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catal‘ytic reduction of nitrogen nonoxide with hydrogmmwmmmmm’mesence of

dn aci-d dnd a hydrogenation catal yst. 10 Hydr oxyI am ne igg.pdely used f

in particular, the preparation of caprolactam IS nowagaysﬁorepared on

an industrial scale by, inter alia, reduction of nitr
hydrogen. The nitrogen nmonoxide is in turn obtained bjmmmmﬂ Wﬂ'vnl a and
oxygen by t QEE\‘.‘%W ¥ ¢ g§§x Useshdig ectly in the roxyl am ne
synt hesi s. e ntr gen nOX|ée IS purlfled in a sc yer and
converted into hydroxyl am ne by reaction w th hydrogen bel ow 50C using a
sui t abl e B3 hsoPregserobinyention radedefsto|sh PIGOrPeas | o @rePatip@nsi on. This
produces srgidroagbamtcniom aabosihyncatbhlytic aedudtion redgentnogeaxi de as

by- product snonbid€ @i hgkiro irs thedgrédenzepperirechdildabhaugn cat al ysts
whose sel eggdgbégng i dY 2aeXYy&m ne is maxim zed by partial poisoning.

DE- A-956 O cri es a process for preparing hydroxyl ammoniumsalts in
whi ch the reduction of nitrogen nonoxide is carried out 25 over

pl at i nunkQriysrPrElaming &t Yidphx isgleLOHt dim BT BiCHATuC the cPFRRATASIPAL | on
of pl ati numfogaprelagtamdedt gisiplawadays ppranagedi 6én apppridnshrbalvigdaleddi ti on
of catal ystbypoiintes #liah) asdsetdifon ofseierdgen manseiiec wittht Rydibdenn The
conpounds. nIQQS@eﬁQﬁ&Jo&%Bé Pave tthendbsaghnaat Bgeréi&tmtghsmﬁ@@ﬁ iafiat y and

sel ectivit eﬁxe:”%s%éf&"ﬁéo%@sgr?xl.ci”l%e%gée ireetl L 22 851

descri be | nu catal n ® ni Lro

ngg)m de &° §§ |S?’ R IERY %‘Féa' %)h% H’é‘%ﬁ %%1’? é'ﬂ:ln%éﬂggg/ Ytie SSI ve
ength add® ﬁoF%%‘WiFroﬁnf’h@%r&reépﬁWf% hygsesYianine hy,5eact M58 vd&icr i bes

pl at i nunm grhydirpgen celawy §0C iusingi shsuitmbjeaprppartedppoble lwekad certain

particle sicatallystribwuil@ori® ddiel sangensicam thio HHduces \edl1Lsimdgnthese

catal ysts, JdiamfibnHifl @ulledts Yarlf divdEpsydiMonsxidd Nat i lbs}u fadm?s. In

hydrogengg i 'r?%'ﬁ @ 1”'&:{ OQ‘E”mQ&’{% %Pga& [;Jﬂ%;d? eé%tal? idun et hods

of prepari S%Pr rbx mg gf’“ ctivi togin n:onoxl de

f ormati on, [ SPnRY ST UNHETIAG H 2 m&ﬁ% ¥ BFEI-Ge PO ¥ Hag-

catal ysts are capabl e of inprovenent. 0050/ 48812 2 8 AUG 2002 2 The

ni t rogen mEoRi-886 Rifpdesdres GnPUSEEDN O BREPAN NI AYanPFEl ammead umOX

conpounds sadlsain Nddchnthé2dxtieh| ofisnitregenusorfaxideelis i equuriled esti n t he

ppm r angss @vewhp Lk irieh/GRephi 18 Wakalysed arhidh, a@%bt@@ne@"ﬁy afsliueihee

