*fhi s Shqu%gg%*ﬁggn_BEDLaeed Case7828(2) PROCESS FOR THE PRODUCTI ON OF
MONO- CLEF rese I nvention relates to a process for the

.productlonTm§$w6 ron1a hydr ocar bon feed. own conmercial route to
t he productl n \ i s via steam cracking of paraffinic h gggpgns
Stean1crack| t he pyrolysis of the hydrocarbons é
gener al , t he condltlons whi ch favour maxi mum conversi on and maxi mum ol efin
production arée (1) a highly saturated feed, (2) a high furnace outl et

~tenperature and (3) | ow hydrocarbon partial pressure. In particular, the
process nmust be carried out under |ow hydrocarbon partial pressure, 10
typically |l ess than one atnobsphere. Possibly, the sinplest reaction in the
af orenenti oned process is the cracking of ethane: [err] Considering this
reaction, it is of course apparent that the nunber 15 of nol es of product
wi Il exceed the nunber of nobles of reactant. Thus, if the partial pressure
of the paraffinic hydrocarbon i's increased, the reaction is likely to
favour hydrogenation over the cracking reaction. Conventional '
understanding thus indicates that if elevated pressure is used in this
process, conve oigand 20 selectivity o olefins will be low Indeed,

this teachl ‘ﬁ%‘dﬁééLgsed I n various published papers and textbooks

i ncl udi ng ’Qleflnsig Chem stry and Technol ogy" by F Asinger, Pergamon
Press, 196 t 3, O p gEeEys No 83- 6,
Septerrber6 qﬁthenh-ystens Report No 25 89S8, March 1991. The
aﬂxpnmﬂ : : i ndicate that |ow '

' _ ‘”»sent invention relates to a process for the production
. -owh commercial route to the production of olefins is via
- steam cracking of paraffinic hydrocarbons. Steam cracking involves
5 -the pyrolysis of the hydrocarbons and in general, the conditions
which favour maximum conversioh and maximum olefin production are
(1) a highly saturated feed, (2) a high furnace outlet temperature
and (3) low hydfocarbon partial pressure. In particular, the
process must be carried out under low hydrocarbon partial pressure,
10 _typically less than. one atmosphere.
| Possibly, the simplest reaction in the aforementioned process
is the cracking of ethane:
CoHg=» CoHy + Hy

Considering this reaction, it is of course apparent that the number

e

i‘ﬁf : ll 15 of moles of product will exceed the number of moles of reactant.
. | N Thus, if the partial pressure of the paraffinic hydrocarbon is
~vj? increased, the reaction is likely to favour hydrogenation over the
- cracking reaction. Cdnventional understanding thus indicates that
if elevated pressuré is used in this process, conversion and
20 selectivity to oléfins will be low.
' Indeed, this teaching is disclosed in various published papers
and textbooks including "Mono-olefins ~ Chemistry and Technology" by
F Asinger, Pergammon Press, 1968, pp 62-63, 91, 121 and 125; Chem
_ Systems Report No 83-6, September.1984, and Chem Systems Report No
25 8988, March 1991. The aforementioned disclosures indicate that low



Thi s Shem hydr ocarbon partial pressure is essential to

suppr ess acégns of the olefinic products thus maxim sing the
yi el d of ol can al so be prepared by cracking a paraffinic
feed 5 required for pyrolysis is provided by the
parti al conbustlon o e feedst ock and n0t by the conventional tubular

fired heaters. This process for the production of olefins is described in
our published European patent application No 0332289. The process can be
descri bed as "autothermal cracking” of paraffins 10 and will be referred
to as such her eR¥feacarhon Pt iAlhRFeRELTe rigcRPFEGE AR b EsTURPI et Fesondeey

advant age over gesadhs WHEkhélAdMilicapikddugts Rhubalaxifes ingatheOyiéd SENDI er,
_there is less sog formation and the once through yield of olefins can be

i nmproved. As fodR&EIH st eam cracking, meximumyield of olefins is 15
obtained if the proddsfinsscemralsecbeoptepardérby ovaqkisgsaiperafifiipicdieley 1

