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Thia inventlon relstes fo & process for tie prodec-

C%ion of fusl gases of high hesting valus. Toe inventlon is

CpRpticuleriy couserped with converslon of nycrogen ond carson

;'mﬁnoiide to mathane and ¢losely related hydrocarbons. In one

:_Gf lis more spreific sgpects this invention relatss to a noa-

E?Gatalytlm Pioczgs for inersasing the hesting valae of fuel

b gases conbalning earbon monoxide end hydrozen by eonveraism

ffaf at lesst & porticn of the garbon monoXide and hydrogen to

;;mﬂthﬂn3+ This Invention is partieuiarly ussful for upgrading

160 F

in hesating velue weter pos produced by gesifleation of ooke,

Msny different metheds have been pracbiced and pro--

- posed Yor the gasification of sclld earbopacesus fuels suck

i ag coal, llgnite, oll shale and the like. The simpler and

15

20

chaaper nethods hove basn productlve of gasas of poer qualityE

D as regards their hesbing value sod have besn characterlged

‘hy ineTficlent conversion of the rew materisl. Tus more com- |

pllcatsd and expensive methoda, produsiive of fuel sames of

" better guulity, have involved the undeslrable processing of

the rew feed onder relsatively high pressures. _
Tt is xoowa that carbon mobDotids and hydeogen way ;

De aonvarted Lo wetheane snd other hydrocsrbong. The oonver-

+ glon of carbon momoxide agd hydrogsn to hydroecarbons suiteble

“am motor fuels iz parriad out under alevaisd Lumperatures and-

. freEdurss in the preseace of a catalyst, generally of the

b
iy |

irom group, l.e., lron, ecbalf® snd nickel. iothane may be

" produced by the dlrect resstion betwsen carbop moncyide and

© duotion of carbon monoxlde Lo mebhevwe is highly exotherads

: and, &% o result, the resction has not herstofore been oon-

EIV I

; hydrogen wlither catelyiloally or nouocatalyiicallky. The re-

dueted in the abzencs of a ssbalyst cowmercially wesudse of
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; of the present iuveotion, 1t 1z feaslble Lo upgrade in neat-
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the pragticel inebility To control the temperature of the
reaction, The present laventicn provides a noncatalytie i
Drooess wherein hydrogpen snd cerbon monoxide mey be Isached i

to form hrimerily metheans under cavefully controlled tempera- |

ture conditiona sultable fTor compereial operation. Ly means

ing value any fuel zas conteining an appreciable guantisy of !
hydrogen snd carbon ﬁﬂnﬁxiﬁe.

in object of thia Inventlon is to provide a progess
for the production of fuel gez of high heating value. Ancther
object 1g to provide em Improved method for the conversion Dfl
bydrogen and esrbon monoxlde to methane end 1ilke hydruuarbonsi

=11l another objlest 12 to provides & prossas for incresslng

the heating véiua wf fuel gae conteiniog serbon moncxide and |
b
kydrogen. 4 further object of the invention 1s the proviaicm!

of a progeas in the converslon of carbon monexide and bydroge

] =

primarily to methens. Oiher ohjects end advanteges will ap-
pear from the following desseriptlon and the sooompanying drawl
Inga,

Figwra 1 of the drewings 1s & dlagremmatle elava-
ticnel view 1in crosa-sactlon of appgratus suitadle for carry-
ing out the prezent lnventlon. o

Flgure IT iz & disgremmetic elevation, pertiy ln
zropa-dectlon, of g modified form of ﬁpparatus miltable for
earrying out the present invention. '

Figure III 13 a dlagremmstile elevatlonal v¥ilew

i
i
L
;
i
;
f
_ i
illuatrating the process of the present lnventicn ms appliad;
I
|

i the gasification of solld carbonscecus materlal %o form a

fual gas of high heating valus.
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The present invention provides an improved method
for the ¢onversgion of hydrogen and cerbon mongxlds elther In
reletiveiy pure forc or in admixture with other gmses to hy- i
drpoarbons, principally methane, In sccordewee with bala !
invention, the hydropen and carbon monoxids are passed st :
elavated pressure intoe contect with.a wagz of Finely divided
Inert s0lid materisl mainteined under a clossly regulsted
slevatad temperaturs. The pressure way e within the range

i
i
|
i
pf fros avout 150 to abont LSO pounds per sguare inch gaugse %
wpila the controlled temperature 1s wilithin the.rasnge o7 from E

about 1000°F. %o about 1350°F. 48 long as the foregolag con-!
ditlons are meintained, the methenation reaction proeceeds ab i
g ralatively rapld rete 1n the absence of r catalyst.

