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nonoxi de-contai ning gases is well known in the art.
Exanpl es of such processes include catalytic steam
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catal ytic partial oxidation processes. Partial
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nonoxi de, and other trace conponents such as carbon
di oxi de and water. The process is typically carried

[0083] Rariialjeidation proebsstisestaigs WA BRI éﬁ‘ﬁt art is replete
_ W.%X%en- containing. gas into a conbustion chanber whéfe
By aaeoha YiicRaigl axitationprocesses. sPartial exidation is an

-exothermic reaction wherein a hydrocarbon gas, such as methane, and an

- OXygen-containing gas, such as air, is contacted with a catalyst at elevated

temperatures to produce a reaction product containing high concentrations of
--hydrogen and carbon monoxide. The catalysts used in these processes are

typically noble metals, such as platinum or rhodium, and other transition

metals, such as nickel, on a suitable support.

[0004] Partial oxidation processes convert hydrocarbon-containing gases,
such as natural gas, to hydrogen, carbon monoxide, and other trace
components such as carbon dioxide and water. The process is typically
carried out by injecting preheated hydrocarbons and an oxygen-containing
gas into a combustion chamber where oxidation of the hydrocarbons occurs

~with less than stoichiometric amounts of oxygen for complete combustion.
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with | ess than stoichionetric amunts of oxygen for
conpl ete combustion. *cooooz* This reaction is
conducted at very high tenperatures, often in excess
of 700C and often in excess of 1,000C, and pressures

to 150 atnpspheres. In sone reactions, steam or
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presence of a catal yst such as 4 r&P“& posited on a
ceram c foam (nonolith) support. The monolith supports
nobl e metal such as platinum
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I ' of flammable conposition formng.
(G%téy\)g)gt%lvsaiﬁ%&%%W%ﬁxi ng is adm nistered via m xing

tees that bring together the two gas flows. Mre
recently, static mxers, which consist of a nultitude

[00@8] i Grephttie remuirememis éyriemly set ifdrity fst droeffichomoYahctioning
catrglﬁljcnr%onolith reactor is the mixing of gases that enter the reactor. The
complete mixture of gases assures the uniform heat transfer in the reactor as
well as the uniform conversion of reactants to products. Further, the complete
mixing of gases reduces the likelihood of local regions of flammable
composition forming. Conventionally, such mixing is administered via mixing
tees that bring together the two gas flows. More recently, static mixers, which.
consist of a multitude of internal vanes, have been utilized for thorough mixing
of gases entering the reactor. The gas flows are merged at a t-union and then
enter the static mixer and the turbulence, which are induced by the vanes of
the static mixer, assure that the reactants are completely mixed. The flow in
the static mixer, however, undergoes strong impingement on the vanes of the

mixer which can cause flammability hazards when gaseous fuels are mixed



of gases entering the reactor. The gas flows are
nmerged at a t-union and then enter the static m xer
and the turbul ence, which are induced by the vanes of
the static m xer, assure that the reactants are
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present invention provides for a gas m xing device
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feeding the m xed gas to the <catalytic partial
oxi dation reactor. [0009] The present invention al so
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stream prior to their being fed to the catalytic partial oxidation reactor.

[0010] In a further embodiment of the present invention, there is disclosed an
improved process for the catalytic partial oxidation of hydrocarbons wherein
feedstream of hydrocarbon-containing gases and oxygen-containing gases
are fed to a catalytic partial oxidation reactor to produce hydrogen and carbon
monoxide, the improvement comprising mixing the hydrocarbon-containing
gas stream and the oxygen-containing gas sfream in a gas mixing device prior

to their being fed to the catalytic partial oxidation reactor.



