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[ WO 2004/ 063094 PCT/ EP2004/ 000018 - 1 Process for
whecbayeBusd sati on of CO gas The present i nuenEpa0o4/000018
relates to a process for the 5 preparation of carbon
nonoxi de gas (CO gas) that is.free of sulfur conmpounds

to the greatest possible extent, to a process for the

desul furisation of a CO gas containing sulfur, and to

the use of that gas in chem cal syntheses, for exanple

mcégg $¥Pt PRSI SeBh1PRPSESREH 81 687 BaR 10 nonoxi de
. Tty of cOogas-that is as

pure as possible is highly desirable for nmany chem ca

mﬁntheses because CO gases are often contanm nated
@hprﬁﬁﬁntti@genFéPneiakﬁFés 13 3uPFEFECEBmpBENESSE
S S n tian

BReEreREl oo ko ongRoR 288, Gae 200 dREY AAE! 18N eree of
Sﬂlﬁﬁfuﬁbhpﬁﬁnﬁé opethti gReategyepobeibhe trtahtl oss af
production. 20 Many attenpts have therefore been nade
PrOEResphet the dppulfAupipatienngiof PPepafFatPBRasdping
409k, 0354n 0L CXRNPLE, bPCCREL NS O0f nCARNARE ELRD0RERBLES,

conpounds he presen Sofsteam on-an
abdnkRAMPlLEXEde tBRE s9AtBebist ofephesgetieesrom ahebibn
160C to forn1h¥dro gen sul fide and carbon dioxide is
"esexidedapd phlerinpme 6 ff of DE-A 43 21 542,
al t hough detailed information regarding the degree of
conversion of the organic sul fur conmpounds is not
Th¥efvadabEi At ¢1004c804adesbatbes 6B purd, aki pesddble is
the alnost quantitative hydrolysis of carbon oxide
sighivedasinabkedfor m@mEer@Wp@ﬁétave§h@ﬁeﬁpohﬁEGUE6 Co

%%%%%gga%a%gbgbiggn nvggéogéég6§%8urltles, for example

sulfur compounds, which act as catalytic poisons or
secondary-reaction initiators or which lead in other ways
to interruptions in operation or even to the total loss of

production.

Many attempts have therefore been made in the past to

obtain pure forms of preparation of that gas.

For example, the method of converting organic sulfur
compounds in the presence of steam on an aluminium oxide
contact at temperatures of about 160°C to form hydrogen
sulfide and carbon dioxide is described on p. 3, line 6 ff
of DE-A 43 21 542, although detailed information regarding
the degree of conversion of the organic sulfur compounds is

not given.

DE-A 41 04 202 describes on p. 3, line 14 ff the almost

quantitative hydrolysis of carbon oxide sulfide at markedly

lower temperatures of from 20 to 150°C on aluminium oxide
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2 contacts which, however, have been doped very

o PEIUY Nghe9aW th further transition netals. p&P/gp¥Body000018
Ine 9 ff and colum 7, line 20 ff of EP-A 0 324 526

descri be the use of a titaniuymdioxide contact for the
hydrol ysis of COS and 5 CS2 “at® tenper atures above 300C
with a |l ower degree of conversion of from90 to 96 %
contedtanwbighni boweVelr haugpbesdsopROwWwesl, exbgagively

rocesses, use _contacts which-are_ expensive_.and caonpl e
Vo Eh EREFBC R FAg dopea Al S RFA LI OBK hog” ob Lot Antme™
gb0uhde7, 10i48- 02248 £44$-hS ot gohespegaededide FBECuse of
remote prior art, in which there is described the use
of tahanlumi diamidgri denteght 4ot £be tidredweessiodnCOHS and

hédro en sulfide with carbon dioxide at from60 to
¢80k otenPBEAtBXEeabalVEI dA0RdVIEh WAt EPWRE GedESercd

Fot deabalpi dORAIEN vl Pes &
£RELERTRnl e E BB aRoRor REy Ami By s0RpoR G gy fur

despoiihes) t heowsoee! aRoakupirBrulsexi deeCebhiattdopddch are
with alkali for the absorption (not the conversion) of
espanglyasasd rampLesl La Byepsgenusangi depreFowrevainium

h 20..p ye.t:he di sadvantage that the A12C3
c%géggtgruéggggzﬁﬁhgﬁoﬁéég'to be pretreated in a

conpl ex and expensive manner or effect too |low a
degree of conversion or require the use of too great
GR-Amdant8oft4énesgyo Prosegadideddranmagesreagte prior art,

surprisin be avoi ded. b e process_25_according to
HePhhghnEhdrens s aiREr FRb o e BR8aP) alr Padds ngHioatgde
genghttopsrwhh thaveseish bRexpaRrsSH¥a, sut@iBer ¢idhl Yarbon
avai | abl e A1203 contacts. The process of the chem ca

dbsrigéi an dtohydpogenligoPfite c3fbom oxide sulfide and
i ron- hydroxi de-containing materials with the ,
¥3hebniEaft TeHSESE LBRFHERNhas 8l FEEYY thBEN CRERPFOREA DS

%g%gf§§|§8igﬁpé§§ggpkgg QRELALSAEHOP AL mL G PSR! 10334
433 describes the use of an aluminium oxide contact doped
with alkali for the absorption (not the conversion) of
acidic gases, inter alia hydrogen sulfide. However, these
processes have the disadvantage that the Al,0; contacts used
either have to be pretreated in a complex and expensive
manner or effect too low a degree of conversion or require
the use of too great an amount of energy. Those
disadvantages can, surprisingly, be avoided by the process
according to the invention by adhering to precisely defined
process conditions with the use of inexpensive,

commercially available Al.0; contacts.

The process of the chemical absorption of hydrogen sulfide
on iron-hydroxide-containing materials with the concomitant
use of oxygen has already been menticoned in DE-A 20 06 758;
the optimisation of the absorption materials in respect of

the content of iron hydroxide and loosening agent is
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the content of iron hydroxi de and | oosening agent is WO

WO 0AIJA538369PCT/ EP2004/ 000018 3 descri bed gae/Epbo®/000018
p. 2. -A 28 45 725 clainms the preparation o

i ron- hydr oxi de-contai ni ng absqrption materials based
substantially on iron(ll) sulfate and cal ci um oxide
and their use in the chem cal binding of 5 hydrogen

@@sﬁrabedobhﬁr§5n79n62 mént PBnd 8A f: §2ﬁhélas@Sthe

PR B33 85, LEON Iultaxt e conLan g TRLBLLEL Lo

en su rom nin

ﬁa§e§1a§§CBasaasgubbtaﬂtmaueylahslabﬁ at$05u$eatenahhe
process accordin to the invention. Fbmever by the

g@bcn@@tpﬁﬁd@faa fth@érlesgr@@eébepahQWéﬂéﬂsbnﬁdﬂﬁa of

cess acgo h vention n | rove
B aF5aRn 6ok RasT bPsh T2 "2eER bRl ARRs! BRI coadhe' Use of
lEhén@tézﬁsgéﬁ Q@éﬁth?@%okmaeua@neélh&ﬁg m&tQQSaQCEarnthe
3) 15 or iron oxide drates (colum 5, line 18) in

cembvaétoﬁnhydmpgennsgﬂéndﬁgfag@nﬂ@ sochaasigpyeebss. Such

for the absorption of.hydrogen.sulfide from
ShéarbiphntalrataRs' aer ot At hoRfosBnthl Pragels abcording
e8ntBENeHvEAL L BA . IRSwEIE@ANMLybehRYapBl dbRedohNohee®akd
advant ageous case (colum 7, 20 line 55). WO A 93/13184

Qescesbeparhmeabsarpnu@heoprOH?asogenogdnﬁgd§0fthﬁ1dry
ﬁﬁses on_iron oxides ont SiC%- con n%ng carrker is
YEPFAPE- |ﬁ“tH@P6P¥S8ﬁ8 R§q8# Sto REPEBFABPY 18

thﬁggsgﬁgp§raggﬁ§§v@a about 200C (p. 22, line 20 ff
3, line 22). The hydrogen sul fide is 25 thereby

retalned on the contact in the formof el enental

[fur w.th 0 ffici.ency of only 80.% After, cata
o ohenabr 8 ferhE 1 BaS” hhe: fre” Pl it ke bonpes: do1htk’
senyebal grigk ﬁ?h&ﬁ&e%oﬁﬁewﬂﬁﬁ Bntthﬁdﬁggeﬂns@bﬁbQQatlon
the residual anpbunts of sulfur are adsorbed on

umthvabedteanbgnagenuepedChnah glynoodsi ésc.Cobunthe,
ghQS%p%?oﬁ o% hydrogen sulfide from dry gases, with only
67 % of the hydrogen sulfide contained in the gas stream
being retained in the most advantageocus case (column 7,
line 55). WO-A 93/13184 describes the absorption of
hydrogen sulfide from dry gases on iron oxides onto SiO;-

containing carrier materials in the presence of oxygen at

considerably higher temperatures of about 200°C (p. 22,
line 20 ff to p. 23, line 22)., The hydrogen sulfide is
thereby retained on the contact in the form of elemental
sulfur with an efficiency of only 80 %. After catalytic
hydrogenation of the gas mixture for the complete
conversion of sulfur compounds into hydrogen sulfide, the
residual amounts of sulfur are adsorbed on activated carbon
doped with iron oxide. Column 6, lines 16-40 of

EP-2A 1180544 describes the use of tri-iron tetra-oxide at

400°C for the absorption of hydrogen sulfide on the contact

in the form of iron sulfide; in a subsequent step, residual
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EP- A 1180544 describes the use of tri-iron tetra-oxide

w6 20030665054t he absorption of hydrogen sul fiees@30bRoo0018
contact in the formof iron sulfide; in a subsequent

step, residual WD 2004/0630944PCT/EP2004/000018 4

anmount s of hydrogen sul fide are bonded to zinc oxide in

the formof zinc sulfide. The examples of EP-A 722 774

dagert peott hgdyegenf skt b pyeokpEeeinteoAbnAaPKéde in the
L1 | ybden | de 1Nj X d aLri, e

