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Iy darertlon foiates to s methaod and sepparatns

Tor sjmthesizing hydrecerbons-and more particulstly to a
mgthod fon Eyﬁthesizing nrdrocarbone Jrom g pixtrTe of
zarbon monoxids and rydrosen end teo an imvroved snd nevel
apLoretas for esrrying oune Wy mazhod.

. The perfecilcen of tha lntarnal combuzlion an-
Finc znd 1ts wide applicatibn &t the present time 1s such
tﬁat future genersations might well refar to our civilizhticn
ag ihe "oll age't. This vipal Lcumnd1ty is neceaﬂary for
transnortation on land, on 2ea, &and in the air. Witheut
it £ alreraft, sutometlve vebicles, il parning zhips,

Delzel-powersd locomotives, tanks, ang- tractors woizld he

Qselesy. The convenience, comfort and safety of our people

uepﬂnﬁ in'largé meazure on hyﬂrmcafbon oil gnd its immedl-
abe’ ?“UduﬂtﬂuﬂgﬁﬂﬂlLﬂﬂ, Hubr*cat_ng 0il aad fu&l ntl.

Tha world has been u31n¢ fas iz fueLﬂ at 'a trameti-

~Eous raie. This rate has bean increuulng Tapidiy, ¢n an’

exponsnilal feshion. sha Equlj ok l¢4u1ﬂ fuasll ﬂuels,

‘nemely crude oll, appears ko be much lhss nﬁn ELE salld_

fozgil fucis, such 4s csal. & reoand governmenL Haterﬂals

Pbliéy ﬂemmiﬂsinn raporh has forevast that by the ynar"

_1965 she U.8. sconsiny will . 1nccrpo:ate the proﬂhﬂLaun of

wbout ohe million barrels. aer day -af syﬂ qatia fuels. o

& lané of free an*sxprlge, such a. n_gh P“Gﬁhﬂt"nﬁ ¢aval of

IS{HLEE+1E fusls rmgt reeessariTy ba danandann on the develup— .

mant .oF an e‘ficisnt ang baslcally 30&4& Trogess DT puah

cassed.  Huch UTDGESSEE-wili have o cnmpa»e an & saund

SeokIie hasls W1tk1n the well estabglqhad LIamEhDPk 01

Lhe Uetrulaum 1ndhsury

ﬂle vital imB r anca of Ligstd hydrocarbon Puels,

gagh oS5 gas oline aad _D‘=- ael Dil_, hee Long been reeopgnlzed

by zelentists.

Franz iMdgcner and Hang Prepsoh worked a




1o

o

B

fueed bub atec its honﬂloﬂues._

635777

manser of years in the Tuel Rezearch Laboratories of ihe
Falsar @ilhelm Ingtitute ffr Kuhlanforschung,.ﬂﬁlheima
Hidmr, Sernemy, oo QEVEIDPIQ process for converting ocoal
inte ligaid hydreoearbons,. They yare guecomaind, _Their
pPrococns cdnéisted ir generabing water gas from the cozl,
carcfully turlfyiag it snd then passing 1% over certain
cELalyaLEs a3 for ﬂxgmple, lron or Gopait, with snall
aronnts of theris, davosited on k cloelguhr, at tampermturea
of beiween L209C.,and 325°%0. at atmozpherie pressure. E;
this moeng, With na"e:u; Drecduticqs in gag purls lﬂnhiad
ang Lk sxact oontrol nf the tampareture, agbout eighty. per
aent of the carbon nonozide was eonverted to foom a m*xtura

2 hydroearboss. Tt will be obsapved Lhat the process is
assantlaily a hydrogenization of cdrhon moroxide.

Tha opthum tﬂmperazu“e ranges Ware found Ty

German eclantiats t& ha 180Q .-t ¢05C « oo iwaﬁ'cabalysts,

dnd fram l?DUE to ?2590 far rhuheﬁlﬂm G&t&leuS; It uss

“ﬂrther found thau ulckel eaualjahs rroduead beat chugys

- &L”atmbspherlc Dressursa, cmb&At ‘and ‘irven catal;st& at |
{presﬂures of . about fiftcen tmoanhereg, whmle uthanium

'~cdta¢?uts WeTe mﬂsu Ef,lCEEP“ al; migh Figher pTESSLres..

‘he work 5T Fizscher ang ArTopscn stemmed frnn

' Earlner wark i, dCDE of Eabat T and 5°IﬂElE“S: Wi Daa
.Jﬁrved that a r hiced 11c¢el LutaleQ wuuld syntnesiz&
_ma;aana from = m_xtu_e of ca*bﬂq naneitide Jard hyﬂvugen.

_'b*smner anﬂ Tropach. znund tJat oot -oily was mauﬁ ane. ﬁ;n-:

orodisal cantmtned axrgan-bearina QDTEPuPdu, stieh’ asjalcn-_'
ho.sm.aU1da, aldehvies,. anﬁ ketones. Hinee the- ab*ect nf
tihe _ermﬁn ToseaTeil ¢t Lhig tﬁme was tne production of

gaaﬂlimq andl motor Fluel, Fischer and Tropseb dirsgtéd 

thair efforts o the discovery of a casalyst.which w@ﬁld"

In aﬂﬂ*+inn, the syﬂthesis- 

ﬂ
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produve & maxlmin Fleld of motor fuel hydrooarwons and &
minitcan yleld of oxyesn-boaring conponndd .

In aprdl of 1936 a Fischer plant wes startod
Por the Bravnkohlo-Bengln &. 0. at Breabaz, Kubrlangd, This=
plant wea deslgned to wele 150,000 tons of WHegasin IY and
"Fogasin TI® {mctor spirits) pesr amnum from a mixturéﬂaf
pole wWater gas and coke oYen gaf.

Tha hydrocarbon syﬁthssis by the Macher-Trapach

proeess: may be repreisnited by the following reactlons:

{1} noo -+ EnEgﬁwﬁ—({H-Ig]n % nEp0

f2) 2nco + nll, &=— {0}12} + 000 o £

In efuation (1) we have a complete hydrogentza-

tiﬁn.ﬂ In equatlcn {2) we have a partial hydrugenizaticn.

“qua.t.inn {1} 1s tna pr&farreﬂ an& pradcfni.nan‘t ons. To

actual practina tha retio of H3 to G0 depsmds In lapge
1

esasuie on the ‘eomposition of the primary fnsl frdm which

Cgyrthasiz gas 18 derived. ﬁith”cpa}IEhis ratlc 1B-iﬁ§g.

thah with O, .When the velwe oZ'n.is frem four to twelve

'irclhﬁiva, fha wixtors of hyﬁrncarbﬁns'resulting_frnm the

' H?nuhﬂﬂlﬁ H:T.ll be predominantly zadollle .

In the Tmited Stated: 1t haa heen rpeopniged that

. matural gae, wilch la avaflable 1n large quantit;esjin_

Texag =nd eldewhers, is & most appropriste primarg fusl

f‘or cgn‘fa“ﬂ*nn o s:.rnthaais gusd and duhﬂpquﬂntly teo: \swrn-
th.at.ic ga&clina. ﬁ.ccc“"dinpﬂ.‘r, a .synthesis plant was built"_
by Oarthage Hydroool Inc. at quwnsvilla, Yexas. The mlent

'f;;ras_ :f.asﬂ.ﬁ;nad. s prcd-u.cs T_,DCIL.- barrels per day of pétfdlamﬂ. .
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obiimam temperatuare at which a mezdmen yield Df.thE de?ired

Cresult dn cbfalning Fiéldé-D£¢undeaireﬂ-?r0ﬂu¢tsf 4 devia-
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prodacta plag 300,000 pounds wer dar of uk&genaﬁed hydrﬁw
carﬂons. Tze plant fas aever achieved more than sversee
of abont ten per cendl of 1ta desdsn capaciiv.
The syirthesis veagtion is hichly evoiharmic. In

Brewnsvllle, for szample, the deslgn cells for the removal

o aprroximstely thitse hundred sixty miliion Biulz pef howur
from the syolhezis reactors, This heat must he ramcrad
under controlled temperature ecndizioms. AL high jempera-
Letes ths aynthesisz gas, which in the czse of Bmﬁw;sville.
was poptoined fron mcﬁhﬂﬁe by partial oxldatlon, wiili re-
wsrt back to wethane. Thst is, low Soiling hydrogsrbons
2111 be Formed as high temesretorss. At lower lemperatures
heewy, Wwoxy hydrocarhons will be. formed. The temperainrs .
oﬂuths,reactiun,jthe:afﬁre, is 3 very eritioyl one. and it,.
in #ﬁrﬁ, densnads wpon the type of catalyst. Fow examp;e,
ﬁi%ﬁ“an 1f5ﬁ+éataly5t activated wiuh sadiuﬁ.uﬂrhupata, a
tenpercture range bmﬁween.EGDDF. gﬁd F00°F. . preferably be-
iwaen.EUQCF; and 5?5bE.? should be Haidtsined to produce

gasoline hydrocarbons. - Almost . oy of the hydragenizatiaﬁ

catalysts may be omployed 1n the process, bub, having de-

wermined the type of catalyst one wishes to cuploy and the

hydrocarhong is obbained, shid tomporsturo mast he carc-

filly mainteined: A variatlon from thls temperature will

wion downward ia Lemperatura praduces heavier,. waky-like

mredacte. A deviation apdarnd da tempewabiize will produce

Ligider, norpally gasecls Dydrecarbong. With a good Fluid-

ized bsd, tenperature ?a?ittioas:will be reduzced to a2 narcow
THOED. .
inasauch &@ Lhe rPeactiion iz so highly exothermic.. L

thers mnat be corbtinuonz end sobstantialls waifoed renoval
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*of the heat of reactilon iT ithe mnaximam ylzld of the desived

pradust 1z o be opualned. For desivabls recults ihe fem-
patetinre shoald be maintained within a olus or mlme 35VF.
ol uhE nnt1mum TENperature.

