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PROCESS AND APPARATUS FOR DETECTING A LOSS OF
REACTION IN A HYDROCARBON CONVERSION REACTION 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 loss of reaction in an auto-thermal cracking process. Olefins
such as ethylene and propylene may be produced by the catalytic 5
dehydrogenation or cracking of a hydrocarbon feed. In this specification,
the term "cracking" will be used to embrace both these chemical
reactions. The cracking of hydrocarbons is an endothermic process.
Accordingly, heat has to be consumed for the reaction to occur. In a
process known as auto-thermal cracking, the heat required for cracking is
generated by combusting a portion of the initial 10 hydrocarbon feed. This
is achieved by passing a reaction mixture of the hydrocarbon feed and a
molecular oxygen-containing gas over a catalyst which is capable of
PRUPCEN A SIMLRSOR ARV HOTE DRI HOTING o 1a088abiliRERETION IN A
hydrocarbon feed is partjally combusted. and the d by the
cgm'bustion re ARBONCONYELRA '-5% IM deryof the
hydrocesbeeséaechiapriod yeRtasgas frvdess diil eppupsisinotbfiaiting a loss of
hydrocarbons. An example of an auto-thermal cracki ocess |
rCfG SR8 PSR R B89 S5 ThEE R0 AP B PECE Ry S GoMRgrlgss of
rdivdrRdenRn MRdentyniepéavienthpisoalsteaction conditions, the amount of
oxygen which is not consumed in the combustjon reaction is yery low, for
examPETiBe TR SAHG Péld@ﬁ?@amg}%a%wﬁ% b oY MR CHRYSs
dedEs SN uIstea RiibefeAhgtsthediTe k. 20 gapeRbifomitammabie.
However, it has now been found that where a loss of reaction has
“erackingd MHEP &Ry R AocHRRETH RABh RS ARERBLGAL 57aRE DS talyst may rise
sudderyly %@@%’Jﬁ?ﬁ/&%@%oﬁﬁg I3 mmaRiitynifo ibelie. gascBHKHYEE, heat has
ity i

The flammabi mit Is defined as the 1 highest concentration of oxygen

tirba SARRURE AT iR FARCEPRUSIATEomRLBLRAS S REWE:aRitio- thermal cracking,
roRcantatiom exceadsthis flameability lbnikuaditg.or sxpiosiontouttial

result. In” particular, a fire or explosion could occur in downstream
hyrseexsimTeefliphhents ActieubPYQAEBR frieg B BBIEHIHIHE by Farabon
expmale eessive foschiue AR & aalahisht QRAALY Qe of

catalyst failure such as deactivation of the catalyst or equipment_error.
seravetiagycomhvsiombeionadhe Ak hoteeblmaeahily: thelyinseiien

e partially combusted, and the heat produced by the combustion reaction is used to

drive the cracking of the remainder of the hydrocarbon feed to produce a gas mixture
comprising olefinic hydrocafbons. An example of an auto-thermal cracking process is
described in EP-A-0 332 289. Tﬁe 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 déwnstream 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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high and is usually much higher than is typically used in other
hydrocarbon catalytic conversion processes. Typically, the gas hourly
space velocity employed in an auto 10 thermal cracking process is in the
region of greater than 100,000 h™ whereas the gas hourly space velocity
in catalytic hydrocarbon processes in general, is typically less than

10,000 h". Thus, th ists in an auto-th ki a-
R BUERTAV R VAR EPEATS BT MG eisfon Ifte

oxyxHAreshovRtais eibaistiafenreebikmplajed finchydeosiadiancould result. In
epgrsonectons o, 15 avai presstce of [ammable gas MU

€ Tisk of firé or “éxplosion and Improv saféty o
dheprocesasy Bebexathpiboin bySidr@8MENL, whicksinaldtes foxidatisethe

dehydrogenation of hydro rl%ons the n C atL%Paf (?)e ; ¢
T R S R R e e
grercombustible limit by the addition of 20 a recycled product stream. In

sS4 hich ' | i
;te4 ;{?evéﬁ‘ﬁ‘y"%n'%n IglateRigdhade P&%@?}QHQ&(@QV%&E iRy

an oxygen-containing gas is admixed with hydrocarbons

teiglal dayidsogerlupsibdigion dheatal i olidatishireoating asaes catalytio
Sontlisd e the bagis ol isnapesatyrs  Aifsreptaisacrass ihr exidation, -

zone and-an upstream catafytlc dehydrogenation zone; 25 measuring the
theroal tioakingriogss Bygbnresatmitgcaes tira HfMihy thavsas B gas

flaw Pased a0 maxme glievahie 3te Qb lounsate selasingitiess than

lower rate of a first allowable maximum rate based on the first '
tedebarirenaiffererfidpiania 2 SEEORETARDHABRN AREAFREA 8w 5 RBeigntial to

w@amﬁel%g inmparRtwe-differeptiahThges is a continual need to
Improve the safety of chemical processes. 30 We have now developed a

hydrocé#ers sxetkarsipredess SHNAKNA BobeRtranybaasmaBReogdsasdgas to
AORUEL SiEearms srambmEBRIgh datectecdiandddrauativRgencanter fathr

a reduced risk of explosion. It is among the objects of the present
GrpeasiRIeRst immTe e bt BHERUERRENRSS failure brought about by

explosions,QeEHIIRG INEdoVRISireah el WRMaNb Bk iydracachomogxidation
reactions. Accordingly, the present inventign provides a hydrocarbon

BroeREhORS I B%EEHP GAREHISFERRAR B SAiPe BoR 88 8 A Y molecular

QXYERFCRMSHNIBNG8S BIe sOMBERthhin thErneilnnaeeiinithe preskiiten of
of a catalyst to produce an outlet stream, wherein in said process the
BRI P HAS T Bxygen concentration which is at, near or above the

In US 4,891,464 which relates to the dehydrogenation of hydrocarbons, the rate
at which an oxygen-containing gas is admixed with hydrocarbons and hydrogen
upstream of a catalytic oxidation reheating zone is controlled on the basis of temperature
differentials across the oxidation zone and an upstream catalytic dehydrogenation zone;
measuring the actual flow rate of the oxygen-containing gas and adjusting the rate of
flow based upon a maximum allowable rate of flow set by selecting the lower rate of a
first allowable maximum rate based on the first temperature differential and a second
allowa;ble 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 potentially
flammable éaseous produc:t 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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flammable limit and a loss of reaction is detected and used as a signal to

activate means for mitigating the risk of explosion downstream of the

reaction zone. The present invention also provides an apparatus for use in

a hydrocarbon 10 conversion process in which a loss of reaction has

occurred, which apparatus comprises a reaction zone having means for
leﬁP@ﬁE@Qgﬁ%&W%@?ﬂ%‘ﬁﬁ@@d&xﬂﬁi@hﬁ@@%@ﬁé‘%thﬁﬂ}}{gﬁpﬁ?ﬁ%&carbon

feed and a molecular oxygen-containing gas are contacted with said
ogidalia ®RpHeBtice an outlet stream having an oxygen concentration

which jg@l:digaly thaheya the dammsia deni ipespsten deineiignssistess in

loss of reaction and means for 15 mitigating the risk of explosion

VR BRIPEEH ORXAR FEREACRCIGHE 2P ISP RS iRe Bidiae contacted
1§HQ§£Bt1b’i)'@dﬁmﬁQH8§ﬁi§eH& sireaimBRIesgRghdE eatbuileprifecaialysin in

bed of the reaction zone. The composition of the outlet stream will varéﬁ i
ve the

SBICLBTRRRY tHa A AR B e S T CRORSI P R Shif fHen5ar fiEd

ﬂﬁﬁﬁt&HﬂeQﬁﬁwH@@& ﬁﬁﬁm@i&@dh@lﬁ\&e@ﬂ&ﬁl aed abave atkigfammelility means
limit of a mi defin d as ighest concentration of oxygen in the
%I%H}%&E%éﬁl Q‘g R CSMBUSHEh %%1% TSR Wry according to
the prmw@smmﬂﬁmuw&nd;mmﬁ)wmafatbeﬁmtiei Bireapdrodatpimally,
the flammability limit_of theloutlgt str mhln an auto th rnl?l cracklngC .
BrOCEES" BFPS ‘ig/ R & o B R Ay O b an T SR Ga T Tises
aeggem Q&wﬂmg@ﬂem ifoadtiyityind thetidtobarionebinvetsihn arotessone
a%:c&r . uo% ffere exX e to arl%is |ancc';1ta XSt gﬁc%ﬁylt Y, & wﬁné%ntf husfde dor
erator erro e amoun resen & nitial Rydr

ocar

dﬁetymmprrmm Mtaﬂgecsm&mm%g ﬂmammmmnvmhzthemwhsﬁquencear or
at unc c%psum%q Xygen buil p.in the ou el Stream. This und -up

above the. e

m[ans etectm sal osso reacti nan mea
oxygen In Com na |on’w other gases present in the outlet stream,

mucgaasgh_hd nigiest, catogive dmqummﬁtaﬁydmm abte.gas mixtures
forming ip the P‘Q%”Strt am Hogﬁf&'ggeﬁ%”'&%%h f3h Jﬁ‘{ﬂé’ 83088 Qhing

reaction I antauto-thermal crac Ing process can cause the oxygen
diorchntratichedeiehstroeho Hitheastiedysto rise to the level of the oxygen
conceqtration, '%s%e “%{HQ' fﬁﬁ?s@e@é&kﬁﬂ QUIENIERHA SANCEAHANGME

30 to 35, fore amp e A) oxygen). In some hydrocarbon conversion

; ipiti@bhmom S dend-thepataP derokie othisiiieniroblevsdnsumed

Oxygeg@%&% SaQHH S SFeAm £ARDR AR IR PTG RIH AN the highest

secon us, accordlﬁg to another aspect of the present invention there

sprOVidEdeo i hyeiEaromE6Hedhsion bisideesipAefgstion. This limit

will vary according to the pressure, temperature and composition of the outlet stream.
Typically, the flammability limit of the outlet stream in an auto-thermal cracking process
at 1 atm pressure and 25 °C may be up to and including 34 vol% oxygen.

