(12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE
PATENT COOPERATI ON TREATY ( PCT) (19) Wr | d

o end B G SRR SUBAIARRIR AP A Mmoo

. (19) World IntéiRBa1 PPohert? 0FRRA (151) | ntagaal i onal pat ent
( ) el assi ffbgafl oh 7 0018 3YENRDOLD 53/ 86 (21)
i""-

IP‘ﬁP"élP‘f?bft"‘i‘fE?Hal appl | catl oMKGWITE . PCT/ FR2004/ 001448
(22) International filindy ‘*F. ¥ 10 June 2004
4). (25) Language Ot filing: P 10).. I
“3) Imemamf”’]ﬂtp "'Qhr‘f%t ggn')ael publ i cati on g er WO ZOCSELEI5 1'&85%'5’ "ﬂlpula'ecam" number
23 Dec@phey 0# (23]12:4894) pour ]' Et ud ]' Expl oi t aWOn 209:4/110923 Al
Procedes, Georges O aude, 75, quai d Orsay, F-75321

Pari s Cedex 07 (FR). (72) | nventors; and (75)
{51) Internatmnglm@pﬁc@p%ﬂcp@m i cants (TOEBAAPy) : Hal W"B‘ER‘P@D pourNZFtusle ¢4 I'Exploitation des
BOID 53/86] FR/ FR] ; 44, avenue Charles V, F-Toopidse GCRT(S efipudg Jp, quai d'Orsay, F-75321
Marne (FR). MOREAU, Serge [FR/ FR]P"‘“SCZ’Q‘?" )du Gener al
(21) Internation&DaPHHIRWNS nuitbef 8 14 8cWekdogayeo1 Msl |(%§g| bl FREYSZ,
nve (1)

Jean [FR'FR]; 3, rue Qverle, can (D(S éy HAIK-BERAUD,

. 1. . Franc 6,
.(22) Internatmné’_%lﬁ%kbe. AT engdls ﬁ?ﬂl%[}ﬁ AU avbﬂu harles V, F-94130
o:,éﬁt OREAU Serge [FR/FR];

-. (25) Language oﬁfﬁfﬁ?“e du Petit Par e, FF%AL% 0 VZQCQEU‘]Q@ E al EE(EI%Q& F-78140 Vellzy-

: Language of publication: FrengRobRXFIOBFREYSZ, Jean [FRFR]; 3, rue

(26) Language of @ibfidatitsd t O the priori tYFreQ:ﬁ/ 07, @1l F-67600eSelB@3(FR). JANTET, Frangois

(11.06.2003) FR (71) Applicant (fiER/FEL b6, d@sCrAiead Lice, F-80000 Amiens

(30) Data relatingit@theprigitgept US): L' AIR LI QUI DEF})AROBR]Y, Avdedy §EREFR]; 32, avenue du Petit

03/07,007 Anonyiluge 2T @Le@I0ND et CoRRei | (FA)F-RepY GsmmcatrRy e:

PITTIS, Qivier etc.; L'"Air Liquide SA 75, quai

(71) Applicant @r(yﬂséayw,gnwgg@le)pmt,%?) CheMdE o7 @z senfagmﬁtl’i’ﬁng,OOWr etc.; L’Air Liquide

: LIQUIDE [FRER]; %@@]Ang@'mﬁlalq;ﬁcé(ﬂre et Conseil 5 quai d’Orsay, F-75321 Paris Cedex 07 (FR).

[continued on next page}

As printed
{54} Title: PURIFICATION OF A MIXTURE OF [1<SB>2</SB>/C0O BY CATALYSIS OF THE IMPURITIES

{543 Titre : PURIFICATION D'1UIN MELANGE Hy/CO PAR CATALYSE DES TMPURETES

-

S

">l

1

""“*—13

{57y Abstract: The invention relates 10 & method for purifying 4 gaseous flow containing at keast bydrogen (Hy), carbon monoxide
{CO), a metal carbonyl, and at least one impurity selected from oxygen (0.} and unsaterated hydrocarbons. According to said
method. the gaseous fJow is brought into corttact with o first catalytic bed (12) comprising &t least one catalyst containing vopper, in
order to comvert at least part of the oxygen andfor af lcast one unsaturated hydrocarbon in the gascous flow into at least one catalysis
product, at a temperature between 100 °C and 200 °C and at a pressure of at least 10 bar. Furthermore, said gascons flow is also
brought into contact with a second adsorption bed (9} in erder to adsorb at least the carbony] metal.

(57 Abrégé : Linvention concerne un procédé de purification dun flux de gaz comenant au moins de I'hydragine (1), du mo-
noxyde de carbone (CO3 on medtal carbonyle et abn moins tne impurelé choisie pumn Poxygene (O;) et Ies hydrocarbures insaturés,
dans h.qm,l on mel en contact le fux gazeux

WO 2004/110923 Al

[continued on next page]




(54) Title: PURIFICATION OF A M XTURE OF

| I <SB>2<JSB>/ CO BY CATALYSI S OF THE | MPURI TI ES (54)
"“lI"itre.: PURI FI CA H2/ CO PAR CATALYSE

DEES | MPURE f ES 92“@‘)&%@&We i nvention .

relates to a nethod for purifyin gaseous TTow

: (81) ]lc)e:;gl?telfs S?Ln%ssnog!{eatxje rln tted Zi(}rongnag %oﬂﬁ{ﬁg FR, GB, GR, HU, IE,
ind of nati bro ila SE SIL, SK, TR
 AM, AT, A3E 2‘3@4%%@@@%%9 Qf %F ¢ ca, cL CM GALGN. GQ, G)worélil
* . CH, CN, COY & QaRchons DKAQQPDQ"EEQEEO sai R et H9dp, %%5 us
EG, ES, Ff, bB\AGDsGlbrgwgm HOHY, gont.act wit h a ti'nt cat aI yt| c bed
IN, IS, IP, KEG, PYRR) K54, g, 1, Lha%LTone Cat al yst Cont al nl ng
LU, LV, MROMPENM(G, MR, MBJ 1der, momzpmwe
NI, NO, N&xgMeG, RHPIaPTaRO) BASL, shie Uns gt ” ’%f ’@ f,‘ FPBdn
SE, SG, SK.Ié, §H<Bolid, TNOVR,iTT, GZAUA| OSt G 0 & & X ior, Olﬂ, (;)’EF ztfor amending the |
UG, US, U%ttVCaVNe\‘ﬁb ZAaEMI W bet ween 100 Cc b € reﬁzén f in the &vent of receipt of
' pressure of at |east 10 bar. Furt er m)re sai d gaseous
(34) Des:gnatedfsra&ﬁ,(z{ngssa)ghg@wsemdlg F§P’o contact with a second

kind of ,, " “‘Hé‘éf”‘{} Pﬁ paﬁe'ae FoF ¢ a"d@’ﬁﬂaﬁ"'htof (g1t codes and. the other
. '(]‘BZWUCC:HZ \g bbrevlmtzf)rﬁ § re%z’ﬁ eoé eneéplg(ﬁnons ("Guidance
rasi pat t the b h

‘KZ, MD, Rgr 'P E@ E@%} aatent A g rega ar edrt:on Fﬁéj; %Eéqjifgofz égmnmg o eac

(CO) Net met aI car bonyl e et au moi res une inmpurely:
choisie paim |'oxyg?tte (O?) etles hydrocarbures

i nsat ures, data | equel on nmet en contact le flux :
gai eux [conti nued on next page] WD 2004/110923 Al (81)
Desi gnated states (unless otherw se indicated, for
every kind of national protection available): AE, AG
AL, AM AT, AU, AZ, BA, BB, BG BR BW BY, Bz,
CHCI\ICOCRCUCZDEDKDMDZECEE,EG
ES FI, GB, &, O, GH GJM HR HU ID IL, IN IS
JP, -KE KG. KP, KR, Kz, LC, LK, LR LS, LT, LU, LV,
MA, MD, MG MK, MN, MW MX;, MZ, NA, N, NO Nz, OM
PG PH, PL, PT, RO RU SC, SD, SE, SG SK, SL, SY,
TJ, TM IN, TR TT, TZ, UA, UG US, Uz, VC, WN, -VYU,
ZA, ZM ZW CH, CY, CZ, DE, DK, EE, ES, FI, FR -GB,
GR, HU, IE IT, LU M N.L, PL, PT, RO SE SI, SK, -
TR), OAPI patent (BF, BJ, CF CG CI CM GA GN, X
GN M., MR NE, SN, TD, TG). Publ i shed: - Wth
International Search Report. - before the expiration
of the time limt for amending the clains and to be
republished in the event of receipt of anendments
(84) Designated states (unless otherw se indicated,
for every kind of regional protection avail able):

ARI PO patent (BW G4, GM KE, LS, MW MZ, NA, SD, SL,
Sz, - _ _

. avec un premier lit de catalyse (12) comprenant au moins un catalyseur contenant du cuivre pour convertir, 3 une température com-
prise entre 100°C et 200°C et 3 une pression d'au moins 10 bars, au moins nne partie de Foxygéne el/ou au moins un hydrocarbure
insaturé présent dans le flux de gaz en un ou plusieurs produits de catalyse. De plus, on met ledit fox gazeny aussi en contact avec
un deuxieme it d'adsorption (93 pour adsorber an moins le mét] carbonyle.
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TZ, UG ZM ZW, Eurasian patent (AM AZ, BY, KG Kz
- MD,- RU, TJ, TM, European patent (AT, BE, BG For an

expl anation of the two-letter codes and_the o
dﬁéh%ﬂ#é&*Qﬁﬁﬁ reference is nade to thép%ﬂé%ﬁééﬁiéﬁﬂ}448
("CGuidance Notes on Codes and Abbreviations') at the

begi nning of each regular edition of the PCT Gazette.
aver un pr.em er I|t de gatal ,

a une tenperature cow+ mnnnnnnmm% 1 00C et 00C et d
one pression d au noins 10 bars, au nobans une panic de
| “oxygene et/ou au nons un hydrocarbure i nsature
present clans le flux de gaz en un ou plusieurs

produi e i@ @k dl¥Sereldies PkS, a Ohe¥Bbdl bt bt fying

gazeux aussl en contact avec , un deUXI ene |it

dIa@s GRIPEFOFES O)MBUY adsBHIFMIRY noi 9 hefgd  carbon
CREDOYHS, YA ]ééﬁiéiﬁiﬂfﬂﬁaﬁékﬂﬁté48and optionally

