10824 Process and device for the separation of foreign gases from a reducing useful gas by
steam-driven prgssure swing adsorption [0001]The invention relates to a process for purifying a
reducing useful gas by pressure swing adsorption using a so-called ejector operated by a pressurized
gas and generating a vacuum which serves to improve the desorption efficiency of the pressure swing
adsorption unit, in which the invention uses steam as pressurized gas generated by the heating device
in the productiofrefapeansedarigadontie sevamtinn sEioriangeses R AL Mg &8¢ or operated by
steam, the vac M FRREFRGE IR HE A% ES A5 Y8E8Mtion efficiency of the pressure swing
adsorption unit. 10[0002]The production of reducing %ases is a proces fre u%@ﬁ}{ uasseg in technical
applications. ARC8%ample s IHETIBARAIEH Br 2 PETEEING AL E SE8HRTFefdrming process. By
healing a hydrosatenacedus fdedntixiroaddrs@igheRdsr foeARaRLE, PBuIEtg3iuce synthesis
gas consisting gkaemidy Le,of ivdinaanearbomenexidedassharbancdionide (S ymthests gas is

frequently used as fuel gas or feedsigck for.chamical uatiesss.Anathier teguenthepsoduced reducing
gas is carbon monoxiae f&%é’ﬂ\ﬁost applications require a redé%g%\ga higg iS f{ee of
a

accompanying B44898t8 JEURt S ARG R B MpARYIN G Fad [on zls0 iSlatectos

carbon monoxmee which is obtained
from the incineratitoe odthefo ey precassds sifthe tarbonymorowite ForptHe PORARHSss gas is

converted in the.sQrealiedrie@repavetsivasinihepiesenspioh steam, the result is a mixture of hydrogen
and carbon dioxide. The latter can be removed from the synthesis gas by various processes. When

the carbon dioxide is removed, pure hydroaen IS obtained thiggsi an e s%rgggl. J: Q&%ﬁ%k in many
syntheses 4nd AR atiod 25 BEHELLILRAY BEE ing 2eEompanyig or foreign gases or foreign gas
25components wrmitatins uivd exiaplecn SierR Aty SPfeel it ISR BRI TR 8FI0 hE¥ERYrated are
residual gas coppenents; skehhas melhane andsiitogen njR064 |Mareappiication datmictde

gas-scrubbing plaggsses L e sepaion aliindesiie ApcampATKNG aasRsishare suited for
the mentioned ffpp Ications. Also frequently seg‘ are the so-galle&gn regsseuc[eagv%iurég agg%rrption units in
which the gas t&"30PKES% AR 85PN 8’?88'e§ A Focess

s%?ﬁtig?msproces es.yPressure swing adsorption units
are capablesof riertstinigforbignicaseshebnostrshplariony BasurpoPeUVRRARE S BEAhieved by
gas-scrubbing pregssges on certain conditions only. 108242

{00031 Most applications require a reducing gas which is free of accompanying
gases. A frequently occurring accompanying gas is carbon monexide which is obtained
from the incineration or reforming processes. If the carbon monoxide from the
20 synthesis gas is converted in the so-called CO conversion in the presence of steam,
the result is & mixture of hydrogen and carbon dioxide. The latter can be removed from
the synthesis gas by various processes. When the carbon dioxide is removed; pure
hydrogen is obtained which is an essential fesdstock in many syntheses and
applications. Other frequently occurring accompanying or foreign gases or foreign gas
25  components which are undesired constituents of reducing gases and need fo be

separated are residual gas components such as methane and nitrogen.

[e004] Many applications include gas-scrubbing processes for the separation of
undesired accompanying gases, which are suited for the mentioned applications. Aiso
frequently used are the so-calied pressure swing adsorption units in which the gas fo
30 be separated undergoes adsorption processes. Pressure swing adsorption units are
capable of removing foreign gases aimost compietely by adsorption, which can be

achieved by gas-scrubbing processes on certain conditions only.



[0005]Pressure swing adsorption units use the adsorptive capacity of adsorbing materials. Examples
of frequently usegtsadsorbing materials are activated carbon, molecular sieves, silica gel or zeolithes.
For gas purification purposes, the adsorbing materials are packed into suitable vessels and the gas to

he puried is PR ropa e esR aRssladndR st T orelin dpscampngnis are hus

adsorbed and rified use‘fu tained. After a certain time, t 2 %% ive capacity of the

adsorbing mateTFAlE bgm@dﬁeﬁér@és‘s@?‘fsﬁéﬁm%dﬁ?@ﬁaé?narﬁu%?’?é‘ itFAS%ful gas so that
the adsorbing matetisdreleasesithe gl sordsetifiese it gas rSiflosteupytytte for Sigiryas is discharged

for further processingiobrepeNal b leadsemtvanthsgsotplionpmesssesatetpeitdrmed in cyciic
alternation o that It 15 possible fo F%stu‘]f]éeﬁg%@@%% ) § Urfication progessahihe sipplied useful gas.
t e ernc SOor

[0006]In order toefurther Im |lorove ption process, the desorption process can

ien
be supported by“afptyiifgH \%u‘ﬁrﬁbéaf’t@‘rdpr%g‘i’u?ecr%ﬁ*é? ¥ {0 2R M GAEBBIRE removal of
the adsorbed forgignioasirenathdiduserbangtdsd atonsseSabiwmientied aill Hespesdsitie to re-use all

of the adsorbing.gatesial inthednextadsaiplien peasessrlaaitdhaissasstmohas tede generated by
an expensive CAMRLESERL.OsLIMAThing asnaralled cieniar et @il uees he pressure

of the discharge gag 0 generate a vacuum by utilizing the Ven uri effect. By controlling the valves in
a suitable Way f5'&tieine ﬁﬁﬁt%’(ﬂ’%h%%@ﬁsﬁésaﬁoﬂﬁ?ﬁﬁﬂdﬁ @ﬁﬁeag?éﬁg?“lf?stﬁ%sfg le to achieve
adequate evacpatisinofcthespressangrewingLadisetiptiornsasssébe[000E P=615448 B1 describes a
pressure swing adsorption process which includes an arrangement of pressure swing adsorption units

hichn cyclic GEERaLON STMP\E RARPTHG SATRENAR AcFCySral SRS SARPORERs b selecive

adsorption fro as mixture. A vacuum generated g/%ngeans of an eéector IS LIS to desorb the

a

adsorbed forelg‘i‘?%%@s‘i@ﬁﬁ %?8;?81%8‘38[@%%}3’@%’3@ YRS TS 8 i gdles discharged
from the pressusil sitdngalmis, @dmm#ﬁgFm@u&ieﬂbﬁt@oﬂﬂﬁt@@@ﬁ@mﬁ@@ém@@ﬁﬂuF'@%ﬁ‘&ﬁ@‘ﬂﬁe discharged
desorbed foreign gaifl HieRHRSHIF & SWIBE pelsaptionunitsaard theadalvespareseoanected in an

appropriate way, 30[000BIEP 1101731, Al dssHHbes AATASEES SO e Merkrian afsypthesis gas in
compressor or other machine, a so-called ejector is used This ejector uses the
pressure of the discharged gas to generate a vacuum by utilizing the Ventusi effect. By
controling the vaives in a suitable way'to ensure that the discharged gas flows through
20 the ejector, it is possible to achieve adequate evacuation of the pressure swing

adsorption vessels.

(00073 EP 015413 B1 describes a pressure swing adsorpiion process which
includes an arrangement of pressure swing adserption units which, in cyciic alternation,

remove & specific component or several gas compeonents by selective adsorplion from

E ]
Oy

a gas mixture. A vacuum generated by means of an ejector i used to desorb the
adsorbed foreign gases step by step. The sjector is operated by the pressure of the
gases discharged from the pressure swing units, allowing the use of both the
discharged usefut gas and the discharged desorbed foraign gas if the pressure swing

adsorption units and the valves are connected in an appropriate way.