EoH BB, £Ea0 L 2B aBe R Bk "t B ogan iy dagtripe

tRetisef @EMi ebnsult) dexi@e thecempiasgt i oHoweYEl modl/bdenum

t hose processes either use undesirable auxiliary

sxbd¢ annesn( glyoodhjuor okedai certher aseaof léastt 360Nictior

energé, or technically conplicated  subsequent steps. _ .
thepdkeerehien ofi hufyogeR srdéideoinotBenfey® géappefide

5§SH%ESCOKP§é€.dh8@Q¥QQGaQ%? Eﬂgse BPBBEE§EEQE¥thQ§ use
avol ded using the process according'to the invention.
dhee pi pepte atixtibeaphysubatandesr pylooodf gasesqganréSthe
activated carbon is general prior art. For the

wggorht for toP WydRoBBAYIYI f PHetEFBRICBL d¥scompl Acated
aj n Lyat r t bhas ped
{RLAGaRLobBoR" REL IR GRr DTl DRSobage Co
goniené 0kabydregenltsul Thdeei aikh&veRggesotahess than
10 mg/ mB. WO A 93/13184 20 describes (p. 23, line 12
PRYPTheilngdY of PENAVPEAeAxHEENIcBREaPRPAGSHCRFGAtEdng to the
. whi ch hydrogen sulfide is oxidised to
gﬁgggg%gﬁ'sulfur in the presence of oxygen at 50C and
adsorbed to a residual content of 2 vol.ppm hydrogen
sulfide in the CO gas. However, pretreatnent of 25 the
Hee i pupedseaPbohlPsPhEE&S34r dPATPRASE Bf0E8BES§EsONand

S ol vel T . |
AL e R S s T
bAVEPEregehsstil€ideoneoni tangadsepat nan3addubi edaims an

chem cal _agent (ammoni a)

activated carbon that has been doped with iodine or iron
compounds and permits a residual content of hydrogen
sulfide in the CO gas of less than 10 mg/m3. WO-A 93/13184
describeg (p. 23, line 12 £ff) the use of an iron-oxide-

containing activated carbon on which hydrogen sulfide is

oxidised to elemental sulfur in the presence of oxygen at

50°C and adsorbed to a residual content of 2 vol.ppm
hydrogen sulfide in the CO gas. However, pretreatment of
the activated carbon is necessary in those processes, and
in some casgses excessively high absorption temperatures. The
advantage of the process according to the invention is the
concomitant use of an additional chemical agent (ammonia)
by means of which, surprisingly, the complete absorption of
all residual sulfur compounds on the activated carbon is

possible in a technically simple manner.
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by nmeans of which, surprisingly, the conplete

#bspymifoaaoss 30 all residual sulfur conpounsieram20Be/000018
activated carbon is possible in a technically sinple

manner. WO 2004/ 063094 PCT/EP%QO4/000018 5
Accordingly, the object of the invention was to find an
i nexpensi ve and reliable process with which gaseaus

§9F?H¢1naéﬁtaFHPn@baéﬁﬁoeﬁd§hﬁnlpﬁsnFéPﬁ1UﬁSsé@oﬁagéyan
fﬂg§%éﬁgfgésﬁnﬁnrém§a99 §§oeggsbﬁlEﬁnaﬁﬁghagﬁgeous sulfur-

quantitative 03si b conti'nuous
tuﬁthihahgycshpbhndea¢h|ehetfaem oﬁﬂébeuhdexplbbhsmgtuents
t he di sadvantages of the prior art. The desulfurised
oo s ¥9 g8sheanskd asmavadt afi grapsitaghERilyaRrs possible,

I SR L s IR U s S S

pres nce o ounds,

ﬁ@tﬁ@uthakhtbet@hgsen@edebaauahtagﬁpoumdshenp&ﬁarC@rgasThe
s additionally to be avoided at all events. It has
AefbEenisednd0 §aﬁpFEsFﬁgP? ushgdt asuehmatgiré@és§orcan

B6=fE0LE BYaPhehE FATHLOAN ON40L, 3081 BPLERLRARLEPS ol ions

e process cru con

woQl gapeCciangiatganbey @hbfpke@@ﬁ@@uﬁﬁsshmﬁhrabam@@&ﬁ@@$ so
under the process conditions, is subjected in the
thatttheepregencsootaprel C@mp@@ndﬁoﬁnstagecpngﬂﬁueﬁ

. I h d wth
A FAH0E TR, BGapeaaFaRReRatty td o 0B S8 ol b i um

oxi de contact. Organic sul fur conpounds are thereby
converted to the greatest possible extent into carbon
iF okrdenandbhrgdr gendsubtirpeisAnglyh aégteéuéh a process

conversion.can .be achieved. b d ering._t

SPBBE e R B e s PR Ya B B8 KB BrERF¢ARS steps. In
8heoppbLeBpsst age, ckigeClo0gas, Whieh e8AtaiRs inorganic and
predom nantly hydrogen sul ide as the sul fur

@égpah@nsulfgrpagwédundﬁttha@ugr? gaseopsaunfen tbgepgyocess

Eondltlons, is subjected in the first step to a so-called
conversion stage in which the crude CO gas is continuocusly
charged with steam and fed at elevated temperature to an
aluminium oxide contact. Organic sulfur compounds are
thereby converted to the greatest possible extent into
carbon dioxide and hydrogen sulfide. A high degree of
conversion can be achieved by adhering to defined process

conditions.

In a subsequent chemical absorption stage, the CO gas,
which contains predominantly hydrogen sulfide as the sulfur
component, 1is passed continuously over reaction towers in
which there is located an iron-hydroxide-containing,
granular and porous material, to which hydrogen sulfide is
bonded in the form of iron sulfide and elemental sulfur in
the presence of defined amounts of oxygen and water. The
oxygen and sulfur contents in this absorption stage can be

monitored continuously at various points, in order either
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which there is |ocated an iron-hydroxide-containing, 30

W6 234068094 POrous material, to which hydroperyepalobsdeooo1s
is bonded in the formof iron sulfide and el enent al

sul fur in the presence of Q?Q%Q?d amounts of oxygen

and water. The oxygen and sulTfur contents in this

absorption stage can be nonitored continuously at

var R@aBt pbhft 8MOPRLoPEePX¥BEReF WD 2608FH636941n o to

§ﬁ§§§§2895%OBQg%Qen6ab%8r§9EBB Eg%e?gogﬁttﬁg Q¥¥¥8N1ation
at-Irs netered i or to ~chang€ over between

ahsgopti emeoweeSore the kn3takl abheanti Aingehd kmeegent CO
before the sulfur content in the energent CO gas
gasohpsomapei MPesMBEG 1Rl yhhighi- s TRhE&n§EEREEONEANTCRRE that
an S | O wer -of Lvely.hig .0 .
An, 8o P03 Bt Eoh BokRY R Cher R Skl Kok RuBgpBE Tt Bapacity,

sRFbe§hanHivhi eRe bSst Aebabonatkessnl adenswiriBssuhBiuvhich
is connected so that it is the first absorption tower
ia thersépreslefsabsdept Wohht swefyry hisughniecErdt ke that

L pcom .gas flows. .10 The ful.ly. _|laden_absorption
LEngr Fdet TKBRCoRPORTEbH8 Rt PURT dRdCPRe SBXNaTePRd.
hpkbypt adantbiveeas t Arbaghalvhi ehf €ldet ancbihBerCo gas flows.
processi ng. \When equi pping the tower with biogas

Facefhalyadaden absheptapnatpeady ifr 68KER eYii ppegperation

to can, be connect a repl.acenment  intg-th

o boe A=t 88y b T P B 58N B PP o Lo B Ee oo
Ehetheyeprbbakshag. RBen kakeppany eheopewati @ithSbiogas
itself connected Into the series again, after being
nateguhppadaias ehtheasant eweeady frrehdbseapippgd tower
stage. 20 In t.hird_ste t.he as s urified is
528983 FRpReRelontar) LAPLASETETron LPagRboTEF L o0 a8 the
gkt vabRErcanbeRet aWBHEpt ivheEERYel esirduns ebwekJ8Rbe has
and i norgani c sul fur conpounds are adsorbed al nost

heant Lakehveby of cheratipvatieditgebénconnerhedpiasentche
of defined.anou

ia. Th d | f .
Shriek SRR e B b A on e e gl BeRs P AR fRel TGt tbler in

the absorption stage.

In a third step, the CO gas so purified is passed in the
so-called adsorption stage over activated carbon towers,
whereby residues of organic and inorganic sulfur compounds
are adsorbed almost quantitatively on the activated carbon
in the presence of defined amounts of ammonia. The oxygen
and sulfur contents in this adsorption stage are likewise
monitored continuously at various points, in order either
to adapt the amount of oxygen that is metered in or to
change over between activated carbon towers in the
installation in good time, before the sulfur content in the
emergent CO gas becomes impermissibly high. This changeover
means that an activated carbon tower of relatively high
absorption capacity, through which the gas flows later in
the series and which is therefore less laden with sulfur,

is connected so that it is the first activated carbon tower
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noni tored continuously at various points, in order

®o thra /okQogdlapt the anmount of oxygen that igcy¥mir084/000018
in or to change over between actlvated carbon towers

in the installation in good tjne, before the sulfur
content in the 30 enmergent CO gas becones inpermssibly
hi gh. Thi s_changeover neans that an activated carbon

iBuehRe oPeF &Rt P eP?tﬁV@HedaﬁéépﬁﬁiBHW8§5aEPF9PgPhW8&§H the
e~ga I at j.e : kch .l
HREORhICCPagat) 8BS, Phe Bt Ly *18REhCECES0AERC Rarbon
towes ibetékéﬁtoactbfabpéraa&bﬁnahdm&&gwﬁbﬁaeé6063694ng the
PCT/EP2004/000018 7 in the series of activated carbon

reuRnerahielgAtwhlEntENET | RébRPRgaROA§a82 Y oR8IePREa ed
éa&éy EQHeBeaEBhMéEEQdCngggﬁ?pgéﬁgwbﬁtt?h@B PHE. gErlFS as

peration and enerate regeneratlon

the laver torekrheh aheahbeadptiegenengeedor thwetowatr hiat
connected as a replacenent into the series as the |ast
hagePern ERkeRLSYEpPFOAPSTagECTI0R St hESEoReFOPREFTEAasNtO

Prenglpken gutal gpeeatponcis bsell pannegtegninig,,

e series a enera ast

towet in the abserptien stage. 10 The individua
process steps can all be nonitored and controlled by
on-line analysis in order to ensure optinmal process

£8001£h908a,d The dssullupboed,C0 925! Saipg Lheana

Pd content of i1 nor
@6ﬂtﬁb@@6&0b§ubﬁuﬂlﬁ@nﬁﬁam9§1soﬁnlBr@é%htﬁaéﬁsbeésobh&mal
5 no/ NnB, preferably |less than 2 ng/NnB. 20 The CO gas
B?@@@ﬁédcpﬁdAEé@BQance with the process of the
invention is additionally largely free of further
impurities, such as hydrogen, oxygen, carbon di oxide,
TBéhasgudRdriatar col abs1eaednfoehehapreahtednthedes has a

residual content of inorganic and organic sulfur compounds
of in each case less than 5 mg/Nm3, preferably less than

2 mg/Nm’.

