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“fha present lmvention relates e a hyirocarbon eynthesls procesa,
Tt 3a more partloolarly coneerned with sn luproved proucas for the prepar-
atten of the feed aynthzels gasas. Tr. wecordance With Tas pmaant frven-

",rfmn oubatatbinl mmsmuta are sanursﬂ Ty sontrolling t'.hﬂ nharau-tar af

t&m catalyﬂt ampla;aﬂ with raapact v tha feed gusaE. Eurthemnra, in

LA . ’

- aocm:*ﬂamm witk this .er'rention Hubatantia_ aconmi_a am sccursd L"'l.r

utilizirg i nﬁ':ral ﬂparatiug technigue wharem o heat e‘ml'lreu 1n one

resction zone i@ E:co:&umiuall;.r wbiidized iy the othsy. Thoes nmrel pperet-

ing kecimlouss, coordinated with the scnteed of e GﬁtElFEuE, rasult

in eubstantial impmamani:a in & procesd for the groduction of fead gases
{ 'qu:.{-..anla I‘r}r a h;,&rocarnun a,,-ntmsis raau:ﬁim. .
I* ia 'pfm“ :mmm in ahﬂ arl; to canﬁmt h,-"ﬁmca.r:lon synthaam

raantiona H;,r cnntactiﬂg ha‘drﬂgan anﬂ mﬂ.daa -::i‘ uar‘:ncrn wlEihn Gatal:.rstﬂ un sr

'.ﬂ_'lrarious ﬁsmuer&tlma sﬂ:d presam_-n

" "arui ninlda... The Gauﬂ.l;'j‘ﬂt'ﬂ are u’n*.lizaﬂ, e*t}hnr alcua oF on svif:.a.‘nla .
pamtara, Buol 2B Rieaalgulsr, ri.m\:.ﬂnwuanua eart.]: amthﬂ tio gala, Eliid&:,
-.Emr.l ulwﬂina.. Ercmgthera aucl': 2. oricisa of chrcmium, eins, ﬂﬁmiﬂrm,

nsgneaium, and Sre rare serbh weials ave wesd wlih the nm gmup rrLe't.a,_p.

These eatalyats- sre e:“'n'u'l.n:.red ea.‘m.e?' ir 7ized bed or in fluid cat_yats
.c:-purabion:r, '

The temparatur&s a"nplsysﬂ 1.:1 the u:.-'ntnaﬁis rezcbion varr wiﬁa._;sr
e, i‘vr axemple, in the rangs- o abeut 500°F., 0 a'bﬂuu 200Y%. and ave

gonerally in the ranga f‘rtnm abc:-ut. 55{}"I' m a‘t:-t:ub TOOYE,  The pmss'urea .

fm::-h ag catal;y’at empluyerd, autlv..f.y 6F the catalarﬂu, cheracter of the. '

Lol ey

teed- EEI.HE-E_, ﬂnﬂ t.ﬂ.e t.amparatuxfaﬂ ut-i*ﬁ.zeﬂ Praamu'aa :1:.1 tim z-ange f':'mn

sbout L. to 1e0 amI hlghsr gtmoapharsa haw peon augzested.. Tha cha:ractar

e
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Y; .Ltiﬂ'ﬂ-ﬂ; Th& catalyst mgﬂmyed i_ - _-

ua.'}.l;r ﬂel,ectaa i’rrxm tha fron grw.p 'raa‘tala, as, _f-:wr.- e_mp].e , Grb, cu‘ha] by

- l’-‘awiam Tary cnnai&ﬂrably anli are a function of other operating nnn.d.itiuna,.
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ef tha feed gases,’ ﬁ.qtmduced inte the oyotheale reacticon zone cepends
sozevhab on tis particular temmeraturss ant Trpxsares sad upoﬁ the catalyst
etiployed, TFor sremple, wien emnployring iron tyDe catalrata, i?. la prefarraé
to tzm shopt 1 mel of dorben menaxide o about © mola of hydrogen, w}ﬂlé
when a cobalt cabalyat la wtilized waual mols of Aydbogen asd darbom
monoxide in the T=zed a;-.rut.héeia gaasy 21e deairable. ' I

