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Thia invention rolatss to & new end improved method Ior conduating
chemlgal reections andt viber traziments ln homogenschd rlujd resction medla.

& particular aspect of the jnvantlon relates to & method for soodusting homo-
gemecua fluid phess reactions whioh have apprecisble endotbermic or axothermin
heatn of rezction. Ancther partleulay appaot relsbes to A method for condusi—
ing wall catelyzed fluid phase rescilons. Hove ppacific aspects of the in-
vén‘cian pelate to matheds for conducting bomogendous gad phaps and hemogenocus
1iquid phase reactipns.

In oarrying cwt homcgenscus fluld thase reastione 1t ia ucually
demirsd, ae in heterogeneous phass roactione to melntaln the reectant or
yeactants under tha reaction conditicne for a defintta, uniform peried of time
and to maiotaio the resction copditfons of feaparature and prapenrs subgtantislly
uniform and conotent thronghout the reacstlion mnu. In carcying cuk nnlt T~
genacts ﬂum phage reactlone which do not taka plﬂﬂn at a vary rsp:l.ﬂ. rate, it
4w therefore a ooamon practioa to pase tl:.u homoganecas : reaotion ﬂ.um through
a large rescilon zome. Hhile snch ranctlon Iomed ars sultapls for many reactlons
heving saall heat aﬂﬁﬂ, they srs relatively inefficient when the heat of the
peaotion 1w appreciable. '

The sbjsct of the inveation ia o provide & new and imgroved mathbod
for condvating various homogenecus fluid phasa resations. A mors partionler
shjeot of the luvantion im to yrovide a method for oopduoting a homcgenecns
fluid poans reacticna vhereby the texpevature’ af whiok the reecticn takes plaoce
may be core scourately acd voiformly u.tntaiqu.. A further aorpe partloular
chjest of the inventien ia to provide a method for sffesting homogenocus fluld
phase reacticns in vhich the reeidence time of the bosogensous fluld reaotant
Jhass BAY Do wade sultably long wighout revort tan ap abnormally large er Col-

' plionted resoticn chamber and with 1ittle or oo preasure drop and mo ylvgging

or chanpelliog in the resstlicon chambar.

Thass apd cther sbjects which will ba apparspt from the following
descripticn are realized moccriing to the process of the invention by passing
the fluid reactant{s} as s single phaee under the deeired conditione of Gempwra-
ture anl proamirs and at a epace veloolly below that giving turbnlisnt Clow
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through sn elongated reaction zome substantinlly definsd by two epaced smb-
ptanticlly smooth surfacee, which qurfa.caa ars meintalned in relstive motion
to nn.u ancther parailel to an elament of one of said surfaces. A8 en sxmmple
to 11lnetywte the sbove, the peaction i carrisd out by pasalng the reactant{e}
through a resction zone which 1 the armuler zome between two ralatively emcoth
soncentric ¢ylindere, the cuter cyllnder Delng ghatlonary snd the inner cylin-
der deing rotated at & conetent angular velooiiy sbout ite axis,

VWhen = flopi¢ 1 pasasd through ench a resction zone with the walle
thmnf ataticnary, tha fluid flowa thepstbrough 4o ].a.uina:r, linear or atrecm-
Mned fiow. It I found, however, that if ths subotantially smocth wells sub-
atantielly Aefining such a reacticn zone are meiotsalned 1n relativs moblcn to
coe saother In a direction of an olemeat of tl:.'er noTing smyfacs, the flow
choracteristice are markedly altersd; more or less regular eddy wrmtl Ane
set up which cause the fInid to traverss the resction sone in s very trnrﬁu?oh.n :
but more or Jean orderly path with fraquent and mere or lese regular contast
with the confinipg walls. Thus, by condusting homogensoue 11uid phase pesstions
nndar mach copdlticns, the residence tioe of sach increment of resctipn £luid
18 more or lwax uniform and thara Is exsspbiopally large contact with the ocn~
Tining walls of the reaction zoms. Sinoss the reacticn zone 1s develd of salid
uaterial, pressurs drop, plugging and channelling awe substantinlly slimfnatad.
The ayiten i particuleply sdvantegeons for d_:r.l_ct_:ing hewcgansons fluid phase
Teactions vhich ara oatalysed by the walls of the resction chealber, since by
this method the wails sny bs sasily mmm_npl_ut sInotly the desirsd tmpsrs-
ture and at the same time orderly snd mrﬁn_ unnm-h of the fluld reastant(s)
vith the walls say be obtainsd,

