10824 1 Process and device for the separation of foreign gases from a reducing useful gas by
steam-driven gggssure 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 pressurised
gas and 5 generating a vacuum which serves to improve the desorption efficiency of the pressure
swing adsorption unit, in which the invention uses steam as pressurised gas generated by the heating

device in the praducliomatibndisrikbiase FhaibieBrasragR Halslesior devaeingiasngiector
operated by staamyhe yacauie Phrdashris si6rM 1adesreasa the desorption efficiency of the pressure
swing adsorption unit. 10 [0002] The production of reducing gases is a process frequently used in

technical appijeg 'E”S- %&@%ﬁg\%ﬁ%@% ¢ dé‘ﬂﬁSE‘eQE%P@Hﬁ?%@%@dﬂ&% t%@@?&%‘%ﬂ g

process. By heating a hydro naceous eegd Ixture with Steam, 1t Is, for instance, possible to
produce syntiREatSYaSHRERSIHNGPEPR HEIRELASBIIRJaFLRBRIE ARRIALRTUAL R- RS BB A AFS B Xide.

Synthesig gagis&iebngnthauses anbiictaasoffepgiesiioudsebaimisaiaynipesese Aroiee
frequently produced reducin s is carbon monoxide. [0003] Most applications require a reducing
gas which 16 ML BPAREE BT SELEL R ARy BRI B DS r g on e ieg
monoxide whightie disgting defioeinriba meirbictivorod ihe inefiihgasrddusisventian elsars@mianthaxide from

the synthe- siggas ixPaMEIINIHE sRLBIER BUVEERIAN Y RN @5a56e Rfisteamctin result 20
is a mixture of hydrogen and carbon dioxide. The latter can be removed from the syn- thesis gas by

various proceSSRYPIREHHE X BIRSRIRRIL'R FUMS GG i ogen is obtained which is an

essential feedstock in many syntheses and applications. Other frequently occurring accompanying or

foreign ggsesygpdereion-pas Sompaps isviichgyadadesired sanshtiprisipfusdisinggazes and
need to be separated are residual 25 gas components such as methane and nltrgﬁ . OQO4 Many

. n
applications iAPRIFEHFLS: RAUBHR 5 LR RAUHIOR &h & SREHCIG $R35i188 SEAIMEININY gases,
which are suitgddessthBymeationedrgppicationscédse fiedjuexilysusid arestheise;daliéospressure swing
adsorption unjts._i j . r .gﬁﬂg&{e - rati S r e swing
adsorption u?ﬁtésg?r%\{%%g%a{%g%%g%ﬁg%%%%%g%fgﬁ%n 5535% gmwostgc%tn& rIae%a éﬁ W%%:Ehoﬁaﬁgt?g ;{:chieved
by gas- scrublfgtcaseee Jiside A tEeAiItRSs DKUY 4/9ed as fuel gas or feedstock for

15 chemical syntheses. Another frequently produced reducing gas is carbon monoxide.

[0003] Most applications require a reducing gas which is free of accompanying
gases. A frequently occu-rr"i.r.ig accompanying gas is carbon monoxide which is obtained
from the incineration or reforming processes. If the carbon monoxide from the synthe-
sis gas is converted in the so-called CO conversion in the presence of steam, the result
20  is a mixture of hydrogen and carbon dioxide. The latter can be removed from the syn-
thesis gas by various processes. When the carbon dioxide is removed, pure hydrogen
is obtained which is an essential feedstock in many syntheses and applications. Other
frequently occurring accompanying or foreign gases or foreign gas components which
are undesired constituents of reducing gases and need to be separated are residual

25  gas componenis such as methane and nitrogen.

{0004] Many applications include gas-scrubbing processes for the separation of
undesired accompanying gases, which are suited for the mentioned applications. Also
frequently used are the so-called pressure swing adsorption units in which the gas to
be separated undergoes adsorption processes. Pressure swing adsorption uniis are
30 capable of removing foreign gases almost completely, 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 q&&gl adsorbing materials are activated carpon, mo- lecular sieves, silica gel or zeolithes.
For gas purification purposes, the adsorbing ma- terials are packed into suitable vessels and the gas
to be purified is passed through 5 these vessels under pressure. The foreign gas components are thus
adsorbed andigioespurifigdedsefs| gasgseabtapiied. Aditer acearaindsaetiteecagacitptofeadapaiity of the
ad- sorbing magrial wiloe exhasied: e vesse! Indepressuised andlusne i Hsgiy oas so
that the adsorbing material reléases adsorbed foreign gas. Subsequently the foreign' gas is
discharged folefuigiesignescsitaget eearpities heca deorprihicaiendampsesplishasissbissedare

performed in gyelic alfeTpatien sadhaliihitrasaible IHENSLITG8 ORIURHSD Y Ifsadian Bresgss of the
supplied usefyl gas. [0006] In order to furthﬁ%ggﬁrove the efficiency of thﬁéads rption process, the de-

sorption procd e EaYr BRSBTS NIR AR SAR IR PRI G1E falER |§b3\ﬁlla%(% W almost
complete rempwidifiexf trefatigesbiedtaign dedteframettmrativer ding adaterlivaichpgdhsetttenay-it will be

possible to requsg, all At the,Adsasbing Merai0E881s BISURIPRPIURERSHRAWAI dhatyacuum

has to be generated by an expensive com- pressor or other machine, a so-called ejector is used. This
ejector uses tHBPESERRT FHECHR MgETgLlRrgen i@t ORI IABETERnGIRESGRARY effect.
By controllingtiibeovalyesds i8 dlstablgasdyrttusnsupeciatihg cisehargedigasafiswrstibmaughdthe ejec 20
for, It is ppssible. 0 ACHISYE, BdegHale RUARRTIOD, A1 NG BIESAUIE SWIBB ALIIBLIRR Y5888 0007]
EP 015413 Bf dBSCI’I es a pressure swing a so%tlon process which in- cludes an arrangement of
pressure swirkPadiuepteH lisREARIGsSH §fdlie aHepladoseTrbafSve a specific component or several
gas components by selective adsorption from 25 a gas mixture. A vacuum generated by means of an

Eressure of 1D0hRcs 4 Qa0 H e e e e
charged usef§icgeliparmiatrselierh AfgabHedefatERRbiGE gaeoUHE PHEESIIPESSIRTEEH- JBFiBn units
and the valveg g SPRRRGEH HERNPRIAPHRIR NN HBI0RIFP 44 9hAs 1nb slrsepibgsaRrocess for
Syninesitiga 18 SUEE ARG aHl a8 CAT i ek G VRCHR RHE A SR ke
pressure swiagamjtisngeneested b\earicejbatomabnion hisebthe byieptedSon @oftrehablegerm-
' pressor 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 Venturi effect. By controlling
the valves in a suitable way to ensure that the discharged gas flows through the gjec-
20 tor, it is possible to achieve adequate evacuation of the pressure swing adsorption ves-

sels.