Thie J.:ﬁwnt‘l ool 3E ":uv'ticsu_’l.a:"l:r dgoneeratd with the preduckion ai
s mlx't.u'ﬂa af wrlrogen and harhon wmxir:e fpom hyirocerbone, pau.ticuig‘rl;r
nethane or from oabural gas, and compists in oxidlsing the Igndposarbona
rith & matal cxide. Thia procedurs por oe is nl.d in She art. for ‘sxample,
.5, Pateab 1.,599,13&, 1azoed bo Mariin end Arbin de Sing, diascloses’ the
use: of vadmsi‘ble metsl oxldsa, such am oxﬁ:es Df xmn, chmmim, DOppe,

ma_sl mmganaaa s and #inc for the oxidahu:m Df h}-ﬂrocernrmta zomprlaing

- m&t-h.ﬁr:a to pv'oﬁucs h,j.fdrngen anﬂ c:d.rlss of c&x‘nm, pa“t;cala“l:.r cnr‘bnn

::nnnc:xida‘ “Thane r\aacbims L] genaml...}f cmﬂ.uotau st ﬂmemturﬂﬂ 1:1 the-

xangd f‘xw phout 950° to a.bout J 'SJDD“".:"

It has oW 'haen &.iacb'uerad that F“D\"S.ﬂi‘ﬂg tha ﬁ‘ha:me.tﬁ“ ef bh.a-

uatal:,rat. im ucmtmllad ﬂithin tha resction E-D_?lﬂ s shat is the zoNe. WaSIY

i

'ohe u;.rnthaaia gasee are. mﬂur:.aﬂ fron h;?urocarbnm cm@riaing Iceth:me,

o m’sﬂxpac hﬂﬂ deairabla :raem_'t.s ara aﬂcwaﬂ..- . Hhs _Tn‘gbrtaa‘rt th_ug ahmt the -

G’lﬂ“f‘.iﬁ'b‘.l’.‘? r:nf Ehlg nrc::eﬂs is .the f‘acu bhat wisn g nydroearton gas or
Yopor, Much as wothane, reachka wlth a mdunibl,e motal oxlde, such ad Fol, \
both of two veacHlond céuur; Tlmsie_ raactions a.re B i‘ul‘l_u::we_':_ .
1. Fal + Clfj _.",._._........} [sa yoe i) +It‘s _
2, BFoC + 0H, ———— 002 + EEa iepe . kg
The Firet raaﬁ:’tim is 'r.'hers one iren oilds Teasts with one
methana to form OO ar.d e hyd:m;gans a.nd. the wecond resction le whare

tmo Iron oxlded rﬁ‘E{:}t with one mAthana T forsm. Ofy =1l H h;.rﬂlﬂgana.

Thess ot z‘_ala_t‘_-val'y slow Lt The -I}SJQ :raﬂn;}tﬂ 'ﬁi.%;h aome of She h’ﬁ'ﬁmgﬂr‘

- . '._. !




of fnmtim cf o0 can ha anaaﬁa:, Hy 80 bhat eibgtantlal eqillibrim ig
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vorr yapidly tn Toim watsr and more (0 ae follq-,:a:'.- ':- :

3. 00yt By ———— gD 4 GBs.

We do not demive either watér o {0s lefi iz ke resultant
product gad. Iron will act reducs eithar of these o gases boyend a

c;é:r't-ain fraption, very approximaisly, 50%._ Gomeaguently, zome other

':uf:a:na et be employes to elimjuabte toe I:ID'2 and woter TapoY

Yhons gaoed cen be elininated by ‘t-a?-:ing Eﬂ‘il'ﬁ_t‘."ﬂ of &hka i‘a-; o
Eheat #siber 8t slovoted tempamturba Iw the followleg ressiion:
L, 9%.0 e o0 - s

3, e+ O

bH Hel’
p

é. E;_,+am_j:.':[2e

"*1&5 a far graa’r:.ar affmlt:.r for a singls afar-of ax'g.rga.u. to Term CO Lisn
. --h::ter ef‘s.init:,r of sither ircm or ni‘ }urﬂx'nf_,an for mqrgan. Uuuﬂeq_uert.l.;;r, !

