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1 Process for the Separation of Process Condensate in Steam Reforming
[0001] The invention relates to an apparatys for drying reducing gas. The
inven- tion facilitates the drying of reducing gases at various temperature

BB RLE SRl A uE LR R B ARG SR SIS R SRR
allows for the dryihg process, in'which e Water contained mihe
reducing gas condenses, to be carried out in stages and the condensate

A to PeBIERRD PR DR GReRE S RitdDiRIHE Fsdi8Pprethe nven-
thrr éaxdigaiatitigedeving f Thevitivg nficpais o selaie 3dm pepince S PieBsure levels

- - i ried. | es,at various temperature. . .

RS Rasein o S AR ALY STREIAS: e
RsoneiRg astinasia e R gnefane pritnsesT e be gasiss cohiaiptages and the
dehalbvebtdaraemamelibt Poavararaiedsyaminedsaeiesah sedung:0aes pres-

2% SumDsals g2 ugen, C3 and Ca udrocar-bons. AL e ENSTA, e

UERTE orrﬁing process syn‘{ esis gasc
ingrgesefutnbticsien ategeapbuaratichrpsesinot et completely

converted and which are present as steam at the high formation

erature of the synthesis gas. 15 Consequently fresh synthesis gas
R ad KA RN e Hae 20 GO (Yoo R e, eanes 2 2
reswiadb theaprogesth Jeweratiatns tsnnm'rdeghrwkefg)mge followihgf evaporated wa-
tBFOCESSRD RIS Pt R NGIGE AP QHY Q%Hﬁé%%pgsg'm QL OF e a8y arocar-
n

Other reducing gases also often contain water vapour. Many gases are

9385 tdhlba Fie ga8 SR B PRICBCERBIRNMIAGSHRi g3 GOBEINGater example,

axgpdergsrpresetiticasosteatey ivethregaghi20 1800 3l bedhisseasedlit dnverted and
C i Gk [ rying.is ly.

T R A o e T SR o

(COMBSHEBYY TBAN S YRIETHIS Es RFSIHSATH BT RURSOHINAS BERSESTIGNGwWEarRig more

tHNOE Mmaldpaperabiraaertigidne magetr Al the waler cmairRed it eliowing

as_condenses qut. In a subsequent stage, th s can.be cooled.even .
R S B S e B P S Rouing
GRRRRA ARO oY Em PRIHRID vetidhe separatddrougades e alerereplowever geisscrub-
HHEGREEdSVaryicRaty Bidireasienihe wssof A tsligeralingeunitand he

liquid gas obtained has to be fractionated so that it can be put to subse-
guent use. [0004] The temperature of the gas is often lowered gradually to

[ABPRIal ternpietizis BoeBMe TThirpmHORR $othiecppesseagesfithehifdsarstslican be dried.
SRR dnglyialTnenuaisl cRMNGINCY iinthe SRS EANIRNSS e adua!Yosesthal in the

it can be dried more effectively. In the gradual cooling process,
FRARAATA The 4L NP IR HTJEESS TIBR AINIRA) Vi 8RR & {icbiawered to nor-

mal temperature so that 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
that undesirable impurities, such as methane or ammonia, can be separated out with
the water. However, 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-

guent use,

[0004] The temperature of the gas is often lowered gradually to normal tempera-
ture. This causes the pressure of the gas to fall 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 requires a com-

plex arrangement of vaives, pumps and pressure-regulating devices. in addition, it is
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plex arrangement of valves, pumps and pressure-regulating devices. In
addition, itis 2 often necessary to use seyeral condensers and separators
in series, which is costly and uses a lot of plant space. [0005] WO
2005118466 A2 describes a process for manufacturing hydrogen which
oginaiess§am vyothesiv gas chaddtis @B il sypieatbeangesisthesishgidScostly
obr 5 tained.i oled in_a condenser and then fed into a second cooling
EasnydstL?eSr‘LﬁSf ﬁ% %z%t?%%ig%aec %\'/ater to condense gradually. The second cooling
system is cooled using a cooling agent which is fed through a cooling
[EEE)VoIr, Wiickzaes beses berlded tHidsr-gowaganebwhighexploitsdheydrogen
igh thermal capacity of.the surrounding subsurface. The water is then
e B Ly RS e i1ds o Dl SR e g oo
talnethér deping deviceorrgnasused tberrirsléihearderinthgeoiner ssters. This
dathis wayyihe gyothesisgan sanie W%@&@H%V@”ﬁréﬁ@@c{oied using a
lar eg removEd. [OOEGQ%tHowever, the construction %t tEe agr%aratus is d und
‘i?élﬂ? TFENEIRGL 7t 1R IVEHI8R EPA BE HERHYRYs WAL ERRrAToTE GFER under-
griusttbercomhedtetkinogeries, inpe Siavhmhcapasitheotdmmectedtaiangcoiisgriace.
TRSSURlr RTIRERded eI UL S ARSSRUEI YolindP ADREANIS LS Eharator

for condensing the water requires a’lot of space In itself. When imple- )
AeRENGHBDFEYESS SHHaMtiUASH BSRMPRY Mt FREIPPE FeYaired fF 2ol this way
tpasyothesic gadensath giaewn byadiusiz ndone i@ probleans ranmiavolves
high investment costs. In addition, no indication is given as to how the
as has to be conducted to prevent it from flowing back into the _ _
[gQBQ}atoré*%%Yéa Hiss YR ProERPAHLDE (OB FrRBRTINR Pedstryuires
dbestaskoridanserisdadnrakaravatabitch spatsadngedaadon suhie) one of which
rﬁ?a s ihelsn fc{.%t%reoﬁf 2 feducing 4as.10:8¢ gradually Igwered 50 Aty the
& Molsture contained within the gas can be graduaﬁ?/ condensed. In so
apiagifelsessios nendifsrentes wetkirmilyiraest l9é compen datiegifor/Vhen imple-
MRt FRSHIEREaiiRRtigRNIGR%IirE RRRSIDIRall BEGUIH AOID R RAPSHI S to be

rod irigerat i 25 sure that the water |
AR S AbimplciBy WO oD B BRI S RO b A" costs

- Ibeddiddrion@mdictdieing gesvwitete iowdbtd dee fessioletocappliptdibto prevent it

FRIRCHRN P PEGISRIML RIQLESRIR IGISRSE g uateh ihshrsidllsgpe

possible to collect the condensed water in a common receiver without
costly sluice devices. [0008] The invention uses a column divided into
{860¢&ral chizaenbess tasnedttlesical3tgdikmentsobthititisle Fee-saving device

m@mgﬁéﬁl@ée{!@@%ﬁé@éﬁ%%‘ge@d{%m@ BUREF-S0:tRRL (N IR CRNHOWat the
back into the lower chamber from which It Is discharged. The cham-
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. it should also be possibig, if required, to use refrigerating machines to en-
sure that the water is condensed out completely. In principle, the apparatus should be
able to be used for any reducing gas where it wouid be feasibie to apply the gradual
condensation process to release the water. It should also be possible to coliect the

condensed waier in a common receiver without costly sluice devices.

[0G08] The invention uses a column divided into several chambers to mest the re-
guirements 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 also be 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 uncontrolled gas

backflow is prevented during device down-times. The liguid in the pipes can also seal
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bers can also be 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 uncontrolled gas backflow is prevented during device

down-times. The liquid in the pipes can also seal 3 the chambers against

whacthethiesd tmipmssiie evel batwepriberehavsbesviedalhangethdiens pal-

aﬁ%%'&‘: 0 R a%ﬁf‘.??tkee‘r’ lr%sasrﬁrglg%re 0L, %”eﬂx?"&ic?.%%% §% back even
uring plant operation. The column represented In the invention contains

trisadtiapoorerghiberd BerapyeH JRRES VT RAH BN BU0o) THiasgtedst two

SROHPE- T RRNREGBH SRS B fNse@lumn. After this cooling stage the gas

is fed into the chamber which is situated above the previous cooling

stage. This allows for refrigerating machines to be used as well if required.

