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1 My invention relates to s method and apparatus for

forming synthesia gas snd more partiocularly to a method of con-

vorting a mixture of methens and carbon dfoxide or methane mnd
water vapor to mixtures of oarbon monoxide and hyfirogen suitable
7 5 for use in various processes of synthesizing organic compounds.
. ., A slxture of carbon monoxide and hydrogen may be made
J ' from natursl gas {methans) and carbom dioxide, according to the
tfollowing reaction:

o+ ooz_.._}m + 2, . 3 oalories.

10 The above reastion takes place in the presancs of a

satalyst at tsmperatures between 1500YF. and 2000°F, This
reavtion may be used with o similar reaction whers steem 1

ased:

Gy + Bgd ey 00 + Sy
15 The advantage of the two reactions over sither when
used alone ia obrious sinee only by & comdinetion of the two
reactions om the optimm ratio of oarbon monoxide (00) to hydroe
gon (1:8) be obteined Airestly from natural gas:

| 3ty + Ly + Vg ey 400 + Elly
20 The catalyst usually employed for this purposs consists

2 pat e

of nickel deposited upon some temperaturs.resistant sappors.

This oatalyst asrves quite well for the converaion of gases:mab~
liqntiaur fres of sulphur or ite compovnds. When, however, it

18 used in sonnection with guses sontaining sulphur or its come
29 pounds, nickel aulphide is formed by the interaotion of the sl
phur;present with the nickel in the catalyst. At the tempsratures
used in the conversion of methane and csrdon dioxide into hrmsu
and oarboa monoxide, thet {s in the neighborhood of 1700°7,, the
Biokel sulphide 1s moltem #ince it melts st about 1470°F, The

%0 molten nickel sulphide tends to flow in the direetion of the
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flow of the gas styesmm. It will be obvicus that this is highly
undesireble for not only does 1t remove the nickel catalyst from
the support in the first part of the resotion vessal, but the
moldem niokel sulphide tends to react with fresh nickel as it
flows nlong the resction vessel formimg solid nickel subsulphide
in accordmoe with the following resction:

M8 + M 5 NS
The s0lid ninkel sulphilde plugs the resstion vessal in

= shors time #0 that the flow of geses is impeded or stopped
cnu_nu: _
Them the reaction vesssl is not complstsly blocked
Wt will #s$1ll allow the passage of mmall amountsa of gasss, the
afokel subsulphide may be muui with oxygeu of the air to
sioké]l oxide md nlphur ddoxide. This oxidation process, how.
 evew, 1s vory slow dus 4o the Sine required for the bursing
Shrough of the lsrge sggregates of nfckel subsulphide. Them, too,
shere i a further disadvemtage in that the nickel oxide formed
14 in the form of very fime particles mhich sift to the bottom
of the reeetion vessel, This mot only roiulu i3 very poor dis.
sribution of $he mickel cabelyst but the fine powdsr offers sueh
_veaistanos $o the flow of gases that the niokel powder 15 mot
of service for the conversicn reaetion. In time, the fime powder
will build wp sufffofeatly to stop the flow of gases snd Recessi-
tate a shut down or the prosess.
The formaticn of siekel sulphide Sekes yleoce largely
in the firet part of the reastion chamber sinoe it is omly ia
| this portion of the resotica ohssber that the inotming gaees ocone
‘ain sulphar or its oompoumds, that is, such sulpbur ae is presamt
will be removed from the ges upom 488 first contsot with the
niakel, As time gees om, the sulphide formation graduslly pro-
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grosses through the resction vessel, the extemt of the progress,
of eourss, being determined by the rate of flow of tbe gases, the
sotal sulphur sontent of the geses, and the time of opesration
bvefors the reacticn vesssl beoomes clogged. It 1s possible %o
culoulste for specific oomditions the sxtemt to whioh the sulphide
formation has tsken place, These celculetions may be verified by
axparinmmt.

Ous Objeet of my invention is t0 provide a method of
oconvertiag nixtures of carbon dioxide smd methane or water gas
-_d methane fato synthesis gas mixtures ccateining carbon momcxide
snd hydrogen in a eontinwmous meaner irrespective of the presence
of saiphur or its eompounds in the imcomiag gases.