- T_J.n an:,:" B}‘Etr&m in whic:h W do Pt havn an pxeedl oF one abum of total |

x;l,rge':‘ fcr ar atc:m -::f‘ tutal oarton we t-.ull sEcime t:hesa thio &lE]‘[E?‘ltEI

cmmhinad aa g0 {n‘lue a}:gaaa va:r.b-:rn if it be present}, provided t-ha reactlon

'H.’*hiﬂ'l.rﬂﬂ In t-]z;l.a prcsaaa 1t im pra'pnast‘. tc- fer*ish ai _1aast ong atom - _ 4

of ua.r'ban For. each siom of nxggsn copibtred with rotal aa reducliile ux:ﬁe

!
'ering the "'Eaﬁticn BOTI « As:sum_ng 'Dhﬁu tka qnmcarban 1g mhthans anﬂ.'

thet the mebel nx.uis in Fa-:l, w3 wi‘l hava one or more mold ef fnemsmm for

L

- aauh mol of Fal sm:arzr:g e raa-:sr..icm RenE , "‘15 im:t t*ul Taa::‘cmal ‘Lua’c-sam'

B 'this methopre and dron cotide. mﬂl pruduua Els ] -f“DE and watar vapm: and

meukl, in cumaquance, in macteﬂ, -uathana 'bsiug lefb i_n, tue gaacous -
Im:!.:i:bu:c'ﬂ. To eliminate ths CGls and watar *rapcu*‘ we Teact thetu m%‘n t.hia i
';uimaqtad e Lhame , T!’IQE‘E-‘ reactions atw iuptrated oo ,ollm

Teod _ o A0H, # 4 AFel I

£t Llasst tires mols.

.




T DH'hémm N OO f 2H, + ¥a

&, GHEP-J-EF&D__..-.._} Ula + REp + £Fs

Q. g o+ Hy — GO+ Hgl

Darssated (1) CHy, of faed,

Eeforming Reactlona:

1. O, + A0 ———r U0+ 3B
CEy, + 00p ————-y 200 + 2%

'I'hssa anucalla& reforming Foactlong, a0yt Muﬂ.@': are very
slom muasra cabal;rzaﬁ, wiin an effective catelyst. Ivon, cobali, nicl-:al,

Erl:. aaq. are aul:h l:,a.'t-al:.r‘at I% iw, thersfowa, proposed o aﬂm:l.t- o ‘t.hﬂ

L EER ticm. aum at *Laaat (84 mlﬂ of r".athane for =ach Ten added and T:vmviﬂe

:sz. tha rea::t:mn zone & lorae mmh of ur..tiva i of nickEH e euu_."ralent.
J.or tha aom1e.ion af the ﬂ.emir'aui resction by U&T-E-,.}"Hiﬂ of e raformj_na .
"ﬂﬁautin;n. g excaﬁs mathanq: ra!atjvﬁ t-:: tba Ter& Ad Lﬁﬂlﬂ._, pmutlc:a,,lz.r all. -
of i wﬂl 'tra cracksd W ca:aum anli J:;rdmgen ohr.'mug:t_.;jr, ‘the depirvabls
t—h-mg, ia ta usa amichiomatmaal ptmpnrt* OTi% « .

