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Improved process for the production of Methane and Methane
Mixtures from Carbon Monoxide and Hydrogen

We, Lowza BLekreizieatsweass u reaetion temperature alone, it "kas also
Cumviscns  Fasnixex ARTIENGESELL-  already heen Droposed to retmrr the gas
SCHAYT, & Joint Stock Cowpany, organ- mixture  containing methane  withgut
ised wider the Taws of the, Oonfederation altering the fundamenta} working gondi-

9 of Switgerland, of 72, ‘Aeschonvorstadt, tivns desnribed, Tn such eases, the neces- 45
Basel, Switzerland, do herely declare the sury high hydrogen exeess, which even
nvention, lor which we pray that a in theory 1s 3H, und in practive s
patent may be grauted to us, and ihe generally over 5H, o 160, is particu.
method hy which it is fo ba performed, to Jorly dlSMrbmg in  praetice, ésPecially

10 be partioularly deseribed in and by the as hydrogen is only obtained in 5 eon- 5
following statement:—— : siderably Tower ynantity by volume in pe-

It is knowa to produce methgne by lation to the carhon monoxide jp tech-.
-vatalytie reachon of carhon monoxide uiea] goses contuining carbon  monoxide
and hydrogen, This reagtion has hitherto (for example waler gas), whila on the

16 generally been carried ont in accordanieo  other hand the additiona} production of 50

with the eguation s ] hydrogen iy costly and i Impogsible
' without special expensive means
COLSH, =0+ H.0 (B Hoving regard to thess facts, it i3 guy-

] Prising and highly noteworthy that 1t
and takes place from about 250°-300° G, has been found possible aecording fo The G
with considerable evolution of ‘heat, The invention to overcome these  difficuliies
high exothermy necestitates cenoling of in the teehnical produetion, of methane
the catalyst, whieh it 39 diffioult tv carry  and in partioniar, despite hydrogen con-
out ou g large indusirial geals, However, centrations in whieh the wmixing ratis of

- ineregsed temperatures not only unfavonp. I, to CO ig substantially lesg thyp 3:1, B5
ably displace the equilibrium, bug ot the 1o discover an advantugeons contingons

20 same time lead fo o bartizl decompositioy process without separation of carbon at
of the carhon momoxide in aceordaice  the aomtuet, The new mcthod of opsralion,

with the equation: consists of catalytically converting Info
) _ methane earbon monoxide eud hydrogen, 70
200=0+00, ALY,  or mixbyres - containing the gaid gyl

_ . stances in a ratio of substantially Tosg
whereby the catalyst rapidly becomnes wn-  than 38, to 100, aud returning the ve.
80 ysahle owing to the separation of carbon.  aetion mivture formed, In & volutne gzt
Attempts have therefore been made fn Teast squal to the volurie of the fresh gay 1H
avoid this distarbing subsidiary reaction and amounting mope asvecially o 28
sither by emwloying at lesst 5 parte Ty {imes the nuantity of frash gas, into the
volume of hydrogen atd more. whereby fresh zas confaining parbinn monoxide angd
35 onlv a gas wixture with iethane and  hv@romen at ferzperatures above 100° C,
hvdrogen i obtained in the tatio of, al  the said fregh 238 being in turn g0 pre. 80
the most, 1:2, or by admizing watcr heated by the heat sxchangs with the wn.-
" caponr witl the starfing eng ‘In ovder to . returned fraotion of s thet, afher com-
remove fthe carbon or to brevent #he hination with the return gas, it flows to
40 sepiration’of earbon, Top comtrolling fhe  the eatalyst 2l temperatures of from 200
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" The invention acevrdingly roMcerns i
“eyelie process in which the h vdrowen con-

centrations are adjusted o relatively )

3 low walues which have Litherto not heen

usual in practiee and witeh have heen
regarded as extremely  ohjectionsble
owigg to the denger of Hie separation of
carhon, and the avoidance.of which has

10 besn regarded as necessary, and consider-

1

20

25

" found pogsible, hy menps of the

a0

35

40

" As againsg 49 keel in

45

" iures of from 200¢

able guantitics of the reaction.mixturs._.

are refnrmed at {emperatures which do
not necessitate 2 separation of water, wnd
in addition the temperatures of the re-
turned gnd eseaping  gas. fractions are
speeially eontrolied und - adjusted,” the-
waste heat Deiug ulilised by lreat axo
chinge, - - : :

