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WD 2004/ 074222 PCT/ GB2004/ 000488 AUTO THERMAL
CRACKI NG REACTOR The present invention relates to a
woeemog#223ui t abl e for the production of ol ef i NBCDAGB2004/000488
aut o-t hermal cracking. Auto-thermal cracking is a
known process for the production of olefins. An
exanpl e of such a process is described in EP-A- 0 332
289. In this process, a 5 hydrocarbon and an
oxygen-contai ning gas are contacted with a catal yst,
which is capable of supporting conmbustion beyond the
fuel rich limt of flammability. The hydrocarbon is
partially conbusted, and the heat produced is used to
drive the dehydrogenation of the hydrocarbon feed
into olefins. In the auto-thermal cracking process the
hydr ocar bon and the oxygen-containing 10 gas may be
uniformy m xed and preheated prior to contacting the
catal yst. However m xing and preheating the
hydr ocar bon and oxygen-cont ai ni ng gas becones
problematic if it is desired to carry out the process
at el evated pressure due to flanmability constraints.
Thus, it becaone Sl e r.edu he, .t | bet ween
formng t hé‘o‘-’cra {Rﬁ&l]"ack%is‘f u@i@é—v s and
¢ O‘T'B@%tekcﬁlg i RBE X HESoW ehetdNRitaBle 3byiBE profactlBieof olefins by
present 1 nvention provides a reactor design that
auterthbima ciackiagit o-t hermal  cracki ng process to be

conducted at apny suitable pressure wherei.n the gaseqQus

r eAdfostheEna &Faé?ﬂ ﬁé,%t‘%%fnggopcﬁsaﬁééﬁg? Pﬂ%@l}f?lgnﬁ? Q%eﬁa&a g
exgaﬂae oPLRAS kst B deb&iteaas EPOR- @9RE289) B thidfirbsdksTiay

I'stri buted manner. Accordingly the present i nvention

hyrocarboresndpparyatusotiteiningges arnepracted with g satebigs whpeh is

SR SRR ASSE AL PE) Ao B OIS, e

hyl®8sbo® i§aftial§ cofibaRky, ARanshdadprdduced isuséd toghizeabls
reactant, at [east one second supply neans for the

delswsiregedatiersefdhe hydraearben feed intp okgfESance zone and a

reaction zone, .preferab I1S] | k .
oot 755 Bk ka3t ERBiboR oY i on 8ffaining

ga$HRP bY uiBaRTy ARSI AfgfelReapldyrir itd yortdctinizftisd camalystetowever
for delivery of the first gaseous reactant, and the

migmgand Pebpping the hydroeahpn prbRXYZCRICOREITNE/La5OCERIBEd
t|ets. for delj t,
e e e

flagt@NvbSIity @BR8haintd. M@k it Bécoared dsgrmblto Fedusp Heytimebetsveen fdrming
respect to the flow of the first and second gaseq

th widwaref Bobanequs rpactants CoBIHRMEARIKBHS WHHAS FRtalyst.
i PR ERES xTEAERA Bran

crdcRER8bcekdto be conducted at any suitable pressure wherein the gaseous reactants
are preheated separately before mixing and then bres_ented to the reaction zone in a
uniformly distributed 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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the flow of the first and second gaseous reactants and

is in fluid communication with the resistance zone,
wa@pa4002eherein the first supply neans and t hePGEGBRE4/000488

supply nmeans are arranged such that the first gas and

the secon as are contacted in

PTG D SPOBN G RUUTTIT G Al g g dRedelivery of
the 631 SIBNEG AP, andiEd Sicard yupplme&ﬁsro%inpmm YluPBRAPSS second

conprises at |east one first inlet for supplying a
ouflets $ar dyhsegw&thmcwmascwsa@aqt@&st one f| rst mani f ol d

of first o

S Pe T o i Rrap Y Brp o P Paf e BERlas Ol pecSh

supIg niedgs \%ﬁﬁ 9&?6&%’ Ble)ﬂdw afthe @@ﬁ&hﬂ%&%n@tgaéd%@§ tea@f¥@ts and is in
second inlet for supplying a second gaseous reactant

ﬂlmbccanmumasuon witle the umdmwud@mplameaas,m urality of
utlets.exitin

D f
corhe epg oo s Tstishen HATaRR TRt WO it ppest v
the%ﬂb\b AP the BRI sS@shdatasd R séackBls andriefefal |clv5m@iud1@&5h with the
0, nost 20 preferably at |east 1000, first and
re&ﬁmdowmhét s per netre squared of the transverse

sedtre Bisaf: Momhafop 8 hTsEA CpaDiniS By, APflggd sueh
tha'"-mlge ﬁﬁ@ ?Jl:dmﬁ&ﬁe se@élﬁl g@ra&acdrﬁ@bwdnnaan Bsaenlly p:hfauel manner and

paral | el manner. ‘essentially parallel manner" is
mlﬁré@mloﬁ‘ﬁ@?mtaﬁt@lg ‘ihP‘ §Q519&4ﬂ96 8%nd gas, when they are
g’ué%f? %ag}}{' Tthe ngu ﬁfé/'nd?z{ng g?ﬁ%ﬁsés %thosn%gi){ktgp et for supplying a
ﬁrE B&dus tréb%ﬁmf ’cdlwlcfh@t o faspasiifed and a phngénof ﬁkst outlets exiting
ative directions.. Contacting the gases_ in an
th@ﬁ%manﬁpkd;f%%ﬁhé’lewel’f th%\ﬁrﬁégaseov%ﬁea@?mt #ghthe pegond supply means
i

coﬁ{??i%@% agrllecag{]o& s:eﬁtﬂglel?féea Iﬁ% s Zﬁ% a é@E(ﬁl\ﬂ ;%@@t)ur I??ag:%q to at least
one@atomdtmdnifod endnd plirradity of seodm@/@rtlemuhlg the sevodd tfemifold for

conmposi tions of gases present can vary significantly).
defipery f HhA sepend %,aé?PqSﬁEf}C ‘e the residence tinme of mxed

ga B at 1RGN8BS HErekAEy £i 1845t 960, most

%He’bg?%lﬁ%u%%%?o g%%rl gl r?g I nsfgorfr:e g}éses mos
pref@rzﬂaa;cmtllmyt 1009, fjass esd sécondoptdatpperdneitd sa;mawdmﬁ dre teangverse

lead to regl ons.of |ow flow, or even stagnant regions,

CTesS $EEHOR 9 dhS TearHARIACBSgas mi xt ures close to the

rfaflSe AR B $hat thirst and d
208&%8&}%{1%1% SE%T@%%%S%%%%E%% |%e an -essent | gIStI E;/n seconc e

arpacrhdted inrmmressantially pardilelgnanmer. iRy m@s@&ﬂy paveldel mpagmer” is

red ce tenti.al f.or S 0 Wf ow 1 .
A 1 Bhg e s s o - o oy P8 A P towing
in e@seﬁtlﬁlw Bk safbaftarnt sieh ab BLiallp et @an FB®ing in opposite or
contact’i ng/ m xi ng ar rangement I'st provided by

tamgentinl rohiting dventions Sjinjaching the gesesinrantehsentielheparakiel manner,
28 R R BRe A oS BB R0y o
reéﬂ&ﬁtwhere the gases first contact (where mixing is not yet complete, and the
compositions of gases present can vary significantly).

Turbulence can increase the residence time of rrﬁxed gas in the reactor, which
increases the risk of ﬂammability problems arising. In some cases, contacting the gases
in a 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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one gaseous reactant can pass through the openings and
contact the other gaseous reactant. Preferably, the

wo eog7eebodi ment of the invention provides app&r/&Bo®4/000488
wherein the first supply neans conprises at |east one

first inlet for supplying a fjrst 10 gaseous yeac
in awswtlﬁlaag@rawémnﬁg%w%ﬁ% i1 Risae igeghap retdivcaﬂrthe potential
for ('rj% Ty %’w%ﬂ% gtaé Neduchfl e %bfeﬁﬁal@f‘ﬂéxﬁfaﬁblﬁ groble

Ivery o rst gaseous feact ant econ
S Ul fyrst mhas&memm:frthswemod tha sontactmggexarglarranigementos

uppl yin d tant t t |east
prog BRIy PREAPTBE AT AUPLLY AR e (6] LB Bieat gt o
porfigh df ﬁl%%ﬁgﬂ Rahe RJcQtefl Qithirt fle! oYl%ermﬂf suitHiSle B GIQH%S such that

gaseous r t ant wherei n the second mani f
onegp@seduis aemthnd oampatss elmmgh‘ the leperfingsandnaaniatcbibd odtier Igaseous
respect to the flow of the first gaseous reactant, the
reagt@l st ance zone is porous, is positioned downstream of

t B3 000 ARl bRILE dintént Bf thesPRGtioh PrdvitRs hpparaias vvlhB&m
first and second gaseous reactants and is 1in fluid

cotheifitstsapplymasns hompases ehlvasttone dixsttinlaigior heppdping ﬁdirst
mani fol d, 20 th ction

o Ertiat i g ot ohf B8 nfmirbRl G o RARH ¢3BfE8kion tages eitine
sa1& h@éﬁ/n%ufbnpf& HEIBlerPBELhS €6 QR rgas@m; RAYENT, 8¢ tharseaorm@pp@

id conmunication with the r esi St ance zone, and
meumsecrompnsemtﬁeason@mmcombmbat|f@ress,1palylngaasiqca@£hg@ﬁ@u8erﬁaqtm@0 at

e e SR SR B AL s ERINELY SOe B ikt il
deldRry 61 186 béRd lafess fstlahi)g the first manifold are
arranged such that they extend through the second

mawhersinitha secopd speiioldizipapitipneddayvnstiean of thedint marifdd with

d t he appar atus of the
res??°§§ %%?%e?rs}@ugﬁ%%%%g%th ses a first cooling
ZOfiR refthiddelAoRg istirowkpinmisitoasd éovinsdfeainvd tipd w:aﬂld tmjlnlcﬁ(ﬁld
conduits exiti n% the second manifold arran% fi
‘111 S