R399k c- orhmienrclod theRlthe oABlkt epRUThekHTiN iTch chlimajorfieoftttre cooling

fagdansadion water jigocolleciathmizcianrd A thehetiomeaitdosiBdious cooling

device, This can be a valve, for exam 10 ple. This allows the condensation

SHrEr 15 AHEBH AP EIR AR LS 576 LA OB BF HO B A i e
asymeaniden thatticelamiest ahappardtugtiahdbelimgj arigasﬁ/ﬂi@otpisiefosm'ed water is
c@(lé@%@f‘?_sq@s_gelHmﬂesHﬁMWabé{d%iﬂﬁeaéH'&.Shﬂlsm@ﬁrbg‘a valve, for exam-

characterised in that: 15 the column comprises at least two separate
RifarhBErglithe HstCoMRSITALRITIEr Beivd BoRE AnheNtist ByPRemmen re-
@fian 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 reducing gas, and (r) the first, bottom chamber being closed at the top
[B9WPEnamber3E0 AP0 R RARL A3 0BMAPBRAHS fRe SeriBKda isehich is
fehastoey beingaosediahtheedtomdarine shambersieafweidhesftiséracterised in
Q amber, with said upper chamber having another side gas inlet and
eing closed at the top by an outlet for the synthesis gas, and it being
possible to heat these chambers to different temperature levels and 25 to
prefssuriseldt CRITE aCPRMIRPSIRtHE3E! MRnTsER AR gmberfFetantlirst, bottom
pressure levelamarnbpgeiossd a hydrostatic by uitkasusimeraatiet which can be
siphon-like physical .connection whicg can_ be filled with liquid, bein s
tegratea LB 08 LA e e T T s sptenec m s
column th&hssteRh cHagntianmRes 26De wisieh inlet for the reducing gas, and

the first, bottom chamber being closed at the top by a chamber roof and

having a gas outlet, and

® the second, upper chamber being ciosed at the bottom by the chamber roof
of the first chamber, with said upper chamber having another side gas iniet

and being closed at the top by an outiet for the synthesis gas, and

e it being possible 1o heat these chambers to different temperature leveis and
to pressurise or creaie a vacuum in these chambers such that different

pressure ievels can be set, and

s 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
serves simultaneously as the floor of the chamber above. The gas outlet from the

lower chamber is situated in the upper section at the side. Alternatively the roof is fitted
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30 serves simultaneously as the floor of the chamber above. The gas

outlet from the lower chamber is situated jn the upper section at the side.
Alternatively the roof is fitted 4 with a pipe which is directed into the upper
chamber and which does not allow the gas to flow into the upper

witambie hindatbelileraachas ofé togihe siteried aonduess thesoag aldwothe gas
he side of the column. By contrast, the er cha r.is fitted with a gas

T T A A e YRR TS B AT s e

agsimyatodhresidarsbigieRIUTRe Gascealass f68 HORI gagmesivhfisy aréh a gas

dogatedrrihedioransretion: ghthefesRREtNE ShaRICHERBYRIGH using a valve,
.Preferab y Tgter the colum cgrans.versel from th% side. The ch
ea

b .
FISPE Aol BPR6aILae THie e < AB DA SBATR RPN ThciteRs” sector
@ ldutriedmeating chatbatingdyhitbarefefditt gasoihsteaimE delsyersely from the
SRR ERNAIEA R BethelRIAC1 oA PR TR hRIEREIEISNIALANR options

_invention the column has two chambers arranged on top of each other.”
RENPEVBIEGHTE BRASBDSIBIEFHRINY CORAAR B AAVEFtPeSBRAMbERSING internals
carfahgedeomstap of each other. In this case, the roof of a chamber cre-

ates the floor of the chamber above it. The gas is preferably let out by
conductin%it through the roof of a respective chamber and then

B Hargin it sHisTTse SARWIRGNL 25ROt bE R ERIRTg R chambers
aramberoaboyeoT becinditidual-thesmbers arexpbysoseily conmectediiia & have

S SR S0 TS0 e L T e o

efine e pressure etfween the ¢

ateshiRecBaam el dhruskather @fyensatéhe desvibarRiaiadhEtaghityeponducting it

 theloyh theedipes aGasreniechehdBberg WRichiata Riten:freRCh O without

s well as non-adjacent cham 20 bers by going_through other chambers. ,
8 el LA e BETDELGER e THEL WU AMABER a7 Prvo-
agity thirehebiahlyier sfariesxarmiple cEO0RS |[dhapeinuisiedtrségolUine baiaianid s liguid
DEMAGEABRRS B IRdpieduidairerinel achrmberalaysItaCtons Astatation

the floor of the chamber above. The gas is prefer- rably discharged ‘
R TN SR IEHE SORSSTESAB 56 GRSt (R SR RABEIioh ity SEhe pives

aaut thergas c&mﬁags_th@chmmbem ab_m:é e%hfeﬁ@imm@ll the masatdednn cham-
o8 %%%ghﬁm% &ﬁé@%ﬂ%ﬁ%é&d'%‘?%@%ﬁ]& gasd '5§ﬁtb'eaab8jﬁ%ﬁt%§ween the

for the most part, rela- tively large amounts of condensate occur |
iR emARRERahancHam BEF IR meei R fRJEP!Phe physically

connecting pipe can be in the form of a siphon so that a re- sidual volume

[géi%i r?ﬂ‘ﬁmii&éqﬁeo&%r;miéaﬂrﬁii@@t?s%gn?(mggr?%”rgﬁﬂ'JQ(?. e root
of a chamber always functions as the floor of the chamber above. The gas is prefer-
rably discharged upwards and out {0 the side viz a pipe through the chamber roof with-
out the gas entering the chamber above. Preferably, only the gas outlet in the upper
chamber is designed to discharge the gas directly above. As, for the most part, rela-
tively large amounts of condensate occur in the bottom chamber, the chamber can be
very large. The physicaily connecting pipe can be in the form of a siphon so that a re-
sidual volume of liguid remains in the pipe. This prevents gas exchange between the

chambers.

10014} 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 fed through
an air cooler, for example, if it is at a higher temperature or there is a larger guantity.
The gas should be 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
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[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 fed through an air cooler, for example, if it is at a higher
temperature or there is a larger quantity. The gas should be fed through a
mvtsttaﬁming denliag Hdincoe nat smkefgqmnmyem Sooling t\emwmir@ I%.g. us-
i%ﬁ %é 0597515 40.0gned s, r?o"r%“é“ﬁ” SNRLRE COR'GLOyas is o be
i ngers.

