WO 01/ 18451 PCT/ EPOQ 08727 1 M XING DEVI CE The present invention concerns
“catal yti c waawine@#l oxidation of a fuel. In particul ar R¢RERWE2ZNt | nvention
relates to-a m xing device suitable ferlmxing a gaseous stream conprising
~a fuel and a gaseous oxidant, to a 5 reactor for the partial oxidation of
the fuel comprising such a mxing device, and to a catalytic parti al

oxi dation process using such a ni %IﬁéNﬁeW‘@é:E Partial oxidation of a fuel,
in particular hydrocarbons, in the presence of a catal yst is an 10
attractive route for the gée arati.on of mxturega f car noxi de and

hydrogen, normal | §0% 56588 PRYSREioD ReResins gakaiuhis }S’ar oxi dati on of
par af fini c h)p(*lida'ar.duomsf s fael exat Iperm@ulraera@heomrfrmtesemn:tﬁmy t he

equat i on: Q%H%eafz > 1o/ %lQEng &zev@@e stltab1eH2oFNRIBireS ol GhsE&ldire in

abundance on the catal ysts and process conditions for the catal ytic

partial  oXi da?ttlréﬁmo@‘ﬁ‘éé-ébﬂg %ﬁ’i’e&céf‘ﬁoﬁs‘laﬁeﬁuﬁa?’f’r‘?ﬁﬂtar fet hane.
. Ref ereqice i s g@adeor ffir ltlh&t pafE,all @xERa¥idDDF48Re A1USokpbidity 464, and

I nternational cst%i gent a)g_p g.;[nlLO a\{,}Q %ﬁ/g.léa%%lty§ §|c axtél%lcat alytic partial,
ac

oxi dation rea roc Very ort con (in the order of
tens of mlli sexddatisyn pmcessnm&ﬂlyhthanl&me ﬁeme}nt s 25 are well-m xed

when brought intopgppi ACMkbPidd®r GakaREYStin 9@{&153@ the reaction wll
proceed at an_undesirable stoichionetry and t esi red product

sel ectivity wHYIrRGRTRRNSHER| FRY PEATENAF x? raecé‘lta Y& AFalPants of the
catal yté c par tatalrac80vexictati tor priec esepaiateionaohiymionemEisonsiceous fuel and

an V[)01/1845¥a glﬁﬁﬁgg£8§£22nd hydrogen, normally referred to as
synthesis gas. The partial oxidation of parafflnlc
hydrocarbohs is an exothermic reaction represented by the
equation: | | _ '

15 | CpHgpez + 1n/2 02 & n CO + (n+l) Hp

There is literature in abundance on the catalysts and
the process conditions for the catalytic partial
oxidation of gaseous hydrocarbons, in particular methane.
Reference is made, for instance, to EP-A-303 438,

20 US-A-5,149,464, and International patent application
WO 92/11199.

Since the catalytic partial oxidation reaction
proceeds at very short contact times (in the order of
tens of milliseconds), it is necesséry that the reactants

25 are wéll—mixed when brought into contact with the
catalyst. Otherwise, the reaction will proceed at an
undesirable stoichiometry and the desired product
selectivity will not be obtained.

The mixture of the reactants of the catalytic partial

30 oxidation process, i.e. a hydrocarbonaceous fuel and an



2 oxygen-containing gas, is highly reactive and expl osive, especially at

the m xi ngowpnedsit i ons which are applied, i.e. at el epgffpopgpperature and :
pressure and in anounts giving an oxygen-to-carbon ratio inthe range of - |

from0.3 5 to 0.8. In general, the risk of explosions and uncontrolled

gas- phase reagtjfuns chbitdifihey gw@erhé M gL ¥t ARt GO R&p18Pf & OXYEN. 1IN
order to mnimse tggyoccurren ce of st agnant or quasli - St agnant oxygen- rich

zones in the RFGH 3% {thes MR (SoRALEHRS t""ﬁéc?u%‘le ZRB1ted oxygen-
contai ni ng gak.ear atr apediteditesperdture thdtpm@ssugh aleyriecambumixedness is

achi eved wi thify, 3, Q?réxﬁéﬁﬁt@f-éﬂb&nh‘%at{ﬁaﬁt QBLSIQ.{%%O o3 Ebah! V% Font act ed

with each other. er ence oxygen-rich zones Is zones erein the 15
oxygen Soncent® &-Bon is hi gher than in the conpletely- mxed m xture. The

degree of mi XEdn&&SgGﬁéhaIf OlthBXﬁ{HH ®f BRplsBidnki ém&dmla)énth@lmi ative
deviation in the ratio ractloni\]?of I drocar bonaceous f uel

and the 20 ox%ngel?E‘ESﬁt’éef%Ctﬁﬁnanss PET el iTD8 IBJe Sﬁ &% ppr evi at ed
as y and def inmete asyden| dins ordeXdod mX@:‘l_?r)llsﬂaxhe( xcx@#rexeg) ofin 2.(Xnc/

X02),,, wher eigp XHtr and c?&%%laééla&ﬁﬁtﬁglz?géx{%khoﬁéné%f ihNene _
hydr ocar bonaceous fuel  and é gen-containi ng gas, respectively, in

the m% ure. ™RETsuptcts ﬂf‘?”ﬁ?’h‘ th? theduelppd: o#¥gsRnat e t he
m ni nuM  maxidenvaiabikh gasehgerdmidlysmivedyd ii.B. t titatmaxhilgk. deydeaw val ue for

y correspondsf m& Fg?:p% q_gmggg%gy %%ﬁgcgrgiga@ngmyel gﬁteyeé%a A val ue for

y of 0 means a CoO m xédness at. a
‘certain dist aHR?@tBOW rang tlﬁétp@)llm C\m&@th}é’lFba@Q%%hwe initially

contacted carkdiRr@Hadttd iggby- FRASYoh8y {@ot kbRes wherein the
i5 oxygen concentration is higher than in the completely-
mixed mixture.
The degree of mixedness ¢an, for example, be
quantified by the relative deviation in the ratio of the o >
mole fractions of the hydrocarbonaceous fuel and the
20 oxygen-containing gas. This relative deviation is
abbreviated as y and defined as follows:
_ (Xuc /! Xo2) max— (Xric / Xoz) min
2.(Xuc /! Xoz)av

wherein Xgc and Xg2 are the mole fractions of the

hydrocarbbnaceous fuel and of the oxygen-containing gas,
respectively, in the mixture. The subscripts ‘min’,

25 ‘max’, and ‘av’ designate the ﬁinimﬁm, maximum, and
average ratios found iﬁ the mixture. A low value for Y
correéponds with a high degree of mixedness and vice
versa. A vaiue for y of 0 means a completely-mixed
mixture. The degree of mixedness at a certain distance

