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PROCESS AND APPARATUS FOR DETECTI NG A LOSS OF REACTI ON
IN A HYDROCARBON CONVERSI ON REACTI ON The present
invention relates to a process and apparatus for
detecting a loss of reaction in a hydrocarbon
conversion process, and in particular, for detecting a
| oss of reaction in an auto-thernal crackl ng pr

A efins such as ethyl ene and propyl ene rray be p ﬂﬂlmlmmmml'mm
by the catalytic 5 dehydrogenation or

hydrocarbon feed. In this specificati on the term *159159°
"cracking" will be used to enbrace both these c

o e et o e o RO

consuned for the reaction to occur. In a process knt@go*
as auto-thermal cracking, the heat required for
cracking is generated by conbusting a portion of the
initial 10 hydrocarbon feed This is achieved by
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whi ch i's H@&ﬁ@bemnowcmmsmmmwvmmeyond the
fuel richrimt of fTammabiTity. The hydrocarbon feed
i Thegreseat inyemttonirekatasdo amesm@d@@arqwb@u detgeting a jess of

rrb d th
S e F R e e
reactf‘&h)fﬁ HIF Buth X &R baskin %gﬂ)&@é ni ¢ hydrocarbons. An

e of an auto-t cracki ng process is
d e@leﬁnbacbtu a3 ewmmaﬁome rﬁ’et}ebd'mdtmairlbuhe t:eteb'tlﬁay

| so conprise, hydr.oge |cal aut o- the
dehydregenatian o ewatcpg@ﬁggny aZRB F7c- 5 P55 pRHGRHOBH F Eroy
« S &gp%t _ @g&{, ry low, for
_cra&& 'd-{[ﬂ‘ii)e vo ﬁ &h |Sé ty%?%%ﬁ&b&ﬁw | below 1

v OTI% crIéltiﬁg of hﬁl:gmbmsnk o endidhvanstic prawcesst Adwerchmlulhpgt has
bed is, in g{eneral non-fl a bl e. Howev 1t q(m
to berpomsuseashifor thprr@aft 9RO AR 12 PERCESTMORILER HHEAT tit%@a cracking,

s GBS0 L BE BRSPS St Aaupei am e

hydrééamb& ' TMts'ts fiHieved YyRsgmsa reastion mixthbeof the hydrocarbon
lammability limt is defined as the 1 hig

feed m 8 arnlecaiar K yBen-eniaing 89S 8VeR %&%ﬁ%%“t‘ﬂ&?h C@t qepatlepf o
S
feed §PpdrélallyeSothbustdd) and the heat produced by the combustton reaction is used to
drive the cracking of the remainder of the hydrocarbon feed to produce a gas mixture
comprising olefinic hydrocarbons. An example of an auto-thermatl cracking process is
described in EP-A-0 332 289. The hydrocarbon feed may also comprise hydrogen.

Under typical auto-thermal reaction conditions, the amount of oxygen which is
not consumed in the combustion reaction is very low, for example, below 2 vol% and is
typically well below 1 vol%. Thus, the gas mixture downstream of the catalyst bed is, in
general, non-flammable.

However, it has now been found that where a loss of reaction has occurred, the
oxygen concentration dewnstrcam of the catalyst may rise suddenly and may rise above
the flammability limit of the gas mixture. The flammability limit is defined as the
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particular, a fire or explosion could occur in

downstream processi ng equi pnent. A loss of reaction
may be brought about by, for exanple, excessive feed
flows across the 5 catal yst, operator error, catalyst

hift¥ist dohBerfitatibn @ oRpivatih ¥ adiktufe thiat Wilbfailab aligtain dtnbustion. If the
equi pnent error. Cenerally, in_an auto-thernmal

oxggqmnngptwi@a execeds this Bammahility limiton Grpor explosjen gould result. In
oo e Bl o Rl B B bRk Bdtn iR Lo

of h¥RkieR Ha?betb?&lﬁx@ﬁbchﬂ Y] for Spmgsle exkcasivefe&IRNbRY B6tobsthe
an auto 10 thermal cracking process is in the region

catalystropetater ertoarcatadyst Goluresuchap deastivationeofithe catabyst onequipment
space velocity in catalytic hydrocarbon processes in
rEfigneral , Is typically less than 10,000 h". Thus,

ther GeRKIBL fn dlaASLtifdnal drRGHiNBprotssaCHik REtaBsPERSShpat is very
greater pofential to very rapidly create potentlall

high andrishiseallyasuch kigherdhan yiypically used inoefberydeodasan catalytic
errgﬁl o¥xed i n_hydrocar bon c%e{ssi on, o acbj aon c)to . 15 uto-

coRY BB PRRCeioss BYRIATIYY CF |BAR O DERg s VAP b PR oY sikinaye

thBinM1 Ri3king prot@ss ik t1Rfrefioh @f Yreat@4BAPBONOVERwhereas the gas
I mproving the safety of the process. For exanple, in

hduBlyspaaovelietyun cathlytie hpdrosarbon proceissts inegeneral, is typically less than
dehydygenation of . hydrocarbons, the oxygen :
1 ONEE e o et A A oA R PO ek giger potentil to
f ' ' ed to below the
végg%@??ge{age éﬁ%t{aﬁggﬁbﬁﬁéhbg% [ ?ﬁ%nmg% 20 a recycl ed
pr odVatiowstihethods have Ugerler8flbyedbih tyidradiarboal cahesrsioa rédvéions to
dehydr ogenati on of hydrocarbons, the rate, at whjch_an
2y é@mr@ssﬁ@ea?frﬂqﬁ@ng%lg BRSMEIHACR Q&r%ytmlmfy&er&% B3k QP fspr
. MRSt LC oxidation reheating
XY APE i BSUREP AP E AL PIUEE  *F cper at ur <
di f f Boesxainple iTISOR66%,272 whichl a¢laten tozanidathrdichpdrogenation of
ucgstream catal yti c dehydrogenati_on zgne; 25 asuring
hydrecaseensatheopygen eoneensfation én theedllwent Semaibgioxtfadse and

djusti t t, f f o
Ao el B p el 0% 3 MRS ehe addiion of
a @écydled ptddutt sitdagivabl e maxi mum rate based on the first

tenperature differential and a second _all owable

mixi‘ ﬁmHSrtla&SFl ,{ﬁiﬁ@h{icb peintes facthe delydtogeantien af yydsocarbons, the rate
o pich R B el el B B RYNESCorb Gl SRR FoRk

upstbesd! Serdabnt Oxtid@idnrehdtiag esse istontioltddl gothebasialbol emperature

| ammabl e gaseous product streams nmay be rapidly )
differentiabacaend the oxigation aane end amupyreamgatalytic deliydeaggnation zone;

cise Uitk = ADuRL TS Of B SRUD e TuBE gRE kit Rl ey rte of

o base@upiPa eakini WlloWible it 05 floWsePBELHEdting thellower rate of a
downst ream equi prent i n_hydrocar bon

first allowable maximum rate based on the first temperature differential and a second

allowable maximum rate based upon the second temperature differential.

There is a continual need to improve the safety of chemical processes.

We have now developed a hydrocarbon oxidation process in which potenti'ally
flammable gaseous product streams may be rapidly detected and brought under control
with a reduced risk of explosion.

It is among the objects of the present invention to reduce the risk of equipment
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oxi dation reactions. Accordingly, the present
i nvention provides a hydrocarbon conversion process in
whi ch process a hydrocarbon feed and a nol ecul ar
.,oxy.gen-.cont ai.ni n [ j
sl oA BBl Ry POty b et dduRri Bl hftocarbon
oxi@itidtleadtid@am wherein in said process the outlet
stream has an oxygen concentration which is at, near

or Asourdingly the prasemtiventionprovidesia Rydrasarben comygEyipRprocess in
is detected,and.used ' Ve

e SR AR e AR SR PR 8 praos

in 4 RAGHIPLorQR the PrBfenbE 65LEHEaly e Etdduae & owtled stredmewhearein in

apparatus for use in a hydrocarbon 10 conversion
saifhposcessthie mutlét stieam Has 8% oxygen sareentAtiomYhishds pf Bear or above the

whi ch Y | Ber
et B0 AT e 1 A By o
for{)rﬁi?%ted{rill?% IR of RxPIYEIbR E8kRGTEahtSth fsdciiomBdRC ul ar

ontal ning gas are contacted with said

cat &hggrresent inverdionalsrprovidesan appeessis faavseny adiydscagon
concentratign [ [

ich is at, near or aboye. )
CORYGEFARBTGE<FS ALl S of o 8 S SPGBt comprises
| (shEiHg h batalbtHerefiarii s kviaéh reacti
e B O e iy ootion zone

a I3dpddastvhi foed Aritba meleculaporyigen-contaiimg gassire exnsacted with said
the streamenergjn

catafiest FeRFOANR t S%qqag‘i f_ia%“ l ‘{7{3’3\% %$§?ﬁ§5tf§{s%"?ﬁi€€ fathear or
ab?{# ﬁ}%;ﬁa‘ééh%@x ?ﬁﬁ{% %ﬁ?g £ HQteEt‘i’n%ﬁ?d 34 §f Ra&ion 4@ means for

ocarbon teed and the particular reaction
miti@adhg iHenEkeTRkplpsidn d3@ndecaaxel the rectiatbzane, t he
flrammebj ity limt of a nmixture s (ij(eflned aﬂ%ethe .
hi ghleghis @p%@éwmtbﬁ feBn ‘itlebRYegah 15 IRREM L IR thestepmemersing
WL fail, to, sy ' ' This Iimt wll var
d‘%?(‘fbgrﬁa’lmhb‘etcstaiﬁgg?idr@stggg%,yééde%ﬁg? ature and conpositi ox
of t1ge Sithb&itic 6faBEbutlel ypéanaisily vartyhecdrdmyrtaithe natyre of the

limt of the outlet streamin an autg-ther cyacki ng
injtiad hydrocahon feedtand theepasiioudargpzption C@%W%%m%y?% and
i ncl ydi ng 34 .vol % agxygen. .2 ) : o .
L RSt S, el M B8R B ) b it
cc?fé.@f{ﬁ’it?on $fOxPebiPBithé itatexhysiillahil ko hisyain eombpstiont This limit
allure or opérator error, the amunt of, oxigsn
W{ﬂﬂ fa@:ﬁccéxﬂiﬂgﬁe tliler%m‘ssiaac, tﬂp@pe@@tmqy@d cptg'@gsqt\tap of the qutlet stream.
0] cqnsuned. re
Tyt e RSREoob ] S0 el D sRGREE Bt prces
oDt Bt e

§ o @ XY upto GRTTMINRAS BAWOITH dXyRE.

SEés presen?d?n the“outl'et stream 30 such as
hydr oyBére adads igiavtévityi afehe bydrotaghn eoniversidnapraedss ecepus due for

m xtures formng in the downstr rocessjn
exgpuplsntorg losgiyc ﬁgﬁq:té\fltyaeq%@geq}ﬁglﬁn\gg of nga{o'q ggﬂr, the amount of

O SRS R e GAIRGH 1oLy th
ogg%%ne‘rgwljtgr?e&tl off cglg%@tk@goaorqﬁ% qté?:deﬁgg?al yst tatlg r? i se toy )
rédigiohae] thefcohdequency gem uncorsemed axygen tuilds hp intheguila) stream.