Where a loss in activity of the hydrocarbon conversion process occurs, due for
example, to a loss in catalyst activity, equipment failure or operator error, the amount of
oxygen present in the initial hydrocarbon feed may not be totally consumed by the
reaction with the consequence that unconsumed oxygen builds up in the outlet stream.
This build-up of oxygen in combination with 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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passing a reaction mixture over a catalyst, said reaction mixture being
capable of becoming flammable over said catalyst, and comprising a
hydrocarbon and a molecular oxygen-containing gas, 'detecting a loss of
reaction downstream of the catalyst within 60 seconds or less 10 of said
loss of reaction occurring. To minimise the risk of a flammable outlet

consHe@dioaxe B0l st peiantrIba davhagingihddownshiriot SEohuB8REsion
the loss of reaction, is preferaply detected within. 60 seconds of the.loss of

By R e

outirithirah Gedoncdsidntbespeopddywitiiire esecanags such as within Ito 3 15

secqnde: T precise detection tme aulvay depending on e paioyler
hydrocatrbon  corversion reacfion conditions employed and the'type and
hydayauionf dhevehovengtrecsss @oupperegmt. In general, the detection time may

e dereimyneg.epetnelialyadan re Bl o e RIYSIGR IR o
heat flow and heat exc ange. The c‘aﬂ ulations may be carried out sing
beapommpuiiational dded yridroita G By dsotieltisigeThey GF O vwrdeld 26hateoylar

Ox}gé%rx@gg@gglgéa%omparison with experimental data. The loss of reaction
May be detectéd by changes in temperature using a suitable temperature

detedsiseiingelesa udertiviciays isastionler caid terehégehwaamgsor less

of {2RIfhsNSFEaSA IR QXYgRALoNCentration in the outlet stream and also a
rapid drop in_temperature of the outlet stream. Consequently, a drop in

temperRiGia e B BsthPé3RBRIDEP ARYE S SiERRBMPINGIEaRRS B Fikially

darﬁ%?&% RHCQRGENFRHA L IRAQUTEE SIS NCIRASINGARAVE adfirash@lthin
value. The threshold temperature may be defined as the highest
60 asRnpas it AP EERIGHRD R SHEREN RO BURLGED b &%&e%lﬁé?onds’ most

pre@dg BIVANEHORREBAh INMUES AR LHRE X a8 PnaoNeR At HAmeXCeeding
the flammability limit of the mixture. In a hydrocarbon conversion process,

secqudh 28RS IR EANIRERAG thEasndrnetioRaR thp erstisrl st BRmpon
cofkRPSoRkigsSe it BaBRIendI A 350G SPiablyigdigbeihicdopasatsg

than the threshold temperature, is chosen to activate the means, of ’
eqHRiRfRing! SR ek &%%F&%h%@ﬁgmaﬁ%m%smm@%yéﬁ%/ﬁfas
caldutheddoyvn Steesispiadessipphesiipment afaklihathts. MlBeklculations may

B e ST e B RTRTHE oce
maygenitydiasacbaipigestioninigertrmayl atheated prior to contact with

e st pdlus b e ol opemins enpeae e
tergpeftthadtietmeaiketera sudden loss of reaction occurs there is generally a rapid
increase in oxygen concentration in the outlet stream and also a rapid drop in
temperature of the outlet stream. Consequently, a drop in temperature below a threshold
v‘alue is normally indicative of the oxygen concentration in the outlet stream increasing
above a threshold value. The threshold temperature may be defined as the highest
temperature as is possible to sustain combustion of a molecular oxygen/hydrocarbon
mixture without the oxygen concentration exceeding the flammability limit 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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5 mitigating the risk of explosion can be activated as rapidly as possible.
In general, therefore, the trip temperature should be approximately equal
to the lowest normal operating temperature. Thus, in an auto-thermal
cracking process, the trip temperature is preferably chosen to be within
the range 350 to 1000C, more preferably, in the range 600 to 800C, and

(Eﬁ[é&ﬁiﬂ&yrbfeﬂﬂ&ir@llgefﬂéﬁihp tZﬁ@@lpaﬂngTjaﬁ aaea%%%wfe @étéb%ﬁ) ‘Eﬂl?ﬁighast
stream as it emerges fro e catalyst bed may be detected, determine
B O Y5 A Sl AR AP EVAGHFR Bt S R rio o contat
vitnherattatgs teié gtatd édswskeinoheapoeseninguentiaatinslugte hydrocarbon
thermocouples, r istag-'fce @robes and infra-red detectors

“Thermocoupies: g8 IFEBPRFad e BR SBHafgS e v dor

ermocouples dePéE: aycﬁha
noivigr @nitictiosk of digsivsitar cnetelacRestatanesidtohe s sieiens. mchange 15
int ature as a change in resistance of a metal, such as platinum,
LhetiRice et e r s R S
dpes¢id Oirtiverareuriiofs,emitted fofieenad mdiationpiStefes ayrith@mperature is
t atyre detector loyed comprises.ane.ar more thermocouples.
PR S S e IR S e o0 00 e pistab o, B g penee
620°FoBexdtnpie, esimgla bpintts ravgti-paintdlgdtocouples may be used.
The thermocouple may . be provided with a sheath for prqQtecting th
et R e B 8 S R SRS v fhged may be
dshretfy ddteheimaddedimmetatslich ay guitdd Sttt stamlesdetiest, hoane!
600, incoloy,800 or.Hastelloy. The sheath may.also insulated from the
B R e Y B e R misougpaence
prolow prals 125 g detededstiErenoccugiés sthie sh e attrig drirdicecicontack with

junction. Grounded_thermacouples are advantageous in that.the
P B AR  chnge
igtffepdromdhe atbadgamabe tsatihey ahaybeljscompailakinwaritiwigrtain

lectrical ection,systems that are sometimes usged in chemical

el STt R it el ot S e
emiiebafreuseceihagiothermowell. This has the advantage that the
thermp&q&g 1] ' t to shut-down the reactor
but is disad\ﬁ%g%ggﬁﬂf %%tﬁgéti?\l%/{eégtﬁgr%gﬁé%%%eg%w “58%8?&?; be 1éss
thespormipleto Shangésbls tepapé thtune chhigedrawbaciscchin Hee pricdenisedebtion.
Ry using thinwalls ot thehermansil densingiHoneyer, it I
prefer?é% tb gmp?oy thermocb%bgles w%u%e_r%&é%s?%? t?llz{té%%{g}ocouple
ey pemsevidné svihr Beeaib s netevtingrdical thetinToebthsldiksinsbat withbuif the

AR BOE I FREGID URERE JAKSA DY Ynade of metal such as grade 316 stainless
steel, inconel 600, incoloy 800 or Hastelloy. The sheath may also be insulated from the
junction using, for example, magnesium oxide. In a type of thermocouple known as a
grounded thermocouple, the sheath is in direct contact with the junction. Grounded
thermocouples are advantageous in that they generally provide fast response times to
changes in temperature but suffer from the disadvantage that they may be incompatible
with certain types of electrical protection systems that are sometimes used in chemical
plants.

To reduce the risk of damage during use, the thermocouple may be housed in 2
thermowell. This has the acfvantage 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
s ,
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and minimise the formation of void spaces in which the reaction products
can be 5 deposited and form coke. Where more than one thermocouple is
employed in the process of the present invention, the thermocouples may
be of the same or different type. Preferably, the thermocouples employed
are such that a loss of reaction can be detected within 60 seconds,

b Ffsfxr v within.20.seconds e preferably within. 10 10 seconds and
S B e sy Pt
ey devuplespse v itheht tbarpositds) sothnsirsanaptinecoiady stntted is

aéi%beﬁ!%!‘:ﬁeki@@lﬁ&{?{o%ﬁ ¥§£%H@%1P%§?° %ﬂ%r‘é%ggéﬂg%%%%as? i)negtlaq(en to try

thermocouple may be positioned at eac a number cations
AR shibefieTmatiary soibenaces ixahipishoteert @ catelyss isan be

dgﬁgﬁﬁggqmg&rg% with the reactant 15 process flow downwards along
the axis of a cylindrical reactor, a number of thermocouples, such as

three, Whsjeraost4Eer petesarreuplarie wetdoyath énchealystdseds the present
irddarRalivRlLWhBES B eetalsh DRk divided Infa.36¢10Ls, there may be

used gne thermocouple per sector of catalyst bed. Where a cooling

devicE SHERRLS thaihetmorapisikrpioed ate Feictiehadpsterfirracion madbe
déeccedueaithederensiaite RE4hs aulst Steamnythether m@f&mﬁ(ﬁlﬂﬁﬁf@
e

refﬁgggl positioned upstream of the cooling device such that

SEhet RSTREERRG N WERin frseeaads, REBBEREG stream. Most

preferbipynifedhef thaeaiolgir) eiene. ROEHNRAi BN DS HAEMm of the catalyst
downstream of the catalyst bed. Each thermocouple maybe hardwired to a
bithHEaBR 0

e BRI STHERATHRE TRaSSF A ey 2s RANEHET BN RS Frs e be

tHeatchvtresl denaycenieat ioass sQ:toRtdataaene et oM ®AGtream of the
tp?rm couple can be detected and stored in computer memory in the
A

cont S ARRIGS SR G SR B BRI BN GivES thereactant
popesatiowalombrexidfeilonatios aegardinglogettienabtherprasassrand
thvgrqg(t)hgﬁ qr not ahlos of react'gn rlna havg occurred. Appropriate action

May theh be TakeR in Teeponst @ %Cigﬁén& FoRESaaR Gl watRe catalyst bed.
ANXterrtatelelyiorin addlfiorbed detbttagiatossntieastiondybs ehange in

the temperature of the outlet stream, the loss of reaction may be detected
t%&ogﬂ%%%g h Ceorc%ncgﬁfﬁsét%l)gg' of oxygen in the outlet stregm, and, in

particWarren créingettddecnsudslenstereasddildher axygenerace Biaiians

o S e R RO R D
Pesigaednnehiers afl descoblimgativichaschabar e fbereciupkualyiacsydden
affected by the cooling stream. Most preferably, the thermocouple(s) is/are positioned
immediately downstream of the catalyst bed.

