METHOD OF MAKI NG A METHANE- CONTAI NI NG GAS FROM SYNGAS AND A PLANT FOR
CARRYI NG OQUT THE METHOD The invention relates to a nmethod of
maki ng a net hane-cont ai ni ng gas from synthesis gas, where a synthesis gas
cont ai ni ng carbon nonoxi de and hydrogen is supplied to a reactor including
a catalyst to effect nethanation, the process gas stream | eaving the

reactor is divided Into a product-gas stream and a recycl e-gas
stream the recycle-gas streamis noved through an ejector and passed into
the reactor (1) to be cool ed. The net hod enabl es, for exanple

solids such as coal, bionmass in the formof wood and straw, as well as
vari ous MEJHOP OF MHKINE thaiME THANEQEONTAINING GRS FRAY SINGR S ANhét iRLANT

natural gas that can be fed Eldkt %W%@Iga&é rl&pﬁml)ssi on network.

The invention relates to a method of making a methane-
containing gas from synthesis gas, where

a synthesis gas containing carbon monoxide and hydrogen

is supplied to a reactor including a catalyst to
effect methanation,

the process gas stream leaving the reactor is divided

into a product-gas stream and a recycle-gas stream,
the recycle-gas stream is moved through an ejector and
passed into the reactor (1) to be cooled.

The method enables, for example solids such as coal,
biomass in the form of wood and straw, as well as various liquid
carbon-containing educts to be converted into synthetic natural gas
that can be fed into a natural-gas transmission network.

Conversion of carbon monoxide and hydrogen to form
methane is effected first by the equation

CO + 3H, 6 CH; + HO
In addition, the following equilibrium reaction must be
taken into account
CO + H,O = CO; + H;
with the result that methane is also generated by the reaction:
CO, + 4H, 6 CH; + 2H,0
The methanation in the presence of a catalyst proceeds in a highly
exothermic fashion. At the same time, the disadvantage results

whereby the methane yield decreases with increasing temperature due



Conver si on of carbon nonoxi de and hydrogen to form nethane is effected
first by the equation CO + 3H2 6 CH4 + H20 In addition, the
followi ng equilibriumreaction nust be taken into account co + RO E CO2 +
H2 with the result that nethane is also generated by the reaction: CO2 +
4H2 6 CH4 + 2H20 The net hanation in the presence of a catalyst proceeds in
a highly exothermc fashion. At the sane tine, the disadvantage results
whereby the nmethane yield decreases with increasing tenperature due

to the reaction equilibria. In order to cool the reactor, the
approach is therefore known whereby the process gas stream leaving
the reactor is divided into a product-gas stream and a recycle-gas
stream and the previously cooled recycle gas is then returned to
the inlet of the reactor. When the recycle gas is recirculated,
the pressure drops that occur must be compensated for. Using a
compressor for this purpose creates the problem that it can only be
designed for increased temperatures of around 300E C at
considerable cost, and for this reason the process gas stream
leaving the reactor is typically cooled down significantly such
that water contained in the process gas stream also condenses.

GB 1 516 319 [US 4,130,575] discloses an approach whereby
a jet pump, also called an ejector, is used to convey the recycle-
gas stream and to compensate pressure drops. The ejector is of
simple construction and can be readily operated at elevated
temperatures of, for example 300E C. The synthesis gas or steam
supplied to the reactor is provided as the motive medium of the
ejector. When synthesis gas is used as the motive medium, it
undergoes a pressure drop in the ejector, with the result that the
methanation is effected in the reactor at a reduced pressure. Due
to the equilibria of the methanation reactions, there is also a
reduced methane yield due to the reduction in pressure and this
then also reduces the efficiency of the method. Using steam as the
motive medium is disadvantageous since this approach accelerates
the aging process for typical catalysts.