PURI FI CATI ON OF BY. CATALYS| E
%ﬁﬂﬁ@#ﬁ%ﬁQS’W?quqﬁuu#ﬁ A ré%gfég) %ﬁ%.ﬁ%?hgﬁﬁﬁgﬁe£ﬁ Ly
peit+ f yd g 1rr@a$1m:u.)etsu res i nlenooett,ai pangl dybeoyen oxygen

_carﬁ?p% Illqgsgt)ﬁ%:on & w %%%§?ﬁ/cq3 |c}1u£r:§/ b:nd

pol | ut ed by 10 various inpurities to be renoved,

parti cph@r hy/c%yggg maRd(ebsURSR %@tﬁﬁtﬁyﬁé@cahb@a&mus
and/ or The / CO gas mixtures can be obtained in

v%ﬁY%uSPaﬁgy%?li%&¥icularly 15 by steam or Q02

ref orm ngpy byt@@mtdnalc@zxix@&toimﬂng byvmpeed iplocessesion,
such as the ATR.(autot I 0

whi ch T SPh BORBIGtPOReF- ot BHFT e S Anard SR
axe fathiong) usinuregaseswbich abs met ﬁamblﬁﬁtéﬁﬁar%f Gteam

gP o fo i & aI SbéffféiO%xﬂﬁa&ﬁQﬁyerﬁglﬁé Waslk® O0&Sch as
owns CO

trea acety ene plants. The proportion of
i FeElpeRe ¢E/%K?®$§tLﬁ%s varies, according to the

oper at L ngyCQIul1l | 981 £ 28at Y Cakl wdietnaen Saanda568 gas
by vol une. Mbyeover ap from hydrogen and CO, the
NPT PR Pﬂiﬁﬂﬁ% often conprised in the

nixture, in variable proportions. 30 At present,

Severa$thtﬁ%gﬁ%}y@@nargfawﬁ5laﬂ&e Eﬁgse H,/CO mixtures
varies, according to the operating conditions,
typically between 5 and 50% by volume. Moreover,
apart from hydrogen and CO, the compounds CHs, COz and
H,O0 are often comprised in the mixture, in variable

proportions.

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

- pure hydrogen, which has many applications,

- pure CO, which is used particularly for the
synthesis of acetic acid and phosgene, which 1is a
reaction intermediate in the production of

polyvcarbonates, or
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_ pol ycar bOF&&&s or WhiGh- §&s, awnPHFLtde

upgr adi ng H2/ CO m xtures, that is, par.ti cularly by

'produci ng: - pure hydrogen, which has many
‘applications, - pure CO which is used particularly
“for the 35 synthesis of acetit acid and phosgene,

which is a reaction . nternediate in th péﬂgfj#ﬂ teIdI%EX fre
A GRHuE w&eh N oldl e-hedsw oy C@o(L?amé5%th/eaﬂm1€em¢pr the
usea | e for etgg‘ ytanol, for exanple. 5

S\ )puoqa sS's well known. Thus,

the Fi scher - Tropsch synt heS|s has been used for many
years 88 Ryxthe EOUSO%M known.
reactl%%%g%: anlsm %)Ffa}}%g 5 +ne H + nCO ---+
CnHm + nH20 ( | ) A vari ant perta| ns to the formation

of netfane, cikal begcﬂefh@ﬁapsen, s@@t@%&@él hed Hyech Ased

MIls et al, 15 Cata sRev

FOTIHARY, YeArsS Fef PE%—Pé s %%aCFP%%‘%mg

(ddact i mettfhmiom @4 + HZO( Il .20 Car bon

nmonoxi de can al so deconpose by the foI | ow ng

Boudouard reaction (I11): 2CO--+ C+ C2 (II11) 25 In

gener alm/ ZnundhousnRet at SCiéan+b8H0usldd to  catal yze

the formation of hydrocarbons from CO and H2.

Exanpl es include the follow ng _net : Ir,. Rh i

oo O PETiRBE MELIRENS, Chg I e FARRLGT G Methane,

Eiasqu'&i ,grgé'thérﬂa)tpﬁ&h(s aael BesarhblbéybyBlgenmst ey &0l al,
1925 5. _The t hano o] ion r [ [

éias?]cyasrlrﬁ e%‘g‘”o% * oh°nu r’o[E me%al g'gglghcgleie‘Lﬁ{;;gt &3 230,

capfflerct @5 by Ghet ij-]ZowiﬂgSHfﬁaett(JIO@ (Fdrt:hernore, it

may al so be necessary to purify the H2/ CO m xtures

“for the purposes of their downstream

CO + 3H, — CHs + H20 {II)

carbon monoxide can also. decompose by the

following Boudouard reaction (III):
2C0 — C + CO2 (III)

In general, numerous metals can be wused 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, — CH;0H {IV)
Furthermore, 1t may alsc be necessary to purify

‘the H,/CO mixtures for the purposes of their downstream
use, by means of specific reactions that can be carried
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-under st andapl e t.hat catf&gst

"use, by means - of specific'reactions that can be

carried - 3 out using specific catalysts for each

"specific impurity. The nost_comon inpurities to be

renoved include 5 02, NOX” ahd unsat ur at ed

hydr ocar bons, partjcul arl t hyl ene. The H2/ CO e
A& ur B§18Fso *HﬁalFétégﬁ?gﬁn %%?alf?ﬁhboiggﬁg?flc
Suglureisyercury (Hg), arsenic (AsH3), 10 sul fur (H2S
thiols, thioethers), hal ogenated conpounds (HBr, HCl1
organi ¢ halides), iron carbonyl Fe(CO S5 and nicke

car borHe NR¢©O0) 4ommieinc hirahutl b &l sBob&er erfgiated olpgtude
@t al ¥gfy PYRPNS; BV ¥-S0=Pe RPELHRLLEESs, lpagHebudsrly
arfti nony, tin, bisnuth, selenium telluriumand
RiFmplengn whose presence depends on the carbon-

containing raw material used. In general, inpurities

can be renoved froma _gas .20 by adsorpt] y :
cat al y$% of2/5fP an’§}l§5}gf’§5| eagﬁé’)r/ﬁ ca Ca%)lréerg%hn]éxgt  contain
s 1 ide porond | esudRGeantefddrgariHbe , r ersesd c f(Asii) .

. b i 2 -
R DR SR SR Secitien) onBEb LA, Boa Sompounds

*“Ze . , ) ies 0 t¥pe
c@fBthe H@Hucedganich&alddasot iy exEPeRny| ERdCO)s and

ﬁ:ﬁ{ﬂ%&é&n 451,83y MY@Pgenaheent ghalikangssoShbel kambyed.

al ogenat ed conpounds, mercury or 30 sul fur present

in a gas can be renoved by adsorption on specific

adsor aiies: tataeysrplgoishesi mahl yalseatted eacbunsezdd,
carhons. Myreover, certain ou h i.C
D a1t PO e, RERTRER S Eenttlil 28120080 ana

agepoumidsn andvioshal Dyesanse | depgadisc cvhpothds, cRRbON-
agﬂﬁégugéw &Ahel rusdsequent renoval by

adsorptio catal ysis or another method. In practice,
the order of renobval of the pollutants present in a
gas i siangeA®est antinbasti®iesThish bé remeesd Yfrom a gas
by adsorption, by cata is or by any suitable chemical

treatment.

.Thus, the impurities H0 and CO; can be removed
from a gas stream on adsorbents, such ‘as activated
alumina or =zeolite, whereas impurities of the O; type
can be reduced in the form of water and ethylene

compounds can by hydrogenated to alkanes.

Similarly, halogenated compounds, mercury  or

-gulfur 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 compounds, in

.:'order to facilitate their subsequent - removal by

. adsorption, catalysis or another method.
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5 "poi sons" nust be renpved u_pst'r'eam of the catal yst
or catalysts that they are liable to affect. -

Simlarly, certain products resulting from catalytic

reactions nust be renmoved dofinstream 10 particularly

by adsorption. This ap ‘in es, for exa?‘pl e, to the- h
conpoukBls RXEHIF TR B BduEEBy c8fal iT®VdeacPfondhe
cpbliedanuts bpebbatpirsengesoisO2n bmproanct Sactor.

i ssui'ng from hydrogenol ysis reactions on organic

halides (HCl1, HBr) that nust be adsorbed before 15
reachi igushe Hydisgerasibn camdsinpdandeblehi Ehathegatalyst
regB?%Sﬂg"a %%ng% féﬂbbé&l%ps%&e%n?qg§'ﬁﬁe_W@k@&yst or
nmust ed e

e adsor ore CO2, "because water is a
persahysEs ERRE thevadser bedble Al orpfPoh- and
catal ysis can also be carried out alternately or .
si mul t aneopusly. For exanple, ethylene can be..
conver?é@lgﬁFiVytic&?F§gEB et RAREVE-be éﬁ?%ﬁﬁ€§9 25frOm
oOBagalgolitct e Belsotbend , emushot hbei nut¢moeeds| ydownstream,

shor a.recurrent pr ari s I i tL.l
o0l PETH R RAtREN TR TS, Bl | MU ieinne,
stpi eshef crfpownrds dhOcasaflytG@: ppredeesd. by £aglytic

PLESLeeoRsdebrr9B8 8UEhihhahel BeeBBhEEBNS£0D, Oy products

product are renoved upstreamthereof, since the .
r eBELEBAs TRA% nghYPEEECHRSYFLam SRR THeel vEE  Organic
gpaeiake ot(men, peimons tipdt presseat be t kelsgadad before

treated. 35 _Moregver he.catal ytic, reactions used t

r EfiBY lnghetFﬁpﬁﬁ}’??%%é%%%%g%oté{%%%%‘é&?hefcgpeac@o% o?c hey
t hepkRs€Qr gapombrnure to be purified. The sane

applies to the adsorbents used, particularly during

their regeneration at high tenperature. Thus, eth

en
hydr ogEhliiaalrat A% ss, Z8HIIME ar WatesmiBHYy Bgsetfigroed
phaktbpem deposi bedaoBedl Wavda |@ad atopdison for this
Fi éCheﬁ_ Tropsch reaction (reaction (lI) above), 5 with
t RESPEPAREF on of hydrocarbons, particularly ethyl ene,
whi ch may be nore concentrated at the reaction outlet

than'ahdgggpkggﬁtaﬂ&“%a&éﬁyéf%tgsng%iso be carried out

alternately or simultaneously. For example, ethylene
can be converted catalytically to ethane or be adsorbed
on a zeolite adsorbent, or both simultanecusly.