Bach thermocouple may be hardwired to a junction box outside the reactor. The
Jjunction box mdy in turn be hardwired to a control room so that data generated from
each thermocouple can be detccted and stored in computer memory in the control room.
The data generated by the thermocouples gives the operator valuable information
regarding operation 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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increase in the oxygen concentration of the outlet stream. Preferably, in
order to minimise the risk of explosion of the oxygen/hydrocarbon mixture
present in the outlet 5 stream, the increase in the oxygen concentration of
the outlet stream should be detected within 60 seconds of a loss of
reaction occurring, preferably, within 20 seconds, more preferably, within
cchdisiensnils, catyglipsonithitdess ithae buseconelan Fheulkygesin substantially
«&ane n(?nﬁatlon of thg outl t str O?am mO % be deter d and monpitored
LSRG any Stabi& tEthi (?szse RO AD S RIGS I 5?))&&58?%%@@8%“
mnnmtmresthmn&yg]:ﬂ emmbiﬁ&ﬁma cﬁtheenﬁﬂatmnmmfnoky@émb@ybﬁl dedermined.

-'I;xh% rswgttggen% th en a Sis te tggcgr ed m%determme thé et
ocation &t w |c ouot]ile?s reanY%n Pe BAATBEHLEF BiErbie W am'e

stezayy éhedetecasesnfdre expEap kmmhcxﬁeabbmmf e antizg metintygheuihay detected

I nI ed subseguent to coolln of he ou
W T HEL SRR R0 L e SR ST S e mrors
pitfaedsuehthinilG seinndess\Rhaeferdbiy ths d)@rgies\ecmmrentratlon of the

outlessagLi deirunied an pniloiat belaw e calall hed 01k

to m|n|m|$e9%e response time. Preferably, %ﬁe te hnlque used
um&nww%hﬁacﬁmw§@stbhéqmp@ﬂ@¢@ylmb§m§ampqmramres which

eABAYHIR BIRIGITER IGAMIQUES Indbde.infiastgd, near infra-red, 20 visible

or ultra-violet spectroscopiC-based techniques and in particular, near

infra-Téy BRtwiginfdie wetess coplysia s suiitab eshdfraaseds trmeinirira losation at
whisiPiE QiR iRl nSRAAMGLEE PaYDE HE <RV GRY g&?&%@é@&ﬁs for

absorb visible or near infra-red’light in well-known definéd frequency

etpaHde g ke RATgBRIRCEE FPr MBrasrabrenotoprisebaptoseidoa
cANFHBPER Buiig oxyasnEARcRAtatioRof ths.autlatistre %&mﬁm provide

determined by comparing the relative |ntenS|ty of these bands in the
sIgpERRANSE A L HEATtied WS- and/or near infra-red light beam with

the ingexrsian®f, the banes i therdallerleisPeatiiTrcliatdSe e SRECIHM

obtained after the visible and/or near infra-red light has been transmitted

mAfdRrGA BRLesiha %@X%b@dﬁéﬁ%ﬁ%% AP Feessary to

30 elipitaiatherrifechafppRuianeausRSFICIAs RIesENI RS ARy
stream and/or dirty detector windows. A preferred spectroscopic

bebeFm GaERningsed srrlimidd Takardpedirdtey e Brsdatinged, near infra-red,

vﬁﬂﬂ@%@ﬁﬂ@@)ﬁ§l&%§ﬁdtﬁﬁd&}ﬂ&@i@é&|%&ﬁ@m sHdile ARSSERHONHPRifra-red or
refera %é%n 7 the near.infra-red or visible Iia;_ﬁectral range for oxygen gas.

VLf, eﬁ,Ba 6395& tﬁé%fBHé le infra-red, near infra-red, visible or ultra-violet

spectrometer may be used.

Oxygen molecules absorb visible or near infra-red light in well-known defined
frequency bands. Thus, where visible or near infra-red spectroscopy is employed, a
change in the oxygen concentration of the outlet stream may be determined by
comparing the relative intensity of these bands in the spectrum of the transmitted visible
and/or near infra-red light beam with the intensity of the bands in the deflected spectrum,
that is, the spectrum obtained after the visible and/or near infra-red light has been
transmitted through the outlet stream. Correction 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

7



10

15

20

25

30

laser is tuned to correspond to the single absorption line for oxygen by
adjusting the temperature and driving current of the laser. The spectral
width of the diode laser is considerably narrower than the spectral width
of the absorption line for oxygen. By 5 varying the diode laser current, the
diode laser wavelength is scanned across the absorption line. The

oSRESHAoeAS S oL Db beNEsl dhe HadeReet A0 HSioc.
de ecfora sorb the transmi eda ser lig ausing the intensity of the
lagieie tteaddsenrtespany tsthefsingttabsiprmrelmedit. oftygsn theadibtesine the

terglhégﬁuaenagnéiéﬁ&&%&&?&%{@&%@é&.‘iﬁﬁe b wiad o aRllRie g i

ount of oxygenbetween the transmitter'and the receiver. In a
copsiferdy rantovdinibat thisepewtligidtottheiebsomtianhias st gsgidiyof

v%ﬁ,gngv CHIAL ﬁ@?ﬂ%e&]@&{e‘ﬁ%\ﬁ%!ﬁ@@%@é@éﬁ&‘?ﬁ%%aﬂhﬂ@é&&f&ﬁeﬁ@'y’

vavelength employed in the visible region Is 0.6 to 0.7 microns. The
absehivgleenay be carried out 15 using an apparatus comprising a

transgitting, diode aser.anokR Igst g pleciinA stitrlie, ARRAIAIHS S
manufactured under‘the trade mark LaserGas b?/ Norsk Elektro Optikk A/S

derpspnalpRrs ten e apisiErbiiss s gu rrdsianyhsdater tiseatide fatsrisd fater to
vACEoURL AMLAist QRieMiIndaws Qfettl@t@%@@li?% and aoduss iBdhiBtion

_analysis sample by scanning from either side of the peak frequency to
el vivaloy e e e ey e Fiece<Bary
rdQi¢eol and/or clean the windows of any laser apparatus employed, for

example, by using a purge gas which does not interfere with the

absop g SpRetmDasimaBle IGETELS FeReMhaes gfylantsts of

tHRIKIRImGaIR FAUSha sa hadakpniaEnsusedhat dbeppefege Bashdonsdieigth
mix with the gases in the quilet s&rzeam to such an extent that % loss of

ARG tUBIB o 0B dtet el 25 HIEPHIDR AR RISHF FfpaSfetmed o
u§iRgel epsoRiaReihptseserbettibg\iotarder ssed lamagionthe suitable
S neielon o e puleshean i A sk ol bR
(senaitiyinuchhis apiRybe achievedity matingdhmanalykes acsassamesyelirt
A S B e e
efiadhsieagthimaydiciaghiexe doastuisiing atsamiptio fosystamnsitiensditiplinger.

e T SR e T
caplegtds @t thenatiieyonaiihg aiperg Bas which does not interfere with the
absorption spectrum. Suitable purge gases include ethane, ethylene or nitrogen. Care,
must also be taken to ensure that the purge gas does not mix with the gases in the outlet
stream to such an extent that a loss of reaction is unable to be detected.

The visible and near infra-red spectroscopic methods described above can be
used to monitor the oxygen conceﬁtration of the outlet stream in-situ. A suitable path
length should be chosen, typically 1 metre, to ensure adequate detector sensitivity. This
may be achieved by placing the analyser a»cross 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 pafh 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. Inuse, a
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sample of the gas to be monitored is introduced into the tube through an

inlet located, for example, mid-way between the ends of the tube. A laser

beam is then passed through the gas sample as it flows along the length

of the tube and out through outlets located adjacent the ends of the tube.