30 from the point where the reactants are initially
contacted can be quantified by measuring the time-

averaged values for Xuc/Xo2 at different locations within

ik



averaged val ues for XHC/ X02 at different |ocations within WO 01/ 18451
- PCT/ EPOQ O8@8ifisas1 3 't he pl ane perpendicul ar to the fl corapeosszr on of the
m xture at: that distance. M xers shoul< e such that a | ow ti ne-averaged
value for y is achieved at::a short distance fromthe initial 5 point of
“contact or Wi t#he) plasbopérpentd callaer to nide &how cdinteattiochebfeie t he
reactants. Pr eﬁ‘&a}{ %t%ley tat]\{aa‘l_ Lﬁsftoﬁcé’ below 0.1, nore preferably bel ow
0.05, is achieve Wt R n" & residence tinme of 15 nilliseconds. It is not
only inportant thadxenhe shewlchber guck thatyal Yew time-pvaradedwalbat al so
that the flow Ras ya; Bi ghhievle@Obti § Yandrtedibbitcd BRoh! £10d Ualilcqas in the
ratio XHC/ X02 at a single |location and at short tinme scales are small.
Ref erenc® to sPo¥it ©OfnEoBEIFe Ly yithin jmwheeh| bime jaftereinttiar! of the
thermal respongéntdddepatwbéle wHStrefatanss Sprbasfaily,t RevEhal fext ybed,
typically in the order of tens of mlliseconds. The flow stability can be

quantified by Per¥rdadurBore Rufferably thrd oyult Pentiorchhgved ggtthdBan square
and the average gfsideticeatims off 1B5hAilliddcendslC/ X02 neasured several tines

at a single 20 locgti.on.__gac [ nt_, wi t Hor ing time. Thus
S is defined as: gﬁ G%XR&F %ﬁ%?%ﬁgf)%) @?%%;“% %’3’(%?%%(02) av wherein
n i s tho nunbevabiesrdasuy erentlowof bHELXO2that dhesifhghehdn@atiigh, each

measur ement  Caprled Qyt YL fhacSRRLLe ARNLLIONL | 1P crldgatly, the value for

8 is of the 25 sane order of nagnitude or sma han t me- aver aged
value for y. Féscfm2 atnaofirgle dogebien ancoats BReRd tdme- peakas are
. small. Reference to short time scales is to time scales
in the order of the thermal response time of the upstream
15 surface of the catalyst bed, typically in the order of
' tens of milliseconds. The flow stability can be
quantified by the measure 8,.which is the quotient of the
root mean square and the average of the values of the

ratio Xyc/Xp2 measured several times at a single

20 location, each measurement with a short sampling time.

Thué 8§ is defined as:

3 ((Kc! Xory— (ol Xorye)

(r-1)
(Xic | Xo2)av

wherein n is the number of measurements of Xgc/Xp2 at a

5=

single location, each measurement carried out with a
short sampling time. Ideally, the value for & is of the
25 same order of magnitude or smaller than the time-averaged
value for y.
Further, in order to avoid uncontrolled gas-phase

reactions, in particular ignition, the residence time of



reactions, in particular ignition, the residence tinme of WD 01/18451

PCF/ EPOO &7&6&”34@1 a feed mxture in a m xer should be PQ@)EWI&J?? aut o :
ignition delay time of that m xture. M xing devices suita m xing a

hydr o- carbonaceous fuel and an oxygen-containing gas are known, 5 for

exanpl e in the #ebdohiAaflyi8Ng mRIUSAOOIN B bB1dbhaneahhedf catalytic
partial oxidation of h % ocar bons P- A- 303 439 discloses a gas m xer and

distributor FIPHFERRITRIAY HUT Rfe tBRt S HMTScar bon feedst ock and an
oxygen-rich gas tmmwtchlvytes sxe.aabme f@C miking | &) Hydeo20 gas m xer, one of

the gases is rcgqbg},ggedlfg %g ﬁg g%e ﬁohggﬂln&olggg |2t a tube wherein

the other gas is | ow ng ngs upon
the othér gas. °\F\O‘~‘§§7‘Eﬂﬁ)95‘ HY’%(?HHS§§ a%e#%eeeterwweporoappartmeus 15 for

the parti al O)élrdabfOdshﬂﬁlyrtb.ghﬁaMQHOSQIMoﬁaﬁﬁshydx%EEl%&é ng a nanifold of
m xi ng nozzl es UpghILargs 439 aaha étlc artlal oxi d tlon zone. The

di scl osed nixing ~hozzl €s afre M Xi Si ﬂ‘f‘ﬁemn@n SAET Lt ream i s
injected fromfam &xedingei migkures ofna axyddocsrbemnieradtotle 4@ ahher gas is

injected fromQpgeRLriBY gabagh &l cALLIICES r@ﬁctgflgse(?:rt BR! e s gihat radi al

streans _which i npinge upon the axial stream vanta e of inpinging
jets isPthat ﬁﬁéy‘“{:’éﬁF I°é‘§d°f dhe gRrehsksapRAiel s injegted I'QYC!“GQW ons in the

gas 25 conposift isletathodlesr intd Imtﬁbahﬁfer&ﬂd thelothelri ghs il ue for 8. Fl ow
“instabilities 0 al trons at the. upstream
&Sﬁgngf 'ﬂh%% tﬁee %EQ#I lnj erI% lmpf‘ﬂ%e |UP§’ tinme of the

surface of the catalyst ahd, ere rate
cat al yst. Thu§hetﬂ’éﬁ§' i98Sa need in the art for m xi ng devices 30 wherein a:

hydr ocar bonaceouswd usml/4 9888l (ﬁ!!ch)S}fQ@rhrFQWJ@bf'éf‘&eag@SrC@ﬂbag'patmsxed at a
hi gh n&glng r%te tg&“pgikigl oxJéaglon of light hydrocarbon gases,
comprlslng a manifold of mixing nozzles upstream of a
catalytic partial oxidation zone. The disclosed mixing
nozzles are mixing cups into which one gas stream is
injected from an axial orifice as an axial stream and the
20 other gas is injected from one ox more radial orifices as
one or more somewhat radial streams which impinge upon
the axial stream.
A disadvantage of impinging jets is that they can
lead to flow instabilities, i.e. fluctuations in the gas
25 - composition at short time scales and thus a high value
for §. Flow instabilities lead to local temperature

fluctuations at the upstream surface of the catalyst and,

therefore, deteriorate the life-time of the catalyst.

Thus, there is a need in the art for mixing devices
30 wherein a hydrocarbonaceous fuel_and an oxygen-containing o j
gas can be mixed at a high mixing rate, but also with a |
high flow stability. |
Surprisingly it has been found that a very high
mixing rate, at a high flow stability can be achieved by

35 using a novel mixing device wherein a gaseous stream



high flow stability. Surprisingly it has been found that a very high

M Xi ng rag nikspt Nigh flow stability can be achi eved fmpisosysy N9 @ novel
m Xi ng devi ce v%erei n a gaseous stream ¥0-01/18451 PCTI EPOQr 09727 5
contai ni ng the hydrocarbonaceous fuel is. tangentiially injected

pﬁr pendi cul ar écﬁxft&!inil?ﬂﬁ a&ﬂé’h&&k@i&%ng@éﬁ?@“fuéﬁpﬁ%@f#ﬁd@l&ﬁfap.@?m fwi L hout

t he occurrence, of | npingenent.. ccordin the m xjng device of the
present i nventiHifS g@oﬁ%‘?ﬁ?@é‘c&lﬁ/ﬁ%&f’i gﬁ%‘laﬁ&—ilﬁ@es#ﬁ%%beorx?gﬁﬁéns f or
injecting a gasedagning estmeaonpwithawy &heuetcurzegent ¢hlimpingkeweagtt he inner
surface of the;wallying§hend i Rhg ARer o Atk BR8Ben{ AnvieRke6hi NY @

gaseous stream of oxidant axi al along the central |ongitudinal axis of
10 the i xi ng ITRFEERS TN EPATLRRL MHaiBOeFhIOMe™APBF FPT chanber and the
di mensi ons andinjeeatihgna cjasicbas mearsan @ompki$arf anguéhecdngentaaly he
oxidant are such,(ngh, SUIdNG, ROLIM. QRE!ALI P, LRE dangentially iniected
stream conpri si nggt he fuel " forns a wal [~ ] et &aroun he"axi"ally 15 injected
stream of the ehambeatr sNd megns| ApF nNigiiegtapon t9sseocnsi stieam gifect ed st ream