In light of this background, the object of this invention

is to provide a method of making a methane-containing gas from



to the reaction equilibria. In order to cool the reactor, the approach is

t heref ore known whereby the process gas stream | eaving the reactor is
divided into a product-gas stream and a recycl e-gas stream and the
previously cool ed recycle gas is then returned to the inlet of the reactor.
When the recycle gas is recircul ated, the pressure drops that occur nust be
conpensated for. Using a conpressor for this purpose creates the problem
that it can only be designed for increased tenperatures of around 300E C at
consi derabl e cost, and for this reason the process gas stream | eaving the
reactor is typically cooled down significantly such that water contained in
t he proé¥sshgaissgrsanvhich metbedsean be carried ggt) with Ingregsed
4,130, 575 .di.scl oses .an,appr.oach whereby a jet punp, also called an
ejector?§%§cﬁ§38ytSngoﬁ§egggﬁge?egggfé-gas stream and to conpensate
pressure drops. ThasedeehOk inetBbdShEREBgCRAS! Feaitu@lsaadseRinR] a8Rid Y
operated at elevated tenperatures of, for exanple 300E C. The synthesis
gas or Sheapbieppl iedatsatihedr egcprrsding prorhgednyentheonnbyi va REmHnPRchf
the ejector .\When s¥nt esi s gas is used as the notive medium it undergages
a pressiPe=arBp PR PREEBFECESF, SHFEA™ K8 FEERFESERG “Phéd REERERAE JRats 1S
ef f ect egrbAtbbethaaCtRE ﬁkeesﬁeeueedtaéesgu&aes@uegh@ sagp2qled ity ithedf the
met hanati on reactions, there is also a reduced nethane yield due to the
reduct i saachopr esughethal ehtberhshealtbysr edupresshd pirbducéngpsof orhea

met hod. _UsiLng steam as the tive_nmediumis di sadvantageous,since this
appr oachSBERS) §Pa: BEOPNE HGPAHLFPBESSIREr o FEFERT cAParyS §0 the ejestor |
| i ght ofstbhe kRaekgeoMadiukhe object of this invention is to provide a
met hod of maki ng a met hane-contai ning gas from synthesis gas, which nethod

can be carried oulnwprfieknteeavpalef thei preduakdgas fedusvbseguent use,

Based t hod havi he .f eat d I bed . th bj ect
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stream g8s CRERSRES EEht OmatPrE&SREAEuhN8E Eﬁegéﬁébﬁbpthﬁnath@r@%eéﬁBbaiﬂEnEhe
synthesis gas supplied to the reactor, such that either the thus conpressed

productofjatheoinventiédnl gikefdbsadvasbhgesgibatondoilt $psthm pirdofredritoB

the ejegégéigfcéffyﬁnéi¥§d3§9£83‘in the pressure of the synthesis gas or
an accelerated aging of the catalyst B can thus be prevented.

After pressurization, the portion of the product gas that

is not used as motive medium can be stored, for example in a
pressure tank or transferred to a useful—-gas conduit system. Thus
the invention enables, in particular, synthetic natural gas to be
produced that after further compression can be fed into a natural-
gas transmission network. The pressure in this type of useful-~gas
conduit system typically ranges between 60 and 80 bar, whereas the
synthesis gas introduced into the reactor for methanation is
generally provided at a pressure between 30 and 50 bar. Due to the
considerable pressure differential, only a relatively small
quantity of motive medium is then required in order to be able to

compensate for the pressure drops of the recycle gas.



In order to supply the product gas for subsequent use, conpression is
applied so that a portion of this conpressed product gas becones the notive
medi um of the ejector in a first enbodi nent of the invention. The

di sadvant ages that occur in the prior art B specifically, a reduction in
the pressure of the synthesis gas or an accel erated aging of the catalyst B
can thus be prevented. After pressurization, the portion of the
product gas that is not used as notive nmedium can be stored, for exanple in
a pressure tank or transferred to a useful-gas conduit system Thus the
invention enables, in particular, synthetic natural gas to be produced that
after further conpgfes$fsrrciprivbere¢ompressiea uithie preoduchTgasssitaiean is
net wor k.. ressure in thi e of usef.ul -gas conduit.systemt.ypically
anges BBEIESNCEY" dhiohg hleTantERen ol A RReR gae R s i ot he
react or appiroehhagatboBubpl1gege®ully galko¥rdad the AsRFAISYa® RINRAR Ay Ah
50 bar. Due to the considerable pressure differential, only a relatively
smal | gantheyedfchori /e #hei notivet medippguinstead ofder portienalgfe the
conpensate .for the pressure drops_of the recycl as. _ I.f