While the separation of Gwbon in -

accordance with Bgnation IT has hitherta
constituted a serions problein, obvigusly
due {o loeal averheating, and hag had to
be pravenfed by speeial steps which un.
favourably - influened  the equilibrium
conditiins, it has surprisingly heen
1 relatively
large " quantity of gas returned, to
moderate the temperatures aud fo prevent
#ven Iocal femperntive excesses which
might &ruse separation of carbon, This i
£VED more surprising since, not only is
the great hydrogén excess, which has g
heat-dissipating effect owing to the fact
Lhat i¥s Tieat conductivity is several {imes
graater,. avoided and even reduced o
beluow thé ™ concentration theoretically

congidered  necessary, bub - even nnder .

there: eonditions - a . partial  reaction

aceording to the equations - i
200+ 21, = CHL + €0, (T1T)

acenrs, the exothermy of which is even
greater.thar thot of Bquation I (58 keal
Equation 1. T

Mareover, owing {o fthe particular
nature of the wasle gus eronomy and of
the cirnulation without any additional
external heat supply, it is possible for the
883 to be-fed fo-the catalyst at lempera-
to 500° . if the fresh

0 gas is. corvespondingly preheated by Leat

exchange with the unreturned gag frae-
finn angd is.
£as which ig s#ll

#t 2 -temperuture of
more than 100°* G, L .

95 Ju a particularly advantﬂg\eou.a enrbadi-

60

ment -of the process, heat. 5 extraeted
from the reaction miziure hefore the “res
turned frartion iz hranched off=prefer.
ably with -generation of wusefn] stonmc
and is employed to operatew steam gener-
ator..x wasta heat  hoiler ur..the Hke-
Desnite the. cireulation with ‘heating. of
the frésh gas by the admixfurs of hot gr

then mixed with the relurn _

© wstill warm reaction misture, it is thus Pox-

sible to wtilise & substantial proportion
of the waste heat with steam gemerulion
and to feed il to a steam snpply syvstem.

"The new process s carried ont, far
cxample, by mixing fhe fresh oans with ut
least an equal. volnme of <[l warm or
hot return gas and therebhy prebeating it
fo 200°—300" €. at which temperature
the gas mixture is fed to the catalyst, On
leaving the eatalvst, the reaction mixture
hus a femperature of 300°-—400° L, ov
mere  end iz then generully gnided
through a waste heat botler i which 3
generates wseful steam, The reaction
mixture leaving the steam memerator can
then yield, in a further heat exchanger,
further heat which is emploved: fo pre-
heat the freshi gas,

Under the operating  condifions
aceording to the invention, partial reac.
tion pccording to Bquation ITT wil]
ubways oecur, sinee the Lydromsn concen-
lration iz insufficient even theoretically
for Eguatian T, For ezample, only 27
parts hy volume of 11, to 1 part by volums
of CO ure emploved, nr this guantity s
made even wmaller,

4 pariicular embodiment of
tess resides in feeding the fresh
very cousiderably less than 311,
mate especially oniy 1.1—1.5 H,

o _this case, the reaction takes Iace
predominantly or mainly in  secordance

the pro-
gas with
o 100,

85

10
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80

e 10, 95

with' Equation III, with the formation -

of methane and earhon dioxide. fn all

¢8368, water vapaur is only présent either 100

In smaall proportions or up to' cousiderable
concentrations, Tt has surprisingly been
found thet even in the latiar eagse {i.o,
when Equation T Dredominates) the va.
turn of the hot ges miszture can be
effected without the sepdtation of wates,
whereas having regard 1o the equilibrigm
conditions. * disadvantageons  affect
shonld Dave heen expected therefrom. T+
Was 10f to be foreseen thay thiy- separa-
tion of water with considerable cooling
even of the fraction i be relurned eqn
he avoided and i nanecessury under the
?;Jeslal working conditioris of the inven.
Hon,

The gas mixture fed ta the Cutalysi iy
preferably preheated to “temrperatures he-
tween 280° and 270" (. the snid preheat-
ing heing obtoined pore cipecially " by
heat exchange with the

coming fromg {he catalyst or fiom o waste

1056
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reéaction-mixture120

Leat boilar counéeled bevimd the ecatgr

tyst; Here again, o specidl prcheatep is
generally-regwired; and-the fresh gny Ix
smultaneonsly so filuted Thap the teny=
pergture beyond the - ¢atalest. cam- The
maintained “at . 850° t5. 450°--

uantity of civeuleting mas ‘aymyunts, . far
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‘etill warm,

- methane,

mixiure

example, to 2.5 times the volume of fresh
£ag or the admixed quantity of eireulat.
ng gas s made even highes. _

