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FOR THE CATALYTI C OXI DATI ON OF HYDROCARBONS The present inv |SR rel ates,

i N generwlp 011834dshe catal yti ¢ oxi dati on of hydrocarbons an®CTIGBOpAt&Bcul ar,

to the catal ytic oxidative dehydrogenati on of hydrocarbons to produce

ol efins. Processes for the catal ytic oxidation of -hydrocarbons are well

known, for 5 exanple, the oxidation of nethane to produce syngas; the

oxi dation of ethylene to produce ethyl ene oxide; the oxidation of ethylene

and acetic acid to produce vinyl acetate; the productio 1

anhydride fromthe oxidation of butene, butane or benzeqmmmlmlmmmlwmct.i on

of phthalic anhydride by the oxidation of naphthal ene or oxylgnpg, the

anmoxi dati on of propane to acrylonitrile. 10 The catal ytic oxidative -

dehydr ogenati on of hydrocarbons is. a.known process for t pn of

ol efins. An exanple of such a process is described in Edm“lmm‘ﬂwm““mg n

this process, a hydrocarbon and an oxygen-containing gas are, d wth

jacte
a catal yst, which is capable of supporting conbustion beyondG

€ fuel rich
limt of flammability. The hydrocarbon is partially conbusted, and the heat
produced is used to 15 drive the dehydrogenati on of the hydrocarbon feed
into olefins. Optionally, a hydrogen co-feed is also burned, and the heat

produced by this conbustion reaction is used to drive the dehydrogenation
of the hydr ocaPROCESSRORTHE CATARYdHE OXARATION ¥t H@%@Gé&é&}‘é& ation

process, the,reactants (hydrocarho 0 aR JUdAg gas) are
passed over @risgpgwgrshoglirpgag * é%&%g tg?l})edel%%ﬁg‘f g@?é\t%ﬁlp%fguct . Typically,
t he hydngaaichfans andl if phiticalagdo sl gibexidstivedehydmgtitatiofbf sat ur at ed

hydrocar bon, such as ethane or a m xture of saturated hydrocarbons such as
a ni xt uhydegcattpnstopledieaelafiBbns, napht Ha or gas oil. The hydrocarbon nay

be gaseous =% QUL | : is typically
gaseous. (}5 rg&%%% @b@%@%w&%%ﬁ (a)fibgg%ﬁ{ct I'S gg’l l}f%{bl ein

procgss %%a!n%!e, theoxdditinydfineethadeda praiuce fyripady the axidatign obethplere tof f ect i ve

m xi ng of the reactants and/or, uniformvel ocit .‘gro ile af t he 1reactant

m xt ur e Dypduse ethylensexids; thg exdatien Ml??tqnaﬂ‘}éfé A4 1O PIOARSRH Y he reactant s

(hyar Oc%rcgﬁlﬂaﬁ %&%rﬁéﬁ&%’&?ﬁﬁl&ic%ﬂgrﬂﬁsf}orﬂ?% HEAR R dTbaRRe Puitite dro bei ng

i ntroduce e reactor, the velocity profile of the reactant

mi Xt ur e.bengems terpredudtionrd phthalit enlydride iy the oxidatiomof naphihaleneer ey profil e
can lead to an unstab)e.reaction. For example, high velocity gas m xtures
over onlXyleng; thepmipxidatin. p%opgg(gor{lﬁﬁ% decrease in selectivity. Were

t he @i dat | ofpd &RA4H10Bxidativedéhydftgehatich ofalydidedrbous isd lagevi grotdss féri anmabl e
limt, such as in the catalytic oxidative dehydrqgenation_of tcbyaa%r ocar bons,
| ow vel cthetpyodystiompfolefins Anexample ofisnch pprocessris dpsoribed 1 ERA-037% esult in

flash-Db : reover . .t ) &BEP%X% j Gk 1S
gener al W&P%sﬁ?ﬁeﬁﬁtaé@%%%éﬁ?%rﬁ %@%&g%lpg%e ef i alggfnécé&%})dfb?e?hel oxi dati on
process, cAfl¢st! hithlis 88pable dfauppértial combastivh beyonﬂmie.ﬁmh'ichdim?t obw f ound t hat
t he above di sadvant ages may be alleyjate b%/ pas ngl t.he &Uggéeactipgs

( hydr oc aflammabiily. Ih@hy@eﬁarb%t%ﬁ%wq%b' ‘é’é‘gﬁus ey %‘Ugﬁlt?e SN, RaRG:1° pri or
to .,£on ' i LydRodaPfonGRL Bints blefifls.COpEbmly! #hpliegaspect of
t he %Jsfeséﬁfé{lh%\?lg%%gﬁgﬁﬁgg?ga}e\éwg?%vi dgd a pr ocgss_ asbde_fi ged ?ﬁecl aim1l of
t he appecsHistdds alsoburned, and the heat produced by this combustion reaction is used to

drive the dehydrogenation of the hydrocarbon.
Generally, in a catalytic oxidative dehydrogenation process, the reactants

(hydrocarbon and an oxygen-containing gas) are passed over the catalyst directly to

20  produce olefin product. Typically, the hydrocarbon is a saturated hydrocarbon such as a
C,- Cy saturated hydrocarbon, such as ethane or a mixture of saturated hydrocarbons
such as a mixture of C,-C)¢ hydrocarbons, naphtha or gas oil. The hydrocarbon'may be

gaseous or liquid at ambient temperature and pressure but is typically gaseous.



~ The heat exchanger. enployed in the present process .provides a pre re
drop, 20 which acts to even the velocity profile of the react®hdtDEH ﬁﬁre
This ensures that the reactants subsequently flow uniformy over, the

cat al yst, WOh¥&49hg the efficiency of the oxidation reacti orCT/8Bot/aishe heat
exchangers include, but,are not limted to, shell and tube or plate fin

heat excRangeris deditdble/fi 6kdskedop el cialitid SBALERFE A4 BL Cgﬁsﬁagfg{é outlets

generally be 25 . dependent on t I st'ance ween ‘adj a

of the heffectiseahiningeof thehesstandnandipmmifetmnebadigprofilexdfithe resetaae ity of i |.e
may be achi eved m.pi M sing. t di stapce hetween adjacent gas outlets.
Sui t abl yPHPRE %"dﬁ%éé"éﬁttgg ggggah?ﬁ&ey%gﬁhwgl@%mmg@@m@g@m 200 WO
01/ 83905 CGRfAtdi ik bEB- ' , sl I .1 to 10
T pr of SRSy oAl Shof ey bERI-Aby ARGl to bllng AR o B BRRG on

of tHe preloeity profuenf thereadiant mizatre ivafteantitirmdrsusifaemsach aipatungfoehanger .
Conpact heat. . exchanger neral |y .conprise,a plurality of 5 channels, which
ensur e tN§P°‘F¥Bf°3ﬁ%§%%F°68?‘P Fﬁﬁ?ﬂélbl%maéﬁl?%}qﬁy@ﬁghh@%svmm&ﬁﬁs fully into
a subst apiikkdsyoéR AV, [ i i b ’ el y di st ance
of exiting the %hargﬁle?[ﬁ%t\tjt Itgtsgé‘tx%%%rlgagltya %ge a?’? %%ﬂé}%dgﬁt{yb}@é%%y into a
subst ant pxidagiomractipmisaneouhicl ignaniéd euteidskito ita fibirahable dindf, shelsss kg 100
nm from exi{i.ng t C ngl out.l et re preferably, a substantially

uni form g%f‘%'&c%lc&i% Qggy‘ﬁﬁ?“& O%eﬁh@g?ﬁfmgqsmﬁ%wé@ 113i23$ BUElresfoveess t han
60 O eyely puer of the BAalyetah reb @6 fId3RBadE, MM and nost preferably, |ess
than 25 nmm and especially less than 15 mmfromexiting the channel outlets.

- The conpact Mrraevasxibhdagtegenemjeddsy the dwidationl irédctioh dn gdmrallsngptaligibuted ity of

nmetal pl t.oqef: t. rm t ack. .G ooves be .et ghed or .ot herw se

for med i ?\%‘%ﬁ%’gggﬁ%&gg}efeggé%%y ‘Zfafﬁ?l oﬁé QI PIOGEFS %S‘ﬁﬁ@g F%E?FFW%EO%W ucture

defines produot.al ity of channels. Preferably, the channels of the conpact -
re parallel to one another. The channels may be of any

QE?E aﬁréhiﬂgﬁieﬁawoagqum@aaavmf@eua:glm L
hape, | pRapiens @btk Ang of R0feo-Chf TR bl AR PR b B o

sem - ci r cotitacting the r@dtanadivith tief cakdpdl, channel may neasure 0.1 to 2.5 nm
preferably 0.25 to I' .5 nm and nost preferably, 0.5 to'1l nin The conpact
heat exchangeAcemgingdo anyaspecticdlithepresenp mventian, these squovided a pracessa@snpl e,
circul ar, yectangul ar .or square. .Preferably, the conpact heat exchanger is
square iq‘leﬁc’f’tggé%agggﬁioggbeW%S?ée%a‘:l%@ﬁpact heat exchanger of square cross
section is 25 enpl oyed, each side of the square may be in the range 100 to
300Q .1m pr ef'@gB‘Fagt anwngweemﬁﬁw ndhe aﬁ*?aefgdﬁwwﬁ% & HPEFETY °§3 in the

ran 12QQ%@H%«:&%QQvémhe%iem&t?[gramewﬁ{eqeactaﬁtrﬁu&t&re. CRHiPasdurdabit thxchanger
e of h

i s enpl oyed, 'the dianeter e exchanger may be in the range 100 _to 3000
nm  pr ef ereadthnts siibseghentlyafiope vatformiydvenhe catalysioimprevisgdhe pfficiency of e r ange
1200 and 1880.'nm 30 The reactant m xture may be preheated and, preferably,
i s prehed®889R5e8FH% entry into the reaction zone. Generally, the

reactant m Xt §4;gaH|S hedt RREBNGErstifclh@eIBEf &b WoeHmited to, shell and tube or plate fin

heat exchangers. The velocity profile of the reactant mixture will generally be

25 : .
dependent on the distance between adjacent gas outlets of the heat exchanger. Thus, an
- improved reactant mixture velocity profile may be achieved by minimising the distance
between adjacent gas outlets. Suitably, the adjacent gas outlets may be several
30



_ below the autoignition tenperature of the reactant m xture03TDBC @804 y, in
the catal yti c oxidative dehydrogenati on of hydrocarbons, preheat

t enper at YY@8H0p to 200 Cbut 3 0 3 DEC 200 WO OL/ 8305PCX/GBERISIN 1898
bel ow the autoignition tenperature-of the reactants are enpl oyed.

