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AUTO THERVAL CRACKI NG REACTOR The present invention
relates to a reactor suitable for the production of

cracking 15 a known pIMMRGHIR">r caucti on o
olefins. An 5 exanple of .s4GH a process is described

in EP-A- 0 332 289. In this pr -hydr ocar bon
and an oxygen-containing gas are contacted with a

catal yst, wnich ts_ canaol oIIIHIMANNY no combustion

hydrocarbon is partially conbustes; and t he heat
produced is used to drive the dehydrogenation of the
hydrocarbon feed into olefins. 10 In the auto-therna
cracki ng procese THERMALCCRATKINGREAETOR
ox_ﬁgn-contalnyng gas may be uniformy m xed and
pr Ehepicarnt grieption rlaeroadesdier sukable derdhg produsinneafmiefins by
mﬂgyﬁggglaggggéeheating the hydrocarbon and
oxygen-contarni ng gas becones problematic if it is
desutoetthetnial @edckingdsih khinven proeeesr thie peddieddedf PlefRsS UAL
due t | ammabi | ity ogstraints. Thus, it. becones
exagplf pEBIcR HRBoTeBH I IRET 1R FE-Arek 3ePEh JP A GTORsSS Re
hyd¥h g brBarkf mmyﬁmésﬁ%iﬁge@g LA chrR A iRk @&EI'yEEQ?gvﬁxﬁﬁ is
m xture with the catalyst. The invention Is define
capiabletof supprdepeeateimtstion heymd tBofvel ogh limitalfl ffaemiabilgy. The
efined in_ the dependent .clains. The present .i.nvention
vt DS BRI A S hert anodifeal® RTTn etV it o
dehgdasgshabnufabehfdrbcarbeh edticbREnat any suitable
pressure wherein the gaseous reactants 20 are

pr BHBa pee-taeal srasking peacspethahydiegarher andhdig oyygasesnnéaining

t . i O i i ' i
gy BEutiGRY AR dirthelred Bl & dilachg e AULRS However
miapp andprgbedtmg thebypdrocagban dridradygeras@aiaingrgaa be@mieswi t h

second. gaseous. reactant. to form aseous product,

profisgRGrA ¢ RIS ERLIHeaY Cblsrrenss thelr SR proneere e
flarfiHAB1Yy BRARGInkO Thid) ¢t decbBbs dRirdBIe RO HRAuEERE LAY bet@ben forming

| east one second supply nmeans for the second gaseous

themgixrg af hotgasqous repcnseand gartagting the maxiord with thermatalyst.

pr r C. | Si- . l,yst, .and, 1 WO 2004/ 074222

b e3R8 aY i B Pudt a8 Sl nRRaliRtr 3R
deftredy ileekpandehuclaims y of first outlets for delivery of

the first gasequs reactant, and the second supPI

me ARG PIERTRY FHeRUoTPrgvides p reagtas desi gr Biatenablps |ap ay or%lﬁrmal
crablghg ¥EI¥ssab bk REnGREAIM HRSERBR JrE&GLAMe ei(c‘ll?ﬁe aseous reactants

resfistance zone is porous, Is positioned downstream o
aretpnehehied sepaaatdl ydeton thisingapgd thenmeesesteditd therresjtien tzohoin a

.%he fl.ow.of the first and second gaseous reactants and
uni o§mi1}hdls ributed manner.

Accordingly the present invention provides apparatus for reacting a first gaseous
reactant with a second gaseous reactant to form a gaseous product,

wherein the apparatus comprises at least one first supply means for the first
gaseous reactant, at least one second supply means for the second gaseous reactant, a

resistance zone and a reaction zone, preferably comprising a catalyst, and
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fluid conmuni cation with the first and second supply
nmeans, . the reaction zone is positioned downstream of

WQ HW4PE3REt ance zone with respect to the fl owGH/GBR®W4/000488
first and second gaseous reactants and is in fluid

co AL . _
PO oY) 4 oSS AR TGI8 o v o
thefR8gasede reddta&m,gmd t]sejsﬂcond figiplyt ineadsi costprigesa phighlith ef second
secqond as are contacted in an essentlally paral |l e
ouwsﬁﬁgﬁe'waYOﬁ#%@ﬁc B TR A%t i ng the resi stance
2offe reSiSEhG AL Yo p&r&es ﬁé posltiohed abwnm%aﬂﬁoﬁeyﬁfét 868 séond
| east one first i'nlet for supplying first gaseous
suppéﬁﬂteamst with respedtéatte ftove of the Sustrand |sé(@lnd gaseusireactants and is in
urallt of fifr utl ets 15 the first
‘i’ﬂnFIBP’E]‘ ftn Vi ﬁ\?effoI?t 36’?1 SF?]OéﬁfsuP@g #8%®ous react ant,
anghd REctRAGBAL s e dBARSsH ARV tBERsRiant EA5He Wilerespect to
second inlet for supplying a second gaseous react ant
thet fiovaof thedfest andisecand @apedugugdctaotsndnsiinaflyi germimunycagipn with the
gcond outlgts exiting the second manifold for
TeSEANCG &PY® 3Pt he second gaseous reactant. The appar at us
‘SUinhakdiy t}fé(’ﬂf@tfdu§§rf§/ raéank @06 the X8EbndupHI§maddnY af art2@sd such

500, nost erably at |east 1000, first and
thas grecfirgt gﬂmamétﬂ@,e sgeéendﬁslraée eqquiastedingn essratiplyparglelgnanner and

m&&?ﬁﬁc&ﬁg%t)ﬁﬁg@tlr%hgp&lé’taﬁﬁgtzb&n zone. The first and

Sec ans are arranged such that the first
an @réf@ﬁbl}d tl@&tkst @pplyaﬁﬂtnacbmﬂnses aaieaasrmerﬁrstah]eyfor supplymg a

aral l el manner. "essenti all | el
firfheeaRAOUS FERCTEBHO %lffaao smantald aﬁ Ay gﬁgfﬁt gpets exiting

théaﬁl%yg{ahf{)lptf& gpcsf’ﬂa@ﬁf‘st ?ﬁget}us‘f TeQ gan?cf’thb Qeclond supply means

essen Irectlrron axl a
comatibesrat ﬂd‘matmrfel Seimmﬂgnlen faysppeiing acsccortdmgmms |raalctant to at least

rel ati.ve di ctlo . ..Cont act i ase:
ong second |r%ﬁn|“§9{‘€ g{ah%wﬁfgponch (%ﬁ]{ Ffee‘xﬁt ﬁe s?c8pd manifold for
deﬁmgﬁkﬁae deborll $a38ERMEAcRInt MaNNer, provides reduced

turbul ence in the region where the gases first

corfthg@ppyrame seitablk corgprisss ableasy dP0.efsrablieat leasti S@(hanost
4 f
eGP AL AT Saf PR Aot LGP e

cr@@Sedtiontdfend Ractiodrzonwhi ch  increases the risk of
flammability problens arising. In sone cases

c ofﬁlecﬁrstr@dtsﬁ@ngaﬁ%@y meangarsargaged figh et herfirat andgecond gas
ard @ﬁgaét@d el qg&iu gaq W1 ne L' ByPS nﬁﬁlf’y%ﬁﬁ‘l?}eé AT IR

ai ni ng as m xtur ose
mmnﬂattherfgstr@g|semnd@amtvdmnlthg' arhbrgghemt@cdact, are both flowing
: 2004/qéf 22 P 004/ﬁ00488 in.an. es entlqué .
in gsentialll thrseme begEicpy B g° Pahdabreban floiegnpaRsite or

taﬁggsﬁaﬁ hb@dﬁa&r%ﬁg ic@ntactiflf tﬂe%'s@ﬁﬁ aﬁfesdeemﬂ;l Mammegmer

u0| ng the potential for flammabil
rather ghaf,i fos exapmiedin aﬂmtgemﬁalmﬁemem mmmdea mectdeed turbulence in the
regclgrq tw %}ei t?)g /garlrge)é Ifn sq co t%gt%%ere mlxmg is not yet complete, and the
compositions of gases present can vary significantly).
Turbulence can increase the residence time of nﬁxed gas in the reactor, which
increases the risk of flammability problems arising. In some cases, contacting the gases
ina perpendicular manner can lead to regions of low flow, or even stagnant regions,

containing flammable gas mixtures close to the contacting region. Contacting the gases
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provi ded by positioning one supply neans within the

other and providing at least a 5 portion of the supply
WOoRgy4228cat ed within the other w th suitabl e REGBY4000488

such that one gaseous reactant can pass through the '

. _openings an ontact the. ot ase react.a
in RSP e B e G s GO ey s e potenta
for IREiOHs Qﬁmaﬂ@@ ik 6@ g Ridating thé‘ﬁotfexhﬁaﬁ ForSARRh b TBARSblems.
conprises at |east one first inlet for supplying a
f il sﬁrs:t@ng:@damm of émnwntlondhfaconltml@g/rmwmgfarraggement is

d.and .a Iuralt of . ctl bes X1t
proSe P pebioting o Bhndasd b e R B ot Bre
port[(ﬁxad}ttﬁéﬁu pRNReAiig o8REPRERMURP bther WRRREiItANEBprieSs skh that
| east one second inlet for supplying a second gaseous

one gesconsireactant can papetisqugbribe epenangs andisontertdhe athen gaseous

cga(g%lral ity of conduits exiting said second manifold for
rea ivery of the second gaseous reactant, 15 wherein

t IPeefSRGRY) the HRt EMbeUinenPefhé mvestortieronides aputraths wherein

first manifold with respect to the flow of the first

gdbebiss sunphic mgans, conpusiseeat 182sh ﬁ@%ﬁiﬁ‘@ pdeti fer pppheg 2 figst

0Si ti wnstre f iof: L
R e B ST RS oS BB PR iR ipatubexicing
said f8Chantsld 3xteliveryoffthe ikt g@sféﬂﬁ@lﬂzh@taﬁtl o t\HetsBcdnﬂ%upply
conduits exiting the second manifold, 20 the reaction

meang ﬁ@mpgsqwé IqabiomeeeRnarinler KBy mEe seeandsgasprus teesiant to at
leangﬁ secnd %%h fhl(a h%ﬁ)&&l‘laﬂw oCP‘ cphgﬁgféxﬁtﬁr}&sﬁﬂpse%gﬁ@ﬂﬂmtfﬁld for

eous reac ants ni cat

dehtzél@oflﬂﬁfsseébﬁﬂgﬁedmactmg wherein each conduit =
conpri ses an upstream end exiting the second. manifQ

aryghergin dhmmw mapéﬁlé i$ pogitioned dogmstisane af theAirs mﬁufq% with
resﬂegéﬂost{,@ﬁ g%%\%rrggaaﬁthe 25 injection tubes

are arranged such that they
enherndlstdmbe) uqh: 113 Iperous,els positinse dootitreard of thej secénd manifold

‘axially into th stre men of the conduits
withaRsaset 1y L OF e Hag) 957 St ond ghtcoe reestaBe Aol Tk

 conatRtdtbnCRRPH g%%fldlﬁtsféx‘itﬁ{g #08kdond nRIECOoNt acting the

downstream en he plurality of conddits exiting
-t hthe repetameoneas pbsitichedrdoamgtrenrs of thetrbsistandeezodo wnthtrespent to
nd t he pl of conduits 0. cool ed. Thi
the S lue fabnd Tedond bebhes a5 And ip 0 EGBBDgatot Rt he
remg@ﬁ&lid’ﬁg AHatil they enter the reaction zone.
Furthernbre the apparatus of the first enbodi ment.

US\Mh&rblyl eaclnpon I oMPPISEAICEPStIcars lend gxiting éhedipanid m@mﬁ»ld and

s oS 350 5B AP e SRR o e
injddRBM %S Exiffg tHesfirksematiFsa a?é)d’iﬁnged such that they extend through the
second manifold and project axially into the upstream end of the conduits.