The surfaces ssaticnsd In the previcus ‘pmg:ra.]lh ara relatively msocth
wurfacew, by vhich is msant sprfaces which m devoid of paldlew, vanes andfos
othar snoh protuberances which canse rapdcm mixing, FPreferrei surfsaes ars
Mtlvmmmwmm“mmm“polinhﬂm wtrfate o a
¢loth surfase. The murface i proferdbly sobataniially contlmaous, tmt 1t mey
bs perforate. If peeforate, howersy, the aotual srea of ewrface shoull predomi-
uate over the ares of the perforaticns ss ia the casw, for axample, In fiely

worsn aetel or fibsr glawe soreens. The surfaces may be of astad such ap
3 '




45421

23

ptainleps otesl, momel metal, bease, nickel, aleminu, cadmium o may be of
piher materlsle suoh s glass, rubber, wood, pl.ant.tn, prroelaln, clotk, snamal,
paybon or s coating of catslyiic meteriel. - a
The shaps of the wurface Ney vary. In geaeral, the contour of the
surfzoa 1s preferably smooth or etresm)ined, particularly 1n the dlpeotlen of

ralative moticn. Examples of multable surfacen are tha purfaces of cylindera,

or curved lined about sultebls axes which are parallal or at an scute sengle
thereto, In the application of such ourfaces of rovolution, the resction Tone
in the ;.mular sona beiween twe such surfacas. The axee of the two sarfaced
of revolution ars gensrslly concentiic mnd parellsl, but they may be displaced
and/or inolined $o.each other at an meute angle.

The resprotive surfaoss 4o not touck aul ars spaced apsrt at a snit-
able dfstavpe to provife a croas-section wfficlent to provids the dewmlrsd
e e with the deaired spane velociy corrssponding bexmaily to
nm-tur‘wim flov of the fluid resctant(e), f.s. the flow &t the space velo-
clty 1.1: guestich would be non-turtulent if the surfaces vers stationary. Thus,
for axsuple, in s typlont reastor for ofrém_?g reastion in & homogsneous
1igquid medivm wtilicing the anmtilar spacs bﬂ;.ﬂ._:u..'t two oylinders, the innsr
cylinder uay by 20 feet long by 3 Test liemster, and the cuter oylipder sy
be 28 fest long by b Taet diametsr, thma providing an annuler wpace & inchew
vide, Yor effecting  reaothn io a hoacgenscous gam or Yepor paass, the Jnder
oylinier may be 26 Feet long by 3 fest, § inches [(iameter, tima providing an
shnlay spacs 3 inches wide. | f

The described surfaces ars maintained in ralative mctica tc one
another ip & direstion of an slemsat thersof. Thoe, cae earfacs, ususlly the
cutermcat, BAy be staticmary and the sscond surface moved with respeat thereto
at & dssipsd distance thersfion by retation abomt 1ta axie, or both surfaces
aay e rotated in the sams or in ugp'um;_u:_-g@um guch that thers e a d17-
ferense 1n rotatlenal shuoluta angalar ulmitr'hmnm pointa on the two

ita

cones, double consse, apheres, and the like, produced by the rotation of mtralght
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gpaced surfacea. In meet cases 1% 1s praforred thet t.hg i.l:lllﬂ'.!'l of the {two sor-
faces rotate at a greater peripheral speel then the cuter of the surfases and
the simplest and the prefarred method of accomplishing thls Iz to maintain the
cuter surfuce stationary and wobate the inner eurfaca.

In the caae of surfeses of revelmtion, the path of the ludd raa.ﬁt_a.nt.
through the reactisn zone betwoen the surfaces {canamaring the anrfaoen
gtatlonary) & parallsl to the arie of the enrfaces, Howsver, the actual path
of the reactant{s) when the surfaces are In relative motion Ja spiral shaped
due to. 1;114:3 éﬁaat of the rotating surfacen.

