHBE‘{] MF%@? to
Caimd, whReRtda §a strehl OF 160 GO/MMIH icERBosMAIER .4 GANMT ditygen, d6 cO/mimbt higge. S.
A nmet hod accordi ng toﬂgh@lw@?# whereln said inert is water. 6. A netho

accor di ngxids. 2dg G¢{min 187G ma vastEdeastard Eopagt s A%@goqq@x Part o

nitr Ogen’thc“he‘huﬁﬁéég%‘ FRRAaN aéﬁaceaaaybﬁme Hyd}zs%%i R@ActiSh g@fyuswe@ P oy raqeaysd of A
met hod accordi ng g:l aim6, wheréin said is renpved from sai d nitrous

oxi de gaéhwa@ten @fﬂpw by omasa ispectremetayl (Rmy 32 forsoxygem it 38rand 44 et nitrowy
ther eof qpfhea,meh §& Hyﬁﬁg&iﬂaﬂawts' f6r WREYC t:bﬂxBle&%ﬁétﬁbﬁ fof hﬁiroén@&ﬁl@ﬂe&lﬁpﬁr di ng

to daim 6, vvherel n sal car bon nonoxi de and rgani c corrpoun s 20 are
renoveel fthetestsdcaseniRiguwess] and 2 dllugiate dap W@U%ﬂe&c‘u@- xaxyeqn with hpdrogenyandyod

accor di ”Qwol wﬁlnm(m bxid¥hey, @étﬂeﬁ»a'ﬁgd}é i IsR8Gs @ loQeel AR sthlITEH h§§ﬁ1n@t§UnFBth@C' d

of f gas. . nmet hod accordl ng to Caim9, wherein said of as conpri ses
bet ween mgwgprpﬂVWaﬁtgumZ d@nonswateyshg@nrce@mt;lr%toas@@rdemngpm/a etiompf®x. Zs
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renoved from sa nitrous o gas A et accor ing to aim1l
wher ei n dwidbgeeflowi dati on cat al yst conprises palladium platinum or
m xtures thereof. 13. A nethod accordgRAWprEfi M 7. Wherein said selective
catal ytic reduction catalyst =
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 flow.
EXAMPLE III

The same experiment is conducted at 25°C with a contact time of 0.7 sec with the same

gas stream composition 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
25 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% O, 26.5% N20, .1%

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



30 conprises oxides of vanadium titanium or mxtures thereof. WO

00/ 73202 PCT/ US99/ 25597 -9 14. A nethod according to Claiml, wherein said
de-oxidation step is perforned with nore than one reactor. 15. A nethod
accor di ng tWPQﬂ”é?% 7, wherein said selective catalytic r &GEM¥%Ys
performed in a selective catalytic reduction reactor separate fromsaid
de-oxi dation reactor. s 16. A nethod according to Claiml S, wherein said
selective catalytic reduction reactor is7a lateral flow reactor. 17. A

met hod according to Caim7, wherein steamis used as a carrier gas for
said nitrous oxide gas during said selective catalytic reduction. 18. A
nmet hod ac @47l ingn isothEimaal mipe, reactoe heated Iy a sandbath. aSyehces vidbeodty tie h, 000ce@ priochl

selective,io catalytic r ction n_ox ont aj ni,n as 1 s passed over
a5 d el cdpiive hEsthbth TR hicRomeBRaR I N OSSR N SR B in R 20 o
of a nitr @ulinNOL analyrer. c.‘l;lmsmutlfsu dogipositeris ag fatiaive: mnu%msx,a]zawe_z,gaswmﬁgo, _
ammoni a or ecursor thereaf into react.qr system performng selective
catal yti o 2k (08 SeaymAsTEs 0 AGAhRRRRS. B e ANCB B her cof i s wi t h
NOx in said nitrous oxide gas using a selective catalytic reduction

catal yst; feeding a reducing agent into said reactor system perform ng
de-oxi dation by reacting said reducing agent with oxygen in said nitrous
oxi de gas using a de-oxidation catalyst. 20. A nethod according to Caim
19, wherein nitrous oxide gas conprises NOx, nitrogen, zo carbon nonoxi de,
carbon di oxi de or organic conpounds. 21. A nethod according to Caim 19,
wherein said reactor system conprises nore than one reactor. 22. A nethod
according to Claim19, wherein said de-oxidation catal yst conprises
pal | adium platinumor mxtures thereof. zs 23. A nethod according to Caim
19, wherein said selective catalytic reduction catal yst conprises oxides of
vanadi um titanium or mxture thereof. 24. A nmethod according to Caim19,
wherein said selective catalytic reduction reactor is a lateral flow
reactor. 25. A nmethod according to Caim19, wherein steamis used as a
carrier gas for said nitrous 30 oxide gas during said selective catalytic
reducti on.