The m xi ng devdGRiaak LREa PIPaEBhg | tHLReh@Pal SLordathifi Bl sSyET abl e for
m xi ng .a hydrocar bgnaceous fuel ~and an oxygen-cont aini ngalg_as, prior to the

parti all®0” oxid FEKIBE THATDRYdr PREFHSh e otanster. ol FRRARY, the

present i nventdhambettr aherthecldanessionsa ahdalbadtieanpr i shengneaasnfatr ng devi ce

as herei nbefore .defi p [ ' [ : e | al
- oxi dation zoneﬁr?%%t%gsg%@.%g%tli gf‘& Z@eof()l %(g | onjaq%o%gpﬁn%h\%’i ga%}é&art , such
as a non-cat al3rael pReE3HionexFhattanvenshalluindgcbedhetim®am ef or mi ng zone

or a catalyticonpafibial ond dakiofoZ@Ne, walef frakl-yuad it akykicyparti al
OXIda'tll n Zoneinjected-stream of the oxidant without impinging upon the
axially injected stream.

The mixing device of the present invention is
particularly suitable for'mixing a hydrocarbonaceous fuel
and an oxygen-containing gas; prior to the partial

20 oxidation of the hydrocarbonaceous fuel, Accordingly, the
present invention further relates to a reactor comprising
a mixing device as hereinbefore defined and a partial
oxidation zone. o

The partial oxidation zone may be any partial

25 oxidation zone known in the art, such as a non-catalytic
partial oxidation zone, an autothermal reforming zone or
a catalytic partial oxidation zone, preferably a
catalytic partial oxidation zone.

The mixing device and the reactor of the invention

30 will now be illustrated in a non-limiting manner with
reference to the schematic Figures 1 to 4.

Figure 1 is a longitudinal section of the mixing
device according to the invention.

Figure 2 is a cross-section along the line II-II of

35 Figure 1.



TIhF m xi ng device and the reactor of the invention 30 will now be
i ustr at non- I|mt|ng manner vmth ref erence Qﬁ'woﬁ ematic
Figures 1 %lugagh gure 1 is a longitudi r& section of the mxfzﬁg devi ce
ﬂ:c?)lrdl Pg to the invention. Figure 2 i's a cross- sectlon along the line

-1l o 35 Fi gure 1. 01/18451, PCT/E 00108727 Fiqure 3 is a
| ongi t udi nal sect iF3A5? HE A XPRGECufbee s%%tclc?f‘d?ﬁgt}fe "gﬁbflﬂer enbodi nent
of the i nventlmlceFaguoBdmg $oaahotiyizt evboddmesc bf otheofinganbihdrodi ment  of

the reactor accorqi;Rg. L0, tihe i py ) 188N fRee. to Figures
1 and 2. The m xi ng 8 5ev4| cle f coﬁ rtll'lglr?a 5 |§11d§|§céarl§ e?lnglé(flng chanbergz,

means for tan‘g%rﬁheaer?/cWﬁ @CCPREI RS g'%i’sgbﬁsln“f%P”Eorrprl sing stream 3

fcorrpri _5|5;|1|g two i n![R‘étfeEéK% i4, néRCHad\HongiguresOut hpd DPERengikinand means
or axially injectlng a aseous of . | dant cQ ri an inlet
tube 7 having %‘ffcﬁugl Cé‘l’mpo’:p1 Afdg® BCﬁﬁ?(;%%%ncaSll rfﬁxcﬁgn%‘ rrE rg‘%}%ﬂed by a
housing 9, conpei diangentiaipycdudecting andaseousy| ﬁnqhmprsisaeg wal | 11. At

i ts downstreamendmn Bhgomglsiing €heMalet2einsed N, f Lokl weARgnagation with a
15 reaction zone (not shoﬂv\?n) guch as a catal tlcv\gartlal oxi dation zone.

ptional ly, a e¥¥tsePerit Sshaff)msans SPA Y WERILTHEInPxi ng chanber 2
and theig eact | gasebiBestfaat 6sb@wnyidakite coypiiadmigcah imddtngublahber 2 can

have an  oval BL.@d QU SIRPERcRLE] o 2BhE AL Hhapane, 20 DU TG nor el

operation a as ous - oxi dant XI a I njected into the
m xi ng chamberdefimed by @é@é&ggs?r émﬂpslé%frﬁ)ra‘i §Pﬁgc?w fife| a4 2
tangentially éﬂlﬁ{atr@éaﬁ'él% waeli Memtsut assnet réhie eﬁw i mHei cal side -

ol 1L o (e DG SIS 2 SR e Ll el 20 e

15 reaction zone (not shown), such as a catalytic partial
oxidation zone. Optionally, a diffuser (not shown) is
placed between the mixing chamber 2 and the reaction zone
(not shown). The cylindrical mixing chamber 2 can have an
oval or a round'shape, preferably a round shape.

20 During normal operatioh, a stream 6 of a gaseous
oxidant is axially injected into the mixing chamber 2 and
a gaseous stream 3 comprising the fuel is tangentially
injected along the inner surface of ‘the cylindrical side
wall 11 of the mixing chamber 2, such that a wall jet of

25 the fuel-comprising stream 3 is created around the axial
stream 6 of the oxidant. The occurrence of a wall jet of
the fuel-comprising stream 3 avoids the presence of
quasi-stagnant oxygen-rich zones along the cylindrical
side wall 11.