hydr ocar borgﬁec@gléaéi%n%fﬁgﬁaa%nﬁoaka eHB8E s RBMH iR ePERESSS S, 0 £

sel ecti vel o) I QX Xyge, catalytlc
reduction )ég g&ngt}% Wl%agcg‘%'tﬁ'&n cﬁ[%stsi;rg\/\%&g:rhg 2cl Xgegum ér and
possi bl y mEfgaRte® |aﬁ5?"’ﬁg ?ﬁ'é °HPESC0 ngg i

conponent s thRodbsaivantape b‘?%"céé@ Fga?wlédnﬁpiicﬁ]ét?tﬂaﬁtlod‘??ﬁﬁﬁ@ﬁl al use
because 30 quaghkly esn gwodduged ms®l. hydrogenati on step and an additi onal
catplyst. In addition, the renoval of NO2 is insufficient and the
concentrat ippnaoko dmletsrloeeacm&xbdatmum@% Rs€sl.cakallbthSea 1) ect of

the procesg,y BEE aq%rn' Bg mmg@ﬁdﬁe{a@m@w sésséh@(}l%ﬁlzgcié Vi iy §adand

cat al yst sn__ou An Od$ ent Lnvent 1.0 ﬁg qi de rtove

hydr oxyl amroni-Um as%ﬁa[ § 'é%lué't’l SRTBFE RO eE‘ h %%1 Sl RBFSY C&r Fh%out
and gi ve® 9p3ERIt® AYRPPEFds. In addition, the relati veI y long operating
life. We have found that this object is achi eved by purifying the nitrogen
nonoxi de | MEaAsd0dE 85Bndesciibelsr ahtbmimAbraph pos astadysdssibagddhoshe

silicon or gzhghi felMuppott t RadlQd Ic\éirttgﬂncamqaaeswz‘ee MR thayer s Gevehgd that
the purity . thnm i Qgdeg oxuwggn%?s égé I&q__rl Ehe gbovenent i oned

aranet e resent Lon.acc rOVI rocess far
br epar i 49 1 ﬁﬁ&%ﬂa%eﬁ. hvden ey pe §? Hrsgenm%@
nonoxi de WREHTAGRR dﬁ@ﬁxﬂﬁetw &eeééﬁé%a%ﬁ n aC| d and a 30 hydrogenation
catal yst, wherein the nitrogen nonoxide is purified before the catalytic
reducti on by SH®jatdwnNgethodd o phepstimnaydiery T@iine) the POs I8t iOkikges
based on s'v:>|f' £RE ﬁﬂﬂjo%@nailnb%ﬁ‘&@ QBrfﬁh{:fbr?ctth¥aé[%k&ﬁ:ﬁ?@”yléﬁdf%rnﬁu%hgx' des

whi ch Ca4r"5 e%ggln sl.lvﬁ/SI%P rt' Cu gigsés a'r%ogagalglf( o‘?:s %prnglgerﬁ: I ca gel

and nol ecul-ar-srev ar <& S are, asti's known ura
synthetic zeolites, i.e. alumnumsilicates containing alkali netal or
al kaline earth netal cations and having the fornul a



40 M2/ n0"! 3, . i 02 yH20, where Mis an alkali netal or alkaline earth
metal, n isd%[]sr?%*?zﬁi?nce of the cation and x >_ 2. The pore diameter? BfAUGEH]
45 nol ecul ar sieves is frequently given in fir, i.e. a nolecular sieve
designated as 3 A has a pore opening of 3 A (0.3 nm. 0050/ 48812 2 8 AUG
2002 3 According to the present inventd on, preference is given to nol ecul ar
Sieves S5A amé hitpsydn mohexide|pephaed shye\wmbidtidheoDxnesiaidonqrainscul ar
ltihtet lme)l %?ld%hefe'ﬁdxe%omﬁ%@mi{i %%ﬁnhémc% %ﬁaltﬁ cgqsl aeims%@tﬁn@eagal nnoa
be used ar gugg%&w%?igé%sv%{é%gcéglfgoyn%n eu?h glsl g%%o?‘gfsg or}rscl?oﬁ BA,
Super sor boR*R B#SD&Sar 5071 FHa. and FhErn Y EEPTHP P PesBRTA IRy .tﬁg?l,h‘?st has
been fourld algepdy pdascrdbpdra yoragesat fofe cigslecs ivedy tyRMoving opttraaemoxi de

