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(1 111 11 *G0002* PROCESS FOR THE PRODUCTI ON OF
OLEFI NS The pLESQDL_L?XEELLSE*QELéteS to a process for
t he production of ol efins: -ef+ns such as ethyl ene
and propyl ene ma l’fﬂﬂm&mﬂln by the catalytic :
dehydr ogenati on M f a hydrocarbon feed. In
this application the.tgrm “cracking" will be used to

enbrace both these. chemcal reactions. In an
auto-thermal 5 cracking process, a hydrocarbon feed is

m xed with anMas and contacted

wth a catal yst capab porting conbustion
beyond the fuel H\ﬁ\m\“ “\\m flammabi lity. The
hydr ocar bon feed i ally conbusted and the heat

produced is used to dFt®% the cracking reaction. An
exanpl e of an auto-thermal cracking process is
described in EP 0 332 289. 10 The docunent descri bes
the use of a paraffinic feed of, for exanple, ethane, .
propane dRPGESSFORTIHE PROBUGTION G OLEBHINS and
crackedqtho produce an olefinic mxt uiqei. The cracki ng
react i onF STERYIPREIPI RS 02 RIGeSS; & theiproducienohelefins.
t enprAat L | ' -
e e b AR PR BlochRa b ARl
dehydwgenation lve cfackiohgndy hatiswr abisorpieed et thib dpplicAthe the term
tenperatyre is limted due to the 15 risk of :

“cratkieg AT s psedajor pbracs beibythessehemisedieactons. rladinraayo-termal
' Y. i 1 nerating step. In
crRi0t B0 RLSLL D30, DAL AFAR-BLL RS SR b
cogxatdderit £ cAtelget dapBble iofl stfiRorfihg S6MBEstRN Bey6Ad HeWSL! rich limit of
The reaction conditions are controlled to ensure that
Dargmatiiiy. e hheowiagdaed i resHallineuntistgdrandithe Seat produced is
usBR9BEFS. IO Ner TRl cener oy produced by the 20
reaction heats eH& U Peact ed oxygen, thereby providing

an anlekdnisiaal s eutoCcBerdial REAKIOprotss YEddsRabEd ROk 0% 10
t he hydrocarbon feedstock. Thigs)pprocess IS descr‘]:)ggjd&zw'

Thedqepmentidescribes the usap 200 5o f8d RCTOCBZO0EL DAUARS propane

and/or butane which is mixed with oxygen and cracked to produce an olefinic mixture.

The cracking reaction is endothermic and is carried out at elevated 'témperatures.

The energy required for the cracking reaction is provided by combustion of a part
of th'e.feed and the feed may also be preheated but the temperature is limited due to the
risk of autoignition. | |

Alternatively the energy required may be provided by a preiiminary\ heat-
generating step. In this step a géseous fuel reacts with oxygen in an exothermic reaction
in the presence of a catalyst. The reaction conditions are controlled to ensure that not all
of the oxygen is consumed during this process. The thermal energy -produced by the
reaction heats the unreacted oxygen, thereby providing an additional source of heat to

drive the cracking of the hydrocarbon feedstock. This process is described in

EP 1112 241.
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However .using a catal yst to pronote the autothernal
WO RHISHYS process can be probl emati c because t h@CT/GB2003/004993
catalyst is prone to deactivate and consequently needs
to be periodically replaced or reactivated. The
cat¥oMFYer uRE afdalyprieprefao tbeﬁrtaﬁteémabearlerleamess can be
prd%)lil&’}l{l?tr SR G e cqggi&gl gron%qx d Qdﬂﬁ/g ebdn dd%?g e(ﬁ.renpy nQeds to be

reactor system S now een FouR
peAodicihaepRateddaekitingtedr Thessalyanmbe at?sarprmede @Whridlile

t he substantial absence of a catalyst. According to
petfhenamceéeﬁtlerrmr@rtbr eHalyplanay Fasp nbtrmkaees in the eelos S)deIrm

lgrodu on r}dtlo ef i rtrs frorp drocar bon i’ q )
25 DN RSP QA W APE Craac)k THRRIOC T C4n PF Fairied out in

théﬁﬁﬂmﬁﬁﬂ%@ﬁﬁﬁ@ﬁpﬁb&hﬂ@tgaSEOUS reactants-to a first

reaction zone 10 whérein said gaseous reactants react

ex dtdqerdmig:talthqpte@erpnmmr@en ahgre aﬂjmtvmtftirmmds); for the production

of BR8P Hgnt b titict SEE P SrOTiRs e eer () and a
a) seegmng £Aft ?éeﬁ%ﬁ%ﬁ%%id@ggaée&%%é’&%? B hgs% ?gatcpgg zone

m X1 ng zone an el’n” oxygen i s passe
wlmrem ﬂgdzgamuyracmne resict EROeahichlly td pRvidy DptedhctStreeam
produced in step (a), (ii) the second feed stream. .
)cor?ﬁ‘?dué,’i%ga TRIXEY fﬁ%ﬁtﬁ‘@m HURPHBRL SX YRR Ryrppsgipg the product stream
xygen- cont ai ni.n
prdrgusegdjl §t§ @r)nagd) ng%ond <f {r Y (gonaprrl%lag la)pyd{)o%sxﬂ)on 6 ddstock toa

r earn

mﬁ&ﬁgezm ahd WhetibRydes 1558000 1d BBGhikAY zAR\Sa M@&eﬂnﬂré &F (i) the
t he absence of a supported platinum group netal

preditch byesm pratdutedaststep (par) thefseednel fsrgy geeam somprsinged '
str |efins is .produced d) coalin .

byRRSaReR stk 30T Liiks M S S bri DR B G aTh s aning gas

)l egrr‘?] shﬁ’é]th% MRed Gedd@Barh iR ® APOGNIANY J&Ab%%é sLRRA reaction

| 1T seconds of formati on” and wherein

' zone whereat urtbe ebsenheofa eposted eiatmium gltoubemﬁh] cﬁt)ﬂ&it at le@st a part

Xin zone and_the second reactron zone are

of {85 PYRCR ScFoRpuget %é?%ar%FOIB‘BP%%ﬁ fimsispEpduceding t he

ayf esao@ﬁﬂ%ﬁnetstr%vro ttﬁeﬁ%%emrh;ggger@a lleg]&?o 39 to less than

he aut©ignition a or t _
65@ddrvt1th‘mwss flﬁﬁd-SBfrﬁl@x@éﬂbn@Qﬁpfdrﬁtlaﬁlnat | east one from

carbon nonoxi.de, carbon dioxide, steam and hydrogen

rrayanélvshrr@e theatemparature of ehemn)otedgtrzames aPiee$tS0ART ythammxmg

addi tj,onal feed stream conpris h s pass
20 arri@lerﬁeearrﬁ‘greaqmemrﬁerﬁg R LB o Bribeehpo-SObar
[
A8 85 40 L PO
mbdeés'exmhermc reactr on |s transferred to the m xed

st reg the resul tant. product stream produced in _
C?q Hﬁ?ﬂa RVERLES &empealegéﬁtf‘éstrw fzommsaries raows% garbon

- d]f)k‘iﬂ!e Anth Ay RGN rﬁﬁ)}n{t]@d BL BHss8& %o the mtxmg zone.

