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This Invenbicn relotes Sooar improved proceee =nd apharatus
for the produstion of hydrogen, end mere particulerly, to procesasd
igrelvine the reactlon of hydrocarbon gessa cp vevord witk oxldizing
rengants, anch ag steam, corben dicwlfe, oxygen, odr andé e Iike with
the sroduction of bydrogen and o¥dss of carbon.

The preporstion of hydtogen by gush renctions, pﬂ'ticulﬂrl}r
tho ronctlon of methons with eteam, I3 elreedy lmown ond numerous coto-
17ats hove Deen fepcrdbed whilch are active in mromeflng the dealred

reacticns. Thees procesees, in genersl, hove twen comducted hexetofoxs

by poasing a mizbure of the hydrocerbom gra or vﬂpur and steam o other

&

o¥ldizing agent 1u propey properbfione opd comcontentions tfm::ugh a
reaction chember filled with o sulitoble catalyst in inmp_, trblet or other
golid form or copgtaining such aplld cubelyets arvenged in beds pr troyp
in ths rocctlon zone. The reaction conditions of tempernturs, presswrs,

time of cuntact and tho like, as wall oe the maturs of the cetalyat, ave

eelocted with regord fo the Uype of cperction and preduct deedred,

ctopapherie and Falativaly low aweﬁuhmaphﬂﬂc prageares naunlly belng
mard ip the rersificon of methone with steam to p_i';cm.i;.u.:e hydroger with
catalyets guoh nr ootive nlckel or pther metnla nf the irom group ueuanlly
mixed with pypporting moberinls, sush as bouxite, slundun, slwmna, silioca,
cloyd, pmni.ua ond tha 1ike, o

. An boproved procass has now besn d.avig:ed for condnoting auch
reactions with sclid cetalyst pevtlcleg which ara sespondnd in £ gasacus
Etr:aﬂm, the auepengicn bolhng pabesd into tha ﬁc_:cbion ZomA , ‘I‘ha natolyet
ly thag maintainad in en fctlvely mobdle pr fuidlized stoks 1n the
reaction sone, permliiiing rmek mere cffsctive contect wlth thé gaseoug
vongents, unifors tempersinres throughout the recoticn zone, improved hent
Lranefer cod improyed ylelde of products of tetter quality. hAe an

.
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alternablve, these procesaca moy eleo be condusted by po=aing a goesous
zirture of o hydrocarbon and a pultable oxidizing goe, such am pheom, 1w
mropey proportlons end concentraiicnn with auape:;&sﬂ anptid catalyet
rarticlea threugh 2 reaction 2ons. The aﬂditipn of this cotulyel £o the
alry=mm of gapecus reasgents, ite seporation nfter the reactlon ie complete,
and 1ts return to the reapent strens hes, in aspordance with previoua
Imown practicss, regeired the ape of wechandicel mevring perts, soch om

dorew punpa, gtaer foeters, ond sxtenalve systems af catelyet hoppors, at

che o mare polunts In the satelyst olrocwdatlon syetem, Thoes aoyriog

ﬁ; LSRR e e :_‘_:::. T oo

[ S E T T

mechanical porte were regulred to introduce the cetalysd from o atornge
or supply Zone of wyelatively lower pregzure inte o roastich or treating

gong of relotively highar pressura.

The present Imvention provides o vexy shnple and effective mathod

A

for ifntroducing the cotalyet Into zoned of Higher preseawre o Aighor

¥ elsvotlon, even in continneus vperatien, withoub the use of eny moving
% ] machaitical porta, therebhy permftting gront gluplificetion md econcmlss
In both the apparatus ond the process. Other golld materiels, which

patasd

asrve ma reogenta supplylng cxygon for reastion with the hydrocarbons,

PN P O

s to remove parbon disxids as o oeolid uarhonabe, or which may serve
egimnly ne §1luents For the cobtalyet end og mosms fer troneferring hent,

mey alac be ueed alopg with the catelyet io thle invention,

I

o The dpveation in 1ta move a;pa::f.fie Phepse 1s eapecdinlly dlvected io

progeages In wiich the sclid cotnlyet ofter pomsing through the rescoticn

LR TR

¥ Zoz? is peparnted from the goseous Et.llf‘ﬂﬂm gad ggein rotvrned to the

reaotlen zone, In partdgular, It has appllcabticn o procssasd i whigh 1%

ie dealrable {1} to reactivats or regenerate ot lonst s portion of ths
catalyet belfore retuming 1t to tho resction zme_:‘,_ ot (2} to ropidly add
ot #Xtract heot from the resction zone in irhiuh_ strong exothermic oy

anfotharmic renctions ore esrrlofd ouk.

on et P el LR L T T
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Other and furthor shisots ond adventogos of bhia indebion will
e mpparent from the Tollewing descrintion, thke c.i.nima ami the droniagze:

The drawlng 1e o ddngrawestic {iluetretion in partisl ascticnnl
eiovation of rn sppevetus enltable for caravingout varicus modificaticna
of tac process of this invention, mnd indicates the flow of matericls,

