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Our inventlon reletes to & method of making eyntheeis
gea and moTe particularly to & method ¢f making m mirfure of
hydiregen aml ¢rrbon monoxlde having 2 ratlo of hydrogen witkh
reppect 40 carbon monoxide from 1:1 to 31l By volwme,

Hixturéa of cerbon monexide znd hydrﬂgeﬁ are uwaefual
in eyntheslizlpg many crgsnle compounds and theae wixtursa are
kEnown %o the art as "syntheals ges". The varying of the ratic
of oarbon momoxide to hydrogen poselble in our method is of
importance, sincs the t&pﬁ of produest obiained in the liguld
ayntheais gtep may be controlled by the railo af carbon mom-
oxids %o bydrocgen ia the eynthesls gas, The ratle slac has an
effact upon 1he degree of satursticz and the speed znd extent
of the synthesis reactiom. o

Synthesis gre may be m2de, for exemple, by cxldizing
mothaas according o the following reastion:

Gy + 303 —— WOt H
dvothesls gae may Lo pade from methmne and steam ape
sording to the following reacilon:
OHy + Egzd ;__’ oo + 3Hg
I+ will be obssrvad that, in $he above zeactlon, a wlxrture of
oynthesla gas having a retlc of three volumes hydrogen to ons
volume of oarbon monoxide,is abtained, 4 ratlo of one part
gaTbon monoxide to one part hydroges way be obiained as follows:
GH, + Op—— 00 +H, +HD

Any desirsbie ratic of hylrogen o carbon menmoxlde mey
be obtalped by changing the proportions of Iresh feed hydrccarbon
gud, asteam, and oxldatlon gas, sush as carbon dloxlde, as will
hereinafter ba wore Tully pointed out,

Mpthane may be obtained from naturei gas wells, The
oxygen in toe zir caonct be reedily used beceuwss of dillution
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of aynthesiz gas with nitropen which ia wmdesireble and whkich,
if present, muat be subseguently removed. The pregenpe of
attrogen sots ms & diluent which intsrferes with aubaeaguent
synthesis reactione. IFf nitrogen 1s present in the eynthesis
gre, it muest be removed by soms method such as low tempeTature
rectifieatlon, which is expensive,

ne cbjest of our invention 1l to provide for a
novel process of forming synthenls gas, _

Apother dbjecf of our inventlon ie ¢ provide for a
method of oxildizing methmne in whick oxygen in combined fomm
is supplied 4o the ayatem by meane of the stemm-iron proteas,

fther and faurther objects of cour inventlen will ap-
poar from the Iollowlng desoripilon,

Ths pocoRpenying drawiog is a diagrammatic view of
one form of appatatus capabls of carrying out the meihod of our
inventlon,

lhun.utuam le pagsed over hof iron OT cne o the lowar
oxldea of ircn, cxygen ia iaien up from the otean, fresing hy-
dregen. The reactlone are as follawal

3 Fo + g0 — o0, + 4H,
3 FoO + Hg0 ..y Pas0y + Hy

The synthepis gee iteelf belhg m mixture of carbon
monoxide snd hydrogen 1s a reduslag gms. Waen B synthesis gas
mixture ig peased over the higher oxide of iron formed in the
aleaming Btep, as polntsd out above, ke Lollowing resotlons
take plooe}

Toglhy + Hy —= EFed + Hal
Fez0y + 00 —e—yp 3Fa0 + 00,
Yez04 + 48y —— 3o + 4H D
Fegly + 400 — BFe + 4007
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14 will we ¢beerved that, ila the above resctions, the
bigher oxide of ironm im reduced i5 a lowsr oxlde or ths metal
itealf, while hydrogen is pxidized %o water and 0aYDOTR monoxide
ie oxidized te carbon dioxide,