- The Dreacre at which uhe nroceds ie carr*eﬂ o

:is nnrmailj'ﬂbt g oritical fustoer. It iz frmqunntly sensl-

Givg, nowever, to tho type of safslyst. Presstirez Trom

‘Etmespneric pressure o DLfty atncspherds or more may ba

émﬁloyed. High PIressures rgquire aironger quipnent strone—
turally e order %o withetand inereased pregsurs. . Graster
volwaes of gas @may be put through, however, for a giveh
alze of apparatus'when hiéﬁer présﬁureé are used. Aﬁvén-
tagemasiy, prossures fruM‘g&ﬁuéyhe:iaﬂﬁﬂ-fortr_atmusphmres

meay De employéﬂ. I'or nickel catqiysté,'pressuras qﬁér ali-~

-mﬁspheric Fressure are rreferred. Tor lron catélyatsj e

HIELE, employ preusaras 1n nhe vmcinlty of thirty aLmnspJBTﬂs.

‘The success of a s nbﬂEBiﬂ operaiing dependﬂ Dn

}the LOHSLaﬂu nnd substqntially unlfa*m m£+ﬂtaﬂancm cf amy

'per&*urn - Thig, *n tuﬂh, oWing to the.blgﬂly“exmthermfb .

nuture ol the TEnﬂleP, ﬂﬂpennﬂ aport the constﬁnt, aﬁequﬁue
&Pd qufo“n rcnova; of sat 1"I'I:J"L the reaction Aone,
Sevaral meihoﬁsifor the Femoval of ha&t-hﬂxs?baah

gurgoatod. © fmo is the: *eoirouuat¢or,nf 1435& vnlhmes o;

unsdnrerted synthesis. gas Lm the reagtaar zun .,_agpahe;_

» .-

mathﬂ& l 4 the. “eclrculatlon Df oi“ TTBEMLUHE tn'thé o~

actaun SOne for. the remaval-nf nsat thrbuﬁh vapﬁriZatiuﬁ

“of these oll _”actianstl Bthar mcthods empaoy “tlhe us= mf

var¢u4“ hiesat. axﬂhanbe macﬂarjwﬂs. Heat of the-matnDQS'm__

the priop art avs 1nej$icien;, tcghlyfta:build or:diffiﬂﬁlt

be meinbain, sz gl of fho'se-; The difficulty, it.will be

ohaarvsd, 12 lnt“DﬂJGEﬂ bT The necessily of pﬂIIJlF” auk -

the roaciisn in the presence o a'cutalyst &ndfsimultaneausly
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reacving largs guantities of heat. In catalytic cracking
of bycrocarbheuz, the wze of & fluicizmsd cabalyzt hed iz a

modert tachnlque, waleh Zez proved esdnestly successiul.

Cerbon anb cole derosited on a vatalyst reducs the cata-

a

Lwtdc astivity. Gw;;g so the fluidized state of 1le sata-
175ty the catalyal may flow as & Jipoid $flows Trow the e
actlon zong to the reganerator where the Loke iz remaved
by turndng. This railses ths temparature of the catalyst
g0 that whan 1t ls cﬁafged back Lo hAe reacior $he heat of

1z the endethermic eracking reasticn may be canfenieatlj EuD-
»liad. | '
In the = zhesis Toastdon, hﬁwever, the problem
ia quizé Af TPerent Uw;ng Bo bhe hlghly exdihesrmic nstore of
- - Eha::ﬁa;tion'and the auge quantitisy of heat released, fhe

Heat mmat be removed lumgdiately -ai a undform rate il ths

“gmbstantislly congtent snd critisal. temperature in ths re- -
sdftlon bed is to ba mdln"a_haa. In' aa astual czee; a ro-
duculmn 1m the enﬁ ruturs, Drnuvh+ about T oa cohbinaﬁioﬁ

af* eycaas e haat “amﬂval and'“educed catal;t*c acLﬂvitf, nas

2 *auaLueﬂ 'n okall= Lwrﬂat*on of neamv, haxy “iilee ryb+nearwans

S

uulch kn o GmﬂUlEble clogged the aﬂtalvtec bed to'gas.fluwﬁ
- fm ths otaer haid, if the temperatiurs 1z alloved to intrease, a
light,'ndrmally gaseous-h?ﬂréﬂarbu“s are formed, repTasent—

ing & =ukgtantisl econ@mic logs. in the- rn&uut on oX the

P . PLleld ol the desived ena pTDduﬂaut
It has been demonstrated thit the hear released
in tka synthenis reactien dan e effeckively removed by

the aphlisation of fluidiz;dfcﬂtalyst?techhiques'tc thg

Filacher-Iropsch synthésis;' Finely'd;vidad gatalysts can

30 ‘be suspdnded sz a 201id shads and tha reactant gases a3 the

sugpendine ©r gaseous phasge. The f2wmidizing of pulverized

solids imparts to them @ physiéel'hahavior fuite almilar to

Gha TR T
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that of & 1iguid. Dinely dividsd sc_"a_iﬂs, Plnidizad by gas
suspensici, will Zlow. A {Uaidized catalyet bed, thorafore,
will zot wavy omich the gatie as w liguid. There will he
currants, Larbulesace, vorboxing .a_'qui criroplation.  Under
these conditions, bundles of heat exchange tubes may be
‘wbedded Lo the fluidized catalyst. & cooling mediun mag,r
bea ciru:ﬂ,ated threugh the intericr of the Alae fhe
flu].dlzed cakaliygt of tne bed 1:1_11 cirealate around ths
Subes in heat sxchange relafics with the cr:uc}.a_mt 'w_ifhin_-_
the taobes. In thls nanbner i_:.hé_axr:nthlsrmic haat of reacllon
cén ba rezdily removec. This fheory 1z gererel y oid put
nar not proves swecessfil fh practice on g commerclal zcals.
I have c‘viécova_red that in order %o eayry on this
im=tliod ﬂfl‘[.n:n'l: ively onoa ec&mﬂr—‘-"ﬂc': @i sc"-,le., the cabalsy=t
el be maintalned a.t a predeterm e, suba‘:ﬂ_nlu_ lv T.s“:L'—
el 1-1;1:1.&'.-_1’.};, mﬂt uhe tuhe spasc*nr must be Lm_form, ar'd
Uide gas flew Lhraggi‘- thn cmtal 5t D36 msh be um.mneded.
_ I* Jh.st l:na wmat‘*barad prcuetﬂ“mlned 'lineax“ 1,
GI‘ g.;.ﬂ thfr*eub}_ Lh& J.luiﬁzizﬁri cata.n;s‘t bed Plu,uu .DB mm......,mod
1 Drde; o flU.J_dJ__‘E! tha Ldbﬂlyst. 1T the :LJ..nc.a.'f .E‘ln:m is
Em lfm, the Luid“ ty ol t:me "1u.lni*zr;d L&LEJ-.;'I-"SL 'n'.flJ.l ﬁe- '.

CoIe ta:so low, and the n1rcu? E.tiﬂ'l of tha f"m.d...zed ca.taljrst'

:w_l_L haﬂtme oo :-z,lub‘ ish. I;. the, linoar vau.mcit,;r Df the .

gases is LDU 3'1=g11, the s‘1L1.,r3.J.zat:l haﬂ 1-:.,1L Ybecena tu:m light
mnd the pataly “‘b Wlll bacoma a-nt:r"li*:-.eu j.n ‘the Duugm_ng
':II"DdL;.G;-E 1 ihe I‘EBGI.-ILF'Q'+ - "111.5 Will reduce the dep”nh mf

“he catalyved bed gnd pragremivelv ma.lca the si l.ua.tmn Worse

“until fimal 1:r a cha.nnel or gaa :Llcw 1.u11 b fnrmerl am:'. the

'195{:1;5':13 _&,ases wz..J.'L hﬁass the bed h:r ‘”-'L“‘ 7ut-lon th_'c-::n_ug}z-
the flafdlissd bas. _e.sult_hr* J_n & lnss o fLu,d:L.,‘g. Shise
nesults in loss of hent romoval ;ms.i.fc:-:_Llure of the Frocess.,

Thelr, too, any varlaticms 26 the flnicity o the hed will
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Tesilt In o nen-unsierm dlsirdbutlion of the zezes et ths
bottor lovel of the fTuidiged bed. Waile sush non-uml-
formity of fhe gas flow witimeitely orodupas the charmal-
ling Just raferred to, it ia to be renmombersd that the.nun-
wiiforn flow of gazes theouph the bed will ltself reduce
the afficisncy of the gynthesis. The gases will follow
whe pailr of leasu resistanee and in 2o doipg will by-pass
lergse sezients of heab. sxchange surfors whigh has beén
previded to malatsein uemperuiure contrel . lucn,.tnc,'ex-
ceHdive valn:ities in logal aregas of the flaidized bed
Wili result in tle exesssivs sarglng and caviLa,ipn of the
Tinaly civided cstolyst.