30 [000E8] EP 1101731 A1 describes a process for the produciion of synthesis gas in
connection with a pressure swing adsorption unit by which the synthesis gas is freed
from the entrained carbon dioxide. The vacuum for the desorption of fhe pressure
swing unit is generated by an ejector which utifizes the high pressure of the fuel gas
upon supply for operation. The gas leaving the ejector may then be re-used as fuef



connection with a pressure swing adsorption unit by which the synthesis gas is freed from the
entrained carbagdioxide. The vacuum for the desorption of the pressure swing unit is generated by an
ejector which utilizes the high pressure of the fuel gas upon supply for operation. The gas leaving the
ejector may then beBre used as.f e(lj ]ég§e 4%&%% 3}" O{%%stem t% L%%gu%egasneg S, ?@? ¢ fuel gas and
the vacuum cafBe é’aaa%‘feg% {heeecgpamtsy requiré % 951 e vacuum generate e ejectors,
however, is fredftictPpiiatisyirite. For this reason it is necessary to install devices used to further
increase the vacuum. 5 This is expensive and in most cases associated with a demand for additional
equipment. Apgghiqm tm%etbscpu@swaggar@ discharend garienel My@ysTighienaugh to operate

the ejector in such gy that an adeauaie vacuha i denalaied. Jie g Akapiprased gas is

inappropriate for’ rEASORE Of Cost refore necessary to a low-cost solution for operatlng the
ejectors at highBiefcieReyse[G04 0TE P 8645 EASTREEMEe ¥ Rot®88Tdr MheMieAting a vacuum
swing absorptieapimwhichzirt issubiividedirtsan okyigedisdaeediandsarrbriygen-tiepleted flow, and

the vacuum for dhe yRcYWBR SY¥inG: ARssPHioN.is densyaied HysiepaiunderRressaigarad the
pressurized ste%‘m Is generated b%et%]negeoxxollsheégggr Shemical re g% ion 3‘?’@8& '?tf%d withethe

oxygen-enrich flow and i en constitutes a 15 reactant. eneration of the -
vacuum by the RRe2EPAI¥ @JFFFeﬂ BBt é?‘%@ﬁ%f‘?ir’f@%’ﬁ“ﬁﬁﬁgﬁ SRR R ﬁ’?{lﬁ‘b? FE88Ys not suited for the

separation of useful gases from a gas mixture as the separated oxygen-enriched gas is used for the

generation of theegigam. Eurtaesmore theseparatehgasepaliamansingrprassure sladd 1]it is

therefore the ail,of ihe preseRb VEIARIRITHE B30 AYAIARIS A0 WIS Undenbigh pressure
duc

reasonably prlce arﬁ’dOn S far as possible, generated in'the useful |o$ﬂirocess and WhICh
allows to operaf@“’t’hé”éﬁé‘&‘?o‘f%cﬁﬁ“ﬁ ffﬁ%?‘“eff%%ﬁ\'/’e LSBT0 1T RE IR GEHtidh SR#Te V8 Sthe aim by
generating hot stesswravhichtis obtsiniddrsgrmfiscdayesivduseiolsyabprot geeEvispPreeesd and is thus

under high presgukg. i ean.2f hesusedacirirgenisiyondriviog the ejgpiarsotsianadvantageous
embodiment of i invention e-sicains canrensediLiba-lesaendaaian gas gfiechaving passed

the ejectors. The condensed water can be recycled to the process. [0013]The invention also includes a

solution accord b SHRFR: tﬁ@\?&%‘iﬁ%'ﬁé‘%‘(ﬁH’ﬁga‘:‘fc}%émﬁtéj&?fe[u?gﬁhﬁ%?ﬁseﬁ?@lﬁl ff& desorption
process so thatrtihwucapatieysdeofttdepasssemrickerigunitehitdheamramrian Pidisosiaelides a system

of feed tanks whighhatgouseskashviies tanksdemaautunmagigesorbed gases. In this way, it is possible
~ to configure a continuous process flow without weakening the purifying capacity of the pressure swing

adsorption unit. The system for the operation of a
{0011} I iz therefore the aim of the present invention to make a gas availabie

20 which is under high pressure, reasonably priced and, as far as possible, generated in
the useful-gas production process and which aliows to operate the ejectors in a cost-

effective manner.

Iood23 The invention achieves the aim by generating hot steam which is obtained
in the fuel-gas or useful-gas production process and is thus under high pressure. it can
25 be used advantageously for driving the ejectors. In an advantageous embodiment of
the invention the steam is condensed in the desorbed foreign gas after having passed

the ejectors. The condensed water can be recycied o the process.

[0013] The invention also includes a solution accarding to which the vacuum is
adjusted o the respective requirements in the desorption process so that the capacity
30 of the pressure swing unit can be optimized. It also includes 2 systern of feed tanks
which are used as buffer tanks for vacuum and desorbed gases. In this way, it is
possible to configure a continuous process flow without weakening the purifying

capacity of the pressure swing adsorption unit. The system for the operation of a



108244 pressure swing adsorption unit according to the present invention is very well-suited for the
operation of steasm reforming processes. However, the system for the operation of pressure swing
adsorption units according to the present invention is generally suitable for any process producing a

reducing gas, purlfglng q%e sure SW|ngaadsg and m?l; vailable hot fluefcg uel gases which
2% Ally

SHUL 5 urtaccordl nton IS very well-
can be used to gr%nera ? rariving an e Tdﬁﬁﬁ? e Invention Specia N C alms a process

for the separatith BPFEHEIRPIFARKE WW?%E@W@%eﬂH%%V&@@%?&%M%Qp&ﬂ%i&'bﬂf)n in which a
suitable processryselss aviefacingtssaiutgasadnghcontanssat foveitinn Gogmypehentitdibe adsorbed or

2 foreign gas inadgiianiebie iRdcing GAIRPREN o3 RS SuRReSia Bregsie swing

adsorption unit at elevated re to separate or aé; a ies wh |c rtetéanlﬁnfs V%as to be
adsorbed irf anraﬂggg&vgéaéfleo eséf%ltr’fbﬁf%L?é"“sﬁ’rso‘ﬁlJ'Eeé:aarl1 Grified SR AE 558 " ARa e Gdsorbed

gases are relea@egleatiain in a mixture with useful gas by depressurizing the pressure swing adsorption
unit and can be further processed or removed, and after depressurization a vacuum is applied to the
pressure swing 20 adsorption unit for desorption by means of an ejector, by which the remaining
adsorbed gasefP84H be vﬁﬁd’?‘é{\ﬁm“?f‘oﬁ?&ﬁréagfe%@m’% %vﬁ'ﬁ@%ﬁ%?ﬁ%\%rﬁﬁﬁ‘ia%ﬁdowm&ﬂ% characterized
in that the ejecterds bpermted bystesin grerivrareduy WaatiagswithothénMdtc25useful gas or with the flue
gases from the heating process for the production of useful gas. [0015]According to the invention the
steam for the operation of thesejjettopeas:bgigenerateditg thefoytketwhesicedeirthe fuelogas as well as
in the outlgt,device for the component to be adsorbed or a foreign gas in addition to the reducing

component, and

this gas is supplied to a pressure swing adsorption unit at elevated
pressure to separate adsorbable gases, which retains the gas to be
adsorbed in an adsorptive process and thus produces a purified useful

13 gas, and

« the adsorbad gases are reieased again in & mixture with usefui gas by
depressurizing the pressure swing adsorption unit and can be further

processed or removed, and

= after depressurization & vacuum is applied fo the pressure swing
20 adsorption unit for desorption by means of an sjector, by which the
remaining adsorbad gases can be withdrawn from the pressure swing

adsorption unit,

and which is characterized in that

» the ejecior is operated by steam generated by heating with the hot

-2
tn

useful gas or with the fiue gases from the heating process for the

production of useful gas.