“ . T the h:mam acn'pg o{‘ t:.h*s i.nﬁ:'enticsn e alalt Elu'batantiallg e
a.tm oi‘ carton far aach ata::m of oxggen ::r.’:m'binaﬂ. st reduplbis netel D:ﬂiﬂ.a .

im thf: rsa.:;i:‘-ir.rﬂ zZome a,nd vaiﬂ.e ir. ths resctlon rono. aff‘ac.tire aﬁntacﬁ

::rf %ke reaching gaﬂea wifh an EDTtﬂlIﬂt uf ‘mstal srar;r Jemrge Telauive ta tha

AU antari.a with The h;l;rdmaa.ruon as reducitis oxdda.
' The amounh of reducille metal o.,ide yreeent in the Teduc tlom
| Zone ia neg],ﬂ.gima. ‘.El ie msai‘ble 'bE:saJ.aa off i;hn axtrao“ﬂj;nmlx rapia
. raba of rasction boiwsen mc raducibls mstal oxide and the h;rﬂ.rc:-car:mn
t the tsmﬁerabu:ras amplo:.-ac. relative bo . the rete of the wfmng mact-icn.
In thie pcr'esasa we sat‘,u.c'u J;a snmpla..a rsactian batﬂeaﬂ bha "rmtai. ux;ﬂs
and the h,tﬂwacarhc.n m tha lir-_e gn_ng to the refowning mags 6c ad, uD “ramre
ag 1ittle reducticn uf matal nxite to he carriaﬂ u::-ut in tae :refoma; it.self

B ._ Ias poaaible.”
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g nrooser of bhis dtrentios way e readily untereteod b

raf‘arsnca trn ghe atteched drawing illustrating ooe weodificatien of Lho

asdie, Eydtocarion fesd g&*aea CoOFpIATnE meshans are ;.nt.:f‘n,uv‘sﬂ Into

veastion fone {1) by wmeans of 1ing (2). These gasss flow uznra:rwil:.r througn
r_semtii:-u zone {1) and cnntacf a aui_lic'-. Tlaid pataiyst, the waper lsvel

of whizi is malctalapd at point {'A’] . Temporature and presmues sonditions
in ressticn zors (1Y are rr:ai:z";_f:-é,inaft in bthe range to Boowure this deaized

vangtion, The raschent gasss oorprleing bydrogen and carbon meonoxids

- .—T_,._-__:-—q.,._'_..__-_'\n-l—'—-g—'- LR IV

" ave. removed sverhesd from peachbion zone {1) by means of line (3) and

hiydled in sy monner desirebls.  Generally tisas gamee zre fed directly

A

-bc- & hydrocerbon synthesis zose undsr condibiens So profuse hydrocarbon

{:0‘::11!.1 tusn'ts .
| I‘n accordama Bt t}'_e Trosbes of tEia dﬁvnn't'ioﬁ ) rgriativel;ér,';'
___131:‘53 *rulun::a -::«f cats_'l.;rst in V‘ﬂ&-""t-ion “BomE {l] im main'i:hi’ne:i. L ey Lhe - .
.rtm::rsc oi J.llusaration ik i asswmad t-hat the cetalyst 1o renet rJ:J.
: acna (1} eowrtsaa-au iron bype. cabalyet., In a:,r-ov-ﬁaa:aa with *.:his
T ,-.n:n.renbif:r* thae j*‘l:m. 1..;}‘]::1: sataly vgh op at lsapt the greateau prn'gnrtlnn oi
Es....l:l c.sita_;rnt. 14 rmin‘bainﬂn in 'nha reactlon domne 1n the iomm of *un-ta._ch. -
f_ -irpn-. l‘ma 'J.B “cmpl*ahea b;’ wltherauing Trom roaiuie zoms (L} &
'-.ralﬂ‘l_:i‘lre.'l.;!r emall proporticn of t&a uatalwrs'b 1::;,1 weang of iina. (W) and
; rapaing the eoma to uxidabim zms _'I,'ﬂ. v zong fﬁl the relatively amell
proﬂurfticm of the, lren uat-ulyat. 'H}J.ir:h wag withdresm is oxlifzed by seene
ef an o.{ygar.t -..r::ni;aim.ug gaa or pIEe XS 'ultiw"i 1s Irifproduced mt:r.: BOTE
{5} by mesns of line (£}. For the purposn of Illustration it s E_mr:h:maﬂ.
H E . that the oxyzen contaliing gae introducsd by maﬂﬂ of Line {6) GDﬁ?r'ich'
o air."fIfr;ﬂ conlbug tlen .gasssi ars Withdrain frn;r[ zome (5} by means tf Line
('rj snd :‘Iﬂ.auoaaa of lo-anyr ma:mm':-- deairatis. Ihe pridized pobalyat 14
rmrr:ﬂvad .-E‘.t-cm rose {5) Bty moans c:-:" llns {5} and mixed with addlsiomal. .
’.'.’_?'La uatal;,rﬁt