Raferring Dow o the drewings, metbone, which way be
at & tamparatﬁra for example of 800 F;.and under a prapaure of
4G0 vounds per equare 1lnch, 18 introduced through line 1 inte
an abasorber tower 2, It 1g important that hydrogen eulphlde be
removed from the meihene ao that, in the aubsequent comveralon
ot synthesis gas to orezanic compounds, ihe oatalyatl there em—
Ployed will not be peolaoned, Absurber tower 3 may be & packed
tower or & bubble tower, 4s the methens passes uptarﬁly throogh
the tower 3, it ia contected with an abscrpent for hyirogen snl-
thide euch as ¥risthansi-amine or mopo-gibangol-smine or the
1ike, The bydrogen sulpbide abeorbing meneiruum lis removed from
the botiow of a atill 5 by pump 4 and passes through hemt ex-
changer 5, copler €, and ie introduced adjacent ths top of the
tower through pips 7. The menmtruup containing dikeolved hydre-
gen sulphids flowe cut of absorber tower 8 under guperimpoasd
pressure, through line &, pasees through heat exchanger 5 and
13 imtroduced inta #till 3 through lins 9, The hydregen sulphide
13 stripped from the xsnstruum by heat supplied from atesz 1n-
tzodusad through pips 10 intc m Teboller 11, The bhydrogen eul-
Phide panana'uut of the aystem through pipe 12, Enizzined =zen.
atrnmz and oondsnsable fractione are condensed in a condenser
13 to whish & coollug medium is supplied throwgh pipe 14, the
condensate returning as reflux %o fhe itripping tower 3 throuph
pipe 15, The sbporber vperates at any sultable pressure, depend-
ing of oourse upon the pressuXe at.ihiuﬁ:tha methene aopplled
to it extate. The atrirping tower 3 gny.likewise pa oparated
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at any suitebls pressure, In the instant gaae, the pressure
within the atripplnz tower waa 10 paunds:per gguare inch gauge.
The methane, free of hydrogen ﬂulphidﬂ;_léavaa the zbacrber
thruugﬁ pipe 18 and paases through vaita_l? into = manlifeld 111,

The vhember 19 contsine s wass of crushed refractory
material forming s regenerator bed 20, catalyst mesoses g1 and
& regensretor mass 28, The catelyst and regeneratoy chasber 33
iz simllar in conetruction %o the catalyat and regenarator
ghamber 18, The nafnlyst may ocomprise refrasctory materiml upon
whiph hes been deposited metaliic niokel or mlxtvres of nickel
wish manganese, Any suliable catalyst for the comversion of
meiheoe inte mixtwres of naibnn monoxlde and Lydrogen mey ba em-
rloved, Sush a aatalyaf wey be prep&iﬁd by aatgrnting a dif-
ficultly redugible oxlde with nickel niirate, drying the mixture,
roseting it to decompowe the nicksl pitrate 1nto nickel oxide,
and reduoing it in such & way $hat nickel oxide is aonvertsd
into metallic nilokel,

‘The oxidatlon chamber 34 contaiss a wase of zefrao
tory material upon :ﬁinh has heen deposited a lower oxide of
a metal oapable of taking oxygen from etsam tp form hizher ox-
ids=s whish, in furn, are capable of tranaferring oitygen in com-
bined form to e reduclng gis #u0h &8 hydrogen or carbon mongxidas

or mixteres therso?, 7The process may be atarted with sither

purifisd matalllio oxides or cxide-containing ores or with +he mein]

themaslvea, Theas metnls or oxldas may His used in eny oconvenlent
forsa or may be mixed with or dapuuitﬁﬁ on a refrasiery materisl,
whichk may ba crushed fire brick or thé_i}ka. The metsals titan-
ium, lead, oarium, chromium, lron, tungsten, or melybdenum, or
thelr lower oxidem ar aresz gontzining the metal or their oxidan

ars aaliabls,
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Oxidation chember 85 12 aimilar inall respects fo
oEidation chamber 24. Regenerator chamber 3¢ ocontains a mass
pf grushed refraciory mepteriel 37, Hegenerstor chapber ZE ia
gimilar in all reapects to regenerator charber 28,

it willi be noted that there are two ldentical zats of
gruimment uwaed for the synshesls gas eycle, TWhen one of these
i® on the make eycle, the other 13 oo the regenerative oycle,
The length of time zach of the emte ie an the respeoctlve oyele
ia, of courze, determined by the elze of the eguirment, A
typlcal rum will b2 seven znd one hell minwtea, after wxhich the
g&8t9 are inmterchanged with respeot %o their oyoles,