Pr ef er abhillimetres dpast forerapldn tiy @hgal fo 10 ek GRefeddbly,Nl otk t 0 a
terrperature.ﬁb,f{)()réo 30C bel ow the autoignition tenperature of the m xture.
Advant ad&Bed Y e of the heat exchanger may all ow the reactant

T XUUT @ o oA ot PR N RS RVERIANYE BBu WERES, SgTPer atures at

or .above the dautoignition tenperature o e reac The

benef i t sonfpacklieatexnhahgert Comppethastiexebargbravgentiatly doh@irigek phealityfper at ur e

of the (rﬁfi\act nt i xture w Igl ,vzr% dﬁxﬁﬁgﬁi ng on the particular catalytic

oxi dat | ShapRelt dduchensurs that thyig £gas or gaksipgithe ¢heanelsdayslepsfullyi dat i ve -

dehydro i : i : lef i I r e- heat
Y Or 0GR DStafthal [ ARG VURBkit rofIR i AlrElblillely S6hs A0l oPLAY

10 tenperatures i s benefici al ess oxygen-react red
whi ch | ¢helshanpelemietsyi Rrefezabiy,gbe flid dedelops fully into 4 fubstaatially tuiforfki dat i ve

dehyd t f hyd b d lefin, th f high heat
{emper at oLy Hoffle patfi 8aRg of Gabtkan 1 0f elptin bstgeahs Shappoaders” ¢
shoul d Hﬁotﬁ(}ﬂ@feﬁd&ﬂ& SubantidIB lwfoah@mﬁwrsﬁ%% ddchicved JifhgRgt ant

m xture i.s dependent on pressure as we as the feed 15 conposition: it is

not 18n Hstanagiaf Iessthan 60mpm, exen mord preferably,dess than 40 oo duidinest

dehydro j r ho . uce olefin,.where. t dr qcar bon

f eed isﬁ?ﬁg&#&%@%gﬁ%ﬁ%ﬁ;@ﬁ} g“d;?s%’%@iyﬁtdﬁésp‘ﬁ@ég,“a ffﬂ%ﬁ%ﬁ‘tngt %ur e of up
to 4SO (outles. be used. It shoul d be understood that the residence tinme of
the reactant_m xture in the heat 20 exchanger will be dependent upon a

nunber of f zbhegompPagtireah sxehragsraray be made biedifBsiondyosdingpeplutalitiest and t he
vel oci t ] nger. Ho er, where
he r earnelat BIAGs 2RI folin'd ik, ‘GHoBudinby e BERL CX GRENARL onb BT,

pr et urtbe swrdaceiof vadlf platepsuchahitahd wsultiyg sicactire dEfinay 8 plirslitg lof BiamBIsur € -

e+ eadztirabiythe FRAmiAS O teoetRipacidieat FYARRDESTA BHRIIFIGR oBe Ragihe et or ¢ he
X ; o . . ; b
enper atdhafnddé mta? ge %gg{& %ﬂfalb[g s Sich b¥ Bh?ﬁj dr shtaggd.['lgﬁ'lcg(%@%%ﬁ%dnr@' may be

in the range 10 I seconds, prefterably I'seconds. In
use, t hesahlegbanarlkinay be any syitabjeeshape Préferaplys secit clianuelis oS thersaye BRageeat ed by

i tab . Suitably,.the h h be.ipdirectly heated
oyt ho HaRterall dart Piaoel S ik here Chb ATl e SODIET e it s, 1ty
al sgobe Hgms obbRhichasid) M REIsute 1 RERE n&ﬁf‘ﬁx’e?érﬁﬂrwz5 {361 P frd, a8k it dation

reaction by heating the héat exchanger by external neans. For exanple, the
whol e orPrpferablin0.% #9el et exchanger may be heated el ectrically.

Al ternativel ddj £ I | | ui steam,.my 4 0 3 DEC
200 CVO OL/ 8 o@ﬂ%&f%g&@xg@%@nﬁhﬂﬁp@35%{@6«?%&?&&%%5nger_ I'n
certai n exampisysireulas sectirpulae vi sqiace. t Breferablg the tobmphdiaekt dxehsngehs heat
exchanger, it may be 'desb{{ﬁbl e to cogl the whole or part of the heat

ex changefuargdp T3, §eqiona cHpeds @ gompags g¥shangen of sangre eropsestieisas cool i ng
vat @5 t hy § i

oxyan- CamiSed, BN hauate flay B Eth AS1OY 00 M embly 0, 4

r eact i orthe eange 400 end 2000 inngfmode preferably, inhihe gasgeci200rand d860An s of ten still

. i, i f th tant s, | ead_to, bl
Foact | orS I WHE ARICYIE pippte) Bt PR i SR HOTep R AEe SiBy pr of 1 e
of the rexaBinpe} mafhy i?gleaf‘éﬁééell(ﬁﬂto%ogﬁﬁﬁ,i ﬁfgfefrilﬂ%,riﬁ%ﬁé% e BbOhAd Sodonr ough a

baffle zone prior to entry into the heat exchanger. Thus, 1 n another

aspect dnm, gore pigésrablynin the range d20Q and b300amth. oxygen- cont ai ni ng gas are

m X in at | n ffle zane rpar _t.o bei passed rou t he heat
excﬁgnger. Thgﬁ%%? &F‘gtngl hge ingay}gfqrﬁ]geéke@yang’ Pl%ﬁ?fr’ﬁ%&, lsm%ﬁ%egoﬁﬂog&ﬂs at | east
one baf féntryihwtthe rddytibaibdles GehahRy,ithe raastaht mnytuay pfehedldd €diteBDerBEres O

correct the flow of reactants . i ] )
~ below the autoignition temperature of the reactant mixture. Typically, in the catalytic

oxidative dehydrogenation of hydrocarbons, preheat temperatures of up to 200° C but
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15 thereby inproving m xing and/or velocity profile of the reactants. The

" housing may be any suitable shape in cross-section, for exanhfd)ECsdWhr e,
rect angulwio® ooB34085r cul ar. A housi ng having a square cross 5§§W(9§?)1)0§893

preferred. Most preferably, the housing defines a cubic baffle zone. To

mnims Hﬂ%‘:i c ] re ln t Si.n it is

prefer ag)leg&f '(c)ﬁé%um gién E@%@ﬁﬂﬁ%ﬁ@ﬂ% pé[aﬁ{gﬂ gaq;% F@p@%’ °§§ﬁfé¥%%§}¥1 th@ .health e

housi ng exelyaniger prfeheuty the\tedctdit enivRire€ td @ien?jésdtu@%ﬂ@ttabm@%w&x, the baffle
pl ate mal{/l he ,solid (non-perforated). Preferably, the baffle plate is of

ci r cul arfUqiguEoR iempespfureifthoBEXIEE. p| at e nay be of any suitable materi al

such as net I , ate 18 disposed substantially at
a right ang?%d‘{agétgﬁé‘?swrt@% %éoorﬁ?)‘? h%@%&/éh%x@%rﬁga}( ég%Wﬁﬁomﬁ?e‘ﬁ&ﬂﬂé‘%Eﬁf%ri ng the
baf f be derheatedie highrpretreattenperarires sechsasmperaaires aormbsiéhe Altoidifition
reactants. It has 'géen found that_where_the angle of the plate devi ates

sl ght | ySIPPEATER L the reactant mixgire. Thebensfitspf using prehenttamperptwesabavee ext ent

of m Xi RBe kol [ ' : .h te i.s perpendicular to
Phe 1 one poleBli @il An6f 48 AR kD whl Vol PlrBndine BRGES o

subst antpagidujarchtilydie ctidatignipbeceseagployed. Wherelthepiotgsssis et dabajtid he di st ance
fromthe_outl et, of, the m xi evigetog&gpplateis WD 01/83a05 a 3 DEC

2001 PCPREBEYT AEHHEREDAPR T Reslresaroen orodupe: qletinyithe neref Highyprethist pl at e t o
the10nl eémperhtirdiSs BEdfice G 8RY Riss 6RARASLRotant'id fegmr&l NEadstg Paffle plate
is circular and the housing is of square cross section, e ratio of the

| engt h GFoRQIRICIFBVIBEH N rdditihn, iditbereatalytiobxidhtivddétyideogenatien 65 i n the 5 range

4 @ 1t . . The hydrpcar.bon and gxygen-cont ai ni ng gas
react an_?l o af'frcér bf)) ?138 E‘f@é&g Bfé'ﬁﬂ?th%m? ﬂﬁi‘&g QE‘?}ie ﬂfem?ﬁaa%?lry?g CHIFFEL one. |
Pr e- i xiimgroviedisblectivigcloanéfin pradubeGREUIH B lﬁ’MErsRibdacH%t tﬁé‘h\%t@'%hﬁioﬂeans'
Sui tabl e m xi ng neans include devices which are capable o ausi ng
subst antFHPETAfURS pkp wectaptmixdurstis dependenton nressure asywelhasthe feedoaf f | e zone

suchzas . I N s far . I 1S Lnhjectors: Preferred

i xing doupedtion:ls HcE ah BLRGh@ Blue, oGl R fle AT u biokBas 50% of ¢ ne

r eact antdshypdrogenation efihydrotarbon tdyprodadd dlefis,onBere Shtl kyakboarbdRednisdr ocar bon i's
entrained in the oxygen-containing gas prior to entry. into the baffle

zone. PrEE1EBE abt presyise ob2 plyaespbees.a prehest tamparaturepBan et S0ACmahbe baf f | e
zone by or nore gas injectors. Suitably, the gas injector may be
| ocated Wthin a 15 tube or other housing such that the oxygen-containing

gas stream dbshoobl indestest thiat the 2edidehe® GaicsThé tdagaim AMttRF-iRthd i@t t ube or
houz'éngnghe i nj ector maa have a flared section around the injector nozzle
t ¢

