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COMPLETE SPECIFICATION

Process for the Combined Purification and Methanisation of Gas Mixtures
containing Oxides of Carbon and Hydrogen.

We, Ruarcuemm AKTIENGESELLSCIIAFT,
of Obsrhauscn-Holten, Germany, a German
Cempany, do hereby declare tie Inventioq,
for which we pray that a patent may he
granied to us, and the method by which it is
fo_be peiformed, to be particnlarly des-
eribed in and by the following statement: —

The invention refares to a process for the
purifieation and methanisation of gas nix-
tures  contaiming  oxidss of carbon  and
hydrogen.

It is known that (he calorific value and the
propectics of comzmercial or mdusiral gages
which contain oxides of carbon (CO, COy)

15 and hydrogen may be improved hy catulytic
methanisation.  Curbog monoxide and/gp
carbon dioxide which are contained in the gas
are thorehy hydrogenatcd with hydrogen
which is also presenf in the gas mixture, o

20 form methane. If the hydrogen content jn
gases which are rickr in carhon monoxide jg
nat sufficient, the methanisation &y be pre-
ceded by a shift reaction in which, with the
addition, of sicam, g part of the carbon mon-

23 oxide present is converted into carhon dj-
oxide with tlie formation of hydrogen. After
having washed ont g
quantity of carbon dioxide, methanisation is
possible,

30  The methanisation is used for the produe-
tion of high-grade fuel gas and for the de
toxication of town gas. In this wuy, gases
having & calorific value of,

sists in that mefhanised BuSCS are cxtremety
pure thus increasing considerably the reli-
ability of service of the equipment  znd
apparatus fod therewith,

4 Commercially, nickel-containing catalysts
are mainly used ag methanisation catalysts,
Varisus compositions of catalyst and varioug
Prucesses for the preparation of Hhe catalysts
are known. Howcver, ay high as possiblz 2

43 purity of the gas to be methanised ig re.

more or less large |

. which contain

quired for consiant activity and long lifs-
time of the catalyst, Substances which have

a detrimental effect on the activity of the
catalysis are chiefly inogganic and organic
sulphur compounds and so-calleq gom form- 56
ers, that is, unsaturated hydrocarbons znd
hydrocarbon compeunds which under certain,
circumstances may palymerize to give higi
molecular weight substances,

Numerous procegses are known for the re-45
moval of the paseons impurities, pariiculazi ¥
of the inorganic and organic sulphur copm-
pounds, which are harmful to the activity of
the catalyst, For example, the inorganically
combined sulphur is removed by means f 60
weakly aitkalized iron oxide masses. For the
removal of the oreanic suiphur, iton oxide
masses contalning abouyt 50% of soda aure, for
example, used commeretally and industria-lly
at tempereatures of about 150°C, Further- 65
more, the use of active carbon 2nd of serup.
hing liguids (methanol, solutions of alkali
mwtal compounds of a invcarboxylie acids)
1s also known. All of these- TOCESSES operite
at temperatures of below 20%“(1 and prefer-70
ably at room and even lower
temperatures, )

Tt has mow been found, according to the
compounds ificati gasc
which contain hydrogen sulphide and organj. 75
sulphur,  This ~ methog .
hitherto only been effecied with the alkaline
carth meta] compounds in the form of gpa-
tionary heds,
been obtained

temperainres

been short due to the high sulphur confent
and the troublesonic gum formers present jn
industrial gases, i3
. 1t has now been found, accordhing to the
invention, that the purification gnd methan-
1sation may be effected with particularly pood
comimercial and coonomic results if the gases
s CO; and H; besides other 94
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constittents and which are preferably
“largely “or substantiaily free from hydrogen
sulphide are passed af 8 tempéralwe in iha
fange of 330° - 600°C.. preferably in fhe
Srange of 400° - 500°C,, through threc sue.
cessive fluidized beds of fune-grainzd mater-
inls, the first of which contains a spent, oxi-
dised and suiphurised nickel, magnesia and

kicselgubr-containing methanisativo catalyst;

the second of which conlains an alkalizne
carth metal compound, prefersbly calefum
oxide andfor calcium carbonate, and ihe
third of which contains an aclive or fresh
methanisation catalyst consisting of nickel,
magnesia and kieselonhr, oxygen belng add-
ed to the exit gas from the first bed in in
amount. sufficient for the oxidisation of the
Iydrogen sulphids contained i that gas. It

has surprisingly been found that the optimum
0 temperatre range for cuch of the thres finid- -

ized beds is on much ihe same leve! thus pes-
mitling particularly favourable application of
the invention from the cummcrcial, economic
and operatipnal standputits.