T% miigds be nruher ‘Tapembered that as the Sy~
wHagls mas rescis to foro hisk-boiline hydrocarbuns, Ike -

vongme contractis. The gas flow, however, nust be such that

whidesired flnidity af-the bed iz ‘maintained. _Thié nai he

ezconplished Ly recyeling an sxcszs of cne of the reasctant

*igasas_tu insurs that-evéﬁ 1f e, fsactinn is completed,

_sufficient'gas wiry rEAdlh to ElvE & 1llear Eas velbcity

. wnlvh.wiﬁ* mainua¢n the upper raachas of the bed Aih flul—-

ﬂized condf tion. S to he ohsarved- muri_her that the

a

._gas flsu iz from the bottgm of Edg_bﬂd nivEraly. 43 the

gases riss snd controet in velume, owing to the reactlem,
the' kesd of the hed dacreases'sa-that srogressively a rela-

tiwaly zaoller ratd of gi anu ig requlwed ko, matntuxn

2LAidity of the ped. Ehnm nJiS 1t will be seen tﬁat pe can.

control thu fluidity.af_tna-ﬁeu ands? a Eiven sat_n? coRdi-
ticﬁs bv aéjﬁsti . tﬂé'§0ﬂpﬁs§£10h af ths ﬁyntnesié'ﬁas.
“hiu Con e done Huitm smm:lv by resyeling unréacted iy
end- g adesf ' . . i

The heet traasfer suffaae is determined in part

by the m=an tbupmraLurﬂ d;f;erudca between the Sozired re-
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aciioh lomberasnrs end the cooiapt. &n appronriate copl-
ing aEpont ig waber, which will he »acdily econvested Lot
stesi, which in tare can be nsed to Sarnish nawer or for
othor purpozes in the plent.  an azpropriate reaati@n
benseraiure foT an lroa-bybe cacalyst, we have seem, is
£309F,  Ain spprowelate opersting pressure fnr1tha_ganera—
tion of progas: steam is 565 pounds per gquesrs dinck fange.
Thid aopresponds to & boilikg temperature of 500°%F. I:
wlll Be secn; thovelore, that the ﬁémuaraturc ﬂif;erautial
wnder theses coﬁﬁiticns 1= iEGDF. This I'igurs can be -
ployed to destevmine the ares of heat exchanwe surfaco.

i _ Iiother factor affeesing tho hoat sxchangé sur-
Face Lo be dizpesed in tha bheg iz whe vglue af, tha ﬁéat
tranafer co-efficient which maf'ba_designaieﬁ L L

a fhiidized bnd; *arﬁe .alues.nf:ﬂ ara Dbtainah]e.- Thié

p+euaﬂts ong great udvantaﬁﬁ of 4 fluldlzad ped Dver & -

r Rixd hdd The value of U ia affected bv A number of varl-
ables;  such as the uensity U-:- the, f‘luluﬁ zed eatalys

whicﬁ-may Tanea ETGm twenuy'pcunds*tﬁ Oﬁe hunﬂreﬁ puunﬁﬁ

DET cqble fcﬂt,'tre Jinear &as #elacltf tkrnugh ths bad'

l;he mermt_ng ra:*essare and tne gas reayele ratio.. T

-:1inear.ve;aclty.nf the gas Flow through the {laidized-bed

:Eﬂ il Ja“y ”Tom about th+ﬂE ¢uchag to thres feet per sacnni*

ﬁﬁactloh tlue can be exwrcsucd VEI?‘LE&dilf aﬂ"
Usonze velocity™. -marmal spane. velo t; mnay be dafinﬂ

volame in standazd Lhul“ Psat DErT Tiour- og freth +EEd $zn—_=

thesly Eed Darn c:hlu 1aot'0; rﬂautlmn yrolame . The:reﬁiprn-'

eal of Apace vs*ccity 1= reas Liom tlﬂP. The. 5ﬂace ?algc;uy
must e duffinleuulj ¢0u LD REEUTE @ High Barceutage ao
rersion of syqthQSLS gas to Eha_desireﬂ rroduct bub yat

pufficlently low o mindiize the undesired zide raastions.

Tho syathesie reactlon may be considared as a oomiination




|
1

I

k.

i

!

10

ivgthod god ﬂpp;ratus Lor bjnthﬂsizﬁnp ﬂ;dTGGE“ths u? me s

BASYTY

of hydrogenizeiion or carhen monoxlds foliowed by polymeri-

salion reactions. 1 the reaciion time is Yoo long, there

w1il be exceszive forpetion of heavy hFdrocarbons guing so

Lndae polimerisatlon of lightar dasirasls hydeoczrbons.
17 the reaciion uwins is too shori, then & larze goantdhy
0L Tae Byizillssig fad wWill he anrgaciod. The excosgive for-
eeolon of Mpher-boilling hydrocesrhons, farthermore, inéreases
metmﬂmm;twwﬂcﬁ%wLmwmhm1mﬂwm;cmmmmﬁwrw
ensuing logs da “ﬂt&lfnt actlvity end gacaTJst d0351ty

Snace velmcities May vary over wide ranges with
fluidlezed catalyﬂiﬂ.beds. Space valﬁeitios, Tor. example,
may 1ie babween 250 znd 3,000 sfandard cnbic faef per hour
gf Iresh tosd synthezis gss per cubic foon af.réaéfinn vol- :
umz. that s, voiuore of ihe ;Bautinn aaﬁem with.a prsferred
renge belwoen 1,000 end 2,506 cubls feet per hour.par duble
fant. ' : R

fnen it hqs.hean'atiémpﬁéd tozapuly.flui&izéd
technﬂquaa to the syiihesls of ﬁJﬁrDC&PhQﬂB in . uh& drior

axh,;@ifTicultiea_ﬁeye eaccuntered. lields were Loy oper-

‘wliing Timse wsre shord and baLaLWtLﬂ dﬁmlﬁ*LJ QLlckly drour@d

'Uwing'tdﬁthe forﬁatibn:of.u#aff, ARy -Like hydraaarhonﬂ

a:ccmﬁaﬂied'siﬂﬂltanequﬂlr with thﬂ- formetion ol nﬂrma_ly

¢

gEEEClu.JJﬂ“DBH boms. . These phannmmna +Hdluatﬂﬂ 100&1
”araas-nf_av@ haa ;ﬂg angd LDual ureas of Uveﬁcaol*nn.' Etw.

'ﬁempts'tn ir raaae uhwcuvhmut to aﬂuroacq dEbLgn p=rcentagas

ai‘ conversich res T..l{.-Ech in meﬁhanlc&l fedluress :.' _
gne ohjecs, of mg invant1¢n ig to DEGVIdE 2 mathod
aﬂi appavaLng -of synthas:zmng.hycrocarbcns fromzsynthesAs
Eas whiéh-wil& Lava ahhigh:§nfaﬁreém;ﬁpe:&tingfeffiﬁiﬁﬁey.
T fimaz 5fflcianuf. . . . . .

Anutnbi DﬂJELu cr my 1nm@nt sl _s to Dro?lde &
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of Tinidized cabalytic beds capsble of sroducing hiph risidg
pf Tretetsrniped ebd prodhoets undar eéanamiual éon&itions
of" oEeratlon. _
A [eplher .objegt of my loventior is to providas
a method smé spparatus for gyatheszizing hodrocarbous in
which large variation in ihe pressure kead of tha fluid-
ized bad owing B¢ 2urging and turbulence are avelded.
Bti1l anciher oblect of my inwventics is.ﬁﬁ pro-
ride a method.and spparatus For synbthesizing bitroearbens
Prom ayathesls gas which will provide a uniform ges flaw'.
withnut chanuelligg tinroligh ths bed. .
£6111 another ob)ect. of by livveatioa iz to pro-
vidd a meihod and apparatﬂs for reacting Svnthésiﬁ ras in -
a Tluldlzed bad haﬂirg Inheddsd Lque¢n ham=t cxuharga
tubea for ramavel of net heat of reastion in hnlca I*pru-

Viﬂe ) Lonﬂuanu free cIDﬂ$~Hecnlonal area Iur a8, flow.

inother Dujecb 0¢ tmy invantlcn is tn pravxﬂe a

-”evul hgruughnut a @1H1dlzed bed

St111 i;Dthﬂ? objec+ of my invention Is to ﬁ“D~

Cyige s method ord apparatus for the uplfnxm ;ﬂﬂ constant
:'remaval i the exﬂthermic ﬂe&t af TEBCLLGH in S'HEHQSLEJng
hyﬂrucarbons frnm a mixLuie Df Lurbsn manoxlds anﬂ hy&rﬂgen

:by weintainineg = substaﬂ ¢ally cﬂﬂﬂtaﬂv catalfﬂt A1A4ﬂlty.

G$h21 aned ru_tqea Dbdecta nE my- inventimn will

zpDear Jrum tﬁa f9110u1ng aeacrLﬁt 11,

In tha acnompaﬂylnﬁ cruwiugs, wﬂich ﬁmrm Hart Df '

tbe ins t gol ficat1an and whiﬁh are B ba raau 1n Eun—

%

unabien ﬁhE“Edltﬂ aqd in'whﬁch li;e *a*svenca numerals Al

nged o _ﬂdlchtp llkﬂ Dnr,s iﬂ Eﬁa varLDus ?lews'
Figure lnlE a_aectional view of a reacuar.&apabie

of carTyicg olt the procesz of mr invenilon snd embodying
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the apperatus of my iuventlon.

Tigure 2 iz .o seetional view drasin on the 1ine

Flgure 3 ig 4 geclticial view tacen slong fha
ilzg 3-3 of Flgure 1.

#igzre 4 is 2 fragmeniary sectionzl visw, drawn
v, an enlarged scale, tuien slong the line L=4 of Figure 1.

Flgure 7 is a_fragmentary_sectiunal view.simiiar_
Lo Figure Y showing a'ﬁpﬁ;fication. .