The CO gas prepared in accordance with the process of the
invention is additionally largely free of further
impurities, such as hydrogen, oxygen, carbon dioxide,
methane and water. It is used for chemical syntheses in
which all the mentioned impurities would be troublesome,

for example especially for phosgene synthesis.

The desulfurisation process for CO gas according to the
invention is a combination of three continucusly operated
process steps which, by their combination and their form,
surprisingly permit particularly high efficiency of the CO
gas desulfurisation from the economic point of view and

lead to a particular purity of the CO gas.
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which all the nmentioned inpurities would be

b 01U 49988894 25 for exanple especially for P@5%en804/000018
synthesis. The desul furisation process for CO gas

according to the invention i? a conbi nation of three
conti nuously operated process steps which, by their
conmbi nation and their form 30 surprisingly pernit
Baet ieveakignhprgroEfingl¥ngglateeheocd pgasess for the

FEgL LSt on Lol LA, SEo0arL e RO ' siiotcand
26R4t 063684 s Pell ER2004mBBAAAS tBat Theei §¥eBbLBNUNder the

accordingly relates to a process for the
Besofsar F9RELbACES - aSuchgasClofiRai ARRGOESISBRBRdaEPT

ERRRBLLUCEL ol LT SEPTRAUAdS . LR 018, 088ROUALUIIEL cion in

récess condrtrons. an orig

#Bich exeppherithomualso- €akl edapplei Bhraxtdali edke, pitch
installation in which carbon-rich fuels, for exanple

nekd. coal coke, prephiteoks, agpHecsreidgegaphrem gluminium

anode residues from al um.nju roductjon, are ,
BEROGrE SRt oS TR BaY B SHoRaeruE SERERR fonBREds, ssaneetn
@ﬁepyfés@ﬁ&aeafagd;EUbﬁ g§ahbaAddpaxkdeakbbngdiBxtife using
Boudouar d equi | i (lgﬂ]lﬁreference is given to the use

bhe aBoddorasfddaayidnbréivke PypésraBYEngsadsypnuEo the use

content. of lLess than 2. . % particul arl f

PBee Panr ess8iBoosilcPoRpariPeal Brby S & sHABRS PEBERA: of
1838 &hAnWb. % wrand Er@ibu@@ﬂl?nFr@fekéﬁiytméﬁslehan

w.% particularly 1 Ereferably ess than 3 wt. % and

Vebywpakt i vakar pprtprelerdll preéssabhanlesat th@nUadlr wt - %,
t hese reducing, reacti.o condi tions, . virtual n

et op " e se bR o terRontd' 2B i BREEY shSaz iy,
BeefbopbeyamBke, t8anbaNweXkdanasvklidpareachoarly

di sul fide, mercaptans and hydrogen sulfide 20 are .
poefedablymlene sbhhul wbnpouHdderohhasaededncing reaction

PHOBAE £ BRCr s SBAFLFCaFaPPy CUOTCanrB G PEoUF RIRARRTCY
sulfur compounds such as, for example, carbon oxide
sulfide, carbon disulfide, mercaptans and hydrogen sulfide
are formed from the sulfur compounds contained in the
fuels. The desulfurisation process according to the
invention is particularly suitable for removing such

compounds from the CO gas.

The process according to the invention is distinguished by
high economy, efficiency and availability, which is given

by the following factors:

1.) use of simple reaction contacts or auxiliary
substances which are commercially available and are

not subjected to additional treatment;

2.) continuous process, which is simple in terms of

apparatus, on fixed-bed reactors with a high degree of
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conmpounds fromthe CO gas. 25 The process according to

o e2d08/RRB0eA is distinguished by high econgdysrp2004/000018
efficiency and availability, which is given by the

following factors: 1.) use of sinple reaction contacts

or auxiliary 30 substances which are commercially
avai l abl e and are not subjected to additiona
t r eat Vehtabplityorfi RhsuinpEaiéssionni éR whishnpractprs can

B

vari abhhst grotrighagi rekaklaki en, the vhbehofedatidugeCat
be connected in parallel or in series, if required,
thus prReVVédnglr seFtessin the case of failure of

i ndi vidual reactors; 5 3.) no expensive regenerating
circuits (apart fromthe activated carbon stage), but

9Py | NP UspeRfbiveagkheAera0Nhacts rvul Bssybpagueitom the
processing; 10 4.) energy recirculation in the

conveactdriatedgearbon BLghedegbut eptimpmabiski Pf rgarkaon

h h .. th h he_i Llation. 15 Th
anal yEPRRFCRBN bR AQCCRHRERCt BBSSPPARE on. | i ne, of

the reaction processes in the process according to the
invention permts the optinumuse of installation
tapactnergyandcarculdtaghyinl §behcghvergieas sohge;
conversion in the individual process stages. 20

I ndi vi dual process steps, preferably the entire

Prpcersgh ab§rear bredaPuhbat ipressuess ghavenroudhbuts
pressure. The process according to the inventionis

hi ghl yhsaiughbuie the aspbelibkyoher small and
medi um si zed production

The analyt:ical monitoring, which takes place on-line, of
the reaction processes in the process according to the
invention permits the optimum use of installation
capacities and accordingly also high degrees of conversion

in the individual process stages.

Individual process steps, preferably the entire process,

are carried out at pressures above normal pressure.

The process according to the invention is highly suitable
egpecially for small and medium-sized production
installations having CO gas throughputs of from 1000 to
15,000 Nm®’/h CO gas with a sulfur content of up to

6000 mg/Nm3, preferably for installaticons having CO
throughputs of from 1000 to 10,000 Nm’/h and sulfur contents
of from 1000 to 5000 mg/Nm® and particularly preferably for
installations having CO throughputs of from 3000 to

8000 Nnﬁ/h and sulfur contents of from 2000 to 5000 mg/Nm3.
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installations having CO gas throughputs of from 1000 to

w6, 264 NEBoB4 CO gas with a sul fur content ofpeyEr2089P800018
ng/ N8, preferably for installations having CO

t hroughputs of from 1000 to_lg 000 NnB/h and sul fur
contents 30 of from 1000 to 5800 ng/ NnB and
Eart;cularly preferably for _ installations having CO

hNBugrRiR s5ednds ofPB0DBE 280 0cWABF ekees Ul fiire. an
contents of from 2000 to 5000 ng/ NnB, MO 2004/ 063094
BRTPEP2BBAFBOEBEESSPATAE KRB LnBr 25t 9hds bl rpaRpr -

cubic netres”, i.e. an anpunt which corresponds to 1
n8 at 20C and 1.01325 bar. The CO gas |laden with
Thef 00 gasphadds whah ssl@sedcompbheds phatess used in the

according to the invention shoul d be Iar%ely free _of
BLSFCBEf BFECFEing £fedths dR¥SRELSR §P8§é oPet harggliufree

n i St . r n e ict
GETUEEE BRrobkliLl SRDYRy EBNCHE EarLirRcadl Ber B Matur
gasveeshbal. nDogtt kremsuhiiucacobpovadsies puef eiabhky by a wet

heated in 10 steam_heat exchangers to a tenperature of
BYOregst opgby, dryr epetabrovela Thfpargtufaest Cooes

BabEP L TnpoPheg BPE RS solbbbe" R RY<FRRER fear 1o

changedeWtt Bxehgagkrl 8o autbhpkeatuBDURt atWlkaltl S80°C,
dependent on the Content of 15 sulfur conpounds and on

bhefaphbl Y eccantempehtlife oifNGONPOY @gasch The ksPtintonstant
of steam shoul d be so chosen that the water content in
whehH ganarsoat rbaget o2. & BC YRefurt ermtbdyi By Ochee . %

based on CO gas. 20 The hot CO gas_charged with steam
Fenyeysapnelevgréd tpeeSSupa@s whi ERarse sHéFPysﬁﬁém n5a

LQr#9-Pah: ?@%&?g?b¥ﬁickr9g‘aegehgeﬁtbgﬁ’th%iéggﬁ%ége%f

conversi on ese ~are €onventi onal

saactior sohpvungdsaagdeva bhsemoivhiugk contant af the
uni nterrupted, conpact filling of 25 al um ni um oxi de
EBRCRENT(B2SaBfhenafmRENfoPh FesBl Fhoyldi R§ so chosen that

the water content in the CO gas is at least 2.5 wt.%,

preferably 3.0 wt.%, based on CO gas.

The hot CO gas charged with steam is fed at elevated
pressure, which is usually from 1.5 to 10 bar, preferably
from 1.5 to 5 bar, to so-called conversion towers. These
are conventional fixed-bed reactors having a sieve base,
which contain an uninterrupted, compact filling of
aluminium oxide contact (Al;0:} in the form of solid grains
and through which the gas flows from top to bottom. Two or
more conversion towers can be connected in series or in
parallel; in the case of the sulfur contents mentioned
above, a single pass through a conversion tower is usually

sufficient.