'lfh?se guiic?-u;t) 3(/)? Ic»(c:)?glenci)r)l( ¥§§Qm£t?§ndwﬁh other gases present in the outlet stream,
such as hydrogen, can give rise to potentially flammable gas mixtures forming in the
downstream processing equipment. For example, a loss of reaction in an auto-thermal
cracking process can cause the oxygen concentration downstream of the catalyst to rise
to the level of the oxygen concentration in the original feed (a typical oxygen feed
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concentration is 30 to 35, for exanple 33 wt % oxygen).
I n sonme hydrocarbon conversion processes, such as
auto-thermal cracking, this build up of unconsuned
oxygen in the outlet streamcan be rapid, for
coneangibe is 30 {3 3) for dxamplcdSomds oxFgend, Insomerhydragatbon conversion

anot her aspect of the present, i.hvention there,is .
Propesses, sl ag au@-rmwc,caacﬁm @mﬁ% icgpgiued oxygen in the
[ ' ] fLlde over a
outgeg?gnfaﬁ%a?xg%eaxf%gﬁ? gd;rg? ?rgﬁﬁ%\%&t.?@}e bel Egﬁ%sépabl e of
be cpRis) gcdordifprbAm i aspespofthe pteabntihyemiod tharaps providgd a

a hydrocarbon and a nol ecul ar oxygen-contai ni ng gas,
hydtecaslan gagversianprogsss PRSI downst r eam of t he

cat al yst wifhi . Of id

ottt Bg bR R E P el SR rob i B et Rafible of
bedonAfgERhtaBlE ot sill cealystexi emmisingd hpdrioestbombhd/a molecular

damagi ng the downstream equi pnent, the | oss of
oxygsacongming gy ef erably detected within 60 seconds of

the |l oss of,re ' ' r r

w ¢ AR LIRS R b 2B eator BRI R0 sooonds or ess

of S 1R§ BEfhdtidn/odtuirttigh 5 seconds, such as within 1 to 3
15 seconds. The precise detection tinme wl| y

dep&ndninimise themsknfia fasmetle ﬁyféﬂtéaaarwﬁploém’gﬂg\%w&ﬁltially
oo R SR Xl Bty Mk v

60264288 bPhe 1bJTRITRYBE oSl hived pRfaablywithitl 20/seabfsPimost
calculated fromthe physical |aws of heat flow and

préfemblyexititind§eeccoride andiespesially withinthgeconds, sueh ssewiteintl to 3
s T RS R S L Ao LR PRl Bt ion
cogiegggétl g%@%&k cﬂgﬁﬁoms‘éﬁ?pw;@a%ﬁh&@ﬁ@ hh @ RyFEoEe downstream

y changes in tenperatuie using a suitable
eqhipeeat. anigeaemb thedasectiontioreanay beidefermined sxprrimeniallyi and/or

LA A o PR EESREE 1 Qs
bc%&?ed' dut u%iﬁgesg@gééﬁ&é?fﬂukgdéggﬂﬁé (CFIS] RABRing, The CFD models

nsequen rop int rature below athreshol d
mapbe/edlideted yrvottpatibon withlexmerimentabidatane oxygen

concentration in the outlet Streamincreasin above a
{ hr cEhidPeF QATPRRHON IR RIACKSHARY %srlattamerﬁ@g;e Yiging & suitable

LR S HA har A ol s gyl Srpi

hydr ocar bon
iniexsein @xyidrhanmkerittation Xy the mutl etratrentnr aadi also evapekdiopdn t he

flammabi ity limt of the mxture. IL.n a hydrogarbon
AR PE eI EbEeams (COHoIeBs g AR A RSV GRE F fweshold
[ r . . o .
s HSRAR P PSR HRLEALH Gy o i o
aiveRahrihole vhlia Thdwhrdshsld sémpatatuenipey b definédsasthehighest
to activate the neans, of mtigating the risk of

teanpsFagere GA IRARIDIG ©A45AIN CORMBUPHRICRS omolsHisr oxygrafhygeocprpon

rr%;ﬁc eﬁ’ggl e%@eﬁé&y@%@ E&?c%t@&o%%%%ﬁ the%’ajrﬁrﬁmi){ty Tt of the

mixture. In a hydrocarbon conversion process, such as auto-thermal cracking, the

threshold temperature is typically 400°C or less, for example, 300 to 350°C.
Suitably, a higher temperature than the threshold temperature is chosen to
activate the means of mitigating the risk of explosion downstream of the reaction zone,

such as in the downstream processing equipment. Suitably, this higher temperature,
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4 (hereinafter referred to as the "trip tenperature')
is a tenperature between the highest tenperature that
t he oxygen/ hydrocarbon reaction m xture may be heated

R SR B B g et e

rocar
tenfRfatiiethfth@ bRERathydfataitoniryactich enikturgmiag bp deated prior & contact
chosen such that the neans for 5 mti gati n

Witbﬂh@%alaﬁimdje%trbek?ﬂ HhetmopmalRpesaling AEnAPHH UK Ofo&ggbiryiew%garbon
I . IO
congbilGhBioBtss, SWAGEST A Srip FOSpdEdi i BHRER SheH GabBRhelndfor

owest nornal operatin
miti@ARSRE HEICof hipission barcbie Ativatet erapidly as pedsiblg In general,
process, the trip tenperature is preferably chosen to
theieforsi, thei triptteraperange stemdd be approvicatsly agiad tgthefewess nprmal

in.the range 0* to 800' L and especi ' . .
opriRfipR orgrs. A dn g Rep B AR S W el frpprocure s
Beh ' #1198 $hd fa0P8 850 620809 imd8 PretBrabBLin th
pr«%’é{ag teg%ddtgtbg?ﬁll&}%eg a%dgérmni tored by anyggui tatg;l?:an o Tange
600t B800aC 4] etpeciallyin thSwartgalf08° tat Bi§f€r at ure det ectors

for use in the present  inventiaqn incl

t herkhsderperatire pEtie QU plcstrears, a53bemey, ﬁﬁﬁuﬂﬁmﬁB@ fatplyst bed may be
degthggéc%%%}i%é@%m%ﬁﬁ@ﬂeg Sydhy gﬁi;ia}i)"f’e {endREFurk Uetector. Suitablfe

as a change“in’voltage over a junction o
terflp&atubd dctéctomtfat Sse iRale plessnt ényentiremcliele dldrmmcaiyd ey essistance
15 in tenperature as _a change in the resistance of a

probssand infreteddetgstersi Framnogpumles qegaehd paangedn tqmpperafireag 2

det ect det ect. i.n: d
chiiesinoones SV ey b oA e FREE R iR Rl change
in tiRpdrRRELA SHaB g8l B @6 re¥ist@itel oTuanktsl0sIvhi a3 @latimuem, With

nmore thernocouples. Any suitable type of thernocouple
tempgrabwe.Ufra-réddethesopsrdstasha changenn fegtneratprs taged e Bigpsmount of

si ngl oi.nt .of, multi-point thernocouples may be used.
e"?ﬁégfrﬁéi_')??s&fb‘@ﬁ{‘%“'nay_ be provided with a sheath for
pr ot getdr-iifly (€ tdrithtuR dedctd it englb el oo piise Bl cdrambre

the thernbcouple. Typically, the sheath will be made )
thefmovetiples.s Aol saatje e of tiermpaduplermsy be pesd in theprgaet invention.

RS NV T T, O -
mgggg ?ﬁidi‘%ﬁd%itﬁ & shédth forlprORcilg thE FIHTEER WP diftlaBetals of the
grounded t I

ernocoupl’e, the sheath is in direct )
theanbaublenlypicalhy theisteathonill & madoefinetahsichos graske &4 6 atainless

advant ageous, i n that the ener al rovi de fast
stpelsPORSY 60 res0los SO0 ok AGRiTIPn TE AR TS PR BiHipgd from te
SR Bt dor SABRL Ml b8, e OEATBSHL o
gidvatiedhermeovtrbleyds sheattl is in dibeetoontict withathe suncgon TGrounded

reduce the risk of danmage during use, th her nbcoupl e
ORI PSR ASY A AECONT 1B RBAREY BChPIRY Prodds FRSt LeaROIiE Qs t
hat the t . i . bl
e HEokRFERIRPUE-TEIMIE ARl ERSE ML 18 prompnct
with deitain types dfedeotmed) ppdtectivnl dystems that are sometimes used in chemical

plants.

To reduce the risk of damage during use, the thermocouple may be housed in a
thermowell. This has the advantage that the thermocouple can be replaced without the
need to shut-down the reactor but is disadvantageous in that the thermocouple will

generally be less responsive to changes in temperature. This drawback can be minimised
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generally be | ess responsive to changes in
tenperature. This drawback can be mnimsed 5 by using
thin walls for the thernowel| housing. However, it is
generally preferred to enploy thernocouples w thout

by tengthie wlalls ferahé theimbwell Bousings Ploseeer, itiegeneadllynreferred to
achi eved. Where a ther.rmcouEI e is used without a

ermpley tsmmiocounles withqu thesmowslis o thept fasfer respanse times cag be
: ; o ! . !
st VBBl £ B Bhoctbft i€ R dlde K lebton Bt abRRLEEE tacen to try

add@higie th &srmaden bf ¢oill SpaePirowhith itie fehdtioppRe@sds &n be

the present invention, the thernocouples may be of
depesitechand formeoke.erent type. Preferably, the

t her gnc | es

o TER B BT AR Bybla B8R ot presen
ineRid, #h thethddduple? thay ®6 QR e, safieloR diffeéitgfel y Wi t hi n

10 10 seconds and nost preferably within 5 seconds of

occ ngqfergglyme thermoepundes amdpyrskase prchishatgdasseofredtionican be
. t . t 1.
aRgtpd it S SROEREBRSirah i 20 ¥ebpaR Btk Brelffly Within 10
séton@d hd mBRPIPEAYB! WithiR)S seCoriDf bt at each of a

nunber of | ocations downstream of the ~catalyst bed.
For &hampinber oftbermagouplesusedand shaimrposition devmszeam af the catalyst

S o ARy R, L R ™
tHRAL BRI RaG Be pSHEOnESat EASHEST a NP 8f RlcAsAR d:onnltsG@am of the

sane plane bel ow the catal yst bed. Alternatively,
cathbystebeal. Fat edayglle, vdwre scatalystdethounted horizandally, with éhereactant

POl o REa a5t g BROREB! el e hofghl o
tt%ﬁﬂglotgééu &s, gltleﬁass%e&t%ﬁ% Lﬁ%(@édﬁﬁ‘tﬁésan?e%l%%l&@ {HEHAFst bed.

ure of et stream °'the
Allteerativelyy pilhefess) catadysabed isrdividedihity secpars,ithére mexy bepsed emen

of the cooling de%/iag% sg)ch that the thernocouple
thexmarenple persttor gf eatalyst®edy the cooling stream Most

or ef , _ . . i .

e e e

ukéetoreduaethe temperdrerchd tisbroutled stieaang theuthetmozouplefs) is/are preferably
out side the reactor. The ' tion box may_i

he 25 .
PRSI tiRBF NPT Q) the EARHPE GPViFp BHATEa th%ﬁheaa?cgualg'ﬁgaégéﬁ not
afgfécen%l& PS?&%&%@% @ﬁ%ﬁ?%gﬁﬁﬁe&%bﬁ ?ﬁeecﬁéﬁ%gﬁiggégfwﬁg pbditioned

oom
e atlgdonsirdien bhiberabubels gi ves the operator
val uabl e information regarding operation of the

pr oc d&aehhermasenie maybedatdwiradge 8 junction dek oytsidedie Fragior. The
JSE&%rrlrb%qc rpép&rtg&r Eeal#a??@ﬁéd &fh &mfrog At ptgtgta?&ﬁ{] gédbrated from
response signs of Toss of reaction.

