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SERGIFICATEDE

IP ALL WHOM IT Ma¥ TOWCEEM:

Ea it imown that 1, ILLAOOD BARKER SPEAR, Chamist;,

g citizen of ths United Sietes of Amariaa, ragiding &t Pitts-

baurgh, in the Euuntj ot Allaghaﬂy anf. State of Ponraylwenis,

Hnlte& St*tas of jmerica, have invenbed a new and asefinl lmprow

ment in ths EPGBUBTIDH OF SYNIMETIS GORDOTHDS FROE FYDEOCARBONY

of whiokh tha follUW1ng iE & fuil..claai and azéct &aaériﬁtion,
referenge boing ked to the avconmpanying dxswinga forulng part
of this apeulfluatiun.

The pregsnt 1nv&ntLun relates &0 the vroductien of
syntheilo vempounds frow hyiroosrbone, apd more pariicalarly
46 the degomposlilon of hydrecsrbona, such as methans, B4a%,
into geoeDpus pru&hﬁta having woupoEitions and propertiens

suitable for syntiesis into methanel, WOLO¥ foels, smmonia,

- fprjilizere snd other valusble prodnsis.

The prosese i particulsrly epplicable to the tveat-

mént of paturel gas Wiich ususlly ooneiste of sbouk 955

mathanﬁ, bi%s may bhe amploysﬁ £nr the jreatment of ather gases,

nuah ss 8%lll gee from the srasking of patroleum, Whioh uanale

1y voppists ¢f metbsne together Wlth gassous homeloghes and

| other hy@rbuarhcn gepep, ouck a8 sthyiens. The inTention will
e ﬂgaﬁtiﬁb&-ﬁith particainr referemce %o the aresking of
ﬂ5n&iuI§1 gas, bot it.iﬂ $0 be understood that it may be uaéd

. fﬁx ﬁhs #r&&tmunt of other hydrooarbond,

In the preferred prooedaye, & portion of the natural

gas 1F hes#ed to = decompnsition temperatuve, togather with

'T‘aféam,-whﬁfahj s mizture of carbon monoxide snd hyfirogen 15

formed. This mixture oonteins one wlume ol osrbeil mons-

xide gas and three Tolmmes of hydrogen gas., ADolher poxtien

ar
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! of the netursl pas is orssked to yleld hydveogen gus aund solid
; aarBon. The hydregen gap may be aoed for the mannfasture of
ammonia, ferillisere, ste. The 20lid osrbon ie hested with
staum o furm a4 wiztara of cerbop monoxlde and hydrogen ooo-
&  tuiping egual voluges of oarben monszide gas snd hydrogen
gas, Thip mizture ¢f gerbon monoxide end hyfrogen is mixed
with sn aporoximsately equal volume aflthe firgtd miziure
whioh conteing one wolwne ¢f serbon ﬁnnﬂxiﬁa and three vol-

pmes of hydrogen teo producs & resultant mlzture, which con=-

Fis teins spprozimately uns volwme of carbem momtxide gas fo two
tolumes of hydrogen ges. This i the thénretiually cerrant
miEture 4o be used for the symthesis of meothanol and similar
unmpﬂunaa.

While 1%.1s preferred Lo use aaybon memoxide for tae
15 produotlon of methanel end eimilar compoonds in sosordance
wilsh fha uBus} methsnol-raking pioeessss, ohasr pProopases fox
making methanol end similsr compounds heve beel developed 1n
¥hlch esrhon aioride ip used., Io sase the methensl ls mads
h? pOsh procesies, carkon diaxiﬁe snd hydrogen may be prﬁ-
A duaed by my DTOIBEE,.
' .The process will now be described in gvaater detall,
'tagethar with the prafer:ga form of spparatus for osrrying it
--out; _
Iu fthe drawinga;
b figura 1 is & vertical seclion through & Tebort and
naghnnh;nlienting spparstus mrultable for use 1 earyying ouk
the process; end

. TMgore & 13 = Alagremsatlo fiow sheot.
A@y Eutteble form of reiort may D wssd in whieh tha

oundifions iﬂr'g#rrying ot the respiions may be ebtained.