oftor T EFPAarC s, SRR C RE D incRer o suIak etk FoptistRce FomE
usef ul - ggsteanddi b axehedl -gaat keanBASEshbE ABRWORK) it L@ FRBNEa4RRIMW to
gas fromthe useful-gas conduit systemto the ejector as the notive nmedi um
i nst eade§fegtpar fina desuhfupisdteongaf thecusefpfl gas puppiligdams tthe

useful -gas.condui,t _systemis a natural-gas transm ssion network, it i

advant 385LS BoGHFEL o5 tPe 8 IaBERF T aPi JAEREn 81 PERESGECITIE GRS YT 48 s
the notb¥engedhdayeQ.t hesehgctae LBefhlehakorpRbAl @6k LBRFEALFaLS bohuit
bei ng damaged. Using the useful gas fromthe useful -gas conduit system as

t he notfyatemdaanthechdsivacmaddimi yagldsdthet addithanaihedvpatage ¢thatbe
utiIizeghto sta f this invention is

| ant . Th bj
also a ne?h%ﬂ%cé%ﬁﬁga%ggﬁnggibﬁ?dtﬁg 55855-38§EBFL§82 thod. The net hane

plant conprises arh&asb9ecthst erNtaiAventedhaki¥shike &f hechanBt panat ¢o
and that has an inlet attached to a supply line for synthesis gas and an

outl et canneceel theaakoveudessyibed mabhefect Bhei mephanpdpdanty gomprises
recirculation lin suction side of th jectar is_connected to th
Condui 1= SRTERT* ared frekatie s Balervih.th shPart; uslhinatien fae Foat
inlet shsle Of ihEetCREtOEned! tbeASLuPPLyCODhE! £bE Bzﬁzhéeﬂsteag bfid an
preferably provided in the conduit system between the reactor and the

ej ect orouhlet deennected| tohe cengeit gusteéwwn Ao enegppropsi previded in a

tenperature. | articular, provjsion can b de whereby.the entire
or ocesF Tt TRbHTR LRy 2 HESPEEREoPINE PhsERA CAPSHGR 4ScGBRBRCHRytaed

for gengiatddwiLadystem, and a PEELLELEUsiQet BE LR¥EAYLARor! BE E£8AHEEEed
system i ncl udes a conpressor dowstreamin the flow direction of the
br anchity tpoe mnlét tdiede eef r the ateantdr ne, Akl teaatnoheveoakdruimsl provided

di schargi .into tjve nedi inlet. of the ejector connected to the
conduiﬂg§§§t¥ﬁnﬁﬁﬁ§%ﬁ Qﬁ°¥h%g%oﬁ$r5§§o?°? U1 heSYPERRGPPEFERBNtPEr to a
usef ul - gas-CONUHd SYStSJREQSr "BL haPga £0PS 8E8b DIt R@SrelPcP@’ bhEUL8Im 8o an
natural -gas transm ssion network that is connected to the conduit system
appropriate temperature. In particular, provision can be made
whereby the entire process gas stream leaving the reactor is passed
through a cooler provided for generating steam.
According to the invention, the conduit system includes a

compressor downstream in the flow direction of the branching point

of the recirculation line, with a motive medium line discharging



Since due to chemical equilibria only a limted conversion of nethane is
achieved in a single reactor B for exanple 20% B the reactor advantageously
has multiple reactor stages connected in series and each hol ding catal yst.
The invention al so conprises cooling the product gas between individual
reactor stages. Further additional processing steps for the synthesis gas,
such as, for exanple drying the gas and renoving CO2, can al so be enpl oyed
depending on the specific application, these processing steps being carried
out either inside or outside the reactor. The fol |l ow ng
describes the invention with reference to a drawng that illustrates only
one enbéditeest mothaecmgdium inlet of phg efjesttors conmeciade fsl dite sfondhkithg