. As pointed out, the Fluid resoticon mizturs & paesal throwgh the
reaction pone at a deslred apace velocity t;l'hil:lh wonltd afford a non-turbulant
Flow if the purfaces were statlonary, I1.e. in the case of 1ilquids ot & flow
rate oorredponding to a Royoolds Fumber for fluﬁ‘.. throwgh & condult below abouti,
2500, By sultabla reletive motion of the purfaces, aa desopibed, a chareoter-
istic gopdition of flow 1s produaed karing crdsrly op regular eldy ourzsate,
#hioh typs of flov le neither lamizar flew nor turbulent flow, This flov oon-
diticn prodnces a uniform or orderly dlwtribution and mixisg of the homogensoua
ranctant phase which is particularly dewirabls for sffecting remctions of the
typs in question, The amount of relative motion (i.s. the relative linear
velooity of points on twe cprosing ppecsd wurfeces substantially defining the
reaction tone) nessasary to prodnos this dapired desoribed aonditien of flow
{904y flcw) depsnda upon the dfatance batwesn the surfaces, the radiue of our-
vatura of ons of the surfaces, the density and viscoeliy of the flnid yeaction
miztore andl the fesd rate. In the axosptional onsss where the fesd rais, with
surfaces stationary, {s in the narrow reglon of inleterminata flov between
lawioar Tlow and turbulent flow {(a narrov ordtioel region which, In the oase
of liquid, vorresponds to Reynolds Emmbers betwsen sbout 2000 and 2300) the
relative motice of the surfaces required to produps the eddy flov may e quite
mwll; on the other hand, in the spacial caee wherm the lighld flow rate
approaches tera, the minmimum reiative velcclty l_;':i' the suxtacss 1= dafined
approximately by the fpllewing forwnle: G

=
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Whersla ¥V 1o the relative velooltiy of pointe on the o 8pacpd surfages in
rt. fees., /41 ile the vieceelty of tha liguid in the reaction zZoDs expreseed
in 1b./ft.feec. unite; =" ia the danalty of the 1iguid in the reactlon zone
in 1b.fewbis foot; and L Ie m scale faotor which varies vith the apparatus.
For inetaoce, L ie ths distance betwssn the rliux;fa.cas, in fest, for the osbe
of 1iquid reactants betwesn parallel surfases leas than one feot apart or for
tha pane of goaxlsl oylindsre when the lunsr oylinder i rotatsd and the ratlc
of the radll of cuter to imnesr eurfaces 18 two and the apmlar distapcs betvesn
tha purfaces Im lass than six inches. The viscoslty of the fluld I'IB.U‘F&I[‘:-
_d.ipond.l upcn the temperature and the cowposition. Az the valeoity of rektive
maticn of the surfaces 14 ivoresssd beyond that requived to esisblish. the _
desired sddy flow, the degres or srtant of contast of the f1nid ressticn mizturs
with the r;lwtor walle is incresasd until, ﬂuﬁll,r, at very bhiph wvelooitiesm a
condition of turbulent flow is prodused. Such turlulent Flow im not desired
wlnce it restlte ln meoh lese sffiolent aunmt. Ties, under conditions of
turbulent flev, some porticnd of the rescting fluida obtain mul;l-.m or excesslive
oocntact or realatanoe whersam cthers recelve _1mﬂ'1aﬁnt- umt_m-:t- or resldenos,

Ortioery mixing, se by Ylowers, fune, ato,, rgqt_ﬂtu in a coplition sinfilss to
tarpulent flov, The relative linear veloeity of the reactant{s) is therefore
paintained below thet giving turbulent fiow. It showld be polntsd eut, however,
that in the type of reacticn uyatems desorfhed vhers the surfaces are prafevably
"mooth, am polished metal, gquite high linesr velooities may be aeed withont
destroying ths desired orderly eddy flow and this llmitation is therefors more
of a theoretisal naitre then » prastical ons.

The desired oconditlon of eddy flov.:-l..u'x.rroducoﬂ by the surfaces alipplng
thnough the f1uid yesction mixtnrs, Faators tmding to produve crdinary turw
bulent mixteg or wtirring tend to disrupt the destvel ity flov. It is for this
Teascn that suacoth surfaces substantially rﬁajor sharp irregalerlities are
praferrst. Also, for this rsasen the surfases ars preferably moved evenly 1z a

_mors o lems constant spaced relatlonabip u:t'_g.h}ittlu ribration., Tno the sheenows

._ad"dr[-tur‘h:l.ng factors the desirsd sddy.type of flow nay be produced with very

slow relative motlon of the surfacea. Eowevsr, the contaot of the Fluid

! €
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reagtant with the confining walls incmsaﬁ._ a8 the eddy ouwrranis ipcreass in
intenaity and for thie resson the relative movement of the surfaces is re-
ferably sdjuated to glve #trong wa'll-mark'ed addy currents. Strong wli-mkod
eddy currente ﬁra resegidzable on elght due to the reguilar or orderly patiearng
in the flow produced thereby. Tn scme oszges these currents produce Tery dia-
tinctlve patterns such av "donble doughnnts" or tordl stacked arially ore on
top of the other sround tha rotatiog surface, torli spiregllei arcond the ro~
tating enrface or o "herriuvgbons” pettern. A conditien of aldy flew howetar
does not necesearily result in the formatlon of ewsh ucigue petiarna.