[6015] According to the invention the steam for the operation of the ejector can be
generated in the outiet device for the fuei gas as well as in the outlet device for the
useful gas. The steam can also be generated in both positions of the process fiow,
30 providing that the stream flows thus generated can be mixed in any order and
transported to the ejecior in suitable pipes. If a sizam generator is used as hesat
exchanger in only ong of the named positions in the process fiow, a standard-type

cooier such as an air cooler, for exampie, may be installed in one of the other positions



useful gas. The steam can also be generated in both positions of the process flow, 30 providing that
the stream flowsithus generated can be mixed in any order and transported to the ejector in suitable
pipes. If a steam generator is used as heat exchanger in only one of the named positions in the
process flow, a standard-type cooler such as an air cqoler, for examPIe, may be installed in one of the
other positions “15824% Eh? A8TEBSH L' CHEPTR S FRE RIS BT e D%Po%&}%eﬁseps is cooled
snythesis gas. [@316]The invention also claims a process by which the steam used to operate the
ejector can be condensed and thus recycled to the steam production process. It is also possible to

supply the condgiggd stegmfRdhRysaivaasspioducion pragessrdtigsheoteticalippagsible to use
the condensed %team for an){P1 urpose déeswdeqf LOOl? Th? pl;oc?ssnpref rr?d for prodycing the useful
the ICCﬁ} n F gd fo the s e HC 10

gas is a reforming %?8&0555'% NS yd ocarberaceous réed gas order 885‘?0 uce synthesis

gas in a reférmifieP PrEcEstRPRIcEM can daA St AN BatsAiUThe PReEfietP s ipdfogarbonaceous
feed gas is natusabigas:li ieaise possihle, dvowewet, desusel G ermdigtkdigas. It is also possible to
use naphtha or light benzines and all other fluids that can be used as a feedstock in-a reforming

process. After g, 4o eieqjoroperated process according.lo. (e Invention gan fegreticall be used in
all other processes for the prB Gchion of re umqagase Fhigitigdiso poss@fe,gf%r éxample, to use a
é

15 pressure swifiFAdSErpficH FREERLERERT BINSTFIsERtThVe ot i HPFeREsI6rithe gasification of
coal. Finally it issédsoiqmossittiessfor esmpleato ingluddetihhéprotessemithe productmefafaoke-oven gas.
[0018]Dependingparihsn Massasargielert faesynihesisgas ahtained frony the pretyction of
synthesis gas may,contain major amounts,of cathap menaxide, 20Debending on e goplication this
content in the obtaine synthess as may be unwa_n?ed. W'hiany cases t%e,carbon monoxide is
therefore remoV@l AHHFEHePr8dE8estsk ifi & SHTXERRHRFAEIN(ERSIBh. Tif tRETOEEHRYsion the
carbon monoxicge:cemstaitediny thetsyintzess gas isscotivalitas: byt é sl ditien wbstesanfmto carbon

dioxide, which gan s4bsgrHeRtBR-FRMeved fram the syeihesisigas By Seatmentinana 25 acid-gas
scrubber, for example, by {ne conversion hydiagendsobtalned. o sutable pracess, for converting
carbon morioxide |_n?o“icarb n dsl;oﬁ eis escribe Fin P HE787d2 ?ﬂ fri'an eﬁﬁ)oalmen of the invention
the conversion pREEeEETChreRebBa B & SiRstAeSEiy s CBRE LRSS R RBEATgEIBwWing to be

utilized as a heategxcrangeqeecessgae for the generation of steam. Also downstream of the process
step 30 of heat generating CO-conversion, may steam be produced which can be fed into the steam

flow for the Ope{eﬁﬂ%i‘ of tBSﬁ%é%%ﬁ%ﬂftﬂé) Sall %QEE@&@%}%&YA‘JQQ s'a%wé]@%{n%%%m rocess step of

conversion, it is heré as we e to employ a standar cooler. The outcome of these

processes is a EEGIETXYhELEGAS 1988 JhRarBIlANofgagemounts of carbon monoxide.
20

Depending on the application this content in the obiained synthesis gas may be
unwanted. In many cases the carbon monoxide is therefore removed from the process
gas in & so-calied CO conversion. In the CO conversion the carbon monoxide
coniained In the synthesis gas is converted by the addition of steam into carbon
dioxide, which can subsequently be removed from the synthesis gas by treatment in an
25 acid-gas scrubber, for exampie. By the conversion hydrogen is obtained. A suliable
process for converiing carbon monoxide into carbon dioxide is described in
=P 1878782 A1l. In an embodiment of the invention the conversion process is preceded
by a synthesis gas cooling process, this codling aliowing to be utilized as a heat
exchange process or for the generation of steam. Also downsiream of the process siep
30 of heat generating CO-conversion, may steam be produced which can be fed into the
steam flow ior the operation of the ejector. If no steam genersior is provided
downstream the process step of conversion, it 1s here as well possible to employ a
standard-type cooler. The outcome of these processes is a cooled synthesis gas free

of carbon monoxide.



108246 [0019]To remove the carbon dioxide completely from the synthesis gas, it is common practice
to use a pressui@2swing adsorption unit. It is possible o install this unit alone or in connection with an
acid gas scrubber of any type desired, If the portion of gases to be adsorbed is low, it is normally
sufficient to proe@&l& pressure swing 5 aqgsor%tion unit Wi}ggytfan upstream a?i ggsﬁsgérubber. The

d
. ) 5
pressure swing ads rptlonO Jf%ﬂ’%‘éee* ocr%rn?gve}%!geag? Sas %a‘&?rge of S mp%s degsngn and charged at

normal pressuréosB abaVaR (2 PP SfSHN DR EERsRREY To LBk JoIB PR TG K888 d8orbent. In an

exemplary embadiment e quresstice gitling adseeptanibbit nfaybamparsited omtiperdusly so that the
adsorption of thg gas.tobe.adsorbed is Behiewedwapthingindet theigdsosrtian-fosepf the
adsorbent. In an dadv%gtalgﬁ%{% &r@% rp{geD% rrred_ aecr?%boa(sj'sr,n%% @oneveré the Ressure swing adsorption

unit is opergteaau?locﬁ% XCEess pressur StiiZs e sorpﬁdn 5ree of the adsorbent more efficiently.

[0020] Typical préksisassitoreajsuralifigptié e S5t @SRy iR SRSIBh AR e stid@between 5 and
50 bar. To carryetifedesoepitanuth e usnitiy de peessued &d.dksofiing fowiczointimtdeusapperation of the

process in spitg,pfihateAdsaRiinm AR deser Rl muskiake Syt s Fey thispuease, batteries of
5 fo 50 pressure sing adsorpiion Ui areorsyally oparaied.side by side, Ihe gg3.4p,Be purified
passes throughCB%'r% 5 0nitE At e VAR pressur%, the Téreign gas %elng re a|¥1e‘ bygthe adsorbent.
The purifietf us&flil Has 28%pa8BbigiFR O’ ARBIRSEPAP bf theXInRERNERISAREEsENTetEB $8leasing the
adsorbed gas irrabauxtune withethe teefubgas: Whendiwepisselns sulysegaentije\vacasted, major part

of the desorbed fargign 9amiis RCQVESHo RRPIRERUEsHRIET g darqrption can also be carried out
by stages or steps in order to further intensify the separating efficiency of the pressure swing

adsorption units. [0021]The largest portion of the desorbed gas normally consists of the adsorbed 25

foreign gas. Deff&RBling olYHt8! BEEEEH P ARG R BT TS tAMARIGIE R o Poffions of
unconsumed usefsd geshSiee thisissstikofTa calorifictvalkirscreiem troughs deluesslisedause of the
adrgixed b%fuiw@w&‘?%@mk?a@!@é%é%@gef@?@gf&a% @Bsﬁﬁ@df%éh%ﬂi@@fi&ﬁ@&i%d@@ﬁ&@ﬁ forh the
production of the useful gas. To ke e calorific,value i e heating
process, it is mixec \%ﬁ% %ﬁéﬁ;%ufﬁnesl ggé)rs%a R \?gtﬁgaaéfﬁgge%rggg%%%er%‘%?#t?ae\é%{/%ﬁgtﬁ]on. To

decouple the prétEsEoF el ARTRIS SHE IR oMt e IR Se W ESHRGSSaR BMSHER RHd&Ess, a buffer
tank for intermetiateistetagpabtheseserbbd formigrognbibpretdted bethveetstspreNsure swing
adsorption vessglgiand,iarifepd RoipLIN-thrduehgasdingalt i also Rassiblac-hewsemesdto discharge
the desoroe 975488 LSRG L GA@MPIemTIR AN R ARRRP36L MRRRRIAILEL Rermanent
subseguently evacuated, major part of the desorbed foreign gas is recovered. The
pressure-relief and desorption can also be carried out by stages or steps in order to

further intensify the separating efficiency of the pressure swing adsorption units.