Tt gemeral my invention contemplates a novel
method and appar&tuﬁ.for syothagining hydrocarbons frqﬁx
& amixziure of carbsn m&nuxide and.hydrmgén, waicn E maﬁ
refer to as Ysymthesls zas'. by waans of a fluidized cata~

lytis bed ia wh;ch I figw the Teashans gases at a un¢form

reta shroughout nh &lu&dized bsd in & warmer to 3601ﬂ

'“tiﬂﬂl” er Miap 1&10” effurtg und cnnasznng, rhaqnel¢*ng

ﬁr'““ﬂﬁéhcl*ug" Ia my nracsss i lnaure not Dﬁly unﬂfcrm
g&ﬂ ‘distribusion STED the autira crass-secnlanal area cf

EL& f¢ﬂid123& haﬂ but ; lnsmra'tha malntenange of a sub—_

':sLﬁntial;; uuif@rm-tenperatube'%hfﬁughuut tﬂa_ha@Jﬁr.héﬂégr

Tae maintenanoe of ﬁni?nrm’famparafura ﬁﬁrhuahbﬁtJﬁHe"
fTuLﬂ¢za& Tad or hcds, thSE Tlualdity is maint;;ned; 15

agcompl;sﬁed by ube 1n1fart1qnd consuant removaﬁ of uﬂe

_uiqthﬂrmic'heat of react{cu ffﬁm tﬁe bed oz unds; : Fb: {_'
.-_‘beét_rasults,-I:leitathe“crm3ﬁ-Schiaﬂal.ar¢a:qf_gﬁsiﬁélé B
bed 'snd ¥ may diviﬂé ﬁhelrééctéﬁn zona dnto a plﬁfaiifykﬁfx.

'hedu thrcugh wh_cn uhe reaﬁtapt Eas f]nw in‘paralléli"

_ It ig to ba unda:stnoﬂ, af’ course, that hy a _
"fludldised’ bed“ I refer bu uha age of SuS“EHGiD“S in whwnh
5 finely divided. "italy%t is fintdized By the gaactlng syn~
thagis mag o hy . miwtu"ee of* the rgac cnt qu wit“ o%her;

gusas or =0 axueas of one of ths reasiznt geses., ~Ths flaid-
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imed boed is of tha "fixed £iunidized bed izrve and the overa-

Ctinn is sudhg‘lat Zhere 1s relatively 1ifttle antralmneni of

'; " - khe catalyst 1n tﬁe reautiﬂn products leavling the bed. The

J,.

cparalicon 13 E'uch Jhat w;tq iron-tyoe catalyst ecoversion

in the order-of n;reLy ©er cohit ey bo okt ained, with selen—

tiv;iiss of 03+ hyérocarbons above about seventy per cent.

A sultablas gatalysi i3 an alk&li—PTomﬁﬁeq;reduced'irnﬂ.ox— o
icda grouand to pericle slzes varying betuzen twent# and tﬁd:'
rmdred ierons in diamneter. These ﬁfomoted c%talysts of

10 the irsn tyoe inelunde the well known "émmnnia syntheels

catalyste". Az 1s tangni in the art, théy ara ppaparea_by
redepclng and cunﬁi‘iﬁniﬂg.irnnuxides ﬁhich, in +ﬁrﬁ; may .

; %a relatévaiy pura oxides ar oxicdes Dptalnad by TDaEbinE

| snfaln nazuraL magnetiie ores, The alkall metal prumgtera
:mav'be-sudium or. potassium carbonate end sre nﬂrmélly ﬁﬁéﬁ

ln gmountE Df [+ N l tm o DF'W61gPt._ it is to be. understanﬁ

_LnaL thBEE catalysis are well nemI to ihe art anﬂ ﬂc ot
arm nny part of mj lnvantLon per ae. iavantageausly, thaf'"
_ bulk of ke cabalys 3 can be o a pa;tlcl# size _ying ue-_ﬁ"

LR ;:.tWOGﬁ iorty~~1va and ﬂne tundred Fifwy. m*crons iu diameter.

™’ Lhe prlur art whera imldized fﬂxed cﬂ»hlyst*
"beds wera attﬁmnteﬂ-to he emﬂloyeﬂg hoar yialﬂs were ok
'-vaine& and 1nﬂrd1nate ﬂmaunts oF, 1ﬂghue* thﬂﬂ dﬁslred and

heavier than de3¢*ed hgﬂrac&;hnns wera formea. ¢ have aiawr

znwve“ed that this resu‘ted Erﬁm Lack® of qﬂifﬂrﬂ ramnval oi,;.

' the nsat ot tha EKDuhETﬂlE reactlo . This, i turn--qas'ﬁi'

nw;ng ik Qﬂqt “tao tﬁe Lhaﬁnellin" QF gas tnrou&h_*ha iluldu
ized bed an& b; ?aﬂia *Dns Ln qha flu;dlt; af" ths cataly

ad well a frbm n-unlfurm Peav exnhanﬂa. The latter, 1n.

' a0 ALTR, T eﬂalL d H1rgelr fram tha DTEEEHCE of oLatﬂacthns uO :?
‘gas [low in-;he-fluidlzau=ued with rﬂsula;ng 1335 of flpi&lny;

Bebidea this tLE.UDStTuCu_Gﬂs weTe subjcctei to_éfoslnn
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foilowed by whslr mecheanicsl feilurs.

T nuva discoverad- that what may be termed as 2
bredatarminad “?iSGOﬁity" of e natalytip bod mist be
neintalned. This viseopity depends in part upom the den-
glty of fthe catalyst aﬁd 1tz state of sub-divisicn., These
LeezsssTily ere determinad by the nature of the réaﬂtiun
and “he necegzity of & fing\éafticle glige for wracticing
the fluldized bed tachniquéj3;ﬁince viecosity Zz the reoi-
proeal of fluicity, T mey uge these ferms intorchargeably
whan referring &o meirtansmen of pradetérhined lavels. Tk
wWill we further apprapiated thet a predetarminsﬂ_lineaé
veloglty of the reactant gases threagh the bed is peces.
gary i wa are Lo meintain a £fIuid . ecatalytic bed. Simd-
larly,-aipredatsrmiﬂed space velocity or reaction time has
seer debermlued Jom ug By the hsbure of the resction, the
tamﬁeratqra involwvad and- the particular typa of cataiyst we
irg ampluﬁiﬁg. ﬁaving'choaer s cabalywt, its density 15.
rixads Part*cle aize Follows lrum tna necas;ity of nr0v1d~
ing ezteps1vﬁ cnntaﬁt araa Gf tha cata_yst anﬂ the requ;ra-
nent of Fluidity for tha fixﬂﬂ ‘zataivtic ‘t':u&sii.t Hith 8 glVﬂn

ﬁansxty aml Fisran Daraicle size, the flu1d4uy of the beu

'=lel dadand orn the linear veloci By ‘oE the gas Tlow throuzh

g bed. 1 have poiutgd oul, farthermore, that the gas e

theouzh the rlﬁiﬁiza&.ﬁedlmﬂsf;ba uﬁifﬁrﬂ thr@ughéﬁt.fﬁéi
cross—sgctlon&l.arma-df'the,hed;f'The.spada velogdty 15
& elated By the rate of the Tesetion for the conceﬁtfation-
of the fesctants, thz témperaﬁures, dnd the partlioniar ﬁafa;
lysﬁ. _ . ' -
Aezording bu my lnvention, ‘In. iy processy. ﬁke
correct relation of 1idsm veloe1u? &n& Hpuca' elocitydis
oriticsl hmd mist b cnnx“aLLnd W]Lhﬁﬂ “eruain iimits ¢0r

sptimum results. T hava fngnq tnat il sritecal Telation-
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ship.can be exoressod as £ollowra:

N

- - Co
%y A = KOV /1)
in whighs

V1 = linear veloglty

Vg = actidal dpaae veloeity
Af = fTee crpss-sciiongl area of the bed

E =a conatant

It.is.to be nndarstond, of eourse, tbét 1lnear
velocity and astual pgacc velccity are o be EKﬁreHB¢ﬂ|in
1.0 conslstent umits. It is t: be further ram&mn=r=d that ﬁhe
va1931h1;$ are average valuaa allawing for conzractinn uf
gaskvulume during the rﬁ&ntLﬁn. Beaiues this, the veleci-
"_'*ies fre to ﬂe datarmincd or tha hasl nf free crqss~sen~ ;
ulﬂndl ara4 witbnut regard tm the Caet that & cahalfsh 1$.f:_

' pqesenz.

Have Ichn& tbat Ehﬂ unp tant A should l¢9 h@ ’

.'theun .DBLO and GGEl.-.i ﬂre;erre& “ange of 1 is he _en

'-Qh?ﬂ'hnd OCBH.-H £ owil L= ebsevved Purthar ﬁhat ﬁ¢ re—f,_;

%praﬂents tha 'TEG"GTDSm-EEthﬂﬁa“ area of the hcd. Elnca :
it 15 nﬂ-u.esszar,r to dispase hﬂdt axchange MEans , preferahly )
.hﬂat exnhange tubes, 1n the bed, & port 10ﬂ o _*He eruss«_
ms tignal area pof thc rcaﬁt{dn chammer w111 ba cccupied

by such heat excpanbs tubes._ The a&tual reactlan chamber;”

tqereiﬂre, will have a lar"er ﬂrossusucL¢mﬂa_ area hhaﬂ the

flulﬂLZEd bed uer %E-= I have founh thau the ﬂeat exchangﬂ..

