;; <edelL42ullrrst2tvt 6t T2u#& Process for renoving hydrogen and/ ozsaﬂmnggﬂz
nonoxi de from mmmmmmmmmm The invention relates to a process f r enovi ng
" carbon 5 ponox ydrogen froman air streamin which the air
streamis subj ect edeloer @ catal ytic oxpdation. To produce sem conductor

el ements, ultra high purity nitrogen having very | ow content (for exanple
bel ow 1 Vppm ' onponents such as hydrogen and 10 carbon

nonoxi de i s remmmﬂmmmm”m known, for exanple, in the preparation of such
ultra high purity gijrQden to renB@SquymLdion es such as carbon nonoxi de and
hydrogen fromthe intake air of an air fractionation plant by catalytic

oxi dation of carb car bon~di oxi de hydr ogen to wat er
on catal yst beeR=%%F 2 A-HERELA] S HCROXS® consi st
of hopcalite (mxture of oxidesrandidaraper exrdem

of manganese, silver)
cobalt and/or copper), or of a bed of alum nium oxide, in/on which

pal I adi um or platinumor else ruthenium 20 osmum iridiumor rhodiumis

i ncor por at ether iayphitédn Tl aasal yst abedocassbef air spesedidgr eatrbpn
downstrgam [ r d r t .an gl.eyva

temper ot ar cepCAtad: “H0EE’ RYSebeanl crah, HE PR 2ot A TR (s

di spose t heaést §Fysembég sHPiREteEssel a Fags lumiich oxidatimrecul ar si eve for
drying the air is also situated. Exanples of the purification of feed air

for an air fractiopation plant for generating an ultra pure gas are found
in EP-0 438T982E’€ea£%%| éﬁ-‘%cﬁk‘f{%‘%‘ﬂg&f&ﬁ&‘éagai'ngu BTo B PYFIFED- AL,
wat er i s i nhicgbbgnr enavidgf rnosrt hdoweedoatenst r Ao bye-atsalrt ib@low
thereafter).c R 0XJ nd. h re erted [ ent

t enper at ur ed gggg‘)tgggoééljcﬁd_%‘n I%%@%%%@%spf gﬁg\léca%lgt eﬁ%%%ggéf and

pal | adit dmacerrkeadmgngrifdeudfoxedelsnd. f IThal $ < dubhr wtample, in car bon
di oxi de and.RydrACAHANRS H €of eBR¥RM LY XRAIOIH | 90ri H51 BY chBeeknown,
processes, typical Id%é?de,pl etions of carbon nonoxi de and hydrdgen by a
factor of 28°HP¥EHJIHYGIHE-1%6 TRRCBbPEC CAMRPEY TR IR ARPeAYG IR t o
speci fy a pfeeasstimadianakppariat usfofart heityferarenitdmaneibat plhatouset

whi ch effec d.cul. ard y shj I of, .ef | i de
and/ or hydr%&gr?&%rltchg %dra*sl{y rnggr%d %%6% g o?%?rl?aésg:%og at:ﬁb:orrfgglac{ﬂé.;@

activi £§ i sasdy/eat eydFPIRe EBntWBLETOf OB hE2LRAYER i Ry uFdaAs STl ide fact
that dusts @p@/=Qrys3ey.050kscatadyparhicbeislz€a®fcdessst e ribcalnwsa
renoved fromthe air trea%upstr?am of the catczgtl ytic oxidati o.nJﬁ 15
Particle si Z8PEUEAET PEXREEn B, BT tREX PATIT T 1 HAART 1 P ithEase of
particl es weodalshaped tewi acpsefi onerhefsphdrédt abff ellmmimhiarhyaicixia i ¢

di ameter is ;ppapt . wEbenhyauld Gudli 8EEt ST ad Sndef igiedeagesi X, didRi,h e ratio
of volume to external surface area. 20 As does the ol der European Patent
Appl i c&Pi on OFTANF 63T PRI ER B5e L POGE UTavieS ahReRFPPEREERI &% t3PRIA®t han t he
prlelsent appiiheatdauslde pedseas bevaisposelieditedtigmddundd relimigof hat

pol lutant c on S r ese ig_t ream_dec e_f{he
activity of %?a%t a %t C%bgnrlgtsgro?agn{b%%elgf ﬁep%agst%é O\Sgn atqha%f%r?ﬁ%/é(g
restricted &EMER¥araroeadhiomtedslyCt-hdsneasykeernaniventderet&P Dt 799 633
for removi ng PRIddlales dd & ARROUSHSIA a1 Y4t s contexd wdside present
invention it was found that the air Ioadlnrg wth solid and Il_qswd
poIIut&ﬁtsi%F%éh?the molecular sieve for drying the alir is also

situated.