- B -
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A ealtsble form of retork, and she ome whien 1W preferred, is .

of the type shown in the Frownlee end Uhlinger potent, Xod

| 1,580,115, of Degsmber 23, 1324, i retosrt of this type, fo-

gatier With the perbor-gollecting spparatus, ls shown in
Pigure 1. The retort oonziste af pp onter swpporiing ekell
1 having & heat-inaulsting Lining &, and pontaining refrac-

tory brick oheokerwoxk %, The oheckerworx 3 is heatod by

msans of & fuel wmiziere of gas and air imtpodnoed &t the
| bottom of Ehe retors by mesns of the zas pipe 4 apnd air plge

' %, Tre hesting blast i@ spplisd b2 bring t4e checksrwerk

gp o a tempsrature of about LEQDS %o 1400 #, The pro-

i duste of combuBdlen eseaps ihroagh the digoiuvee opening & 2%

the top s the xstort, which may be alased wWhen tha.retnrt
18 pot ander blmet, by weans ol the velve 7. AfGer the
cheskerwork hes been hronght np o hesl, the gse Ox mizhure
of gazee to be trested 1= introdnoed loke the iop of the re-

tort throwgh the plpes & and pagaes anwn thHroagh -the oheclker-

| work % and is Adisbharged through the patlet 2., This type of

retort wey be ussd both Tor the orsoiing of the pataral gas
te piela hydrogen and. ‘s0lid osrbon partioles, snd alae tor
the deecmposition of the patarsl gas with stesm %o Fieid &
wholly gaseens producd oeneiatlng of gerbon mopcxlde and
h&&rogan. When the retert 1s used &o profuzas the ga2800E
higture of sarhen ﬁunoxiia and hydrogen, thiz mixtare is
saken off dirsotly through the digchargs pipe 9 zad passes o
the mathanml-giant through pipe 14. If the retort 1z &0 be
psed for craoking the natnrseld gaa_inté kydrogen apnd s0lld
czrbon, the mizture of hydrogen and entrained carbou pESsES

from ‘the dischergs pipe £ intd & parpon-Seperating snd ool-
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lesbing apperatos shown st ke right of the retort in FiguTs

1. The mizéture of hydrogen and carbon passes indo a Eﬁray

' onsmber 11, where it 12 cooled by mesne of Water RpTaFE 12,

It then peases downwardly through a mizing foWar 13 and 1lnto
8 oolleuting chambar 14 aontalping s nuwber of fnbyie heES
ib, vhroegh which the hyirogen pesses o the oultls® lb. The
tegs 15 are periodlszlly shaken %0 digsicige the earbon
collested therson. Thia uarbﬁn whish i8 known a8 carbon

tlack, i® & well mmowa arilels of aommeroe sni eenalefs of

fineily divided asrbon, The saxbon which gathers in the
! uuoling okember 11, the mizing chemwber L& ani- the aullauting

uhamhar 14 Ealle %o & Gonveyor 1%.

Iu"uraaking-natursl gas ip the type of retord iilmm-
tratai\uhuut twu-thiraa of the wveliable garbon is depoblted
on the uhaukarwurk and’ ﬁhaut sne-third iz colleoisd 2B carbon
bleok in the sollection apperatud.

In the prafﬂrrdﬁ-amﬁﬁ&imant of the proaéss, WWo Iv-
tnrta lhzuh we mey iaaignate ag Teterge A end B laaa £flow
aheet- illuatrataﬁ in Fgure 2) rre amplnra&. The retort 4
ia aesf for the uragking of the gas to praﬁnaa hpdrogen and.
nhrﬁﬁﬁfihﬁ';bf tha prﬁ&uutiqn p# fihe osrbon menoxife end