ALl Efefabdigle/cande defectsdidindistted th d@iRedrinignaryli® 8% dvhtrol room.
reaction by a change in the tenperature of the outl et
Ehe dasmrgenenaed by thedhermoseunlengines,thp eperatos ¥ eluablp ynfarmation

rcégﬁ-ﬁ%% c;pre]sra%%'of the process and whether or not a loss of reaction may have

occurred. Appropriate action may then be taken in response to signs of loss of reaction.
Alternatively, or in addition to detecting a loss of reaction by a change in the
temperature of the outlet stream, the loss of reaction may be detected by a change in the
concentration of oxygen in the outlet stream, and, in particular, an unexpected or sudden
increase in the oxygen concentration in the outlet stream. Under normal operating
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concentration of oxygen in the outlet stream and, in
particul ar, an unexpected or sudden increase in the
oxygen concentration in the outlet stream Under

| j g . .
con B P25 Sy e ARBRAAE oty sl
constahs tHiowewdr| wheraisiaoreadtiondeoccunded) there ik asumllgfa sudden

. reaction has occurred, there is usually a sudden
increassriadhe oxygeanronssaiban ob e outlptkatieam. Brefengalygin order to

mirlipiE S ik By SRS of Berthg iy AroBh T Bute Medeh &8 4 qurer
stréah€ tiihERasdinsthe eRYgentdafcdniatieReLthe ButlbestRxndhould be detected

_concentration of the outlet stream should be detected
withint 60 secondsefmlegsobieactiongseursing, prateratdy, witlsn 2pispepnds, more

referably,. Within 20,seconds re referably,
pre%rgmthgﬁ%s]eoc%eﬁag&’ §W&ﬁsé‘§ﬁ:\)\? {eﬁf apgssgc? h 5 seconds.

TheTpx y@pFenCnesittatidh lod Ebleutl_EhﬂrdﬁHi rh@j' bé Hét@ﬁﬂi‘nwun@ﬁxonitored

determ ned and nonitored wusing any suitable technique

usifipany $uitabensoluigiefva thegomppsitionalfanglysis of gasgors mizwres which
[ 10 epahl es,.the concentr at.i of oxygen to be
enghiis S ARG FEXHRES D103 SROrBIEEn anal vt
t eclrib ARrd!sLohe Ry gSimlydisRecHnitfich8sdinag AeRimindth& dcation at

the outl et stream maybe "anal ysed. For exanple, sone _
whichythe nutliettstreamrmay boanalysgdfior exarhplessamiie oxygen detectors, for

exd3Th}E SHRB K heopABaBETRG (B THE BTt Sy Pe R smesvient o
coﬁ%f‘tﬁ&ﬂ?ﬂ&%ﬁ%am‘!‘ﬁo%v r,ns&ﬁ@@dbﬁ{%cQ RbiV, Bf Qbkesie onﬁ@rovide
[ as .1-3

response tines suc . nut es. Preferabl
slotxhespoige eimesaacieas [-Strmimatesf the outlet streamis

determn and nonitored bel ow t he catal yst ,bed .in
o Bl oh Ao KRBT T AIct Shpashat dgipgningd and

) . o i R i
o QL5 e B BBl e 11
t eclPéfaraddy, ithetedhisiqueriised-is neh-invasive amd ménirdsks th@Gme delay

visible or ultra-violet spectroscopic-hased techni ques
betrpenisampling ppd paslysindseferrpd tegbniguesgpcluge &iprted, near mfra-red,

e
visE GBEctiRL e [ Aafy salralle nfyd-sedpher drifrared] vistble or uled-violet

light in well-known defined frequency bands. Thus,
spogtenmeeterimpybe ussd. near i nfra-red spectroscopy i's

enpl 0t N &I ah

E e G RoBruE AL BRIl RRE MR D otned
frdqRbidyl baads MTIRRS WhkreOfisiblRes Gedrdnfis-rédsHebRostpp P is dniplofed, a

the transmtted visible and/or near infra-red |ight
chpegeinthe hxygen doncentmition of thetawdlebsiregs: may bey éetaamlneg brd

coRarBR LLAe ik o P B PEhE Ay bR b radohfe visible

arldl R H R CkeH HpAHBEht WAL AR InBinsity bEMBbaEY QRS HEMEcR spectrum,
the spectra may be necessary to 30 elimnate the

thetf it gbe spactamy obteinedrfteithe yisiblp and/sr peas defia-radilight bas been
trgnlé%rli&éd t%t:crfg t %ré%lgtrstrcelzlarrnt. Eorrection of the spectra may be necessary to

eliminate the effect of any extraneous particles present in the outlet stream and/or dirty
detector windows.

A preferred spectroscopic technique is based on diode laser spectroscopy. Diode
laser spectroscopy is based on the selection of one single absorption line, preferably, in
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detector wi ndows. A preferred spectroscopic techni que

i s based on diode | aser spectroscopy. D ode | aser

spectroscopy is based on the selection of one single

absorption line, preferably, in 7 the near infra-red,
the aear\nfsd-tddeorspsiblerspectrah rapge fasroxygsryeas. dhe frequancy of the diode

laser b5 el 9 GoeBPaL I Toele AP LSS E ok AR e
temg;&%mré gﬁ%‘@?ﬁ %g?@z%f@ﬁd l‘dée’i‘.gll‘tfeusr swdl vkt fetht aRRE 1asdiie

pectr the diode laser is considerably
considerablyatartonen thancahs smectralavidtli oftthe ebsorptéorbinwfopokygen. By

verying i Gods I eniTaay BeohTInie W elenih 15 s aed by e
abs@xg)%%ﬁgi'ﬁ on line. The oxygen nol ecules in the optical
pat e

Wween the diode | aser and the detector absorb

t heThe evypeh nictetulessiethd opgict] mthubetmgen Hee dindelasdrtapd dfe
the detected | aser

X 0O vary as functi.on
etoRiwAbEPHYHE CrPRTRITES HEehAE CRhEca RSaaiE o he dspetedier t
. e .
v 5 EEBLHRR of No AR RSN Rl <SR, T, EHon
lind fafbe usiden celdukidthdiampnht oftdxggéreldtwieepu thei tsansmitter end the
out in the visible region of the spectrum although
receviier wavel engt hs may be used. Most preferably, the
wavel en e [ I S : ' hSyis ;
0. 7 BieErhed YR Bl e L Enih B LR BLER chevifioe fffon of
theiPectii bREMEh GG Wiclegigfs hiaghenistd. | Mpstiprefeatilptbe wavalength
a laser detector. A suitable apparatus i.s )
employad ircthervasibla megien isb6 to Gl anipronk. Thederkpiquempagis earried out
Elektro tikk A . ' :
usigg At pEoyree Soretying o salibir (iSHE Red hRRPRIA dIRCloR, A sulable

apéﬁrﬁths isHRaduTectifea daver taé trhdemaikiTadsaiCHs ok ElakustOptikk A/S
he anal ysis sanple by scanning from either side of

(Notveaypehichfanenpanty is partiedlaty wsshilbepause it takes iptoracepynt any dirt
t i £ f the | .20 Lt o :
onglyg o g e dnbarar o i v o PR g e RERRHIE schfhigg from

iR VS helk BRERAbEI daMblisH asd 1Y Teetheasnyitios bf thedser.
elnot 1ﬁter%gre V\nécﬁjh tyﬁbg absorption spectrum Suitable

pur gk nipsEsnecesshiyde coolrmdir clean gheswiadorsiafmny lpeer. apparatus
, t be taken t ,
crisen S APl PO G e gae g AEst APt

ream

abgéé’rﬁ)ﬁo@ gpde%l‘rgﬁﬁ Sufthak p_ﬁr%e%%&s Pl EPsthAre) efhlens abhigrogen. (Care,

ect 5 The visible and near infra-red ]
magieisbbesalanito enwirh s theguigd gre dosbeatanixavith he gasesdnithy outlet

SteATIS Sch 7 GUFACABA S IS aT TA- B BRI S P R o
typi gl i¥ipde A’F@Lrlfegr irﬁ%}-{x‘éﬁ%b‘éc?ro%%&&lo@@ﬁ@@ﬁﬁéd above can be

sensitivity. e achi eved by placing the

usedad ywaitonthe baggenaconesmtion sfithe cugletyreassinssitue fe swjtablsrpath
lelngtrh%leloullcollb%ec\ﬁgsre%/, tdy%fctam r1 krhetre, to ensure adequate detector sensitivity. This

may be achieved by placing the analyser across a vessel, such as across a reactor or large
pipework/ductwork.

Alternatively, for example, where a reactor has a diameter of less than 500 mm,
a suitable path length may be achieved by using a sampling system. The sampling
system typically comprises a tube of length 0.6 to 2 metres, such as 1 metre, The tube
may be provided with a laser source at one end, and a detector at the other end. In use, a
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30 Alternatively, for exanple, where a reactor has a

di anmeter of less than 500 mm a suitable path |length

may be achi eved by using a sanpling system The

sanpling systemtypically conprises a tube of length
sappl afdhogadtp Roésr,lorszmd tadnfrodused dnto thectube thsoughegn intet located,

fof GRS il B BaE el SFURE A, 18R velills fion papped throug
th€pss safipeasTPflove aRshgithe ldhpttoshiBE ibeahe ohh@(xjcfu\‘l\gg%utlets located

through an inlet located, for exanple, m y
adinsentdbaendsof sheigibef Wibiere nagbssaryia [purgergab iscamployecdhiorcool and/or

cIREIE i o oo s DO Rl e T B B b SO hrough
th@Sh AT Me (BE afN H8wRlout BEHE ¥ER: vgmcﬁm@&ﬁéﬁﬁf %/ﬂ %&nt the ends of

purge gas is enployed to cool and/or 5 clea
theviubd ollsuspthet gas ihdlsecendwsinf tlee tube comprsas@ssentibidy thergge to be

iGN G SROR R 5% W% 4 FRETRLTRELE dPistias doeeaces foaree
oftalQurBEY ThO Winddids df4tHE detbbios ﬂaym%rﬁﬂﬁﬁxtédl{%dag%rﬁgw fh€ 1% in the

the tube conprises essentia the gas
centre,iin theadgioR tiompeisngr assentially thengasitobs nwhitoredct i on may

e 53850 Bob5a50 Py SRS P EHLESL S e
o L AR o LR SOUED PR B4t

hydescarhionrig tlee dutkes stofant eacliangss inethie bencenpdtivnest dthertcbmbustion
present invention. For exanple, nethods may be
regetongyednoisondhe eetetsHeameeh 8s Hatgiaskpn manoxide and/or carbon

dibydeocarbon in the outlet streamor changes in the
concentration of other combustion reaction products

in tWhed logd obieactiun is erbtedsmemisefor mitrabiap tHeRgXs i plosion
and/ or carbon 15 di oxide. Were a | oss of reaction iIs

arg aetieteddo rediga or pveididamagate thg domasirask egiipment. Sustomeans will

bR B A BBk SRR T PSR e
r ef eThEegktéRoranapbe BHAREDRNEY SIS b uftiisié 848 A% siehldt the
The detector may be linked to the ESDS by any suitable

Ep8 isadtiveted omadetectine of 6 le@spé réastianthor gskaplenthdunewuplets) may
f o) f tion. For exanple, thernocoupl e(s)

b harAwBT o BSESIRY (o the ESDS. Suiiably. the ESDS
i ncl weaably! the BSBY ifehides; or stopping the feed of the
nol ecul ar " oxygen-contai ning gas to the, catalyst bed,