atrosphere g1 | GhsretkNend$8a0lrelh i £k RYESHUIE. 1d1pbiF1aAH ! BEL Phlrvia

cracklng Pprocess results in pro ucts are ric I n met’hane "an car bon
monoxi de. Sur pr CRRHfItjon \pE h%ﬁ/éeﬂWWbm fl?Fathh'Flgahcemmthmyﬁlerlean be 20
obtai ned in thesapddohbgidrml. crmaekprigest dydicaebiiRsied o2l &MFligd far essure

provi ded the pr duct re rapid d Accor di I L se
invention is a 8 89 1 °‘c‘€é’“%¥bs§ﬁgt TPET RERT olaé’flljﬁgt?’%ﬁf B32209.
par af fi n-cont ai rxhelg:doyelssocanb:mndéss:dph&w:ngatatothmﬂ tweekiog'hof mrafsinst he
process COWP‘?]I si.ng 431 %e refex(xg), & fagr&; hsflgﬂgaggelpart lally combusting a

on tTee

m xture of the hydrocar oxygen containing gas in
contact with a cat al%tawﬁhﬂ“élo?r%Eb%WPWscbm} £$ dire bR4FERBa&H EVHOr mal
fuel rich limt ceﬁvécdtambls{:éiwcr&ﬁdiﬂgfitf thatt t8P FeaktbedsOsimpBeeitnard Glal

8:: :Ztsg:: et g;ngggg%g% ! h agu’onaggg tgte eonacgdthai'tough ty%n‘i)gl‘ %t u{eeflgg cano e
1mproved As found in steam cracking, maximum yield of olefins is
15 obtained if the process is carried out under low pressure, typically
1 atmosphere or less. The use of elevated pressure in the
autothermal cracking process results in products which are richer in
methane and carbon monoxide.

Surprisingly, we have now found that high olefin yields can be

20 obtained in the autothermal cracking of hydrocarbons at elevated
pressure provided the products are rapidly cooled.

Accordingly, the present invention is a process for the
production of mono-olefins from a paraffin~containing hydrocarbon
feed having at least two carbon atoms, the process comprising

25 (A) a first step of partially combusting a mixture of the
hydrocarbon feed and a molecular oxygen-containing gas in contact
with a catalyst capable of supporting combustion beyond the normal
fuel rich limit of flammability, said first step carried out under a
total pressure of greater than 5 bar absolute and at a temperature

30 of greater than 650°C, and

(B) a sécond step of cooling the mono-olefinic products to
600°C or less within less than 50 milliseconds of formation.

The conversion of the hydrocarbons to mono-olefins can be
successfully achieved with high yields by carrying out the process

35 at elevated pressure which is, of course, contrary to conventional



(B) a s Replaaul ng the nono-olefinic products to 600[err] or |ess
W t hin " I i seconds of formation. The conversion of the
hydrocarb efl ns can be successfully achieved with high yields
by carrying out the process 35 at el eva}_?gd pressure which is, of course,
contrary to conventional 2 Thi s Sheet S Been Repl aced 3 wi sdom By
enploying a rapid cooling step, the aolefinic products are preserved w thout
a significant loss to the yield. The cooling step slows down the rates of
reactions in the gaseous product streamthus preventing further reactions
taking 5 pl acEsdomne By | epplpeinge e nr PdAneRqldne ditepndhy| elafante prodirtes and

cooling, hereaftsale ppdRiriv6d Wilhalt bheighesidlRBCrodsi 68 thkSyieaqy short,
typically | ess than ﬁ‘?egﬁ%yr seconds, A short residence tinme of |ess than 50

ma i s essential for sEreP éa?'%ﬁ ABYHdRe raLER| Hg TEHF IPRE v ERR he
ol efinic productgasebus poducthateanotiiysaptevenh tngrEgnterdeeah ibhe takfiglence

time at atnospheriG.Pr 6584 I§th;38 Sécﬁrgﬁ*%‘ bt GAECSrerthid QQ&I&E'Q& at

short residence tine optlon ) onger residence I n excess of
100 ns is prefereasiéng hergpfieeseaiesred tapss ﬁh%ereeéciﬁp@pstm,amjvemwhenb,
yield. 15 tye,qghhyom@ég xhaﬁhm H§ﬁiggcaldgvat ed pressure prow des the

advantage that smaller sized equipment is required with the elimnation of
conpressi on stages if TREE FERALEIEaHIr SEIRSEnLRan 27 M= §% 88 pdidr Fes Mg

to a nore conpactizessire aetdétileiredl cpaccingSta piesenvedilat bMﬂnﬂcopmﬁaHs In

capi tal COSt 2Q'xarp contrIQ;e QXQ %iﬁ‘i&% L? E(‘:gle n@éigenc%ul;ir&b Qghe?rm

pr opane, but an
pressure is of less significance, with operation at short residence

time optional. Indeed, a longer residence time in excess of 100 ms
is preferable at low pressure to maximise conversion and ethylene
yield.