[0007] EP 015413 B1 describes a pressure swing adsorption process which in-
cludes an arrangement of pressure swing adsorption units which, in cyclic alternation,
remove a specific component or several gas components by selective adsorption from
25  a gas mixture. A vacuum generated by means of an ejector is used to desorb the ad-
sorbed foreign gases step by step. The ejector is operated by the pressure of the
gases discharged from the pressure swing units, allowing the use of both the dis-
charged useful gas and the discharged desorbed foreign gas if the pressure swing ad-

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

30 [0608] EP 1101731 A1 describes a process for the production 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 the pressure
swing unit is generated by an ejector which uses the high pressure of the fuel gas

when being supplied. The gas leaving the ejector may then be re-used as fuel gas. By



when being supplied. The gas leaving the ejector may then be re-used as fuel gas. By 10824 3 a
system of feed vessels, both the fuel gas and the vacuum can be adapted to the ca- pacity required.
[0009] The vatitim generated by the ejectors, however,sis frequently inadequate. For this reason it is
necessary to install devices used to further increase the vacuum. 5 This is expensive and in most

cases associafed it grdemmad ok agoiionakayRmaa kAR I MRiDLhe RSy eafde

discharged gas is not always high enough to operate the ejector in such a way that an adequate
vacuum is geR8RREEIFHE%se of compressed gas is inappropriate for reasons of cost. It is therefore
necessary to find a low-cost solution for operating the ejectors at higher efficiency. It is therefore the

aim of 10 the prgsent INVANION-IN MYRaA8s BYHBRIRUSIS HSHEWET DIgbRIGRE SadEdRpaably

priced and, as far as possible, generated in the useful-gas production process and_ which allows to
operate the efeidrSifeasBsil &raeaeesamindrsiab #oyeR tsediadHHEiSRrREearR LinBiHyBherating
hot steans whithidsiobiqieesvéndihne nsefidtgaseadisoitneprosess dethenbidatingiditoeessquig is thus
under high 15 pressure, Jt can be use S rvi J : geous
embodiment (fr?[% e%e' %Q/aerﬁ#gr? t%e'_séttlég % E@Qﬁ%ﬁg&jﬁ%&%@%ﬁ ég%%%ﬁ@%ﬁﬁé%ﬂ%%%@ ving passed
the ejectors. TReTedhdehsiaginatesesh davpycideanitayRcCEREIU0M SpTHEiPle hiDNEEsY includes

a solution acr?%ﬂrilﬁﬂeéeéwaab F&lﬁﬁé{%ﬁ%ﬁbié aﬁ-rh@@@bt@fmf.e@ﬁ@m%ff@gwé@mam to ipg desorption
process so that the capacity of 20 the pressure swing unit can be optimized,, It also includes a system
St R p e A e

of feed tanks esorbéd gases. In‘this way, itis
possibleltd cdgigrresatdoveinitous prake sotie\aveitabatwiidikisningahagupfghsyreaprasioneiihe

pressure SWi'tE'iéQéOJHH,O_QsUFQF-_ BRI Qﬁ@h&fa&@w%nﬁaﬁ,pgggsw@dw&ag BfbceREPlAR unit

according to the present invention is very well-suited for the operation of 25 steam reforming
processes. HADETERINE & SRS GIRGRE RIS AVEH ARTE  generally suitable for any

process producing a reducing gas, purifying by pressure swing adsorption and making available hot

flue or fuel gagqpihich 550 B4R \BRRTHS SikRE) (R diing ABkJeainr WRRAA Thainention

especially claims a process for the separation of foreign 30 gases from a reducing useful gas by
pressure swinf SRAFRIBRIFT WIREHLE Y BERRGR) Asdibl @%@‘@p?ﬁ%ﬁ?éé&ﬁ%%ﬁﬂ‘é%l@ﬂ%c@gg, which

containsis  pressure. it can be used advantageously for driving the ejectors. In an advantageous
embodiment of the invention the steam in the desorbed foreign gas is condensed after
having passed the gjectors. The condensed water can be recycled to the process.

[6011] The invention also includes a solution according to which the vacuum is ad-
justed to the respective requirements in the desorption process so that the capacity of
20  the pressure swing unit can be optimized. It also includes a system 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 pressure swing ad-
sorption unit according o the present invention is very well-suited for the operation of
25  steam reforming processes. However, the system according to the present invention is
generally suitable for any process producing a reducing gas, purifying by pressure
swing adsorption and making available hot flue or fuel gases which can be used to

generate steam for driving an ejector.

[0012) The invention especially claims a process for the separation of foreign
30 gases from a reducing useful gas by pressure swing adsorption, in which

¢ 2 reducing useful gas is produced in a suitable process, which contains
a foreign component to be absorbed or a foreign gas in addition to the

reducing compeonent, and



a foreign component to be absorbed or a foreign gas in addition to the reducing component, and
10824 4 this %g,&is supplied to a pressure swing adsorgtion unit at elevated pressure to separate
adsorbable gases, which retains the gas to be ab- sorbed in an adsorptive process and thus produces
a purified useful gas, and 5 the adsorbed gases are released again in a mixture with useful gas by

depressurizing the pressurenavipg aslsRimiiRg Upitapebsanrdasfird dsyatReSadiDatesmavest and
which is characterised in that after pressure reIi(%c a Vﬁuum IS agvﬂi?g to the ressure %wing_adsorp-
10 tion unit for desorption Wef‘ﬁ%gﬁ df %%a(ra?gecﬁ) ,(H)l? IR rNSIhRG RS or5ed goasgsacan be
withdrawn from the pressur®gwihdnagsapsontiviigracessthandjdotsr psosveested iy iEeshnsefgherated
by heating with the hot use: ;g! gag or with the flue gases from the heating process for the production
15 of useful gas. [0013] The steam for the operation of the ejector can be generated in both the out- let

devices fgr the flue gas andra Haepuiieiydericadordhedisehygam Bheisteanagensefatigasaan also be
carried out in both positions, in the praocess flow whereas the result-.ing steam élows ma trrtlﬁélr be

mixed up in any order and 88&'}% Sé%%’rrfgd 1§ réasesjgrc Osrthngoasaﬁ%‘% pijpnés?ﬁ mcgﬂebgf the Ramed
positions no steam is generatsdssereguiameowed. ing device may be installed as such such as an air
cooler. [0014] The invention also claims a process by which the steam used to operate the ejector can

be condensedndiinsid eeyeirt-izdiensteam production process. It is also possible to supply the
condensed steam to the useful-gas production process. It is 25 theoretically possible to use the

'condensed. steam for ary mﬁposmsﬂs&eﬂii@@lﬁﬂc‘ﬁhm psomeg e refdne dréss pre duehggatispuseful gas
Is a refogging process whiglisas @M&&%@Bﬁﬁ%fsﬁgae@&berggr&ﬂfacqﬁg%rﬁmﬁhssis gas in

a re- forming process with steam at elevated temperature. The preferred hydrocarbona- ceous feed
gas is natural gas. It is alscAHBREBLIRRRIRAT, 1 WEBBE Jromiftf RS UsD FN09I8855¥ % le to use
naphtha or light benzines ameltafrether fluids that can be used

« the ejector is operated by steam generated by heating with the hot use-
ful gas or with the flue gases from the heating process for the production

15 of useful gas.

[6013] The steam for the operation of the ejector can be generated in both the out-
let devices for the flue gas and in the outlet device for the useful gas. The steam gen-
eration can also be carried out in both positions in the process flow whereas the resuit-
ing steam flows may then be mixed up in any order and be transported to the ejector in
20 suitable pipes. If in one of the named positions no steam is generated, a regular cool-

ing device may be installed as such such as an air cooler.

[0014] 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 condensed steam to the useful-gas production process. It is

25  theoretically possible to use the condensed steam for any purpose desired.

[06015] The process preferred for producing the useful gas is a reforming process
which uses a hydrocarbonaceous feed gas in order to produce synthesis gas in a re-
forming process with steam at elevated temperature. The preferred hydrocarbona-
ceous feed gas is natural gas. It is also possible, however, to use LPG or a liquid gas.
30 ltis also possible to use naphtha or light benzines and all other fluids that can be used
as a feedstock in a reforming process. After all, the ejector-operated process according
to the invention can theoretically be used in all other processes for the production of

reducing gases. Thus it is also possible, for example, to use a pressure swing adsorp-



as a feedstock in a reforming process. After all, the ejector-operated process according to the
invention can theoretically be used in all other processes for the production of reducing gases. Thus it
is also possib/@Fbr example, to use a pressure swing adsorp 10824 - 5 tion unit according to the
present invention in a process for the gasification of coal. Fi- nally it is also possible, for example, to

include the pragass inthe,prndyston GLeakeOXRRPaR 44LEL QGBI RINRRIGCESS Rrameters

the synthesis gas obtained from the 5 production of synthesis gas may contain major amounts of
carbon monoXial, Hispalaa PrRibie e SERRBo P INE W IBRt ROfRS DN ANFRr SPriEHeR ST %nay be
unwanted, In gnamnyases the carbon monoxide is therefore removed from the process gas in a so-
called CO conversion. In the CO conversion the carbon monoxide contained in the syn- thesis gas is
converted by the addition of water steam into carbon dioxide by adequate Jo processes, which can

subsequently i9818movedepsndifie Sy Hif esrc ek RAfaresifriia sy e et iggaC b imsedr o tsample.