Wlﬁlﬁa&pe@tﬁ@ teo{ers of EerfiratrndSeCqnieSapeans Afactaptson
comm c%g £ARhehk co-Hahﬁ% 8@&]?% 88 sbQdla hdifroapseous

PsVare prevent e omreacting until they
e nth%fre:idﬁﬁn rzeﬂ@isipaﬁltlbﬁﬂhdovﬁwtﬂehmrdfmea‘embtanmme astltlsreqfect to
the first_ enbadi nent usually conprises, a

thecfiy phthe fspieand seaoed sassors reactqntsAad ds indiig e?féﬂgle@ﬁﬁ?wth the

ﬁ?ﬁ products can be 3 WD 2004/074222
res f%%é%@gﬁ%omw cool ed upon exiting the reaction

Z ORdereimedcheohduistommprives mepdtreafn dndexitimgehe¢ sewnnd manifold and
dgr ef erab

osuguni dhid e RSO dh S bes e SR bt B
injb R R ExitHRaEe Ak hiafifold are arranged 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 r
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
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the first chanber forma plurality of el ongated

passageways extendi ng through the 5 second chanber
WO nioa/ot42e2 upstream end of the plurality of conPi/G82004/000488

exiting the second manifold. The volunmes of the first

and second chanbers are not especially critica
cooﬂm/mp@remtmgtbemaém@w% enbodi nent, the vol umes of the

fi C f - :

it DR PR APESH Rp 6% prOURBLE S Bk pnij o i

chafter aehitie @écdi*lldaﬂﬁilﬁ)ﬂd isa s]:GorﬁDchamhet el the linjeeicaftubdsexiting

first chanber ig usual I){ bet ween 5-100 litres,

the Sirgcbpmberform genlwakity ofs: %{saiefitpfi@ég%wsr?&e@dmgéh@ﬂl% tRe
PRI R Y P End o 2 bt e TRy it hcona
mafitffelds- secti onal area of the reactor (| e. di anet er

squared) Typically when the reactor dianeter is .6Q0 mm
¢ hbhe, v limes b the isead sem [shFmBRgrs areenqt gsprsiadlycyitical.

' HO?’%%&E&% a}%rgfe%%g eHbtoﬁglzer nt pcfx@ (;@]E)JF}QL ¥f ﬁl%tﬁ’i@t%d%gc&gc%hambers are

nor e etween 40-80 litres e. g.
addpéedl tb be edlatividhe smp}b dorabfesy IﬁasdﬁseT}fplcsdIy welndrotie negtor diameter is

ol G P TSy S
betwbd F§HO nﬁ’i’eﬁ] e 9} F@%Feraﬁff BLie/caRh ¥-25NRreaRRADATHSs. The

conpri ses at referably at |east 500, nost
volfhepf ¢ticse aldmybeas whléhspropommahpéhe ¢ross-sagtienal pega afwhe reactor
uared of the transverse cross section of the '
(lerglée’cefeéﬁq% . So as to allow the injection tubes to

p r ? e4lly Whéh ﬁl@%é&%%’e\lﬁ&eﬂ 8806 xi® italoletha BBHRsecddd chamber

nj éction tubes where they project into the
is lrsoai@ubdtweersw -89 litrbm prefereblyritetw gea) 30- iOditetsend ofore peeferably

be&ggéj#g_tgaa\%gg]ggﬁg?gsext ernal di anet er i s not critical

t 25 usual ly the injection tubes

haTﬁe ﬁﬁba@%ﬁ@éﬂﬁé fidkit B BIM Rk uﬁﬁllzﬁﬁﬁhpﬁs&; eIn%anlQﬂiﬂber of
Omm The injection tubes have a | engt

inj samfomtu;be@ and pondwits esagh itie@ioghulcigoreteginto @ ﬁ@tﬁ%@pmémg e.

coqcﬁlgt g{ean%,rgl?lgrﬁea%ﬁe rarr hsacgatn%pg%e{gpgeasﬁo ﬁgfefgx?xg ;It 1%%?%00 §n05t

pref@abIQk thastt 1080 ifjeétin toBgRYMmetreagiasd oLhs tﬁiiwersiemoss section
t ubes through a suitable opening, preferably a nozzle,

of %@ reavtionsdrsh has a diameter less than the external

dl g ﬁgh%lpo%ﬂhe J t{lbgﬂo%y(gg%t 1%%%665%%%6‘&% ?ﬂ‘al%lzﬁneter

vveen noz

of tﬂaeﬁy ectiTEBBE whaae ﬂfe?rpil@ﬁe&t ih@shacslidaimeisesd tﬁ&stlfehﬂﬁrﬂah e
i nternal di aneter the i nJl ecti on_tube . other than at

diameger b ha eondwish dde sxesy exicry] diapetar is paticticaliia theja¥endiog, but
wsloty e BUEHPBp B e Al dpiel (e 2 0 0 0mm,
e. gV\M‘OHﬁhl tTHerijéctbmEbedleaverad sisytl sufficient hatadtthrough ilessecond
chamber (i.e. typically greater than 170 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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woul d be obtained if the internal dianeter of the

injection tube was this size for a significant |ength
w@bootldi2enj ecti on tube. Usual ly the conduits hBWEGBR004/000488

internal dianmeter of between 1 to 10mm preferably 5

between 2 to 8mme.g. 7nmand a | ength of between 50
ratesdraa0 atvinjeqiioartubeshithpwirRuding thppressuspdiom chagctepsiggsihat
The ¢ 4 r iqn. a. ricala:. o
o e AT PR AUARES AR BHITEAE' (Rl go tora

sighiBiohn gl bOMe ifjb&tidnaub@ of the inner diameter of the
conduits to the dianeter of the opening, e.g.  nozzle, .-
of Ustedlyithy eendusm hayapasinfesnal diamgienptbgtyesa Lrtqdgams, Pfeft%&?‘bly
10: 1 e vl ; :
becfRet 2, Sapt SR Rfiaotd b SPpfBROF S 1 sOG, grefcfA] Betveen
100 tr 300gtm tlge2 Maninf ditd cohduitsheayskbeanahgsd pph yymmeatsal each
i njection tube maybe provi ded W h an outer tube,
confiepatenisHel NIRRT Y SIAHA CEHISHIHRD- an i nner t ube
W L Pﬁti%%f ‘{jheiol%&r dl&#@é} of thB oMl %o tHeUREmBELYS HESpening, e.g.
thermal insulation fromthe second gaseous reactant
noxfie of theiigjetsoratubes iSuidalfly ar thatrartge?petoakut ot examitléyan the
first gaseous reactant (which passes along the inside
range 3:k Qe l-nner tube). In a further preferred
e”%?e'ré‘%@ti e Stitint B Lot thO st 8ply MeHsSex@r@ Bfc%@h the manifold of
provi de Igetween the outer surface of the injection
thet seb@sl sapplytrheans yeaeh irgestioadeberhay hepryittdiwith ameutegtube,

arc{s}ggl thxei i?xlr%:gt?%{bo § i%{vﬁfc&f%%@ﬁbﬁyﬁtﬂiw}v%ﬁ%%{f cgi;tft:r:{ﬁge . The outer
tutffe%gﬂhéssthéljma? ins@la@®8 fiotn {HRQeSRAPASLAB acAhtvhed HRSR at 2

I'ow restrictors may be |ocated on the injection
diffartretserapatitore than tHeefirsbgasenusgeactand (Winigh passes aliong the inside of

resi stance, they assist in obtaining even flow rates

thegpnerbedecond gaseous reactant into each conduit . :

Thes g AlRWpref&sid diblimemh Stitableov RERIcests bRIMicprby e
the exits of the first injection tubes such that the

betreden thiet quiafsutfhes efabo inicgiwsdehes apd derianer suppeecof the songduits, at

maxi mum vel ocity in.the 25 [ e SS|
o AT Wk PR SRR YRS B84 e e end
of tHe" @EUTIRAL.¢. JIEEITHHD seobRNmAnifld). Whede fldve rdstricabdrs greemiscated
reactant. Preferably the pressure drop _of the flow

onghsijestjon hibseander o1 theicopduitssansk by prAVIARS Brstrépncgsthepassist in

" pressure drop, of e fi I 1 heo
oo SR80, L9 BBl B s bhf b PSR RSB oA e o
redtiit6G&tshild bk lR@sed(emok 86m thdaditsaf thelfirst iafiction tubes such that

respectively). This ensures that the proportions of
the yedog@ty afdbesespnd gasqpes jeaganthwhich has o BRXIBHE VielasHy i the

si.mlar when I ; [ '

oL Ryt oy

maﬁ@ﬁlhﬂ‘iﬁ Mhyh eligsd withehd Bisegsams reactdnte Prefazilyahepasetedsp of
and the flow restrictors_for. the second gasequs

the Baw paringsMew 1eSHELSHIGR of HiRHIT PRiET SURE BHATEE OB Withe fist

gadious QR ol KL NS TesDF ofiRr FREfLAS BE®nPof the injection
tubes (such as 1 bar and 0.5 bar respectively). This ensures that the proportions 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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WD 2004/ 074222 PCT/ GB2004/ 000488 Typically, between
5-40mm preferably between 10-30mm and nost

wee@heraekt y bet ween 15-25mm e. g. 20nm of t he | BOYGB2@#/000488
the injection tube projects axially into the condui t.