Jaother object of my invention i 0 provide a movel
synthesis chamber for the formatioa of oynthesis gns from mixtures
of methane mnd carbea dioxide, or methwme snd water vapor.

Other snd further objeste of my iavention will appear
from the following descripticat

In the acoonpanying drawings whieh fore part of the in.
stunt speeiticetion and are to be resd i» comjwmotion therewith
ax;d 1n whigh like reference mumersls are used to indiocats 1like
parts in the warious views;

Figure 1 is en elevation, with parts in section, of a
fogenorator aad catalyst chamber capebls of oarrying out the method
of my inventiom.

Figure 2 40 a sechionsl view takem cm » Lline 2-2 of
Tigure L.

Oobalt 15 & very similer matal to mickel in ite ability
to promote the otmversion of methame and carboa dicxide into hy-
drogen and carbom momoxide. It has the sdvemtage over niokel in
that cobalt sulphide will remein solid at the temperatures of
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She conversion, ¥ha$ 1s arownd 1700°F. simoe its melting point
1 shove 2000°F, Cobalt, however, is mach more expensive them
aickel.

T2 socordsncs with the instsut invension, I employ cobelt
deposited upon & suitshle suppert im the forepart of the resction
vesnsl, that 16, thet part of the resctica vesssl in whioh the -
soning gases are rirst converted while employing nieksl upon &
u;tmommihtum.r)m”mﬂorthmﬂin
vessel. This has proved to de a very efficasicus arresgwemt
for sstalysts end Soes eway satirely with the 10is of wetel from
the support. No plugging of the resstion vesssl takes place and
the dwration of She operating oyole is very apprecisbly imoreassd,

" Iu the prestice of the taventios 1% 15 contemplated that
aetals sueh as irem, molybdemtm, or any other metals with mlphides
of & suffiolsatly bigh melting poins mnd giviag similar resulis,
wey bo used in place of oobelt.

1 have found that 1V is sdventagecus 10 OpeTate upcs
the oomversion pert of the cycls wntil substentially all of the
cobals has been converted iato sulphide end Gelhe shy appre-
eishle smmount of niokel has been ocmverted iaso sulphide. Whem
this poins of the oparation 1s resched, I stop the 'w
cycls and pass in oxygm, together with flue gas, vatil all) the
cobelt sulphide which bas bewn formed in 44 comversios part of
ke cysle hed beem Wumed to cobalt oxide and sulpime dioxide.
The sulphuy, of eturss, 18 thue Temoved from the systvem in the
form of guseous sulphur dicxide, leaving the eobalt oxide be-
Risd. Likewise, sy ssrbon which may Bave Been deposited upom the
satslyss will be removed as orides of carbom. The metal oxides

mﬁn reduced to the metel by the reducing methane comtained
1a the gases to be eomverted. If desired, I may reduse the 00-
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belt oxide by mesns of hydrogen befors edmitting the mixture of
gexbon dioxide snd mathens.

411 of the above operssions mey be readily carried oud
at temperatures verying betwesn 12007 and 2000°F. , a tamperature
of arousé 1700%F. being preferred for the conversion pars of the
oyola.

From the foregoing, the operation of my asthod will be
slear to those skilled 1n the art. It wiil be understocd that
the thicknass of the initial oobalt bed will depsand upon seny
faotors, chiefly upon the emount of sulphur or its compounds in
the incoming gas. The meke cyole or the ccuversion pertion of
the run can bo. continued only umtil the tsmperaturs of the rend-
41cn chamber drops below an efficient cmversion temperature
say sbout 1500°F. The thicimess of the oobalt bed should be
such that for the length of time the process is on the sonversion
oyale, $he sulphide formetion will a0t progress past the cobalt
layer to the niakel layer. The ges supply for eny given installa.-
tion will not vary widely ia tctal sulphur eontent. From the to-
tal sulphur in tha gas snd the Yate at which the gas is required
for use, the miniwce fraction of the total conversion oatalyst
whioh must be cobalt, can bs readily oaloulated, An additional
quendity of cobalt may be used as a faotor of safety if desired.

