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WD2004/ 110923 PCT/ FR2004/ 001448 PURI FI CATI ON OF A
M XTURE OF H2/ CO BY CATALYSIS OF THE |IMPURITIES 5 The

| WeRboprLiggses to a method for purlfybg rE3504/001448
m xtures mainly containing hydrogen and carbon

nonoxi de, comonly called H2/ CO m xtures, and
optionally containing nethane (CH4), which may be

pol bk LT GATION VOF | RUBTXTPRE | OF OF, fc Ber 'EIPMOELTs OF THE
parTTcurarTy oxygen _and’/or_unsaturated—hydrocarbons
and/ or NOx. The H2/ CO gastHBYRIRLES can be obtained in
various ways, particularly: 15 - by steamor CO2

reform ng, by partial oxidation, - by mxed

processes, such as the ATR (autothermal reform ng)

pr ocessThahiigivend imnc ondl &abes ortoof astemmhod efornmimgrifying
a arg4 | dat i us/ S t e

e MoR g (A Ay gasriTear n e Rigelt QA7 Hrbon
WaRRROFHES : deRiPReRr Bansat le@ diyGhanipityrtes . @d optionally

Propofdiih@f f&ndhd heger, b2/ Cohabxt URES Marigsiluted by
according to the gperating conditions, 25 typically

befARETES ARBUEESAES Vot s, TBINRRY | PARRLCU RSy ~oxvgen
hyadrdgen aeh i atdd npdporamdsoGi-dandBr andx . H20 ar e.

often conprised in the mxture, in variable
proportions. 30 At present, several alternatives are
avai | afite fdz/ CQpgradmagtazeeO aaxthe egbtahaed sn various

Paydy< Ul s ByLaPIpduci ng: - pure hydrogen, which has
many applications, - pure CO which is used . . ,
parti cal ar?¥ FFal HRF &% SRR ofovadat el ifdpfion,
phosgene, byhthed SpRocesset i OButht akMedicatzera N{diothermal
pr.oduct j.qn_.of %I ycar boﬂ%ﬁs" or 2 90X~ das.. which is

r ) ’
a peu eyt bole) )H2/p Stur B is a c¢o ation o Steam
reforming and partial oxidation, using gases such as

methane or ethane, or
- by coal gasification or recovered as waste gas
downstream of acetylene plants,

The proportion of CO in these H,/CO mixtures
varies, according to tﬁé operating conditions,
typically between 5 and 50% by volume. Moreover,
apart from hydrogen and CO, the compounds CHg, CO; and
H,0 are often comprised in the mixture, in wvariable

proportions.

At present, several alternatives are available for
upgradihg H»/CO mixtures, that is, particularly by
producing:

- pure hydrogen, which has many applications,

-~ pure €O, which is used particularly £for the
synthesis of acetic acid and phosgene, which is a
reaction intermediate in the production of

polycarbonates, or
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enriched with CO (> 45% by vol une) useable for the
synthesis of butanol, for exanple. 5 The reactivity of
H2/ CO m xtures is well known., Thus, the

Fi scher-Tropsch synthesis has been used for many

years to Qﬁé@d&&ydmﬁ@wori% bya”lﬁlﬂ‘-ﬁléa’“ @Qz/co mixture

react,i cha ism(l): 10 n) H2

n%lﬂ% dn VaFharko pdrt aflﬁé tlavtﬁf@lwaﬁhw%ﬁae?-e for the
methhanesiscali editaridlgnaidoexaspdescri bed by G A

MIls et al, 15 Catalysis Review, vol. 8, No. 2,

1973, p. 159 to 210, reflected by the foll ow ng

react i g Meactd@i£y3E I /CRAmixHROeE! L 2€1Caknown .
nonoxi de can al so deconpose by the follow ng

Boudouard reaction (1l11): 2CO->C+ CO2 ( IlIl ) 25 1In
gener alThufunelrisF hecRes-THAPEEhu S thes igatha g zBeeRe used
f doratman, oj;eazyéir £626BRRS nf NAPAKLL A BbF . by EXBBDPIRS 1 owing
include the follqw n tals: Ru, Ir, Rh, N, Co, Os,

Pt S3HEE L Hb S ATGS 3155 expl ai ned by F. Fischer., H
Tropsch and P. Dilthey, Brennst-Chem Vol. 30 6,

1925, /%gﬁ) he gephanol ognghugn action is also
carrie out NnUMEF ous metal's, fncludi ng copper: 35

CO + 2H2 -> CHGOH (1rv) FurthernDre it may al so be

necessgr YvhPi 88 | erthe 260 gt 'fB%?naﬁ:@Bnt hef methane,
é@ ses of .t heir, downstream use, neans

of
£ NS hAS RS FE1RSA ﬂ%% Pouch%iLﬁget al,

_saam;laﬂwleatreémsdvs fep1 eagh mecnﬁ;clwapuwtngheo 210,

Most-,c0 ta_be re ed i ude

NOX & ﬁ&tﬁ ura 5°ﬁ§§W655%6%ﬁ£R: At IarIy

et hyl ene. The H2/ CO m xtures al so occasionally contain
CO + 3Hy — CH; + Hy0 (II)

Carbon monoxide can also decompose by the
following Boudouard reaction {(III):

2C0O. — C + COq (IIT)

In general, numerous metals can be used to
catalyze the formation of hydrocarbons from CO and H;.
Examples include the following metals: Ru, Ir, Rh, Ni,
Co, Os, Pt, Fe, Mo, Pd, or Ag as explained by F.
Fischer, H. Tropsch and P. Dilthey, Brennst-Chem, Vol.
6, 1925, p. 265.

The methanol formation reaction is also carried

out on numerous metals, including copper:
CO + 2H; — CH30H {(IV)
Furthermore, it may also be necessary to puritfy

the Hz/CO mixtures for the purposes of their downstream
use, by means of specific reactions that can be carried
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cat al yst poi sons, such as nmercury (Hg), arsenic
(ASH3), 10 sulfur (H2S, thiols, thioethers),
hal ogenat ed conpounds (HBr, _HCl, organic halides),
iron carbonyl Fe(CO5 and nickel carbonyl N (COq,
NM@ shayhd al §0.berfemvedadher eghal Vslcpoi sepsific
al so be“encountered, 15 such as antinony, tin,
m%ﬂﬁkq%t%elenlunl telluri um and ger mani um whose -
presence depends on the carbon- containing raw
mat eri al used. ner al mpur Lti an be re
Fom a i 198 bG8 IR Tyt bl yi 5P GPORGaanycLude
sult, ablNOxchemdalundaeataead. Redspchlbonspur iveiresl dd@rly
EQZS§%Hf an be renoved froma gas stream on
S, such as activated 25 alumna or zeolite,

wher eas |npurities of the 02 type can be reduced in
the forgpof wat@s andiebbykene ) ONPEURLSi6ARIRY contain
hydrogenated fo al kanes. Simlarly, halogenated
&?pt@gﬂrm%t RREIANS) o?ucleoa§urﬂﬁmcu|5afes<ém i RLE PHC cHpSH)
besulermy ehidy, aﬂflfzﬂm i ofhDBetEees) { | haddgenbestis cdmgounds

e, em.cally treat. actiyvated_car S.

oriEL o PERRRL G nges ek 8L *FrERRRE e (co)s ana
haliiakesl faartomanplg, (GhHn , berhdetomiossd £d sor eniremoved.
conpounds and to hal ogenat ed i norgani ¢ conpounds, in

order to facilitate their subsequent renoval by
adsor ptQtder cEBERYEFE ROLFORReMbt RAFC 40| gncountered,

PrAR Gy éﬁ%&ﬂ5ﬁ¥” ©in | epR¥AlcEf b@@en@gh|uk%ﬂmﬁr;um and
present in a an | nport ant fac r. Thush 1S v on-
eSS st %I ePFRSPRCE: alSRRETES h (PR onshemy HArPon

b@dmmstﬁdlgjpfaw emmanfidlhenmad al yst or catal ysts that
they are liable to affect. Simlarly, certain products
resulting from catalytic reactions nust be renoved

downst rlsangengoabar tipuirdtiiysoycamsbeptiespverhi Erom a gas

apR} i L0 ﬁ%uﬁ%arﬁs} e@att&lygfsceww%ﬁ%@&&%@%hmm
prt?:delf31 Ct?ndenbty catal'y

Thus, the impurities H;0 and CO; can be removed
from a gas stream on adsorbents, such as activated
alumina or =zeolite, whereas impurities of the 0O type
can be reduced in the form of water and ethylene
compounds can by hydrogenated to alkanes.

Similarly, halogenated compounds, mercury or
sulfur present in a gas can be removed by adsorption on
specific adsorbents, for example, chemically treated

activated carbons.

Moreover, certain compounds, such as organic
halides for example, can be decomposed to organic
compounds and to halogenated inorganic compbunds, in
order to facilitate their subsequent removal by
adsorption, catalysis or another method.
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reactions carried out in the presence of 02, or
products issuing from hydrogenol ysis reactions on
organic halides (HCL, HBr) that nust be adsorbed
bef ore 15 reaching the hydrogenhation catal yst for

whi ch t hey sent a.pai so pmlarly, on a
zeolite?ﬁmaﬁg%ﬂﬁgégybe g@%brﬁgadé%eféﬁi CEETO%%%au§gf the
waPer 1p§agtEoPEBRERST 1PhRs 9880 iadsor Bawor tadsotpiciton -

and catalysis can also be carried out alternately or

si mul tapeously, Far exanple, ethylene _can be

convert gguﬁat atlyt itSal F?ggéyeﬂfﬁ%r%?awl%ﬂa%ort@é& ggtalyst
on“pozeohkt e m@soripentemofredotdpssirad apeousley.cdthlyst or
sh a_recuyren roblemarising at .the industrial
Iegéfzallgsizg g%ﬁga{éFg%’hgrﬁglF&é’iﬁe%BuP’rfiflegé_" with a

series of adsorbent or catalytic products, in a 30

preci segopdeL -y one SE%%t%E%F t?ﬁxﬂﬂhﬁﬁys qge&? %ing from

product are renhoved upstream thereof, since
r eBRERONELCt alkf¢RF bl Ae® upBiSteambean rRBAFERy esdownstrean,

geperat eubhhey bPOLSLD &anpfe%%msiébﬁiEbQ?Sf&P Qﬁample,
tr ateo!t.1 35 Nbreo%f e cahalgtlc re ctlggs used to
r t ot

r, .t )
E0 hE RS edi2husBPHot CdauBEOPHESFeal¥i o2 bR1YTEIC

enove
t hee&lRE Oons gasrnizfiuvatt anbehpubirkiseticeTled BNMEor products
durin

appl | ot ad particul arly .
th£%$$$%%ené$§)|onﬁ§§?8ﬁ%éﬁﬂﬁgggergﬁ%ﬁ%fl%FsTh6§{ grganlc
et!h§l des hydHEdenatiBon cathkadystBusthi M araslsedrdnl jefore

baﬁ@QcppnTgl ath&UNhPePOgEL £ OR %éﬂ%[‘?stl eady t'gh%cltlh they

Fi scher opsch reaction (reaction (I) above),
t He®RorRELF of BPLHYAr ocarbons, particularly ethyl ene,
whi ch may be nore concentrated at the reaction outlet

than at,the, inlet, that is, .i.n the s before

reacti on® Joarshzd | &1 y& czeﬁ"cija]fnfrfe'oxf"agfe?orfmﬂ:%'f alRfst @dsorbed
cuetorde CPor mebecaust netatawl idat anuploitseen bfor this
I efpyeehogdownst ream of the catal yst bed.