uh?ifﬁgihwmiifhpi uuntaihi@g'QQnai'vninmea of parbon monoxide

éﬁiiﬁgd;igahy 'Thp-ratﬂﬂﬁ?is heated %o the desired iempera-

?'tufb}£r'mdana of the blant pf foel gus snd sir edmitted

ih:uugh i pipua 4 and B =and the predusts of unmhnutiun

- HEQEDE. thrnngn #hn Tap npsnimg &, the valva 7 being open dur-

igg the heating hlaat. During thiz heating, the supply of
g&a ﬁhrungh the pipas 8 is ghut off, ez 1a alse the outiet E?
Aftar the shsckerwerk 5 is hented %9 the desized polud, tﬁﬁ
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heating blast is uob off snd ihe vaive ¥ iz cleozed, Then the
{hrarunarhnn gea, sdch as patursl ges, snd cosmonly referred
to in the plants =me the "rur ges"™, 12 sdimitied through thse _
pipez & % the top of 1hé ratart.ana pagees dewWnwerdly thrnughl
$he Blghly hested checkerwork %, The gas ip decnmpeosed labo
the hydrogen snd omrvon, The decompoaihion rescticn of {the
methone, whioh sonstitutes tha greatest part of the gue, le |
THE4—4-¢ +BHp. Any of the higher methens homologues whizk
‘A Yy he present are decompoped acoording o = Rimilar recciion.
48 abhove noted, Bboud Pwo~thirds of the carbow iz deppaitad
‘on the checkerwork.: The hyirogen, in waich the remaining
one-third af tie cerhon 18 eniraired ag oarban blaek pesaes
through the serben-cellesidng epperstes. The hypdrogen
.pasaas put thyough She disehorge plps 16 and to the plent in
whiakh the hyirogen is to be uiilized. This hydrogen msy be
ased for amy purpose for whloh hydropgen 1s desized, &such 88
iths menafeeturs of emmonia and fervllizers. The ssrbon 18
eollected hy:tha aonveyor 1.
The above reagtion is indioutad at tha wap of she
FloW ehest 22 fkiog plmoe in the refert merked A.
#hile the oheskerwori still remsins hot enomgh For

the gerbon monoxide producing Tesatlon, the rup gas 18 out

£+ from She inlet pipes B and stesm ie introdused, elther
with or withoet the osrben bwlank prodused and collecied on
tha previous gas-aracking sperstlon. iﬂ grgezs of team ie
profarsbly aused. If the pale yrise 0f the earbon plack
sollected e suffioiontly high 1% is bagged snd seld znd the
harbon Which is enoruBted on the ocbeckerwerk is atilized fox

the predoctien of the osvbon metioxlde. - Howewer, 1if 1% ls
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desired %o use the wolleaied carbon bisck 1t mey be introduced
inbto the Tetort slebg wWith the steam, The stesm, on peuslng
through the highly hesatel cheokerwork, iz decompotsd £ad OE-
bineg with the usrbon emorusted on the cheskerwork and with
the ocoxbhon black lotrodagsed wiﬁh the oteam to foTm & gazenuSB
mixbure having cubstantlelly egual volmues nf uarbom Wopoxide
apd hydrogen, ThiE rewetion ls irdiocted aa teklng plade in
the retort merked &' 1n Flgure £, Tha retort 4' 1s th§ Bame
retort &8 the retort 4, but the légerd A' 18 used to indlcate
she retory when the cﬁrhnn munuzida prodreing reaﬁtiun'is tak-
ing plzcé. Ihe gmaeouns niztore of enrbon mwopoxide and Lby-
drugen 18 takan off throush the bramoh disvharge pipe 10 ani i£
taken to the methanel plant t0 ba mized with the sarbov mono-
xide Bnd hﬁﬁragan mlrsure produced from the retort B.