VWherein the appar at us of thghél rst enbodi é
cokpriFalys befwiepn 31408uB IRTPONRC YRR 16 39mnstan 8815t Pigferably

betfAHF dg.vﬁmslg_ﬁ t.g.eszgﬁxl%{ o?'El%"lbﬂ%H oPYheGRALASH § buBe P%és&mlmy into the

er nal urface area o
cordlownst ream end of the conduits. Typically, 10-20% of

t he _external surf rea of.the conduit be.
coMhEsR feiPpias @ i 5 %}H‘Pq%ﬁnant qompalsg%%gﬁ% cooling zone the
first %’c@ Bt is ﬁﬁreife%l gﬁ%ﬁﬁﬁ b:xgnlﬁt'a%:ﬂé a C(;(ﬁlglg é]uld with the external

con t|ng X1 ng rrange rovi first
surfaep ptep olfﬂm"tk)mﬁ'pxm shdgf tie copdists. Tpgcdlly, $0- 2|OI% ef the @xternal

0 su pI first gaseou tant. to_ at |east one
Sm?l 4CF §¥ear?é 3ulémy epﬁ’PH%‘ieﬁtVV%otf‘e Foolng fihHi5 ection
t URESsR¥hd erﬂsoﬁﬁieﬁt i thé bre@ﬁﬁ lifRhdod, Yhe Q&Jtéc\ﬁ%@fn&fngt he

first gaseous reactant, second suppl y neans
arrangeprentis poovaded e firsd Bnqa;épmatds qommtsnfgmt leappieyfingginiet for

s &SRO FPGRal POy oR S Na L e R peleer et

1m@c¥i'oh'tﬁ’&s SRiH g ILAINE MRNTNO kS d(eﬁ{}erg Qi ﬂ'}éq(r)!t Pilsedl’Geactant, and a
second gaseous react ant, wherein 15 each i nj ection

secbnﬂ) supipdis mamsesontprisingt at deasiohersepatdaniet Gmstipelymgr feodmil

d which has, a. cross-secti
easpRes e hACe Bt o5t A ad R P e RNl A serinfstian
tubleOERGhE 941d 4tRAE ndErold o Belivet L6 NhY 86toRa FhicdE adacRRt, Whkrein
interm xed, as used herein, is neant that the exi ts of

eachhiajeptior wbe hys aof exif at dhe endrfjeé@tq foom theywenideld ani syheehsteag a

st .the .ex 2the pl ur ond t|o

o RaER b REE oF ToRE e e et ekl e oS TR e Wi QBeona

mjédﬂ%mu&@armraﬁ ihflefriixed BbERdur@bnt ubes than second ~
JBgCtI on tubes, the exits of the second |n{3§ct| on

dntgithixed s ypeshareiadis amsntibat the geitsesd the phywality of first

nject.ion t I
R PP A AL KBS EH g e
an&UEVict héba. ek Beeenthlé,Ryleed there drelhoravfitst nij@ottbntthlﬁas than

exit of at |least one first i.njection tube as it

seqead tiestiondphynpiba exitoof thepecapel yieqtiqa tebesallhe 41%99@@ amongst
the eQ(QtQ %f Ih'erffrgt 1%%%&?&8&% he 8}%}'1 %Hﬁgﬁlghgn kR eﬂ%rfor the

use O sal I nterm xe

. sedoblb ﬁ‘éed@fo@\tum Svillaeisdchrihdi ¢xgh aéconlénjectivn tabs will hawd the exit of

tubes. For optinmal delivery of the first and second
at lgag epeErst énedtigniabe as isnearcanedghiqEe  zone, the exits

fr t j
snSUHIE, theHp G ds bl R (85 e AL RAPABL R Total per
squzedfriegelr Eite 1 of Jdié nambesofafitetrhixed tubes pravides ramd miningst the

may be arranged in a symetrical configuration, such
Ouﬂ%tSPg aéf?f‘%bp%mgul ar, square, rectangular or hexagonal

COoRp4 &Hﬁﬁﬁl'd@ﬂvery 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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and/or the exits of the second injection tubes may be
arranged in a symmetrical 6 WO 2004/ 074222
weFONALBROD4/ 000488 configuration, such as i n BCT/GB2004/000488
triangul ar, square, rectangular or hexagonal
configuration, In this second enbodi nent, the exits
condgyratienofigh asiin isieagelan sauare Testagila o hiptagonalgemfigaration.

try | JF=Y .
o i 5l LAY B en AL B LA e it Htion,

suchap trdhngalat, rectanguidar squbird, ibegona, DabagRls edalandircbat. he
cross-sectional opening of the exits of the tubes is
detiang of thegasss hepomgs HPEFTaPIdLY thgsyurher of tibes isi@ersatpd and
Jol t el j h injection
e T e R e 2 por el e M F ol d
whThis inagprefencd sgpectsefche savahd apbodingnodf the pras@ntanvention,

ess. . Mor referably the exits. have a crqQss-secti onal
eacgﬁ@ﬁw@l be bassan gyt 45 fh %@gﬁmgﬁéﬁoraéhqyﬁiwﬁéa Sfhighpas a cross-

. Lt v ) h y
seo B e B S % G Lok, ey A B A P RPRa 0
opdning efe2 nealodrdess, sney av Arlynhorslesse Switeblys Hiapexitsutave aceoss-
Ereferablgégg gamg. Simlarly, the exits for the :
seclaRa) QRcYaE ebY YO BEL CEMOfray be different to, or may
beThexiBABEhE i%iBctMtuBOABE oRSreh&i8nt&itdyf Parl H sibH&nd dHaPE but
gaseous reactant. Most preferably, the eXits are
arePrefhmphothe saot Similsdysithe exitsuonthe sedand gaseoue seactant nb% be -

SR GRS B LN O AT R ST TR

eONRIst MRy, Qhe EdifsSdre DAMAP&E SMhsi sBneClrb @Ry, WHRES by
delivery of said first gnd second gaseous reactants .
sectiesgl @pening bfbetajeered fdminy eing 0.45henT. el ative nunber of

g FE e ol 3o hor RO B REBEL P
and $¥c66d infurtibal BRes & deBverd @ baia Tirst@hd 8esoRd §asRay Seactants

reactant may be in proportion to the relative anount
respctivelye hltgme vy, thetdatawmumbepel igigctior fubgs fonslgivery of each

gastg gll?st rire g%?ﬁtitnganyts%heie& ffgl%kwgpeﬁ(tal%@}fg Etﬁg?rgf;aﬁ\ef?( g%%f) %i?oeftslwig 2tidtPlubes

inventi o

for\d@liPery lolf @5chQfasddue rédctant map Be 5 pOPOHiodas Guslati®a aindthtsof
exiting the respective injection tubes rm% be, and
eachrgapeoua itagtankiode deliversd dRpweyes tharelatiomship betwrenibengnbers

of fglé%% 1% é%l!‘&—iéc'a% tﬁ@&n%mfié}g aati?,“fgr 8Iag%p? f tﬁé \5%602 a{kdofgtﬁe ?II‘S'C and

gaseous reactan I"ows eren 10S O
seceAd gadebtisicactmts sriciag theyas@otise injeetion arbkes niag begand preferably
achieved utilizing a fiég& nunber of |njection tubes
Srdafigri

aref giffegeaéHn padict it the ugsy H18A10% Friesior e afdhe tash prd
secORd gasg:{)&sf 1?\5@:9111&( all&Fs Bi?ﬁﬁﬁ@%iowof thill B8 %{Bd BRbRE %l‘l?erous

mass, exits one set of the injecgtion tubes wth a
reabiagiies by etieiedytilibmg atfiveedabder of mpctiamtubex fdreatheeactant.

other injection tubes. For ex lF’ t he size,ﬂqd

nubtsdsrably, eneeot the reactants, more preferably the reactant with lowest
molecular mass, exits one set of the injection tubes with a higher velocify than the other
reactant exits 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 having exited the injection
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30 injection tubes for one reactant may be such that

the ratio of the exit velocities is at least 10:1 for
wezaapre2t he exit velocity of one reactant i s BCT/GBa®W/000488

100 mM's while the nunber and size of the injection

tubes for the other reactant may be such that the exit
tubgsan®hq §f the ordes 853 fH&N 10 m's. The mean vel ocity of

o058 D35 slonR Bt et @Pes Rrdallsrfd lhufylbor firs
andaeeid infectBorMubes & ulnttaremrafshe sacyewe atosopation @f dfe rehaion
exit tubes decreases, %étﬂe number _of. first and

zong 6 HIGapg- ddup.dhe mm&tusp fiFFONS PRROGIMen may caRPYiaT afdeast
100 e B O 8 LB 38 40O R b EMISl of frst and
secGiMidcaon aibeh)qma squard 08RO 0f thiedransveasguressaectiaadsithe reaction
1000000, such as 4000000 injection tubes (total of
Zonfai rst and second injection tubes) per square netre of
?J&Sfﬁ@r SE BeSvesR 6hé OAt d ﬁ%af&@ﬁélgﬁbur AN 8lso
I stance between one exit and its
decr@ae esthe mmsghb@mnampehlngloef d:he ajcefcmbmlscmsetsm;d the number of

e oSSR PR S 2L R BT

near & {18 fi6hr i %sec&ﬁ@exﬂbﬁlﬁeﬁﬁn?ﬁB%@@m@ﬂ QO@O(hﬁcr@Héj shdtSas
near e t nei our 1n this second enbodi nent magT
lesd thas 10®m1ml<26mﬂah weforadly imubhraage 10@45540aierapodhe distance