30

Preferably an additional feed stream comprising hydrogen is passed to the mixing |
zone. | .
- The gaseous reactants 1n the first feed stream may be any reactants that are capable .
of reacting exothermically. Th‘é heat generated from the exotherriic reaction is
transferred to the mixed stream via the resultant product stream produced in step (a).

The gaseous reactants may comprise a gaseous fuel and an oxygen containing gas.

[£9]
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2 WD 2004/ 054945 PCT/ GB2003/ 004993 The gaseous f uel
wayoolnessamy gaseous fuel which is capable of reagtt/g82003/004993
wi th oxygen in an exotherm c reaction. Suitable
exanpl es include hydrocarbons, such as nethane,
et hahegaspo@pRBEmante bay gaseoudviiehamech is chiub] o frkedtirgdvith
gaseous fuel. OQther suitable feels include hydrogen,
OXYHER B A BFORETHEC r@pa@hoﬁgﬂ«bée g*arﬁ’ekehawbrde hygragadions, sush as
%)t(lya%g rﬁ%an%d&%% 2 and IR zﬁlec C])\ﬁ\%%%g 1S tHg gre%rrreeoa%%eg%yﬁlgl Gther

e OXYy alnn

Slﬁtdble @XMgl@dlu@ﬂ‘/dﬁége@ncﬂbbﬁ @R de, ch&hd)lﬁ €e. ngh&hanol ethanol),

oxygen-contai ning gas may be nmixed with an inert gas

Oéx&eﬁata%amﬂ/@rr@g@nma %Nt@lﬁi%ﬁtfa@@@ma)"ﬂ}ﬁ@ e mloyeéiactu on
ﬁgrr%%(%onta | .an ﬁgn ition source ic,uc as ag p

fI artB® OBYESE-CPH AR RIT Y FPBIRT S c SXKAT AT PSR SHg Y esn

miRbubd. AR I8RO RRIAY SasiRAFbE Qﬂxeﬁvitﬁraﬁﬁlﬁérb/gds)éulﬂh 8 nitrogen,

first reaction zone may coriprise a catalyst. Werein

helmen for argbnr eact i on zone contains a catal yst the

cat usual Iy conprises. an. oxi dati on catal yst such
3%35%6?3&88“ BPRR PRV APRRGAN 1#Biuan SOSLﬁetSHglP as ¢Ri'el Hagpe-or a

spc'zHRP ttxoch édqlﬁ:éeﬁ\gﬁ oft if 829%0 HitiGl tﬂg]eﬁotﬂgqrg@?éa%#mn Altematlve]y the
um na supports bei ng prefe

ﬁf:tteee&upmdsrte may chrpfise 4 baalfyor. m of spheres or ot her

gr anul ar shapes and may be present as a thin layer or

was rW leeé%w toniiEsh BRREPN SANSSONEAIBS 2 prighist BB |cytatyRbusually comprises

ai‘? oSt [ ] gatala%t su lggsn 5 :slgpgpo'%usédmﬂttmurg OQer])el et rﬁ]tagle catalyst

SOFUTEHRT &8 B regu ‘hanne

supptsiitdude rad g bEE@AMRarRinRee] BBRorts! hﬁh SHRHAA Supports being
conpri ses a gamma-al um na coated alpha al um na.
préfeeedhallievappor mraydisi in tioy foa'rrggﬁﬂmwzﬂs @m@r guatladshapes and may -

[ithiumalpyum.nium 20 silicate foa

D RSB G & (AR Ay e 0k 26 b SpPtEE b ayb HHARD bl iy B bstrate is o
cghﬁﬁfoug ﬁﬁ‘l‘?ﬁ AP RE Al c AndcRTRaLA YE §f(9.1fm oP@regﬁlaggﬂ&nelled
preferably between 200 and 600C and reacted at

i @mbier. dbwrprefeetedesbodidént ahd stIHACeoppeies m@ahyni}ehma'em coated

]]é{ nd 120 C and nost preferably between 9&? and
B ETRtvELy ZICQRIA B FHNERAYIIEE CRREH T RBR wpinium

%Eé&-'{) r at mospheric pressure.
Qbég%?il/rht I%!eeg.l ?(I)}%ﬁ Zzone i s nai ntained at a
pr e R ifestdted stovam rhapbt pass8d hatle filsareaatiantaiea} a tdraperature of

exanBI e between 1.8 to 50 bara Cgreferably bet ween 5-
up0p4PY C. preferaphidtesyam 300ad 07 Gandyreaged atrad teAperature between

R AR Bt e R D BRL By bl pbigfersbly beoween 950

aWilihoyeary depending on the 30 specific reaction

cond| tions and gaseous reactants enpl oyed.
The first reaction zone may be maintained at any suitable pressure e.g.

atmospheric pressure. Usually the first reaction zone is maintained at a pressure of from

1.5 to 50 bara (bar absolute), for example between 1.8 to 50 bara, preferably between 5-

- 50bara, most preferably between 5 to 30 bara and advantageously between 10-30bara. It

will.be understood that the precise pressures employed will-vary depending on the
specific reaction conditions and gaseous reactants employed.
The first feed stream is usually introduced into the first reaction zone at a gas

hourly space velocity (GHSV) of greater than 10,000 h ! preferably.above 100,000 h ™!
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“;Te first feed streamis usually introduced into the
3084/03484ct i on zone at a gas hourly space vel
(GHSV) of greater than 10,000 h ', preferabl'y.o‘&za\l(t)qﬁc;gi}e;2003-/004_993
100,000 h 3 WD 2004/ 0-54945 PCT/ GB2003/ 004993 and
angpRest prefeebbdrsatgrtbat 300,06@h '300WA0De hndérstobd thwk tHe Rimum
agﬂdggstood that the Oﬁt%%yn%gas hourly space tine - '
8aj; ALY PRACG I VRSV YRR BPon Beqrsursmdmatue of gfe feed
coifpRsfiRgd conposition. In one enbodi ment of the