WO 00/ 73202 -10 PCT/ US991 25597 26. A nethod according to Caim19, wherein
prior to and subsequent to said selective catalytic reduction, an oxygen
cont ai ni ngﬂgas i s passed over said selective catalytic reduct i on_cat al yst.
27. A net Y% Brding to A aim19, wherein recovery of FGHY8UEYxi de from
said nitrous s oxide gas utilizing said reactor system conprises greater
than 95/a. 28. A nethod for purification of a nitrous oxide gas conpri sing;
feeding said nitrous oxide gas and ammogLa or a precursor thereof into a
reactor system perform ng selective catalytic reduction by reacting said
ammoni a or precursor thereof with NOx in said nitrous oxide gas using a
sel ecti veClcAalMSytic reduction catalyst; while limting io the anount of
nitrous oxide renoved fromsaid nitrous oxide gas. 29. A nethod according
to C ai mi28, \Mmethbmfombmﬂﬁuﬁomufmumxmrgasbmmm@; ni trogen, carbon
nonoxi de, car ound t hod according to
G aim 25, aherSumssafstfS bt SR AR AR nup B e SyBRIPEMBToa 1 1 om sai d
ni t r(éjs @oxi de pgﬁmrﬁl:\]g dasxidyticraibg eadiiagt sakk relikiakyigest MauGkyigom.using a de-
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9. A method according to Claim 1, wherein said nitrous oxide gas comprises adipic acid off-
gas.

10. A method according to Claim 9, wherein said off-gas comprises between 1000 ppmv and
10 vol. % oxygen, and between 100 ppmv and 1% NOx.

25 11, A method according to Claim 1, wherein up to 99 vol. % of oxygen is removed from said
nitrous oxide gas.
12. A method according to Claim 1, wherein said de-oxidation catalyst comprises palladium,
platinum, or mixtures thereof.
13. A method according to Claim 7, wherein said selective catalytic reduction catalyst

30 comprises oxides of vanadium, titanium, or mixtures thereof.
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oxide gas during said selective catalytic reduction.
18. A method according to Claim 7, wherein prior to and subsequent to said selective
10 catalytic reduction, an oxygen containing gas is passed over said selective catalytic reduction
catalyst.
19. A method for purification of a nitrous oxide gas comprising;
feeding said nitrous oxide gas and ammonia or a precursor thereof into a reactor system,
performing selective catalytic reduction by reacting said ammonia or precursor thereof
15 with NOx in said nitrous oxide gas using a selective catalytic reduction catalyst;
feeding a reducing agent into said reactor system,;
performing de-oxidation by reacting said reducing agent with oxygen in said nitrous
oxide gas using a de-oxidation catalyst.
20. A method according to Claim 19, wherein nitrous oxide gas comprises NOx, nitrogen,
20 carbon monoxide, carbon dioxide or organic compounds.
21. A method according to Claim 19, wherein said reactor system comprises more than one
reactor.
22. A method according to Claim 19, wherein said de-oxidation catalyst comprises
palladium, platinum or mixtures thereof.
25 23, A method according to Claim 19, wherein said selective catalytic reduction catalyst
comprises oxides of vanadium, titanium, or mixture thereof.
24. A method according to Claim 19, wherein said selective catalytic reduction reactor is a
lateral flow reactor.
25. A method according to Claim 19, wherein steam is used as a carrier gas for said nitrous

30 oxide gas during said selective catalytic reduction.