m crons .and. er abl e _ran e 100 500
betifph BHBNOTRE At SR lertly DESFAET GHBGAP 1D e bepgelves
sucﬁra§ fu?fh@ BhYeeatord | 'oHé hﬁf tFtB b hxiAuiBmeNdiéP across the opening
hensel ves, such as in the range fromone half to
oftlhwem t he maxi mum di mensi on across_ the .opening 15 of

exit si.ng _the intern rran gRnk o
N N ey
relaqt%U sl &xit118SacBG R etth Mige §e@0ﬁd1@ms@ﬁﬂiéﬂt (ﬁﬂ’tb@ﬁteﬁﬁﬁl tim@htion,
the "present invention, for delivery of the first. and

forslshmml off Sedinsandeaeandraagequs sgpstanissefRectivelpi rapdiwiing ffthe

d
i sdeob b SRR AR TS e B gt
arrhfRndeht &1t tha figkt 38€ S6vdnd ijjestioh auibes Wi tsexis twitheaxéross-wictibna

cross-secti,onal opening of 0.5mm?2 or |ess, adequat e
opemnxg w@O Py’ 98 lm,mdew WiKIBE Hiay paackicwsd ipadistaneg Pl leghihan
e exit
R B s
withGBErdsidtancé B@{etm RB6R spasandkewe, withinhi shoa petiod bf time.
period of time. The apparatus of ahhe second engodl mal
us The Wp?’é@%@f @é§e@néﬁ6@9é¥n€%8w Y comgrisgsfgeroduct cooling
! &
S e
upd®egtingtrfedddiohyond.n the second enbodi ment of the

invention, the first manifold
Preferably, in the second embo&ment of the invention, the first manifold

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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conprises a first chanber and the second manifold
conprises a second chanber, with the respective first

wa@pa4®Breond gaseous conponents exiting theref rper/aBe004/000488
into a 30 plurality of first and second injection

xRt TR RgogrmE i 1 WhePe MRy TSR L. and
Ru%% [ed, @SFﬁé\ﬁgggﬁb\eﬁﬁﬁ Gcﬁlf&eﬁ’deﬁ ()H Ml@fbchm%eﬂldmflﬁﬁ&lannels

f (sl on | ocks forned by diffusion bonding of
Rotleeper,INBf Aptic2003. netal structures are known for heat

2000 D% 2351 Twtiay BersBEUa0ASS s LIARIRE APl At

f Msed RN e fOeHEE é‘&mectwgech@ figdt @ndvBechd @ambers F4Bectively to a
© %AS geangp RJﬁbo ld, S.O; First International B Y

plucdity ef Erst esd savo exitss thereniss beingin M it maraskdonfiguration, as

req Rt ot ot bipRe niRetipn ERRCO e Sesnpd cRbelindsh ok At syesent

inRhtsal ity 5 of passageways to be fornmed connecting
the first and second chanbers respectively to a

pl dwsatith the Girstfembodinent, thevelnmedk thestirst and ssgondsclisaibety are not

d f
e A T, e R 88 e
se@hnd eRBoBIMRHE Ble adaptée IS bedRlatiAslyWintalll fohafétiyrédsons.

enbodi nent, the volunme of the first and second
chavfise mixiag @ccm'dmg totheppesesurf the presentdayentippg ither by the

ap eﬁgt{}%éf ?xl - st Eeco ec%ﬁ)ga{mr%lgg)r o'tlfef‘\;vlas?gﬂ% eto(f'@r andbsecond

gafedhigfdavahty aﬁs’lainkacisarwﬁ}aé ﬁds}StefneaS@ﬁSposﬁf(ﬁledi downstregm of first
according to the process of the present invention,

angpecand sunply Aeansappar at us of the first or second
e TR0 L 8 Mce Obn i BRI SPhe e lff@dthfthgg drofilidsREGENShne
gaseous reactants‘are contacte esi stance zone
enfl@68 dispfcion dptive Stui@rattadts bs they pakGhamgh second. Bhepfibigs move

means. The resi stance z ne i'S.poro Th ernmeabi | it
thrgpgh hBetyorsoEchoaas!s fals 15’%@?%@?%@@@ sing; B, egperd]

di %}?0 ddflﬂo@v 5%8 @a@laﬁﬁatﬁroﬁlgﬁﬂl&@ﬁﬁ L RUEN b Fea%@ﬁf% resift8nce
nove roug a wor K channé I's terally
zoASsubetahtisiby mfcmirﬂydiémﬂohmﬂloyerbhb nopss-kectipaaleared of the resistance
direction of flow of the reactants through the
Z0R@si st ance zone), and | eave the resistance 20 zone

su l?’?ét@ﬁbig?iﬂe%e%iﬁhﬁ&r Z0hY isHs Pefrh Qi tePMBS astiPR axially. More

cross-sectional area of the resistance”™ zone.

préfembbrthblosistanoe zowshas ppeoeeabdiiy Whictais splstargiably éhe same in any

| at [ jtoi i,ally. M. f.er.abl
ST ETC N RN AR LR ——

peRHEBHAD i e})ré(th&hcﬁre%ﬂ&? in any di rection, such as

aving a perneability in any direction V\,hl ch is from

0. Méthods dré keswi f deRBmijnsngriba peinidapility ofpgroos media. The
prgsisﬁr% Cgtreildqgrit 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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Met hods are known for determ ning the pernmeability of
porous nedia. The pressure gradient or pressure drop

wp@eso4ami2e2 | engt h through the resi stance zone negI/G82004/000488
defined using the inertial resistance coefficient

wh h di h d f th
2000 PG yiong By avagseet Berere Sl Safu fe. Bt ' 1"
prﬁ&%ﬁ? nc}gk%é\g Y28 BeFodBedb@SSHESs thetal@hictiB e 'b%féiﬁblly the

of the u ensity and the square of the superficia
porviesl matetial is andn hesal erg. & sewmipmetssiat. eSuifible ¢enamicinagterials

resi stance coefficien s units of reciprocal .. . .
inclode, e FHEAGS SUSHE B0 hal A (TS B bitissd zirconia

iner \ . _
ot b e, ESES, A0 Rl kot A REEAPRoN Ehnateria
is ghimafedlabing. bet ween 9 WO 2004/ 074222 PCT/ GB2004/ 000488

2000- 4000 / m and advant ageously bet n 250Q0- 3500

o e iate ohhetresRae: &0 hEEn S hdl o g oI
eml?oQ{i&Eﬁ‘t %ﬁﬂtﬂ@é exit &HfE Hfb%f iPUE sR0RH ShBBHYNnP R profRFAFless than

naterral is a non netal e.g. a ceramc material.
20 i, tnadrk @refenblyi betweenedr dral 1§ ming olouelprefdrstily batveden rti nangnd mm,

silicate (LAS), alum na (a-A1203), yttria stabilised
ﬂwﬁﬁﬁgéﬁpa, 5 alunmina titanate, niascon, and cal cium

21 \3RRD HRROSAORLEne ChulfrRESH Sithapen eialyIBkiefdradly teporous.

ganma al um na. The di st'ance of 'the resi'stance zone
mafetiehinttheresistimcofortereacontiaistme anthelperdusmeateria msetiasthat

cat G rsuPB 5 b 9% HEHET SR it OnaF SPBTy O Mea
sha@ﬁég%lj%gdﬂgb r{ﬁ%fﬁse TRE S LEBP L ¥nRIYERAprise stPPorred@htalyst én the

erein the reaction zone conprises a
forsiugfpanomditic proaidisg a peminapabimpltichanysbstoipsuremat eri al i n
the resistance, zone be the sa as. t 0
ad e PaPoCe A e ety ol ApRae ey AR 0%
prefBhifly laflcadi®OPehd divhikagdRER @leastidies 68the PohBrhage aputearidth
shapes or ‘ceram c foans. The reaction zone nay

of lesmthiei § &mam sigppoiatip hetseeen Oyls3. Omm, preferpBlyf katyypdsr 0.4-2.0mm and
npnol.i th provi dj conti nuous nul ti channel
n“@??ﬁ%?%ﬂ%ﬁ“ﬁ@?“pﬁnggyﬁus material in the resistance ,
Z O QpicANVAB t&eea1¢s lz¥n@has Rasden 10%0 partsepearsglry imdh, preferably
| eaSt 80% and advant ageously at | east 90% of the pores
bethzor 28-50 poeeswietisqnareinch ardmpptpeisrabhpbewgen i tappips per
bet ween 0:1-3.0mm preferably between 0.2-2. 0mm and

SAYEEYBr ef erabl y between 0.5-1.5nm 20 Typically the

r esisaiIRNGe dgnnef rselahieennd &by ear 2$0(am ag ispreferably 10-
inch, preferably between 20-50 pores per square inch
50mnd nost preferably between 30-45 pores per square

| neRy o t hb2ORE B pieferably 20-
RS 3R by g ghavesus sty
100mm e.g. 60mm. Preferably the reaction zone comprises a catalyst.
(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.