a net hane-cont ai ni n as fr synt hesi s gas;. Fl sho a vari ant of the
Tet hana SEPEAT SPvRrarepe of Ehd ConBReasli in ¢he RN HrRaBi omite
conpri sage®ulegakOcohdadR! alditet Fozamdlthahe bnlithanTRighanatl,i am of a

synt hesi s gas contai ni ng carbon nonoxi de and hydrogen. A supply line 2 for

t he synph&tisudasr,i 8 vefnzeiledaiso tirhasmilsstionf ngtwoadt dhat ismndomnesrisd tto
systen1% gs gaonne t ed %p its outlet. The process gas stream | eaving the
react or T §RAVEEe8YPREB -a product-gas stream and a recycl e-gas stream

such that the recgghgzdaseStbeaRkns cA2SegtilY b1 aC@AL00E 2 itlkQOh a
recirculation line 4 back to the inlet off the reactor 1. To acconplish

this, thenvpssion 8fhmethapactisoachidévedonncet edngdet heackoduB: forsexanple
and a pressyre,side to the.inlet of the reactor 1. A cooler 6 is provided
" the B8Rt En8y EParrotnaRYBRE "eRE P N B TOLNAPIRe TGRS 5ades
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direction of the branching point of the recCirculation line 4 and that
f urt her comppieesesovhangr thecprgductt geanbetwebpasndénadaddi trieadlorcool er

6' is provided bﬁﬁ nrth b gnch'n ogntiof thg re%irc ation Line 4 and
the conBFeuEsr 7EfEREr Buror PaRt PORE=F5 Nguar SPRo P BB EFaeaPE S 1o gas
product sgas 8kl easrdawmpleddk-gYRL WHET §aB0aRRCEEAbVERS 8B, Sc2RCLESE Hef OF
the conpressor 7 in order to accommodat & hi gh tenperatares.
employed depending on the specific application, these processing
steps being carried out either inside or outside the reactor.
The following describes the invention with reference to a
drawing that illustrates only one embodiment. Therein:
FIG. 1 shows a methane plant of making a methane-
containing gas from synthesis gas;
FIG. 2 shows a variant of the methane plant of FIG. 1.
FIGS. 1 and 2 show a methane plant that comprises a
reactor 1 containing a catalyst for the methanation of a synthesis
gas containing carbon monoxide and hydrogen. A supply line 2 for
the synthesis gas is connected to the inlet of a reactor 1, and a
conduit system 3 is connected to its outlet. The process gas
stream leaving the reactor 1 is divided into a product-gas stream
and a recycle-gas stream such that the recycle-gas stream is passed

by an ejector 5 through a recirculation line 4 back to the inlet of



As shown in FIG 1, a portion of the conpressed product-gas streamis

ej ected downstream fromthe conpressor 7 and passed through a notive-nedi um
line 8 to a notive nmediuminlet of the ejector 5. Wile the synthesis gas
in the supply line 2 is typically introduced into the reactor 1 at a
pressure of between 30 and 50 bar, the pressure of the product gas
downstream fromthe conpressor is preferably between 60 and 80 bar. Due to
the significantly higher pressure, a small portion of the product-gas
streamis sufficient to nove the recycle-gas stream and to conpensate for
the correspondi ng pressure drops.. As indicated in FIG 1, the portion of

the prodti€t *§ASerr dam AGt AGSEFPAS shdhidti ear@diafhogar Bes & sHItHan
|imtat 590! RcAnQRIAINE 356 Vi Uy sle@n? U8 'aég,@%s gﬁ%u'o%i{%%e Whe