The treutmenti of the gas may be effectad ut
2irmospheric pressure, but the wse of elovatad
pressura such for example. as 1-35 ke
£q. e, advaniageously $<25 Lz fom. s
preferercd.  Covresponding to (he opora-

30 tiondl pressure, the gas load or thraushnmt
must be adapted to maintain 2 substzptally
uniform fluidized hed. To Huidize e msit-
anigation catalyst coniaining nickel. mag-
nesia and Lieseloulir, sn effcciive lnen oag

35 velocity of 2-15 cm. fseeend and preferably
of 4 -8 o fsecond is required, Tliz pasiicle
siz¢ of the catalyst shotdd range botwesn 500
and SO0 mesh/cr’.  Small proportions of
smafler or Iarger catalysi particles will causs

40 no trovble,

The process in accordance with the inven-
lion may be carried oni in spch a manrer
that the gas, after the removal of hydesgen
. sulphide; iz with is content of orzanic sol-
45 phur compounds and gum fermers and hav-
ing a carbon monoxide:hydrogen ratia of
from 1:10 to 1:0.5. first contacted with a
uidized oxidised . and stiphuised  mickel
miethunigation caralyst. The reaction temp-
SO0eratire "Will be  botween  330°C. and
8UG"C. and preferably hetween 400°C, and
500°C. Ungder these conditions # practically
quentitative conversion of the orgonic ol
thide cocurs within the fluidized bed while

55 the gum formers are hydrogensrad 1o gve

saturated compounds.

The next fhridized bed is used for the re-
moval of the hiydrogen sulphide formed i
the first Auidized bed. For 'the removel of

%0 the hydrogen sulphids by oxidaiign ta smi-
phur or ¢ oxygen-coniaining sulphur com-
pounds sch, as sulohates and the like, and
subsequent” absorpiion of these. compounds,
siere arg, used-in accordance with the jnven-

63 tion” fluidPed alkaline carth meral com-

poundds, particularly qoicklime or limestone
(CaCO:: of suitable particla size. which for
cxample,. pass throngh sieves of 750 agd
14,000 mesh ‘sq. cm. Small amounis of acti-
vatogs which muy consist of axygan-contain-
ing compounds of iron. aluminiom, litaniun:,
or silicon are suitably added to these alkalins
arth metal compounds.  Catalysis of this
type effect at the same timia an oxidation pf
the hydrogen sulphide and the absorplion of /5
the suiphur oxides lormed,

Small amounis of oxygan must be present
for this removal of hydrogen sulphids, The
cxvgen required is introduced in the form,
frr example of relatively pure oxygen or in 80
the form of air inlo the gas mixture to he
purificd.  The quantity of oxygea present
shouid preferably be in excoss of that res
(%L:ired to somvert the hydrogen sulphidz into
the sulphate ferm according to the equation 83
HS-5=50-HO. Advantzgeously, from
3 to 30 mels, preferably from 12 to 30 mols,
of uxygen are udded per meol of H.S.

Wil the use of alkaling earih mztal com-
pounds. the retioval of hydrogen sulphide 390
effected at practically the same temiperature
as el required for the coaversioz” of tha
crgenic sulphur ccmpomods info hydroge
suiphide. In contrast to other processes
which effect @ corvarsion of (e erganic sul-95
phur at high emperature "¢ othe first stage.
and thereafier 2 removal of the hydregen
suizhid: with. for cxnmple. aikaline froa ox-
id= at a Iuw temneratare, the process uccori-
ing to the invention operaics in both stages 2t 100
tzmpiratore lévels which are much olos:r to
each other. Thus no gas cnoling {v reyuircd
bityeen the o stages ; this resulis in a con-
siderablc simplification of the process and a
reduction in cost of the yas treatment.

Tn view of the higher specific gravity of
the alkalie curih maml compoumds. 2 cor-
respoinding increase in gas veloeity s ra-
guired to develep an cfficiently operating
fimidizzd bed. Suitubly effective gas velocities 11(
are such as fie hetween 8 and 60, and prefar-
ably hztween 12 and 50 cm. /second.