y using cooling c0|Is or heat exch Sirect coollng via

dslpdrilindew. BPTISYAE IRJUE XTIl fomPeRiitRs, erarrareeshnhisir drafiigerating
HA@HOBal dke sasieiobenstestiiy adowsppm water or if external
temperatures are frequently high, a refrigerating machine can also be

used as the cooling device. 5 [0015] A droplet separator or a demister can .
iBRlipktalledl HrenteUppETelvadbedenieeg &8 toBaiRie St tmntipgrachamber if

t@&%@l@'&%&%@%&@fm@@?ﬁiﬁMlﬂcﬁﬁéﬁtﬁaﬂﬁhﬁ%@htsﬁpﬁ@é@r Qk %ﬂﬁﬂﬁ%e% droplet
can be insta in the other ¢ owever, this is usua
SFRRERERR) A GI P B RP 0 B e  a BP e  Easp Ul
ahlg gaces et 6] The physitaszrmbetiont e tifeserthecsiambbersadrnbibégas.
the form of a 10 simple pipe. However, the pipe can also be in the form of
a siphon, in which case as exchange between the chambers can lar
eI e A A I
siegituaiblkg uitbimethe, dokimwesa thaltil tieiretisdostoppagehitis movhich case gas
esible iiaas CYRBRARI OCaH BERIPER KB hATRDCrfic AR GE= BBnigu-

physical connection can take any form, for example even conical or
‘”EyﬁﬂofFPSi‘Seéaﬁh?é)éﬁf?]eTﬁ@Mﬁéscéﬁ?‘ﬂé%lﬁ%@éi if the column &6 dhgk f there is a
smmmgwavwvm ;iabl@saimofop@@sildedwp@ce}ibeuﬁsiﬁet\ﬁm@@hgmma]ﬂ%rs How-
en r X iy is alwa hot and s t i
St o R ST s e, T e Bl AR P e
@htside the column. This is also beneficial if the condensate should be 20
viscous or contain larger amounts of solid matter rendering periodical
ing th ese sentlal 8] The can also be fitted with
[ﬁtﬁﬁg or dﬁlnlﬁggéje(ﬁges t %?1% fﬁ"‘] n I.R[PFBe clear & filled or - itis also

resfitedopibrepipa(side/tie %bﬁf@d ngua@“ﬂbé OehaPREthéy @a@mée, if the lig-
L@&r@mgsf@m@%%aﬁ@sﬁ tc_{] Be é&@%ﬁwuffﬂn@ |Bidﬁsﬂfedé§iniﬂl%‘ijse¥é§,%5 @hasmwse for it

e rr such that t can (0] ra ocated in the
R AR OB RGO o S Gort BB R TR A, CUAB84i should be
virgatingpoceo@indgafhesencantsfof egbdnmplisrbersiaaticoetingidmscaraning of the
fRhectdsRgatng elements.

of a

[oo1ig] The pipe can also be fitted with filing or draining devices to enabie 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
arranged such that they can fili or drain pipes located in the column. The communicat-
ing pipes can alsc be fitted with devices for heating or cooiing. These can, for exam-

ple, be small cooling fins ot electric heating elements.

[0019] The gas is fed into the chamber via gas inlet nozzies. In a favourable em-
bodiment these feed the gas sideways into the chambar. The actual gas outlet can
take any form. As the gas in the botiom chamber still contains large amounts of mois-
ture, and as there is usually a larger water reservoir there, the gas inlet nozzle is pref-
grably designed 1o allow the gas to be fed directly into the water reservoir. However,

the gas iniet nozzle can also be in the form of a feed head or a hood with punctiform
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[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 outlet can 30 take any form. As the gas in the bottom

chamber still contains large amounts of mois ture, and as there is usually
dpériges WERErEaRyVaiethare hthel gas iBlel aagzies aefi erablydasigned that it
.10 allow t to be fed directly into the water reservoir. However, the
A B N e N TR e concen-
SHiMEEFETMPI6 epEAings vEbde ik amedee ff wekrioare taad inpoimterfdsitn the
rgi@@ﬁv&rﬁaaﬁlbﬁﬁﬂf@hittré’?ﬁaﬁi%%ﬁaf@aaltmwpﬁaﬁ @%ﬁ@s@f@%@%@tﬂﬁmn in the
into the cha , Orin e conden- sate reservair contained within the
ERTRE P T4 R e TR U HELRB GNP dBBimber can
result in beneficial droplet separation and a reduction in the 5 chamber

[oeiht. Thege intarnalsicannfaiexsipigch e RRlIssRE oINS 4R ThRh de-

inlet nozzlgs.on the connection E\i&es between the chambers which de-

IR ARG SRAGUHIGIRFFOENRI T TP PELBR TR BRANGBRG R ANY form.
Tiake @amybie rnuidfse\wétdnabareguippét witmaspolavarveditithafwanellso be bent or
fﬂ@é!"ﬁ}{ﬁra R/haqye_(.:aﬁh%l%%t]%? P@ﬁl&r ofrilttﬁg @%%@cY?éY%i&Q%QH%%%l%%y form.

on the connection pipes can also take any form. hf%écan have a

ThRpreTdIRe SLBAY M EHE 67 Gal-BRNfttda SamrPs fiisAerBr afttae! or with a
Heeacsshsge thisl ediviupoifetito speapeninyc(ikenhawhoneeiheady dheial thing is
ial thing.is_that t function as.a physical connection between th
A g e
p aniHestRbe AP BRRCEAKE any form. They can be sump-like tending up- 15
wards. They can also be bell-shaped tending downwards. The chambers

2Rk o umwiindhe solumn. Sreferably, ev.are.siuated il g o,
€ column in order to en- sure a Space-saving COﬂ%tl’UCthl’l.uﬂ%ey can g up

Vel bd Nsyated datshicbgiesteRat e pas dRuRWRIIsherhe shaa kismeaidiake any

ionakaithis mecessary. FherdnsividurlchanharsLanipe iRdheierm aforder to en-
tanks, or can be in the form of aﬁide rotrvsio,n which forms a tank. In 20
i

SYEH BTGNP SUBTTHTHIR itd U TR A S Bb (RSt RAS'de B Ggtumns. par-
ticolmstyuetion soataisigs the easyatbisd diaceesanprebsundigthiaingahelrdfcan be

PBGAbIRESNAMREES BilPpeatef OFidet e R LEAWAISA Rems a tank. In

surrounded by a pressure-retaining shell. The chambers themselves can

IRAGEAGIBHERt HIETAL M KPP R RIBRABINERR TRSCRIECRIGR! ARYItHEton to
ecisanaliae sheyldbeldhis @l soppessiblerdorithegpingdical copngatienshberbats is fo-
: rs.Qr [ iffer rofiles.
O R L NEH RS B T e G pRemEiehlh spet. The
chambers themselves can have different profiles. The user of the invention can decide
how high the chamber sheould be. it is also possible for the physical connections be-

iween the chambers or the pipes to have different profiles.

[0022] To ensure a reguiated gas fiow in the column, the gas line or the interior of
the chambers can be fitted with gas-regulating devices. These can, for example, be
stalic mixers. They can also be control valves or gas pumps or can even include vac-
uum pumps. In general, pressure-changing elements, such as pumps, valves or ther-
mostais can form part of the invention at any point within it. in addition, devices to
regulate the gas flow, liquid precipitation or mass or heat exchange can also be found

at any point within the invention. These can be baffles or froughs, for example.
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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 include vac- uum pumps. In general, pressure-changing

elements, such as pumps, valves or ther 30 mostats can form part of the

MPOES]tion & aljprinhadihiorit radddipnweriaes greghlptediaigamg the ap-
low, liquid precipitation or mass pr heat exchange can also be found at
R B R e LI R RBSD R 8 s oy e

aB&enplecteee? 8] Watlaim is made for a process in which the gas can be

dried using the ap- paratus according to the invention. A claim if made in
paricular tae yasosass fadintdhbe gakaifaagierseditihat the gasisdirst pres-
fed into the, side of g column whigh i surounded. b, a.pres; sureretaiping
vessel and Which comprices severa &amgeors,%vit tive ggsa Irs ehf'(ve'rlng © gas
the bottonfihgniperaiieredtipadkandiecosiesohiaaigldocesleboledrival, or is
down, releasiig RRWOT HSsRARIUSECoNRNLRIEAUENEARIRNRRNRA. cBRdensation,
the bottom chamber being filled with a liquid bath into which the reducing