FIG 2 shows an enbodi nent ere, In contrast to Fl e pro
gas i s dalpresFedhby reheteanir.esa0icoblaid 6 Hen prodd ded anlsgfdllcaggataiaondui t
system 9, such _as, for exanple a natural-gas transm ssion network. A

not i ve- F¥&CEM Bi Retyery thnaeredorede and £hes eDCcteas Soonduit system 9.
The illustrated mﬂ%alggpghﬁ@t s&@%%.}'n_e%’ 16 Jexaml %’om%\f:%ts@%tﬁ'(g %%L%Lails gas

(SNG to be injecte n a natur gas transm ssi on-networ enefit

i s al sodbhaktrbammahi theMEdowndiréetl opadfalthe Beans®dnlg pHidid df tHHee
met hane plant. As indicated in FIG 2, an apparatus 10 is provided to
ef fect FPRaérgudatiopi 2arpod ppdothat £yrpberecompressescitde PrHadwats@asur

commoneisphn, KB ABEgRonhE RAtoblE B 85 BRo bagygen ik
a synt hbgafichafigCpbliaktnbig thar begikeadxitdenandnby dr agdn the Tepplreaddro A
reactor (1) holding a catalyst to effect nethanation,
This cooler functions to lower the temperature of the product-gas
stream down to a level where no special design is necessary for the
compressor 7 in order to accommodate high temperatures.

As shown in FIG. 1, a portion of the compressed product-
gas stream is ejected downstream from the compressor 7 and passed
through a motive-medium line 8 to a motive medium inlet of the
ejector 5. While the synthesis gas in the supply line 2 is
typically introduced into the reactor 1 at a pressure of between 30
and 50 bar, the pressure of the product gas downstream from the
compressor is preferably between 60 and 80 bar. Due to the
significantly higher pressure, a small portion of the product-gas
stream is sufficient to move the recycle-gas stream and to
compensate for the corresponding pressure drops. As indicated in
FIG. 1, the portion of the product-gas stream not used as the
motive medium can be fed without limitation to a pressure
accumulator or to a useful-gas conduit system.

FIG. 2 shows an embodiment where, in contrast to FIG. 1,

all of the product gas is compressed by the compressor 7 and then



the process gas streamleaving the reactor (1) is divided into a
product -gas stream and a recycl e-gas stream the recycl e-gas
streamis noved through an ejector (5) and passed into the reactor (1) to
be cool ed, characterized in that t he product-gas streamis
conpressed to a pressure that is greater than the pressure of the synthesis
gas supplied to the reactor (1), and t he conpressed product-gas
streamis supplied as the notive nmediumto the ejector (5).
A met hod of making a net hane-contai ning gas from synthesis gas, wherein
a synthesis gas containing carbon nonoxi de and hydrogen is supplied to a
react or £8#) tRoRdnAgLR1Cc RS 99pdpéte\swé@1emrr&,haﬁs;¥xi @s§, for example ahe
Process gas30L gl Leaylng Lsor 628k L) Al fiotlYedfddithe 13 1YY - 938
stream and a Tecycl e-gas Stream

connected here to a useful-gas conduit system 9. The illustrated

methane plant enables, for example, synthetic natural gas (SNG) to
be injected into a natural-gas transmission network. The benefit
is also that the motive-medium line 8 can also be used to start up
the methane plant. As indicated in FIG. 2, an apparatus 10 is
provided to effect fine desulfurization in order to protect the
reactor 1 from sulfur components that may be contained in the

useful gas.



the recycle-gas streamis noved through an ejector (5) and passed into the

reactor (1) to be cooled, <characterized in that t he
product-gas streamis conpressed to a pressure that is greater than the
pressure of the synthesis gas supplied to the reactor (1), t he
product-gas streamis introduced into a useful-gas conduit system (9), and
useful gas fromthe useful-gas conduit system (9) is supplied as the notive
mediumto the ejector (5). 3. The method according to claim 2,
characterized in that the useful gas supplied as the notive nmediumto the
ej ector 35) I's made to undergo fine desul furization. 4. The

met hod &é@édm&ing to clains 2 or 3, characterized in that the useful-gas
conduit system (9) is a natural-gas transm ssion network.