15 Additionally, the use of elevated pressure provides the
advantage that smaller sized equipment is required with the
elimination of compression stages in the downstream processing
train. These benefits lead to a more compact, more efficient
process and a reduction in overall capital costs.

20 The hydrocarbon feed may be suitably ethane, propane, butane or
paraffin-containing hydrocarbons such as naphtha, gas oil, vacuum
gas oil or mixtures thereof. Additional feed components may be
included, if so desired. Suitably, methane, nitrogen, carbon
monoxide, carbon dioxide, steam or hydrogen may be co-fed into the

25 reactant stream. It is preferred, although not essential, to
co-feed hydrogen into the reactant stream. By doing so, the yields
of, and selectivities to, the desired products may be improved. The
formation of carbon monoxide and carbon dioxide may also be reduced.

The hydrocarbon feed is mixed with a molecular

30 oxygen—-containing gas. Suitably, the gas is oxygen, optionally
diluted with an inert gas such as nitrogen. It is preferred to
pre-mix the oxygen containing gas and the paraffinic feed prior to
contact with the catalyst.

The compositionm of the hydrocarbon/molecular oxygen-containing

35 gas mixture is suitably from 5 to 13.5 times the stoichiometric
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par af f i Thiged ald hydr.ocar bons such as naphtha, gas oil, vacuum gas oil
eg’?Repy di ti onal feed conponents may be included, if so

or mxtu

desi red. ’mﬂljumm hane, nitrogen, carbon nonoxi de, carbon di oxi de,

st eam or be co-fed into the425 reactant stream It . is
preferred, although not essential, to co-feed hydrogen into the reactant
stream By doing so, the yields of, and selectivities to, the desired
products nay be inproved. The formati on of carbon nonoxi de and carbon

di oxi de may al so be reduced. The hydrocarbon feed is m xed with a nol ecul ar
30 oxygen- cont&iiei Af hydsocarap tihpyyeapheonjadning gas feor cwpletmal |y
diluted with ancikiisti®ToSekiboRSdidkiddAad. water] S TRE GfreEéfbdl Oonpotition t he

oxygen cont ai nin as d e paraffipnic fee rior.,to_confact with the
catal yst. The cd §f“t€3ﬁ‘f é]l‘%if“ﬁﬁ ﬂ’ﬁ?d?g%iﬁp%%'??%ﬁg‘f er@ﬁi‘%lrﬁog’{/g'é’ﬁ?ﬁ%& g?ni ng 35
gas mxture is szygeabbontlainingSgae. 13.5 times the stoichionetric 3 Thi s
Sheet Has Bgen Repl acsgkaﬁyg@taagaefe gl‘dé&g@{&%a L GupQEVARN 16 b AbIU G 433 for

COpr| ete conbustion to cafbon I OXI de gn wat er . erer r.e corrpo_5|_t|on
is from5 to 9 PreReatiPreceedi cRhemsiretralattls of Whedsafearvorist be SEphklise

containing gas. pBrtial combubtlohl 8f e gafedlh GnittufdIRAOH hBY MRBLIEvOLe bS
enpl oyed in the F)resent process. The principal role of the catalyst is to

stabiiise parti At ¥8Rh%sti on of the gaseous mixture which may not ot herwise
be flammbl e. Suit alsujtatllye et abyasllyst sisaassypportedidpbatdnin gnogp ongpakbet al .