By the copvergieadyerogeayishebianadmAneibiasisuitablaprecessofaeanyertngxaasboagaanoxide
into carbon dioxide iﬁg}lescribe in, EP 1828%8!3 l. L%pa?ng Qo%ment of the inyention the qnversion

process is préggd)end eyagpsiﬂ?r?tloens?glaacs?%oo ing B?ocess, Whete )??l% 23N %%H S8 5e ulllized as

a heat 15 exchamyecpsoedhe oafurtiecgendraitohereieaneroved thenplbeawocep vistie asat

generating CQzpan\ersionysisam MayedRAverhANAdRisseaUiid iR flaman the fgd.into the
steam flow for the ogeratlon of the ejector. If no steam generator is ear- marked behind the process

step of the colEISiIBRA° £ RYVRISDBHAGERIAE g ARG SHC ARDPIhEOX'dRR% 295H5Ed and

carbon mmnoﬂ@émswﬂ%s@@asﬁsmeﬂytammﬂn@@@dﬂ]othgamehe gamntcti_etdwbbmpletely
from the synthesis gas,it 3 GUBMAR RAESE 1B HeABIRRIU Wil ASRRIRNYIL ARiRpssible to

install this unit alone ©or in connection with an acid gas scrubber of'any type desired. If the portion of
gases to be ad<iBIEIRRRSRS {95 FRINAHINESEAHIRAEN OEIARIER SRESIrEI SRy S A3 dBREtBN unit
without an upgremnsrgd gassenbhtindihenressareaiighats emptienionibrisedst s [eamdedhe acid

b impl ' d.ck | - t . I
Ganerated or HLeo R e e T B R g

adsorptioh unXelanae BissasReCH-thaRNSPioNIRARaAd HbE GFesessaxes BE thaserped is

achieved by ngdhingRdt CO-conversion, steam may be produced and this resulting steam flow can
be fed into the steam flow for the operation of the ejector. If no steam generator is ear-
marked behind the process step of the conversion, a regular cooling device may be
employed. After these steps, a cooled and carbon monoxide free synthesis gas is ob-
20  tained.

[0017] To remove the carbon dioxide completely from the synthesis gas, it is
common pracfice to use a pressure swing 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 provide a pressure swing ad-
25 sorption unit without an upstream acid gas scrubber. The pressure swing adsorption
unit used to remove the acid gas may be of simple design and charged at normal pres-
sure so that a vacuum must only be generated for desorbing the lcaded adsorbent. In
an exemplary embodiment, the pressure swing adsorption unit may be operated con-
tinuously so that the adsorption of the gas to be adsorbed is achieved by nothing but
30 the adsorption force of the adsorbent. In an advantageous and preferred embodiment,
however, the pressure swing adsorption unit is operated under excess pressure to utik-

ize the adsorption force of the adsorbent more efficiently.

[0018] Typical pressures for operating the pressure swing adsorption unit are
pressures between 5 and 50 bar. To carry out the desorption, the unit is depressurised.

35  To allow continuous operation of the process in spite of that, adsorption and desorption



30 the adsorption force of the adsorbent. In an advantageous and preferred embodiment, however,
the pressure swing adsorption unit is operated under excess pressure to util- ize the adsorption force
of the adsorbéht tore efficiently. [0018] Typical pressurees for operating the pressure swing adsorption
unit are pressures between 5 and 50 bar, To carry out the desorption, the unit is depressurised. 35

To allow continyeusRPefaionAldhePIRRSSS JosPiiRtBatopSSoTRiigR-a0stIeRRIRURBCHIRAS 6 must

take cyclic turns, For this purpose, batteries of 5 tg 50 pressure swing adsorption units are uiually

operated sideBYSIE. UPHR!Y LOREARIRITRICY PSS EFHRR Ih R RYE TS RRs iRt LRI B A8 Bressure,
the foreign gahbeinty e icnedddypthesadsdHadotebhayps befretrefseifal dgdhs Hussrbbtdinke: Bome other

units are depreganiserly (12 ML B AL BBHOBHE A AKUFE WHHdDE Heel gRasih g e

vessel is subsequently evacu- ated, major part of the desorbed foreign gas Is recovered.
pressure#elie@%‘%ﬁﬂ%&@@rﬁ’tiérﬁ“@ﬁwﬁl%% AR 888 0)ReadES ¥rstels istarBHURRS intensify
the separatingiefficiensypafitbetpecsssismhew e-rEsgsptiondsaiiardd010: Phestargastippsianief the
desorbed gas normally %O%}fs'%t of the adsol erydtsééo Lol Qt@é"ss-ar%g&r}dt'”?u%ét‘en?éﬁs?ff%he .
parameters, however, it still'includes major por- tions of unconsumed useful gas. ince this 1S still of a
calorific valuesepgegtinagighercydided presaursespinbadgiimien witusually incombustible foreign gas -
it can be used in the incineration process for the production of the useful gas. To keep the calorific

value at an asﬂ)en tely high level for the heating process, it is mixed with fresh fuel gas in,.an 15
advantageou e%ﬁodimz‘r%(i)?rﬁw%sg voerH |rc]jr?.1a# 5 ee(?c?lrjpefe aes&%rcrré%?éy 0 Ggiﬁl%g%epargscﬁgﬁgn from
the presstire $orgignagisorpependiogessthe buftessapidorsissrrediiter, dtstddechidérreiooisd foreign

gas is providegReWeRBINGIRIEF TIERLT WHID SHEEMAIOR sssels anstithe, ied Il dughgas. Itis

also possible, however, to discharge the de- sorbed gas via a flare line, for exa . This may be

o oSk R Mo PRI TPl PR R RS G DA UREO i ahe

flue gas suppljnéiﬂrmiaafati@angedeshéoejEHorcajmﬁhe qn‘ré‘@gmﬁﬂ dae.é&sbe'@ehbmﬁmﬁtamklme
preferably cong GRlleck b UG AN DR e dRsRieg JRERON e de ar v ed aag same or

a similar pressure as the fu%ﬁgs to the heating process for the production of useftul as. If the
useful gds is OIS PEIORRAIMEProtdae, iventien gds staerpleidhsr&osrsBPhEGHI-83S. Typical
fuel gas suppbtrpaesseigrofartHepRInaEAtahrosfsptNe process, a buffer tank for intermediate

storage of the desorbed foreigh gas is provided between the pressure swing adsorption
vessels and the feed into the fuel gas. It is also possible, however, to discharge the de-
sorbed gas via a flare ling, for example. This may be done on a temporary or perma-

20 nent basis.

[00206] In order to keep the pressure conditions in the flue gas supply line un-
changed, the ejector and the pressure in the associated buffer tank are preferably con-
trofled in such a way that the desorbed foreign gas {o be fed is provided at the same or
a similar pressure as the fuel gas to the heating process for the production of useful

25  gas. If the useful gas is produced in a reforming process, the fuel gas selected is pref-
erably natural gas. Typical fuel gas supply pressures for the incineration process are
1.2 to 5 bar. To reach this pressure, controlling devices may be installed between the
buffer tank and the feed point into the fuel gas line. These may be either compressors
or pressure-reducing devices. The desorbed foreign gas may be introduced either di-

30 rectly upstream of the incinerator by means of suitable mixing devices or into the sup-
ply line for fuel gas. The vacuum in the fuel gas supply tank can further be increased by
the use of suitable devices.