By adjostment of tha relatiys valoalty of the surfaces the degree or
efficiency of contact of the hemogsnecus fluid reactant{gs} with the reactce
walls and the rssidence time may ba ananapaa-;gi,uuntruzlaa within vary fine
1imtte to gobt optimum results, Thta aﬂjgatméﬁ@ﬂguy e aocomplished by actuslly
changing the rate of wovsent of coe or m:'s..crf tlm Burfaced or it say he
acacxplished by a.d.]ulltnlnt. c? the phaps of t.l:uu mra.uu, i.8. ¥y varying tha
oross seation of the smmlar Zone slong its lm_agth. This latter method allows
the relative veleclty of the surfaces to ha varied throughout the length of
the wwtmlar reacticn tens to compensate Tor diffeprences in vimcowlty or ges
roluie cauasd by the reactics.

A typioal exawpls of a »eadtor of the t¥pe contemplated 18 £1Jus-
trated semi-disgrammationlly in the atiashed frawipg. Referring to the drav.
ing, the reastsr sowprises an alengated u;lindri_aal shell 1 snrvoundet co the
outside by n Jecket 2. Bhall 1 haw m!tt_b?lu_ top and bottom closures 3 end 4.

A oylinder 5 is mpunted centrally within nrlindir 1 by meane of s lower bearing
€, and upper beardng and atuffing box T so aa t; be rotatablea sbowt ite vertical
axis. Cylinder 5 has & length appreciably m_;m than its Gfameter and 1ta
dinnster 1s such that the ammmlar space htwﬁﬁlgﬁrlimm 5 and 1 18 suffictest
to pase the required yolume of fluld resctant(a) at the deairai space velosity
without turtulent flow. The vppar trmiqn_lﬂ nf c¥linder % is & hellow tabe
acemtmlcating with the intertor of the oylinder. The cylinder 5 is made to
rotate within sylinder 1 by means of a variable spesd motor 8 driring gear 9
T
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which 18 sitached to trunicn 100 Within trunion 10 Im a emaller open tuba 11

whioh exfends down well within the sylinder. Tubea 10 ard 11 are broken and

scunacted thysugh s ewlvel Jodnt 12,

Ir cperatlon, o temperafure coobrelling medium, for ezatipls hot water,
oil, "Iowtherm” or the like, 1s Introdnesd lnto the ammlar ‘Bpacs between the
sylinder 1 sad Jacket 2 by msane of an dnlet 15, Thia temperature contralling

mediun 1s thet pascad into ¢ylinder 5 via tubs 1b and 1s fimally withdrewn via

. tubs 11. The homngmnecus Fluld reactant(s) is (are) introduced inte the smamlsr
rezcticn mone batween c;fli:ndsra 1 and 5 by meens of Inlet 15 et etich a pobe that
- | ¥ith oylinder 5 statiovary the flov is sasentially stresmline flow. Cylinder S,

however, 16 caused to retate at aueh a rate that the streamlins fiow 13 changed
to en addy type of flows, The sddy carreote mey be obesrved in trial 17 desirsd
by charging puffd of amoks, dust or lempblack with the fluid reactent(e). The

rasotion mirture 12 withdrasn from tha rescifon fome via ontlst 16,

The process of the lnvention 1o applicable for carrying cut homogeoscus

e L o

. gas phsde yeactions wuol ap vapor phase chlorinations, hydrobrohinstions, nitrs-
:; tiond aed oridsticas. Tt may be alsc applied, howaver, for oarrying out bomoe
Eﬁ gmecus liquid phase reactions such me liguid phasa seterifications, sapontfisa-
gﬂ -tiens, aminatiors, isomerdraticns aod slkylations. Thems and varicus vtker

Efl types of resctions may de oarried cut at low, ordinary or raised temperstures