i‘sad;hyﬂrpcaruqzm which avo 1nuron.ucﬂtt by memng vl lina {4,

tngatLar ‘wiih the sdditicunl fead h.}":l“"c Haiilars-] VD]I[_'[.'JI‘J..J-EDE ms-t.har.:- e

: &
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reterned o i:s:taction zoms (1} bty mesna of lips {10).
in pooordance with The preforred meAifizetion of thie imvenbicn,
ke heat svolved in resction sone (B) e apanrbed sn a beensfer rediam
qnd iz transferred by the medirn to the Eas. wreducing zome (1h.
Fcr'the pappaee of 11lwafrailon 4 i gaarmed that Lha trengfer mdj.u_rn
Eolptipes ﬁ Tuped anlt :iwculatirg myakem. The heal svolved :_n rmastion
zons {5) 1o iilized to heed the sslt in sone {il}, The f!;seq__as_;i't ig
__3e_mm\ac-1 from moma (5) by meens of iimo (1) and pagesd through mome [13;.} :
"11-1'2.-:':"5 {1}, The =alt is {}DDlEli and 'I:ha heat 43 atilieed in t.ha Erfio-
trernie reackion neETing in venctloa zome 1), The wn'lal;*vel;,r snol
faged salt 1s poamed to auTEe bank f1h) zna Ynen roburned Lo 2ome {11}
.E.Dg." mogna of l;ns (157 end purp { 5}
: T}u.s :lvwsmni:n genex*all:r uornpp aea. uc-nt-ro]iing thal' chﬂracﬁer
.'D' ‘-shﬂ ua-,-ﬂ_'t:rai:- in I:.}w 'naa{.t*an 2.-::01:-_1 ln A’ r'le:nm:ui' that the. g:;'aatealt prv:l-
:'_;.'{ﬂanrt:- o of - the uata_f;eﬁ' :1_ Ehe mactic:-n gons 12 ify ’fhﬂ Pord of o mat.al.
. '.-Ri'-wlait-ﬂ."relar‘-aﬂaﬂ prnmrtion uﬁ‘ the {.aua_:rat- id f‘lI“u'lJlE't-Eﬁ- . u.‘rls u::-xida- '
.'titm zonﬂ - The srommt of catal;rﬂt BJ.""C-I.J}.EI.t-EIi e Ske ox;,ﬂzrt‘i oIt ‘zeme s
'_cuntrﬂ'* -&ﬂ. in a rERmET go thaioue abem of oxpger, ocembined o re&m*‘n’a
"'mstal oxide, is inﬂmdacad Lnto the reaction Zome ez ator mf ca.rhcm e
" the I:t:rﬂmcar‘bﬂn gaaaa._ In aucu't-ﬁame wi‘uh a nrﬁf&n"ad _.Jm;'l.* Floakiom of
ﬂnia imvention he ﬁaat ai'mlvad j.n- ihe oxidation zone I wanaramd ta
bhe weacklon gong by mean ol u f‘.lﬂ"ld azl% t.rar pher mediw,
S
The amnug.t. of oaselyat walnteinad In the fapm of & matal 1o
the resction sone meyr Yok a}pprﬂniﬁ;c].y; Ir, gemeral, it la mreferred-to
have &% lesst TO%, snd preferably 90 G 95, of ifie cetalyet In the
JPorm of 8 makal. .
B partloularly ﬂeslrable rrmli "il..at‘._mn of the ilmrertian CUEETIHEE
the uoe of mixed motals as, for pxmnpla, nizkel and jpom.  Whem cnerabing
.- i thiE m,smmr og 1s pre{‘arreﬂ. t.hah appm:mﬂt&lv 20 bo 95% af t'.ha