[0021] in a further embodiment of the invention the generated vacuum is advanta-
geously stored intermediately in a buffer tank. This tank is also referred to as vacuum

35 feed tank. Thus the vacuum can be applied to the various pressure swing adsorption



1.2 to 5 bar. To reach this pressure, controlling devices may be installed between the buffer tank and
the feed point into the fuel gas line. These may be either compressors or pressure-reducing devices. _
The desorbedﬂ%‘*eign gas may be introduced either di 30 rectly upstream of the incinerator by means
of suitable mixing devices or into the sup- ply line for fuel gas. The vacuum in the fuel gas supply tank

can further be jreRssiRY Htbseleiabls, deicats[0Q4ad |§‘a?n3‘WQF‘,r enhaginpesisktne

invention the generated vacuum is advanta- %;eously stqredrgléermediate in a huffer tanl? This tank is
also referred (6HEGIREHRCHESIPENISHRIR A58 JRUNIRTEIN H@aﬁf@?é%hﬂ?tﬁgggﬁﬂ%g pf&sure

swing adsorptesed@@24ving atdsaaptiondingsto the respective requirements. In the same way, it is also
possible to reduce the vacuum step by step in order to intensify the separating efficiency of the
pressure swing adsorption units. [0022] The propellant gas_ for the ejector, which is steam from the

heating proceB¥%kor th&hGsRieRe8tHadIRHE FItHpIYREEdSRIET GO HT RRIEIGBIPCESH also be
supplied with fathétegasssiigsganefietite ipreésspreceguaechidirdrivdngdheveyeitior. cahadsd isealso
possible to us ' i s or i t My jectar. Ji t e
Possible o uee T e et e e 1 8.
In the case of tRespfdecisrReeiAdAc BeePIESHESHOR eS8 F68IGh HRse s IRTicBYINEtH Steam.

Furthermore, giézieeSsiRleuithemmer@intieriestosoirrRiemions emperarlyaatythestepmngenerated in
the process ac- cording to the inyenti t , however, can also be mixed with foreign gas or
with foreign st%%ﬁ%ﬁ%ﬁH%%%%fﬂ%ﬁgog@sfgg aé?'er af\gea %ar%%é’l?le% e Se,%% or At E&%ﬁred by
the invention. iMtastivayilkdse freaipneasenaapiesyibasicans DO rmisalddsperssibie to sapport the
operation of the-GIeFHOLRLERUFETORNE e AIRBYRE W tH S1EQNRI GR Yaa M e R ddereraded in any
way desired, for e,xamﬁle, b §|s,ton or dlgfﬁhragm umps generatin vacu§nm_. Itﬁ, also possible to
support the protdag | gi‘?y'%’ Sl%fksiRg ﬁ%d?ﬂ%?é{%o@%laﬁ% PR ERi éeﬁfh%ﬁ 024] The
invention alsowdthifoe @ideldem vsedtbanarsthth pszogss act odit gda thwp2Qanven tivn ejEhimgention
particularly claifng adlgy e [RUARFGFCRRIEAL AldBIFIAR AR, lEaARAbilg uselul gas by pressure

swing adsorption, which includes a section with a heating device for the' production of the useful gas,
providing that
15 [0023] it is also possible to support the operation of the ejector by devices gener-

ating vacuum. The foreign vacuum can be generated in any way desired, for example,
by piston or diaphragm pumps generating vacuum. 1t is also possible to support the

process in any place desired with compressors or pressure-generating pumps.

[0024] The invention also claims a device used to run the process according to the
20 invention. The invention particutarly claims a device for the separation of foreign gases

from a reducing useful gas by pressure swing adsorption, which

includes a section with a heating device for the production of the useful

gas, providing that

e this section for the production of the useful gas is followed by a section
25 with a pressure swing adsorption for the separation of foreign gases,

and

e the section for pressure swing adsorption can be supplied with the vac-
uum required for a complete desorption via an ejector suitable for gen-

erating vacuum,
30 and which is charactensed in that

e« a steam generator is installed downstream of the heating device or the

section for producing the useful gas, which uses the hot flue gas from



this section for the production of the useful gas is followed by a section 25 with a pressure swing
adsorption for1 tng separation of foreign gases, and thessection for pressure,swing adsorption can be
supplied with t?\e vac- uum required for a complete desorption via an ejector suitable for gen- erating
vacuum, 30 and which is characterised in that a steam generator is installed downstream of the

heating device or the sectipa fRsqleslusnetacnspiul gasuydiichyusesthad geflueaties tomol 0824 8
the heating process and/orshot userf1 | gas for the generation of hot steam, and the steam from the
steam generator is used to 6%%?&% e ejector. [0025] The ejector to be used may be of any type

desired. It may, for examplgy. SRS FdInG LR theVenti R Be Rl HAE R Jbeigy also be

vacuum-generating device which uses turbines for generating a vacuum with compressed gas. [0026]
To implement the invention and for further use, a device for the condensa- tion of the steam is installed
downstream @fo26]ejectohatdbetiauitebendcBhisany lné anptypdatdsgerddénsery ofdt mxaynalso be a

heat exchandgt 13 leg ROsSRIS o 458 £AKHIECRERIRR MAGesd0 SURPRILA ondeasaon

process.?n such case, pipelines are pref connecte 1€ condensing device, by which the
condensate cafvise rsdigh srers fyrbisesiérgesTaring sdvgaldum WithiS§TPBLSBRE §Pfstall evaporators
downstream of such a device by which the condensate can be evaporated and recycled to the use-

fubgas produggiprocess. 13 00271 Dot abtalneskfiam e sandessalign RigeRsa o a dried

and cooled desorption gas esorption gas obtained may contain any suitable acid gas that can

be removed ftigm ahthasigaryadisiapedstenasiipng atits sirsomtdhsmisiraddyasedrkattan be

removed fromygasasibyoRERPSHIGEWIRG AR BROR AEBICHBIhgIRX tidcaBYydregan S uphidesammonia
or halogenatedgll%d ‘ocarbons. If t‘,he desorrtpé;on ﬁa is 20 removed, the frgcess flow iS]. £ u‘i,RBed with

devices WhicH S RLES PestolhredRER A o O BB LR ol b e

SRS po sﬁﬁg??i)r examp e,?o Ristafare facilities
downstream o ¢feraion-cdensitey deVive condrosiasdgyisn gavkide oGREPRIsseAPIRSISIRVto install a

device for acigdigag,s¢0RING YpiEeRRWA 4RS! is also possible to install evaporators downstream
of such a device by which the condensate can be evaporated and recycled to the use-

ful-gas production process.

15 [0027] The product obtained from the condensation process is a dried and cooled
desorption gas. The desorption gas obtained may contain any suitable acid gas that
can be removed from the useful gas by pressure swing adsorption. Examples of acid
gases that can be removed from gases by pressure swing adsorption are carbon diox-
ide, hydrogen sulphide, ammonia or halogenated hydrocarbons. If the desorption gas is

20 removed, the process flow is equipped with devices which are suited to perform such
task. It is also possible, for example, to install flare facilities downstream of the con-

densing device on the desorption gas side.

[0028] It is also possible to install a device for acid gas scrubbing upstream of the
pressure swing adsorption device according to the present invention. Such scrubbing is

25  preferably carried out with physical solvents, which can easily be regenerated by de-
sorption and can thus be combined suitably with a pressure swing adsorption unit. An
example of suitable acid gas scrubbing devices which may be installed upstream of the
pressure swing adsorption system according to the present invention is mentioned in
EP 968748 A2.