By means of ulkaline earth metal com-
peunds and small amounts of oxveen added
1o the gus, the hydrogen sulchide Present jn114
the g2s is mainty converted inta sulplate, In
addition., sulphile and thiosulphate in mors
or less larve amounts and small zmonats of
sulphide are formed.

Even after only a partial lnading the ulka- 12
live earth mewl compounds show no com-
plete rbsorptien for the oxidised silphur
compounds present in the zas. Fer this rea-

164

sof, it s preferabl: to use two or wiprc-re-

actors in serjes,  In tha first reactor, a con- 12
siderable absorption of suphur-oxygen com-
ponnds stll occurs even after the” breakina
throush of the sulphur compounds. With
this manner of operation, the ulilization of a
eatulyst mass which. for cxmmple, eausiste of 13
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quicklime o limestone may be earried an, for

example, in threc stages 10 & limiy of ahout

T6-80% of  ihe theoretical ahsorptive
- capacity. .

After the second purification stage opara-
ting in the form of g fluidized bed, ths 218,
which is now practically free fropm sulptir,
is passed to the methanisation zons propet.

is zone i alse operated with a fluidized
bed of the methanisation calalys:, With hy-
drogen-rich gases which contain sufficient
guuntities of hydrogen for the conversion of
the carbon monoxide and carban diogide
present in the mas mixture, the operaing

13 conditions, that is ta suy the gas flow rate ang
the quaatity "of gus put through per unit
time. correspond practically to the operating
conditions vsed in the first stége, singe in
beth cases 8 catalyst of the same or simiiar
20 composition s invelved.

I the gas to he treated containg sufficient

the hydrogenation

the methunisation zone operates witheut il
23 xddition of steam. 1f the quantity of hydro-
Zen is insufficient, srenm must he injectad
during the mcthanisation. Correspopding 1o
the quentity of steam injected, a derreaca in
Zas load is required 1o keep the effective gas
apvelecliy  ceagtunt for g steadily  operating
Suidized bed,  Wip grees which gre very
tich in carbon menoxide, u relativoly Iagn
CUANEEY of steam munst he added. With a
‘ower content of carbon manozide, the quan-
3571y of stezpn is correspondingly raduced, If,
£2r example, the £2s to be processert contains
I volume of hydregsn per volume of varbop
monoxide, then about 100~ 130 volumes of
tteam per 100 volumes of carbon monpxide
40 Will he approximatzly sufficient tn cbigin a
shift reaction of about 0% of the carbon
ntenoxide apd perhaps a 504 methanisation
of the zay, 1t is advantugeaus 1o add (.2 -3
mols, preferably 0.5-1 3 mols, of steam per
45 100! of the excess carbog monoXide, & pruc.
tically quantitative conversion of carbon mon-
cxide takes place.  The treated Bas contzigs
caly singit amounts of hydrogen which fs ex-
iremely important for
methane-rich pases. ; oxid
= formed by the process i accordance with the
Ivention is reippved manner by
scrilbbing o washing, ir g possible to gbtain
fases which contain moye than 0%, of
$ methage,

the OPeTating temperatire in the metanisa-
lop process aceording to thy invention 1y
_ ; with the uwse of
fixed bed catalysts, The best Tesulis are oh-
lained, particalagly when Procossing paseg
rieh in carbon menoxide and with the add;-
ton of steam, at fsmperatures above 400°¢C,

D the third stage, that is tg say, in the

-85 m:ethanisarion Proper, cooling elementy must

be located within the finidized bed of ihe
methanisation catalyst to prrmit an eficient
removal of the reaction heat. In the st twa
stagass cooling is ot Feqlired since ng heat e
evalved in these slages, )

The gas load of all stages, which is depend-
€nt an the opcrating pressure, may be varied
within wide limits and may ameunt, for cx-
ample, o about 300 pr 15 more than 500G
volunigs of pas per volume of catalyst pe: 75
how. Whils ths #irst and also (he secongd
stage are practically without exception oper-
afed with a single pass of the gas, gas re-
¢ycling, that is, recireulation of & mors or less
large quantity of tait Bas, may he advane 50
220aus in (he third siage in which the meth-
anisation proper takes pBlace.  The TECYC e
ratie ranges between ahoul 0.5 and 5 and is
preferably between 1 and 2. .