Adsorption and catalysis can also be carried out
alternately or simultaneously. For example, ethylene
can be converted catalytically to ethane or be adsorbed
on a zeolite adsorbent, or both simultaneously.

In short, a recurrent problem arising at the
industrial level is to contact the gas to be purified
with a series of adsorbent or catalytic products, in a
precise order, one such that the poisons of one product
are removed upstream thereof, since the reactions
taking place upstream can themselves generate other
poisons not present in the gas to be treated.

Moreover, the catalytic reactions used to remove
the impurities must not cause the reaction oflthe H/CO
gas mixture to be purified. The same applies to the
‘adsorbents used, particularly during their regeneration
at high temperature.
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In other words, these supplenentary reactions have 15
the result of generating additional reaction products,

not present in the initial gag to be purified, which

must be removed by adsorption downstream and in

addition to the virtually unavoi dabl e pol |l utants

present in the initial gas. 20 Furthernore, certain

adsor bebites ar 8thY i pBsativelroganat igse, cabalysss  wivbielt are

r&mmm%ﬁ&yOBaséﬁe&ﬁﬁSplﬁtbﬁﬁﬁ @%@o@%t@%ﬂ@ﬁ@rﬁﬁ%ﬁlhﬁ a jead
ur e Adsorgtlon cle. 25 1 n fact

T

SRS et RESPBEERTRARRY STRRCBEOR TRSSELEPE. (he EBove),

:r _eygietrl'er athen ghs;mmtylmslo aft seh:frdf@@aﬁbﬁﬁscorrmnm?ﬁct:%larly
i re e n in e .0 e

te@n%{ ag{rl%re an%lggt g}n%? c%pomqﬁé% tﬁgngﬁng %Fgent he

(Fq%ﬁﬂfé{mrrr@p%kﬁtr‘éhéﬁl &% (the aimd Bouddwar disy edot itdre gas

(lddporesddeqd,pbove) . However, the renoval of
certain catal yst poisons is of ten poorly controll ed

on an industrial scale, and 35 certain |ight
hal ogergifneid saGRPOUBES taR @ M%H&é%iﬁﬁokﬁQﬁlybts cause the

I b Ki
VR, BEacheERaRalr ol h o TRF 1 otBUbr cofe Temoved

tt@@é@sqgmbl erfs thicheraetnlyakiegi t he process

econonmically unviable. - 6 |In general, the problem

ari si n%ﬁur omthe industrial standpoint pertains both

to t he lRufdieaiPrrdhe hheseesupPrigBenpaiyn rasd¢tions have

calr yisdsuopesat igRierlsd bRy Sadel { 05ded, rBHE«3bs0 prihicts,
abo e all, to the CIEOI e .of. the particul ar routing

RFSSHE HBPOTRE r dBEEL bégasquPf iRRY, PPﬁléF‘&@r figprich

_pmwu:cehmwd neegoxed aly H2aG6brstieam &bwname@a@f Msid  in

Ofa urtélescﬂé CQIntr%l \Q_ﬂllgll%:']_% %%IQJO[H’? ’utants

un e3|ra e Feactions of
pRasseitaiiny tdher iimg ttireel msa,l yS| s step or

Furthermore, certain adsorbents are disposable
after use, that is, without regeneration, whereas
others can be regenerated in a TSA (Temperature Swing
Adsorption} cycle.

In fact, during the regeneration step of a TSA
cycle, the regeneration gas may also itself contain
compounds liable to react <chemically wunder the
influence of the temperature and catalytic power of the
adsorbent (Fischer-Tropsch reaction (I) and Boudouard

. reaction (IIT) described above).

However, the removal of certain catalyst poisons
is often poorly controlled on an industrial scale, and
certain light halogenated compounds are poorly adsorbed
on conventional adsorbents, making it necéssary to
oversize the beds considerably to try to overcome these
problems, thereby making the process economically
unviable.
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steps serving to renove the inpurities present in the

H2/ CO m xture or during the adsorbent regeneration

step or steps operating according to the TSA

principle, while avoiding 6r6ﬁ7ﬂrﬁzing the formation

of 15 additional chem cal species not- present in the
initial feed gas. Accordingly, the primary goal of

t he i nventi arenaral .o i npjreove prioblid COamiistimee from  the
p t ri art b r
LI RERSRSIOr Rerroint’ B te thl AR ana

t Hhe gyerrandfuasaruPatea ampiasdarhond mrerateenstto be

%ﬂ@.ﬁned\hl batravgi ¢b Nga86 fmé‘\!ré“ zZhing the egactdiiice of
of the Fischer-Tro sch Boudouard, nethanol formation

y'b‘?ee REEticy aﬁsrf’bltzlﬁlgaxfb‘?%e%roﬁt kg F/LCRe stream to be
cqmetﬁim oflrkﬂoamérCOtbo pﬁedpeand.en@hate@cb\eer an H,/CO

b h
i et PEr-eBRiLPs Hadh TETUhP “Omsoinde | taoreitaie.
de@tlah@ ahelédbgonbei‘ﬁsumbleama}zécugrﬂsocaf ethe H; and CO
GERIR OF PahrdRlcl 1A 88, 3qSUPREANENa IO CRep  or

durlng the usé of ture. I n one “aspect

t FerePS sSﬁFHt/Pae&Oa Jﬁ%*t‘%% ft&e PRYFiL RS aPy8S e§’ttr elgin the
cont/eonmﬁgctairé &%td@yﬂﬁ@geﬁe( Iéabor@@&ﬁorréw%welon step

(CO, | east _one net .car bonyl at _least .
o8 | FEGPT | CRETECaE | oo GEh Cp02fTandiea Brinciple,
unﬁaﬂ&ratedmhyﬁnmparbmns miniwhizdhyg (akhthe fasmatieam of

%ﬁ@l%q{ﬁ t\g\%lelﬁ%@acon?)tecz.%%t qllélé p%PSQeﬁQ”EgJ fﬂl‘?eg fltlitial

| east one cat arnin
cdRast t9agt. | east part of 7 the oxygen and/ or at | east
one unsaturated hydrocarbon present in the gas stream

to one or rmre cat al ysi s prOdUCtS at t enperature
of bet REEPEGHY BeCPTiRRTA PPk eSB UG Drimyention is

| eastinkdaas , tl@éld{ﬁc(domsmﬁ:egqmﬁﬂﬂmwn qaetla@tiedof the
mnth a secoE adsor tion.bed to ad f b at east éﬁ
yl .

TearBbhyl PY THRERR? PP ng Fenpel &t G &0
tlmmnuﬁyﬂng ars Hp,/CO mixture of the oxygen and unsaturated

hydrocarbon impurities it contains, while avoiding or
minimizing the reactions of the Fischer-Tropsch,
Boudouard, methanol formation type, etc., so as to
avoid or minimize the conversion of H, and CO to
compounds that are undesirable, harmful or difficult to
‘remove, such as methanol for example, +that is, of
compounds liable to . degrade the adbsorbents or
catalysts located downstream or 1liable to raise
subsequent problems during the use of the H;/CO mixture.

In one aspect, there is provided a method for
purifying a gas stream containing at least
hydrogen (H;), carbon monoxide (CO), at least one metal
carbonyl and at least one impurity selected from oxygen
(0,) and unsaturated hydrocarbens, in which:

(a) the gas stream is contacted with a first

catalyst bed comprising at least one catalyst

- containing copper, in order to convert at least part of
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10 very inportant in the solution of the invention,
because it represents a conprom se between the
satisfactory conversion of the oxygen and the
unsat ur at ed hydr ocar bon or hyarocarbons present, and

imted formati on of roducts, such a
LB DS (SBAAPEORE. LeRSh R et it ot AT g rbon
oprickemaneihantdhe satsur atedahydrocaitboner pactecuardlysis

a' k B ANd oN tPS s%é]@%% é‘n’g:oﬁ:r d@@g&%ﬁno%o‘%o and 200°C

| ng ‘on” éac I nvention
rrayldc@mpra ﬁ&ﬂﬁlﬁﬂ aforat dfeasie ¥ bavi ngtdt echni cal

charact(ghi SE!aSEa sad N3RSt 1AM LONL AL B8 JidiPast second
hydr ogen (H2), car bon nmonoxi de (CO and nethape

( edepretighe tléﬁ"f%eFat wectl Hetlramt PPO20AAd féégaflyl-
the pressure is between 10 and 80 bar, preferably

about 20 to 50 bar; - the gas hourly space velocity is

bet ween 1000 30 and 10 000 SnB/ h/ nB, preferably
betmeemhaxmpewmtﬁ@@Oteﬁpﬁthknﬁe-raﬂEEgaé Sheeamaﬂﬁﬁi is

r (0) no r (0] (0]
SO T8 £, SLAETOBL s 00 SO OB,
sbecamsies coht acfRIFWERLR 35 ScEONRTOAHLSSY st giyepp  the

C@BYQ%EaQﬁxhﬁﬁStc@%&%r@ﬁo&he ergaBﬁéU|f@kygen and the
anochl ori_ne

organoni t rogen. and/ or

PR e B B R T G f BOP ot . nd
aﬁﬁe( d)lm:tme@aSosmaeannl sfcotauteiatd h auchhiasd methanol
% @9 é%%%éf% adsorb at |east part of the 8

anlc conpoun s produced in step (b). The
organosulfur organonltrogen and/ or organochl ori ne

COMPOURES Alcky10fs XA QL AQMOUAYS o enCHaGle  mand,
CH2C12, CCl4 13, .. CH3SH, CH3SCH3

t $pEUTStEcs . hM@F@&@&Pontshe §§F@ﬂ&pé&ra+>fgaﬁula<a8&$pouﬁa§ on

the other, water and/or CO5.