‘The raturt B is similar to retort 4, bet without the
sarbon~aclliesting apparetis. Retort B 1w hested Ly & biest of
fuel ges end alr in the szme munner as ratert L. Afier ite
checkerwork has been brought to the deslred temperatura, the
heating bPlast ia shub gff and g mizture of the run gas =nd

etasm 1& passed ip through the imlet plpes & 3t the tep of the

rotors. The mizture papges down thropgh the heated chegker-
work and the methans is dsoompesed o yFleld wexbon monozide an&
hyﬂrpgan in guaardanne with the folloming eqastion: l
_334 + B0 > 00 + BH,., iny higher msbhane homolegues or othef
hy&rauhrhvng ﬁhich ma% be prapent in natursl gas sxa aﬁcam;na-i
aﬁaﬁqnorﬁing f0 g slipller resotion. This reaciion 1s in-
giented at the bobttom. of the Lo shaet iFigare E} a& teklug
plege in %he retort murked B.
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It will he nobed thet the mixturs of asrbon BOBOYLAs;

gkd hydropsh obi=ined Irom the relor: & {#s icdtosted at 4l

‘in Pigure 2) gonsisbs of eguel volumes of oardon monoxide snd

hydfogen apd the mlxture oF aarhen womexids snd hydrogen ob~
taipad from the retort B eonsists of one volume ol garbon
momozide to thres volumss of hyarogen gas. Yhe parhog mon-
pxide shd hydrogen miziures cobtslred from the retorts 4 and
B, respestively, are mlzed as inkieated in the fiow shemts of
Figore 2 and Field & raoaltent misfore contelining one volume
&f sErben monozlde to two wolumes of hpdrogen ges. Thie 1
the theoretically uorrest properticn for ihe predmetion of
methanel or simiisr prodasts, This wirfere goss te the
methznol piant vhere 1% is gynthesized inke meihspol [(CHgO)
by the usmal methuanol maxing procepses in which SEIDOX mOTO-
Eide znd h;drugap are passed through satalyBte unier preRsurs,
the resotlon being S0 4 &Rz.—» CHy0., The mlxture of osrbon
wonoxide and bydrogen mey slso be wssd for producing produats
pimllnr to methenel, such for axample, &R the new motior fusls
prdinarily ocelled eyathol.

Az will be apperent Ifrom the Flow cheet indlopted in
Bigure £, when all o the nerbon 1B miilised in the rroduo-
ﬁinn of the cdarvon monozide, the thesredically norrect mlz-
ture for waking methanol and sipdisr predudts may be prodneed
by &lv¥iddng the natural gés irtoe twe subatsotially nquai por=
Fianﬁ, one of which is oxsaked to yield hydrugan ﬁnﬂ orrhon, .
the parbon of which iz gopbined with gteem to form B miFturs
of oevbon monnzide and hyﬁrngaﬁ relatively poor in hydrogem,
while the nther portion is mixad mwith steam ama decorpoaed tﬂl

form o osybon mopnoxide wnd hg&:ngan wlirtura re¢&tivaly rioh
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! the sorreat mizsore for methenol synihesis,.

. dioxids snd oarbon monoxide iz dssized lpstead of osrbem

' monezlde ie produasd. Howsver, Bluoee the oerbon dlsxide ra-

- | gen fnrmn@'ffum tha-aérhan produsod hy;uraékiﬁg ane portien

-pof the Baiurel gggziﬁ the ratort 4 mey he eomblned with the

i

: ﬁhgq:iﬂg_angﬂﬁ@ﬁrﬁég#l the hydregen and uxygen ip azueés of
. théj ?q&giraﬂ in&“tﬁe methanol form wetsr. While tke EOUTS -

Fpesr - B
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in hydyogen, whioh twe wizxbures, when sdded %o sach othsr, si?ﬁ

In some proossgees for meaking methonol, ﬁatar tunls,
or ‘the like, Geeh az RAynthol, = mlizture of Lydropen wilth i
aaThor dioxids or with caThen dipzide &nd carbon monezrlde moy
Te envloyed., In usee carber ddozlde or a miztare of asrbhen |
moncxide slone, the progsas may be nodified to produes gar-
pon dioxide, When stesm iy oombinsd with garbon et high
temperaturss, oarbon monoEide 18 the pripoipel produst.
finepn, however, the tewpsrature ia lower, there 1 a tendepnoy
ﬁn the proavstion of varhenm dloxlds. 33 pperaiing the re-
toft A a8t 3 Ilover temperaticre when Rtenm is lnjeated, the ¢ar-
BoD ma# e converted pri;aipally in%o the dioczide form =oserd-
ing o the eguationi Q4 SHgd —» O -+ 3Hy It wWlll Pe noted
thgt ix thie osse, the ¥oleme of Eyﬁragbn prodused from tha