i nvention the product. stream produced in step (a) may

5 dormpeiestboditygenf tiednseanioanht prdduet dtidast prb@eEdSh 58T may

may. conpri se_a gaseous fuel and an oxygen-contai ni ng
COEH%‘SMQWW%@%@%@& fist fa5d streaTgtMayecamirise azgaseous fuel and

eLel | . . ri.si.ng. unreact ed oxygen.
o o R i 0 e R i e e o
prodhect girgdr gomprising AnfPabiél dRyEdieis Pro®idel €ede piddeefRtream may then
conprising oxygen. Wen the product stream conprising
be napwalde dbr wryine Fonestomrovide i mhxedffeedstfaapdcorfrisitg eaypen.
co LSi,ng a seous fuel. and an oxygen containing gas ..
s WRER HEHSPORT SEFAR e prisipERmEERE R (O e Prednoed Ehotirst feed
8BRS nipiRinyt Pp Lk rd '. ' I | et .
T st e QBT AR Bt FHanil oells PRTRSy Fuet-rich
witthe fijed éeloxegenbatidatibveahédstbichianetrip k& @regbidd BorlcbfBfete
t he stoi]ghi onetric ratio required for conplete

CORBNBUST | b ¥8meiy Hsriuehiogkyaen mue indbeteed 1By tsel S to 4 times,
préReBRIS ti&i’élg lrt]h c‘?ﬂgl cﬁf&‘&%@é ?a%%tr%glﬁlre%gfgg gg’r&:ﬁ’%ﬁer cbq%gtélatipa o carbon

cont dct e I'rst fFeacti
dicoadeiiid eagrwhi ch are controlled to ensure that sone of

-~ the_oxygen in the first feed streamremains

unrd¥cgasepustael ang GKHBED-eondaIgInggas duaydsk dontastezinn(th) first reaction |

. ted { i di t of
2oflp Bher b ol ToBERH AT R SE e o i Bisa i of the oxygen
in hieefiist 8eH sirbard t&Raih§ hnredlled Nend tﬁ@i‘fﬁd]%ﬂﬂ%ﬁ?/}‘ﬁ%@ﬂ%& t1111estep () heats

gaseous fuel and oxygen-contai ni ng gas
the wirsecied oxygeadbtrelpnproAbtng pamgf the lgaseusafyufdr ctaeking@he
first feed stream react wwth oxygen to produce a
hySF%Sﬁ%?q§?¥§§ ‘%Sﬁgﬁgking oxi des (e.g. carbon oxides)
andrieaesdion Yefvaah i _Migt8in the
first r earé)?i on' zone g%ﬁt%g%)ﬁ%u ?dgé’f%%gs%ﬁénm%é%%hb&%
compustiorsteattore ptoydidglySpasealn freLdr by Sirdt G0 ARty Sh react with
i ncl ude &:oup VII1 25 netals such as plati num and/or

OX Y& BATaCe P oduat siryam cpmpTismaerides (8 g1carborboxities)anad dvater.
In B &f £ 0 t W % 0 tal.. It will Dbe _
uﬁ%%r§?§%y%?ﬁéﬁmFﬁggﬁgFﬁ%e%5%8?ﬁ8§n59n?HERNEQFQPVBELa
combysting el 19 tiCenbIoyed S Shiiabl$ 86mbERkiod! datal 3 BEMAE b, v
the first feed streamis. _ .
metals such as platinum and/or palladium. The catalyst may comprise 0.1 to 5 wt% and
preferably 0.25 to 3 wt% of metal. It will be understood that the metal 'loadings of the
catalyst may be selected to ensure that not all the oxygen in the first feed stream is
consumed in step (a).
In an alternative.embodiment the gaseous fuel of the first feed stream reacts with

the oxygen-containing gas to produce synthesis gas. In this embodiment a first feed

stream comprising a hydrocarbon (e.g. methane) is employed which reacts with oxygen

‘to produce carbon monoxide and hydrogen. These gaseous products may react
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- strﬁ?glflép%ﬁup‘xe

consuned in step (a). In an alternative. enbodi nent
Whaogesiesus fuel of the first feed stream react BCHEB003/004993
30 the oxygen-containing gas to produce synthesis gas.
In this enbodinent a first feed streamconprising a
expigrmcalipdar wmple Nvéithmwegn,u therghp IP@%he@ﬂwalfuhhfrresautcs of heat to

4 d d d
e e
entp{Tby4RRO 0F A4S 38 Wik tiBeaparIa bl Yupdort: ngeé(%mllé:%hs"‘éatsl?)roduchon

oxygen, thereby providing a further source of

- regitiope S[uht@blg icaekistsceompaist rioodiiom, gtzﬂxpu(n; pallddmurhhwiskel or mixtures

t | dth
th%rgpgd%[ erz?ljgy 8Eléoqm§r§ﬁtlary§?{§§%§ai gﬁﬁfca?%b%‘ang pE@)%ﬁlse Oe] to 5 wt%
an8)t{R150.98% PRAGH ot m@m A%ew;th 28 b%l&%kwﬁ%ﬁﬁé Rt

conmpri s€ rhodium platinum -palladium ni

Nloadinguofabe Eata]tyelrramf be Paredden @ipkyreahatadall iheatyglel S tHeSﬁrst feed

used. The cgt yst may conprise 0.1 to 5 ww% and
1Bfepda)3 w0 of netal. As mnth conbust i on

cat@al.y .cata st ma

var]fﬂé?l dﬁ ?geree?}]gkg)d%%ﬁa? g£8% aﬁ]gat1 %eea%t!%)g/ gen' éﬁ 3 ﬁyﬁgnﬁ‘c%?gfmng gas
in hamthbusti sregattich ﬁﬁil’h‘il'dﬂiéﬂ ghsz ot €l ((ﬁ)nch'ﬂ’ia)am 1’fl§§ R6tbe the same

enbodi nent, a gaseous fuel is reacted wth

as élw §esh gé\'i?ﬁtlfafuﬁ ngregaisd with amoayg;@nmmmnmg gaeaqcpnodnceas}dlthesm

not the same

. f
e R .
- thOXY8HachP thaé‘lklﬁg PéhcBiBg in §t@p Pé)o%%%le%){mﬂ%eogf'tﬁes g@&ﬁ?thFQ tl{&wever

t hese reactions are exotherm c and may provi de par

not il ofi et O#ygcn-dmmtmnn@ gas leepd apskigwentumedacki legst pPRACIItRR
In at | east ope of fhese reactiaons,
“ﬂﬁ%%i fre YBEThiSteogRymest s (G jRyRrReh the dlefmpipdsct of the present
in®dmlayed i s consuned. At |east part of this 15
-unreacted oxygen is consunmed in step (c) to produce
t heTle mbduct pirextn produted frempates €tis uslfa\ll]@ﬁaks%ﬁ to TH¥emixing zone at
pr oduct strean1produced fromstep s usual ly