10



10

15

20

25

30

50mm 25 Usually the reaction zone has a depth of

bet ween 10-200mm but is preferably 20- 100nm e. g.
w@mi7R2eef erably the reacti on zone conpri ses BCT/GB2004/000488

catal yst. (The depth of the resistance zone and the -

reaction zone are neasure? inth dLnection(fg f|0¥l.
Althoiagh hevideraganf supagi s1atgrialyuRs avaifabls, jids preferigd g ise alumina

depths  a b ih Q¥ foRhrphdibie ofiRAGEAAG!
ast é%@ggisﬁﬁ%gﬁyﬁﬂgg%§¥%P%pﬁgéhthe conta%trtlﬁe, gﬁdhags
shaps oo c&@med foams diPreferablynthersepisurt sc endlitie wiicheig icontigfous
gas flow, are, for nost practical

mulfiplpapelrgEpic rugtarss freaucafly O 3 DRTXCBb) PR RS APE

| S | O ' - $ta dlSmmaS dRRRHL is Joaded
suppgiy AT STy ADG ORISR Bl difip o AMRROARTL s ace
witlPh afiktareofplatpail adi paitadinm by ednventienal methods welldngn to those

2004/ 074222 PCT/ GB2004/ 00048 th i

Sl 1 dppat.( bl compOBA panrn b Her o 1 0L P RRE S
i t rert ,

N L R i e

copp&f itk f oans. Preferably, the support is a nonolith
whi ch is a_contjnuous

_ ltich | . i t.ruct

AR e A M A S B L A
ot . } ; .

co AR G, SR M BB oA Up b i et

andth@hblaEiaay shape bbmdion thebatad yst wedthicdiokder isefillestiwithve shitable

known to those skilled in the art.  The resultin
scabingrpstarial. iS5 SouegmmATRAL WG MasgpReBREHL WoSE o2

cat t e dRadehesh@lyshi the holder. In
Cer%rbnpcgl(’ﬁ%{(?’. W%?Fg%ﬁéeﬁlé@ﬁ%?t@gdi ncI(%ge copperytsan_d ? [ cr)1. . )
addiionTihe ce@lyat may be soatediaolind theledge withlaguaetial sitpdar to the main

reactor in a suitable_hol der, $ ¢ch as a catalyst
Cat@id@l@é‘?P“PP’é@é‘ﬁbBP% asgaluging, fo g‘éssseﬁ&%assi ng-t he

ca bt tcoolditzdnB @ofabtEein ofthy reacti

spggéx é?%giﬁ@fﬁgh a?ﬁf@?t ango?ﬁgzﬁblger I's fiolleéeacwn

zo, biithahsttihé glsbeus medidtmepnrhstcopleduposgritiapithe wagionygne. The

mat eri al s i nclude man. e mneral - . '
Profah Coohs EPHECERY WP KRN oA BURR'S oot e FRREt e
of ir}rliéc%g Stcohdbnthie ito kilesrodidd sikEan@egitihi €1t ref@iopaont.y st

ybe“coated around the edge with a material sim Idar. .
t 0 Pheferabiyrihe fisst ahd sacondpaoifeldpthe piegtion dgkes, the conduits af

p@%ﬁ&ﬁ@@%&ﬁ%ﬂ@%&ég@%ﬁ%'r%iaﬂg%%dl@l 6%{%@?1? g%ﬁrfé]sag telgaglic e.g. steel.

Wﬁ&é‘?ﬁi‘ Y ye&PRempiel ab Bhsdobereananit magbediscéssaryaon nake or
C0O0 eg ug%n exi ting the reaction zone. The pr

oduct, .
costaotrierng all ofienyparbef the eppateiss Hipt BY¥ contasidhe Owge@gfqnefwﬂh an
nozzl es. that are .capabl e . ki ' deraahen

B e R O A e

terﬁ%&gﬁf@@ tHe bidehiid Bigh andoseronglzemmisiaf higHveloctte. Suitable alloys
I'nj ection tubes, the conduits (if

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
shaﬁe 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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- pataile] e apd BgGE,

present), the housing for the resistance zone and the
reaction- zone are netallic e.g. steel. \Were pure
wo@z00gem2es enpl oyed as a gaseous reactant it negI/G82004/000488
necessary to nmake or coat sone or all of any part of
the apparatus that may contact the oxygen fromw th an
on tB&amiaratys iniratdiatelyi datvenstrearo tof 81 rmthnczfoyg&henm\éénemﬁ can

occg]q\%l?q;gx @thvrébgrsam : %glﬁ%?ylglié/r{lﬂ%&g{(ey 812 er. ng@rlﬁér%%s% ogfdecrease
occ h&iﬁb t¥a @&‘é‘c{l@q})@eﬁkﬂp%’%t stbﬂ@lbuﬂ%hmn Iihemdsr atudhcg of

ownstrea tthe reaction zone, where the tenperature
the oflltdfihe ppamtstheats oo rpels capidichut e Merrﬁugﬁace hesés or cools more

stowly papvidine sUptscnes fosRENRE i ERR il Qb Tof6himpte, 1
copb it tlh?}ﬁreséﬂ?@ AR &tialBatwieen ﬁ@ﬁﬁﬁde b (B8 a@lﬁldley)f diee or

nore of “the foll ow ng techni ques; static casting

appamlna;i) i Thealse ohis ’s]eﬁ‘ge of thmrgaﬁqga ik, TH#eP @f}ﬁjSlMaapﬁ&nal to

e, GRS RE T SOPRULEE B R e o

terdp %%Q%e@l@ﬁ%ﬁact@ﬂleﬁﬂ%r apgadeadfulse walleaidaeatereduces the
&bmnstrean1of the reaction zone. Thermal stresses can

theood siressher e relatively rapid changes in tenperature,

er a rapid,increa
o i g s LR eERESy o liSEA RAREHaIPGRHLC HaRs BT
feclIDQ!. PRfEfBEahOfirst gii@om@idactaﬁt it e oammrcmnmmmg géssangrthe

cool s rapidly, but the outer su g%ace heats or cools
second @250k Tedtnts @ EREPRYPARHBNGHEPGEROY he wal | (the

W-altl‘he ?‘%Iéé}g rlrrév%lg %Xlg«!) ¥¥otvli‘de§ K pr{>c9—:rss for Bdudt®n FQRBono-olefin

erential between the inside of
ut1ﬁ‘iiﬂg tHep ?M’éﬁis@@ev@(ﬁusl}}'l&scﬂmhr atus). The use of a

sl eeve of thin materi al i ch a{ a siml
maibrs, afilizigs therppays Qffthg Hest 9}33#5%% edgve&“’toﬂé’nr%?es a
pro(cg?%gf\ér thte %(ﬂl% ib06e @?ﬁ Ab Yt sra‘ﬁfibi%@&stcbﬁlpﬁﬁhg of

an e I npacts the inner surface of
t hadsttlglan oixlygemﬁmtz&nmgcgas eso t fiest ma@nﬁoh?earnﬁam estingthe oxygen-

The appar at us, i s, advant ageoysl rtiall
CORRINEIEZ RS Y 18mRIBEANLY O @g&gg }Flﬂl%gg’ﬁ‘ﬁ%w %ﬁ%"? “‘thst d
gag) gfggéggo%s Qfafﬁlﬁc@ dl%ﬁ(rﬂgﬂ vioNdeRbit MEnigald iRodhd plarality of

Seols reactant is a gaseous paraffinic
cohiitsaatafdin the ghlseoup lpefaéfilmc hyrdeonanbon issdosiactpddn ag essegtially

process for_the prod on o nono-ol efin 15
#ﬁ§“§g%bF%g§P§@&@§crlbed _ Thus,

uti Iaés?@;@ glé‘&oﬁ?ﬁ@&%telﬁ aQbadtibg zbhd b ag@ysEaRire®Ethncetdoge, and

i nven rovides a process for the productlon of a
momartiallgfcbmbesting ip theowsseionaepe the sIgeqyE SRk ge. axcissep e the

ST SRR e 3 A i e
lichit BEfarhaBitidy, b Hroahibd the Bloreosieti.t S,

Utilizing the apparatus of the second embodiment, the invention provides a

process for the prodﬁction 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
hydrocarbon 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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20 passing gaseous paraffinic hydrocarbon via a second
mani fold into the plurality of conduits wherein the
w@ameou2par af fi ni ¢ hydrocarbon is contacted i PCHGB2004/000488
essentially parallel manner and m xed with the
oxygen-contai ni ng gas, passing.the gaseous mxture to
whereindhe exitsrfran the fuisbang sgepnsiigicFRAR Bibshetws codpeatedyingn
. eE[?_llrti al IH combusting in the reaction zone the gaseous
integnxed cnAgFai M api y in the 25 presence of a catal yst
Whidg$ing SheGaRGRk Enifurstonpeadtiongzone vhisprons lesistande 2die, and
fuel rrch "limt of flammbility, to produce the .
mopestiallyegombusiieg ini the FGCHORZQISIAT BRGRUONIHE, etsly in the
enbodj ment,, the inv ' j : :
pregRgatEe rom e ol P AIEPs LGRS oRuRiAEEa R A hbfich
JimPF FiaRn B9y gesuee tHeahonarglefias from at | east one
first inllet via at_|least one first }:}31 mani fold to a. ;
pl Re&iriedypresfesser fasthe AjaduetiQhoha HERo-gisinRdize Appagatus with the
as nefr,
pref R APl By RO R L R B TP Papparatus
for Rlpdb ks ttylizhg e appataiun jpetieiseconddpgmdimérs iesuchebattach
_injection tube has an_exit at t@? end gie .Eﬁkfron1the
injepsifn fetediag A ek RCIRe FRd rexnqty fom the gpangy ngg Ph Cops
i i 8nal
sec B P S g R e gt n
opéritest (B2 enmr’corl lessasued a 0. lamm” omless: ni xed confi gurati on,
passi.ng the gaseous m xture to a.reaction.zone.via a..
PRl PrasersPRETodiEOn 28 maggrale iy from aefdhsi s igising o
ga‘s{eE@s ﬁa‘é@ﬁiﬂc FAB I e JRARERNR htdctiben nifye8EBDIbY etiane,

presence of a catalyst which is capabl e of

propappor hutag. dieipastfinio hydsosadon neyfheeiubstamsallylpurg er ey be in

flammabi lity, to produce,the no-olefin..Preferre
BB REEPBHGRA PRIPBR SO AEDEEY [ EPPlze
meg‘(pa‘ﬁ@ rl’ﬁgH%en‘M: Bott BenoRiief @fdcadiibaas, wtam @shyafspéeh OuSparaffinic
“descti bed. "Thus, for exanple, the preferred apparatus
hydocaraoprontenmgfridion sweh asimaphibpagastoils vasiumhgas 9ele ogixtures

e T S S

hy&fo€abons ?ﬁhéiﬁﬂﬁl cARRin}PetPine)r3 iR g Gfont B®Sepdvbticen of methane
preferably the ‘exits have a cross-sectional opening
fronf n@iu2! ga Aopreffersss), feedstdrkds a paraghiic Bydipeargon pringipally

racess for the producti f -
coBpB e RSP S B RS e BRG] iR LoOMheas
mdhedsiegar bon, the paraffinic hydrocarbon may suitably

e ethane, 15 propane or butane, The paraffinic .
hy d¥stbephygenrreytaening gastthereinaay Spitably degisedgifhes gxygen or air. It