[0021] The largest portion of the desorbed gas normally consists of the adsorbed
25 foreign gas. Depending on the process parameters, however, it stifi includes major
poriions of unconsumed useful gas. Since this is still of a calorific value - even though
reduced because of the admixed but usually incombustible foreign gas - it can be used
in the incineration process for the production of the useful gas. To keep the calorific
vaiue at an adequately high level for the heating process, it is mixed with fresh fuef gas
30 in an advantageous embodiment of the invention. To decouple the process of ussful-
gas production from the pressure swing adsorption process, a buffer tank for
intermediate storage of the desorbed foreign gas is provided between the pressure
swing adsorption vessels and the feed point into the fuel gas line. It is also possible,
howevar, to discharge the desorbed gas via a flare line, for example. This may be done

35 on atemporary or permanent basis.



[0022]In order to not affect the pressure conditions in the flue gas supply line, the ejector and the
_pressure in thetassociated buffer tank are preferably controlled in such a way that the desorbed
foreign gas to be fed is provided at the same or a similar pressure as the fuel gas to the heating

process for the production of useful f he 5 useful iS pr e ing,process, the fuel
gas selected |s{€%%rably REITIrR & a%yptl;c‘:af)f%eﬁumzfézcgﬁ%ﬁns mress%rgé ?%%Qﬁé%méagranon process
are 1.210 5 baﬁj@@f@@é%i@%ﬁé@m@%ﬁﬁ%ﬁﬁmﬁﬁ Gidas a@y%@ﬁif?sbﬂélféaf%?\%bﬁ‘iﬁe buffer tank

and the feed peintdptadheduslsgasdine=Ehess mayeciktaes bedoedpressossios pressuréareducing

devices. The dE@%&ha?eda@{@équegeésw@ﬁémng%@éésea@we%f@sgwmm@nw thenéncinerator by
means of suitable mlxmg devices qr.into t esurg]pg/ line for f asS[(S) gc Q%f&ﬂ@%b mbodiment of

the invention tHEYEnEIR{EFIEME ”?saaa?/gﬁ?a 5% Store &rmediately in a buffer tank. This tank
may also be refetrsel 8653 Xira (it B FHRAK. F’l‘?ﬁ%‘ﬂ?é‘%‘iéﬁ%iﬁ‘rﬁ‘i“@éﬁ*%%ﬁﬂ?@&%‘b‘tﬁé‘\/%\rlous pressure

swing 1.5 adsoggtion vesselsiaceaisling torthhdirespactiserneg birenserits! tettiresdméviay, it is also
possible to redyce e, vacuum sigp mestteeofuasogggﬂ.rs@ Imp@e@mam@.@epagampem@wsy of the

pressure swing adsorption units. The cuuml d%fue as Suép%)o lr&ank can f rthgit} increased by

the use of suitaBREHEVIERLC FIZATRe ﬁf%ﬁee FHRRY Bae RS WhICh 5 et am ?t%ﬁ}ln the heating

process 200for tvetiegaral-tasTsroriaeiey means B?éé‘é%b?dﬁﬁﬁﬁﬁ?d‘f@stﬁé'Wfi’/@?ﬁﬂ?p&’dﬁ‘%lso be
supplied with otheugases to generate the pressure required for driving the ejector. Thus it is also
possible to use pressurized foreign gases or live steam for driving the ejector. It is furthermore

possible to useﬁsla%a sefukl gas fol[tthe feeth gas f%)rQQr %@qnt\t%{%gc o1 agseﬁ;&gggs%qd[}rﬁ? 015413 1 B1.

In the case of t cess accor Ihg fo e invention, these OI‘EI% gases are mixed with steam.

Furthermore, |t%Vé@égﬁeﬁﬁbb?é’ﬁf’dﬁé?ﬁf‘é“ﬂ‘i@yé[bﬁwf riankcidrs RN pBRFIRY RAFEIEE8am generated
in the process aecerding testhedhventiohs Theusteaan, frowmeliet icdrealstrbe mss@twitiidoreign gas or

with foreigpy Steéégo%tl\éﬂtbe%@tﬂs@&%ﬁé gasaadused asa-prepellanidosihe igctos assequired by the
invention. This mag Tls? ciFonethenva éSLrJnnpo ary bagtl 1540[9%%?] |§1gl§§hp%§§l %?ag%%pport the
€

operation of theD%J vices generatl Fadlhum. oreign vacuum can nerated in any
way desired, foPBXarapIe, fb? H%%éﬁ%ﬁﬂi%ﬁbﬁigﬁ@‘m o e d_é’ﬁé’r%cﬁﬁ’ﬁ“\}aé%mal??ss 5%%5’ Yossible to
support the prozegs:# anyplecedesisectonwite conpreisvesiarigressure-generating pumps. 108248
[0026]The invention also claims a device used to run the process according to the

focz24] The propeliant gas for the sjector, which is steam from the heat‘;ng process
20 for the useful-gas production in the process according to the invention, can also be
suppiied with other gases io generate {ha pressure required for driving the ejector.
Thus ¥ is also possible o use pressurized foreign gases or live steam for driving the
ejector. It is furthermore possible to use the useful gas or the feed gas for driving the
ejector as suggested in EP 015413 1 B1. In the case of the process according to the
25 invention, these foreign gases are mixed with steam. Furthermore, it is also possible to
operate the sjector or ejectors temporarily with the steam generated in the process
according to the invention. The steam, however, can aiso be mixed with foreign gas or
with foreign steam or with the synthesis gas and used as a propellant for the sjector as

required by the invention. This may aiso be done on a temporary basis.

30 0025} it is also possible to support the operation of the ejector by devices
generating vacuum. The foreign vacuum can be generated in any way desired, for
example, by piston or diaphragm pumps generating vacuum. It is also possible to
support the process in any place desired with compressors or pressure-generating

pUMmps.



invention. The invention particularly claims a device for the separation of foreign gases from a
reducing usefuligas by pressure swing adsorption, which includes a section with a heating
device for the production of the useful 5gas, providing that this section for the production of the useful
gas is foIIowedIgt%)é a sectign with a(({j)}ressure swing adsorption for the segaration of foreign gases, and

the section for pra&&ure sWihl SaLg SIS RLR e g Ipp R Wi IHES A A e PEIR 8 or a complete
desorption via divejéetor kuitpiédo pe@pdralisEEcu BediceiviristepRasativniideredonersgeam of the

heating device @bthe rsaction fesrpraausing:thereisefy gasatrieamigenerator is installed, which uses
the hot flue gas from the 15heating process and/or hot useful gas for the generation of hot steam, and

the steam from the stean gpbRraLS istsrd:le: ePeIAIRthe R Rond QR IBe siectesibe used may
be of any type desired. It may, for e amg\l&, work according to the Venturi principle. However, it

may also be a vacuum-gengratiﬁréjé device which uses turbines for generating a vacuum with
compressed gas. [0028]T0 implraientsheinyeatiaraadderistheasisendodeyios saktiencondensation

of the steam s installed dowpatiea.el e sieclatabibe AYYEL Sfk-Jls Makbe.Axtagdard

condenser or it may also be a heat exchanger: It is also possible to use refrigeration machines to
support the condensation pPé‘Eess. In such case, pipelines are preferably connected to the condensing

device, by which the congensatg can he. rg@gg[gg W g&g@g};&f the fggg%egt iskRlsgpossible to

install evaporators downstream of such devices %¥£Whlch the condensate can be_evfapforated and
recycled td the useful-gas pY%ﬂiﬁjgfié%qﬁ’rrS%gg%?[ﬁ 5%3%53%'335%%% 5?%%8%3?%1 54 dried and
cooled desorption gas. The $R8§tHigt0® S obtained may contain any suitable acid gas that can be

removed from the useful 9as bg Jregsure swing adsorption. Examples of acid gases that can be
haracierized in ina . L
removed from gases l%y pressure swing adsorption are carbon dioxide, hydrogen

= downstream of the nealing device or the section for preducing the useful
gas a steam generaior is instalied, which uses the hot flue gas from the
13 heating process and/or hot useful gas for the generation of hot steam,

and

s the steam from the steam generator is used 1o operates the ejector.