In cne dpecific embodiment of the predsant invTention,
finely divided cerbpn 15 wped ez the Limely Alvided polld
contaot materisl. Whiles eny material which 1s inert 4o the
reasction mey be uﬂed,'carbon is aspaﬁiﬁlly anlteble, sinoe 1t
1a formad =23 a by-produet of the reastlion.

It is eritical %o this iéfantiun thet the nass of
inert particles be mainteinsd In & wsll fluldized state Tox
at leasat two resscps. First._tlui&ization permits a uniform
temperature throughout the mase, thus esvelding hot spobs
which interfers wlth zood methsnation. Secend, fluldlizetion
is the snly prectical teochnlgue Dy whioh the Yarge heat of
reagtion relessed In the mess can be transferred therefrom to
B sultable coolant. aAccordingly, the solid particles are
generally coolsd by contack wiﬁh a_aolid cooling suriacs
under condiftions effecting Tapld éﬁﬁ ﬁfficiant transfer of

hest from the solid partiesles to the cooling sarface.
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In the present inventlon, the flnldized mess of
golid contact materisl serves nrimerily as & héat ahaorbing
reservolr whleh ocan readily bte mpintained at any deaired re-
action {emperaturs., Cooling surfaces o effsot remowval of
heat from the Finldlzed maas, send henas Trom the remctlon
zone mey be disposed wilthln the reacstlon zons or externally
ther¢of. In either svent, the turbulent movement of the con- |
tect waterisl relative to the cooling surfaces effeote rapld |
end efficisnt heat trenafer.

The reastliozs whioh take place in the converszion of
parbon wonoride and hydrogen to methane ers probably as
Followa:

2 G0 + 2 Hy-——we-- ﬁHh * G0g
GO o+ 3 Hpme—---- CHy + Eau
The following resctions are mleo ﬁéi;eveﬂ to teke place, thus

acecounting foT the carbon produced,

2 COmmmmmmmmammwe  § + GOp
00 % Hp-rwmmmmmmmmm  Hy0 + &
OBy, —-==-=- muwonmnmm 2 Hp + O

Regardless of the theory of the mechanism of the ret
gctlon, the preseat lnvention ls operetive to produce methane
in en effiolent end trouble-free manasr due In & lerge part
o the exocellent tempersture and reactlon ccutrol chtalned. {

The invention will more fuily be understood with l
reference to the accompanying drawings whersin the invenilon
15 deserlted by way of exemple in oonmection with the upgrad-
ing in heating valwve of foel gesm reﬁulting from the gasifica-!
tian.nf poko, Thoe gasification of coxe by the water ges re-

action yislds & fuel g=s containing relatlively large smounis

ci carbon meonoxlde and hydrogen.
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i
I aeeordance with thls invention ms Illustrated ini

the embodiment of Figure I, feed gus contalulug hydrogen and !
i

carbon momoxide,suitably water gas, 1s ntroduced thiqugh o

| conduit 6 to a reastor 7 conteining s fiuldizsd mess of finels

givided varbon. The fluldized mass in the reacticn zone 1s
maintalned under a pressure within the range of from about -
150 to L50 pounda per Buare ineh geuge and et a bempsrature
wlthin the repge of from about 1000° to about 1350°F. Tnder
these condltions, methans is formed as the prineipal product
of the reduetlon of carbsn monmoxide, the remctleon procesdlng
in the abzence of any catalyst. The resuliing gzses are
withdrawn from the reactor through & poTOuS refrastory filter
g and conduit 9. The fuel =asen laa%ing the Yeschor Bre
sultedbly upgraded 1n heating values relative 4o the enteriag
water gas duae to the formatlon of methene, Fllter £ serves
t2 remove from the ges stream flnely dlvided pgrticlas of
carbon which tend to be carried cver due to entrainment in
the effiuent zased.