Advantageously the apparatus of the first embodiment usually comprises a first
cooling zoné contacting the downstream end of the plurality of conduits exiting the
second manifold arranged such that the downstream end of the plurality of conduits are
cooled. This ensures that the gaseous reactants are prevented from reacting until they
enter the reaction zone. | |

Furthermore the apparatus of the first embodiment usually comprises a product

cooling zone downstream of the reaction zone such that the gaseous products can be

3
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In the first enbodi nent of the invention, preferably,

the first manifold is a first chanber and the second
WOr/47d223 i s a second chanber and the injecti K GB294/000488

exiting the first chanber forma plurality of

el ongat ed ssageways_ extendi ng t-hrough the 5 second
COOIEﬁHH‘g%?XlFLHEg’etrﬁ §WB§PP8'am end of the plurality of

C Rl frSt Entbddifiin dTehné R eAon, BRIbEDI e His: HakiRTESs £firs

the first and second chanbers are not especially N
charobértanddhe sechiodvenapifoldiin agegnmdichamber andisbel ingeation tabes exiting

olunes of. the first and second chanbers, are dapt ed
the {13t SR o & plrEih of RsREEa PR BRg shehify FORRE e
secOMASRatnBEr bk ApstibaRTBAESS the pfPalft) OF Boriuitd @x iRl iBse@bnd
the first chanber is usually between 5-100 litres,

mampfodd.er ably between 10-40 litres and nore preferably
PSR 8%l b 550 S A 58 el e U

. How&ws Sn 29réfeRBE bmBb&ithendthd Felumea6t @E firétian@ seébndPBb@bers are

squared) Typically when the reactor dianmeter is 600 nm
adaptied to/b¢ redasivety sthall for salsty rehsombekypicallyivehanghe raagtor diameter is

b 20-200 | ktre of | - 100 :
sooi et Bk Pl 5! SRaR RSB ety
betwébnl 10L4@HtresTAR] @bRATefeti®lPhetivien 1525 titkFbRIRPEHAEs. The

usual |y conprises_an equal nunber of injection tubes
volumel of bigsr shambersawill bapreperitionalito pee %@@r@é{ww}, ajeatad the reactor
. correspondi n conduit. Preferably the apparatus
(1.e.chWBFﬁsé£%osua5et | east 100, preferably at |east 500, npst

20Typiaflgwiintha teac R Fianddd€Qs 600 £ tHervoluhest PekedtkircBamber
squared of the transverse cross section of the

is usuadlythiebreencie200itress PredFrably divasa 30ri00ditresiand msws preferably
ben?%% £F£8o ki gge.g?&ﬁg&wl ts the external dianeter of

I'nfectron €S Wwhere they project into the
C OTiHkipparatiss dfabes fitsh ambbdienennhtieialia comgiissyainexualfnumter of
conduits. The exact external dianeter js not criti.cal

injacion Fibes AVEPANAYHS, eaek NIeFUQR 1a RFOICAENS WIQR POBFHPPRYES
cor s it B ol Bk 186) R rfeabfy 187800, mos

prefendtily ai leadt 1000 ejéectiod tohas@egmetrh squeeabofihe thasveese cfdss@ection
tiiypi cally greater than 170 nm. At the end of each of
of the eeagfioR Z91€ y of injection tubes renote fromthe

{Tﬁﬁ Eﬂodauo%ﬁe ifjb&tih tIPSA0 Poojbd Hth WY oAt tHelextddfal diameter

s thro a“suitabl e opening, preferably a nozzle,
of tBe injeationttitlods wiese thegtipaoyettantolthscontduis istlhgs than thenuternal

G i Sl Th0 e R B S S, o

usudi§ the ﬁ{e@ﬁ&@hbephﬁe%aéik&pﬁ%ar&t&i SIBRbéen! 26 fo §.0aMm t he
Internal dianmeter of the injectiion tube other than at

e.gt ©émno Zhk énjetttoncuben oy dilengtasuf§sient totexéanditheough dhsi sseend
chaimq) ef %t e ityr}jiga%ye&eear%erfti]gnwl 7(?' mm). | |

At the end of each of the plurality of injection tubes remote from the manifold, the
first gaseous reactant can exit the tubes through a suitable opening, preferably a nozzle,
and which has a diameter less than the external diameter of the injection tube,
preferably between 0.5 to 3.0mm, such as between 1.0 to 2.0mm. The nozzle, when
present, preferably has a diameter less than the internal diameter of the injection tube

other than at the nozzle, hence providing a restriction that assists in obtaining even flow
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WD 2004/ 074222 PCT/ GB2004/ 000488 rates from all

i njection tubes, w thout providing the pressure drop
WOcH84/@/d228r i stics that would be obtained if thRCT/GB2004/000488

i nternal di amater of the injection tube was this size

Lgnifi | th
rates 0 1) DiSHOR SHED: ¥BHA PE TR A AR shipCigrstcs tht

_wm{;&i)%ﬁﬁm%dﬁpthé apaﬁfn%te@ 1B Yhe iR; e@ﬁ&ﬂ‘ﬁ%@ whs s §ﬁmf@r g

and a | engt bet ween 50 to 500nm preferably.
s1g1hﬁ¢ammgthmnh¢mjam1©m@ g. 210nm The condui ts maybe

ar.r.an mret ri.cal nfl |ons

P USRS SV el ARier of beibeR o ip g Ot yerably
bet NS toHramRt £ Fnth ahﬁ'ﬁ 1&%@&# bétwbéh S(hft‘) ﬁo%ffﬁt}ﬁ'éfe?ibﬁ B&ween

opening, e.d. nozzle the-injection tubes is
100stui306imiye. gn’z 10nenr Thg eoaduits may Ueartangdin escanprical n -

he 10 ra the injection tubes of
Con@ﬂgfaPPvé‘E %%ﬁﬁﬁla}“m%‘i%‘ Oéiﬂ%ac?’ffj he manifol d of

t hEheSR60 Btﬂth%qﬂsérxalam&eﬁcof tﬁ@%hduﬁus &5 thie Garh &tB€o MRY oPéhing, e.g.

provided with an outer tube, around the injection

nozzleh ef thetnjedtiondnbes issuitabhem thebamgai2t hiorl Oshifar examale, in the
tugﬁq) The outer tube provides thermal insulation
rangs 5htP R second gaseous reactant when this is at a 15
di Wh%feecﬁ& it &R Ab 4 o thd Bt §Lg@1}f int&ls SAHAAHHUEE @k mAtifold of
whi ch passes al ong the inside the inner tube). In
theaedandishipply preahis el ingerhiod itkhamay b@pltoahieé Wiftoan outer tube,

1 d t { t
o VR0, R e BENRD S o
b@?r&\h&s GRYAI InSulaBbn fidn] BE8édona gateots réakRaEWhen Wi’s%t a

e injection tubes enter the conduits at the upstream
different mnmatméhwha dirstsgageous reastapt vhigh passeseleng ihe inside of

thﬂrmnérftuoD These flow restrictors may be located on
e i ction tubes and/or on the conduits, and, by -

prova flirfhgr prefdrfddantmdihbetysuitableSlow restriokdra e g mmded
flow rates of the second gaseous react ant
acFeo(bfatg%aondults at

betwigpr theouter saefacerqfdhpe iy ectioptehies and thednney sp

a lgcgﬁﬁﬁ ?thcfr P : B kO GhER the tuggcn;oﬂ l;és lefifer | c%?xﬁh@snatttH@ﬁﬁstream end

he "vel ocl e seco gaseous.
of theaohduits,(i. wiu]dsb th & secomkmanifolde Thesetffow restriveor® may be located

condui t when SI ng.t hrough or ast the flow
on ﬁl@slche%%es o&%@&@&ﬁ*ﬁ%@ dy RYPTOVIFIRE FiskyanRethey assist in

tfg)vJ E‘x@esfdf rtﬁils&?ﬁ PARonERE AR into a6 B5:ARIY ThER flow
pr BB Ur e :

rop of | oW passing these restrictions
restrictark sbouid betocatedeemate fr¢m ttpfrms of thedfirsipingeictiom gibfes sacth that

t th | th
thq‘@iqq?ﬁgséﬁf@?ﬁf?c%t 4?85%[#% e wBRR fp S RS gplegiy bt
cof itlwha! a@ﬂﬂ 1 pREME %Wl%h&‘i);tors-r RS rednsed ﬁﬁmﬁ hat

e pro ortl ns o the 30 reactants enterlng t
maxénum) wher miveed it ithe fashgdsmuswbmm hBreferably tbmessure drop of

h#uctuatlos in Fressur r?ie re ction 74} tﬁeﬁrst

the HRW PawHg thess TeHPHoRT 91 8 LA B BT S ¢hib
gadtdag %e%cﬁhﬁﬁ?&u%ﬁ SheshzAdRdr B{h‘éi‘\/rersﬁﬁ:hbhé:it‘%h@ end6f thBenjection

second gaseousS reactant should be such

tubes (such as 1 bar and 0.5 bar respectively). This ensures that the proportlons of the

reactants entering the reaction zone remain similar when there are small fluctuations in

pressures in the reaction zone or in the feeds. For optimum yields, the tolerance on the

nozzle diameters and the flow restrictors for the second gaseous reactant should be such

that the concentration of the gaseous mixture varies by no more than 5%.
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that the concentration of the gaseous m xture varies

by no nore than 5% 5 WD 2004/ 074222 PCT/ GB2004/ 000488
WO04/074P32y . bet ween 5-40nm preferably bet weerPCIIGBIE#{00488

and nost preferably between 15- 25m11 e.g. 20mm of the

coRBiFPLY: Saneen AP FisskAl BRghey B ks eod Bttty
betWEMPISL 2% me. . 20&im 6?%'1&%&1 ametillijecuo% thbé ﬁltoj &@pémmy into the

zone is preferably provided by contacting a cooling
confimul d with the external surface area of the

t d .of [
ARSI RR PRt} ph 8 MM tperl eRibRsee Do g Yone the
ﬁrsﬁ&ﬁ)‘hﬁg 6%k iptdTertabE (70 0ided By tonthéting d"co’t\)hﬁg Ql%ﬂﬂwnh the external
enbodi nent of the present 1nvention,

surfeonarge of thg/devaptieam end ehige ﬁ@mﬁmt}sSTml@ﬁllyd &0+268% of the external

t first let f
sucfitP Bt o R e A ey B Gt A eF Bipine g east ame
f i TnStseb®HH dogbddimpst of ﬂﬁ’é pregdnt invedfior, ieSdontdttiagimifhg
tubes exiting said first manifold for del ivery of the
ATAOEEHENTGH BROY dlbé’a@cﬁréhiuppbfmeﬁls compoininest spbtyongeipisinlet for
e e R e R

injecEon fubksl eﬂﬁﬂg 8ai@ Hiwtaxhdrﬁﬁbld)for gelivngl of thiediibtl gABeouls Wb Sant, and a
eX|t|n? said second manifold for delivery of the
X

secartypalyGasHS $empEsieg#h ieash s secand mmlebtos supniyiag e ssppnd

gaséﬁ%er v\%?%h ?tﬂatqééstt ofé‘ér %etscgﬁcé Iz }félﬁarﬁplh % pl Fgf ﬁrgﬁ?a} Jﬁe%ﬁ%&gm

tubbLa&tingeid vdeendimanifold foxdélivefy ofithé berohd pageoanttasran Wlléreln
i njection tubes are in an interm xed conflguratl on.

each memr»@e@e hagamexE @t Hisr@dgempts fram the mapifold pad @sbaqhshaéfa
crogéqfecmnﬂfl %h Qf lrt"}r? oF 1e }1 rp%ng ?&ge%n Eﬂét@(?ts Aot ﬁ'fesfﬂgtrﬁlEQecond

nongst t Ity of second 1 njection
mJetcubnzmbeQ@reandﬁmtemmed varfigaratibnus, for exanple, where

t re are re first .inject bes. t se
'ﬁ?wt?r&ﬂx“f B%Bsedtbr?éel meaéfrtﬂ%tﬁﬁe eegoﬁa&ﬂ? H}“éag{t}’ ghfirst
inj éc%ﬁ fubeh hle efledRRIGRES (RIBABYS thd lnsrams» b85e8bnd Hection tubes

first injection tubes and the optinmal configuration
and/@rvicdreersax iThes, ffor exatiple, szdxcmwtdienemremmﬁm upexsionjtiibes ltlgan

- such.that each, sec. ect wi | l...have the

secRf higfion So0h A8 FOBE BF PR P RER SHPee (il PR Sped amongst

the "éﬁﬁﬁ §5the TRt T BQ N tubesmdThé b}?cﬂh%cohﬁ@.[ﬁn&[ fordhe &:88%br the
10000 first and second injection tubés in total per

_secondimjestion tubes Wil be sach fbat @&h geaondivgectivh tibe wilhhamsdhe exit of

at I 6Re R o R st Bietbi O oo L o ¢

gaSERibSy, HIRRE hrdrHk Feab01 00O @28 &R injéQTHR, tubdtSin 8¥thl Ser
fromthe | nj ecti on tubes of the:second enbodi nent

sqllsemmb@e dlhie useof stdimemiber3y mtemxaqh tubss prpvides kapig minae at the
outfe? s%ud tu‘)I on.