are fed to a catalytic partial oxidation reactor to
produce hydrogen and carbon nonoxide, the inprovenent
conpri sing m xing the hydrocarbon-containing gas
stream and t he oxygen-cont ai ni ng gasfstdr;eamt an a gas
m xi ng devi ce ' to their bein e 0 e
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DESCRI PTI ON OF THE DRAW NGS [0011] FIG 1 is a
schematic representati on of one enbodi nent of the
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t al tial oxidation reactor. [0012]
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reddt¥ention showing two gas mixing means in
conmuni cation prior to entry of the gas mx into a
catal ytic partial oxidation reactor. DETAILED
I ON OF THE, | NVENTI ON [ 0013] A gas m xi ng
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eductor nmeans will have a first opening and a second
openi ng both at opposite ends to each other and in
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fluid comunication with a reactor where the gaseous
feed streanms that are mxed in the gas m xi ng device

hi tal yti arti al
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strE¥mi¥i thbfhrd M@ the gas mixing device will react. Preferably this is a
catalytic partial oxidation reactor. The first gas inlet and the second gas inlet
can be employed for feeding the various gaseous feedstreams that will be

used in the reactor for mixing.

[0014] In an alternative embodiment, the gas mixing device may be two gas
mixing devices in fluid communication with each other to ensure the adequate
mixing of the input gases prior to their being fed to a catalytic partial oxidation
reactor. This will significantly reduce the flammability risk by minimizing the
potential of oxygen enriched areas being present. Other advantages of this
arrangement of two gas mixing devices is that they can be employed in tuning
the various reactant gas streams such that the proper desired ratio of carbon
monoxide to hydrogen is achieved. This tuning of the ratio of carbon

monoxide to hydrogen is accomplished by the addition of an inert gas into the



potential of oxygen enriched areas being present.

G her advantages of this arrangenment of two gas

m xi ng devices is that they can be enployed in tuning

the various reactant gas streans such that the proper

desired ratio of carbon nonoxide to hydrogen is
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fromthe gas mixing device to the catalytic partial
oxi dation reactor. [0015] In a further alternative
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means may be selected fromthose eductor types t
will provide the appropriate notive force to the gas
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Penbert hy under their LL Series and steam and
gasgrsigany medivetastustare s ch@stthose available Penberthy under thelr GL

Series, liquid motive eductors, such as those available from Penberthy under
their LL Series and steam heating and mixing eductors such as those
available from Penberthy under their ELL Series and CTE Series. Typically
these eductors are constructed from materials such as cast-iron, steel,

stainless steel, bronze, plastics and other alloy materials.

[0017] The catalytic partial oxidation reactor will contain a reduced metal
catalyst. The metal catalyst employed in the present invention consists of a
ceramic monolith support structure composed of ceria coated on zirconia
substrate and coated or impregnated with a transition metal or combinations

thereof. The monolith support is generally a ceramic foam-like structure



avai | abl e from Penberthy under their ELL Series and
CTE Series. Typically these eductors are constructed
frommterials such as cast-iron, steel, stainless
steel, bronze, plastics and other alloy materials.
[0017] The catalytic partial oxidation reactor wll
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blanks may be spaced and sized according to their effect on flow distributions

and the desired final mixing step.

[0018] Optionally, the reduced metal catalyst consists of a transition metal
selected from the group consisting of nickel, cobalt, iron, platinum, palladium,
iridium, rhenium, ruthenium, rhodium, osmium and combinations thereof all

- supported on or in a ceria-coated zirconia monolith support.

'[0020] The gas feedstreams that are mixed in the gas mixing device are fed
to the reactor at pressures of between about 1 to about 30 atmospheres.
They also may be fed at a standard gas hourly space velocity of about 50,000
to about 500,000 per hour and typically at temperatures greater than 100°C.



bl anks may be made of alum na, zirconia, cordierite or
m xtures thereof. The bl anks may be spaced and si zed
according to their effect on flow distributions and
the desired final mxing step. [0019] Optionally, the
reduced netal catal yst consists of a transition netal
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flammability envelope. The hydrocarbon-containing gas is fed from line 4 into
the first gas mixing means 30. The oxidizer or oxygen-containing gas may be
fed in part or in whole to line 7 to the gas mixing means 30. Depending upon
how the issue of flammability is to be dealt with, the oxygen-containing gas
flowing into line 5 can be the full amount necessary for the catalytic partial
oxidation reaction or it can be in part split between line 5 and line 7 which
enters into the second gas mixing means 40. When all the oxygen-containing
gas is fed to line 5 and first gas mixing means 30, an inert gas such as
nitrogen, carbon dioxide or steam may be fed through line 7 to help arrest the
flammability envelope. The mixed gas feedstreams will exit the first gas