Heferring agaln to the drawings and consldering ocate~
1yst chambar 19 belng employed om the make cycle and ceialynt
cheeber 53 on the regenorativs cycle, the methans fresd of hy-
drpogen sulphlde, =8 polnted out ebove, is loiroduced 1nto the
cataiyat and regenerator chanbar 1% through plpe 39, walves 1Y,
18 snd 30 Deing openmed and valves 128 and 31 helng clossd, For
purposes of convenlonce, I will refer to fthe hydrecarben gne
employed as "methane” though 1% ls to be undersiccd that any
other sulteble hydrocarbon gaa euch aa ethans, propane, budane
or mixtures thersol may he amplnyaﬁ in'nnrrying out our meihod,
The regenerator bed B3 wlll prehent ‘hl.l.ﬂ. gas by heat axchuange
with the hot refractory msterial which has been previously heat—
ed during the regenarative gysls, Tﬁﬁﬂéagunerator Teds and the
eatalyat moas have besn previcusly neated to a temperatura he-
twaen 1800° ¥, and S800% ¥, durlng the regeneratlve cyols,

The temperature rauge le glven by wey of illusizatlon gnly and
nat by way of limita%ion ag theae chambars may be operated hHe-
twaen the tamperature range af from 1500° ¥, to a500%* F,
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The ocutpu: from the oxldation chamber 24 i pasged
ints line 33 by blower 33 forough pipe %3, This output will
conprise a mixture of stemm and carhon diexide, BSteanm may rea
Bqt witn methane according to the following remotion:

20H, + BH,0 -—3 BOO + GH,

When it 1s desired to produce a synthesie gas mix-
ure in which the ratle or hydrogen to carbon monoxide ie high,
it »will be necessary to introduce additionzl wteem into the
mixture going to the cetalyst charber 1%. This 1s done Dy open—
ing valva 84 and valve 300, permitting ateam to flow fTom the
steem supply line through pipe 501 into the manifold 29 lead-
iog 4o the catalyst chawber 13,

Cerhon dloxide may resot with methene agoording to
the followlng reaction

CHy + GOg ——y 800 + 3Hp

Wisn it is deeired to maka synthesis gas in which the
Tatin of hydroget to carbon monoxlde im lapa than 331, water i
removed from the systsm., Woen operating in this manner, valve
3043 i cloped and the output fram the oxidation nhaﬁbur 24
passes through plpe 803 through condenser 304 to whick cooling
water is suppliad through pips 205, The water condenaed in
condenser 204 im withdrawn through trapped plpe 808 and the oar-
bon dioxide peaxes throwgh pips 207 ints the menifeld 30 for
insroduction into the omtalyst and regenarator chanber 19, In
guph cage, the tall gas fzom the syntheels atep will contaln a
considerable proportlon of carbon monoxlds since, In the aynthanin
afep, the respsotive gasss are nanuumaﬁ approximately in the ra-
tls of 8:1. In such caee, the tail 553.1111 be recyeied to the
oxidation cheabera sc that carbon mng;;;da aan be sonveried to
carbon diloxides without firat belng pééé%d through the sombinn-




W

443ED3

tlon cetalyst chambers, If the $all gss comtalns & large pro—
gorticn of carbon monoxids, 1t may nntxﬁe neceggary o pase the
output of the oxidatlon oharber through the condenser ioc Temeve
water, e the only water which need be removed is that formed
by ths oxidatlon of hydrogen and, if tﬁa cxidation cherbar op-
eratss chiefly on carbon nonoxide containing =z emall percentage
of hydrogen, the amount of water to be removed will obDviously
be small. . _ )
It will be poted thet the som of the pr;dupta givres
a mirture of cerbon monoxids snd hydrogen in the ratlc of cme

part of carbon monoxlde to two parta of hydrogen, woich mixture

may Te employed in the synthesis giep to producs liguid hydro-

earbons,

The mixture of carbon diczide and sbeam, togetner with’
the wethans, will be syntheslzed in the catalyst chamber 19 and
toe synthesle gaz fexped wiil leave the chamber 19 through pipe
34 and pass through the regemsrator bed 77, 1t bning wmderstood
that valve 35 im open and valve 38 38 partially opened as will
hereinsfter mors fally be pointed out. The synthesls zas will
be partially ccoled by giving up m portior of ite beats to the
rafractory bed 37 and will lasve the chambar 36 through plpe 37,
velve 38 belng opsn, 1f desired, a poriien of the aynthenis
gas uay bypass tha reganerator 38 through pipe Eé‘ by opening

