Process for the Separation of Process Condensate in Steam Reforming [0001]The invention relates to
an apparatus for drying reducing gas. The inven- tion facilitates the drying of reducing gases at various
temperature and pressure levels in a space-saving single column. The apparatus allows for the drying
process, in which 5 the water contained in the reducing gas condenses, to be carried out in stages
and the condemrsgte:fermethiohp selreiel M sainbinadHesaive withorkinanagd for pressure
regulating devices. The invention also relates to a process which enables reducing gases to be dried

in stages at vagigyis femperatirRaR!5s [000%] %Fpgb&ﬁrm%@aﬁyggn@&%%ngg%ge@wagucﬂOn of

reducing gases as a 10 result of the process. These gases contain a relatively large amount of
evaporated watSf BRURABREBARGEGHhFIUas s e YRR ardg e OramTavels
hydrocarbons. iAtithesend it siegin avgtommilgprpeess syathesi®gis domtains;darsexanile, even

larger quantities,of)aietManesE MACRRBYENRldesRoPItely conuaried;rad which ate present as

steam at the high formation temperature of the synthesis gas, i5 Consequently fresh synthesis gas

produced in a FETSTRIRY HIYCEES LaPP BHRTTHBR TAR DRSS R B ANFaIERYdBoRIESh general,
this is not desimsisteréguttiefoliovidag proeassediandisortia svdten vapess muish Begiesipitated out of the

gas. Other redyging 8ase%,alge-affea:contain yaler ¥apRuL, Many.gases are also treated in a gas
scrubbing process. Following this process water vapour is present as steam in the gas, 20[0003]For

this reason it is common to use processes in which gases can be dried. Drying is usually effected
using a coolind¥tbéiess i REHChaReHhate cebRERTEIINthE gaseEAtenees DU §ashs pedcess the
temperature ofrtheigamis frstiewernddo freevabiemperata-s0dhat dhernaisrlsedthedvater
contained in the gas condenses out..In a subsequent stage, the gas can he cooled even further using
a refrigerating ﬁengt's%? the tgusn egelégﬁfgglrﬁ%ﬁ?tigrs_, gﬁ‘éﬁegsg & g%%r% e&mn?o%?g,%‘aﬁyf?éogaerbarated out
with the water.18%vedeiNthiprefce SR EHPEDSEy RRCRYR GHNEs IR des cBfainNefffjerangaunit and the

liquid gas obtaines hasdosberfiasiionatee:segbat WERP kevpuidmeshseaipitiusenRped]dhe
temperature of is often. | lly to normal tempera- 30 ture. This causes the
pressure of the‘IE’gﬁ]gcsﬁ;J t%%a?i%%:%@tn%%g{g&ﬁg%g?ﬁg&frilgt%?ﬁme%ﬁ%%%e g%%'ré"o%ﬂ%ﬁss g %nrea'S : ugﬁ? so that it
can be dried moPEseFeEnlefeth HSthPasRATETIMGIS St sl aiRtaRrintg 3G imerfe process
flow usually reeiressarcampiescat sigrsneapaivalvgsnaamps andopressdre: fegtatingwayices. In

oy drreguistapayices. In
o e ecean i BB SRV ARl ANORISHIS AN SERMANIR LusoriRaDlEh iR Cooly o1

uses a lot of plant space. WO 2005118466 es a process Tor manufacturing hydrogen
which originate®HonSyriifESiSHR" Y& iy @Y thd Raterasenary Aphiedirddas g5 5%ained is
cooled in a cordensercasd thellvfedhititc arsesenehtaoling syistensahhis: cause snthe water to condense
gradually. The second cooling system is cooled using a cooling agent which is fed through a cooling

reservoir, Whic%}§ be e%nb?dded und%r%round and which exploits the high thermal capacity of the
surroundifiy suliSUrtace. Thie WatsFIS R FRMBUR P RIS S ith BN GAS SR EP S a water

separator. 10ARBtRerie nang b eliedds tseng @seebivg emovestiewbiainingaizitesrizives drtithis way
gas condenses. During this process the temperature of the gas is first lowared to nor-

mal temperature so th_a’c_ the majority of the water contained in the gas condenses out,

" in a subsequent stage, the gas can be cooled even further using a refrigerating unit so

25 that undssirable impuriies, such as methane or ammonia, can be separated out with
the water. Howsever, this process is very costly as it requires the use of a refrigerating

unit and the liquid gas obtained has to be fractionated so that it can be put to subse-

quent use.

{00047 The temperature of the gas is often lowerad gradually to normal tempera-
3¢ ture. This causes the pressurs of the gas 1o fali accordingly. The water contained in
the gas condenses gradually so that it can be dried more effectively. In the gradual
cooling process, mainiaining the gas flow'in the process flow usually reguires a com-

plex arrangement of valves, pumps and pressure-regulating devices. In addition, it is



the synthesis gas can be cooled gradually and the water largely removed. [0006]However, the
construction of the apparatus is very expensive as it requires several condensers and separators
which must be connected in series, one of which may be connected to a cooling reservoir embedded
underground. onsequgnt% the 1§ %sp\paratus sed for cg{ndensin& the water requires a lot of space in
itself. When ifIFiBrRERTRT thd DH5E et SO A ES BTy RFERE R retiredCRIBW B gas to be
condensed geadiuzdhs 3 s o gieohertacproblems and involves high investment costs. In addition, no
indication is given as to how the gas has to be conducted to prevent it from flowing back into the
separators located upstream in the pracess flow. 20[0007]For this reason the task at hand is to make

available a spatB3aving HRviCEWARIPE ARIEEHHE Rem SeliRress R TeBarHig Y b BERaRiually
lowered so thahitreongisitze tomtainedaiijadhd garicambengradusaiy-condeanseckdn sadeing the
pressure difegnees.ocouing, mustoe compensaled farwilfout oty regulaling devieesy fpossible.
It should also %e possible, 1f required, to use refrigerating machines to ensure thatthe waterl'is
condensed oGeeeRRaaraian iprsciResther abrdvatUdsFegRNBeebioatsstetssdcimiethysegdcing gas

where it woulghbg-feasibie e aprlyidhargradral consiensationanrapess tereleasardbsm@iglsdt.should

also be possible to collac ;E'he con ens%‘d vyﬁlﬁorgl a common receiver without costly sluice devices.
S

t §
[0008]The inVERHdH BRESE E8IGHRCHRBEd TBI3 GARFADE e HETES SERRHTaRents of
this task. Theltisan#erssaifephysicatiy tonnéetet) uliagpgpes udinati theiig) uw dveger flewabsick into the

lower chambey-from-whieh ikl disehaigedsJhe chanbets can-alsn-he described.as condensation

chambers, Ideally the pipes should be in the form of a siphon so that'the liquid in the pipe can flow
back and uncBRtFIMERFHASBRACRIRR FOPRBiRPYIARY s NI oWAMTBRIOPRE liquid in the pipes can’

also seal 3 the chambers against each other if the pressure level between the chambers is balanced.

Then again, itéBSa?resswa,dsv&lﬁﬁéec_gé@mg}hsf'mgiaﬁﬁnﬂSgié)eg@%&;rg%gdgﬂ%qaPgsf ation.

The column represented in the invention contains at least two chambers ‘ on top of each
other. 5[0009FFH & cIRPRBRRATTANAR Y BEERIFs Wil Hide Re RO RATME AR IFRI E50Iig Sthydithe gas is

fed into the chamber yshieirissiviatedAhg redbrpreviesisieeslinestaarnthisaieustaiietrigerating

machines to be used as W%” if req}u'red.. 'It¥ recommended th tggf lowest chagbg\y in which the
t in

L Tsed for canaensing The 873 By 168ing H_ViEEP This can

majority%f th&Eonaensation wateris corl’l%cted, %%6%%%["3? the

be a valve, fonertma-thepeocesis alidiiediecoolnieagatibmantesr techéredrioatahatic: caikettdd in a
common re- cgivesnER1AAGRAdINenTD @ frahaspestafidhe iavantinsviRerR isinvyidesadeyice for
cooling a gas which:is formed ,bg means, of a column surrounded b%/ a pressure shell which is
Characterisedr? ’r[i_gn, no indication is given as to how the gas has o be conducted to prevent it

from fiowing back into the separators located upstream in the process fiow.

20 [GO0T) For this reason the task at hand is to make availabie a2 space-saving device
which enables the temperature of a reducing gas to be gradually iowered so ihat the
moisture contained within the gas can be gradually condensed. In so doing the pres-
sure differences occurring must be compensated for without costly regulating devices,
if possible. 1t should also be possibie, if required, to use refrigerating machines to en-

25 sure that the water is condensed out compietely. in principie, the apparatus should be
able to be used for any reducing gas where it would be feasibie 1o apply the gradual
condensation process o release the water. It should alse be possibie to coliect the

condensed water in a common receiver without costly sluice devices.