Lednsg may aﬂuupy Irom four per eént to faﬂty per nsnt uf

taa cross~sact+ﬂﬂal vraa of- "the raactiﬂn chamber.

g

i

|
L
4

|
N

I
1

|

|
I
]

?iemed generellv, therexo“e, Ly %vnnﬁss contem-.
. ;labas reacnlna Hyuuhesls gas at & prnﬂpr tmmpsrature and
30 pressure in & iluidized. bai of aaanlyst in which there 1s

LMbEﬁﬂEd heat ezcnange neans wharain the free C;GBB—SEDﬁanai'
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ares for gageous Flow mey be cxorassad by Boustion (3.
iev us leok at & specdific céss. o dedermine
gn averara linesr weloeliyr of the resstant zoass of 1.0

Ffeet par gsecond to insure &z provper Fiuldisy for the par-

tlouiar catalisb to e nsed. The rescticn time £ such
thet we determine & 2pace veloolly of .06 cubic feet of
botal gas (lngluding recyoele gas) ber second psr cubdic foot
of Feozetion ronc. Ihs resctlion time is neceszery to insurs
& snphstantislly ﬂompleta.conversion of Lhe reactants to

10 opzeln nigh Fislds. A -value of K within ihe prelerred
Painga equal to L0300 1s then selected. ‘the resuliaat free
area 1s cslewlatéd to be 8.4 square fest per reacting unit.‘
lowing 12 1{2% of.the total arss as the space occupled
bv tae heat uransfer tubﬁs, ura Lok él-crpss-sectional area
i? I.6 gquare feet DT reactlng ud k. Let us a“suﬂssﬁurfher

ml-tqat stk a rescbor sem process 5 3% Df tha total EES it is

-das;rvd to txc&t Tt hllW tihan ba nacﬁsﬂary to anylcr a

e e

tutn? ef ﬂlnefaan réaculng “ub—uﬂitsg whlch I u“range far o

e L ;-;f_ naraliel gha flnu. Th_s aam, raaﬂily he done by sub—dlvid—

- :=1ng thae reartor bed 1ntﬂ ﬂ;netean ‘sub-areas or camyonants.

It will readily ba an”LG ated’ thaL C convenlenr
,-.;rrijr ot %emnviqg haat from e raactign zoae 1z by pas&ing a
convasdent ﬂe&% éyehaﬂga'mediui, sﬁnh'as water, through
tunes imbedded in the “eaet*on znne. 1t will be seen Lhat
e mat havs s frec ard mnimﬁcd it pruﬂuteﬂminsd crnss-;
sectional.aréa for sgs. ;LDW.- The Femetlion zone, therefmre,r
st e 2o constma cteﬂ 1nd a“rangad -8 to permif unimpaﬁad
flnw of hases.
' N Ha*e Ddftiﬂulnrly ra;awrlng no to Figure L, We-
30 have Eseen that We mLst have a, preaetermlned free crosa-

sectional. area 1f we are_tu carry on the synthss;s-process .

in o contlinueos Manmer cof o obdaie high vieide., This 1s
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acconpllehad in the given examzle Ly dividing tas natE—
1yst bed 1lnto components snd srranging this componsants or

sub-bheds in paraliel with sach ptker. Zach of Lha cata-

lyst sub-~begs hes the corrsct crogs-sestiondl srea. The ok
msber of sub-bads will be such ag wo give a eatalyst hed

of zzfficlani area fo ascommodate the eniire volume of

synthesis gases wo be raccted. The maln casing 10 may'he

constracied of any approprlate maveriazl, such as ateel,

and of a sufficieni stfangth o wlthstand the suner-at- .
10 inasplkeric presgure under Walehn nhe FrooasEs 48 to ba Gun;

d?"tad.; T mein casing 1D'may he 1agﬂed with an appre-

ﬁfiaue hﬁat insulating nateri;u 12 which may he giass Tiber

Tngalekton Ur_phe_like. e main cas_na 13 has SEﬂHrEd

thewgio a cover 1% provided with. =n £pening 14 commmni -
cating with & pipe 318 from whleh the ﬁroducts of reastlen

i vugmr *Drm, taeeLhar With unreahted Zasess are remnved. : {i:

Phe uovar 14 iz 1’£EWLEE prsv;ded with & heat insulmting
layer 20. ;ﬁ-daﬂirad,_nanneles Enat shown, as known in

‘the' art ma¥ be provided to fscilifste the installation er *

20 . :emd?éi'fcr repalr or replacemant of hogt"sxensnge tuba

bundtes or other pavis, -Similarly, connections (ngf shown) .

o e

., may be pruvideﬁ far replécément and =emoval of flgldizgd” N
gplids, elther 1u oTar ik ar els nwherc-aﬂ désired The

' hnttom of the naslng 13 enclmsea by 3 ho»tum ﬂ1051re 22

.iﬂpD which synthasiszgaa *3 lnp:mduced ,hruugh_plpe_aﬁ.
o ”_f- .This:5$ﬂ$he315 2a2 may.be nrsheated if.desirﬁd._'Thé ﬁain'
casling 10 iz EubdiVide&'iﬂiD-ﬁ-nlurallty-df subcasings 26.

Lo - ' .I.n wlie exmple g,iven ahove, We dete:rm:l.ned thau. ning I:eEm

sahcaqlngg.mere naeapsary an&.acucrd nglv I haye shﬂwn :

- 30 rdretean sth¢a¢nbu, and nurﬂﬂant o the exz mplegseachﬂof

the subcauings will have B arpa, uf ER I3 stuarse - feet.

A portion of tha ETDSE*uBGbiﬂH&l arca of sach,




633777

- 19 -

sihcasing 26 1s ocouplad by heat sxchango tohes 28 .which
gxien: from ioWer feaders 30 Lo upper headars 32, The
remaindsr of each subeasirg surrounding thoe tonbasz 28 is
filzzd with the Ti=nelwy divided cataljst 29. 4 plarality
of aiesders 30 are comizeied by a mendfold 30 and & plural-
ity of headers 312 are comnecisd by o menifold 36. A5 can
readily bz zpon by refarence to Figure 3, tke suboasings
26 nary sdvantogeously be sligned in trangvers: rows within
cHe paii casing lﬁ. This enables.me regdily Lo ubnnaét-

1.0 the headers bf gtraight macitfolds. &g cay he seen by
referencs Lo Flgure 2, thoe $ive rows of subeasings 26 ars
brovided with whes terminating In urper headers 32 which .
are arrasged in Flve rows. These rows ars then connnc%ad
by Tive manifeldés 36. The ﬁanifalds 35 cnmmunicaté:with

boan.eutiev manifalﬂ 35 I a similzr.fashiaﬂ, a5 fan B
seen T, refﬂrenﬂe tc FiguTE 3, nme buttnﬂ heaﬂera 30 are .
-arrangaﬂ in five rows. Zech of tﬂa.raws are tﬂan.cannecteﬁ
=i a-rabpective_maniful&.3ﬂ. Thé manifolds A pommnicate
with e main inlét mendfold 40, Hater may be intr,nduced to .
20 the indet man1101d through a plpe %2 end #1om into the P
'_1=L H&nifﬂlﬂ L0 mnd thence theough - the ‘botfon manifolds 3
. Lo the heacers 30 with which ths heat exchange tubes 2$
eomment. . The other ends of the zesi exchange tubez com-
winicats with the Uuiletlsr ste&m asaders 3z thlch are con-
nastad by su;—mun¢folds 35 These ‘ar ex In hLurn, uﬁnnauteﬂ
Che Lhe Dutxnh shean manlfo A 35
o T oross—sectionﬁl aran. aruanu the fTubes and
~wlthin tha subecasings 26 15 the. frea croas-sectinnal area
o Hf whigh we Dbtallea, as polﬁted oL abowe Frepn Equatéqn_

- A0 {3). It is to DE-HHﬁﬁTEcDOQ; Dl-cmurse, that ths tebesz #8

are ovanly space® within uka aubcasings. 26 2o that thers will

be a buaqlansggll; ﬂAfom rata of healt exchamges with the




# o fluid eatalyst bed. & bottom baffis 50 gesls off the
symcos arannd the putsids of the subesszings 246 from the
) pas inlet arge e vrevenls the resctant gfases f~om short-
circnitiﬁg ar by-passing the indlvidval rezctlon zomes. ﬁj

It wiil be observed thal the Tbatlle B0 coastrains the in-

comlog reactlon geses to flow wpwardly end parsallel bhrough

the gub-dividad compeosife ressiica sono.. Eash of the gub-
renctici Zomea, thas 15, the ares withln the gubrasines
26 not cconpled by thes heat exchangé tubéé ES, im fiz¥ed

i with an appropriate synthesis cakalyst 29 in flﬁeiy gXvidad
fomn. A seroen 5# or- parforated plats or the 1ikz carried
by g:lu B4 supports a plorality of glass ar.ceramic mﬁrhles,
Raschig rings or llle lnert interaticed packing 55} The
falet mani folds - and the Eosdors 30. avo disposed im the

gas” inlet epace and may be surroundsd by the 1nert ﬁacklng R

PR

_,6.- The interatices between the. packina are  guch as tg -
psrmlt a.suhstantlally frae-fluw.e; the inﬂuming Thaotant
gasau Lo bl reactibh”zona; “Tha glass or ceramic marblea,

HF turn, hﬁwever, mayr SAPDGWL bre f¢nel; d_vlied c&tﬂlyst

- a2 withlﬂ the rcac“iGP zane.; T+ dowlﬂgd, A p@rfaﬂatad-ﬂ“ =peT- -

. %urﬁdfpl&“ﬂ fnot-s cun} mav he *nterPJSGd hutWGEF the uacku

Ing and the c&tal;ﬁt beds. - Thr Padsaga of the lrccminv

S g;scs fﬂnn thea gaaLiug m&ter;a* lan e renction z&ne wil_

Cfluidige »Ha uﬂtﬂlfut . ﬂ&m lﬁterﬂtlced packing below tha

“ Q . fWAldizeﬁ né&s perm1ts &n quﬂll?htlﬂn nf pmssgure acrnss
~ the boitom of Lhe- flqﬂ&Lzﬁﬂ bads. In this manmer - the re-

gotant gpases will be distrihuteﬂ'nvgr the entire cr055n39L~

tiomal ares of the TInidized red in afLaven &l hn4fnrm

fanmer. Whena plurgliﬁyfpf:fluidize& beds in poarallel
: 30 withia a lérga ruaetidh'chambar ars employed to Tomm the. .
j reaction zaney oi shown in ¥Flipure 1, the interatiqéﬁ“paﬂk—
! _ . :
1