Depending on each case, the method of the
invention may comprise one or more of the following
technical characteristics:

— the gas stream contains at least hydrogen (Hz),
carbon monoxide (C0) and methane (CHy);

—~ the temperature is between 120°2C and 1802°C;

- the pressure is between 10 -«and 80 bar,
preferably about 20 to 50 bar;

~ the gas hourly space velocity iSKbetween 1000
and 10 000 sm®’/h/m®, preferably between 2000 and 6000
sm®/h/m?. ‘

- the gas stream also contains one oOr more
organosulfur, organonitrogen and/or organochlorine
compounds and (b) the gas stream is contacted with a
second catalyst bed to convert at least part of the
organcsulfur, organonitrogen and/or organochlorine
compounds to organic compounds and to polar inorganic
compounds, and (c¢) the gas stream is contacted with a
third adsorption bed to adsorb at least part of the
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produced in step (b) are, for exanple, alkanes,
whereas the pol ar inorganic conpounds produced are
conpounds of the HCL, HBr, H2S, NH3 type, etc.; - the
gas stream al so contains HCN T npurities 10 and/or at

I an sel ect fr o t he
g?giu%%g%or med nggﬁ@rerlg%? pgul EE%% rgrl %g ar sgnl cC, The
s@lr@mrkspmulkfmm ne oaf@@n@@rlrtmqaﬂn a@(ljld(/dl)r sauodgag@@hlorlne

StHRHInSCORE-RCt eflo téka@nﬁlé st c%ﬂwlﬂidsono@edtﬁ@ CH,C1,
adsorb at Ieast art of the urities and/ or sai 5

15 Hebhproural of Jeifer?é'hf\méel @gﬁ EyorfrHave. fioapsts type,

f eerd bymmbvrey-,, suthelr, s@l&lu@fautre@, ab g T compounds
sel eg .br o ﬁgd er mepium ThIE bedlgaéﬁ‘ t € reas
sBES egh 10 L:'eR/e ¥t et Bht “PrOHuEr s 2-PrEFEr aby

t he edars irpdeged apstmeeunds pheduaedl yst bedpounds of
b ;an th b O 11 in order to
p%g%e%%% gli)B(r%lrthém ure 1) - the gas stream

al so cont élh% aes| ea§re@me c’#’e‘i@l C%Iai'rébmﬁll HG@hd ipgprities

Sand /@3S streapds epBt acdmsbmdh & gﬁc%r@@@r Rld1@rted
bed to adsorb at Ieﬁ?ﬂt oerretal 25 carbo suc

carE8nyFeof 9T DY CHPORF Y - andh S c%lorlne,
pamslemlilcarIaenatimmylBro:ﬁlméoandorgeﬁmarmmﬂwland tthe said

ORRLS ISR PO COALALDRG A LAAS! P11 MLALODSR: O fRg to
t Bis@rbatad y%@a%‘@dpabtc@iﬁvethe 3tCN etmpuvheingt Angéar said

°>é'o %oﬁh@se&f hA Nendas Sééfé‘@&ed p%&*‘b'mc L{{l?é | ¥rbQpNES rmed

is retai ned downstream can
dE’chrrﬁB%%‘EiuW se@é%%uq'eact:hgaﬁélne% f%‘FS%‘XJa?rpI e Seflgmium,

NBRomhi2@ =hd\2ydrid@20dm N20ThidHbed wiNBbe HBE Gukddigsion
DRERRl Be e DD AR O, S25l k208 3 008 (b 1
dpd scedatugsts teeare r of usihieg chfderent bedt alrysbsds ol2 and/or
CQEQiQ%QB Hh?taﬁé’ll in order to protect it or them. (see
Figure 1); '

' — the gas stream also contains at least one metal
carbonyl, and (e} said gas stream is contacted with a
second adsorption bed to adsorb at least cone metal
carbonyl, such as carbonyls of iron, nickel, chromium
and cobalt, particularly carbonyls of iron, or of
nickel;

— the gas stream also contains at least one
nitrogen oxide (NOx), and (f) said gas stream is
contacted with a third catalyst bed to convert at least
one nitrogen oxide @present in the gas stream,
particularly to NH: which is retained downstream.

The NOx can be decomposed by several reactions,
for example, for Ny0O:
N0 = N + %0,
N0 + 4H,; — 2NH; + HpO (in the presence of Hp)
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carried out sinultaneously with a single catalyst: 5 -
in step (d), the first absorption bed contains at
| east one material selected fromactivated carbons,
i mpregnated or not, activated "al um nas, inpregnat ed or

10 SnBSGRARLAR. P00, LM oSA0E CEl) BRI bl oo

an aCtIV carbon CO alnlng pota
1044881 0ft sulthpde ignd/ erreledendl isulef Wtissodimeg@puanner

(bhsihBe ecoretctt alystabeshk£ONt 8LNS RAmHaoRIEr uLe ig,
de osited on_a support ferably the support _is a

groxf Oanst‘:‘@ﬁE’éPﬁee%ié’ W%Pélpa( 6)1n9&§n cggalyst:
cgnbined mﬁhhssb@pScig) and/@&rét)abﬁirpﬂﬂmnﬁbﬁﬂ(6¢nta1ns
t third,adsorption be a|n

CRFVACET Al TGP the SELPORPRY Temhartts TATea spappons.
(a;tmprhgnatﬁét ogatraiq/,stabeuvabﬁﬁr edesiparst.i clmsregnated or
S one; gﬁgeﬁbﬁsd QN RiRURPOL! endlRIE! Ak r8ranly

pof t t mna, silica or zinc pe
- ‘?‘ﬂ §F§|§V@1t}9d Rk aP?@Fab@éln@oﬁﬁﬂ'-l%ééuﬁt 1@@&%@ and/or

on@oa?ﬁﬁl yﬁ%ﬁﬁaéeaﬁaﬁoi«regﬁﬁa?ﬁbysgﬁmaged on copper

or a ransiti o e I r Seril.es

Ol ot nioth QPR s GACHh A 38 oS oitatns a

aI d:epperi vetide | depoed ted) , oa cat auysgiodied psrefesethltyo the
t;least t e oxyge n ‘

gas }2%6 réls zPf ogilég] &?1 (,ne)?{ 131'? Ea's%sédr%qiecp (b)

rean1an an addi tional
cop@Rrpe atonlimed ovethnsaensat adl h;ldiocar( Bon present

30 in the gasggbpeam) SatﬁeC@E@E&Shdg%@iéﬁﬁﬂmbed contains
di stinct from one.anot her placed i n any order and

ab?e %%aSBp%?%t%CE%V@FP@eP%lepénﬁéraﬂaré§tlva¢€d carbon;
conpri ses fnsSkeppdufang WwhieC hfiargascat bEaR: bed comprises

b e o35 SEogoBpRY, KRG | FRboBrosar 1 Pan %of SUPPOTE,

hyﬂr@@enalal;tde@ t supperpr opbdr tilen aflumanbon shbxd den nzinc
sal4; gas ghyture produced bei ng hi gher than 70% and

pre erabil:y | east 80% by vol une; )
- 1n step (f), the catalyst bed compriges at

least one catalyst sgelected from catalysts based on
copper or a transition metal of the third series,
preferably platinum or palladium, deposited on a
support;

— alternatively, in step (a), a catalyst bed is
used to convert at least part of the oxygen present in
the gas stream and an additional catalyst bed is used
to convert at least one unsaturated hydrocarbon present
in the gas stream, said catalyst beds being distinct
from one another and placed in any order and able to
operate at different temperatures;

- it comprises a'step during which a gas stream
essentially containing hydrogen (H;) and carbon monoxide
(CO), is recovered, the proportion of hydrogen added to
the proporticn of carbon monoxide in said gas mixture
produced being higher_than 70% and preferably at least
80% by volume;




10 the first adsorption bed of step (d) is forned of

two adsorption | ayers each containing at | east one
adsorbent distinct fromthat the other |ayer; - the

gas streamis subjected to at east one 5 conpr essi on
step durin [ essl Q sed. t

heat the s??ggéﬁgb%ggﬂﬂﬁ$% oﬂﬁérég 5Hué#n % @OImEd
si P& dWq r@%@@omoémf@ﬁate&% C@@utawsng i eiteast one

th adgé%béhte@m; E$86NE rbROPHARe o8 thide cehiker 1@kerl0
steps (a) is contacted with a fourth adsorptlon

bed to renﬁ&@ aSFFGRTCCRS S Asiciflier§oedtq teaST one

5SCbOhbk&gs$bﬁpsﬂﬁmjeﬁﬁYEnghSﬂﬁEﬂlth@éehﬁatpajﬁlCumgtby51on

m ne_scr.ubbj t, oal of-.this
adt i Sepr Pl Hamits b IO BRORN P Chereby
ot h'@ﬂui"ﬁngomwmds&mm ohy bhee beetwefor nexbdyed at the

cat.ah%s r ch were present in the initial feed
gas, E% yglgxénmek, met hanol, NH3, hydrocarbons wth

three or rTEP@ IS 15 SR e U ch i FOTh QR cRF bBRe cAENRT ©f

10 (cakkpd "@3+or bet oW s Thatadseaptiieh Qﬁdf@lﬁﬁﬁﬁfabbbrptlon

15 f Oko

cont ai ns_at Ieast 2 ne tlvat al um n

CoBER oot 5oRi¥E: pfeln 2BHLBY afb: car FRRloRy Sdergoes a
acsordbbgngo s& eBSA cyckrovit the G@geﬁmmlmn particularly
te o £1%1‘Hee L %ﬁﬁbﬁﬂgn qua'xﬁ Of%xEQZ ‘the [ B86al of this

ca [S use mork of i nventi on may
ha@édi tdépppdaptep dsf fC@r ef@@nogfez dd1epA202816dFo§iCri BAs other

%S@ﬁﬁ!is €S rRgt WBERO. t?éeran@o%m@@ E}F’e%t(a@)ys:.s or
and a are distinct or conbined. C"distinet" ste

i sWBiFRer WRE ST r BACESGthe ™ stidlf %9%&%@%’ akegd ga for
di Ekempht, tmaehahoaatabﬁsth@@&bmaﬁboﬁf'Rﬁﬂﬂenthree or more
react in r e is.use ence . "
G PREPBH, SRR 1 SRR hyhrod St Denddirel Cgp%%d c3s

gabesoweantThe edisicatitédnt doedl dreabiraney conpaissi i least

OStSHeugék.%@Pég éi%ﬂlﬁﬁ)dyubﬂ@ E@bfht?” @Eepaﬁkogﬁtlon
heat generat ed
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e CO ression o stream
sSE@Ea faer @RI 1B GUS) mqréiﬁ:@@r Urd |T§pt Hercle with a

regeneratlon temperature lower than or equal to 250°C;

~ the catalysts used in the framework of the
invention may have identical or different sizes or
compositions, for example, sizes between 0.25 and 1 cm;

- steps (a) and (f) are distinct or combined. A
*distinct” step 1is different from another “step”
insofar as a different type of catalyst and/or a
different reaction operating temperature is used, hence
a different reactor and/or a different pressure;