30 The axially injected stream 6 has a diameter 12 and
the tangentially injected stream 3 has a width 13. The
mixing chamber 2 has an inner diameter 14. Reference
herein to the diameter 12 of the stream 6 of oxidant is
to the diameter at the outlet opening 8 of the means for

35 injecting the stream 6. Reference to the width 13 of the



stream 6 of the oxidant. The occurrence of a wall jet of the _
" fuel - conpr WOiOB4Et r eam 3 avoi ds the presence of quasi PeTagewmsz7 oxygen-rich
zones along the cylindrical side wall-14.- 30 The axially injected stream6
- has a diameter 12 and the tangentially injected stream3 has a width 13.
The nmixing Chaﬂt)]a-rccﬂnpktas:.a@ steam di eseierhddwidief ahenge herein to the

di aneter 12 of oxi dant e digneter at the outlet
openi ng 8 of tﬁ%pﬁergénls rllenjwég tThYy ttﬁ‘r‘iae ?#e%?ﬂpglsh@?e?‘érrﬁ?é“ £o t he
w dth 13 of théSIlIPIﬁCbPE Oélnmdpﬂl@@_t@s?ﬁéfer-s o Auplamonpri si ng
tream 3 is topéhAsendidlaints Nae @eﬁeﬁwﬁuhaaxﬁ %}etﬁfgei’c ¢i thddi®a1

fuel - rising.stream3 is_ injected. A perpendicular ane refers to a
pl ane rpendﬁtﬁ’r%ﬁ PEPPRE fongi tudinal axis of the cyI indrical 5
m xi ng.. chanber Zlgarguﬁesﬂomemrefam‘ceembddmémdbmsﬂlﬁe Ghisihg m xing

devi ce 1 of thg.Pf&SaNLe! Eﬂg%fe%%n\éhfﬂ&én H-}e 13 fggrr{\e? ec or'd @ stream

of fuel -conprising gas conpri. ace °Lt ubes 4. 10
Fi gure 4 showsinale@ddgos i?%@@ﬁdfh@ltwmﬁlsmmsnﬁnmpoiset Hevopr esent

i nvention. Theaﬁmyoblaéed%tl $8%e@ tipelsng, device | and a catal yst bed
16 int form of 2 Rle ceranmic foam The mxmg device 1 conprises

a m Xi nggchanber r’f‘é:gng le‘?wst AndBRTTH 1Yy 38°959186t FARR stream 3 of .
fuel - conpri si ngﬂgab-n@ompfsthﬂg prlevwentseitrsleoi::.bmo The gkhytsparsed apart inlet

tubes 4, rreansco,a we@ scfnimgaaeew nﬁoggégﬂlggegbgarge o Rhgt tube 7,

and a dlffuser th an insert e “Beans for
i njecting the f?@‘? °Eaé‘hpi"'nﬁt”"v% %Fnce%m’r‘hrf@amdl Bhretdxipg devige tthe inlet tube
7 of the neanscémpriisejseatmnivirghenanbsiant, hasnaredmrghgeheimngs of 8 mm The

15 injecting a stream 3 of fuel-comprising gas comprising
two sets of two axially spaced apart inlet tubes 4, means
for injecting an oxidant comprising a single inlet
tube 7, and a diffuser 17 with an insert 18. The inlet
tubes 4 of the means for injecting the fuel each have an

20 inner diameter of 5 mm, the inlet tube 7 of the means for
injecting the oxidant has an inner diameter of 8 mm. The
height and the inner diameter 14 of the mixing chamber 2
are 26.5 and 24 mm, respectively.

It is a requirement of the mixing device of the

25 present invention that the inner diameter 14 of the
mixing chamber 2 and the dimensions and location of the
means 4,5,7,8 for injecting the fuel and the oxidant are
such that, during normal operation, the tangentially
injected stream 3 comprising the fuel forms a wall jet

30 around the axially injected stream 6 of the oxidant
without impinging upon the axially injected stream 6.

Impingement is avoided if, during normal operation:
dox < dmix - 2.dfyel

wherein



hei ght and the inner dianmeter 14 of the m xing chanber 2' are 26.5 and 24

nm respegibmelsiss It is a requirement of the nixing depdrmeoombrzthe 25

present invention that the inner dianetgr- 14 of the m Xxing chamber 2 and |
t he di nensions and | ocation of the neans 4,5,7,8 for injecting the fuel |
and the oxidani atg vl ahB8ly ﬁuufnal@%qahte@egatéaﬁ.ns dheneangential ly

i nj ect ed strea®™3 conprising the f forms a wall jet 30 around the

axi al l'y i nj ectozddant estmtbeoput ket @pedm 8 wift hbﬁtmqamﬁl f9¥ng upon the

axially inj ectl%qeéuﬁg?lml ° wp& mﬁaﬁﬂé wherdVehéeskidam @Uid ng nor mal :
operation: dox < dm X - erein WD_01/18451 PCT/ EPOO/ 08727 - 8

dox is the di MF@FE‘MD&P FH% ’F’rﬁlé‘@t ‘éﬁa'gferreﬁm 6 of the oxidant at the

out| et epeni n@§,0istire mrass dimmetienj bttdinghei mixirg chhmbepoi2at where the
stream6 is injected into the mxing chamber 2; 5 dmx is the inner

di aneter 14 ofanghe m xi ng chanber 2; and dfuel is the wdth 13 of the

i nj ec': eg fligl -g*fg]gp'rii:m@ gsatleam dfi hhé¢ Hm’jp‘etpénﬂiqﬂu-lcamppim wherein it is

i njecte referably, dox < d [t wil appreci at ed t hat

dox-is typicaldtFeagudiin &b etﬂ?‘??ﬂﬁ‘éf’“ﬁ?’éﬁéﬁ&? '6'?‘35?11@ 6Stfef hol e 8 of the
|nJFft|n% ngamgectadihe case of an oval m xing chanber 2 and/or an

oval ly ape of _oxigdant, the above 15 inequality has to

be ful fllﬁl | ed aEir%lr’?ggée% (t?"éngt%‘lxof ?h‘gta i'xi ng chanber 2. P(rqeferaﬁl y, the
width 13 of the. fuoelwiddnrpei sppeecistedarhatdbgel }sitypicalyy ezgued than a th| rd

of the in
| nner Iea:rv.rr?rtleerr J.img];;ezt: hoe )él glgtleqaﬂgfe g éfdrphx) inject?mg

means. In the case of an pval mixing chamber 2 and/or an

_ovally-shaped injected stream 6 of oxidant, the above
15 inequality has to be fulfilled along each diameter of the
| mixing chamber 2. ' |
Preferably, the width 13 of the fuel-comprising
stream (dfye1l) is nbt_greater than a third of the inner

_ diameter 14 of the mixing chamber 2 (dpjy), more
20 preferably, dfyel is not'greater than 0.25 dpjyx. The

inner diameter 14 of the mixing chambex 2 is preferably
at most 100 mm, more preferably at most 50 mm, even more
preferably at most 30 mm.
. The means for injecting the fuel-comprising stream 3
25 may be any means suitable for forming a wall jet of the
fuel-comprising gas. Examples of suitable means for
injecting are inlet openings or inlet tubes. The fuel-
comprising gas may be tangentially injected through one
single opening. Preferably, the means for injecting the
30 fuel-comprising gas comprise at least two openings
arranged in a perpendicular plane at regular intervals
along the circumference of the cylindrical mixing
chamber 2, for example two opposite, diametrical openings

as shown in Figure 1.