30 [0029] If 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 reform-

ing process which can be used for the production of synthesis gas is described in



pressure swing adsorption device according to the present invention. Such scrubbing is 25 preferably
carried out Wigla %)pysical solvents, which can easily be. rggenerated by de sorption and can thus be
combined suita% y with a pressure swing adsorption unit. An example of suitable acid gas scrubbing
devices which may be’installed upstream of the pressure swing adsorption system according to the

present inventgn Eoventagiedin1ER (E5r68e82 fa0ihe0aBk idin prDassRifgathi preduesiia ot useful
gasis a steam jeformipg procsss, (s mayhe 8 pocess ageardingdadiie aje. of hg A an example
of a steam refomm: ing procegs whicK'can b used for e production of synthesis gas is described in
10824 9 WO 230/ 21382 jonthefnresiyrtior of sokerevprahiciciestripashin §&51238%0ké-bven process,
this may be provided with devices according to the state of the art. An exam- ple of a device for the

production of @Q(é%-oven ﬁasi .de,?crtibednivn P 1230321 Al. ;09%0%1Acca%r ilg'c_? g% tuhs% '&veggi%n the
process for th Ijucti C%(fru'ggfu?gg% (25U edoerﬁ(é?g?e SteamPFSH g purpose, tAe d&vice
producing usefsgdjds genpiate steappddnitisapuezessxdhardmiohicbassings/asfal geamaeherator. If

the useful gagi§,igHeRkRrnR Ph9REx NSRS ARhIENRIRLY dBaysRexin el it thelischanogding of the

coke-oven gas according to an exemplary embodiment. If the useful gas is a s%nthes.is as from a

steam reformMGPIBAVED 438 S SIeRIn SIBREFA0Ry Y iRScdiRtARrHIE R 45 e D flue gas
which is obtaiceitkfeenthesheatrdiniotdle praouckon ofisydintassis tesu$es bps e syptitess gas

obtained romHieiPE SRINTURG RIS 278 8.8 HD LR, SHORROL AV OO IR RSAeTRd

u
embodiment. For this purpose, a suita co_oﬁ%gp{gewce IS"installed. T#IS may be an air cooler in an
exemplaty enfheeamEne, 9f e laioes whidh isbirined ke iimjeriine feolitytms«stitneéi®ygas for its
application asysgégagas, by which steam is generated. This steam, too, may be used to operate the
ejector according to the present invention. It is also possible to employ a heat exchanger for the
useful gas without the steam generator in the flue gas discharge line and only use the steam which is

obtained whefP€8dling tHdeiS¥RiNSfES 98 Gil@pthEebw steanoeiyMing pikiesfed erRBidfent, a
process for thg GaBYersien ebdNBLAr BoRéRRrdinRIABIIACAT IFon Biexidfpissprevidedsie whastrgam of the

process for th%?[eroedyct!i]op iédu.? }‘ul as.or the ﬂ,ee/i(c:}%;c?r %%oli)p the useerm)lo%%%élnq gy%h case, the
major portion ite 3&58 <to b ggasso%e%fqig Carbon dicxide: the CO" comversion process is de-
15 ble to use a heat exchanger for cooling the synthesis gas for its application as useful
gas, by which steam is generated. This steam, too, may be used {o operate the ejector
according to the present invention. 1t is also possible to employ a heat exchanger for
the useful gas 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.

20 [0032] in a preferred embodiment, a process for the conversion of the carbon mo-
noxide into carbon dioxide is provided downstream of the process for the production of
useful gas or the device for cooling the useful gas. In such case, the major portion of
the acid gas tc be absorbed is carbon dioxide. The CO conversion process is de-
scribed in a suitable embodiment in EP 1878782 A1.

25 [0033] in direction of the process fiow, the pressure swing adsorption unit accord-
ing to the invention is arranged downstream of the CO conversion. An example of a
suitable pressure swing adsorption unit with an adequate number of various pressure
swing adsorption vessels is described in EP 015413 B1. This teaching describes the
example of an ejector suited for the generation of a vacuum for the process according

30 fo the present invention.

{0034) According to the invention, it is also possible, to arrange a cooling device
for the useful gas after the process step for the conversion of carbon monoxide. This

device is constructed in an exemplary fashion as a heat exchanger or a steam genera-



scribed in a suitable embodiment in EP 1878782 Al. 25 [0033] In direction of the process flow, the
pressure swing.adsorption unit accord- ing to the inventjpn is arranged downstream of the CO
conversion. An example of a suitable pressure swing adsorption unit with an adequate number of
various pressure swing adsorption vessels is described in EP 015413 B1. This teaching describes the
example of ancejestaniswitad darahagene sicioraim wropraoutexihegp weessiag tottdngvantinthe
present invenjiop, [0g41AGeotding o he Jnrealiansitis alsRAgsalIRelo AR08 4 Gagig evice for
the useful gas a o the process step o the coriversion o cartbon monoxidé.*This device Is

constructed ifcanhexeiomieey fasiibeas whishiekcharjereralowheleeribrmcroso%ie0 vit BY this

way, steam faptheaRiBRtRIoRBRIRE RIRCIAH QP AN B thENRVBYRSRIastcaBigan Geseasator can
also be arranged.in the ﬁutlet or the heatin?%l%as or in the outlet for the roduc?ol useftﬁ,‘%as, which is
5 U b

in the prosces W e tEr e et 8P TRy oﬁoﬁm"c?ﬁ%‘%goP?n“Sﬁ&rPe?Se odiment of
the invention eesgeamgenératiebe §driakitre outhet ndrdedipesitothéndixbproeasadrideapalersion of

the useful 93%%95@;5@%@@%@%@&@@ steap ggngrators in the named positions in the process flow

can also be multiple and in all possible combinations. [0035] To run the process according to the
present invention, the pressure swing adsorption units are connected to an adequate number of
valves and pijédisiis. Théseud Ghareriinkes sodtvelingsoeliseopitbeeprasstrgoswing pEssypécwngit in such

a way that it is passitle I ensire syclisaperation.ehadsosalian Apa Arsralian pkihedoreisn.gases.

In an advantageous embodiment, a tank for buffering the vacuum can be provided downstream of the
pressuréd Swirjaddspiethenvesaeiviniee mrettish /PR FHectlien siing Sus ey hat Witenever
required. 15 [pOs&bid epeaensctyTirydperatonettadsiorphenoaitis ek tnptieje ofoihe tchige a0
condense the,steam contained in the outlet gas. .I. n C ess for
the productior!ﬁo t 8%’33%?8%%? trlne% 8é:jé?)?p iogn tga§§ vﬁ%&gﬁéﬁ% e%?f? ﬁ%e&%oﬁ%r%s e%\r}?r(lg%s8
preferably fedd@vastiengaef fbedtapiiEronngereseRrtige stibatiowiigigargastieantd & reeirasd %o the

process by mixingsitwdtipishfust ddenBawnstigam. 20 of the ejector, there may be a device which
serves to increase the vacuum of the ejec- tor. [0037] The device according to the invention also

includes pipelines and valves
15 [0038] A condenser may be connected to the outlet of the ejector which serves to

condense the steam contained in the outlet 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 to a fuel gas feed tank. From here, the desorbed
foreign gas can be recycled to the process by mixing it with the fuel gas. Downstream
20  of the ejector, there may be a device which serves to increase the vacuum of the gjec-

tor.

[0037] The device according to the invention also includes pipelines and valves
which are used to interconnect and controt the devices for the process according to the
invention. The device according to the invention may also be provided with devices for
25  cooling or devices for heating the gas in any place desired. The device according to the
invention also includes compressors or vacuum pumps to support the process in any
place of the process flow. The process according to the invention also includes ther-
mometers, pressure gauges or other analysers and the associated control devices

which serve to control the process.