S0 ghaperrwilhbe dependent upem ainymbeeof fagters sush as ks lsogthingthe heat ed over

t he fl ar i j : I

oxygen: ooy ael 86 14 thQ Welogit? pEtHe rlackaif Bkife MELOM b riie rlfangen, e ween

t he oxydtoweyer,cuhreraitheireartas sniahnle isitated 40 hbovesity sioignitnseapérhrdydr ocar bon

to becone entrained i he oxygen-containing,gas, Preferably, the velocit
ratio o#”?‘ﬁ%‘“ﬁ(’ﬁ@‘g}@égﬁﬁﬁﬁﬁi’ Jay ?%“ﬁbﬁ’rad%’éﬁ? Séﬁli‘ Rremafyre reﬁgtl%l the: 1 nor ey
pref er alblext ex3hangbr Sidbuld pﬂeferlﬁlg prévial hY&idéﬁE@ﬁthi]e'e&Eﬂé %elarzt!aﬁt ﬁlﬁ@l&%%i and the

di st ance theﬁ@gave' to travel Défore reaching e zone shoul'd be
car &9 ul lig/lespihen thy igaitiondlelayrtime fasdhe temperaturesfithaiteattant mbawtant s ar e

suffici L.SPer S . | eave t exi ar.t of the injector and
ont er *t RaPISEHFy e seRERSE ot 6 in BEYRek 1B ¢ 1000 Riiethnc BevteBiuioh

i mpi ngedo 10@milfsédondpl ate and is deflected by the baffle plate thereby
reducing th rmrrg@t #m of the mxture, This reduction in nonmentum provides a
more uni for %’WP £ fgatexghanessemployed isrthe present inyention e behdated bo ent ry
into th : : I i i h 30, when the
bar 1 ¢ T et ey Shitath)int ACM Sk indh SRR Rt BT Bl ey ce
(sudh agenératedbiytthppartiabforabusiion of therreavtaits.d) may akio Hepostibr tout | et of the

m xXi ng devi,ce is,d} sposed substanti al erpendicular to the baffle pl ate.
6 9 supplement the he£ generategl?:yt e pax%ai gxigatgo% reaction by heating the heat P

exchanger by external means. For example, the whole or part of the heat exchanger

may be heated electrically, Alternatively or additionally, a hot ﬂuid, such as steam, may

4



- WD 01/83.t05 4 3 DEC 2004 PCT/ GBO1/ 01898 Preferably, the di Eg ions of the
baffle plate are such that substantially all of the reactant i%@gi @B’é on
t he baf f YO QWaHeS The ratio of the diameter of a circul ar Poaiébmsopgegt e to
the dianeter of the outlet of the mxing device is preferably, 1- 5 : 1,

nmor e prBé 84aBd Yarodsh the- S Halre ifmu el oD A Dplurality of
baffl e zoges m.aym%ge %ﬁ&e%ty%,gﬂglﬁ h%an %r oceéss 0 S%négs,g?reegcgmpler BY$%n. Each
b?f fle ﬂexi-?adpmﬂ@hua%/cm;{ag&i,immmybald_efwlfetmodlﬂgag}mbgep&rt ggﬂifgl ur g: ity
of m xi ewi ces r.ef er a ralify of mixing devices. Preferably,
wher e aﬂ%tﬁF%HWV' oﬁ“ﬁﬁﬁyﬁ’& aég\;ygz{egy Paseme acaqling fhid gyoh as cooling watesi ng’ t he
rati o othr the eRélinger.t 0 M xi ng devices is 1:1. However, a baffle zone
housi ng fe bé aghpl urality of m xing 10 devices nay house a single baffle
puga

pl at®. Pref &l thediydracartontand oxy gen-¢dndainirgt gas nody Iiaq&e-trﬁﬂédiﬂﬁwt@ug h, t he
m Xi n j niform. the outlet of .each m_xi ng devi ce has

su)lglst gn?@éé ﬁ?qcﬂég%ﬁﬁ%aa?ag%{l épl}e,ﬂmq)éeﬂ(igf myxing of I g%ﬁ‘f‘;é:réa%@ﬁ%isrmy
conpr i seftén ftilliGneven WSLER Hhevan ik g fitheeletahi c%méadggﬁﬁﬁﬂﬁgbl 5’%\% '?/n.l 5

hydr ocar bon/ oxyg{en-cont ai ning gas mxture nmay be fed substanti
tangent i al | $dvartageonslyn sorroned mixing andier improvedvelvsityprofiteofiths. Opti onal |y,

t he hyd : - i.ni as. may be .pr at ed before being
i ntrod u{%ﬁl@fnﬁ?@a %Aﬁ?@?ﬁ%%gg #‘%égécg%ﬁg?lﬁ'ﬁ? ﬁ“?‘bg%ﬁgﬁelzﬂ%e.l?%&’ ants nmay
be W ehenttyeitto thewreatexchamgeri i t ed by the autoignition tenmperature of the

feed. Once {;,Ee r.eacttﬁnt m xt ure has passed through the baffle zone and the
heat 20 exchahyst angther aspect of therinventionythg hydraseshon anfl iosygenscantgininge of
suppor t @ ¥lidad § } st jch is used in the
oxi dat i %n r eg{é?%)irlllodg# &fh%%@g%@&?hgﬁoib}%%\ﬁ %%égd%‘ﬁ%%g%ﬁﬂ?%e specific

oxi dat i @tchpngrreBlee baffloezoneisl defiaed by-ahoesingpikich vhstais bhRa& 8 8hfRN Process
is the 'tdﬁti Oﬁ;lof1 { hane t o produce syngas suitable catal ysts ‘25 include
ol at i nuRPFn G BHoPlal is msanhanyde vicervihich pervessio qomsricthe flom gfseactants t he

oxixfat i Ql@rdblfy r%ﬁl?)i‘wiﬁ‘é‘_ﬁﬁiﬂgBh%i"@élo@i%ﬂoﬁﬁeo%.lqua&aﬂ@. ude silver based

cat al ysts. he oxidatron of ethyl'ene and acetic acid to produce vinyl
acet at e sui Th®heusing miay be eny suitablteshape inactosswsdntisndfoe etamhple squaech as

pal | adi al ysts, ,Sui.t abl e catal ysts for .the production of nmalefic
anhydr i %g{ag%l%r @ﬂg@%&?dffPBW’%&ahaB’ﬁqge?@uagﬁ?rgﬁ%set‘}Po%éﬂ’[@ﬁ%@w nMastie vanadi um
30 and/ preferably e huiizing defndsd cibieBaFtle o, T8l thihimise ﬂ&é‘&blﬁhﬁ%ﬁfei on of

pht halic anhéd_rl de by the oxidation of naphthal ene or o-xylene vanadi um

based c&pelRy edn ghphanging, it prefenatle tramanipnisesthe volunee afithokafdat i on of

pr Wnezc}r%@%%épni trile include bisnmuth based 7 WO O1/8305 d 3 DEC 2004
PCT/ GBOL atal ysts. These and other suitable catalysts for the

af or e- mrent i Thebowit mapde ofi yny siableanateptaldaich @®@meedct i ons are known in the

eact or . Ao Y bHsBFRE HRs 0 Shlg (e Berbapel Prelbrbls dhadiedie O to Co
hydr ocaplaRiis of sireulltCdio@sectidn. e @Qfﬁc‘ eﬂé&@ %?a}ly E’é[' o yk‘ﬁit&ﬁf %a‘?%riaﬁ' Suchhe C~ to
or cyclic. Aronatic

C6 hydrocarbon-nmay be |inear, branc ydr ocar bons
such asasgefgbne and napht hal ene may al so be enpl oyed. Any suitable

) i i . ] o | e. pol ecul ir.
PG C o) ey S8R e DT R R e st S R e R edta B ) L oany
hydr oc adibstionof Bat Gfthe esetanomixieCdhtermy tHE bafle ZoR€. Sgéhbééﬁﬁaﬂ‘o%?d bed

reactor, Suitably, the oxidation reaction reaction nma e oxl dation of
et hyl eniBeplate prophetpemixingef therreactants &t hastbeen faundythatrwhere thecengleiof theei d t o

i nyl . i dat J | t t hal.i hydride, th
ox et | e Viads el S0 B elnelARMAR B Sl W ot et fStentn o
pr opaneof mixing islinferior td that dtteined wilen tierplak igpapentticular @fthé fibw ofydr ocar bons,

sug),?) as_net hane, to syngas, the oxidation of C4 hydrocarbon, such as butane
andlor HATBHE to nmal efic anhydride and the oxidation of benzene to malefic

anhydri de. Preferably, the baffle plate is located substantially midway along the length of the

housing such that the distance from the outlet of the mixing device to the plate is