LR |



.20 preferably, dfuel is not greater than 0.25 dm x. The inner dianeter 14
of the m xwogimswsaanber 2 is preferably at nost 100 nm poT/ER0js7ef er abl y at
nost 50 mMm even nore preferably at nesp 30 mm The nmeans for injecting
-the fuel -conprising streanmi 3 25 may be any neans:suitable for formng a
wal | jtet of the Ifméme‘éamr Esfnﬂlwlnéxgmmlsgﬁefafewﬁ @l Ganeansy for
injecting are inlet openin ubes e_fugel sing gas nay
be tangential | S ﬁf‘%c’?eead‘st %Pégﬁlﬁi r?g’r P SpdRP st Ig'rié’gg {é Bfy, the means
for injecting tdemtr8D Xamglitodipzl sixig géisthomExisg ehambeasf.two openi ngs

arranged in a RelREOMN GH ahePbaEarit 1369H5@étéd1&ﬁeaaér§e ndkQng the
ci rcunf erence of the c% ‘i ndrical m xing anbe for exanple two

opposi te3 di anstharear »gdiroNge aa%‘%&mﬁp??ﬁ-'ﬁ g@?‘é’“&leﬁ 9~ | WD 01/ 18451
PCT/ EPOQ 08727 s tabbhe m&sfbarmj*qomhgngré ke nekzzkema#m dahlexi dant may be

any means suitable.for_ fqrmn a tral longitudinal
axis of the m fpﬁalgﬂa%e he ogtgetg gf‘% éf% E‘)Lg?%an S | njected into the
m xi ng 5 charmber 2Thé&reregting (s) n@u@mpenhr@ theagpream & of theitabl e neans

for injecting aaﬁdaneozgll%eeeeanizﬁ;o tRBER| DihPlchhiSe XYt 18t (@BENI ng of an
I nl et tube. The opening(s rouglze whi ch the stream 6 of the oxidant is

i nj ect edf% nto tiRCAnRERiFy aﬁB’é? ved pxrR§ar fhe stk PLatPent Rane | evel
or near the Iev:.eiveef10hq>ﬁafpraby¢rat1&heple~iﬁraﬁl yhattdéheovereldoof the top

cover 10.. The rg%%ugjgtfhtgﬁéuﬂelcggmék éﬂ% %gg ié e%];%aﬂfn Il’lj ected

into the mxmgceh e sane ownst ream of the
| evel at whi ch ¥mecsed ekiiice the miwingychampey < Iaﬁj Eb? etfme fefad Yeen found

that the m Xi ngjusat Bokdt @l BEL 1Y level at which the stream 6 of
15 oxidant is injected.

It has been found that the mixing rate can be further
improved by injecting a stream 3 of the fuel-comprising
gas having a width dfye) and a major axis in the
direction of the longitudinal axis of the mixing chamber

20 - 2 which is greater than its width dfje). Thus, a wall jet

is formed over a greater length of the cylindrical side
wall 11 of the'mixing chamber 2. This can be achieved by
means of an opening having an oval shape, for example a
slit, with the major axis parallel to the longitudinal

25 axis of the mixing chamber 2 or by means of two or more
axially placed apart openings, sudh_as shown in Figures 3
and 4.

The mixing device of the present'invention is

particularly suitable for operating at higher Re numbers,

30 i.e. tybically above 104. Reference herein to Re numbers
is to Re numbers based on the viscosity and density of
the mixed gases, on the superficial velocity of the mixed
gases at the exit of the_mixing chamber 2 and on the
diameter 14 of the mixing chamber 2.



i nproved by injecting a stream 3 of the fuel-conprising gas having a width

df uel andyp¢iRs@f axis in the direction of the |ongi pedipilegAxi S of the
m xi ng chanber 20 2 which is greater thgn-its width dfuel. Thus, "a wall jet

is formed over a greater length of the cylindrical side wall 11 of the

m xi ng chanber Ihbﬁdé}.aQobﬁc@%\iéa‘éﬁlgﬂentnﬁilﬁﬁ@,f thE MBRENEY Jraving an
oval shape, far exagg axis parallel to the

| ongi t udi nal 283 ¢f ﬁ'& ﬂﬂ‘(‘?%gsh&?&ﬁ&é? r%] 5{‘ bila“}?eaﬁgeﬁf°§m or nore
axially pl acem@patude)peaneﬁgsabmrthasrstmwrmfl nh&mg:ntemuﬂ ofirthe4. The

mi xing devi ce ﬂlfelt-ggmdpffs%% ! b ORI mbiiendRR! bf Gtk LeSYL ! 201 @ T of

operating at higher I.e. typica a ove 4. Reference
herein Po Re rﬂ¥r+E‘éP§ is JtnotRE ¥Pd?ﬁ?et°§ Frared- ént‘? Preéesakly afedensity of

the nmixed gasefensebytde thepexidaitlisvRigndd ¥not ¢ Biexere gages at the
exit of the mxing.chamber 2 and on the dianmeter 14 of the m xing chanber

2. WD 0111845F tEP0938727 - 10 In order to achieve efficient nixi ng,
the nmonenta of t HEke Ressent oitreentiigpdfvrherdrobateds ttheasprmcemsder of

magni tude. Pr Effoerai%yaattah%i@tmtqf 11 523 dHUTBRL SN LTeuk e wililg] - cONpri sing
gas to_the nonentum of gaseous 5 oxidant is in. the range of from0.3

to 3. ﬂ’Peferalﬂrﬁcefﬁe““E’éR £ VSR IGhR PBFPHAL SHEeH GREPTIFANRY RSt of the
fuel - conprisifaglgasd alk@spoes eiiidanyetd |<muaiurat eedr mi ot ,t @n@ process

for the catal whiaerld 3heOX ARtiR.ol hUs! a1 B GeRR, COMPYTsES
m xi ng a gaseous s Fising the i éseous OXI &nt to
obtain a feed gﬁ\SRPEﬁ estrean cmiéengnghq Haefl carpd rhhﬁt gaeequs h a catal yst,

wherein the gasaens o AL ARIthel ROxidie abubde %&dhhbelms oxi dant are
m xed &gn t he g\ >1g| ngddew ce as hereinbefore _
Catalysts suitable for the use in the partial

oxidation of a hydrocarbonaceous fuel are known in. the
art. Such catalysts generally comprise, as the:
catalytically active material, a metal selected from

20 Group VIII of the Periodic Table of the Elements.
References in thls specification to the Periodic Table of
the Elements are to the CAS version, as published in the
CRC Handbook of Chem;st:y and Physics, 68th Edition.
Catalysts comprising, as the catalyticaliy active

25 material, a metal selected from rhodium,_iridiﬁm,
palladium and ﬁlatinum are preferred. Catalysts
comprising rhodium and/o: iridium are most preferred.