The process which, in accordance with 85
the invention, operates with three suceessive
Auidized beds, has the advantzge that (he
three stages of the g28 methanization, that is,
the conversion of the nrganic sulphur, the re-
meval of the hydrogen sulphide therzhy 50
formed, and the ‘methanisation preper. may
be stected at temperatore levels which dn
pot differ very much from cach ather. CTaal-
ing and re-heating of the gus between the 1n-
dividual stages iz thus practically elirninated, 95
It being generally enflicient to heat the gas
once to 400° - 500°C. before the firs: slags
of the gas treatinent, In this way, the con.
mercial methanisation may be effiected with
substantially reduced operating costs and inj- 100
tial investment i 2 much mote advantazeous
manner than by the conventional procgsses,
The three fluidized beds required for effect-
ing the process may be disposed in sliper-
position in one commen casing or in fux(a-105
position in separate apparatus,

specific advantage of the manner pf
operation described abpya onsists in that a
complelely continnous vperstion of all wiapeg
is now possible ip the methanisation. The 110
replacement of speat catalyst has hitherig
been attended by a shul-down of the opera-
tion ; this may he avoided when wsing the
Irocess in, accordancs with the imventian,

I small amounts of caialvst ars carried 115
along by the gascs leaving the methanization
stage, these Tussas may he readily replaced
Without Interrupting (he operation, Tt i5 pot
Necessacy contianousiy to replace the catalyst
Tosses, It is suflicient for the guanttics w120
catalyst. earried ong by the gases to be re.
placed at intervals of, for exanmpls, 2 op 3
weeks. The replacement is stfecied by charg-
Ing the quantity of catalysr required into fhe
tube spuce by meang of 4 Jock which is #illed 125
with  fresh  reduced catalyst und  inert
gasus,

If during normat operation the methanised
gases do not remaye any of the catalyst from
the methanisating one, it is possibiz by in-130

—————



774,233

creasing the Iinear gas velocity for a short

tima to discharge the desired guantity of cat-

alyst, thus purmitting the replacemens of

spent catalyst by fresh catalysl without inter-
5 ruption, of coniinuous operation.

The increzse in the flow velocity of the gas
required for s purpose may be ackisvad,
if several renctors conneclzd in parallel are
present, in a most simple manner hy shnting

10 down seime of the catalyst units or reaciors,
- The increased sas flow velochy which will
ihen prevail io the catelyst umifs kept in
operation will epforec the discharge of the
dasired quaatity of catalyst.
15 The replucement of the eatalyst in the de-
-sulphurisation. and  hwdrogenation  units
which are operated by the fluidized process
may ba cffceted in 2 simifar manoer.

The process of the invention is filustratad

20in the following cxample,

Ex4MPLE.

1006 standard liires of waler gas which

Irad been freed in known manner from H.S

35 and which contained shout 12 grams of ore
geuie suiphur compounds per 100 enbin
mefres, were pusscd undsy 3 pressnre of
10 ke /sq.cm. throngh a vertical reastion
tehe of 1.5 metie length #nd 56 mm. insida

30 diameter which contained 1 litre (thickness
of the bed 50 em.} of a spent, oxidised” and
sulphurised nickel catalyst which had a par-
ticle size of between 0.05 and 0.25 mm. The
composition hy valume of the water gas was

3609 CG, 403% €O, 50% H., 037
CH. and 3.47% N.. The resctor was main-
tained at & lemperuture of ahout 450°C. by
means uf a diphenyb-diphenyl oxide mix-
ture. Therehy, the orpanic sulphur was prac-

A0tically completely converted into hydrogen
sulphide.