For optimal delivery of the first and second gaseous reactants to the resistance
zone, the exits from the injection tubes of the second embodiment should all be located
in an essentially planar configuration.

~ The exits of the first injection tubes may be arranged in a symmetrical
configuration, such as in a triangular, square, rectangular or hexagonal configuration

and/or the exits of the second injection tubes may be arranged in a symmetrical
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The exits of the first injection tubes may be arranged
in a symetrical configuration, such as in a
WO R0PHHYRA2ar , square, rectangul ar or hexagonal PCT/GB2004/000488
configuration and/or the exits of the second
Enj ection tubes ma e arranged in.a symetrical .6 WO
con Byt sa A CRKB SOBR R gl oL Peraesel Cpumgon
| ITn @hik kédRE Yhdodinkdahe exiftSnh BQhﬂ}aé_’uiﬁ'ble@ﬁéxﬁ@ﬁ%bss-section‘,
configuration. In this second enbodi nent, the exits
suchras/triao galay rentangatir ssqubrgphexagorl o shapeds pval or ceowlhr. as

oM o ghiS baRG oS RS SR B e g R ased and
the ER4-BectidnilDentng e thetdxits WP afe tibesipas@axed and 5 the

cross-sectional opening of the exits of the tubes is
debrusan e grefamedsaspactof phefespndembediment offthe hresensdoymtion,

e RS s 5 RSP B el VR o

sectiétial Bpdifsg 6f 5@ -or 3&6IMorAreRply e eRits A AEro84-sectional

| ess. More ,preferably the exits have a cross-sectiona
opegEif Qg mm’ O desgrapclops P dgun” arless. Jwitablyl ihepexdts Hage g cross-
SU its have a cross- 10 sectional opening:
S“€§&%sﬁ%ﬁn dP&ﬁDrepr 0ge'exits for the injection tubes
f OTheOdXets f@iEtBE afjEctivhYudEfyr drit 18hctent 1) Vi REsiPélind dHaPe but
preferably the same. Simlarly, the exits for the
are peeferablydhe easus Simteny tke oty foethe gpqond pasrous seactant may be -

' diﬂgleen{ {2)? ols-ﬁlﬁz g? gl?]etesaﬁ%%é%rh%?gpgfea%ﬁge g)ét?;f%r Ih%rﬁrgtgg?agg&{ssi‘%actant.

aseous re exits

D- slosyg eferablig theskis amé Pashaped, uch dsistii-direulas svithlbcross-
sectional opening of between 0.0LmP2 and 0.05mMm®2 . :
sectfopal apprung piRetyeen P kmee @Bk 8-0smiddi nent- may conpri se

AT UTISEis QechlchoodRRUl SRS Qe Al BELIOR nbREFor s

very of said first and sécon aseo
andrseeartdainjestion tbpeftridebvery ofbdie findand edopnd gheeonetaatiant

fes%?%gg%&s’g{‘@iag "‘gﬁiﬁt(’itﬁegvﬁag@%uggs% Sﬁ'ﬁ,e%ﬁééf n@%&%ﬁ@!iv‘?rb{@f each
gasb&lsabactsnt diﬁ&rehaf&réxhlg@eg HRES1anle Bﬁhb&edfiﬂjggtyo%bes

each gaseous$ reactant may In proportion to t
for deliery vEemhmgasdous feacaatimay s evpropomiantatie ehtive amount of

each GaioRS Feaiet ope el G fer. A TidicPRb i Pussp g pumbers
of t8B&h is hef critiaN®| tBe invBfiofe hRE ifbr S@nle, iltevedlbdiges &M first and

second gaseous reactants exiting the respective
secOm] gasedusTeraidids exiting the respedtiysy injestiamtupes mag be, and preferably

di. t. 1. i cul th f differi I
sro, Qi fEnF b parkiBpaf e o Rt S arfes B haefrdtl ftst e
secbRBgisaisSreadtAravalleid dicfefit ratiol bPSai@First ahd sddohd lgasdods
second gaseous reactants to beiachieved utilizing a

rea¢thnde i heipthesvedutilining etixsd numbesof ipjeceer tubee farteash reactant.

rP ; %fe&%%zar&eoﬁ?ﬁb%%%tgn S,rISg}%tp?'e%I%b]ngé ?eae_{a%I vevﬁtﬁﬁloxxestt he
molecular mass, exits one set of the injection tubes with a higher velocity than the other
reactant e)gits the other injection tubes. For example, the size and number of the
injection tubes for one reactant may be such that the ratio of the exit velocities is at least
10:1 for example the exit velocity of one reactant is at least 100 m/s while the number
and size of the injection tubes for the other reactant may be such that the exit velocity is

less than 10 m/s. The mean velocity of the combined flows Eaving exited the injection
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nol ecul ar mass, exits one set of the injection tubes

W th a higher velocity than the other reactant exits
WOHe4/MPRr | nj ection tubes. For exanple, the sPGEGBH4/000488

nunber of the 30 injection tubes for one reactant may .

be sych that the_ ratio of the exit velocities is at
mbepgggtteoféhelongo H‘Aspl e the exit velocity of one

r %Cthé‘&bsé-%cﬁbnhg%i%ﬁiné QO tHY itibéstdeb RAs USRI nufdr of first

size of the inje on tubes for the other reactant may

- and becosd dijedtivat tubdsepee unit anee|ob thet tyarisyers¢ exoss-sevdion v the reaction

The mean vel ocity of the mbi ned flo havi ng exi.ted
zong £ PRt §B1P. TOABPET0H, o A5 ORTT R RSO GOy SaRprise at least
100062¢6 éﬁ)fltph;'eat%as’é fe00pn0efucRhs 2000080 injdstido@bes (total of first and

cross-sectional opening of the exit tubes decreases,
secaad injeetiotutubes) pef sduarssmetreipfiths é@psnerierfjresstseetion efithe regetion
unit area of the transverse cross-section of the
Of-eacti on zone can increase. Thus, the apparatus of
t REmBRAPHe 8RRAEE PBVeelTBYe SQNARId i&Encdtest BaSkbcar HANARS;
for exanple at |east 1000000, such as 4000000
decienjeeastthe crosstbeetiopal opaning fof fherexit tubgs desreasasdni iherurnlsr of

sl SER PP RGPS Ptocs, D ol ARRAE S e angds

neaR8t NEEHoAP & @IS deciiterhbouiNeR RSt b RbOMRR B000i¢road, $8ch as -
decrease as the cross-sectional opening of the exit

lesstthire 500guiceensand preferahly indhbrenged 00 10540 mipronss dhe distange
i njecti.on tub i hcr . dh . [ nce

vl R et R0 oDy g IR R

suck B9 Rotheipe Fyn Be hAS® tiicthe aRRtiminerdimsasisiadtoastbe opening
| ess than 1000 m crons and preferably in the range 100

of th&eXdB0 mi crons. The di stance between nei ghbouring '

- tubes .is..pr.ef er abl | 17 ' [ i .
e b g

reldivelyeniallexiEroldsuaestidingns innseacidanbddimentpethe gresdfi imfention,

the exit. By using the interm xed arrangenent. of the
for Aelisry afise SeioRd SEANREERPONS f%@é\twm?cﬂ\g@%é@@éwlng of the

. ; _ . of
e S ASREI DS BRI B e
arragement afabefitss andsacondingeation pues iwith exits vapi alcrobsesarondl
the - first,and second gaseous r gact ants is achi ev(gﬂ.
ess than

opepis; i) ypm 1999%9 BAUHE MRIRS ey bg askevsd i aflistange

Zo

smid orh!thSExiANt iiEnpRAok mb%ﬁtaﬁlgﬁféﬁn%tlgg $ads i bEXIik&] Mdi ddnbicted

Cross-sectiona openi ng of or less, adequate
withithe registanye Zumean hiskore space, anddhaicaeihiofa sheg petihdiof tidiem

fr the exits of the injection tubes, allow ng the ..

gal RSS9 e ceognd cEBhE e ally ERnpRses Asrpdyct seling
zorfeUdvrsedn P Helre DR SondBkh ASNGE gastohdhrddacts A be cooled

period of tine. The apparatus ofi the second enbodi nent

uparsexating/the oegstips @enea pr oduct cooling 25 zone
doynst ream t he reacti.on zo .such that.the ous
pr ﬁ%ﬁg?@yclg%%%ecegé F@Boélmen SHYRe invek ion, the first Thaf{Tofd
comprises a first chamber and the second manifold comprises a second chamber, with
the respective first and second gaseous components exiting therefrom and into a

plurality of first and second injection tubes. The injection tubes with exits with a cross- .

‘sectional opening of 1 mm? or less are preferably formed as passageways in a diffusion

bonded block. Diffusion bonded blocks formed by diffusion bonding of layers of etched

metal structures are known for heat exchange uses, and are described generally, for
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upon exiting the reaction zone. Preferably, in the

second enbodi nent of the invention, the first manifold
WO29RH971438s a first chanber and the second maniBET/EB2004/000488

conprises a second chanmber, with the respective first

a e u 41 r osnAand '
et PR RG BAIFASRS LR LORRLE AT . ana
Rurhb$18sS. Ol Eirdt Mitefiatiom] Conésentiet bn dictoshairely adViGfichannels,

sectional opening of 1 M2 or |ess are preferably
Roghgpta N esAprastddeways in a diffusion bonded bl ock. |

Di i . i on hondi . ‘

e
of sigangys toseFormedicomnectilgshe fikse dnd ssvendibhambdrofesBedtely to a

2004/ 074222 PCT/ GB2004/ 000488 exanple, .in "Industria
plurgliy efclirhtnd seoand exdts, thewiis beiag & Hpinicgauxedeonfipyption, as
roapigel cof Bhmif By e B 8 hoch BB AT the prosent
invBgidnest er, NY, April 2003. The use of diffusion

bondi ng techniques. in the present inventjon allo a

pl & #ithithe hirst gmbpdiment dhgyumg 0@ éherfgfﬁhaéui S(?S‘M{s@@mﬁfs are not

esp%{ﬁ?llfé i:tfiﬁéal,ad?ﬁi, p??%?&%% 2 e of ARt tnt\él%leéfoﬁcpch%glbers in the

ur ty of Tl econd exits, ‘the exits being
second emboditrentrare adaptedifa gpurehtively, sradl foespfety eehsbns.
form ng. the injection tubes of the second enbodi nent
of EIhHRE arfior 1ng {the PEFesst the Presenidnyenfign, either by the
' imenfl%r biteRd Qi
oprEF RSB s o Seckl) POt By otehlis P AR first and second
gageoes reactiuity aret doatacadumith ofesistemcé zorst paaitibnsé dowdstream of first
chanbers in the second enbodi nent are adapted to be
an(f@c%‘t‘ W@ﬁ%ﬁsl' for safety reasons. After mixing
acRE flisehntO z6:41Eis PHRAE SPheYfertnBRHiRiyTRRY pdrBUERLIsRMce zone
either by the apparatus of the first or second '
ensangsalispessnen ofpthe Glukdbreagtarts as they pissgtirouigh the zomd. Textiwds move
aseous reactants.a nt act.ed w.t resi.stance zon
orfR T PR Cioeb e afera g e o il Bl R tlGE g
dirBRAASf fIbREOf B ksbaREahHARE tHeSrefltaRteSzond ) and RIale &l rkdittince
of the porous resistance zone_ ensures dispersion of
zonchrubstantiallyrumaformhi disibuted @yerihie srasprseniiphal drea olthe resigiance
fluids nove through a network of channels laterally
ZO0%. wel | as axi al | y (axially being the general

di PREEBN, B rédigindfzohd & dseriheublslatdrdlbrglit sh&ially. More
resi stance zone), and | eave _the resistance 20 zone

prederpely dhe resistapce Aprediasapeaneability tthich i wubstanially the same in any

. 0SS-secti .al ..t he i . . .
o EA A RS S el P e B PSP AR 02 10 s
petngdabilRY yamsothér difecign.al | y. More preferably the
resi stance zone has a perneabiliity which is i
sublathodsiasg kyowm for slgterminingthe permeability of porous media. The

pressure gradient or pressure drop per unit length through the resistance zone may be
defined using the inertial resistance coefficient where the pressure gradient equals the
product of the inertial resistance coefficient and the dynamic pressure. The dynamfc
pressure is half the product of the fluid density and the square of the superficial velocity
and has units of pressure. The inertial resistance coefficient has units of reciprocal
length. The resistance zone usually has an average inertial resistance coefficient (i.e.

averaged over all directions) of between 500-10000 /metre (/m), preferably between
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direction, such as having a perneability in any

direction which is from0.2 to 5 tines the 25
WOREPHE4BA2 ity in any other direction. Methods RBEFEGRHGHA0488

for determni ng the perneability of porous nedia. The

", er ength
200(??1&2(3 (g%(? galgs?u%f c‘g&gg‘%gﬁﬁ)aodg /Rlde IUBLESQ /tn& ng the

| mee frésedtaﬂce Tosd ﬁhﬁﬁ Be tarafedi afuaqmoumﬁetel sthetpe,ams preferably the

gradi ent equals t product of the inerti al
porqus sateriah isca peremetat Pén‘l‘ cAMIq Rategph a'iﬁl@bbrc‘@mw dnaterpls

G ARgRERE Yt 00 B AR SR o,

alurfig tx%ﬁteuﬂiaﬁc%noSn@éﬁéﬁﬁhrzﬁrcoﬂ'ﬁq;hlowfatd aA prdTeiréd pEroes material
coefficient has units of reciprocal length. The

is gangmiastmiva zone usual |y has an average inerti al

iR ot B s aiar b g Bk PRE opjfjisth the s
embYafh&it aki YheR&itvwTeRe Rb¥andO ¢cord 3&30&%&@@&%%&%01@86&@
2000- 4000 / m and advant ageousl y between 2500-3500 /m

20 remg mo3e piorably bhaveendianddAdemy Broee prgferaidy bevyasa 1ot ang 5 mm,
lﬁgr us netal structure, but preferably the porous
Suc 1 is a non netal e.g. a ceramic material.