_ 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 of the Hy/CO
‘gas mixture to be purified. The same applies to the

' adsorbents used, particularly during their regeneration

‘at high temperature.
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- before reaction. 10 Sinilarly, certain oxidation
- catal ysts cause the formation of nethanol that nust

t hen be renoved domnstrean1?f the catal yst bed. In

ot her words, these suppl enentfary reactions have 15

the result of generating additional reaction products,
not present in the initial gas to be purified, which
nmust Behusnoeelybgnadiydgoigenatdwns toaszmyystal i which are

resenrpjyt&ﬂ}%Ea \Hﬁtﬁaﬁéi’nwa§gégg%gdpgd Uéﬁ%f'na, lead

e inti urt hernore, Cer aln
dﬁ%oﬁbeﬁﬂ§cﬁﬁ§ €W§E§§§blﬁea§F%@@ Lﬁ%ﬁa@¢kﬁnls i BReYE! -

regener ahieon, EYRRIERsn Obler %wb&@rw&g@ner @taeelbmarly
TSA}%;E erature Sw ng Adsor tlon) cle % g tth
RirPrER e rELRBr al'P¥n I%Nwg %]F%t he? ©

r:ﬁwnﬂcm | ot Das ﬂhanahso thbse‘Jnflemontta-La*t Tonpomndbie gas
%ﬁ etor act chem cally under the influence of the

Erarure” %ﬁglcatalytlc power of the 30 adsorbent .
(Flscher Tropsch reaction (1) and Boudouard .reaction

(rer) é&ﬁ%ﬁéﬁﬁgtagg¥€£1nH%MﬁﬁgtlaﬂmCE%HQ¥§k§ﬁcause the

certain cat olsons 1s often poorly controlled
PR G rRFUSt P |m§§aﬁ@01an&hss c8MSEi n Fhgfht be  removed

hedvageneda8 O MeIndsAnesPed.y adsorbed on

conventional adsorbents, naking it necessary to
oversi ze the beds considerably to try to overcone
t hese Ipraothenmsyot@er ebyesmksngrl émeptacesseactions have

qﬁﬁyoyégﬁikyofugﬁﬁﬁggh1qd1#HH%%”] afhfeQEQPéﬁnbroduﬁts,

arising fromth p0|nt pertalns
Pt her aEher i@ndthe handsiate B¥S aBBoMst i DM hheed, which

qlgiﬁ y&Ib@Ts Oﬁéﬁt ﬁé@nﬁwo 96?5r1t9ﬁi51@r ntagwnsafeaﬂnso affd in
above a 0 choice o e rtic r rout

AR 10 nbOHp S oy PeBEpd e BIHYTIdRELS n BPaSHERS
wresheae and tiec dveirs ial KsCO  stream stri pped of nost

of the inpurities it contains,

Furthermore, certain adsorbents are disposable
after use, that 1is, 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 under the
influence of the temperature and catalytic power of the
adsorbent (Fischer-Tropsch reaction (I) and Boudouard
reaction (III) 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 necessary to
oversize the beds considerably to try to overcome these

problems,  thereby making . the process economically

unviable.
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whi | e avoi di ng undesirabl e reactions of the H2 and CO

10 conpounds, particularly during the catalysis step

or steps serving to renove the impurities present in
the H2/CO m xture or durlng t he adsor bent
regeneration step or steps operating according to the
TSA principle, while avoiding or mnimzing the

- formatimn aferldreadddi t ittweal phebieml sapeCsiasynotfrom

ent th
o ERER Y 51 S5PhPREL AL, Aita IS oofhT R, T ey 5
nilxe unatpoei of cadsgnpt:mohodsdof:at:héyg@sppp@tf agipnpy to be
%@PP&% an el ipient ARENQASQ 2 PUr i LY RAANCHEI{ LD of

xture e oxygen and unsat ur at ed hydrocarbon
|%rpar§écuta€oﬁpaﬂ:ﬁ§g WFdeE Rioi BRRgHoICO nFRYFRRi Ry Pe

ther! £86d 1 ONg obridke Ft§Cf1ﬁfod'1ic§1@S%lhd B@udoeargan Ho/CO
| or

nmet hanol formation _t so,as to 25 av

T oSt RADBS BES HBR o Tt 41 BBFT 5t £88 b BuaREains .
tutat lar avuﬁdéagr abichasﬂmhifejlreacdtbﬁscmft tle Henawé@, CO
S at 0
SR AN o s FReH oo e e carapglRouE o
I@t@m%dwmwrmmm‘mbtbet dMPAIdEize RuRRtentn the

P R e 1 AU N o NEuHSEG Ofnd h&dE@EQ@lH‘ ¥tdeBerdlR€on step

' so ution of the invention is. accordin nmet hod f.or
r&é%s

RF | ISEGRF a BeTadiiganPEERE S REngt At {TShy @rdg&tple.
(tbliﬂle Caréiﬂﬂdmfg)XI d»e (G@lnlmahlhgasttme metmlati®n  of

TR 0SBk SHEL EAELLIPY LB HT A s

ﬁe}ecﬂm%as streamis cont act ed Wi t h a first catalyst
bed (12) conprising at |east one catal yst containing

copper, in order to convert at least part of 5 the
oXygerherRFSnGlY | cHBE BRAMANYadRNSdt f hiyaR oéBVEBRIOD is

PESSARbrdve thige OBy CH HAXTUFE QUEidH JMIiQrC alealhysisS of the
products t enperat ure of betwe n 100'.C and % gocfor
a% Fesgﬂ’re OR?S1%st #Fo t?a"f TG e) "RETE gad
qu:e:aftyilsg camt Iyot0Ed miixitinre ©dc @het caysenp Bndgn unsd tQ@rted
tl?yc%:dg'c%%c% Eﬁﬁﬁ&iﬁ%s”‘?}tﬁ" contains, while avoiding or
minimizing the &reactions o©f the Fischer-Tropsch,
Boudouard, methanol formation type, etc., so as to
aveid or minimize the conversion of Hz; 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 liable to raise
subsequent problems during the use of the H;/CO mixture.

The solution of the invention is accordingly 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 f;om oxygen
(02) and unsaturated hydrocarbons, in which:

(a} the gas stream 1s contacted with a first
catalyst bed (12) comprising at least one catalyst
containing copper, in order to convert at least part of
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carbonyl. The operating tenperature range of the

reactor is 10 very inportant in the solution of the
i nvention, because it represgnts a conprom se between
the satisfactory conversion’of the oxygen and the

' t ted h hyd b d
HE | PrYoEn PRARE, Gt Codt 1P BOUGES SiFoaS aE RAREPO™

Ireseior ihydtheardzans st2@afhetcatonleysdos proRicrstaiysis

on_t he one han hygr , 641 ar o

A andtor FREBHAGT e WS ARG LR sHuerdonne

Cepdrali iy mresswte cebat thrasetHodast, @ i nventi on

my CO{@{!%%_ianeggé mrea the dRldLawdm wheshni calecond
e

characteristics. - the gas streamcontajns at | east
tﬁ@#@ﬁﬁ#ﬂ?ﬂﬂ)?edZS(%brbgﬂ nBA8TBe 280 18AGENePREne TR
(&d¥dony1t he tenperature is between 12051C and 1802C;

- the pressure is between 10 and 80 bar, preferably
about 20 to 50 bar; - the gas hourly space velocity is.
bet weeThd 06fer30innd t2ApeOEtSVB /fiafw® qir eflee abpgctor is
asLywgen: 2000, and 6000 (VB LBIYE; on [BE 08BeStG@3@ntion,
al S0 contai ns one OF mor & organosul f ur

dreraiete t r dden BRBYeFeREFancchl 6PTRECOMESRpoRRIS"SRy  the

(sbaltiélfa@%ir#;t r %ﬁﬂeﬁ:sﬁi@i‘{ alttbgdt Wi;h@t a cf&%ﬁ@:omhnd the
ed to convert at |eas art o e

R TSR | TOAATROrOgER ARUFES R gRbo I and

cem@oUbEsted dbgaaicd onoryioungspmanihdies podachi asr gathanol

co unds n he gas streamis contacted with a

R AR R

ption bed to adsorb at |east part of the
i norgani ¢ conpounds produced in step (b). The

or ganosgll f UL, OfBaNONILF QU ANGQY, OlGANRHY Ole hand,

.conpounds_are,_for exanple, conpound yof he CH3CL

Gpeareted hydnqeRIb CBNHRATEHEN eesay o
tyRe, ohét C. wabdeaved /ot heosat urat ed organi ¢ conpounds

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 (C0O) and methane (CHy);

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

~ the pressure is between 10 and 80 Dbar,
preferably about 20 to 50 bar;

— the gas hourly space velocity is between 1000
and 10 000 sm’/h/m’, preferably between 2000 and 6000
sm®/h/m’.