yalva 39, While oatalyst chamber 19 1a on ths make oyols,

valves 40 nnd 48 are olosed and valyas 41 and 43 are open, The
ayntheais gas may flow directly fzamfﬁipa 37 through valwe 44
into Dipe 45 to the synthesis nhlmhur'iﬂ in which thm ayntbhasis
gas is vonverted lnto uasful arganiﬂ'nnﬁpoun&s by any aunltabls
aynthesis prooses. The axoess of axnfhasiu gas formsd DAy DABS
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through pipe 70 intc a gas holder 71 whence 3t way be withdrawn
by Blower or compressor T3, when desirsd for use, and paas
throuzh plpe 7% into plipe 45, The ayntheslzed produote ara
withdrawn from the synthesis chamber 46 bhrough pipe 47 and
pasesd throwgh a heai exchanger 48, through pipe 49, into e
sgparator B0 from whengee the ueeful producta are withdzawn
through pipe 51, The unreacted synthesis ges is removed from
the e&pnratur 50 through plpe B8, whence 3t may flow %o the
atmoaphere through valye 53 pnd pips 54. If dazired, the un.
reaoted H?ntﬁéaiu Eas =AY Dea :any&l&&.ta tha gatalyst chamberse
through pipe 56 by openlug valve 58, it being umﬁaratnud that
whan ¢chamber 18 ia on the meke gyole, valwve 57 1a gpen and velre
31 12 olosed, 1f deplred, the umreactsd tail gaa may be re-
cyoled to the oxldatlon chembers by cleoeing both valvea 53 and
56 and opening valws 58, in which case, the tall gmases will
flow through pilps 7?4, After the egymtem has bean in gperaticn
for a while, nitrogen wiil build up slnce a amall percantage of
nitrogen 1l alwaya preaent in the hydrocarbon gaa teing pro-
euhaaﬂ. Thie nitregen will not resot and nvhntually will he
tallt up ;n tha l;ﬁtﬂﬂ. Too much nitregen reaults in dilution
of the zeactent gases znd eneuring lqiared afflolency. The tail
gag, when nitrogen oconosntration im ﬁigh, uay be vented, Nitro-
gen from the air Auriog the heating stepn, thet ia, during the
raganorative cvele, wlll remaln in the cstalyst ohmmbar whioh
hag heer suklected to heating., The chambere may ba purged of
tie nitrogen by cpening walvea 130 and 101 for a short peried
of fime when the respectlve ayotems are fizet put on the make

¢yaole, The chambers may be purgad wlih pisam if dsalred.
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When oxidation chember 24 is om the mmka gycle, walve
B2 is cloaeﬁ end valwve 80 ieg open, 8o that the wnrescted tatl
gae will page Inte the oxidation chember thruugh pipes B3 and
82, along with a portion of the syntheais gas being msde, which
will pass valve 36,

Duaring the make cycle, a portiom of the synsheais gas

" ig bled from the plpe 34 through pipe 63 which 1z controlled by

wvalve 36 and peesea to the oxidatlon cherber through plpe 133
and pips 68, 1% being uwnderatocd thet wvalwve 75 18 open mnd walve
T& im alosed, The synthesls zas wlll resot wiith the eapdly re-
dualble hlgher metal oxidas, reducing them $o lower metal oXe
1deae as polated ouwt hersinabovs, and the carbon dicxride =nd
ateanm forped will leave the oxldatlon chember through pipe B4,
it belog wnderstocd that velve 86 iz open and wvalve 85 ls olosed,

Fhen iron oxide ie used as 2 oatalyet in the oxida-
tion charbers, & descirable oparating femperature will be in the
neighbgrhood of 1E00* F, When oxlidesa of other metala are us;d,
these temperatures may vary between 1000® F, and 3i500° F, between
which temparaturer the oxldmiion and Teduotion reaciions may
teke place, .