10 gas caﬁrﬁjé fed, the liquid level of this liquid bath being regulated by the

po- sition of the valve for the lower liquid outlet. The dried gas can then be

dist chargte \iatiegashemle dringadladmitinie dudict eaiteinte) wHighttiee reducing
device in which iscoRelageNgnd frévéﬁsf%@ﬁe&@ﬁ%m%%@fgeﬁ@ed by the po-
chamber which i;, bov%{thf fl$t iham-,be_r, where it releases further ,
moisture tATEUGH &%ﬁ?ﬁ@ SAAbIBERSrY LRHY Yt AR RHIRE SsrRA R be dis-
via a gas cttetanozzle gatheuecond chamber, with the liquid in the

second or higher chamber being able to run into a lower chamber via a

hydrostatig:ioyid eiMmOb@isiRiMEIge: RIS SRDBEWRRAIANVSRY even
can be filled with Igwd.élOOZA The grocess is designed such that the
5&5&“7‘5

as
o preferabyaRCARRGE F SRR A 60 SH HEBBRE M U BEP YRS iHecham-
gas enterihgrtheheraimbseatmyvirDacendishas bieengondudtedatiot dfdlvee being
column. 5RO NS AfRIND S84, ANGRI10a7 BRel.eaplethiinber,
enters the next chamber where it releases moisture, as dictated by 25 the
prevailing ¥dnditions. 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
sequentialistepsiemalbhagecond or higher chamber being able to run into a lower

chamber via a hydrostatic liguid column or a siphon-like, physical connec-

tion which can be filled with liguid.

[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 conducied out of the column, it is cocled further in a cooling device. Once it
has been cooled, it enters the next chamber where it releases moisture, as dictated by
the prevailing conditions. This makes if possible to feed the gas through two chambers
situated on top of each other so that it can be cooled in two seqguential 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 {o release its moisture through condensation.

[0025] In principle, it is possible fo send the gas through any amount of chambers
if the apparatus has been arranged to aliow 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 siiuated between the cham
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it to release its moisture through condensation. It is also possible to feed

the gas through three chambers situated pn top of each other so that the

gas is cooled in three sequential stages, enabling it to release its

moisture through condensation. 30 [0025] In principle, it is possible to

b?@’@%mtgﬁsﬁilb&pmaﬂgyamﬁﬁ@&@ftﬁB&m@ﬂ&erg téfmrs] &@Q@@Eﬁs’cﬁ@ﬁ’?cﬁlﬂ@m@ve&l in
rranged to allow this. T s is, dischar out gf the side . of the lower .

e A R TR SR R Bk e

GAthBaweYaif theoppesaandaiethiing cohemieicpipsisihes witvegedt pumps. The

mstvaanHir cbatnSdhers,andl this RRe: e isAlb ROSN LS theRapReNS a con-

and regulates the liquid level in the chamber above through the height of
TS W Trao ERERSIE SR 1EGel San PR b VEFraRes B the botor
segolated using other devices, such as valves or pumps. The pipe can
traverse one or several unconnected chambers so that, for example, in a

con s struction with three chambers the liquid is fed from the top chamber
[#6%he borBINCaARSeR" fOBSEPEThHIUSTS FRR 2070 RRHERH TamcRYRiSs!s gas
drecwiircdiiebi fasmesyrthe isgasiardrpioth siitable msneddeingpRaseen gases

B(els ﬂ%r&a%%ﬂpﬂa&momﬁ,rgﬁkgﬁggee!}eqsﬁ?gagts’gg gx%%%{,g&égg%tkeparymg

from refineries are all suitable as reducing gases for drying. 10"Examples
RS e Fration & HIRNENIRR SiHAsAY CaFdicalieprimtiplBckbiprgvgas gas that
dhatoeanide slieddiyigeokogasisuiiabie: for tisegrtaedrrearsRceHiNthi@ntion.

invention. For example, even corrosiv n ried.in the :
gg?exa d:w‘ié) ever? cgrr%s; ee aese% C%R b%s r%cg?ns Secgg g?a%segfcordmg to the in-
apparatus according to the’in- vention if the process awpmen IS

\osRhi dhaduerdsRyRA LRI hipcinsiareC encardatity yRaRAdRSetant construction
BXR golSxEINgié] The condensate which accumulates during the drying
process can be col- lected in a common receiver and / or fed into a

common tank. The condensate can then be disposed of or used as

[083fed. Thiveraergrnase inhicherrsfitialaigthddime titetey tenpiossateceane col-

188480DALCHIAINSRENESSHP PERILGEHRS fepiduatialiusendIowaLRLEE can
can also be usg:% n subsequent processes or for steam generation once it
r ft%%‘s

5872 Heerret: AbBeHSTo0B i Ertier 10F (S AGRINT: thé §5EIBFR embodiment
tcemenisedabeitczthebga® dhbstibéntooble phetsedn thredadeyigkmfohanimrz! use.

HUNELMPEL OLARVICEs ¢ iR WIRRIE, [ IR, FULRQSE: Althaugh 'g%p]qeeraiion once it

principle, it is possible to cool the gas directly upstream of or in
e BEBERErEtaSGAg column, it is beneficial for the gas to be fed via
pipelines to the 25 cooling device. In principle, it is also possible to heat

[H@gjas if meo%§iﬂ§ %@ms&%%@the gas 0 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 possible to coc! the gas directly upstream of or in
the pressure-retaining column, it is beneficial for the gas to be fed via pipeiines to the
cooling device. In principle, it is also possibie to heat the gas if the outside temperature
requires it. In this case a heating device is located at the appropriate point. 1t is aiso
possibie to condense non-aqueous 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.

[0029] Standard air coolers with cooling fins or water coolers can be used {o cool
the synthesis gas between the individuai chambers. The hot synthesis gas can, how-
ever, aiso be used {o heat the boiler feed water or feed gas. Heat exchangers can be

placed in the synthesis gas pipeiine between the chambers for this purpose.
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requires it. In this case a heating device is located at the appropriate point.
Itis also possible to condense non-aqueaus 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
[6DA)Isturd Heoensysrtitesisofj dse 300629 |datandang tie dosilenmadtisation stage in
{Fo9Hoafas, L VRIS QPLRLEERNYRCI 830 J86:00L DR SNBSS AAD 50 par. Par-

etween the individual chambeérs. The hot synthesis gas can, how- ever,

iaseopEase o AeRdnSBINe TG RRREFIGE fRBd G- SRR B XK PlaATEpgturation.
e laee platied brdbessynihierisgaspyiritiedbeiing el thieschambess fafo the sec-
this purpose. 9.[0030] The temperature of the synthesis ga ing t .