A aultable aplid saftelyet in finely Givided or powdersd form ia
gupplded to the cotalyst foed hopeer 1, Fhe cotalyst pnases dewh a
Icng and proferobly verticol coclumm 2 which fe of sufflolens hﬂiéht- to
provide bhe deaited preamiro ot the hoee of thile ¢olumy, as will b
explained bolow, Ay ewiteble wmeone e slao providesd for molntninicg the
cotalyet partleles in the hopper L ood the colum 2 in o reaédily moblile
atnie. IG hos been Jolnid, for sXowple, thot f:T_uaJ.;.r powdered cotelyat
packs togothey md cem e souged bo Flow m.l;.l,r bibh:.&ifficult}r if the
aurfeees of the polid pavticlos are fiwe Lrom gné i thir vacklpg ooours
BTN wﬁe'.f: tha cutnlyat. pouder otands in a hupps_t_* in gontact with air or
othar 353.4. The seme eafrdyet powdor flows randf;.ij,.r in & menmer clossly

aimleting fhat of a liguid I even o thin layer of gos fz malntained

‘rrovnd sack partlels, This tiay be ascorplished by poesing o emnll atroom

‘of n sulinble gns, such na v fnert 2o or one of the reogents Lo he wacd

in the proocesn, inte Ghe column 2 ot oms or mere pointe, preferchly ab
least at a point neor the top of this column, by gne aupply line 3, whizh
may zlan ba uded to supply gos fo several polnts srvound the bnpe of the
hopper 1 In order to inewws that the aotolyat 18 1n & contlnueusly fludd
condition, The flaw of cotelyst In the coltim my slac be clded by
sheklng the colwmn or the conbenbs theveof, ﬂﬂ.h:I;'EtJ'H{i:eg tho cutelds of
the colwm with hanvy blows eufficient To oause somp vibrstdion theraof,
by providing o vibrobing or robabing rod or other emitable meane for
gulredng or sh:akmg the onbtzlyet Iogide the culmm; 3, or by admititing the
gaa throngh 1ino 3 is puless Ao ra to indueo ?i‘l:nre.tir..tn ddracetly dn the

eatoliyet columm.

"
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Epoh menns for mechanfoally inducing vibraticn ora ueseful primorily
#ith solld catelyate of relatlvoly lavge peritdole sldzs; with flne catalyed
oowders, sufficlent gos should be provided to maintnin o £1lm of gas

arowd spch cotalyet partisle ot the oo of hlghosh pressuwres, When this

lg done, antilafmtcr:.r Mow of such ootolyph powders is goncrolly socrtaod

without =0y provigicn for shakdng the cotelyak.

The npporatis 11llusteated In the drnwing' ig-denigned Tor the ues
of guch f:i,ta,';.’::l.:nr povdersd catoiyete, a.lthnugh it w111 bo urderetood thek
cabtalyets of muck onpsreer porticle miges may clao be uaéd.

It hos becn found poerible by using o column of thﬂ Type ti_ﬂﬂﬂﬂhﬂﬂ
eonbedoing mebile or fluldlzod, floely divided aolid cntalyst, to pmvidu
& vrogents hopd ot the bottom of the coliem which fe aimiler o the
hydraulic .caz' hyrdvoetabic prospurs bead of 5 fluld colunm, the regaursd
being 0 di_rgct f‘um:-t.iun cf the dengity of the cotalyst nowder end of tho
cr:.u‘-_m.'mrhﬂight. For exempla, using o catelyst comslebing of apiid pariiclss
of rtowl 200 o %00 momh slze of netivated cloy having deposited therecn

metole off the Ivon group, the pressure ohtalnntle wiih the eclvmn des-

cxdbed 1a abent 175 to 18 pound per eq. in, yer toot of column helghf,

Thug n colurn LOG feet in hedght mar be wsod fo supply euch satelyaeta In
8 conbinwous etresm of a gnge preemurs of sbout 12,5 to 20 pounds ver
gguore Anch, with t-hc: tep of the colum ot ﬁt-m;a-_pharic froEEurE,

Thip device hoa baso sapscially affectlive ﬁa a merns for aupplring
the cotalyet, intermitfontly or eontlnucusely, tt::- .D. rarcilon zeme withops
the pacasslty of uslrg for thlas phrposcs any ﬂppﬂ.r{‘.-tuﬁ hoving mering oarts
vhich come in conbtact wilth tho eatniyet. The etor feedcrs, blow oases,
olunger and porev operated pumps of the Pullar Kingsn e heretofore
uszed Ffur tihla purpoes ere cocordingly eljgmirmta-i.

The lower ond of the poluem & ig provided with o ewltable volve &

Tor regulating thoe apount of setalyast dlecherging thersfrom, A cohvenidiconal

5.
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gilde walwe hoving oz apertured slide which osn be sdjusted to regulote

the afize of the oriffcc thyough which the oowder pnsase im outiebleo for

this pirrpoge, although ather tyoeas of valves may bo ueed. Thisg volwe
moy be gperaisd manueliy or eptemoticelly, such og by the lsvel in ths
hopper 1 ar by o Venturd or cther type of seter In ths streum of goasousn
reegeatd or in the suepensicn of catelyet flowlng to or from the renction

gone, Lo be demcribed telow. A dvon in presgurs noress the volve 4 of

Sat
fis

i
L

obout 2 %o 5 pourds par equcre Inoh in gonerclly domived in crder Lo
rrovlde adequate contrel of the floy of the cebnlyst powdor,

Valve 4 tay cleo o an controlled od %o avold brecking the peal of

v,

powdered meterdol In coliem 2 due to suddcn preaPwrs surgos or othor
nanges. For thie pwpoos, 1t mny bo canced to olose quickly in coee the
level of powdered mabsrial In hopoer 1 falie bclmw 4 cerbnin predsvermined
Lovel or in cede orensure Srop acvogs valve b fz_ﬂlﬂ o2low o certein Jevel.
Prossurs surges o obther Inddcotioms of shnermal copditiong moy alec be
mapd o causs valve 4 to clome,

Az o eefety precoution Lo provent the possibility- of the corrying

= = S L e Lt e B L e B

gooes; to e foscribed below, from pagedng upwardly throvsh the shondpips,
£ gceond snfety valve 5 la mreforally trovided. Thie voive nay be

eperatod aubcmntically $o cloge when the level of powdor in the hoprer i

i L Ak

dreps below o rredesermined point, or it TAF he goplgned fo close euto-

woticnlly when the pressues below the valve il-_up::nmanhea o equels the

i

Craagure atove tha wnlvs &4,

Tha catalyst powder thue leaves the boSten of coluwm O Ehrongh

R o S I

the valve % ond pasbbs Into o miring ohamboy 8, to whioh n aultchble s, .
slther on iInert goea or pmfemhi;l,r one o tere of the roogents Ho te uood