bef or e t he dioxide catd/or. mGledudanr pxpedrrbyalcatadpt be nedadtion withs pur pose,
15 but it Reauberd JapeBdusondeRAnyEes | vHich eomprisd @il O¥ndRsBibLYE
abovement | %ﬁgaﬂé’ééﬁ%ﬂ %bdﬂ?m 'd¥ Qﬂ%& g&slif%ficsbbhgé’mﬂfé as! 2&c e drying
step. In a Ba t|cu%ar§l¥, g}r’e erred enbo | ment’, T ni t.ro%ea ggnom de is
therefore CPBRPREFYSr EPVRYeh JMPCRT9ETSS o A8 FURIGSEEE t9%ing (and
initial WuArdnekriahpsgnbBecase witt Redu e sine adAhtianady By EPINAtIRaY
purificati ehepBad air pddit bonhlpgaitbilyst i dn eddibeorartheedemornal mfoNe; or
nore st agedsaifisuffitdenfcand HHY eofleéntriion 6f Pliitirogahi mon@giere! $s I N
general , dryipp@agdyyl purification are carried out in customary 25
apparatuses, but it has been found to be advantageous to carry out drying
and purifjcation in_appropriately dinensioned towers. EqQr purjfying . about
1Qtand1§r FE1iR o QeChoet | the PEAPFYE THIVEREROR B RERIGSE oA SRPTAVERF ¢ he
pur fi cat i @FoagEhtIFH @rapetAng Aydsaxyl auonivintabls dRysreduptionrigf NO
purificati enthoepdtogenewhickeris [techeieabivatsdupby taldargyoout adfndgiveem
about 8 tohighoperetivivgthesirénd Bpacd+yimg yieddss bi edddkeenpugheaf ter from
about 300 1-3+4PPsORMHALENFatOW $e13BiRON 1RG bpeRa iU ¢s@nd the pressure
enpl oyec&d ndpurl fi catlI on and dlryl ng of thed/nl trogenf nonoxi de can be va(rjl ed
within a w de range. In general, drying, and/qr rification are carried out
at from 20 "€oh8tRE U ﬁg?ijelﬂsaf’gf]%/%%glﬁ) ACHLEBRE P RYTAEYING e ure in the
range fromniggoagmmongxigde burd SLAPHRMINATaPY 4br 93t Hengoui Hh RoRYS2 bar,
but nost ewpédesritdsedavnapblicom pPyspheminum orswitlke ackiypyed scaxbomi,t r ogen
nonoxi de beafiace wathawkt ais@ardrfeidcahaontisheurithadf the pattogen atonoklhée

content 2 yakAeinfMienReeNt i dRVehbfiticifed patidfletdrtk NO2, which occur in the
per cent age range, and the content 0050/ 48812 2 8 AUG 2002 4 of H2S, which

occurs in e m r ange e decr e Thy n_be en from Tabl e
3in Exarrp?rg‘eSBP_ eena}"hqt’:ﬁ'eof%lrloa iaoﬁggilllg%& %@Fa%ge? hhiﬁe%ﬁ%r%fe'f" ?cfa I|eo step is
carried 5 BEPPRTINY RYHREXYIATOIRTIHE, SREES BYeFfaFabYYAC HYGrEEER &1fd nitrogen
nonoxi de aPétFesrn arpxide ipttdy hydreern in f8er BFRRENIO R 138: ackd agdia