It is possible to use any type of sintered aluminium oxide

that is suitable as contact or carrier material and



10

15

20

25

30

and t hrough which the gas flows fromtop to bottom Two

WO 2003/@e6800¥er si on towers can be connected pdrS2i008/000018
or in parallel; in the case of the sulfur contents
mentioned above, a single pas ? through a conversion

tower is usually 30 sufficien IS possible to use

any type of sintered al um,ni n1OX|de that i i tabl
z%%%?ﬁ%taG?qEQF?|E?C fefp |SEHSHQEPZOEEFO%§§S4BGlg%t and
€E€7§E?ﬁ964%29%ulkoﬁe%ﬁe EQ&&%E&E& 6Q§HE3E%n€§E@a%h6@hd be

st rengt 1ght and the particle size
abunhosen1ohadethenpaessaheuﬁdsbe1nsohehﬁsaadead treactor

pressure |oss in the fixed-bed reactor_. is | ess than
os21e8P. thRBr 8- ar B2%ui THBKE eyﬁ.ﬁaﬁﬁeaﬂescg#aﬁérégal

Q?%tGgeQ h&@@%& QfléQﬁEH‘g@dlé hdRheL Al afte f @ mm in
u el ght of I éss than 8 m e specific sur ace area
afbtihe hémqhﬁiuﬁ1mésdethantacm sirael dpbeidticl eastfa?2@0area
n2/ g preferably 230 nR/g; the pore volunme shoul d be

af Fbasﬁlamsnﬁvmgoxaﬁéf6Pabﬁ9tos onfAgbe 2§ degani 00 m'/g,

L PR R R
@deﬁlﬁgntpﬁéféthblyaben nd /or m hydr ogen sul fide and

carbon di oxi de (see Equations 1. and 2.): 15 Eq. 1.
CS2 + 2 HO -> 2 H2S + C*»2 Eq2 cCSs + HRO -> CO2 +

5%@ ? L@Q?E hSo&ggghp §9§ %b AGERLAI Y18 LG £ qe

I on, € Cca version towers I's

aﬁ@dc@pbbﬂaﬂhsulfsdethatethgdameyaga dwethati ae uefint e
Ctlaas in such a conversion tower is less than 2
X Hee esOnppeterabhyWpESE tPhARTM. BYRFREEBs SuALidee apa

SQPSh kD Phet RECDT ANLE, BResyl fYpgogmpgunds of nore

ES even

BEg. 1.: CS; + 2 H0 —»> 2 HpS + CO;

BEg. 2.: COoS + H,O0 —» CO, + H,S

Undexr the reaction conditions according to the invention,
the capacity of such conversion towers is used optimally,
so that the average dwell time of the CO gas in such a
conversion tower is less than 2 minutes, preferably less
than 1.5 minutes. A rate of conversion of the organic
sulfur compounds of more than 95 %, in most cases even of
more than 98 %, based on the initial amount used, is
achieved. The conversion in such conversion towers is
monitored by on-line analysis of the incoming and emergent

CO gas stream.

In order to optimise the energy balance in the conversion
stage, a heat exchange takes place between incoming and

cutgoing CO gas in a countercurrent heat exchanger.
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nore than 98 % based on the initial anmount used, is

Wwe MrM9de3dde conversion in such conversi on geVps0b$/000018
nonitored by on-line analysis of the incom ng and

emergent CO gas stream 30 | order to optimse the
energy bal ance in the conversT stage, a heat
exchange takes pl ace between |ncon1ng and out goi ng CO
gas in a countercurrent heat exchanger. WO 2004/ 063094

6F 51 B sotte anbatbsee: b Eforaly Bl o
9985 S0aE00VEE! SHhAS S50 45 4L o ONAMIRl APSOL IR the

ore enteri ng sorption owers,

@H@MD&anaEéof§@§bn4Q@Qg€g/B@ﬁor@péhﬁéﬂhhg ﬁﬁéeabbbﬁﬁtlon
7000 ng/ NnB, pure oxygen is m xed mnth t he CO gas,

teeordi ngnt anohet anbuat beahydﬁagénmgﬂNﬁu(kppﬁlonally more

cont a T anmount_ of ox en adde rior.to the

AT SRR o i o THE 59 2
2XY8LH;i RQNEENEhAt hRBuRt 46 A é?oé@h YatigheienthithOns.
the activated carbon adsorptlon stage (see p. 8). The

Tt gasoghbubfl beyganuadded pribrsteabhebabscoptabn atage is

eas 000, ppm wat er; steam i S.optiona
i E%% by © ?E mﬁﬁ%@PBtP8ﬁm%8ﬁéE§EaP§Y9?P|éanﬁFPﬁraghon of
OVP@ UaﬂrﬁxhgetﬁénéﬁtBXHGO EﬁéOH§tEﬁ&@éaabarﬁanmﬁagBrpt1on
he 15 conversion of drogen sulfide to iron sulfide

ahdgeo(eeenpntab swheuEOtgaessbba&é ba shtupabsdnwetbf steam

if t ts, of d .. Ln th .
% GSOPEA B 2 SRS ufPf BUOL BOB] BAEKE &l SSBFFURS PREIOnally

éaééaet£0£ﬂb0&ot§§slrﬁﬂe Bmgbeﬁtgsnl§o%efgegr@9§hm1ba with
the presence of water and 20 hence the capacity of

gontaoh-hpdsedida-costaseing, pofeusi watariedsedn Whech the
FOgEREe AP ORVARETEBSBIpE PO h: PPl B E2SensnA FR
EONRLLPRS 3uBBdrdtakes place in the presence of sufficient
amounts of water and oxygen. In the oxidation of iron
sulfide to elemental sulfur, the active form of the ircn
hydroxide is formed again in the presence of water and
hence the capacity of the contact, based on its useful
life, is increased. The chemical reactions in the loading
and in the regeneration of the absorption material are

shown in Equations 3 and 4:

Eq. 3.+ 2 Fe O(OH) + 3 H,§ — Fe;S5; + HO

[loading reaction]

Eq. 4.: 2 FeyS: + 3 O + 2 H,O0 > 4 Fe O(OH) + 6/8 Sg

[regeneration reaction]

Suitable starting materials for the iron-hydroxide-
containing materials are various products occurring on an

industrial scale, such as, for example, the lye residues
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25 Eq. 3 .: 2 Fe O(OH) + 3 H2S -+ Fe2S3 + H20

Wwo orbageneegtion] Eq. 4.: 2 Fe2S3 + 3 02 + pbrt/2P2b04/000018
Fe O (OH) + 6/8 S8 [regeneration reaction] 30 Suitable
starting materials for the iropn-hydroxide- containing
materials are various product occurring on an

industrial scale, such as, for exa t he

FEQnJtias V@fbeeﬂ/9839§4bP€#FE9209£?BBGO§8 caligd BFehpmP
nglggéglfgoHp ﬁg p@gﬁb fonOB tB?agﬁleahkggongﬁggﬂngs with
ues

r esi romtheé rée ion o ani ¢ nitro compoun

wWéh tifadngdr nbpgseo-orliedcalhedikenooit eynohetic

synthetic materials such as are fornmed_when iron(ll)

wareuielpssycheast agewi PRMEEl ¥hEm AyaRoXLdeSHifate 15

f898€gHeQ§tHXEQ§E an hpdrégfdé'&iQ egugg guaﬁt4gxza§£ion in
n-order tO provi e an equat e a sorptron capacity,

B8hel 5908 MsééomEdﬁ gengeny2ef . ah bedst &b pro¥ide an
(cal cul ated as Fe), preferably greater than 20 wt.
pdsadabh ﬁhéoﬁﬁ?épﬂapépapétVeqapréﬁonTHEdIexﬁﬁFeFPEant of

ugegea ?E QPSQrQEaQEuES%SdSaFQE%zé gucﬁggéglygg9@3t3§

|ogas na erral contain subs

exanpbe, weerRpnbaskidmenothegynauaraalbi nder sefatired. The
i ncreasing the nmechanical strength. For increasing the
wvapaciaysonseduiéh KheepPEPSPERERetarErEselisBsakpnglso

B hnz ey PLOagonaPRETARS, ' Rr0st hooLlPrdhgtlr sfRh o8 Osor

e sur ace

granplar, ceReads mam@rbalgypbuh absblhﬁérbaﬁets1h@®ébedng
nor e deeply take part in the chem cal absorption. An
éhﬁn@ﬁ@h@ﬂlﬁaéuBtﬁﬁﬂﬁthoogéﬁlh@crﬁgéhﬂgl§h§aﬁéQ§F1E¥e@f

DE_ensuFSr%%ig such geogSéésibogghﬁaéonggﬁksbeWBﬁgﬁn

Ioosenlng agen conta
afatdsaswhtBb ARYfueaeh Wit Bhthgabi ndebsthe mheerial, so

Eﬁgsrggstnly the surface of the granular, porous materials
but also the layers located more deeply take part in the
chemical absorption. An example of a suitable loosening
agent is sawdust (see DE-A 28 45 725, DE-A 20 06 758); care
must be taken to ensure that such loosening agents do not

contain acids, which may react with the binders in the

materials.

When operating the absorption towers with such so-called
biogas materials, it is important that the pressure loss of
the CO gas in the absorption zone does not become
inadmissibly high, i.e. does not exceed a pressure
difference of 0.5 bar, preferably 0.4 bar, even with the
series connection of absorption towers. That is achieved
substantially by suitably selecting the biogas material and

by measures relating to the apparatus.