Examples of the purification of feed air for an air
fractionation plant for generating an ultra pure gas are
found in EP-0 438 282-Al1 and EP-0 454 S531-Al. According
30 to EP-0 438 282-Al, water is initially removed from the
feed air stream by adsorption; thereafter, carbon monox-
ide and hydrogen are converted at ambient temperatures of
0 to 50°C in one layer each of hopcalite and palladium-
activated aluminium oxide and finally residual water,



30 form of aerosols and dusts, in particular of |aden dusts and

.pol lutant-inpregnated soot, plays an inportant role for the catal §s§ MAR 2002
activity. This i s because harnful dusts and aerosols of a particle 25 7
MAR Z002 3 size of less than 20 ~cm f4ow t hrough the customary nechani cal
filters and a nol ecul ar sieve bed essentially unhindered. They can thus
deposit their pollutant |oad on the catalyst surface. A particularly

harnful sukstaeee SdiexitBee caidl ydydeddatbonder eades dushoveli Choynter
alia consist;s of soot (f8r . exarrphle from conbusti on processes, an {or di esel
engi nes) WAFERTRSET: | sUBHT chédSup FoCBouP 86HRTH act L pbtY ut ant s
such as SOZepS@2 iddeS o fCEExrbd, mNAnxdsiewalnd ayd€bgekiChy E, fdfcandof

hal ogenat egol(;%ggoo&a{@%s and has a particle spectrumwi th a nmean size
around 1 ~''m se and all follow ng percentages are by weight . )
According to the invention, such dusts and/or aerosols of a particle size

of |esg 1hame20o58 P’ @h&E AR Ynk €Sshd NaRvER QDY s &8 SRy upstream
of the catalytic Oxidation by surtable nmeasures. It is parficularly

i nportant FFCIHRT e2BFAnGt RPRAAZFYIt C&ctGhA t FYPE MERNETSE t3%| BREof a
particle sicifgcsdc 0.hidl0 Seffddr i@ ppattLotdbrip t AeéghangegPed tOF3 ~ M

"R " 1S t i tent.of _the_.
cor 1 o pondi T TEHe R SFT RSP oare Ty e T U0t o7 pif L FRe &

decrease i madrRRARRONt ent of dusts and aerosols of a particle size between
0.1 and 3 ~-m by at |east 50% preferably by at least 80% In principle, all
known net hods, for particle.renoval %tan 25 be used., Preferably, dusts and/or

aerosd% of TR HARTTFRSSiI TR Bt IRALS IR 30 1M f &5 &FRREFSSY 18 §BRubbi ng
process. A satdbt ngf ptheessventidhshgaseadsserti hae fhetdrheet degasact of

the air str Lt Laui d; el ouptercur crubbing. The
scrubbi ng ﬁ%%%%r% %g,gbggp%%a?%g%%u%f%%egnfs%e%%n&g%{ géel“ﬁi 8 with an
open or cl osemoeefcdirem omief asEr ISR neEFORpani af othe chsel ysigdge
removal respeciiveby. Al though a conventional trickling cooler) which is
frequently used to precool feed air for a lowtenperature 35 air
fractionation plant, can also be considered as a 4 device for carrying
out a 3%rubPiang iprlor eskze al govdlegn of ot hésnt peei hhaopaapirdpr déenesean
appar at us f Qn re@\daKe St Saptit Dés avhosal shapet Beviankextrom the

I nvention. Iitpl'jes.tziéé)f LXARP! Ene UGELLLDY f 85 ahacdect ganeahhe gpatent of 5

i ~ 0,
particles o Q%fgueﬁge %gggtgtlignge§inég]gg §5x|§§%g559ﬁ% ratio of

volume to external surface area.