mixing device through line 6 and enter the second gas mixing means 40. The



[0022] FIG 2 is a schematic representation of the
present invention showi ng a second gas m xi ng neans
40 along with the first gas m xing means 30. The use
of a secondary gas m xi ng device or eductor m;ans i's
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rich@ hy§idgeh &1 We®dnlhpSoxdend line 7 which ‘enters
into the second gas mxing means 40. Wen all the
oxygen-containing gas is fed to line 5 and first gas
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marg Yigdiniduanflewsi ng mi xture, or the o
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inert gas are mxed thoroughly in the second ni xing
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mixing device and the pipework following the mixing device.

[0025] Velocity fields provide insight in the flow patterns including presence of
any back flow, channeling, stagnation zone(s), dispersion and deviation from
ideal flows. These fields can be generated for the whole domain where fluid
motion takes place. The velocity field can be represented by velocity contours
.as well as velocity vectors. These graphs are used in designing the mixing
device of the present invention. The longitudinal velocity profiles and vectors
can identify the areas of turbulence, flow short-circuiting and stagnation.
Given this information the changes in the equipment selection are introduced

to optimize the turbulence of the fiuid flow inside the mixing device, especially



nore individual flows. [0024] The nodeli ng was done
through the nunerical solution of Navier- Stokes
equation using finite volume or finite el ement schenes

~ for the meshed domain. This way the velocity val ue

in ghel mikingetreas. Was knahwted gt efttherfibwiRee irksde the mixing device
conﬁentratl on wa b%l anced for each cell (or node) of

Altha NI I CanPRET IR 1oeRIIFHURIPFigS dvith the seskavelecity at the
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information is essenti al
Sigdar gampagser iwith thiedlagse velocitheao aitpint thisi mbsd@ﬂiﬁbﬂlocal
centration profiles of various species in the
ﬂaﬂ“ﬁlaﬁgpydew ce and the pipework follow ng the mXxing
deV| ce. [0025] Velocity fields provide insight in the
w patterns including presence of any back fl ow,
[003ﬁ1an?48 a'ﬁ@theétra@%@ntmnzwrg)of GFB pe:cmnog laBdeCIes

t These | d
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ulttrakmmplaame: offthe mlalr@cem&lef\bﬂ& £ pArtla|dr PRIXRREN \ﬁﬁe
| ocity contours wel | as velocity vectors. es

cofiaiie theanelsat maledaan qcHgrasient S LGN cdepreiesds t he
esBEREANhdMNEb! Rdre EB%HP%%BFSI Yel r[}]l%!edvef' t@qag rﬁ@iﬁdt%‘?

and vectors can | dent ar eas of.
spetiew rschdﬂltngcrsrg:ameraheg uartiub mrag@faééomentr@um drofles. Cross
or,mat,i,on \&lboeBC an s in the equi pment selection are
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mikin@ Wl o stth i€ inBiad the SQ)MbR t%ﬁ@%?( c?dvk} ?%Hd% EE) the

m Xi ng areas. The know edge o

eqyipmnentdasipriand size shasdd e miking bedoagpequeatehe | ocal
gas velocities with the sonic velocity at the
identical conditions to assure the long-termintegrity

[002)7] t GEDrsimufagicthearebe ri i érﬂUth@ﬁE?rstaﬁ@ﬁnMdé lwﬁe'hethe
ame vel qm ts¥€E can aid |n t he assessnent of | ocal

aswsa%m%%qf BesBFeshes (Hivbtdieg reagier startur angehatdown)
is RiquirER el 4Mydis 2RBRS 'f@rsmobéﬁﬁ@ﬁgﬁ'\tmabwgyg%ﬂatf @rmgtnon in

di stribution of the species I'n out goi
real figne Lﬁhquhiasecfnrﬁumaﬂendékda beace) xitrgsefddilitaeray ther a |

de%él‘rrr{ir]\acﬂg ftﬁ]exI rtllgnaq?low arranghement for the mixing device.