Where necessary, a purge gas is employed to cool and/or 5 clean the

' f I ; IS introduced

R R S R A e
fapexawaladiidertthearnes dictraludidhatubs,; thirgradéanthie tentpassédtbrough
PSR SOmEiSSR BRRRTYialy the gagtﬁoo%efm_ Q{&%M&%&g&%&%&@&&@y

loss of reaction may be detected to the desired degree of dccuracy. The
adiapers Wi 6R4ROTHERRIBR AL HENATESRITE (R FAREY BRSstopE HgBddsableand/or
CIRERHRRHR TN GoeBPLising: ensentially the 051 PR MoRited: QSTn

methods of detectln%‘a loss of reaction may be employed In the present

thpgadrionhrsrend Slewmehebdhafahpaiatiploydetéraerstrdirsdaldisends of
tRfueasied iy dracarhrsin Hae Aulel sireamp REENARGRS Y 1E oas o be

concentration of other combustion, reaction products in the ‘outlet stream,

moadRrad: ks DR SR RGO A RIS BB P 195 GRSSAe. thprisrirest idaggee

~ oPhdenastiomis delreied on@akttditiontnenthe ik of SX¥RIeSIPMeaBe in the

activated to reduce or avoid damaqﬂe to the downstream equipment. Such

CHHEBEAR RAFISLORSRIRAHENS SRSFRIGHY 8 BRr dprks 9elP Sut-down system
or ESDiger thedrtiestalraayme: linkest teshi ERRS B apl settabigpRIS

. such that the 20 ESDS izla tivated on detection of a loss of reaction. For

YRR HBte I ERHBRGL PRSLEP TR bR rARIRG B Hec Eapie vads rEBTeasiad

hizbh&iosltogs:d)feskiating @rcsiappiig the Jeed:af dhenrplgBulabmbustion

. ‘%ér}/ gm\gct%j\nmjﬂt%ggﬁi% tg%e%a%a}_tal t bet_:l,t 2r5 ii) diluting the, outlet stre%gr;l ,
, | i HA G o F SRS S AR e

dmxﬁleilstream, V) cqntgi.ning the outlet stream in an area of the pllant that

can s oo o e ouptstcam, One cte L 12 .o
astaitingedffoatthe Ouy gesi S dpplhystadheeréastionearey fon exasye ntédns will
SRR e SRR R

Prefefidklyec@oteninyvpbvelislapanekitive diy the twitableygemyalwdsthAsian
E%If%%a gc\:/t?vg?eg o8 '&E:%/e%lt\{gn of a loss of reaction. For example, thermocouple(s) may
be hardwired to the ESDS.

Suitably, the ESDS includes:

1) restricting or stopping the feed of the molecular oxygen-containing gas to the
catalyst bed,

ii) diluting the outlet stream, for example, with an inert gas,

iii) restricting or stopping fhe 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 oxygeﬁ ‘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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9 between the two oxygen valves, a valve can be opened to an inert gas,
such as nitrogen, under a higher pressure than the highest oxygen
pressure to give a pressurised line block to any oxygen flow. Subsequent
to shutting-off the oxygen supply to the reaction zone, the hydrocarbon
supply to the reaction zone is also shut-off. 5 The ESDS may activate the

bedliletiomofibeoptatelieam wilkacdi benbtase nslen ithetuietstreanitrogen,
non-flammable. Suitable diluents include inert gases or fuel gases, ;.
RS B R JHER B HRTJE A COD EXaribles o T 0ok
to gagesypeiutiexgsabseqiehtirortathaneositbh asypefimeppiuéd gasrercianaane,
gas ; hydrocarbon gases rich.in ethane or propane; and vaporised liquid
thﬁ?élé‘% °§§‘6‘?8§'e?9 ‘f?lae&l’:‘?ﬁgn may 3&?@3 e% ?nfeans for restricting or
stopping B0 flovepidtiestruttet ddtréamofribmotiie remetimrvatine difidsgt to render

restrjction or stoppage. aof.flo e 5\ i I ich.s .
B e e IR S R0 ASTHEARRIIER!
ExAtheles tifdrftovg ot tHechuttatistoganrisi tote Hixamelds ifiduss sepasanehadetgases

.loss 15.0f reaction | in.suffici ime :stream
mfgl Be't ?\%?teeﬁﬁ%%%g rxgﬁﬁ%gi%i hse%%%g%%éi%%%%ﬁ%gg h%é?s%ﬁ%e%%n
ethay bepeasiy; acdisveetibyd dicaith§dssugiversisashoint some distance

downsfreaanefiihe catalysthed; itis prefarabls osliuestitheroutiot el eaimt

as soon as possible after the catalyst bed, so as to minimise the volume,
stemachifene hthisastierdsanst Jtisraiy HakhBR ERAIAS A tarkiared by
a %ﬂ%@%vﬁvﬁ%&{ 6. shpuiek alse: be aken toueesurethatdheseaasas aent or
IV

rted with sufficient velocity to minimise the risk of flash back.
fipreferably, the diversion point should be positioned such that the time

takenygr.the,ouilst stigamtofloveiram thecatast ek tessthei diversionoss
point is less than 40 seconds, more preferably, less than 20 seconds %?1?
ohiosioreTe RIS eSS (6 TSI PR A TR Etse

i13hihes 2R maxism daw eie afhentotaleiant fegthattha jowiEsy aper asinging
pressure and highest operating temperature). In addition or as |
A TaRi0B RBHHSCHb R S 08 HHEHERPRR, (HePBiGt SR el RALFBEIS ©

dBRMRiReA dB: aparsasiihieslppisvncis tapably afwihsiasdingitheise the
pressures of an explosion. This cton1 ainment qf the outlet SE ea%rm%gﬁc;

vaRHRSy 8RN RGS RS SRR S DEITRMES LBy 0 ihg ot one or
imerecshuttinvelies onnstreams oktiat tairlystdeade Thetohteiten ffottat

e a1 be o R R Sapmele . bl s
positioned such that the time taken for the outlet stream to flow from the catalyst bed to
the diversion point is less' than 40 seconds, more prefefably, less than 20 seconds and
most preferably, less than 10 seconds (as measured or calculated by CFD at the
maximum flow rate of the total plant feed at the lowest operating pressure and highest
operating temperature). -

In addition or as an alternative to the above ESDS measures, the outlet stream
may be contained in an area of the plant which 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 vby 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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~, contained it is imperative that the loss of réaction is detecte

- PosiBeBLBEShY

to a flare. 10 To reduce the flammability of the contained outlet stream, a

gas such as an inert gas, for example, nitrogen, or a fuel gas may be

introduced into the containment area. The introduced gas may also

enhance mixing of the outlet stream gases and may also be used to cool

heated surfaces of the plant including the reactor which could give rise to

5 ignifiomedfithebeufttetstredity. dftteccomtainadenitizteasnmy DEaalfaBhs an inert

0 ly filled. with th d as, The.composition of the contained

B R e S g e
Thehiaoducdo gasmanmidsosnbaktingnixiffigieh the vatititmsahanssiemdagy also be

or f . : S an.alternative.ar in addition to
e e P AR AR BE R
ight oriidinay triteesme drhanayt o reletss etraadbt eimosnaeneibtely filled
Wﬂgqﬁgadm&lggg: This may be achieved by feeding the contained outlet
stream into a vessel such as a pipe and simultaneously feeding into the

vessdilisigarepasitfienceit teruemiainet aniise stramd /mafuet gdistedenderditét non-
neHiabalream Aop dammalle. > MheHe (5 Qe SURRTLIS AR BB e, ot o

in sufficien
Ingrh gaRPRAGE [ SURiS aNitet B Betivated before the outlet stream

passes teavaive:iJhis {H%ﬁ&@@ﬁ%&%ﬁ&éﬁ%@%%ﬁ%ﬁ@@ %&H@t%@ég}{pnon—

valve at a sufficient distance downstream. of the catalyst bed. However, it

fasrabls BER {9 TRIitRA thie RoRir R vati drsan imanberbeasdred tisn
reR0SRIDIS SAASHAURINITIS 8188 Aorobyme, Oiibe containgd.pate ntialstream

flammable outlet stream. Typically, activation of the shut-in valve should

IR BUERRTHCDG S EORRIRIG LB ERS BH KHecTbas ibfodhrtisrre ipiste rapRicient

quithin df.sesendsBadrmpEarefenabimyithinbssesends(asmeagured or
calculaged%bé CFD at the maximum flow rate of the total plant feed at the

lowes fiRGeSsar Sia MgraiiBpibs i Remipes dbatdhedssTric

reEStioinayhe-dsadirfeambingdi enanih atbersatets Jevires asHEh @S etore
nent pilot flames, or continuous sparking devices. In certain

th%;’é’rt o SO SRR iGN VG ccSua S0aY e AL Da ATRRE R I9ertiasdhesysdn

vanigtre sichorxygenceaedsiedenastablishegdbelaraihgesataly sl fRRrable to
injtiate the htydrocErbon gonver ion reaction. Thus, gn start-up in such

WHIVBE 38 FeiPA018 fo B e rribrs! i asibliict af tRéNBSRIsE the
vehantion thadoineineaosefotaliytigatingbibe itk af RxplasieAESRS)ation of the

shHug\ll}lle\)é \r/’e%goitﬁrto_gc%’r I\tzv%%h?rtxllﬁg ggefgl n segi{’rggtle:%tsgnp{)%\t/gg }oss of reaction,
preferably, within 10 seconds and more preferably within 5 seconds (as measured or
calculated by CFD at the maximum flow rate of the total plant feed at the lowest
operating pressure and highest operating temperature).

The ESDS may be used in combination with other safety devices, such as
permanent pilot flames, or continious sparking devices.