Typically, the catalytically active material is

supported on a catalyst carrier material. Suitable

30 carrier materials are well known in the ait and include
refractory'oxides, such as silica, alumina, titania,
zirconia and mixtures thereof, and metals. Alumina-
containing,.high—temperature resistant alloys, such as
fecralley-type materials, are particularly suitable

35 metals. The catalyst may comprise the catalytically

o (1E]|



15 defined. Catalysts suitable for the use in the partial oxidation of a.
hydr ocar bopaemesss fuel are known in. the art. Such capedpebssgreneral |y
conprise, as the catalytically active material, a nmetal selected from 20 -
.Goup VII'l of the Periodic-Table of the El enents;:«:References in this

speci fication hetihe réealodhcanipludétable tdx@ubtetedchizve tbet he CAS

version, as pubLlshed, L. GG R09DOR 0L BYeTiial e angsPhysi cs, 68t

Edition. Catal ﬁ?‘él conpri Si ng, : yti y active” 25 material, a
nmet al sel ect edchrprisdrodbgnpctivalimgtpl palaraarapnbni Fhat rangs afe

preferred. Catghyst®. 01CQEPLLSI B\ Wellgdt Jnpurd/rabl { M £:56nl 0. 8R0S pref erred.
Typically, the catalyticall é actjve E’Ht rial is S'}’%Hfd on a rc"[at al yst
carrier Aateri BY. vStghtapPerIPTAS By b Bt i%ats tar & RAEdHH- 1 n™t he art
and include raebapei®r toothdesatslythicadlpiddtize mbtanied, theania, zirconia
and m xtures t%g&&fs’%ﬁf?da}g, E?L\Eiﬁsﬁ Al BILRGEe L Y3t BEPEShantedBak S{BGIAL Ur €

resistant all oy _tecralloy-type materirals, are particularly
suitabl e 35 retcamBounthe SudtablR tPEAIPteERAR TS &NPHR ity BFEal |y WO 01/ 18451

PCT/ EPOQ/ 08727 - Bdefei@bilye £Rd aludlRcamyridingabhe mymaughséouachi eve the
required |l evel of activity. Typicall the catalys rises the active
netal i goan anﬂﬁﬂp??‘?ﬂ%"ﬂé%ﬂﬁée%%?al' %?LSﬁ{ﬁtﬁfefaLg’ Z%tbo gf%%gmi ght, preferably
from0.02 to l@umbriyimeiggist isnan enersf eambier Grene@WIrisanyg. 5% by wei ght .
In addition tgrkgge@@toaé W heahly MAbYE bR Rk, ridie £oat akiididmay

conprise a pronot or performance-enhanci ng cqrrpound. Sui tabl'e pronoters
are known in t R8PAFRa, PreFrera| §F IMEDPELF -LnPitsing gas is a gaseous 10
hydr ocar bonaceous fhelhyddlocarbatdaeehig, fudk fsudh- theongusedusgpya@se i s an inert
_Carrlerlgas Coﬁﬂghsﬁfghght into contact with the catalyst during
| operation. The fuel may contain combounds that are liquid
and/or.compounds that are gaseous under standard
conditions of temperature and pressure (i.e. at 0 °C and
1l atm.).
20 Preferably, the hydrocarbonaceous fuel comprises
methane, natural gas, associated gas or other sources of
iight hydrocarbons. In this respect, the term “light
hydrocarbons” is a reference to hydrocarbons having from
1 to 5 carbon atoms.
25 The hydrocarbonaceous fuel may comprise oxygenates
(being gaseous and/or being liguid under standard
condition of temperature and pressure). Oxygenates to be
used as (part of) the fuel in the process according to
the present invention are defined as molecules containing
30 apart from carbon and hydrogen atoms at least 1 oxygen
atom which is linked to either one or two carbon atoms or
to a carbon atom and a hydrogen atom. Exambles of
suitable oxygenates comprise methanol, ethanol, dimethyl

ether and the like.



droplets of a liquid hydrocarbonaceous fuel, for exanple naphtha, kerosene

or synt heyoGrass oi | . The hydrocarbonaceous fuel is ig SOUS phase
15 when brought into contact with the gatalyst during &Mﬁ The fuel

may contain conpounds that are |liquid and/or conpounds that are gaseous .

under standard  esadbiions QL LSIPAL UL QANT BLESIULS, Lheg (A1 O Cand 1

atm). 20 Preferably; the h rocar bonaceous 'f ,

nat ural gas, %%QS‘EFaP’&H%SPGFf%{W BB (uyaeh - Ilght hydr ocar bons. In
this respect, thdntenengideghs oflyﬂfeoﬁilﬁb&fts kr§n@-:|b<5r9f th@nﬁé‘?& Ol hydr ocar bons
having from 25 The drocarbonac s fuel may
corrprlgse oxyg’%lnatggg rﬁ%% O%le}‘gpf JETBAET Dr° 58Mn g R H R ggt‘énd@fe st andard
condi tiPon of ﬂ%@i&t@%m&dCWMr eprbax yjenadesit @ be used as (part of)

the fuel in tdmcRRESRESRGEOHS 1 608 b%h%llﬁ?n@sgf‘ttﬁéw:%%ioﬂe@cfe defined as
nol ecul es cont, alni ng 0 %ﬁart from carbon and en atons at least 1

oxygen at om™WiBReH sT18 FEEA™ PLioFhERe Sagbep ?W Bak ke adsledr to a
carbon atom axrlcthaehylmhrmgma stelmcompaiPims gak ofUtHalx@danygenat es conpri se

met hanol I ther i ke WO 01/18451 - 12 -
PCT/ EPCW)872$§QQE seoﬁ%1 B};(% ant1 gé&gp'{)%ﬁa rd oxygen enriched air or pure
oxyger? pr ef er abfy %lﬁ@rQSE?@%rPf |thetweeqﬂn6cesgemmqnhetp¢m i nvention, -

the feed i muterm@&&be@a&w gemaz%natcea@a i gn@ldpe the 5 f eed
m xt ure may ¢ e in a.concentration of up to 60% by

i oxi
vol une of t hexgg?’&?s %r ﬁ‘}x(t’d‘r MO HEIRP AR %Ygﬁﬂet%aﬁa&(?ﬁndl oxi de may
be added wi thtéptdferfriome0f3icio Gobprisianprgfisrably e Oxomlantds tpreferably.

}[Mht hf t hg fuelg, ﬁgnpﬁéféf&gcggshezje%l Bo liife RL9GESS Y caltBEn pfa%:%%nt | nvention,
© 88

refer to the ratio of oxygen in the form of molecules
(02) to carbon atoms presént in the hydrocarbonaceous

fuel. Oxygen-to-carbon ratios in the region of the
stoichiometric ratio of 0.5, i.e. ratios in the range of
from 0.45 to 0.65, are especially preferred. If steam is
20 present in the feed mixture, the steam-to-carbon ratio is
preferably in the range of from above 0.0 to 3.0, more
preferably f£rom above 0.0 to 2.0.
The feed mixture is preferably contacted with the

catalyst under adiabatic conditions. Forlthe purposes of
25 this specification, the term “adiabatic” is a reference
to reaction conditions under which substantially all heat
loss and radiation from the reaction zone are prevented,
with the exception of hot gas leaving the catalyst. A
substantial prevention of all heat losses, means that
30 heat losses are at most 5% of the net calorific value of
the feed mixture; preferably at most 1% of the net
calorific value.
For applications on a commercial scale, elevated
pressures, that is pressures significantly above