20 As does the older Eurcopean Patent Application 0 759 633
which does not have an earlier priority date than the
present application, the present invention begins from
the finding that pollutant components which are present
in the air stream decrease the activity of catalyst

25 material. However, it has proven that only a restricted
action can be achieved by the measures mentioned in EP 0
799 633 for removing pollutants in a gaseous state. In
the context of the present invention it was found that
the air loading with solid and liquid pollutants in the

30 form of aerosols and dusts, in particular of laden dusts
and pollutant-impregnated soot, plays an important zxrole
for the catalyst activicy.

This is because harmful dusts and aerosols of a particle



As -scrubbing nmedia, use can be made of water, in particular customary
.service water, or other suitable scrubbing |iquids having suitabl Q PHBAR 2002
Particul ar preference is given to the use of an overflow 10 Ventur

scrubber or of a jet scrubber or spray-zone scrubber. An overflow Venturi
scrubber is able) for exanple, to separate off 50% or nore of dusts having
a particle size between 0.1 and 3 ~.m depending on the setting of the

pressure d&iGe Hedredss ans@ﬁér“éh@r?’"bﬁ%%‘t D 7RO BAt R kan be

achi eved. gHie-flegreerelsSepad atl ofof 86udeF 0lesryd Sheamexdwénti giey t han

that for dusts._ Alternatively, addi ti gnal for artlcl rmval an
el ect r ost AMVETHKREDi tHroF C&X‘ z&%HEE‘ SRPSAT ngf'?:cpg Btgﬁﬁafa?‘g

parti cul artrﬁa cg@t@mssee&&'&ta@re OrA aphrtieulhaliyngaanffuie émbsmnsc@ I ter
materlal) eus ntion ca ns le) of a
fabri § er| a \I}h lw‘ bl??rceg?led r%?ﬂ I 0$1£¢?h|élt$%g?ngs§

Qbvi ousl y)cornsim i o/ eadobn farplemaaipltey forforrrre:tdtmj&stfmn 2erpaessese renoval
can al so hg [ofo) y [ inagddi iR to {hep ofding to

t he |nvent| on C?lfd gggtsrﬂgn or aer oso? ?'ta% art%c & glmz?éggf q‘ﬁjgsgsgt han 20
~.m it i rkapeddeht VAthpadidiesPe et pRES | éPéhsrafe 2 at5%headS20 ~cm are

r emoved frese  higo ai Nost Beame1lhi=ss cam, 3Rche achigvethdshatogestosary filter
mat s V\hlclr’TLquEe di sposéd, q{ exanpl e, %(ﬁs)tream of a.conmpressor for

conpriéssi FRETPORS (Y NaS 2 PAYRAF0FPS CRTEM Wiht PoleRRr$h2F rel ates
to an appaiwbursd f Orumenidhage candoal bofiokldeiagdperchydaggenateonyan air
streamin‘g% gﬁ a ce with Patent Clains 7 to 10. The invention and further
details of Jﬁ I hvention are 5 described in nore detail below with
reference to an excenplary enbodi mrent shown di agrammatically in the draw ng

An air si¢esrain®fed Q0% nifvenk i1, meeutsmrsouaa/ercaeke%w gechani cal
filter 1 and is thﬁre freed_from 10 <art|cles of nore in

di aneter. FtPFEE1HER ToADrafst8SFnth Eo?rﬁr%@so?r?f‘?oa]i’éyba?sSTFIEaBonpressed
ai r amsprisesu, SaneppranoniEdgasarekm. of rhemcaanign irppaidde iohnbgddi ti on,

it is |oad S ut S,;d N icul 1,.3C9 (= a
g/ h) of du%éj %%)52 thégsal‘reprr%"e%an f)iz}rtl cél epgiq‘;e Cq‘#ia%rlw HR&%&Q ﬁereg i's soot
which is |an|enewsmgsebe CEF 3R vard aNDd it yart anbemevef PrACE6EaF 36% of the