. adm i th he . . ;
- BETRF Bhepl EFRLROE 308, SR Bl ol

car

THERRRX biBe pRRORPPardlifinid Welrociks@mahie byydengentaindng gas mixture is
~paraffinic
usgally from 5 to 20 times the stoichiometric ratio of hydrocarbon to oxygen-containing

- gas for complete combustion to carbon dioxide and water. The preferred composition is

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
particularly 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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hydr ocar bon-cont ai ni ng fracti on such as naphtha, gas

oil, vacuumgas oil, or mxtures thereof, nay be
weepphoyee A suitable feedstock is a m xture oPCEGB2®YH00488

paraffinic 20 hydrocarbons, principally conprising

et hane, resulting fromthe separgtion of nethane from

naf e eiyggm sontainingegas impayderfad a&%@ﬁnﬁ tempergpr et i ysually

e { Sina. et . o

e a0 10 1P et ol BATRS 008: FTRG lkh Fiaining s

is ithjB&ed HRE BreQloRfihifs orffork iR Xy @€ freqhithRiy i fMgcGiash fubey & a
may suitably be used either oxygen or air. It 25 s

velprigfte prevgnt the possitikipoedis, flape stabilizing oaitheeds afitheinigetion

i nert . for.example nifr R o T-S -1 :
et sS85 L ) TR BB e Bl b Ll e
ma? NGB GRALRI (Y8 1§ aferdik&ihdlegitivelocits Tak kyit WeloBitpis typidlly
i mes the stoichionmetric ratio of hydrocarbon to
greatey then 30mvis, prafenably greaterftban Qs Eideidyanperauskygreager than
7mgprbon di oxi de and water. The preferred conposition is
Pom 5 to 10 tinmes the stoichionetric ratio of

hyghO AR b AHRMBRIF Bt Hivally Pecheatdd toMl OhugD Che
apparatus can be used at any pressure e.g. between

preferdiflPhi&0-¢SDIC . 3Rt andylassetlyntaskd edndaits ef Eomtthelplurality of
pressure. The pressure. at the first.and second inlets
secpad i<t e G R IS B AR TR (P OEeD STimine 8o
ROUE! of exPiet lity of second
injE0h GBR6 @44 OE0BBtypitally greptpe thapdm/ai mitfetpbiasrentey Benflégs,

t anbient tenperature, but is usually preheated to 50
anqa%dvfs%?m}ﬁ}y&fg%%ﬁ%?né B20C e. g. 100C. The oxygen

COfY @ HrAEnddimért, thBlQetiefof tht 0xyita Gandhg Sadéxifif©fie

the exits of the p’l urality of injection tubes at a .
injewionditieg and therelenity af e grsewisipataffigic dydwpcptbgppassing into the

stabili.zi on the.exits 0 he inji i Wbe
conk oreFh iR s LI IR bt kG A ibag L AR mos
préf&mptlémhaﬂ $1¢, JuBh 86 4i10Mhik WiakSensiRY rgfidniiing. sui tabl e

nozzlfe to increase the exit velocity The exit velocity

i sIn theiseedndyemipdinaensr the Fatle Gdky welogiperfehapryeeg canipltng gas

than 5 S nd. advan A
ok OB e B Y AL BRSRSI B gk AR O rocaron
exi@i'hg heade6nd BjctBn tibed QACdepkad phehereddtivy rdtid3-cF nlfibersgf first
300C and passed into the conduits or fromthe

ang begond irggction tulspscibni relpfivecizes and theedesiprborigsn te prgfiinic
Lntimately mxed. w . O WAl e ‘

g RetrBR s, DRl b S A RN Y leP PR FPand

m(%l(int&qr&ﬁl? aPledstdl 1. tTyphkllgaheaxit véloginesf the ok yeasontairing gas is

velocity.typically greater than 5m's, preferabl
at lgagi S08Y'S, eppasially ft Xﬁ,ast 19Ran/s oy ﬁﬁ%@@u@eylzﬁ@é‘étngm%ﬁh%the

iﬂj%%ir}r){élszb%ngﬁ% %eho&ﬁaéﬂé%@aé@ﬁ? ggﬁgﬁgﬂge stdhan&hOEkit Veleéit}; R8¢,
least 100 m/s while the number and size of the injection tubes for the gaseous paraffinic
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 Between 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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~ the %‘Pﬂ%‘&ﬁ REFRCONd fgeqtign tepes g H¥

i njection tubes and the velocity of the gaseous
paraffinic hydrocarbon passing into the conduits
wee@herekl y has the ratio of at |least 1.5:1, pref/eBaimipo048s
at Ieast 3:1 and nost preferably |less than 6:1, such
This ratio ensures rg\rpld m xing. In_the econd
\98%8?@11@?0%@6@%9 garbon
d107889t aining gas 20 exiting the first injection tubes
nd the velocity of the gaseous paraffinic hydrocarbon
eXI Inithgfitshembediomedt, tiry gastmigture uiag:bewob]led g plesfirso todling zone
rati os of nunbers. of second

relativ
Wh‘?rﬁPé‘cftOPleﬁWt SUEes W%tﬁreﬂsrpa%qdaacr?v@ @F fé@ urface agegithe
dov&H§ {3@ 'é%ﬁéhﬁtsCTh@é’cﬁﬂﬁg%!f mcwstream %H§ of the condults

pre era e ratio 1 s at east 101, prerera
preveagsslocdl hl'atmgjof the sd)nqu[teﬂaclablllmlmtes Itlnafasndéhcy for any “ﬂame

creqgck Zimsbe et L4 poblf Hegie bbb o ot b Sl hesOD IS

F t bR
SR i R ST SCofln g g ?%mbly
bet\fvé&l §06120°¢6d. ©4QI00IC.I Th@toolarteRst raldid ndnspulited SudhtBat the

nunber and size of the injection tubes for the gaseous
coofpat tefrierrtere mcyglase dnlebohamd(0%e psafetablytess thae5@8K), and most

el t gss than 10 m's, and the nmean velocity
Pre%f b?¥11é3 %@%ﬁﬂe@ f1 ows havi ng exited the injection

{ Ui RoBEin Oforldeafel Bl ¢ Soff:$ ¢adddfis LERRRS BLA foas

of ther gase%%somxturee%es u %a ryobet Sen ?L @IO% as
10°0y pfeduratilly py hO2ast@030D4ndangst pPédeiablylby adetist 3@9C.t 0

passi ng the gasequs paraffinic  hydrocarbon to the

c dn&aih ankpdigents the gapgaus mighire %Jégal Ydtaﬁ%f‘rd tg dagsresigigpce zone
at a%éa?m JP(?S (fst?o%dvetl@cl% % qo(fl/lg 6?]&3% é{) ! %4%1098 468&11/5

e con S or se nj'éctro rogen,
andmda@rbfmbl@bedeeemmﬁi—@wm/ar bon  di oxi de In the first
enmbodi nent, the gas mxture(gtgt be cooled by the first
t

cooTlilen@aSE?Pr‘iéanﬁ%FSé%SHaléV RasstdRithe waetpnzongat apelopiy between

1. og@%ﬁ% #ﬁéﬁ%ﬁr dﬁ : ﬁ @fmlé(s%HHBﬁﬁE%ﬁc o%fl?fbem%n% 5-3.5m/s.

ownst’ream e e conduits ng of
dolresiressara drpl thrbug}hthe cepmtirict gondgis dyodlly Hetwedn GiekDi2bgr,

e R B e b conoere o1,
bepng.e ?Eﬁﬁﬁle ?‘f th% I?@acﬁ borR¥fis hgﬁllg%%jﬁlﬂ%rttﬁ%n §rdb@c for example

tenperature o eco ant 1st
gre6r AR 650°@) @?Maﬂl&%@bérythalﬁe&megmﬁ@eﬂezmy gre@ter m&omc

The cool ant ow rate i s mani pul ated such that the 10
Thcclmpleamnneme limitmey iswigabbakeup to 12098C+ foapxanygeup to 1100°C,

er abl s than 50C, and nost preferably |ess
Prefeﬁagﬂ ¥We8f| rst caoling zone reduces the '

or DROPERHG ol b WRchBT 20l Tubh iy heel BRTRO0 06,
great@@ghbn 8069C 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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In both enbodi nents the gaseous m xture is usually
passed to the resistance zone 15 at a nean
weemgs7eerti on vel ocity between-1.0-1 PCT/GB2004/000488
0.0m's, _preferably between 2.0-6.0nm's and nost
preferably between 2.5-3.5ns. The gaseous m xture is
of the aendepsatiasedsithe@asdens proslaet $is2%¥one at a vel ocity

between . 1.0-10. ef er: -

anth%oﬁdelbﬁagef%?}ég% ggse&m%lfé(ﬁﬁ%w%i%gﬁ}ﬁi@ﬁ&r%ﬁg ‘%%%'géﬁr e
prefir&lily bh iiiodhs | Iveferatsy sieanadersateds h Siquidp. ¢ avdter. bet ween

0. 01-0. 2bar, 20 and_preferably Q{?t ween 0.05- O.| b%r

e. ljeting Saregondamraterab ebrhaesspte 404 highbtepwsratite st rethpia large

usual | re
proggtRn oy SRl Bemingl SpBEATE e L0 bR fert b3
thegdfeRREvitlEed e3P Rpid tefiiperatmpeirot Bnthe gadeuneprodudtistraay.

suitably be up to 1200C, for .exanple.up o 1100C, ..
Copgegpenthithy cerpf)epﬁt% ghecas @%tefn‘lﬁeusﬁgﬁ}ﬂ ig¢cdeduatiapregsute higher than

r o} 20 . - at a
e FEShU OB T ool SRR, S & Rty P s BGRotbd
terdRrifRarTetvaes 11 0pH1e0ET all yrefdstilyberwc2n 200840, eand00°C.

advant ageousl y between 25-35barg e.g. 30barg. .