In accordance with the Invention a

preferred embodiment affording optinmum -

heat economy and cirenlation of e
quantities of gas consists jn returning the
reaotion mixture after it has passed
turough the steaw hoiler and is in part
into the fresh gag leaving n
heat exchanger, while the other part of
the reaction gas flows through the same
heat exchanger and heats the fresl gas,
the gteam hoiler first menlioned heing go
imensioned and opergtsd that the issuing
hot gan, together with  {he pPreheated
fresh gas has the temperature necassary
ot the catalyst without any  additional
externnl heat supply, Ti is thus poasible
by the choice of the operating conditions
of the gteam hoiler +n adjust as Tequired
the manner of aperation nf the methane
oven and the temperature angd ronoetivg-
tion conditions in the formation of ¥he
The remainder of the waste
heat is in this case further utilised to
prelieat the fresh gas in the following
heat exchanger. This special coutrol of
the enms paths with ciroulation of 5 large
quantity of reaction miztura for steam
generation constitules a particularly ad-
vantugéous novel method of obtuining
methiane from  carbon monoxide and
hydrogen, which I3 of rarticular impoxt.
anec for
i

However, in some cages the method of
control deseribed ahove may be modified
or only partially employed by withdraw-
ing part nf the return geas directly beyoni
the reaction zone and anothep part after
it hos paseed through a heat exchanger
or stearn hejler, at temperatures lying
ahout the dew. point. This step is particys
larly expedient if danger exists of fhe
gas heing iusufﬁﬂienﬂyaheaiﬂcl_be-fore the
catalyst or if preater preheating aof the
quantity of fresh mag i3 reguired owing fo
vonsiderable withdrawal of heat from the
reaction zone. In general, Lhowaver, the
method desoribed in the nrededing para-
graph of utilising the entire hot reastion
m n
preferable, .

The new process may be furfher de-
veloped by separating carbon dioxids
either completely or partiolly from the re-
sction mixturs hefore the separation of
the eirowit gus, or from fhe "eireuit gas
before or afer combination . with tha
fresh gas. Xn this way, oue of the possible
reaction products is removed from the gaa
mixture fed {o tha eatulyst, whereby the
vield and the outpug of the Installation
@re increased, For the separatiom of en-

“bon dioxide, for

" simyltaneously eombining

the large-scale produetion of

stesmn  hoiler will he

105,625

20r example, a process per-
formed at higher temperatures may he
employed, for example the carbon .

-oxide may b removed.- by combining it

with metallic oxides at highsr tempery-
Tures. Tt has been found sdvautageons to
removo the carbon dioxide af tempera-
tures below 140° . and Preferably he.
tween. 50° and 130° (. by means of dry-
ing masses containing potassiom. earbon-
ate in the.presence of the existing (or ad-
mixed) water vapour or water of hydra-
tion, according to the reaction ; —

K002+ 00, 4 H.0=2KH(0,

Thiy method of reranving - earbon i
uxide, for exampla, by weans of granules
Presenting large  surfaces confaining
K00, has the partieular advantage of

& guaniity of
watar vapour from the zas mixturs equal
to the quantity of carbon dioxide and
tltus at the same Hime TEMOVINgG two of the
tOomponents which disturh the eguili.
brium conditions. Tn thiz case, there s
Temoved from the twn comporents, i.¢.
water and carhon diozide, o quantity of
the compovent of which the larger
quantiby iz pregent, which 1g equal to the
guantity of the eomponent of which ihe
smaller quantity i, Present, that iy 49
3y, in the rase of fas mixtures in which
the ratio of H, to GO 1s neater {0 §:1,
the entire carbop dioxide is removeq with
the formation of bicarbonate, while in
the case of gag mixt‘ul‘es‘-in which -the

hydrogen conoentration iy more nearly

a

— e = L

i)
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8
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equal to the €O concentration the entive

guantity of water vapour is .
both eases, an advantageons effect on the
adjustmeny of the equilihrium ig obtainad
without {he temperatures having to he re-
duced to below 140° 4qd more especially
below [00r (.

In ali other respects, all the niher
nOWn. processes for. the seéparation of
carbon dioxide may he ewployed, - fop
example those in which alkezide soly.
tions, agqueous alleali carbongls golutiong,
pressure washing and {ha like are em-
ployed. In some casces, methods may be

1056

[N 1))

5

employed by- which the carhon dioxide .

can he geparated ot higher lemperatures,
for ezample by the use of hot alkazide
solufiong pr sthanolamines, warm alkali

carbonate solutions ang the Like, so that120

pavt of the Deat content of the cirenit gag
i3 returned into the fresh gag, Thiy
nathod of operation iq advantageous if
the water vanour content of the gag mix.
ture is-not therehy increased. .