Referping now %o Pigure 1, a cylindricel stesl shell
1 may bs formed in any suitable mamner and mounted upcn & sult.
adle fovndation 2. The intsrior of the stsel adell 1s lined with
a refrastory material such ss firedbrick 3 and is provided with
a Ploor 15 of refractory waterial. A plurality of walls 4 are
housed within the casisg 1 and suppors arches 8, 9, 10, 11, 1%,
ad 13, &8 can resdily be seen by refersnce to Figure 1, The

walls are provided with interstioss Or passages 14, whioh permit
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horizontal flow of the gases. The arches 8, 9, 10, 11 and 13
are made of rFefractory matter such as fire brick emd are pro-
vidsd with interstives 16 permitting vertical flow of the gesea
therethrough. The arches 12 are likewise made of refrectory
material snd are refrastory.

A flus 19 of refragtory material provides ocamuniga-
$icn between ths spaces withis the chember on opposite sldes of
the imperforate archea 12. A mass of Tefrastory materiel such as
erushed rivebrick 17 is supported upon arches 8 and a mass of
exushed firebrick forming a refrastory layer 12 is supported
upon arches 13, the flue 19 exteading through this last mass of
erushed firesbrick.

The arches 9 support a layer of oobalt catalyst RO
ccmpriaing ocbalt depositsd upon a refractory support of eny suit-
able oharaoter such as silice or the like. The thicimess of this
laysr has besn caloulated as pointed cut ebove. Layers 41 and
2% ocomprise nickel ocatalysts depoaited upon suitebls refractory
supports.

Extending into the housing 1 above the imperforste
f10or formed by arches 13, 13 a duot 87 formed of refractory
mayerial. Extending into the interior of the chember & adjasent
the lower portica thereof 1s a duot 20 made of refractory mater-
1al. Manifolds 23 ave provided with pipes 24 extending into the
chamber at & plurality of places therein.

In operation, air is introduced through duct 27 flow-
ing upwardly through the interstioes of arches 13 through the
Tad of refruotory materisl 18, dcwnwardly through flue 1% from
whiok 1t 1s disseminated through catalyst masses 32, 21 and X0,
flowing downwardly therethrough. Fuel ges in introduced into
mmnifolds 23 for eombuation, through the oatalyst masses, the
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air being supplied through &uot 27 for supporting the oocmbudstion.
The hot gases of combustion pass downwardly through the catalyst
mags 22, 21 nd 20, and thence tavough refractory mass 17 emd out
through ducs 27, The construction of the fuel inlets 24 is such
that the fuel is disseminated through the cetalyst masses prevent.
ing logal overhesting. The entire mass is then hsatad to the dew
aired temperature in the vistoity of 1700°F.

It will be noted that the incoming alr passes through
the uppermost refractory mass 18, thus cooling this mass and be-
ing 1tsel? Leated befors combining with the fuesl gas for sombus.
dica. The combustion Zases pass cutwardly in contact with re-
fraotory mass 17, thua storing the heat thereln.

During the make cycle, s mixturs of sarbon dioxide and
methane is introduced through duct 28. The mixture will flow
through the hot refractory bed 17 snd be brought to the reastion
temperature, Heat for the reaction is aleo fumished from the
heated ostalyst magses 30, 21 and 22. The hot synthesis gus,
after being formed, passes upwerdly through flue 19 and downward-
ly through refrectory mass 18. Refruotory mass 18 will thus be-
some heated snd the freshly heated syutheais gas will be cooled
snd flow upwsrdly through duot 27.

It will be observad that the sulphur and sulphur oone
talaing ocmpounds present in the gases being cherged will first
aontact the cobalt or other metallio layer of catalyst so that
the gases oontaching the uppar and sbhssqueat niokel ostalyst
laysrs will bs substantially desulphurized.