Immediately thereafter, the eas leaving the
reaclor streamed without couling throush
ancther reactor which contained lime

45 (CaCO.) which had been prepared by crush-
ing and sieving to a particle sizc of abonr
(L02 - 015 mm. god which stll contained
small athounts of $i0;, Fe.0. and ALO, The
reactor was maintained at 450°C. by means

S0 of diphenyl-diphenyl oxide. 1L had a diameter
of 26 mm. and contained 500 ce. of catalyst,
Three of such reactors were connecied in
series. Beforc the first lime purificr, air was
added io the water gas in sn amount of 10

33 standard Yitres per (000 standard litrss of
watsy gas, When starling the aperation, more
than 09, of the sulphur was combined or
retained in the fivst renctor as sulphate, sul-
phide, thiosulphate, und the like. The re-

60 maining quaniily was remeved in (he second
reactor before which aboat 1710 of fhe
Yuantity of air added prior to the st Lma
purifier, was Injectzd inro the gas strzam,
After the first purifisr was loaded with about

6540%, of (he sfoichiometricz! quantity, ths

s

third lime reactor was brought inio opera-
tlon ar 450°C.  Afer being Ioaded  with
about 80%: of thz thearelically possibie
quanlily, the first purifier was discharged. ce-
filled and operated us the thivd stase whil:70
ths criginal sveond stage was now operated
as the st slage and the original third stage
was now operated as the seceond stage.

The water gas which was now freed from
hydrogen sulphide and organic sulphur to 278
residual comtent of (.2 zeams/100  cubi:
metres, wias nassed (o the meothanisatior

-siage propar. The remclor which consisied

of a tube of 56 mm. diameter contained !
Htre of a valalyst which had been praparec 30
by precipitation from a hot mickel and mag-
nesiim niirate solution by means of a hay
sodium carbonafe solution at a pH of 9.0,
subsequent  stirring-in of kisselguhr N3
Mg : kieselgubir=100: 12:50%, careful wash- 8%
ing of the muss, drving of the washed mass
at 110°C. urd sieving in such 2 manrer that
afier the raduction which was carried out at
I80°C. with hydrogen for 40 minutes {rc-
duetion value - 20700 a catalyst having par-gg
ticle size of herween 0.25 aud 0.05 mm, was
ohtainzd.

The methanisation reactor was pravided
in the inicrior with a double (uhe of 12 mum,
gutside diameter through which stearr was95
passed for the remuval of the heat rcaction.
The water gas was charged at the rate of
10600 standard litres ‘hour to which 400 cc.
of water in the form of steam were added
hourly.  {Thus. the ratio of CO:THLO was 100
1:1.25).  ‘Uhe reaction fcmperature ranged
between abour 380°C. and 420°C. and the
pressure was 11 kz./sq. cm.

The gas leaving lhe reactor had the fol-
lowing compusition by volume :  45.5° 108
CQ,, 0.3?5 CO- ]AI"I'-:- Hﬂy 46-00; CH: alld
119, N., sn that, based on carhon monoxide
charged, about 60+ had heen converted in-
to methane and abowt 402, had heen con-
verted into CO.  After having washed out 110
about 90°; of the carbon dioxide in the con-
ventional manner. the gas contained about
777 CH, and 11.8°. N, the temainder be-
ing CO in addition 1o g little CO and N.

The catalysts and solid constituents in 21115
of the five reactors, formed flnidized beds
with the gases pussed through.

What we claim s :—

A process for thz combined parifica- 120
tion and methanisalion of a £as mixture con-
faining oxides of carbon and hydrogen in
addition o other constituents, which com-
priscs passing the gas at a. temperaturc with-
in the range 350°C.-600°C. successively 125
through ihiree zanes containing fidized beds
of fimz-grained materials, the fluidized hzg
¢r beds in the first zone being formed by a
spent oxidised and sulphrised npickel. mag-

nesia and kieselowbr-containing  methauisa- 130



tion catalyst, the Buidized bed or beds in th
second zome being formed by an alkaline
¢arth metal compound or compounds and
the fluidized bed or beds in the third zone
Sbeing formed by a nickel, rmagnesia and
kieselglﬂlr—comaiuing methanisation catalyst,
omygen being added to the exit gas from the
frst zome jn an amount sufficient for the
oxidation of the hydrogen sulphide can-
10tained in that exit £as.

2. A process according to Clajm i, in
which the gas mixture fed (o the first zone
is substentiglly free from hydrogen sulphide.

3. A process accarding to Claim 1 or

15CIaim 2, in which the temperatuze in each
of the thres zomes is maintained i the
range 400°-500°C.

4. A procesy according to any ome of the
preceding claims, in which the fluidized bed

2001 beds in the second zone consist of calefnm
oxide and/or calcium carbomte. _

5. A process according (o any one of the
preceding claims, in which the alkeline earth
metal compound or compounds in the sece

25ond zone are aclivated by oxygen-containing
eompounds of one or mare of the following
clements: iron, aluminivm, titapium  and
silicon.