- the gas stream also contains one o©Or more
organosulfur, organonitrogen and/or organochlorine
compounds and (b) the gas stream is contacted with a
second catalyst bed to convert at least pa:t of the

" porganosulfur, organcnitrogen and/or organochlorine

compounds to organic compounds and to polar inorganic
compounds, and (¢) 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 conmpounds produced are
compounds of the HCLl, HEr, S, NH3 type, etc.; the
gas stream al so contai ns iTrpurities 10 . and/or

SR m e SRR o b BB o et gplent . e

&ﬁigﬁﬂidsﬁlﬂmom nergatogétmagienm and/fd) saidangablorine

B T e R e

IBIzderpoQﬂl:lal OfCEGLn| bt s eCBOTEH: r 6M:8He GheGP: type,
égdfed bYro#RIGwY, Sthd Ur saelkaEkRe, HEafic, compounds
enlugg brom ne and %grnanlunl Th%% bef é %
AT FtaRvER al 258 f f EPRneXPTFRtRict 3TKPRET eor YBFY 228
tﬂhes ch Smdl’rg%&ﬁﬂ: Upsi@andof ptdduced abyst chedoonds of
é'[r],qzl ?{%& ﬁ%g Bg beds 10_and 11 in order to
ﬁﬁ’tﬁ g m PEeet YRS gUF'e 19 ; - the gas stream
al so eonttaaenSgas | saseannea st alcom@rlbmlyHCNan@ImPE)?ltleS

381} H25a 31 LA S RANt AGHSILAIA T B2 arf eLARGAAS 0L B EOBea

sor | east one netal carbonyl, such as
mnyhg drowwn, formedel by PRUHM  &hd fdgbal fhioTine,

- Raddad, arém&amonybﬁoﬁinéraﬂd QergbnifinGkelnd t he) gssid
stream al so contains at .|l eas g ongf ni.trogen oxi de
E&nfi cﬁéga

@96« STTRAP (}5  SOPHeGhEdsH! R W eSO
tdigatirainl ysdstbedatd odnwiet RN |egsiri o nandogensaid
oxi de rsetlnt i gel.ar
vﬁﬁma?ul%sdere affe %ovvns %%:an . % fp\&ﬁlc;tn%e_beé%ﬁzp E"E?med
dBCompeseurby sewdrfalr r eachilonsne, 35 FrHeEhanpl eelepium,
ind\%tha ﬁ?&%%ﬁi@@z N2Qis Hdd mayZW8 ehélOuttBssion

presence._ 0 ) endi ng on each c¢ se st ef lg &
aquqwenﬁdy %’e'ffeliﬁ%ftlﬁ’ﬂé’:fduct'tlfﬁat i BreLera Py ottt negd 18
issed &B@tﬁ@mﬁlebf tmwg:@hafjfﬁterme@abal yﬁ&, 12 and/or

SRSt el et B LAR Bre
: OGN ;NS

— the gas stream also contains at least one metal
carbonyl, and (e} said gas stream 1s contacted with a
second adsorption bed to adsorb at least one 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 1is
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 NO:
N0 — Nz + %03
N,O + 4H; — 2NH3; + H,0 (in the presence of Ha)
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at least one material selected from activated car bons,

i npregnated or not, activated alum nas, inpregnated or
not, .and conbi nati ons or m xtures thereof preferably
an actlvated car bon contalnldb potaSS|un1|od|de and/ or

10 sodj Lfide and/ | t |
(b). ¢ REBEBESE Cal dryet bBaCCoRiaPRs & cBbbel SxHY be

deﬁsshhed omhmuumxxn¢arxuemeoablynthedxﬂqqnmatéésmanner

ot ed Bt Yavannge o 7, (RbroffRalp  chay is.
tlcrertrheﬁdoads@mu @ﬁnEQQSéwnwathsa at-ngéast:a‘éﬁéyst

activated;gl Wpa Qf) onﬁné%w@&e@b@,@&g@am 'HédSt&Ehtalns
(a), the first cataly bed nprises part.cles_ of

cBppereasdt aqry%tma*é%g@% eaeéﬁcseéusﬁem acthV@fte‘%ﬁab?ay’—’%me
saa@?égn?teah@ﬁlm naacswasadoammﬁmaszo imgrdeyriates] or
In_step

b d. I
Bkt Bl obBER PRI DGl PRIBLL SR oy ot A
taamaduumaﬂaaeﬂaxﬁomheonbaidisgrDQSasspumfa@ﬁﬂ@ﬁ and/or
%h&ﬂ}ﬁ”kﬂi;%' ' QHH?B\:&& ?fﬁéh{:sﬁ QPl’f\ur25 Support -

Fternatlve cat al yst bed used to

convert aEnI§§§P &t QIﬁ§QQQﬂy9@Hﬁ%¥§§ﬂbQQ1quﬁ?lns a

g%%pﬁbkea&?@éi %ﬁjﬂ' tdeongh cat %' Med psesedblio the
convert at, | east .one unsaturated ocarbon resent b '
36UPROF ke ifas? sEABEM OB cat'dl farrg: Step (D)
db&hlbétcoﬁb@ﬁédnﬁlahobhepsamd)phﬁdédrimfaﬂy order and

able to oper, %t% c)fféﬁ %1%8”%%.%%#E§%h'béé contains

conprlses a ste rlng
esgeheaatl9neoapaunangdh§anmgeﬂ er&pnanGCEaV@ﬁﬁd carbon;

monoxi de 535 . (45, r%ﬁ%vemdsttestaiggerwe@ &mprises
hydr ogen added to the proportion of carbaon nonoxide in

sBrgtdgdefi Qkir EOPPREdUCRR BET thg FRPGRE IF S LT 769% SHPOTt.

ppekeeabbyyvata | @agport0%by v uaBumind) silives f brstzinc
adsor. tlon bed of step (d) is forned of two

?Et.gﬁ fayers each containing at |east one
— in step (f), the catalyst bed comprises at

least one catalyst selected 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, sald 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 proportion of carbon monoxide in said gés mixture
produced being higher than 70% and preferably at least,

~ 80% by volume;
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adsorbent distinct fromthat of the other layer; - the

‘gas streamis subjected to at | east one 5 conpression

step during which the heat of conpression is used to

heat the streamto be purifi e, Tt hereby reducing the

size of the heater |ocated at the. catalysis jnlet;

the gas stt&arhidui Hy Ir0m ThePo? ?ﬁes(%ﬁ)er(c%f léloformed

g'btfpStvédi) a@sofbribs dankast eshali t boatfbuitd adsdERsitonone
ed to.renove H2 n dj/ g .

S B’Eibﬁél tstdgig’ ttlglc;%e%\%@ tgﬁét(ﬁg tt ﬁ%r gi%%,%&pg?? iegljl arly

an ami me skeubbang sreem | hst suRjeqtrd 968l F LRAST one

addi] 'r%%@lioit e@t%}? EOrf 8EOVAile RO akhd/ f (B@mPFession

ot he conmpounds that fay have been forned.b

cdtal y8pd rC WRACh We? e SHE&EEENt FPn Rhe PR ilg)é'fetélaereby

?%‘%dufcqhg exawl es:ibi@t hapol thdH3 heydroc drdaernedn tdt  the
ree _or .nor.e arbon atons in their hydrocarbon chain

(Ga"ltla_éé’s'lrscslﬂle el ow). The adsorption bed preferably

contai ps ahd emst <HMreame lachiivat dram wReDBrtmeother of

z %%le#%.e' (a-ﬁheoﬁd% PELORSLEREGARA t4Rd | £8LOM adsorption

i ng a TSA h a

aCcco to cycl e wmt regenerati on

t &®fer &cur CEMENE  thAn 8pdégual CPo 2589@/ 0T tyrdergoes a

calahyHisiqusadkp Nebhechbasewlik @, theerditvenpaoni cayarly
have i denti cal different sizes_or, 2 160 oSiti QNS4 15
f 6P eXBHHE e STPEI et T 0. 25 ahdCF ¢ e-ng?% s Ya) e
a&@éﬂ_(i]tt%ioanra& @itsdd riGt ter reombienddhe A0 adidgbirn€0? st epther
|S|erntrmntﬁ " Yol ar..as :
dicPfT'glpéﬁli’t St y'r_jféagf n%l a ?/(s/? ngnee or|f8?ﬁ18}:if f]%fer(]%talysm oF
r eduitchon wepwr atrRpamsnpeitat Uee | siaiseirl heheed 3gper  for
didbaran hRaso@anadire, anddden®indressir@iree tée more
gas streamis subjected to at |east on?l ,con& Sion Y
SICEF s t 3 BT ofi Ns tidiP i) PEREC R RPR c FRA aejéz'frcf of 3+
t |]b%1fdﬁgt. qq{eeraa%]ﬁckﬁkmddrheo@w@s@fmﬁofmmim reanieast
is used tp rea e.desired te [ re i e .

- B GEHe St B AT BRara URnERPSIE A UK FrggrRCion
obtraipzech s i ograibdabuex ctangsiingertvd ng §5Ra hesdte with a
el regaﬁ:rigglg gcge%ef?c%t%'r%c bRk JRLRR 1NRELIBBRY: ;

— the cafalysts 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 1s 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 tco 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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‘el ectr

'~ 11 The invention will be better understood from the
~description below provided with reference to the
- llustrative Figures 1 and ilappended heret o, which

I

show fl owcharts of industfri énbodi nents of the

T codns FverCighaiipn die Bakbar SreehaRh Rl Cene

GRS giixitiren t dodbow puprbirededsaid theed-dfsinapcat ato  the
Rr-essyr f__abqy b and a f { ch
el éﬁﬁ%ﬁév%hggggggﬁo ary an¢ SIRES AR c@l  whic

. e purifie asses SUCCESSIVE|K
tehraoughlowchidrts oRati@is e emkedbperteatt ofg pathod
WY Ghd ti dvenSitdd pped of all or part of the inpurities
it contains, 15 particularly the oxygen and/or

unsat urated hydrocarbon inpurities. The first

adsor piri orF¥aed ory 2 conpgasesseuftestl aflsedptian bédst

f d.of t ive, ad t. 2
Rt op 1 PraFCatiogr pthan Payar 5o ohthi HRG s o be

gulscriient, farid efwad fopide HCla apdesBer ¢ nplir dppes 20 bar
pr.esent,. j : ec@ second adsorption
Iaﬂ/%rgfégg)n%ﬁa%etrﬁlﬁeg%a%%f a SSE)ngent for renoving the
AsH3, H2S and Hg inpurities present in the feed gas.
The gagdPrapuredivd piriheedi patsesastiotedsiselpethrough
sent, to a conpression_unit 5 Wgere it is conpr§§§ﬁdi£ois

2 IS Dr ¥ of B HArsSecHd bR ee%i ontAl Y6t Eauses

tde-imasi tefpal it orepbatr icfe e aboutr 8B5S Thecgasains,
t hus .conpr ed (i l,S j£ct cdd M gta rbon
ﬁggiﬁﬁﬁﬁglg§§u§?égggﬁ e%ofﬁﬁg$§§ ﬁg%%e%ga-exchgnagf?s)
Glrpnawitiicks count ercurrent heat exchange takes place
with the purified gas, as explained bel ow. The gas
issuiqﬁhgronwthe heat exchanger 6 is_sent to a

hEATF hg AREDE LR e AGC QAR r GOEDTH 868 2 FiTst
sabtiest | @t Gorndd bEnpemet usackessdveai addooption
layers 3, 4, that is:

— a first adsorption layer 3 containing an
adsorbent for removing the HCl1 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 85=C.