] in 'Eha vrocess, le puppllsd by line 7. This goo ie enpplied in gufiiclent
” grackity ood velecity to substentially completely entrain the satalyat,

and this suspenseten is Nen pasced B@ a frecly flowing ohreomt through ooy

wlim
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ealteble plpe € or chase conduit to the resstion vessel 9. The cate-
Lyet prapensgion Ioaving the mixlng chember 4 moy alee bo sublocted to

aoy sulighlo prelimlnery btreotment; ewch as heet, an&fc-:r m.‘l.::ing with

other resgeate, pricr to its intmuhctinn ines €29 recetior chrmber O;
for exmnpls, the octoiyat suspenelon may ?;--3 paﬂﬂaﬂ.li‘rc:-m the mizlng =ono
£ throwgk line 8 and benbing coll 10 ard 1ine-11- into the rosetion
chemibgr O, Addltiopnl reagenta moy be supplied by _11116 12,

While the catalyei may he poaaod oi.t.-hra.r pwardly o dowpwardIy
tlrough the reschlon zone 9, 1t ls ponorally preferred to dntroduce tha
cabalret suﬁpaﬁaion Izto t:ha lower oortien of the reaction vesael end
to pass it upwardly thoreihrough. In this memnsy of operation, e more

dezae catalrst particles will lsg tehind the leze a.ah.saa susyending gad s,

A
3
1
&
3
4
]
E
i
-
3
4
"
x
o
¢
K
3
-
i
3
b
el

gd the cotalyst concoptwetion in the recchion rone will tlng ke eub-

ER

atantislly groator thaw in the euspenelom of catelyst supplied thewsto.

o et L T I L,

Xt i3 algp gemereily profecred to paga the gopea am’zg’o:r' repers (Ghe berm

gef bedng used thyovghonut this spplication to Inddicats a gaeiform otate

inoluding both uremally gescous matorials end the vapore of 1quide)
mﬁm&@ the raactim Zome at such & rete thet the sclid cmtalyat
part-iclea are paxtially suspended theroin in o highly weoblile, vibrating

ceadition auch thet the mesz of catelyst particles haa the kighly turbulent

it AT e - ST

eppespance of & bolling liguid, Thie Invodwes the wgo ja the reactdon
gome of ap avel'ege wptatrd relocity of the gas which fa ingelTicient to

Ylow all of the catelyet qoiskly cat of ke reanklicn zocae, tubt which 1z

salTiclent fo corry overkemd a gabeliyst suspattslon contalnimg about the

i =

Y

game quantity of caterlyset per it of time e In #ha suaoenalon suprplled
to the bottonm of the resctlon vosesl.

The Gemperaturs of the roastion Yome mey 'ba L.c-nt.mlls-ﬂ by the amcunt
and terperatire of the neriterisle angplled t.hareta a.n.ui,-"or by heat exuhzmga
through the walla, The proccgges of thia :!.mfsntion J.mru:-lvi'13 the productlon

of hy@rogen by reactlem of hpdrocarbong with staam or carbon dloxlde ere

R e T T T PO I

e
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' highly erndothermio and it 13 necemsRry o aupply ﬁary largs amounts of

heat in svder tc meintain the raa::t.ion sona at B éuﬂ.!‘.ahle tanpera tute

Aevel,. Thls hoat rogulrement may be supplisd by prefating the Initinl

roagents, eepsclally the steam or oerbon diskide , andjfer e eetalyst

i e

tc btewperatures subatantially highew than the dégired vesction temparature;

E e L

the gupply of heut in this nahmed may bo greasly augrented by recycling

ol

relalivoly large proporilons of heated cabelyet. The roactor tisy aldc

be feaigred a8 4 long, slender veanel or tube, or even s pluralliy of

R At

o

o

auch tultws commected in pareflel with provigions for swpplying keet through

the wells thereof.

in auch & procese, for examnple, the catelyat may e passsd with steanm

’ through e hestlng ooil 19 and mey then be mized with o siress of hydro-
:% sarbon gad or vepor supplied b lios 12 wh:_lch_hﬁf_: been eeparately mreheated
j to a temperature inmafficlent to canse aubataﬁt;ai orecdny of the hydro-

The hest rogquired for such reacticne may alsc b aupplisd wholly on

1n part by the sddition tou {the raeciicn zoma of oxygen or of gases con-

?i teledng fres oxygen, To thie manner, the heat roquired for the rescbion
iy Ilaxgal;? be eupplipd By xeaction of the free cxygen with ths cerboneceous
vf materials or Troducte of the raecticn; a8 seloctive oxidation to oxldos of

* aerbon may alegs be obbelned so that the doeired hest is rovided without

:-z ' substemblal loas of Iydrogssn. Wiers bydrogen or a mixbure of hydrogen

3 and oxldes of carben of high purity la desired, swch fres oxygen ghouid
gloo be of swbstuntlal purity. If nitrogen 18 not objsctionabls in tha

M reaction prodeets, air or alr enpriched %o By desirad degree with oxyaen

way ke used, Suek a process 1o pertlowlarly sdvontageous Zor the podihctio

of mixturss of hydrogen wnd oitrogor for ues 1t the eymisesia of nemonda,
Sach gases ﬂmtaini.ﬁg frwe cxygen meayr alse be swpplisd by ling 15, but
aro profershll Intreduced mepsretel) intoc 8 rome of extreme turbonlence In

the wesction vessel, ae by 3dne l2a.  Bolid materdals copable of oupplir-

e T

Ing oxyeen wmder the reactien condltiona may also be clroulsted with the
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catai}rﬂt o ald #n reduclne the heat reguiremenmtia of the reactiond.