Sujhafeifths e tbE zomd @pilses a smioue@ chthlybi preferdbilyriirei pomous
silicate (LAS), alum na (a-Al 203 yttria stabilised
matefialdothexresistanse #ANS A03Y Restha same A ths POFPus amaterialused 4 the

irco I r :
carf i P, FRRREAM Fraudha v Be i efIBRRNE e bifer elafular

shapésQit cefigni€ flens0 Thé P@cﬁ@mzhnetrﬁay corhprisefa supportehiatalystémthe
and the exit of the tubes in the second enbodi nent is -

fonproéfaenmhyh peyulingapontimgopsguliichannst SFUGB! v bet ween
12')Forr}g af oL b pcf:n@ I'e%{s?%lcél z&?et a%eéu gt 1§a§¥“7b%,
SUC as mm er ein the readtion one conprises a

prefeidtip bt leabkt @et/(adxmgdvmtegmuallyl ay leabie9 096 pHths ponasthave alporerwidth

t he resi stance zope. na sane oro
of lmtbm 20TV B4 BUALY, BOeRR ﬁllygﬁ gﬁﬁa 1ab %Fé‘e Bt §0:2-0mm and
gfe} oyglg}%egﬁogq thg form of spher es, ot her gr anul ar
r

apes ceram ¢ foams. The reaction zone may
CO'ﬂmDICﬁB’ the sesjgtance ednebrsdiepucen 19-Ghpor¢Gpdreqnaro inch, preferably

nmonol j th provi di ont | nuous
betSpnn b oD SorRge IRrBEL A TSP HIRo b SEHEY SLAS Pae 2T
sq Scpadvant ageously at least 70% preferably at
east 80% and advantageously at |east 90% of the pores
haUsualypthe depth of the refisthrgsszont isrbebw eamid-¢0Qmmyusng ag prpferably 10-
bet ween 0: 1-3. 0nm preferably between 0.2-2.0nm and
SOMBst preferably between 0.5-1.5mm 20 Typically the
r e%ﬁ&l%ﬂﬁ@ rea‘aﬂ@n b gt \Wepth ofBeffeRQVED0REY baLls Pkeferably 20-
i nch ferably between 20-50 ipores per square inch
10@muh ey £10npn e Praferably thereaeiion Zne 45mpypess qasalyst.

(The depth of the resistance zone and the reaction zone are measured in the

direction of flow of the reactant gases. In general, the preferred depths are defined by

. the flow rate of the reactant gases, since this determines the contact time, and, as with

other dimensions measured in the direction of gas flow, are, for most practical purposes,
independent of reactor cross-section.) ' \
‘When a catalyst is employed suitably the catalyst is a supported platinum group

metal. Preferably, the metal is either platinum or palladium, or a mixture thereof.
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square inch. Usually the depth of the resistance zone

i s between 5-100mm but is preferably 10- 50mm 25
WOUHIMI22t he reaction zone has a depth of bet VR(&H{GB2004/000488

10- 200nn1but is preferably 20- 100nm e.g. 60nm

Alth?? gigtrﬁn tshggqrgg(%&tﬂzaﬁzbge ggd%}eﬁ{)iaehg% efdted! 1% Sse alumina

e reaction

as thé g{ﬁgpd?f eTHERRPHEE thatdtial fiRry béiin étforn obspHerawother ghasular
tant gases. In general, the preferred dgpth are
shapeebi cezatnisyfoaméePrefaably othe SepPOrts appepoligh whighds.a coutinyous

t h h
g ne GRS PO oL RS b ey gBg apPRuiice! A fheferred
supﬁok% R @tal a1y RGIveRfi@aksiic abamtnapharma. The degqmme tdaded
eactor ‘cross-section.) Wen a, catal
w1t}mmnb€thnle>oftpl8élnualt mdy@ilaqhgmab%%ﬁéfm@a EP%’PP?]WH@?‘EYYB to those
P b th
silgafn isaiin HorooR e bPRUT LB O SP0T Bk vee
cata@é%@&éﬁ%QQﬁ%a}e 164daunedithe suppstat. Safigisle @foxﬁ(btﬁtsaﬁctlude

lals arée available, it is preferred to use
coppidrlaﬂdltm as the support The support material may be in

et cotalsEis AR, 550 1 EbBEL A ERULAE in SUARBR R0 oHRNE o

cata?ys,@ BRkED F*%férabml{ot pr%@ﬁ B8l b paRinigahs wtugmuheazveen the catalyst
requent of & honeyconb appearance, preferred 5

andsﬂlnﬁpmddtr ﬁmbr sphebowea thei C@t@ﬂysy a%fbthe\b@kwétSaﬁl&edu withya gutable
B T o L

ceréﬁﬁ‘l‘a‘%botl QufiibR e bWt pk)@&i atoind fies qilgks offthe catalywt inithgholder. In
conmpound is then heat treated to 1200C. befare

additixtnethy satalystanay be eoater argnachthp edeoyia @ repieral lisfatlar to the main
cat%b&-%ﬁég (t’taggﬁletvg b lS‘i(‘ecgpa{ﬁs umfxﬁg Stﬁe F}fji!hysds% alifg@PPer an dtin.

in p ace in the
I epid Mpatafusimaptdmpise d‘;ﬂ'bdlmt coslingzons dawnstataa gSthe reaction

zorgg:ul;lelitbqt ?ﬁ;ml%@c&%%ﬁgle %301? %7&?1 %Qpel%aétgﬁfone The
proaﬁaﬁogp%%gg?%h& S[grgflilﬁlﬁg %k'atﬂg ?f gllﬁ?e S?a!cﬁ@ﬁ nb#zléd thhiasle capable

tabl e sealing

of ifpclhg alcEndensdtel thto M’prmkmk streame exitinghe reaction zoneer ani ¢

.- which can b the ed
sy BPE AL SRR S
pre?%}ff R 18f e '?égﬁtﬁﬁ:e%gﬂ@arm the rénciiBh SoncAdre &ldfﬁlh@é g. steel.

mal n- catal yst support material, such as

W}ﬂrélmn’e@xyg@ iaiechpldyied as e @hsaoys reablentip p@w@pg@cmyy to make or
conprlse a_product_coolin ne downstr

cont e 9 Al o BHEPATE VS FREAEHER oD HEL S B D R Lo an

al]cgyp R:lal.egesfégc}@ac%)éh ngﬂoﬁa{g@n e tidiPWith @R Pzenib enor lik€ly Ghen the

I Ng zone nay ovi ded by ione or nore injection
tenist athesofithabx yper ickighbhd/or the oxygen 1s at high velomty Suitable alloys
include monel.

Immediately downstream of the reaction zone, where the temperature of the
products from the reaction is high, the preferred material of construction is a high nickel
alloy, such as Inconel, Incaloy, Hastelloy or Paralloy. The metal may be formed into
shape by one or more of the following techniques: static casting, rotational casting,

forging, machining and welding.

The apparatus may comprise a suitable thermal sleeve to reduce thermal stresses -
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20 of injecting a condensate into the product stream
exiting the reaction zone. Preferably the first and

WOL0P4HA2 % Fani fol ds, the injection tubes, the cdfdiiFBy04/000488

(if present), t he housi ng for the resistance zone and

the reaction zone are netalljc e g. stee ere pure
on thspgassaissmamei s dongs i ob sSiBan 20 TheriynEuR b
occ nﬁ@%ée %ﬁﬁlv[algrsrgﬁlﬁecp%rﬁfsW?&n pePdTBreOLitiRk b rQE1d bfedda ok d@cfrease

ara y contact the oxygen fromwith an
occ@5ns@dlé ﬂyaﬁphﬁtusr éstiexhmipleg alcttarbhp wi shutaloygehe Rmsc surdace of

the wﬂboﬁ%é%ﬁa%? hrghonFRAtERYIdTe Tk Suape ey or Yools more
slovsg LOSidi% st ta@ﬁé@th%l\i'éw@he WIS beigl§ ¢ HBM]%tHngﬂ &lagiple, , 1o

St re reacti on zone, where the tenperat ure
cop®ivithhie prpﬂsnch,ld:ﬂffsreﬁltla}fmd’fWeeH @aa;msuimof andrihgypytsidpef the

spp b e et ke Fa R ROk hED b B g leria o
the RWafl ¥ kt&yapﬂﬂﬁx ! Alne R sté%vé ﬁfsm%dhé MrArhaRauss tBORtOsT
nore o e 1ol

ow ng techni ques: static casting
tempefiirt chivage tas irpegts the augr & ggaqtmf therivally and dengs r@d\ﬂ@s the

The apparatus may conprise a suitable thermal sleeve
thelmi‘l plEtRSce thermal stresses 11 WD 2004/ 074222

%%ﬁ{sqg D4B8taglbustyempRed &f pistidlin®@ddiat @lgyseous
0 wns

eam of the reaction zone. Thernmal stresses can
feedstnlr Prefieralalytied futst gasiegus mepetantdh amgeeseP Fopiemies gang, the

her a rap i Nncrease_ or poccur i nsi de an
sec%ﬁ)%qsg?queaéxmt 2% 8P paé?ffgchéﬁﬁicgﬁ%or shut - down. The
“i'lFé r%’sé‘ht f+entidn al§ch§ rov@lel a@todelefontraradwsion@dtsn@ro-olefin
cool s rapidly, but the outer surface heats or cools

utilizmgethd appamﬂuypmvmnSb’l degemhadess across the wall (the
b t :
b R BeBphth o R R inf i gRiges
ro@&‘%‘» fo e ?kﬂd%bﬁ?&x 6f a tndBo-okafiacvait progess Tomptisiagof a

sleeve of thin material, which my be of a s ‘
RpASSing|antoByZehROTHRNINE gas inRa ApH Aaniigld ané?sm)&c?%?hﬁé%xygm'

|.eeve i nsi d I
cotifieress s Epialf, SfRREAbL BkC B RpuicAy R Eondtls,
t hgadsigl gasebind phaffitic htj!dhoca‘bon i a sLOondumpmigidld sntodbeplurality of

The a aratus i's advant a t.a partia
comta MHerein e GeeRsS PROBHE BENOOPPER B DAY EE A epiepualy

- pagfigigReiek of SACH B it 2 RYYERGAARRAIALNT_gas and the

ryaseols T eact ant a gaseous paraffinic
hygé@ﬁ@th@ Basedtremptesaof rcaWnentzomfrmalas!@rcpls@vsllﬂé@eéone and
process for_the production of ﬁgem)no 0

ut PRFtaily gomhgst@gﬂg;hﬁrﬁgcn&ng\;’pg | BASTPUS é?l?{%]é% pr%ﬁrably in the
prqunée arbqta'i ‘515 eﬁﬁé%lecgf suPfortihg bmBREHREIbERORA thelFeel rich

OVI process for the production of a
lmﬁﬁﬁf)ﬂ:ﬂhmﬁblm}s &0 ptropincmths maporgefisi ng