B o TR Pt 0 2 el oot
FROCadznprEssUrariake BB Bainp & -tRitcondisisiriopxamsirly beginesis gas

wRere d@n%@héé%geoaft!g@ %rfa@?gégflgmﬁa@tﬁ@wa@o% téééﬁﬁbrsgtﬁﬁrsé@o"ggdedr these
rocess, which can be effected using air, the gas is fed i esec5an
R i re T R R BTSBTLCT . FaTeRroon Fur
tbeolingnang itenderssdtionieag tekagplateusingnanamtér coclmpiforbut any condi-
BRI VAR gas il emRg a0l pd OC al standard
pressure is then obtained. Under theSe conditions the water usually
condenses to a residual content of 0. 1 mass percent. Fur- ther drying is
[021 possible sy eefeigsiagingemaciine shéobexandpies Hutranpemydindds gas
Hi80545aR Bre i ar lang.as priimaldoving o braghicyed JA0RHTRE; a5 does

gradual cooling means that the by-products from the synthesis gas
YRR Bh s @ BHfECHE P @3 AR AT PRRAEIBREGN A 1BBE 5k pREk-mixing of the
@ynihesiegasdoeprootceed tochy muated iy preansiof steabe siEERIRG:d in the
pﬁécths%r%dﬁd‘e%sba%gk'Wéxéﬂgsgf%‘?pr%”88%%8“8%1 e %%}%%‘?a‘{%%r%h&ox;de and
synthesis gas production can be discharged Iin the'1 process

reeihgeas ambichsogrescap o pree Rt Ererasailing enmemrearbapkditxice with the
Anthdasihanplowiied reimsg@ses at the prevailing temperatures,
back-mixing with the synthesis gas produced is not possible. [0032] The
invention offers the advantage of an apparatus which dries a process gas

[gR2ddially draitfemnione§siedsanaveiiass iLAE PRIRTGIIUNEISSI it gayocess
Jansacrdihcarine biopal dbe sasandprpstensalathRintBSirable gas flow oc-

constr%clzjtion according to,the in vention allows a column, which is suitable

T4r BRI R AdR AEM G BLEBPHBERES RBR adhE-e o e BLmeaRBing o the in-
veohTpoRBWI R SEeNsparBicTiHe sletigle dditigeapipe commritpodetivirensss con-

dbssshambsis,digRanses %%%%%%%%é@W@H@@Q#ﬁN@E%@ connec-

such as pumgs and regulating valves. This results in low overa
YaRdaiwent ¢

such as pumps and reguiating valves. This results in tow overall investment cosis.

gighambers dispenses with the need for gas flow-regulating devices,

The invention also offers the advantage of being able io discharge process conden-

sates af a high temperature if a suitable process condensate channel is present.

[0033]) The invention’s embodiment of an apparatus for the gasification of fuels is
described in more detail using seven diagrams, although the process according to the
invention is not restricted to these embodiments. FIG. 1. shows an apparatus according
to the invention with three chambers and internal hydrostatic connecting pipes between
the chambers. The synthesis gas is fed into the bottom chamber. FIG. 2 shows an
apparatus according te the invention with three chambers and external hydrostatic
connecting pipes between the chambers. FIG. 3 shows an apparatus according to the
invention with three chambers and external hydrostatic connecting pipes between the

upper chambers and the bottom chamber. FIG. 4 shows an apparaius according 1o the
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25 The invention also offers the advantage of being able to discharge _

process conden- sates at a high temperatyye if a suitable process

condensate channel is present. [0033] The invention's embodiment of an
apparatus for the gasification of fuels is described in more detail using :
iseyetivdiagrams, ciinctgh Hhe preeess Apdedng whheciivesiberbi8viain the two

icted tothes diments. FIG. 1. shows an ratus accordi .

T e Skl anerse, i RS FRARAL SR M micae
drnetingpRity B Ritre the SrRFRWerstThe s irmesis jss & 9aeviaten appara-
tReReHRIME MRB &Vl fo Ao RatnaRRR S SEeY a8 dRLchamber is de-
inventionhwith. hree chambers %nd texterng%gé rosi tié: j%\nectinﬁ .Pipc%s den-
RS LRBRIBEHS I NSRS S AR fiR A G rRiiAg ALY of conden
datentith wishaivee chizratatvs andoegtdanat it distaticactionegtin g pipesambers
RSt SHDEAgiH BPBICHSHBREER #RBLthe B AR JHiG: S shons,.

an apparatus according to the 10 invention with two chambers and a
simple hydrostatic connecting pipe between the two chambers. FIG. 5
[SSd}s an afipatatutineihtihvesy cliaxdrepkewdh eodlyyrtiié) mitdéeprelsambeetasining

PRAILPRGH QL B RS RERS SIS BE IR AeYICe L EIG  RROWS 28 APDALA o in-

tus according to the invention with three chambers whereby the bottom
EpfirD S ey EGREARRAPA SIAE FREIMRSORANPREP ERE RS R WaRKC R densate
(callcotavaige tgadntityofesidgns satecdlGed Bhawaam@pparaltissn After
ith.the | ' | I h IS .wher the length of
S S L T e e
(ShilinesCchNR G BRakRE, @odRMERTY @it @apredsdreviabipigsspaamber
(@ndidhreegeensigiasatignClamber£2 s s hattom HRanmee) isis cooled

in,10 trod the, hot thesis. 5).T hamber. h a
R R R B R e TR TS R o
ifnseduced vindagasinkst ek akd@nalfrendiowaty Gabogletreaoiddhmsatef the
JESHYQIR D ISR IR RRBERNEAHAR S RAUMPS alehhdUace e digHitk and

has been condensed out, the gas is fed gut of the first chamber (7) via ]
TS RIBR BRSO TS HE Gas ARLHRIIIHIL R AR BEFKINED the first
ateohberMitand: fgab (B finteitige rset tredficktanmioe b €8 )nitat leesgasnith €T he pipe has

AR f&'?ﬁﬁwﬁ‘,%@éﬁiﬁ%‘alﬁ@%?éiw ?9%9”?%@?%58&%?% Wiﬁi@g"@égﬂ the

condensate (3a) collects on the floor of the second Chamber. ﬁ)p IS
IBECREFBRRNEE NS ARP R AR ISEERY R ARIBY AP TR pR7&fophiSRPipe
(Bydmstatindiguidued haamnedhiscalipwsaliohithiosBovnbaskirtbertnrdigat is fed out
. r Vit rflowi om.the first.chamber into the second.. .

S SS H CS I OE 0 ec

(ReighesmhT heaidt taXhm aRe isesdhaushanBie e dals toadetHiraty the
ihiydhedeight of thedalalppzzlecolthe APea) is formed here, too, due to the con-

densation. The condensation of the water causes the gas to release its residual 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 hydrostatic liguid column.
This aliows liquid to flow back into the first chamber without gas overflowing from the
second into the third chamber. The pipe also has an opening for filling, cleaning and
draining (t2a). The height of the liquid level {12h) in the third chamber can be deter-
mined by the height of the inlet nozzle of the pipe (12). Once the remaining liquid has
been condensed, the dried gas is fed out (13) via a nozzie (13a) and flows first through
a droplet separator (14). Dried synthesis gas is obtained (15). The condensate can be

fed out (16) at the bottom nozzle, for example through a valve spout (16a).
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(9). Once more liquid 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 (not shown). Then (11 a) the gas flows

though another gas inlet nozzle (11) into the 25 third chamber (4). A

[@828)oir of chndengtteq 4y iwdgrared-Berpiston, dighin thighcanressure-retaining

tion. | t S e gas tg release.jts
e S B e e R T o vses o
BrdmtRiYRerefidg 58S itesis Bpsetindbis grssdbermirgad $#id which serve as
iﬁh&ﬂﬁ@ﬁf%ﬁﬂcﬁ;ﬂiﬂﬁﬁiﬁ%@é&@@ listisdgh §0c9ém%'léenTm§f@H9Hfﬁéir%%@ fi% coiumn
0 into the first chamber without gas overflowing from the
e iRlS SRR FHE e e B RARA B g s Ay to be
keatatiry aprlcdramivgUiieh) Revedasidhiaf ittie liguid tieve cfEztden @evia the inlet
ﬁbﬁﬂeﬁk@m%%g%ﬂﬁ%si%%@é teedsightafithednigt noezle Afithesy  The
ipe (12). Once the remainin qwd has been condensed, tfie dried gas
TEHRSAIS STV BE dHo 2o (F5:5 dHE RSHRTRPTRIUH S AReiTougn a vaive
separdtar) (14). Dried synthesis gas is obtained (15). The condensate can
be 35 fed out (16) at the bottom nozzle, for example through a valve