a fﬁ&%@@ﬂf@@ befevegn R0R gnci bHY &L, pr%feraéﬁnp e 25bénd B2 86T and

0 950 and 1250 C, and
mod iy 3’%&38% g‘ﬁ?%ﬂa @ﬁ% and 120G 120" Tn anot hor
enbRGhoBet eflbodiini @f\’tﬁmdv‘aﬂtlbﬁ %§ 85006 rda8desh AL S RYrise

conprise. oxygen. The second feed. stream conpri si‘ng
oxygyy ehhneegonditend lstream xempuising cbhgen praydbiat besinix@anwith the

o uced in ste to provide the m xed feed stream
PrB3TH, Guois

FirEAm grodys ’é’n“'t m@étosrgea theavixed feedsirpary comprising
x$8EPri se any sui tabl e hydrocarbon and may 25
gtlonally conprise an oxygen containing gas. For

ex ditp secomgbfeed kisedny dfa? @ambﬁrss any suitable hydrocarbon and may

'optlonally COImPIISE an 0Xygen con_tammg gas. For example, gaseous hydrocarbons,

heavy hydrocarbons or mixtures thereof may be employed. Suitable gaseous

hydrocarbons include ethane, propane, butane and mixtures tﬁereof. Suitable heavy

- hydrocarbons include naphtha, gas oil, vacuum gas oil, refinery residues, atmospheric

residues, vacuum residues and crude and fuel oils. :Additional feed components such as
hydrogen, nitrogen, carbon monoxide, carbon dioxide and steam may also be included
in the second feed stream. Hydrogen and/or carbon monoxide may react with the

oxygen present to produce additional heat for driving the cracking process. In the

5
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oxeef e e et Bl

eXynnjg

heavy hydrocarbons or m xtures thereof may be
weakesks Sui t'abl e gaseous hydrocarbons incl ugerg
et hane, propane, butane and m xtures thereof. Suita
heavy hydrocarbons include naphtha, gas oil, vacuum
seg@nl feed stréapd ian@ecsous @gtddadon atayoisphleimated withiadheasy hydrocarbon,
vacuum resi dues and crude and fuel oils. Additional :
asftpelydrorasbeieited swakh as 30 hydrogen, nitrogen, carbon

_ Cd . di oxi d q | ‘ o
el egond Bed Rl Boinifr 288} Rl A B GuBa i p00°C, ane
preﬁ[-m}ntmqp@itggom react with the -oxygen present to

produce additional heat for driving the cracking
pr OElEsscohdfeet etré&and 12004840 4 £aPCHiiGBRA08 /OId4RP Bf greater than

S nd, feed stream aseous. hydrocarhon may be
lﬂai%ﬁﬁbn‘apéﬁermyw a%%@ﬁ’(’ﬁy gﬁr&@%@oﬂ?gr%y gﬁ»‘é%/er than 100,000 h ™.

0 fi ' . .
AP R aRe IR AL e 0 Gy SRR B BhIcEOR Sy v
depesd apabihe press3@Aed handd6he Fedheorapesiish. f eed stream
is introduced at a gas hourly space velocity of -
gr eBresecpndfred scang 9omprising agyydfeganyinfeadrieck a1d, optiooaly.
Pl RG0S, Bphames s may o

cdHedh hireabRE %x?ééﬁ?inV§Mh%¥oM@ WheredePandedRe8 sfrl_ﬁﬁn comprising
e

pressure and nature of the feed conposition.

ﬁ083/004993

oxypennwiprodectdst r eam conpri si.ng a hydrocarbon feedstock

and. optional | y. 10 oxygen is contacted with the .
pr ol ag?tﬁ%ra%yw‘m%&aa@ tﬁwr@?%ﬁboq a}blrﬁﬁﬁé RTEARY COMPREE an

Q)\%%ICD-CBB{H n? géeég'ﬁ?)gg%ﬁ:@ t8)ﬁ¥@1”ﬁ§‘xin.? Bofle tH 13982@8212@?’%"3‘1 feed streafn

ereln a stream conpri si ng

canmikicgdxyden. Yied oapeitefitagning ghgmal bobny beydenventdifing @as as
third feed stream conprising an oxygen-contai ni ng gas
hergip descrikad abvVe-he i xi ng zone to provide the m xed

f 15 ¢ Ay ' . . Th o
e A RIS 0 RS TS s g
66®C ORI BbH &b PRJeAPFY®C The tenperature of the

m xed feed'streamis at |east 500C, preferably at

| ea$he nGRME zanelismpantaedfat agibéspupd of keasten/NO € 5T bera, for
m Xi n% zone i s maintained %béa pressure of between 1.5
5 B

Byesn libto B anpierbbebsiasan 2 Pbar. ?@SEﬁfﬁ&grablybetWeen
' 3 : ferab t
5 g& ?{)) %g%kﬂbn% a*a%%%&g ég%@%eﬂ 1 So%r referably between

ara an vant ageou et'ween 10-30bara. The _
m XThe n#RiNg dofie Susahllya tixinkichanied) dlt phssed direABSERSthe second

directly into the second reaction zone. The residence
rqachen ghne: hideredence diaer eftthe amxehiscdstraamiinthezoixdng gone is less
tﬂa%sfﬁe autoignition delay of the mixed feed stream. Methods of determining the
autoignition. deléy are known in the art. For example, ASTM 659-78(2000) ié the
Standard Test Method for Minimum Autoignition Temperature of Liquid Chemicals and
may be easily adapted to determine autoignition deléy. A description. of a suitably
adapted method is provided in the article “Spontaneous Ignition of Methane:
Méasurement and Chemaical Model” by‘I AB Réid, C Robinson and D B Smith, 20th
Symposi'um\ (Internatibnal) on Combustion/ The. Combustion Institute 1984/pp 1833 —

1843. Under some conditions of temperature and pressure it may be difficult to measure

the autoignition delay directly, but the delay can be predicted using data obtained under

6
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than the autoignition delay of the m xed feed stream
Wk oo @s499§ determ ning the 25 autoi gnition del aycdi€B2003/004993
known in the art. For exanple, ASTM 659-78(2000) is
the Standard Test Method for M ni num Aut oi gnition
otleersepaitigns cof lomeg tirapChRAG- c agingridresifagcedane gsiheynixing zone of

adapt tq determ ne autoignition delay. A descriptiqgn .
5 W3 gl R bR B R i T o Blrion of
oRfink db& nPRBMNAMMRO US| BRIHix@d feéd WRhhp&Rers tNEASHRE B Rtion zone.