6. A process according to any one of the

30preceding claims, in which the gas through-
ot and the pressure in the thice zones are
adapted 10 onc another to mai ntain woder the
existing conditions of temmperatuie and pres-
fure, & lnear gas velocity of 2 - 15 em, mar

35zecond in the first and third zones, and of
§ - 60t en1. per second in the second zone.

7. A process according to any one of tha
preceding claims, in which the lincar gas
velocity, under the existing conditions of

40 temperature and pressire, ju the first and
thicd zones lies between 4 and 8 em. per sec-
ond. whilst that in the second zona lies be-
tween 12 and 50 cm. per second.

8 A process according to any one of the

45 preceding claims, in which the mechanisa-
tion of a gas mixthre rich in carbon mopox-
ide the effective gag velocity ynder the exist-
ing conditions of temperature and pressure ig
2 - 15 cm./second, preferably 4 - 8 cm/

30 second culewlated for the gas mixture being
eonverted plus steam, the quantity of the pas
mizture being veduced and the guantity of
steam being increascd with increase in the
content of carbon menoxide in the £as miz-

33 ture,

9. A process according to any onec of the
vreceding claims, in which the £35 mixture
contains less hydropen than cotresponds to
the stojchiometrical amount recuired to con-

0vert all of the carbon monoxide into meth-
anc, steam bejng infected inte the 988 mix-
tute for the conversion of the excess quan-
titv of cavhon monoxide,

1. A process according to Claim 9, in

65 which 0.2 to 3 mals of stoam are udded per
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mol of the excess carbon monoxide,

11. A process accordiug to Claim 10, in
which 0.5 - 1.5 mols, of steam arc added per
mol of tha excess carbon monoxide.

12. A process according to any oze of the 70
preceding claims, in which the quantity of
oxygen added to (he exit gus from the first
zone lies within the Tange 3 - 30 mols per
mol of Hgs-

13, A process according to Claim 12, ip 75
which the quantity of oxygen added Lies
within the range 12 - 20 moig ner mol of IS,

4. A process according to any one of the
preceding claims, in which the pressure in
each of the three zomes is within the rangs 80
from atmospheric pressure to 2 pressure of
35 kg /9g. om,

15. A process according tn Claim 14, in
which the pressore in each of the threa zones
is within the range 5 - 25 kg /5. em., 85

16. A procegs according to any one of the
preceding clpims, in which the space velo-
city through the fuidized beds Lies in the
range 300 - 5600, depending npon the ge- o0
action pressure.

17, A process for the purification  and
melhanisation of & gay mivture containing
hydrogen and exides of carbon Logether with
organic suiphur compounds as subsiantially 95
1he sole sulphur-coutaining Inpurities, which
comprisve passing the gas mizture sucecssive-
ly through threc zones a3 2 lemperafure with-
in the range 350°-600°C., at a pressure with-
in the range from notral atmospheric preg- 100
sure 10 a pressure of 35 k. / 5q. ¢m., the firs:
zone containing a flridized bed of a spent,
oxidised and sulphurised nickelmagnesia-
Lkieselguhr inethanisation catalyst, effective
for the conversion of ihe oiganic sulphur 105
compounds into hydrogen sulphide. the sec-
ond zone containing a fluidized bzd of an
atkaline earth compound and the third zone
coniaining g nickel—magncsia-kieselguhr cata-
lyst eflective for the methanisation of the gas 110
mixture, axygen boing added o the exit gag
from the first zone rior to its entry into the
second wone, the quantity of oxygen so udded
being adequate for the oxidation of the
whole of the hydrogern sulphide contained 115
in the exit pas from the first zone.

18. A process for the purification and
metlianisation of a gas MIXRiTe containing
hydrogen and oxides of carbon together with
arganic sulphur compovnds as inpurities, 120
substantially us hereinbefore descriqu. .

19, A process for the purification  und
methanisation of a gas mixture conlaining
hydrogen and oxides of carhon together with
organic sulphur compounds ge impurities, 195
substantially as hereinbefore deseribed in the
Example,

20. A gas containing methane whenever
produced aceording to the process claimed

in any one of the preceding claims, 130
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