[0008] The invention uses a column divided into several chambers to mest the re-
30 quirements of this task. The chambers are physically connected using pipes so that
the liquid can flow back into the lower chamber from which it is discharged. The cham-
bers can aiso be described as condensation chambers, idealiy the pipes shouid be in
the form of a siphon so that the liquid in the pipe can flow back and unconirolled gas
backflow is prevenied during device down-times. The fiquid in the pipes can aiso seal



15the column comprises at least two separate chambers, the first, bottom chamber being closed at the
bottom by means of an outlet which can be shut off uging a valve, thus allowing a bath with liquid to be
installed in this chamber - said chamber having a side inlet for the gas, and the first, bottom chamber
being closed at the top by a chamber roof and 20having a gas outlet, and the second, upper chamber
being closed at the boftom by the chamber rogf of the first chamber, with said upper champer having
* another side (8 RTARA BOFIG-HIEZED AT Hie teheod £7F BTG 1o RRLGES, B ATBERTS otiible t
heat these chameédrsToadifégaint tethperatswdcestdsaac 2iflenerd dbarispidr aedtewabatuenarin these
chambers sucp ihat fifferent preRsurtdRIs-FARBR Sehadnt AIYAIOHBHGIAM CAMEUL KR

siphon-like physical connection, which can be filled with liquid, being integrated between the
chambers. [0S HREHREHGEER 6F 88ECBIfAN the bottom chamber has a roof which 30serves
simultaneously as the floor of the chamber above. The gas outlet from the lower chamber is situated in
the uppet seqiiggyt the fife. Allgrmatively Miaroobds, itedl dudth.a Binehichis disetedbiplo the
upper chamber and which does not allow the gas to flow into the légper chamber, but rather branches

off to the sideSH%§ dBRdIRTIIHEG MO (e rhirensrfe Wiithe it silinate BeRVisIS RIRVIOBD &iceinber is
fitted with a geagtlahiwhiciwereferabiydeimthmaas@d 1t teedap andeanibeglased offidirag a valve,

5 if required. The gas c fed in via gas lines w icl-f7 e located in.the upper section of the
respective ch%”rﬁ%g?%%asp%?&%eg%”f%?a %3? Chtet theé'de u?éﬁ fra Osr\'/%r%fetﬁlrf/efrcogrrrg:gtefa{’eS%|I g.ﬁgrclﬁambers

can be heate@eeisdicd.clusigd st iberbatnampyHedlapig D gavies inEhisl easidwarke Yadetirfgr 6xdgating by

means qfhot,gas PrisiamsGoolinadairmtals FakAsbEedInsMkd R0dAMBIB eiessaembadiment of
the invention the column has two chambers arranged on top of each other. However, it is also possible

for the columfA$Have three chambers arranged on top of each other. In this case, the roof of a
chamber creates the floor of the chamber above it. The gas is preferably let out by conducting it

through the rqgéffja resResiiéghambrsaashiedisehatging i afidr tRessilRAtRY vice for
cooling a gas which is formed by means of a column surrounded by a pressure shell

which is characterised in that;

15 e the column comprises at least two separate chambers, the first, boitom
chamber being closed at the bottom by means of an outlet which can be
shut off using a valve, thus allowing a bath with liquid to be installed in this

chamber - said chamber having a side inlet for the gas, and

° the first, bottom chamber being closed at the top by a chamber roof and
20 having a gas outlet, and '
® the second, upper chamber being closed at the bottom by the chamber roof

of the first chamber, with said upper chamber having another side gas inlet
and being closed at the top by an outlet for the gas, and

° it being possible to heat these chambers to different temperature levels and
23 to pressurise or create a vacuum in these chambers such that different

pressure levels can be set, and

e a hydrostatic liquid column or a siphon-like physical connection, which can

be filled with liquid, being integrated between the chambers.

[0011] For the construction of the column the bottom chamber has a roof which
30 serves simulianeously as the floor of the chamber above. The gas outlet from the
lower chamber is situated in the upper section at the side. Aliernatively the roof is fitted



is the gas. to be dried entering the chamber above. The individual chambers are physically connected'
via a pipe which can be of a simple design. The height f the-liquid column is defined by the pressure
difference between the chambers. The installation of this column enables the condensate to flow back
into the chamber below. The pipes can connect chambers which are on top of each other as well as
non-adjacentwéﬁaan@pfﬂzec& %ydg%f‘%% th”?(?ut R URR&T CRAMRRrENES %é%é‘?é%,”ﬂ;eaﬁéogatﬁ%gaﬁ pipe
between the fir§gwattorthehsrnbecibamiibe thirdathanivencfasesd@rnioptes [6i02 Jha pondiples tihe column
can have as many,chAmMDRISASTRAUS LT Ne R0l Af A CRARSIRWRYR JUNClANSa5he E@Qr of rt]hti
rough the

chamber above. The gas is preferrably discharged upwards and out to the side via a pipe

chamber rooP WiBholE RIS @R G the Wmbat S5iRe PIErRIANg, ripdnd yaeIeals the upper
chambersis designeddo Tischasgethe=gas tliraetlysahipie. wisicfostheragst parerefdiralydasge
amounts of C%ﬂ?@%%é%a% W 'Qr%'%%rbaoﬁctf.’mr}h% agﬁ“e?%%%@%%@%tbee& an be verylarge, The physically
connecting pipe can be in the form of a siphon so that a residual vélume orliquId Temams in-the pipe.
This prevent§igas eéketringdpenseeheHe3gehansoetsd (0014 Griectaiogas/haddséicn digisharged from

a chamber itiifigeb vigsBiReliRasiig Scorinafeyiat RS ERBIRS AT AL LRI AataE raRler. The
gas is fed througq an_ air coé?Ier, for example, if it is at a higher temperature or there is a larger
guantity. Theca'é\g §H§ﬁld’§? fed through a water cooling device if there is a smaller quantity or the
temperature is lower. As the gas is to be dried it is recommended that it be cooled indirectly using

cooling oils Rohept exehangers LI RFHSOANNGVIA SRINKINGIOR- thad'SEgHiguiskfeginiiam gutside, can
also form part of the invention, If the gas is to be dried to a few ppm water or if external temperatures
are frequentl§ R4 PEARALRE M AEHIhe EAVEIES Bt SRP iR Biin N B EARE B [S0ABIA droplet
separator or fvdemistebeanadimmsalteddn tieappetrehamiesitie gas todiefdiieckstilcantains a
residual amo, r NG let.separ. or, ister,.can be installed.in the other
chambers; hé{v%\?é%vﬁ%%riépu@%aﬁ%ﬁﬁ% r?é%%sgsgyﬁﬁigﬁﬁ%}r%ﬁr%%&[g gﬁ%ﬁ %ytﬁé’”éf %trig%'t& moisture

content of théGASH0A 617he BripsRathEnFErhBs IFewlben tiecbREHSeEPEaR the pidpavidmd of a to
simple pipe. Heweavear Hedive sxemigahedndhedoapsnta sipbomiuhich£asergasLxapange

between the chambers can largely. be prevented. The siphon-type configuration ensures that there is
always residlcj‘”éttllﬁlfi((qzaln ?nét%ge ‘88@%}? %o‘%{éﬁ‘ ifthete i & 5%6'&3% S4B nﬂ?%%?ﬁ%feofo$ﬁégﬂ change to
occur betweenlthencharatiees. Mdhe weestwecptiffsicakeorsivetoritactakezmy fomm|farmba@ample even
conical or cylingis d36ain[BRASEENRPIRASHRAR Rlarsindhe.coIHMG tsave SBaceridayaer, it is

also possible to place it outside the column. This can be necessary, for example, if the liquid is always
very hot and T8¢ BYEELREBY e BURIREAN IRRHS E3ea O R VaRW 7t (BPBePRiRSREH SiREide the
column2T histisralsp deng ticialifitheheontdemseate. sRotkek be visCibussorcontadnpipegestamaunis of solid

matter rendeﬁ'pg_g B&‘E@WE%HBQ@M %é%rgi ﬁg”%(?gﬁﬁis%"gq‘%gme pipe can also be fitted with filling

or draining devices to enable the pipe to be cleaned, filled or emptied. If the pipe(s) is/are located
outside the column, they can be arranged for easy access. The pipes with filling or draining devices
can also be go@i®jed stchrihaiptbeycan ittocarainpipestecatedamibe erlusanirdte Tasmuinicating
pipes can alsg De fiiadawith, Aexiqs (RSAT A66P8I: THERE S0 0L SXAIERIS, Resmall cooling
fins or electric heating elements.

rably discharged upwards and out to the side via a pipe through the chamber roof with-

25 out the gas entering the chamber above. Preferably, only the gas outiset in the upper

chamber is designed to discharge the gas directly above. As, for the most part, rala-

tively large amounts of condensate occur in the botiom chamber, the chamber can be

very large. The physically connecting pipe can be in the form of a siphon so that a re-

sidual volume of fiquid remains in the pipe. This prevents gas exchange between ihe

30 chambers,

[0014] Once the gas has been discharged from a chamber it is fed via pipelines to
a cooling device. This can be an air cooler or a water cooler. The gas is fad through
an air cooler, for exampie, if it is at a higher temperature or thers is a larger gquantity.
- The gas should be fed through a water cooling device if there is a smaller guantity or

35 the temperafure is lower. As the gas is to be dried it is recommended that it be cooled .