Pr Bfaferablyythe teapgratera of theagagequg preflugt gsameig redicgd to 800°C

prdfrgbly tp s s uine st g AP g g ey fiBadh g b e
exﬁiﬂg%eqfeagt%g%hgn in 30 the gaseous product stream

s preventing further reactions taking place. )
AdTas pagediistentivheily asw desliptathdovitls theaahof Bguses Megrdy:
.injecting a condensate i.nt h aseous pr.oduct
Figh L aprespp BB ARBg RARCpR DR g7 e Br e oo el of Ao PFisat
in%ﬁﬂ@ﬁi sation 15 WD 2004/074222 PCT/ GB2004/ 000488 of
t

e condensate cools the gaseous product stream The
Figoe de repa¢sentraghebetigallyas sestion of pryintefmixgsegon{igaration of first and

condensate js gas it | referabl '
soqaparranTy b dOE Shtenllr BB i BlahdBhbafRnt of he
prés@hi§aldt@nl 4 condensate at high pressure and high
tenperature ensures that a large 5 proportion of the

Figioa 8k nepuessnisisshematisnldon sidy viexpor sappaus aseordingde dhe second
ressure.and therefore provides a very rapid ‘
en‘ﬁagﬁﬁ%%paﬁagpaqsgﬁtlpﬁmﬁ g' gaseous product stream
Cong B hi ok fienGondefis@y®, is pashd aia aakseinlet (B) inouafitsy
injected at a pressure higher than the pressure

f.
chemberya} susl hepintel a pturality o4 mjeddioaiubles (Ppd %?&?‘ﬁlséﬁaafg%lc

oS AL 1 sRind S TP BE g0 Lyt et e
plitaRfyerabhduitslie). Taspey@hwoataifing hes igaseaedyviprndetiin tubes (3)

~stréamis reduced to 800C preferably to 600C within
inohscodsite (@M@ﬁr%@%@ﬁ@“ﬁ@%‘g{l@@ Batbrybon Fpieg it the

o5k L aik1 daact i on zone.

The gaseous mixture is then passed to the resistance zone (7) wherein the
moﬁlentum 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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The present invention will now be illustrated with the
aid of figures, wherein: Figure 1 represents an

wa@ppanafes according to the first enbodi nent oPCT/IB82004/000488
present 15 invention, - Figure 2a represents

schematically a section of an interm xed configuration
temgferfipne thegase@BEYRBTE-nj ecti on tubes for an apparat us

S BAFY U S QOB TAOG sl gt o

(105 k6l vt etie aémpetatafenefithe pedactstreainmngior o tehevespcond 20
enbodi nent of t{he present i nvEnt'@?g. I n Fi 8ure .1.an
ox JpBIguEscH APFITET GA% TISCHSLRG @7k showR PXPPYHFIEHSS 1°
arrﬁlgéea il{fil aftllia(n?hgalr Ggﬁgﬁ?ﬁti&@fh@ Beltd d¥eRe iRt Mjébtidh Wikdsiaky/digbersed
I'ij ection tubes . A gaseous paraffinic hydrocarbon
amioBgst plaseed of b phaditgnd séavhd injéctioni thbes (36)s sbotchre AEARESA in 2 |
5) and then |nt he uralit f.canduits (6). The.
rectsnion ceEtan g BaovrRlaranei g PraTe IR st e gton
' @%ﬁ ' E€bubBea IRSERfERtion tubes |
ther%%%raef?a? P#]Q%:rﬁﬁ% r oc%?‘%gllr]]atn?sseﬁ?nggh V\/I&dt) htut hea1 }b%ugn =
thioxyefeguratiomt ai ni ng gas. The gaseous m xture is then ‘
passed to_the resistance zone (7 rei.n,.the ;
ote AL 755 SR PO HeE G ds esoet MY ket ifuper (3gand then
intbthd Pﬁlﬁf s ' NA u9pdrbfini €Rgdrbeatbaoize
mt%g?é%ll C g%f#r%ﬁnjsaeggag%%zl?st %ﬁv\;}eiochpi.s t:zjlpa Ire_ of .
passep ot tisacprdChemirbn(@6) ol they ditel therpdurpliie ofspegad)injertionfubes

fl bility. Th : ' .
b BT3Bt s BB S e S e
inﬁ9@£{&®&ﬁ%d9hﬁﬁbﬂﬁk.PfiOf to passing the gaseous

m Xxture to the resistance zone (7) a first_ cooling
Z orkhe gaSdous oriktaet is thentmesed st ieaisiane7ene (2 Diyeherein the

lurality of conduits is £

eSS B et R Sl AR ffrcons
mSRAFEPHRh MaX tUs Basséd el dnifdrmem@inesltecd reatticadone (2rwisicing

olefins is passed to a product cooling zone %%q%#%q ch
comgutisesa cdialystanpel capablopf %W@OWS&GE’PU%Q(WQ?HP fHgrtuglgic
.recoyery. . ln Figu , j r: i-aj [
s T e S Lk
prbvideAgrbdict frAM @uimisiyolefite exits of the first

i njection tubes are dispersed :?nnngst he exits o

f.a
pl Ufindlit e prodyetcwiedn; SRIEEISIGPIEisds PRsses o aprodictgpgling zone
a r,an I, ;
<hgﬁﬁwgﬂﬁﬂa%ﬁg%ggﬁgﬁﬁﬁf?ﬂﬁﬁﬁﬁgﬁ§gH%ﬁgﬁgh?§§?*g”ggff?%n)

there are approxinmately twi ce as many second injection
tubes as first injection tubes in this configuration.
10 I'n Figure 2b an oxygen contai ning gas is passed
into.a first chanber (22) and then
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into the plurality of first injection tubes (23). A
gaseous paraffinic hydrocarbon is passed into a
wage@andiehanber (25) and then into the plural i PGT/GB2004/000488
second injection tubes (26). The oxygen cont ai ni ng
gas and gaseous paraffinic hydrocarbon exit the
respective injection tubes and rapidly m x. 15 The
gaseous mxture is then passed to the resistance zone
(27) wherein the velocity of the gaseous mi xture is
snoot hed (nmonmentumis taken fromthe gaseous m xture)
such that it is passed in a uniformmnner to a
reaction zone (28) which conprises a catal yst which
i s capabl e of supporting conbustion beyond the fue
rich limt of flammability. The gaseous reactants are
converted in the reaction zone (28) to 20 provide a
- product stream conprising olefins. Finally the product
stream conprising olefins i.s passed to a product
cooling zone (not shown) to reduce the tenperature of
the product streamprior to recovery. 25 30 17 WO
2004/ 074222 PCT/ GB2004/ 000488 d ains: 1. Apparatus
f.or reacting a first gaseous reactant with a second
Cn@§§eous reactant to forma gaseous product, wherein
1. t N RARRAIEbERAGRIPY fiSESas8bud re@Gintith 4 secbhd Baephyreactant to
neans for the first gaseous reactant, at |east one
forses gmow}p;pﬂwnwhmimtg@ aprREatEeQsRRTISgR aldstrs ong 5 sapRly means

resi stance zone and ]
ol P A SE A 0d: JOatehEAEbRP Rt B Bl srcous
red¥BADS r68Q5BASRNe andh vadtib yoref plefdraily auinbeitiag aantalyst,
delivery of the first gaseous reactant, %

nd the .
vderinthedupupplyarsnas comprics e arapiptarsioptiss ferdalivary of the
utlets fo el hser
e SR e b Ml 40 RSRE Lo BRRRUTIARA Alcona
outlemmst deBigryalf thid\@cbhd gdseandestannd supply nmeans with

respect to the flow of the first and second SEeous
GO ENTSSIEIARREIZON 1 POLRHS IO BS AT EEPBIP G RS R second

s lgﬁeagggvgﬁggs%ggt 3 lt’l%oﬂléé\?f %?ﬂ{ésﬁrsttzﬁa sEERRaObuE Q&%F]d'n% and is in

ioné Stream resi stance zone Wt
flvi @ spaaiunicatibiheith theofirsbdndt deeorfd supplyanebnsecond gaseous

reactants and is fluid comuni cation with the.
ihasrsiiocereoRRS SRR IMGRETIM bhDFrEIcEdgHt Jifseiect o e