_ The oxi dation reaction conditions such as tenperature and pressure wl|
depend 20 on the specific oxidation reaction enployed. Sui talﬂ&DEefﬂva on
condi ti orOMM@34050own in the art. In a preferred enbodi nent pef,clEhEeRbgsent
i nvention there I's provided a process for the catalytic oxidative

dehydr og r r.od yce olefins such as ethylene. 25

Accordin Iy, 1 ‘q%) Q‘gen{?ﬁl%n(@ lﬁ ﬁt&‘f ahep‘Pg'é%%fg&FBFatteﬁ aﬂg@ductlon ‘of

an ol ef i channeld process conpri si ng partially conbusting in a reaction zone,
n and an oxygen contai ning gas in the presence of

a m xture of &9
a catal yst V\ﬁ‘?‘ |baftls plateip sireulanandshe bewsingishdisquete tives f uel rich

limt of secligiMBidtiol f rei r to said
parti al cor%bust | Odrt]i'o c:gfatfn%’leﬂ ?d&‘ige %%r?g%k%‘gplg&?f ﬁ“&ﬁ@fﬁﬁg&e is 1n the
oxygéncoﬁﬂnmmﬂngoglasl sechos<skd t hrough a heat exchanger. WO O1/83. 105 a

~ aEC 200 PCB'%C%/M 98 The process, conprises contacting a hydr ocar bon or
a mxture of R BOh NG 25 R-CORKINing gasiTeagtants greque-mikedipdordat al yst

under Caih&b&ﬁdtﬁn%ﬂo%&ng‘le%Hé’q‘rg&‘ﬁQﬁn?%%ggﬁa an c nd| ti. gﬂo%é’y pr oduce

the ol efin. The hydrocarbon na AMvert ed
to an ol BHible n@eam&mtahtﬂ mlmngrmemnhdhd@deﬁﬁéhewmbﬂﬁrecﬁb%wof Eatfigdat i ve

dehydro L acti condltlo s.enpl oyed. The process of the present
i nventi ﬁﬁ% %5&% tﬁﬁ rstpr’ﬁéf%r?qu’m%ﬂ’ﬁl’fﬁf%mwgdhmr bons into
ol efldns. m&tlmﬁbﬂoes |fbﬂ¢ﬂadnﬂ1'é/%ﬁ9 A8 Preiell Ui AN iR A

ane, g V&fﬁ but ane

Preferably,. hqwever, gaseous h rocarbons suc
10 and rRRYide mﬁféneef atalcaét 8 |qumea¢tams priot abér&rydnmebﬁﬂ]%tz@hgl ng gas

b | | | |
i T uted it roeaably, e BRIl cRlsing i ¥ Bigdsnconialomg esapriorfoensy) de. or
hel i um iAtythebhffle Zoak) Kref&aﬁl%cth@ﬁﬁ\%é%ﬁfboh&lﬂﬁg %ﬁé‘ @eéféatlﬁg e tgagﬁv' ded the

desired olegln 15 is produced in the process present fiti on. The
pr ef er r &PPE PHOBF PBFR?(I? g@s injectass. Suéiﬁblﬁyﬂhﬁ(gaanbmﬁonmapbg treatedsvithin @ 16,

prefisraky; Bhol bl .6.t0 10 tinmes {he stoichjonetric

ratio of %@%&gﬁg}r}g&s ﬁoﬁgﬁ@g‘%ﬁ{e "g’ﬁ‘r@ ‘é%dt?IBpgc%?ﬁﬁFﬁ?B c%ifﬁﬁ%tfql’éﬁﬁi Witht he

hydrocarmdrmmmmmmwn:gethamdaemmmm%'h%ém a{;%a@qﬁ fgaegisogdhover the
greater [

catal yst_at a @1 ur g sgac vel ocity 0
prefer abslﬁfa/t for g0 gISthesio pEodd eaam%ctgmatthawbb.a?heloo 000 h' 1.
Tt will H?ﬁrdéﬂﬂﬁ)hi& %%ve?%efy{ﬁds Gﬁa{ ﬁ%e??&]‘tog%g&'}@ggh gﬁﬁ%}éﬁ i vel ocity

wi || depend upon the pressure an nature o
Advant ag&eest-gontaining gedr Thdififerencan velogities, bad tirtkhedi W tiSHIBE Bkped t O Whi ch

h d d |1 hyd

rmy 200 SEERIRE ee RRPRAHEGHIOR oaits Artitis, trehrooshnop gsatiopniemstinat ur o of

the feedhe BE}EgEﬁIo@ﬁ{a‘x’angﬁli RKRferatly Ge basm {ﬁoﬁg%@g)gr QR ALRAMIA gD CCUl ar
T gef“fydrogen

0Xygenco Lalnln gas Into the reaction z
to oxygddhydracarhen rlsmg/ bp@rapreé'erahllygé prtogi: die'c]‘héh’faitnteheldﬂ:ﬁidsrdfd ol efin

pr oduct a tio of .h to oxygen is in
t he rané%éf)egézt%%gg p?'s%i%&ﬂ g tl)ﬁey h?ﬁ {PIﬁTea" Eﬁgﬁﬁa@dg’ﬁ%gﬁpww ﬁ}é‘)‘ggesence
of the datcatefidty cdi«;adatag and mmilut?d‘dﬁoﬁxﬂﬁx@rtﬁittth@féa}étaﬁ%'a?é édﬁc ity he
hyd g)car bonllS é\bse% i ncyeasing the olefin selectivi taé] lhe overal |
pr o 2SS gay@ pexit pert obthe injertopand enterghe baffle zone.

The reactant mixture entering the baffle zone impinges the baffle plate and is

deflected by the baffle plate thereby reducing the momentum of the mixture. This
reduction in momentum provides a more uniform velocity and pressure profile of the
mixture prior to entry into the heat exchanger. The reduction in momentum is enhanced
30  when the baffle plate is positioned in-line with the outlet of the mixing device (such as
the exit port of an injector nozzle), that is, the outlet of the mixing device is disposed

substantially perpendicular to the baffle plate.



. In addition, the feed may conprise a diluent such as nitrogen, carbon
nonoxi de and steam The partial conbustion reaction may be subﬂalhﬂﬁymarri ed
out at a WHUIBIYF exit tenperature of between 600C and 1200CT/GRoeResvabl y
bet ween 850C and 1050C and 5 nost preferably, between 900C and 1000C. The
catal yti c oxiplefer AR ' ' . _

at nospheric or, sqﬁ"f at mg%éﬁg%?gbgglggﬁ%ﬁiguﬁggﬁhgﬁ%h%&éé%ﬁlgsw be

wi t hi n (TRECRHERYRPinge en thethafileiplater Therativl of the dameterdfaavimulal baffloglael e, 1. 6

to 1.8 ty . Fall . tiar.a. .Pressure f, for exanple, 2 to SO
tiara, tr'?g?[i ﬂ?lgﬁgﬁgggﬁﬁetoﬁgﬁeﬁﬁwg gayige fxgpre IYWL‘G Si:d> M9Ee cat al yti ¢
oxi dat i \preftrabyyjloge ndf dndmest peeferablys20@ne which is capabl e of supporting
conbysti on Egﬁﬁ’gﬂ'thﬁbféel rich Iimt of flammbility. Suitable catalysts
may €onpris BY ofBpitlezopemey be emplayed dn dre precess of thetpeesgnbup VI ++—--

transiti; [ i | t l.gkel. ut heni ym, r hodi um

pal | adi dﬁ]{?e ngig%%a%h %%?ﬁ%%ﬁ%nﬁ a fbr?uﬂr?%l %ﬁﬁ? %‘Pé‘%@‘,"‘% VEEERIF VI I |

t ransi t ipburalityt aflmiiingr devities,rpréferabhda Mﬂitp@fhhﬁﬁig&fdvibes.@r@feﬁ“&f{‘vﬁﬁqe _
pal | adi um F;éﬁ??a% t he (fs'oup VIIT transition nmetal is enployed in
conbi natd IAF gixing devices feds gsingle baffle zene howsing theyatieofbaifle platdsl | A

(al um ni i@ dod sl TR t | ( ex . erpanium tin
and Iea(;CH gnd%glr?wé/%g 1(s lf' gr@%l%@%%@g%&gﬁ@ ffgﬁh’ﬁ[ﬂig@lﬁ%qt&p{xmg

Al t dPnatdeviseymay heussrasingle baffieyplite. a transition metal which is 20 different
to the Goug M Il .transition tal. Preferred Gioup Il1 A netals include
gal i um andii)ir#(ﬁf%m’ tcb?’ésﬁ’éer&éﬂ{ﬁ%ﬂg@'meWRf ReAckgnds ﬁhﬁ@fﬂl’dée guxisgdeviees ti n and

| ead. Pragé aii i®inl | 3 iti

ea ra@é eifdieh, flediitlel 6 é&h%ﬁ&xﬂg%ﬂé@%@ﬁ'ﬁﬁ% ly @f’.egénag{e{ﬁ%?ge?“s' ' on

metal s include those from Goups'IB, IIB, 'Vl of the
Peri odi ¢ TaW\éernativalyp thesbasfle gerietratyt eomprisesi howingnwithing aibagfleplates hi omi um 25

nol ybde s did | IO ut heni um. .osm um, cobalt, rhodium _iridium

ni ckel , p: ats% ufgﬁscﬁgg%%fgpe}rgg%mep-caa.a&?mg 8% mixturmay-be frd substantially

Pr efl&r r ashdentialy intcohe ohisthg agmgaheaﬁmaf&nﬁahgaéﬁw rhodi um rutheni um