[0019]The gas is fed into the chamber via gas inlet nozzles. in a favourable em- bodiment these feed
the gas sideways into the chamber. The actual gas outfet can 30 take any form. As the gas in the
bottom chamber still contains large amounts of moisture, and as there is usually a larger water
reservoir there, the gas inlet nqzzle iigt)refﬁratblpy esl_iég)gecd .aII(%W the gas to be @ed directly into the
water reservdiP 15 SVEPOHRBYEE it Rob2R B4R AISE B in'TRE fOTRYST X -BdERE oF & Kood with
punctiform oiperiags. Esseritiitys tiedeeckhesish danntap@raoly thermmamdidis etenyaendédithat it is
designed to ajlow 19 643 iphead ontimalyiniodhs.chambes, orato the candensalg ssaor

contained within the chamber. Furthermore, additional internals in the respective chamber can result in
beneficial drdpRAEEHERARGT? A7H85E 8B B AARIMR I EEmber height. These internals can, for
example, be baffles or troughs. [0020]The inlet nozzles on the connection pipes between the
chambers wlgém - termige the height. of gpealiﬂsy'!qsc{gg,% Violid [lny § an take any
form. Théy can bgjeequipp%évﬁhggdspout or with a funne% H%%/\r/]g\%?r[%ﬁgf gj%%ﬁ gr[g)&g %Fﬁﬁ%oqr% fitted with

a valve. The Bi§tleghde A8sTHRHEIESAAELTDR PRI GhRaRE taReVeis Torlhn. PIOCTPHeecdPPigive a

simple form, syshras-aotahentser can be fidegwith aiusmel enxvib=achaed=shaped irlekudlh
punctiform opepirrli S %éikgraigq%vgr heera .n'ql'gle 8r%c%'altthiréi%j=s thtat the fgncti?n S ﬁa%hgsical
connection b&WeEH the chambers and-are aple to c?egFe y‘cfr%%tg}?és Oectivit .OT ]afhe chamber
floors can take any form. They can be sump-like tending up- 15 wards. They can also be bell-shaped

tending dowryogyels. Thehamers candakeoaneformawithinthenerivma, Preferably stheyare situated
within the column, in orde;ﬁto ensurﬁgﬁﬁace-savingﬁconstrugtion. ?’he can also be located outside the
» _

column<? parficlRSHY Boh e HERI TSI AR (s R AN S¥AR P ERRGR L 4N A AR5 E4%8an be in
the form of tamichaogedrehean the foranobes side iprotriysienpidviehtdarnmitna wapkody20 gerigral though,

the column in s stapdard embagiment bas,a.coRicALCARSHuGton tBO%WﬁHrgothﬁa‘%ﬁ‘ﬁMnlg}Qubéd!‘g ofa

pressure-retaining shell. If one of the chambers is located outside the column, it can also be

surrounded by PprESsirE-RALRARYRIRERT PRR BrEIRDERSItRFRYERERYEEN sy dmersht gifites. The
user of the ingestianecstiysiesidehautibigidheshambaoshotdhaentbis alam pessiblefasihamphysical
connectic:)ns lggp/veen the chambers or the pipes to have different profiles. [0022]To ensure a regulated
gas flow in the column, the gas line or the interior of the chambers can be fitted with gas-regulating
devices. These can, for example, be static mixers. They can also be control valves or gas pumps or

can even inclgda MacuumhpWRES:an BERBIBbFESHIICRANGING HesaBES, SiEhaspPUmpssyalves or
ther- mostats can, f%rrtn p%r(t: é)ftthe inveptjnon ﬁ} ngipy?ﬁiig\t within it. In additiPn, devices tp requlate the

gas flow, quuﬁf%srgmpﬁa?lon or Pﬁ%ss[csieor ea exchange Gah A B sUnd Bt %’ﬁ%/mp%{?nf'v%/rﬂt%lﬁ’the

invention. Theksbicaivbes ygfidebrtbigghdhdorekranpléne outside air. In this case, it is wise for it
to be iocated outside the coiumn. This is also beneficial if the condensate should be

20 viscous or contain larger amounts of solid matter rendering periodical cleaning of the

pines essential,

[6018} The pipe can alsc be fitted with filing or draining devices to enable the pipe
to be cieaned, filled or emptied. If the pipe(s) is/are located ouiside the column, they
can be arranged for easy access, The pipes with filling or draining devices can aiso be
25 arranged such that they can fill or drain pipes located in the column. The communicat-
ing pipes can also be fitted with devices for héaﬁéng or cooling. These can, for exam-

pie, be small cooling fins or eleciric heafing elements.

f0019] The gas is fed into the chamber via gas iniet nozzles. in a favourabie em-
bodiment these fesd the gas sideways into the chamber. The actual gas outlet can
36 take any form. As the gas in the bottom chamber still contains large amounts of mois-
tufe, and as there is usually a larger water reservoir there, the gas inlet nozzle is pref-
erably designed 1o allow the gas to be fed directly intc the water reservoir. However,

the gas inlet nozzle can also be in the form of a feed head or a hood with punctiform



7 [0023]A claim is made for a process in which the gas can be dried using the ap- paratus according to
the invention. According to a second aspect of the invention, there is provided a process for drying a
gas characterised in that: the gas is first fed into the side of a column which is surrounded by a pres-
S sure-retainin ﬁvessel End thgh comPrises sgveral cDambers, with the gas first enterin%the bottom
chamber whel& i ¥51rex3 850k d B BTAVAT 26 R L Giite U0 IRAT ralsh ity pert orerRoisaire content
through condermstigmscaitdalthe beatges chambed beingilfeid witheachauiddatt into whiebrikengas can
be 10 fed, the liqui s, liqui th hej la the position of the valve for, the lower
liquid outlet,hfgﬁg%%?gﬁiig%%aﬁg?ﬂ Eﬁ@n%% g%gﬁ%eﬁ% érggggo&igg%?%a I{H%rré%lg Potrrﬁethis outlet

entering a furRACAERCERMPRICRER 9880 By Ransh HatHEy et erRO IS I § TH e sEcuatoehEntitler which

is aboveshe frshebierheid befiewdieterideleasen fuiBebmok Wb gh gondensation before being
fed to a further application via a gas outlet nozzle in the chamber roof of the second chamber, with

the liquid in the second or higher chamber being able to run into a lower chamber via a hydrostatic
liquid columnt®%8kiphohzrKEIsHRYERES CFniheccaier iwhidhesaretyeeitadanitie s, JO024§Ehe

process is degigned sichelhat shtnaagirneiamilytisshasgedsider yays-ouLRtihe hoptap,chamber
without the 923 entering the ,chag\%iﬁ above. Once, it has been conducted out of the column, it is

cooled further 2G50 G HRAE 2 SPRUSHRAE BIHIEE it RN & RS CEEEPRLRS BATERE it
releases moifitia@with digtaved biye 26:tthe meniading tenditionstidrhisraakes dipossiklario feed the gas

throughy o ahambsrs slaled-aR P! £850.Q'090.58 1hat /tAn0%¢00 5 i sequEtal steps,
als eed the g

enabling it to reléase its moisture through condensation. It is also possible to as through

three chamb8ROSTRIRRRF JNRbY T RARHIEIRErSEMMs 1 s 582601 885 thrEe seysiehtrins tages,

enabling it totheletheg ftsotioishtre Hiraugh condensatipanmaRPez5Rpiinsipladtdenessikjeta send the
gas through any of chambers if the apparatus has been arranged to allow this. The gas is
discharged out oﬁtﬁe%%ie% Con%"clamy'

[0021] The chamber floors can take any form. They can be sump-iike tending up-
15 wards. They can also be beli-shaped tending downwards. The chambers can take any
form within the column. Preferably, they are situated within the column in order to en-
sure a space-saving construction. They can also be imcated outside the columns, par-
ticularly when spatial demands make this necessary. The individual chambers can be
in the form of tanks, or can be in the form of a side protrusion which forms a tank. in
20 general theugh, the column in its standard embodiment has a conical construction to
ensure the sasy moulding of 2 pressure-retaining shell. f one of the chambers is io-
cated outside the column, it can alsc be surrounded by a pressure-retaining shell. The
chambers themselves can have different profiles. The user of the invention can decide

how high the chamber should be. It is also possible for the physical connections be-

D
h

tween the chambers or the pipes to have different profiles.