[0028] Three generic configurations were considered: a mixing tee, static
mixer, and an eductor. As the gases that are employed in the catalytic partial
oxidation process mix inside these three fixtures, a certain fraction of the gas
can attain a flammable concentration. When a mixing tee is used, the pocket
of flammable gas propagates co-currently with the flow direction. Should a
spark occur somewhere in the system, such arrangement can lead to flame
propagation. When a static mixer is used, the pocket of flammable gas
repeatedly hits the internal vanes of the static mixer perpendicular to the flow.

This condition can create local overheating of the gas where it impinges on



convective (as well as nol ecul ar) and turbul ent

di ffusion of species is essential when two or nore

conmponents are m xed. The typical output of species

nodeling is generated in the formof concentration
th@vahéd 8Rd cEhQFve é@‘v‘ém@&@lso@f'&@sla‘?f&%é&é@ fhalf me

concentration profiles help to assure the adequate
prcmaaaig dhecthqyerdrsesvetpherombsa ewemcemtotnaed when an
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the assessnent of transient processes
the gaeeorithds lasseningdhe fzaiatdioamomated Neq‘usyrﬁdeSISlgHs

ProT he t% |2:anhe?%r£athﬂ{g (Oéﬁ&ﬂe&?%lg Ity QFHQ? itide thee

edptic e conthinglastsy fhacthidkeat @allé Whﬁ&!ﬁﬁﬂﬁ/ﬁdﬂ mr%d'lt%a%afety if
t.he optimal flow arrangenent for the m xi ng device.
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oxi dation process m x inside these three fixtures, a

gghtaln fraction of the gas can attain a flarrmable
[0028h \Bihvle &his dnventivanas besh ﬁgscfr&eed with sespeat e ppdisiutar

e o BT i 4PP2RA (s RRRHEL TRt bR able "

magdifitagions s the Eweang&nwllhbe@@md&&d thesé lsRIBd in the art. The

ropagation. \Wen a static m xer is used, the pocket
apB?”&?‘gﬁ%ﬁB? in Bus Inveslen aeariallyi should beicanstrnas tQéﬁ\é%r all

[

o B Rk o KR UPRARER M h Bhe vt e g S

scopee pbthetpreapinnigesniaon.9 t he vanes and can serve as
ignition sources and cause the flame to propagate.
The above observed phenonena were not noticed when an
eductor is utilized for the gas m xi ng neans. The use
of an eductor leads to the smallest of the three
non- propagati ng fl amabl e regi ons during m xi ng of
the gases, thus | essening the hazards associated with
synthesis gas production. Furthernore, the area of
hi ghest velocity of gas inside the
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eductor is contained by the thickest walls which
provide for additional safety if an ignition source
energes. The highest velocity is also a critical
paramater in ensuring that the gas velocity is

I 0029] Whi | hi
Hal%] ent oc}r%%gigggzréék V'ﬁbvgﬁ W?r?u?'gk Sect Itoe s

parti cuI ar enbodi rrent s thereof, it is apparent that
nunmer ous, other forns and nodi fi cations of the
1. imgeamisnafeviceeompisipgLdustarveans kiaving first ghe irlet and

asEE%n ARgd clainms in this invention generally
f@%ge construed to cover all such obvious forns
and nodi fications which are within the true spirit and