_ihg pormits the reactani gases teo be Introduoed at the - szma
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aressure to all of the fiuildisged bheds comprising the oom-
pozite rosstick gong. YShis coastruction provides ohs
ode of cerryinop ous by process amd prl::'.riﬁes an mainter-
munied and unobstizetad free avea for gaz flow witkhin the
riuidized bed or beda. '

Tt will alen he choerved that tha outlet or fieatt
headers 22 are likewize dlgposed sutslde of tha réaction
zong in $he spece 78 ik the main casing 10 abavé'the ;ﬁhu
vadihps 26. A plabe 59, alnilar Lo baffle plase 50, soals

13 off bhe spaﬁe between casings 26 snd ahacs- BH.
| It wlll ke remembered that a fluldlzed baﬂ-ofh
Pinely dlTided catalyst behaves physieally ag = liguid.
Tt will alse be resalled that for the parallel flow the
linsar wveloeity Zor esph bf the parallei fluidiZaﬂ 56&5
shiomld be suhstant tlally the =sme 1f wriform resulte are
to be pbialned from essh of . the S‘1‘I.'|11--I‘Eactcr‘“3. Tt is im-

porhant, therefqre, that the- TEvsl Df the flw*&¢zgd Eata—

reh Ain mach of the uub~rehctorg be subs»dntlally the sams
T'e acuompllsh'this,.I:conﬁamplata-;ntercﬂnnectlng eachiuf

%1_ 200 . thé'sﬁhéfeaéfﬁf caﬁiﬁgs wilthin the main'housing ﬁy'ﬁﬁcts

s¢ the Like &n ghet the isvel of the flnidized catalyst
1n aaeh c.1£""l.111-m "uL—ImactDrs will be thé same. The croks-
DOHﬂQG»ng uucts an nhe JGWET anﬁs of caslng LE wkiech per-

‘mit = qulzeﬂ caua;fats Lo flaw hetwm&n aﬂjacant cas*ngs

26 san reatily be seen’ in PLEH“B kP

T w*ll he remeﬂhsred that'as. the reastlon ;uan :

e b s

ceods: ths volume of tne &aacuanta cbntrauts since they

g ' " &re Dbelng eoiverled from syrithesis Zeg to na:mhﬁy Tiguid -

kydrocarbong. . It e neeessary to maintaln a niindomw linear

a0 veloelty of gas “léw 1in .order o maintzino the »ed in £luid-
g ized condition. "4 poinitsd eat ahove, a Zinear welacity

from about Ghros isches per s2cond to bhres fast per sscond
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may he empicyed. Lt is msuaily prefarrad to use a linear
veloeity of from aboat six Inchas to alghtee_ fnches pex
second. Taia llpear velocity sy be maliobatned by_racycling
ond gas Go Bhe freéh gas fosd. Inﬁprgctice, recydlé ;atina
heiwean ona erd tﬁd.folﬁmss of and gaé to one volume of
fresh rag nay be eﬂployeﬁ. The handling of excassive re-
eyele pas is generally unﬂesirable'and increasos the cogt
of operstion. Hitﬁ eificient operation, Tower fseyuie-
reting arc deairable..
ic at low racyele.rablios the pereantage of conlbrac-
tion ot the totai_gas-ié leze Shan at'high.ratiﬂs.
Thesretleally this meuns a lnwér 1in$a£:?@;ocity,at thé
' ..u;‘)e*" level of the bed. ~ Rafaneing now 3&: Figu're 8. bﬁi‘f-’Leé )
nn be sdvenlarecis o ”‘uidity b ﬂinim_zing d“sturblmn

;infgas oy caused b? lD“EllZEduETDES»iVE non?ractianag

horose the fnner or subcesings. 26,
S In oan asseﬂﬁly-sf'mnftlplé cell FE&Q%DTBQ_in at-
cmrd&hns-ﬁith'mﬂ uvantion 1) am endhled rﬂuﬂlly tu pfﬂ?ﬁde

20 for uniform gas &4 Htrlbutz.on and mainsal miﬂorm high

) haat dan5111e5“:0r-removal'ﬁf ine met heat of TEﬂﬂtlﬂﬂ-
'Théseuheai densitics rang3 Irom sbowt 5,000 to 60,000 Etﬁfé

" ber honr per sgusre foot.od hadt. exchangm Su“lﬂﬂe._u-“:mf o

‘cin be Eeneratad-mmom.a ﬂuﬂhﬂn' arnus HﬂtETLﬂ_ gy partlai'

L0 41:t501 by any &ﬁEEDPTiauE nrocess. rhe “eactnr may'be"

.bTudEht te tsmvﬁrauure ay nrhheauing the Eazes. Ted o tha;

reactor.untll ﬁhe_uas_ ed reacuicﬁ temnermtare of nezweea

- : B0, and;?Dﬁmﬂﬁ'is.reachaﬁyj ernauely, the reactar bnq

k1 iy Be hrought to t§n$e?atﬂré'bf pased nL E heauirm msdlum

ﬂ Dreggare belwesn ten atmesvheres aod $£iZ4ty atMchherea

Thisis accamyli$hed by inSua'ling vartlcal ba:flaa ED N gf:”'

r thé . oreration: Df m? proce*s, & Syntheqmgfgaﬁw;.

1nztead of a cﬁeling medium'thrcugh'the hemf'exchangeituheé..,
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may be empleyed. This, as podafed cat above, will vary

depandlng wpon the catalyst. Ao alkell mekel zromated
iron cataivst may advartageously be employed. The caba-
ivet should be growad so that the major portion af 1t iz
in particls sizes havipg ddamneters heiwaen ferty and one
tmdred fifty micyons. The linear velocity i the.ra-
sotant geees should 1lle bebween three-lnchas and fhree
Timesr feaet per second. & ravyele ratio bejuéeﬂ gne
veline and unﬂ and cre-malf wolmmas of end gas par vol-
tae of fresh Teod gas muy be smployed. Undar OpwLOULL ch—.
diﬁiﬂnﬂ,.smallef vaevale ratios may be achieved. The eon-
taoh tlue ghouid be suen thaw the normal space velooity
falle betwsen 250 and 3,000 standard oubic Fest per hour
Df:fresh faad syrthesis gag per cubic foct of eztalyst
valume. Ttiq zpace velooliy ls 4 reeclprocal timn factor.
In or Ser tm conveit thlg Factor intn actuaz rnautinn tima g

the. atdnﬂamd Eﬂa volume mist be coaverted To actudl valune

- by cnrrecttng Zor temparuture, arsa suTre. anﬂ_pnmpressibil;ty'
5factmrs. IuLtLarmure, tha zas - mlums is the tatal=aver&ga'

'-mlume, a.l:l.w:l.ng For uontrac:m.cm a.nd inc::l.mi*ng, rec;rcle ‘Ead. '

T pre_eﬂ ts use actnal smace vE1UDitF based oL totaL EVEI-

Lge ﬁmm mc+ume eorrected. fur temperature, DressiTs anﬂ

ndmﬁressibility. In apglying Jincar valocity arid Epaca
valogiiy fn nélculaie.hhe.33095safy fres crﬂss;sécfioﬁdl
ares of the flaldized catw?ftiﬁ"béﬁ-in ahcﬁrﬁan&e:ﬁith'my '
Lnrertlnn, it Ls o Pe unﬁer tnnﬂ,;of coursa;'ﬁhat buth
llngsar velocity _nﬁ apace uﬂloclty E1eE oa in consistant
unites that iz, 1L lAnD&f valoclty is exorassed ln feet per
prooad, then space valpclcy mst ba e¥presaed in ren¢prnc;l
sgconds rathar.than raﬁipvacal hours. .

It i1l be oheerved +hat plng to the intéreticaa

which exist betwden the cersnic marbles aT, Rabehlg TLﬁhS G
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that there will be & lower Pressure drop per llnesr Toot
of wertical $low in $he region of the prassure edualizlng
zone below the catslyst bed than thers will be Shwough ths
st dized egtalviic bed. Thts difierence in Ap psr foos
of wertical filow enthes CLOSE fi:w o oeour ao that sob-
stantially aniform gas fiow will ocour in 2L of She paral-
el reactors comstising the commogite reacticm zones The
ratio of a.p through iths LnLersuibed, inent packing HONE
or oresgure aqneilsing sone with respect to fhe & 2 Der
foot of wertical {low Through the Duidized bed shuulﬂ ba
lzsgs than 0.9 or grestsr than 1.1l Yo fnsore eross ‘luw.

L grenter pressare dron through She gas distriluclen sone
car 2a8ily he ackieved by inésrﬁing o oamell mesh.sdreéniuf
perfofﬂted plate (not shown), such asz écrsan 4, on top'nf

tﬂ

packing at the interface and- Lhe vottem of the fkuld;zaa
bad or bads., ~Tha ﬂlfaarﬂhﬁﬂ-iﬂ AL oenables a_crusu_:law_
Jd Aly Lo vaxe n“ace. .