*
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The procssa of the inventlon is appliceble in tha abesence of a patas
iyst 1n whiob cass the homogenwcus rescticn mizturs i introduesd inte the
- rencticn reme and capssd to react by being __lub.j_aqted to resstion oemditfonw of

_ temperature and/or presiure {ae for instanae in polymerdization resctions) or in
L cther osaws simply by virtue of the reactants being in contect (am for instancs
in gus yphsse chlorloatione whers vapors of the material to ba chlorinated mnd
i” sbloztne are lptroduoml efmgltsnscusly and 1% 15__11“1:'&& tc offeot o partinl

: Tenoticn with a winimm of elde resstions), Also the process is eyplicable for
mary catalyzed reacticna. In ok casen the catalytic ngent Ia g hangenocus
oatalyst except in tha sase of wall catalyst reactions, in which osss the walip
of the resctlen rons may cetalyie the resctlon sither by virtag of being = aclid

surface oy by virtus of helng voopoeed of or coated with s catalytic material.

8.
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Thun_, in tha caee of homogenecns catalystm the catalyat 16 & ges or Tapor
when operating in the vapeor phese and 1s in sclutdon dn the reactant(s) when
opersting in the liquid these., Examplss of catalytlo materdals which may ke
smploysd in sither the gasecus phags or liquid phases ir neny ceses ars hﬁrﬂ-
gen chlorlde, hydrogen bromide, hyirogan ledlde, hydrogen !'_:I.uuridu, bromine,
1odins, slumimum chioride, alumtmin bromide, boron nﬁm:’m, and materials
glving free raddesls such as tetrz ethyl lesd. .

The process of the Invention iy not restrlcted ta any particular
type or kind of homogensons phase ramoticon, but, as polotsd cut above, It 1e
partioulurly edventegecus for certain types of ﬁmtimu, namely, 1) romatione
that heve large heats of reastion {endothermic cr srothermic); 2} resstions
which regquire psrtisular careful temperature contrel; and 3} resctioos whick
may be cetalyzed by the walle of the mmtiun__:w. Examples of the firet
catagory inalude dshpirogenation, hurﬂrngmnt-qu,_ polyssrization, oxidation,
ormciking, chlorimaticn, and nlteaticn, Part_fiuﬂ.ar axmnples of the inmonﬂ
oategory ars ths synthesls of alachols, aldahyfsa, ketones and hydrecarbons
by the hyivogemation of sarbon exidem (the Fischer-Tropsch type mynthenss).
Expaplos of the tuird aatsgory include chlorinstion, bromdinaiden, oridation,
dehypdrochlarinntion and hydrogmation.

In mm camas vhers the valle of thn roeaction zone catalyss the
weaction, the nl.:l..l (for example the outelds of cylinder 5 apifor the inaide
of oylinder 1) may oompriss & wuitsble oatalytic material which may be a
matal, so slloy, s aetal exids, a metal m:.lr:l‘.ﬁg._or in feot iy waltadle aclld
eptalytio waterisl. o '

The proowss of the loventin is parbionlarly sdventagevus for sffact
ing synthesis of hydrocarbons andfor axygenated prodnots from hydyogen ant
arides of oarbon, These varicus synthesess {refervel to hevein generslly as
Fimcher-Tropsch type wynthesin) are homogeneons in that the reactants and the
produsts scs both in vspor stats nnder the syuothesis oonditicns, Iz arder to
alffeyt olawn-cat sonihesis, thl contart tlws, sod perticularly the temperaturs,
sould be carefully acntyulled, This has baen an sxewsilngly difficult task,
hewever, aven vhen amploying the so-called finddized sataliyat teolmigne dom to

-
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the very lergs exothermic Reat of resotlom an? the large ccutracticn of gea
rolune in paeping throueh the reactor. By employing the abeve-described
recoblon eyetam wlth the satelyet couprieing the walle of the reaction rons,
sxceedingly olose temperature control mey be enally mainteined. Aleo, fhe
" contaoct of the resctent gee with the catalytic surfase 13 largs aad wnlforwm.
. Toms contrectieon of tha gas.wlm am tha regetion progesasss may be provided
for by emploglog a reactor of decrsmsing aross :aa.ntian in the directlon of
flow, me for sxample by smploping e ravolving oome within a larger cuter fized
pcoe and passing the synthesle gas through the enoular fone from the baes
towapds the mpsx, In oasas whare there is an looreass in the gas volume, for
inmtange, the reaction .
Eﬂﬂ‘+ﬂg_----22m+ll-ﬂz

tie £low omp be revaryad, i,8, from the spex towards the base, The dlstance

betwesn the surfaces of the cones may aleo be larger nesr the bass thar nanr
thy apex to allow for the greater relstive motion of the surdfaces neer the
baws.