5 ggope of . the gresent I nvention. 10 Having thus
€ SFsUBK MG EeYiRe estd@mec i alaime | avharain said eduptagaseans is

sel@b@d‘ﬂ?ﬁeﬂﬁbﬁoﬁﬁ%ﬁbéh o?gé'r(fth?rt HE%QRL?E a\s‘/gggsfﬁt%rﬁgt

gas Inlet a secon inl et
malivei eckiciarscliquideabtive eﬂwtmnslanmgﬂ‘e@nnhéé‘du@b Qﬂ@l%%g

dmeans is selected fromthe group consisting of
eayeRlr | -type eductors, gas/steam notive eductors,
liquid notive eductors and steam heati ng and m xi ng
eductors. 3. The gas m xing device as clainmed in claim
3. irhﬁmsarrmxisgid@vmm dainmmsclamﬂmh@%n 8aidi édilctor means
Coglp' 40, one end in flu ﬁ nication with a
BE5RG2 BRmreioanahe eibbfe Ommericaton Wik resant
op&fivgG th: oﬂd&ltﬁ%d"@)f@a@gg@fﬁ&ﬁ Afe\ié@i med in claim1

flurdly connected to a se uctor nmeans. 5. The
gas m xing device as clained in claiml quidIy
m xi ng device as

nect : a reactaqr. . The
4. IR FRNG B R flaimusdin i fatiadly CondeCiad ara scond
edo®Bphiddmsr eactor. 7. A process for the catal ytic
partial oxidation of hydrocarbons to produce hydrogen
and car bon nonoxi de conprising feeding to a gas m xi ng

5. 48\ G5 Rixing device as claimed in claim 1 fluidly connected to a reactor.

6. The gas mixing device as claimed in claim 5 wherein said reactor is

catalyst monolith reactor.

7. A process for the catalytic partial oxidation of hydrocarbons to produce
hydrogen and carbon monoxide comprising feeding to a gas mixing device a
first feedstream of a hydrocarbon-containing gas and a second feedstream of
an oxygen-containing gas; mixing said first and said second feedstreams in
said gas mixing device and feeding said mixed first and said second

feedstreams to a reactor containing a reduced metal catalyst.

8. The process as claimed in claim 7 wherein said gas mixing device is

selected from the group consisting of venturi-type eductors, gas/steam

11



first feedstream of a hydrocarbon-containing gas and a
second feedstream of an oxygen-contai ning gas; m xing
said first and said second feedstreans in said gas
m xi ng device and feeding said mxed first and said
£cQ feedstreans to a reactpr, _containin reduced
molgE e &b Fe @ BidrS et et héathg Fnd anising: 7
edukteFei n said gas mxing device is selected fromthe
group consisting of venturi-type eductors, gas/steam
11 notive eductors, liquid notive eductors and steam

t d mxing. eductors. 9. Th rocess as. ,
9. JFEHe8e R os lants nRBIEIS Werdn it eBroBE Rprisss 4 first
opéhihGton GREBhAG BiduEnAidafioh |ty it SUMMBHGAL BR the . @
second opening on the opposite end of said gas m xing
oppesitecend pbsaitiaacpghixdesdedsec! ai med in claim 7 wherein
said gas m xing device is fluidly connected to a
second eductor neans. 11. The process as clained in

10 cTaierproBeshas elaimad in Rt Tasetrsinaddegad mixipgidbviacrnd
eductor nmeans. 12. The process as clarned-in"claim11

fluighyesennectad 1 2 seeengyaduster smansted from the group
consi sting of nitrogen, carbon di oxide, argon, helium
and steam 13. The process as clainmed in claim?7

11wheTheprecess gmslamed frgclderi10ewhéreid BHiigkY g@_@rw@@a_@@l to
to said reactor. 14. The process as claimed in claim?7

saifhReCanNd egHCPrga8ans. xi ng device has a first gas inlet
and a second gas inlet. 15. The process as clained in
claim 14 wherein said first feedstreamis fed to said

12f i r $he gascessl & clamled ai dageddnshéesdsaivdastigasfiedelcted

; sai@d second g.aﬁ inLet. 16. The é)_ro_cess as clained in

o} REHMFURTEPRISHNS 8f B11AgEBd CRTRAR digKides atanng helium, and

stebgedstreans are fed to said reactor at a pressure of
between 1 and 30

13. The process as claimed in claim 7 wherein said gas mixing device is

fluidly connected to said reactor.

14. The process as claimed in claim 7 wherein said gas mixing device has a

first gas inlet and a second gas inlet.