10 Prefer abiéf’ E’pgfe@%‘:ﬂ, i‘l‘.ﬁe %ettgfrisoleﬂﬂequmaqringglgragélli%%m %rnl )gig{:t?re
i thereof. Although a wide range of support materials are available,
it is preferred to use alumina as the support. The support material
may be in the form of spheres, other granular shapes or ceramic
foams. Preferably, the form is a monolith which is a continuous
15 multichannel ceramic structure, frequently of a honeycomb
appearance.
A preferred support for the catalyst is a gamma alumina coated
lithium aluminium silicate foam. The support is loaded with a
mixture of platinum and palladium by conventional methods well known
20 to those skilled in the art. The resulting compound is then heat
treated to 1200°C before use in the process of the present
invention. |
The catalyst may be used as a fixed bed or as a solids
recirculating bed eg a fluid or spouted bed. It is preferred to use
25 the catalyst in a fixed bed mainly because problems with attrition;
which are mainly encountered in moving bed operations, may be
avoided.
The process is carried out at a temperature greater than 650°C
eg suitably greater than 750°, preferably greater than 800°C. The
30 upper tempe;ature'limit may suitably be up te 1200°C, preferably up
to 1100°C. '
It is preferred, although not essential, to pre-heat the feed
gas and the oxygen containing gas to suitably 200-500°C, preferably
200-300°C. The gases may be separately pre-heated or pre-heated

35 following mixing.



ther eof gd range of support materials are available, it is
“a a as the support. The support material may be in the

preferrérg

f or m of sm%“ granul ar shapes or ceranmic foanms. Preferably, the
formis a which is a continuous 15 mul ti channel ceramc
structure, frequently of a honeyconb appeg\rance. A preferred support for
the catalyst is a ganma alum na coated lithiumalumniumsilicate foam The
support is loaded with a m xture of platinumand pall adi um by conventi onal
met hods well known 20 to those skilled in the art. The resulting

compound i s then heBrefarehiodthe grpeoyfrdd akbne &8 cinthodyused pinteetke of t he

present inventi gdhctibe chah6dsy Bhad¥ P& useﬂyaspaeef YERk 10 bOErated Gl ds
recircul ating bg oﬁgaflwd Qr out ed .bed. % referre to use, 25
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greater than 75 prefera reate err]
t enper at ur e | i nthe Puyrengst eblbhe grregpnt doyowony rgas b?‘t,lflﬁr%ﬂﬂcy Yﬁ:l%‘-b"—y is
1100[err]. It igefimRliesd:ed, although not essential, to pre-heat the feed

gas and the oxygen conf %Ngl ng gas to suitably 200- 500[err] preferably
200-300[err]. The gase y be—%—g%%mor pre-heated 35
follow ng mxing. 4 Thi s Slresé Hasldiecnf Rephhoedbéd
10 It is essential to the present process, that the reaction takes
place under elevated pressure. A total pressure of greater than 5
bar absolute is employed.
The cooling step will of course prevent degradation of, and/or
further reactions between, the olefinic products and may suitably be
15 carried out using rapid heat exchangers of the type familiar in
steam cracking technology. Also possible, either additionally or
instead of these indirect heat exchangers, a direct quench may
suitably be employed. Suitable quenching fluids include water.
A hydrocarbon quenching fluid may also be used to reduce the
20 product temperature. At the aforementioned temperature and
pressure, some of the hydrocarbon fluid may be cracked to provide
additional olefinic products in the effluent stream. The use of
elevated pressure advantageously accelerates the rate of pyrolysis
of such quenching fluids and leads to an increase in olefin yield.
25 Such hydrocarbon fluids are generally referred to as reactive
quenching fluids. Suitably, the reactive gquench may be a naphtha
compound. Optionally, a second quenching fluid, such as water, may
be employed.
It will of course be understood that the amount of quenching
30 fluid which may be usefully employed will depend upon the
temperature of the'effluent stream.
The products of the present invention include ethene, propene,
butene and pentene, higher olefins and alkanes. In addition to
these products, small amounts of methane, acetylenes, aromatics,

35 water, hydrogen, carbon dioxide and carbon monoxide may be



Preferabﬂh ¢ eed nmixture is introduced into the reaction
chanber rl'y space velocity of greater than 80,000 [err] in
order to ornati on of carbon nonoxi de and carbon di oxi de.