I ridium pl ati.nu&.y copper and zinc. Suitably; the catalyst may be PdGa,
Pt/In, Pt/ SHPptioaady, the hydsocarborsind/edyxggen-pantainingeksSnay Reipi@hested! Rh/ Sn. Of

t hese P : . farred. 30-4n. another enbodj nent of the present
i nvent i %%brgﬁénéﬁtg{aygéﬁgg%efbsage P& i RG ATERTA RS f"aﬂﬁ'ﬁh]ntﬁea’ﬁac%mﬁurt her
met al s ehacheptelicatst, Boweyer) is litnitedbytthe AMbigitiblRrigertsieldr Mtk 584,21 series of
the Periodic Jable. Suitably, the catalyst may be Pt/ Pd/ Cu. 10 0 3 DEC
2110 WO 01/ 81 shexeppiapioniag das passed theoughsing haffle zsme dodthe heahe Group VI |
trangi t ie@Bhdiebalt i 9@% 2 FBYy [ rm_for. ex | e, as
t he netal odrﬁ%i lghtlﬂg&%tgétm 0 tﬁaal met é#) %gg{#ggg%ﬂlgﬂgﬂ% é&gg%c%ﬁo&??%_
Sui t abl dydepcatbpni ¢ oxi dati ve dehydrogenation catal ysts are described in
nore detail in EP-A;.0.332 28 WD, 971 26987, 9930598.9 and GB
0930507 1. (g °8%E’€EWP§%6?“§%‘B ?a?’%d%néFﬂctwﬂégﬁh%B’&Sw inwendorpal. The
cat al ysdepetl aiae shebifd BriBIREARbodsS KB érﬁ;9lﬁ. IR HBAURP QbR e | OF examp! e,
a reterably,

the catalyst may be in the formof a neta uze. he cat al yst
i s supp&Xidaion arogess is theroxidation of prethane Su pradvice syngas ssitghbocatalyfsi s a met al

P e BRI oR ke bl Qg BfRble oot BTy Sfeen, "
st abi | | a€dthylene cnprdued ethilene bxitiehrhrle silvaskand caalsealthy tmﬁﬁbﬁsﬁg 53 The
W - .

phosphate. . The support may be washcoaterl, fox exanple,
catal ys FSH%“;P%@ ég%co%f:&gt%i Rogyss vingd geetatersuitakle cptabistyinginde palladinne hanf er ed
based catalysts such as palladium/gold catalysts. Suitable catalysts for the production of

maleic anhydride from the oxidation of butene, butane or benzene include vanadium
30  and/or molybdenum based catalysts. Typically, in the production of phthalic anhydride
by the oxidation of naphthalene or 0-xylene vanadium based catalysts are employed.

Suitable catalysts in the ammoxidation of propane to acrylonitrile include bismuth based



. 15 edges. Such tiles may be placed adj acent to one another to forma

catal yst bed of a desired size. It may be desirable to seal 08cDBt <

bet ween tW@ 0b8H0aNd t he reactor walls to avoid unreacted r@E\?m%,Bnggom
flow ng through the gap between the bed and the reactor. Preferably,” an

i ntunes -\ N |t ase i s enployed. Alternatively,

t he sealccgfrﬂysﬁgh g%tr%lra %@}%@g?‘g@ﬁj@tﬁ @?—a??rﬁflﬁe%@é apdothear e possi bl e,
the heathydrosarbor exidativheequtions ale knoWaUAth@stOf the hydrocarbon and
oxygen-cont? nfln%HgiBs hydrogen is recycled, for exanple, to heat the
reactants i n tHECHeARC @Xepiionyeactiopis carriedeut irnx fixedjberatiopn i s carri ed out

at super at N"RSRNGhS] action products be quenched, for
exarrgl e, with water. g S tﬁg@neélr%regéegﬁp%%e@r@r ?’?‘?@5{:&%’?@@ FRsarbons avoi d
Iggf:t ie{:);uda? C?glcg-ut a?,%legteq Sgegldliﬁiﬁg:/’vn%r essu?@yc?gcr exarr%?ie)é(li%? Ssures

| s t harehyd %Fr"é’."ﬂ%&'%%@ #Yrdé‘af@ms isich axbeszensears! wiphthaterpmesedlio

i nventi ®e efipjoyed. r enoved by mechani cal means, or by decoking. Suitable
decoki ng met hods are described in EP 0-A 30 709 446. The invention will now

be il ustra@y shifablapxpgerecentainingogak mayrisk othploysd: f6F SReHIE Molcgire 1 and to

the fol I09¥\% Qbr%ﬁ-a”pl es. Figure 1 represents in schemati ¢ form apparatus
suitabl e 1Or use'in the process of 11 Q3 DEC 2004 WD 01/83:105 the
pres@nt i nvBoitaldn, thPeE{deBEl +&L898 Fﬁx@sﬁ"%% idriik ol povi ded wrath nmeans
for supplying an oxygen-cont ai ni qa ga ?%ﬁ%&%gﬂih %’i"c@r BBl ying a
hydr oc aPBEANSHEsekiAY Whishimabelcarjed ogtin.a ﬁ)mmdira@tmsﬁh@l%qgée of the

pr ocess okiagh . i.hagl e ans .or.several neans for the supply 5 of
reactants. T e{@rr%téér%gre %t?drglg%%ll’g?thego’ﬂ o Stlens: gistheneemde, the and a neans

for suppkigation aféthylemaﬁd)anetia@didqsﬁvwm%éﬁlﬁehm@lro‘ilﬂ&ﬁoﬁp%%%gmgﬁ% ed to the

y al'so co ffle zone

baffle z .hoysi.ng (4). The apparatus
housi ngﬁﬁ%ﬁﬁ#’é’ﬁ’ﬁ% the exidation of ertharxyens teephthalicanthyiriddhke baf f | € zone

houps N agthoxidt i ..stapnl ess steel. The 10 baffle plate (5)
is solid né{%@ggﬁ?g&é@éﬁ?%ﬁyﬁéﬁf% S tl.on?ﬁéa?eé’PFBa’@fﬁmﬁe l ength of the
baf f| e hydrecarbors| suphtas rhéthank, eomBirghs, ohe bhidatit & €, p}cﬁaﬁaxt& %‘&{ The baffle
pl at e (?&t i s_dj Sr%:ied sggas_lt,anti al |y perpendicular to the oufte ass) of the
react an g"ﬂep?ﬁdéo e g ?ﬁﬁ%@i&@dfﬁﬁpmtjombﬁb@zm@td malgich of the
baffl e akhydrid@usi ng (4). The ratio of the dianeter of the baffle plate to
the diameter of the exit port of the nozzle of the injector 15 (8) is 2:1.
Dependi ng ofhe eridatien ractiont ¢omdjtionssach astﬂ&&pb&ﬁrb%n&%%sﬁ@)@viﬁqgﬁéﬂdse ei t her
a sédwglgnﬁl%fsgéce zonedﬂﬁr several baffle zones. Each baffle zone nay conprise
a singl 2 Bi° sReqHi¢ /ridgen Feactien eruployed,Siiiebla reactismeconditising gre(lipwinsinbol t ed t 0
a heat #heattanger (6). The apparatus (1) further conprises a conpact heat

exchanger (6) of square cross20 section and having substantially z-shaped
channel s of fezred apn wnf thepresan invertion there 1 pravided a pldeess Bat

X
exchan i x%ki 40 1he reactor.(7), Suitable conpact heat
exchanggl?gétgl\’rygb%anu ggg Sfrlgd&sg?abéﬁf’fﬁxdr&#?%ﬂp Pfﬂ‘i““&&g%lﬂsﬂgh #s1)} al so
conpr i sebyleng.eactor (7). The cross-sectional shape of the reactor is -

square, so @s t sg,b tantial|ly match the cross-sectional shape of the heat
25 “éxchang °‘i°6‘§l‘?g o LA RIPSENS HiVeRtQn provides a pronsss Budboprodactionsaflant ed bot h

I nt er nadlefin §418 procksy é‘tﬁﬁﬂrYsing:

partially combusting in a reaction zone, a mixture of a hydrocarbon and an

oxygen-containing gas in the presence of a catalyst which is capable of supporting
combustion beyond the fuel rich limit of flammability to produce the olefin, wherein
30 prior to said partial combustion, said mixture of the hydrocarbon and the oxygen-

containing gas is passed through a heat exchanger.



~In use, the reactor (7) is provided with at |east one catalyst which is
capabl e of SUP%{O?I’H ng conbustion beyond the fuel rich limt of 3 DEC 2004

f | ammabi | WOP1/83495t ably, the catal yst is a supported catal yBCT/GBogomsas al yst
is placed bel ow an al um na heat shield (not shown). 3 0 An

oxygen- cont ai Thegragess dosnprizes tentadiimgaty@icdatton(ork mixieOf AydioeRbbns 2)

sui tably vi(g a%)%ggs injr“act,or (8%‘,, A gaseous_hydrocarbon feedstock suitably
conpri si nGPEEhERECREINHINS gaY Pith g vatabistundes cptalyticoxidasiva dghydrogenation f r om
supply (3}eastibt edtlditiotsdo r&ﬁﬁehﬁgoq Pr. (8). The ratio of the velocity of

t he oxygen containing gas to the velocity of the 12 WD 01/83.t05 0 3 DEC
2004 PCT/ GBOL/ Bhe dgdiogatbon atdyde dngdydicvaiion. whibie caxbeieshversd & 4 AEHHAS.
hydr ocar b optional .y hydragen nmix in.the jnjector (8) to forma
react a‘ﬁt %&f%g&?—f W?%?’gi{eg%eﬁ‘fefﬂ% ‘iaff’g;"éﬁﬂ’ilg‘i‘tw@f‘iebﬁ@ogﬁaé@!ldﬁa%@p i nto
baf fl e zogendiddns leydderi ng baffle zone (4) the reactant m xture inpinges
the baffle plate (5 and is deflected into the channels of the conpact heat
5 exchanger (&he prisesscfitherptesénd invensioh arayde us6d td conveabeth ynidhegam On

xture | SEPE G ORNRe Yeing ABuSPEIRGI i Rectrmadns 5&#23 i ol o

of the cogpseils. Peeferabls; Man@osr, iRkohd Wy dr6REhGHR syl IQer €act or
(7) }queireupé)n_it cont a}gts ther gat gl{/@é. I'n ?ﬁguﬁﬁ%ﬁfgﬁgﬁe’lb&&e a
[