Exeriples of esuitablc materisais of this kind are the readily redueibie
metal ﬁxi&aaj Euci 48 ¢upriln ﬁxida, niclel cxide, ferriec cxide and Lhe
1ike, GSuch mﬂtariéla may be resyelsd i reexcidized ic their erlginal
atate durding the regescration of $he cobalyst, Yo e deassihbed below.

The r%acfian orofucky and eatalyst ouspendsd Lhoreln sre with-
draun Ffron the é*eactirm vesnal through _,'Lina i3 intn a eelids aeparating
Zome Tl whic;h HF ':.:ua comatracted 1n t.hn. form of & "ecpelone, " centrifugzel
or obher type of zopurafer. The gnoscus products aze wilthirenm by lipe
15 end mey be pesasd through one of uere gscondary oyclone soparstors 15
god fer olncirtanl mrocipitators or £ilbewy to rernve edditlcnel catalyst.
Tha raatlting gades WiLl ;upaiat mainly of bydrogeti, oxides of carbbn
and any losdt gﬁsas aipplisd to the roeniian ia&é, such se nltrogen.

The propeztich of carbon manoride to serton diowide will be dependsnt
upon the proporbicns of the recgents gupplled to the reaction zene and
the terperature tharsln, high resction temporsiurss of the order of 1600
to £hOB®F, fevordng the formeidon of Yarge smctnts of cerbon moncrids
while low renctlon tamparaturaﬁ of the opdar of S00 to 1200°F, and lavge
promortions of etesm favoer the Forwoficn of oorbon Sloxids, acoording

to the well Xnown water-gaa gyallitedem betwaen cavbon menexids; corhon
ddpaige and atesm, If 1t 1@ desired to nes tho product gases Tor the
preparstlon of Liguld & solid hydrocsxhorg by reactlona of the type of
the ¥lgcher-Tropach syoihesds, the roaction wil; proforaply be conductod
in tho ronchion vossel O ot a high temperabure aad with "imited apounta
of stesm, soms carbon dicklds bwing eddod to thr..} regetiom some, iF desiTed,
in ordsr to cobieln ﬁ eatlelactory rotls oF carbpn nmenoxlde toe hytrogent

thip gaa gmay them be passsd direcily to o reaocstlolr zohe Tor fhe aymiheosls

of liguid end #olid hydroserbon products,

8-
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Thn treatment to which thz anlid material 15 sublected alter
geperation Yrom the product gaaee ie depeandent wpon the pokure of the
matertole supplicd Lo the rescilon veeesel, the reaction cceurdlog therein
and the typs of resction products desired. For exemple, 3in the conversica
of low moleevlar welght, awbstantielly gatuwretsd hydrocarbon goages of
lems than sbemt b n&r‘hon. ghora ver meleomle aod mixtwresa thereef whick
are swpbetantislly fres of catalyat polzons, ne catalyat regensraticn
protlen 1g mewally involved, Tr anch cases, the solid catelyst wmbterlal

inay e racysled divestly to the weaction zone.

The preduction of bydrogen by the mrocess of this Inventlen firom
gaezs containing lerge amcunte of (meaturated hydrocarbone cr.fra:u TATIOTE
af normelly Iiouwld bhedrocarbone suckh a8 gas ofl wopora, wokally Is
acccpanled By the depogiticon of carbonogeous materdels oo the cutalyst
with rezultent loso fn activity, The cgtrlyat, Pﬂriicularly1tharmﬂtﬁlﬂ

of the iren groapy Blac loss actlvity 1 Bhe resgonts contaln ang aporegd-
abla amcunt of awlfur compowmés, Tz both such ceesd, She cabalyat o=y

Te meadily reastivated by treatment with auitsble regensrasinog geasa,

 Woere the reactlon in veesel T le condnetsd et relabively high temperaturcs

sbove sbewt 1800°F,, the catalyst mar be rogensreted by trestment with

e ey T T

any suiteble ozidlsirg gae euch as gboan, air, mixturea of ategm and air,

Cuie s

% fluwe gaa, el he 1ikm, sad the reevltiog catalyet mey be recycled directly
o the resction fong elther without further twoatment or after redustion

of tho oxlfed of the catelytle matola, ae by treaimer: with hydrcgen.

s . mary
i

When tho reactlocs In yvoosel 9 Is condueked et lower tompeoraturos of the

ovdar of 500 cr I000®F, to sbovt 1U0O°T,, it ia genernlly preferzed for

the catalyet dnfroducod o contaln g high proportion of fres actlve

L PR e PR

catalybic netal, pértlcularly sctive nickel, end ir oguch cgecs, the pa-

ool

daZid '
ayoclad may ¢ rogensrated by trestment with hydrogen; if an oxidis-

Ing pag 1o naed for the regeneretion, the ox{dized cutalystfehnulanie

aibjected to & redecdng trasbtment, preferebly wilth hyd:'ugcn.. Such redncing

04
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trosiment mey bo accomplished by swpplying hydrogen or gascs oondalning
Tree ydrogen threoogh lime 3 to colums £ in sufflclent smounts $o Teducs
the eatalyet therein to ony deoplved degres. It is alao preforable,
rorticalariy whon highdy ective catelysts are dﬂﬂil‘f‘@ﬂ. for wo al rela-
tively lsw temperatures in the reastion vesssl §, to avold heating the
eatalyet to any temperaturs anfficientiy high to canac eubsbantial
reduction In 138 setlvity during the regencration snd/or reduction trest-
nimta Just desgrlbed, Tompovatures sufficiently high to cawso ainterdag
of ony of the satelyset compornenis are gépebally wdeeirsble in sil oir-
CUnELEnces ,"and meximun tesperaturcs bolow sboub 1800°F, and preforably
below about LE00*F, should be employsd when it is desirecd to malobain
tho catalyst in o etete of blgh eotiviiy malteble for relotively low

temperature opeyabicns 4o vemeel 9, With vory rugzed cabalysts, tampoT-

- aturas as high ge 28200 to 2H00"F. may bo wsed.  The cetsalysts need not

be of high setivity for operetion st euch high terperatores. Such
opoTatlon 18 sdvanicgecus in the preparetion of gans of low eavbon dinxide
contont, which 1s deqlred In foed gan for the Fiacher symbthesis, for exangle.