pame cmenpt of eerbon 1s double that produced when sarbon

quiren a grester smount of hydrogen in making methanol than |

does garbon monokide, the uizture of earbon diozide and hydro=-

oarkon monoxige éh&:hyiﬁogaﬁ.mithra-fn:maﬂ by treating en
gﬁyru%ima;aly equal pmnpﬁrtian of nepusel gee in the redort B.
';ﬁ ﬂﬁF‘hﬁ noted #Hat:in thﬂ.ézpthaaia of methanol from cayben
gxgxida'anﬂ-#rﬁggggn, or & mlxture of caxben diszlde, agrton

sf the aarbon diozlde has been deseribed ae the narben {rested




10

3B

B0

EE

! similerly increased by suitabis tampérature gontrel,

S B Oto pruduaé & mixtuie pr earben monerxide and hydrogen whlsk

oxacking of the methune ioto carben end hydrogen in the re-

¢ hydrogen oontent o thet Tegquired for mebhemol synthesls.

i aollestion apparstus 1 not blown inte the ratort with the

Spear - 3
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with =team in the vetoxt 4, %he esrhop aiozide conbent of

the gasecrns mimturs from the retord b mey syparsntly he

A modificaticn of the prooess mey De carrled out oalpg

the retort & only. Ip this cuse, lostezd of ARing a2 relert
18 relsilvely rich in hydregen, hyiregsn prodused oy the

torh 4 mey be udded to the mixture of osrben monoXide and

nydrogen prodused in the Fetert 4, 1ln order te bring ap its

ihiﬁ medifisation of the prooess may be sarried out with ad-
ventage in the erzoking ot the Zre inr the prodoziion of cere
ban biesk. In thie sape, the ocorbon vlask is ocue of the

prudﬁﬂta tn'ﬁa gaved, and the parbor plepk from the osrbon-

atagam, hﬁt the ¢arvon which ig anuruéta& on the chegkermork
ig atllized by Llowing iﬁ gteam, while the uhaukerwurk.iﬂ
gt111 hot enough %o cause the combinstion of the enorusted
uérban with the bBYemm inte gaybon wonozlde. The mixturs of
parbon monoxlde spd hydrogen Fhue produced maf he ﬁixad in
duiteble proportions, With the hyiroger produaed duripg the
opmoking of tho gas, to get any desired oarbon momozide and
hydrogen mixture. Thie 18 an improvement nver the present
pieTetion of the voborte pperating for producirng osrbon blasck
1% whick the ssrbon snoruested on the checkerworZz is burned
&urihg the keating blass. It may, however, be emploryed

in ayﬂ;r YroaaEEas .,

Hutural ges, whish is the oraferred gee used in omr
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| are far ramoved frow clitles or 01LeT senters of ennéumptian.

| Hetopal gs@, when treated zoaording wo our prooess, probably

“$he petrelaum hydroasrboms, whether in the form of Pived peses

'-'ihrtilimnra thﬂ hy&ragen may be used f£or other parposes,” Buak

[ Euﬂh a8 arnthul apd wo'tox fuele, oibher synthetin AOmpounas

' a& the hrlrugﬁnaﬁian of. oils, o foi any vbher paryose fop

Spear - 10
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pTUsesa, ie, &% present, very ocheap im the ges Fielde whioh

furnishes the cheapest mixtore of hydrugan'and 0aTh DN meOnD-
%ide or dioxide at'preaant availehle, & well a8 furplehing |
gapss whish are subsiantlally anzonbumiveted with sulphur oT
pther imperitises whick have proven o be very trnuhlusums
haaausa of fheir peolpconing of . the satalyets. usad in'arntheaiz-
lug the mlxturaa of hypdrogen and uarhun monoEzlde or &iﬂxide.