t ot al d:JSta Ssrithe aizd Udsfh@r o@orazfl§e m4 g/nh r@?@ﬂ@e pel kyeants, in
particul ar

v » 05 v and Ci 20 (0.05
vppn) . AftEF" ?Serfijlthg’h hé‘é‘f of ﬁggg)sm h :% 1'%08 eoarén & Tbsequent
separz® i ondefreaging maeconneatpbésehsepara'espnndewgcéwtSt Raddior, bel ow a
tenper at Ur&e?és@@? bf”é@r:?e@sgeé’dﬁe O f T{]J.%VA G sl AN/Qr @Ry 0sol s of

25 a particle size | ess than esi gned as an overfl ow
Vent ur i SC?EBBEF‘: habi Ays5swarer aFé’@lsPéﬁl &tfl @nPREtd ot S1FS KE¥e250 mm done
cap and a valeandepagmtiy of Ity AGrdfarallerby st Md=edueed .via |ine
b into the overflow Venturi scrubber 5 and is taken off via line 30 d
together with the dusts and aerosols separated off together with the water
produced i Ant Rziphapdesepadaknronndeeitbeds. flor peirs isdeubismeyadps@rat us, the

air sjgeanpguhkess 2:raEETANIG, d'a%tef 220 RGJRRArs I aaﬁe&rﬁqepf dust
separation of 99Y% ari a egr ée of aerosol separat] on 35 of sb m | ar order
of nagnltuaé e o ess than 20 um are removed by a scrubbing

process. A scrubbing process in this case describes the
direct contact of the air stream with a 1liquid; an
example 1is countercurrent scrubbing. The scrubbing
30 apparatus, depending on requirements; can be operated
with an open or closed circulation of scrubbing medium,

with or without sludge removal respectively.

Although a conventional trickling cooler, which is
frequently used to precool feed air for a low-temperature
35 air fractionation plant, can also be considered as a



Downst ream of the scrubber, the air freed fromdust and aerosols enters a

. clean-up device 5 and passes through this frombottomto top. The) &l MﬂR'P@Z
devi ce conprises two vessels which are operated alternately and in which”
the air stream passes successively thygough the foll ow ng adsorptive or
catalytically active | ayers: Activated al um ni um oxi de nol ecul ar sieve 13X
hopcalite (CO renoval by catalytic oxidation) 10 al um ni um oxi de cont ai ni ng
0.5% by weight Pd (Hz renoval by catal ytic oxidation) nolecular sieve 13X

The vessel sgateceWEbehedreyengevaky a4 shrbgbwagnplkeadiseg anddoageneitat i on.
The vessel g\gl_ch does.not currentl 15 receive the air streamis
d

regener at ed*ByS 1568t $7 2B8B0WAY/ heBF e§eREGeABr APPEA GRS §RhFERCYSREr i ses
31"c oxygendabds6RaNnotrogedsol s fh thrassida of aeutinbdharicand tkas been
heated in a.heaEing devife 7. After_a eattin time of 1.3 h re?%]engvation
gas tenperatdret®i35*PF19 1 ;ezl.alé Fof-% e&‘ﬁatﬁs%i(ﬁbe 99 ©
(regenesat i pargasleenptratsize 28CyeeAf 0 el gadsi ngn thy augl etalse El0dan- up
device, the air streamcontains |ess than 1 vppb of hydrogen and | ess than
1 vppb of carbon nonoxide. It is cooled by indirect heat 25 exchange B, for
exanpl e by BEesergbhénginefigasugeafthnore didts Pade T cdds PagitdTed vi a

line f to ajpkaphstemnapiodueiiaengitelyr idyy ofherOGRN thlblloWchempanay ur e
fractionatign. Tae EggeneratLon as n be formed by a residual fraction of
t he Iowtengéﬂ’&ﬁ FePRYACE SHtSe0t® P25 MAR 2002 . Patent Clains 1.