In certain hydrocarbon conversion processes, such as auto-thermal cracking, a
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 cétalyst bed. A
preferred method of preventing a potentially flammable outlet stream is to add a diluent
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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 Il gas such as an inert gas or a fuel gas,
below the catalyst bed, in sufficient quantities to render the outlet stream
non-flammable. Typically, sufficient fuel or inert gas is added such that

gQeRRseAMALIOBRIPXMEENR tharutie! siteptrisdesstiras adqRytelaht

Examples of suitable inert gases are nitro?x(?n and CO2. Examples of fuel

repdridBsRutisls s BT Rp RN AR st ibn sfeirRbRichpnigss ssdanddad

 sudRShAVHEOSH R SRSESTUHdeh RIER SLEENILRNS RRANADOTSeigYid.

fuels_such as diesel. The means for detecting the loss_of reaction and
EXARRIRS o Shitg it Hre S RIS RIERBRISTA fdy e ¥Rplaseb brbratssifylude
gdRAvRlhiba dillianhgese Rtk ghs tren RIRNp Mela@iysohtiaes rich in
molecular oxygen-containing gas feed 10 used must be greater than the
e%?ﬂﬁi%%?&&ﬁfi?@d’rﬁ@%%%&i@nﬁﬂé sk Fﬁi%ﬁﬁ’gl‘above the catalyst
bed frrs igetingr deetipnhenisal Oty vbine dindeasfar OXNgeIg the risk of
c?ntaini%% as feed must alfsooabe gu%h t aﬁgeaﬂlovev a%%\e gas is even. If
e e orthe eélggges’ lfﬁlé)\gen, FH158 n‘p’)as Pnayeoclc‘ﬁrl? ere false trips
occumthgtartipntirmvelocity, otldbgyrmbd e ulai oxlgenygontaningigagas feed
ussélaou!%t eegﬁe%??rsé%gh%hs Hl]xen nroxcz:e gcszipi itrpgr LERY ﬁr)]rteﬂe\{m %onarsnr%}lx%ere above
applied to any hydrocarbon conversion process in whic oxygen
theaatapstdtidnfionaignithgct Pro cesssimearidsitsat hthat e lpracegsn-
stream is potentially flammable, e ess of esent
e R Rt KB AT e
gBynthesisiyds smaypbepyodoce dVbyre fiadyticallp seac tirmgnmie thamey glocity of
B R SRAY ‘é"r')lt{_‘f(é?%ééﬁ%ﬂggég ShoHiaRlereactgn conditions. Such

conditions are"well-known i the art, and are described, for example, in
EP-ATo6an @440 fikeqopemitsroiniipicmairdclippdioy iheorduidtectibpn

SRIRIENGE, aLilRRle FERGHON JeHNELBRUES ARSI E0Q 1204209 kam is
preferably, 800 to 1200C, for éxample, 900 to 1100C. Suitable reaction

sysledetirde pingrsptweeis RosiiAl BRmiar dxdfApRE 210 and aprpeass of the
prakiianle catalysis i%ﬂé@@%y&mmmms@%@ wa%@ﬁm

Rh, It, Ni, Pd and Pt. Preferred catalysts comprise Ni, t and/or
a prefeyrsbesinBEdRAERE BFARCPOTSHIhTERIg AN ByarBRaRRatural gas

vRAIWESSIAN RIOCE 3513308408 theImaherackina UGS A GRS, e
present invention provides a process for the groductlon of an 30 olefin,

A 5B SSEEBRTh A eI dliRg -An) drt affohseseatarts of wbigkatar

hePe¥g8Rcorporated by reference. Suitable reaction temperatures range from 500 to
1500°C, preferably, 800 to 1200°C, for example, 900 to 1100°C. Suitable reaction
pressures range between 1 and 75 bar, for example, 10 and 40 bar. Suitable catalysts
include Group VI metals such as Fe, Ru, Os, Co, Rh, Ir, Ni, Pd and Pt. Preferred
catalysts comprise Ni, Rh, Pt and/or Ir.

In a preferred embodiment of the present invention, the hydrocarbon conversion
process is an auto-thermal cracking process.

Accordingly, 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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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 12 concentration which is at, near or
above the flammable limit and a loss of reaction is detected and used as

cénsighalitn Jei¢atR maras doaraiigalinhtheiisk DhevdlaswsdewnRiears
of the, re ctlo zone, An auto-thermal cr gklng process may be used to .

desRive & SHR0%) IR AT THERRS Ea BEHEA RS e fik oSaralseon
dhwuﬂréatdr@mfd)msﬁaﬁlz&& nhaphtha, gas oils, vacuum gas oils and

mixtures %he eof. Prefa{é ably, however, ase s hydroc ggl Ff

cth B R TSR TR DRt GrEhBHRD S LA, Seves
hmmmadarb@mts alqsfaraffﬂuxrﬁm&aliiajﬁig aedo@emmsﬂmwwmﬂmp gsshamng

at least twa, carbon a%uom%h 0 'ghe, ¥ sEon feed is mlxeg %},i 3/

VEREBE R & AP O E - COEInTng  gas SOTABR): #8551 8digFaroons such
aprigen-pontain)ygas asdmnlenuiartlmrygfeamwm;ﬂnﬂdr Sitxtilyeshéhereof.

| cular en-e s ma h an mert

e A b R B oo
Cmbﬂbmde@m'ﬁf SO deswed Suitably, methane 15 hydrogen, carbon

qﬁ’d?@é?r%%ﬂ@éaqg II?'E tc? n rﬂ@y’ Rﬁtgglef%g n&%ltr%%>[§%(§%%tnta1nlng
stream ny molar ratio of hydrocar Bomts oxygen-containin
ge‘éj|€ab1@brdhdewm1@ésiméno¢eﬂmslpmGemOTmlpremrgeui air, and/or

niigighlamettie matio of bydrocaihan. E%&é}éﬂﬁ CONIAINIDG. 92 hﬁﬁgn%ém gas

preferably, 5 to 13.5 times, préeferably, 6 to T0times the 20 stoichiometric
syghiesofiAparochebom ©F 858&Jen-containing gas required for complete

compustionaf 1 byd c?%ﬁéf:ﬁ?&&? GEROR GUEXIAS, ARG WAIRLIIDS, methane,

hydrocarbon is passed over the Catalyst at a gas hourly space velocity of
hyjfecen. priRCPOTODOH IS ek BiY 6 Bo Ve Sterundy-basd-mo st ipréfe radsiant
sgkegter than 100,000h-". It will be understood, however, that the optimum

gas hourly space velocity 25 will depend upon the pressure and nature of

the feBY BORDESIAGH hF"ié?é%&tﬂ? tLRPBEGBIF S EHTee SO thelanje rreaidrshthe

denemalatilanLRNgen:- %‘?Mc@ﬁ%x’éﬁ%%@?ﬁ@Bf%cl%ﬂ%'@&ygen—

ratio of hydrogen to molecular oxygen- containing gas can vary over any

cgpiraBR aaise Rdfideatiatihe &%éﬁé&l&?@pr‘%&h&y’ & toriititieesy.the
sRiRGeHCrROIAE H3tR el YA RaRY dednalneR QI deiten BINAhARR

closmbustion of the hydrocarbon to carbon dioxide and water.

The hydrocarbon is passed over the catalyst at a gas hourly space velocity of
greater than 10,000 h ™!, preferably above 20,000 b and most preferably, greater than
100,000 h™". It will be understood, however, that the optimum gas hourly space velocity
wﬂl depend upon the pressure and nature of the feed composition.

Preferably, hydrogen is co- fed with the hydrocarbon and molecular oxygen-
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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30 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. 13 Preferably, the reactant mixture
of hydrocarbon and molecular oxygen-containing gas (and optionally
hydRrgfemabiyfdedpistpne heated pfiby devhricenditialseWataKpgen-containing
ga% igt?c{ %%)(i’o%‘a‘f’lﬁ ﬂ@g&ﬂ&%&%} SRR PGB G R D El0 WA thGst.
autoignition tempera

ure of the'reactant mixture. 5 Advantageously, a

GroatExcHangetantyisteniprsgRanis spdreRetRB TR HiRHIPERIIo o
teggggg@gggigg&%g@}x%mgepse of a heat exchanger may allow the
re

ctant mixture to be heated to high preheat temperatures such as

tempeleaniaEsatsbh KRSt RIROTBRTRS FBRPEAL0 i diet dhretsesisnt
oMK EHTPE Usk:ok Hiah precheskiempasatyrenisheesficial mihatieste

oxygen reactant is required which leads to 10 economic savings:

reRgHRicREII e REdE BRI RERCR HPECIRITES CAR RS RT AETO Pt
a56RGHVIR {0 QlRfin RIaduGkul hashalse benfound thattieuyse i Bighre-heat

preheat temperatures enhances the stability of the reactiop. within the
RO RE I (8T Er KetERE Sua ol ket (e, 1t
eShastd ba wngerstprebtnatiheastoignitiorp tereperatipee-ni asreaciant!t in
_mixture is 15 dependent on pressure as well stt&eﬁete%clcl)&w%?ggti n:é icsa,C
1%‘%1‘??%6@8%@5%@%%&@;%%& Sh P SMGRY Br6 CadeesP”

rwhssRtheshdrocarionsiseitaopint seaptisssuithof Batmagpieees;jdeading to
preheat temperature of é&ﬁto 4590 C.may be used. The catalyst may be

igheE StsiarRi BRI STt

ﬁ%?{t?ng combustion beyond the fuel rich limit

of flamynabiibe Jihecatedydtntay acomprisenaErpeptivt loheted @snitsii2Bire is
catalytic component. Suifable Group VIII metals include platin

R TERFRION, VARG TR S YA e ot
Pasticlianly aplatinemalandcpaliptioressre. pieferfedhidmicab GrowshveE at a
metal loadings range from 0.01 to 100 wt %.. preferahly,betwee 1lto
T A TP SRR SRS Sl v BaGeh e ot

dry weightcatdhe: aafabesingsitilysre apBloups\vih adidysiidepmidyednd fee

OOIOF TS DRSS A SALER AT AR Sha
@ramteomaynbet adribitdironp Mk hadres sivdrdamtinproprteditaing a
Sifferent mesal 1o, A which MavRECRRIAYES 3 e 4Ry, platinum
and palladium are preferred. Typicél Group VI metal loadings range from 0.01 to 100
wt %, preferably, between 0.01 to 20 wt %, and more preferably, from 0.01 to 10 wt %
based on the total dry weight of the catalyst.