25 i1)yedtii¢ting orgtappengthelfeed efithe molechibr owygempdomtaining lgas to the
agnl itneét gas, iii) restricting or stopping the flow
caiflyitP&8dout | et stream iv) containing the outlet stream

i N apy alRgthe biiGetRbRlh, fhrdkamaR, WithAatifdidgdshe
ignition of the outlet stream
iit) restricting or stopping the flow of the outlet stream,
iv) containing the outlet stream in an area of the plant that can withstand the
ignition of the outlet stream.
One or more of (i) to (iv) above may be activated and employed.
The ESDS may activate the shutting-off of the oxygcﬁ supply to the reaction
zone, for example, by using an appropriate valve system such as by closing one or more,
typically two valves, on the oxygen supply line to the reaction zone. Preferably, a vent

valve is opened between the two oxygen valves. As an alternative to a vent valve
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One or nore of (i) to (iv) above nmay be activated and

enpl oyed. 30 The ESDS nay activate the shutting-off of

t he oxygen supply to the reaction zone, for exanple,

by using an appropriate val ve system such as by
betwkasthagwo oaygen vabves, a valypeandid gpenedbtoan ined gagsucthas nitrogen,

undpih RighoSpiperute tngp e bl okn ety 0 B ueffutpadiineblook
to A cAPec AGY BUYs¥uchProhuRite-offiné @x PgditiupBRtoltherdatfon zone,

oxygeh val ves, a valve can be opened to an inert gas,
thediydiocarbon iseppdy enthe reactien zandis glsershwireffsur e t han the

ol ot ESESS oy REIAS Fkordinife Bubh R0Hh wih bifBLiender

thetc;ﬁgc&)fﬁégﬁ%oiuﬂ?ﬁh%aﬁle. KlRab16 BRAdNAin8REE inert gfes or fuel gases.
hydr ocarbon supply to the reaction zone is al so

Exahpiles of inert gaddsdndi@Suitrageraartd @Qs.eExdneplds oifuiebgases inchide gases
.outlet streamwith a.diluent to . render, the outlet, .
rich {1 BN THOR 25 RS PLTclsES ST T 8 o oAt Bp Bses Fih in

f.u : fac | t gases include
ethg??ﬁrgé]anehgidco . ﬁ-§EeXda11 | @mlsfeﬁlfcﬁ as HIRGEIL O

g a es o uel gases include gases
r i ciThe BSHSt hayactvaehmesns ferf iesteicimg orsdtoppasg the fiaw of tk outlet

gas ; hydrocarbon gases rich in ethane_.ar propane; .
StrghI ORISR FRGHOR PRI of FARSFEICUGR Ar SISPRAEEOE FlovAmra R aqhiged by
w off A0 VA ({TRpEGIe o2 /el Ll b, RP BRI 6 o vemtor
flalhi s restriction or stoppage of flow may be achi eved

by _a single valve which is capable of_ divertin he
out [Vélere theellyy of te ouilgigream if & be dixpgtedyit is ersgpel tfmébeeloss

o B LS R BT it

it edédsitled @RErsionPinto Adthoaph tHiecritetibieinag be easilyt avhizwed by locating
di verted before it passes the diversion [

t.
thendiversiogipoiniiseme distance §awnplyeaoithe paltylya*clfﬁ%le?ﬁéapwerablc to
o eat] e . ) . .
e s Bl sl BT B0 G O R P
voRithd, @hd BédcRane aferSn of paeniidlBsfldmhRatle eikturéieinahé playisdt any

_bed, so as to mininmse the volume, and hence the .
tires e ayy shoyfld plsp dattakenity ensusethabihesagasesdre divested yathyubfigient

t.any 20 time, Carg.s I ‘
B 2 RIEALE, B, O SO
posRionsd §uehltRatithétisie $akeh!Ter the dkitletfstrbara 3 flodctom the catalyst bed to

Preferably, the diversion point should be positioned
the diskarsidrepointiie lask thanQleeporfdsy morecprefgrabdy, less tieamd @ spcendsgnd

f h bed he di i i 0
b et by e BOngR SR (st BETARARGHD ol BiR0
mMAFhunBS rite f eHeablay plahefedd afithe 1dWess @g&ﬁﬁ'ﬁg preSsure and highest

neasured or cal cul ated by CFD at the 25 maxi num fl ow
opeadtimgdémpdretiredt al pl ant feed at the | owest operating

0 SRS B R Bl s
mAF 88 Béifined [iParPated 6f the plRAWhich is capable of withstanding the pressures
of an explosion. This containment of the outlet stream may be achieved by any suitable
valve system such as by closing-off one or more shut-in valves downstream of the
catalyst bed. The contained outlet stream may then be rendered non-flammable and
subsequently released for example, to the plant downstream of the containment area or

to a flare.
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may be contained in an area of the plant which is

capabl e of withstanding the pressures of an

expl osion. This contai nnent of the outlet stream nay

be i ' . val hy.

ol 20 et fueHladiiiu ity bR BordindTolfo e BEREs W iner

gast foe exardplr| pistoghmchr afael gao miayi beddtrediiced ints thiecedntaihment area,
t hen be rendered non-flammbl e and _subsequently

The mtrodued gos magalypemhanco,miHeg pf tis cutiehrsemenaesomdmay also be
w AUINERRH RSB od ot LA BBt MRS ge st
ignititglofake Aitldt BEEdm. T@s cofitdinnfonefieh thaybetalBestonletaly filled

fuel gas may be introduced into the contai nment areéa.
witlikke added@asiced gas may al so enhance nixing of the

outlet stre s and. may. . al be used t.o cool .

noat Bt o ShPraREBEER ARM TR e Eihert iy B el Rpender it non-
flamhiable. Thislmlayobe/ &chidved, fop eRarhple] by leﬂli!Cq suffisieftiduagtities of an

stream The contai nnent area may be al nost conpletely

ineft; gap apd/onfuchgasie thelgetdet gieeamThe conmposition of the

ot E L€ b i A B e AR s SR oy on-
ﬂaﬁ‘l?d?ﬁlibf&pr?d#fté kb RMg MUBS tbithRed Gﬁiieg@treérﬁ Ay HEA8]catd A then

fuel das to the outlet stream As an alternative or
reridnrcddlohtﬂannnabier'ﬁpsi exayrhg achievedby feediag thaicdntained owtlatstream

. .hon- flanpabl e.pri oy .to,.rel easi .1t., the contal ned )
i sl SiPR A Bl AL BSSBAY AR ot (P SR aipe » suficient
qualfiity Bf AFRRIa8d/of i 480 xké_ﬁdé’f‘“tﬁé SWRA si¥arh 86 ﬂ?;tﬂuﬁib?e.
contained outlet stream into a vessel such as a plpe
and Véhere tteandletistreani &sddibegontatned itie imperative thiapthedoss of
sufficjent L.ty of an_i t and/or, fue

TeaCH RISy efmﬁdaﬂt%? fel tﬁ%omglfe thy SRHiBR @alvedo b 3?€vat6$¢évefore
thetocﬂféiefﬁtres&{ fﬁ%é fBe HA1VRE T%%g{é@}'/ Qfsﬂ& bé aé‘rﬁe\kcﬂ’cg lg%%txt‘i’r% tkg Sut-in

0SS O reaction Is t'ected 1n su

valve ath bufficichedistante downstteam 6ftheé eatalgitibedt Howbedrpités prefeeable to
outl et stream passes the valve. This nmay easily be

pogitipn Birediubin Yaheats Hgse Rehe rafelystbed papowitie s as'to minimise the
voRL By RO Ta Bl 2 RE by fmion o e

shyteinwalveshotldscluowithian 20edeadrdtofidedotion PRHEs Iddk @f rewotias
to mnimse the 20 volune of the contained potenti all
preferahlyaMithinl seconds andymoremyrpfesably yithind sepandsotes areasyred or
iy ' ¢ hi
oo PR P ERIR B b el 6B BERERR f e Jop,

opéfitifg pedReife and highest dpetfti@patthyerafutd)i N 5 seconds (as
neasured or calculated by CFD at the maxi mrum fl ow

r at 'hefESIRe maytheiuspd imeombiaation with ethepsafety degises.aurhas
ressur d_hi ghest.. @ L t.enperature). 25 The

pc%% : “ﬁﬁ@“g"ie]a’%%e p:éor?tt%lgﬁg{ ‘ﬁagfllag% dwq?ﬁ%' ot her safety

devilg @8rtais B§HrcRarboBoARESdh pRbdeies, JuBNBS autBLthermal cracking, a

conti nuous sparking devi ces.
gas mixture rich in oxygen needs to be established before the catalyst can initiate the
hydrocarbon conversion reaction. Thus, on start-up in such processes, it will be
desirable to over-ride the detection of the loss of reaction and the means for mitigating
the risk of explosion (ESDS). However, on start-up, it is still highly desirable to prevent
the build-up of potentially flammable gas mixtures downstream of the catalyst bed. A
preferred method of preventing a potentially flammable outlet stream is to add a diluent
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In certain hydrocarbon conversion processes, such as
auto-thermal cracking, a gas mxture rich in oxygen
needs to be established before the catal yst can
initiate the hydrocarbon conversion reaction. Thus,
gas schas antinenpgasror 8 fodl gos, belovsths catalystibed, imifficieatanantitieseo
to _over-ride the detection aof the $S action.
rendep e R ieam A RRLERHG Tyeel Sigrens Bt BEREH 0 s Yea
sucH fE2Rk -coiRWRYESN of Sk ygb@in!the! Butldtistrbdim $¢ lebd thim g% by weight,
desirable to prevent ™ the build-up of potentially |
Exafiiptesreishidabiminertigesasrase nittogersandeamh. ob xamples of fiel gasepiaglude
A preferred t hod.of preventing a tential
sasceirigh AL ePE: e PRI B B Bk b gages ichin
| 28 lighidFudly ShchdAdiesBR! ow the catal yst
cthaégg?pfoﬁaagﬂfapﬁg?gogt& qulgnlt ities ctq rleesnder the outlet
St rEmmeans £61 detecsib ¢he [03sp0faeddtipn and frfeans fommifigatingghe risk of
inert gas is added  such that tﬁhtg gqnﬁgntrati on of
explogipganay be engasel RO 8RY BRRVALO B EUVHE 82506 by wei ght .
Ex 3R GR-G, thiARLE YR o8ARSH0IBERaIYAE0080N@IHARA feed
Exanples of Tuel gases include 5 gases rich in methane
used Hidt BS greattt than yhefurhing aslooity ireerderto pgersnt the@as ouxthraabove

the Pefalst Gaddprm izt ol 1o FIRUTHERIFLOC Y 3 R REPAEoryRe
cong?ﬁi?xggas fe%ﬁ'?ﬁdsgﬁ‘l'so g& guéﬂgﬁ'zﬁ%é AbwBE O iy ehNE thé AbweF the
XP on may be engaged prior to any renoval of the

gas @ Lindreh, BRS trifdmsy acdur.UFhert Helsertrips wocury thle uiningumfvetdeisy of

nol ecul ar oxygen- cont ai ni&g gas feed, 10 used nust be
the gradequdar QXpEsT- CRRABIASENSIOHABE1Rgreastd-or der to prevent

t he.gas_ni xt . i aniting.
R S R gl s ppsektons
corfveriGH prob&s @awhichable oxsgien abientraticiiol frbdict prueetd seamfis

the gas is even. |f the, flow of bih% rg’as i.S Eneven,
suchahasehe progessisigar tprtentigy flammable For PYRmRIedgF Procps of the