Suitable biogas materials are distinguished by the fact

that they ensure sufficiently high permeability of the
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When operating the absorption towers wth such

#O-£7ld@%3038 biogas materials, it is inportge, dpddba/000018
the pressure loss of the CO gas in the absorption zone

does not becone |nadeS|ny1 igh, i.e. does not
exceed a pressure difference 3f70.5 bar, preferably
0.4 bar, even with the series_connection of absorption
ﬂéﬁéﬂéarTﬁaﬁeFéaécﬁVQVeén36h§uB§@§ﬁtﬁﬁﬁF? by akdnga g ©

8ELBAHEonthe) BhaARs) TRLeELA! (A0 Y GEBARYCER T kALK San

e a ara I 0gas mnat

ﬂééﬁlmﬁup$58éstOtb@n&dd@rabmétsbﬂ@ﬁleﬂﬁﬁtﬁon of the biogas
sufficiently hig ﬁerneablllty of the WD 2004/ 063094
P@#ﬁEPQ@Olﬁ@@OOYSt SmlfugraﬁuﬁéﬁcﬁﬁpérP&Kmé@@ﬁlﬂﬁYtﬁé the

b5HpShaLEr LaKI BachIg (AECIURL e gkerent Al SULLW by

p03| can a noplaces

@pﬂsmdﬁrpakelszldu&ecaﬁseﬁlght&bﬁ btﬁ@agarﬁabelahze being
| aden with sulfur. Sufficient perneablllty of the 5

b@@g@@rﬁatéﬁnaﬂo BleAnAnnphe legdeihgnatemm gngdchhéved

Q article.size_distributio t he particl
B¥omSBL LAY oRoPREFE181 55 25 R et o sgt Rt Bsing at
andst hes Qtogortlon of particle sizes betmeen 5 mm and
8 mMm being at least 45 w.% 10 Suitabl e apparatuses
are, for exanple absorption towers in which the

i ogas. materi are acco dated in_a ura
B PR aPkRatoEp RRRrER eronhlsr BRFRERsiGR, Towers in
wHEBh eﬁéhbbagkgtﬁaeéelamspar@ca@b@m&@daeeat&ucheglh&&ulty
the CO 15 gas to be desulfurised is able to flow treel

ofemeshebasketaceash phelbmd§asd Puteemupl bikdkt height. Such

bi oga arated nechani ca h

O 3878 Rk & Re TnaBERRFA PES. Ao ot Pt arl Eiiab o Seny
§B3ngcObeadesUli Fuei 8BHI Y sf hBe=MRShEd YT iFdteelq bh@& the
I's not possible 20 for |arger anopunts of biogas

saréatal opathecbéogrs material, and the biogas material is

separated mechanically from the gside on which the
desulfurised CO gas is discharged by means of a
sufficiently fine-meshed grid, so that it is not possible
for larger amounts of biogas material particles to be
carried away together with the gas stream. Fine-grained,
inert scolids (e.g. fine-grained crushed coke) can
optionally be used as a filter layer between the biogas
material and the grid construction. The intake and
discharge sides are separated from one another by solid
walls. Furthermore, the mesh baskets are separated from one
another by means of bases or cover plates, so that each
mesh basket forms its own separate gas chamber, but all the
mesh baskets are preferably coupled to common supply and
discharge pipes. In mesh baskets that are preferably used,
the CO gas to be desulfurised flows in from above, so that
the CO gas flows through a loose filling of biogas material
that is from 120 to 180 cm high, preferably about 150 cm

high, and exits through a horizontally arranged grid plate
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carried away together with the gas stream

Wb NSyl /@eR89s inert solids (e.g. fine-grainggpEps982d000018
coke) can optionally be used as a filter |ayer between

the biogas material and the gélg construction. The

i ntake and 25 di scharge sides are separated from one
another by solid walls. Furthernore, the nesh baskets
hpeatedal Bt Bhef PaRrorEI1aR0PKe £NBy PABKRS - oPCkyees she grid

é?ggé ghatEﬁe ﬁgn%eﬁﬁaggfgf Qﬁﬁhbggigﬁt EBE”Engge%W”co gas

eparate gas cha theé ~nesh baske

pgeﬁevabtgdcoupbedeh@rammyoar$ungbﬁ angcBArdiesphpege via
pi pes. I n_nesh baskets that are preferably used, the
whn@asltolsévaésGhﬁuabgéapﬁn@mstpwerroﬁh&b@@éh bgskras that

h iLLin b a
TRE PP eRapl D Reblll SHIT0R BEARESH Lk dRBhs P Bcner in
8heuLbdbepebnhtslierad thtsthBrQ@gba@ ean zofkal ke
arranged grid glate WO 2004/ 063094 PCT/ EP2004/ 000018 -

héskeééaiéamuﬁ ﬁhéiaaséhr@ggbndéﬁipﬁé gaskes. apen@geshe

Lhe.gaLd, phat s-apd t e ba gn%t%a%f 508 DAkt ne! B8 ogas
energent gas 'S dlverFeg 0 a céen raIIy arrange

fhcebhanyerpbpeabiya. WAl ERhel hikgakesft BacabsakReitOfhere is
tower. The_nesh baskets that 5 are preferably used can
peverhéradlpnarappgedt hubst ReEMERL wWhaCAHSOPERILON ﬂ@@@ﬁ

SRebuire oBFriERtC b e AR Ry abAe anf B Bk PLogR T " ehac

Qaagﬁtﬁaanai@anaEgQWpu OfbbetEEOQ@SgaEH&%rE@EmEGOWhen all
above. In the mddle o each basket there is 10 a

VbetP@ﬁkﬁySaarang@dth@béé@@?ﬁdnstﬂﬁeCEA@oﬁbsib?tt@meand top
SpePhBISpRELUEERL! DB AL 0cRLALEANA,LICDRSC 181 A8y B0yich

a cen rge prpée
whspedt| tot BAebaskersgasechambbe St@C§a§ &bab@ At the
bottom and top of the absorption tower, the discharge
pepelfyrseafdedofi the abspsppéen tewekle ot her gas
chanber (CO gas to be desul furised) of the absorption
t ower.

Because the reactions taking place on the biogas material
are slightly excothermic, it may under certain circumstances
be advantageous to cocl the CO gas down again between the

absorber towers in a heat exchanger.

The CO gas to be desulfurised can flow through the
absorption towers either in series or in parallel,
depending on the operational conditions, such as throughput
and sulfur content. The reduction in the absorptive
capacity of an absorption tower can be monitored by on-line
analytical measurements of the sulfur content in the
incoming CO gas stream and in the emergent CO gas stream,
so that such an apparatus can be taken ocut of operation in
good time in a targeted manner in order to avoid
inadmissibly high sulfur contents in the emergent CO gas.
When the installation is operating in the optimum manner,

the CO gas leaves the chemical absorption stage with a



10

15

20

25

30

Because the reactions taking place on the biogas _
WOt fjdBlos3a6€ Slightly exothermic, it may Unﬁ@f({omrobal/ﬁooom

ci rcunstances 20 be advantageous to cool the
down agai n between the abso[bgé towers in a heat
exchanger. The CO gas to be desSulfurised can fl ow
through the absorption towers either in series or in
parkenE| of29rgapéRdrRg dRCrHENdFe Rl foNarorErEndcoAs, the

asethro u n I e T d [ 3
?%ﬁgﬁeagbgér%gggega@%p%@?#?KgPaE%ngggpgk?gnE?b%ép g@me o
§&sNoThier edrbgspbnbeneo anzbyki ozl abeasprespnbs ebrehehan
sul fur_content in the incomng CO gas streamand_in
PRetenbpgedt cuothas 1sgpaas, agouss chadnegepnds sulfur

can be taken out of operation in good tine

?ﬁﬁégﬁéﬁééted manner in order to avoid inadm ssibly
hi gh sul fur contents in the energent CO gas. Wen the
installation is operating in the opti mum manner, the
Tegae peaves dreudfivmicgr absbhpni passedgéonittle acpovated
2004/ 063Q94_PCT/ EP2004/ 000018, - 16 _,content .of organic
GRECPRORGRRFECSaNT AP SE8mpOlRdS TRECAE 2 Pande OF T gach
ER8RaAgRFOXEMEbebkyhizee5enhe t0e NBmMMEBaEQregas. thei 80 gas
corresponds to a rate of absorption of nore than 98 %
basedtenihfethigosngganmenbedbw BOFQanpre SetdlilySnot more
compounds. The CO gas so desulfurised is then passed to
thenagbfvatBeiforarbon G@Asvapteénhess aghe dheivenpdrasupen

in the heat exchanger is so adjusted that _the 3
POREEP LGPt gherRa b gHOUBE BY Bhi SPPRE. LAPoTGYNES but ot

RELeW-RAG 3RheheyRRP Yo Oha d0EEs 4hAOn B2CisBrigeg the CO

gas enters the activated carbon adsorption towers, an
howogenebualyl wash the @9/ §aB .bThenoxygeor ecnant3i® the CO

/ NnB._ of . gaseous anmonia is mxed _honpbgeneously with
FE, P aSE. L #HBT 8REHEn 280 AT RKCERSt fECTOLES §a SARfPEh

+8aPEESANE naBhaNpeXERaI N BALRRa9XhEdbKBRion stage, should

be not more than 0.15 vol.%.

gas

A plurality of activated carbon adsorption towers are
present, and the CO gas can flow through them either in
series or in parallel, depending on the operational
requirements. The activated carbon towers are fixed-bed
reactors and are in the form of cylindrical apparatuses
having a sieve base; they contain an uninterrupted packing
of granular activated carbon, through which the gas flows
from top to bottom. Suitable granular activated carbons
have sufficient strength to avoid inadmissibly large
amounts of fine abraded material, which can be formed
especially in regeneration procedures. The particle size
distributicn should be so chosen that the pressure loss of
the CO gas in the adsorption stage as a whole is not more
than 0.4 bar. Suitable activated carbons have a specific

surface area of from 1000 to 1200 m’/g and a pore volume, at
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reaction in the preceding chem cal absorption stage,

wbo2d ok /o8gonet nore than 0.15 vol.% A plurapétpredoos/000018
activated carbon adsorption towers are 20 present, and

the CO gas can flow through themeither in series or
in parallel, depending on the“0Operationa

requi renents. The activated carbon towers are fixed-bed
Peagt 81 &e8nafal&sentiRE £8r et Oby EXRAY Pcd tapParatiidss

ayin ' e; Gontai_n wa | Rt iupt ed
%é%ki%532§bg¥68?§§qu%gg§ti@a%gdqcagggﬁ{ throdgh whi ch
the gas flows fromtop to bottom Suitable granular
activated carbons have sufficient strength to avoid