15. The process as claimed in claim 14 wherein said first feedstream is fed to

said first gas inlet and said second feedstream is fed to said second gas inlet.
16. The process as claimed in claim 7 wherein said mixed first and second

feedstreams are fed to said reactor at a pressure of between 1 and 30

atmospheres.

12



at nospheres. 12 17. The process as clainmed in claim?7
wherein said mxed first and second feedstreans are
fed to said reactor at a standard gas hourly space
vel.ocity of about 50,000 to about 500, 000 per hour.

1 I S ai,med-in claim.7 wher,ein th
17 oTE PR RS S el YR 7 ihep LRI BREAGHSt dntfsecond
febestdsdme ars fdctogsfatresctoNata é@@ard%as%rl{?@%@é%c&%it of
claimed in claim7 wherein said reduced nefal catalys

abowi 9000 tosahatt i5901GPCperdhauransi ti on netal sel ect ed

fromthe group consisting of "nickel, cobalt, iron,

plati num palladium iridium rhenium ruthenium
18 hibllé procese s clainsedincsaihi Nathiarem thkaeatersupe of t&id rAked
.or in a ce g a-coated . zirconia nopnglith support. 20.
f"%*r@cg%%@ egdsreamsds oreater tem 108 Gher ei n sai d

ceria-coated zirconia nonolith support is about 5%to

about 30%ceria by weight. 21. The process as cl ai ned
19. nThe aroness ashalaigied imailaint ¥ avrsreinosaidetadlcéds mesa | oatdipst

fromthe grqup.cqnsi stin f rhodi and ni ckel . 22.
cops BT Pt lleir Bl isbion el splrciedieruie i cosssios of
NiGKENT EHL2t, fr@ﬁ,nprlaﬂh§ﬂf§ pBRd e, FRIECAHAH YS! rbtABREAN3hEGum,

therein. 23. The process as clainmed in claim 22
osprdeand sam@inaliges dhereohseppartasl ankr i eanerid-cuatedireonia

: as spacers with said foam di scs havi ng
mé@@gégpsgr?hpregnat ed therein. 24. An inproved process

for the catalytic partial oxidation of hydrocarbons
rein feedstream of hydrocarbon-contai ni ng gases and
20&%% RIQSSSE &Sy Al edyiadaimy i @ whegeinssaid egfiatopeited zirconia
méiifth 3LipBsk KabbaR 4% 36 LBbut Sodf Iécg%mé%;fﬂgen. and
car bon nonoxi de, the I nprovenent conpristng m xing the
hydr ocar bon contai ni ng gas stream and t he

0 en-cont ai ni,n s stre in a gas,m xin devi ce
210 Vit Praseeh &S MM 9 WRereinisarg frepsiEpimatal s
seote@froaNtheeg®uBlconsisting of rhodium and nickel.

22.  The process as claimed in claim 7 wherein said reactor contains foam

disks having said catalyst impregnated therein.

23.  The process as claimed in claim 22 wherein said reactor contains blank
foam discs which can be used as spacers with said foam discs having catalyst

impregnated therein.

24.  Animproved process for the catalytic partial oxidation of hydrocarbons
wherein feedstream of hydrocafbon-containing gases and oxygen-containing
gases are fed to a catalytic partial dxidation reactor to produce hydrogen and
carbon monoxide, thé improvement comprising mixing the hydrocarbon-

containing gas stream and the oxygen-containing gas stream in a gas mixing

device prior to their being fed to the catalytic partial oxidation reactor.

13



13 25. The process as clainmed in claim24 wherein said

gas mxing device is selected fromthe group

consi sting of venturi-type eductors, gas/steam notive

eductors, liquid notive eductors and steam heating and

m xi ng eductors. 26. The process as clainmed in claim

25 wherein said eductor conprises a first opening on
250hBe RAcest 39 HAlNeY imbiRin &4 wheten aaisgamunixipe diengeds

Lt . s4ai m Xxin evice. 27. The
skt BBROR ol LoRhishRh & HRBLMaF Gtk S o3l ng
mativei edudiers, fiduid dhotiveosnesb@lanPs@asPReAtnGEHE MAking

nmeans. 28. The process as claimed in claim24 wherein
edyfiYHert gas is added to said second eductor neans.