[00622] To ensure a regulated gas flow in the column, the gas line or the interior of
the chambers can be fitted with gas-reguiating devices. These can, for example, be
static mixers. They can also be conirol vaives or gas pumps or can even include vac-
uum pumps, in general, pressure-changing elements, such as pumps, valves or ther-
30 mostats can form part of the invention at any point within it, In addition, devices to
regulate the gas flow, fiquid precipitation or mass or heat exchange can aiso be found

at any point within the invention. These can be baffies or troughs, for example.



of the lower chambers. It is beneficial if the gas outlet nozzle in the upper chamber is in the roof of the
pressure-retaining column. A pipe is then situated between the cham 8 bers and this pipe physically
connects the chambers and regulates the liquid level in the chamber above through the height of the
inlet nozzle. The height of the liquid level can, however, also be regulated using other devices, such as
valves or punif€23he pipectam iraverse fone premssral whedninected chamberssoutiag, tfar sprample, in

a constuction Wil e ABARRSH I GiE[S 'REJE G P iBmbaL g Ye RO iAmber

[0026]Synthesis gas and hydrogen which has been produced from synthesis gas are both suitable as
reducing gasdlSGr 8RN eRHBRGRRITSKIHRY NDREBY Ehaadessasdhifocarbon fractions from

refineries are all suitable as reducing gases for drying. 10 Examples are 03 or 04 fractions from crude
oil rectification. Ire principte; gaely asfthintathbesidred by:coatingisciuialledondiebn thergrocess

according to the inventiag, £oL GARRIE. Y U E-AMIES.C2BIREHIRD b he ARRAfaL3 Abcording

to the invention if the process equipment is designed accordingly, using a resistant constru%tlson

material, for example. 15[Sbe7aME domaeHm IO arbarn il et aadin gapledipyifg yrdce'ss can be

col- lected in a common ¢esietyeiand reiziaddiara o mRktarKcdMeRaRaRRsAtR cashthanhe
disposed of or used as desjred. This means that in a beneficial embodiment the condensate can be

fed back into the procesgr{o produce gas for industrial use. However, it can also be used in
subsequent processes or for steam generation once it 20has been scrubbed. [0028]in order for the

liquid in the gas tb be cdhfidgdEmsieneyhsing fiesevitbadiawetbat inthevirioh thaglasheanisers. Any
number gf devices are sitaige iRfutbirpsirerses Mlhauas FepiNEBRRaibiROFEREsFS the gas

directly upstream of or in the pressure-retaiping.column, it is beneficial for the gas to be fed via
pipelines to the cooling 58&%59 rnt%%rT%‘l% 2, 'l?‘ljgdaf"sl#l%o%?bﬁé%t Sa‘ﬁ”ﬂﬁﬁogﬁé i?g?ﬁ‘et%%'?si%?e Winperature
requires it. In this case echagidy devigesisutiehiutiat the appropriate point. It is also possible to
condense non-aqueous liquids if suitable cooling devices are located at the appropriate point. The

process is preferably used tgdemavaniaterdiomeasss Aivpicabambrdimentisdhe semevahof
moisture from synthesis fins or water_coolers can be

. 30[Q029]Standard air coolers with coalin _
used to cool the synthesfl%atgﬁg %%%éﬁ*ﬁﬁ‘@%ﬁﬁﬁiaﬁ%‘?%aﬁﬁﬂéﬂ?gf ’f"ﬁécﬁdﬁ ahniselie §x¢ eiiMhowever,
also pe m.Sed to heat the@uileﬁ%&&v@mes fectigravoldbat ekchahgersdansdie plackadrbtegsynthesis
gas pipeline between the.ghamRGERSPLIRIRBEBROBEa Fas outlet nozzle in the chamber roof of the

second chamber, with

. the liquid in the second or higher chamber being able to run into a lower
chamber via a hydrostatic liquid column or a siphon-like, physical connec-
20 tion which can be filled with liquid.

[0024] The process is designed such that the gas is preferably discharged side-
ways out of the bottom chamber without the gas entering the chamber above. Once it
has been conducted out of the column, it is cooled further in a cooling device. Once it
has been cooled, it enters the next chamber where it releases moisture, as dictated by
25 the prevailing conditions. This makes it possible to feed the gas through two chambers
situated on top of each other so that it can be cooled in two sequential steps, enabling
it to release its moisture through condensation. It is also possible to feed the gas
through three chambers situated on top of each other so that the gas is cooled in three

sequential stages, enabling it fo release its moisture through condensation.

30 [0025] In principle, it is possible to send the gas through any amount of chambers
if the apparatus has been arranged fo allow this. The gas is discharged out of the side
of the lower chambers. It is beneficial if the gas outlet nozzle in the upper chamber is

in the roof of the pressure-retaining column. A pipe is then situated between the cham



[0030]The temperature of the synthesis gas during the first condensation stage in the first chamber
should preferably be 100 to 200C at a pressure of 10 to850 bar. Partial condensation already-begins

- here depending on the pressure level and saturation. After the cooling process, which can be effected
using air, the gas is fed into the second chamber. Here, the gas then has a temperature of 50 to 70C.
Further cooliﬁ%@nﬂ"go HeRO5HRN TAA AR PIECE HeE S TWRRET 2BEISY A ek divplaUsyistedis gas with
a temperaturéefcd@rodObatestandaidtpecssure S themehtaired, Underdlhesecosdisionsdhe water
usually condegsies g, Lesijual contentef 0.k maseereant. Eurher drying s then possible using
refrigerating machines, for example, but any condi- otions can brevalfaas ﬁ)ng as c?ptlrﬁal dryihg can be
achieved. [00BRF1978 GRARE CO8IRIGRYEEN S BFRDIRC Y- pheaihas frorh she &yexaBsls gaspr@duction

are effectivelyiexpieheditT iergiospaifbaridealigare thegynthesis 985 dessHot Reethio hapurified by

means of steghrgms1 rgarping. As there is no back-mixing of the condensates, the by-products of the
synthesis gas production can be discharged in the 15 process condensate. As these by-products are

usually ammonia, carbon dioxide and methanol, which occur as gases at the prevailing temperatures,

back-mixing ygtizhe syaienissaasprasueodrinaetngssinie RR3UNeaventianpiststhgadvantage
of an apparatus whjch drie@ %1 rocess é;as radually at different pressures and temperatures without

undesirable G4 #SW 5&I'3 iR HTOEgIR RS (s AXBoHAEIS R PpELe TREKEORGFLSRS  according
to the inventiencatipsvscartoiumastivhichos seftadlie $oargrald salt aisiadensitgeout gégrocassraandensate,

to be bt asong-ABARIN! {0 EanBsRACs e desion ALiheiBe RURRoLbSINea e
chambers dispenses with the need for gas flow-regulating devices, such as [B)urhps :% regufatlng
valves. This rESURE HRMVIVERRINAVE StfaRiEcEStE SPHE MMoeritfsRsaISESHERSH e Beviareadenof being

able to dischargespsngessaeniensaine ghaighiamperaturetiafpiable:nieseseoRdeRsate
channel is present, [{9%3 Trglgeisr%vgn&i[onén(%rigbd%%i[meen og; an Oa[%égratus for the agification of fuels is
described in more detalFusmg even %ﬁnagrams, aﬁﬁoug% Re Ip e%%”&c%é?aiﬁé? RESiRvERbon is not
restricted to té&iamBoaAENIS: FIG. 1. shows an apparatus according 30 to the invention with three
chambers and internal hydrostatic connecting pipes between the chambers. The synthesis gas is fed

into the potto mber. FIG. 2 shows an. aratus according to the invention with three chambers
I o7 eSS R i et A oAl S N A

and extérnal
according to #@gfveriicarwihitisseickaamseroafrtarteraatdoastatie. cafmzectingepizes between the

35upper chafBRrsARAIBERNUP EhamhereElG 4 $ARWR-AR APRATAUSBASARAING HR Hafd g

the condensate can be fed back inic the process to produce gas for industrial use.
However, it can also be used in subsequent processes or for steam generation once it
20 has been scrubbed.