Croling of the fluidlzed masz is effeoted by cogl-
ing tubes 11 which sutend inte the fluidiﬁed bed of carbon
and present a relatively large surfaug to the fluidized '
parbon. 4 toolant, e.g., water, 15 admitted to the cocling t
tuhes 11 fhruugh fesd ¢ondulta 12 wﬁieh axtand inte the cool-
ing tubes. The water 1s introduced through pipe 13 intc a
header ls whenoe it flows lnto the nﬁmeraua faod sondults 12
disposed ln & tube sheet 15, Weber from the fesd scondnlts ls
discharged into the cooling tubse 11 near the closed lowel
enda thersof and flows upwardly through the ammular dpaces

between the feed condaits snd the coolling tubes. The resulib-

ing heated water sumd steam 1s collected in header 16 and
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§withdrawn through a pips 17. The steam genersted in ihi=
;
;mauner may be uzed for d¢eveloping power or In the gaslflca-

Eticn of aoke to produce the original water ges conteining

i
| hydroges 2nd carbon meohoxdda.
The arrangenent of egoling surfaes lllustreted amd

lasseribed is & preferred embodlmeat of apparatus aultable for

|
|
|
|

carrying out thke present process. The invention is noet to be

leonstrued as iimited to the use of this partlculsr form of

sopling surface sinee cother arrsngements are effective 1o ae-
complish removel of heat from the fluldized scllds as will be
evident from Figure II. Obvipusly, other coclents may be
used in the plece of water, for instence, merowry, e mlxture
| ot phenyl ether end diphenyl, or malten mized selts.

. Carbon 1s produced by the Teactlon cerried out in
reastor Y snd thia cerbon mey be Iesmoved from the reactor Wy
wilthdrawsl through a slde-arm ccudult 1E. A small alream of
fuel gas, stoam or other gas ls iﬁtroiuua& o conduit 18
through pips 21 Lo serate the c&rﬁuﬁ.within $he condult amd

weep it in free-flowing conditlon. The carbon 1s withdrawﬂ

With reference to Flgure Ii, z modlifled form of rew
aockor is i1liuatrated wherein the cooling surface ls arraﬁgsﬂ
in & aamﬂﬁhaﬁ differsnt mennsr. In thia Bmhuﬁimﬁnt:fésﬂ
guges oonteining hydrogen and carhon monoxlda ale adpitted to

g Teastor 25 from llne 26 through cooling zone 27 and &n

degoriped in commection with Figers 1, the roection beiween
cerhon monoxids and hydrogzen %o form methane tekes place 1n

the reacter in the presemce of a fluldized bed of oerbon.

Tie efflusnt gases sre withdrswn through opening 29 into a

from condult 18 =t the deeirsd rate as controlled by valve 22,

opening 28 2t the boticm of the reastor. As in the exbodiment

'
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! Teturned Yo the fluidlzed bed threugh & setandpips 33, Carbon

i0

15

<0

25

| mitted to the comdult through the pipe 36, gcarben is with-

Bﬂi

~8- BRGBVT

|
gepayator 31 of the ¢yclone type and dizcharged from the E
eycicne 2epurstor J1 through sondult 32. The geaes dischargeé
tarough conduit 33 contain an spprecieble gquantity of mﬁthanﬂé
and thus avs been upgraded in heating velue. The effluent !
gonges are substantislly free from sutralued carbon. Carbon :
in finely divided form which tomds towsrd entraloment in the

effiueant gesee 18 sSeparated tharefrom hy the separetor 31 and

from the Tluidized bed 25 is withdrawn through the side-arwm

sondult 34 at a4 relatively rapld rate for reelreulation o
the resction zvoe after coolipng in cocling zoms 27, i
|
I

fes for asraticn of the carbon in condeit 34 1= ed-

drawn through sn outlet controlled by valve 37 at a rate come
mensurate with the rate at which carbon is formed im the rencd
tion zona. The tulk of the aarbon.is rassed vim valve 38 intg
fued iina 26 whereln 1t 1= ploksd up.by the inncning ges and
carrled through cooling zone 27. In the cocling zoms 2T the
éarhan eerried by the gas containing hydrogen and carben
monoxide ia passed over a relmtively large enollng aurfaca.
The cocoling surface is sultehly mede up of & nuﬁﬁﬁr
of tubss 40 arrenged for indirect heat oxohange between the
epolant and the sollid., 48 shown, the coolent 1a on the out-
wide of the tubes. TVarlous satlsfactory heat exchangers suit
akle For the purpose. are woll known ;nﬂ need not be deacribsd
In deteil herein. Wﬁtar.ur other ¢soolent fs supplied to the
gosling zone 27 through plpe 41 aﬁd.withdrawn through plos fad

Feolirculaticn of carbon from rewctlon zone 25

through eocling =zone 27 In relatively lzTge vdlumss effects a&
i

arfieient and rawpld hest trensfer from the reactlon zone 25 tT

the goolant and effeetively controls the reastiom tamparatur31
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As mentionsd previougly, the pressnt Invention is

adeful In the gasification of eosl or other curbonscecus soli%s

i gnited az fuels to produce = fuel gas. 'The errangement of

i
r

|
EFigure JIT, “orming & part of my imvention, ifllustrates apsci%
5 pfically a comnl gasification process involving methanatien of

parken menoxlds and hydrogen to yield a fusl ges of high heat-

ing wvalue.