Par t i cul3r hydgogehatdonl tstalwstobwheneth ien nitnojen mompxodefifhymhrddéadt o
nig‘t‘}_ﬁc/)gen nMbepsteletif chtanySid rkduetdod By subijsteimpdt mot Bt Ieanal ong zone.
fl i tﬂrOgeﬂééh@rﬁbrﬁ%tﬁli}isbér&@'o&més%fsé&%eswli&%h %rn%/sysiﬂﬂi?iﬁi_u{nﬁ’oysed

or IS PULPRSEA+ r s given to using platinumon-graphite

catal ysts géggr%tdle‘{sagr ?bg |nA'DE- A-40 22 853. In particular, the catalyst

is treated in acid 15 sol ution before hydrogenation, advantageously in the
aci d i n 3fFERORHLCHEGSoHRHER iR PS B2RF (¢ o, PATHCUI@AsS BN | vat i on of
t he cat al ystioxides pthogensitiioe gelcand imed eguf ar nsiduespr Yodeewlast an aci d,
20 pref er aligves sdrregn@snisekmdwniChdt Gl cds syhthétiGedliges f uriec aci d or
phosphori ¢ saghfnullsidRcatéPNHta i Fln&Oa NRNACALLLX Yo G1Ra dneUsdrds formi c,

:g?éi- CACPEQ‘%??%“ ULYLLE v il m%hécf a Preferably formc or acetic

s such as amoni Isulfate are also suitable. In general,

fromo t%® 6 N aqueous .
M2/50 + Alz03 + xSiO; -« yHZ0,

where M is an alkali metal or alkaline earth metal, n is the
valence of the cation and x > 2. The pore diameter of the

45 molecular sieves is frequently given in A, i.e. a molecular
sieve designated as 3 A has a pore opening of 3 A (0.3 nm).



25 acidsare used and care is taken to ensure that the acid concentration
does not er)?Js 488D, 2 N duri ng the course of the hydrogenation. 1128 AUG 2002
necessary, further acid is added. The ratio of acid to catal yst depends
significantly on the 30 catalyst used. In general, it is in the range from
1 to 150 g of catalyst per liter of m3eral acid. In the case of the

abovenent i oeébrahiali foirenedpabysnt devent D6, igrePeréndd 2 898n the ratio is

f bly j : 0 b ' 80 g, of
Catalyat pAS R ORURTes, AP el Pull heHeles RS Mra 1) °

carried out at from30 to 80C, preferably from35 to 60C. The pressure

duri ng t he Tadosddas i oh PREtLSUERY )them@é‘é&airnsiﬁ%eﬁar?&@ freguently 30 bar,
preferably dmployédt in 20 state (edrstadimiey. a4DitHle paberxsy @i ehseprisddiyt
invention fgmyareparstehydr oxyl ammoni um salts gives significantly higher
hydr oxyl ammoni um sel ectivities and | ower dinitrogen nonoxi de selectivity.

In additi or}‘{ctt.he gﬁgce-ﬁtoi mewﬂcl % of Caté'ilé/St% whi Chrc4i5 ar.e fx%g)es dto
purified ni t3yahe AR a8 YAtG c@rndgﬁc% W 5t he ?oceasls SFLY eqf;resent

i nventi on i%ATOBRE 885 IASy DRARS Ve FOREATRATE $Ar o SYPRF 1K KR rRaforgx

ni t rogent@uohoxi de. Furt hernore, 0050/ 48812 2 8 AUG 2002 ' 5 the operating
life of the catalysts used is also increased. As a result, the catal yst has

g oTEe ][elgle&ftfc%&asinéew k! pReseri Q'%v%ﬁ@i&d’,eitt h&s%&%ﬁ@oﬁ%dofzotﬂ@ prOC_etSS-
e (0] 1 ,\ent . S | 1 T.
Exanpl o 1 T GReT, Aurent At Sp B8y (HEM PR AABEBHAE Tl
from 2 to SYTRELRRLIRR O CASOPT Y, MAEEEARE (SD PR RRFE (10) CRLP JRNABRRGdr at e
Wg? st i ¥3 Rptodér hegyrheea: foerd it 2 RatetReSyt PIRETo RS PEPHRY PNE708  of
concent r at gthehplipvehgniriopedcpeiows ©x8desi iof peohiewtarmitsddinatgely, ford.
Sodi um car headeyyas ISagdelint ® gdre isuipensipre febiéd radbodimeht | hethepH was