and- Chem cal Mdel" by I A B Reid, C Robinson and D B
TBrA means 2t ih@o 19yt sonsumpf dmoépxiegenondicmonng zone, typically less:
Co stian/ The- ustion Institute 1984/ pp 1833 -
PR nadle CORER Sohh DF GHSITH 240 AETEE TR mixing zone.
Pr eSSy thePdabfedirhe el OmBBAS U is §44€ than 100 milliseconds
autoignition delay directly, but the delay can be ’
prfedblytied thai fHymidbdemontd, aiawe refadety lebs WEh 20041i1054945and
CT/ GB20Q3/ 004993 ot her conditions, e.g-I|ower
¢ ARy dess Hapi igillise@sigence tine in the mi xing _
zon : oLaniLLi of .the m xed
f coqrreh e plip Lok Ru b Ty Besl HoHEh o €m0 e

S .
imoele fobnd AABRGCLonett ial veldteryTd X ehtbe@en 3 th/Bape @AY Sreater than

the second reaction zone. This neans that tﬂere i's

3 mst Teese yalsaitiss iatmsudficientlybreh i nrieentifieslimck amte the first reaction

gi cally less 5 than 5% w of the oxygen fed to the
Xing zone is consunmed in the m xing zone. Typically
t he The gk @RRGBadioHB.oNt i Ber 1y Ak AUAG c 20 Mat réackiB $hdrbi becurs
100 mlliseconds, preferably’less than
without $igsécamdsnoumsstf e éeeaink\or leaymg tharreaction zone. This is

Om | ]i seconds and - advant ageously |l ess than 5
apEysygRHating-thersepetis] sractHen APed feed streamis.

zbr

| {Jas S{%g hgﬁ{ﬁﬁ%gn tf&% im tﬁé Q&oﬁ%nﬁe@ o%a;&l? %‘/n%g?)g %rac]t?% I}Iﬂ%} ﬁgerfms such

he sec reaction zone at a vel grea
a3 ethess, pporehes mhéne gidepdntdnetdreamixdurd theredhese
velocities are sufficiently high to prevent flashback
i nt d ERERCKingsEaGteadnRn Re SybHYY Camed et anltempgeatigrof between 600

' ti | di ti o t ti h [
P R B B B B o
aRdl 106@YE N9 Wil B LEAGEIRR tFR e opRhRint .ﬁ;lj#grﬁg%' Wil Qﬁd upon the

insul ating the second reaction zone. rocar bo
fdesled 1xiture tahé opexatingl pfessgtest r eam maybe cracked into
ol efins such as ethene, propene, butene and pentene

or  d BRICIACHING TEREIOBGF CarTifd ORYtdR KicRFCPRARFUNT 7RTP Aba pressure of

St P SISl SELUREH Een 5

Spbahenattiprefchlyban808 t200anda ARDAIVAGtagebisWotwebS 10-30bara. Tt
understood that the optinumtenperature will depend

Wi wHerstopd dlat thapigcise pressupesremmnipgedowidkeary depending on the

specific reaction conditions and gaseous fuels employed. The use of higher. pressures

-may provide improved stability and may enable a smaller reactor to be employed.

Generally, the use of a higher pressure would be used with lower temperatures and .
higher temperatures with lower pressures.

The second reaction zone does not contain a supported platinﬁm group metal
catalyst i.e. a catalyst comprising a metal of Group 10 of the Periodic Table, particularly

catalysts comprising platinum, palladiurn or mixtures thereof. Preferably the second
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The cracking reaction is carried out in the second.
woeemnosonszone at a pressure of between 1.5 toP80/GB2003/004993
bara, for exanple, between 1.8 to 50 bara, preferably
bet ween 5- 50bara, nost preferably between
reqssion zancidegivmh caRfamLy Fa weaﬁte&lel %blércapahlf Oéfslrmpmng
[Sto that I
cof YR B D1 B R oP DAL ARy CRREP YRR rAbY e

seSdtd [EAIRMUSNE lél@EéSn&TH@hﬁy&ﬁhy mbBRridbthaodtould exhibit any substantial
hi gher-pressures may provide inproved stability and
catmiyticeavaibite. a smal | er reactor to be enpl oyed.

Gengrally, ,the.use of a er pressure e
wi tis e eyt Gt md BT DS R Rl s
pdrOM8h RESHRY! A8mislanbls HIRGAAS croemtdxﬁrbltzm%uag@&m Qhtalytic
contain a supported platinumgroup netal catalyst:
activey. a catal yst conprising a netal of Goup 10 of the
Pel‘IOdIC Tahl e,, particul arl cat.al ¥sts co r sin

.mﬁ{erﬁgmngmdumraﬁhwwﬁﬁl BECiRR AT Y GPurd Sdlak 2

_ -péf"o‘f‘é)c@ %t&@ 20841 Q%él%éﬁatggl GB2003/ 004993 r eact ion

20ne dbes not cont ai n y catalytic material that is -
capﬁ:tdnatmfr ed enbgdimeantiitht imreniney dindseched reactien vessel may
fuel rich [imt of flammability. Mst preferably the

'C@@mm:@l an egutwla) ﬁpuz’%@lca@és O 51<ar3@,1ﬁt aﬂlﬁat%ﬁa%tvté*r@a?ncourages the
xh|b|t talytic
| reé%tf‘?r\/‘io %90‘“5 ﬁ?éarg%% czﬁx‘éﬁi{rﬁtﬁh t@%ﬁgﬁﬁ%y contain a

st afy 4 fusfler @ﬁ%@ﬁmm% REonTreasticH SorRUS BsseRRAIBaInRp
ceramics, alumna and/or silica that do not exhi b| t

anyhse_ubslfmd ahbahmahtyafi the inveniion the residencegmes withaggthe second

S SN IR TR S —

Pl afrgiRdy ) (L8 aanNRLHSE withf BE %&%n%r?emioﬂ%heglegman

|nve§§)| on the second reaction vessel may corrprl ses an

10@millisecetndy preferablycihssaban 5Qm11hmnpdseanchadveatagdolgs@ukes than
whi ch encourages thée reaction to occur at a
1Biseconds- | ocation within the vessel. In a further

errb%cﬁe crta!:,]lgng F&Rh &%ﬁ%%({il%gsn%rgorlfxeh RSS9y @hdrge om the

I'n a preferre e Il nvention-t
sé@%ﬁ@@d&ﬁ@ntﬂoﬂe swdhi thatthé keengstonds réduded a6 1dsO thar G356°C Svnthin less -
sufficient to ensure that substantially all the oxygen
thag IS@msliiseconds f porenation. {The forardtivarniche rasstion pmdncqsr]@mcularly

ond react zon than 100mi | i
oERer apr o LOPEan (6emq FribsBhRIRe AR8 uh oS Aageata e is te
tinfStetivBathe re%té {ea P MRSmiAhE 9bné BRd MeasMidhdn in temperature of
reaction the products are quencéhed as they energe from
thderoducts to below 650°C.