Where a Group VIII catalyst is employed, it is preferably employed in
combination with a catalyst promoter. The promoter may be a Group [ITA, IVA, and/or
VA metal. Alternatively, the promoter may be a transition metal; the transition metal
promoter being a different metal to that which may be employed as the Group VI
transition metal catalytic component.

Preferred Group IIIA metals include Al, Ga, In and T1. Of these, Ga and 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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transition metal catalytic component. 30 Preferred Group 1A metals
include Al, Ga, In and TI. Of these, Ga and In are preferred. Preferred
Group IVA metals include Ge, Sri and Pb. Of these, Ge and Sri are
preferred. The preferred Group VA metal is Sb. The atomic ratio of Group
VIII B metal to the Group IlIA, IVA or VA metal may be | : 0.1 - 50.0,

prefefriblysid elars 12 e Hnstitaie-mealaleindbr dansiion matal se6gsIB to

include those metals in_ Group 1B to VII| of the Periodic Table. In
VHARICGRF HaRSitIGR i RIS HARSTH OB B R s s d s GrrursdB: I8,
Vil efithend eriocie mab@ia@cﬁrﬁw@ep@@ﬁwewirﬁywa ngt@tgrﬂeﬁllude
. Cr, Mg, W, Fe, Ru, Os, Co, Rh, It, Ni, Pt, Cu, Ag, An, Zn, Cd and Hg.
inglide Moy Srei iR trdtal rdhotery et P, Ao 4o 10 Bl Brpforeed
trdmyetiatomical aitorad terseid MY Riekal, o, ansitigndmetarpsQiaeiR ratidy P Sroup
- 0.1 - 50.0, preferably, 1:0.1 - 12.0. Preferably, the catalyst comprises
VA BT T BB GE Saicbaid T T I 650
IVA, GrefzpMB, sindctineyyanstiioisenetid) serdasohnrexdamplemthe baiedysiected
may.comprise a metal selected from rhadiym, platinum and palladium an
Shntiiindetonme iRy e e T
tha gl ninefernpd examgte s sed firoat ahystsinglaen Pt Gad Piflndium and a
Pt/Sn, Pt/ Cu, Pd/Sn, Pd/Ge,. Pd/Cu and Rh/Sn. The,Rh, Rt or,P
P bR i oy S g e St Bk Db g
e2a0pleDof awch wrsatyprdfeiatihk teaBen COSaRt/GE A O, Bithe fobite,

ight catal T ic rati Rh, Pt or P, the Graup AA,
PR RDRES Bl PE G Bl B LT P ANE TR
prefaBIFdretexampl, ato M waliosiofl Risr®peietbty, Setweay B2l 1.00wt %

o %?g[r)a%&?%%ﬁot. £t ek t.%reea%ﬁfﬁ:r?aq%’c;fgdéf’ OQ%I%EH% reoru g%é’

pre - 1.5. Atomic ratios of Pt or P e, on ;
%pbmm;i@gp@@@, Ipeafetaibiaylb® 11: 012-(, e predoreblyrdtctdbly 20.0Fr
&a&g?é?ém&@%%ogfo?kﬁrﬁ%}%ﬁ WB? be Q.10 B S qIRIRN, 29, $:10.2

-2.0, and more preferably, 1: 0.5 - 1.5. Alternatively, the’ promoter’may

12dmpeigeracieabbutotietdld selcoen Irefarablodp BIA, IGrodfminsafies of Pt
ohestraesitionmetalsergs. £ sxamplepaetedRe.catalyst: CARBIismore

platinum,’the platinum may bé promoted with two mefals from the’

prefersiion L fetal SBriddoic axtarh olel pei Bditme umerz dsge - Sud, preferably,

1PYRICycalalyRIs MR LRMPIise 523 palladium in an amount of 0.0l to 5
wt %, preferably, 0.01 to 2 wt %, and more preferably, 0.01 to | wt %

baseddrerRiivsia the RpREwTeh B A RSt atisashivmiasaiiceleisdomy
Gg&})}ﬂ)mA,: Srody AR @HEERRN i e B2 rROMHBOER RHBTE RRYe trcloBhalyst

comprises platinum, the platinum may be promoted with two metals from the transition
metal series, for example, palladium and copper. Such Pt/Pd/Cu catalysts may comprise
palladium in an amount of 0.01 to 5 wt %, preferably, 0.01 to 2 wt %, and more
preferably, 0.01 to 1 wt % based on the total weight of the dry catalyst. The atomic ratio
of Ptto Pd may be 1:0.1 - 10.0, preferably, 1: 0.5 - 8.0, and more preferably, 1: 1.0 -5.0.
The atomic ratio of platinum to copper is preferably 1: 0.1 - 3.0, more preferably, 1: 0.2 -
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 IIIA 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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The atomic ratio of platinum to copper is preferably 1: 0.1 - 3.0, more
preferably, 1: 0.2 - 2.0, and most preferably, 1:0.5 - 1.5. 30 Where the
catalyst comprises platinum, it may alternatively be promoted with one
transition metal, and another metal selected from Group IlIA or Group IVA
of the periodic table. In such catalysts, palladium ma ?;n%gesent in an

WAERO BRSO T SIS EPI B ST B O 8, arkd haFterably, 1:

0.Preferanly nhprdra vy % bases @ mthe et chanweight of thesaialysh or
The atomic ratio of Pt to Pd maybe 1:0.1 - 10.0, preferably, 1; 0.5 - 8.0,

IV Anersrbraayfelabiy -0 PrisslyThe Stbit Sataesembln theGsoun i AT

TV A Imets] frayebg dst Brifepiprederably, 1 : 0.1 -50.0. Preferably, the
Group Il EA or WA metal is Sri or Ge, most preferably, Sri. 5 Foﬁ[é%he

avoi 08k EReGHAARREAE ASPBE 06 AT R RO ARGHBTIM i eipgyatelyst

miHAY bR esantin R, fardeitxamplecas, ametak i dhe tewm of a
metal compound, such as an oxide. It should be understood that actual
COBREBSHITHE GPREEH in the catalysts tend not to be identical to the

nomingheantenuations empioyedahcthe grepasationmé i enlBecaialysts tend

because nat all the metal employed during the preparation of the catalyst
SRR s r e e
cabdysinetmetalocalicentnatid rsipiayethdueitg tie papedtoenstrediialythectually

desired actual metal . concentrations are achf%vedt The autq-th(%r{nal
tion.
oSG SARAAF g B TLL NSS4 i e Tarey of & 15 metal
coglares thnrtsi snpyefevalidyh suppot tedndny thait divtelsursdorttmadybielused
such as. ceramic.or mgtal supports, but ceramic supports are generally
concéntra 18%6 achieved. . o
preferred. ere ceramic supports are used, the composition of the

cerariitesuppdrermay drecking oxdEsbmaopabinstine e by aesatatthe Seablef a
LIS IRrReIaNIeS Ah SRRl A BEMERR 00 2R DR T o

support material preterably ermal expansion co-efficient, 20

cearmiisamsistalriuepphia dalisesseratiovp R g easseriil peafesuitapibere ceramic
R s S el s aon,
cambimziounf witdoniiapirosphian itheteanamicss 9Boms sayples, between 600°C
g0 HBaaraA by Ay Sebor o g St e Sl int
agblsnatisbds mhesestnyprtignatibizhidennriabsanay be employed.

Suitable ceramic supports include corderite, lithium aluminium silicate (LAS),
alumina (a-Al,03), yitria stabilised zirconia, alumina titanate, niascon, and calcium
zirconyl phosphate. The ceramic supports may be wash-coated, for example, with y-
AlLO;. .