2. 75. Subseqiiebh¥n monoxddef isotHdHOracet ffcnveRr @i Ash i t3S sa1 e fqy1 Fopy Of

el enent al f e nd.,. s I et ) . b h
resultin ?ﬁﬁ%éﬁgﬁ%em%@%am L5 ?ﬁiﬁ?fﬁ?*?ﬂ%ﬁﬁf?@t L
aqueous SHAUTCESPHetEYEs 50Tt TS 3PRIbT %48 st i rred at 80C for 4 hours.
Afterthis time, platinumcould no | onger be detected by neans of hydrazi ne
hydrat e (giBesdh drpinglandr purpficatdonncan kefl icassbeditown inponaecopmerence of
pl ati nun) . 2 bgescahdlusingporpaomecore (éscomypswas mepdiatedoh rayants.

t hereact i onnvigehdf &1 PYarlihgr&id purtiliieagion agkassrfidd cakdvashestorath

?;ﬁg Ilegs r§&§99§é4,| Wie Pt s %%8\Afﬁéﬁﬂcy &S %EM%I‘@&%B;JE”‘I:& h-_gzw.f:?g o of
t he cat al ys°t tpﬁe%%’?i%ﬁh@??%&fg?e %ﬁs%@r%ﬁg%&?n%% drﬁ eo%aﬁ}.{%&ﬁ sulrfaric
acid and, at 40C while stirringvigorously (3500 rpm), 7.75 1/h of a m xture
of 35% by ForuRBbiEMNG 4gent Stegdasdi z’ﬂl REdNPr tFD ISl YSBRElY Risieeqt

t hr ough35a fdhopi mG0® awerl5PP| hkpfnithe BAOificagfioni agent gald ahdsubseqsene! y

t hr ough 30 pmouht caf i desicoast. fTHd edrivfidatizoltovelfs rmdecgeharakiyeves 4A
(€ay! Roth ‘Gyehlerkesd DyuBakimdbudbYebyy of Aiie aBbuflVginegan Wiéﬁam{:‘g%d into
the Suspen%%ls.Afﬁérd“rﬁlﬂljr%‘féﬂe at Fﬂ%}%ﬁi S\N@Safeaarﬂtoﬁﬂa by 2dyb ke liquid
phase40was 4%%ao¥éxeéjti-r e.Gal al yst iC ad been separated off
wassubsequent| y*m xed Wi Ph*™ 320 M of 4.3 N sulfuric acid and thereaction
was continued. This procedure was repeated everyfour hours and wll be

desi gnat 3 Bp¢hathetktempeTaturatand shaapressiredenpioyed Ha pyyibicatdenne

synt hesi s amnangdegidy dfeshdbhharodenSiohexideatahbé ovdratech wianin atviide
phase). ThiranhgaVi € Gehesal fl ¥&}ingUuaRENEr thura fetaefbhalrehesrridd idi@ at

21st bat ch, f : At tc 0Q50/ 48812 2 E
AUG 2002 6 ;é%????e’c o 1o PR UREEL bl BE EFNG0R8! Clng 2t

. Ln %rgggo %tCPQQ was agaln ﬁse .._The
|l iquid pha waSt At y2&dT PRI AT ) e §’e_ t78F ¢ i*8s PAERIE in these
bat ches 4% TOR0RA0 iMParafPe? P22y Pk Bogt miPEA20D4b NG about atmospheric
purificati e¥eskerel ar Mol ecul ar si eve 4Asi eve 4A10 Sel ectivity to NH20H
[ 94 90. 9387. 1790. 76Sel ectivity to NH3 [9% ~8.478.408.92Sel ectivity to N20