[0627] The ejector o be used mav be of any iype desired, it may, for example,
work according to the Veniuri principte. However, it may also be a vacuum-generating

20  device which uses urbines for gensrating a vacuum with ccmpreséed gas.

[0o283 To implement the invention and for further use, a device for fhe
condensation of the steam is instalied downstream of the siector at the outiét end. This
may be a standard condenser or it may also be a heat exchanger. it is also possibie to
use refrigeration machines to support the condensation process. In such case,

23 pipelines are preferably connectad to the condensing device, by which the condensate
can be recycled to the steam of the feed gas. it is also possible to install evaporators
downstream of such devices by which the condensate can be evaporated and recycied
1o the usefui-gas preduction process,

{0029] The condensation process vieids a dried and cooled desorption gas. The
it desorption gas obtained may contain any suitable acid gas that can be removed from
the useful gas by pressure swing adsotption. Examples of acid gases that can be

removed from gases by pressure swing adsorption are carbon dioxide, hydrogen



10824 sulphide, ammonia or hydrogen halides. If the desorption gas is removed, the process flow is
equipped with deyices which are suited to perform sueh task. It is also possible, for example, to install
flare facilities downstream of. the condensing device on the desorption gas side. 5[0030]lt is also
possible to install a device for acid gas scrubbing upstream of th%gressure swin%adsogation device

according to th8 T ¥gen? TRIRISh M ETRITL CRIBBTNY 1eSTRTRMBH LB BRIt DRVSRERI solvents,
which can easilfolydsregepradrath Byvitesaiptio arasdiedttthedons sumtsised SNapResitea pressure
swing adsorptiasr Uiiiniz examyis absuitahieacid.gesssesuibing dedoesyhishceay ke installed
upstream of 10[@;#‘)5%,? Le suing adsorption system according to the present invention is mentioned
in EP 968748 A2. [0031]It the process for the production of useful gas is a steam reforming process,
this may be a process according to the state of the art, An example of a steam reforming process
which can e u§&3%br thé! srelincresingT Syffrsisiguss s aserised TSNy PLBE8I PLYB12 1 Al. If the
process for the peasuetiomofuseatibe asisascokeayenipr oaass; histhay hetpsovicsehveth devices
according to the sfatgof iheart.Anaxample. of a.devicefprihe.nroduction pienkesovey gas is
described in EP 1230321 A[;L.Fg)(l)ﬁlzygccordl 8 to the |r£1ve[%t|on the process fog the _produtctlon of useful
gas is 20 used EYEHErAIESEAH FSF t?ﬁgﬂgi ?é)ossug,a e YRR B ENELRETIRYES 1% quipped with
a heat exchanget faIthIservekrRs acktearreeRRnstorVFaheideliigrs staleslEsseen gas, the steam
generator may he nstalledsinrihaedisphargestine afdheicpkeravengasiaceatding-tendonexemplary
embodiment. If theusaftll gas is a synthesis gas from a steam reforming process, the steam generator

may be installed in the discharge line of 25the flue gas which is obtained from the heating for the

production of synthesis gas. [0033]Tt1e synthesis gas obtained from the steam reforming process is
submitted to suB¥édlent E8BIRTGTFFRPriTe AOEUSHIB SAHFRIRLSROF et FILEVBSRIREMRe cooling
device is installétk Thig beay be@swarccooiey i ahsexemmplatyembosineatftisospessida to use a heat

exchanger for cRelinththe:SRENESIs 485 farite ARPISAUARIASIon of synthesis gas is described
15 in WO 2006/118812 1 A1. If the process for the production of useful gas is a coke-oven
process, this may be provided with devices according to the state of the arl An
example of a device for the production of coke-oven gas is described in EF 1230321
At

[00327 According to the invention the process for the production of useful gas is
26 used to generate steam. For this purposes, the device producing useful gas is equipped
with a heat exchanger which sarves as a steam generator. if the useful gas is a coke-
oven gas, the sieam generator may be instalied in the discharge line of the coke-oven
gas according to an exemplary embodiment. If the useful gas is a synthesis gas from a
steam reforming process, the steams generator may be instalied in the discharge lins of

25  the flus gas which is obtained from the heating for the production of synthesis gas.

0033} The synthesis gas obtained from the steam reforming process is submitted
¢ subseguent cooling in a preferred embodiment. For this purpose, a suitable cooling
device is instalied. This may be an air cooler in an exemplary embodimeant. it is
nossible to use a heat exchanger for cooling the synthesis gas for its application as
3¢ useful gas, by which steam is generated. This steam, foo, may be used fo operaie the
sjector according to the present invention, it is also possible to do without the steam
generaior in thé flue gas discharge line and only use the steam which is obtained when

cogling the ussful gas for driving the ejector.



30 useful gas, by which steam is generated. This steam, tod, may be used to operate the ejector
_a_ccordlng t_o theppkesent invention, It is also possible to do without the steam generator in the flue gas
discharge line and only use the steam which is obtained when cooling the useful gas for driving the

ejector. 1082410 é0034]ln a pre{erred eg;lé) ) nqg&erét, a process t{.‘or the conver§i%1 ogaglggncarbon

monoxide into CABON didRide™s 5?3\% od Jownstréam o?st%eorpro%ecggvorrs the production of useful gas

or the device fonewaiirgrisecersendigads in HadrecAR FHEe AR INSOHITERs fIhELRIAYELTb be absorbed
is carbon dioxide udfie G0 ganvetsioniproasiss isbuesarizadirsasuited e miodiorént ih EP 1878782

Al. [0035]in dirggtion,af the progesadiousdhe REgssHIGSWINGRdsaptioRMRibacsridiag fo the invention
is arranged downstream of the CO conversion. le of a suitable pressure swing adsorption

unit with an ad SGERA AR BT SR80 Bras Lure fgv%l%g adsorption vessels is described in EP 015413
B1. This teaching 10describes the example of an ejector suited for the generation of a vacuum for the
process accordiofpg the ipresemidnventien (f0036] Kceortingiethednventiordsrisiaso/pbssible to

arrange a cooling deyigefardheusehik arsdrwasiaamn:nl hhedeviceinetiencanvassipr of the carbon
monoxide. Thls?gewce |g constructed in an xemcplar .faspion as.a h&gt gxrﬁgearn e(f&[ogssteam 15

SLH e pressure ing adsomiion Lt Wi an, adequ . . .
generator. In this {ay SRS possiieto produce steam for the ejector. Accor ing to the invention it

is possible to aREAYES SHiBaAIgEREPALIPIFEIREO BB RSB fifel Y8 Sr B thE SulféEfbifthe useful gas
upstream of thedeamizession emitrios thiezoaripomsoiakide tor, denarsdtinecfemimpdirmeftt df¢he invention, a

steam generatqy downstream ofthe eutlatdeyics for the converted useful gas. The arrangement of
the steam generators in the named positions in the process flow can also be multiple and in any

combination.
603861 According to the invention, it is aiso possible fo arrange 3 cooling device far

the useful gas downsiream of the device for the conversion of the carbon monoxide.
This device is consiructed in an exemplary fashion as a heat exchanger or a steam
15 generafor. In this way it is also possible to produce steam for the ejector. According to
the invention it is possible to arrange a steam generator in the outiet for the fuel gas or
in the outlet for the useful gas upstream of the conversion unit for the carbon
monoxide, or, in another ambodiment of the invention, a steam generator downstream
of the outlet device for the converted useful gas. The arrangement of the steam
20 generators in the named positions in the process flow can alse be multiple and in any

combination,

[0037] To run the process according to the present invention, the pressurs swing
adsorption units are connecied to an adequate number of vaives and pipelines. These
are {inked to the vesseis of the pressure swing adsorption unit in such a way that it is
25 possible to ensure cyclic operation of adsorption and desorption of the foreign gases.
In an advantageous embodiment, a tank for buffering the vacuum can be provided
downstream of the pressure swing adsorplion unit allowing connection to the pressure

swing adsorption unit whenever required.