Utilizing the apparatus of the second embodiment, the invention provides a
process for the production of a mono-olefin said process comprising '

passing an oxygen containing gas from at least one first inlet via at least one first
manifold to a plurality of first injection tubes and passing a gaseous paraffinic
hydroéarbon from at least one second inlet via at least one second manifold to a

plurality of second injection tubes, wherein each injection tube has an exit at the end

remote from the manifold and which has a cross-sectional opening of 1mm? or less, and
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passi ng an oxygen containing gas into a first rrani fold
and |n$ect|ng the oxygen- containing gas via ‘
WORAYH2X2y of injection tubes into a plurali typ(b?/Gm“O“/OO““ss

condui ts, 20 passi ng gaseous paraffinic hydrocarbon
via.a sec fold intg.the. oluralit its
whelHE 3 RomdE Benteng sved EE Gl MbAL o foser PR
uumﬁﬁﬁ&ﬁ&hﬁﬂmhﬂmﬁn essentially parallel manner and m xed
h the “oxygen-contai ning gas, passing the gaseous

mpxstsurgatht: gastonengxtinsfo ATACHPN LOBE Pioranpsorsdssisepeceone, and
zone, ..and ar ti.a

nbu h
¢ R Comebinaif e re AL B e diianbSRE HERARES,
pres%né‘eaé ShEdly éﬁ’Wh‘i&h is %aﬁa%ﬂ’@@ff @ppénﬁlgm@ﬁmsm K‘e@ﬂﬁ(ﬂlﬁiel fasl rlch

beyon thefue rich limt of flammbility, to
11m1poﬁﬂammabih@y topwdopetiemong-olefizi ng t he apparatus of

0 vention 3
B e B 0
preﬂéﬁ@@ ?e%&r&@iwréﬁbﬂéﬂ%l Heésesibbd FiusOfoy gedinsiethabrifaged@sparatus
fromat |least one first inlet via at | east one first

for @ Pravassitidizihgtthe apparamues thy S@qonfiuerréqodirmnéé& sush thajsach

; t
o A A PERRH A A s ISP osny o
secﬁ@ﬁi’l bdring & @smi’ 6 Msk I Mot profecabiyl thieryxéts havena trobesectional

wherein eagh injection tube has an exit at the end
opengotf. Fmorhorikssreh pH) ATERAOMBISCh has a

r sect | :
S oRaon e Wi B0l Sba BES fftul 655 AR Mhpriine
gas%\% fatdffhicaydrozateAdiht paedinio hyttdoabon mysaithliy de ethans,
i nterm xed configuration, passing the gaseous

' promnct arrbutaneo The pamaéiinie AYSOEOOR May bﬁéPB%%nt RUfpf@ay be in

adr{uﬁe G wathd thé%%&é o%Lllené: &ﬂfggﬁfon Gy bihef Eﬁte"nﬁﬁc drQRampRe

gaseous y in presence of

meﬂlaﬁ@,tnair(y%h dﬂﬁbcﬁhmbﬁoﬁé@&lafb@naﬁomdm ;stuatﬂ Gf@}dmg@ustﬁ paraffinic
beyond t

f uel h Linit of fl
hy@p%%@cqq?@nﬁgrfécégwqﬁ s fiop 556 OO Grepbietdasiod, of ggstures
thePdo?9HES b @lfo?r@d NRRGHIE i‘éeﬂstH&k sl ZRixHRB I g‘éééﬁué’\p&rhfﬂrﬂ@

pr ef erred ures as previously describe Thus, for
hyﬁneen‘bbxs pilwdpailyefompristh ggihancatesulting @ronatmrsglc@gtson of methane

SroT BB oo T R Bk o DB NG Lo Rt PARCPHY

hidflo G448 Yrb@hdl prtiphll 8smprisih@6thylene as the
cmg c%lflg F&o%em g of 0.5mR gr lgssﬁ l\/bl?ré p%)ef gr ably
mdnbelefui.t S have a cross-secti onal openl ng of 0.2 mMm?

or less, such as.0.1 -
EYCEER R T
is SOl 36 &k @(yg&@%%ﬁklﬁal@f’dlﬁftéd Witk ah YitbrogaR| fo@ Bxarhple nitrogen.

araffinic hydrocarbon nay suitably be ethane, 15
The tmtnamfethc) gasqumafﬁmehm@%rbanfp éh%%bfg@@'&%‘@ﬁll%gﬁémxme is

usualffgls tSItSl IZb ¥1rrp 4'tfe s(%omﬂl%}[ne?ﬁc }aﬁo of hydrocarbon to oxygen-contammg

- gas for complete combustion to carbon dioxide and water. The preferred composmon 18

from 5 to 10 times the stoichiometric ratio of hydrocarbon to oxygen-containing gas.

Although the apparatus can be used at any pressure e.g. between 0-100barg it is.

: partlcularly useful at elevated pressure. The pressure at the first and second inlets is

preferably between 10-50barg, most preferably between 20-40barg, and advantageously
between 25-35barg e.g. 30barg.
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adm xture wth other hydrocarbons and optionally ot her
materials, for exanple nethane, nitrogen, carbon
WOBMAKHER, car bon di oxi de, steam or hydrogen. ELT/GB2004/000488

paraffinic hydrocarbon-containing fraction such as

C RBF eptentapam g YRR Tor 2 GritigsR RS Bt sty

preh@ité& W 50 Fq 15028¢ erQ@lSr%bfl'ZrOb@ e 105“@ AGRRIPSh contammg gas

principally cofprising ethane, Tesulting fromt
is infeepedriatol the coﬁdumetoh &nom the remts ofitha phiralgasaf mé\eqlroaftebeseﬂ a

feedstock is a paraffini drocar bon |nc
velogBin PEVeRy ¢ thq PessilOZ A Tlarn s abalsing B? E&?&%&&Fl%
tube% ebr%ilggn ﬁltewgteéﬁ?o(ﬁﬁnéﬁ%f thDptesek ﬁfv\eﬂhoﬁhé ﬁfectlon tubes
ygen-contai ning gas there nay suitably be used
ma)eeridhara saitste nozmle ti increbse the bxit yelpeigf The exit velocigeis typically
oxy tio aII d|Iu th an inert f or
ereqaet i A0 PSR ehete st S et iR et e
apydrocarbon to the oxygen- cont ar ning gas mxture is
usual-ly from5 to 20 times the stoichionmetric ratio of

hylteqgaescus patadfiniz hgérocarbon & wsualdy prrhsatédio Hihtpl4008C,
conbustion to carbon dioxide and water. The preferred

pref@talvbokiwiﬂrq &g ¥005mnand passedinte FPéscorlﬁ'@t%Qrofreﬁ itslnraligy of
SCC%%[ lﬂ_gﬁg%n F.%dr o%al[e?nort] lSt I%tlﬁéye‘%}g HII)EC% {Her& g% con%gmng gas

ara us can used ressu

Thee%ageoda R fic fydfI2dod ehierd the coﬁmm‘sloe Hkm thy plhﬁelﬁtlyl ofaecond
el evated pressure. The pressure at the first and

injes@eroilies #fl aoveloqity typicaliegrentey thas Sy mreferabbhereater thag Snvs,
R barg, and advant ageously

and ag%“qé%%éy%%%qﬂa‘?%ég%arg. 13 WD 2004/ 074222
PGRAEBERP 6mBOiaat, tﬂ'dmelﬁnmgffnh@oxy@hmbmgmmggmmg th
at. anbi ent tenperature, but is u fu gdlp eated to 50h

injecHon Biyes m&ﬂ%‘f«‘é’ﬂé’ﬁ!‘&} OB e £ABROVS Paratifyp BYdrpRrby Passipg into the

con‘&ﬁi'ig @ﬂe@rﬁlﬂ&?%‘ﬁe ritid &8 a?%a%fjl 5"1t BrefdiSnIg AN AL 1 @hd frfo@fn

Its uraltyo |nJect|ontubes at
prefegdbdy idsy tHan 6pT sudnas 4:heTlps sagiosniurey rapid mnflhg,rre
stab|I|Z|ngie he exjts .of ection 5 tu

EsfpdBf 8909 R ER T S nafofrﬂrremryrgsg fiftaining gas
exﬂu[f%ﬂ{étﬂr&rln ehh@n wuBEESId B8 vEl'éQr@y?’ of ﬂﬁéﬁéaﬁ’&gs batafinith{@BEfbon

e tolncrease the exit vel ocity The exit ve OCIty
exltmg thepecaid ipjectipretibes wilhdepedd on ¢he relative raiisis pf gu@bmérof first

B B ARSI % B (e OBl
hy&&@ab@&ﬂ ﬁ@iottﬂn%@&extaely‘l@@ﬁnolﬁ aPleadt @ D) prefeh®PR06ase 19. and

300C and passed into the conduits or fromthe
mopu mrefatably atdeast §dc dpically, dhg ¢>@thlqme@f\rhrewerg¢n |Ctmﬁa§nng gas is

st 5t S el i e 00 B8 SR B 68 R g Rfiber oLiEe

| injé&Xibh $utleld fothd! bg*%e‘h)éoﬁfalrﬁﬁg gaxtnay B¢ Qechitat thélb)ﬂﬁvélbm@ is at.

velocity typic greater than 5m's, preferably
leagrl@atr@/s wlhkgﬁhqgmm er and size of the injection tubes for the gaseous parafﬁmc

hydrocarbon may be such that the exit velocity is less than 10 m/s, and the mean
velocity of the combined flows having exited the injection tubes may be of the order of
3 m/s.

The temperature of the gaseous mixture is usually 1b.etwee,n 100 to 400°C,
preferably 100 to 300°C e.g. 200°C. In addition to passing the gaseous paraffinic

hydrocarbon to the conduits or second injection tubes, other gases may also be passed to
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and advant ageously greater than 20m's. 15 In the

first enbodi nent, the velocity of the oxygen
WO Y #i2ng gas exiting the injection tubes fcl/ERE04/000488
vel ocity of the gaseous paraffinic hydrocarbon passing
' condui e ratio. of

* the AR o GRIRIclsh BGR) BRTRYAKoR odifBn R Rigg anllor carbon

dioxpdeef erably less than 6:1, such as 4:1. This ratio
ensures rapid mxing. In the second enbodi ment, the
r afn ghedirst ¢rabadiment, thy ggs miKaremgy ba ceelad by thafirsyesplinggone
exiting the first .inj ' 't elocit f
whefeth b SRBaht S dsShart s R ardutotfe BN fik e R of e
dowhEr&ed elNoft tib esnduiits | Titbegplitdg oNtHelddwrelrédn ¥Rd bAthe@onfits
numbers of first and second. injection tubes, their

previepisdeqa) Beatinged thiepndnis waa ¢lapingtey thaterdeney ferfanynifleme

crecf SHEP 008 L P ol okod B B4 A b
PTRE ematdriturt of tB&Sd0l&it 1s typicRile BEtween RDL206XC t andgirefetdbyy
of. the 'oxygen containing gas Is 25 at |east 50ms,

betvemp SO AICY eag. 100Ut THOGaldnd flomonatesix arapipeylated suchi that theid
nunber of the inlectugh t@Qﬁg faor thj oxggeno

coolaphiEHIPRIaHYC fiFscash s 168 Bar KO hapraisiablyless than YL gnd most

reflabl le?sat%!a % nms while the nunber and size of the

P |nJeYc]t|onIfu es for the gaseous paraffinic -
hyde gearcolngBonchedwes thettbmperatige 6Xiht g¥&)olS tii¥tuiehy ASRast
than 10 nfs, and the nmean velocity of the conbi ned

10°€] preferatdy byigt keast208C 1 and et prafereblythyrt deash30%6e of t he

o1 B et fuciug T mpssis iR ool Brsseadp RaRaR e zone
at a H¥an cPos3 0GR V&lqc?tggﬁtvxaéeﬂ-lqﬂqiﬁ')bhf?ﬂp}él“eﬁﬁﬁ%é@\geéﬂ@0-6.Om/s

gaseous parafflnlc ydrocarbon to the conduits or
and grasb preférably betvogent2b8sm/et her. gases may al so be passed

| / / : '
or Bk i s Gpl LSS iR ooy BERALI) Berween

'1.0-1008¥%, GRefeRBly0bet® 86D 0-6. G/ d enost Prefdisbly besteen 2.5-3.5ms.

enbodi ment, the gas m xture may be cooled by the first

c oldiei rgpsuEsriEOp {irewel the zesistanica Abne is(ivHcally bivesn 0.05-0.2bar,
andDBSREHIAIRNBM, 6.08. RXEF'NR0 YL ace area of the 5

owns m end 0 e C S. The cooling of the

dOMRSEMPAENEEH @F rédetion otbLik usuallpTeesReitharl SORC, Feakhngle
of the conduit which elimnates the tendency for any

greatér tham 65@°Cs eypidadlylgteater thare7 ¥ enandopreferahilpigteatef tizame800°C..