- oabelyeb bF wmght ve nicksl mﬂ that f-pprcxiruﬂtel:r 3 4o 1O b;,r walght of
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i -
},; the catelyat compmrise iron. Thus in en opsration of thia chavacisr the
% ' ivon fueticns evbatantially as the oxyges carrier, while ths nickel

4" | Femetions dn the vesctlon zome ms tas refoowlng catelyet, 4 eombinabtion
i gatalyat such g lron ‘and cobeli mey sido be emlcyed. . A very foalmile
i ) catzlyes Lo be used a8 dapaythed in tha predonih proceas iz Lo uss a

- sixters of ivem and zinc in e Twoperbicns of abowt 50 to 95% ziac and

fl

i yan :’J Tex 10'5 Atomn.
The tenperatures ma.int.e,:.neu in the reactlon none DAY 79 in
the tongs from gboat 1200°F. to sbowt 2R007F, and the preastwes in the

rengn o 200 o 300 Tba. fegain, Ta Esn$1'al it 3@ preferred thet the

ta:rparauura pc In ths rangs $rom’ abeut lTCJCI“*I‘ o about ;M*F ahd thet

. tnﬂ zresaurs ba adeut 100 lbs./oy. ia. The t-anr_peratu‘.f‘as paintained in
tha mciﬂat.mn oo ave geasrelly in The range AT lﬁDD"'F Ee oAO0T, end -
: the waaaure- gttt .;.tnms_;_.hezﬂc.\_ Brex e"'ra-::l te::r_ue*aum in the oxidabion
._'.-zcune £ a'b.-..hf:- :LEm F. o 200U, |

'.: "315 %a‘& BAE o me';al circu..as.efl :rue,:r T eny Al or metal

. 'q;lhi-::’h ia .,1:11;111 ah aperaticma.. wemparaturea and PI‘E!EELLTDE Ea‘i:-?.ﬂ_faqba“.";.r
aﬁlta are » fc:nx‘ a?.:s.nmia, aodi:m anﬂ. putaaaim nitrawes sod nitrites.

'fﬁ;.it,amg mﬂtg'lg ara, f'm:' Bxarrp.'l,r.}, n:c:-lt,an squium_. wagmuth, Load -::r t-l‘fl..

- Ths procesa of thia *Fmranbmn im ook to e Llmlten BF aﬂy trhear:sr
ge to mode of cpnratiqn hut_ only 1n el 4wy tke followlng wlalma in #alot

it 16 desired to p.laim g1l noveliy inscfar ae the prler srd permita. '

e
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THE FMEODINENTS OF 'MHE INVEWPION IN WHICE AN EXCLUOSIVE FROPERTT
OR PRIVILEGE IS CLATMED. ARE DEFINED AS. FOLLOWS: .

1. Improved proeeas for the produstion of carbon
mnnaxida“ana hydrogen from bydrocarbon gases which comprises
conbacting hydrocarbon feed with 2 fluidized iron group mebal
catalyst selocted from the class conslaiing gf lron, cobalb and
nickel, mainbained In the form of & turbulent rluld bed within
a reactlon zone at an intermedlate level by pa==ling said ;
hydrocarbon gas uwpwardly thersthrough at sush a veloelty that
said bed assumes a definile upper surface, maintalning the mejor
portion of the cmtalyst in sald reaction zone in the form of fre
matal particles with at moat a mipor amount of metal czlde, :
contimously sireulating & relatively amall percantage of sa2id