I vel ocity of ) C
pregesd YRPARRY b pied ofFe FBURANYr sOHURRTpas D MAbED
| NveRhinedls PRYmbEbeprokiied byeatiyticaltyl reactmdmsthane or natural gas

conversion process in which the oxygen concent eitg{?on .
withroxygpn unider suigablrwseesion oaditions, Sush sendifiens arewellrigogdn the

stregam, s po tially, f .
aRER SR 35 it ARTRE) B 52 ARG of it e
hefeB$ ilioPsuated 89 rétbrefiyd) SNREHIS re@dsion epermurkd fangS¥ininh 860 t©

gaS may be produced by catal ytically reacting nmethane

1500°Gyarefierablyy 860 tIR0APEhfoorxageniefdp 14001Captwtablareastion
pregg{l]rgls %&gipgv%ég g &%8 &g g)falr,&grf e:%;rgg\lr%\l\ﬁh l’ahg 2{8 Végr kéhi&l%gedr%atalysts
inctide G&&r}@emh?e@m sith 24 CRu, ADE CIIRERYNI, PaGAE 2 Pestered

efere . Suitabl e reaction tenperatures range from
catabBts comprs0 WifRhJtehdioall y, 800 to 1200' C, for

e RN RN T
prgﬁ%ﬁ i%{{ @k%ﬁg@%mc%g’spléh@esgncl ude Group VIH netals

, Ir, Ni, Pd and Pt. _
Pr ef At¢oedingly, the present invention provides a process for the production of an

olefin, said process comprising contacting a hydrocarbon feed and a molecular oxygen-
containing gas with a catalyst, said catalyst being capable of supporting combustion
beyond the fuel rich limit of flammability so as to produce an outlet stream comprising
an olefin and oxygen, wherein in said process the outlet stream has an oxygen
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catal ysts conprise Ni, Rh, Pt and/or Ir. In a
preferred enbodi nent of the present invention, the
hydr ocar bon conversion process is an auto-thernmal
corf GRS Soa BRI L Ian AT B o LAY SFHGlen s
detedted and usedial a RigaaE®Ct VAR Meahd forovinpaiigd the ridk of explosion
hydrocar bon feed and a nol ecul ar oxygen- contai ni ng
dowratreaintaf the reaetiananne. saj d cat al yst bei ng capabl e of

suppart i canbustion b t uel ri i M-
71 B Rt P AR R op R R b b R el oL gPid aB gaseous
hyd8Eab S iR olefhsO|SHitablealifhi@¥ydiecarbomignclille haphBiai, das oils,
process the outlet stream has an oxygen 12
vaawmcgastoilarand miviuresihereof t Prefesahly,diovwglery gasenus hydsagarbons such

lim d I f I [ ' d d d
o hiieopihbends s o8t o' FREEPpp P CFUTORA S BRI BE, OF

hy@&$edresd A paAohRFThe Fedd@nipR Rz Arc@ffdns Alving at least two
aut o-t hermal cracking process may be used to convert

carbor Atohisqui d and gaseous 5 hydrocarbons into ol efins.

Suitaple ligui drocar bons_inc e_napht ha as .
of a8 Byiagaris ed YoPERRA ind FoebE TnEPar Sty 2ontaining
gadfSa{ta130hY mINBY %&?'g&@&ﬁﬁérﬁin% § RCALREMEr Sx4E8n, A8 and/or
et hane]” propane, butane and mxtures thereof ‘are
mirtupdsdierdof. The matddoplartoygerrpahtaioinggan may bg mixed with an inert gas
araffin-containing feed conprising hydrocarbons
Su‘ﬁ’aa\ﬁiqﬁﬁo%ﬁn’ SHUR OF YEONcar hon atons. 10 The hydr ocar bon

T eadiqtforndl E%%Q cith B‘néh%’mﬁg'bfs 1%&&% 86 dk&Fed. Spitably, methane,

oxygen-contal ni n gas. Suitably, the nolecular
hyéroges tarbontmonvxidy, gabon dioxidecanstaam may e wo-fed info thedeantant
m xtures thereof. The -nol ecul ar oxygen-contai ni ng gas
strp@)- be mixed with an inert gas such as nitrogen,

P P S Ry A SO AL S T it e

debiyed slef is pradived. T yssfeted sericliiometticauticlof bydrsdacloon tweokygen-
be co-fed into the reactant stream rati '

C | ) An)é mol ar, 0
coptainiggigasda sl 61 metprarin o hiimehPrefamdly 64nilf simmes the

e R AR
cotbyiSto OP@Bh%ﬁbﬁaoﬂﬂScdrsox’ﬁdifoﬂidb&ndWa@érer ably, 5 to

13.5 tinmes, preferably, 6 to 10 tines the 20 )
st ihethygrasartion is passed eyertheleaselystasa gaphourly space velocity of

0 o - Lo n r i n I
g 100Gk REBRy 5B 55008 8o af§BR-EbStepty. grgper than
100008 "' Theyvill R radekhed, hewoasaask thy eptirhlien @ahatlptpaet velocity
a gas hourly space velocity of greater than 10,000
whl depepd epenr this|pyesaire\aad notue of the feedromnaositiopr ef er abl v,

oV Bl Rss it PR R AR OR S ryeen-

containing gas into the reaction zone. The molar ratio of hydrogen to molecular oxygen-

containing gas can vary over any operable range provided that the desired olefin product
is produced. Suitably, the molar ratio of hydrogen to molecular oxygen-containing gas is
in the range 0.2 to 4, preferably, in the range 1 to 3.

Hydrogen co-feeds are advantageous because, in the presence of the catalyst, the
hydrogen combusts preferentially relative to the hydrocarbon, thereby increasing the

olefin selectivity of the overall process.
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25 will depend upon the pressure and nature of the
feed conposition. Preferably, hydrogen is co-fed with
t he hydrocarbon and nol ecul ar oxygen- contai ni ng gas

into the reaction zgne. The nolar ratio of hydrogen to
moPrefarabely, thx yegetant wéHwgiod bydrogasor an mlgpu&;@rygﬁ%;ﬁontammg

erable ra OV] ] ' ¥
o P10 QBB AR D8 P B i gt
Gehetally dd reh GtamiThixGire &9 prebisagaitotemperatiresthedas thesaut@gnition
the Tange 0.2 to 4, preferably, 1n the range 1 to 3.
tempettergent theorepeenignixiwse.advant ageous because, in the

f th t al
Al e YD A
mikied St 1D Gorkthet wit @ikichaBet. qbkiuyé bfa béat bhehangarmiy allow the

process. 13 Preferably, the reactant m xture of
reahtadt méxtniedn bahdatedtekigh Rrehoatteraperebiesssush ag tempssatyrgp at or

oo QA R BB P51 5 ek PR 5L e s

tenTeXithfed id BerRFiSAERItRE 1ER Jx§EREFeattHitdS rdaRired/ vitieh leads to
autolgnition tenperature of the reactant mixture. 5

ecobwan sagpg Aldgitioaalhy dhe wsect digharehgs) tasepeasafpres gagirasalt in

. preheat. the rea nt ' re.priof to.conta it
impregeq e e e PirEtureectih TR dsorh® g et ofhle preheat
tcr?é@atuf&%ﬁﬁ%s Hestabiigy b tHacAtRh e tHie o Galpst &leedy leading to

nperatures such as tenperatures at or above the
highet sistainableosupeeimparfa¢divedoaifies he reactant mi xture. The

+ ndt shoultk Skl bipadce hp P A e RN ohe Feeaue! Pisture i
deé&xaﬁﬁp{ﬁ??}e&&@%@ RO as A Fidd QRGlokiion! A% HGt@nAbsdlh@Rralue.
Feheal tenperatures can result 1n inproved

Typ@datio] in\dutosthiemallceddkingprochseds, whereltbshydrecarben s othage at a

that the use of high preheat te erat%rg enh ncesd
pressuresyf2natimossbess, ¢ Reshpat Aempatugg ehimtordh” Gapay hepsed.

t hergby | i ' - _ e
F codt SR g Oy ShEYFloopHST B A ZuR) RS boyond the
fudlub @ 18Rt df @R mnediay aTue eatalystmaeerhpiide nGraupr &Il metal 8s its

dependent on pressure as_well as the feed conp(irc,iti on:
catalyticscompornent. sBteblstGroya MIE. metplginelyde platinym, palladium,

-t her nal Ki . A
P 5, SO 8 PR BB Ao S b

Adesunada Rt A8 edferéd. tTyp#alGrdup™alI etaliRadingd Fenge &foad §.61 to 100
ama\y be any cat gl ys?qlga abl epof supporti ng cor%busti

on
whek; prafetahly, bétwetn .04 o B9 it £6,cmdmerapeaferablyy from{01 to 10 wt %
cat al yst CONpJ | a up VM netal as its 20
basg aPﬁ‘? @t%ﬂﬁ‘gﬁ{‘?ﬁgﬁf’?%%e Goup VI netals
| ncl yeigeroh drbip VI eﬁthkgdh el dydé HeRipreferaboethployed in

osmum and iridium odium and nore particularly

cqhbinatiomwithacatedyst priinierakheypremeter Sy beydFroap Ieheliph, and/or
I

LAl LoSOuneE EA0g8 L190 b del B0 odfn e
pRIfRStEr B&hY a dff?dht Qndid! tb ehal Q/hiéh Hay be employed as the Group VIII

transition metal catalytic component.

Preferred Group ITIA metals include Al, Ga, In and Tl. Of these, Gaand In are
preferred. Preferred Group IVA metals include Ge, Sn and Pb. Of these, Ge and Sn are
preferred. The preferred Group VA metal is Sb. The atomic ratio of Group VII B metal
to the Group IIA, IVA or VA metal may be 1: 0.1 - 50.0, preferably, 1: 0.1 - 12.0.
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based on the total dry weight of the catal yst. 25

Wiere a Goup VIIl catalyst is enployed, it is

preferably enployed in conbination with a catal yst
pronoter. The pronmoter, may be a , Goup I11A VA
andﬁsﬁablvmwﬁ g} the Maf’%'fl%m% Feries lnelué¢ these eictalsin Group IB to

Vi R R R o S A s R s AR GRS, 1,
VI@( VB add VIII 61 the Petiodio Tableake ?r@fe’frddt l&aﬁ@mcbﬁﬁ&h m8fils
Preferred Group MA netals _include Al, In and T1.

incE oG s, e Re, O, G0 Kb dr, VicPh G, A diteZneld @noblg, Preferred
trabfffor ot Brditetd e M, RRVRECE B Sy Fogi2hySfite SB35t Group

V'Iﬁhﬁetﬂtt@fﬂaﬁsﬁl@h st fprésh O PmY! yBeS thaso 0 gﬁeﬂeﬁmﬁ QIP- 12.0.
DIA, VA or VA netal may be :

pr efPesfatsbly, the catplyst comprises. onmbr&mmmteg, ﬂ@tpawmolienb@mg selected
o 8707 0 TR VA Bhb R B4 s SRR e, Pt
thet dam it i CoRErak & rﬁ@él%eree@dfﬂdﬁmﬁd@msplhﬁmdm IR paMdﬁlm and a

and VI11" of the Periodic Table are preferred
prmm@@tqﬁ fremghe gnoupicensistiiguddS0in, vy Gey\Agrdu oRGu. @seferred

exgiRlet F st csbysin ot e Gl et P B raias BUCBusSreP e,
PdRt% add Rh/Sh. 184 180 ®t 6PPd m@ BHPMsE bbRceR oQﬁ aﬁdwwt Yl

nmetal to transition netal “pronoter my
preferably, petsfeen 811yand 2.0Owl %, ad@n®re Ereé'éreblabbgtweem@% and 1.0 wt %

of B ! Seiebl PLipe R bR aoRTa REOGE B FF P & Do §romp A,
VAW bR BA BRI Al 1R 5 - T pRraEBLel: o P20, For

cat may c nprl se a“met'al select r’hodi um

exmple] ammmmﬂxop af thlenPahd Sn rihﬁ)y be dm@ll a&o Se,qirefeta&ﬂy f1r om-
t he group con3|st|n

1266}, groze pesferablya bifl g&fanéuewt eéafaqapbt & @ ﬁcﬂu‘d eAtomleaatws of Pt

or Eﬁ/té@e, %t%thgﬁ;{agﬁ m&é%yo ggérrsg’i prgf%%fmel g/ qg Qq% more

préfefabW, 190.5 -8.€f Atcbik yYatidself\Pe enPa t® Cuangl Be 0. OM - %0, pieterably,
nor e 8referab|y between 0.05 and 1.0 wt % of the

10&32 ssidgReredreferadlis 4t @PydeS. The atomic ratio of Rh,

pro n%][tgrgattl\pe&}; I?Ee o&%@er%@y %)gndfl\éé F?'r?ie er%s I]ﬂ&ja%r;e t%a lﬁ'om

Grbdp QIIAFGEouFM‘EththeQiaﬁﬁh@n hedtalagried. Wit exE’ifnplU wﬁérettﬂe catalyst
Sn may be 1: 0.1 to 50, preferab :

I 1: -
compriseppletivempthe platinum may b@p@mmqg M@télttwﬁmtélﬁ aﬁ@mytheiransmon

e R b R o cgbbey. SpebulPReaclic Ay comprise

panadiQm AN efﬂi’éxﬁlt oP0 Ofl €6 9%% ﬁrefbraﬁ)lg $0Dto A%, and &ldr®s
of , or Pd to Cu naybe r'ef er abl y, 20
prgfemb@y,_o 0l ©,1 Wh% basedop t@ftet‘aéb’legght of chdafry catalyst. The atomic ratio

of oS PE o o1 g PERSERVA 07 B "R v piepgeoihy £ 10-5.0,

THe ?Bllsmd 1288 ofpladinumabicoser i§pef¥EIAl: ©,1 Y6 BoteReferably, 1: 0.2 -
cat al yst

2.0, and most preferably, 1: 0.5 - 1.5.