¥hile the present process hes been &ﬂburihe& gpeni- -
fiaally as applied v méthens or natural gas, the rogEsE DAY
he esmployed in- the Hreatment of other hydrpsarhﬁns. sugh &8

oy vaporized lyqniﬁa. -Tya reactlons ip converting such hy-
ﬂiaﬁarhdnn intﬁ mixtures of hydrogen snd cerben monvxije or
dioxlde are sipilar to thode deascribed in connsetion with the
dqnumyoaitian qf metkane, a2 will be Tesdlly unﬂaratouﬂ bF
.thoma ukillua 1n this srd. Whille the aynthetiq prodnate
;iurmti are prafarahlx methanel or mathunnl-uuntaining fluida,

y be prﬂ&uoad. klan whila the hydrngan hes besn apukan of
ag, baihg ptnfarahly pead for the aynth&aizing of smmonia and

whiuh hydxugam ie aultable.
Thﬁ preauni ipyention 49 pot 3imited to ita appliua-

'tiﬂna ot ta the detailﬁ af progedure Bel fnrth spealfleally

ﬁhavn ‘huj may be modified or obherwise smibodied uithin The

agopa @f tha follewing wlalms.




wkich sonsist in sroockimg & hydrocarben te yleld carben and

hydvopen, veoubiripg the qarbon with stesm %o Fleli & slIture.

';--aap.auumhining tha exyhon with- steam to yleld & mixtum& acn--

: 'qgg;};.ng um:"ben mpnoxma ari h;.rﬁmgen, enriching thie mizture

;hyarogan, ¢ombining the ssrbon with giesn to yield s miFture

. tainins gn uxida ef carkon &pd hydrsgen, enrioking thxa miE-

' whiah unnniat in araaking methane to Fleld sarbeon and Myiro=
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T osieim;

1. Thope #Eeps of the hersin depcribed progess,

pontelnirg ar omide of omrhop end hyfregen, epriching thie miX-
tore with hydrogen, snd synsheaizing 1t.
£, Thoee Bitepd of she hersin desoribed provass,

wﬁiah coniElet in orackicz & hBydregarben to yleld aerbon and

ponteiring catzbon monczide end hydrogen, epriching fhis mix=
$ure with hydrcgen, end synthezizing i%.

F. Those steps ef the berxein dsscyibed process,
whioh conesift in ereacking ﬁathans to yield oerbon and hydro-

gan, unmhining the aarhﬂn*with gteam to yieid s mixtare eoun-

_#ura.wmth;hydrﬂgan, and aynthesizing ite
e DO Thssa eteps of the herein desoribed prodess,

wﬂ%h gx&rcgan-am that 1: afnteing approZimately ome yolume
nf narﬁon munoxila-gaa ﬁn o volumes of hydrvgen gee, end

”m'_jfiaiﬁma;éi-égrhﬁﬂ.mbngiiqg.qnﬂ ihyree velumes v hydvogen gus,

= 1] =




waich cerdist in papaing a wydrecarhorn thyonph a heated re-

-~ tort to Fielfdl hydrogen spd esrben, a pard 5% lesot of which la

! mizture coptuining &n gxide of carboy snd hydrogen, passing &

furiher guasntity of the hyfrocarbon torough = heated vetori

Piret mixtere, mixing the two miztures In gnitaple propor-

: tione, and synthesising the resnltsnt mizidare.

| tort while hagbted 50 as to ¢owbine with the cerbon apd yisld

L
24

L
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sprisking the flret alxbure witk hyirogen by addlng bo it such

propprting of ihe second mlzture &s Lo prodoos a resuliend

mizture contalning approziostely ome volupe of corban monoxids:

Es® gpit twe volome:s of ﬁydrogeﬁ gas, end synthesising the ear-

bon monozide end hyRrogen.

f. Those shteps of the harein dezaribed prouess,

fepoglited in ihe rebors, passing stesm through the reterd

while hestod so &s ¢ combing with the garborn and yleld =

.