16038] A condenser may be connected fo the outlet of the ejector which serves to
30 condense the steam contained in the outiet gas. The condensate can be recycled to
the process for the production of the useful gas. The desorption gas which has been
freed from the steam is preferably fed fo a feed tank for fueil gas. From here, the
desorbed foreign gas can be recycled to the process for mixing it with the fuel gas. This



[0037]To run the process according to the present invention, the pressure swing adsorption units are
connected to amagequate number of valves and pipelines. These are linked to the vessels of the
pressure swing-adsorption unit in such a way that it is possible to ensure cyclic operation of adsorption
and desorption of the forei ases. In an dvant gous mbod ent, a tank for buffering the vacuum
can be providedgBUIsH @gﬁ]d%?ﬁ% ﬁb%gsassu tanr?g adsorption ur'}lt a Sﬁ?ﬁgrgnconneg;%nét]o the pressure
swing adsorpticie\iesitiikieseves tedsirege 0038t BoNdEn88FRiay be connected to the outlet of the

ejector which serves to 30 condense the steam contained in the outlet gas. The condensate can be
recycled to the pragess f%é“@a%%dé’&%%ngf@%@ﬁiéﬂteasa@%Qm@t&nnga%wmmms been freed
from the steam i referabl fed to a feed tank eI as, b Fr here h f%reelgn gas can
be recycled to t %%r%@e‘sse o ISRy PRt e G%Fhe & P‘%@%ﬁ"f g%%g%j% rSe?erred to as fuel

gas feed tahk. DwwvHetdamdshisRasrombe thére ey e rﬁ?ﬁeﬂ}?@éaﬁlﬂrﬁﬁdﬁgr%% {8Viftdse the vacuum
of the ejector. [E3B}Thealdadsvateataing:tgeths imyentionfdtsorincied et pipsiresaridinglves which

are used to intgrcpnect-andconioltae &%&ﬁ%%%&erahﬁaaﬁem%qe&@m&qﬁeerécmeﬂtlon The
device accordln to the invention may alsa_be provided Wlth deV| s for.coolin ices for heating
B HAPIE s [oLcanna.or deucs

the gas at any p Yn?%‘f‘tt PR S STHR ei& SETOrdNG 10 the invention aiso Inchides compressors

or vacuum pumipsr l@mﬁﬁor?'l?ﬁé%Po%%@@ﬁr?a‘?fﬁ?%@ﬁﬁ‘ﬁ?fﬁé'ﬁ%%éﬁ@ﬁf”%ﬁ@“ﬁ%E‘%‘sgeaccord|ng to
the invention algaithciade scthenmotneperssgpressure gauges or other analyzers and the associated
control devices 10Which serve to control the process [0040]The process according to the invention

provides an effi pro Ss at reasonabl t for F\eg%r f| ion of reducing gases.In.addition, it
advantageously u es fh?gehgat oF the heatl t%g{%cesgm thg %uc%ono use%ul ag It also provides
o

an efficient medﬂ%s?@%ﬁlfé%@rc%ﬁﬁﬁf%ﬁ'ﬁé ﬁ@ﬂ%?tl%aﬁﬂ%dfbﬁ%ljﬂ% \}vrﬁ%ﬁ"éa%ﬁﬁ%éd by foreign
gas. [0041]The piaeess:ftant of theemicessaesoitlihg toothetipyehtiiv St Strige 8 A®Sre detail by

means of two sketehesnthaRFRCRSEHRECOrdinadethpaREe S8 MdnVanicadanidaelag Wntrdto these
embodiments. Flﬁuzefiabey(% FIG. 2 show the process flow of the process according to the invention with

and without'vacii She 59%[0042]FIG 1 shows the example of a reforming furnace (1) which is

supplied with a hydrocarbonaceous feed gas (2) and steam (3). It is heated by means of a
hydrocarbonacd@gfuel Gas clcand iy (8)hEHeopeeti aetwBirgried s IBYRRISIS Bssrairech is
represented as gdpixiite 6f hdregenangsarbonrmenesidetdhisexatmpleedantisvintiseration of the
fuel gas, waste SIERUIMAIS AAMCRI WG &R BaPsRd s AN beakexilionas (©) 0

generate steam he waste %ases are su seguent cooled and |scharged as flue gases (6b).
The steam maypé?ﬁ?é? BECPER I HiFRE 10 iR FE3Y YRS (S 8P bSWIT U via a valve (6d). The crude

synthesis gas obtained (3a) is routed to a cooling device (7) where it is cooled and then supplied (7a)
to the carben mmeexide cpiyersiowseriesddR).lbtheconting device 1y artigat supplied with

a hydrocarbonaceous fesed gas (2) and steam (3). It is heated by means of a
hydrocarbonaceous fuel gas (4) and air (8). The product obtained is synthesis gas
which is represented as a mixture of hydrogen and carbon monoxide in this example.
in the incineration of the fuel gas, wasie gases (4a) are produced which are passed
25 through a heat exchanger (8) to generate steam (8a). The waste gases are
subsequently cooled and discharged as flue gases {8b). The steam may sither be
recycied directly to the feed gas (6¢) or blown off via a valve (6d). The crude synthesis
gas obtained (3a) is routed o a cooling device (7} where it is cooled and then suppliad
{7a) o the carbon monoxide conversion device (8. If the cooling device is a heat
30 - exchanger, it is possibie {o produce steam (7b) from the hot useful gas. in the CO
conversion (8) the carbon monoxide (CO) contained in the crude synthesis gas is
converied into carpon dioxide (CO.). Synthesis gas (8a) with an excess of carbon
dioxide is obtained. It is passed to the pressure swing adsorption unit (8). In this
exampie, the carbon dioxide is removed in this unit so that a purified synthesis gas (9a)



30 exchanger, it is possible to produce steam (7b) from the hot useful gas. In the CO conversion (8)
‘the carbon morgxide (CO) contained in the crude symthesis gas is converted into carbon dioxide
(CO2). Synthesis gas (8a) with an excess of carbon dioxide is obtained. It is passed to the pressure
swing adsorption unit (9). In this exam{éple,, the caﬁbon ioxide is r%mrgvﬁp i etggge%r}gmsp nthat a purified
synthesis gas (98P @08 41215 BHATREEIWHE e oS pion vessers dré depressurized, mainly
desorbed foreigasgab) (Slopisisistainictl sithRsisi EopraiMsCT-RCE3BICOIANSTSEE Jy¥tHaSIs gas. This
gas is suppliedidq theiéeesiirnkdotiuecbgasi(da) (Frommdthaterdt mayybe fed apticsiglty tethe fuel gas for

the production LRYINRE IS SRR,/ LA ORGEIied, (AT i e despmiRaS. For the

purpose of further desorption (9¢c), a vacuurﬁgrom a vacuum %ed ta\pk &%)f;s app\!!aecgm\éija a vacuum
line (9c) to the BFeELRR SHing®adSoPBHRaRURIC TR VRRUBHT Re 366G HANK (11) i Generated via a
vacuum line (1zpbgrariidjesapaiEr)viahivtcisarineridsy theéprsstiiz eyt @Ey 6 the steam

generator (6). Tine piecier kl@kgsnetaiesal leashenajor par obthendourtrirbshen e feed tank
(12). 10 At the qulel,end (e yagy e gesothed dRsdla) inahiaineshnbich ispassaddnio a

condenser (13). Thus a condensate is obtained which may be dis&hargedé]@a& re*%z/ﬁéed to the
process for the RS HAOASOPGIER A SPPEBRIEATL SbY o H el adTeel jas &5 The obtained
desorption gasAhy betiticindritedadave filgrering 9286} 2passetast e e raetetdhic for fuel gas (10)
or directly fed tgathefua! gas (18&). df theddsseondensatedsiediothe feedsgasdd), itis).