Preferably, the gas hourly space velocity 5 exceeds 200,000 [err]
especially greater than 1,000,000 [err] for the pur poses of the present

I nvention, gas hourly space velocity is defined as: GHSV = vol une of
total feed at NTP Tinme x volunme of catal yst bed 10 It is essential
to the present process, that the reaction takes place under el evated
pressure. A totafodycedsule ©f ofreniree undarst®oBarhatbthd gompdsdtiplobydee The

cooling step W blodibt CAYELaR WA EVEPend QR ddld Sleddtocind/ or further ,
reactions between, the ol efinic products and _ may suijtabl ébe 15 carried

out using rapid heat® LRRSHTEPS Y iRentoR "F‘éh”ﬁ"’a?’e iEHrEhery A BrstErtedy by

t echnol ogy. Al sgefpasatdlte, tid EbEYowadgliBdanprdd.y or instead of these indirect
heat exchan ers a gi rect guenc naxf%élrg%bl X?obece os)éed Sui t abl e
quenching f | uid may al so be
used to reduce t he 2Be 11phbmjeﬁum1@r¢p@rsdtléw@e fgam shppaftovasehtdimedd
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provi de additi onal ol efinic products in | uent stream The use o?
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quenchi ng fl ui det ardrismdse indtah dhl6fBRS alys,0d fvinnthodkH . thdSsuppdit€ oy
hydrocarbon, §1ujds are, geperall err d L, 88 1.99%4 ive nchlng f|UIdS
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enpl oyed wi || epen upon the tenperature of the effluent stream
final catalyst.
Example 2
15 The Pt/Pd loaded ceramic foam catalyst (approximately 15mm

diameter x 30mm length) was placed at the bottom of a quartz reactor
consisting of a feed section 70 mm in length, 5mm in diameter and
reactor section 15mm in diameter and 80 mm in length. The reactor
was connected to a gas'feed system, insulated and fitted into a

20 pressure jacket. A water quench probe was located approximately 80
mm down stream of the reactor.

Propane, hydrogen, nitrogen and oxygen were pre-heated to 200°C
to effect aﬁtothermal operation, where the exothermic heat of
combustion raised the heat required to pyrolyse propane. The

25 reaction was carried out at 800-1000°C and under elevated pressure,
typically 10 or 1]l bar absolute. The products were cooled within 20
milliseconds of formation. Details of the composition of the feed,
the flow rates and the results obtained are given in Table 1.
Example 3

30 In aécordance with the current invention, a sulphur
contaminated naphtha hydrocarbon feed was processed in the reactor
as described in Example 2. Benzene content in the hydrocarbon feed
was 2.7 wt?% with a toluene content of 1 wtZ. To obtain catalytic '
light up, ethane was initially fed to the reactor (0.9

35 litres/minute) with hydrogen (0.64 litres/minute) and nitrogen (0.18



The progy of t he present invention include ethene, propene, butene and

pentene 1R|e sceNd al kanes. In addition to these products, small
anount s tyl enes, aromatics, 35 water, hydrogen, carbon
di oxi de xi de may be 5 Th| s Sheet Has Been Repl aced 6

produced. It is of course under st ood that’the conposi tion of the product
streamw || depend upon the feedstock. The process of the invention wll
now be further illustrated by reference to the foll ow ng Exanples. 5
Exanple 1 - Preparation of Ceram c Foam Catal ysts. The lithium al um nium
silicate foam sbirest{minute bbwitmddepfeadonraated Fog2ate. alNitrerenf wasn Mor gan

Matroc plc W tha@aeROEOSn! ¥ntfrndD RBhdariN€of QaBLARINVGTREEMah B R is by gas
pl ati nuni pal | adi um sol uti on of tetraanm ne netal chloride salts, drawn

t hrough the supfRFAPEBIETEBRY aPdctfi®Pt digaedredantr ﬂpﬁ’éﬂig?nc%ﬁ EPRRFoLess of

1200[ err] for 1fhdpuesent Iidneeniidar.cgAgiressurs of N bhos Mavasstabbisheld! gl oy

noni toring t he yol olution apsQ be t oa dlng of .
T ot b et P e A bl RE Y D56 el i) 2000l e

cerani c foam casﬁnyse 1(169pt%%hﬁﬁt@liyallBMQﬂiame@PeS@tmmﬁqoéﬁgt [The vethane

pl aced at the b@éédO%thh@n%H&@lﬂye@@ﬂs‘%twsbﬁtt'hggstﬁfph@r fRadami@atiPn 70 mm
in length, 5mmjn dianeter and reactor section 15mnin diameter and 80

mm
in length. The PEYOFBTPRaSeLonnttt E821H0R Haseteda? Pkt BP0t e dnd
fitted into a 2Gnderpagaedserd afkRil. bar abBbéRite(UcThe hpppidabes wase | queatiad

appr oxi mat eiOy 8!91md%1ﬂ %goncps o% hi:eormgg‘cotngr ‘Details of the feed

composition, flow rates and the results obtained are given in Table
2.
Comparative Example 1