ThadnPSifBRy PHLGET SRBERUSCSH F£i-Ae APCRBFELFECeOrganic
; N N |
S £, POrBBR AL T oRRER S S SR, PO B st s

&pechesetinklabnt bRephessvaeedosardbn .t hey €QReyaTeskridie of
adsorption stage as a whole is not nore than 0.4 bar.
Fneabpreandt t¥aced eir psuIcHatdeyespscifpraeds yrftare alia

Sh8roumobd bt Persboifonabis® ToprbeRorEoll sl e Tigden

t82PcR0d0# nef theoreBehetrat@on Wit steadh. M chemical
activated carbon |'D 47-4" from"VFT". The residua

5ef€hioB8npoangbove. ¢n BAvesiensed engakiic 5 sul fur
conmpounds, el enental sul fur and hydrogen sul fide, are
retai ned on the activated carbon. In the presence of

anmmonig apd.tgaces @fs oxygangfihere is formed inter alia
ammoni um sul fate, which can be renoved fromthe

activated carbon during the regeneration with steam
The chemi cal 10 reactions are shown in Equations 5 and
6: EqEQ5. 6: :NNB4SHHRS? -G NHABH Epy. (H4):RB4SH + 2 02 +
NH3 -* (NH4) 2SO4 15 The oxygen, ammoni a and sul fur
contents are nonitored

The oxygen, ammonia and sulfur contents are monitored
continuously at various points in the adsorption stage in
order to correct the amounts of material metered in, where
appropriate, or in order to change over between activated
carbon towers in the installation in good time, before the
sulfur content in the emergent CO gas can exceed the

permissible value.

If an activated carbon adsorption tower has reached the
limit of leocading with sulfur, it is disconnected from the
other towers and regenerated separately. Regeneration of
the activated carbon adsorption towers is carried out in
two steps. For that purpose, apparatuses from different
process stages can be connected together. In the first
step, about 1000 Nm*’/h of desulfurised CO gas, which is

removed at the end of the preparation process and heated in

a heat exchanger to at least 280°C, preferably 300°C, flow

through the laden activated carbon from top to bottom. The
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continuously at various points in the adsorption stage

W 2000/s3b94correct the amounts of naterial péRIESRB4/000018
in, where appropriate, or in order to change over

bet ween activated 20 carbon t rs in the installation

in good time, before the sulfur content in the

energent CO gas can exceed the erm ssi ble value. If
weaaﬁpvaﬁ@dgeﬁrBénfgéséﬁski6@ Fgﬁeﬁch§§fﬁéﬁbﬁééﬂﬂ%@9 the

%élkh Eoﬁbekgﬁg ngt@?tﬁﬁgﬁ e%E oftt % %b%%%%@%%&%%nt heat

rom regenerate arate

&egrangati. oThok "EmasthQV@&eéegawa@ @@@mm@uaﬂnﬁﬂMﬁrthe
is carried out in tw steps. For that purpose,
SphANEt GSBEEREQATIIE e FEREICHLOESs §25t dGededay BOO mg/Nm’.

t e e first t bout 1
KR P aRlE PhEP: ca el Ly eThe R 1Fs Pl ot st e o
padsel tthQQﬁp@héta@ﬁlpﬁ@@@S&a@%6nhQ%h%@ ifromA thgatt o
exchanger to at |east 280C, preferably 300C, fl ow
PREBOGh the PrdEHTaEONGaladngarpoRenssmh 5663 bsdtidom

29 4/ 063094 PCT/ ER2 00018 - 18 energent CO
éﬁchgr BaCEQFobﬁﬁe ggre nlgnterlng the sulfur

conversion step upstrean1of the countercurrent heat
exchanger. This "flushing process" is continued until
Wh@n EbEfaﬁteUﬁtédtcaﬁbpneadﬁ@rgﬁnpncgtggg is ppleowtiog in

n_the second ste stea f er abl te
e o0y MurmbBBeRCaR! ReshiRente Rk r hPec Bt Ehhers
thentdogakoleRQbEORNhet ha st iHEieaNtALR BY copRdeRsed
stean1be|ng rLdlscharged at the base of the tower. 10

t

Yhaani feandt inargdnéar soafads erprrondst ade 1ins egeédr awrisey Less

' t ne ccordance.with_ the .

%%%I&i ?hgns pr?ﬂ%r@}éage?%agﬂ nt?ﬁemgzlgrf‘m I HH%n
befeép@ﬁabeﬂb af raeegafi adaBepktABhIafi €heUlldfur compounds
conmpounds of in each case less than 5 ng/ Nn8,

pf emerabthane8s #han 2 ng/ NnB. This 15 corresponds to a
rate of adsorption of the sul fur conpounds

The CO gas so purified is brought to a pressure of 3.5 bar,
and water is removed therefrom to a residual content of
less than 10 ppm in a subsequent conventional drying stage
in accordance with known prior art by preliminary

condensation in a brine heat exchanger at a temperature of
3°C and by subsequent drying in towers filled with silica

gel.

The pure CO gas leaving this desulfurisation installation
contains in each case less than 5 mg/Nm?, preferably less
than 2 mg/Nm’, of organic and inorganic sulfur compounds,
less than 1.5 vol.% hydrogen, less than 0.15 vol.$% oxygen,

less than 50 ppm methane and less than 10 ppm water.

The individual stages are preferably present at least in

duplicate in terms of apparatus, CO gas flowing through the
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of nore than 95 % The CO gas so purified is brought to
ROPEEESMWE800% 3.5 bar, and water is renovedpghesiooa000018
to a residual content of 20 less than 7.0 ppmin a
subsequent conventional drying,stage in accordance

with known prior art by prelifmnary condensation in a

bri ne heat exchanger at a tenperature of 3C and

2BBREFHBRESIAY RGTAA LEInEFs 1 |S|eéde\ntnss|nq%la}regie| angh it
u S a d
e
pretesabkyabess tot ban c2nmgchill, telgeahganiics andargeted
|norgan|c sul fur compounds, |less than 1.5 vol.%
RoBRBEeAl FESYiEREn 8518 ¥6EWloxf§En exagpleesd enantdae
h d._l h 1 Ao, T vidua

DR EL e B caTan o Bl RO TIBL Sy, e il
tppavabfisappanat bs, o@@rga%df o Regleheauglk d fiel Warn.
2004/ 063094 19 - PCT/ EP2004/ 000018 apparatuses in
parallel or in series, as required, and it bei ng
'EH S PBSE% age}lll gugl %p% rogt U%%S e%r %%t COI’ltd.I’lU.OUS
proc sS°S € connec |n a target
aaam?tlchlraqnutedanSaa wa&ubhs b@&n@&aﬁnlehdﬂahtlre
entire 5 process can be carried out continuously,
E§€§9§§ tAe thppaPrRYUYESlaEAODE Eferifiadingd values in

Legener abedslBotunle TOACRLATERS BRINENERABCA MO Do
su to con I ndous  ~ana ica
r@tbgﬂﬁsédlBhffuﬁlbh@19n&hde19 Qh@C@&$edSQpb&ﬁtI®ﬂIhe
violations of |limting values in respect of substance
BHREEREracrending tretbo dayensnope thecdglilowdng

ly.r |d e n_th

%g%%ké#ﬁggt%ntgg i nve ?’o%%Ee %Oﬁﬁopfed TS s%%ﬁ?éby S0~

tallbe 6£LlaﬁeaaaampaubanemeeaausnuousIy by So 15
call ed on-line analytical methods:

. organic sulfur compounds
(calibration of the equipment having been carried out
with the following chemical compounds: carbon

disulfide, carbon oxide sulfide, methylmercaptan,

ethylmercaptan)

. inorganic sulfur compounds (hydrogen sulfide, sulfur
dioxide)

] oxyger

. ammonia

. (in addition: residual water content and purity)

The inorganic and organic sulfur compounds are determined,
for example, by means of on-line gas chromatographs from
Siemens, using devices of the type: Sicromat RGC 202 R 219
where the sulfur contents in the CO gas are high, and using
Sicromat RGC 202 R 220 where the sulfur content in the CO

gas is low. The measured values in each case relate to the
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organi ¢ sul fur conpounds (calibration of the equi pnent

RaVidra fe8begarried out with the foll ow ng sdefp2ab4 /000018
conmpounds: carbon 20 disul fide, carbon oxide sulfide,

met hyl mer capt an, ethylnercgp%anl i norgani c sul fur
conpounds (hydrogen sul fide ul fur di oxide) oxygen
ammonia (in _addition: residual water caontent and

ﬁulﬁvy)cqﬁéenﬁopgaﬁhe SHEMSFEANFETBANAEF @BRpBEARS Mgr 451 /Nm’
ﬁtg ned for exanple, by nmeans of on-line gas

C natographs from 30 Sienens, using devices of the

type: Sicromat RGC 202 R 219 where the sulfur contents

in the CO gas are high, and using Sicromat RGC 202 R |

pywonkar ént RBesGPf gaScoft EfEerAinRE BPEOLEHRELIICRIWY TRANT

CFBa/DESoNa HER ER,BRoG00Es 58 BhF HaukeR, "Dlrveen, 1gy vne

t‘begﬁBem‘sCabté@l‘mﬁuﬂdﬁyaﬁdpﬁ&amaggeﬁ:ﬂ:/ NeBsu€dngaprocess
Amonia in the CO gas is determ ned photonetrically
using thet NEXIMPNBSdedégrcérPMofmlEREREss and Hauser .
Oxygen in the CO gas is determ ned by a paramagnetic
nmeasuri ng process using the "OXI MAT" device from

BhepBAScakd bietbaseudfutrh@esikiihadebakn Bampb0Asg points
sanpling points 10 are provided in the inlet stream

and provhdeduihethst indst strerm endgas ithet putdest sspeam

3F1 bitF R GRP cholby 5Pohislf. ofF PhEnEThrssa.SEs gud co be

AsEeB6edd, Bepadgaerndbvindualy taweesretiehle of a part of
instal lation are periodically taken out of operation 15

bheanseceR&i Eochpasseyshgd . bB@ﬁaéﬁﬁaggﬂeﬁléﬁéltﬁ@yers of
EBEUL S o1 £98080 08" oL B8 aTRRh | "UaREHNERCGE BBLSL: son
because their capacity has been exhausted and they require
regeneration, the sampling points are moved accordingly;
the conversion towers constitute an exception, because

regular regeneration thereof is not required.