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 ig sent

to an electric heating unit 7 where it undergoes a
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" adj ust ed bet ween 120 and 1802C. The prepurified gas

| eaving the electric heater 7 5 is then sent to a
second treatnent reactor 8 successively conprising, in
the gas streamflow directit¢én~ the second adsorption
bed 9, the second catalyst bed 10, the third

- &R i BRABEBII B AR t hES (TR sPOhRE FRised or
SR Midted e tiodt drehgtggrart 10 of the oxygen and -

t he unsaturated hydrocarbons present in the gas. The
bed 9 is placed upstreamof the catalyst bed 12

and/ orThehepbepisr 1fki eathdgds ieavioer the retiecic jheager 7
t:hem Mor, r,+any nt e a g
T o e e e e
r%nﬁﬂ&ﬁ&kﬂe%mbj@@mﬁﬁls%%gheaﬂléxcE%%gegéﬁn(ﬁtﬁﬁqmltﬁéow
Hebdfded gae 2Qce0HB" €8886rpHibn ansiitien seet becend

e 80, TGP, i e A cne

CONRINGSt HBY St Chikar Ly 2Brednpr itsi nproonpouaidsledst part

. sult hl.or ic -
0 ok R vR enfldl g B e BIRE ERT GO present

ddsorthet hgas pet alfhearbedy|®, isuchlasere (D)o et of the
N @A edNe2seaend Catpl isdadedo 18nks 1useth fOFder to

converting the organochlorine, organonitrogen and
SRl uror dd1%unds to organi ¢ conpounds and to

pol ar inorganic conpounds. 35 The third adsorption

bed 11 i dt dsgorb at_ | t th | ' '
 CompodlReBiucaToy PR WA on BF RS ceEbd O @

ctiatd stateeld/ <0 . bed.13 The first catal yst bed 12
renmoves the traces of oxygen and unsaturated

hydr ocar bons, such as ethyl ene. The beds 10_and %1
are plThedapsthearmerified chsarysp 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(CO)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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bed 12 in order to protect it. The adsorption bed (11)
may be a catalyst bed - optionally the same as the

beds 10 - which is then deliberately poisoned in
certain cases to preserve the bed 12. Any NOx present
is renoved on a third catalyst 10 bed. A fourth

adsor pthen Bas tnesa ta ke bebpfovi Zedemgvan s ttheant BRCehe OF
@iﬁ&@ﬁtaﬁ@du%%ath&a%@%”ﬂ&dﬁo&é%ﬁﬂnstrﬁh@EOQﬁcbihYlene

ISSUIng fromthe second c I t bed, 15 D Ed even e
TR hPadE ol Pt PO Bed e UPS ELeHENPE ShEh CALOAYS
amé@elzciﬁboﬁﬁeﬁiﬂblpfotéOtréﬁoveThéhadBeﬁﬁtmbngbed (11)

RRE1 b 5p CAtYTh BBre | REELUPRY r SBe,E3hE ¥R Snp pps

st 0 eam Whicheris nohest oppebammtaly haviponad, imQcegitain

g%gi gggj G3 hydrocarbons. it shoul d
baég:g%servedp ?he adsor ption beds may conprise a

plurality of different specific adsorbents for each
speci fiAgy | MK | b¥esdit CR gBychRevBiXesth t ggethierd - 2atelyst
be arranged in layers. Simlarly, the first catalyst

may conprise a plurality of different catal ysts,
for exanpl e, a hydrogenation catal yst and an

oxidat'o [ S I .

nultlp%rpose cata. #Epﬁ%e cg?¥}ygﬂglu§§' Ink%%C%rOVldEd
tcﬂq@matma}mtOBed@e et lars opeedt LAg ttendeRilk eabf least
bat ye ci'él&ccsanqs%mwg 2006 BRcOPSEAIAAY dY eSS Bkd,

betmeen 10 and bar 5 and are selec% %130 as to
chideed nﬁﬁﬂﬁunw%f Ediddsi rafPrRERR | 0REG nvoY vi RgOBer
affled¥hertiC hs@sh t e aﬁﬂaﬁhﬁé feopscbhbrasdmittbanalk remove
faormation.reactions. adsor bent W

g heetRiEepG BRI o HIRs T oA i SR the
Eﬁwt@ﬂfﬁs@rpeaoh;ongcbesWhMQHrwer%geneta@lbm present in

tﬁ‘i@ng @é&fgtkg&ﬁfb Ragde gital st Gop 3&0&) éadtaa% Haa,

ves selected so as to cause a m nj num of
ukfee PP ke repithanmk, INibh aadl Che hY@Eﬂ@?rbeﬁl%psch

unsat ur ated conpound pol yneri zati on reactions

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 layers.

Similarly, the first catalyst bed may comprise a
plurality of different catalysts, for example, a
hydrogenation catalyst and an oxidation 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 so as to cause a minimum of
‘undesirable reactions involving H; and CO, such as the
Fischer-Tropsch and methanol formation reactions.




and the Boudouard reaction. The adsorbents used in the
~framework of the 10 invention for adsorbing various
gas conpounds are selected for exanple from - y-type
al um nas having a specific ddrface area of between

180 and 400 n2/g, - activated carbons having

speci fThe sadsarkenrsadormsisepat \lent260 Oéﬁélll’gﬁo bed 12

LY, ysedl lllncarszel 8%@5@9&@@%%&1'90 sadase sieacotles
bet ween 350 and I

and zeolites having an Si/
R ) 41oﬁé?e’flﬁéﬂt19naﬁ&maerBBP€es| PESH gtl-aﬂ?r‘" ?‘H’an ‘Zu"il\fl to
cE(oens aedl bed eosperbahiselvedOsedticord thatsmay beuse a

AR, SE TR LR heclpnety Hkoner

of gas phasé cRen
r'mmsdns unyaberabededromundf revA et ke et wepgrions

dERPSHED AP itich a5, for example, a
um na, I i

ca, cordierite, perovskite,
hydrotal cite, zinc oxide, titaniumdioxide, cerium

oxi de,r{EBNaeshéit S1€ @fedn XInr eshé hefﬁ@xﬁe@brkdebiﬁ'nedhe
conpounds, or 30 - _fraoman "actjve" netal E?em Egtegre

DR GO t1PT arRA RO LA ol T'5° f of Y a PP Or8 5r
dedlidwackd Cﬂﬁm@mpjféefﬂnmd conpound nmeans a substance

ool S{;@ a$ a %n%sp%%niﬂ[;da %El%gﬁy& co fe%ég eap@a of

consi de Uré ¢o emi-cal
BEW 18thenchAQO/a /gt al may be a transition netal

L, Fc):‘ii’lvg'ﬁedRrbarMbnsN'haﬁ%g Q‘ yofdci s SLEfacO®rarda of

Iant hani de (Ce La, ,etc). 15 he catal ysts may
R 0 Esh lé%é‘hl/g ror conpounds havi ng an
i ndi 1580t ckol gelll t haviakal vt i eppraceéss andfehiecharea of

facilitat t 0 e st.ability, selectivity or

S tas |l \;ﬁcb C{ éd;?c zgér # catal ysts nust be

acti vadcdd s shdawing an Sl/Al ratio lower than 12 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 phage 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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before use, for exanple, catalysts containing copper
are delivered in oxide formas CuO, and they nust be
reduced in situ by controlled heating in an atnosphere
10 of hydrogen diluted withldn+dnert gas, such as
nitrogen. O her catal ysts can be used as such, such as

pl at i rlire cazladts:s 1589 nFPRERYD cRE4BF ORISR ©oF

CABnPEuteed sy SUENan f 9haexasp! erosyl f i - ivAY egaabegtic
car bons, whereas_qthers st be regenerated before

tPEPFEST r sAnfse WHIGhh FRCTIMARs B 2861 i tB5Te38SThe t°
NBE€AOETOPy £ seIsroivihe catmtydictplayisy an i nportant
rule. In fact, the catalytic reaction conprises three
steps: - diffusion of the reactants to the catalytic
sites;a 2mmberchefr cakalgatsi omusin bhe asdtisigngd on site
_Sr’lhéfgfear%é, b@SJk.d'%;Eéﬁﬁﬁ],. oftatheyeact L on: RIo0MEt Sopper
€ overa chem cal reaction raté al so depends on
taee adednyemest of extde CREBe afechaf sindwihgy must be

depghdsa 39n01 ithe By Z&mivbshapen@icifg €at ahystmosphere

particles, their  _poraqgsity, and the, state of as
P SpeP¥FBAIEE t Hdlesed yHIEn sidhs 13utFac€?dr cor'sy.

Mot eoygen . as the chem cal reactions may be 35

acconpani ed by adsorption or the liberation of heat,

it is inportant to include heat transfers in the

choi ceotlier catatialsty sices  Hrapesedi sper ss@h of such as

' aﬁié&’fn&htéévféfysé&re or on surface), including the
re

support ( ractoriness, thermal conductivity). - 16
Enbodi nents of catal yst and adsorbent beds that can
be usedihDl@HIV] Ycapt&iRh CAisbxbanesacanr dengsied tlse such,

i pvention are giyen _below,. 5 The fir ds j
nggrnggg ?rSgHXSBgf}ggﬁggnates car%%n@, %%%géﬁgkg%%ers
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 oﬁ heat, it
is important to include heat transfers in the choilce of
catalysts (size, shape, dispersion of active sites in
core or on surface)}, including the support

(refractoriness, thermal conductivity).
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. of an activated carbon contai ning potassium i odi de to

renmove conpounds of nercury, arsenic and sul fur,

foll owed by a second bed conposed of an activated 10
alunina or an activated cardén -i npregnated with
caustic or with sodium carbonate to renove acids,
such as H2S, HCl, HBr, HNO2, HNG3, HCN, etc. These

types Eiﬁbodiﬁﬁéﬂi@nbi CaacdEyobt airitedafisepbehe beds that

n CA (AC_.6% Na2 ACF2, SA 1861
(FORS SaTaREROF o7 2v1 AR pHOACO TREEETE FEarALREr o fhe
(Heyen tecdn vaat @ dy Teagrb dmesslow npr egnat ed with sul fur can
be used, references RBHG 4 at Norit, SA 1861 at CECA,

SHG at PICA. . 20 To renobve H2S co ounds use can be
made Jfhe afirshat adserpbornt WeR BAYO uﬁP@BEhé? upstream

r&f eLance. QR &t cé?:%d)ﬂ caﬁfthmtl C% GRIthQN it hibdDAe to

fromCECA or wth cop fromP or alumn

| FRRERat EANRPERIF ea 8t Zﬁww'froﬁﬁ%’c‘ét aﬁ@e sultur,
fﬁé?{)&ﬁé&d M?Pf E1lsetonfenpgé EEBmp@sbd—lBro fpeai esctiveted
C e made of _actiy Qn 0| - .
CEIRE-0E Shea 6 LIELE PR AORLALEL 0 B conecic
QECAwitbt Bedied carbonade dontzemdvng KOHIsef épehc@s H.S,
RECAL Xk £ OM 3L GA, %qodopeﬁcma' ugipa ref ehgaee $HSe857of

from Procat al yse réfhove ASH3 conpounds, use can_be
nedrodPentR t Foat b @@ﬁ@éﬁe&?ﬂ ¥ Bhr gk URPERPPEFS CECA Tac

ayal hahte frame35 Marigenef engneer ROVBHGOR alndn RaM3) or

containing | ead oxide available fromProcatalyse

r2¥etence MEP 191, or activated carbon with iron
mar keted by CECA. - 17 To rem)ve HCN, use can be nade

of th dugts ri t| 0

with 8519%?) ¢ ngt?ggt |H1£/at Car ‘)7 é(;%c? '&arbons
(Pipzeoxatedt vibheguléurbean Mg e‘gﬁ‘n‘%@edr‘é\ﬁ %ﬁe@ei\g}mﬂ@
Aéghﬁ‘&?@‘ioé‘ﬁ pglsproenteded siseacasrdie, made of  grade

l'um na from Procat al yse or an equi val ent
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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 lead
oxide from Procatalyse reference MEP 191.