It wﬁlL hc Sﬁen tﬁat I hﬂve *ucnnﬁlxshad Lha ob—

'_jects of ,; PYGFtlDﬂ- o hafe-prov el o mathnﬂ anﬂ ap- ..

ﬂratua oi = rLHE*LALHE hJﬂFDC%PDDﬂq from. g u59315 gas
e

whimh'm;ll have ﬂ_glgﬂ anstrenm Qpeﬁntlﬁt exflc;anqyu j:

have provided a method znd & parauuu for a“ﬂﬁh*siz¢45 h&drﬁ-

.B&IDDH° ﬂmplofﬂnr a “Lqﬂdlfad “hiad of Fipely. a*viued cata~ ..

Tyat in wizleh sarglng and tq"bulencc ‘of Lhe bad . E¥E avoided
b; aerafilly cantrolléng tbe frea GPDES-SDthDﬂ;l araa af
Lhe ted. I have proviaed a- Naﬁhmd for Syﬁthﬂ°iﬁ‘r° ﬂyﬂrn-
caruans Trom a;nuhesfa gas in :hlch 'avoad-?ortexnngxuv

chenrelling - Df tha raannant gasas thrcu=h the f_hidfzeﬂ

hed by conuvolllnq tha frsa eross- gact cnal ated mf Lha’

fIizidlzed bea for gas “me.
i meang of iy KEhJDd aadl apnaratua, z am |-

ghlad to melntsin ‘a srodetarnined, substantially uniform
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#atdity amd nniform tatsperature throughowd the fluidizsd
hed wherebr the axotherrmic beat of reactian 1=z ;embvad al
a consbent rata. I bave mpovided a sethod of synthésizing
nwlroearbons frow synthesis gas in a fluidized catélytic
bed in waich the kesat of reacticn 1= ?eﬁoved_by ezt ex-
chengs nesns imbeddod ln ke floid bed in which the cross-
sectlonal area for gas.fiﬂw ig wredetermined arnd constant.
M nevel methed conterplatss dividlng the total volamwe of
peg to be razelbed duio a-plurality of eon®lnsd pardllal
sirgams withdin a single resctlcon vessel and diracting.each
aof tha parsllsl streams ginulisznsously throuzh fluiﬂizéd
neds of catalytic materlzl while constautly remcvisg the
sxabhamile neat of zesction ab a predetermined wdiors.
Tate._ z nave provided =2 novel spparacuc for carrying eut

Lhe r ocess of My Savention in whieh I mapifoid in perallel
L.

' & pl “allny ns flutdlzad haau of cnta¥}+1n material in a

aing de Hauglng. Each . Df th& heﬂu haa PDaitlDr“d tbereiﬁ

}_heau eachaqge tubev extsnﬂ ng LD“&KJnllF of the fluidiznd

'”ﬁgaﬂaf- T hatvo r?aviﬂed muvﬂl apnarat“s for nunduc»ing syn— -

tasals aperatlans ewplﬂyiﬂg a flxed hed of flu‘umzeﬂ cata« o

lyﬂtfin whiuh_l-use-lntexstined iners packinﬂ or the ke

el the ¢ataiyst bed din-whileh haat exchange mezans are
“poaliloned within he uazﬁlyst bed.. The racking permifs -

aoiyellspilon or pregsure. a: and’ “the dlSuTlhuﬁiDn af The

TE&OuﬁDES ayer, chough’ haaﬁers and other obstruntlnns to

Tl are peesshi.  The UbStTuDLlDHS Are praseﬂt on account

off the phy=ziecsd néea551ty_af_having nent sxchunge Bpmib-

temanoes. . The use ol the intersticad packing, which-may
teka the form of an -apnﬂtureﬂ'pldte'{unz shﬂwij juat. below
the cabelytic bﬂd, ﬁewmﬁts hr unbbsbructed, constant f“ee

arex for reactant flow throungh Lha fluidized bed mwxng o

the dissribation of thes reactants wniformly ower Lhe wottom
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ievel of the catelybtie Led and erosion of vbsiruwetions is

avoldad.

The cerrech Af o frea eross—sestiensdl ared fpr
a given salalyst is really determinative oft hhe fluidity
of #he setalybie wed. If Lhe A, iz too large, tala bed
will be too viseorus and Lhare will be tidal ox Vornado
effasts, canulizing or channalling, uneven hest Sranglfer
with resuliing low yiold end poor operability. conversalys
if the 'T is Lns sioli, the viseosity of the fluiﬁLﬁéd '
satalyst becomes so shell thai $hewa 1s serious danger -
thet Soo much of ihe fimely divided ceatalyst will becoms

ehralned and carried ouwh of the bed. EatalystS'having

‘higher densitlep perniz the sepiovmsut af highem 1inaar

velmcitics. There ot hE & comralaLan o tJD frea cross—

4ectioqal arsa Uf'ths cata¢yt10 bad wlth nha iﬁnear VelDBity )

a space veloeityu iTHa uanorm ramnmal of tha heat of

'Teuat'nn, Lhe pruv*sinn oE - u eohstant frea D“QES-SBCtLﬂnﬂl

_Lhmn ,hﬁ nonfineﬂ quLdiEEd hed,

and thﬁ proﬂer mqreTmtlun af - Ehe. iinaar VELDDZEJ and Sﬂmﬂe

' vaJn**t; 13 ¢0Ld11" accgmpllsued ny means of m; aneﬁt10ﬁ.

R R It will be- anocrqtood thht cerLain fEﬂquES &nd

éubcﬂmblnat'nﬂa ars of 4tliiiy and maoy-be smrloy Bd Withnut

_“eferenca to olher featurea arid subuumhznazions. -This ;sg“

'_anhamplatad bw‘and 1u wlthin thﬂ scnpe n:rPw oy ﬂiaima‘--lt

__Ls Wx“thor abwious that v&rﬁoua chanues nay he made 1n d&—

Lahlw Wilh*n e poore 51 ﬂf 01a1ﬂ3 ﬂ1t1Dut ﬂen&r»lnu fram

the-spirit.n; Tir iq¢entﬂan. It is Therefors to he LH&E“~

-'Etésd that iy anentian iy unt tio he 1% nltad to tﬁe EFEGiflc

debails shaﬁn_anﬂ-describeda
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iz actial space velooity, af the aynthesis gas, Af is. free__:

"bﬂﬁ and ¥ i” a aaﬁstant :?L betwéen .GB#D'anﬂ:;Dﬁﬁl.

:c“oau—,ecuhonhl area nf the confgnhd fliddized hrd 1435 e-
tween AR vy uhs of the':oual crogs—sectlo;gl araa of th{;

.:bcnfin@d'baﬁ.

 valoeity of the syntheais gaﬁ lles between uhras 1nahes
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The snocdiments of the lnvention in which ai
cicluzive mroporty of privilege is claimed ars defined

as fTollowa:

1. A method of syaftheslslng bydroosrbois Fron
a symothesis pas comprizing a mixture =i carbon moroxlde
and hydrogen 1ln tha proseace of a Tingly divided eataliyet
inelnding the zieps of zesszing ins syathesia gas upﬁardly
through = confined had of fiﬁely Aivided catélyst'at 2
Ligenr veloaily sufflclent to fluidine the same, centitm-
omsly removing the sxntharﬁin heat of rraction by passihbs
& heat exchangs Hedium in a conlinad stream in heat_ex;
ch.angea relation with the'flgidized'cataLyst, maintéining
a predetermined flnidiiy of the flﬁiﬂimed natalysf by ?rué
viding a free CTDESHﬂﬂCtLGL&l area @i hha confined beﬂ for -

geg flow 1n agcordance wilh the expression
=K wlfvsj?

ir: whieh: Wy is 1¢near velnclty of the Sj“LhﬂSiE gas, s.

cxass—aecu;onal aTet ofntne cunilned fiﬂlmlﬁﬂd-&&hﬁirgt

2, A methmd as. in clalm l in which 5&4& free

3. A4 méthod' as 11 clalm 1-in-which the Liness

par second and three feet na* seculﬁ.

b, & method 4s-ia cleim 1 ip wileh the normal

sngne “J‘elﬂ{:i.'t.]? oi ".:he'syﬂthas:l_s gaz licse be:bﬁeén 250 subic

foet per heur of fregh feed synthesls cas ner cubie foot




. ghreama of synsncsla gas @pwardly in parailel through

- pasglag 2 wat exchanga nedlym la. a pnnf*nﬁd dbraam in

iaadw uhE f uidizaﬂ bada.

ﬂﬂint&LnLnE n aﬂsﬁeterminﬂd Tluidity of .the fiutdized

'ornssnsacbﬂonal arasa nf aaeh of thi ccn_inﬂd boda ﬂnr gas

;?_is acu*ﬂl Fpace Valﬁﬂitﬁ of ﬁlm 3ﬁﬂth5319 g, A iE Braa g

bed apd ¥ iz a. curshunﬂ Tving hatﬂaaﬁ .Dﬂ 10 amd .0021.