30 [0038] The process according to the invention provides an efficient process at rea-
sonable cost for the purification of reducing gases. In addition, it advantageously util-
ises the heat of the heating process in the production of useful gas. it aiso provides an
efficient means to utilise the calorific value of the partly adsorbed gas which is polluted

by foreign gas.



which are used to interconnect and control the devices for the process according to the invention. The
.device accordjpg, to the invention may also be provided,with devices for 25 cooling or devices for
heating the gas in any place desired. The device according to the invention also includes
compressors or vacuum pumps to support the process in any place of the process flow. The process
according to fee3ayentidmalsmteckiflew thfcthenpoocetaracpoesisgrs ghagessotiaihenusélysarsrand the

assoctated conliel SSYIERD nMASD SIS IRBRIO e REES S ABNPR) FRegRLachPRAGHRILIng Lo the

invention provides an efficient process at rea- sonable cost for the purification of reducing gases. In

addition, it adveirheigediritpdiin-thass grabesinenthd R atinghidée STt P RIERIDAYY B8R gas. It

also providesppgeafligian-aeprsite Wiksedhernlaniauabie aidhenpaidy adserbaggassich is
polluted by foreign gas. 10824 11 [0039] The process flow of the process according to the invention is
illustrated in more detail by means of two sketches, the process according to the present invention

not beingf limil@@4H thesElenibebmvie s, SRyMcpiPFREIMEROW IReHIbLesichdhsyrtied¥ikess
according to theyaneaHashyithanbuithast ypssysidand 3ankss rRepactvabeni0ddhidecdrshows the

example of a reforming furnace (1) which is supplied with a hydrocarbopaceous feed gas (2) and
steam (3). It iEW@QFé)d’%b’ﬁ@gﬁs{ﬁ‘%}%fgr@a%o%@géghg%ﬁg egé;'s? AT LB Cg Sr(r)cﬁ)]ct
obtained is syrtieesis gaswhikthris osbpydesentedhsaboixeapoofideydr dgje rexaid dar o thenthsdkide in this

example. In the,inginsraplianPEIRe 1Rt 3-uasie PaRe D (GHRIBER RRAUSRA MRIEy arrdRgRssd
through a 10 steam generator (6) to generate steam (6a). The waste gases are subs&ggae%%écooled

and discHarg&tPad Fagasd 9510 IFRE AR SITAMAY BitlEP HEPRi JaReP AFe P T HHE (6¢) or
blown off via andatiectaigedhes dhuslgsyalebis fas siemmech(Balhsr lmritedyide chalntly telhee (7)
where it is cogl n (7 pplied t n | [ Te the cooling
device is a he%fggéi%gaﬁgér?ﬁt@sé aﬁsﬁbﬁg 185%%%2(%8&@;&25%%% froég{ﬁg %gﬁ{i%@ g)(gg) I%ethe CIO

conversion (SPtHedirBorPHitmegides GO YVEBIdlie $9R sk deetyhediRrlied i dbRvedtBe into
carbon dioxidgotfeddd. oy Mesis @Rs-E5@) With & bcRXegsfediceasipheaioxidrdsgehldinepodtisigpassed to

ihat & pUrTed S LG DA (oL LTaRed S e et ooy S S e G2 nen the

adsorption vesseisxie (Epreostaised imhamgratsspbdtesis gas is converted into carbon 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 example, the carbon dioxide is removed
in this unit so that a purified synthesis gas (9a) is obtained which consists of predomi-
20 nantly hydrogen. When the adsorption vessels are depressurised, mainly desorbed
foreign gas (9b) is obtained which still contains fraces of co-adsorbed synthesis gas.
This gas is supplied to the feed tank for fuel gas (10). From there, it may be fed option-
ally to the fuel gas for the production of synthesis gas (10a). It may also be remixed
(10b) with the desorption gas. For the purpose of further desorption (9¢), a vacuum
25  from a vacuum feed tank {11) is applied via a vacuum line (9¢) o the pressure swing
adsorption unit. The vacuum in the feed tank (11) is generated by an ejector (12) via a
vacuum line {11a), which is driven by the pressurised steam (6a) from the steam gen-
erator (8). The ejector (12) generates at least major part of the vacuum in the feed tank
(11). At the outlet end, the vacuum-desorbed gas (12a) is obtained which is passed
30 into a condenser (13). Thus a condensate is obtained which may be discharged (13a),
recycled to the process for the generation of steam or recycled (13b) to the steam as
feed gas (2). The obtained desorption gas may be incinerated via a flare line (13c),
passed (13d) to the feed tank for fuel gas (10) or directly fed to the fuel gas (13e). If the
condensate is fed to the feed gas (2), it is advantageously re-evaporated by an inter-

35 mediate heater (137).



foreign gas (9b) is obtained which still contains traces of co-adsorbed synthesis gas. This gas is
supplied to the feed tank for fuel gas (10). From there, ifmay be fed option- ally to the fuel gas for the
production of synthesis gas (10a). It may also be remixed (10b) with the desorption gas. For the
purpose of further desorption (9c¢), a vacuum 25 from a vacuum feed tank (11) is applied via a vacuum
line (9c) to thg}pdﬂgsureFé@ir&gshdseﬁpﬂqmm&s'ﬁhewamwm timetheefeatlitarekt{d1 pishgeheraded by an

ejector (12) V\;hr«h ef%%m"?ﬁze@ rel0IRIR BaNAY IRRCEsHAgat AR e thg steam

gen- erator (6). The ejector (1 enerate ast major part of the vacuum in the feed tank (11). At

the outlet end? @ Wi GUmdiReR)) %%ﬁ?ﬁﬁ’ B350 ARG RIS iShdE e Beatemiil comdRser (13).
Thus a condenspipisahiained yu8ich wé}e (@pmmm@bm@d@@mmwmw ithe
generatlon of steam qar re ﬁlQ/cled %1%3 e steam ar%ed g,‘as 2 e'I'Ihe o!ts)tg)l(ned orthlon gas may
be incinefate§ W& & r% 3 edogﬁ?d?? LI HERR Por Hjel? ?% rc’ilrectR/ fed to
the fuel gas (t®eyatiohef ﬁm&@ﬁm w,a@a fagae fdadajad(eyurad H&iﬁ&hﬂé@é’@ﬁ%ﬁr@“@@ﬁbcﬁated by

an inter- 35 n@.@&éﬁ%@gaﬁ@%ﬂ@f}omﬂaﬂééﬁ%{l FACTRShaws HaedyaresaneeRising adig present
invention without a vac- uum feed tank. The %he& as |s%%ro uced in a rif(f){mln (X/& @e (1)
itR

which is sup- ﬂ%&‘ﬁﬁﬂ?@?ﬂ/&%gﬁ%ﬂﬁ L3 A EY $iydro-
carbonaceoushtebgasfd) andawn(5it Theapmidac(ﬁdmt& hedisdsyaihtisisigassvbithine (Sprissented as

2 mixturgof liggen and ARMAB.RANFY AR s LRBIENI IR rasiassaiion f e duggies, waste

gases (4a) are produced which are passed through a steam generator (6) to generate steam (6a).

The waste ga888aeacpREsERHRYISEI - Hitrdeoingginyiss R prl&xtBpyothd L&essRiay either
be recycled dl&ﬁtbdt&é*’ﬁe&@d?@ﬂﬁﬂfﬁﬁ)tm blovseifiviaa valire (6d).chhecesivte(8yntleesisigas

obtained (32) 5 AQauREH o daRIng davice (T whereL s sedled and e (L) uop i g the

carbon monoxupe COFI eV|ce the COO eVI e IS a heat exchanger itis pOSSI le to

produce steaﬁ%)%’ﬁ@ﬁ@ Het (8aryiinan Iexaes T crheardien {8yt @penlt indiasRRILIECO)

contained in thg %@W@W@gi%@aﬁ,&ﬁ&onmr@d inigisakanioxidecd GO HiSinshe sengnedBa) with
an excess of carbon dIOXId obtal assed @9 5 th res urg(gﬁmrgg)ﬁ *81 orptlon umt (9). In
S

this example, ﬂw@'éa%'&ﬁod oae%'}é o%)'é1 ﬁ?h@fg% bst énﬁur ynt |sg & a s
obtained whictractingigtsagiepreddwen- thentdydoymiionevesadie mth alaprkssmptitedkessiidyatesieprdssurised,

mainly desorbglign gas (9b) is obtained which still contains traces of co-adsorbed synthesis gas. It
is desorbed and supplied to the feed tank for fuel gas (10). From there, it may be fed
20 optionally 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 de-
sorption gas is desorbed by vacuum (9¢). If required, it may also be remixed with the
desorption gas (10b). At the outlet end of the ejector (12), the vacuum-desorbed gas
(12a) is obtained which is passed into a condenser (13). Thus a condensate (13a) is
25  obtained. The obtained desorption gas may be incinerated via a flare line (13c), passed
(13d) to the feed tank for fuel gas (10) or directly fed to the fuel gas (13e).