being formed at the exit of the conduits. The o
Thetws%wgmfaéursﬁmh@ax SR {,? W f%/f%oggﬁgi §?r FEAmRlg P to 1100°C,
o opreferably between 80-120C e.g. 100C.
preffiL PR o A: 6

ow rate s mani pul ated such that the 10
C OFHeAitb MU RN BET fhb WeRLOMEHRARQ thifipérafuse blkaer HAAG00°C e.g.

preferably | ess than 50C, and nost preferably |ess
gredtbrathaB Q00 °C and at a pressure usually between 10-50barg, most preferably
between 20-40barg, and advantageously between 25-35barg e.g. 30barg.
Preferably the products are rapidly cooled in a product cooling zone. This ensures
a high olefinic yield because the product cooling step slows down the rate of reaction in
the gaseous product stream thus preventing further reactions taking place.
Advantageously the gaseous product stream is cooled by injecting a condensate

into the gaseous product stream, preferably at multiple points, such that the vaporisation
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The first. cooling zone reduces the tenperature of the
gaseous m xture by at least 10C, preferabl yd%'y at
WO 2894974223C, and nost preferably by at |east 3RET/§R2004/000488

bot h enbodi nents the gaseous mixture is usually passed

to the resistapce zone 5 mean Ccross-section
OfﬂQFe‘fo&gF’W‘teerPiﬁéEﬁgiseegslﬁoémtg?re%r?'ef erabl y between

2 PreCoRBrSate ¥ S LasirafRfudh WheretheeeRdesste & &i¥liSis

The gaseous m Xture is usually passed to the reaction
preferably ait ingrt\ges. Feeferabbethaeendensaig isipligui e, g. praksrer abl y

bet ween 2.0-6,0n1.s_an I

S50 SR O PR E AR Bl s e
prof&fin b theBhdcishiy ikkeint@Rously 9dpdtizehar the retdtor Peessure and

preferably between 0.05- 0.1lbar e.g. 0.08bar. The

thereforp pravidase viery rapisl temperatyn dpania the sapsons prodgt sleam.

t han 500C. f | . Ceall
Cotgpasony o bable s P sspp g Rictrale aiptlisffgidher than
the F@s&@ BE thel gaBaRE prdduet dtieai, sithyassIO0tbabd sndae usimllydnjected at a

200C, for exanple up to 1100C, preferablg up to
termpaOOGE oPbetFieen PobAN banskreferably betasen Go03504 ae. 300°C.

R SR e R Rl o P
el 530 BRTOR i Sy S GRLBRBSY NS e

exiBh@tHeaPAtibt z6@0! ed in a product cooling zone. This
ensures a _high olefini¢ yield because the. produc .
cobh¢ prgsat inyetionuillBow be pldustiaied voif %@é&? ot hEures ‘.‘%’Gfem-

L PSR A LRI T8 AR i en

invehigshjct streamis cool ed by injecting a condensate

_into the gasequs prqduct stream. preferably at .

Figwi 24 T5PESHEP PRASTIAUEALY & TRSEOR ALY, IS PYLcs OB urpionyg first and
' £BaRAhR0RESRinb thdgec6A SBPSHRRNESTthS

Sect%ﬁgﬂ{dg%ﬁﬁébeggéuct stream 'Thmego%onder?sate may brel a

pregat invenaiohjiapdi d. When t he condensate is gas it is

.preferably an .inert gas...Preferably the candens ]

Figgs plpeesen sciglagipal’ R e e o Petboeriier e BBt fad fhoond

erfPb &Rt 6f MBSrd3batint BRI at ure ensures that a large -5

proportion Of the condensate instantaneously vaporizes
at In Fizurehen oxygeneostaininggas is prrsedvisraclingt aldt fbsnte afgsy

cnigpedal it rg: iies pbRn LIt RIRL0, K BPHSh R, |

U

hylfc@BhE S FHssed VR5 ScoHd tlkt (ko & Bevond thanbyrgSyatidahe into the
t he gaseous product stream such as 100 barg and is '

phurglityiof gondvite ¢6)e d'he ox ¥eeniconiaiyng Basds iietied yiadw eqiom berd3)
. ferabl y bet - o 10 .
o B P9 PR A R o e
ox§hdieédhtdifing gdsiced to 800C

The gaseous mixture is then passed to the resistance zone (7) wherein the

momentum is taken from the gaseous mixture such that it is passed in a uniform manner
to the reaction zone (8) which comprises a catalyst which is capable of supporting
combustion beyond. the fuel rich limit of flammability. The gaseous reactants are
converted in the reaction zone (8) to provide a product stream comprising olefins.

Prior to passing the gaseous mixture to the resistance zone (7) a first cooling zone

(9) contacting the downstream end of the plurality of conduits is used to reduce the
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“preferably to 600C wi thin 60n5 preferably 40nS and
advant ageously 20nS from exiting the reaction zone.
Woﬂ%“/ﬂr‘@gent i nvention will now be ill ustrat edPGl/¢B200#@00488
aid of figures, wherein: Figure 1 represents an

' r at accordin to the first enbodi nent of the
temBE‘E@‘é%?yt%ig ?BW%WE Fi gure 2a represents

S Gi84TR! the dtddhcBsteaft do%prmngadleﬁmst iepadsu@ tb @pﬁfdugwo@lmg Bone
of first and second injection tubes for an apparatus
(10ptocedutiertye teoperrburs of redPTeA# SITFAIA Prior tOtrﬁ@ove@f esent

t o and. Fi
o B e A HhT i R R T s R R RS ol
arr RO é"ﬁ‘l’éh%'lﬂfar édiﬂigﬁfa@x%ﬁﬂl‘ hé enirrff itlenfirsi mjd\_:tlgm hbed aEmdlspersed
oxygen contai ni n gas 'S assed via a first_ inlet
amqmgsbtta ekits @E a plg fsec:szl} HYRFHIOR Sibes /s \ghwb@r%ﬁﬁrw%eefm a

rec ag %{_’éogl ggé eléi%%oféﬁ?ﬁ?&%nﬁﬁf @flé F%’gco"l]]%% gsctn%res?&{bn)
here(a'ﬁ Bt Oxitedly bwice at hfany peaondlinjtstionf ubsradfirstsinjeSlion Wibes in
%en containing gas is injected via injection tubes
thlS(QD)n lggraahnno t he conduits (6) wherein the gaseous :
fini t:he
9‘;81; gr?g&é:gﬂngn% eéys @S%@g 1?ntoxﬁste cllnaénber (22) and then

1nt@ﬁfe5fﬂﬁ¥ah@' df Hﬁstﬁﬁfébﬁdrﬁﬂb&s @Bb’l@x gaseoudear afifinid ]in;eirocarbon 1s

nonentumis taken fromthe gase us m_xt ur.e su

passed ingo ga@r@e@ chamber (& rapdihsritRetre Pigalityof secop naﬁc%h%‘bes

ol PR T S Bl o o g

médh@ﬁlfﬂtaslahﬂyapldlpemgaseous reactants are converted |n
the reaction zone

8 i de a roduc treamth

co P igaseAts Bixdpicis eprp%s,e a{S%?t etzﬂﬂe @&ﬂ?ﬁem c.

vel'[)rl:?rf;;g of %s%gseton§nﬁﬁﬁfe% Qﬁﬁ@th%@ @ﬁoﬁn@ﬂtufih ik 'tik%h fF&Q tHe'$hseous

contactl ng the downstream end of the

miRtug)auch haoit m:pzsshall ihs umfomambmgr toedhgawiontyeng 28)\@hich
2004/ 0742 [ GB2004/ 000488 at r

coglagé?ﬁ@scafﬁ% h lﬁuci%bf‘%/o ﬁ’fBP‘BPBa g@‘flﬁ‘é%‘ﬂ%gam%&n%?.ﬁé?lr?m

1m9¥ gf haas’ﬁﬁdgafséblﬁ rBARSHCire GO erd i BlRGeactibl)zohe(28) to

ce t e tenperature of the product streamprior to
pras\ed@arproﬁuctls(reﬁmgmr@nzmg adefgsries of first injection

H:%]& tg% P%%H‘Ft S&'ﬁ?lﬁ cd rﬁsf}q:gr ‘feéﬁli tlSS f?:{sg (ﬁg%rérgﬂlgﬁ%obﬁhgazone

(nd)t"ﬂh@%) RelitRane %hg)e_ﬁﬂt&r@@ifﬂ%ibrom Bgedm pHer xetavesf. a
plurality of second injection tubes (26), which are
arranged in a rectangular configuration. In the
overal | arrangenent (the Figure shows just a section)
there are approxinmately twi ce as many second injection
tubes as first injection tubes in
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this configuration. 10 In Figure 2b an oxygen
containing gas is passed into a first chanber (22) and
then into the plurality of first injection tubes
(23). A gaseous paraffinic hydrocarbon is passed into
a second chanber (25) and then into the plurality &6EOYDWISE
second injection tubes (26). The oxygen contai ning
&g’i and gaseous paraffinic hydrocarbon exit the

Béctive injection tubes and rapidly mx. 15 The
gaseAUstodsX Fd#ltke prodlidiRM dTATR6Hd-bIefih BS rdaBfihS hdBEReARBRtaining
(27) wherein the velocity of the gaseous mxture is
gap0bith & gagernspareiini¢ kydregashorftodoam paid gosieclelin, whichpreyess
o8 Abudsat BB Gfbcis SatiShBLINGRRAoh Sofpiseag proratt
bSfisapatefopdelsupp of the vy gardunsdihiap ghe vwadd sédoad fsugdly means
rich limt of flanmmability. The gaseous reactants are.
vhishermwaisese piHaliteaticcon owless fop gshweév olithp gasgprepgafiinic

fs?fcﬁg&%oé tarr@ﬁﬁh&c%'ﬂgflé ?,jl({lg rdbE8d Mhe, Final Iy the product

ream conpri si ng ins 1s passed to a product
cool wheremothe resfstaice gbmans potamsy ie gusidotdieldvespesmabiithe fokt and

the product streamprior to yecovery. 25 30.17 LLOY

e =Py sy A Bpese R 8 15 THE® YT B of E35 and the
gﬁ%@&@éa@iﬂﬁﬂichyy&&%ﬁidn%d inOrH @ 8HmARRIcAi S Reth 1R ErsWhtdsecond
a gaseous paraffinic hydrocarbon to formsaid

sHPPLY. Bleads; Hie rogntion Zpros@esitioned dawnstream ofiisaesistarce zone with

b A L PRI PR SR R caron

axy g€ d cothmunicagorpwith tlandsistasecone, fidHeyeine@nBrst supply means
whi ch conprises a plurality of second outlets for

and the spspngsupply meaBeafgarigaes yuch that theyryy sespipining gas and the

[Rsba! ARERNFANRAAAFbR FEBGHARY FORGsseASIPhatalidiSnanner and
Fresi stance zone 1s porous, 1S posl ti oned downst r eam of

mipeedf prrcg tto eerdactmigdbenesistappd Zongeans with respect to the
fi}%i\{f of etshce o}é({%/ en-contai ning gas and the 10 gaseous
B’ PP ?{9 d&arbon and is in fluid conunication

W t hpddsmrgfdxygén-adiiaiRe sl int® s Fiyst BBSHIS mehMLandgRsdih @ Baseous
zone i s positioned downstream of the resistance zone ,
nrrefini¢ bydraearbeminiheaid pesand sunphemgsisgaitichdenithe gaseqpsgasafiinic

&o&ﬂ’ﬁo@?.sc%ﬁfé&e?ﬁﬁ ?%Egsglintﬁall *Qfa%%%%r aﬁ% gu%ﬁi g H% oxygen-

comuni cati on W € resi stance zone, er ei
tdreaihingggassuppl y neans and the second supply neans
are arranged such that the oxygen-containing gas .and
t he R@S@&g%&%ﬁﬁ%‘af"r“i‘rﬁ it‘tgﬁys%g%%‘&ﬁw“éf@ ROSPHSHE gngerrone

&y essentially parallel manner and

partially combusting the gaseous mixture in the reaction zone in the presence of a
catalyst which is capable of supporting combustion beyond the fuel rich limit of
flammability, to produce the mono-olefin.

2. The process according to claim 1, wherein the apparatus comprises at least 100
first and second outlets per metre squared of the transverse cross section of the reaction
zone.