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

To remove AsH; compounds, use can Dbe 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. '




| product fromthe conpani es La Roche, ALCOA or ALCAN.
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10 As a second catal yst bed for renoving organic
. chlorides, use can be nmade of a copper and nol ybdenum

oxi de deposited on zinc oxidé€, -for exanple, catalyst
GL fromSiid-Cheme or catalyst Cu 0660T from

Engel W dremayensHEMe ©RPr §aRASS Piden PYedPeserednche of

ngz tocff@mMi Sn$|>,_r ggé@tt.m Bk gbain @ﬁrb@rhlcgwﬂﬁht h@upa:@guct CECA
C from id-Chenmie, or t roduct Acticarbone
A5 e (O O GECHEOB) + PR ox | REER P PREATAtEd
2hisort Henddaceiateat abiydt thedid)ar renovi ng 02 and
unsat ur at ed hydrocarbons, such as ethylene (C2H4), by
reduci ng themto H20 and et hane (C2H6) , a cog}per
based A< athtysecpagosidserkenta bagportsd sCaBedSs yedfiasot
t r gduct 1 f SS9k sk 4492 &SnfreRmuiivalent
[dsgdr auch ida!l ol Deguaaoys fu

em e, e catal ysts references Cu-0860Q,
QESBOT: dir oy-WEBEoMmEBHhan da Racdhe TAHEY A PgmALCAN.
Std-Chem e, or LK-821-2 from Hal dor-Tops6e. Any NOx

present can be renoved on a thir talyst 3 e :
for exthpPe, S?ﬁ@“@ﬁtﬁ?%@?gsﬁeﬂf?%ngarabgr\%nogﬁ hegrganlc
catladyyistesPd ¥S86chnomeEngaidact. aAsadperf oand hmaaybdenum
AR { 1ndS end9ied GhpdevAr a1
aoc}%%&vea{acg%?%ﬂ%‘udréﬁna&f(rj%ﬁl%r%ég@@m ylggr g%q orlgaﬁ' equi va?,ent
dinom rid-henite oo mRhRles LERASHET IAcmoEg= L RGAEAN,
and a type 13X zeolite fromUOP, or 4A, or 5A from
UOP. Use can al so_ be_ nmade of single bed consistin
of an & lﬁﬁer]at}&o%oa%?@%%ﬁ%%ch g“ﬁ%ef a3 =g m§§8h°as
Nadpreéynaa i nglemfmaed sieth cassitdiel ngroduet EH2Gure 6fom
umna and zeglite, In ner gl .. .t rio 0
gﬁlﬁdgr 51T beds My b%roglgﬁ?i %’Eotuls‘,:l,a%ﬁ\églte i%éjl%xt%polg%z 3
biadsn iGEGe arettichitax XKGHynom Jddy-at ed by
conpressi on or deconpression, heating and/or cooling
steps. Additional steps may al so bg i ntroduced, sgch
as scrifobith§ bfiapsorprtahysto Patke ¢8FunBSMgYing Oz

agshanitse@ndyaababybbasar esgilvens ferhyglémand€zHs) , by

an

and

" because th degcce)ngl 8natn é:,&gcentr
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redicing tChem are (8&&9? a copper based
catalyst deposited on a support is used such as the
product H5451 from Degussa or T-4482 S from Stid-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




of inpurities to be renpved and on the properties of
the specific products. As a rule, for a given case, it

can be considered that the quantity of adsorbent to be
15 used i s approxi mately pr rtional to the quantity

. of pol lutant to be rem)ved Whl|§ t.he_quanti.t
[
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catehyds  Naz qp@Foxd metdtd) Sor Bpordi dred 98n§ﬁ§¥&gﬂt R @

ThiRc@FetOf dbeminyesn® péoliee hourly space velocity

(HSV) which is the volunme of gas to be treated per

hour, related to 20 the volume of catalyst. The vol une
of gasImamereeralel athe tvarheus eacts@rpticst pedssurey be
(Log HRYobben pdepands. e8SHEC)in Ofn&aRePRod, or
e‘i:((glr?té ﬁ@ tl&lgg ﬁ%ﬂ dég%%g BEF 1lg1ar and 8C ?or
exavipl ee(t HépaﬁsveﬂhehYdo@mﬁéﬁsééﬁ’@nd ogn deeompression,

Pﬁ SEULE) anapQPeEcheevay 3bepxi Sh&dhﬁlbh@lcﬁ@e@% afayt R so
erence_conditions to be sel]ected

B! 1O o RCeaneS ChR: B STTHESLAG Sreusso S S

- approxi mately proportional, because the contact tine,

in addition to the es 0 p t

| 1 A0 LocE BpLl® ¥ SRR o0 EPERNE, 006 e given
t fer ngubéance, nﬂﬂee:sw@@r mﬂryax r@ep@y%t PBn then dicéwquéfatlon
péfsi ?)%rqrt‘i% é—gwgge reridfed ¥60 beAGHONproperties of

condi tions e Earameters can be sel ect.ed at

"ine. spagt hbe BﬁP@H‘E Br tBShe FHkEn iRE0a&doGH ose. it
then BE eonkedlereld it itliesqiantbery eadvadsarbehe to be

outl et .of the a.seo ef fl uent M, t 1€ ol .

B3 i Be AR BRI, chE SSPREL AR hert o Ha aRPIED T OF
agsbl beart do baet ale;nstred— vaileethe nusndpsyveaf swtalyst
Tﬁéréﬁ r8§£m e??eélrgg PBﬁ UESStHE OIRELRL Wig% or to

dsorptron i era y carried out bel ow 80C
whhe el?@‘aﬁa‘-ﬁ?t pE théal:lpilé’ﬁy ERRECP VRO Ay & HEYO C iR

bet oW 2QUket bt a&asdt%r BO Hk@hﬁééeﬁé'idel&blﬁﬁM gelated to
Fi scher-_ Tropsch imlar %actl 0 egver, cértlwe be
VERE o O 13RS @§n B@tﬁffé%Ed inT §ev‘é?gllm?ré3d{ngﬁF

chankess o r epet ofSactsexr t hall ethepgassdfe pasdiengHEVormhhen
ogepélcl)déhe r?t ht‘:ahelsprr']ee Egeor C&ol eéjan be expressed in
defined 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 variation
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. Oon the whole, the lower the
desired content, the higher the quantity of  adsorbent
or catalyst. ' ' '
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operations. 15 As regards adsorption, in certain

cases, the adsorbent operafd@s-in a cyclic manner,
according to the TSA principle, for exanple, to I
r enov £SREREN of tARFM FER oPeCOSagR1860| PRE, &hd FRecific
P GRELS, ok he rregriBenress " di shasabl eddsdddidrs, is

i | aced by, a fresh 20 adsqrhent it .
BRI | R h C(r—f‘futstai Peg@g”ss%@ysgonﬁgg oo Cgtatytic

siceglte coonpaoake, phitderboyecal PP Ouibubwobeapal y2GEC to
r tio , (o . r | t I n h
i S L I i
eyl agutr e@aes igdssor pt i on  operations such as, for
exanple, to adsorb CO2 and H20O on a type 13X al um na/
zeolite conposite, or to carry  out an adsorption agd .
cat al YEIZEGEH ot | g€ f raThRfI Pedd hec%récoﬂf)ospg?‘a‘ﬁ of 1*
Faaeghl rd eseran bR axtds afpt e 3@rof sdethasuthengas

"HC1, for

, I t he, E l.hard. f
it SAPE AR o ERf ey 7] orehceq &7 FB6tea,
reniporessedEi gur e @xpéndedi ndastoirdingnbddl e | noptimal
;&;ﬂ cigny ¢ %%nbmi%hgea?vgtotﬁ@ typal,ef cant @i Batalysis

rogen,” carbon nonoxide and at |east one inpurity
swe@EtedP¥s-om oxygen and unsat urated hydrocarbons, is

contacted wwth only one first catal yst bed 12

conprising a copper_ _catalyst, to convert.the_ogxygen
and t B¢ unedandt efds at%%r ocHt boﬁeﬁﬁah%dr?)%%%%bnsthe
picesaMerith dgeratsss sin eancy¢bi oneamnenpr accardiygi o0 the

A et o, BBBTERRHpEes, <o R ey e emina
Rig i 2rdaestld tehe auheine| el scaseas FRBsadparbent 18
Ficﬁlggrbs]ablgélﬁ exagy es fel aw : lilsus td ltL%cte@e b&esan: fresh
T on O &1 GROSLng, several, hgs bl o art angerent s

i.npl emented 10 industrially to treat a gas m xture of

”“? H%e%%ati){'f)eb‘é%s 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 c¢atalyst, or to carry out two adsoxption
operations such as, for example, to adsorb CO; and H0
on a type 13X alumina/zeolite composite, or to carry
out an adsorption and catalysis reaction, for example,
the decomposition of organochlorines and the adsorption

_of the resulting HCl, 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 selected 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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be purified containing inpurities to be renoved. In
all these exanples, the initial gas contains about
- 80% by volune of H2 and CO the remainder 15

consi sting of methane and infirities to be renoved.