35 atmospheric pressure are most suitably applied in the




. mxture conprises the hydrocarbonaceous fuel and the oxidant preferably in
anounts giweegs4sh oxygen-to-carbon ratio of from 0.3 PE/ER0GISTIOr e
preferably of fromO0.45 to 0.75. Refar¥hces herein to the oxygen-t o- car bon
-ratio 15 refer to the ratio of oxygen in the formof nolecules (02) to
carbon atons prressss PR Ehe PRpdeDE IGREEEBuSTRE REPCETKyiden- t 0- car bon

rﬁt ios in t][]e ;swqubgg &ﬁ&at%hoa@mﬁ&h&bs :[nliitﬁtﬁ: @hngk 5)df |f|rf6m patios i 20
the range o eC|a referre steamis
present in thet g‘? Rt L%s‘ﬂf’%g)St °a‘rﬁ eg‘éﬁfyﬁf g[‘?o"ﬁocesﬁr &Perably in

t he range of fomrnadiedvat Op aser8sOin ruree rapgefqt divbp 2 romiMober(0. 0 to 2. 0.
The feed; m xt ug@ogog_uygggf eégg&iagggtm@ wht §o e (aBESWsd) .under adi abatic

conditions. For th oses of 5 this specificatjon, the term
"adi abatic" is a rUé‘F‘@Fe @ RrefpEred |‘iﬂﬂ‘d&6ﬁ8ﬁ‘? i FndighdR¥eSANTEN substantially
all heat | OSSpﬁmimadgaim Proceeses f@é‘z@.&éﬂl ofl & @dfmarei {Ir @canked, W th

t he exception Qhe t}%edg%?ﬁ% VBQEB%'&TI%%& Xéﬁta% rsr%‘gﬁﬁ t| al prevention of

all heat | osseS, neans 0SS ar e ) of t he net
calorific val ueatslysthbed eatd aritrepeeatynecfiar bt yraggenet £ 3P0t he net

cal orifieg V?Lutﬂod:mc,aﬂakécﬁe'f@%bf op S ﬁ%@ﬁf‘é% aJogségabec eleeat ed

pressures, at is pr res significantly Ve nos ri c,pressure

are nost suitabts? é‘ﬁﬁ% %blrlh & %gé)@ 58%7’5%‘7‘%7 ®¥8i%pr ocess of

t he present i nvertdemperafhee prsotesshe stenpeeéeueé)lqt mper@asedeatvlpgessur es in

the range of fg }pénc?ataﬁg 5420 bar (absolute). Mre preferably::.:the process
e

is operated at pressures in the range of from2 to 100 bar 5 (absol ute),
especi al |y from 5 The 5eeddpixtaEsonay 333 PoRdEded Murpref e e@pegahePR i ons of

hi gh pressure oprgydipkbBgss htPhAgesSSREMHREEpEE4 W 031 ERIMEY Gisaknscal e,
advantage of the process of the present invention that
very high gas space velocities can be achieved. Thus, gas
space veiocities for the process (expressed in normal
litres of gas per kilogram of catalyst per hour, wherein

20 normal litres réfers to litres under STP conditions, i.e.
0 °C and'i atm.) afe in the range of f;om'Z0,000 to
100,000,d00 N1l/kg/h, more preferably in the range of from
50,000 to 50,000,000 N1/kg/h. Space velocities in the
range of from 500,000 to 30,000,000 Nl/kg/h are

25 particularly suitable for use in thé process.

EXAMPLE

In the reactor (15) as shown in Flgure 4, a
stream (6) of 4.4 grams per second of oxygen {(density is
1.7) having a temperature of 22 °C is axially injected

30 through the outlet opening (8) of inlet tube (7) and a
stream of 4.7 grams per second of natural gas (density is
0.6) having a temperature of 235 °C is tangen;ially
injected through the outlet openings (5} of inlet



the feed mxture is preferably contacted with the catalyst bed at a

t enper at ur woiomsaste range of from 750 to 10 1400 C, norecpimbesyeol y of from ’

850 to 1350 C, .even nore preferably-ofl4f¥+om 900 to 1300 C. Reférence
herein to tenperature is to the tenperature of the gas |leaving the

catal yst. The telkses njdit ateatmspherpe oyietatireurTheg rielselosy ®el on 15 of the
process at any siid.28lse 258 Ove,logmty It is an advantage of the process
of the present Invention t at very hi gh %as space vel ocities can be

achi eved. Thus, gddhe sprResifdiogcpfi ke fxtere ¢f s#e&ysal 9as é89ed i n nor nal

litres of gas Bﬁj’(géﬂ Ilegmamﬁedcatalsaséraaeuob@wonmﬁreha Adseormal litres
refers tg litres under. Pcoa&?ltl

1 atm re in the
range of~from 58° YgatoP g9 ogb“?\u‘?'r@g/ﬁ 'm%r°em5‘r"e'?@é‘t§l)§gian t he range
of from 50, 00®n$¢rt501600 VOO tisilgndr t3peces vidieogrartantis inhsher ange of

from 500, 000 tﬂlg.%ﬁqga,qggr N&)kgshi ah£1133eRahdd CUhakhy suitable for use in
t he process. reactor (15) as shown in Fi gure 4, a stream

(6) of 4.4 graﬁisf%bﬁerséé?)hdl%F“léH@%‘FP'{%engP? yWalse foryv,hayenghe
tenperature of ¢ 2ge Lavie$ag&d aldel @b@ott.tﬁéj re3Qeifd Qeghathen Q! kﬁ :@cme ng (8)

of inlet tube (7) and a streamof 4.7 grans per second of na gas
(densit3fis 0iB)thmgragswsactipepdtplancoplons Idnes AtAngentl.- 4Bl §nd i nj ect ed

through the oULhE!yARENESSS,  3)e0fcdlobeYDOUELEAS T RTRERRD 08727 14

‘tubes (4) at atnospheric pressure The resulthﬁg i s about
30, 000. The- c®WRrE vRrdRe And F8enRXeXA%S: JRiMat &Peg&sc/m vaky®en i s

measured al SCYEIArdhOFal Uthohl 15E LIRS the BakheNBlody 863000 |1 ne
A-A, i.e. downstreamof the insert (18). The reSidence tine o?
reactants in tped at short tlme scales, is 0. 03

15 It will be appreciated that higher pressures, i.e.
typically 40~50 bar, will be applied on a commercial

scale.




_mxing chanber (2) is 1 mlliseconds, in the diffuser (17) 10 m|liseconds.

The val uewmnagssii.e. the tinme-averaged value for thePqrarPINesIZy devi ation -

in XHC/ X02° 10 in the cross-sectional =pltarme along line A-A is 0.03 and

- the value for S, i.e. the quotient of the root nean square val ue and the
aver age val ue of the XHC/ X02 val ues gaéugeg at a single location in the

pl ane along line A-A and at short + s, 1 0.03. 151t wll be

appreci ated that higher pressures, i.e. typically 40-50 bar, will be

appli,ed 0n 2 COITRY Giglng S6REe cbr AAMIL YOLHL1BERECT] EPOD 08727 15

CLAI MS1. AmxXin evice for mxing a gaseous stream conprising a
fuel and a gaseRRFisipdantiuvathipBA #i SATRPUSILII LR LeoPEFR A-%ENGY| i ndri cal
m xi ng chanberdeviR@NGoPFisdNjacell gddtalgasenis chhnban) GEns $bRg t he fuel
5 tangentially,alo gPt hgheiennaesreo%grf@ce of _t he. wal | tg(fa %@eel m xi ng chanber,

and means for TT%C ﬁg A StTEam of “the coxrdant Saxi al y along the central

| ongi t uBli nal at@rgepftiaihe adionognghehinrrar supheeeiaf the wkbihmferhef the

m xing chanbeg; and LMo TERRORSaRN kdr0sas e at BerdBmany fae 10 _
injecting the fuel "and the oxidant are such’that, durin nor mal operation,

the tangential P¥tdamteatddlky Adong thgnfantrad tewitgdinabiakisacofal | j et
around the axietd ynixtiAjechanbest, I @R6T@n (the GkamiaRir WEt iveitmiwinigngi ng upon

e oo ALY | LSBT AN qshnds ofh Tl DR BeoEE AL KBl 1
10 injecting the fuel and the oxidant are such that, during
normal operation, the tangentially injected stream
comprising the fuel forms a wall jef around the axially
injected stream of the oxidant without impinging upon the
axially injected stxeam.
15 2. A mixing device according to claim 1, wherein, during
normal operation,
dox < dpix — 3- dfuel
wherein:

dox is the diameter of the stream of the oxidant at the

20 point where the stream of the oxidant is injected;

‘dpix is the diameter of the mixing chamber; and
dfyel is the width of the stream comprising the fuel in a

perpendicular plane wherein the stream comprising the
fuel is injected.