. The new process will he more -fully
wnderstond from the following example

125
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o o Lixayris, - .hh. . “
A fresh gos mixfure a of the fallowing rompositions s
Sco. T co | om, ¢H, Y. HO
Vol.: % (.69 $1,85 43.65 b8 - 208 1.96
& in whieh, tlle-refore, the rativ of H, fu CO  tined these elements in (he proporiion of 15

10

30

ak

amonuted to 147 : 1, wis mized ai normal
temparature (20° 1.} in a guintity of
1000 Litres (veferred to dry gas in the
wormal state, Le, 0 C. under 780 mm.
Hgj or 1020 litres {calenlated us moist
gas nnder gormal-conditions) with a hot
cirewit gas » which wil] hereingftar bhe

10:2:1, About 1 litre uf this catalyst was

employed to 100V Hifres of fresh gas per

hour. The gas admission ’ccmgerature
before the eatalyst amounted to 260° c,
while the gas temperatura bevond the
catalysy nmounted o 410°—480° Q.

" The gus mixtire leaving the eatalyal

defined and passed togpether therewith kad the follawing ecempasiting -
over 8 Ni—M ‘n-—-A.l_ catalysf which’ éon- T

.. 00, 0O W, om, N, - HO
- % by vol. . 21.48 097 - 521, - 2040 3251 10,07

and {lie yuantity -thereof amountfed in
3323 litres (caleulated at. 4° C. uuder
760 mm, ¥g.—~moist). This total quantity
of gas was passed {hwough-a steam boiler
{waste heat boiler) sitnated beyotid the
conbact chamber-and was in this case
cooled. from gbout 420° to 340° {1 while
generating useful gteam_ . ) .
Beyond the steam hoiler, the rirenit s
& was branched . off, without previous
separation of water in g quantity of
2669-lilres and was fed at a tempernture

- of about 330° C. to the fresh gus a,

which was only ot room temperature, o

40 that the ratio uf circuit gas to fresh £as

45 h

amounted tp 2,62:1 {or 2.4:1 referred (o
dry gases). By this quuntity an{ tempera-
ture of admixed gos, the fresh mas was
heated to 260° (. withont additional
culing, and {he entire quantity of“gas
a+ b=3688 liizes was fed continuously
to 1he calalyst at 260° C. and left it ot
A10° fo 430° (. - :

That portion of- the gnses. leaving the

50 calulyst (3329 Iitresy which was not ejz-

35

culafed, thai is fo say 3328 2669 ¢of
litres, was- continuously withdrawn as
useful gas. This gas was cooled 0 14" ¢,
by caoling - water, whereby -the wuter
separated olf. Referred to dry gas, 588
litres of useful wag were obtained, whicl

hadt the fnllnwinzg‘__l; composition ;

. CH, [0, CO H. N, Tatal
34 3185 588

STifres: 192 143 6

(60 As will be seen from fhe large quantity

of-carbon dioxzidsa,. the renciion took place
for the mreater part, not_in chrﬂ_:mpg

with Eguation I, ut in aecordance witl
the equation: S -

200420, =01, 4+ L0, (ILT)
The yield -is very high in ucsordance
with the small quantities of CO and H..
Calculated on. {lie basiz of nitrogen-fres
was, the CH, content i5-51%, and after
removal of the earbon dioxide hy wash-
ing-out ar absorption processes, by which
it ean be recovered in useful form, 1he
methane eontent amonnts o more than
829 CH,. - :

The- produetion of useful sfeam is
turther inereased if the useful Zas is
cooled, not with water, bug by heap ox-
change with the fresh gos. The gus mix-
tnre leaving the eomtaet at 420° ¢ can
then be cooled to about 285° (. in the
steam hniler and is admized. at ahout
275° . with the preheated fresl gas.
The prehealing is-affected by heat ex-
change with (e usetul gas, which is
thereby cooled to 40° C. with condenag-
tion of water, while the fresh gas laaves
the hent exchanger af about 2108 .
Afler the admixture of the cirsuit as
at a temperatuze of 275° (., the gos mix-
fure apain flews to the econinet at 260°
€. The sforesaid femperatures ave fo be
regarded as approximate figures: sinee
fluctuations may ocecur in the c0m o]
tion of the gas aecording to the efficiency
of the lheat cxehange, and fhe ket insy-
lation of the installation -and pipes.