The analytical data are recorded and registered in
evaluatable form. If given limiting values are exceeded,
alarms are sounded and in critical cases, as in the case of
oxygen and ammonia, these are associated with the shutting

down of the installation for safety reasons.

The Examples which follow are intended to illustrate the
process according to the invention, but without limiting

it.
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the conversion towers constitute an exception, because

w6/ osg@mer ati on thereof is not requiredpcEfPrrdtR4/000018
anal ytical data are recorded and registered in

eval uatable form If given Iiggting val ues are
exceeded, alarns are sounded“and in critical cases, as
in the case of oxygen and ammoni a, these are

ed with the shutting down of the installation
for safety reasons. 25 The Exanples which follow are
intended to illustrate the process according to the

Eﬁuﬁgléom; but without limting it. WO 2004/ 063094
/000018 - 21 Exanples Exanple 1. 5 A CO

gas froma crude CO gas producing sour ce, containing

e n %;hydr.0 e s t.han 0.15 v %, _ ..
Bes e eartioTeSecrhn B6 8 mebhlire " g Cphicaining
Tessephanf 1.0r gani.¢ sybfruheegnpewrdshah 3306 W&ﬂNWBqﬁyéen
a content of i norgani ¢ sul fur conpounds of 200 ng/ N
agdfé68§otb@nt5ﬁu§9@|wethaa@oanﬁshéwlseoa Nﬁ@ﬂ#n¢0Q§

m heat , -exchan e a st
SESaLAcRh £RECEaRBeLnfls, ° A 300, FeTMPE AhATR panpent of
bAErgeaes shil elirachRbodusl- oferyi fg/MRET ajEopeand is
fed to a heat exchanger by way of _a preconpression

spagenandsiycouneecuntsent BEA0 ¥xihangera sBeamohhat

BEER g8 ERoBoR AT 000 25! STRSIALTS Bl oo
h d h
3400, AR R e ot

BeAEv angd bpdrheiohhantiower sedf tbha tedveeSichRnsteagdy way of
which are filled with 20 al um ni um oxi de contact (BASF
P RPSIOVPIBEFOPE ERREFI ARCt Be COMBRPEFYTERONSRS, exghanger.

ﬁHBHHérOEOEQQOEgéE ekesgggn%k§egﬁgeﬂaving a temperature of
about 200°C, comes from a dry dust-removing operation for

the crude CO gas and is fed directly to the heat exchanger.

The crude CO gas is there heated to about 300°C and fed to
the towers of the conversion stage, which are filled with
aluminium oxide contact (BASF D 10-10). Before entering the
conversion towers, an amount of 100 kg/h of steam is added
continuously to the CO gas. The CO gas is at a pressure of
2.8 bar in this stage. The CO gas leaving the conversion
stage is cooled over countercurrent heat exchangers, in
which a portion of the heat of the emergent gas is given up
to the gas entering the conversion stage, to about 30°C over
water heat exchangers. Continuous analytical monitoring of
the emergent CO gas by so-called "on-line gas
chromatography" gives a value of 50 mg/Nm’ for the content
of organic sulfur compounds and a value of 3450 mg/Nm® for
the content of inorganic sulfur compounds, which
corresponds to a rate of conversion of the organic sulfur

o,

compounds of 98.5 %.
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continuously to the CO gas. The COgas is at a pressure

W 20049088694 n this stage. The CO gas | eavi ngert/&@2004/000018
conver si on stage is cool ed over countercurrent heat

exchangers, in 25 which a por% on of the heat of the
energent gas is given up to the gas entering the
conversion stage, to about 30C over water heat
exchangers. Conti nuous analytical nonitoring of the

%EéggnﬁtC5%98§y§¥n58f09g| (éﬁ;gbﬁﬁﬁﬁg ¥w3{%2 is added

ogra h rves a va

eontieat c301 ed oogg59055Ub6ﬂveeeaaouaﬂa 8hd aovaghbeief passed
3450 ng/ NmB for the content of inorganic sulfur
eompbunayslvhFehtheopbeepphéiant boyerat ef okheoremirah

SR07 55084 TP aBa0baPEOOBIAC O 23- SARA bl thpse tovers,

YGEPL 0bn 26f N8B1 buf 0EcABoAnaE/ BHB E€&hvessaddetintbo the
cool ed CO gas so converted, and the CO gas is passed

@bﬁm$n9@bssylf@rtﬁékaﬁsﬁlpﬁeoﬁnt6m9rsr@n hrdrelefitcal 5

absorption stage at o]

&30 Ehi0g Bh e ShebrPial s (PEedhich: nethhs ik Eor Ery, rac)
1At Ghe ep £EBEHAL §E|BﬂygéﬁkﬁﬁdphéﬁéronThéeCO gas passes

i ron- hydroxi de- containing porous material (product:

Emrnygmméﬁﬁrfabﬁoﬁpg;onnt@wgrpreseﬁeélgs o%?geheaﬁdof
The, CO

{ s g asseé 10 t@ g gh fo ab or? e

¥%%% §°Fn Q%F QEnknE8 dipsopated gy SRteREPA P s Rt er
Héssi PREBENGYrEnt6r sBEhaks WREEht PBRAt exebapger SekPerature
such an extent that a CO gas tenperature of about 30C

b6 sbolt BatMtiad neh B tredidteedard) dfeer absor g otrhe
stage. The CO gas | eaves the chem cal absorption
3PBYEP Wi PR ﬁtéﬂﬂteﬁheogoogaﬁnﬂéaﬁﬁﬁ FﬁérﬁﬁﬁmécéélﬁQﬁorPtlon

%g&g&“@??hoé bB gagp 8?58r$9nEE/QHﬁ 1EBE§?HQErSEE@UQS

e of sorptron orf 1 norgani c surftur COﬁpOUﬂdS

@6m§8uﬁd§60fﬁmnaéﬁdhtc@éelsﬁ h@ﬁﬁh3(orhﬂ§4cd¢&éﬁﬁbﬁﬂk to a
gas) of ammonia is 20 added to the_CO gas so .
Bekal phraBagrrhkant A Coryaanis pudfur compounds of 98.6 %.

An amount of 1.7 Nm’/h (or 154 mg/Nm’ CO gas) of ammonia is
added to the CO gas so desulfurised, and the CO gas is fed
continuocusly at a pressure of 2.2 bar to the towers of the
activated carbon adsorption stage, which are filled with
granular activated carbon (VFT, type D 47-4). The CC gas
passes through four adsorption towers in series. In those
towers, the residual sulfur compounds from the CO gas are
retained in the presence of not meore than 0.15 vol.% oxygen
and at a temperature of 30°C and a pressure of 2.0 bar. The
CO gas leaves the activated carbon adsorption stage with a
content of organic and inorganic sulfur compounds of in
each case less than 2 mg/Nm3. This corresponds to a rate of
adsorption of inorganic and organic sulfur compounds of in

each case more than 96 %.
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continuously at a pressure of 2.2 bar to the towers of

wbe2omtossabed carbon adsorption stage, whi CheB/®r2004/000018
filled with granular activated carbon (VFT, type D

47-4). The CO gas passes thrgﬁgh four adsorption
towers in series. In those 25 Towers, the residua
%Hlfur conpounds from.the CO are retained in the

a
8stHcBa8f SRoPWBLdethaR @ngg | t9% GxPEEFS VAR Ot 33 5 bar
{ gMRerahyn e ph30Can %t% €S 3ke Ee%'gsbﬁ%mduga.Qﬁgﬁgfrom

gas | eaves the activate rbon adsorption stage w
tonaenesofluel gannt eand ciftndeganittiasiu1Huppao ipo wnds befeguent

30 each,cagi | ess than 2 ng/ NnB. This corresponds to a
FARESBE 1oL oFBY LB SF2PRorFaRCECXAANSEgHAES Smomigy prior

n s a ‘ha 9
§06uPbosd BeirEBa60arEoeaTacn. 352 itk ey gychanger
aurhf tefpkeabliougbE Bocas Rl eBpUsEbOEg3ert PAFyihg &n towers
final conpression step, and water is renoved thérefrom
folhedewitibakitconaegelof |ess than 10 ppmin a
subsequent conventional drying stage in accordance
with known prior 5 art by prelimnary condensation in a

BhéngubeatoeygBangdgyingt t&ikeAReLAULS sk 135 aRG B 1ation
subsequent drying in towers filled wwth silica gel.

Jhetpine €O gashl easengeshi shdesal figyNsdt obnorganic and
installation, .10 containaﬁin each gase | ess than

2
HOPRRBIOF BrYEHECCaMBOURAGY dREE SORPUL - SorfBduddSYdrogen.
1has €h§nV9L1%60%@(Qgéﬁygeh?3§eEEaEh9n1§Eéﬁgg%%%%¥%%%’and

| ess than 50 ppm net hane™and | ess than m wat er .
I18s&xahpheld: pfhewetade CO gas production source, the
apparatuses used and the physical conditions of
pressure and tenperature are identical with Exanple 1.

ﬁh@m%ygfyg content of the CO gas 20 is substantially
conpared with Exanple 1, the gas throughput

IS reduced.

The crude CO gas production source, the apparatuses used
and the physical conditions of pressure and temperature are
identical with Example 1. The sulfur content of the CO gas
is substantially increased compared with Example 1, the gas

throughput is reduced.