[ %4 0. 604. 42,3386 CONVYBRSHEEN [AndR1 88 We F0r e} aAQ SPACE: tuFB fication shows

yi el d0. 872Q. 0 | n [ O . the.

unpuri fi edql{%%l' eixgg %%lgpéggétt}%t ?gﬁgfé\%roga-sggg%ﬁ %#e"t%f gdgf‘aiéfis\c}{cth ,as

mai nly o4° thHe 2%PIXe BRIGhOHPYr S yHPRECERTAG T3PEE, 77 fg‘epGPPF%/‘é"d NO
is again used in the foll ow ng batch, the values of the batch before are
achi eved again. Exanple 2 25 Passing the NO through a drying tower 3.6 g of
the catal yst prepared in Exanple |la) were suspended in 120 m of 4.3 N
sulfuric acid and, at 40C while stirring vigorously (3500 rpm, 7.75 1/ h of
a mxture of 35% by volunme 30 of nitrogen nonoxi de which had previously
been passed through (,~ a drying tower filled with 800 m of silica gel and
65% by vol ume of hydrogen were passed into the suspension. After 4 hours,

T o - o o, o o o o o
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Passi ng t'he 3%)%2@& h a drying tower and a purification tower 45

0050/ 48812 9030 zooz 3.6 g of ‘the catalyst prepared in Exanple 9 g)Aug 2002
were suspended in 120 ml of 4.3 N sulfuric acid and, at 40C while stirring
vigorously (3500 rpm, 7.75 1/h of a m xture of 35@6by vol ume of nitrogen
nmonoxi de whi ch had previously been paséed through 5 a drying tower filled
with 800 mopfa,si | weicgelccapd swbIrpeft tandd)r anghdécisdeld gaéaory ! ANEE

filled withy 29 BheRf£i0 @anhar 3 Si £ Eam ?,1@ 4Carl Roth GibH, Karlsruhe) and
65% by vol unme of hydrogen were passed into the suspensi on. After 4 hours,

the catal yst. was separated off and the |iquid phase 10 was anal yzed, The

cat al yst whTéh hydgoperation, whirhtoflowgathe d‘é’ﬁf’?‘?n SR 1t FATEERS i of
4.3 N sul $ueut izmcadmarnen kaowaaper e wkreferablyuedydrogen mndc adbregems
repeat ed evednoxider aheuenctédeineaqiolar wasistiopphd adigs HGmbatsheto The

sel ectivitygtp, dﬂaatié@mrl BBdi f8s s Qrél&ﬁ&tmbai ﬁn@@iantmol& fhgid el ts
achi eved arw 3 Aitgo efi' m gﬁ&fdez 9 abxappl g, %a int?lnetd

purificatio ng I ng tower, purification tower AR

NH20H [@891“7 %%%‘f‘e%‘[ PBy to NH3 [% 7. 879 2725Sel ect|V|ty to N20

[ %4 2. 430" @8NO conversion [% 97. 3495. 88Space-ti ne yi el d0. 8800. 871Qper ati ng
i fe [batchisl@gebiatBoh Idatedrsbe gwEvykdoare thasebbichadre lcastanartiigt
exposed to d¥adVioeht DS pdarpssaushye frencpass efivenl Yot Bguph a dryi ng tower
has a shortﬁamgﬁ,aghpd}ajdhg_geagagmrsaggealtyq;egéyhgga ng, sel ect ivities and
space- {1 Mo Y6l 45 abled LRCLELOLE Blieaknd™ 441‘61&5%0!%%4& (o K fy oo the

NO of addl t 1 onal agr.n

| yst 15 1P Itdan! beLoRa, ReHEoRER ATt B erpaLy s i a2k 1
@rl ties WTthl!Pnﬁt}Pl hy@@gﬁ@aahanu ¥ I%rﬁaﬁﬁif?‘hfd Thigi teade o ﬂﬁys"%w ng
tower cont aohithg satalwstgel or nol ecul ar sieves 4A) is shown 40 in Table 3.
45 0050/48812 Table 3 5to s 2 8 AUG 2002