togother With atesm 5o ag Yo produse & miztars copbalning BR

oxide of uambnﬁ and hydrogen sid righer in hrdrogen ¥then The

7, Those ateps of the herein dewcribed preces:,
wrloh sonaist 1ﬁ pazslng & hpdrooarkon through e heated re-
vort to yleld hydregen and eerbon, & pert et lesst of which
is depoaitad in the refort, pessing otesm tﬁruugh the ra-

s mixture coptelming earbon wmonezide and hydrogen, paseing &
iurthﬂr.quantity oF tha hydrosarbon through a heated ratort
togetier with stesm Eo as to projuas B mizture oonteining sar-
gon monozide and hydrogen richer in hydzogen then the fires
mixture, mizing the twe mixwurea in soltadtle proporbione,
and ﬁyntheaimigg_thé carbun menoxide spd hydrogemn.

a, fﬁéﬁa gtops of the hersln deseribed process,

which 00neint in passing methane through @« nesied retortd to

Field hydrogen end varpen, & prrt st lesat of which iz de~

- ig -



:'.aiidn anﬂ hg&ragan.
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poBited ip the refort, passing stesm through the retord
wille heated &0 a8 0 ooibine with %he carbon acd yield g
mlxture contalning carbon monorids and hydrogen, paasing a
further gesatlity of methans tkrengh & hested reatort together
with stesm o @s Lo produse 2 mlzture cﬁntaining aarbon meng-
zide and hydrogen richsr in hydrogen than the flret mixturs,
miZing the twe mixtarss in azitebls proportiona, and syn-
thesizing the agrhan monezide and hydrogen,

9. Ehuaa_ﬁtega of tﬁe harein desaribed plrouess,
which sonsisé in pesslag methene through & heanted retert ts

yisld hydrogen ani earben, & per st lesst of which i8 depo-

‘Bited in Lhe retort, and thersafter passing stesm hrough

the refort while hested ta gombine with ths oarbon and yield
s mixtore contalplng sarbon monozide and hydrogen,

10, Thude Bteps of the bherein deseribed prodeds,

. whiok aanaiat in paseing & hjdxaaarbun #hrnugh A heoted re-

tnrt tﬁ yiela hiydrogen und narbuﬂ & yart st least of whieh

- te 1apaaitnu-1n the retort, and thereaffer passlig

wteosm through the reyort while hoated so as %o coubize with

the gaihon end yleld 8 mizture sontaining an oxide of sarbon
. amd Bydrogen.

11, 1Ihooe steps of the herein degsribed process,
whiiak odnaiat in pageing methane through & heated retort io

:;-_yiali hrﬂrusan nnd narhen & part at least of whlah iz depo~
.'?ff aitoi 1n th& ratnrﬁ. thaﬂaaiter paasing Bteam fthyongh the

rutnrt ahiln huatuﬁ o acaline with the saxbon and Fiﬂlﬂ &

':H m_"_iiﬁ aﬂntaxnins uarhnn mopprzide &nd hgﬂrugan, &nriohtn;

ﬂhis mixtuxa with: hyﬂrugan apd ayathesizing the uarhuwm
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1%, Those ateps of the horeln dcscribed pracess,
which oonslst in passing a hydrecerbon throagh s hesated re-
©tort te yisld hydrogen and osrbon, & part 2t least of whioh ie
.ﬂapnaitﬂd in the retort, thereafter pessing stsaw Fhrouzh
i the retort whils heated to anmbine wilh the carbon snd yleld
& piztare contolning en oxide of axrbon snd hydrogen, enrich-
' ing this mifdure with bydlroegen, end eynsheslzing it.