Wherein the pressure of the second reaction zone is maintained at a pressure of
between 1.5-2.0bara usually the products are quenched and the temperature reduced to
less than 650°C within 100-150milliseconds of formation.

Wherein the pressure of the second reaction zone is maintained at a pressure of
betWeen- 2.0-5.0bara usually the products are quenched and the temperature reduced to
less than 650°C within 50-100milliseconds of formation.

- Wherein the pressure of the second reaction zone is maintained at a pressure of

between 5.0-10.0bara usually the products are quenched and the temperature reduced to
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20 second reaction zone such that the tenperature is
wedyeeskiba | ess than 650C within I ess than .
150mi | |'i seconds of formation. The formation of tHfg/CB2003/004993
reacti on products, particularly olefins, is assuned

1458 (RACI0-@lwifi 1RO thallS 0L RisBL et cRG A0 SO the

quench tine is the tinme between the reactants | eaving
t he Whetkinghe pressiae df theaecw@duendtom danetie Wpentaingd @t Dpressure of

b{aﬂ@:egé@%ﬁfsﬁ to bel ow 650C. 25 Wherein the pressure of

RAR PPy ZBnerodycitarniiaineead apd thepempeatuge reduced
t@fess ﬁﬁh\gﬁ@&b .%viﬁir?%(%ﬁfi?ec?ﬁ&a“ %H%Qt?o roducts are
e e fenp uce

guenc and t erature re to less than

- 650Gl lyhitierdiBGhelH@ssuld b5@e @BetH dakadt B i maIShEl & o

the pressure of the second reaction zone i s maintained
PEesswef asstar dhapf20.Graraveanllp tie Brodbets areigueichgd sitkthe temperature
oduct e hed. and the tepperature reduced to '
réghiced ELieps han 8SBC Wthin TPmeblsEoRdS ¥ CoRaReR of |
for matd Qids ruMAETRhdY NGt e5ond ivity
reacti-on %osne 'S mal lﬁﬁlg?ar@{fg%egg%f@éﬁ}?g§%ﬁ)‘i’&bcélf%gﬂecqu_

5. 0-The pr@batsmasbationchébung tiped Searex chagReGhane familiar in

the tenperature reduced to 8 WD 2004/ 054945
 SiseT) TRI0rR

Jeordoy . Addigonyiynogdismakiviehy. @ disssquenelnmay be
Lok ' L ON; ' e, pressure of
FRIDH, SEEANESuBlonl AR RR1nd VR Thd PRt s chane or
naphthbet ween 10. 0- 20. Gbara usual |y the products are
quenched and the tenperature reduced to |less than
6503 heipresent 1peAtidniusualinprovisies Rqeneniage. cob vétsivaldf rydrocarbon of

LT B Sl 1, SRRy S e
us Ugyktterinhtte REOGHENS ir@%ﬁti&ﬂﬁ%ﬁl?%ﬁ@ﬂcﬁnﬂ% Fgelgﬁmﬁgeﬁl?{ﬁ olefins of

reduced to |l ess than 650C within I secon
greaterghano?()% Tive ferably prstef thanh#% r aslahbotnsrefesdbingrepleathan 50%.

- and paintains a high olefin | ectivity. _The products’
‘may bAé“yq‘i?ﬁéﬁ é’ﬁ%dd’%@ mSe PE}fCE WZ'EF PESSERRy 8P 14O AY e remqyed by

rh&Hahit A medhs, Jr%sﬁfgecﬁl@ &ftlﬁ{/gxlrd)}?ciﬁégﬁg%%hg%gscﬁg% in EP 0709 446,

Addi tional 'y or alternat I rec ue

- imopboyed hefitn babdfereqeenchi ng f1 ui ds i ncl ude wat er and

lij{w%gdrocar bons such as ethane or naphtha: The present

i ¢ilon usual Iy provides a percentage conversion of

hydr r t 9 r.ef reater
et B0h R g em Pl Slng Bt LR AT RE S leen was
phiged he thediret feb@idpr28e BbmpHYieigta (FomesdtBpAladRIP¥AERS: A a
selectivity towards olefins of greater than 20%
tgroptraunh oA Cavlarein igaseoB v6actants erssherpriedlbraidtyd to provide a

reat.er .than 50% : .
sgnt%ems gas produc? stream. The first reaction zone was maintained at a pressure of

1.8 bara.

The product stream corhprising hydrogen, carbon monoxide, carbon dioxide, and

‘Wwater was passed to the mixing zone at a flow rate of 12.54g/min wherein the hydrogen

flow rate was 1.31g/min, the carbon monoxide flow rate was 9.48g/min, the carbon
dioxide flow rate was 0.75g/min and the water vapour flow rate was 1.00g/min. Thé
temperature of the product stream was 1200°C. . |

A second feed stream comprising etbane and oxygen was passed to the mixing

zone at a flow rate of 24.97g/mim wherein the ethane flow rate was 18.80g/min and the
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Any coke produced in thg grocesi of tre p;ﬁgengr usi ng
be renove mechani cal ne
?r?éﬁ’gi’bﬁ“e d)ecokl ng mnet hod)s/ described in EP 0 708C144B2003/004993
i ncorporated herein by reference. 20 Exanple 1 A first
beptdn Slonears wanpll 7aintig. The (aseate SORELSEM B! HANE, vas
and oxygen was passed to the first reaction zone
68h§¥|5|ng a pronoted pal |l adium catal yst at a

t of .400C wher ej seous react ants
exot ﬁé‘?‘?ﬁ%%P?@“W&é%%@ngfkﬁ}f%@aé ess “s‘z‘nftrﬁem s g?; o
d
D 04SP DR RS e

tmtﬂtp swsmd gedcydn agenwhe@irn nhmﬁs@mtéi@f a 62 RANHE 'o%%veﬁi;ewas
was passed to the m xing zone at a

?%ﬁSBm aﬂ%tfn}@bqﬁeﬁvwmrtﬁdﬂﬁ@thﬂ@mg@e sebbulirenati@n 28 was also
&raﬁ*rlal?écf‘}t% pr%: GGy g)tparrmnom de flow rate was