3. The process according to claim 2, wherein the apparatus comprises at least 500
first and second outlets per metre squared of the transverse cross section of the reaction

zone.
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m xed prior to contacting the resistance zone, which
process conprises: passing oxygen-containing gas into
said first supply nmeans and passi ng gaseous
paraf fini ¢ hydrocarbon into said second supply meahkkQYD WISE
such that the gaseous paraffinic 20 hydrocarbon is
contacted in an essentially paral l el manner and m xed
e 0x g ass t he gaseo

A o ThereS AP HER e Bt ane i BR R ShpEERE R fRex 1000
ARREnd §tdn@Paiildtapdrim&REausct BY tHehRangRG LOEssBetidl 6F théireaction
the reaction zone in the presence of a 25 catalyst
gMicch i s capabl e of supporting conbustion beyond the

uel L AMpRb
gm n onn% é&cgésryﬁéor% é tg %& it 3611 ati&% érea%(ﬁlég {;lggllcl:'% g\fh‘;ch&%’l the apparatus
véaprides atpln@hmpamlmtgusm:mmsmem oftthd reactionlddfle, Wheréih the gaseous

and second .out | ts per tre squared of the transverse
Biogust sSgemiinRpiHY epiled LB PruCtiRkne seneby RiFURg d ceadensate

BES HeVabbuk gr&iu@i Medm IRRNEHIE pbi&s sﬁ‘i@ﬂ ﬂ{a@tﬂésvaﬁgl%%ﬁl'oﬁ ©¥ the

at least 50 first and second outlets per netre
sepiansde afols the gascans prdsd streass secti on of the

eac zone, LOYD W
boacThe Rrsef s Erartineat RiRarboims fisoddifa PRTGCS Busin he sanperature
af thk @asdoud PRAAuct stresih | ARRUEROBNEks Bhtinl FOSC MBhIATBOHE from exiting
squared of the transverse cross section of the

thegeadtion zosdne. 5. The process according to any one of
t7.he @ngl%gbsggic% ai 0 a”gﬂgﬁﬁg&ﬂhé E%a@(ﬁ l% I’HSQ' \é}erel% the resistance
co own

conprises a pro 0l I'ng zon ream
r@mdias @an azamnge 1n\_chmﬂ ptessmtrh grageaeaesficipitad betwesh 1 660R50G0/m.

r api cool ed i the cooling.zone b
Bnj eﬂ‘%/ RECESSEGHRY: ineds SRy B e h5g &E@lcs.zg%w an average
ﬁkﬁ?ﬁ%@&urggtddh&h BodALiBhSo fPbhechPBb0 4080 MAPOr | sati on

on

of th ensate cool s the gaseous product stream
8. Thbe prosessscerdingridiclagm Bowherginohe resfstange zpredhpsdinragerage

bnregtjagg)fég@'ﬁr gt&hén? goéf? g@ﬁt&cﬁib% een%g Oﬁ f3 gb@/&)g aseous

amis reduce Cwthin
608 Thé processi detdrdingttbany emcof thél pfe@étﬁng ¢lainld) evheredt @fSgaseous
according, to any one of the preceding clains, wherein
Pﬁ@ﬂhb%hgﬁﬁﬁﬁgnl§6ﬁ8mﬁd§°%%wéW§PQ@% |nert|al pressure

0 bR s Sl T0IGREIA0 R0 o g s
admixtirasvitnotherdrydgearbons.

12. The process according to claim 10 or claim 11, wherein the ethane, propane or
butane is in admixture with other materials such as methane, nitrogen, carbon
monoxide, carbon dioxide, steam or hydrogen.

13. The process according to any one of the preceding claims, wherein the ratio of the
gaseous paraffinic hydrocarbon to the oxygen-containing gas mixture is from 5 to 20
times the stoichiometric ratio of hydrocarbon to oxygen-containing gas for complete
combustion to carbon dioxide and water.

14. The process according to claim 13, wherein the ratio of the gaseous paraffinic

hydrocarbon to the oxygen-containing gas mixture is from 5 to 10 times the

stoichiometric ratio of hydrocarbon to oxygen-containing gas.
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15 inertial pressure gradient coefficient of between
2000-4000/m 9. The process according to claim 8,

wherein the resistance zone has an average inertia
pressure gradi ent coefficient of between 2500'3500/ﬂ10YDVWSE
10. The process according to any one of the preceding
clains, wherein the gaseous paraffinic hydrocarbon is

hane ropane or butane. 11. The proces .
£ colt mBe S 3foutire 16 s &t Oisec i BRET Fhsisimipe gressure a
DY tfR&t@nt Sedodd iR X betv@eM 0-808drRer hydrocar bons. 12.
The process according to claim10 or claim 11, wherein
the Elﬂmrﬁé§ss peepding elaing | afeereis theprgshwrsatthefiggt and second

Il h as met hane, nitrogen, carbon

%%%%&ﬁ%g%&%gﬁﬁgﬁﬁgfoxide, steam or hydrogen. 25 13.
The Phopressssacanditigngclaon a6ywisreinahe prlessups gakelfifsgand second

claing, wherein the ratio of the gaseous paraffinic
WAl BOSPbSH 2S()&_tbla}@‘%'oxygen- containing gas mxture is

{8, 0N Re hdcdl acddriiBig 1 ey Sl fahd ﬁ@@écﬁﬂ%clﬁﬂé, Qh@fein the first supply
hydrocarbon to oxygen-containing gas for conplete
weoasunipnses @ least ponfingf widt der sapplyweetthe oxyigén-cbhtining gas to at

BRI BRI i R B0 ! 31 ot o
@ANGBNo RO bR FEn@nB@fing b, ti®thieSedond¥upply thehfs EdhiBiSses at least
the- stoichionetric ratio of hydrocarbon to

onesgeendiaint Sorriupg Yiesthe gasepyspam inisehydigrarbprdo pi lsadoge second
ﬂ%ﬁi%lg'aﬂg a pRurdfiy oqragncﬁfitstegﬁin ggﬁ%g&fhg rﬁ&rﬁfo‘l‘ﬁ; for%ﬁ&e%/ Ut the
t second Inlets 1Is

e pressure at - the first a
patoesgrrdfinkydraparbob. The process according to claim

15, erein the pressure at the fjrst and cond ) .
i eV EeTER e poRoaf mant alshis Pasitioned dpwhgigany phBgdust manifold with

RELRE & 1 o &t tBE Bk yRen-OhRIEAS gdhendr essure at the
first and second inlets is be%meen 25- 35barg. 18.

The thesesesiancggone ginogitioochdgwistreanfof thesepensomanifigd with respect
e ( - | . '
85y 05 BByl 3 BB sERRFIRE 58 Bbon v

axigé vomaninddation githake Eenhdalts eXieAg thegBeondiratiforgni f ol d
and a plurality of injection tubes exiting said first
mani $151 Wherein epph gIquitePinpaises A PsisATR ROE BHHRE Hickgeqdgnanifold

anch 86%%%9& diM @lglcﬁ/ﬁoﬂﬁf}MCﬁWikﬁﬁé r@stistegn%??Bne MH¥wherein the

second inlet for supplying the gaseous paraffinic
imyattion &rbise pxiting she fimtmanidrld aseatmged smhithasitleyaaxtend through the

lurality of conduits. exi.ti sai d sec ng rraniﬁfqlold for
P el api@roigsraX il inja Mk fsieart Y POIBE ABRTS
WRRhrbcekdeormeeed manifold is positioned downstream
of the first manifold wth
passing the oxygen-containing gas into the first manifold and injecting the
oxygen-containing gas via the plurality of injection tubes into the plurality of conduits,
and passing the gaseous paraffinic hydrocarbon via the second manifold into the
plurality of conduits wherein the gaseous paraffinic hydrocarbon is contacted in an
essentially parallel manner and mixed with the oxygen-containing gas.
19.  The process according to claim 18, wherein the apparatus also comprises a first
cooling zone contacting the downstream end of the plurality of conduits exiting the

second manifold arranged such that the downstream ends of the plurality of conduits are

cooled.
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15 respect to the flow of the oxygen-containing gas,

and the resistance zone is positioned downstream of

the second manifold with respect to the flow of the
oxygen-cont ai ni ng gas and the gaseous paraffinic LLOYD WISE
hydrocarbon and is in fluid conmunication with the
conduits exiting the second mani fold, and wherein each

%{gﬂ IdJFlfaf% %‘%8% raigl(?]oggig% 3% \lclj\nf,%g{l Irl g;mc lglﬂlg 1 ?ﬁ\lvlgxflfrg]g afleh first ren%%}gld 1s a first

SHRMBER bEdiheGBeotidiartifod Is@SesdrANGAnbeNthdaRe inb@ioRitibds RRiting
i njection tubes exiting the first manifold are

the fastgbamberciern papluraigyofelangaigd passagryrays isstendiag dhrgugh the

i ' [ ' 4 1.end of
FREM O B YR a1 bV BB S UARAA S BT R P Necona
oayifed- cont ai ning gas into the first manifold and
jecting the 25 oxygen-containin as via the . . .
Hur 0 BYeEs aF?ﬂr@eggtfgﬁnx Giiis 18R 2 Wheapin e igjection tubes
GRNAW o3zl villch PR%RICEE résﬂ?ct%%?ﬁié%p@ﬁ‘iﬁ?f drldWifich has an internal
hydr ocarbon via the second manifold into the
phweter in the gingedstiveend). Wvet.@inm.t he gaseous paraffinic

Pinngg g nlesiO B it 28, eI PharRrrfpr s itne ranee

Bhiee@t DO@s2.0a060r di ng to claim18, wherein the
apparatus al so conprises a first 30 cooling zone
%:gnt Blag PIRGESE RECUBIRE 4P PaPRcHFlaims B do BP.uvhgrein floyf restrictors are
FROFU e sl WSelaGESRE pffaoh ks 3hd BRARA Me of the
amduits,abh datati@atl dr@O¥iSe W Shere2be injdvtiop tubee ssteathe @onlduity at the

[ or claim19, wherein the first manifold is

to claim1
ypsfrepiend of e gopdulisy t he second manifold is a second
hanbes pdBehs abeorilifk @6 hhyPohnd MRESmSAith 1 MOwhdrb@ thd fist supply
chanber forma plurality of elongated passageways
BRANSTENgisehatdeaghonchiarst indat dercupplaiigdhe pxigsntcpataining gas to at

t - al j f . it iting.the .
HET hE R BBl e UM SO ERAR Ao libe R g ramifola
fondeldferg bthe®xyBert-contdininglras, and thdwecormy @@piyafiednd@6Sprising at
end in a nazﬁle mhich,grovides a re%%{iction at the
lspoPR gecor dlgihior RURRAENE hej gaseaus Rpratiiic hrdrasarpen forat least one

4 . . . r j .

B Lo PSR RO hitold
foadglevery Of hetgaesoms paffiroc BydnwarborR3. The process
according to, any one .of cl ai to,22 erein flo
oV P a8 et SATuk pa =B sl abfhe R Pt E OGP i ana
whRhiha & ¢tds@Redtiohisopeiiiglof@miniingNess Wridace of the
conduits, at a location at or close to where the _
i nj ewhersi the peids omdhe firsbandoieaend igjegtion fbes are co-located in an

intermixed configuration,

which process comprises:

‘passing the oxygen-containing gas from the at least one first inlet via the at least
one first manifold to the plurality of first injection tubes and passing the gaseous
paraffinic hydrocarbon from the at least one second inlet via the at least one second
manifold to the plurality of second injection tubes such that the gaseous paraffinic
hydrocarbon is contacted in an essentially parallel manner and mixed with the oxygen-

containing gas.
21



10

15

20

25

30

upstream end of the conduits. 15 24. The process
according to any one of clains 1 to 17, wherein the
first supply nmeans conprises at |east one first inIet
for supplying the oxygen-containing gas to at g ISE
one first manifold and a plurality of first |nject| AN
tubes exiting said first nanifold for delivery of the

B O 0L L 88 T ARG RSB, B g o

{dRéndiRgQeidh tibs &l {dudliper Sdreaaakdhon to at |east one 20
second manifold and a glurallty of second injection

L be“s"h@mowsﬁgcgq;ﬂl@gé@é i 2fhawihgreindhert gre aid¢ast/ KG0POQH first and

O RTERD o B L e R0 L et e 1 om € he

msmi Tl@é proacd acvdiding thasy enesfadams @dttd 06akhaeathdékilffrom the
nd wherein the exits fromthe first and

| ess
@&,caﬁa t‘?h’?f aret %@ﬁcwfb@sanﬁéenéla lly glagarsepnfigurgiion.os
It erpd ﬁﬁ%@es@%@édr&%g% b ondby c‘l:szB QQQ@?‘? &l?éi‘Bﬁ' ?grg'r'sngection tube

passi ng the oxygen-containing gas from?the at

laseinfexrtsit thergndtrempte frdme thetmarefedd whinhéhaf iacsdssiseatiohal apening of