[0028] in order for the liquid in the gas to be condensed out, the gas must be
cooled between the individual chambers. Any number of devices are suitable for this
purpose.  Although, in principle, it is pessibie to cool the gas directly upstream of or in
the pressure-retaining column, it is beneficial for the gas 1o be fed via pipelines to the
25 cocling device. In principie, it is alsc possibie to heat the gas if the outside temperature
reguires it. In this case a heating device is located at the appropriate point. It is also
possible to condense non-agueous liquids if suitable cooling devices are located at the
appropriate point. The process is preferably used to remove water from gases. A typi-

cal embodiment is the removal of moisture from synthesis gas.

36 [0029] Standard air coolers with cooling fins or water coolers can be used to coo!
the synthesis gas between the individual chambers. The nhot synthesis gas can, how-
ever, also be used to heat the boiler feed water or feed gas. Heat exchangers can be

placed in the synthesis gas pipeline between the chambers for this purpose.



invention with two chambers and a simple hydrostatic connecting pipe between the fwo chambers.
- FIG. 5 shows an apparatus with three chambers WhereEJy the middle chamber is positioned outside the
~ pressure-retaining device. FIG. 6 shows an apparatus according to the invention with three chambers

~whereby the #@?@g"n Cha{ﬂ??érési;g%;u? Soned iR a.p1de POl WFQFE;;%%@&%H%E&?iﬁo”e“ a

large quantit densate. shows an apparatts in accordance with the invention with three

chambers wiegdisst herabgtisvride oeehichatile i vddd abammenrscdpb plotcsap &atidTR {0034]FIG.

1 outlines, byyyayeisamier s9/uBgikd Haith peassiy eratrining shellangd sheeetendensation
chambers (2,3 4?_. The bottom chamber (2) is used tﬁ in- 10troduce the hot Sgitges'{s %Pa:s (5). The
78 S i

chamber houSe8 A ¥eSBRIBR WinkesSni: &l itH TR hot 'Sy RRReRiE Nrdatced via a

gas inletmozztm(sb:aﬁﬁer_.flcb'fvmg tirqpaghtitiee é:m@rt@at@reiseevqi rathéogad” entergrither mnﬁi@wsation_
chamber (2bLdNehiARdANA B3> Arereandansedonbthe as siipLout giinedyshebarager (7) via

[
the gas outlet nozzle (7a). Once the gas has left the first chamber, it is cooled 15 and fed {8a) into the
second chanYflr 23etiaariasinBindEzle B8 RRGBther gl feI8-688 RISATEIndencsitd &8%hat
additional copgemsate (Baesdectnary hedowafithe sepon chaaher. Apinss{ddatacates-between
the first and the second.chamber and this pipe forms.a hydrostatic liquid column. This allows liquid to
fow back It e TR Al et R S LG R are T T T 1 A S The
pipe hast 20 terepanintpied fitineChsapntig arithinagisrgb@ajhEvecheight of the liquid level in the
second chamber (9b) can be determined by the height of the inlet nozzle of the pipe (9). Once more
liquid has be densed in the second chamber, the gas is fed out sideways though the chamber
roof (10). 1t R Hed AP LB TG B ICE (L8 SHotr oot 1 (L LSHoR though
another gas iMe@mﬁMa(&Eﬁmﬂwethd Ehambe‘ﬁ(ir).aﬂ i@@rv@&dh@@md’é}%ﬁt@@@o@fmmed
here, too, dugdpithecndepsation,J he.spodeasatian ph s walercauses egasioirglenss its

residual water (4a) as dictated by the condensation conditions in this chamber, There is also a pipe

(12) betweerCAEIERRE A IHIRICEHSIH B FRSHIINFSIF RS ARGHELamiCay AR EoRIRTASF Hid lows
liquid torflow packdstodhesfiestiehambeswithoutgas sved oaiadyfrmmibes 30asenoritbinte tre third
chamber. The pipe also has an opening for filling, cleani [aining.(12a), The hei f the liquid
level (12b) i ?Fof c"i@?ﬁb%?cggna_%@% é%[“cér%l%i%ed‘ ?‘y tﬂ@'gﬁz%gﬁg Sk noz@j”g t“ﬁg‘t p%p?e (12).
Once the rensdliilingRdERg PrsiirashcopidRIEsEdS the dried gas is fed out (13) via a nozzle (13a) and
flows first through a droplet separator (14). Dried synthesis gas is obtained (15). The condensate can

be 35fed out (361 the Rattom. Rezele: [or ampie-Irough.a valxe spau (e, 4 0UFBIELS. 2
outlines, by way of example, a column with a pressure=retaining she f and three condensation
chambers (2,328)0Rde vt AiEeranibees oY ies e tRirpRElHea WM ordReieelsFAMERSas. In this

case, the, pipegrthd Mruhishiaeryssasmbysiasiatstiopickeolamns sHaratashed Quigidebetweaen the
chambers of the column so thai they ag\% ore eta%gclil%/r{accesswgf. Th%s also en b%es thg I|qU|d_cqumns
t0 be heated UFSEIGUONE AGRIHEL AR s R RIS RS BraBRERT e BT (2] VAt it hozzle
(5). The driedisyntiresis gad(ibiioremovgvinthe sepegesout6thE 8gsTinecf el pirsatertaa-be fed
out (16) at the hottomnozale. fanexamnie thrauah,avalye seoutd16al 4QI0R3RIEIG, 3outines, by

way of example, a column with a pressure-retaining_shell (1) and thfee condensation chambers
(2,3,4). The BAREBMRTRAMBErDY IS8t H¥Shitidl tyiReHbe the! Pt YFBLEISTHESH Hi¥%ase, the
pipes (%12) whishhseniemaiBydsastatindiquichatigmos tematiarhes autsisedeivesss thergeambers of

the column sq fhat they, are. mare. easlly acesesible, The lop condensalion chamber () has a floor 15
which is de5|gne§’ as a sump. This means that a |8U| reservolir does not forn in this chamber. The

condensate flows through the pipe (12) directly into the bottom chamber (2). Raw gas is fed into the

bottom champgys@) via the inlesmrezdethbolitedtied syrihesisgarn(1h) issemmaned siaike top gas
outlet (1), THREORIENRANS P05 B8R LIS AlLRReamags pe pramale fupudl uaive

P . invention is not restricted o these embodiments. FIG, 1. shows an apparatus according
30  to the invention with three chambers and internal hydrosiatic connecting pipes betweaen
the chambers. The synthesis gas is fed into the bottom chamber. FIG. 2 shows an
apparatus according to the invention with three chambers and external hydrostatic
connecting pipes betwaen the chambers. FIG. 3 shows an apparatus according o the
invention with three chambers and external hydrostatiic connecting pipes beiween ths

35  upper chambers and the botiom chamber. FIG. 4 shows an apparatus according o the



' [0037]'FIG. 4 outlinles, by way of example, a simple column With a pressure- retaining shell (1) and two
condensation chambers (2,3). The bottom chamber (2) 18 used for the initial drying of the hot synthesis
gas. There is a simple connection (9) between the two chambers. The height of the reservoir (9b) in
the top chamber (3) can be determined by the height of the inlet nozzle of the pipe (9). Because the
pine (615 ot VFUIETOHH B3 SFHEAR T ek BB E RAUIET AT i Ce AR R ot 6f e
bottom chambiear{@pete. prEl@ntgsisirenzovarfiewsing fwéim theebottemickamidesréd)y inte theddie chamber
(3). Raw gas g fed.intq thebattom chambet (2uahelals 055&%&@;:@%%%%%%? as (15) is

removed via the top gas outlet (13). The condensate can be Ted out (16) at the bottom zZle, for
example thrott§rRaceaRie <pdie (R6) I Yo ElErReCRBRRre YN BIERIAl 8 Rokam pBam ke imsis without a
pressuresretaifjngoshied 4lgidngrutitsibieshrensensatiomehanbnisci2 i)« Hhempitemshamber (2) is
used for the inéttigl ?-_ﬁ}f.‘,” 3‘: th%\ Qr?tas%gtrh%ausisf gaas.o'phae %Qan;ﬁ rs are not Iocatéed in a column but rather
are separate 10 each ot &r Raw gas’is fadtinta the Borﬁo“mwé amber’ (E Uit tfﬁrleé"t 8895]86@)_ The
dried synthesigeeby 183 isnatiol b wielttie ebprgasrotitseR ket (3R VENE gosdersastiaan be fed out
(16) at the bottom nozzle, for example through a valve spout (16a). [0039]FIG. 6 outlines, by way of