~ the gas stream is subjected to at least one
compression step upstream of step (a} and in which all
or part of the heat generated by the compression of the
stream is used to reach the desired temperature in the
reactor or reactors located downstream. A heat input
obtained using a heat exchanger serving as a heat
recuperator and/or an electric heater may be necessary
in certain cases.
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35 reactor or reactors |ocated downstream A heat

i nput obtained using a heat exchanger serving as a
heat recuperator and/or an %!ectrlc heat er may be
necessary in certain cases. 11 The |nvent|on Wil |

be bet t | 0
pr ovi dtelg{WI ?ﬁs %%?Igncéﬁ?o 1?%ebgl%ﬁ—|%gsfg I ve c%__odvqu‘fJéom the
aiesTragiamded belkew o, prbivéAeds hovw tfh owcqqﬁqat%n@e to the

Iriciqusrﬂz%ltﬁ}m@“l&ﬁ%% Oi tdes et hggpeRdel tHereto, which
i nvention. |Ln. Fu% g gas source 1 feeds a first
W@‘HS

(ﬁﬁﬂ%ﬁﬁ%ﬂWQQ%Eﬁ Ripp/ emPgaimaikEuprd toepgethod
pwii filed,irsairttfeeed being at a pressure of about 20

bar 10 and a tenperature of about 352C. The gas to be
purified passes successively through a first reactor
2 and drsecdtighreact or 8 i gashi shurtei sl stfieiegiped aof £irst
al 4, O r S 0 [

S, TR tEot ot b A AR PEg Iyrore o be

| puriifiiass. smid the Wp@toﬁ péaéﬁerezoéoﬁrm%goabar
figndl a ade@raidrdest faidmd pfed Wo successive

adsorption 20 layers 3, 4, that is: - a first

adsorption layer 3 containing an adsorbent for
renovim@dtgaé{ﬁoam@ piBrifipdr pheess puesestiivelyhehrough

d. a [ rqod.co IR .

L e S R 0ot PhapBYE, i e 1 i
i @Mrlipmeéls ofprakkneri pafite Cffeetdl@asmpahetgas it contains,
pﬁ@@#@dﬂﬂ§}ﬂ§1ﬁﬁg bideen! @A M uh§a£ﬁ§9te§egydfbd%rbon
cQnpr essi.on unit where it Is conpressed
prERFiEigs 47 bar, t he conpression al so causes the
gas tenperature to rise to about 852C. The gas thus
conpr egged .S Subj.ecte I rst heatlng
step Uusi % 55? pIForR) lﬁ@btre%ﬁF%&c% S|
Wmdﬂmngummer¢&ﬁtedbﬂmmﬁ @fchange successive adsorption

layers 3, 4, that is:

ﬁ first

— a first adsorption laver 3 containing an
adsorbent for removing the HC1 and HBr impurities
present in the feed gas; and

- a second adsorption layer 4 containing an
adsorbent for removing the AsH;, H;S and Hg impurities
present in the feed gas.

The gas prepurified in the first reactor 2 is then
sent to a compression unit 5 where it is compressed to
a pressure of 47 bar; the compression also causes the
gas temperature to rise to about 852C.

The gas thus compressed (in 5) is subjected to a
first heating step using one (or more) heat
exchanger(s) 6 in which countercurrent heat exchange

takes place with the purified gas, as explained below.

The gas issuing from the heat exchanger 6 is sent
to an electric heating unit 7 where it undergoes a
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takes place with the purified gas, as expl ained bel ow
The gas issuing fromthe heat exchanger 6 is sent to
an electric heating unit 7 mge it undergoes a 12
second heating step, its te ature being raised or

adisyed Beopsen 120,and; 18026, The. preputidied 0a5.ca or

| eaving t ‘eaf er en sent

s@é%ﬂbﬁ*t@%éﬁ?@r’ﬁefréaﬂﬁ B 1&4f&essivel y conpri SI ng,

in the gas streamflow direction, the second

adsorption bed 9,.1he_secon atal st bed 10,

third d”&%%r%’(%ﬂrbéﬁe‘ilgﬁﬁd 119 /'ghe ca%a%%%e&aifr 7

servi nghta cawedt ab | eastspachdlo t&lfedﬂilﬁarﬁ?(ygféa@ﬁdr 8

t he unﬁgtur ed hydr acat bons preseg# in the gﬁ € £1 0w

pEGE TRy GREPFEaAIEr (HE calS ySFDed 10"

ard/mec timn bedSwlOsandndil adsorpeiono bpdot%®ct tite osecond
vel es, d a

R oal peR Yy, e "R PR B BERDUEY Blal che

r dddveedy e%ﬁt%]chb?’éc]t)@‘é 1?0 SRE A K cth%m@@n‘(ﬁeﬁt Rt wlepstheart

PrEPUFTh | @ﬁygaﬁ a%@ U ESSLE T At Ed ﬁ%ﬂoﬁﬁ@b@ﬁﬁt présent
a.use, stora te 13. _The first

e, other s
adgor ftfonI88d’ 3, Tﬁ’% sgﬁgeoétd-sr ePARTe huPsLEepy of the
caadensall ebednpdunast/par titeullsedy 185 sl simgorder to

cng enl&:dcs qj JEENLGULY, sul fur, chlorine, farseni c,
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i'um or germani um The second adsorption bed 9 is
used to adsorb the netal carbonyls, such as Fe(CO5

and N e debvell ThaySegeRd palabyst Lad 1@ '§e1H§€Qdf ¥n a

convertln the or anochlor|ne organonltrogen and

1ysto nds to organi c compounds and to
polar |norgan|c conpounds. 35 The third adsorption
bed 111|s used t.0 adsorb,.at

He gas thus purified is then recovered, subjected
to heat exchange (in 6) with the prepurified gas
compressed in 5, and then sent to a use, storage, or

other site 13.

The first adsorption bed 3, 4 is used to retain
the easily condensable compounds particularly
comprising compounds of mercury, sulfur, chlorine,
arsenic, selenium or germanium.

The second adsorption bed 9 is used to adsorb the
metal carbonyls, such as Fe{CQ)s and Ni(CO)4

The second catalyst bed 10 is used for converting
the organochlorine, organonitrogen and organosulfur
compounds to organic compounds and to polar inorganic
compounds .

The third adsorption bed 11 is used to adsorb at
least the polar inorganic compounds produced by the
reaction of the second catalyst bed 10.
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| east the polar inorganic conpounds produced by the
reaction of the second catal yst bed 10. 13 The first
catal yst bed 12 renoves the traces of oxygen and

unsat urat ed hydrocarbons, such’as ethyl ene. The beds

10 and ar, lLaced,_ upstreamof fhe catalyst bed 12

in ordéﬁ%%oﬁ%%%%c?aF?fy%%e%ﬁﬁgo}%tﬁﬁ?qY (48§ Srages of
becxayeent abpdt Wewh tumgitddnardyothebsase asachhadesishylene.

10rpe WHLER hy t el iper PQI i ncertain
CaseeS to %r ggera\?l?qt]ﬂle %%% qugé%‘ﬁyghg%%%%énsggfeclhse catalyst
r RN et ol aCFAREdtEaPAEPSEL 1¢ -bedheA ddaguption bed (11)

adsay pbé 0a badalp¥rabsa beoprawndady downstdgamOftddeseds
c (Sl yst ﬁed 12, to adsorb, at | east  the product ,
i ssUi ng TR0 He sEBBRd et LPSSRtBEY, PRI SoRRskdiBy efeRtain
fidadesdsorptéverbediios Be@ther treatnment, such as an

am ne scrub or simlar, to renove the remaining
inmpurities that have formed during the catalysis

react i ¥ty oNOxhi 2hesiene il t irehbyegdr esenta | hhitfe demlyst
Stg&am but were not stopped up to that point, 20 for
exanpl e nmet hanol, NH3 and C3+ hydrocarbons. It should

be observed that the adsorption beds nmay conprise a

pl ur _alf i y_ﬂlfu:fﬁlf f %Icﬁqﬂr;ﬁcﬁ@ﬁi f 'ka‘ec@de&H terﬁﬁsto f e g vided
R L G EURh RS R
bédaraprosmmtisse iasuphgr afirby othdi féecend cadwed)gés, bed,
onaon el o SRR MuSELRYRL "I TP amotner
MGG se Tl 38tan Taeinat akyybs ogs edniid aeacltofremove
t hdcCatahy $Hihgdsi mhave: Ads ORBLR | REyL eReLAIHr augflngf the

bet ween 100C and about 200C, ~an operating gressure .
b SiF antP BB AT, O35 VAR éetbdadsyapregent in

calbee fead né nnsanf buundesier aldte $EAGHE@NSPI RWOILHARY d#int,
angd CQ. Fi er-Tropsc nd net hanol
forﬁﬁtlgﬁﬁggacﬁéﬁéiol, 1 and %€+ Hyarocargons.

It should be observed that the adsorption beds may
comprise a plurality of different specific adsorbents
for each specific impurity, which may be mixed together
or be arranged in lavers.

Similarly, the first catalyst bed may comprise a
plurality of different catalysts, for example, a
hydrogenation catalyst and an oxidatioﬁ catalyst, or
may comprise a single multipurpose catalyst.

The catalysts used in each of the catalyst beds
have an operating temperature of between 100°C and about
200°C, an operating pressure of between 10 and 80 bar,
and are selected s0 as to cause a minimum of
undesirable reactions involving H, and CO, suéh as the

Fischer-Tropsch and methanol formation reactions.
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14 The adsorbents downstream of the catal yst bed 12

are used in TSA (Tenperature Sw ng Adsorption) cycles
wi th a regeneration terrperatére | oner than or equal to
250C, and are al so thensel ve %élected so as to cause

5 mni ' | ti h t.h
i Scher e Ao HBEREL B B S o8 o et ot | BRA 12
r euct i oned and T9de Bfeupeardureacivwiory Afieoadsbobenteycles
usgdtH Ny t PEGELAPRWDEK QbmbRaS a1 el RUGRL

r
adsorbing various gas co SURAS Tar e - 'Sel g{c}fgelg Pp, equal to
exatbFe PPEnPre plegpsherseilives keliesged spedistite cause a

sufifraGRinar 8 ahdebetrwegR 180t dd0s0BhY.as 8RLI MElRGer-
car bons . havi ng&a sgec fic surface area of 15 between
g

700 EREPr3oen tedi ISOERP YRS ALY h2apeert feactions
S wrfch ah eaBeardufuaride eyt 350, and 600 n2/ g, and -

zeolites having an Si/A ratio |ower than 12 and a

pore size higher than 4 A; cations called conpensation

20 cat iThes EAvsorgntse alkedi nenorthe afkamewersarof the

”ﬁh@en@ﬂ&POWQE!té&%defEQStiaf?HHin&agseeo PoddE  are
e orne

phase chem cal reactlons may d’ 25 - from an
" §&RFeO R SFEPPLi éFWH a support, such as, for

ﬁxaﬁplﬁTt@@| dlinfgnasi giaﬁﬁ,n§oadhgég:§eipd@ﬁoﬁ/§d@t Brea of
rotal ci.te, zing oxi titani um di oxi de, cerium
o%% ge%rl}la%égnggg %)Qi%dé“ me xtures thereof or defined
conpoantsyabed30arbbnemhavitactd vejearet it puetfapet ared of
abRRe QN Wiotohananq_g%?r Irpg)g‘pound to forma mxture or a

i ned d fined’

defined_ conpound. i conmpound means a substance
conpr Filagaa grhEl ehpHaBE and wRiechfign shsfeicer e agea of
CpRsieenhed58s aadPen® &BngouRdgl N the physi cochenica

35 sense. .The "act.ive" netal nay be a_transition petal
(Pt; BECLATESRRAWRO g1 BL/AE Tagio dowegt iy 14 and a
pore size higher than 4 A; cations called compensation
cations that may be alkaline or an alkaline earth

metal.