1. A method of making a methane-containing gas from
synthesis gas, wherein

a synthesis gas containing carbon monoxide and hydrogen
is supplied to a reactor (1) holding a catalyst to effect

methanation,

the process gas stream leaving the reactor (1) is divided
into a product-gas stream and a recycle-gas stream,

the recycle-gas stream is moved through an ejector (5)
and passed into the reactor (1) to be cooled,
characterized in that

the product-gas stream is compressed to a pressure that
is greater than the pressure of the synthesis gas supplied to the
reactor (1), and

the compressed product-gas stream is supplied as the

motive medium to the ejector (5).

2. A method of making a methane-containing gas from
synthesis gas, wherein

a synthesis gas containing carbon monoxide and hydrogen
is supplied to a reactor (1) holding a catalyst to effect
methanation,

the process gas stream leaving the reactor (1) is divided
into a product~gas stream and a recycle-gas stream,

the recycle-gas stream is moved through an ejector (5)

and passed into the reactor (1) to be cooled,



5. The nmethod according to one of clainms 1 through 4, characterized in that
the synthesis gas is supplied to the reactor (1) at a pressure between 30

and 50 bar. 6. The nethod according to one of clains 1 through
5, characterized in that the product-gas streamis conpressed to a pressure
bet ween 60 and 80 bar. 7. A methane plant for carrying out the
nmet hod according to one of clainms 1 through 6, conprising a
reactor (1) holding a catalyst to effect methanation and having an inlet to
which a supply line (2) for synthesis gas is connected, a
conduit system (3) connected to an outlet of the reactor (1), an

ej ect or chByrackexized iguth@ton |ine (4) and having a suction side connected
to the conduit sy d_a_pr e .Sl t t e inlet .of .the
reactor (1), %h%mp&%gtu?ﬁ@eggts gﬁ%%(l:é(;)noll%r %%g% 9:%% %\%dgg.‘é) %nE:'tr]:ﬁaeg dire that
recir cukiat geealtiete thdh @hel prieusendidi they Sy@the3) shefaseeungdla deass ahd 1)
and the ejector &5),
reactor (1),
the product-gas stream is introduced into a useful-gas
conduit system (9), and
useful gas from the useful-gas conduit system (9) is

supplied as the motive medium to the ejector (5).

3. The method according to claim 2, characterized in
that the useful gas supplied as the motive medium to the ejector

(5) is made to undergo fine desulfurization.

4. The method according to claims 2 or 3, characterized
in that the useful-gas conduit system (9) is a natural-gas

transmission network.

5. The method according to one of claims 1 through 4,
characterized in that the synthesis gas is supplied to the reactor

(1) at a pressure between 30 and 50 bar.

6. The method according to one of claims 1 through 5,
characterized in that the product-gas stream is compressed to a

pressure between 60 and 80 bar.

7. A methane plant for carrying out the method according

to one of claims 1 through 6, comprising



characterized in that the conduit system (3) includes a
conpressor (7) downstreamin a flow direction of the branching point of the
recirculation line (4), a notive nmediumline (8) discharges
into a notive nmediuminlet of the ejector (5) and is connected to the
conduit system (3) downstream of the conpressor (7) in the flow direction
or is connected to a useful-gas conduit system (9) for methane-contai ning
gas that is connected to the conduit system (3).

a reactor (1) holding a catalyst to effect methanation
and having an inlet to which a supply line (2) for synthesis gas is
connected,

a conduit system (3) connected to an outlet of the
reactor (1),

an ejector (5) in a recirculation line (4) and having a
suction side connected to the conduit system (3) and a pressure
side connected to the inlet of the reactor (1),

at least one cooler (6) provided in the recirculation
line (4) or in the conduit system (3) between the reactor (1) and
the ejector (5),
characterized in that

the conduit system (3) includes a compressor (7)
downstream in a flow direction of the branching point of the
recirculation line (4),

a motive medium line (8) discharges into a motive medium
inlet of the ejector (5) and is connected to the conduit system (3)
downstream of the compressor (7) in the flow direction or is
connected to a useful-gas conduit system (9) for methane-containing

gas that is connected to the conduit system (3).
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