example, a CEélég\@)vyithF_q@r?s%g[re-retaining shell (1) %nd three condensation chambers (2,3,4). The

bottom chamber(?) is used fof & the imtid A Jing AP RE Ror LYMAeSISYAS RaFiY a2 e pipes
(9,12), whichsieiverasiitnedrostdtiodaividl dotoners, (@&8.4itaChe dainsidedetwetd) thesshbmmbers of the

column go that IRy e FPLsRasii a5cespibies The-RALOm chambar has p qide prgtitisian (2¢) which

acts as a tank so that larger quantities of condensate can be collected. The condensate can also be
discharged vig&diEeNdHgE BiGRY Gy THE SRig3e B0 SRMRE & ERRD M8 BBt piple0) takes place
via a hood-likiomiagifold.£Bc)He erediadate nsieescontact svithritbe: gas ioiberlawen chamber. Raw gas is

fed into the bofjom - (2).via the inl . The dried thesis gas.(15).is removed via
the top gas ogétfgt (?%‘?e I?ﬁegrééoarg%\g%%gt%é@e?é %ﬁé&%g %%)P%l%)e gta%gigo%% Or?c@%%%o%hea%%n%be through
a valve spout {188 tEsee a0fiE @ Zaatifes, ByckAycoraxbasors, e diahihavtea presaeledretaining

shell (1):and wer-6qpaeReatianscbanaharsBe3 &) hebojianhehamber (2) isiuseg doydbeinitial
drying of the hot synthesis ]c,@s. In this gas?e,égga Ipes ég %gzg which serve as h 'o:I:r static liquid
columns, are SREChES SIS BT ES e OB RE LB A QI TR R VPR grEasily

accessible. Téecbuttohachamberihad® sideptatrusion20i2d) s amptiovedbendropettse@axation and to
enable the OWH@BiBEiﬂimeaﬂﬂ%%B%ﬂe ﬁaﬁ&_&a@%%%&ﬁm%Jm&%%@%%mrﬁb%é%?@@kes place

via a hood-like manifold (9c) to create intensive contact with the gas in the lower chamber. The raw
gas is fed intGTRRBHHHA %@Y?@P\ﬁmﬁ@mI@%‘?ﬁ%@@)‘%&ﬁ@%%ﬁ%io@ RIBBLIEH of the
protrusiom.. This prewidg $onfiiecs preaifar sondensabodd take piage. oFhieeded 25a8ynthesis gas (15) is
e e S SRR e e iR g b AU e
pressure-retaﬁ?%népé‘ﬁ@imore hguid has been condensed in the second chamber, the gas is fed out
sideways though the chamber roof (10). It is then fed through another cooling device
(notshown). Then (11a) the gas flows though another gas inlet nozzle (11) into the
25 third chamber (4). A reservoir of condensate (4a) is formed here, too, due to the con-
| densation. The condensation of the water causes the gas to release its residua!l water
(4a) as dictated by the condensation conditions in this chamber, There is aiso a pipe
(12) between the second and third chambers which forms a hydroestatic liquid column,
This allows iiquid to flow back into the first chamber without gas overflowing from the
30 second into the third chamber. The pipe also has an opening for filling, cieaning and
draining '(123). The height of the liquid level (12b) in the thirg chamber can be dster-
mined by'the height of the iniet nozzie of the pipe (12). Once the remaining liguid has
been condensed, the dried gas is fed out {13) via a nozzie (13a) and flows first through
a dropiet separator (14). Dried synthesis gas is obtained (158). The condensate can be

35 - fed out {18) ai the boitom nozzle, for exampie through a vaive spout (16a).



2First chamber or condensation chamber 2aReservoir for condensate in the first condensation
- chamber 2bGas compartment in the first condensation thamber 2cTank-like protrusion in the first
condensation chamber 3Second condensation chamber 3aReservoir for condensate in the second

condensatio %Er‘ berF;}(S 3,5)Ga .compartment in the second condensation chamber A}T.hj_rd
condensatioﬁlJ gigb'er 2R eSO SO SRS tHrd UbhdeWeaR PSS HIBER RIS
compartmenshethé)tam tbore ensdtiora tranberBGaR jBle). I Heehbigircondensatipnchamtier 5aGas

nlet flow in the. st apgiABSainD FHATIARLACARNIG pozzle.[onihe fan 023 Gas oullet frgm the first
condensation chamber 7aGas flow from the firSt condensation chamber 8Gas'inlet in the second
condensatioréiaRBi liquid columns are attached outside between the chambers of the column
5 so that they are more easily accessible. This also enables the liguid columns to be
heated or cooled, as required. Raw gas is fed into the bottom chamber (2) via the inlet
nozzle (5). The dried synthesis gas (15) is removed via the top gas outlet (13). The
condensate can be fed out (18) at the bottom nozzle, for example through a valve

spout (16a).

10 [0036] FIG. 3 outlines, by way of example, a column with a pressure-retaining
shell (1) and three condensation chambers (2,3,4). Tha bottom chamber (2) is used for
the initial drying of the hot synthesis gas. in this case, the pipes (9,12) which serve as
hydrostatic liquid columns are attached outside between the chambers of the column
so that they are more easily accessible. The top condensation chamber (4) has a fioor

15 which is designed as a sump. This means that a liquid reservoir does not form in this
chamber. The condensate fiows through the pipe (12) directly into the bottom chamber
(2). Raw gas is fed into the bottom chamber (2) via the inlet nozzle (5). The dried syn-
thesis gas (15) is removed via the top gas outlet (13). The condensate can be fed out

{(16) at the bottom nozzle, for example through a vaive spout {16a).

20 [0037] FIG. 4 outlines, by way of example, a simple column with & pressure-
retaining shell (1) and two condensation chambers (2,3). The bottom chamber (2) is
used for the initial drying of the hot synthesis gas. There is a simple connection (9) be-
tween the two chambers, The height of the reservoir (9b) in the top chamber (3) can

be determined by the height of the iniet nozzle of the pipe {(9). Because the pipe (9) is

-2
Ly

not in the form of a siphon, it must be sufficiently immersed in the liguid reservoir of the
bottom chamber (2) to prevent gas from overflowing from the bottom chamber (2) into
the top chamber (3). Raw gas is fed into the bottom chamber (2) via the iniet nozzie
(5). The dried synthesis gas (15) is removed via the top gas outiet (13). The conden-
sate can be fed out (18} at the bottom nozzie, for example through a valve spout (18a).

30 jOG3B] FIG. 5 outlines, by way of exampie, a column without a pressure-retaining
shell {1) and with three condensation chambers (2,3,4). The bottom chamber {2} is
used for the initial drying of the hot synthesis gas. The chambers are not located in a
column but rather are separate to each other. Raw gas is fed into the bottom chamber

(2) via the iniet nozzie {8). The dried synthesis gas (15) is removed via the top gas out



8aGas inlet flow in the second condensation chamber 9Hydrostatic liquid column between the first and
second condensation chambers 9aOpening for filling, ¢feaning and draining the hydrostatic liquid
column between the first and second condensation chambers 9bHeight of the liquid column in the
second condeindation iwhapnidenoas asrintedfs g Hifraistagiotideid teiakniaiSaRyve IWiegPunctiform
openings 109@@@@@@@5@ second condensation chamber 10a Gas flow from the second
condensation chamber 11Gas inlet in the third condensation chamber 11a Gas inlet flow in the third
condensation chamber 12Hydrostatic liquid column between the second and third condensation
chambers 12803%jening-for fillingtiok=aringreayddreisnmgitheshydirostatidtiiqaigreshummrdi@ineen the

second and thirgd condansallop chambers, %%thl@.ea'eaﬂz{ﬁ,m_e fadid selimndmine third cendepsation
chamber 13Gas ouitlet for the dried gas 13a Valve 14Demister or droplet separator 15Effluent dried
gas 5 the initial drying of the hof'synthesis gas. In this case, the pipes (8,12), which serve as

hydrostatic liquid columns, are attached outside between the chambers of the column
so that they are more easily accessible. The bottom chamber has a side protrusion
{2¢) which acts as a tank so that larger quantities of condensate can be collected. The
condensate can aiso be discharged via a discharge outlet on the side (16b}. Discharge
16 from the bottom pipe {9) takes place via a hood-like manifoid (8c) to create intensive
contact with the gas in the lower chamber. Raw gas is fed into the bottom chamber (2}
via the inlet nozzie (5). The dried synthesis gas (18) is removed via the {op gas outiet
(13). The condensate can be fed out (16) at the bottom nozzie, for exampie through a

vaive spout {16aj}.