catalyst to an oxidation zene and back To sald reaction zome ab

such » Tate that substantlally one atom of oxygen combinad &9
saducible metal oxide is introduced Inte zald regctlon Zond Dper
atom of cerbon in the tetal hydrocarbon feed, forming a . |
suspanaion of sald metal nxi&ﬂ at resetlon temperature in ab i
least part of sald hydrocarbon feed and cauging the Tapld
oxldntion of the hydracarbon in'thia puspenalon to a gas
contelning carvon dloxide and wat&f vapor while reduslog the
rasobant metal oxlde thersln b?thE form of soliﬂ'partislaa of
the free metal, thersaffter iﬁtraﬁﬁéing asald suspensilon upwWwardly
through the turbulent £inid bed of metal catalyat in sald
reaction zone and reforming the éﬁrhun dioxide and Wabter VAPOY
therein bogether with fhe remaining portlon of sald total

hydrnc#rbaﬁ feed o produce a product gas conglating essentially

of carbon monoxide and hydrogen.

e e —— i




'iul'\. n

AT A L

LIT s R

¥

‘1‘:4-&_“_? R R IR ST I 5&:_‘ g

S

R LR

g
S

TR et e i AT T e

et

508883

%, TImproved prosesa for the productlon of gases
somprlsing carbon monoxide and hydroger from hydrocaribon gases
somprising methane which comprises aontacting feed gases
cumprising methane with a fiuldized iren-group meial catalyst
maintained 3n the form of a& turbulent fluld bed within & reactlon

| gone by passing sald gas upwardly therethrough at such & waloclity

that sald bed assumed. a deflnlte upper surface, malntaining the
me jor portlon of the catalyat in sald reactlon zone in tﬁa:furm
of parbleles of the fres metal containing a2 minor smount of.matal
oxide, continously cirﬂulating a relatlively amall!percentaga of

sald sabalyat to an oxidatlon snne and back to sald reaction

Zzone st sueh 2 rate that substantlally ona atom of axygsn unmbinac

as redueible metal oxide is 1n$roﬁuﬂeﬂ inte =aid reachlon per

atom of carbon In the: hydrncarhan feed gases intreduced thereto,
. bringing sdld oxide inte conbact. with at leqet part.af-aaid

mathans feed gaa ta form & snspenaian, uausing the complete
reastion of methane in aatd suspansion with at least part of
pald mebal nxida to form earbon ﬂioxidﬂ, pteam angd sulid
particles.uf-raduaed,free wmebal, th&reafter passing sald
suspenslon into the reactlon zone and bringlng it into effective
gontact thereln with the ralatiieiy large amount of free melal

catalyet in aaid turbulent fluid ped.

|
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%. A process ln acgordance with olalm 2 in which zaid

i ;
i reduced matal catalyst 13 a2 compesition comprising nickel and 1vod.

i . S éﬂ;?*- An 1n@nﬁveﬁ process for the manufacture of gases
| somprising carbon monoxide and hydrogen from feed gased sompriaing
methane which comprising mixing hot finely divided iron oxide and

=2

4 methane-conbeining fesd gas at a temperature such that the

r wixbure andergoes a rapid ozldation reaction peaylting ia the
| paduction of iron oxlde to iron and the oxldatlon of methane to |

gcarbon dioxide and water vapor, passing the hot mixbure thus

i : produced to an externally unheated reactlon zons, melntaining .
&;;- :_ | . said resction zone at & desirved bemperature under condlilons to - |
oxldize additional and unreacted methane o carbon monoxide and
| hydrogsn by reschion withk sald carbon diexilde and water vaper
| walle malntalring . effective caﬁtact betweeh the Teacting gases

aud reducad iron oxide eatalysﬁ withdrawing aaliﬁ catalyst

<

particlas gopprising free metalllc ivon from aaid reagtlon zoue

-

LD vs g

and . oxldizing the Fame. i an. uxidizing ZONE abanrbing the heat

f . avolved in said oxidizing zone by a tranafer mediun. maintalned |
e . i 4n-a confined stream within a h:l.g.hl:f turbulent fluid bed of . '
,3, . oxldized lrom. partl;,r f911ing mald oxldlzing zmone, sirmltaxecusly