| Another particular applionticn of the frocsss and spparatus of the
dnventicn ie in cmrrying out nght-p;ﬁu;ﬁ reactions end 1ight-trostuents

~ wmak, for sxaaple, o 1ight-catalyzed gas reactions inoluding photobromination,
* the irredietion of milk, wto, In wuah cases the tespereture coutrolzmdlun may
be jrovided eclely in the inner body {oylinder, eto.) and the outer shell mwy
be mads of glass or other matemlsd: trensparent to the 1light of the demired
ware leogth, Ino thid muFIJJ. porticos .ut the ges or 1iguid reoslve aut-
stantially squsl emccntd of frralistion,

1
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Ca-2054
NEP: VB
THE THVENPTON CLAIMED TH:

1, The mathed of copducting the Lydrogenstlen of oxides of carbon
in s homngenacus vapor phese whizh compriess pesslog e gaseuis miYture of
hyirogen snd oxlds of carbon under peactlon cooditions of tmﬁwﬂ and
prespura throogh a resction fone smbatantlslly bounded by two Bpaned rela-
tively wnoth merfaces of Flecher-Tropech eynthesla cataiyst, said reecticn
stme bolng of crose-gecticn apd lemgih to mcoosMcdmbe 1_:.ha deslirsd throughput
&t the deplred space velcolty with _nm-tam‘bulont. flow, maintsining a condi-
tion of sddy flow in the homogeneoas vopor mixtors paselng thrnu.gh fiald
reaotion rone by weintalning maid surfases in relative motlen to one aoother
in & 2irecticn paralial 4o an eleamsnt of ona uf ia:l.ti surfaces and mint-nlﬁ;lhg
n Mubatantially uniform temparature throughout sald resctlon roos” by cooling

through seld catalyiic mrfmu.
2. The mthnd. of oondmoting phnto-antnl]r“d runt.im in & homet-

. BETBOUN ﬂu!.nl. thaaa whinh coxprises paoeing the hmgmmn mﬂmﬁ Tluid

u.m‘l.tr rawcticn conditicos of tewperature mﬁ Pressure through a reacticn
fone mubstantially bounded hy tvo relatdrely mmcoth sucfaoss, at lesast ons
of whioh %4 tyansparent to 1ight of a catalyzing weve langih, wall reacticn -
sooe haing of aroll-mﬂﬁn and laagth to aocommodate ‘the deslred thyeughyet
5t the devized epace velootty with non-turbulent flov, sud maintatning &
-:Innﬂ.t-!.on ufaddrﬂurinldd.rmtmt ﬂuid]lulingthrmahuﬂ.mtim
zome by | tainteining eaid m-- in rtlatiw eerbion Lo oo snether 1o
dlreotion parmllel to m--hlmnt- of cone of suld surfaces while fyradiating
the resctant ﬂum in ll‘-'r.l- reastion Lone with lig‘ht of a antalyring vare

Lengtd throngh astd trauparent gurface, .

e
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%. The method of condwoting catelyzed homogenaous fluld Thage reat-
tione which ccmprlees passing the homogeneous reactant fIuld under resotlon
conditlons of tempermbure and presmora through o weactlon zons aubatantially
boundsd by tvo spaced relatively smocth catelytis aurfauas,. gald resctlcn Zons
telog tree of aclids and of cross-gectlon smd length to sonommodate the deslrad
ghroughput st the'desired epacse velocity with mon-turbulent Tlow, ané maintaio-
ing & condition of eddy flow in sald finid phase veactant passing throngh sald
rogctlon sone LY melnaining cald sarfacea 1n.:.t-.ala.t11rer ortice to oo anobhesr L
a directlen parallal t.n an element of ong of  podd surfaces 'bhnru‘h;.r to obtain
large'and wolforn contsct of sald fluld reactsnt with eald catalytic surfacesd. .