The auto-thermal cracking catalyst may be prepared by any method known in the
art. For example, gel methods and wet-impregnation techniques may be employed.
Typically, the support is impregnated with one or more solutions comprising the metals,
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
16
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Typically, the support is impregnated with one or more solutions
comprising the metals, 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 30 and calcined
between each impregnation, and then subjected to a final calcination,

farably, in air. The calcined s t Jh¥rbe reduced, for example,
Mgiéahﬁégfl %8??1%%{%9%%%%8%%%%égﬁgre. The reaction may be )
suitaflyeceatibdtamplibgecatdiysusxihamiaraniio pfdetivearrpbocaued in

1200C cpreferably hetweon 0ol 81 090G AN MesLAEIER  ured b
PE \%?efr(?r ngé%du%%o%ﬂ%ﬁlg%éateaﬁ/st employed in the autﬁ%ermal reeny
3kfacking reaction maybe secured in position, for example, using an

Intumeeeent Matelist. ah.asd s am eRlRa B Bk B T080-c,

catalys ee(g(al%%gmpera ure may suitably be in the range 600C to 1200C,
prfefesahliy thethmgard§e 850G 4601050€, modf prorErbidrably rangh@03kde

§0Q to 1000C. The auto-thermal cracking process may be carried out at
190 Spheric or elevated pressure. Suitably, the pressure maybe in the

rangeTtorub ith@al arqokefgnatobess. ity Be t@tedaufort exanipledc®trieaated

Elevated, pressures of, for exa 0 ' :
PR (e RO e i o L e P 45 02
bpredstexathplerb&dtion. piboratid preasibes glidachetnmaheip SMbige fanglso
bthe regf:tion chamber to avoid further reactions taking place. 15 Any coke

€ Suanic, . .

produced in the auto-thermal cracking process may be removed by

mech#ifiicad theans-thebyalsiagkgeticse ideeoksrriatBessddnsaspete
rga%%x%ggaergci%%z )%Q'b% %931@1146@ a@&mé\}p&fe%% af which areRarenber to avoid

incorporate erence. The present invention will now be illustrated by
fwtheofeexaomplelonlymegwith reference to the following Examples. 20

Examplg 1&@%@@8@%@%@%@@% EXa00R!:t Bustraseetsy
effectiveness of the present invention in mitigating the risk o%osmn of

meputeivtibiiyefiasmen ablusiopuae sheAoinamathotssniarcaeidagprived in
Bocess i Which ethans,is seasted mith-22 OXyaspdnheuyrasenas.of a

platinum based catalyst to produce an outlét stream i
The present invention will now be illustrated by way of example only and with

reference to the following Examples.

Example 1

CFD modelling was employed in this Example to illustrate the effectiveness of
the present invention in mitigating the risk of explosion of a potentially flammable
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’. A;pproximately 25 % of the vessels and/or pipework may have a temperature

of as high as 350 °C whereas 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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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 30
the catalyst bed to the shut-in valve through vessels and pipework having
mA 03l delumRen et 4131883 iR eimaIebl2 %Rl thenessalsangiofcted by

pipework may have a temperature of as high as 350 C whereas, th% rest
o eREc) B0 SRTBTR TR PORIG BESS PR (ERTAA AR 80 by

miSACIRIM RO PTI erepsels RITdMiRal Kot fide daithdthé 8ol 1 mm.
iameter thermocouples withqut thermowells, Each thermoco qle IS

proteﬁémlrﬁm‘r@g‘ﬁé PO &?éﬁgﬁeéf BPSTANIEI P TRRSATER %fh%d Wstlated

ofsaintheridnaiandy snagresinerioxides e Sekshdswine fomtie This gives a

,thermé)cou\gles has a diameter g{e %n Th(%1 maximum flow rate at the
HRRREEE SRR AtMY Ve AR AR AR 6WES B Sperating pressure based on

an ethpogiflavnsie:al25Qk@tnis7S0F29 m3/s. This gives a time to the
shut-in valve of approximately.20 seconds. The trip te rature was set
700 SRR Ly BE SO Ao o e BT R o A SO RBR 2
vaunaximum of 2 vol%. 10 The 2D CFD model obtained from the
thermocaupl tect ta indicated that the detection of a Joss of
ronctl B B R L B e e AR P Hated
thecetreting @ tetecficactivthe dussofredutibm the sshands alvehwdedgdie
shut- off within 2.seconds th ri t mabl B )
RSt M el AT B 0, 2 TR O0%ER bo
ofixyitiein 2etectuls hecatbyl aownstrdaim ofl thentidhitdzpsoswestulépassedywnstream

o @&m _sho%‘%i the final oxygen concentration in the outlet stream to be
4. UI%?X. vol% is well below 6 vol% which is calculated to be the start

of theflparamabletiodion foybsifstrsivaingatsd dewnsapax afthrel Euif groduct
mggt@eégpésfi%ﬂﬁtggg%myﬁ% iR laserhased QrvaeRmetarda g

0Ss of reaction in an auto-thermal cracking process in which a

vhijtiré GarbBh ifewalldhaprisivy ethaird is coperesdabs ensiwst ahithe
ﬂ@&!ﬁ&l{@e@g\ﬁgﬁ,@ e A eR8RES 4 a platinum based catalyst under

auto-thermal conditions'to produce an outlet stream 25 comprising
ethylene and oxygen.

Example 2

This Example illustrates the implementation of a laser based oxygen meter to

o

detect a loss of reaction in an 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.

A sample of the outlet streém 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 Optikk 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-
18
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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 30 detector. The diode laser
waybelasen detaciay of ehlitiest withaglasslying e Suchddiedratasgr and
laser detector system are manufactured by Norsk Electro Optikk A/S, The
VRIS QU ELF e RSO S SRR BAGHRBI PO AIEVS
altigeheTlbepsaniple oftibemdudidtssirearbeisinthiodwoanhitg. tketulidet stream
approximately, mid- 18 way, between éljle. nds of the tube and at a velocit
Sy eeealatr R R e A
ththpbang hdblersutlet stream sample as it flows along the length of the tube
and exits dhe Jube.via e W oidlele 0G0 wishalieam. sameleas en
cooled prior to being mi with the main gas'stream downstream ot
settngd aDncdteronTdfeddtsstidmetinieath o bityeeN o keBlantid 1O ptikledibetéhin
1 ls%%gﬁéyfﬁﬁx@ iﬁ%s%%gyg%n%g%%eﬁé{g&g m%fﬁ %?ﬁsferc%%%go'?hlﬁgh Bme eriod
oxygen valve would be actuated within 1 second. Thus, a loss of reaction
isrpayivadedite thetioftsiteB1Besatuondsic Trivis sivsterpefibdaisMedichoiet towhath a
1638 e dempeiatus. detection systesm; o xample 1 above, in which a 10
loss of reaction'may be detected within 3.6 seconds. Example 3 This
Example illustrates start-up of an auto-thermal cracking reaction in which

E%grl&%of reaction detection means and ESDS have been disengaged to
—alfow the 15 catalyst to initiate the reaction. Thus, to mitigate the risk of

potenfibiffarplokivBushatansiairts poan Y dOwmHearE orgeackRIystwhich
eReds oltow Qfitiegends makvainets mediafely below-he catalysthed.

A bed of catalyst comprising | wt% platinum supported on an alumina
cafapisbie iBitFbPdRRyeacHeBrdd e farieigate (ssinkind PRITEEHIT B¥RIAKS [RE)
A6 Qf dMehsians 201000 mAiameterand AOMBY daeRwas MaKmacin

a fixed bed metal reactor. A feed stream comprising ethane, oxygen and

impsdgshy hele BridsreitbatBegsoc. A 500 kg/h flow of nitrogen was

maintained inmediatebrielovstneeatalyshPeduld 6ASH 6h an alumina support
non-flammable atmosphere until reaction was established on the catalyst.

o R PEALAGIP S REARER Gt de presiute Bracrmp s I8t RR Ly SR reiegs
18 Wasipited 1o Abke/Redhedcaciarnditypioally tdamneshl reactor. A feed

stream comprising ethane, oxygen and hydrogen was pre-heated to 180°C.

A 500 kg/h flow of nitrogen was maintained immediately below the catalyst bed
to ensure a non-flammable atmosphere until reaction was established on the catalyst.

The reaction was carried out at a pressure of 1 barg.

The oxygen feed rate was limited to 25kg/h. The reaction is typically started
with 12 kg/h of oxygen but this higher feed rate of oxygen was used 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 d 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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with 12 kg/h of oxygen but this higher feed rate of oxygen was used to
stabilise the feed prior to engaging the loss of reaction detection means
and ESDS. Example 4 30 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 presengetebmplatingpvhespdhaialysbybded auter dhetmakapnditians

to produce an outlet streaym comprisi thylene and oxygen. 19 A .
PR A0 CORREGES o AR S O BB ST A 22 LTSRS
1ueiasiy@eraaresd faninchdewiiesounsiih-1 échdlerbmies tag)tendief reactor

dimensions 100mm diameter and 60mm.deep was mounted in a fixed
R S e A A
cdatateddpproximately 60 mm below the 5 catalyst bed. A paramagnetic

type gxygen meter located downstream of the liquid product ,recqver

oyt R At e T Qe AR T
restreapsyEthawesatsadliowlcereofelbd kg itgehyrogetmativa fbdteratdlafss@m.

kalh 20,49 K3/ Q1081 e IS healed i 180 € a0 her ouesd

into the reactor for a perio 0’arnr oximately 24 hours a
ofessHow st pscrieatelddlves) Aftenddarctivre didtvbifide thfl ovea@icior 8@eriod of

ka/h of nitrogen was intrq i L jately below the
a*c%%%%tﬁgdg %g%uﬁ%ﬁgég‘%%gﬁgg%%én- I*g\?rr?‘%gﬁfé@ %%qg%grejhere. After the
nitrogkficpurdestine okipehctdie vaiaaa) Pdarbed zitrageneves inkgfuqsdrinto

ai%%eryci{a% t&r\r’lv%q‘ﬁtgﬁe&@,%@&m@ foed tats feached appreximately. 8 ket e

emperature e” outlet stream immediately downstream of the catalyst
atrogpdetkto 350C and the oxygen concentration in the outlet stream rose

{0 0.2pa/Ql5% (1 B4 PRORR Uk RE-ARSENER R dRCHRIER U GE) 14/h per

reaction pressure of 1.6 barg was maintained throughout. 20 This

niivem e ahtw o wyaeaf3u0t tsacBatapRICHR AUy br i doraagabye & the
oSHhstantakreActon o e RyaendsElilkiating Rlagrd28 336-20MGRd:Fgen

concentration in the outlet stream rose to 0.25 vol% (1.6 vol% oxygen in the absence of
the nitrogen purge).