When the ayptexr 1s belng cperated to produce a ayn-
theple gar of & ratio of hpdrogen to oarbon memoxide af lags
than B:1, a portion of the teld) gas from the eyntheslia step,
that is, thes gas withdrawn from the esparefor 50 through pips
3 18 pasged througk plpe T4 into pipe 83 slong with the bled
synthegls gme,; 1t bhelng uwnderstood thet valiaa DB mnd 80 are
open snd valvas 9 and 79 ere oloaed, The compreasor 38 will
peas the producis of oxldsticon tlhrough pips 33 1nto pipe 8% for
pessage to the catalyst chenher along yith the hydrocarbon gas

belng converted,
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While catalysi chember 19 is on the make oyole, cate-—
lyst chember 23 aqﬂ oxidation chamber 25 arp on the regonerative
cyele, Fusl gas from fuel gas main 77 passes through plpe 78,
valve 79 belng closed and weive 80 belng open,

At the eame tilme, stegn from steam supply plpe 81
pasesag through heat exchengaxr 53.1ntn manifeld 53, Telve 54 1a
cloaad and valva B85 la open so that the steam will pasa through
pPlpe B8 intc the oxidmtion chawber g5. The oxidation of the
oxlds ore maga within chamber 35 by mesne of stesm 13 an exo-
thermie resction at the temperature of fh& operation so that
the body of metel oxide will rise in tempersture during the re-
generative etep $o the depired temperature betwoen 1000° F, apd
1500% ¥, The ozygen being remorved from the steam iz the menner
pointed out mbove, hydrogen will be released, This hydrogen -
mey e bled through pipe 57 which is controlled by valve 88,

By cloging valve 86 and opening 7BlTE=é§, the bydrogen formed
will pass into pipe 50 into which, pipe 78, carrying the fual
gas, pasaes, The fuel gas mlons or with hydrogen will pasa
valve €12 apd flow into manifyld 92, from which it passus'thruugh
pipes 93, 84, and 95, leading to burnera dlsposed about the
catalynt beds, 4lr is taken by blower $5 and paseed through
pipe 97 inip pipe 98, Valves 9% and 101 are olosed and valve
100 is ocpen ec that the mir will pase through the regemerator
bed within charber 28, preheating the alr,

The preheated air will leave the regenerator 38
through pipa 108, it being understuuq‘fﬁat velve 108 is apen,
and pess inte the oatalyet uhnﬁbar'aazfé support the combustlon
of the fuel gas )In order to Tehest the catalyet bade and Tegen—
erator bede within the chember 25. The Zazes of combhation will
lamwe the chanber 3% through pipe 104.. Elower 105 i= stopped

- L0 -
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and valves 106 snd 107 are cloasd,

Valve 108 1s open and the ptses of combustion will
pass through pipe 108 ithrough heat eichanzer B3, superheatlng
the atsast entering the heat exchengsr through pipe B, and pase
throwsh pipe 110 to the stack, The heatlng iz conducted un%il
g temperaturs of ebout 2300 F. ig reached, Durlap this time,
the chamber 19 on the meke oyels will have oooled to abouwt
1800° F, at whiok %ime the catalyst chawbera 19 and 23, hogether
with thelr respegtive cxidation chembers 24 and 25, are alter-
neted. When this 18 accomplished, thg_hydrncarbun gasas %o be
converted will pass from menlfold 11l through ﬁalvu 107 and pipe
104 iots catalyst chamber 23, The synthesia ges will leavs the
chanber 2% through pilpe 103 and pass through regenerator 28, it
being undervtood that vaive 103 will bé cpen, Valve 98 may be
opensd, in whole or in part, to bypasa a portion of the ayn-
theale gages through pipe 113, Wien chumber 23 1= on the make
cyole, valves 40 end 48 will be apen and valves 41 and 43 will
be oloasd., The aynthesin gas will leave manifeid 95 and pass
to 4hs gas Dolder oT synthesla chawbar pa bafore. 4 porticn
of the syathesls gas will bs bled through valve 113 and 114
through line 115 and line 118 fer oxidetion 1n the oxidation
chamber, the produota of oxidmtion being withdrawn through pips
88 and pasesd by blower or nnnpraaadiiiﬂs through pipe 117 into
plpa 104 3o join the hydrcoarhon gases pasying through the eym-
theslp chamber 23, -

Waen catalyat ohamber 33 iu'ﬁaing opersted o nake
syntheals gao in which the ratin ﬂf_ﬁydrngen to oarbon monoxide
ia lema then S:1, valwve 210 in lLine 1if ig oleasd apd the output
of the oxidaticn cbambar 35 iz poased through pips 211 through
& gondsnear 312 o which cooling water ls supplisd through pipe

-1 -
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213, The condegmasd ateam is removed frow the vondenser through
trapped pipe 314 and the carbon dioxide is paseed throwgh plpa
215 to the manifolid 104 for introduction lnic the catalyst
chamber 23.