In the same manner as described in Example 1, a CO gas
containing less than 1.5 vol.% hydrogen, less than

0.15 vol.% oxygen and less than 50 ppm methane and having a
content of organic sulfur compounds of 5650 mg/Nm' and a
content of inorganic sulfur compounds of 350 mg/Nm’ is fed
continuously in amounts of 7000 Nm*/h to the heat exchanger
of the conversion stage. Before entering the conversion
towers, an amount of 200 kg/h of steam is added
continuously to the CO gas. The CO gas leaving the
conversion stage has, according to continuous analytical

monitoring, a content of organic sulfur compounds of
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In the sanme manner as described in Exanple 1, a CO gas

RO 4yio88obess than 1.5 vol. % hydrogen, | esgci/d2082/000018
0. 15 vol . % oxygen and | ess than 50 ppm net hane and

having a content of organic syl fur conpounds of 5650
ng/ Nm8 and a content of inorganic sulfur conpounds of

350 ng/NnB is fed continuously in amounts of 7000
APB/ HI{ WMt NG et CRX e geF  1RPTIRRL ¢ oFEF Y ofPERAgRds of

%g%@[(xg?ﬁﬁ&e!iﬁgiéﬁ?c&% Sh&D 30 4 S0P BPUNL; Of of

of ' steamis ad continuously to the CO gas.

The €thgascl eavlfng tbepouadyensi 8.3t @ge has, according
to continuous analytical nonitoring, a content of
organi ¢ sul fur conmpounds of WO 2004/ 063094

££H£§5399469088%§en'0%4381Q9?ﬂygg%% ﬁ%?%ﬁg?ﬂ&ﬁ?gﬁﬂoﬁs added

i'nofrgani ¢ sul conpounds of

€£6r tREpOBEsctioca gakesof coaneecsdonanll thheCor gaei ¢ passed
sul fur conpounds of 98.3 % 5 An anount of oxygen.of 35
SPBE hnpers 7Y4bonghRnBPEOy PEdoRdleHereoofhEheoshemical

sSQ, conv , -an as gl a d
OB PRuoRE SEese, B o bR st i Boues 8 BRE nEhen st g

phseEpt tARoSHRYEcAL abpbepsiiba ebwérE har sefhesCOwbas the
passes through four absorption towers in series. Wen
ihetablansonl Lat PPRTRSiDPei Bt FRg PRUEMEMOPENAGH HERGer

£R8TppEETP. Pabloot B TR RpL PRSI Bt om ase

wiehdantenseht upfcorpadndsagll inBreashccase Fhe0compdiBds of
This corresponds to a rate of absorption of inorganic

inl earhcoapeukfs BE/Y8. 3 This 1srrvespoidt o 2. Bateseh
r 308.nmo/ N f _a [ nceCL, s added
£85o788 B BEPaethaRl P HIRELE RHBRRALCRE ba. S, 39050

continuously at a pressure of 2.2 bar to the towers of

the activated carbop adsorption stage, which 20 are
An| peguntt AfgRafuNar/ctPwal @Y wafhon QVFRE ammonia

{substance C) is added to the CO gas so desulfurised, and
the CO gas is fed continucusly at a pressure of 2.2 bar to
the towers of the activated carbon adsorption stage, which
are filled with granular activated carbon (VFT,

type D 47-4). The CO gas passes through four adsorption
towers in series. The CO gas leaves the activated carbon
adsorption stage with a content of organic and inorganic
sulfur compounds of in each case less than 5 mg/Nm’. This
corresponds to a rate of adsorption of inorganic and

organic sulfur compounds of in each case more than 95 %.

In the case of this procedure, the pure CO gas leaving the
desulfurisation installation contains, after additional
drying as described in Example 1, in each case less than

5 mg/Nm® of organic and inorganic sulfur compounds, less
than 1.5 vel.% hydrogen, less than 0.15 vol.% oxygen, less
than 50 ppm methane and less than 10 ppm water.
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type D 47-4). The CO gas passes through four adsorption

WOVEU (R /iog3sesi es. The CO gas | eaves the actimagmb2004/000018
carbon adsorption stage with a content of organic and

i norganic sul fur conpounds_o§ in each case less than 5

ng/ Nm8. This 25 corresponds to a rate of adsorption of

'norgani and organic sulfur conmpounds of in each case
gﬁﬁE—EhﬁiEQEEMI In the case of this procedure, the
pure CO gas leaving the desulfurisation installation
contains, after additional 30 drying as described in

ExanpPeodessnfeachheapeebesattibanof5angbONgB8sothatgasi ¢ow in
and inoLgaqic sul fur congaunds less than 1.5 vol..%

hydr o§BhLUF esSNRRART BT 18°F0f Nof bRy g8nCOl 888 CPRLALIBHNT

ppm t 1 p . 0 0

PCT) 3004 000088 oo 25  patient Jarar e 1 Brogags For 0

t he prepdiaiona of a CO gas that is lowin sulfur,
characterised in that a CO gas containing 5 sul fur
conmpounds that are gaseous under the process

condi tions.a)el - ' usly.t S| t age
at e bvar g FEdLEE ERABLRND EbYal oy RRYEhT e 3
content, oeBanatedutémupecatpoandadcenthi aedetfintiesCeam
gas being converted on an al umi nium oxi de_ contact tQq

hydrogen stPRF8REan@rearbensul by decmprgyngfecen-gaged in
Conta'n'ngtEQeFéuéggrbgEHﬁ?UBﬂ@e?ge&5oﬁpgﬁe5iﬁﬂih§uﬁh8§ide
fed continuously to a chem cal "absorption stage, In

whi ch t he tydtagentsuhiidegenontafnéd andt barbBongdsoksde,
converted on an iron- hydroxi de-contai ni ng, porous
material, in the presence of oxygen and water, into

A A R T R R
converted is then fed continuously to a chemical
absorption stage, in which the hydrogen sulfide
contained in the CO gas is converted on an iron-
hydroxide-containing, porous material, in the

presence of oxygen and water, into iron sulfide

and elemental sulfur and is absorbed,

c) the CO gas so desulfurised is then fed
continuously to an activated carbon adsorption
stage for the removal of traces of hydrogen
sulfide and optionally other sulfur compounds,
some of the sulfur compounds still contained in
the CO gas being converted in the presence of
ammonia and traces of oxygen into water-soluble

ammonium compounds.

2. Process for the preparation of a CO gas according to
claim 1, characterised in that the aluminium oxide
contact has a specific surface area of more than

200 m?’/g and a pore volume of at least 0.5 ml/g.
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continuously to an activated carbon adsorption stage

worz2dduwoesoeyal of traces of hydrogen 25 sul perleerpad4 /000018

optionally other sul fur conpounds, sone of the sulfur
conmpounds still contained in ,ghe CO gas being
converted in the presence of “ammonia and traces of
oxygen into water-soluble anmmonium conpounds. 30 2.
Process for the preparation of a CO gas according to

gl ai mplocehar 9ekeﬁh§esrbﬁascaa&ohhsfaguffbnlga@ %'c@%dlng to
contact has a specific surface area of e than

n2/ g abdim porehavhunerméedt1heahat0tﬁenbbgvemglon of the
2004/ 063094 PCT P2004/OOOO 8 - 26 3. Process for the
pr epaPaeFBAC ofY EB EN et FdﬂﬁgCFSrlﬁﬁaPHFlat

characteris n_that _the nversi.on of .the . org

SO OPLERLpSEunRs] B8 nbYE ERRNCERDR P ifin o 98PLSn
nore ¢HapeRB0Erapd WeIaEta2St5€ﬂEﬂ 5CQBheBRH eh @b baast,
2.5 Wm.% (based on CO gas). 4. Process for the

preparati on of a CO gas according to claiml1,

h t d t _the i hyd - 10 ,
ont o KRGS pEPBu RARPEFPAF baBH Pk PhbOcHEM egFording to

absorpi hoR §taQEaP£cE@BE§éaslﬁtthﬁ@sthé5lwhnﬂhydrox1de—
(calculated as Fe) active iron(lll) oxide hydrate

(basedonhannuaguap¢r0m5 ﬁatéroaésssédr1nh9hprepamacaén
as,_accor

f | h
Chat TheOPRrIeRobhraY bT nonBetngaatl TeAgE Tk y #E: fan

35C '@céb@u@&té&aﬁngéﬁrQ@Elv@d§96ﬁqEQ@ Sbﬁgﬁechydggt@
Process for the preparation of CO gas according t

cl ai mMasedacncnetesedlin t hat, |n t he acti vated
carbon adsorption stage c), annDnia is present in the

5. Process for the preparation of a CO gas according to

claim 1, characterised in that the temperature of the

CC gas 1s not more than 35°C in the activated carbon

adsorption stage c).

6. Process for the preparation of a CO gas according to
claim 1, characterised in that, in the activated
carbon adsorption stage c¢), ammonia is present in the
CO gas in an amount of not less than 150 and not more
than 310 mg/m® and oxygen is present in an amount of

not more than 0.15 %.

7. Apparatus for the desulfurisation of CO gas,
characterised in that iron-hydroxide-containing,

porous material is accommodated in a cylindrical

apparatus in a plurality of gas-permeable mesh baskets

arranged vertically one above the other, in a bulk

height of in each case not more than 150 cm.
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CO gas in an anount of not |ess than 150 and not nore

#hag0 4 QeRBLAB and oxygen is present in an ap@eiHp2004/000018
25 not nore than 0.15 % 7. Apparatus for the

desul furisation of CO gas, _cg?rgcterised i n that
i ron- hydr oxi de-contai ning, p0fous material is
accommodated in_a cylindrical 30 apparatus in a .
%ruraAPP9r6Fu§a§05e¥h6asﬁéuk§§ﬁ1§a§k@ﬂsofappaa@§daccordlng

vertical e~ab ; , s Ln u [ £
vor ) CALLYA A e0RHRELRe P DED, < Bgblbie BB A o6 o
PCT/ ER@O0#£(109848 fiowé iBtoAppar ghesmbeh bhekets

desul furisation of CO gas according to claim?7,

char agi®uiseaepusiaf romeabovgashroupl aBPSEPrERFSegpaces
f'omsb'E&Seﬁ'kh&h§n8§%998§§kﬁééh génk'ES”egﬁﬁ'anEﬁgk the
above"t rough appropri ate spaces Betwigen e
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chem cal syntheses, especially for the preparation of
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10. Use of desulfurised CO gas according to claim 9 for
chemical syntheses, especially for the preparation of

phosgene.