Process for renoving carbon nonoxi de and/or hydrogen froman air streamin

' that “3u2?%r§%’a‘§§?r;§f§§%r§%%daitf%éﬁﬁ%‘ Lol P LY VSRR e

renmovedOf r ofenturi scrubber or of a jet scrubber or spray-zone
scrubber. An overflow Venturi scrubber is able, for
example, to separate off 50% or more of dusts having a
particle size between 0.1 and 3 um; depending on the

setting of the pressure drop, degrees of separation of 90

15 to 97% or greater can be achieved. The degree of separ-
ation for aerosols is somewhat higher than that for
dusts.

Alternatively, or additionally, for particle removal, an
electrostatic precipitator or a mechanical particle
20 separator, in particular a cyclone separator or a filter
having a fine fibrous filter material, can be used. The
last mentioned can consist, for example, of a fabric or
felt material which is fabricated from long thin fibres.

Obviously, in the invention, a plurality of methods for
25 particle removal can also be used in combination.

In addition to the removal according to the invention of
dusts and/or aerosols of a particle size of less than
20 um, it is expedient if particles of a particle size of
at least 20 um are removed from the air stream. This can

30 be achieved using customary filter mats which are dis-
posed, for example, upstream of a compressor for com-
pressing the air stream.



the air. stream upstream of the catal ytic oxidation. 2. Process according to
Claim1, characterized in that dusts and/or aerosols of a particl®f&MAR 8602
"less than 20 ~.mare renpved by a scrubbing process. 3. Process according
to daim2, characterized in that watgr is used as scrubbing nmedium 4.
Process according to Claim2 or 3, characterized in that dusts andl or
aerosols of a particle size of less than 20 ~. mare renoved in an overfl ow
Venturi scivbber or a jet scivbber or spray-zone scrubber. 5 . Process
actor di ng Theadpvensien Euaither] redateschdr adc ttEPALALNS f Thatenfyst s

and/ or aer 030Ls -9t rAnPAbhLGLBeShAl /8L h§asobBAN: 28m~ghas £r &myad shy an
el ectrostatic~pr ecipitator or by a _nmechani Cal far title separator , in

Y
particul ar BCEPELGRE esFERFHTSIC 147l ™mS bf s ¥iter materials. 6. Process
according to any one of Clainms 1 to 5, characterized in that particles of a

ticl i f. at | east 20.~ d .f th i.r_str . t
of the rempiBe oFRRTEhNGRY: SHEFBE0) S parti EPE SrYETGAToee S han 20
pm 7. Appadaisityilbed r énovnaxe Caetai ilnoheXbde waiclh orrefjethreogen £oomran air

¢ havi . ; Con.of :
Pyr ogen.  cRAPIELERY 2 HEMETIRAE manE ror & B tma B andFor S5 osol s

of a par titdewing of |ess than 20 ~m are provi ded upstream of the neans
for catal ytic oxidation. 8 2 ~ MAR 2002 8. Apparatus according to daim
7, characterized in that the neans for renpvi ng dusts and/or aerosols of a

particle si?& ofiFesst¥edh 20 2fi MWL AesFghel - bs RAFIDI KGTRMFEr atus. 0.
Appar at us aceMtlnEgt omékRbfAL Salcifnacderizaad nié hahetrbe fatathbf figm
apparatys is designed as oyerfl ow Venturi scrulber _or_as jet .scr r or
spr ay-% ne & cglres. f_g. %\gpélrmat 95 actor dithg géggﬁgegﬁe% éI%ai &W&Eg to 9,
char act er i zexbripradsad nbang fcomprERRAMA2 dust 3 Cakdror T osonpressed

particle sizg0f Lgssilhan g0sP. B Aydedredaad & et kAl é£rbon
precipitator or as_mnechanical, particle separator, in partiCular v cl one
separat or orfmMINPXERE havPn@ T e 3% br dbis IS | 1A%t WAFH solid pollu-

tants, in particular with 1000 pg/m® (= 8 g/h) of dust
15 having a mean particle size of 2 um. 60% thereof is soot
which is laden with S0,, Cl, F and NO, at an amount of in
total 30% of the total dust mass. The air further com-
prises 4 g/h of gaseous pollutants, in particular NO,

(0.1 wvppm), SO, (0.1 wvppm), H,S (0.05 vppm) and Cl
20 (0.05 vppm) .