Teil gam from the seperator BO may pasz through plpe T4,
valwve 58 being opemed, intos pipe 118 for passage into plpe 115
with & poriion of the aynthaais gesea to the oxidatlon chamber
86. 1If valve 58 i3 olosed and valve 56 is opened, valve 57
will slao ba elosed snd valva 31 opened %o permlt the tail gasea
to pams into pilpe 104 through pipe 1i¥, The compresadl orT hlower
98 will force aly sorough pipse 130, sinoe valve 40 ia open and
veive 43 iz cloged, through pipe 37, pest wvalwe 38, through re-
generator 88, through pipe 34 into the chamber 19 to furnlebh alr
of oombaeticn for fued), which pasees through pipe 13k and plpa
123 into the menlfold 132 for pmesage through plpes 134, 135,
and 126, 1t being understood that valves 8O, Y5, 35, and 80 ara
olomsd and valves 79 and 137 ere open. The hot products of oom-
pustion will leave the chambar 19 through pipe 39, velves 18 and
57 being olomed and valves 30 snd 138 belng open, and pasd through
pips 139 into pipa 109 for passage through the heat exohangsr 82
and plpe 110 to the stack, 1% being underatond thet valve 108
1a olosed, '

By way of sxample and not by way of limitasion, a
plan ospable of carrylng out the process of our inveniion ia
which 19,000,000 oubic feet of natural gaa por 4ay wap intro-
duoed Into the abeorbar 3 was opersted with the ubaaihui at &
preasurs of 400 pounda per square imch and at a tasperature of
apout G0° F. The nabural gas osoialned Y00 grechws of yydrogan
sulphide per 10 cuble feet of gas. On passing through the 2b-
gorosr #, substantialily all of tha hydrogan eulphlde wes removed,

- 12 =
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its own pressure and was heated to sbout 185* P, in ke Deat ex-
changer 5 snd peased into the atill 3. About 210,000 cuble feed
of hydrdgan sulphide a dey was removed, Abpout 50 gallioms per
mningte of the sbsorping solution waz introduced intc the ahecrber
and sbout 3,000 pounds of sieam per bour were reguired for
stripping.,

_ Opersting at = rate to produce s eynthesls gas having
s ratiz of twe parts hydrogen to one pert carbon mun&xida by
voluma, approriwately 35,000,000 cublc feet per day of cas ape
recycled through the oxldation chaxbers, Abput 55,000,000 cudlo
feet of aynthesla gas per day was formed which, when pagasd to
the liguid aynthesis gtep, produced approximately 1300 barrels
a dey of hydrocarbon ligulds comprielng butane send hesvler hFiTo~
aarbonnm, '

During the regenerative cycle, about €3,000 pounds of
pteam per bouw, prebeated to & temporature of sbhout BSCR F. are
passed into the ozidation chambers, This produces about 35,000,000
gubles feet per dey of a mizture of hydrogen snd sieam, These
gases admixed with abont 2,400,000 cubic feet a day of natmral
gas Ere lntroduosd inteo the catalyst chambers as fusl Deing
burped with the ald of about 75,700,000 cublic fest of 8ir & day,
"his produces about 104,000,000 cublo fest of flue gas, the Leas
af which iz used to heast ths lnooming sisam, the flue gases lenv—
ing the etack at a temperature of about 12300* ¥,

It will be gbeerved that we have accompllshed the cbw
jeots of our inventkon. Ws have provided a methed of making
syntheala gas in whick pxypen is furnished by the reduction of -
easlly reduoible metallic oxidea, Weo have provided a vary ooli=

vanlent and expediticus mammer of forming eyntheeis gases Trom

- 13 =
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light hydrccarbon gacee by the uae of rerdily avellable raw
meteriala, namely hydrocarbon geses and stesm, The necegkliy
of an expenpive cxyepen plant o7 garbon dicxzide plant is avelded,

Our method is ospable of veif flexidle cperation to
produse syRthesis gas mixtures of any deslred f&tia of carbon
monozxide and hydrogen between the ratlce of three psrte Rydre—
gen to ons part osrbon monoxide and equal perks of carbon mon-
opxide and hydropen,

The by-product from the regenorative atep of the oxi-~
dation sgent,thet ia the formation of higher oxides from lower
ozrides by the u=se of etean, is very pure hyirogen, Thia pure
hydrogen iz 1deally suited for use 1in any type of hydregenation
regotion and it would be commerolally fezelble %o operats our
method near the site of a hydrogenaticn plant so that the hy-
drogen may be uselully smployed, Tha_hfﬂxngun may, 1f desired,
be weed for fuel. Ouxr method of yntlicsis gaa manufacture is
highly scomomical and the vame of alterpats systems on respeot-
ive make and regenerative oyocles rendera the cperation subeten-
tially continuous. .