15 {0040] FIG. 7 outlines, by way of example, a column with a pressure-retaining
shell (1) and three condensation chambers (2,3,4). The bottom chamber (2) is used for
the initial drying of the hot synthesis gas. In this case, the pipes (2,12), which serve as
hydrostatic liguid coiumns, are attached ouiside between the chambers of the column
so that they are more easily accessible. The bottom chamber has a side protrusion

20 {2c) to improve the droplet separation and to enabie the overall height of the célumn to
be reduced. Discharge from the bottom pipe {9} takes place via a hood-like manifold
(8¢) to create infensive contact with the gas in the lower chamber. The raw gas is fed
into the bottom chamber (2) via the inlet nozzie (5) at the side in the lower section of
the protrusion. This provides more space for condensation to take place. The dried

25 synthesis gas (15) is removed via the top gas outlet (12). The condensate can be fed

out (16) at the bottom nozzle, for example through a valve spout (18a).

i0041] List of reference numbers and designations
1 Column with pressure-retaining shell
2 First chamber or condensation chamber

2a Reservoir for condensate in the first condensation chamber
2b  Gas compartment in the first condensation chamber

2c  Tank-like protrusion in the first condensation chamber

3 'Second condensation chamber

3a Reservoir for condensate in the second condensation chamber



160utlet for the condensate 16é Valve 16b Distharge of the condensate or feed for other media 14
Patent Claims 1.Device for cooling a gas which is formed by a column surrounded by a pres- sure-
shell, characterised in that 5the column comprises at least two different chambers, the first, bottom
chargfb_ beré)a%n closed a% th%]bottom Qy an outlettI vgh?l]%:%g@n be shut off by a valve, thus allowing a

bath with liquid onE)Dealrﬁpsféﬁ &4'iiF e Efg%%aﬁ%]g??ssaal o &t having a side inlet for the gas, and

the fist, bottura ehaahratibeistpolbsed at the top by a chamber roof and hay- 10ing a gas outlet, and

the secondzuppesichambeiheing rlasedal ths botomRicHig.ehpmber roof of the first chamber, with
said upper chamber having another side aas inlet and being closed at the top by an outlet for the gas,

and *it beiftFHOSTIBRTPRR R HRbd ¢Ra 5y BRBtemperature levels and to 15pressurise or
create a vabasimidgn ithisdichaonuerssatich thatrdidferent pressure levels can be set, and a hydrostatic

Iiqui%golur&girnﬁeﬁfgmﬂ-mgeﬂpgy%g%ﬁggw&cgg&nggjch can be filled with liquid, being integrated
between the chambers.

6 Gas inlet nozzie for the raw gas

7 Gas outiet from the first condensation chamber

7a  Gas flow from the first condensation chamber

g8 Gas inlet in the second condensation chamber

Ba Gas inlet flow in the second condensation chamber

9 Hydrostatic liquid column between the first and second condensation chambers

9a Opening for filling, cleaning and draining the hydrostatic liquid column beiween

the first and second condensation chambers

Sb Height of the liquid column in the second condensation chamber

9c Gas inlet in the hydrostaiic liquid column as a hood with punctiform openings

10 (Gas outiet from the second condensation chamber

10a  Gas flow from the second condensation chamber

11 Gas inlet in the third condensation chamber

1ta  Gas inlet fiow in the third condensation chamber

12 Hydrostatic liquid column between the second and third condensation chambers

12a  Opening for filling, cleaning and draining the hydrostatic liguid coiumn between
the second and third condensation chambers

12b  Height of the iiquid column in the third condensation chamber

13 Gas outlet for the dried gas

13a  Vaive

14 Demister or droplet separator

15 Effluent dried gas

16 Outlet for the condensate

16a Vaive

18k Discharge of the condensate or fesd for other media



2. Apparatus in accordance with claim 1, characterised in that the second cham- 20 ber of the column
is closed at the top by another chamber roof and a third chamber is adjoined via this chamber roof, the
second chamber having a gas outlet for the gas to discharge said gas from the second chamber, the
third chamber being closed at the top by an outlet for the gas and a hydrostatic liquid column or a
siphon-like physicaligprnection, which can be filled with liquid, 25being integrated between the second
and third chambers. 3. Apparatus in accordance with claim 2, characterised in that a hydrostatic liquid
column or a physical connection, which can be filled with liquid, is integrated between the first and third

chambers. 15 4. Apparatus in accardance Witm.clgim§ 1 to 3, characterised in th(?\t e third chamber
of the column i$ closed at the {op y driother ERamberYsd ) a%aaﬁ% P SRR )?r%‘?ﬁber of
chambers are adjoingdtwghals chamber roof, the other chamber having a gas outlet for the gas, which
discharges said gas 5 from the chamber, and the top chamber being closed at the top by an outlet for
the gas, a hydtBEraGtERitsH iltn or a siphon-like physical connection, which can be filled with liquid,
being integrated between the third and the other chamber or chambers. 5. Apparatus in accordance
with claims 1 te 4, chdrectefissd tothatsa<ad i idevd (ifeesis Iceatdcin, dne DsINgsegMpetnes
between at least two ¢f 0. In.ac nee.with claim 5. characterised in that
the cooling device usgﬁﬂggﬁl@%ﬁgﬁgﬁﬁ? vggfgﬁfc‘)ogrﬁ §8{E§p@%ﬁ1’éﬁﬂ §8cséhru a?[\}fé XNIB’[H%Y&THS 1lto
6, characterised in thafdScmgaa-bate dioidtsdimbsrasiniedia Enasiirenbel 58apshrmberin
accordance with claims:6iy 7 skizarastesised wethahthe cooling device used is a refrigerating machine
or a refrigerating machine aids the gas cooling process.

o the first, bottom chamber being closed at the fop by a chamber roof and hav-
10 ing a gas outlet, and
® the second, upper chamber being closed at the botiom by the chamber roof of

the first chamber, with said upper chamber having another side gas inlet and

being closed at the top by an outlet for the gas, and

® it being possible to heat these chambers to different temperature levels and to
15 ~ pressurise or create a vacuum in these chambers such that different pressure
leveis can be set, and

® a hydrostatic liquid column or a siphon-like physical connection, which can be

filled with liquid, being integrated between the chambers.

2. Apparatus in accordance wifh claim 1, characterised in that the second cham-
20 ber of the column is closed at the top by another chamber roof and a third
chamber is adjoined via this chamber roof, the second chamber having a gas
outlet for the gas to discharge said gas from the second chamber, the third
chamber being closed at the top by an outlet for the gas and a hydrostatic lig-
uid column or a siphon-like physical connection, which can be filled with liquid,
25 being integrated between the second and third chambers.

3. Apparatus in accordance with claim 2, characterised in that a hydrostatic liquid
column or a physical connection, which can be filled with liquid, is integrated

between the first and third chambers.



9. Apparatus in accordance with claims 1 to 8, characterised in that the top chamber has a demister or
droplet separator in front of the upward-facing gas qytlet. 10. Apparatus in accordance with claims 1 to
9, characterised in that the hydrostatic liquid column or the siphon-like physical connection within the
column connects the individual consecutive or next but one chambers. 11. Apparatus in accordance
with claims 1 t6-9, charmet@tise dniradeatdaechydit- 2Bststd liguitl cbhmnteostideisiphaintliketiptiysical
connection outside the, seiRRCARNEHSHIRvIdUa! GRNESEYY VS, O BF KRR ShatmRers: 16 12.

Apparatus in accordance with claims 10 and 11, characterised in that at least one of the siphon-like

devices has an openfg3bFHRAIABCEAG HPaHTPeT 8 AaPaiSSIR 2elnad e Wnrbrimher 1edfo 12,
characterised in that the gasriniedmberimonghe giphandikisdtdagals desipriskpsradioaddnth
punctiform 5openings, 14 in aceor ' aims 1 to 13 .characterised in that at least
one of gt)he chamber r?)ro S E‘%@%@%%p%v@?ﬁ% t% ogﬁla\% eﬁ s%%é.ofg. gggaera?ﬁs% nagc%%]t} Qa{%lﬁge with
claims 1 to 14, charaétéréssd asapelisdisiushebitHe B al Fioors-protalisisa sannestiss tovidim a

sump. 1016.Apparatugi Reamtangs Wihielalsidy Ghpmeierseshinthatatl Igast ane ehdhsyehambers
is located outside the Rreﬁgure shell %urrounding the column. 17.Apparatus in accordance with claims

1to 16, characterisedii that &t I%%%? %ré'gas inlet pipe is bent downwards so that it can serve as an
immersion pipe un- der a liquid level, and feeds the gas flow under the liquid level. 1518.Apparatus in
accordance with claims 1 to 17, characterised in that another de- mister or droglet separator is located

between the gas inle¥PABHENTHEFSHEANRE g4 siRigrs 1 to 4, characterised in that a cooling de-

10 vice is located in one or more pipelines between at least two of the chambers.