O%L(ma .11 _[0035] FIG. 2 outlines, by way of example, a column with
@szr sure-Stamifd SRR V0 th R EBITeh SAHSATE MR e Ry gssyyretaining

shie¢ Joteomtbrentbed{@}asiars eblabetse Idtial. dTisgafdhechohssniizesisised for
1. this, , ' [ Y drostati¢ liquid, .
SIS0 0 PR 0 LD B8 DS e, sone o

Hrerofialicateuin e waBR AR cliasime. TRRISIRE wireh dratsb aigRr T ORUIRM SOlUMN
do that egteckoneeoledipadanuimns. RawigasdsdedsaiortkeHatoN4) has a floor

h er (2) via the inlet nozzle (5). The dried synthesis gas (15) is. . o
V?gtr%@\'l/%e ew'é?ﬁ% c?pag%tusmc?utlztgﬁu %%%Sﬁhg&?g@é%{g%e redéé%ﬁ)élﬁi (pgy In this
Aeessotidh sogHes s Rowmipleunrdbgipias &Ive dipolit (16ahelitp[@OB36hamber
(BJCR3W RN RSB MO RUBMRIS2 RS N DIMIHR & RIERSIIE T8/ 2R iried syn-

hell %Lag %qg three congienszﬁlon chambers (2,3,4). The bottom chamber
BFTe L o FRTTRNER URyIHG BRHSEBH G bsid BRERPRTEaseN i fod ou
(pRoex (1DHamicostsy oasxdydie dhaticticuicibel apms @eaattached

outside between the chambers of the column so that they are more easily

sible. The top condensation chamber (4) has a floor 15 which is
[gég?ésned egé A SuftB s MRS labXPitRin RSURRF GBE RoWbA iRressure-

rﬂﬁwticbaahblé(.‘i)I'hecbbmiensaw_ﬁiWS _ﬂﬂmmgbrmemperﬂza)bdinea’ﬁlemmﬂbe(2) s
et %m@rd&%}g%@m@ﬁét'§Jr¢tﬂé@?§’é9§ bﬂ’i&?@‘i&'&?&ﬂﬁ% MES (9) pe-

inlet nozzle (5@ The dried syn- thesis gas (15) is remov e top gas

t‘gﬁﬂ@tti@f§yyq-ﬁ RIS NSHIE RaldbeofdlsRservoir (Sb) in the top chamber (3) can

be determined by the height of the inlet nozzle of the pipe (9). Because the pipe (8) is
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 nozzle
{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 nozzle, for example through a valve spout (16a).

[06038] FIG. 5 outlines, by way of exampie, a coiumn without a pressure-retaining
sheli (1) and with three condensation chambers (2,3,4). The bottom chamber (2) is
used for the initiai 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 inlet nozzle (8). The dried synthesis gas (18) is removed via the top gas out
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(16) at the bottom nozzle, for example through a valve spout (16a). 20

[0037] FIG. 4 outlines, by way of example;za simple column with a

pressure- retaining shell (1) and two condensation chambers (2,3). The
Q04SN SRR UseHSREdRRAMIR HRYDY Al dRE-BoisY PERIFHRS through
There is a simple connection (9) be- tween the two chambers. The height
2oYaive FESERARABD) in the top chamber (3) can be determined by the

height of the inlet nozzle of the pipe (9). Because the pipe (9) is 25 not in
(HRRdpr™ Of RSIBNAR LU e SUHUSRMpNELSRELD M IIYibEeSRIYRIGining
of the bottom chamber (2) to prevent gas from overflowing from the

Histtch MRS 1RSI (SRR HErS): RAR MR fdTe i s used for
thettonal chairmber () via shethalat Rezzlen (b The: dedgyntlesis gasithServe as
is re ia the t Th - sat t

PSSR AR SRS HEL o DECARIETERE SRRSO coumn

FOU3E] tHRS. BeoMAresaBrsyesitample Seémmrnamheutas @ side protrusion
(BESSHIER-5RIAIBING taheld Ayt larrBeoBOsIRRlRAENAMBESollected. The

2,3.4). The bot h 2)i d the injtial drying. of hot_.
Bt SR AT TR A t TOARTA T P O S MR apcharae
feepdnatbebarachpetier [Fkaw passivied intodHkdotniodhiPabér (@eidainiensive
J&]ﬁé’@!%ﬁp@%&@mﬁh@ duied SypihesisEas 5o)idskenayad iathe WRmber (2)

gas out 12 let (13). The condensate can be fed out (16) at the bottom
R IAdN R BRI thiBRgiied SaNBeShoet185). 306581 efe % Bitegas outlet
(b wanotexdenphte aaohariaddth & Pyesshiecedtainimgzeh b r(dxandithireeugh a
AR t&q@ (}hambers (2,3,4). The bottom chamber (2) is used for 5 the
initial drying o? the hot synthesis gas. In this case, the pipes (9,12), which
serve as hydrostatic liquid columns, are attached outside between the
[obapnbersraGthg colings, s thal theyersepiore eatily:aceitissibleedhiee-retaining
r i rQtrusi hi t
TR AR SR St 2Rl TEKIRER BAREa M used or
tegsHibel drvtiarh EPViatSMSaRs gRd ullkithn $AEEsiAE PIvt) (Hischafgenssrve as
HyarastaaiMBINg 48) bﬁé?tf&ﬂ@@ \zﬁi@@dé%&vl}h I 'JS@rﬂh wah igaleh{9sster the column
create intensive contact with the gas in_the lower champer. Raw gas is :
B R BB ARt e TR ToIe M B i e Brotrusion
(Bghthewisrges () igniehsepeathiin trcttpaabledtieto(ed) Teisiionidensatemn to

ganBested ankEhe)at thebelam ez ziRos praapifdhuaugh &o¥alyiRe manifold
spout (16a). 15 }10040 FIG. 7 qutlines, by way of example, a column with a

(BFeda ST G EHAT S 41 K82 RloR<aMEh CHATABbrs (243t 96 ' fed

iMheHsottothooharainee (2R )svaste fotet nozzle (5) at the side in the lower section of
the protrusion. This provides more space for condensation to take place. The dried
synthesis gas (15) is removed via the top gas outlet (13). The condensate can be fed

out (16) at the boticm nezzle, for example through a vaive spout (18a).