Moreover, the catalysts commonly used for gas
phase chemical reactions may be formed:

- from an “active” metal deposited on a support, such
as, for example, o alumina, silica, cordierite,
perovskite, hydrotalcite, zinc oxide, titanium dioxide,
cerium oxide, manganese oxide or mixtures thereof or
defined compounds, or

- from an “active” metal precipitated alone or with
another compound to form a mixture or a defined
compound. Defined compound  means a substance
comprising a single phase and which can therefore be
considered as a pure compound in the physicochemical
sense. The “active” metal may be a transition metal
(Pt, Pd, Ru, Rh, Mo, Ni, Fe, Cu, Cr, Co, etc.) or a
lanthanide (Ce, Y, La, etc).
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| ant hanide (Ce, Y, La, etc). 15 The catal ysts may
contain addition elenents or conpounds having an
indirect role in the catalytif process and which
facilitate it or increase its 5sfability, selectivity

or pro I Vi ' nber_ of _catal ysts.must be
activate éonéés%/?%e;s%égf bl uSEFH ef ItéLPncaFgFVngs or
C ORPEP PGS c dperng aran delndierestt | wodd denf otheascud ytic
angrheys mughabe wriguceg i i sidu, by;gontrol I -
h:;%ti ng.{n an at r‘FrDSinhere 10 oﬂ%ﬁ%r Qégn gjirloutlg‘gcrvﬁaf%e 1ts
anS T ¥Rt t1¥s, SRUBREA¥L LY PF oBEACUCERBL tat al ysts can

be used as such, such as platinumcatalysts. 15

Simlar]y é]§:r|%rtai n.ads rgents can be_used as such, .
for exdrpPEP&H £of - §Fate dMeET bbss, 2ahtYREeD on site
otthefere muste .befoegesmcarmab bel, befanfed e r cbhkatintisg, copper

S a LRAS: Or [ 20_ The .,macroscopic for
o ho LRI St SR AL s s (O A PBEY D e
catefyeed irasiiton bxeomntinsekledrbeasinpgsin ai fdtusdsphere
ofof hen{@A648AL S diQukBe CRLAYti4nSI RSyt 2¥as, such as
chenical reaction on the catalytic sites; and -
bdtKdi99%5i on of the reaction products. The overal |

chem cal reaction rate al so depends on the

arrang of .t t hree _nmechani sm. whi ch_depends ‘
30 on the §fzéx§%§i§ﬁ§%ec§Flt%§ cHP&FY sBSpafift esSuch as
t iEigtipomosiatalysts t he state of dispersion of the
catalytic sites (surface or core). Mreover, as the

chem cal, reactions may be 35 acconpani ed by

adsor ptiidniArne ¢eperin| adserbapras, chn bes usesbrasansuch,

t Eomcdkipheat shl aast enpregnbbeackae®n?f whereas others
must be regenerated before their first use, such as
aluminas or zeolites,.

The macroscopic form of the catalyst plays an
important —rule. In fact, the <catalytic reaction
comprises three steps:

- diffusion of the reactants to the catalytic sites;
- chemical reaction on the catalytic sites; and
- backdiffusion of the reaction products.

The overall chemical reaction rate also depends on
the arrangement of these three mechanism, which depends
on the size and shape of the catalyst particles, their
porosity, and the state of dispersion of the catalytic
sites (surface or core).

Moreover, as the chemical reactions may be
accompanied by adsorption or the liberation of heat, it
is important to include heat transfers in the‘choice of
catalysts (size, shape, dispersion of active sites in
core or on surface), including the support
(refractoriness, thermal conductivity).
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catal ysts (size, shape, dispersion of active sites in
core or on surface), including the support
(refractoriness, thermal conductivity). - 16

Enbodi ments of catal yst and orbent beds that can

be used to purify an H2/CO m xture according to the
invention are given below. 5 The first adsorption bed

may be Rgrmptimenritsipsti eaatadystn aed i wdsedbeartboneds  that

cc&H@ws@ Ngs £Q1 eésbumgd'aﬂefw? ﬁﬁ%grgo gf to. the
nmer cur arseni ¢ and sul fur owed by a second bed
c d Tt e BYSRRRLAO al umina or an acti vat ed

carbon inpregnated with caustic or with sodium
carbon t rem)v aci ds, such as H2S, HCL, HBr,

Bty SR 85k "PeR e B2t Don pE RS s trean
be:)ﬁ)bmal a@dtlﬁ)ramad hearbopacbataChCAg( Ato t£HSs NarRCBdide to

Ag:e%n V%A‘ 1§C?Iill% I,}Qs?l ToQERB%I%LﬁE}FI \F/aq%@%er%c 1% IO%ulfu.r,

Thus, to re n mercur Carbofs
i fsridgwackd b t I8 sgefondcaheBe cemOosedf epBnows REBHGwRted

ata INfilda A 4:864c @ivgggé‘ c§lr'§bﬁt 1RbEAGnad 5O vfﬁﬁp\ﬁeaus tic

H2S co ounda& use can be made of activated carbon
wi%th Eh EBpFEFoBREFeriCe FRIVBV @t ACKESit Such as HS,

ac—101vat emBrcar oW t BNozon BeRM C&GA or wmﬂaesecort@,@es of
ead 25 o

1 PR R et BpLARESRER 1oy 4o raRbrRtRer B (A

Heérs slfﬂ)woes AYY caBAbé 8fdde MORTI L i(RBHEd camdnRGM3) or
c@ital ni ng 6% by wei ght of Na2CO8 reference

Acti carbone AC40 from CECA, activated carbon 30

cont ai ning KOH reference Picatox from Pl CA, or doped

al unmi nanigf,er eacerSAS 85 hdrcPPr 9aah al Y8€r i Jor £8 M- bons

conp se C be made of activated carbon
SR -Sommans, Use ca0, be de of cagt rated SaLboans &
r@fceit\I@urua RE¥B,18&61 sturdBCR cBH@Iiad rerdzead oxi de

To remove H,S compounds, use can be made of
activated carbon with chromium-copper reference RGM3 at
Norit, activated carbon with iron from CECA or with
copper from PICA, or alumina impregnated with 1lead
oxide from Procatalyse reference MEP 191.

To remove HCl and HBr species, use can be made of
activated carbon containing 6% by weight of Na;C0s
reference Acticarbone AC40 from CECA, activated carbon
containing KOH reference Picatox from PICA, or doped
alumina reference SAS 857 from Procatalyse.

TO remove AéH_:, compounds, use can be made of
activated carbon with chromium-copper available from
Norit reference RCM3, or alumina containing lead oxide
available from Procatalyse reference MEP 191, or
activated carbon with iron marketed by CECA.
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avai |l abl e from Procat al yse reference MEP 191, or
activated carbon with iron marketed by CECA. 17 To
renove HCN, use can be made aof_the products of Norit
(RGM 3, activated carbon wit h”Cu‘-Cr), CECA (activated

carbon yw th_j ) I CA,. (Picatox, activat car hon

i npregna e%eﬁ\}é?% %EI-G’Ag}l.seS R e Ig%‘g%nagagggr E?Eﬁ’%u‘:ts of
bé¥hrifse CREMbe3 nadacbivageddecArabuni mathr ou-Ccr), CECA
Pr ; | val pr t fr .
o s e O E oM R R o L8 o tivates
c AR HRFIBrRYEhovi Hy G+ ¢ chlori des, use can

be made of a copper and nol ybdenum oxi de deposited on

zi nc oxj de hfor exanpl e C%Eal ]\{Sgiﬁgl from Slid-Chem_e

or catatyskPeu AU ENGRE hied 195 s CPRe Qi Pgde of
ads@Edd | on lddminse damnbe bradmteflvare ioWr egnateefhivalent
al. um s%qg C r Ud- '

or t ({e{ﬂ:ptr oduc q%’c% ir&;%a{‘&{)a%lﬁﬁeue SIACE%)Q%%%\%Z %CO% r%’%%'

or Picatox KOH from PICA. 20 As the first catal yst bed

for remvi Ry t y ar. .. SlC :
et hyl ene (%ZI—I%%,Cags ?ggﬁ%ﬁg telg%?h ?{)&{QO an léﬁan%é:%%nlc

( 1desyodies BaBedre RS yof depovi®d BRdamolybdenum
Ssupfdet depdisiatkd umh @dnd hexi@epdeetr HR4Rb1ErOPatalyst 61

Sa,.. -4492 S fraom.Sud- Chem e 5.the cat al yst
- SPOE SR HAE 6T A0 ol O Exgfo oS ieed.
Engel hard, T4492 from Sud- Chem e, or LK-821-2 from
Hal dor ALORSRe. Iga; be.Leanyved o
¢ 0 be ,d%%?l%e%(alrgm ,6’8?%688}{ g y{sglfa?e ot an

third catal yst ] cata
MeAPrEIEG taboval WPithe stighal §8t the 48B88dRebmC-92 C from

Esgel-tdlethi s dhe theurpRoand: f ifddl Rdsidd | gpabedsy Na,cos
use ca e made .of a grade activated alumna from
P&E@Hlt §|E§r§"e O35 Farah e U A B na from the

conmpani es La Roche, ALCOA or ALCAN, and a type 13X
zeol i 18 rOMUPL0r 48 o s SAILMASP 18858 2b5° ana
unsaturated hydrocarbons, such as ethylene (CyHi), by
reducing them to H;0 and ethane (CyH¢), a copper based
catalyst deposited on a support i1s used such as the
product H5451 from Degussa or T-4492 S from Sid-Chemie,
the catalysts references Cu-0860, Cu-6300 or Cu-0330
from Engelhard, T4492 from Sid-Chemie, or LK-821-2 from

Haldor-Topsge.

Any NOx present can be removed on a third catalyst
bed, for example, the catalysts mentioned above or the
catalyst Pd 4586 from Engelhard.