9.48 e car di oxi de flow rate was

0.75 16 fodacduhn w&t thY 8ROHE rddcBWh " 859 ture of 770°C

1. oog/%n The 30 eterrr%rerature (gf Ct he pro fems}%era Vi

WascaabGing' sanndetced 6607@amhioTes tkﬁdtnnﬂ)n@i‘lltﬁefnéﬁ%@ formation.
assed to the mxing zone at a ow

glz(y gﬁg@%gﬁﬁsmé} festhane fas arapspred fl GBnl Yozand thmselectivity towards

HByRRIGT Hiedd. 4 87 2, VWO 2004/ 054945 PCT/ GB2003/ 004993

oxgl/gen ?%ovev rate was 8 17g/mn. The tenperature of the

Eesmplt ¥ eed stream was 450C. The residence tinme in

m Xxi nrglﬁ channel was | ess than 5ns. The m xed. feed

st r eAMT§i f@thi @@mmemBingamp @asdous eeantarid AHethaas aﬁ@@ﬁﬁ%n was
0 the second reaction zone wherein int

Pq‘loéeé‘ﬁ%éy ?rséreéa?%ﬂ St QORPTSIREFERTOMmRRed Pakhasdinm ¢atatyst athae
eﬁﬁaﬁ&r%ﬁ@@@/ﬁ{& £9 AQy gatté‘%ﬂ’ Eﬁﬁg/n-;}g S»(@é%g,'?ﬂg Qégfﬁrate N ethane

zone was al so nmalntaine

Whel i g tind theeBw evté bf 5hggthvas 90 WML A¢hd ea‘%f&%aa%ms
ture of 770C. was cool ed using a water quenc
?"6’%53%‘ ak/ fHCHd te Psoifian sEUhsI gasewodes sukarth oFmefiisoreaction zone

&%%tﬁlﬁta% %fr?s‘s?ﬂzc{ 20elgahane was- measured a 68.1 %

and e ect’l Vi dwards et hyl ene was neasured at

77. ZPhe prsdnpisgedn cémfphrsﬁlk h@/&l%‘éeﬁtcfa?@dﬁ ﬁl%HB)Elldél dlgooGJh(ﬁox1de and
%aseous reactants nethane and oxyge

water was passed to the mixing zone at a flow rate of 40 99g/rnm wherein the hydrogen
ﬂow rate was 4. 30g/mm the carbon monoxide flow rate was 29. 32g/min, the carbon

dioxide flow rate was 4.61¢ :/mln and the water vapour flow rate was-2.76g/min. The

- temperature of the product stream was 1200°C.

A second feed stream comprising ethane and Oxygen was passed to the mixing
zone at a flow rate of 125.37g/mim wherein the ethane flow rate was 100g/min and the
oxygen flow rate was 25. 37g/min. The ternperature of the second feed. stream was
250°C.

The residence time in mixing' channel was less than 5ms.

The mixed feed stream with a combined ternperature of 600°C was passed directly

to the second reaction zone wheérein in the absence of a catalyst the oxygen was’

‘consumed and the ethane was converted to ethylene. The second reaction zone was. also

maintained at a pressure of 20bara.
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passed to the first reaction zone conprising a
@%g@g}ﬁ%&al | adi um catal yst at a 15 tenperature of
and ‘at a flow rate of 41.0g/m n wherein thed/e®003/001993

rate of methane was 18.4g/mn and the flow arte of

OXYOER W8S, m. n. The gaseous reactants

exot herﬁrér?céﬁl%gg%aeéﬂ'é@ tF%S%ﬁ) iR UQNAPRE RS fegnRgsaiure of 300°C
vprsadoet! WingeamarcF R8eddnt§ oh @G IR | S oAt
mai Nt ai ned at a pr‘egsure oP 50 bar a‘".zsgzpt‘r:aé] %@xgé’&g?onds of formation.
st r dak ‘e saprésiongfitne ges meantedn SNABYNdae %&m&% towards

dive and 2 ter was passed to the m xing zon
eatﬁgg\]ef %Swm?%ﬂléecg?tw@&é’@g/ m n wherein the hydrogen

ddrapwradive E/mnﬁllQBOg/ m n, the carbon nonoxide flow rate
vvasm29.,329/ mn, the carbon dioxide flowrate was 4.61

g/ i miastfee strowmh eompapag hyktapen! &t @enasd 248041
m'llTQg] tenger?]ture of the product stre}ggm was '1200@.%@?55&d to the
secerd’ t 8bY NSPrati e/ mimy bereirate lyddogenylpenranesas 0.70g/min
tHREEAR By e WX z at_a flowrate of _
125.37g/ m m m@?éﬁh%tgﬁﬁgeﬂnﬁg‘ﬁs OFYB0 HaY dalies Podig/mim The
teampbrathee ofaky gevd dtleamy watsonas 25. 379/ min. The .'

tenperature of the _se_cond feed stream was 250C. The
r esi'd@AvEed fagd siraami wdsrgseldadireetlywasedc6ss szﬁ@ébn?&%g%g a

] . feed streamw th a conbi ned tenperature
S%%’%&%\éga%ag%%r& UpipEgicaiplyss ovhesein e yeec wasiconsaned and the ethane
wae Benvahied €b Brhlnk e catal yst the oxygen

was consuned Iyarrll d iﬁ@g@&ané&{ﬁa@a% RV é% Bgssuge of Y $bara. The

Predhst| seeam ckitin Stheaest b 26hé Was 2R IR 0
i taiztged at _a pressure of 2(Sjbar a. 1%1%%%%852‘}%’&@%6%0 C
W &3 P Boaldssronthef formdtiob. st ream exiting the
seconor Lon z at a tenperature of 800C was
c OO?E%I A’u%fh%}sgon f‘%‘ﬁaﬂ&u"éﬁc‘iﬁle%%‘g‘@ €/\0" ARdithesslectvigntowards

etBgiand Whsearangdsd af 74 ggmati on. The % conversion of
et hane was neasured a 61.4% and the selectivity

t om}éﬁ%}%bé é?qmyﬁr@néhmdmwmasmpdm taat aafi&MHern®al cracking reaction can
b aratl t\ﬁeﬁxanpl&% A m xed feed stream conprisin
eh%r ogen, ToXY5EIC a4 catehshandiagipessa bighthydtdrerbonicohngsion and

a Higheeldktivinf loQWrdSSienRd 24.81 g/ mn wherein the
hydrogen flow rate was 0.70g/mn the ethane flow rate