advaniageously i ARalagr .o nieedialey rales 130 0043NiiG, @ showsihgsprocess

according to the present Invention without'a vacuum ee%tank. s %egynéhgﬁiscg%sni 1%% duced in a
reforming furna@&{EFSvitith 1§ SRNEd SRR GRS BB onalS8iE 1eed Gas (2) and 'steam (3). Itis
heated with a 20:satrtiSaliliotiacieod safidbias CaF 4HY 2iCBRIT i BraieE o) i€ 'S9nthesis gas

which is represegigshasamistung ehhyshogen and cashetaenexidy irsthisexarply. Bnthe
incineration of tirrg% é%%@%% e\g{@tﬁggses (4a) are produced which are passed through a heat

exchanger (6) to geneérate steam (6a). The waste gases are subsequently cooled and discharged as

flue gases (6b). The steam may either be 25 recycled directly to the feed gas (Sc) or blown off via a
valve (6d). ThelBpdde syritifesis avobtaiABd SapisTeineditd™d s BRI (MHMER it is cooled
and then supplieg(fa)sadhenearhersmoagxides copueisien ideview(8hd fitheeoingdevice is a heat

exchanger, t s gsalhie,io DIRGEAIARL LR ADeA Ahusalhoms, In e canversion (8) the
carbon monoxide (CO) contained in the crude ri}t %s§ as is 30 quverted i%%g%[bé)é; dioxide
0

(CO2). SyrithesH GXE RPN aéssg' 83$r ioxide’ ﬁ%dgl%iame'c???t is passed o the pressure
swing adsorptioishity S RstisERamPIEURE CANYEREaIBRUEPE TR MBI THIS BB %hat a purified
synthesis gas (@ajris abitrinad: \ihen the edserptiogasesdéls are depressutirbdrmamibzdesorbed

foreign gas (9b),is,0ftained which still confains Hacssof ae-adsehedigynibasisgas Ikis 35 desorbed

and supplied to the feed tank for fuel gas (10). From there, it fed optionally to the fuel gas.for
the production GHESHHRLNS GE°tLE4s. %ﬁéﬁr omp rgtlfgr?g??ﬁer(gﬁgsg%ti#ﬁgﬁrﬁ%@s,ta vacuum is applied

by means @f thessjsideg)vdndhehiecd 6824603 HelRrpith' et & GEEIhEF 5 FadiiRTHa a vacuum
line (9c). If requigathitamay (alsesheutedixedaviity theyvide SDrptiers gds o(k0is) 2A¢ the eupldieénd of the

ejectocg (12), th?ggqgutﬂgq%%ép?%g@%@g@aﬁ%%ﬁ@wbjcm iﬁ@g@gxﬁ@_ IB40: qgr_&dsm;r (1?)- Thus
(130 passed (Bt HEEHERNERT t%ﬁaﬁ?‘%%%ﬁ o rpere ine
- conversion (8} the carbon monoxide (CO) contained in the crude synifiesis gas’is
10 converied into carbon dioxide (CO,). Synthesis gas (8a) with an excess of carbon
dioxide iz obtained. It is passed fo the pressure swing adsorption unit (8} In this
example, the carbon dioxide is removed in this unit so that a purified synthesis gas {%a)
is obtained. When the adsorption vessels are depressurized, mainly desorbed foreign
gas (9k) is obtained which still contains traces of co-adsorbed synthesis gas. ftis
35 desorbed and supplied o the feed tank for fuel gas (10). Frém there, it may be fed
optichally to the fuel gas for the production of synthesis gas (10a). Upon completion of
the desorption process, a vacuum is applied by means of the ejector {12) and the



1082414 [00441List of references used 1Reforming furnace 2Hydrocarbonaceous feed gas 3Steam
3aCrude synthesis.gas 4Fuel gas 4aWaste gases 5Aii; 6Heat exchanger or steam generator 6a Steam
6bFlue gas ScSteam recycling line 6dSteam blow-off valve 7Cooling device for synthesis gas

7aCooled synthesis g{as 7b Steam . _ o
descrption gas is desorbed by vacuum via a vacuum line {8e). If required, it may also

be remixed with the desorplion gas (10b). At the outlet end of the ejecior (12), the
vacuum-desorbed gas {412a) is obiained which is passed into a condenser (13). Thus a
condensate [13a) is obtained. The obtained desorption gas may be incinerated via a

5 flare fine {13¢), passed (13d) to the feed tank for fuel gas (10) or directly fed to the fuel
gas (13e).



8CO conversion 8aSynthesis gas with excess carbon dioxide 9Pressure swing adsorption unit
9aPurified synthasis gas 9bDesorbed foreign gas 9cVtacuum line 10Feed tank for fuel gas 10a Fuel
gas supply line 10b Fuel gas return line 11Vacuum feed tank la Vacuum line 12Ejector 12a
Vacuum-desorbed gas 13Condenser 13a Condensed water or condensate 13b Condensate recycling

line 13cFlare line 13d Return line for dried desorption gas to feed tank
(60441 List of references used

1 Reforming furnace
2 Hydrocarbonaceous fesd gas
3 Steam

3a  Crude synthesis gas
4 Fuel gas
4a  Waste gases
Alr
Heat exchanger or steam generator
Ba  Steam
8b  Flue gas
B6c  Steam recyciing line
8d  Steam blow-off valve
7 Cuooling device for syntheasis gas
7a  Cooled synthesis gas
76 Steam
8 CO conversion
Ba  Synthesis gas with excess carbon dioxide
g Fressure swing adsorpiion unit
9a  Purified synihesis gas
9b  Desorbed foreign gas
¢ Vacuum fine
10  Feed {ank foriuel gas
10a Fuel gas supply line
100 Fuel gas return line
11 Vacuum feed tank
ita  Vacuum line
12 Ejector
12a Vacuum-desorbed gas
13 Condenser
13a Condensed water or condensate
13b  Condensate recycling line
13c  Flare hine
13d  Return line for dried desorpfion gas fo feed tank
13e  Return iine for dried desorption gas to fuel gas

137 intermediate heater



13e Return line for dried desorption gas to fuel gas [\3flntermediate heater 15 Patent claims 1.
Process for the separation of foreign gases from a reducing useful gas by pressure swing adsorption,

in which

a suitable process yields a reducing useful gas which contains a foreign 5component to

be adsorbed o foreigngas in addition to the reducing component, and this gas is supplied to a
pressure swing adsorption unit at elevated pressure to separate adsorbable gases, which retains the

gas to be

adsorbed in an adsorptive process and thus produces a purified useful togas,

and the adsorbedgasgs ke el@asedReaibn e oixbarexith usaful gaglbingereessyizing the
pressure swing adsorgtion unit and can t%e fu.rthe;]r. &)]rocessed or removed, after

. . ressure swing a i
depressurlzatlon avacuum Is apﬁlleds?op

e ’6?evgs'ure swing 15adsorption unit for desorption by means

of an ejector, by which the remaining adsorbed gases can be withdrawn from the pressure swing

adsorption unit, charactetiz&@FHiaMgPocetf¢ g aradsiheruslivire wain gengitéd ¥ #eating with
the hot 20useful gas or withctivepfinentisbs fdsnriled heatingiproges feddiierptodhetishiefaiseful gas.

10
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25

component, and

« this gas is supplied to a pressure swing adsorption unit at elevated
pressure to separate adsorbable gases, which retains the gas to be
adsorbed in an adsorptive process and thus produces a purified useful

gas, and

o the adsorbed gases are released again in a mixture with useful gas by
depressurizing the pressure swing adsorption unit and can be further

processed or removed,

+ after depressurization a vacuum is appiied to the pressure swing
adsorption unit for desorption by means of an ejector, by which the
remaining adsorbed gases can be withdrawn from the pressure swing
adsorption unit,

characterized in that

s the ejector is operated by steam generated by heating with the hot
useful gas or with the flue gases from the heating process for the
production of useful gas. '

2. Process according fo claim 1, characterized in that the steam is condensed by a
suitable device downstream of the ejector, the condensed water being recycied
to the process for the production of useful gas or to the steam generator for the
operation of the ejector.