A reaction pressure of 1.6 barg was maintained throughout.

This Example shows that at 350 °C the catalyst can still support the reaction i.e

substantial reaction of the oxygen is still taking place.
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Claims 1. A hydrocarbon conversion process in which process a

hydrocarbon feed and a molecular oxygen-containing gas are contacted

in a reaction zone in the presence of a catalyst to produce an outlet MCSLLP

stream, wherein in said process the outlet stream has an oxygen

concentration which is at, near or above the flammable limit and a loss of
Cla&astion is detected and used as a signal to activate means for mitigating

the r losion downstream of the, r rel S

emp yé’ Por mcilga(tl Vert‘rcn’n sk of expecl)ls?grﬁg%e e%t%% ? Cc?‘rltt% (g)}r)ttgé%(r{?nggr%
m@ifettbmgmygmmnststmggaga(s)aMHmm@@n steppiiyg teadérthobmstace fdra

ncontalnln t thec alyst he ing.t r
o TR s Rl hedid AN DG LA B
oxstepping thedivn ohibke mutleteetreaarh(mq(ﬂﬂ(mmm@iﬁﬁ dgnm engutlBtssstfeam
red 0 fasrga’cefocft S Rlant £‘s'%hsf M Fc? fond | QAHQ%?HE}? IS HRIEE 2-
process for the pro uctlon an olefin, sa process compnsmg
expuntastiog/asttepiadasonafdizd aemk awheleioulzs mﬁygeﬁmﬁmadwfﬁgrgegatmg

with a cat st said catal eing ¢ ort
R B B e
restantipgsingtewpolefinednet oxygelas wirereiigin-seithproeess théhoealetyst bed,

(iiﬁgﬁ]t?t ﬁ‘tse 8&9X¥§2&TOSS 1 H ?(Hz%r[] i Ii] %Bé? tﬁg' SRk %@eﬁ’ﬁ) Kgnﬂ}ﬁtmmable

e limit and a reaction is detected and used as a signal to
(ligotvateimeangdppingtiatioy thicthe sk dé texsiosionddowastiesmpthheutlet

str"e%actﬁ’gnza‘%é‘aeof\t e@%%%m%%m@%&%ﬁ%%%'BQtheséiJéeﬁle

explosion is sele rom one or more of the group consisting of (i)
2. restrmtmgossasfomtmgru@mem offamoleBolariohggerstormininpegantestng a

RN B0n 1R UGS 8%&5&@%% I AR RAENIC e rarys:

Gutlet stream non- mma restricting or stopping the flow of the

bedngetrsirEarh sipdditig ontaimisigntheyond shes trehnirinlian e oot mebiplaro as
whi h can withstan 0 r

oS30 AER010 SR AT B SRS SR

owktomesohiher sy gf cantimtr seouwingh & %, processtassotinguunabler imit

Izplg\églgp réggtllgé ?s%fetg&‘éﬁ %Hd%&%tgg te gt‘(ﬁf‘t& &%vﬁ?ec&%gés%mﬁt%%ﬁ% the

reactlon occurrlng process according to any one of claims 1 to
riskhitxtHesiosslofrstrsionoibthdetaction witke, avhenapetaureatereapdeyed for

mﬁé&%&ﬁ% risk of explosion is selected from one or more of the group consisting of
(i) restricting or stopping the feed of molecular oxygen-containing gas to the catalyst
bed, (ii) diluting the outlet stream with a diluent to render the outlet stream non-
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.

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.
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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 thermocouple
with a thin thermowell and a grounded thermocouple. 8. A process

6.acconding das€kainer8ing ebaimir whewginihedherpasaupleiscaliedapeeicche

the loss of reaction within 20 seconds of the loss of reaction occurring. 9.
orANgFE AL RENMRIfiRg to any one of claims 5 to 6 wherein the temperature

7 deteciosr fiass adEiR dBIpRE UG R HagIaBgeh 3P@ht0ohO0R forkQhAREREESES is
according to claim 9 wherein the temperature detector has a trip

SRS RSP SPGB0 b BHB B P A pROEEL 4EXBRAMNE o By one
thefelribngld 4ol @ ininhiehdbednss i raation ihedatreigddy a change in
the oxygen concentration in the outlzgé_strearg. 12. A process according to

8 claim BT SHhIERCAN ML S P SkyLiR domberitPtis IR RE Rt Rets 2ble to
d&teans issdemetrdmitim b saconsls of emtors b reaction eatiHiing. 13. A

process according tQ claim 11 or claim 12 in which the oxygen
9.concentraich ?gca@%gwmwm%%g%%éc@pw sm?q*ﬁs CaTBETRER et
hiefrairedaiRalint arigd risibles ianel Litige(olet spectroscopy. 14. A
1(grocess according to claim 13 in which the near infra-red or visible

pecthoROSEY SFPIBYL AR RSdrErB dhiblrarsratse Agidepsas a trip

teRRAIRG IR R AH CIBIBIPLE to 14 in which the wavelength
employed is 0.6 to 0.7 microns. 16. A process accordin%to any one of

Iblaim precess wirerdingrie e o daipeh (g8 By whigBthalossroAreaction is

JRECEASS, AERLIN IR ABY RRE AfRlaimaidnith IR BuMBic the flow of the
outlet stream is restricted or stopped by a valve system which diverts the

13low ¢ fiecetRaCUEMNY ¢RI b b 8ducAHbIRFGEID IBIQTHEET FATERIEIR YRR In
Hipgdakerdarithe eutlat sireandeednwsiemithe catalysbhecining.

diversion point is less than 40 seconds based on maximum flow rate at
13he lofvBEICSpetetnigipedestirithhb Highast lgpdrathig idmperagneonsontration is
dNGRhbE b 8 feRIBSESH ARLAMIRG 0 AR PIERIRS, hder 1whedeisible
the outlet stream is
and ultra-violet spectroscopy.
14. A process according to claim 13 in which the near infra-red or visible
spectroscopy employs a diode laser spectrometer.
15. A process according to any one of claims 12 to 14 in which the wavelength
employed is 0.6 to 0.7 microns.
16. A process according to any one of claims 1 to 15 wherein the diluent is an inert
gas or a fuel gas.
17. A process according to any one of claims 1 to 15 in which the flow of the outlet
stream is restricted or stopped by a valve system which diverts the flow of the outlet
stream.
18. A process according to claim 17 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

maximum flow rate at the lowest operating pressure and highest operating temperature.
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contained by activating a shut-in valve. 20. A process according to claim

19 wherein activation of the shut-in valve is carried out within 20 seconds

of detecting the loss of reaction based on maximum flow rate at the MCSLLP
lowest operating pressure and the highest operating temperature. 21. A

process according to any one of claims 1 to 19 wherein the contained

joutletasireamm intenEgred Apnoflacioniies 27 feRIAERSS Mecardingim is
claim 1 or claim 2 in which on start-up of the process, the detection of the

cqpsanstrBRetbRArERRHNE 15 Yhitigating the risk of explosion is over-

26iddeny 23.APIIEaITAcs UBiR0ID R RZMGBTYIther SRMRNSeS is carried
adding a diluent to the outlet stream tg render it non-flammable. 24. A

oprBatas HeeesenAy tbdatsrtineisHers pf fhactatcism of tRBRY b R EIEAT

tandwheaps fangtigatina tierisk ol explesion isengagegeprior to removal
of the diluent from the outlet stream. 25. A process according to any on

2b thepPEREANS QHINS WHERTGINE HYHPSdalbon “fB%rﬁlfétBegfé’é’é%H%% oulet

sthydrocarhane2 8o eeessi@ccording to any one of the preceding claims
wherein the molecular oxy%e;n-containjn gas is selected from molecular
29xygeh PHIFSHAGRGHIIE RIS, 05 FlaAThr dReXu AL eBRIG B Ay DRE s the

dthe poecedingosiaimes whereindwdrag ey isidigeariead 2k #f PXPRRSS is over-
according to any one of the preceding claims in which the molar ratio of
rlI‘Wﬂ'i‘ocarbon feed to molecular oxygen-containing gas is 5 to 16 times the

25toichiopsteis ktier@hbyeraearopnJaisholeeiat OxyaRBs ¢adtaininglgas to the
required for complete combustion of the hydrocarbon to carbon dioxide
oyfhef sirsn. togendei ststlateBidhlfy to any one of the preceding claims

owhereinthe-calabistifO MRS 28 GiREBINIkE Matati@Bof the loss of reaction and
means for mitigating the risk of explosion is engaged prior to removal of the diluent
from the outlet stream.

25. A process according to any one of the preceding claims wherein the hydrocarbon
feed is a gaseous hydrocarbon.

26. A process according to any one of the preceding claims wherein the molecular
oxygen-containing gas is selected from molecular oxygen, air and mixtures thereof.

27. A process according to any one of the preceding claims wherein hydrogen is a
co-feed.

28. A process according to any one of the preceding claims in which the molar ratio
of hydrocarbon feed to molecular oxygen-containing 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.

29. A process according to any one of the preceding claims wherein the catalyst

comprises a Group VIII metal.
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