I% will be underetood thet certain features and sub-
corbinations axe of utility and mey be employed without refer-
ence to other Teatures anpd sub-oonbinaticne, This im contem—
plated by and is within the socope of our olaime, It iz furtber
gbvious that various changes may be made in detalle within the
aoope of our claime without departing from the spirlv of 4hs in.
vention. It is, therefoTs, to be understood that our inwemtion
is no% to bs limlied to the apeuifidldhtaila shown and desaribed,

- 14 —
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Heving thus desoribed our invention, whet we claim

ist

_ 1, 4 methed nf producing a synthesls gees wilxiure of
parbon monoxide apd hydirogen in eatslytia contect zonea, op-—
erated alternately on blast and meke cyclea, ln whioh the
Tlast cysle compriaes buming fuel with sir to ralise the tem—
perature of a eatalyiic contact zome to hetween 1805° F. and
B300% F, and the make cfcla comprisea aubjecting a mixture of
a hydrocarbon gas, steam and oarbon ¢ioxlde fo catalyblo conw
version in e contesct zone between the temperatures of 3800° F,
apnd 1900° F,, withdrawing a portlon of the aynthesmla gas weling
formed, oxidizing the witbdrawn portion %o form carbon dioxtde
and wteam, spd introducing the oarbon dloxide and atean inte
the wlzturs passing intp the contact zone tn which the ayntheals
Zag is Deing formed,

2. In a method of producing a aynthesis gua mixthurs
of onzbon menoride and hydrogen in & catalytio contaet some
in which a mixture of hydrocarbon gas, steam and oerbon dloxide
1s panverted intoc aynthesis gas 1n the presance of & nickel
satalyst between temporatures of 1800% ¥, mmd Z300° F., the step
of bleeding B porticn of the synthesls gas alxture, aubjecting
the bled poriien te oxidation to Torm carbon Aloxlds and stenn,
and introdusing the oarben dicxide and eiear to the catalytis
gome as tha carbon dioxide snd mtesn waed during the convexsion
atep,

%, A method sz in olaim 8 in which sald oxldation
gtep comprizes reducing & metal oxlde with the bled mixture
of carben momoxide and hydrogen.
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4, In a method of producing & aynthesis gan Dix-
ture of carbon mnnnxide and hydrogen in whilgh a mlxture of
& hydrooarbon gas, carbon dloxide and sieam le contacted with
a catzlyat at temperstures between 1800° F. and 3200° ¥., the
atsp of producing the cerbon dloxlde end steam employed by wlth-
drawing a pertion of the ayathesls gﬁa produced in the catelytic
zona and contsoting 14 with an oxldiging egent, comprislug

enplly reduoiblie metal oxides,

6, In a meothopd of producing a synthesls gas mizture
of carbon momotide and hydrogen for use in the syntheeis of
usaful orgenic campaun&a.in which & nixture of hydircearbon ged,
carbon dioxide and sfwsm is subjecied to conversion Into car-
ton mpmoxide anﬁ hydrogen in the presencs of a catalyet at
temperaturas between 180C° F. amd EHMF ¥, in 2 catalyile ﬂuﬁ-
taot gome, the steps of blesding 8 portlon of the synthesia gas
formed, subjeoting the bied synibheoais. gas to oxidation ta forn
the carben dloxlde and mieam employed ig_tha prooess, intefo-
duoing the carbon dioxide and eteam intc & aiream of hydroa
orrDon gas to form the mirxture passing to the extalytlc uﬁntnut
gone, pessing the remaining portion of the synthesin gas formed
o a nyntheaiu.sann for aynthesiz Info useful organle ecmpounda,
ssparating ibe ugeful orgenls compouwndm Tormed from unreacted
eynthe=is ghe and recycling the aeparated gas 40 ths syntheala

gos formation feone,

8., 4 method ag in oimim 5'in whkich the reoyolied
gan is paased ipto tha catalytio zonkagt zonse,
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7. A wethod md Jn clalm § in . which the peperated gap
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in racycled to the orxidation zome,