10041) 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 compartiment in the first condensation chamber

2c Tank-like profrusion in the first condensation chamber

3 Second condensation chamber

3a Reservoir for condensate in the second condensation chamber



3b

4a
4b

ba

7a

8a

93

9b

9¢
10
10a
11
11a
12

12a

12b
13
13a
14
15
16
16a
16b

the initial drying of the hot synthesjs 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
bottom chamber has a side protrusion 20 (2c) to improve the droplet
Gaseparatcmenidtdhersisienthecoversittmigtnaofithe column to be reduced.
Thitishgs B thehottom pipe (9) takes place via a hood-like manifold

(9c) to create intensive contact with the %as in the lower chamber. The

RepqY YA LOICRIFSRTE S BsGIF GRNSE \FRAREFhiet nozzle (5) at the

Gasidenmihientower ibecion obnthenpattrusiamiddrs provides more space for

Ga89R ?M@%@c@?&%{%@nmgﬁi&d 25 synthesis gas (15) is removed
utlet

via the top gas ol . The condensate can be fed out (16) at the
Gagdpishiieis 22 b erfrsbcandisresaiisugfeaibaive spout (16a). [0041] List of
GakctasgreemIfpbeis andgdesignations 1 Column with pressure-retaining
G shelyztlf:irst {‘hharmt‘er or conqens tion chamber 2a Reservoir for
as oulet ro e hirst.condensation amthar .
condensate inthe first condensation chamber 2b Gas compartment in the
Gafirbewdinde tirafict eprtnpestRe Thakbike protrusion in the first

GaSoRdensaton shambeh3seeand sondensation chamber 3a Reservoir for
Gacﬁ:]?@%egsate in the second condensation chamber 13 3b Gas compartment

QMR ESIRIRAS AR AP A™ i d condensation chamber 4a

Hy@Resetioinfod condenbatedartiesthisd auhskensatiooncdkarsion dHaGlhss
o com §rt nt in the third c(? densation chamber 5 Gas inlet in the first

R BASH CHERRIS 8IS g: oA ol EoH SN YR Aber
thedighbanmrRIGesAe e et ga% et as outlet from the first condensation
Heihaothae iGaicas!fiow frane tediistopadansasioorhamber 8 Gas inlet in

the second condensation chamber 8a Gas inlet flow in the second

Gag dplgkiRdhfdy Losibef 9idyHUEtaRS Rtfe ¥t Beliipe PRSE MRS and
GasectiaticondensatiomnicianderstiGachgebdng for filling, cleaning and
cad R ImLULasiate auid-gal ey RgRyecn the first and second

condensation chambers
Gas inlet in the third condensation chamber

Gas iniet flow in the third condensation chamber

~ Hydrostatic liquid column between the second and third condensation chambers

Opening for filling, cleaning and draining the hydrostatic liguid cofumn between
the second and third condensation chambers

Height of the liquid column in the third condensation chamber
(Gas outiet for the dried gas

Valve

Demister or droplet separator

Effluent dried gas

Qutlet for the condensate

Valve

Discharge of the condensate or feed for other media
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9b Height of the liquid column in the second condensation chamber 9c
Gas inlet in the hydrostatic liquid column as a hood with punctiform
openings 10 Gas outlet from the second condensation chamber 10a Gas
flow from the second condensation chamber 11 Gas inlet in the third
Eaadensatien chamber 11a Gas inlet flow in the third condensation
chamber 12 Hydrostatic liquid column between the second and third
condensation chambers 12a Opening for filling, cleaning and draining the

hyqFOStatBéMqo?%Hﬁﬂﬁgfﬁ\g‘%%a@ﬁéﬁﬁﬂ% thiid RARIERSRHER by a pres-

chambers 12b Height of uid column in the third condensation
chamber S¥&€E88butlet for the dried gas 13a Valve 14 Demister or droplet

separator 15 gfﬂu&nt dried gas 16 Outlet for the condensate 16a Valve

16h Disc eé‘rsg% o't eagondensate or feed for other media 14 Patent

Claims 1. Device for cooling a gas which is formed by a column .
surtoundefidyalres centerispaliaictpasichvAs S RTaRat BT ol liffnfirst. bottom

comprisescagllﬁ@@t Mm@ﬁf@ggatﬁhﬁ@mﬂf&ﬁw firsbunett@riciclambeshut off by a
being closgg\%t tttlgle bol]'tom b)llada?%lt utl%;] Ihlch can he %wet [f;]: /a_valve

thus allowifig'& BT it SIHSINS 1R BdnEiRD A} T gamber - said

chamber Itheimger srignmleside thietredtivingdesinandstiaedirst, bottom
chamber being closed at the top by a chamber roof and 10 having a gas

outlet, andniherseaiGnvRREMERABAL ketRe clase’ abiheybettaantietheof and
chamber roof. of the first%‘@mber, with said upper chamber having

another siH%"é}%ﬁr%%? A 3f?1dg closed at the top by an outlet for the
synthesis gas, and it being possible to heat these chambers to different

temperatutie|EPeRNANEP S EHPTRSS vt ciesediet H19LElom by thesghamber roof
chambers gugh that SHERISH with said upper chamber having another side gas inist

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

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

pressure levels can be set, and

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

be filled with liquid, being integrated between the chambers.

2, Apparatus in accordance with claim 1, characterised in that the second
chamber of the coiumn 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 reducing gas to discharge said gas from the second
chamber, the third chamber being closed at the top by an outlet for the syn-
thesis gas and a hydrostatic figuid column or a siphon-like physical connec-
tion, which can be filied with liquid, being integrated between the second

and third chambers.

3. Apparatus in accordance with claim 2, characterised in that a hydrostatic
liguid column or a physicai connection, which can be filled with figuid, is in-

tegrated between the first and third chambers.
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pressure levels can be set, and a hydrostatic liquid column or a

siphon-like physical connection, which cansbe filled with liquid, being

integrated between the chambers. 2. Apparatus in accordance with claim

1, characterised in that the second 20 chamber 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 reducin _
gad to distRBAEIT GEEHIRAGR YVER HHTschdmbe CREHRFsRh dhiber the third
being closg@rabtheridhdydmouiletiosdiiesyime thesty gastand ehamber roof, and
nydrostatigrlihil ceB0. ofr & PRARALI PINSIGAL CODRCLofon A AR hamber

can be filled with liquid, being integrated between the second o
chambers 8! A AFARISTIFROEO fepie S0EF PRt JoCHSr setbsedmBtivdiich dis-

a hydrostatfiardigwlisheolauromatipnysieabennaecting v g R Le:iiediosed at
with |IqUIth§ {55 E)e}gr%t%q.! =3 t%?%ﬁet%?f fétﬂ%t %ndatglrad i‘?hdak‘g]?aetgs'lil5ﬁ'c fumen or a
Apparatus In agc_o dance with claims™1 1o § haracterised m that Hethird
chamber &tHendbrImityRc@osetnactne topiply aaotherfidhdmibriiwet, dethg inte-
another charibesenagy Mermher HchrnabrisAsadioned s this

chamber roof, the other chamber having a gas outlet for the reducing gas,
which dis 5 charges said gas from the chamber, and the top chamber

being clom%mei;pgc@xrigrfe%tlﬁ&ﬁolagh}ﬁssmm%g?a%térégxgf@ﬁ%&ca cooling

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

with liquid? &R FifRe2 gl a5tV B R R ESRRIVRE bR drah Aol tae cham-
chambersdss Apparatus in accordance with claims 1 to 4, characterised in

that a cooling 10 device is located in one or more pipelines between at

least two of the cham- bers. 6. Apparatus in accordance with claim 5,

characterigsshiaithaitie reling:deiyiaimse dispaBHIRSIRIh S Wal®oling de-

cooler. 7. Acoeparaéus in accordance wit claimls 1 to 6, characterised in
't Ui% S an ingHed %ll‘éﬂ.’ waler cooieyr.
that a cooling evice IS located in one or more chambers. 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 )
Cogring p%%%agrgltus irT accordance with claims 1 t0 €, characterised in that a cooling

device is located in one or more chambers.

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 claims 1 to 8, characterised in that the top
chamber has a demister or droplet separator in front of the upward-facing

gas 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.