Tha use of m oxidstion treaiment in the catalyst cyole will aleo

‘e dagirable when reducilble metal oxldes pye wepd am & sourpe of heaf in

teomobing the hydrogen profuction veastion In vesgel 9 in ordor to return
the resuwltant redaced materdals to thedy initinl state of sxldebieom.
Where the catelyst 1s recyolod airectly withous regemoraticn, or
with auuhl rggeneration &g can be securad by mpane of the ges mupplied
bty line 3 to the colum 2, bthe moparstcrs 14 =nd 15 moy @lecharge the
catalyst seperated thevefram directly into the hopper 1, e drewing
illuuf:-z;utaa the wodiflcation of thias imﬂntim. whm Bome adddtionel
regeneretlon 1s desired. In thim onse, the vatelyst and any obher solid
muteriais separated from the gesecus produete i_:._i.gaparatir'g zone 1 mey
be pasged dewnwardly thyough 3 striupinog coltem lT in epunterowrrent to
stoan or other gultable stripping gas mupplisd bﬁr-lim 1% end into hopper G,

-}ia
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’.'this. hopper is provided with a colvm 20 epd 2 g,a.s aupply Line 21 for
meirteining the entolyet therein im @ mobile of fluldlzed comditiom. T
g algo provided with = azlety wedve 22 ent a coﬁtml velve 23, 11 of
which cporaie slmilarly to the hopper 1, column B, wic. 4ny deaired
pordion of the cafalyet way thue by ﬁuyala:'l directly to thke reection
TeEegl 9 by 1llne 24 by reene of 4 suiteble carrying pas auch.os Inerh gas,
gieam o othow boagent gas supplisd by lins 25,

The bhopper 19 is alas provided with a pecond colum 25 for uee in
the catalyph remeneration cpele. "his colum 26 1s conoirusied eod
operated similerly to the colum 2, slvesdy gomeribed, A suitable
regensyeting go8 anch ab stoam or gboet with added aldr ox oXygen im supplled
¥ Line 26 to the mixing chember 27 and 1a need to rrwy the oatalyst
throvgh thr regenorator 28 snd thencs to the hJ:-pIIEl" 1,

hg digcusesd sbove, Gthe regenerasiom of th.x;l cetalyst spd othor golid
mtariaiﬂ mey imvelve merely the removal of edliwr, whish aay be
avcourplished by ueing hydrogen or etemn ay the regunerabicg gas at about
thy p=me tampara‘t:ura. uaed in e reactar 9, or the regenoraticn mey
Invelwe the rewovel of verbomacecus metorimla and othey Lrprrivics deposdfed
or the catelyat, which tay e donz by sublecting the cobalyet to treatmen®

at wlavated temperstures of ahout 1BO0°F. to 1BOO°F, with eteem o

oxidlzing geses, Wore rolatively mevore oxidotion conditions nre Aseired,

L eabi B g s e

a8 In the regensratica of redusidle cxidos which heave been wmoed to aupply
heat in the resotion vessel % end in othar eascy in which ths ronciicn

theraln ds comductod st high tenpoyabores, the regonerator 9 may e oporabed

2 e

B

ot highsr temperatires of $he onler of 2000 to 28D0YF. or cvon highor ﬁit,._T_-;J
sultable Tefrastory ootalysts by swplying  migbie of elr in letgs coess .
snd combuatible matorials such ss methane, ni.l vapor, stc. to tae i
regonerator 20 along with the catelyet, the corbuwation coourring therein .

gerving to raipe the termperaturs of the catelyst te ony Goplred dagrea.

i SR A el e

L=

e — AL




555628

The senelbplo heat of the highly heated catelyet is thua ueelful in provid-

ing Beab ryduired for the rompctiom in vesasl 9.

The regenerabor 22 may bo operated in the apmo mamney ae the reactor

-

P, a auepenalen of tho used catolyat end smy other solid materiala io g
sireme of a suiieble rogemcrabing gas euch na hydeogen, 2hoem, nir or

iather ges, depending upom the eondlbions of rogenoretion ceelrad, boing

JORIR-S N +E -

Aupnlisd to the lowor portion theraof through livo 27 with any sulisbio
neans belng sleo provided for hesting or cocling tha regoworstion zono ao

roquired, The rogunsrated ocbalyst and geess lsaving the reganaratlon

PR R e

zonc 25 arc pasecd by line 29 to scpavaiing gone 38, whish may be cone

atruoted simtlgrly o esperating zenc 1% cigcusesd above, and the colid
meteplal gepareting thorein le pagssd dmmuordly througb o strippine sono
31 inte the hopper 1. A suitable atripping gee, such e¢ steem, 13 supplicd

by lire 32, Tho gease leavirg the goparator 30 ony poes through cns cr

aelue T e S e gl s

PIC gecsondsi¥ separators 35, Irom vhich the ecparabsd catalyst 1z returned

by 1ine 34 which dipcherges inta the hopper 1 at 5 polnt below the lovel

EREC) WM

af the catalyst therein,
If it ip desired to prepecs & aydrogen gus subetentieliy free of

oxldes of carbom, It will gonerelly be prefevadie to aublect the produact

gaa froem the rencticn vessel 9 o n meperete cobtaliybic tresiment at a

appanheal lower temporatorc for the convesrsion u:;i‘ .tha carhom Tenaxlos
thaoredn to carlan dloxide, and to rerwve the corbon dioxids froa the mroduct
gades by any sultable treatmeat, Svch procseoes eyt goncwally well kmown
and naod not be depcribed heve in detail, 1t Telng sufficiest to sbate

that the goges are popsed witk o lerge cxcpes of etosm, prefurnbly aboud

3 te B wolumes of atesm per volune of carben wenoxide, fbrough a roRcticm
sone coctalning o guliebls wator-gog cotplyet such =p 2rom oxlde =t o
temmorature of ohownt TOD to 950°T., wherein the carbon monexids is cco-

vorted subetantlally cowpletely to carbonm dioiide whish 42 remcved from

e e g e e Sl A L S S
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tho profuct geees, preforsbly after ccoling substantially to atmospherle
temperature, UWhlle this treatment may be condustod ty peesing tha gesog
aver u catalyet sayranged on tTraye or posked in 8 reaction veessl, tho