3. Process according fo claim 1 or 2, characierized in that

= the useful gas is synthesis gas and the process used to produce the

useful gas is a steam reforming process,



2. Process according to claim 1, characterized in that the steam is condensed by a suitable device
downstream of the ejector, the condensed water being recycled to the process for the
production of useful gas or to the steam generator for the 250peration of the ejector. 3. Process
according to claim 1 or 2 dharpicies$zeghinugeat intieeusrefiviogors ¢ syritisesigemis anaithegebeess used

to produce the useful gas igé@gpggg FRIRINIErBEasRsS add stbigrprocess gas used in the production of
synthesis gas is a mixture of natural gas or light hydrocarbons and steam. 4. Process according to any

of the claims 1 to 3, characterized In that downstream of the process for the production of useful gas
and upstream of the pressiyaczewing Rdsarptior thewarhen PenaKideis eomwedessydnaans of steam

to give carbon dioxide,gnd hydrogen. 5. Process accordi n lai t racterized in
that the gas desorbegf%ﬂﬁwg%?gssgs%%%\?vi rgggggg?p%glﬁg%?r‘ﬁt%%gécgrggs@%%[%gléftﬁr?t%r§$5?£§uction of
useful gas dr mixed Mg 88BCEEPY e SRPAEHUSEH XS RAVGHEN DY ThegRs SFGRATEh Bfuseful gas,
the gas desorbed andamthdirwiadpntheyejegsar being made available at the same pressure at which
the fuel gas is fed to the incineration process for the production of useful gas by adjusting the ejector
appropriately or providing suitable devices. 6. Process according to any of the claims 1 to 5,
characterized in that, hefess tbcdding keeygled tethieimeating probassifoiztiteipitbaduttogasf useful gas,
the desorbed gas is pas3ALIoiA fRediankhichgaabeHRpd IRisiora the depribed dasiey the
desorbed gas in a mixture Wit%g Ebuﬁ% {ﬁas. 7. Ptocgsstha coming to anry %]: the clgiarrg Jé tt°a6s’
characterized in that POV I GITHEARH ¥hE K Pe L S SRS A SIS T AREE BeliShTRd in two
20stages, the desorpiiothdpindctionel wsfb\pe e sasriene e présgthdrawiimy BGsIeRdN unit first
and then applying a VggaMade availabie at the same pressure at which the fuel gas is fed fo the

incineration process for the production of useful gas by adjusting the ejector

appropriately or providing suitable devices.

6. Process according to any of the claims 1 to 5, characterized in that, before
15 being recycled to the heating process for the production of useful gas, the
desorbed gas is passed to a feed tank which can be used to store the desorbed

“gas or the desorbed gas in a mixture with a fuel gas.
7. Process according to any of the claims 1 o 6, characterized in that

= the desorption in the pressure swihg adsorption unit is performed in two
20 stages, the desorption being carried out by depressurizing the pressure

swing adsorption unit first and then applying a vacuum,

« the vacuum for the desorption in the pressure swing adsorption unit and

the desorbed gas are stored in a feed tank,

= the vacuum produced by the sjector can be increased by an additional
25 vacuum-generating device at any point of the process flow or the

vacuum in the feed tank can be increased.



the vacuum for the desorption in the pressure swing’adsorption unit and the desorbed gas are stored
in a feed tank, the vacuum produced by the ejector can be increased by an additional

2svacuum-generaing dealc. el avRIBh bRIARASS ko ShaRSUACUIM iRt epilank can be

increased. 17 8. Process accordingto any of the claims 1 to 7, characterized in that the ejector is
operated temporarily’®PPRAFLICTRPARSFAANPARY BRiey RO Y AR B A Y LIRERER gas or a
mixture of both gaseshdheyfdineiim gres woasstihgecomplete lyasepatity tirstrageiamnaistegternal

source. 59. Device forfhg separalion of (usiongrsesliompdateing useful gas by pressure swing
adsorption, which includes a section with a heating device for the production of the useful gas,

providing that this section for the production of the useful gas is followed by a section 10with a

pressure sying adsotin festhe.separatiaon &f foraisn grsesianda thaisasgonséai gessyre swing
adsorption can be sulgI lied with the Jacyum Vrv%%ired for a complete desorption via an ejector suitable
for generating vacuu ?i%léﬁasl%% Sfized in that downstream of the heating device or the section for
producing the useful gas a steam generator is installed, which uses the hot flue gas and/or hot useful
gas from the heating proted¥liiaha FRaeratihaorsRirsidarcedAutd QF@%%W%B%%%team
generator is used to operatgafieejédiar ifed. Device according to claim 9, characterized in that a
device for the condensation of the steam used to operate the ejector is installed in the driving-end
discharge line of the ejectortnsisefirssTefpttrdetetf thanedshers s Rymedy vreHServe to
recycle thexcondensate as feitid z@napanre niwiog helsiseficlglas Bepsephretion grimegs. gdsddevice
according to claim 9 or 10, ghgracterized in that downstream of the useful-gas production device a
device for the conversion of carbon monoxide is installed, which converts the carbon monoxide
contained in the reducing usefusgaisHoigiecasumixteviengl sdsb@iiotiaxidehanshiyyidrd gath. the

vacuum required for a complete desorption via an ejector suitable for

generating vacuum,
15 characterized in that

¢ downstream of the heating device or the section for producing the useful
gas a steam generator is instalied, which uses the hot flue gas and/or
hot useful gas from the heating process for the generation of hot steam,

and

20' : s the steam from the steam generator is used to operate the ejector.

10. Device according to claim 9, characterized in that a device for the condensation
of the steam used to operate the ejector is instalied in the driving-end discharge
line of the ejector, pipelines being connected fo the condensing device, which
serve fo recycle the condensate as feed component to the - useful-gas

25 production process.

11. Device according to claim 8 or 10, characterized in that downstream of the
useful-gas production device a device for the conversion of carbon monoxide is
installed, which converts the carbon monoxide contained in the reducing useful

gas to give a mixture of carbon dioxide and hydrogen.



18 12. Device according to any of the claims 9 to 113 characterized in that a useful-gas cooling device |
is provided between the useful-gas production section and the device for the conversion of carbon

monoxide, the coqing device foy fhe uselulans heing 8 sleam eneralor; il B ageording to any
of the claims 9 to 12, characterized in a3 Use u|-gas cooling device Is prowdeaJ c?ow stream of the
device for the converdfsinefdpdcsdporinvidenogiuesth&assribins 5ol desrETosndstieam of the
device for the conversiarefdhesashensnonoxigdedseinghexkiean: geserataiice i tHaewdealaccording to
any of the claims 9 to %gbggirgg{gggggr@rg@p a feed tank 10for the generated vacuum is installed
downstream of the pr%ssure wing adsorption unit on the suction side of the ejector. 15. Device
according to any of the claims 9 to 14, characterized in that downstream of the pressure swing

adsorptionunit a feedyiapk tor fuahgasds apialedinbich can alsabssupplipd with dhs gasorbed

foreign gas via the outlet end of the 15ejéctor or via pi eIinﬁ%from a_condenser downstream of the

ejector. 16. Device acCOMAMERECEy PR LIRS BN 5T BeafsuiesiREdR RAY LR . installed
downstream of the ejeatmromdhexisiactienusieful-gesicleqiraddedeevdminsireso thiaththdavigsuiem produced

by the ejector can begpiensifiesbn of the carbon monoxide being a steam generator.

14. Device according 1o any of the claims 9 to 13, characterized in that a feed tank
10 for the generated vacuum is installed downstream of the pressure swing

adsorption unit on the suction side of the ejector.

15. Device according to any of the claims 9 to 14, characterized in that downstream
of the pressure swing adsorption unit a feed tank for fuel gas is installed, which
- can also be supplied with the desorbed foreign gas via the outlet end of the

15 ejector or via pipelines from a condenser downstream of the ejector.

18. Device according to any of the claims 9 to 15, characterized in that a device is
installed downstream of the ejector on the suction side, which produces vacuum

s0 that the vacuum produced by the ejector can be intensified.