ég the lurality of first injection tubes and passing
¥ebls paraffinic hydrocarbon fromthe at |east

€ m@mdess At&rdivicdo ElARn 28, WRasih tRO&osL6RNNa3@pening is 0.2
mani fold to the plurality of second i njection tubes

UEWTH¢Fat t he gaseous paraffinic hydrocarbon is
nt

P 553 g r BB RE L 28, LBy LAl GRS GUAERS 0.1
&Heﬁprocess according to claim 24, wherein there are

st 100000 flrst and e ond i tion tubes. in
Bt af Rolpcea darudingdo ay 9ns O prams 2 4 58 westein dhargiacion tubes
s Fbielns pARRESK iy stiNBTdRrf@iéh Bndk&8BRIck 1000000 first and
second injection tubes in total per square netre. 5

3%, Apearpiug swisblaioe saadiing)a fisst gasecovnreadhntobigh asec2nd gaseous

h )
R M T o A

&fnprises a phaslety Sf fies ouclets fortdelidsty of e Xygéd-oritBindry éa@ and a
27, wherein each injection tube has an exit at the

gﬁgnq, Sphemensny hipk Comphises [ wiRkity9f seeong outlets for delivery of the
G898 RN ARG Rfstog R Pl k38N 248, 29+ The
rocess accor |ngtoc alm ereln e
cr oswh@emttho nexlstappe romegs |p9roms,2is posi@ored doesstred30 of fhiedirst and
ccording to cl?i 9, EFEIn t he
%ICS% 51?8 means, w gxbgem)eﬁ:é q g‘e oy € oxygen-containing gas and the
gaseous paraffinic hydrocarbon and is in fluid communication with the first and second
supply means, the reaction zone is positioned downstream of the resistance zone with
respect to the flow of the oxygen containing gas and the gaseous paraffinic hydrocarbon
and is fluid communication with the resistance zone, and wherein the first supply means
and the second supply means are arranged such that the oxygen-containing gas and the
gaseous paraffinic hydrocarbon are contacted in an essentially parallel manner and
mixed prior to contacting the resistance zone,
wherein the first supply means comprises at least one first inlet for supplying the
oxygen-containing gas to at least one first manifold and a plurality of injection tubes

exiting said first manifold for delivery of the oxygen-containing gas, and the second
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or less. 31. The process according to any one of

clains 24 to 30, wherein the injection tubes 15 are
formed as passageways in a diffusion bonded bl ock. 32.
Apparatus suitable for reacting a first gaseous

reactant with a second gaseous reactant to fornﬂ&OYDVWSE
gaseous product, the apparatus conprising a first

suppl y neans whic conprises, . a plurality of first )
SRR o7 T SR Dl Rt sttt etshats pageftinic
Ry dr6 €£86t0toSd ik torBRa8sndWAri 1€ MK pResitRoPédHdaltd EMRE said
second outlets for delivery of the 20 gaseous

srapad mapifeldfouddivanbefithe gaseews parafioe dmeagon, a

reaction. [ . .es] st necj r Qus .
oAl S 0 Rl AN LR U3 B o wi
sk yo e dlosy off thé ox eepeohtaining b, ihdw of t he
oxygggécontaining.gas.an t he gasequs paraffinic

d | i
hy dr BEAFBUREFANT & RORUOPEH Lo RRAATRHIOL 419 RO PANI{HE Wit respect
{ol the Ho@NSt (REGANN-SHRRN: SR thd PReRFFRRic \%?tﬁﬁ)cg%on and is

posi tioned downstream of” The resistance zone
mefipe comimpinidagior atly theé candeiteogxitjeg thesataidmhagfoagds and

t he gasepus. paraffinic hydrocarhbo and.is .flyid .
comflHt T FBT A e oMy Al 3 Toh 8nd giting iersgpopd manifold
drvea GowiSstreS RN B AN oM cAtion VSiELME desidiRk Yo &iBwherein the
are arranged such that the oxygen-containing gas and

prstion fahep g¥itipg ther fishmanifgld pescarapsed sich thas meycexéand through the
i al I ] ri.of .10

SoRERERR Y LAl TROOR o TN SRR,

32ppTle apansucaoprdirge® cddiml 32astheeirethkiapgdratun bBd cobmprises a first

plying the .o n- cont ai ni.n as to at |l east one
FIP D ZRES AN A SOVISTP ISRy Ob e mia Rl aS soRdIBEXiting the
&¢bhd RANFSld%riahf&t sudR Mk Aehofwstreih NG Of 1S ;In_lhl:b?itwf's Cémduits are

oxygen-cont ai ni ng gas, and the second 22 LLOYD
-y means conprises at | east one second inlet for

pplyi he gaseous. paraffinic. hydrocarbon at . :
?ﬁas#y%gr:‘g)a{éaet'gso%agrrggnrﬁ PS4 ma3I12 rzf?aﬁ af”i%FV”b eé%ﬁdﬁ%‘ll%’ld sa
st thangbes ahdl thesecandcnavfild Bl kcteid dahibéeind @€ idjb&ion tubes

gaseous&paraffinic hydr ocar bon, wherein the second,
Taing hedirschamber iogReP Haliivsaielonsrish pesraetays extending through

RREERAUEhYNbE in® the ﬁgﬁﬁatamt Adidtend }Llﬁﬁ’é{li%oft&ﬁduits exsiting the second

oxygen-contai ning gas, and the resistance zone
mesifeldoned downstream of the second manifold with

spect to the flow of the oxygen-gontaining.gas.and
the. DSHRIEE-IAPEITE © Y APoOLIBBH (g HsWhARiTiHg jrgection tbes
SN oz alel vaicWpiloRidel & résaridliontad tRdpbhiRg, drasvISes R8xhn internal
mani fol d, and erein each conduit conprises an

dipmetes amhemengsdictwerg & hew Zemsnd mani fold 10 and a

gowngh L [ a{ j heation.with the .

9.5k SRS AT R BT s e v
BetweempOttd8.0himst mani fol d are arranged such that they
f%tePd h oggh t he, : : .

. he apparatus according to any one of claims 32 to 36, wherein flow restrictors
are provided between the outer surface of the injection tubes and the inner surface of the
conduits, at a location at or close to where the injection tubes enter the conduits at the
upstream end of the conduits.

38.  Apparatus suitable for reacting a first gaseous reactant with a second gaseous

reactant to form a gaseous product, the apparatus comprising a first supply means which
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second mani fold and project axially into the upstream
end of the conduits. 33. The apparatus according to
claim 32, wherein the apparatus al so conprises a first
cooling zone contacting the downstreamend of theg;q D WISE
plurality of conduits exiting the 15 second nanlfl1J
arranged such that the downstream ends of the
| ur al r ar at u
Sttt ki PG RRA 550 5 for GRS Wi urviPie BRI AR, and o
seond Qlpply medns Wihitls torapiades aplaalitylofeead Oitetd st defib €ty of the
is a second chanber and the injection tubes exiting
gaseoys pasatfipicdiydeqcarhonng Eesistanearoneyangdfa reachiog 2oee
pass
ot o et B PR D iR bOINAR, ¥ ot e ERTBPARE first and
exbnd mg)pl)hmea:rsmnimesmm td the cﬂlow3cﬂ" thd" hfy@p{mnaimﬁg gas and the
accordin e cl ai 32 to S ein
PO ERGTD G BeYo<a o & Rb3e SRy hgie Bt and second
§u%§hf r'n@iﬂsoﬁhe%ac’ﬁbﬁ ZORER 'pBQtloﬁ’é@fjddWHsﬁQarH @?tlﬁ%élﬁﬁ&re%he with
di afeter in the range between 0.5 to 3.0mm
rERRech ppthe dlowsofgbe gxxﬂeng:ontalmnagaﬂ B9 thmp@rsrpatzrfémc hydrocarbon
int. d' het
| %erfpacl I 8%?1;1061 Vgllrt% lﬁ:srem%t%%ce %H% at%8m§ﬁ§el Hg ftbr]st supply means
ﬂimﬁsecﬁﬂd%@prﬂﬁ meaheire iafrahgedwutle tHaf ihetoRfSen-@draining gas and the
provi ded between the outer surface of the injection
gaseens pamffipiedydrrearbo arg epitackid inRe esseptielll payalledmagner and

ocat t@orRictinb ASEreki@ Hgﬁé clhe injection tubes
ente#hgﬁe 6%n &%s afltae % upstream end of the
condwh¢rsin tB8 ﬁrs«krspp;rlmntansmrmmtsleeatﬂeast Dnmﬁts't 'mj;etzfoxf dupplying the

seous _reactant w eous

Porr o Tas e Shiseh Sk BEY BapHP LY SR ReRystifection
fubESExiBHPEYiY fiPER alhi ol i@hdel%r%@oWg%E—coﬁ&mﬁg 25 afild the
pIuralltgmof first outlets for delivery of the
FRYYEFHPPONNSAS O PFAEE ahtrgsteoneseeand dnlstiop ISWPMEQE the gaseous
WA R & Sl i oo SAAN oM pElaR ) S sgoond
ingtish arbee exiong sad deca)nﬂemﬁﬂotlhfoz dé\le\;ery\bﬁme Igﬁsebbﬁparafﬁmc
rﬁélstance zone is porous, is positioned downstream of

044 and 5 second supply neans with respect to
the {haWinfack EeANIEH: }Qa@ﬁh%kf?'af@e 9AF rGte F3f thARRHR and
paraf finic hydrocarbon and is |n fluid conmuni cati on
which hag e cfdss-sectianal Qp@nmgcbf lsmppir)lessamds the reaction

zone m_ of, t he re i, St ance .zone

¢ nohSreliBe RO RNy Tl PGP R BB ER BbE, R R R i an
@&dmm&ﬁcgaﬁgmuﬁmparafflnlc hydrocarbon and is fluid
communi cation with the resi stance zone, and wherein

the The spasiprcgordingns claamaife whersinsersrde gt Y 00RMfiyst and
FEn P8R Y Gkl r ddierHiYAEN- CONt Al Ning gas and

40. The apparatus according to claim 39, wherein there are at least 1000000 first and

second injection tubes in total per square metre.

41. The apparatus according to any one of claims 38 to 40, wherein the exits from the
injection tubes are all located in an essentially planar configuration.

42.  The apparatus according to any one of claims 38 to 41, wherein each injection
tube has an exit at the end remote from the manifold which has a cross-sectional

opening of 0.5mm? or less.
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gaseous paraffinic hydrocarbon are contacted in an
essentially parallel manner and m xed prior to
contacting the resistance zone, wherein the first
supply neans conprises at |east one first inlet ﬁmyYDvaE
suppl ying the oxygen-containing gas to at |east one
first manifold and a plurality of first |nJect|on 15

be eX|t|n sai.d fi del i of the
48y oThE Eiskr sy et Rl 2y Whe b st taiFOA aBepib 02
f@riledsng at | east one second inlet for supplylng t he
%gseous paraffinjic hydrocarbon to at |east one second

ni Th¢ Brosess ascqiiiede claymds, whersmdhe prgpesactignaloppeiag is 0.1mm’
E§Xfetd Nng said second manifold for delivery of the
gaseous paraffinic hydrocarbon, 20 wherein each
451] ethe proctashecdrdmgan agx ote aff cldihns 38rd 44 cwindreinfth©imjédtien tubes

fold and whic a.Crpss- tional opening of 1

Oﬁ?af%3§w“§ﬁﬂaﬁﬁﬁFéfﬁh?ﬂ%g e§§ﬁF omthe first and
second injection tubes are co-located in an
interm xed configuration. 39. The apparatus accordi ng
to claim 38, wherein there are at | east 100000 first
and 25 second injection tubes in total per square
nmetre. 40. The apparatus according to claim 39,
wherein there are at |east 1000000 first and second
injection tubes in total per square netre. 41. The
apparatus according to any one of clains 38 to 40,
wherein the exits fromthe injection tubes are al
| ocated in an essentially planar configuration. 30 42.
The apparatus according to any one of clains 38 to 41,
wherei n each injection tube has an exit at the end
renote fromthe manifold which has a cross-sectiona
openi ng of O0.5m® or less. 24 LLOYD WSE 43. The
process according to claim42, wherein the
cross-sectional opening is 0.2 mR or less. 44. The
process according to claim43, wherein the
cross-sectional opening is 0.1mmR2 or less. 5 45. The
process according to any one of clains 38 to 44,
wherein the injection tubes are fornmed as passageways
in a diffusion bonded bl ock. 25
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