Tigure IIT illustretss a fluidized process Tor the
garbonization and gesificetion of sclid ¢arbopacecus materiels
10 | at substantlelly atmospherico pressurs, the hot product gases
comprlsing hydtrogen end carbon mwonoxlde, being compressed to

gn elevaied preasure to promote the methanation resction

within e fluldlzed muss of solid ca:ﬁun. More specifieslly,
this embodlment of my ilpvention eontempletes the carbonizatlon
15 | of the fresh aplid materisl by subjecting the maeterisl at sub-

ztantlelly atmospherle prepsure to contact wlth hot gases ang

Aolids flowing from the gasification zone whereln the devela-
tllized solid resldue of the fresh mﬁtarial is ?a&ntea axt-
thermiosally with mich reactents as oxygen end stesm, compres-
20 | sion of the hot gases leaving the gsalfloation zone teo.=2n eled
vatad pressure gnd thelr reacticn in the fiuidized meas of
carbon et such pregsurs to yield methsne, the profuction of
carbon balnog incident to methanstion in sufticient guasntliy
ag to eneble lts use in the gasirigﬁi;an and/or 1ts withdrawal
25 | ma a valuable by-produst. All the réacticns gre ccndunted
lwith the solld resotants iz a fluidiﬁad ebullient phase, the
Progcads belng substantislly salf-sufficient as regards ita
beat reguirements mnd the power raqu*red for coopragdelion of

the gas,
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i {ther features of thls émhpdiMsnt of the laovention

will gppear frowm the following detalled descripticn whersin

2

the process ls deseribed by way of exawpls in comnection with:

the gaaifiestion of coml. 43 11lustrated, the process in-

5 || volves the uwe of a curbonlzer 51, u gasifier 52 and o pon-
verter 53, the latter being suliebly of the type slremdy de- i
serlied in cemaection with Flgures I and If. Jt ia desligned ?
1 to operate with en internal pressure in the ordesr of 150 to ?
L50 pounds per squeare ineh gangs. Goal In the form of perti-
10 || cles of slzes capable Df.being fluldized i3 fed i'rom & hoppar
5L into a iine 55 where it iz entralned by = ges flowing

through line 55 and charged to the:aarbﬂnizer 51. The gaa

eployed in lins 55 iz of &8 nnn-ﬁxiﬂiﬁing'typa augh a5 water- |

gas or carbeon dioxlde or 1t may Le & poritlon of the resultant.
15§ product gas, Additionsl gas $o aid in the fluldizetion of
the ooel end to carrcy reoyole ¢arbon may be charged through

liae 56,
ce b The eosl in reactor 51 iz devolatilized and coked

by eontaci with hot geaea and coke from regotor 52 which is
20 ?oparatad 8t & highwr temperesture than roastor 5l. AR oxygsn-
'ﬂﬂntaining gas {preferably at les3t 95 per cent oxygen) =nd

| shoRm BI9 aharged'thruugh line 57 into reactor 52 whersin
they fluidize end gasify the eoke partieclss. ‘tamperature in
resotor. 52 16 generally in the Tange of 1400-2000°F, The
254 ooke =nd charged gades resot in reaptor 52 wi?h the preduc-
ticn of gasss including H; and CO.  Sinca most solld carbon-
Besoud mgteriala pontaln non-combustible components ¢r ash,
the resctiom system L8 provided wlth meens for drawing off
gclids which heve become enriched im ash content. As showm

30! In PFigure III,'a velved pipe 524 is connesiad to the lower
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jportion of gEsifier 52 to permit wlthdrawsl of sellds of high

;aah content.

The temperatare of carbooizatlon in reaotor 5@ and

| congequently the temperature of the dlseharged gases ars pre-
5 || Terably controlled by the nse of a hest exchanger 58 thruugh
{which & eoolant suoh as Water may be passed. Tt is generslly
sﬁaaireﬁ that the temperature of carbonlzstlon be in the renge
of 1000 to 1600°F. to earbonize thﬁ oval snd yleld reaciive
coke .