Inthe accumpanying-drawing, in whicl
A iz the contact chamber, B the gteon
boiley- and € a heat exchanger, {he
trelic process

a0
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dingiammaticall ¥ illustrated,

The reaction vonditiong Mlwstrated in
drawing ap ply to a relubively
pure hydrogen-carbon-monoxide mixture

“, This mixture eoters at ( 1) one pari of
the hepi-exchanger aud i3 1nixad uf 2

with o CH—CO2—H,0 cirenit mivture
b, Mixing wn take blave in a special
mixer or witl, simultaneons o sebarate
iutroduction inty the
The ratio of fresh ges o to civenit pay §
5 1:4,33 in the brocess illustrated ju the
drawing, On leaving the contack chamber
4, the reaction gug obtained flows in the
direction. of the arrow throngh o steayy.
boiler B and on leaving the said hoiler
2t 3 Is separated inlo twe streams of gas,

ne gas strean b is rolurned to the puing
< before the sontuc chamber A, The -
retutaed fraction is guided ag 4 into the
hest~axshanger C in which reactivn watep
s separated ofl, The useful gus obtaiged
is withdrawn at 5 gnd if necessary freed

from carbon. dioxide, A high-percentuge

methane iz obtained,

a1 we olodm 153
L. A cyelic process for the catalytic
Production, of methane from earbon momn-
uxide and hydrugen, characterised in that
subsiuntially lesy than three parte of H,,
for example only about 1.1:7.5 party of

w Are employed o 1 part of GO, the
gus mizture thug tomposed is  eatalytic.
ally couverted into methane, and the pe-
action mikbare tlus formed is admixed
with fresh gag vomsisting of carbon uion.
oxide and hydrogen in a volgme a laast
equal to the voluie of iresh gas, and tle
gas mixture {hag obtuined iz fed tu the
catalysy at temperatures of about 200° 1o
3 0,

20 A process neeopding  ty Hainy 1,
characterised in that the (uantity of pe.
avtion gas (return 8as) branched off is faqg
to the fregh gas ip y quantity amounting
fo several {mes, fop example from 2—48
times the queutity of fresh was,

3. A process aceording to (laiwm | or 2,
charvacterised in thes the fresh gag ig
Preheated by heas exchange witl, the wy.
turned fractioy of the reachion mag,

t. 8 procesy seeording to any one of
Claims 1 tp 3, characterised in that the
return gas g inlroduced at temperalures
. into the fresh oas

COBSISEg  of  carhon  monoxide anid
hydrogen.
5. A process ucun-rdmg to any one of

Clatms 1 to 4, chat'{wtermecl_.in that heat
5 extracted from tla reaehlon gus mix-

soulact chamler A

fwre betore the froction to be refurned s
branehod off, and is utiliged s for examyple,
to generate steam.

i, A process according to any one of
Claiws 1 to 5
gas mixture iy preheated before reaching
the catalygt to temperatures lbetweeon
about 230° aud about 270" ., more
especially by Leng exclinnge with the re.
avtion mixtire voming from the catalyst
or frum a waste heat Doilep sttuated hba-
youd the catalyst.

7. A process aceording  to
{laimg I to G, charecterisad iy that the
renclion mixiure, witer Passing through
@ steam boiler, is returmed while in part
sHIL warm into the fregh, gas leaving o
heat exchungsr, while the uther pary of
the reaction gus fows throvgl the same
heat exchunger und in doing o heats the
fresh  gms, the stegm boiler leing go
dimensioned  and vperated that fhe
issuing Lot 8as, together with the pre-
Lieated frash gus, has the gos temperatups
reguirad Defore Tenching  the catalyst
withont any wdditiona] heag supply,

- A process according o any one of
Ulaims 1't0 7, churacterised in that part
of the return gag 4y withdrawn direot]y
beyond the reactign zong, and another
vart iy withdrawn after passing through
a heat exchanger or steom boiler, at tem-
Deratures above the dew point,

9. A process according to any ong of
Claims 1 t0 7, charaeterised in thuat, the
earbon dioxtide of the reaction gas mix.
ture is completely or parti ally withdeawn
befove the separgtion nf the retury gas or
the carbon dioxide of the relurn gas is
completely  op purbially
from the retury gas befors or uffer the
combination thereof with the fresh gus.

10. A process seeording to any ome of
Claims 1 1o 9, characterised by the use of
u eatalyst confoining nickel, manganess
and aluminimm in the Propurtions uf
10:2:1, )

11. & cyelic process for the catalytic
production of ‘methana substantially as
deseribed in tle foregoing Fxampla,

12. Methane produced by the process
claimed in any oue of the preceding
vlnims, }
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