port ofnd mextuges thezenfisse employedonbust s to produce water and carbon 10

oxi des. The h - conbust 0 _produce water. Both
of these conbégygglﬁ&lgg}é{%% ggcg “ﬁfﬁ%‘géggf‘ﬁ‘ééfkfgmé’ﬁ%e@@f framplemslesiiat oduced
i s used t oxy@enyair bimottehlad orymenalifued with &Ydﬁ&ﬁ@!@%s%@cﬂs@{i&%&% %}5 :

t ho

General Ethane Catfﬁ{ﬁ‘%@& Oxi dati ve Dehydroaenati on Reaction
Typi cal | y SAROpfliox] BPer catal yst conprising noninal |oadings of 3 wt%

pl ati num and 01 I [ . 99. |.um,na..foam (pf. porosity
45 pores per %RWI Vegﬁ\(/) m’g&ﬂ?@@gf]&@ gﬁllsg%ﬁ?lgr{%%r%dﬁcf%i%@r%@ﬁﬁﬁl yst
bed sl¥edismodured in thegracess of the présemtdhveitidon. Ofhdiaafered ehicighetrBQatign | N
dept h and vol une of 1008 20. cnB. T?e supported catal yst was then | oaded
into a fi Qgﬁycg%‘ifr?@a@tw.ge%ﬁ o6y Recterably, gFﬁ £3-a tigees, prsfrablp et Hhove t he

catal yst. tmgﬂﬁ%&a&msﬁlemahserﬁﬁlir%%gfnm &{@a&?e )?é?grtcgme;@ety ow of

nitrogen was nmai ntai ned i medi ately ow t cat Sure a
nonf | ammaBPRbestien of therhyduenarbonrte setbon dioride zst witet.shed on the catal yst .

Fl ows of etha n. and axygepn we hen intraqduced intQ an apparatus
as 25 descri b%eP%g@g§?§Ws£%g¥%ﬁ&%§ﬁ%%_ 0 &P@Ge‘f?[f%’ﬁf_ogxygen wer e
gr aduz0 | y gteater GRad0,000e ", BréfehOLY atowt RODOD B “PirfMh 6t pRefBABlyY Bldafer tiandt t he
upstream , face of 4.35 nls at the feed t enpér at ur é th the

fol | ow ng%&i@@/ ﬁr’fas 3t wHl bounderstond, hevveves: thatibe optimum gasshouslydpanedvebapity

oxygen O. i i i LAE I exit.tenperature rose
steadily gﬁléd%@gﬁhgggﬁﬁ%egﬂaa&%bu &Bflg%t%ﬁ %(?Ié?%éu%'hour equi libration
period the ni Advgrapeblsly, thadydrdaben niay B fee/hdated EThetempbtire RS whet@ The

et hane, hydr.ogen and oxygen fl ows were adjusted to achieve target flows. 13
dfocatbon, oxyge -
~ ~ DEC zﬁ}‘}lly rocarbon, oxygen-containing gas and (optionally) hydrogen mixture may be

25  preheated, however, is limited by the autoignition temperature of the feed.

Preferably, hydrogen is co-fed with the hydrocarbon and molecular oxygen-
containing gas into the reaction zone. The molar ratio of hydrogen to oxygen can vary
over any operable range provided that the desired olefin product is produced. Suitably,
the molar ratio of hydrogen to oxygen is in the range 0.2 to 4, preferably, in the range

30 05to3.
In the presence of the catalyst, hydrogen combusts preferentially relative to the

hydrocarbon, thereby increasing the olefin selectivity of the overall process.



. WD 01/83-105 PCT/GBA /01898 The reactant m xture was heated to the required
pre-heat tenperature by the conpact heat exchanger. The cat alfyd DEC @84dat i ve
dehydr ogeW& 41@3405eact i on was carried out at a pressure of pbch/®Bdidigez The
product conposition was anal ysed by gas chronmat ography. The feed and
product fl| oviy fdftfo peaT=Yal 1:Ql ] J o) ters. .From
anal ysi s ofm!tl{]e feec’lrngﬁ%g%?r%gu? ) ﬁsg\é/{vd?gﬁatghgﬁaé %:ﬁ@% %‘g’icﬁbﬁﬁ?rﬂn hane
conver si & $¢am.sel ectivity to ethyl ene was cal cul ated. The velocity profile
and the degr t he .react ant s, be, determ ned |

f .m Xxi f b
t echni ques sﬁﬁ?ﬁa&fga ‘)‘t;‘?I% Sg‘PPB??&PO‘F ey de gy carrsdeaut ﬁ?@ce{@yﬂq@oﬁﬁdgl li ng)
and. phy Stefiftlrdbds W Beelfcch 6006 3hA 30004, YreFADRY heRfiEd BRI 105 R&E ADFOUP! €5

may be | ocated bel ow the catalyst to C munitormTe t he
cat aldyst mogipiréferably, dmtweeam000°Clanid 0002 ned when the vel ocity profile and
' .fhe reactant mxture fed to the catalyst is .

t he extent m xi.ng of r

uni form 150@}%‘?%1“2(83 oxidatike dehydrogsnationiragess maydacamiedentiaydr ogen wer e
utili sedata® ' | @ . _The r.eact.ant m xture
was pre- he'ats%lga'@{tégrgu?errper ?E%p{?gﬁ%g%’v ?‘Etea u?@?ﬁﬁgﬁgﬁlﬂ’m% e of the

i xt ur e. rampe0 (@2 betas praferablyplus to @ bhed) ifer ekabgilgWw.6 01 Branbbsediallie ggat a 1 n
this Exal?rggl 3) Wwas -obtéa' ned b t?ﬁ}rsga)chem cal apal ysis of thé data In Exanple
1. The préfddtSSPER Py Lor Grampie. ara ey alsp be shitablas set at a t enper at ur e
abovi® i ts aufid &It &tQm s - Al wn in Table 1 bel ow.
25 14 0 3 DEC ARy Hsﬁslgr%%r%é?'gpgx’BW&M'B%@E‘?%%%‘TSE T I

2Pr eheat Wiishpeeapablecofcuppartiogcombestionbeygrehtheduelahiit 08 HyghhesaRy, Oxygen
rati o0. ocity at catalystb. 477. ace,at preheat

t enper aéL%l(rI-i gﬁ%ﬁ%ﬁg h'&agrﬁ\yépgsg ﬂn%@"g‘%?mo}"f@?ﬁiﬁr@ﬁétmn metals. The Group

sel ect i VWIIy #ansi90iBméd( 9inkRldie i£e2, esbanenhitrs) ehdiin, rhodi i
nonoxi delb5.,2812, 13sel ecti vity(g/ 100 c%)nvertec})rcgr lt%lgh’ pgy%(inlj%é
g[@l

0 c2
sel ect | ViSRiamgrdivm, apd nhgipuop é@fnmb?yr, the) GronipaB] wansitien mista)/ B rhddudd ( g/ 1009
c2 nv | Vit yv@ 590. 60(g/ 100g C2 converted) C3
sel ggt [ \%{dﬁéx‘%@%&ﬁ%ﬁ%ﬁ%&&b{ a\é{g%ag?ﬁ 04( gel ectgi vity2.02. 1( g) 100g C2
convert ed) CPrefeedtdy} theiGryp ¥30 1284660 ARl $Pemployed i@&ﬁmﬁihat{l)o%ff pgcted and
a

believed that in the absence of the heat exchanger and/or e zone, the

conver si GHLGT PEARSlse Thedgremotes mayibes Gxpup Jld (Rumindumpgalliutsindiwireaidor t o

the resubbium), IVA (for example, germanium, tin and lead) and/or VA (for example, arsenic

-

and antimony) metal. Alternatively, the promoter may be a transition metal which is

20  different to the Group VIII transition metal.

Preferred Group IIA metais include gallinm and indium. Preferred Group IVA
metals include germanium, tin and lead. Preferred Group VA metals include antimony.
Preferred transition metals include those from Groups IB, IIB, VIB, VIIB and VIIIB of
the Periodic Table. Examples of suitable transition metals include chromium,

25  molybdenum, tungsten, iron, ruthenium, osmium, cobalt, rhodium, iridium, nickel,
platinum, copper, silver, gold, zinc, cadmium and mercury. Preferred transition metal
promoters are molybdenum, rhodium, ruthenium, iridium, platinum, copper and zinc.

Suitably, the catalyst may be Pt/Ga, Pt/In, Pt/Sn, Pt/Ge, Pt/Cu, Pd/Sn, Pd/Ge,
Pd/Cu, Pd/Sn, Pd/Ge and Rb/Sn. Of these Pt/Cu and Pt/Sn are preferred.

30 In another embodiment of the present invention, the catalyst comprises platinum
and palladium, and a further metal selected from Group IIIA, Group IVA or the
transition metal series of the Periodic Table. Suitably, the catalyst may be Pt/Pd/Cu.
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~ obtained above. Exanple 2 denonstrates that the use of a prﬁafaéq
t enperature above the autoignition tenperature of the react D '%re

results MOPHBHBYed selectivity to olefin product and 15 POI/@BDEAS2H04 WO

ol I ss. ~os PCTI GB01/ 01898 a reduction in oxygen usage conpared to the use of

a preheat t | o) AT T t ct ant
p @'B?Qﬁ@%w&ﬂi&aﬂ%)@( gw?%m,gthg ‘Gdghﬂ 'VIIIH%S&%W@ dﬁ'a?rg%o{ep ﬁg@%

m xture (Exanple ). np I'ng the apparatus a scr I n

Fi gur e IpresenbincAnytfprm,for examplegsjthemetal ogiin theyfgem b€t heatal cgapomidtsucte (rati o
of oxygeﬂatrgeﬁ&agg, | : 2.4) fed into the baffle zone (4) by the injector
(8), passing rough the baffle zone (4) and into the conpact heat

exchanger (@uitbk ardticeddvedehfiogemdidn da&gyw&eaeﬂd%mﬁf fAb?@&étaiﬁr e. In
this _Exanple the baffle plate (5) was di spose @gerpendl cularly 1.e at 90

degr des BdF-Ae 01382289 W() 87RAKE, £ 9930588 . Sransd GBI99FO5%T. 1,ithe cordents 0f -
d t : : h tially mx in the injector (8
pslrrgpstg@ﬁ??{/gﬁ?g%@&%@?w&&%&% ?2)6 Pafter doflection by  he bafflt(a :

plate (5) tHEheaydgn eanployedinte gesnsimpates mag bBensipotealforblamgle xed
(appr oxi te:ﬂé 99% g1->,<e ) 1 S No further m xing of the gases was observed
after exXe cRlYE DAY be i thedop pka metal gavuzerpl e 4 Exanpl e 3 was repeat ed

except that f I . . t.he

oxygen/ hydr O%E%B%’g}gg c@%ﬁg%é@oﬁ@é & 81 raglggs.qlt%e %ﬁ g Eﬁlrtr%bg%’l tF? %pplp gs ults

shoudt has amimtalrirceramio Suppost, prquahlyanbrmhfwsmppmg gg/itaﬂé eeg?ﬂﬁj‘ du?ﬁb{;t@ n ) :Jy ot hg
o m xed)  as at obtaine

baffl e plate (5). was not as, good_(approxi mat el I . that
in Exangpgluge Elafﬂ\‘ém@f‘ﬁaﬁ% S&%atpmp%mw&pa}, vttsiastabilisad zircaniy,.