ECHCL ! RO OLT A TR e b S e 0 2L
P e e gty ng

over 0. 62 nDIe c r5|ev

¢ valyes we
obt ai ned by2Skh&raPh ?ﬁP}t?frth@c 1Y 58 & | h’%ﬁ)‘l“\ﬁ’r’?ﬂga’ék?mf’ﬁé' [3
i ndi cat ed brldhwasr formity eretiet Wlpﬁél?cahlttd’rlﬁbPEcm%ﬁrlﬁ agédsA; 50 m
0.32 mm (ipesfierghdpsiordGcAori aceteit @gitonAcidl salisneycl AsdeageniunPor apl ot
Q 50 m O.hiBubfatécCard@lsdi euitkhleAl 2034¢Merall,0@rom 9.3 6 aqueous
(hydr ocap®ofisiasCarat B 08 88+&MN S AGRBhALE drddSk thRaspEatd aesaopy (N20,
NO2) 25 30 ég%dggtration does not drop below 0.2 N during the course of the

hydrogenation. If necessary, further acid is added.

The ratio of acid to catalyst depends significantly on the

30 catalyst used. In general, it is in the range from 1 to 150 g of

[ ) catalyst per liter of mineral acid. In the case of the

abovementioned platinum catalyst described in DE-A-~-40 22 853, the
ratio is preferably in a range from 1 to 100 g, in particular
from 20 to 80 g, of catalyst per liter of mineral acid.

35
The hydrogenation is generally carried out at from 30 to 80°C,
preferably from 35 to 60°C. The pressure during the hydrogenation
is usually selected in the range from 1 to 30 bar, preferably
from 1 to 20 bar (absolute).

40
The process of the present invention for preparing
hydroxylammonium salts gives significantly higher
hydroxylammonium selectivities and lower dinitrogen monoxide
selectivity. In addition, the space-time yield of catalysts which

45 are exposed to purified nitrogen monoxide in accordance with the
process of the present invention is considerably increased
compared to the use of untreated nitrogen monoxide. Furthermore,



45 | 0050/&?8% ? W claim 2 8 At1G 2002 1. A process for preparing
hydroxyl amB 88ies by catalytic 5 reduction of nitrogen nonoxi de gviAl§ 72007
hydrogen in the presence of an acid and a hydrogenati on catal yst, wherein

ni trogen nonoxi de prepared by conbustion of ammonia is nmade avail abl e and
this is purified before the catalytic $eduction by subjecting it to at

| east one ttpatdpptatihg Nlifey oS thicaliBtbasssll A8 also Clditr@adedl xd Wn num

2. A pr Ocesffeé"@ltﬁ' %hgeéaéeﬂy%ltahgb lgo W%b@néfﬁe@&@b@ &B‘ﬂéﬁe, Waeenhis a
nol ecul ar siLeve o

r 1] . 45.3. A process as clainmed in claim1l or
2, wherei n YRR g’d%necr%‘%&g?aeﬁlst ulﬁrggf"g "to a drying step before
purification. 4. A process as clained in claim2 or 3, wherein the nitrogen
nmonoxi de BsThe rillpowinecexampiesi L1 bstyaliteabhe sinyeagiemtwiti@otover a
mol ecul ar stestidtinpgatti cul ar a nol ecul ar sieve having the pore size 4A
5. A process as clainmed in any of the preceding clains, wherein the
purificati ogxé',@)l%arlri ed out at from20 to 500C, in 25 particular from20 to
150C. 6. A process as clained in any of the preceding clains, wherein the
purification is carried out at a pressure in the range from 100 nbar to 100
bar, in par2) cut@rg Pfom SOPhETEr frem Asburyapaving a RagEéete Sige efafFmM in
any of the preczdim@Ochmiargl Owhadiei g afhdexathlopdpdatedic(IWn acddcarri ed out
at from 30 to Sixamydrate adiecStliffed oVdinighoge 80000 dn tdh JGubass 35 8. A
Pydr ogenat i on 15 piopoosny iaidg BL6F ) T Eoftdifezatld Brdkocloric acid
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for 2 minutes, the resulting suspension was admixed with
14.1 g of a 40% strength by weight agueous sodium formate
20 solution (83 mmol) and stirred at 80°C for 4 hours. After
this time, platinum could no longer be detected by means of
hydrazine hydrate (gives a black precipitate in alkaline
solution in the presence of platinum).