Example 1 was repeated but with a longer residence time of 220
15 milliseconds. Details of the composition of the feed, the flow
rates and the results obtéined are giﬁe in Table 3. It can be seen
that the yield of, and selectivity to ethylene are.reduced when the
products are not cooled within 50 milliseconds of formation.

Comparative Example 2
20 Into a 30mm diameter quartz reactor as used in Example 1, was

placed a catalyst in the form of previously calcined Pt/Pd gamma
alumina spheres (2mm diameter), supported on a silica sintered
disk. The preparation of this catalyst is detailed in
EP-A-0332289. Propane, hydrogen, oxygen and nitrogen were passed

25 over the catalyst under atﬁospheric pressure in the molar
proportions, and under the conditioans, as shown in Table 4. It is
evident from these results that high conversion and high selectivity
to ethylene is possible under atmospheric pressure provided the
residence time is relatively high.

30

35



Pr opafies S rogen and oxygen were pre-heated to 200[err] to
ef fect eration, where the exotherm c heat of conbustion
rai sed red to pyroI yse gropane. The 25 reaction was carried

out at 800- 1000[err] and under elevated pressure, typically 10 or 11 bar.
absol ute. The products were cooled within 20 m|liseconds of formation.
Details of the conposition of the feed, the flowrates and the results

obtained are given in TabI e 1. Exanple 3 30 In accordance with the
current invent o stphtm cont am nat ed gaphriaghydrocar bpn feed was _
processed in the regctgr°4§ described in Bfanpl & 38.| BeRZ®e| content in the
hydrocarbon fepd Wa8 2.7 wtowith a tol uen¢ cdnieRt| efab Wt po To obtain
catalytic light A, _grhane sinitially fed tlo—+Rd+eactar (0.9 35
litres/ninate)| v {hshydragén (0.64 Iitres/ ki nute‘% dngmgmgen (0.18 6
Thi s Sheet Has Bje 2 litres/ mnute), w tiher Peed breheated to
200[err]. Ni trpge 3/aso;a.g® as an internal sta;giard;;‘:qrgguas_equent pr oduct
anal ysis by gap chronm hy and is not fequi ged If ruseper Ation of the
process of the| @ ¢sgnt - Nveption. A pressurie st abl i shed
prior 5 to pdlriltEaAnLeI@®@ |oxygen (0.6 litres) df n t@"i"’-ﬁwe t enperat ure
was seen to rifpd; f0adfne nomjnal operating tle r]. The ethane
feed was then gr%(luﬁllzg@stitut ed by thejsul pl@ur congafm-nat ed hydrocarbon
feed. The reac} imf #ed out at 800- 1000[ err]l <asids wnHer a pressure
of 5.1 bar abspl uﬂ e |Theopr gduct s were querchegd,@d0 | @agthign| 20 m I |i seconds
of formation. | Deagi|sgof i fje feed conposi §ign, g‘ldMgat&g and the results
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arrpl e 1 was repeated but with a |onger residence

Conp

tinme of econds. Details of the conposition of the feed, the
flow rat Its obtained ar@ give in Table 3. It can be seen
that the , and selectivity to ethylene are reduced when the

product s are not cooled within 50 milliseconds of formation. Conparative

Exanple 2 20 |nto a 30mm di aneter quartz reactor as used in Exanple
1, was placed a chtaljygt] botihe form of previously calcined Pt/Pd ganma
al um na spheres (Rmm|dggmet<&r)), support | sintered di sk. The
. gl | . :
preparation of th|s ¢ is detaildd i 5—%—‘2)?;32289. Pr opane,
P .
hydr ogen, oxygen and nNrexg-en wer e passe’q&“ —%'%L—t-hhouo e catal yst under
at nospheric pressurse @ [t Remnfol ar propdr & 5, aned sunder the conditions, as
shfown in Table 4. Ig ewddnt from thege| reg ul ts=tRdt hi gh conversion and
hi gh selectivity | O~ ¢t )l eng ji s possi bl e~updgll -atfqospieric pressure
provi ded the resi de}*u T BExT|s relativgl y high. 530235 |7 Thi s Sheet Has
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10 d ai ms—3—A-process for the production of nono-olefins froma