As the fourth and fifth adsorption beds, use can
be made of a grade A activated alumina from Procatalyse
or an equivalent alumina from the companies La Roche,
ALCOA or ALCAN, and a type 13X zeolite from UOP, or 4A,
or 5A from UOP. Use can also be made of a single bed
consisting of an alumina doped with an alkali metal
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consi sting of an alum na doped wth an alkali netal 18
such as Nat, or a single m xed bed consisting of a

m xture of alum na and zeolitg8 In general, the

vari ous adsorption beds may b 5 contiguous that i's

ju 0 ds in.the e ted by
co%?gsz%‘%n%% de%%n%re%gﬁg%fg nhl@?ﬁ#mégn JC% Rggof 2
st Bpstupgdrfi shamispepsdnagoadlise. be |ntroduced such

as scrubbing by absorption. 10 The vol unes of

adsorbents and catal ysts are given _for guidance,

because PhedCeehd & h¥aEdREent 2aFpoRtion beds may be

| npontigesuso hhatemnyeduabdpeBebheddPPent ikde Herdde or

sp fi roduct s rule, for a given case, it

caﬁgg ggnsﬁggFgﬁtFﬁF %WheQﬂﬂﬁﬁ?ﬁ%F%h a2 or BERPTPHEHBiOn,
15hegeingsanpproxicoeiehy mreaper.t |mmlt:tmeﬂh&=mwttmaty also
of ha P 0 enpv nt i t.

cab% gétEB?EES%prgﬁFﬁa?§|§grP%%%? b? F%#%rpﬁe cOntact
time or to the inverse of the hourly space velocity

(HSV) whhéhvios umiele ol Ao S er98s hﬁdb%altraq%%% pcﬁre given
rel.ated to.20 the vaql une_of catal yst. "The vol une

hopr
ofy%sg}:lé apge. HeaeUF S Fhite FEREREr 9hithe prerseREration
(tde EHSpuriied esdepentde areridiedr 88UI®) , thE @ﬁ:@ﬂé@‘tles of

Ctesssl B SEbsno et S o BT
Pre&s upe) CO@@#@GFE@@WEQS whe sgrsanhitie ofheidseraferttheco be
raiesenes GRiphdianscdQ, b roﬁ@%@%gﬁ%&/ :?%Qor(ﬁuantlty of

appl.ication. The contact [
a&gct AR R 9°pP6p6?tnP8ﬁQt whddguddra Ifélaft@rﬁlacq t¢aealyst

| Nisackbptoniharéhe pf@péﬁﬁ@onahs‘éod%@@%ntq{tﬂ heime or to
te&pera ure alo on the wvarjation 30 in

g he
L RS HeEEef | RE shaqnPRRIT: REStencimsn  Ghd REV Y HLon is
prigssureldmepnt Hgaeve;b Beor tgeserdr gaet i Rbur, related to

corghi t iR he £t ters gan bg,selected af
will. Ano?lf'rtnet Sgr\g@rre o be F%%en :S%Pmeac%g as gcan be
H‘eelaaBBCEoﬁtoenth@f lTQﬁﬂJ-‘rClltl énlet heressvved (thet hESV then

_ Olﬂépiindl:f die @asequse£fftdient so- Oncdhe ﬂ@°|émfg§sed in

25

30

35

l%"eglneés conditions, at 1 bar and 0°C for example (the
HSV then does not depend on the pressure); some leeway
exists in the choice of the reference conditions to be
selected for each application. The contact time and
HSV! are only approximately proportional, because the
contact time, in addition to the pressure, also depends
on the temperature along the column, on the wvariation
in the number of moles during the reaction, and on the
‘pressure drops. However, for given reaction
conditions, the two parameters can be selected at will.

Another parameter to be taken into account is the
content of impurities to be removed at the outlet of
the gaseous effluents. On the whole, the iower the
desired content, the higher the quantity of adsorbent
or catalyst. |
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desired content, the higher the quantity of adsorbent

or catalyst. 19 Certain steps can be carried out at
specific pressures or tenpergfures. Thus, adsorption

is preferably carried out"béioﬁiSOC, whil e catal ytic
reacti Qns. abqve 100C but_.be] ow 200C to 5 . _.
avoi d or t%ﬁﬁnfyr%%%gg un \élsi r%aebl ecaﬁrslcq%er- 2top?cth specific
siHA9SHUTRSact PHns Laymesmtaires he valhows beddscaptben  is
Plcerkidblys eveali dd ealyentpehapbey cor 'Em%%‘iteo.r $at¥lytic
that the gas__10 passing fromone to the other is
heBF S o0bPEE, RUFPFeY @r 10¢pandet: Hedewdi REOf® to
t eevoipd | wel topanbiimyzeonghdéonsawie t he RAEH PIAPEH  or
calalusis reopg:%riati ons. 15 As regards adsorption, in
c&rtai i cases, HE - adsor bent operates in a cyclic

manner, according to the TSA principle, for exanple,

to remye Water or urg. na. n lite, i .
ot her casé%, ?ﬁe g sorg%%f&?ég " |%%osé%$e"%gth ?%F$g in
| S9VETRdp|tHCad s ta dhasterQoadserpeprs when that the gas
I gaeRasicsarHeml idie €8F 1 8hA RGP BY sCORSLEEA0T0R cooled,

si ngl e conmpound either to carry out two catalytic .
r EREPEETE SIS U asSX PRy amBIcs Orda gy dricyenal® boRrimal
oxpgerting ethylitheons 26fpathadiddpaaiwilonst 0r0r da®alysis

car.r wo adsorption operations such as, for
e%gﬁ%ﬁgﬁbP%'adsorb CX2 and H20 on a type 13X

al um na/ zeolite conposite, or to carry out an

adsor pison raad el laISEdeAR | Oy f Lo PXAIR! Ccastlle the
de%gng%§|t|on of organochl ori nes and t%e a sorp?lon 30
of IFRECFESUPPEREEREL 1T Gt SXAMT dnarer hea EREERRBEJ O the

preduglr irefiene) c ef X868 ambl ayr € o2 rehwe avstaP! bl @dumina

fl art_of the, neth in Figure 1 of an indystrjal .
BB kn kebifren” gl ik U fedtt 1 ope EHeqrbant is
cdAiabasablhydrogbat cashonitondsi deepldcatl | &§St aong&resh
| gRYbb¥nselRchedf L@ hes saturation.

Certain beds may consist of a single compound,
either to carry out two catalytic reactions, such as,
for example, to hydrogenate both oxygen and ethylene on
palladium catalyst, or to carry out two adsorption

 operations such as, for example, to adsorb CO, and H,0

on a type 13X alumina/zeolite composite, or to carry
out an adsorption and catalysis reaction, for example,
the decomposition of organochlorines andrthe adsorption
of the resulting HC1, for example, on the Engelhard
product reference (0860T.

Figure 2 shows a simplified flowchart of the
method in Figure 1 of an industrial embodiment in which
the gas stream to be treated containing hydrogen,
carbon monoxide and at least one impurity selécted from
oxygen and unsaturated hydrocarbons, is contacted with
only one first catalyst bed 12 comprising a copper
catalyst, to convert the oxygen and the unsaturated
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oxygen and unsaturated hydrocarbons, is contacted wth
only one first catalyst bed 12 conprising a copper

catal yst, to convert the oxygep and the unsaturated 20
hydr ocar bon or hydrocar bons present in the gas stream

e t Cc a t a e
b o DI P ChresBh,? SFTERENGH Qirean
bat® TRE RUMECHS FR-F GRite Er@@ﬁ@t:% t BE SarkerEesanine of

5 B@twmse:tmwdzlm e2do°é:wa1@>faama %&&%M&% i bt ust LT?é@st 10
resent _invention pr severa possi
Py enEnt sPBRSE e o P e s GG et TRAE eipments
beas ntpihmrﬁmdﬁl@uredmm rially to treat a gas mxture
of the H2/ CO type to be purified containing

inmpurities to be removed. In all these exanples, the
initialThs commehes abeelow0% bllustumeeof tReandoresent

CQmefél?t 1 &ah{ dﬁfopég 169NSleHdrRd osBNANG AU yements of

n%rl ties to renove Mor eover, the configurations
gi Jdé’?towaélrde agdgpbgBtedPRAS t Hdlatas CAROWPRI r wBR | BRented
Imztchjstrﬁkﬂpl}actt@ t@éateae@&gcﬂneﬁtﬁ@@tafntng theco type to

duct t
o B XoRlOHING (RRutiEles Stat B8 FabPlied,
upstream (gas feed to be purified side) and the nth

adsor befyf Qﬁ.lcaﬁﬁéé’ét h& %sonethéot.‘ig{ %%]gr EQ@Stcontalns

downst ream (purified gas
FAERNBE ndt®® ik t h‘é%jemé‘i%an%f esHz t Wé’ldpr é‘é%:ur ethe | gpgmainder

r aich gt ey er ahatfiSatONghd i ORsSut{kide varbeuschedsad.
are as follows: - for the reactor 2: 30 000 Sn8/h, 20

barg, 35C. 30 for the reactor 8: 30 000 Sn8/h, 47
barg, Mrdcrer80Cthweheronnfl it charB giveﬁ amdlbw are

'a_té’gnﬁ']fer’le:?a{:g Eh%o%f)as £ c?ngéflggclzglé'n H QR 9% Teceptacle

mxture wth various I €S
or receptacles contalnlng the wvarious beds or products,

that 1is, the first adsorbent or catalyst is the one
located furthest upstream (gas feed to be purified
side} and the nth adsorbent or catalyst is the one
located furthest downstream (purified gas delivery
side).

Furthermore, in these examples, the pressure, flow
rate and temperature conditions in the various beds are
as follows:

- for the reactor 2: 30 000 Sm®/h, 20 barg, 35°C.
- for the reactor 8: 30 000 Sm®/h, 47 barg, 120 to
i180°C.
3

where: 1 sm’® = 1 m’

at 0°C and 1 atm, and 1 barg = 10°Pa.

Example 1: H>/CO0 gas mixture with wvarious

impurities.