was 18.53g/inin and the oxygen flow rate was
5.58g/mn. The tenperature of the feed stream was
450C. 10 The m xed feed streamwas passed directly to

reacti on zone conprising a
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supported plati num group netal catalyst wherein oxygen
was consuned and the ethane was converted to

et hyl ene. The reaction zone was al so at a pressure of

| . 8bara. The product streamexiting the reaction zone
was cool ed using a water quench to 600C wthin | ess
than 50m | liseconds of formation. 15 The % conversion
of ethane was neasured a 67.6% and the selectivity
towards ethylene was neasured at 79.0% It can be
seen fromthe above exanpl es that an autothernal
cracking reaction can be operated in the absence of a
catal yst and achi eve a hi gh hydrocarbon conversi on and
a high selectivity towards olefins. 20 25 30 11
Clainms 1. A process for the production of olefins
froma hydrocarbon said process conprising the steps
of a) passing a first feed stream conprisi ng gaseous
reactants to a first reaction |lone wherein said
gaseous reactants react exothermcally to provide a
product stream5 b) producing a m xed feed stream
CODRIThsSi NY oxygen by passi ng the. product stream
produced in ste and a second feed stream

cohpr i PFR§es: fef ?H@Q‘F%’@ﬁ orferdefns e ¢ bydgocartionisigl nroerss

aqgmﬁpﬁﬁ@&ﬂagéﬁggn i's passed to the m xing zone via
one Or nore o the second feed stream conprising

a ﬁydr qma&nmﬁfse&d@smm coTdp(ising gasetusireadtants ne atfirst reaction zone

rl.sing an ox n-cont ai ni.n aSS|n t he
m xeé P 8T BT ?S/e’%%heg'ﬁ'%gé%g’ﬁw%ﬁp@p’é’&?
seyond ;fremtngcnrmanaed wies18icBmipHsib g exgbg BY's&sBk (Be product stream
s§§@$ ﬁ"& | at i num group_netal cataly in a second

PR3 A2 ¥ERRG fes SEERR ﬁ‘P‘HPféﬂﬂE aiEcpEton feedstock to a
Meh &g ont BAd whereB RIS eiass?eu@mfetn&m]; G&”Iw%hé Qﬁmore of (i) the
at

beyond the normal fuel rich limt of ammabi

| e8I dfephytteatfcompEsing R ydrpqashop dersletaeicrod i) aﬂmdrs@am

COR S idA%in d ced 15 d) cooling the

streéﬁgrg ngéﬁggg ﬁ?H%%ngning t he second reaction

zode t (pdssggthetnlnm 66D Eraaint Hirpctlyas an tds@mially adiabatic second reaction
150n1II|seco gs of formatio

Rk R E AR oot AP IR S Shpoyseima secona.

t enper a ur e O
M teadiipnzonethandbes hbreosaxipanly caagtic muted) et ’fd@pable of supporting:
mai nt ai ned, at pressyre of betwe weep 1. 5-50bar and the
combustion beyond the normal fuel nch limit of flammability, at least a part of the
oxygen is consumed and a stream c0mpnsmg olefins is produced
d) cooling the stream comprising olefins exiting the second reaction zome 1o less
than 650°C within less than 150milliseconds of formation
- and wherein the temperature of the mixed stream is at least 500°C, the mixing zone and
the second reaction zone are maintained at a pressure of between 1.5-50bar and the
residence time within the mixing zone is less than the autoignition delay for the mixed
stream.

2. A proéess as claimed in claim 1 in which an additiopal feed stream comprising

hydrogen is passed to the mixing zone.
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residence tinme within the mxing zone is |l ess than the
autoignition delay for the mxed 20 stream 2. A
process as clainmed in claiml in which an additional
feed stream conprising hydrogen is passed to the

d I 1
Cl 51 my 5 R G me R rRIRREE B B8 2 B TRER P Eherch eyt e

zoﬁEXmgZb@slsletsh@anm@mnilkéqosdconds 4 A process as

cl | mag\ Irgcc(s:saas ! ﬁh E eS| dence tine wthin

the m Xing > zor a’ﬁng F’e ol &Fq Tegdensp digne Witlgn the mixing
Aplzmmes&»sﬁmaﬁbmmgecdnes any one of claine 1 to 4 in

whi_ich the reaction is carried out in the second

r edct i érpr%ﬁseaséfa“@e‘é)lﬂé’é%’ Gme offlapey WeehinSvitioh 80 rbation i Is carried

& iRk of ¢ lto5in
e B RaR Bl LR s brae B RrSt & Wodn any
maber i &lpredess aswiiined Evenly loink oﬁn})mrssjb&i Sitwigkh ﬁﬁts@éo‘hﬁ 'r@ ction
ac% c;OXSntcoAproce f cl ai in claim6 in ah
t h& SeCohd FONRI 3N “'?gaﬁ‘é Pep x%‘blt(?ny§‘f‘%§bﬂnlﬂiﬂs@talyuc activity.
and/ Or Apasdebstg clihed indllaifed &CHvEdh “Hc‘%@:&nlage&rggﬁl B?ne contains a

% i‘jS| ng, por cel ai n, cer am CS, al um na an
bitjgsr ﬁB’iVO’éB@ﬁPBEthI sqlpetedfipinghe gatlmbgmpnsmg porcelain,

2?%?‘#2” s P URRERS o RUE Sk RPN 5B i

[ g&l ti brprcg@ura@ glairged i apy one ©f clasnscl i mdvmsh HRY¥eRNE r&ictor
cl nd arti l§m|1nouwh| ch the pressure of the 15 second
react1on zéne t HE ntai ned at a pressure of between

5.9-1 .@pmm‘s&sal'hﬂnﬁthﬁ anP bad UE EBindy p‘to@ﬁ%ﬂ@[ﬂth@%ress Te of the
the tenperature to | ess than 650C 11

reduci
; t h%‘:ﬁ‘m‘g‘%ﬁ%"ﬁzg’é% fepintgineg gt fhﬁ’tﬁﬁ%lﬁ: offgiwenn ér(bd:@a@saramd the

pr eg gﬁ‘?‘s ehgfqa{kég%%%gﬁgﬁé eact %Q?gcnﬂg qfs\g{hr?ﬁ%%]b(? Riffpinpjess than
a ﬁ@@%?@déﬁff@emam 10 0- 20 ohara and the 20 '

P28 Th R RE R RARTR 3 b B Sl 8 o SO e o o6 e

30set@nd rcacuon zone is mamtamcd at a pressure of between 10.0-20.0bara and the

products are quenched by reducing the temperature to less than 650°C within

20milliseconds of formation.
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