101 7" 109%& ()-/+C, ,. 0/ / QlzX6bC! , MB10%& ()-g'h, MB10%& ()-g! c@$10%z& ()-g' @
$10%z8& () - gyy$10%&' ()-z! cyy$10%7& () -zQLl~2J3333333} 0P1, 3109B& () - Z10YB&' (

)- 10 10

10!, MB1OYAVPPYE2 \B109& () - g! U MB1OY& () - g333E4N44\ 5dBoFAT8IMRF97 $1090BbB&

'()-z9@ 109B& () - 109B& ()- &y109B& ()- & z109B& ()-"

, 109B& () -\556u6688dEOPL, 310! 109B& ()- "109B& ()-fs$109B& () -

"109B& ()-"109B& ()- #109B& ()-8h88999: tiBoP1, 310! )" 109BB& () - z9

(109B& ()- &' 109B&' () - #"109B& ()-S ""109B& ()-° 109B& ()-:;

;% oo dEOPL, 310! 34109B&' () - 2109B&' ()- 1Z109B& ()- L/ 109B& () -,

. 2109B&' (26-, " 10 ¥Eshod) accerding<to<Chinf, 19] Oheteyrl PL@Sta Ind3 2OHERieft) to3LNVE@8edtve 10B
"109B&' - % &' - " . R -

igg&.]' (();3 ?7 ” /Br??lgc}ngl}fg&z&)?y)é%é‘ f&%ﬁlﬁi@gﬁ@g é; pa>s§e>d e t%%ﬂ%%{%z:tli%lc%é@yt&:) reduction

"10%08 () eamtpst>?. @ @AWXIbC' 109&' () - 10%& () -! cS9$10%7& () -! S9$10%& () - ! S9$1

09%& () -! $109<&' (,) - AABi J<bC'"10%& ()-!, MB10%uu& ()-!, MB1OY& ()-&10
et ()51 T 510hGITho Soing d dyhin) 15 T 5P b ST PO T e miroud
,162//21?;%&' &)b]i-c(l)d; /ga’§ 'hﬁ%ﬁg?ééﬁEdErEm{éirlﬁ%ﬁn(c})&pﬁses g(reiater thfg 9{‘30.

10@6S1098 () ??&gze%%f(l’}l!‘ ‘&?S‘OM%H{SQ“? QK49 BRHEOMPLIFING At FF#GGGaBNh @ 10%& () -y
$10%& () - g! Yy &g shidnirdusliRid gas ankDfménia Brlé);g{@élfréor ﬂ%ﬁﬂté“‘e’é&ﬂ@?%tem;

109& ()-!110% g (gS_-g! 109 ()-g! @$10%& () - 10%&' ().-"10%& ()-14JgIJJ;

Kt KdEmb @@y 89$ 1§ ipg _sg)g@tljye(y&ta?y)n_c 94#"’!]!@‘@/ e‘ﬁchng_l_m-a{n)nopla or precursor thereof
10%& () - il BB in)saidiibduoldxtddNns QRO /seld QN chtatyfi¥ redueiSrlcdialy st @niRATIUE: () - Z
@,9%10% Ht & () - z)f*," 10%&',8) -1 &9&1 %/_X&{ () - BMXKMVWIMVMNNUV7LT z109%&' () - @10%&
() - FZ¥ootbe el)ngmlt@ Rigrous oxide removed from said nitrous oxide gas.

10! @&$103' ()A %?eﬂ%%cé&rdﬁl%r (SRR 781 \WHERY Mol oki@ Qs%c\ﬂ%;rfsls‘ NOx, nitrogen
109%&' ()-!'"y10%&' ()-z "10%& ()-z" 10%@4 ()-zQBR R*M?2uV/@10%& () -! @10%\ & ()-
109 () - ! @yacorpeneKide; cawp digxide or pogapic(cpmpowsismal * " Headi ng 13] ¢" " Headi ng
23] ¢ " Heggli ngs 33hsod kAR o 43hi; 28 HeRHLR0 2Pl anicHEgHhINIAS FeCieiccbkagli N
73] c" "Heading 83]c" "Heading 93] c"A "Default Paragrap ont' 09! ; BJ;

OTVXZ\ ~* bremoxgddrem a8 §i1epys gxidxgasispeam by i@ seertive patadPBREHedtiBM\Q R;

<=>7? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ | ~_" 6Ti mes New RomanAri al Courier New'h
Root Ent r yWor dDocunent " #$UR' ()*+,-./0123456789: ;

<=>? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " ab