Proceds may nlao Mo condocted In o npermer sfailer o €35t dezordbad above

i

in whiak the aclid catelyat is suspondsd in o givecwm of the gegsous re-

i

sgents and this guspencion ie pusscd through the reaction gens, the

catolyeat belng rocyoleod.

e

_ For exsmple, the gease in Bne 35 inay be passed Hmrough & anltabls
: e vooler 36 end Bhon nay be foroed, if uscesssry, by compressoy 37 or ofther
j _ Bultable prassura daviee into a mizins chambor 38 in which they ore uesd
| to éuapenﬁ a suiteble water-gos catalyst such o iren oxlde supplied
b thersto from hopper W2 end oolumm %1, which may be cperated in the yame
nEnnEr A the hopp_._:r 1 ani Ealunu:; £ and may be supplied with any sudt-
u:bla_ #sa, much cp stosm, for meintaining the eatelyrst in o mehilo o

fiuidized mtnte therein by line %2, Additicnsl stemm as requived for the

reachion may be aupplied ot soy suiteble woint, such as by line b3,
e saepenglon. of catolyat in the reageat gapes loaving fhe miading
“chamver 38 may be pagsed by line 4b% into o ronction veamel 45 whish may

L
)

A oLt S

.

3. Do conabruciod and eporated slmilowly &0 renctiom vesoel 3, The reacticn
”‘3 iz this veasel will bo midly szotiermic, mnd 1t da generaly dssirsble So
W provide oultyblo memng for evoliding wdue riac in the tempsrabure thoroin,

Thin moy be accomplished by eupolying the recoment mixturs g line b ab o

LI

el e e et T

tomporatire sefticiently bolow the meximm termozratis deaiyed. dn 't.hé
reachicn weseel 45 for the resvitont mixturs thereln o achilove tﬁn deaired
tunn;amtura: ) .

The strase of gasoous products and cetalyst suspendsd thoreln leaving

.

the reactlen vessul- 45 Dy 1ins 46 is pessed into o mnitable eoporating

gono 47, whick mey bo consbructed and cunratod gimilarly o ecporabtor 14 ' .

and fren which the cetalyet retorms &0 the _Jinp:pex_- ho,

“1h-

bt i
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The prodvct gescs leoving the svparator 47 moy be passod through oo
or more additlensl sepsrators M to romovs any remsining trucos of selid
materiels, through e cooler 49 In which thoy are cpoled, preforably to -
about atmosphoric gempernturs and inte a ecperoter 30, wherwln sny coo-
doneedl water ia removed. The remeinisg gmses Lhon pass by Iine 5t inbo
o acrtibblng eolumn 52 which is supptied with any suiteble abeerbont fop
narbos dioxife, suck ga the ethonel amines, nquecus sedium hydroxids or
modiun corbonate. Eydeogen gas eubetentislly free of carbon dfasdide
Tzaved this cplun By lioe 39,

Ths Tongenta, crbalrsts snd operntizg ;nnﬂitiuna ugad in the above
deacribed apparatue will maturally be varled cecerding to the noture of
tha profuote dopleed, those conditlons genernlly being elrecdy kmowe;
exgupled of aultakle estalysta, resgenta, and reactlen lwmperattres hove
Ing hesr glven abeve efmply =a illuﬂtrutiana_ﬁi_mﬂthoﬂa for corrying out
the procosa. The fndtisl hydrocorbon gaoes o;”japors wged ere proferehly
subatantlally fyes of enlfur compounds or axa ﬁ;gutu& for the remeval of
any ewlfur corpounde contained thersdn bafor& #giﬁg uegd for the prewaration
of hydyogen by the mrocopsea dsgcrited }mru.in.: ..

The ranoticne dogcribed sbove Tor the convorelon of hydrocarbons to
gases contatsing free hydrogen mnd for the comversion of carbon monpwlde
to cerbon Aivaide emd hydvegen, snd the ocatelysb regeneration treatmonte
may be conducted at ony enltetls srepsures which moy be tho same through-
out the gystem or may be differemt lu the differont gteps. Theds TIeasuIea
wlll gemerally yangs betwsen sbout 1 snd 200 atmoapheren, preaswros below
about 50 atnosphsres and meeferadly below nbnuﬁ_iﬂ.atmnapharaa gcrarally
telog need when the dnitial weactliom is'pmlmggiﬁﬁ ‘betwecn bydrocartons
ané dtenm, In view of tha grent proporticna of_é;%ém raguirad for scnﬁuﬁt-
ing thie resctice sufficisntiy to cmmplatioq fqﬁ érnctical purpodes et

higher pressures, The anoant of cotalyst emoplicd to the reocbion snd

~15-
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regeneration zones should genersily be bebween about 0.1 and 25 peunds
per cuble foot {ab renction conditions) of the réea goaee oipplled to
$h0 seme zomes.,  The orptirrm tine of reactiom of tho geses in papeing
throungt the reastion end regsnoroticn szorem geonernlly rangoa holwesn

about 1/2 sesond and 2 rlmtes, the time of reafdenpe of ths cotalyoe

]

il

i
4
7

in thees zomea dedng acmewhab longer then thas of tho gos.