After removing the heat of compression in a cooler 3 and
subsequent separation of liquid water in a phase separ-
ation device 4, the air, below a temperature of 20°C,
enters a device 5 for removing dusts and/or aerosols of
25 a particle size of less than 20 um which is designed as
an overflow Venturi scrubber having a water recirculation
rate of 2 m*/h, a 400 mm dome cap and a water separator
of diameter 400 mm. Water is introduced via line b into
the overflow Venturi scrubber 5 and is taken off via line
30 d together with the dusts and aerosols separated off
together with the water produced in the phase separation
device 4. In this scrubbing apparatus, the air stream
suffers a pressure drop of about 500 mbar for a degree of

dust separation of 99% and a degree of aerosol separation
35 0of a similar order of magnitude.
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104|Y.10%%&@(%3#5&1&0%hhbh&' kJoﬁ%ﬁHEHHEﬁftéiné@élQWth in which
1 & ()-J 0$1 %jd&'

10%1 &

104| 15 P 16R%: 3 "F%e %gﬁn ?"‘%g%’g’("% S TEFRVER §£fo§@1(lfw%n?04|
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hopcalite (CO removal by catalytic oxidation)

i0 aluminium oxide containing 0.5% by weight Pd (H, removal
by catalytic oxidation)

moclecular sieve 13X

The vessels are switched over every 4 h between loading
and regeneration. The vessel which does not currently

1S receive the air stream 1s regenerated by 1500 to
2000 m*/h of a regeneration gas g which comprises 31%
oxygen and 65% nitrogen, is at a pressure of about 1 bar
and has been heated in a heating device 7. After a
heating time of 1.3 h (regeneration gas temperature: 130

20 to 180°C), 2.3 h of cold flushing time follow (regene-
ration gas temperature: 23°C).

After passing through the clean-up device, the air stream
contains less than 1 vppb of hydrogen and less than
1 vppb of carbon monoxide. It is cooled by indirect heat
25 exchange 8, for example by the regeneration gas g and/or
other back streams, and fed via line f to a plant for
producing high-purity nitrogen by low-temperature
fractionation. The regeneration gas can be formed by a
residual fraction of the low-temperature fractionation.
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18 /(gg‘l(()g,ﬂgg/gl{%cg%sgﬁoid%op)n%?pahqy%{n@ow and/or hydroge(l? from ari a1r s’ueanql':igls4

which the air stream is subjected to a catalytic oxidation, characterized in that
dusts and/or aerosols of a particle size of less than 20 um are removed from

the air stream upstream of the catalytic oxidation.

2. Process according to Claim 1, characterized in that dusts and/or aerosols of a

particle size of less than 20 pm are removed by a scrubbing process.

3. Process according to Claim 2, characterized in that water is used as scrubbing

medium.

4. Process according to Claim 2 or 3, characterized in that dusts and/or aerosols
of a particle size of less than 20 pm are removed in an overflow Venturi

scrubber or a jet scrubber or spray-zone scrubber.

5. Process according to any one of Claims 1 to 4, characterized in that dusts
and/or aerosols of a particle size of less than 20 um are removed by an
electrostatic precipitator or by a mechanical particle separator, in particular a

cyclone separator or fine fibrous filter materials.

6. Process according to any one of Claims 1 to 5, characterized in that particles of
a particle size of at least 20 um are removed from the air stream upstream of

the removal of dusts and/or aerosols of a particle size of less than 20 um.

7. Apparatus for removing carbon monoxide and/or hydrogen from an air stream
having means for catalytic oxidation of carbon monoxide and/or hydrogen,
characterized in that means for removing dusts and/or aerosols of a particle
size of less than 20 pm are provided upstream of the means for catalytic

oxidation.
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9. Apparatus according to Claim 8, characterized in that the scrubbing apparatus
is designed as overflow Venturi scrubber or as jet scrubber or spray-zone

scrubber.

10. Apparatus according to any one of Claims 7 to 9, characterized in that means
for removing dusts and/or aerosols of a particle size of less than 20 um are
designed as electrostatic precipitator or as mechanical particle separator, in

particular cyclone separator or filter having fine fibrous filter materials.