o ot SAnBR s, SRl AP e S pnb Bl SRRl p o1 1"

zone t heroatedpfdrdxiraplke, withge AdjO et hane/ oXygen gas m xtures contacting the
cat al yst res,élti ng in a |ess effjcient autothermal cracking process. The

CFD nodel | i n ea?aéagysdé%%@?@kléﬂedi@éhe formpef ilesnaeforably, vithehamfered monent um
PPy el SUHHBCHRDbe Pothdballh 1d G Efshotk Wit SBLELS Batieg, ()

resulting,” 1 n eac | npr ove 8 m vel ocity
profil e debiredsize.chananbe disichble ¢o peall the drea Betiveyn thrtbedtang therhcterxwhinger (6) .

16 0 3to I:a%ggzldzti)n(%gaclte:\éloreg:tlanst§) ?r%xSn t%v%{ngsthr%glg_{l Ct;}?eoééot}e%\%gen the bed and the
reactor. Preferably, an intumescent sealant such as vermiculite base is employed.
Alternatively, the sealant may comprise compressed silica-fibre mats.

20 Where possible, the heat produced by the partial combustion of the hydrocarbon
and oxygen-containing gas hydrogen is recycled, for example, to heat the reactants in
the heat exchanger.

Where the cracking reaction is carried out at superatmospheric pressure, the
reaction products may be quenched, for example, with water, as they emerge from the

25  reaction chamber to avoid further reactions taking place. Quenching may not be
necessary for reactions carried out at relatively low pressure, for example, pressures less
than 5 bara. |

Any coke produced in the process of the present invention may be removed by
mechanical means, or by decoking. Suitable decoking methods are described in EP 0-A-

30 709 446.

The invention will now be illustrated by way of example only and with reference

to Figure 1 and to the following examples.

Figure 1 represents in schematic form, apparatus suitable for use in the process of
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1., A process for the production of an olefin, said process @g ri sing:
partially conbusting in a reaction zone a m xture of a hydrotcar 28hd an
oxygen- coMP#B3498 gas in the presence of a catal yst which PETRBO RG] s8s Of
supporting 5 conbustion beyond the fuel rich limt of flamability to
produce th&preséifihventisher ein prior to said partial conmbustion, said mxture
of the hydrocarbon and the oaygencontaining gas is passed through a heat
exchanger, akh¢ apparagys(l) iseprordded withmsuge forpsupplyiigsarfoniRbdohifh®Pas 2. A

j | ai 1 i he .h h h [ 10
Pt he” (LR £anBhd e Susbiihg a3 atbon i Spaonally by croeeny Gngaetendiog 10’ m m .
A pr ocesm the saulclofMbe procebPiherelmsy b&h §i'n§1e2m¥‘£}%r08 ggv%]%%‘as%g?gﬁéé Qgﬂge

;
provides a residence tine in the range 10 to 1 A process

accordi Y reastants; Thaanegns farsupplyingdinraxygtmomtainfiey gis(2) &gl Herhneghanger is
. - di t | aim 4 wh in th
1 0F o PP e Y060 entintiopeliChydiiesn B st veled fo WedmBiganedovel ops

into a dwhsing)i ally uniformvelocity profile within a distance of |ess

t han 100 mm.from the channel outlets. 6. A process according ~to claim5
wherei n a sutf$eRRUARSI(Y) alse eomprises pdefflezqnediouingi(4) whichdy providetiviith @

di stancg )t anngl oytlefs.. 20 ~ A process

accor di nglﬁgﬁil)é gﬁ% (I‘)S 'ﬂeﬁgﬁgn%q@u%%gé%ngﬁcﬁ#ﬁ%a A statplessstzel.ebbehanger
has18 sdeffteplateSkisselid (mom-pdforfedy araaadPeAbAIMIRS Ritic| @i %n%m%ffei n each
si de of thbe@quarelﬁéus.in the range x 00 to 3000 nm 9 . A process according
to any heebaite zoug hquising tg the Jigme of thedafideplateds Rah Jive teflpplatedd) & t he

m Xt ur e d@potddsub < LAk 0 S, to a tenperature bel ow
Tho. aut o bor o ooUAAGAR eBeraRy 1 B IR bR WyE el el salenns 5 peC
200g PCTPBRAIMOgIBidIay alongrthe kengthosithe BAMIG dofe ﬁBMsiQ%@)Q’i‘h&{a?iio'B?ﬂ}e to 8

wher ei ndﬂﬁ?et?e% exc ngier eheat s t%e m xture of the hydrocarbon and
oxygen- CONt arm h@ﬂgﬁ@%ﬁ te %ﬁg&néﬁtﬁr thg et par 6f thennazle af dheymjectarn

t enp®r a(8yie 26f Dependih ba iR : | any one.of clains 1
to 10 \A,{(w,sezlei n thg hydgocar bsg%l%é)ggh %gfllsg’:trlll?%on egzrdr%gr{%%g% RIS PSR i n at

| east of@gisdrfilezonsmer soveral baffle pedesgEmhdméfle bbucomgh comprikeatingi@ianger . 12
A proggss I%TABQE{LQ to claim1l wherein the baffle zone conprises a
housi ng andaa St one baffle plate is contained within the housing. 13.

A process aThebaffiegzone hehsahg@(4)ds wa&rdqbaﬁea@emaﬁa%&&ajiate is of circular
C |

cross sectign. 10 14 . A process according to 2 or claim13 wherein
the baffle pPapRPaTatug(bfusher compsisasa sathpact heatpchiampet 66)lof styaré broseli r ect i on

of OWg &t . X contapning.gas mxture, 15 . A

pro%desssggggglraﬁ? ir%ﬁtlh g%g%%%gygfsggaegﬁ%nﬂgs PESM'W@@W%T@C%%% plate is

| ocat ed Isubstradius aThyheut eveiyingdrq6)pistbolted fNleheord (75 Siﬁ)('dﬁ]'ﬁf& 15 16 . A

processhaagcordl n% to %r%ufone of, clainms_12 to 15 wherein the ﬁlgum ng defines
gYf&re ppouta

a cubi cPEAFFTHEn otupsdhyddeatse bsnitedhg to claim 1f wherein the
baffl e pl at ghé atts (DR ' ratio of the.length of
t he housi ng 'goﬁl'gpr?g di gﬁetercogéﬁtﬁ)ﬁséég%yfoﬁ)@)gﬁg?égﬁgs ?POPHQSI’PB?]@%{I]& c 1tol
-1 reactor 1s square, so as to substantially match the cross-sectional shape of the heat
25  exchanger (6). To minimise heat losses, the reactor is insulated both internally and
externally. |

In use, the reactor (7) is provided with at least one catalyst which is capable of
supporting combustion beyond the fuel rich limit of flammability. Suitably, the catalyst
is a supported catalyst. The catalyst is placed below an alumina heat shield (not shown).

30  An oxygen-containing gas is fed to the apparatus (1) from a supply (2) suitably via a gas
injector (8). A gaseous hydrocarbon feedstock suitably comprising ethane and
optionally hydrogen is fed to the apparatus (1) from supply (3) suitably via a gas

injector (8). The ratio of the velocity of the oxygen containing gas to the velocity of the

12



20 18. A process according to any one of claims 11 to 17 wherein the

hydr ocar bon and oxygen-containing gas m xture is pre-m xed # DRC 208hst one
m xi ng dWQ WSS or to entry into the baffle zone. 19 , AproracEEMIsHECOr di Nng
to claim 18 wherein the baffle zone conprises a circular baffle plate and

t he rat fie - f the outlet
of the g%i:ﬁqua)ﬁ)ﬁ@f%g\%rgé &ng@}ﬁ &ﬁ{aﬁﬁlﬁgﬁhé%gg%aogg} bggc?g!rjg;m I)&{lg'()cl aim 18 or

claim 1byda9hem=m in the dnjedton (B) &F forina wgctdm/mmefpemdtcaeyatmgﬂm duakef b zone

accor ot 18 bECeF EPRRLORIRE R Rla P! Yoiing Bt oRe Bh e scattontimitieny devi ces

is 1:1 ffpidges the Patikasiate IS @iddk ﬂ@ﬂéc@ed?lh&i he bhaio®y 6F the EOBpRATHehE zOne

conprises a housj nﬂhl nto which the hydrocarbon/ oxygen-containing gas
m xtﬁ.lr eex@anw (8)bEheenmpsct heat &h@l@ngm(lﬁl) is hested pycteann (Ompassage thraughdevi ces.