A typiosl example of an operation with a ommverser of
4kis character will be given for purpcsea of illustiration aad nod
by way of limitation, The oatelyst chaader ooniained ebout 1838
cuble feet of setalyst materisl, conalsting of niokel and oobalt

deposited op refractory materiel in a ooncemtration of 5.3
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pounds of metal per cubic foot of refractory. The regenerator

was operated ¢m 7-minute oyales, of whioch J.0 minutes were spent
during synthesis gus meke and 3.5 minutes in the blasting portion
of the grols. Such a cbamber could produse about 15,000,000 csubie
fost of synthesis gas per day from approximetely 5,000,000 cublo
feod of natural gas. When the natural gas contained 100 grains

of sulphur per 100 cubic fest, 1t would be no.cunry to ramove
sdout 5.5 pounds of sulphur per cyole. Theorsticelly this would
require only 6.5 pounds of ocobalt, but aotually, due %o the dif.
fioulty of comtacting the relatively ssall smount of sulphur in
the largo smounts of gas with the cobalt, mioh more cobalt has
besn found necessary, In this example, tha ocatalyst was dlatri-
tuted in thrse layers, two upper layers of nicksl conteet econtain-
ing tbe Bulk of the oatelyst wass and a lower leyer of cobalt eone
tsos coptaining 800 pounds of sobals. These arrusgements and
quentities wers found to be very sffiomoious, sad the synthesis
ges thus produced coutained sulphur in such mmal) smounts that it
oould be passed to the syuthesis step without further purification.

I5 will be observed thes I have sccomplished the objests
of my inventicn. I have provided a method of forming synthesis
ges und apperatus thersfor whioh will prevent displeesment of
the catelyst by the presence of sulphur und sulpiur contalniag
compounds in the incoming chargs.

I% will be understocd tint certain fesstures and sud.
oombinations are of utility and may de employsd without reference
40 other featurss and sub.ocmbinations. This is contemplated by
and 15 within the soops of my claima, Tt is further obvicus that
various changes may be made in details withis the soope of =y
glaims without departing from the spirit of my invention, It is,
tharefore, to be understond that my invention is mot to be limit.

#d to the spsoifioc details shown and desoribed.
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\ Baviag thus described my iavention, I claim;

1. A method of converting methene and carbon dioxide
into hydrogen end carbon monoxide including the steps of flowlng
a mizture of methane and carbon dloxide through a converajon zone
and there contacting the gmsecus mixture at a temperature in the
vicinity of 1700°F,, first with a cobalt catalyst and then with
a nigkel catalyst, the cobalt catalyst contacting step being of
sufficlent Auration to substantially remove sulphur end sulpbur

| 3
sontalning compounda from the incoming gases.

2. A catalyst chember for the conversion of methane
and carbon dioxide into i;yd.rogan and carbon monoxide, compris-
ing an insulated shell, supports in the ghell for carrylng cata-
1ytic material in layers, & flue for the introduction of carbon
dloxide end metbane into sald ahell, an eduction flue for remov-
ing the formed synthesis gas from the shell, e cobalt catalyst
iayer supported within #aid sheil adjacent the inlet flue and a
laysr of nickel catalysi supported within sald shell adjacent

go1d sducticn flue.

3. A method of converting metheme and carbon dioxide
into hydrogen and cerbon monoxide including the steps of flowlng
a mixturs of methane and carboa dioxide through a conversion zone
and there contacting the gaseous mixture at a tampearature in the
vieinity of 1700°F., first with a metal catalyst having an
affinity for the sulphur compounds in the gases, end then with &
nickel cetalyst, the sulpbur removal catalyst contacting step
being of sufflcient duration to substantially remove sulphur and

sulphur conteining ccmpounds from the incoming ges.




\ 4. A method of converting methane, carbon dioxide apd
steam into hydrogen and carbon monoxids including the steps of
flowing a mixture of methane and carbon dloxide through a conver-
gion zone and thers contacting the gasecus mixturs &t a tempera-
ture in the vieinity of 17000F,, first with = metal catelyst hav-
ing an affinity for the sulphur compounds in the gases, snd than
with a nickel catalyet, the sulpbur removal catalyst contacting

step being of sufficient duration o substantially remove salphur

end sulphur containing compounds from the incoming gas.
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Cerlified to be the drawing referred to

l'n the specification hereunfo annexed.
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