In this example, the gas to be purified, in
addition to the H; and CO compounds to be recovered,
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In this exanple,

the gas to be purified,

in addition

to the H2 and CO conpounds to be recovered, 21

contains the follow ng inpur
mercury conpoun

) 3 : d
s S e

is, arsenic,

Or g3 &5 et eraat

met hanol

wat er,

&l

es to be renoved,
car bonyl s,
ggdrocarb ns

net al

t hat

plfﬁmﬂvg : b;/that

t S TSASBFGEESS usPRFCUrHe Slremsyidm of madedr ptearbonyls,
angh- g Bt ¥ b tledS tynien dhy

i
Beds_ Adsor bent o ntity %@I
PR P AR roPed A Qe ¢
| ayers) bed particul ar

RAT B T L abohy

i N8t

compounds in

Renoveiﬁg§u§¥

adsor ption arfu

bl gy ake

o)
Catal ys

adsorption (2 5 nB
Pl CATOX SHG 10 nB
e A _Renove net al

Ps T6F FOqRRF Using

Wéd;q$%§¥%éhﬁbons,

t Firs

Prideaat sigees ahon N f apdBerphposeanle catradamitc beds given in
N, S) by Engelhard retaining the

h%ﬁf@tprﬁei%:

First copper
compounds

oxygen and unsat ur at ed

Ret ai n wat er,

(CuB60T) produced b) Hydrogenate
hygeggar hons

nB8 inorganic catal yst bed catal yst

t he

Third G ade A

Beds Adsorbent or Quantity Role
Catalyst
First PICATOX CU/AG Remove arsenic
adsorption (2 5 md compounds in
layers) bed particular
PICATOX SHG 10 ™ Remove mercury
compounds
Second Grade A Remove metal
adsorption alumina from 0.8 m? carbonyls of Fe
bed Procatalyse and Ni
a) Decompose the
organic
hetercatoms (C1,
N, S) by
Engelhard retaining the
First copper 12 o inorganic
catalyst bed catalyst compounds
{Cu0860T) produced
b) Hydrogenate
the oxygen and
unsaturated
hydfocarbons
Third Grade A Retain water,
adsorption alumina from 0.6 m* methanol, NH; and
bed Procatalyse C3+ hydrocarbons
Fourth Zeolite UOQOP
adsorption Baylith WE 9.5 m’ Retain CO,
bed G312




adsorption alumna fromO0.6 nB nmethanol, NH3 and bed
Procat al yse C3+ hydrocarbons Fourth Zeolite UOP
adsorption Baylith WE 9.5 n8 tain CO2 bed &B12 22
Exanpl e 2: H2/ CO gas mixture exanple 1,

~additionally containing a sulfur conmpound (COS). 5 In

5in Table 2 bel ow.

10 angrdbubed (Poggat al yse a) Deconpose the

15

this exanple 2, the conposition of the gas to be
purified is approximately identical to that of the

gas of exampie 1$Mt_ﬁ9f&di0&§£'ym‘i&'ﬂ&gese £ Sukipbie 1,
10 %égguc - Thi,s gas can _be purified by usin
t hé ¢O8E COPtEIE3NG: o s Vaifdrrc stoaamaind i ven

15 Tabl e 2 Adsorbent or Beds

Catal yst Quantity Role PICATOX SHG 10 mi Renove

mercury First conpounds adsorption (2 Renove arsenic

| ayer s) Ibed iR CATGMGLEAG, 5 tile cooppoatision of the gas to

papki res Second ' . ted | pn_activate

b B R A B CEE BB TR Serby FEr sl Chni et OF the

G 988 Rhdssaprilen hl bitnaddicmanslly cembongles of Belfur
organi c '

N, S) by

Engel hard heteroatons (O, First copper 12 ni

This gas can be purified by using the succession
of adsorption and catalyst beds given in Table 2 below.

Table 2

Adscorbent or
Beds Quantity Role
Catalyst _ :
Remove mercury
] PICATOX SHG 10 m’

First compounds
adsorption (2 Remove arsenic
layers) bed PICATOX CU/AG 5 m compounds in

particular
Second Unimpregnated
adsorption activated 0.8 m’ Retain COS
bed carbon
. Remove metal
Third Grade A
] carbonyls of Fe
adsorption alumina from 0.8 m’ Y
and Ni
bed Procatalyse
a) Decompose the
organic
Engelhard heterocatoms (C1,
First copper N, 8) by
12 m? '
catalyst bed catalyst retaining the
(Cu0860T) inorganic
compounds
produced




10

15

20

catal yst bed catal yst retaining the (CuG860T)
“inorgani c conpounds produced - 23 b) Hydrogenate

A

Fi

m—h

t he oxygen and wunsaturated Bﬁdrocar bons Fourth G ade
I

Retain water, adsorption akFdmna fromO0.6 ni

met hanol, NH3 and bed Procatalyse C3+ hydrocar pbons

fth Zeolite UQP adsorption Baylith WE 9.5 M Hwlrgognate

CP2 bed G312 In this case, the additional| ptiesengeeaf and
COS requires regversing the orgder of the llayers o

t he
rst adsorptidn bed with regard to exanpl e fnsﬁﬁﬂfgted
hbove 5. all, adding a bed of an uni npregnat edhydrocarbons

cti vapgd-rgar bon  specidd ¢al lyjto renove tihe f
pnpounds. Exanpl e 3: H2/ CO gap mi xture of e%gﬁ%% ‘Ligter'

idi RASRFAYIPIC ot ALHMABA NFETDgRn GxBdES. 10methaniels NH; and
kanpl ebdd t he ¢onpasdddzapsef [he gas to |bespufjdicedrbons

;appouratel) |det|ca| To fhat of the| gas in
kanpl But addi #$Vrd® YOBonprises nitrdgen oxides
NOxgdsdiptibns @aspagbitie wriri fied bymusi g theetain co,
Jccess of adsor and catal yst beds given in
shgd, of fdsorpripn y g t

|
Tnlf\l Adchrhnnt ~yr DAAc ﬁlanfi

\L

—|U”\(D_'(DQJOQJ

J.UI C O UCI OW: T2 O—RESOFBehRt OT DT U S ot

Rol e Cat al yst

In this case, the additional presence of COS
requires reversing the order of the layers of the first
adsorption bed with regard to example 1, and, above
all, adding a bed of an unimpregnated activated carbon
specifically to remove these sulfur compounds.

Example 3: Hy/CO gas mixture of example 1

additionally containing nitrogen oxides.

In this example 3, the composition of the gas to
be purified is approximately identical to that of the
gas in example 1 but additionally comprises nitrogen
oxides (NOx).

This gas can be purified by using the succession
of adsorption and catalyst beds given in Table 3 below:

Table 3

Adsorbent or
Beds Quantity Role
Catalyst

Remove arsenic

First PICATOX CU/AG 5 m compounds in
adsorption (2 particular
layers) bed Remove mercury
PICATOX SHG 10 m®

compounds
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i5

Renmove arsenic First PICATOX CUAG 5 mi conmpounds in
adsorption (2 particular |ayers) bed Renbve nercury
Pl CATOX SHG 10 mi conpounds 24 Second G ade A Renove
metal adsorption al um na from%.78 nB car bonyl s of Fe

bed Prgcata&yse and NI__a) Decofipose the rgamc

het er o3EDME (A ,| N, G295 2 Engel hard ret ai|ni nkemeiee metal
Fi r sedsoppeiion] 2 ntlunangani-em cat algy.st mbed [Calaahyslils of Fe
conpounqqu (CUOE6OB_:}oc%{t%Ll§;C%d b) Hydrogernate the

hy han e

oxygem and—tunsatiuratet—hyatrocprbeonrs—Enrgel-hard—SecoHd

Hydr ogenate the | catal yst bed pal |l adi um 3 |n&} Mécwgeize the
oxi des catal yst] Third Gade Al Retain watar, roani
aflsorption al unmjna from 0.6 nB] met hanol, NH3 and" °Bed"
Procat al yse C3+ |hydrocarbons Fourth Zeol i|t eety@@atoms (C1,
aflsorption Baylijth WE 9.5 nB Retain CO2 RQed G312 d)Npy
this case, the additional presgnce of NOx{ requires

afldi ng a second cat%'}%?gﬁ’aﬁgd speci fical | y |t oretaining the

First - copper 12 inorganic

m
catalyst bed catalyst compounds
(Cu0860T) produced

b} Hydrogenate
the oxygen and

unsaturated
hydrocarbons
Engelhard
Second . Hydrogenate the
palladium 3w
catalyst bed nitrogen oxides
catalyst
Third Grade A Retain water,
adsorption alumina from 0.6 m* methanol, NH; and
bed - Procatalyse C3+ hydrocarbons
Fourth Zeolite UOQP
adsorption Baylith WE 9.5 m’® Retain CO,
bed . G312

In this case, the additional presence of NOx
requires adding a second catalyst bed specifically to
remove these NOx compounds.

Example 4: H2/CO gas mixture of example 1
additionally containing a sulfur compound (COS) and
nitrogen oxides.

In this example 4, the composition of the gas to
be purified is approximately identical to that of the
gas in example 1 but additionally comprises a sulfur
compound (COS) as in example 2 and nitrogen oxides
(NOx} as in example 3.
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5 renove these NOx conpounds.

m xture of exanple 1
compound (COS) and

exanpl e 4,
I's approxi mately identica

Exanpl e 4:

10 1
he gas to

H2/ CO gas

additionally containing a sul fur
nitrogen fgides.

t he conposition of

to that of the

nthis
be purified
gas in

exanple 1 but additionally conprises a sulfur
conpourfR o s agann exapplé £f2edndyni tebgen tixl dasceddsion

(NG ad@so it SRNPAE éat%@ysg hbédga§18%§

u I ng the succession
or

arsenic
particul ar

adsor

Q8 Ai

cataly

1fe'sgg, . by g s

WYn Tables 4 and 5 below 5 Table 4 Adsorbent

Beds Quantity Role
Renove nercury First conp
| ayers) bed PI CAT-

adsorpt i
G5 nB c

Cat al yst PI CATOX SHG 10 n8
ounds

on (2 Renove
onpounds in

Second Uni npregnat ed adsorption activated

0.8 nB'Retain CES bed carbon Third Grade A Renpve

metat—adsorptHon—atturna—+op-0-—8-M—carpormy-s—of—Fe
hed Procatal ysg aatbddibear @econpose the prganic
het er oat %%B . NeoaPhib¥e En$eIQ%ﬁq§1F§ta ni ng tkele
_ PICATOX SHG 10 m’ femove mercury
First compounds
adsorption (2 Remove arsenic
layers) bed PICATOX CU/AG 5 m? compounds in
particular
Second Unimpregnated
adsorption activated 0.8 m? Retain COS
bed carbon
Third Grade A Remove metal
adsorption alumina from 0.8 m’ carbonyls of Fe
bed Procatalyse and Ni
a) Decompose the
organic
hetercatoms (C1,
N, S) by
Engelhard retaining the
First copper 12 nﬁ inorganic '
catalyst bed catalyst compounds
{Cu0860T) produced
b) Hydrogenate
the oxygen and
unsaturated
hydrocarbons
Second Fngelhard Hydrogenate the
palladium 3m
catalyst bed nitrogen oxides
catalyst
Fourth Grade A Retain water,
adsorption alumina from 0.6 m® methanol, NH; and
bed Procatalyse C3+ hydrocarbons
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Fi rst copper
conpounds

oxygen and unsaturated hydrocarbons

Hydr ogenate the

12 nB i norganic catal yst bed catal yst
(Cu0860T) produced b) Hydrogenate
Engel hard Second

t he

cat al yst bedzpall adi um 3 nB cat al yst

Fourth—Grade—A Ret-aln water,

o+ s Ao
N1 ogeR—oOX+H6a€s

a
I

this caked the

dsor pFibrh al um nazdaldrae0u6pnB

YBRERRERTE 26 i) 2ol e

dditi@&@ﬂ presence of COS

met hanol ,

H3 and bed

%C:Lrl;]n COs,

requires

reversing the order

of the layers of the first 5

adsorption bed with regard to exanple 1 and addi ng a

bed of uni npregnated activated carbon,

2, white tﬂﬁ@re@&*ﬂ@? 0£hé0<aa&ﬂ@1<5&§16
I N exa

e@f e Ieninig it Fom First

cata

PR ORGL S EOLAYRL

o PB5 g8

as in exanple

F8geA
10 Hg(\?vevoeF oS

gla/@mrmtil'@tbl bell belthw cagate erpl exeflpleTabl end Hiding a

PI CATO§<P ‘ﬁ%{?ﬁf‘%@“ﬁ%ﬁ%vé%t&%

ol e

TR Chns

First

t i%h ConpEHmRES 2

( ZhElRr e merevenaesefi @IObcegra@@m@Xa@dm SamBadditional
C OIS ided Pad | £Ml &kample 3.