% ? wilbhdrawing hot iron ozide from sald oxldizing zone for use in é

pald methans oxldation reactlon and passing gald trenieler medium

to a heat trensferring path maintaingﬂ within a highly turbulent
; bed of ivon cabalyat partly filling gald resetlon zons, whershy

the temperature of sald reactlon gone ip maintalned at the

dosired level.
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" pald hydracarbgn with gald carban dloxide and steam 1o th&

Cwmetaille iren as compared fo about 5 to aboutb 0# of lren oxide;

508863

_r_n_fd—_ P = e ——— ——— -

'-ﬁm;: 5. The process of produelng a zas eonaisting espentiall

- i
)

of #g?%an wenoxide aﬁd hydrogen which comprises sombining in a
rascotant feed line 2 stream of hydrocsrhon gases and finely -
divided solid particles of hot reduslble matal oxlde, the metal ;

of which 1s ¢apable of catalyzing'tha raeforming reactlon between
nydroocarben, carben dtoxide and, steam TO produce carbcn'mdnnxiﬂe L
and hydrogen, rapldly reseting aald hyﬂrnuarhun with hot mefal
oxids in szid line and produclog by sald resctlon & wixtwre of

carton (foxide, stoam and iree particles of golid mebal, feeding
sald reactants and mixed reactlon progucte conbinuously through

said 1ine and inftroduclng said mixture end additional hyéroecarbon
gases 1nto a subsequent reactlon gong wolch provides effectlve
contect ef the reacting gases witn & torkalent fiuid- hed of
catalyst contalnlng. l&rge quantities of solid metal particles
relative to a tinor. amount of matal oxide, aaid metal oxide
repr&aentins 1ess than 30% of the total solid present, reaeting

prasence of sald catalyst, anﬂ reuevering a product gaﬂ
consilating esasnilalily of carbon monoxide and hydrogen.

. 5. ppocess in aceordance with ¢laim 1 in whick heat
aevolved fyom sald catalyet eipeulated te sald oxldeflon zome
ias tpansferred to the sndothermic reachtlon Zone by maans of 2

heat transferring medium independent of sald cireulabing matal

oxide.

7. Progess in accordance with clalm 2 in whlch the

catalyst is dron and the amcunt of iron maintained ln the

metalllc state is in the range of about 50 0 about 95% of :
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fi, Process in accordance with elaim 3 in which the

amount of nlckel in the catalyst comprines about 30 bo 95% of

" nickel and about 5 to 108 of metallic lron by weight.

9. The process of clalm 1 wherein gald reactlon =zZone

is maintained at a superatmospheric pressura,

« 7740, The methed according to clalm 5 in which heat 1s
cppiled bo the fluld bed of catalyst withim an externally
unheefed reactlon space by conbtinually withdrawlng a portion of
eaiﬂfﬂetei-eentaining golld partleles from the reeeﬁien space
and iﬁtredueing said partleles towether with a stream of
exieieing gas Inbo s turbulent. rlui& bed waintsined 1n a
separata ozldatlon Zone, eheerbing the head eyolved in sald:
exiﬁetien zone in & hzat transfer medium maintalned in a
goniined streas within salid turbulent fluid hed, eentinueuely
withdrawing hot mebal oxlde frem-eeid oxidation zenae fopr sald

hyﬂreeerben gas reagtlon and eimulteneeuslr paasing gald transiez
medilum Ho a heat transferring path eenfined within Fhe turhulent;

solid in s2id reactlon space, whereby the temperature of the

J'sol1d within sald reaction space 1a meintained at the desirad

level.

3
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Clertified to be the drawings veferred to -
ir; M vhacifleation ferannte rnaeed.