Vb . th fi ti i bel
CBUSFREREROT  OFha ML TR rBEEPBRL 1 1k Nt ofBft S8
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phatfi efheshdmprand tihe FighradsSodemereorthgats@mpeseljgmnents
t | oca r{ hest downstream (purified gas
d£$i€g§§e gﬁdgfgugg %Urthernnre, in these exanpl es,
the pressure, flow rate and tenperature conditions in
ggeo\égﬁéﬁg/s gggzﬁgp;gég asef®k| ovm;]fustfﬂité he tleact @grexent
, arg, 35C. 30.- faor .the reactor §g.. .30
060V SHEL AR by BxPgos15E BEvetgdorammare Hiangertptly of
ataf&£1e8d larad madaodbentargeds 103Re:.  3BnExaeplienplemented
H2/ as_m xture_w arj 0 ] itke I '
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the following inpurities to be renoved, that is,

. arseni c, nercuréeconpounds, netghﬁcarhonyls, organlcinS
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het er o&Rorfel okPgER, BHERIASat eB Ry drda®ongdS
nebpanol gaed BRP. vB1lhes gas BAN £ied puwro f i exhdy temainder

caPaF)SETEatE Foshers SHELPRSE Der e, S0t o Te.
BedsAdsor bent orQuantityRol e Catal yst

Moreover, the configurations given below are
considered in the gas flow direction in the receptacle
or receptacles containing the various beds or products,
that is, 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
180°C.
where: 1 sm® = 1 m® at 0°C and 1 atm, and 1 barg = 10°Pa.

Example 1: H,/CO gas mixture with various

impurities.

In this example, the gas to Dbe purified, in
addition to the H; and CO compounds to be recove:ed,
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‘bedPr ocat al

Fi rst Pl CATOX CU AGRenpve arsenic adsorption (25
" nBconmpounds in |ayers) bedparticul ar

Pl CATOX SHGLO
n8Renove nercury compounds SecondG ade ARenobve net al
adsor pti onal um na fronD. 8 nBtlarbonyl s of Fe

( seand NI a) Deconpose the. organic
hetetaieenihed folN oveng impgel Fhesr &CaiRf ngehpeed. that
Fi £ St CQRR]INEZ | NOKEARLPY 3 GRIMSIds, metal carbonyls,
bedcat al yst nconpounds (CuOB60T) pr oduced % :l—%%rro en%te
{PEIERY G R AT OGN OR ur OBy dr BRSPhBRS LT FHGHRE 1 Dons
ARet ai N matranoRdsed ptdanal un na fronD. 6 nBnet hanol ,

NH3 and bedProcat al yseC3+ hydrocarbons FourthZeolite

UOP adsorptionBaylith WE9.5 nBRetain CO2 bedG312 - 22
Exanpl 8h2s pRECCagadenipumirfciast lewabpeeTEA process using
agflLtLonably: 6anbe! h80-Be Sub! HhaCeaRaydde( Bk, oBvieh in
t Rl e 2, e be

S exanp conposition of the gas to

- plabieel belawproximately identical to that of the

gas of exanple 1 but additionally conprises a sulfur

Table 1
Beds Adsorbent or Quantity Role
Catalyst
First PICATOX CU/AG Remove arsenic
adsorption (2 5 m’ compounds in
layers) bed particular
PICATOX SHG 10 o’ 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
heteroatoms (C1, -
N, S) by
Engelhard retaining the
First copper 19 o inorganic
catalyst bed catalyst compounds
' (Cu0860T) produced
b) Hydrogenate
the oxygen and
unsaturated
hydrocarbons
Third Grade A Retain water,
adsorption alumina from 0.6 m’ methanol, NH; and
bed Procatalyse C3+ hydrocarbons
Fourth Zeolite UOP
adsorption Baylith WE 9.5 m® Retain CO;
bed G312
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10 product (COS). This gas can be purified by using
the succession of adsorption and catal yst beds given
in Table 2 below. 15 Table 2 Adsorbent or
BedsQuantityRol e Catal yst 3 Rénpve nercury 10 Pl CATOX
SHGM Fi r st conpounds adsor pti on (2Renove arsenic

| ayers) bedPl CATOX CU AG nBconpounds in particul ar
SecondUni npr egnat ed adsor pti onacti vat ed0. 8 nBRet ai n

COS bedcar bgn Renov al Third&xade A carbonyl s gf

Fe adsgéﬁﬂgiﬁa—gﬁ n§lzﬂ n0. 58 Iﬁﬁﬁtﬁebeaﬁro(%ia&p%ae L
apdbecdopadéyt kenoaganng Engelfiardbhetmpooatot€OEL
Firstcopper3N, S) by 12 m catal yst

bedcat al ystretai ning the (Cu0860T)i norgani ¢ conpounds
produced - 23 10 15 '

In this example 2, the composition of the gas to
be purified is approximately identical to that of the
gas of example 1 but additionally comprises a sulfur
product (COS). '

This gas can be purified by using the succession

of adsorption and catalyst beds given in Table 2 below.

Table 2

Adsorbent 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
5 carbonyls of Fe
adsorption alumina from 0.8 m .
and Ni
bed Procatalyse
a) Decompose the
organic
Engelhard hetercatoms {(C1l,
First copper 12 N, S} by
m
catalyst bed catalyst : retaining the
{Culb860T} inorganic
compounds
produced
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b) Hydrogenate the oxygen and unsaturated hydrocarbons

Fourt hGrade ARetai n water,

n8net hanol ,

adsor ptional um na fronD. 6
NH3 and bedProcat al yseC3+ hydrocar bons

FifthZeolite UOP adsorptionB&?lrth WE9. 5 nBRetain CO2

lhacid ol s
CUGSOIZ 111 U

tHhe—addit

3 LdotT, Ll Ulldl presefnce o1 LLo
equires reversing the order pf the Iayeiglﬁfﬂvﬁéogenate
first adsorptijon bed with regard to exanplel ox@88n and
bove all, adding a bed of an uni npregnated actlvate

¢arbon specifilcally to renove these sul fur BoFdth
Exanpl e 3: H2/ @0 gas mi xture pf exanple 1 hydrocarbons
addltlonally cgniai ni nitropgen oxides. |[In_t
exanpf 3131 t he [conpd&dE 6n of | the gas to bgeg et Mg
i's appexpdimat el|y dldenta cétont of t hat 6af’ t h¢ megasnph, NH; and
exanpl but addj gﬂ@l conprises niti n j
NE%) %Iélo gas p%ﬁ£uc &%¥F d by uaiug ?%g-hYQ}bggfbons
succe&sifoh of ad%aﬂkﬁnaaﬁoand cat al yst beds given in
ablge 3 el | Tablyo) 32QuBedsAdSosbENt o rocain co,
QuantityRol e Cdtalyst Renmove jarseni c First Pl CATOX |
AGEPRficonmmolinds i B3hk#isorptian (2particul

In this

case, the

"bedRenpve nercury Pl CATOX SHGLO n8 compounds -

additional presence

24
of COS

requires reversing the order of the layers of the first

adsorption bed with regard to example 1,
—all,

and, above

adding a bed of an unimpregnated activated carbon

specifically to remove these sulfur compounds.

Example

3:

H,/CO gas

mixture

radditionally containing nitrogen oxides.

In this

example 3,

of example 1

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
1ayers) bed . Remove mercury
PICATOX SHG 10 m
compounds




SecondG ade ARenove netal adsorptional um na fronD. 8
nBcar bonyl s of Fe bedProcatal yseand Ni - a) Deconpose
the organic heteroatons (G, N, S) by

Engel hardret ai ning the Firsté&dpper3inorganic 12 m
gatatyst—bedcatiatystconpounds (CUOSGOT)p%;dULed )

Hydr ogesende t hd oxy@asieadd unsat ur at ed hydr dessoygngetal

‘Engghbargk ;SecorldiRdnegenatan t he paklgdi umB caBredi@d %3t Fe
bedni trogen oxijdes cat al yst i rdG ade ARetain Wgter,
;danp#ﬁ nal umilnaP¥ PR 1aSAR 3 ang and Ni

bhedPr ocat al yse@3+ hydrocarbons Fourt hZeol ide dddBnpose the
adsor ptionBaylijth WE9.5 nmBRet@in CO2 bed{312 Igrt hiisC
¢ase, the additfional presencel of NOx requires addi ng

a second catalyst bed specifically to renmerohsons (CL,
INOx conpounds. |Exanple 4: H2/(CO gas m xture of; ex l, e

1 additionally containing a [sul fur conpound FCOS?ng%d

mi trogen oxi deg. 1®¥ngeibeElds exanpl e 4, the EBRPHEING &he
of the.sgas to |be puppheed is| approximately idesmtdealk

to that of the 12 m’
catalyst bed catalyst compounds
(Cul860T) produced

b) Hydrogenate

the oxygen and

unsaturated
hydrocarbons
Engelhard
Second 5 Hydrogenate the
palladium 3m . .
" 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 UQOP
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
5 remove these NOx compounds.

Example 4: H,/CO gas mixture of example 1

.additionally containing a sulfur compound (COS) and
nitrogen oxides.
10
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

15 {NOx) as in example 3.