8, & method of producing e Byntheais ges mixture of
oarbon moncxide and hydrogen in cetalytic contact zones oper-
aeted aiternetely on blest and mekes oycles in which the blapt
eyole comprisea buorning Fuel with air to zailge %he deaporaturs
of & oatalytic conmtact zonme 4o between 1800 F, and 2200° ¥,
and the meke oyolo couprises subjecting & mlxture of & hydro-
carbon gue, ateam and carbon &loxlde to seialytlc converslen
1 a contact zone between the fSemperatures of 23000 ¥, and 1800°F
nxidizing & portion of the aynthasis gaa_forneﬁ by pontacting
it with an saglly reducible matal_n;iqé_in order to form carbon
dloxide and sifeam, anéd passing th; ﬁ#?éan 2loxide z2nd nteam
formed 1nto the catslytio oontact zones

g, A method of produsing & aynthesls gap mixture of
obTbon MonoxIide and hydrogen in catelytlo conteot zomam OopPBEDW
ated alternately on blamt and smake cyeles in whiok the blast

-oyele cpmpriges burhning fuel with adr toc raise the temperatuore

ot & catalytlc contaot gone to betwsen 1800 F. and 3200* ¥,
and the make qycle sompriees subjeoting a mlxture of = hydro-
oaxbon gas, stoam =nd garbon dicxide %o catalytic oconversion
in o controb gone between the temparatures of 3300° F, and
1800t F., oxidizing a portion of the ayntheais Eas formed by
aantaoting it with an easily raduniblé ﬁatal oxlds in order to
form onrbon dlozids arpd sieam, pasaing the carbon Alexide and
dtaam formed into the oatalytio uontantlsnnn,_panaing the
ramainizg merticn of the synthesis gnu.fnrmed to & eyRthesin
zone for osuverslon intc uesful nrgnnid conpounde, sopareting
the useful organlc compoundam from the unresoisd aynthesls gea,
and regycling the unreacied synthesls gza %I¢ the process.,
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10, 4 method as in olaim 9 in whioh the wnreacted
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aynthesis pee 38 recyclad to ibe blagt oyele as fuel to heat
the catalytic contsot xome to a bemperature between 1BOO® F,
and 2300° F,

11, & method aof producing Q pyathesis gas mixture
of carbon monoxide and hydrogen ix oatalytlo contact =zomes
sperated alternptely ch blast and make oyoles in which the
blast cyocle comprimes Lurning smitzble fuel with air %o
raise the temperaturs of the gonsact zome from 1800° F. to
22800° ¥., and the make oycle comprises subjeciing a mixture of
hydrcoarbon gas, steeam nd oarbon din:ida to opkalytic con-
version at temperatures betwsen 3300% F, and JBO0* F, in the
presence of a gatalyat, withirewing & portlon of the syntheasis
g8 formed in the cataliytio contact sone, oridizing the with-
drawn gee by means of azn eaglly reduclible matal cxide betwean
fhe temperatures in the vicimity of 1600* F. and 1300 F. ta
forie aerbon dioxlde snd stesm, paselng the oarbon dioxide emd
steam to the catalytic contact sons as the oarbon dloxide and

ateam omploysd in the prooess,

L

14. A method as in olaim 11 ip which the easlly
redugible metal oxide is oxldlsed with steam during the hlaok
oyole o raform a motal oxide apd hydrogen,

1%, 4 method as in olain 11 in whioh tha emwily
redncinle metal oxide is oxidized with staam during ths blast
oyols to rsform a metal oxride and hydrogen, and the hydrogen
ie baorned to hemt the omtalytic conmtmct zome to temperaturee
between 1B00® F, azd 2300° T. '

14, 4 method aa in olaim 11 3n which the easily
reducible motal oxlde ies oxidiged with mteam during the blaat
oycle %o reform a metal oxlde snd bhydrogen, and the hydrogen
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iz burned to hemt tae cataly$ic contsci zons to temperaturea
befween 1500% ¥, =and 2E00* F,
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