Where the catalyst comprises platinum, it may alternatively be promoted with
one transition metal, and another metal selected from Group IITA or Group IVA of the
periodic table. In such catalysts, palladium may be present in an amount of 0.01 to 5 wt
%, preferably, 0.01 to 2.0 wt %, and more preferably, 0.05 - 1.0 wt % based on the total
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conprises platinum the platinummay be pronoted with
two netals fromthe transition nmetal series, for

exarrpl e, pall adi um and copper. Such Pt/Pd/ Cu cat aI yst S
y conprise pal | adium in an amount of 0.0

wclaht c%th@p@talystaw at@nma%oémp B maypbe hif-d - AP@s E‘ie&’é@}’: -
05 280, ph@ prorhrelpBRPE 18,4 §oThPA B M pilo OB LA or
IVAlQ}cfbl 865661 @01 360, pieferdbly, B: @1 -50\0. errabtﬁﬁﬁr@bhy A ‘or

The atomc ratio of platinumto copper is
NPprr@faénSaSnyr@e, most preferaply, ®8r e preferably, 1: 0.2 -

2 e B8 <R R SR b VI e i Rt sty

maPb@®PRE&S iWiah{P forfil) Sorléxample, bOD vl 8ér,1n&1651fo§\:ﬁQiffﬂQﬁetﬂEt al
selectedfromGroupIII or GroupIVA of the periodic
commmé,suchas@uwx@m al ysts, pal | adi um nay be present in

an r
B8l R et ibon 3ol aflhat oot BhE0E el pitte ks ton
nottt@ Be t&?gb%été é%!jhcg'g&xailpéogbikﬁraﬁ@hﬁ%mﬁ&yg gx‘r?tggltpsdﬁa&txbﬁbf the
catalyﬁ b@g:ausn cotrall thepmethlanepipyed d],mng the ppaxatign gf @pénﬁalyst actually
ratio of Pt to

becftes Susrpospistidp tepEpt Borpbdeticl, BASHBE B inetfl, o
cor@é&%xoﬁ@rﬁ’ef hav¥ho BBV atied t8 embhir®fhabhe dBiTEd Ntedigiadl vV,

For the avoi dance of doubt, the Goup VIIl netal
corm:nnitrqtromnsmtfeachlwcdhe catal yst may be present in any

ot 1he aBiorBe vk Bl Hai b ansihpodRbeh b the form of
o2 R ol VAot Al s
ceramic@nhetal supperte it ogmniuc suppbus areegeaeratly prefafed: Whare ceramic

cat al yst be%guse nat, al % t he net al e I g‘zgd dur |c|i1€g t he
S“RﬂOété&Fealﬂﬁeé {COPRAsItigR gf {hercerapyie, é‘i‘RFSP iy oxideor

cofng%gﬁ&? E)%ﬁﬁfsé fhaf SeBH ALY, %fteﬁlﬁgﬁﬂﬁ'% bO%or e%lghﬁ@le Béel'%een 600°C

concentrati ave'to ar |

an@300°€. 1Y sulpp6rt Geddriat frederhble |ha§TEﬂ@b thet@ACepandbn ensfficient,
are achieved. The auto-thernal cracking catal yst nay

anbis mmstapbtmrnm& sespmhoagt high teeperefbresof a 15 net al

s 32@8 tﬁgﬁw‘ {ﬁgépg)r cﬁu%‘e cor@%ﬁg,rgetgm A”lf(}gﬁxﬁpxtnas Hidite (LAS),

ahﬁﬁ‘lﬂ? g& 18,0pY §§t§l5ﬂ1§ed%l%ﬁfat Slufifa ﬂﬁﬁ@t@%lﬁ%on and calcium
preferred. \Mere ceramc supports are used, the

zircomy) @hosépHate. OThe deeamiersappartssngpios tashagoabe, ﬁmexamphbewdh v-
conmbi nation of oxides that is stable at high

Aly@pperat ures of, for exanple, between 600C and 1200C.
The BLOPRK Ehé?ﬁm%féﬂaé\bngﬁﬁélgﬁtqm ﬁeh ﬂg’ahgﬂ frlefiRd known in the

expansi on co- I Cl en IS r SISt " to phase
arts oaeRimOle, gél hethbdd anpestdinprepnatiGuicchiijeesaniyabs employed.

T)%Ep%mtt 2 sll.qgl():cl)rltJ :jselm%(r)ég%gtreiitwexth cl)r{etoqlrrlljggezloll#lrtvogé gonr}q?rllsllrlxgct te?'netals,
dried and then calcined in air. The support may be impregnated in one or more steps.
Preferably, multiple impregnation steps are employed. The support is preferably dried
and calcined between each impregnation, and then subjected to a final calcination,
preferably, in air. The calcined support may then be reduced, for example, by heat
treatment in a hydrogen atmosphere. The reaction may be suitably carried out at a

catalyst exit temperature of between 600°C and 1200°C, preferably between 850°C and
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alum na (a-A1203), yttria stabilised zirconia, alumna
titanate, niascon, and cal cium zirconyl phosphate.
The ceram c supports nay be wash-coated, for exanple,

105‘#&5gné_mgsgﬁ%@ébégb;}%eﬁﬁ%&ngﬁm Gnthe art. For
2% SagadS! LIRS RO Blor FRGEAIAL LOBERRAPHE YEred in

pos'lt[B’hf Wﬁ@lw&mgmenmmemnmmhwm buotsasdateparh $inagufadtered by
nmetals, dried and then calcined in air. The support
3M[)ray be inpregnated in one or nore steps Pref erably,

s hErSriBroitERes st uRE bl FER Bt R ROCHPPRICC,

eac

prefé??ﬁl?gﬁacﬁé Pihg e%@@%tl tbeﬂ)ﬁ@@hﬁ& gkt bref@ably)al the range 900°C to
calcihation, © preferably, in air. The calcined support
10003;3 then be reduced, for exanple, by heat treatnent

in hydr ogen at nosphere. The react, may be sui.t abl
carThéGu@ egpalgra H‘tgeﬂr?/‘s"ﬁs BRY eP‘iéﬁﬁgPHf Ef%laémS? SE’S@? Wé%%vated

5 S BEr B M AR R i i 5
bara oy athp EHIDB ey Elé\/ateﬂq)raemims bf) fomedanmpleAdors@ bara, may also

reactlon may be secured in position, for exanple,
beamta’@ge an |nturnescent material, such as Interam

50 e S B,

rea%@xfx gf&ﬁ'cbé mhy'bé fieenchRedaR (ByEhiergofrdfBie ceantion chamster to avoid
preferably, i'n the range 9001C to 10000C. The
fmahﬁrweadmenmkmgldem ng process may be carried out at

o oo oottt B aRGET HsfipBHib R, ey bd Femoved by
m%ﬁ&ﬁ@%ﬁgbéﬁs 0 uyﬁ irg oxi’e(bfkﬂi’e” d’ecolﬁ%F nSREE fich aStHandéscribed in

eva pressures of, for exanple, 2 to 50 bara, may
EFaAs 0 7096146y tHea:kmhtsnts\Nfeﬂnctt dre hergbyincheparated &y a@:fmenge
process is carried o

at el ress
reacThecﬁFeiﬁnééRY@f‘gOW W Hﬁgﬁ'@ﬁ ggg; vi’arye eé‘hﬁﬁpge orfy gpd with
o i@n%%ﬁn 1&. avoid further reactions
fgl‘i%"%g@gt? afgg.ogl yﬁcoke produced in the auto-thermal
cracki ng process may be renoved by nechanical neans,

or by using one of the decoking nethods such as that
_}ﬂﬂéw ied in EP-A- 0 709 446, the contents of which

are Q?bexm{dél 24hE E@Eﬁ?ﬁ% thiEag 0 TRSIrRE ﬁ&eél'fectweness of

i nvention vv| now ustrated by way of exanple

e plasedisvimitich inmeitigattrpothe tisk 6fexplasidmed mpotEtéatiyi fsnmatde

outlet stream from an autothermal cracking process in which ethane is reacted with
oxygen in the presence of a platinum based catalyst to produce an outlet stream
comprising ethylene and unconsumed oxygen.

The auto-thermal cracking process is carried out in a fixed-bed reactor
comprising a catalyst bed. A shut-in valve is located downstream of the catalyst bed.
An outlet stream comprising the ethylene product and unconsumed oxygen passes from
the catalyst bed to the shut-in valve through vessels and pipework having a total volume
of 2.3 m>. Approximately 25% of the vessels and/or pipework may have a temperature
of as high as 350 °C whereaé the rest of the vessels/pipework may only be ata

temperature of 80 °C. The reactor, appropriate vessels and pipework are fitted with 3
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Exanpl e I CFD nodel ling was enployed in this Exanple
toillustrate the effectiveness of the present
invention in mtigating the risk of explosion of a
potentially flammable outlet streamfrom an
mmadisroethetheanocoupddsi withost thegeewellsnEagh digrmoenupte isprotected by

on pEEh 00 e 0003 R Bt BB RIRRET il ReBufHE

magleShfOa dethe RAGAS WitdSer 0¥ WEeRocdiptesthtsqr dilReRbf 1 mm.
Cracking process is carried out in a fixed-bed reactor

c orffird maxigum dataraesat thfelughq&t matmgwtememme@nd dewestd

opeEgaBrarA tases 08 S Aurne B it ot 280 i RuaS h i s »
qu?&%%Rﬁ{ L Aa: i‘fkséﬂ;aﬁ)gﬁﬁchﬁw §120286brdde. the shut-in valve

t hr ough vesse pi pework having a total volune of
2. 3TIme fip teryppraue wes gétyat 2508@f t he vessel s and/ or

pi pework may have a te eraé%re of as hi%ﬁ s 350 ' C
wheFlaaxygsa cppegnirgtion plothy QUe STPAm SR SrRY, ?F?B‘rﬁ fpaxjgum of 2

volf @ tenperature of 80 OC. The reactor, appropriate
véssel s and pi pework are fitted with 3 17 mm di anet er
t heTho2DUIHR snodel bistained I&emthe\ﬂieh-moccquw deteetordataugdieated that