11. Apparatus in accordance with claims 1 to 9, characterised in that the hydro-
static liguid column or the siphon-like physical connection outside the col-

umn connects the individual consecutive or next but one chambers.
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9. Apparatus in accordance with claims 1 to 8, characterised in that the

top 20 chamber has a demister or droplet;separator in front of the
upward-facing gas 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. 25 11. Apparatus in accordance

witH TlaimaPP AR S A ARARHERG T n YA YRSy dPo 28ehdd iGIRIASERISRS dp that at
the siphonetike pizysicat sipimeeticndeutsidentireacatpaniydonfiéatsaie draining.
individual consecutive or next but one chambers. 16 12. Apparatus in
accordance with claims 10 and 11, characterised in that at least one of the
siphen-likasieviaes hoscaorepeningtforiilling @nd draisingaclelisdRPAAHIShe gas
in accorda with claims 10 to 12, characterised in that the gas, inlet ,
ozste onIes S L S T4 e S B HosH Gt SRRt pgetifom
openings.CP&NR@paratus in accordance with claims 1 to 13, characterised

in that at least one of the chamber roofs protrudes upwards to form a bell
shape. 15. Apparatus in accordance with claims 1 to 14, characterised in

that 4t leaSprersuwy thedmslidivoss witbtlales downtBads:itedierived Suthpt at least
10 16. Appaiaipindn-ASRHEaRcR Wil tlald Lyehatactriised i ihatat least

one of the chambers is located outside the pressure shell surrounding the
column. 17. Apparatus in accordance with claims 1 to 16, characterised in

that gt leagh,one;0as NIEL pinG, 15 bant ?EW%WPEQ%O éﬂ%}éﬁi e%@e%e(ﬁ\{%}aﬁ% at least
an immersion Plpe under a liquid level, and feeds the gas tlow under the

liquid levelNd 9118e RBP ARSI ECDT RMEWARR ©IdRTTS 8 torny,

characterised in that another demister or droplet separator is located

between the gas inlet of a chamber and the gas outlet, 19. Apparatus in
acdérdanéenatiatesaimactasias;chiiacteiiséd tharrutehesdor tbai at least one of
chamber gidhg4abaRNd3oatas SEaHRl RS BIRL UG AN E Bhe column.
Apparatus in accordance with claims 1 to 19, characterised in that it has a
static mixer inside. 21. Apparatus in accordance with claims 1 to 20,

Ch%@Ctefﬁ&&i@tﬂ@ﬁ%@%ﬁfbﬁ;&éﬁcé%{H%Rﬁ§ bepveen e CRAMDets A& at least

thermally insulation in whole or in ) ‘ ‘
one gas inlet pipe is bent downwards so that it can serve as an immersion

pipe under a liquid level, and feeds the gas flow under the liquid level,

18. Apparatus in accordance with claims 1 {o 17, characterised in that another
demister or dropiet separator is located between the gas inlet of a chamber

and the gas outiet.

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

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

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

static mixer inside.

21. Apparatus in accordance with claims 1 to 20, characterised in that the fioors
and/or pipes between the chambers are thermally insulation in whole or in
part.
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part. 17 22. Apparatus in accordance with claims 1 to 21, characterised in

that the con- struction of the chambers allows the height of the individual
chambers to be selected to advantageous effect. 23. Process for drying a

gas, 5 characterised in that the gas is first fed into the side of a column

whih is sippaustde drbycagprescswrdkretaimmg wedsechachoibicedonipasts con-

several CQ@U%@%WHQ L& RS M55 EERIRINGI DR RP M CAARBLEMARRIE L to be

is already co on arrival, or is cooled down; releasing part of its

moisture EBIRFERT tRBUGIESRAEREIRSH, 10 and the bottom chamber

being filled with a liquid bath into which the reducing gas can be fed, the

liquid level of this liquid bath being regulated by the po- sition of the valve
fordbe loWerdrpgitPodiletgEn@adried gas can then be dis- charged via a

gas outlet, 15 the gas from this outlet entering a further device in which it

is Coiagreriapd fl'}r%ﬁé? before entering the second chamber which is

above the first cham- ber, where it releases further moisture through
comdensationdssierérbbiag Htutie siflathicd apiphivatidnictis sgasuodaetby a pres-

nozzle in g chamhar raolefl Mg SREANCLRRNCEVAIRIZMARBAIGUIEIR the gas

the second or higher chamber being able to run_into a lower chamber via

a hydrostdlitt IRJURIS iR BT STPABIGIENBIR Lits P Lo7hetodiBh RhitAval or is
can be filledoldth diguid . r2éaBiracess iof aiscorelsivee vatteclatm@@n condensation,
characterigﬁg in that once the gas has been dried in the second chamber

it is discharged via gas outlet nozzles be- 25 fore being cooled and fed

into a third chamber in which it releases more moisture through

cofidensati¥h Pifer: BERG$ePY0E HIGEJHIR §dIYWaRAThELS I HCh E fhifucing
chamber gaitlran edimstate litguideae o thar iasip bath likegphysitated by the po-
connection, whi n.be. fi ith Jiquid, heing int - 5 .
optional n%grtﬁ ne§ﬂﬁ%g cﬁ“aﬁé] %%I%%g%@oéﬁe%%Qf Qé%aégrgcfg%&ggva?h%gﬂ e dis
claim 24, éharaedeYidedmbtidi¥nce the gas has been dried in the third
chamber it is discharged via a gas outlet nozzle be

® the gas from this outiet entering a further device in which it is cooled even

further before entering the second chamber which is above the first cham-
ber. where it releases further moisture through condensation befere 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 column or a siphon-like, physical connec-

tion which can be fified with itquid.

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 nozzies be-
fore being cooled and fed into a third chamber in which it releases more
moisture throcugh condensation before being fed out through a gas outiet
nozzle in the third chamber — with a hydrostatic iiguid column or a siphon-
like physical connection, which can be filled with liquid, being integrated be-

tween an optional number of the chambers.

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

been dried in ihe third chamber it is discharged via a gas outlet nozzie be
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18 fore being cooled and fed into gnother or any number of other
chambers, in which it re- leases more moisture through condensation
before being fed out through a gas outlet noz- zle in the third chamber or
other chambers - with the third chamber or other chambers also being
connected via a hydrostatic liquid column or a siphon-like physical
connection, 5 26, Process in accordance with claims 23 to 25
fore b&‘f&?a%%%&eaﬂﬂ 1T FALRE Ly AMHELPGRS WK |§rﬁ‘58ﬁ‘2§edrb§yh'°h it re-

leasesmeares robatsteamaredorntingepratiessh&drPretesteth @addordagice with outlet noz-

Zle in @@ M5 &3 embechaariptsed dathat e sRNEGnsed was er B%H%‘P&Q%’%% also

the process is fed back into the synthesis gas production process.
being spBResiemh iR AdnIdRER iRt NEIdifnd o8 tor ?ﬁl@h@?ﬂ&%ﬁ@éﬁqﬁ?m'%

between 10 the individual chambers is cooled. 29. Process in accordance
with claims 23 to 28, characterised in that the pressure and temperature

26, irHessRdliicRIsEMRIAB YE of i@ TIRANG dévideaveriprised irdbatsna gas is a syn-

agesydaReonith dairmaadby el actesisathirthatine Jweaas is fed
into the apparatus for drying at a temperature of 100 to 200C. 15 31.

Process in accordance with claims 23 to 30, characterised in that the dried

7. 9pSdsdemanes figndhaprpantus for siying ata temperatwe.ef3Adonsed wa-

70C. 32. Process in accordance with claims 23 to 31, characterised in that
tHE SO o R B PRESS S S BRI i s SR e SaR @ e pfiR o cess.
- bar.
28, Process in accordance with claims 23 to 27, characterised in that the gas between

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.

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 to 30, characterised in that the dried gas is

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

3z. Process in accordance with claims 23 to 31, characterised in that the raw gas is fed
into the apparatus for drying at a pressure of 10 to 50 bar.