10 The effluent gesea, which are charscterized by a

. high content of hydrogen and carbon monoxide, are fad through
| llne 59 to & eyolons separetor &1, the entrained sclids thers-
with, ohiefly c¢oke, being returned to lines 56 or 57 or botih
by line &2 for recharging bo the reasckora.

15 The reastlona in reactors 51 and 52 teke place oh
substentlally etmospherle preasure so that there is no ﬁrnhlam'

in fesding the fresh cdoal ss ogours when 1t 1s fed sgeinst

predsura in other procegses, eand cpnsiﬁarablﬁ expense in the
way of heavier reaciors, preasule seﬁla, gte., 18 asved.

20 The effiuent gua from seperator 6l is taken off by
lina 63 and comprossed in s oompresser &4 fo a pressura in the
i &anga of 150 to 450 pounds par square inoh geuge. dumpréasnrl
6i, is prefarably of the highly efficlent centrifugel type,
guch as Gthat uged in comnection with gas turbines end auper-
25 || ohexgera, Toe power reguired for comprosaion may be faken

from the gtesy generatsd 1n the heat sxehangers of Ieastor 51

ané eonvertor 53. fThe sompressed ges is ghargad to convertor
£3 gnd utilized to effect the fluwldizetlon of, and Tosact In

the presence of, the carbon containﬂé therein. AL the begin-
30 | ning of the process, =m imitial supply of carbon 1 required
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iin convertor 3. Tempersture in resctor 53 la ia thse range of%
leDD %2 1350°F, Onoe the process is begun, tne free carbon j
Efnrmsd in the reaction will opecessitate withdrawsl of ezrbon
from convertor 53 so thet in time the orlginal sarben suppiy i
5Ewill have been replased v carbom formed within comvertor 53, ;
.Garban iz withdrewn by way of lime 65 and/or line 49 snd dla- ;
charged intoc line &6 connected with line 52 for usfe in reasc-
tors 51 smd 72, The temperature in fhe ccavertor is comtrollef
by & bheat exohangsr 67 with a coolant eirgulated thersthrough. .
10 {Froduct esrbon in very finely divided sma highly active form
gan be withitawn as a by-produci through line G8.

The resultant gas, enriched in methans, is conducted

by iine 5% tuv & cyolone separator 70, enirainsd solids being
iremoved and returned through line &6. The gas; #5ill under
13 {pressurs, mey be passed by line 71 to a waste heat Doller for
| recovery of the heat therefronm and %@bﬁaqﬁa@tly washad with
weter to removs CO4. The ability to famgva COo by = wabsy
wegh is improved becauaé of tha higﬁ pfessuré of vhe gas and
rapreasnis conslderatls savings when compared with the resov-
20llal of €02 in an absorption tawer cparéﬁing at atmospheric
pressurs,

_‘The rinsl product gas with ita increased mathﬁnﬁ

ipontent 18 of relstlvely high heating value apd well suited
for use a8 r fouel gad.

25 It wlll %e woted throvghout that the progessz is

gell-anf'ficiapt e® regards its heat and snevsy requlirements,

’

jeven to the energy reguired for compressing the rew gas priaré
- ;

te its being cherzed to the convertor, Ey resson of the oao-

operatlion betwesn the sonwarsaion phase, the carbonizetion

M| phase and the gasificetion phasge ame Tezards the heat utlliza-

j
!
i
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‘tiom, the Iscyeling of the carbon produced In the methapation

’cunvartur, aund the formetion of methene 1n the conwvereion

zone, the overall offlclency of the procegs ss well az ths

fquality of the final produeci gas is relssd to & high order.

Qbvilcusly neny modiflcations and warlations of the

| tnvention as above set forth may be wade without dsparting

from the splrlt and seope theleof and only sueh limdiatioms

spould be imposed as are indicated in the appendsd claims.
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The embodiments of the ieventionm in which an exclu-

% sive property or privilege ig claimed are defined as follows:

. gas centaining hydrogen and carbon monoxide from said carbon- |

1, A pracess for the production of a fuel zas of
bigh heating value from a solid carbonsceous waterial having
voletils components and & sclid residue ecntaining earbon,
which comprises maintaining a fluldized mass of zaigd solld
residug in & gasificasion Zone, maintaining a finidized mass |
of satd s0lid carbenaceons material and selld residus in a }
!
carbonization sone, pgasifying the carbon of sald =olid rﬂsidu%
exothermically with oxygen and gteam in said gasification ;
gonie, passingresulting hot gases from sald gasificaticn %o !
said carbonisation sone, introducing said solid esrbonacequs
maberial in comninvted forwm inko sald csrbenizaticn @ene to
effect velatilization of the volatile components thersof and

produce additienal sclid residue, passing golid residue from

sald carbonization gone to said gasiflecation zone, passing

igation zone through @ fluidized mass of carbon maintained in
oz methanation zome at an slevated pressure within the range

of from about 15O to abowt 450 pounds per squafa ineh pauge

and a temperature within the range of from about LOQU o
about 1350°F,, whereby carbon monoxide and hydrogen are ¢on- |
sumed with concomitant production of methane ond carbon, re- :
covering a fuel gas of high heating value, and paasing carbnni
produced in 2ald methanation Zone Lo sald gasification Zene

for the production of addltienal carbon ronoxlde snd hydrogen.
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. A process for the preduction of a fuel gus of
hlgh heating value frem a golid cavbenaceous materlal having

volatile components and A solld residue containing carbon,

'whidch comprises maintaining a fluidized mass of said solid
residue in a gasifigstion Zone, nainteining a floidized mass

of said dn0iid carbomaceous material and acolld residue in &

carbonization zone, gasifying the carbon of said zolid reaidue

exothermically with oxysgen and stesm in said gasification

zone, passing resulting bot zases Irom said gasification zoms '
to gaid carbonization Zone, introducing saia soldd carbope

ateowa material in comminuted form inte zaid carbonizZation

gone to effect volatilization of the wolatlle componments

thersof and produce additional =oalid residue, passing solid

rosidue fraw said carbonization mone to zaid gasification
zone, passing ges containing hydrogen and carbon monaxide fiyom
2aid carbonization Zoue through a finidized mazs of carbon

maintained in a methanation Zone at an slevated Fressure

within the range of from about 150 to about 450 pounds per
ammare inch geuge and & temperature within the f&nga of from

abont 1000 to about 1350°F,, whereby zarbon monexide and

hydrogen are consumed with concomitant production of methana

and carbon, apd discharging from azid methanaticn zone a fuel

rag of hipgh hesting value.
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3. A process for the produgtion of a fuel gas of
#igh hsating value from a solld carbynacecus material haviog
yolatile components and £ s0lid residue containing carbon,
which comprises maintaining a Fluidlsed mass of sald solid
residue in a gagification @one, maintalning a Iluidized mass

of said solid cerbonacecus material and solid residue in &

carbeaizaticn zone, gasliying the carbon of satd gsolid residud
!

. exothermically with oxygen and steam in said gasification

zone, passing resultlog hot gases from said gasification sone
to zaid carbonisation Zone, Introducing said solld carbon~

aegous material in comminuted form inte said sarbonizatioca

. gone tm effect volatilization of the veolatile components

thereof and produce additional solid residue, passing solid
residue from said earbomiszation zons to ssid gasification

zone, passing pes containing hydrogen and carbon monoxide

| from said carbonization some through a flwldized mass of car-

bon maintainsd in a methanstion Zone at an elevatsd prassurs
above about 150 pounds per square inch gauge and a tempera-
ture within the range of from about 1000 to about 1350°F.,

whereby carbon monoxide and hydrogen are consumed with pro-

‘duction of methane, and discharging fyom said methanation

zone & fuel gas of high heating vaine.
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k. In a procesa Jor the productblon of a fuel gas
of bigh hesting value frem 4 zolid cerbopaceous materlal
havirg wolstile comuonents anc a sciid residue comtaining car}
Bon, The inprovement which comprises subjocting g fluidized ‘
mass of said solid residus to exotheridic gasificacion with
oxygen ard steam, thereby producing carssn ponoxide and hydra;
zen, passicg oo gssss resulting frow said geasification intoE
goatacs witi a fluidized mass comprising caid solid carbon-
Agecus material in comninuted form to effect wolatilisatlicon
of volatiie components therslrom and produce additlomal sclld
residus as the source of sald solid residus subjeeted to
gagificazion, passing the gas resulting from said gasifics-
tion and subsSeguent contact with saild sc¢lid gerbonscecus
material inte contact witk a fiuidizzd mass of carbon at an
elevated pressure above about_lSD ponds per sjuare iuch
zauge and & tfsenperature within the range of from about 1GOD
to about 1350°F., whereby carbon moneyide and hydrogen ars
consmined with ths production of methane, and rscovering from
the provess fuel gas of algh heating value comprising caroon
monoxlde, hydrogen, meshane and volatillzed cowponents from

gaid aplid carbonaceous maverial.
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