IS protected b an incon 00 sheath of 0.3 i.n
thedgtegtioreate kasg of Fraglion waulﬂﬁs ached }mhétsmpdéﬁomme loss of

rea{;%ogxnesgmrg 06 dcﬁetec-{lgﬁ 8? %Sl{ﬁeé?)f }‘ﬁacﬁof; Qe %‘.ﬂ!‘ft—m valve woy}lﬁi be shut-

maxi num

offfvtHin @tseécﬁﬂs It EIRSéns O bl medfldraipbleglaveewaild ;ia@sl\&ﬁﬁnsﬁrear_n
operating pressure based on an ethane flow rate of 250

Ofthg/ShUtrls‘@1@29 m3/s. This gives a time to the shut-in

;/al ra?grp ﬁ%&g? 6%8&%‘:18%1& deUﬁsetIr']Jaérgoté tgﬁ thqa}d product

rec@f/erg @?st@:ﬁt $Hwel the A MY geCovheatation (o thee mmet sweanofo b% 4.8.
vol 10 The 2D CFD nodel obtained fromt

volhet. 87&50% pil well belowt @volyawhich isradenlated thie fheiﬁéaft of the
det gete% ﬁﬁl‘lﬁoss od ct| on woul d be reached in
flanga °f SHRCEFEAC reaction occurring. On
detection of the | oss of reacti on, the shut-in val ve

vvoul d be shut- off within 2 seconds thereby ensuring
xangile 2o f| anmabl e gases woul d pass downstream of the

FE(“;zrthé%“nva' A iR ihl Ao 3Ela R AR Bty viler o
def¥Ed RITL oBRAY¥ESH Il Juk&ﬁienﬁﬂ%ﬁ&h%%"rﬁ@é&% AkH¢h 4 Rydrb&rbon

outlet streamto be 4.8 vol % 8 vol%is well bel ow
fe€il comipYasiiy ethanesis cantectedireaireagtobwithimeolseular oxyfgen i the presence

offalp atlnu?rlx t?asre %ata?ysI gnder X&r c%germa?condltlalr%eto proc?uce an%tleet sgream

comprising ethylene and oxygen.

A sample of the outlet stream was introduced into a sampling system via a
nozzle located in a dwell tube positioned just below the catalyst bed of the reactor. The
sampling system comprises a tube of approximately 5 meters in length. At one end of
the tube is located a diode laser and the other end of the tube is provided with a laser
detector. The diode laser and laser detector are fitted with glass windows. Such a diode
laser and laser detector system are manufactured by Norsk Electro Optildk A/S.

The tube is also provided with two outlets, each adjacent to each end of the tube.

The sample of the outlet stream is introduced into the tube approximately, mid-
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This Exanple illustrates the inplenentation of a |aser
based oxygen neter to detect a loss of reaction in an
aut o-t hermal cracking process in which a hydrocarbon

feed conprisjng.ethane s contact in a,reactor w.th
WaKHERIAET 4he SAPGE AT FIOFARY B DRI STP TspAder IR R ec
wa‘%@l*eﬁétﬁ%t.é 61 nidtdng 1d Puabdithr dﬁgﬁ%éd&!&% st‘ré’anl?ﬁﬂgﬂﬁﬁs #Mhows

outlet stream 25 conprising €thylene and oxygen. A
alongtind length ofttlee bt lapd exity the mbeasa thettwodutlets. The outlet stream

sanpl i ng system vi . hozzle l.ocated.in a dwel] tube
serBle A QRtOQalE PR o einanicsd i e Hatn s StE dogteieam of
theTﬂ%lt'c%ﬁm.i ng system conprises a tube of approximtely

5 nmeters in length. At one end of the tube is |ocated

a diThdeleteaten timedag hEthe Nursk BledtroOptikle diadedades system is 2

praovided with aser 30 detector. The diode |aser and , .
se¢opds p‘ﬁé?téfét%roaf&{“%quﬁ Pt EEACHAM FiE*8EN ViRlKe amylfi b Ratuaied within

e I i . . . o

L T s R A DL oW i honds. Thisfime period
is equivmlqant oy tie df thiettbmpevatuoeitidtedtion spstelh A dxaeeid 1 bbowaihwhich a

end of the tube, The sanmple of the outlet streamis
logs of resgtien Bay besletasted within Afpieeqadat el y, nid- 18 way

between the ends of the tube and at a velocity of 10

nms. Alaser beamof wavelength 0.6 to 0.7 mcrons is
E@Fﬂeg through the outlet streamsanple as it flows

n

along the length of the tube and exits the tube via, .
t he ‘IﬁxAbEzsmpléﬂBustrﬁF@ start-np of 4 auderthermahpraeking seactiomin which

%, G B P g e o g sl S B helB Rl B8 he
ca{Za%Qt & intthiee INQr&detich SThsOtoMitighte tHE Asleof g&eﬁtiﬁwsaxgmsir\]@ gas

2 "~ seconds. On detection of the |oss of reaction, the
migtyreseformingdowastreamind theceatalyss dedvar fhaw of nitengen igmaimkained

.alo f.reacti be detected within 3.5 seconds.
lmﬁ*ﬁdﬁéﬁ?ﬁl%ﬁﬁe&a‘%ﬁ]ﬁgﬁ&ui valent to that of the
te tROR1RirEY S WeA pRitinEesBbertdd 8 8Y Bluntif it
whi chlbga%&‘}tgggs of I5|ri)ie%}:1n?¥1ison/mrl':r)ay be dePect ed wt r111i n1 %s..ugpo
of pouwsit S0 pexeaper inch (Th VesEsianidi-Ee¢h Ceramicat Jos) andeafidimpnsions

1B o A O BRSBTS & B L BedeB sl e
s&hﬁ%ﬁ%ﬁﬂﬁ&hﬁie‘ 8%y def@nd ﬁy&@%éﬂ &l ﬁ)(rk%éaﬂa'dttb aReect.he

reacti us, tomtigate the risk of potentially

expl A500&gfafow wif nittoges Was mmintgindd imstedzéely belowthe catalyst bed
cat al

Y e A T L e R

COMPIhStAich WhBdhliad ggt%@&@m%?ﬁé paf.an al unina
support of porosity pores per inch (ex Vesuvius
H - TEedoX3geafeadsatere)s limitedto Afkgn sThescac@6n kGPpinally started

dj apeter and 60 - Wa unted in a fixed bed
wi{%tlgﬁcg Qxyeen g@%@ﬁﬁghe&mﬁ"rmo oxygen was useg to stabilise the feed

prior to engaging the loss of reaction detection means and ESDS.

Example 4

This Example relates to the setting of the trip temperature in auto-thermal
cracking process in which a hydrocarbon feed comprising ethane is contacted in a
reactor with molecular oxygen in the presence of a platinum based catalyst under auto-
thermal conditions to produce an outlet stream comprising ethylene and oxygen.
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stream conpri si ng et hane, oxygen and hydrogen was
pre-heated to 180C. A 500 kg/h flow of nitrogen was
mai nt ai ned i medi ately bel ow the catal yst bed to
ensure a non-fl anmabl e ait nosphere unti | rﬁjac,ti on was

estABABENERPTRRIIIIRG 3 FaVetlguquM sunported 9B £1 GHIMIAS SERACFI A d
t . . X

rorfy aefeli B oI ERTo P CTAR SO SReni
100%4A diadebtervinid 6 Okin Idgéphwad moitgé in b fiked bédsmbstapreactot.ck@ reactor

rate of oxygen was used to stabilise the feed prior
wag esquinpgd avitiytype & theamocenples lncated approxirmatelyr f0mmRelow the

%SQ?) Exanple 4 30 This Exanple relates to the setting
cata]yStPR% 4 i p tenperature in auto-thermal cracking

Pr o @afanhdinelit Gpedxhyshness hodted deansevant ofthe Yqeidpasduct

is contacted in a reactor wth nolecul ar oxygen in
recoYeay pystase e ustd t9 dsteaminethe bryses congamtrption ofheoullehseam.

(el SO 0 AR A0 PHEL Bl IS o
of G ihd koot 80 P04 BBRALI e TAbAIBIB: a period of
support o

porosity 30 pores per inch (ex Vesuvius
apprbxiffatdty 26 hawisegter whichdheifeod fldimmates iwene halyednmm

OBy AT ol e et o
t : j
ALY IS 80 RSN o6 ek sy

atnttephatr eam of the |iquid product recovery system was
used to determ ne the oxygen,.concentrati on

of the
out PAdier reiiRgen BATBRARS OtyEEn fIO¥FAieat s Tof G&E@fﬂ? of 1 ke/h per
ny.dr t f
o P S 158,
oull&tistredrhémaredidtely dbonsteeapeod thel cathlystidroppadtox3isA¥E ehd thedxygen

hours after which the feed flow es re hal ved.
copgensptiqndia the PBietHredth £0sedR §- 25/ J°?(it6e‘é°\ﬁ\§°5<6@g% I posence of

ni.troge s introduced into the reactor inmmediately
theb%‘hS&%‘ﬂler atal yst bed for 1 hour to ensure a

non-A fe@ﬂﬁi@bﬂfn@ss@é oD 5 pbareewasAhtiataitddahraughogen pur ge,

the oxygen flow rate was reduced at a rate of 1 kg/h

per ThiSExampleshows that atA5056, e satplysirandtill supperh the reaction i.e
r oxi mat. el ka/h, th er,ature of the outlet
Sug{%g%?ﬁfqamggg‘gl(\%yﬁ%\%§®éagcm)%?la‘fehe cat al yst dropped
to 350C and the oxygen concentration in the outlet
streamrose to 0.25 vol % (1.6 vol % oxygen in the
absence of the nitrogen purge). A reaction pressure

of 1.6 barg was nmintai ned throughout. 20 This Exanple

shows that at 350 C the catal yst can still support the
reaction i.e
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substantial reaction of the oxygen is still taking
place. 25 30 20 G ains 1. A hydrocarbon conversion
process in which process a hydrocarbon feed and a

nol ecul ar oxygen-contai ning gas are contacted in a
reaction zone in the presence of a catalyst to
produce an outlet stream wherein in said process the
outl et stream has an oxygen concentration which is

at, near or above the flanmable |imt and a | oss of 5
reaction is detected and used as a signal to activate
nmeans for mtigating the risk of explosion downstream
of the reaction zone. 2. A process for the production
of an olefin, said process conprising contacting a
hydr ocarbon feed and a nol ecul ar oxygen-contai ni ng gas
wWth a catalyst, said catalyst being capable of
supporting conbustion beyond the fuel rich [imt of
flammability so as 10 to produce an outlet stream
conprising an ol efin and oxygen, wherein in said
process the outlet stream has an oxygen concentration
which is at, near or above the flanmmable [inmt and a
bR§Rs of reaction is detected and used as a signal to
activate neans for mtigating the risk of explosion
HownsArhgdracadboh loenveeAod pobest O vhich. précads @ BEEScarbon feed and a
according to clajm1 or claim2 in which the | oss of
melgeylaboresn-confamingsgas aie (intasiad ige reastion aencin théiprepenss of a

' C ' 4 C accordin cl aim
R bloBBeEifel M G R W BE R A el i an
eggemdsncehtration widslsiselt, Headsitdbone Medlkiirhalde liMit #d a loss of
process according to any one of clainms | to 4 in which

Eprtionds detegted andesed gs p signaldo aetivate micans far mitigating thertisk of
0 rocess _according to claim5 in
é}ﬁoggo%t oéwégﬁ%éroﬁfl%rrgacg@ &t%r conpri ses one or nore

2.her rpoouebLfor the. préduRtios 85 5n aleGA) Aidsrobdds ebmpMiifg contacting a
wherein each of the one or nore thernocouples is
hygdrosathon fesdoandiavaolgpdaoysprrentrininemas avithiresatal o gel decatalyst

2 her mpc | e.with thin ..
i belP ot ARG comtadon SSSREBE TP aFng ik BBty so as
tapeaiude Bg olidet GlrédrcOmpfisifg ah Blefin'\WiE bRV gen! WhRerein in said process the
thernocouple is able to detect the |osSs of reaction

Qhitlehstieamohas ap oxEenarone¢ndration whish i ataoedron abexsuthe flagmable limit
a\%ﬁ eatﬁ‘glﬁgo(}‘tfga‘;’cﬁplg(fnsg%r %itteﬂd?aéltdglg?cg%s( egglgnaqfto gcltfl\)atrgs mgants ?or6mitigating the
risk of explosion downstream of the reaction zone.