An dmportant advahtege of the procesa fescribed hevrsin 1a in the

JniTsralty of temperatiirs which s consletently muinteinod thraughout
the reaction wessels snd regeperating zoses when operating with o cafba-

Lyat mugponalon mednbained thetoln od desswibod, Onoe the twoctlon 1

dtarted, the temperatmrs will be fourd to te aniform within g few dogrecs
throughout all parts of the reastion Tossel due to the vxbrems turbulenso
sxiotdng in the cotalyst suspension thorzim, oven though tae eatalyst

andfer the geses, eithor fresh or reeyslsl in-elther onoc, bo supplied

it L ”hi‘“c K’.f..li._;;-{}u

? at & greatly diffurent termeveturs, Io nll auch cases, It I of coorss

; desizable to yrevide o suffielontly high averoge bemperabare lovel fn bhe

i reaction zoanos to inemre the propress of the reaction. Switohle BLe]pE

1 are £lap necegsery Go oupply the heat requirements of endethirmic reactlond

i . and to teke up the heet Likerated in cxsthermic ~eccotiens in order to

grald o genernl cooliag or ovorhsating, respeetively . off thr: ragctiom veoocly.
' This may bax acuomh?‘md by providing for tae amjltannaua f:c:rr_srfmg ouk of

Tr hoth endothermic and cxothermle reastions in thL. rencticn veazel in proper

:‘ balancs to molnbtain the desired tempernturc la'lrﬁl cr by supplying resgenta,

1 catalyet and ,"or Tecyolad watorialo to the I‘e&c.t;im’l rotv: ab o anfficientiy

blgher or Lewsr temperature then the reactlon tediperatwrs to mupply or te

e

toko up, reepectively, tho hest requivoments or the host lihcrated theredn,

L
i Az

Hent mxchanger swrinces may alec be previdod in the roachion end tha

regeneration zone, such as tubes ar colle, through which combustion gnaes

or wator or pther sulteble heating or cooling flulde mey be cirowlebed.

=if
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The varicus catelyet eupirly colums dszgcribed above are preferebly
deu‘.f_.gnad tr be of sufficicnt Belght to provide for continuoud clvcmlaticn
of the cabalysi throngh the eyptom by the sueponding gasch as indicated,
cach oolumn being of suffisient haight to provide for the prosmurs dvep
Iwvolved in paeslng the shtelyat suspsnsiom threough ooy contrel walwen

at the bejtem of that colum and throvgh the reschien maﬂfﬁf regonsratlion

equizment to the pext cateiyot foed ecluma 1n the civowis. Additicmal

.E ooluem helght may be provided ns Gosirsd to ioorecss tho rpemure Iin the

g roanticg mndfl:r regenaretion zemew, “ha oantulyet supply hoppsy ot i:.hc

( top of wach feed colume may be at subetentislly atmwcapheric preaaurﬁ

:'i;' or, particularly yhen the resctiona involving the vao of the catelyet are
Eg conducted ot aubetantlaliy superatmospberic proavred, e onbtire cetalyst
’é ciroudt moy b operated as o clomped gystem snd the cafalyat mey theroby

j be eopepsiod from the product gogues at o preasure little Iower than thot

J at whick 1t vas oharged, Hhoredy conaiderably reducing the differential

zﬁra.&:‘sura to be develoosd in the supply colums. A savings 1o the comprogsion
of Bhe product seevs la also wveudlly obtained, s the volume of tho vroduct
#eaee ls weunlly larger thon that of the Toed guden,

The fodlowing aﬁample iﬂ_ TreasenTed Lo Lliustmte 0 dulieble mefnpd
Tor cavtyiog out the rrosess of this iwmtf,on»in.tha rreparation of aub-

atantinlly prre hydwepen from mebthane end stesm.

P G AN IR IR UL R R B

Typeplo
A sufteble cebtalyah such no bawrits or alimdas baving niclkel

ioposited therein la propered as fine powder of which the wajor portion
Trhged in particls size between IC ané 50 micyens. This catalyat powder

¥ fa empplicd’ to a stabtpipe heviang o hedght of about 100 feet. A smail

eammt of hydvopen Is aupplied ot apaced pointe dlong the slds of the astond-

Tipe io order to melnfeln the cobalyet fn s figid-like wondition, The

=1'f-
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smoant of flwddising gop agupplied ahovld e enffiofent to mhintnin o gee
Tilm nbout each catalyot perdicle % the rons of marime prosatre; ia
generel, & minlimem amotmt of sbout 3 to } pubic feet (mt the conditions

preveiling dn the oolwmn} per 1090 powmce of catalret s requirod, & oombeold

valve At the bobbow of the columm ia adjunted to perwit & géresm of thias

catalyat toe flow therethrongh at m rabe of slout J00 vounda por houy

A
o
£y

o

end g wresgure drop acroes t—hE; valve of ebout 3 pounds per g, in,, into
g mixing chawlbor. A alxture of 500 cublc feet per howr of methane and

1,500 vuble Feet per hour of ebean hosted preferably to about the temper-
abture ol the cebalyst ia supplle? %o the mixing cherhor at a presenrs of

ahout 35 peunde per ag. In. geuge, The mixtwre oF mobhaoe, stess and

Rt g e SR e

e

g ot

catalyat entralned theyeir ip paaped fnbe the botbtor - of o Tertically

diapoped yeactlon ansmbor baving o dlsmeter of 10 inches and a nelght of

abouf 20 fant. This reaction tube projects :l.‘-hrnugh £ Purnace and is bheatsed

i

extornally se ad to maintain 3 temperature of abous 1,%00°F, in tbe

£

reaction products leaving the top of the tube, Theme profuzcts, with caba-

o

lyst ausgended therein, are roturted without cooling to 3 aerdes of

S S

ayolons sapai‘etnm at the ftop of the catelyst food colurm. The catalyaet

Bopavated from the product gases Iin these eeparaiors ia retwmed to the .