~gas in exanple 1 but additionally conprises a sulfur
“conpound (COS) as in exanple 2 and nitrogen oxides 15
(NOx) as in exanple 3. - 25 This gas can be purified

by using the succession of 2&dsorption and catal yst

beds given in Tables 4 and 5 below Table 4 Adsorbent
or BedsQuantityRol e Catal yst Renpbve nercury Pl CATOX
SHGLO 1 i ¢4 cerpowRdSpRESHI @il | bR LaReipVviehar Sﬁnbession

I bedPICAT c ounds in r
shodt BRI, (DT Vbt B TBHER af p2nd S
(mf:bedcar bon Thi r dG ade ARenopve net al

adsor ptional um na fronD.8 nBcarbonyls of Fe
bedPr ocat al yseand Ni a) Deconpose the organic
heteroatons (Cl, N, S) byT#Enkel4ardretaining the

Fi rstcopper 3i norgani c 12 m cat al yst

bedcat al yst conpounds (Cu0860T) produced b) Hydrogenate

the oxygen and unsaturated hydrocarbons
Beds Adsorbent or 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
Third Grade A Remove metal
adsorption alumina from 0.8 o’ carbonyls of Fe
bed Procatalyse and Ni
a) Decompose the
organic
heterocatoms (C1,
N, 8} by
Engelhard retaining the
First copper 12 o inorganic
catalyst bed catalyst compounds
(Cu0860T) produced
' b) Hydrogenate
the oxygen and
unsaturated
hydrocarbons
Second Engelhérd 3 Hydrogenate the
catalyst bed palladium 3m nitrogen oxides
catalyst
Fourth Grade A Retain water,
adsorption alumina from 0.6 m° methanol, NH; and
bed Procatalyse C3+ hydrocarbons




10

15

Engel hard SecondHydr ogenate the pall adi unB n8 cat al yst
bedni trogen oxi des catal yst FourthGade ARetain water,
adsor ptional um na fron0D. 6 nBret hanol; NH3 and
bedProcat al yseC3+ hydrocarbosys - 26 FifthZeolite UOP
dsorptionBayljth WE9.5 nBRetain CR bedG312 In this

case, pf fig, addi {i onah spresgpcg of COS repuires
‘feversing the prder of the |gyers of .thel first

hdsHHIEPEAROBed | wi BAYHEGRME t  ex@npl™ 1 and AG8RHY -
ped of pbatni npregnat edzxct i vat gd carbon, apg in exanple

Z, Wwhilée the presence of NOX requires adding an
‘addi tional catalyst bed, as in exanple 3. 10 However,
if nore catalysts are to be used, the .configuration

given tn T. 5 ow 10l d. 1

Adsor bteﬁt %?i%edc.s%a’nt ity olb‘a:d%ar%aﬁa?t I?;Eraegte&%ﬂ%g _COS
Srenoi rgReneverabngucheconpeunad &bSodpyeshs Rémihe first
a5 88015t {2n!| Bxer )it CALGKr BV R D iBROTPOUNTSd NaB8ng a

partlcular,SecondUnlnpre%nated adsor pti onact,i vat ed0..8
neeRet &f nuetErpegrargenactivated carbon, as in example 2,

while the presence of NOx requires adding an additional
catalyst bed, as in example 3.

However, if more catalysts are to be used, the

configuration given in Table 5 below can be employved.

Table 5
Beds Adsorbent or Quantity Role
Catalyst
First PICATOX SHG 10 m’ Remove mercury
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 n? carbonyls ?f Fe
bed Procatalyse and Nl

Convert
First Sid-Chemie organochlorine
catalyst bed catalyst Gl | 6 co?pound% to
inorganic
chlorine




Renove net al

bedPr

| Thi rdGrade A 3carbonyls of Fe
~adsorptionalunina fromL. 8 mand N-

ocat al yse

Convert Slid-Chem eorganochl orine First catal yst Gl6
nB8conpounds to catalyst bed 2ﬁowgan|c chlorine - 27

oud GHCIII < I_Uu
G-92 _C bed Sec
cat af P& HedG
' hedeairpadionns

Ret ali ter,

adsor pti onal un na fronD 6 nB

lH aubUlplIUH

hn a3 -Clehwig e3

1 33gRd oCBEM Eng
m cat al yst bed

Ci f t HG A NE

UDUIUCHL4 LIL|
Hydr ogenat e
el hard Thir
ni t rbgen ox
t hanol , NH3

and C3+ bed

HUbUIU ﬂbi

02 6 m
d3Hydr ogenat e
desAdzoab yiETL

Procat al yse

ydr gcar bqns S Xtilzdﬁ% adsor ption aﬁl Lth V§§ é
hemle drogenaté O,
hBReCECR 5 ydrog
catalyst bed G-133 and CyHy
Engelhard
Third g 3 Hydrogenate the
palladium 3 m . .
catalyst bed nitrogen oxides
catalyst
feh 3 Retain water,
Fift Grade A
ad o tumina from 0.6 methanol, NH;
na from .6 m
adsorption alumi X and C3+
alyse
bed Procataly hydrocarbons
Sixth Zeollte UQP
adsorption Baylith WE 9.5 m° Retain CO,
bed G312
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bedG312 W2004/110923 - 28 - PCT/ FR2004/ 001448 d ai ns
1. Anmethod for purifying a gas streamcontaining 5
at | east hydrogen (H2), carbon nonoxide (CO, at |east
one29e4 411e%22honyl and at 4 €dt- one | npRCTIER2@0£LQ A48
from oxygen (02) and unsaturated hydrocarbons, in
which: (a) the gas streamis contacted with a first
catal yst bed (12) conprising at |east one catalyst 10
cont ai ni ng copper, in ordeflaimsonvert at |east part
of the oxygen and/or at |east one unsaturated
hﬁdrocar bon gresent in the gas streamto one or nore
cht al ysi s» PrbBOEt $OTatPWr tiefiper a4t ugas of tBEERe SPTLGGEIN

aaed 2806t aRpdralgen pﬁ§$$urcﬁlﬂfonatmdrﬁ@§itdelo bay, aad lb'étst

( sal as _strea act ed vvlthaseco
e r Beral bt O (FatieBEb LR tordi® ohioHBL Ry Selected
Cﬁrdmnty:lcyg@n e MMW&Maa:le@dhwdmoclaamm,, in which:

120G oKl 1808 affor TR oS8ur e DR hech o And 570

bgatalmtaf dresb| (1@0outopprieiBg bak. Beagthe arg he@tadyst
C&éﬁfﬁiﬁiﬂbeééﬁﬁérOflﬁl§£a§r1t§ngon35rg a%hiééﬁkebb%ﬁdof
in that the gas hourly space vel omt&é w?%( 1000
ande 16XPe" SRBFHPKS atprjéae?%b@?/e bEH EHraiﬁﬁ O§GEEH o
Sﬂﬁéiéxlﬂ’ﬁ 14Lh the @shogta&amlhatdsreﬁmm one mire| aamlisis
30 c ract rize n_that t S 0 o
?%‘f%% on%gl FEPSF §aRBE ulPfurcs organo%pﬁﬁgqgghé 2007C
amt:loant wrzg:aemmarwﬁatolmmcﬂél ed ismd hat: (b) the

gas styeamsls aConl ACtRd iy art o?&:{iﬂ%‘% £ AL @ ¥EL Qe%econd

(10) to convert _at | east 35 organosu
RRRTE E 9 gPrGNndf Dt oF@an@@ﬁ%b. n@tcohﬁéa%dsoﬂs metal
af e, conpounds 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 1is Dbetween 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 Sm’/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 (10) to convert at least part of the

organcosul fur, organonitrogen and/or organochlorine

~compounds to organic compounds and to polar inorganic

" compounds, and
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adsorption bed (11) to adsorb at |east part of the

i nor gani ¢ conpounds produced in step (b). 5 5. The

nmethod as clained in one of clains 1 to 4,

characterized in that the gag9tream al so contai ns HCN
inmpurities and/or at |east one conpound of an el enent

sel ect efd)f r dimet hgagr oaprEamrrel:S bycargrasifrad  sulthur 2 third
c S C, a r Mof the
g B (e R e ot ki

a ifqrganig) SSMRAUEKish &F qBIces) o s4@or(B)at | east part

.of the HCN inpurities and/or at |east one corrpound of

at |l east one elenent selected_fromthe %rocgl1 co 4,
by? rer cur yERe giedftqdiras c R 8HPRE, 18 8BFi & SUF? °
br&ﬁmwﬁze@rmntum GheThesmetthedrmasald@i oeotains HCN

oorgin s comifhean THY it “BREbRepR0bs, B 3T enent

eas one nitrogen oOxXi
( N@Dectamtl ifworhathe( fyreapd frmned r dain Mercontact gl fur,

Wi L 8-t T L8t ysgef’@rgl%rﬁ CORVRIAe aénéiegékgéﬁﬁmn, and

nltro en oxi de present e gas stream The
meithdd@ds claimed in one of claims 1 to 6,

ghar ﬁct(c-‘a)l ﬁgdlan Qagt ﬁm(a}; a@dnlﬁé&:tacﬁe whti rct first
The t ho LN 1.t
cr?aﬂsé’cr(rre Sb‘?‘i %h r@t ebg %gi)eso% dca(t?l) T%?%tcg)ﬁ%tneo. the

3 I xniett dheeed a&sﬂb:haiaﬂedléasbnm@fcmhmmdlofoas least
CQ§{ qéf%ﬂ&f@ é%lé@@ d'@r%&eﬁﬂgngr&ﬂplf5§ﬁe@aﬁﬁ BErcury,

| east one unsaturate
hmlo?cm boncbl@rlaﬁnverae@ﬁftw cat éﬁ}@ﬂéwﬁr odtﬁ%’“lne and
selsgipd Jyomwater 35 . vapor (H20), carbon dioxide
( ) and/or al kanes. 10. The nethod as clainmed in one
of clains 1 to 9, characterized in that the gas
ster eam t o e sepgied edls - cB8imeantiai pael @ hyladokaink to 5,

S B BT e o

cllaaasetd drre one:mfge:i a:msiel NPx00, 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.

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 claimg 1 to 6,
characterized in that steps (a) and (f) are combined.

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
vapor (H;0), carbon dioxide (CO;) and/or alkanes.

10. The method as claimed in one of claims 1 to 9,

characterized in that the gas stream to be separated




5 characterized in that the gas streamissuing from

one or the other of steps (a) or (f) is contacted with

a fourth adsorption bed to renove H20 and/ or C02

and/ or optionally CH3OH and?©r-hydrocar bons forned
during the passages over the catal yst beds, and/or a
scoubbing 10%stlap volumepte tHE G2 wabty®de pPheHz, 10% by

”GBEaﬁQ' tbhepgi By v@@ﬁﬁbCHkatbyaﬁa a@bﬂfoﬁ&lﬁ?; Réthane.
The nethod as claimed in one of clains 11,

characterized in that the gas streamis subjected to
ag115 | ea@heometﬁ@&pags&ileﬁm@aenn( DheUpst redain:f lstt&:p 10,

f the h
Phe®0Erer Lt S0 Mna cRRLbaY ORI Lo PERSE" FRn one

desi néek denperafuseeps (a) or (f) is contacted with a
fourth adsorption bed to remove H,0 and/or CO, and/or
optionally CHsOH and/or hydrocarbons formed during the
passages over the catalyst beds, and/or a scrubbing
step to remove the CO;, 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.