par af f i n- cpntali08eh ReiReRr bon feed having at |east two carbon atons, the
process co | first step of partially conbusting a m xture of
‘the hydr chﬁm ‘“B a nol ecul ar oxygen-containing gas in E001,854 i th

a catal yst porti ng conbustion beyond the normal fuel ric

limt of flammability, said first step carried out under atotal—pressure
of greater than 5 bar absolute, and at a tenperature of gr

650[ err], and (b) a second step of cooling the nono-ol efi nm"mw”mmgm
600[err] or less with the tinme between formation of the ol etins Sl

and cooling being less than 50 mlliseconds. 2. A process according to
claim1 in which the hydrocarbon feed is ethane, propane, butane, naphtha,
gas oil, vacuumgas oil or mxtures thereof. 3. A process according to
claim1 or claim2 in which the catalyst is a supported platinum group
netal . 4. A process according to any one of the preceding clains in which.

the platinumgroup netal is platinumor palladiumor a m xture thereof. 5.
A process according to claim3 or claim4 in which the support is alum na.
6. A process according to any one of clainms 3-5 in which the support is a
nmonolith. This is the replacenent sheet Date: 0 9 SEP 1997

Claims
1. A process for the production of mono-olefins from a
paraffin-containing hydrocarbon feed having at ieast two carbon
atoms, the process comprising:
(a) a first step of partially combusting a mixXture of the
5 hydrocarbon feed and a molecular oxygen-containing gas in
contact with a catalyst capable of supporting combustion beyond
the normal fuel rich limit of flammability, said first step
.carried out under a total pressure of greater than 5 bar
absolute, and at a temperature of greater than 650°C, and
10 (b) a second step of cooling the mono-olefinic products to 600°C or
less within less than 50 milliseconds of formation.
2. A process according to claim 1 in which the hydrocarbon feed is
ethane, propane, butane, naphtha, gas oil, vacuum gas oil or
mixtures thereof.
15 3. A process according to claim 1 or claim 2 in which the catalyst
is a supported platinum group metal.
4, A process according to any oné of the preceding claims in which
the platinum group metal is platinum or palladium or a mixture
thereof.
20 5. A process according to claim 3 or claim 4 in which the support
is alumina.
6. A process according to any one of claims 3-5 in which the

support is a monolith.
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7. AMO any one of the preceding clai nﬂrum'nm

conposi t 'Lrglg 1kt HabiBeeh T’,dar, bon feed and the nol ecul ar oxyg :'mfrmﬁ#ﬂﬂ
m xt-ure i's 5 tines the stoichionetric ratio of *hydrogarors
oxygen fork ) conbustion to carbon di oxi de and water. 8 A
‘process ac g to any one of the preceding clains in which the gaseous
feed is introduced at a gas hourly space VMdlocity of at |east 80,000 [err]
9. . A process according to any one of the preceding clains in which 10
the ol efinic product is cooled using rapid heat exchangers or a direct
guenching fluid. 10. A process according to claim9 in which the direct
quenching fluid7is sepentead fccomiiegg @b ofy ané\dr exarpberediogpduatss ihlwhich

process accor di %ge ! 8:::%%551%8]0%00% Qhwy%poéahr ogyperégcgzurdbgﬂe ]in%lecu(iggpound is a
napht ha conmpound: 2 5 . _
oxygen-containing gas mixture is from 5 to 13.5 times the
stoichiometric ratio of hydrocarbon to oxygen for complete
5 combustion to carbon dioxide and water. |
8. A process according to any one of the preceding claims in which
the gaseous feed is introduced at a gas hourly space Yelocity of at
least 80,000 hr-l, | |
9. A process according to any one of the precedihg'claims.in which’
10 the olefinic product is cooled:using rapid heat exchangers or é-
direct queqching £fluid.
10. A process according to claim 9 in which the direct quenching
fluid is selected from water or a hydrocarbon compound.

11. A prozess accofding to claim 10 in which the hydrocarbon

- 15 compound is a naphtha compound.
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