A gfﬁhlﬁ Fu 268 @&oﬁg %?%Te%umaﬁn@ LBd & AN YERnSHEAbA Hith the

gas an e second gas are contacted in an
re§sagdetdoat | andparal l el manner and m xed prior to
contacting the resistance zone
wherein the fifst supply means and the second supply means are arranged such that
the first gas and the second gas are contacted in an essentially parallel manner and
. i
mixed prior to contacting the resistance zone. ‘
2. The apparatus according to claim 1, which comprises at least 100, preferably at
least 500, most preferably at least 1000, first and second outlets per metre squared of the
transverse cross section of the reaction zone.
3. The apparatus according to claim 1 or claim 2, wherein the first supply means
comprises at least one first inlet for supplying a first gaseous reactant to at least one first
manifold and a plurality of injection tubes exiting said first manifold for delivery of the

first gaseous reactant, and the second supply means comprises at least one second inlet
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2. The apparatus according to claim11, which conprises
at least 100, preferably at |east 500, npbst
wee@herekt y at | east 1000, first and second ourdEGB2(8/000488
nmetre squared of the transverse cross section of the
reaction zone. 20 3. The apparatus according to claim_
for qupplying asenond gateonsieactapitorat feast (mﬁmo;]drmah’gﬂd and a plurality

co i ses at.] east My hi: S '
of GRS GRTebd Feat BRRAY T8 aqileEorsRls@pRELICDg: Bactrn.

anghaeiplthe fcbhdymahifoldjiepéditohet doemsgednt bffhe Fastdndrifodd with

mani fold for delivery of the first gaseous reactant,
respegitorthe flewed e Bispgasgorraspdaniotfsh i ses at | east one

second. i nl . 4 .

e e T
with essped toreni flow 6ff te dirst apd veant igyseons raaotadisiahd ieixi fhiidg

sai d second manifold for delivery of the second -
congmyrigton il thgronduifseaing e eecoBg graiffldni fol d i s

posl . >

B L
the Flotshef the fitss iah e odd pesebss pactants and & ipdlsid comadnication with the

downstream of the second manifold wth respect to the
resisfages #e Ml first and second gaseous reactants and is

b TRV G2 08 OB B M0 na
a downnishmesidio flutdhenimsnisstamcritlz theeesistedrerzonp end whereirt the

o .flow of the first and . ond gaseopus, react ant IS
incHoP (0BG 3 PO Tl BFF FRBECE B dCR dhahRee e the
seceﬂaim\ézﬂg&alaﬂd ggéégcr% 3%@9 likto ARl oA oPRldogamsend

exiting the mani fold and a downstreamend in
4. f | Thdappammusrccatdmgtowidim 3, véichedse campreses o figstandling zone

coni i s S50 B S B STl esmappiton
arr{ljrgggd sSELARGh BV A EAnted JTRd ﬁ%an%xbpddnmﬁm@ chbied.

treamend of the conduits. . The apparatus
5. acThe ahpaptsrccbmling ©, claiti Tor dsigod,corgsein destiggt mapideld is a first

cqol ing. zone .cont. i ng the, downstre end .of i
o e 5 SErong SR sckheb Py SN L BEET, Bl b exiting
thedfrihaRBe St alphahlity6f At pasiapendsekidnimgrhtongh ktey

of conduits are cooled. 5. The apparatus according to
secohdchamtbepiinte K unstreamisad ef thetphmakiyrof condinisieaiting; the gecond

fﬁrﬁtb chanmber and the second manifold is a second
magh%fber and the injection tubes exiting 20 the first

6. Chapd ?pa?ﬂﬁmo@oﬂiﬂg ! dnfyYonebf Elangates wiassagemystion tubes
extendi'ng through the second chanber into the upstr e%m

endbinch wiizzlerwehiph proxides ¢ refirietinad thesonsring; syl Whish eieragly has an

.manifold. 6., T G [ t f

im PR gy B PiREPENEh S B, StnR BT £2.0mm.

7. NOZEL Qpﬁﬂﬂitﬁilad@bﬂﬂlh%j’ébsa@ oneof tlaithd Do Gtwiidreindpeniesgictors are

and which preferab has an . . .
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.
8.  The apparatus according to claim 1 or claim 2, wherein the first supply means
comprises at least one first inlet for supplying a first gaseous reactant to at least one first
manifold and a plurality of first injection tubes exiting said first manifold for delivery of

the first gaseous reactant, and the second supply means comprising at least one second
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25 internal dianmeter in the range between 0.5 to

3.0mm such as between 1.0 to 2.0mm 7. The appar at us
w@ewendi2zery to any one of clains 3 to 6, wherei PCT/GB2004/000488

restrictors are provided between the outer surface of

the injection tubes and the inner surface of the
inlet Gordupplyingat seaondbgasePusTeagtans 1o al lsass ope segpad apHgld and a

i njection'tubes ent : ' t - .
ologsly it <Bened @it D% shRe SERSAAS Pl P ror O £ ORI
secbh@biledustbadhfti M 2, wherein the first supply neans

conprises at |least one first inlet for suppl ¥| ng a

f i whereipeenel injeatioadtbamitasta exit af thegepd serEoRifram the i gud
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int¢rniixed dopfige@pph.yi ng a second gaseous reactant to at
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Sgg{ggé%g%{ ?F?y%tervl\%gn aft &gogaéqgtg/ arﬁrstséﬁ’fsplyafﬁeﬁ@ LYE BHssing gaseous

, .
paraffinic hydrocarbon into a second supply means, such that the gaseous paraffinic

hydrocarbon is contacted in an essentially parallel manner and mixed with the oxygen-
containing gas
passing the gaseous mixture to a reaction zone via a porous resistance zone and
partially combusting in the reaction zone the gaseous mixture, preferably in the
presence of a catalyst which is capable of supporting combustion beyond the fuel rich
limit of flammability, to produce the mono-olefin.

16. A process for the production of a mono-olefin utilizing the apparatus as claimed in
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15. A process for the production of a nono-olefin
utilizing the apparatus as clained in claim1l or
W@ b@isirL222 whi ch process conprises 25 passi ng aPCD&BY®A/000488
containing gas into a first supply nmeans and passing
gaseous paraffinic hydrocarbon into a second supply
anymnﬂufdawnsﬁt@ﬁawh@h@ﬂgﬁgéﬁﬁgnﬁﬁ?aff|nlc hydr ocar bon
is contacted in
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17hy & gr%@éﬁ g@r t}ﬂé Br vtﬁle LSEGPHEh HBRG-bRIAEH vtilitihgtthe apiaddtad 4d dlaimed in

con rein the gaseous paraffinic
anb)éﬁé efenipes fos12; ovhichgireckss poraprissssent i al |y  paral | el

ggg)gglﬂga{]qi@g@gg g%r\ggltnrﬁg;ghag Ifr&rr%/ %qgasf o f TSEHH% ov%%é’?tvlle%st one first-
me?rﬁfo?dj (ﬁﬁfaﬁ}a@lﬁﬁrstzﬁfb%tl%‘ ghibePad prbing aGasdvus phragfinio

I'on "zone the gaseous mixture, preferably in
hydhearbon ésansidead one mpadl indet Wihatdeast enasgsamd mapiold to a
orting conbusti ond t 0
pl@an gq of SR 1p399tlon( 1&eén ?aﬁg I e%ggnotflbg Bas o Q}Jﬂ! Al'tﬁe end

re{ﬁﬁfé‘:ﬁcﬁﬁ lehatiffid Bﬁ@ %%I HaB anos@-swﬁﬁaD(b@h{ng oftlikrh Zomrigss, and
e apparatus as clained in any one of clains 8 to
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cont ai m}ggg&as fromat |east one first inlet via at
infegpeied GR M manifold to a plurality of first

' nJ §§1h§ﬂ1etgé§’&ﬁls A upaRS regctngese vias paoed fesisianced Fone and
rocarbon fromat |east one second inlet via
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erein the exits fromthe first ang second %ection
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pgaﬁ&%@éﬂn 8 e g%ﬁﬁgy g)n«gﬂa}é% gf ﬁutE\:?e, %pfl@x?a(ﬂty' AR dAPRErehieh other

hydrocarbons and optlonally with other materials, for example methane, nitrogen,
carbon monoxide, carbon dioxide, steam or hydrogen. |
19. A process as claimed in any one of claims 15 to 18, 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, preferably from 5 to 10 times the
stoichiometric ratio of hydrocarbon to oxygen-containing gas.

20. A process as claimed in any one of claims 15 to 19, wherein the pressure at the
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partially conmbusting in the reaction zone the gaseous

m xture, preferably in the presence of a catalyst
wakiogh74282 capabl e of supporting conmbusti on beyP@GBRE®4/000488

fuel rich limt of flannability, to produce the

nono-ol efin. 18. A ocess as cl.ai med ne  of
firsobl SosorBintes i PrefouRBl e eancl Qo SLgEts 105 Dis S DRpeen 20-

hydr o bon. ) e or butane, optionally
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hydr ocarbon to oxygen-containing gas for conplete

conbustion to carbon di oxi de and water, preferably

from5 to 10 tines the stoichionetric ratio of

hydr ocar bon t o oxygen-contai ning gas. 20. A process as

claimed in any one of clainms 15 to 19, wherein the

pressure at the 21 WD 2004/074222 PCT/ GB2004/ 000488

first and second inlets is preferably between

10-50barg, nost preferably between 20- 40barg, and

advant ageousl y between 25-35barg. 21. A process as

claimed in any one of clainms 15 to 20, wherein the

gaseous product streamfromthe reaction zone is

rapidly cooled in a product cooling zone, preferably

by 5 injecting a condensate into the gaseous product

streamat nultiple points such that the vaporisation

of the condensate cools the gaseous product stream
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