6. Apparatus in accordance with claim 5, characterised in that the cooling device

used is an indirect air or water cooler.

7. Apparatus in accordance with claims 1 to 6, characterised in that a cooling de-

vice is located in one or more chambers.

15 8. Apparatus in accordance with claims 6 or 7, characterised in that the cooling
device used is a refrigerating machine or a refrigerating machine aids the gas

cooling process.

9. Apparatus in accordance with ciaims 1 to 8, characterised in that the top
chamber has a demister or droplet separator in front of the upward-facing gas

20 outlet.

10.  Apparatus in accordance with claims 1 to 9, characterised in that the hydro-
static liquid column or the siphon-like physical connection within the column

connects the individual consecutive or next but one chambers.

1. Apparatus in accordance with claims 1 fo 9, characterised in that the hydro-
25 static liquid column or the siphon-like physical connection outside the column

connects the individual consecutive or next bui one chambers.



19.Apparatus in accordance with claims 1 to 18, characterised in that the bottom chamber of the
column is in the form of a side-protruding tank. 2020, Apparatus in accordance with claims 1 to 19,
characterised in that it has a static mixer inside. 17 22. Apparatus in accordance with claims 1 to 21,
characterised in that the construction of the chambers allows the height of the individual chambers to
be selected to Gdvantagpoat.efiecc@Bdiroress foatnging aghd,| Scharadtatisedinntthatithagas is first

fed into the side of a eAIRAWERJA- AR BUALRCHRY B PERRAIE T ANBANE el fpr! Which comprises

several chambers, with the gas first entering the bottom chamber where it is already cooled on arrival,
or is cooled down, releasing part of its moisture content through condensation, and 10the bottom

chamber being,fjlled with a liquid bath into which the gas be.fed, the |iquid Jevel of this liquid bath
being regulate Hby th\g [?OE:‘SZ;I #0?1 0 Cgo\% Ve o\?’{%eﬁ%}v%ésr Iﬁ?l?l%l gé‘tlg %@ﬁL‘%ﬁ%‘é '(ﬁ]rit(!aqg{gttgse, &R then be

discharged via a gas Biler0afid andhgasipiom-ikis deitiet enteeigngdatherhdodoetin purictiféris cooled
even fur- 15 ther befgpgRtaring the second chamber which is above the first chamber, where it
releases further moisture through condensation before being fed to a further application via a gas
outlet nozzle in the chamber roof of the second chamber, with the liquid in the second or higher

chamber beingiable ta gy 8 f Queizdchamheriaa uiasiaicdaud commn.coaslgna ke,

physical connection which can be filled with liquid. 24. Process in accordance with claim 23,
characterised in that 8htts FegReHR8 B SERHAEE HPHRESIRETALSIbEIPR discharged via gas outlet
nozzles before being cooled and fed into a third chamber in which it releases more moisture

15.  Apparatus in accordance with claims 1 fo 14, characterised in that at least one

of the bell floors protrudes downwards to form a sump.

10 16. Apparatus in accordance with claim 1, characterised in that at least one of the

chambers is iocated outside the pressure shell surrounding the column.

17.  Apparatus in accordance with claims 1 to 186, characterised in that at least one
gas inlet pipe is bent downwards so that it can serve as an immersion pipe un-

der a liquid level, and feeds the gas flow under the liquid level.

15 18. Apparatus in accordance with claims 1 to 17, characierised in that another de-
mister or droplet separator is located between the gas inlet of a chamber and

the gas outlet.

19. Apparatus in accordance with claims 1 to 18, characterised in that the bottom

chamber of the column is in the form of a side-protruding tank.

20 20. Apparatus in accordance with claims 1 fo 19, characterised in that it has a

siatic mixer inside.

21, Apparatus in accordance with claims 1 to 20, characterised in that the floors

and/or pipes between the chambers are thermally insulation in whole or in part.



25 through condensation before being fed out through a gas outlet nozzle in the third chamber - with a
hydrostatic liquid column or a siphon-like physical cpnnection, which can be filled with liquid, being
integrated between an optional number of the chambers. 25. Process in accordance with claim 24,
characterised in that once the gas has 30been dried in the third chamber it is discharged via a gas
outlet nozzle bé2.18 fORPEING o GletPeiftdediiftociaiomhdr tir ahy sharsisteriskativetreliainbers; in which

it releases more moisiuiiiHoHIRCHRARNSIIR hetREs BRIRSJAH DML R 9RS QUlislpzzle in the.

third chamber or other chambers - with the third chamber or other chambers also being connected via
a hydrostatic liquid cSTafR 8ra GRS AKR PIR%i- 5cal connection. 26. Process in accordance with
claims 23 to 25, characterised in that the gas is a synthesis gas which is produced by means of a
steam reforming process. 27. Process in accordance with claims 23 to 26, characterised in that the
con- densed water foFReEEIRARG YWY r888ss is fed back into the synthesis gas 10production process.
28. Process in Qccortdanc% Wit&c{aims 23 to 27, characterised in that the gas be- tween the individual
chambers is cooted: 28-PTofeS€in accordance with claims 23 to 28, characterised in that the pressure
and temperature in the individual chambers of the drying device vary. 1530.Process in accordance
with claims 23%0 29, drrugaadsidist ifpthisiaHbe aidg®d & tethimtowhistaiparmasnibedbyire mes

temperature of 100 tos2fetA4ingrosess IBrRCoMERNEMNIRclaimE 23 I Apeharaftietisedda that the
dried gas first entering the bottom chamber where it is already cooled on arrival, or is

cooled down, releasing part of its moisture content through condensation, and

10 . the bottom chamber being filled with a liquid bath into which the gas can be
fed, the liquid level of this liquid bath being regulated by the position of the
valve for the lower liquid outlet so that the dried gas can then be discharged

via a gas oullet, and

. the gas from this outlet entering a further device in which it is cooled even fur-
15 ther before entering the second chamber which is above the first chamber,
where it releases further moisture through condensation before being fed to a
further application via a gas outlet nozzle in the chamber roof of the second
chamber, with

. the liquid in the second or higher chamber being able to run into a lower
20 chamber via a hydrostatic liquid column or a siphon-like, physical connection

which can be filled with liquid.

24. Process in accordance with claim 23, characterised in that once the gas has
been dried in the second chamber it is discharged via gas outlet nozzles before
being cooled and fed into a third chamber in which it releases more maisture

25 through condensation before being fed out through a gas outlet nozzle in the
third chamber — with & hydrostatic liquid column or a siphon-like physical con-
nection, which can be filled with liquid, being integrated between an optional

number of the chambers.

25. Process in accordance with claim 24, characterised in that once the gas has

30 been dried in the third chamber it is discharged via a gas outlet nozzle be



is removed from the apparatus for drying at a temperature of 30 to 70C. 32. Process in accordance
with claims 23 to 31, characterised in that the raw ggs 20is fed into the apparatus for drying at a
pressure of 10 to 50 bar.
fore being cooled and fed into another or any number of other chambers, in which it
releases more moisture through condensation. before being fed out through a gas out-
let nozzle in the third chamber or other chambers — with the third chamber or other
chambers aiso being connected via a hydrostatic liquid column or a siphon-like physi-
5 cal connection.

26. Process in accordance with claims 23 to 25, characterised in that the gas is a

synthesis gas which is produced by means of a steam reforming process.

27.  Process in accordance with claims 23 to 26, characterised in that the con-
densed water formed during the process is fed back into the synthesis gas

10 production process.

28.  Process in accordance with claims 23 to 27, characterised in that the gas be-

tween the individual chambers is cooled.

29.  Process in accordance with claims 23 to 28, characterised in that the pressure

and temperature in the individual chambers of the drying device vary.

15 30. Process in accordance with claims 23 to 29, characterised in that the raw gas

is fed into the apparatus for drying at a temperature of 100 to 200°C.

31. Process in accordance with claims 23 o 30, characterised in that the dried gas

is removed from the apparatus for drying at a temperature of 30 to 70°C,

32.  Process in accordance with claims 23 to 31, characterised in that the raw gaé

20 is fed into the apparatus for drying at a pressure of 10 to 50 bar.