25 The catalyst prepared in this way was separated from the
reaction mixture by filtration through a glass frit and
washed with distilled water until the pH of the washings was
no longer in the acid range. The dried catalyst contained
0.5% by weight of platinum.

30

b) 3.6 g of the catalyst prepared under a) were suspended in
120 ml of 4.3 N sulfuric acid and, at 40°C while stirring
vigorously (3500 rpm), 7.75 1/h of a mixture of 35% by volume
of nitrogen monoxide which had previously been passed through

35 a drying tower filled with 800 ml of silica gel and
subsequently through a purification tower filled with 1200 ml
of molecular sieves 4A (Carl Roth GmbH, Karlsruhe) and 65% by
volume of hydrogen were passed into the suspension. After
4 hours, the catalyst was separated off and the liquid phase

40 was analyzed. The catalyst which had been separated off was
subsequently mixed with 120 ml of 4.3 N sulfuric acid and the
reaction was continued. This procedure was repeated every
four hours and will be designated as a batch. The catalyst
was tested until the hydroxylamine synthesis changed by less

45 than 0.5% from batch to batch (activation phase). This
required a catalyst running time of 20 batches. In the 21st
batch, unpurified NO was then used; in the 22nd batch,
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3.6 g of the catalyst prepared in Example la) were suspended
in 120 ml of 4.3 N sulfuric acid and, at 40°C while stirring
vigorously (3500 rpm), 7.75 1l/h of a mixture of 35% by volume
30 of nitrogen monoxide which had previously been passed through
(') a drying tower filled with 800 ml of silica gel and 65% by
) volume of hydrogen were passed into the suspension. After
4 hours, the catalyst was separated off and the liquid phase
was analyzed. The catalyst which had been separated off was
35 subsequently mixed with 120 ml of 4.3 N sulfuric acid and the
reaction was continued. This procedure was repeated every
four hours. The reaction was stopped when the selectivity to
dinitrogen monoxide exceeded the predetermined upper limit of
5%. The experimental results are shown in Table 2.

40
Example 3

Passing the NO through a drying tower and a purification
tower
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Molecular sieve 5A; 50 m; 0.32 mm; (inert gases)
Activated carbon; 2 m; 4 mm; (hydrogen)
Poraplot Q; 50 m; 0.53 mm; (carbon dioxide)

A1,03/KCl;

100 m; 0.53 mm; (hydrocarbons)
GC atomic emission technique (H3S)
IR spectroscopy (N20, NO;)
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monoxide is first passed over silica gel and subseguently
20 over a molecular sieve, in particular a molecular sieve
having the pore size 4A.

5. A process as claimed in any of the preceding claims, wherein
the purification is carried out at from 20 to 500°C, in
25 particular from 20 to 150°C.

6. A process as claimed in any of the preceding claims, wherein
the purification is carried out at a pressure in the range
from 100 mbar to 100 bar, in particular from 800 mbar to

30 2 bar.

"

iw) 7. A process as claimed in any of the preceding claims, wherein
the catalytic reduction is carried out at from 30 to 80°C and
at a pressure in the range from 1 to 30 bar.

35
8. A process as claimed in any of the preceding claims, wherein

the hydrogenation is carried out using a molar ratio of
hydrogen to nitrogen monoxide in the range from 3.5:1 to 5:1.
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