R
PR

top of the metalyet feed ooliumm wdor & presdaure of aboat 30 '_uc:-undé. per

-

Bg. 1o, gange =nd s thus recyeled continuously through the beaction Zone,

The profuct gades, ccnaleting u:f hrdragen, unzeached methuns and abouk

equal smounts of ceorbop monexids and carbon dioxlds are then coalod by

e i R

additlon of sbout 1,500 cubic feet per howr of stoe=m and are pastsed Into

a mixing chamber at the tabtom of o second catalyed supply column which

A

combtaine u suitable water gas-catelgat mich g & prowcted iven sxide
vhish 1s mlec in powdsr form, Thie cotalyet pupoly colom ia alen eboub
100~ feet high and 1a opereted in the pams metmsr as the ons described sbowo

and i adJusted to supply about 1600 pounde per hour of ths water gas

s pam st gt

Rl

g ;L
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. cebalyed to the mixing ohmebbr, The Mesulidng suspension of catalyst im

rassed from this miTing ehanmber intd the batiom of & vertically lsposed

converter having o dlameter of 15 tnchea and & helght of £0 feet. This

convertey Is provided wilth on intarnel vooling =oll whick iIm weed o

generate eteam and which 1z enpplied with waksr ot muck a ynte &g o

aainteln a tepperaturs of about 750°F, in the resction vroducts leewving

the top of the converter. Thepe rosction mroducts, with $he catalyoh

guspended theredn, are passsd to a sacond ssrisa of cyolone osparators st

the top of the water gee cetalyss supply colum snd the catelyat ie

Beparated from the product gapes and returnsd to thia eolunn for recyeling.

Hydvogan or :atéam ie mupplied in & proportion of zhont 15 m-zhic Fast

Ter 100 poumds of eadalyst to thip column st severs: apaced points glong
ita Eridq in crder to waintein the catelyet in a £lunid atets. The preducst
guend, after separetion of the cetelyet, are cocled in a watar gpray and
the carben dtexite is them removed by Borubbing with & puitehls abecrphicn
mpdtum auoh as water or agusous godium ca;hoﬁate;. There will thue be

obtalred a hydrogon spos wnder n pressure of about 20 Dewnds per mq. 1o

gangs conteiming etout 1% to 2% metbane, loss than £% carbon monsxide,
eny mitrogen pressnt in the originnl mothane and L¥e remaindar hydrcagsn,
‘thua reprgsenting & comversiem of approxlmbely 55% to 0% of the erigingl

e

e thane ,

i S

Wt g Lm
e AR L L

Tz Invention 1e not to be Limitsd to moy avecific oxaMnlen pro-
gontad berein, all puch badrg intended aolely for paypese of 11lustration,
28 1t 12 dntended to claim thia inventisa as hroadly ma the mdior art

pertHta,
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oy

v o
2. A process for the preparatlon of gases contalnlng

» free hydrogen from gasecus and yaporous hydrocarbong wlith &

 gaseous oxldizing agent reacting in an endothermic rezetilon with said

hydrosarbuns 1n the presence of 8 suitable finely divided

: gupported nickel catalyst which comprises maintatning 3 suspension:
of sald catalyst in an upwardly Flowing stream of gag 1n a :

A

treactlon zone, contacting the reactants with sald suspenslon in

: said reaction zone at an oxidizing temperaturs, supplying to said

Clme AR T

i
! Teacklon 2ene & s50lld Tinely dlvided metal oxlde capable of being :
- reduced o a lower atate of oxidatlon by sald hydrocarbons at the

conditiens prevalling in sald reaction zeone and of heing

e

. pecxidized i an exoShermic reactlon, separating gassous reaction

L .
F products from solids %o obbain a produet gas conbaining free ;
_ ﬂ hydrogen, withdrawing a mizture of finaly-dlvided solld catalyst
i " and reduced metal oxide from sald reaction zome, subjechling said

i mixbure in a regeneration zone to an oxildizing treatment af &

! tempermture substantlally higher than saild oxidizing temperatuve
I o regenerabte sald reduced metal O;&ﬂﬂ and at the same hime
increasing the heat content of the said mixture 2nd returning |
regenerated metal oxide and Baid.caﬁalyst %o said reagtlion mone
. substantially at the =aid higher temperature. ;

E |

3 3

3 I - A f

ﬂ A "5 The process of clalm ¥ ln which sald wetal cxide

is lron oxlde.

. & |
i A7, The proecsss of clalmp £=in which the metal oxide is

! malntained in sald regeheraticn Zone in the form of & dense

turbulent mass of solids fluidized by an upwardly flowing gas.

-~

.-
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E. The process of elainm % wherein paid wilthdrawa metal
" oxide and said regenerated metal oxide are passed, respesctively,
. to & eolumn of substantial height of withdrawn metal oxide and a
' plmilar eclumm of regensrated metal oxlde, both maintained in a

v moblle state, and stresms of metal oxide are passed from the

i bofthom of sald colum;m under a presaure st lesast equal to the

:'g hydraulle head of sald columns into aald regeneration Zone and

! gald reastion zone, respectively.

: # /
i + &, 'ihe progesa of clalm 2-wherelin sald solid finely

, dilvided metal ozilde aupplied to sald reaction zons is eppable of

G it i e TR AR e

. oxidizing Bald hydrocarbons and of reaching & lower state of
1 oxldation under the reaction conditione within sald zone ino an :
o i

: exothermio regotion.

p . L :
~ 7. The process of clalm® wherelr the amount of sald |

; metal oxida 1s sufflelent bo géné;%éte by gald "la.st-na,med

exothermic reactlon at least a portion of the heat required bo

gupport said endetherwic rezebion. i

e i g
P T X

4 t’f ) f '

3 &, The proceas of clalm = whereln sald zaseous

1 ', oxldizing azent le selected from the group consisting of carvhon '
i : )

2 iil dioxide znd steam.

|| 7 (-

: &. 'The process of tlaim % wherein s=ld metal oxide ]
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