29. The process as clainmed in claim28 wherein said

inert gas is selected fromthe group consisting of

26niThe qyecessca tlaimeli oxtiden 28nghereir shidWauRGcorbbRSER a first
29. The rﬁr ocess_ as, claimed in claim24 wherein said
OPERVG RN PR EAEVT Heid COMMUMGRtPNIE herssd ererjag @n the

oph6&itd 8hd oBQ 'd;ah% as clainmed in claim24
p\rx,her ein gai %I as ’ﬁ’ﬁ'ﬁﬁgé‘é@%i ce has a first gas inlet
and a second gas inlet. 31. The process as clained in

2701r im29 vvhergin said fir?@ feedstreamis fed to said
£ T Pe PrgeRsSi 4 Grimanyl L ai 24 AR oo 8IS 9IRS lgice os
fluRiR) EorReeedt03Sebbh@educR mddlR Process as clained in

cl'aim 24 wherein said mxed first and second
feedstreans are fed to said reactor at a pressure of
4 33. The process as

bet n.1 and 30 .atnospheres.
28, il B PR & HeuReIREPBTR Zavhersan mor Gesdnaddcd to
saitlessond drelstmeans are fed to said reactor at a
standard gas hourly space velocity of
29.  The process as claimed in claim 28 wherein said inert gas is selected
from the group consisting of nitrogen, carbon dioxide, argon, helium, and

steam.

29. The process as claimed in claim 24 wherein said gas mixing device is

fluidly connected to said reactor.

30. The process as claimed in claim 24 wherein said gas mixing device has a

first gas inlet and a second gas inlet.

31. The process as claimed in claim 29 wherein said first feedstream is fed to

said first gas inlet and said second feedstream is fed to said second gas inlet.
32. The process as claimed in claim 24 wherein said mixed first and second

feedstreams are fed to said reactor at a pressure of between 1 and 30

atmospheres.
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about 50,000 to about 500,000 per hour. 34. The
process as claimed in claim24 wherein the tenperature
of said mxed first and second feedstreans is greater
than 100C. 35. The process as clainmed in claim?24
wherei n said reduced netal catalyst consists

33.e8wepidicabs wsaﬂalmdd iansaitri o wietreih ss6d eeked fifdt @MdtdeRond
conS| S ni ckel, cobalt, iron, platinum

feegé @5 ¢ t(?jg%'ﬁH repRgh Bl mstandatdasthourhosnans velocity of
ab&ﬁ@m@fadas&rf%do%waér hGgr eof supported on or in a

ceria-coated zircénia nonolith support. 36. The
process as clainmed in claim34 wherein said

lith support is about 5%to
34, 5703855 S8y I 24 Wheraindhpoessa aEs of ssruaived

firsi Sn@kBESAPLMIGEERTY S Yrdatkf MN&(?HSZ metal is selected

fromthe group consisting o and ni ckel . 38.
The process as clained in claim24 wherein said

d I
FBRaF LA ST S S Bngrn s feluseal mets Fatalyst

corfslisﬁt;'k %é?eﬁﬁtMl?rcﬁ"antrér@élﬁoﬁ RREAIYel &8 HRS H’Pel Qm@pf éo%’@tmg of

di scs which’ can be used as spacers wt
nlclgﬁlsggbaﬁtavpngpkagnahyﬂalladmm mmedhérlnerrelrmheﬂaﬁjm rhodium,

osmium and combinations thereof supported on or in a ceria-coated zirconia

monolith support.

36. The process as claimed in claim 34 wherein said ceria-coated zirconia

monolith support is about 5% to about 30% ceria by weight.

37. The process as claimed in claim 34 wherein said transition metal is

selected from the group consisting of rhodium and nickel.

38.  The process as claimed in claim 24 wherein said reactor contains foam

disks having said catalyst impregnated therein.

39.  The process as claimed in claim 38 wherein said reactor contains blank
foam discs which can be used as spacers with said foam discs having catalyst

impregnated therein.
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