S meirtaining a predetsrminad fluidity af the fluidized

ST TN L IR RN IS A T A T e
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of reaction rolums and 3,000 sublc feat her hour par

curbic fooda

5. A4 method as ip okalm I oin wihdeh K Rlea batwsen

L0700 and L0004,

&, L method of synfhezizing hydroourbons Trom a
syabhoris gas comprlising a mizxbure of zgrbon monoxide
Brd hydrogen in [he srosencs of A Tinely divided cetnlyat
including the plepa of dlwiding the Synttsﬁia gas inta a

plurelity of ecnflned siresans, posslog each of the

confined heda of finely divided catslyst at a asfTicisnk .
linzar velaslty ﬁo.fluldizs the catalyac, main%ainipg the
cabalyes beds abt & pnifoem Fisidlby hy.ﬂistﬁibuting Thae
syathesis gas pvar Ehe apbirs nroas-se;ﬁinnal afsa;off
tha‘iiuiiiZad-raaeﬁibn.bad 14 an even and unifqrm.manﬁar;

écnéinubusly renovidg the exobasrmie neat of reaction by
h@at Excﬂanp& “518»105 Witk tha fluidizad G&a&lf&u 1

?} ﬂ méfhod.as in claim & including Lhe step of

I
ata gst in each . of lhe noniinad eds bF provlding a “rae-

£law in ageordsnoe Wwith tha sxPIEJaion,

Ap .=.I€.{‘|I:L;J‘.".TS}2 :

S
P’
S
4
I:
N

in whioh:_.vl'iﬂ']inhar v&ld&iby of ths aynikesid gas, .

trogn- ssctionsl arsa ‘of tae senlined fluLdizad uatalysu.

§. A mebhod.as in claim & ir-_{zlud_’m{._: ths s3ep of
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Cdm mebaal gpacs weloeily of tha eyathesls gam, Af 1z free-

mrassegsstiohal ares of ths sonfined Tluldized casalyat Eaij-"

| Fa auppurting “aald 1nart packing wiftiln ssid housing below .

i 63BY77
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abalygt in sach of the confined beds by providing a free
proga-szeiional arps of egch of the ccnfinad bada for gas

£low in sccerdance with tha PEPPEHEiDﬂ
-

Ap = X (7, /)

an Waleh: "fl.is 1inear veloeity of the synthoala ”aa, Ty '

o

and X is 5 comatant lying Wetweasn JLT0 and W08l .. . ' -{;_

5, ﬁpparatué fon tas sataiybic reecbion of gaseslin..
g fluinlaﬂa galkzlyab bad indludlng in compivation & honails,
& heat axchangs tiybs poaltionsd withIn said hnu51ng and
skhprd¢ng gsaxially thsrewilth, finely divided nabsrial
poaltioted within zaid houslng and swrrounding ssid hest
sxchangs tube, meana cemprising tntevstised inert packing §o
dlétfiﬁﬂta'tba'*Eactant.ﬂas nrer the snblre crogs-zgectiiomal

araa 93 tha ﬂeanuicn bad in an aven ard unlmorm MANAET, WY ADE

gald maberiul, n hérdar ambaddaﬁ in'said inerb packing, a

sanund headar pnsition&n within s&*d hWouping abova gatd maborinl,
-Haid.hﬁau sxchangs bubsa ax;andiﬂg bathsdp sald hesders Hnd
cummuﬁihﬁting tharewlsh, ‘medns Tor introdvelng a gas iuko
E&Ld quaslrg admaaant s81d 1nsrt pacﬂlng mesns or?*ptru—-

¢uaing a huat axchaﬂga medLum hc she of zaid baaders, S Ans for

ramoring fhe heat sxchange uedium irqm the othar of gaid’

headars and measns for wlthdrewiog tae products of rsﬁaﬁlun

from 2alé housing.

if. Apparssns foi tha;uat&;jtic reaction .of zases ih 8
fluldized cataiyst 2oid 1nu1uding in cnwblnaticn a houalug, 2
wasling poaitlonsa H;Jhlﬂ sald howalng, & hoat sxhhhnga tuba
poaltioned in gald ,aslng and uxtanding coaxin? ly-tharnwlth
finely dXlwidad catalyst poaiticned wilthin zeld caging andnsurruunﬁ~
ing #aid heat axﬁhanﬁa tube, inﬁsrsticsd inert packirg, mﬁans.
for gupporbing cald dnert packlng wilhir =zaid necuzing ﬁelow said

naaing, a hsader erbaddsed lo gald inert packicg, a sacood headsr
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posilkloned within sald houslng ahave said casing. sald hest.

cxchange sube extending betwesn sald fpaders and eommrni-
catlng +tharewiinh, seans for Introdocing 2 fas into #sld
nonging adjacent gaild iuert packing, mesns Tor introducing:

1.

S

Ik

0% oxehengn uediuvm to one of sald hesders, means for ra-

morispr thae heab exehiange medlum from the obhar of sald head-

cra gad mesns for withdroawing the producks of resetion from

gapld DeRaing .

1:. s&pparatus for ths catelytic reactlon af gasés
in fluidized catalyet beds including in cnmhina+inn & hong-
1ng, & plurslity Df subatantially vertlcally Dﬁtenﬂing cas-

ingz positloned in said nousing, a heat exchange tEbE pnal—j

tipned in each of saild casings and exLending_aubstanqiallr

G- axlully tharewilti, ;inély &1vidad catalyst poéitianed

hithxn aach of sa*d ‘cazings and surronnding rrvpect ive heat

exnnanse tirhes, 1nharstiuea 1nert packlng . maans ior $unu-

.Drbiﬂg Raid fnart pack;ﬂg within sald kousinrg below said -

10 '::baaingﬁ, a nlarality ef hnaders p051Llonei aa1acant 5aid

1uert pack¢ng, ‘a cn espouﬂ*- ) crnnﬂ plu*aliL; cf haade;s

JGE4uiDﬂLQ wlinln mald hou $ing above 5a1a cﬂ#¢ngs, ToE-.

pELLive kaet exdhanbe tubas extanﬂ_h* betwaeh resneutfve
LsacerH G comnun*caﬁicg Uherew1Jh, meann for jﬁtIDﬂuﬁiﬂg'
g gas i0te sald houss nw aajacanL aald _“ert pac£¢ng, msans-

For introdueling a aest gxalkange EDﬂLHm o DHF nlurﬂli*f of

sald Laa&ers, ueuns fo; Temnving tne hﬂnt axchanga medium

—peee

-:ﬂBDm.$hE:GthﬂT pluraliny.Um-5ﬁ4a_nsaders apq meuns for_WLthi '

drawing_the_3rnﬂuets'af5:Eaﬁtion f=on said housing.

1z, aﬂpﬂfﬂuls as Are clalm 11 1ncludihv in- combiﬁa-

i tlon baffang ‘maans Dnsitloreu wi»h;n e lmu31n5 and exuatﬂv

§ ing b&bwean the dasings wheraby to conatraln gas fromw 5&10 C AT
ﬁ inert packing. Lo flsw-through the cazlngs in contact with jfﬁ
: _ e

the flaely ddviced ez tal;sL.
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13, apparetus for the catalytic reaction of gases
in fiuicized cubalyst bedy lneluding 1n combination = hous-
img, a pluselity of caslops positioncd within said housing,
Sheraizit of seid casings being less ihan the height of
gaid housing whersby to mrovida a gas lriet space withln
the housing ovelow said caslngs amd 2 gaz oailel spase withe—
ip the housing above esald gasings, gasz distriputling means
nositicnoad wlthin saild heousing selow zald caaings;.finelﬁ
dlvided catalyst pesiticaesd wlthin zaid casings, means for
spupportling the eutélyst_withig 2atd césings, & plurality of
heacers positioasd within geid huﬁsing pelow gald eﬂsinés,

o corresponding rlirallty of headers positiossd within sald
Apusing abové said zasings, = urallty of segpactlive
hﬂndlas of hesl sxchange tubses extﬁndiﬂg between raspective
Feaﬁerﬂ, means For intzoducing rcactun, gases. lrto she houa-
_ng beloru zaid zas di stri‘tmting HEans, - means_f‘clr wiuhﬂrwmg
Lhe ﬁroducts of ”aact1oh f“Dm.MQRSLHE above said caSingE,
nﬂuns for inwroducelag a qeat EXQﬂdn”E nadium to one plunal -
sk ‘of add headers and He&ns_ron_WLthuraaing a Heat ex—

ovmpe medium Srom the other plordlity of =aid nedders.

4. poparatus as in elaim 13 in ehich salé gas

©gistribuvlne means campriges irtergtiecsd inert packing .

15. Apparstus as in claim 13 in whilch said gas
disnributing s ans uoupriuea iEtEISu*DEﬁ inert packlna sur~

rocrding sald law heade“s.

1&. Apparéﬁus.&ﬁ in;claim'l3 ﬁncludih& in combing-
tion baffling peans poait:nned wlth_h_the nonging znd between
the casmngs unereby e nnnera;n £as ﬁfom said gas AQLfiri-
hting maans'ﬁé Flow through the zasings in conﬁamf Witk

the firely divided cataliet.
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17, Apparstos as in claim 13.1n which zach of
sa3d casings 1s provided with vertically extending baffles
positlioned within the cazsing and extending between heat
sxchange tubas, . o

18, Appraratus Tor the chtaiytlc reacticn of
gaﬂeé in Tluidized catalyst beds inoluding in combination
a howsing, & plurality of substantilally vertically pxcbanding
sealngs positicned 1n 2ald houalng, & heat ekchange.tuhe
nositinned in each sf zald caglogs and =xtending subatantially

coaxizliy thex@with, fineily divided eatalyst pnﬂitioned within

mach af said casings and surrcunding respectlye heat exchange

tubes, inteféticed inert packing, means for supporting said
inert packing within said housilng balow sald caslngs, said
peat sxchange fubes extending downwardly into seid iﬁe:t
packing, -neans for paasiﬁg & heat axchange mﬂdium'thfdugn
said heat exchange tutras, means for intreducing a gas 1nta
aaild housing adjaaent sgld ifnert preldng and meana for with-:

drawlng the prﬂﬂucts of reaction from. said houaing.

Mex. B..MacRae & Coop
| 56 Sparks Street, . . . -
ottawa, Cntailo, Canads,

. jPatent Agfnta for Appliaant
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