foreign gas (9b) is obtained which still contains traces of co-adsorbed synthesis gas. It is desorbed
and supplied tg.the feed tank for fuel gas (10). From thege, it may be fed 20 optionally-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 de- sorption gas is desorbed by vacuum (9c). If required,
it may also be remixed with the desorption gas (10b). At the outlet end of the ejector (12), the
vacuum-desofpebpas (12a)rispbiained which is passed into a condenser (13). Thus a condensate
(13a) is 25 obtained. The obtained desorption gas may be incinerated via a flare line (13c), passed
(13d) to the fded taREIIMINGI {YH2EFD) or directly fed to the fuel gas (13e). 10824 13 [00421 List of
references used 1 Redoscaimgriaceace 2ddyghiocarbonaceous feed gas 3 Steam 3a Crude synthesis
gas 4 Fuel 93s da ?{ggﬁg gases 5 Air 6 Heat exchanger or steam generator 6a Steam 6b Flue gas
6c Steam recycle 6d Steam blow-off valve 7 Cooling device for synthesis gas 7a Cooled synthesis
gas 7b SteanP8 CO-E6iR/EYSIHRBRaIS nthesis gas with excess carbon dioxide 9 Pressure swing
adsorption unit 9a Ruéfigdssynthesis gas 9b Desorbed foreign gas 9c Vacuum line 10 Feed tank for

fuel gas 4a  Waste gases

Alr
Heat exchanger or steam generator
6a  Steam
6b  Flue gas
6¢c  Steam recycle
6d  Steam blow-off valve
7 Cooling device for synthesis gas
7a  Cooled synthesis gas
7b  Steam
8 COQO conversion
8a  Synthesis gas with excess carbon dioxide
9 Pressure swing adsorption unit
9a  Purified synthesis gas
9b  Desorbed foreign gas
9c¢  Vacuum line
10  Feed tank for fuel gas
10a Fuel gas supply line
10b  Fuel gas return fine
11 Vacuum feed tank
11a Vacuum line
12 Ejector
12a Vacuum-desorbed gas
13  Condenser
13a Condensed water or condensate
13b  Condensate recycle
13¢  Flare line
13d Return line for dried desorption gas to feed tank
13e Return line for dried desorption gas to feed gas
13f  Intermediate heater



10a Fuel gas supply line 10b Fuel gas return line 11 Vacuum feed tank 11a Vacuum line 12 Ejector
12a Vacuum-dgsorbed gas 13 Condenser 13a Condensed water or condensate 13b Condensate
recycle 13c Flare line 13d Return line for dried desorption gas to feed tank 13e Return line for dried
desorption gas to feed gas 13f Intermediate heater 10824 14 Patent claims 1. Process for the
separation of figr%j% gases from a reducing useful gas by pres- sure swing adsorption (9), in which (r)
a reducing usefu gas (95’53 Is produced in a suitable process, which con- 5 tains a foreign component
to be absorbed or a foreign gas in addition to the reducing component, and (r) this gas is supplied to a
pressure swing 'afiso%otion u?it (t9) at elevated QéJressure to separate adsorbable gases, which retains
0

the gas to be ab- SorbE¥ T8RN R SRYAIRELIISEIEE GRRrhlie PR kg Hﬁﬁfﬁ’éaqfs%\‘tﬂr% gas
(9a), and the adsorbedrgasesgaadsmigasef agaimhicta mixture with useful gas (9a) by depressurizing
the pressure swing adsorption unit (9) and can be fur- ther processed or removed, which is

characterised in that 15 {r) aftetpEpgsuEedfiRlaYAGH YR (AcLIBiARALGH LR the, PreSSiFe-RWing ad-

sorption unit (9) for desorption by means of an ejector (12), by which the remaining adsorbed gases
can be withdrawn from the FBE<I8 &GP RASBRY SN ﬂh@‘?f%o(r)atﬁ’é@é?@c%ﬁ (1 ARitspeiuted by
steam (6a) generated by heatimgawitihgrwmponent, and

¢ this gas is supplied to a pressure swing adsorption unit {9) af elevaied
pressure to separate adsorbable gases, which retains the gas to be ab-
sorbed (8a) in an adsorptive process and thus produces a purified useful

10 gas (9a), and

¢ the adsorbed gases are released again in a mixture with useful gas (9a)
by depressurizing the pressure swing adsorption unit (9) and can be fur-

ther processed or removed,

which is characterised in that

15 s after pressure relief a vacuum (9c¢) is applied to the pressure swing ad-
sorption unit (8) for desorption by means of an ejector (12), by which the
remaining adsorbed gases can be withdrawn from the pressure swing

adsorption unit (8), and

¢ the ejector (12) is operated by steam (Ba) generated by heating with the
20 not useful gas (3a) or with the flue gases (4a) from the heating process
for the production of useful gas {3a).

2. Process according to claim 1, characterised in that the steam is condensed by a
suitable device (13) downstream of the ejector (12), the condensed water (13b)
being recycled to the process for the production of useful gas (3a) or {o the

25 steam generator {6) for the operation of the ejector (12).

3. Process according to claim 1 or 2, characierised in that the useful gas (3a) is
synthesis gas and the process used to produce the useful gas (3a) is a steam

reforming process.



20 hot useful gas (3a) or with the flue gases (4a) from the heating process for the production of useful
gas (3a). 2. Prgcess according to claim 1, characterisedd}n that the steam is condensed by a suitable
device (13) downstream of the ejector (12), the condensed water (13b) being recycled to the process
for the production of useful gas (3a) or to the 25 steam generator (6) for the operation of the ejector
(12). 3. Process according to claim 1 or 2, characterised in that the useful gas (3a) is synthesis gas
and the process used to produce the useful gas (3a) is a steam reforming process. 10824 15 4.
Process according td"armesd theaidimsd doy3;fahardeterise o thbb thagprombsstigas@pusedsin the

production of synthegisgas (3a) is 2 LG ALAANLGhERS LY %%ygrgfrﬂmaﬁésﬁ%@?g%ggés 0

Process according to any of the claims 1 to 4, characterised in that downstream

for the production of sl BYY FRINGPSIAESSIBRThe pressure swing adsorption (9) the carbon
monoxide is converted (8) by means of steam to give carbon dioxide and hydrogen. 6. Process
according to any of the claims 1 to 5, characterised in that the gas de- sorbed in the pressure swing
adsorption unit (9-isttiseasaLAserdag [ pny withecsivducion chasmierigad BH)2davivstisglth fresh

fuel gas and then useglas fuedesas1(binibe Rmeadiichasn ofameldans (3trdaRracessesqiding to

claim 6, characterised in that, by adjusting the ejector (12). appropriatel roviding syitable devices,
the gas desorbed ansdwv;\ﬂ%%(r%\(fvpétﬁy @%tg?eg%&mmé%')gge %1\9855%’#@%(%5&%%3 r8§§fﬁ%nbt which
the fuel gas (4) 15 idda@iveoctiednclineragienprydesssfor the production of useful gas (3a). 8. Process
according to any of the claims 1 to 7, characterised in that, before be- ing recycled (13e) to the heating
process for the production of useful gas (3a), the desorbed gas is passed to a feed tank (10) which

can be used to _stﬁxreleedemmdi@mmd%efdesoﬂbmgiam_iﬁ,a:mbdmt@'mm:atmltga@éé)de?-o 9.
Process aceording ta gRb PR RS e aiREIBHRIN BRNR dpserRdandn g Rigesure

swing unit (9) is performed in two stages, namély depres- surizing the pressure s |ng( dsorption unit
(9) first afd then appWAiYLIvRe! HERU! gas (3a) or mixed with fresh fuel gas and then used as fuel

gas (4} in the production of useful gas {3a).