one of A radis obtng oo ek eXepured R e BBl W TR thecoup

VIl trmqalredwm tates Onkitiny the @BAHRISATIRE Shrhfact ARk cRiReP{G) fhei s 1 to
23 wherein the slgag?chl onet rtlufzg rati o of hydrocarbon to 8xygeen(|?llé§ to 16. 5

2 5. A FPeEBbRIHEERaEsesdute seasty (8hwh@pumra1tﬁ9nt§cts<ﬂ1wmmﬁrIametrmtqmart i al

conbust rocess
accordi ‘g%% %c%gﬁf/ﬁ%*gﬂg Iﬂgjla lr‘rcl}fg%op e}ﬁ&ﬁ%@gﬁ nxﬁ;ﬁ&%ggw‘%a tion is
car 10 edoxides. fthedydedgeh peoifeety if present eombusts to prodnee wawﬁeBcﬁﬁQEﬂie@e 1200 C 27.
A process ' ' tQ 26 wherein the parti al

ording to an ne of clai

Conbus FURDYLIORGeRtions e Syaimempic g o an Brehyi prediosdge tpdtio avegben, 28, A
pr ocess d@gaesgkination 8f ByiitoQSorPtb dHfH pRdhctt O 22 wherein the oxidation
reaction is selected fromthe group consisting of the oxidation of ethylene
to ethyl ene oxide, the oxidation of ethylene and acetic acid to vinyl
acetate . en A the oxidation
of ort ho= e a8t HHYo e OIS0 R CPCf propane to
acrydonitrile, the oxi datlon of gaseous par aff| ni c hydr ocarbons to syngas,
t he oxi dati dation of
bao oxidat Qngf)%%ﬂll%‘haé]lﬁ%lgﬁ ggﬁﬁ&i‘ chialydPehpitsifd Nt idaffoadigs bFS vi%h

platinum and 1 wt% copper was supported on 99.5% alumina foam (of porosity 45

pores per inch) (Vesuvius Hi-Tech Ceramics Inc) to provide a catalyst bed sized to
match the cross sectional area of heat exchanger, 60 mm in depth and a volume of 1008
20 com’. The supported catalyst was then loaded into a fixed bed reactor. An alumina heat
shield was positioned above the catalyst. The catalyst was heated under nitrogen to 200°
C. A flow of nitrogen was maintained immediately below the catalyst to ensure a non-
flammable atmosphere until reaction was established on the catalyst.
Flows of ethane, hydrogen and oxygen were then introduced into an apparatus as
25  described for Figure 1. The flows of ethane, hydrogen and oxygen were gradually
increased over a 1 hour period to provide a gas velocity at the upstream catalyst face of
4.35 m/s at the feed temperature with the following feed mass ratios to oxygen: ethane :
oxygen 1.84 and hydrogen : oxygen 0.12 . During this period the catalyst exit
temperature rose steadily and then stabilized at 850° C.
30 After the 1 hour equilibration period the nitrogen flow was reduced to 0 kg/h over

a 2 hour period. The ethane, hydrogen and oxygen flows were adjusted to achieve target

flows.
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Example 1

In this Example, ethane, oxygen and hydrogen were utilised as feed in the general

reaction method above. The reactant mixture was pre-heated to a temperature below the

autoignition temperature of the mixture. The results are shown in Table 1 below.

20

| Example 2
The data in this Example was obtained by thermochemical analysis of the data in
Example 1. The preheat temperature of the reactant mixture was set at a temperature
above its autoignition teinperature. The results are shown in Table 1 below.

25
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10!t
MBLOYRRE! () -! a$10% () - !\ $10%44& ()T,ma/q& ()- ! XF#100& ()-! Xf#10%& () - TFzaBK
@ 10!t &y2109&' ()-&@ 109 el () - 10048 ()-&(109%A& ()-S&' 110 & ()- !'p
Mp10%& ()-z&~dYNC 10!t 10T pBxamplet t 100478 () - 98 Foowaple?) - &F7z 109K ()-
&85! 10% - o ()i
" $109%&] { < 2 15 100k 5 - 0100& () - y#100& | (P01 " $$#9a[ 9YNC
10!!a‘~E§ﬂaﬂ%b&y@nr§1§1W B3 Ta S SI0NTE ()@ =1 () - I XY
" $109RL() - #ORA = 1011 910%: () -f#10%R'I()- 10 10 10;
109 ( Hyﬂwgem@m&n@tm! pE12$1098 @@ () 89' rﬂmma)(*z++}[<{\_
101" n
" L10%&] § | 24700 () -1 \L' 109%& | (H*a 09 ()- L$100& ()-"
109 (] fAchM: ﬁﬂe@i%‘ﬁthém&raturé/ ffOW0x0y0z00uj _@

m/s

Ethane conversion % 69.14 68.71

Ethylene selectivity 72.29 73.74

(g/100g C2 converted)

Carbon monoxide 15.28 12,13

selectivity

(g/100g C2 converted)

Carbon dioxide selectivity | 2.01 1.59

(g/100g C2 converted)

Methane selectivity 8.57 8.74

(g/100g C2 converted)

Acetylene selectivity 0.59 0.60

(g/100g C2 converted)

C3 selectivity 2.16 2.19

(g/100g C2 converted)

C4 selectivity 2.0 2.1

(g/100g C2 converted)

C5+ selectivity 0.38 0.38

(g/100g C2 converted)

It is expected and believed that in the absence of the heat exchanger and/or baffle zone,

the conversion of ethane and/or selectivity to ethylene would be inferior to the results

obtained above.

Example 2 demonstrates that the use of a preheat temperature above the autoignition

temperature of the reactant mixture results in improved selectivity to olefin product and
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oxygen/ethane gas mixture (ratio of oxygen to ethane, 1 : 2.4) fed into the baffle zone
(4) by the injector (8), passing through the baffle zone (4) and into the compact heat
exchanger (6) was analysed by 3D CFD modelling using Fluent™ software. In this
Example the baffle plate (5) was disposed perpendicularly i.e at 90 degrees to the
10  oxygen/ethane gas flow.
The CFD modelling results demonstrated that the oxygen and ethane partially
mix in the injector (8) prior to entry into the baffle zone (4). After deflection by the
baffle plate (5) the oxygen and ethane gases appear to be substantially mixed
(approximately 99% mixed)
15 No further mixing of the gases was observed after exit from the baffle zone .

Example 4
Example 3 was repeated except that the baffle plate (5) was placed at an angle to the
oxygen/hydrocarbon gas flow of 2.6 degrees.

20  The CFD modelling results show that the mixing of the oxygen and ethane gases after
deflection by the baffle plate (5) was not as good (approximately 96% mixed) as that
obtained in Example 4 (where baffle plate was perpendicular to the gas flow).

Examples 3 and 4 clearly demonstrate that the mixing of oxygen and ethane is not
25 complete at the baffle plate. Thus, in the absence of a baffle zone there would be a range
of ethane/oxygen gas mixtures contacting the catalyst resulting in a less efficient auto-
thermal cracking process.
The CFD modelling also demonstrated that in both Examples 3 and 4 the momentum of
the injected reactant mixture was reduced by the baffle plate (5) resulting, in each case,
30  inanimproved, that is a more uniform velocity profile of the reactant mixture prior to

entry into the heat exchanger (6).
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& 10%5 & ¢gmbugpn beyond the fuel rich limit of flammability to produce the olefin, wherein
prior to said partial combustion, said mixture of the hydrocarbon and the oxygen-
containing gas is passed through a heat exchanger, and wherein the heat exchanger provides
a pressure drop. ' |
2. A process according to claim 1 wherein the heat exchanger has gas outlets
10  andthe distance between adjacent gas outlets is in the range 1 to 10 mm
3. A process accordingto claim 1 or.claim 2 wherein the heat exchanger provides
aresidence time in the range 10 to 1000 milliseconds
4 A process according to any one of the preceding claims wherein the heat exchanger
is a compact heat exchanger. '
15 5. A process according to claim 4 wherein the fluid exiting the channel outlets of the
compact heat exchanger develops into a substantially uniform velocity profile within a
distance of less than 100 mm from the channe] outlets.
6. A process according to claim 5wherein a substantially uniform velocity profile is
~ achieved within a distance of less than 25 mm from the channel outlets, _
20 7. Aprocess according to any one of claims 4 to 6 wherein the compact heat exchanger
has a square cross section. _ | ' '
8. A process according to claim 7 wherein each side of the square is in the range 100 to
3000 mm. _
9. A process according to any one of claims 1 t0 8 wherein T.he heat exchanger

25  preheats the mixture of the hydrocarbon and oxygen-containing gas to a temperature
below the autoignition temperature of the mixture.

30
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10  14. A process according to claim 12 or claim 13 wherein the baffle plate is disposed
substantially perpendicularly to the direction of flow of the hydrocarbon and oxygen-
containing gas mixture.

15. A-process according to any one of claims 12 to 14 wherein the baffle plate is located
substantially midway along the le;lgth of the housing.

15  16. A process according to any one of claims 12 to 15 wherein the housing defines a
cubic baffle zone.

17. A process according to claim 16 wherein the baffle plate is of circular cross section
and the ratio of the length of the housing to the diameter of the baffle plate is in the
range4:1to1:1. '

20  18. A process according to any one of claims 11 to 17 wherein the hydrocarbon and
oxygen-containing gas mixture is pre-mixed in at least one mixing device prior to entry
into the baffle zone.

19. A process according to élaim 18 wherein the baffle zone comprises a circular baffle
plate and the ratio of the diameter of the baffle plate to the diameter of the outlet of the

25  mixing device is 1-5: 1. | |
20. A process according to claim 18 or claim 19 wherein a plurality of mixing devices
feed a single baffle zone hoﬁsing which comprises a plurality of baffle plates.

21. A process according to claim 20 wherein the ratio of baffle plates to mixing devices
is 1:1

30 22. A process according to claim 11 wherein the baffle zone comprises a housing into

which the hydrocarbon/oxygen-containing gas mixture is fed substantially tangentially

using one or more mixing devices.
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