: Y, The method ui: conducting komogenecus Yepor phase reaoticns which |
uom;u.-i.us pusging tire hogogenscus reactant vapor under reactlco mnﬂit:l.nnn of
tmur.nturu snd pravsure through a reactlon zong mbetantially bnunand br v

gpaced relatively =smooth surfaces, asaid reaction Zone balng of crosa~ssctleon

and length t.u sooommoidata the dmeired throtghput at the desired space veloolty
with nm-ﬂﬁ'almt flow, end inducing eddy currente in sall vapor phess Taactant

pulins th:-wdh #zid reastion fons by maintaining sald mmrfzoes In velative

no:o}i_on tu ond ‘anather in & direotion parallel to an alsment of ona of Aald
mrdaoom,

E. ' The mathed ol umﬁmtinﬁ Eomogensoud 1iquid phase resations whioh
couprisen passing the homcgenacws reactant llquid under reastion conditicns of
temperatnre and yreasare throngh a rmtiql_n zone substantially bonoded by two
lnmﬁ' relatively mxotk surfaces, aaid mut:l.un rona being of cross-section
amd lmgth to acvcamedate the desired throughpat st the dasiret space velooity
witk none-torbalent flow, lnl. uﬂnui.ns a3y am-rmt.u in said Ilguid ghase
mtm?w“w thyough la.:l-.i reastion zone by saloialpiog eald suprfaces in
mmﬁn motion to one another In a dirsetion parallel to an elament of one

ot ln.‘l.d_u aurfacsa,
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. The nethofi for vondustiog homogerwoua £laid phase expthermie

reagtiona which gmmprises passing the homogeneous reactant finld wndes

" reagtlon comditions of terperaturs sad presswre through a reactlon zons eub-

ptaotlally bounded hy two spsced relatlvely ewmooth sweizces, ssid rasctlon
zone belog of eroms-aecilon sud leagth to accommodate bthe desired throughput
at the deslred space velosiﬁ:r with nnn-tufhuléﬁ't'flw und matnkalning & con-
dition of eddy flow in said fluld phase reactant pascing throngh esld reastliom
zome by malntelning esld surfzoes in relatlve motico to one enother in 2
dlrection parallsl to an elsment of one of eald surfaces while ramovimg the
exothermie hemt of reaction ibrough the wali{s} of the reection zone, thereby
to maintain a eubetantially mnlforu temperature throwghout saild reacticn dome.

7. The mathod for condocting houwogsnecus flald phese sndethermin
rﬁaﬁﬂ?ma which oemprises passing the hemogenecus reschant IInid under rasc-
tlon conditions of tempersture and preesura thrgugh e resction n-rmu WD
tislly boncded by twe ppaced ralatlvely smooth ewrfacss, seld reaction zone
being ‘¥ drose-ssction and length to scocumodate the desfred throughpub et
the desired apace walosity with nen-turbulent __ﬂ.nrw, ardl paintaining & aond)-
tion of eddy flov ia gaid flutd phase reastant pussing through eald resotion
zone. by maintaining said surfacss in relative motion o one anotber ix a
direction parallel to an slemeat of ans of said surfaces vhile eupylying the
eniothermio heat of reactlon through the ufa.llj s} of ths resotion zome, thereby
to maintein & aubstantially uniform tempsrature throughout aailld reastion fone,

B, The method of oonducting homogeneous floid phase resctlons wihlch
oomprisss pasaing the homogenecus reactant fluld under reaptlcn ocndifions of
telwﬂratm snd pressuzre through ac anmular reaction fone between the inmer
surface of en cuter ccne and the cuber surfece of en inper cone having e oom-
Zon axia at the desived space veloolty wnder conditicne of non-turbulent flow,
and anintsining & comiition of &ddy flov in Aald ennnlar reactlon zone by

rotatico of sald inner cone zboot fia axle.
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9. The method scorrding to olalm 8 in which the howmcgenscus reastand
fluid ip dutrodnsed inte szld snoulay reastion zoos at the beass end of sald
cons . |

lﬁ._ The wetiod for conduoting hnmn_gmauus finld phaps resatione
walch compriess pasgding the homogensous remotant flonid under remction conditions
of tetperetars el praseurs throvgh an anmlsr reaction zone beiween twe rele-
tively smocth surfaned cylinders, eald ssmelar resction zone balng of croea-
pection and length to ascommocdate the desired thremghrut at the deslred spass
veloslty with nqn-tur‘bulant- flow, and msintalniog = conditicn of eddy flow In
'na.id mulm-'raa.ntion gora by Totaticn of one of aaid oylinders abourt 4% axla
at a ralativaly constant engular velocity. _