. 7. Process according fo claim 6, characterised in that, by adjusting the ejector (12}
appropriately or providing suitable devices, the gas desorbed and withdrawn by
the ejector {12) is made available at the same pressure at which the fuet gas (4)

15 is fed to the incineration process for the production of useful gas (3a).

8. Process according tc any of the ¢laims 1 to 7, characterised in that, before be-
ing recycled (13e) to the heating process for the production of useful gas (3a),
the desorbed gas is passed tc a feed tank {10) which can be used to siore the

desorbed gas or the desorbed gas in a mixture with a fuel gas (4).

© 20 9. Process according to any of the claims 1 to 8, characterised in that the desorp-
tion in the pressure swing unit (9) is performed in two stages, namely depres-
surizing the pressure swing adsorpiion unit (9) first and then applying a vac-

ulm.

10. Process according to any of the claims 1 to 9, characterised in that the vacuum
25 for the desorption in the pressure swing adsorption unit (9) and the desorbed

gas are stored in a feed tank (11).

11. Process according to any of the claims 1 to 10, characierised in that the vac-

uum produced by the ejector (12) can be increased by an additional vacuum-



10. Process according to any of the claims 1 to 9, characterised in that the vacuum 25 for the
desorption in grasezpressure swing adsorption unit (9) and%he desorbed gas are stored in a feed tank
(11). 11. Process according to any of the claims 1 to 10, characterised in that the vac- uum produced
by the ejector (12) can be increased by an additional vacuum 10824 16 generating device in any place
of the process flow or that the vacuum in the feed tank (11) can be increased. 12. Process according
to any of the claifB§"ETBI1e, 4GviFadtefiiea'Atenel the kst 1aw)qs Bk ihteua@mpoiatng Grasartly or
temporarily and partky(withcarfecigirgasdd or the synthesis gas (3a) or a mixture of both gases. 13.
Process according to claim 12, characterised in that the foreign gas consists completely or partly of
steam from an external source. 14. Device for the separation of foreign gases from a reducing useful

gas by pres- surejswingR4s ARiinany Rickh G hinsisidRs i saatienaMlia healing slavicg fosghe
production of the usef as 3ag cErOVidin ,?hat r) this section for the production of the useful gas is
followed by a sectiort Wth 3718 2 f’%%’f%‘ LRSS PG TEPTRE S ERE RN WITHAdYRIGASES, and 15
(r) the seétion for prezdiresywingssdsorilom(S) ranue Suppheskseth the vacuum required for a
complete desorption via an ejector (12) suitable for generating vacuum, characterised in that a steam
generator is installed downstream of the heating device or the 20 section for producing the useful gas
(3a), which uses tiie ratciue gasoridey andlsirhobusetihgasi{da)iiram:theeating peecesssiasthe

genera- tion of hot S%ﬁ%g gp é?gﬁ%ﬁgq}omeaﬁt%%% [%qré%ﬁ?tc%r..is used to operate the ejector

(12). 25 15. Device to clai aracterise at'a device (13) for the condensation of
the steam used to operate the ejector (12) is installed in the driv- ing-end discharge line of the ejector
(12). 16. Device %%C?fg\lf? ta%rc l%énlse}psa‘rgngrqa&t ?cglr%?gdnlgatggg Rlcprﬁ Ig]?gd%gngoﬁs_eful gas by pres-

sure swing adsorption, which

10 ¢ includes a section with a heating device for the production of the useful

gas {3a), providing that

¢ this section for the production of the useful gas is followed by a section
with a pressure swing adsorption (9) for the separation of foreign gases,
and

15 = the section for pressure swing adsorption (9) can be supplied with the
vacuum required for a complete desorption via an ejector (12) suitable

for generating vacuum,

characierised in that

s @& steam generator is instailed downstream of the heating device or the
20 section for producing the useful gas (3a), which uses the hot flue gas
(4a) and/or hot useful gas (3a) from the heating process for the genera-

tion of hot steam, and

« the steam from the steam generator is used to operate the gjector (12},

25 15, Device according fo claim 14, characterised in that a device (13) for the
condensation of the steam used to operate the ejector (12) is instalied in the driv-

ing-end discharge line of the ejector (12).

18. Device according to claim 15, characterised in that pipelines are con-
30 nected to the condensing device {13}, which serve to recycle the condensate as

feed component (13b) to the useful-gas production process.



30 nected to the condensing device (13), which serve to recycle the condensate as feed component
(13b) to the useful-gas production process. 10824 17 17 Device according to any of the claims 14 to
16, characteri$&d in that a device (8) for the conversion "5t carbon monoxide is installed downstream
of the useful- gas production device (1), which converts the carbon monoxide contained in the
reducing useful gas to give a mixture (8a) of carbon dioxide and hydrogen. 5 18. Device according to
any of the claims 14 to 17, characterised in that a useful gas cooling device (7) is provided between
the useful-gas prdduteeitsectioni{iy tanmhyhef devicki(B3 for thel epnversiteriofcanbontmakaxide. 19.

Device according to m%%&%%%ﬂaﬂtmsgam 8 P?e?d(é WEsGE #Ewe%%%! gas

production section (1) and the device (8) for the conver- 10 sion o carbon monOX| e Is a steam

generator. 20. Devic83ceBthaEM0 FHLef ihevdlsheonyadsthe arbaptarrsseifs grittainastiufhgas

cooling device (7) is prawittedusetwesn theiusefuhgassRdustiansaciiondsamndyfegieyvice (8) for the
conversion of carbon monoxide. 21. Device according to any of the claims 14 to 19, characterised in

that the useful 15 gas cooling device (7) between the useful-gas production section (1) and the
device (8} for the LomyssioRicrarRPb raﬁywid%i&auﬂ@am generaiaradRrlRyipeRacgrdiag;to any of
the claims 14 to 18, charact rlsed in tt)s?t a feedéﬁ? ﬁ)for the nerated vacuum is installed
downstream of the p9(§§ O, Ry g SRR IR (85, ér?u[é H'$I88 BPRREE9EAEFTa2) 1 ho 23.
Device according to any tbrfethevcta|tﬁ$fm4tt@ tonekrafacteriseddn thataxifiesed tank (10) for fuel gas is
installed downstream of the pressure swing adsorption unit (9), which can also be supplied with the

desorbed foreign gas via the outlet end of the ejector (12) or via pipelines (13d) from a condenser (13)
downstream of tHé dheetcs ERprak@4o Rewice dadendicgrivcaniy af dherelaitigidd de?é: characterised

it e s Al Abstea S SEPBLAR) 0 s WD K DShEE

the ejector be intensi
10 sion of carbon monoxide is a steam generator.

20. Device according to any of the claims 14 to 19, characterised in that a useful
gas cociing device (7) is provided between the useful-gas production section (1)

and the device {8) for the conversion of carbon monoxide.

21. Device according fo any of the claims 14 {o 19, characterised in that the usefu!
15 gas cooling device (7) between the useful-gas production section (1) and the

device (8) for the conversion of carbon monoxide is a steam generator.

22. Device according to any of the claims 14 to 18, characterised in that a feed tank
(11) for the generated vacuum is installed downstream of the pressure swing

adsorption unit (8) on the suction side of the egjector (12).

20 23. Device according te any of the claims 14 to 19, characterised in that a feed tank
(10) for fuel gas is installed downstream of the pressure swing adsorption unit
{9), which can also be supplied with the desorbed foreign gas via the outlet end
of the ejector (12) or via pipelines (13d) from a condenser (13) downstream of
the ejector (12).

25 24. Device according to any of the claims 14 to 20, characterised in that a device is
instailed downstream of the ejector (12) on the suction side, which produces

vacuum so that the vacuum produced by the ejector {12) can be intensified.