However,

if more catalysts are to be used,

the

configuration given in Table 5 below can be employed.

Table 5

Beds Adsorbent or
uantit
Catalyst < Y Role
adsorption compounds
(2 layers) Remove arsenic
bed PICATOX CU/AG 5 m’ compounds in
particular
Second Unimpregnated
adsorption activated 0.8 m’ Retain COS
bed carbon
Third Grade A Remove metal
adsorption | alumina from 1.8 m’ carbonyls of Fe
bed Procatalyse and Ni
Convert
First Sud-Chemie organochlorine
catalyst 3
catalyst bed yst Gl 6 m compounds to
inorganic
chlorine




Second Uni npregnated adsorption activated 0.8 n8

Retain COS bed carbon Renove net al

Third G ade A

adsorption alumna from 1.8 nB_carbonyls of Fe and Ni
bed Procatal yse Convert Fi rs€7Sri d- Cheni e
of ganochl ori ne %\,)ﬁllysh bea cat aryst—GI—6 18
cpnpogRAs-tho I Norg he 27 - Slid-Cheme
Fourth adsorpti onaa]résmﬂahmtt 4 n8 Adsg)rb HO G92 C
bled 2988&&d °Sud Cheryi € rogenat e40®° cat|al yé8spsl HC1
G 133 6b&im and|C2H4 ngél hard Third Hydrhjogenate the
palladi um 3 nB ¢atalyst bed nitrogen oxi dg¢s catalyst
H fthsa-age A Ret aéﬁlil’@{ adsor ption allumg f
0l 6 nB_met hano) ‘%ﬂﬁ+ bedsPabcat al yée ogedlite o;
h e th ,@eé|3|3te P _adsor ption Baylardh CaBs
9.5 nB Retain O2 ghed1G3ld
Third i 3 Hydrogenate the
palladium 3m
catalyst bed nitrogen oxides
catalyst
Fifth Grade A Retain water,
adsorption | alumina from 0.6 m’ methaz;ol, NH;
bed Procatalyse and C3+
hydrocarbons
Sixth Zeolite UQP
adsorption Baylith WE 9.5 m° Retain CO»
bed G312
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-28- Cains 1. Anethod for purifying a gas stream
containing 5 at | east hydrogen (H2), carbon nonoxide
(CO, at least one netal carbgnyl and at |east one
inmpurity selected from oxygen (02) and unsaturated
hydr ocarbons, in which: (a) the gas streamis
contacted with a first catalyst bed conprising at

| east one catal yst 10 cont ah{jfgscopper, in order to
convert at |east part of tfeoxXygen and/or at | east
one unsaturated hydrocarbon present in the gas stream

ta one or nofethabalfssd gauzpirgemgsa JasA gteﬂ@@fﬁawheammg
of b at_a ress

L4550, veteghien oy EeinanBPRaRE Qo it edenst
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char act&%@ t% an@%ﬁtﬂ%ééﬁ%%@{?ga#goég ml Wthh
120C an‘dil)180f(1:1e alg@sor stFeapy edsur @Omaﬁélaﬁeewlli@ aﬁd first
1%éﬁﬂlysﬂ”*ﬂéﬂabemﬁPQBEn%O be 5@e§§% %neThéaﬁﬁiﬂg@

as clai.ned in either of clains 1 and

c PRV CPRPhat 1R her g8%, tRo lﬁqr’;}’%f&ac%t vEFRRFpart of
i$HmHOM¥geﬂoaﬁdabd B ExSnBbthenBngereirertadd yhydrocarbon
1900 0 [hinB8, 4. The nethod as
?’%%% t’lngglne&g %O g‘gi%etao 3t° S%n%har acf“ce())rl ze""c'l‘fitalySls
t paedulegsgasatt raeahelam%nat:@nealqﬁ batween MR®C and 200°C
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conpounds, "and _in that gas streamis
cont act&d weehda %%“coﬁdl'-reélé’t akgstcoraebedorviit & second

| aasbrpafilord! B o orgasvessl fut, Arganonidfiegenetal
and/ gg organochl ori ne conpounds to organic

c6fp d-and to polar inorganic conpounds, and 29
(c) the gas streamis contacted with a third

2. The method as claimed in claim 1, characterized

in that the temperature is between 120°C and 180°C
and/or the pressure is :between 10 and 18 Dbar,
preferably about 20 to 50 bar.

3. The method as claimed in either of claims 1 and
2, characterized in that the gas hourly space velocity
is between 1000 and 10 000 sSm®/h/m?®, preferably between
1000 and 6000 Sm’/h/m’.

4, The method as claimed in one of claims 1 to 3,
characterized in that the gas stream also contains one
or more organosulfur, organonitrogen and/or
organochlorine compounds, and in that:

(b) the gas stream is contacted with a second
catalyst bed to convert at least part of the
organosul fur, organonitrogen and/or = organochlorine
compounds to organic compounds and to polar inorganic

compounds, and



adsorption bed to adsorb at |east part of the

i norgani ¢ conpounds produced in step (b). 5 5. The

nmethod as clained in one of clains 1 to 4,

characterized in that the gas2$ream al so contai ns HCN
impurities and/or at |east one conpound of an el enent

sel ect edchr otheheggs ouptfermedisy eenrcaeyedsuitur, a third

ch s el %@é&ﬁ'}b br@m Nga8Rd QeFERRYUMY
%85b85t165h2§é8(d) salﬂﬁgas gtreanﬁls é%ﬁ{acted mn?h

a iPPEPanigs SOPPCHR IS ® TSR i AC9Ra®R) part of the
HCN i mpurities and/or at |east one conpound of at

| east one el ene sel ected from t.he grou b

5 ebeury TR MUY (A of L Atholy dom e @8 (Pl fRfs™ o 4,
br onapeacaed i zger nani tilat 6th&hgaxet siadeas glapnednitmins HCN
On?mo{lrglteigggo;r%épo CH%%%%G 2ed gl LA cgf]eaﬂa%lement

stream al’s dal Ns a't: one | trogen oxi d
~ (Newlecsed i firomat thef )gsenn gﬁ@r@eded@m NTEHIEE ecﬁulfur

W ER1 8-t Biel d ar6abBld Sts dedh £10n COP¥ERhinat aheagleraR@ium, and
nitro en oxi de present in the gas stream 25 7. The

10 neiRoBl&&:claimed in one of clains 1 to 6,
charact qgl)zegaia tdwd sitepsn( a)isandopthcaed divsthnca. first
8. _The t.hod clai ne 0 o 1 tQr 6the
haraerBELoty e TkB b VBT Olefif) Bark 1r Sehe
30HON Thpumsttied andcd redd leadheoneé chabpund g &t least

ChéflgCteﬁrérr?eq'g: cﬁb&é@tﬁ.ec? NeSHAP iR » gAlug e@éi‘mgér byOfmercury,

t he "oxygen an east one unsaturate
15 hygndéarbon GREOTERRYer CEEAH Gat PP igfpducpsonine  and
seheehgdilaom water 35 vapor (H20O), carbon di oxi de
(C02) and/or al kanes. 10. The nethod as clained in one
of clains 1 to 9, characterized in that the gas
steeam t 0 MhesepalaidehS0clabned i di9s bcyfvolLaﬁmst d to 5,

9OW | ume of H2, é; \Y; 0% VALURE s e ot
7 %#gﬁ%er&ﬁe%onnaql tI]i i€ ne&!‘ig n%ttr%a%l 8.P§o 9: in
20 1east one nltrogen ox1de {NOx), and in that:
(f} said gas stream is contacted with a third
catalyst bed to convert at least one nitrogen oxide

present in the gas stream.

25 7. The method as claimed in one of claims 1 to 6,
characterized in that steps (a) and (f) are distinct.

8. The method as claimed in one of claims 1 to 6,
characterized in that steps (a) and (f) are combined.
30
9. The method as claimed in one of claims 1 to 8,
characterized in that in step (a), at least part of the
oxygen and/or at least one unsaturated hydrocarbon are
converted to catalysis products -selected from water
35 vapor (H;0), carbon dioxide (CO2) and/or alkanes.

10. The method as claimed in one of claims 1 to 9,
characterized in that the gas stream to be separated
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11. The method as clained in one of clains 1 to 10, 5
characterized in that the gas streamissuing from one

or the other of steps (a) or éf) is contacted with a
fourth adsorption bed to renov@ #20 and/ or CX2 and/ or
optionally CH3OH and/ or hydrocarbons fornmed during the
pagg%E%%n%vép%t Y ceehipRet tRedd® dpid/ vplumecfbing M by
stepline r esaoyes tbe EORuRBdLEr cbhenaet Bpaabnkheyei fethane.
particularly an am ne scrub. 12. The nethod as cl ai ned

in one of clains 1 to 11, characterized in that the
gaslst reariie mebhedt ed rdadmedl5n east afmeclaims 1 to 10,
COBREESSLEP: 2LEP s ciibe! ERAMA, slepedd) 1888:hE WHAD one
all or part of the heat generated Fhe conpr éssion

of O¥ h&het Ay sofisédeps r Balchorhd fdesis egontacted with a

tefpereh UbBsorption bed to remove H,0 and/or CO, and/or
optionally CH30H and/or hydrocarbons formed during the

passages over the catalyst beds, and/or a scrubbing
step to remove the C0O; and/or the methanol therein,
particularly an amine scrub.

12, The method as claimed in one of claims 1 to 11,
characterized in that the gas stream is subjected to at
least one compression step (5) upstream of step (a) and
in which all or part of the heat generated by the
compression of the stream is used to reach the desired
temperature.