25 3. A mixing device according to claim 1 or 2, wherein
the means for injecting the stream comprising the fuel
comprise at least two openings arranged in a
perpendicular plane at regular intervals along the

circumference of the cylindrical mixing chamber.

-
0 g g g



dox is the diameter of the stream of the oxidant at the 20 point where the _
stream of wbeimssidant is injected; dm x is the di anet epcraipobssgasm Xi Nng )
chanber; and dfuel is the width of the g4 ream conprising the fuelin a -
per pendi cul ar pl ane wherein the streamconprising the fuel is injected. 25 .

3. A mxing deyjce, agaohglidgrila Sé@drmﬂa Ofo ZanyMde@r 81 dlind HecgERNS foOr
|nJect|ngthe rrpr|S|n rise at |east t WO openi ngs

arranged in a %&ﬁrﬁé‘r‘u’d T gﬁﬁ ’eﬁjercé@]ﬂ? &‘?ﬁﬁéﬁ% %°n}ﬂr6ﬁbn‘¥ Hde
ci rcunf erence Hielt lrempyisadmiccakimilyi pdackdrdpart opédiigs11111111111/i *

LLLITLUILLL S 40 QILIBAS] RCULEPOOLARIAE vo ol of ofs Ttk fpy ce

according to any of clairns whefr el n the neans cting the
st ream conpri s§ “lsheWh?{Féi" é’tfnplle"e“P\Rog’é%ffﬁq Fhaptetp é‘hnaxt openi ngs. 5.

A m xing devi c&é%gggggr}gog %&QYePHHaB%Pi?QPd' ng 5 clainms, wherein dfuel
I's not greater than O dm™- preferably n&t* greater than 0.25 dmix. 6. A

m xi ng devi ce @ccdr dining clegiyge odicadrdipy coedinygofcthe mrecelinei n dmix is at

nost 100 MM pigfiekabhye Alin @SL £!)a%”ho£%”f%ophﬁfeﬁf@%é%a%& npst 30 mm 10
7. A reactor for the parti al Ox| dation.of a fuel corrprlsmg a m xing

devi ce and a peastti 3P ©oRi depdeoprefexabliodt Zasd, 3@hmmrei n t he mi xi ng device is

the m xigng deyicq 2e£dSH @rt néParhial *’&ﬂa%‘i%ﬂ'@ﬂ £akis. 8. A reactor
according to claim 7, wherein the partial 15 oxidation reaction zone

conprises a caﬁ%‘\PﬁFm% a R‘lb‘llﬁgeg%‘”fcﬁr 2R} P PREELFL | XIFR/EEPAI oxi dation of a
fuel, which prceessosongtd,sebenein npeamipaiggpdevite ebsntheompximgy ng t he fuel

and a_gaseous ), dantcl A ANPED dhy beoPndigibainghAQRLaCt I ng The feed.
8. A reactor acco:dlng ‘to claim 7, wherein the partial

15 oxidation reaqtion zone comprises a catalyst.
9. A process for the catalytic partial oxidation of a
fuel, which process comprises mixing a gaseoﬁs stream
comprising the fuel and a gaseous oxidaﬁt-to cbtain a
feed mixture, and contacting the feed mixture with a

20 catalyst, wherein the gaseous stream gomprising the fuel

' and the gaseous oxidant are mixed in the mixihg device
according to any one of claims 1 to 6.
10. A process according to claim 9 wherein the gaseous
stream comprlslng the fuel is a gaseous- hydrocarbonaceous
_ 25 fuel, preferably natural gas or methane.

11. A process according to claim 9 or 10, wherein the
gaseous oxidant is pure oxygen.
12. A process according to any of claims 9 to 11, wherein
the feed mixture comprises the fuel and the oxidant in

30 amounts giving an oxygen—tb—carbdn ratio of from 0.3 to
0.8, preferably of from 0.45 to 0.75.
13. A process according to any of claims 9 to 12, wherein

the feed mixture is contacted with the catalyst at a

\.
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:20 catal yst, wherein the gaseous stream conprising the fuel and the
gaseous oxMWiemis4sre m xed in the m Xi ng -device accor disg/epowmiyy one of
clains 1 to 6. 10. A process according-tp7ciaim9 wherein the gaseous
~stream conprising the fuel i.s a gaseous hydrocarbonaceous 25 fuel,
preferably natural gas or nmethane. 11. A process according to claim9 or
10, wherei n t hePregessousn ostiedaange sofirtemoRytent S0l ParAlgrsadese) according to
any of clains YiereklblPhes:Giddn 5he fRESH XhbES AQFPT i Ses the fuel and the
oxi dant in 30 unts _givi-ng an oxygen-to-¢arbon™ratic of from0.3 to 0.8,
preferably of fronfoPi8CEs Gor8rding tR Ap¥cetCladdsr 8i try 10 #hgreincl ains 9
to 12, wherein thehfebdedixtivdeuie tontarriedcieth Wheh chbelgsd altyat gas a
FETEETTEELETL I idJ L L) * 51 PCT/ EPOO/ 08727 17
pressur ehi n thehoiaéj%geg%%é% rdg%ogk%% °1f5§r8§?2?é‘§ﬂ£fﬁ3t e), preferably of?:from
5 to 50 .bar...¥%h98PuPRy N1/ke/hp prefexsblucedbrifiong50e0Chytcof claims 9 to

13, wherein thsp,foeedood NG /hs B ekedribiy Jhe-6atd Pooatoa gas 5

hourly space v ity rom,20, 000 to 100, 000, 000 N1/kg/ h, preferably of
from 50, 000 to%@&,ohogé,?%d{)l/f%f/ﬁg/ h, nmore preferably of from 500,000 to

30, 000, 000 NI/ Kf-hA pEocessgprocesdiar tor dhpgot cclaiymso$ td di3pswletdinl 3,
wher ei n1g10 t hefee@deli AihGel $sCOMACHEH WS e st,.a) a

t enper at ure of freom %50 to 12005'0, qp%e%ggaﬁ%{mo‘#ﬁf F%ﬁéf%%oag:oalﬁo C, nore
preferably of fYFReYBbUED of3dgow. 75Q [tp1149219C, 1preflexaiily1of 184cd! S

850 to 1350 °C, more preferably of from 900 to 1300 °C.