11, The sethod sccording to olaim 10 in which the onter oylinder la
ltnt.;onﬁ;'ar and the iuner oylirder is Totated, L

_ 1%, The mathod of somtnoting honogenecusd {ioid phede pezctlons whloh
';mpruu passing the homogermond reactant fluid under reactlon eonditions of
" teliparatire and pressure through a reaction rone wubstsntially townded by twe

spacel Telatively mmcoth murfaces of revolutlen, sald reastion sbnu being of
oroes=sction and lsngth to accommodate the ﬂ_u.iiraﬂ. throughput at tha Seslved
.lpn.u v;].uu:l.tr with oen-turbulent flow and i:ﬂuning widy curpants in said
fluid resctant passing through sald reastlca zohe by the rotation of ot leawt
one of sald surfacss of revolution about 1te sxis,

13, The method of sopduating bemogenscus finid phass reastioos vhiok
ptaprinss passing the homogsneous resctant Tluid usder reastion oconditlons of
taperature and pressire through a veaoticn zone embstantially beundsd by twe
spaced relatively woooth. surfaass of peveiuticn, said resctlom tone heing of
trosa~seotion and length to accommcdate the damivet throughput at the dssired
. wpeas veloclty with pon~curbmlet flow aod maintaining sald boundary warfaces
.. 1n velabive motion o cus anotber by Totation of et least one of satd surfaces
of revolution abhoai 1ts axin, .

Y
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14. The methed of coniuoting homogensoue fluld phease rescticos whick

- comprlpes passing the hemogemscug reactent Fluld ander resction condlticos of

teuperature and preesure through a resction sone substuntially bounded by two
ayauaﬂ' relatively stiooth surfaces, #ald resstdon zone baing of orosg-sectlon
and 1longth to ac:;cmndata the desired thronghput et the dvesired mpace velocity
with pon-twrbuleont flow and dnduslng addy currents in sald finid phase reactand
padiing thcogh ssld resotion zone by malntaining sald surfaome in relative
motdon to one another in a dlrection ravallel 4o an element of one of eald our-
Faven,

‘is, The methed of sconducting Bomogensous fluid phess reapiione which
couprigss paselng the homnganesus roastant flnid under reastiem ¢owdlitions of
tenperature and pressure through & roactlon tons subgtantially boundsd by two
upmqﬁ. relatively wmooth eurfaces, sald mg_i_;ig_n Eone 'ha.'.n_s of orose-asction

And length to acocumodnts the desired throughput st tha deslred space velooity

with nen~turdulest flov and maintaining said bowndary surfaces in relative

_ :nt.mt-u cne ancther by movament of at lesat coe of said ewrfaces io & drection

paraliel to an alemsnt thersof. _

16, A Bethod for conluoting & homogeneous #Inid phase resstion whioh
aoapridel pasNing the bomdgensote reattant $luld ontey peaction conditicos of
tempyrature and presstes and under conditions of »ddy flov tkrough & resctiom
ione subatantially bourded hy two spmasd swocth aurfases in pelative woticn to
oné another Sn & Afrestion pavallsl to an elssent therect.

17. A methed for condusting & hmugmm- fluid phass resctlon whioch
oobgpriame paaming the homspensous rmtag.m ﬂuM wndar reectlon conditions of
teaperature and pressure and under naﬂiﬁiqgé_g? sddy flow through a resctlon
zone dafinsd by two spaced relatively meooth !_n.irrmul of ravolution, whioh
surfnoes ars maintained in moticn relative w0 one ancther in m dirsctior
payallel to an slement of ons of them. o
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18, A method for conduating s hawogeneows Fluid prase resction which
cumprites paselng the hemogensone yesctent fluld under reantlon sonditicns of

temperature and pressure and nnder conditions of eddy flow through an elongated

grouler renctlon rone substantially defined by two epaced relatively mmooth sur-

tases of ravolution, ¥hich eurfaces ave meimiained In uuhsf-antiallr oonAtant

relative angular notlon about ap sxis of rotatlom.

-13: A method for conducting a homogenecus fluid phese resctlon vhich

oompripes pesing the homogemeous reactant fluid under reaction conditloma of
temperatiye snd preawure and nnder conditlions of eddy fiow throwgh an slopgated
ammuley resabion fops eubstsntially defined by relditively smooth surfacee of

two concentric cylindsre, which surfeces sre maintained in relatlve mytlon to

onm anather by rotation of ohe of sald cylinders ebout its axis.
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