3. A process according to claim 1 or claim 2 in which the loss of reaction is
detected within 60 seconds of the loss of reaction occurring,

4. A process according to claim 3 in which the loss of reaction is detected within 20
seconds of the loss of reaction occurring.

5. A process according to any one of claims 1 to 4 in which the loss of reaction is
detected with a temperature detector.

6. A process according to claim 5 in which the temperature detector comprises one
or more thermocouples.

7. A process according to claim 6 wherein each of the one or more thermocouples is

selected from the group consisting of a thermocouple without a thermowell, a
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5 has a trip tenperature in the range 3500 to 10000 C.
10. A process according to claim9 wherein the
tenperature detector has a trip tenperature in the
range 600" to 800" C 11. A process according to any
RENSoubledl ; ' \ of reaction is
det ectoélg ebymga E}Hgﬁlgég |0{r¥ ltl ﬁgd %%oggﬁedc%?]%%oncto}]%l? fon in

$he oatpredesshocerting focldizi 6 br HAIAE 2 WheRGE tHedhdtehokSuslé &l dBle to
I I in which an increase in oxygen concentration in
fefect S Jogs ofsreacdionm Withig 80 secoads of thajass ebresetemmaisuninga
0ss Qf ' . i ng. 13, rocess.according to
A7a e EBE bRIAE Gy G i LR G GBERHE Rep et detcctor

KanCeptEapérafird & thélfings BEorad 1bgoacspect r oscopi ¢
techni que selected frominfra-red, near infra-red,

1§-si bAe@roeeagiagebrding igi adhdint O whersinr the tamyerati’s detectoh has a trip
{)roce§s ac&%rdi n%&bg cé i,m 13 in which the near
CHPFEYE Y BF [hesialeto @e roscopy enpl oys a di ode
|mser A ctPhdi Y% o i
L RSCl ARG ARl oy ofe B ORERCLBCFEhTEh 1R 1800 EReuion s
desediedobyt ocliange i the orpgenkdncohtiation tsthe aadarsteqg. t o any

e of clains | 1o 15 in which the neans enployed 20 =
Mo marerey ?FQOEC{%%% foi ckaimok | igyigfs prbtciessssisl axy g ameeration in
PR BuOL: sTRAR iQfettdi& Q&RMFBO%%E@@ gk’ Q?oss %F re{ak%on occurring.

eed of nol ecul ar

restricting or stopping the
bky gef promsaicbriing@sldim the okdmalyiatwhiltethe okigen concentration is
<f“ | ut i n%é,t he outlet, streamw th a diluent to render o
PRRAT 2 SeFEeSTPRIG Aechpioypwelptted from infrasreds peardnirargeds wisible
a‘iﬂ%ﬁ-@ﬂﬂét'}gecfnlog&pgf the outlet streamand (iv)
containing 25 the outlet streamin an area of the
. ant Aphoceks araordig thtzmdl 3i ig whiclothe @bartihRa-gad dretisible
stream 17. A process according to claim 16 wherein
PRETFFPRISHEP Y %\&Oﬂﬁkﬁs@r PELIBREY. f uel gas 18. A

oce j ' . l.aim.17.in ich th
Bl ow o Ree ittt 8 ey Bhbe daitls 12 B aFud i A ks

emplayedds 9ystb €7 mfivrels. di verts the flow of the outlet 30
stream 19. A process according to claim18 in which
¥ne 4 RECCEEIASRONHIL tp18BY one pietlaigisrlelanhStin whichothe fesns erployed

Ak S 50 " [ Int is less an_ 40 .
fge co n%zlhg g}ge grélstk ooﬁt egglogrrlg}é ?{r%erlﬁ%? ﬁd(%\?\é T a8 Oaot eh%ttth% FROYPp consisting
afperating pressure and hi ghest operating tenperature.

\‘??AC')Y' A process according to anY one of claims 16 to 19
(HETEF NS Hetppinedhe ded of maleculas gxyeanriontabying gy todhe¢ eajalyst

S et RUPETR QIR AN RS-
flammable, (iii) restricting or stopping the flow of the outlet stream and (iv) containing
the outlet stream in an area of the plant which can withstand ignition of the outlet
stream.

17. A process according to claim 16 wherein the diluent is an inert gas or a fuel gas
18. A process according to claim 16 or claim 17 in which the flow of the outlet
stream is restricted or stopped by a valve system which diverts the flow of the outlet
stream.

19. A process according to claim 18 in which the time taken for the outlet stream to

flow from the catalyst bed to the diversion point is less than 40 seconds based on
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5 out within 20 seconds of detecting the |oss of
reaction based on maxi numflow rate at the |owest
operating pressure and the highest operating
tenperature. 22. A process according to any one of

i ' ' Ut l et  stream
o M0 At R bR E BB Bl Righef bpordffi Bperature.
20.ai mAlprocess hadondidg tananytunedf ohirsé 86 to LPwREreinBe outlet stream is

roces the .10 detection of the |oss of reaction and
E@éﬁﬁgef%sf aghivatinge s Nalvei sk of expl osion is ovcra]r -

i dden. c ing. to..claim I C . .

Lt prEtess B ARERTIARCS Gl Rifa Rt iRe iy vatve is carried

strveigin 20 secndeof ddtedtiag tiid RENGHELti08 Daselt B AEBHm flow rate at
according to claim 23 wherein the detection of the

fhsdawest operaing prsssrrianditbe highps operating teirrlgma'ftmg. the risk
' ' [ t of. the .
51, xRS0l 3 ENIRIRY oRE P LERP i B conained o

simant dirgigleted mdaYlamaatlé, t he precedi ng cl ai ns wherein
t he hédrocarbon feed is a gaseous hydrocarbon. 27. A

Pt oceBPrawsevruPiing b daip beeclaim 2 frewhichoadtangu dtherprocess, the
i . -, L ] S |S. .
é@gﬁ@b&g E@Eﬁg%&&%ﬁ%@u# ng %5?%%1%? prgﬁfa%g%i&l?e%ﬁqg& %?eé(gioswn is over-

tidtdsheof . 28. A process according to any one of the
recedi ng clains wherein hydrogen is a co-feed. 29. A
%?- oc eAPreresnHragpIing o cdain Bnwhigh further pewpestis addiop aidifbent to the

(%Tbg‘em}ﬁ%& {Oi}gnd‘g?litar{ogat?%ﬁilrﬁ?wof hydr ocarbon feed to

ecular "oxygen-c 8 gas is 5 to 16 tines the
25 st Aipedied®ichiding BtdlHmf3 WNGERAGRE @éggbtfolﬁ eo?‘éﬁ{eelgkg &¥reaction and

oxygen- contai ni ng gas required for ( ete .
weans det miigating theaiskypdexplasibos angagearvion talfemdvekbofithe diluent

RN A_process according to any one of the
pr egl(lieed?]’ﬁ%t%tf%ﬁ wherein the catal yst conprises a

- OUpA ingtd- E i ' ~
B B i 0PN SR e

feechista gspeva hyduosabend, whi ch appgy atus conpri stesI a t

' havi a catalys
Thor o Bk ROBER PERS pf pisietBE FpfiRowarBEnnY atctecular
aygerdcorBhRgWad s LRIV Trdn? HoRlchiar Ox Af EnLANKALE W reor,

B
w th said catal yst to produce an outlet stream having
2n 0xy grasessoiveendingo iaoy onhofithe peceding olaans wheralnchidrdges is a
fl ble limt, 23 neans for detecting said | oss of
©e&ction and means for mitigating the risk of

20xpl o8 baftessRUATINA8 hPbnd HBhE gﬁ?édiﬂ%cléﬂﬂsein \g@ich 8 molar ratio
apparatus according to claim30 for use i n the
of dridiecarbom fastl ta nfojetulae axygen-doataining gas is 5 to 16 times the

stoichiometric ratio of hydrocarbon to molecular oxygen-containing gas required for
complete combustion of the hydrocarbon to carbon dioxide and water.

30. A process according to any one of the preceding claims wherein the catalyst
comprises a Group VIII metal.

31.  Anapparatus for use in a hydrocarbon conversion process in which a loss of
reaction has occurred, which apparatus comprises a reaction zone having means for
disposing a catalyst therein and in which reaction zone a hydrocarbon feed and a
molecular oxygen-containing gas are contacted with said catalyst to produce an outlet
stream having an oxygen concentration which is at, near or above the flammable limit,
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an ol efin by contacting in the reaction zone a
hydr ocarbon feed and a nol ecul ar oxygen- 5 contai ni ng
gas and optionally hydrogen with a Goup VIII netal
catal yst to produce an outl et strean1conpr|5|ng sai d

igiegtlfié nf]%g %&?ﬁl%a(%ﬂeﬁ(g{rﬁa}éﬁg %ﬁc(ﬁ) giegxg% 1‘05J {nq %ltim gﬁﬁ) ]I'I%(S%f e&iploswn
desucdticam afehewhstidnenk.oss of reaction within 60

conds of the loss of reaction occurring. 10 34. An
g%par ANFEPHAWS AEsarging o elaim 30 forame i thie enB@Bsienof2hydrocarbon to

N e -

tanta@ining@aeand optlcabNp h)?diogdih With h 'U}rWI]j VI thQalrdaist {PProduce an
de{ ecting the | oss of reaction is a spectroneter

Qb et poBPRitiRGSAd Blsfinconsi sting of an infra-red,
ﬂga hf &h&gﬁﬁng olrc?i gcoc%l?%%bj lo% Q%g%;f’l h%g%ﬁrrggq?é fgrodetectmg

the 1% of Pea‘dhd)@&etédi@tkféﬂ@@%f&éﬁchoﬂhﬁﬂhﬁ%ﬂ fdohdi®r rtl'lesllésso(gf eaction
expl osi on downstream of the reaction zone is selecte

PGCHHHNE | east one of the gr oup consi sting of (|)ha
10 PRI PR DS A S S Bl
ddoting She RSl r@hdtl)onas Ghd éﬁﬁ&re‘@&ﬁr@k@uﬂés rendering the

outl et stream non-f e, (i111) a'valve system
Tapabfie apparatys a¢qoodmg]g> a:.nry @6 of tlapps B@tot mnfwmwl tife rhd¥@s for

A R PRt o S LTS bR pping oten
b GBd, GRsr inirhled, 3ndblk 4Rd Litarvigkt §ﬂ%§tr&ﬂ£tlef?t stream 25

23264.r An apparatus according to any one of claims 30 to 34 in which the means for
mitigating the risk of explosion downstream of the reaction zone is selected from at least
one of the group consisting of (i) a valve system capable of restricting or stopping the
feed of molecular oxygen-containing gas to the catalyst bed, (ii) a diluent capable of
rendering the outlet stream non-flammable, (iii) a valve system capable of restricting or
stopping the flow of the outlet stream and (iv) a valve system capable of containing the

outlet stream in an area of the plant which can withstand ignition of the outlet stream.
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