1%. 'Thoss stepe of the lkesrein deseribed process,

i wrilaeh corslat 1o hahting a.uhaakerwurk-containimg ratort to &
tenparaiore above the devomposition point of methane, pasalog
methene throagh the hested retors Lo orsck it and pield hydro-
gen snd sarbon, = pert at least of whicl is &apﬁ#iﬁa& in the

i cheakarwork, ani thereafter while %he gcheokerwork etill
remsing hented peasing stean through tha.retart o soembloe
with Lthe grrbosn sud yleld & mizturs sopteinlng curbon momo-
ztde end ﬁgﬂrhgaﬂ. |

14, These steps of ths hereln desoribed progess,
whiech coneiet in heatipg & oheckerwork-tonieining returt to
6 femperaturs sbovs %ite dencmposltion polnt of the Hydrooar-
lbon, passlng the hydroaarboen throeugh the hestsd retort o
erack 1% snd yisld hydrogen spd carbon, & pert st lesat of
which i deposited on the sheskerwork, theresiter while tha
) uhaakafwork atill remelns heated pussing eteam threagh the
ratert 2 sombine with the ﬁaxhun and yield & mizkure contain-
ing am oxide of carbon apd AYArogei.

15, Thoee 3teps af'tha berein &ﬂaurifad TEOQesR,
which wopsist i peesing methene -through e Leated retort te
arack it anq"gield hydrogen snd fnely dlvided ozrbom, asph-
';ating entrained aarben frow the bydroger and redamsing i
_|bogethar with stesm to the heated retort to prodace e mixture

:cuntaining approximetsly 4qual Tolwnes of carhon monozide and




.carban hﬁating the ﬁarhﬂn together with Htaam a0 2B %o Field

"‘;ﬁuﬁj:inhar in kydrogen than the First miztuve, mivipg the w0

.:g;xgnrﬁa,Ian&_synthaaiﬁing_tha resolient mixtura.:

'1whiah annsiat 1n nwaaking msthane: te yiala hydrogen snd oar=-

': *fu:thur qnantitr nf mwbhana gnd afoem a0 ag to yleld a mix-
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hydrogen, pessing & farther guantity of webaEns th:ough a

heataa retort to produss = nizture coriaiping approximadsly
one voloms of gerbon @onozide and three volumes of brdrngen
gag, wnizing wha W minterey tn propoerkiens tu Fledd & resn] -
snt miztire cepteinting spproFloately ome yolwea of agripon
monoxides snd two volnues of hydregen gas, uund synthesizing the

garbon monponzxide and hpdregen.

15, Thoee Adeps oF fhe herein deascribed progsss,
mhioh compist in oracking wethans to yleld hydregen end gar-
hon, heating ths garben together witk stesm o g8 o Field a
mixtare contsining oxide of garbhon snd hydreogen, heatlng &
for¢har guentity of methane with stesm 80 83 50 Field 2 miZ-
#uru oopkeiping an oxide of parbon snd hydrogen but ;iuhar in
hydzegén than the firsd miztars, mixiné the two mirtures, and

eyntheslzing ﬁha reguitsnt wixturs.,
o 1. Thaﬂa piaga of ths hersin dssaribed Droosss

.whiuh,uunﬁiat 1n uxsaking e hyarcozrben Lo yiald hydrogen &and

'g mixtnru anntaining an oxlde of uarhun and hrarngan. haating
a-further gquantity of tga hyirooarbon with steam es ez 0
-gipla_a_miithru gonteining au oxlde of narben and hydrogen

-38. Those g¥epe of the hersia desaribed predess,

"nn. hsating tha namhﬁn tugethnr with etesm 5o 88 b0 yiald &
| :tﬁra aﬂnﬁainiﬁg uarhan mnnuxi&ﬁ and hydroges, hsatiﬂg -]

Tturq sontaining uarbnn monozide apd hydrogen bat zicher in
_hyﬁrngan thsn the  firet mixtura mizing %he two mimtwres, and

ﬂynthaﬂising tha resaltant miXture.
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19, Thope sheys of the herein dosgribed PYoUeEd,

gen and garbon, healing the ogarben With Bheam %0 yield ® mix-

turs coniaining spprozimately sguel welumee of gprbon mOLO-

| xide &nd hylrogen, neetlig B sngond and substentlally equzl

proximately ons volume of sarbon monozlde and three velumes
of hydrogen, mizing the twe whyturss, and epnthesizlimng tha

rgpuliant mixzture.
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volume of methune with ekesm to yiold & mizture genteining ap-

whioh gomelst ip eragking s voluime sf wethzpe to yleid hydrn - |
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