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BACKGROUND OF ‘THE | NVENTI ON Field off the Invention 5 The
present invention relates in general to an apparatus and net hod for
converting aCORVERSIONTMETHODI FPORJGABI STRZANSNSONTAININGA HYDRUOXRBAGNSdUCt
containing at | east one carbon atom and nore particularly to an
apparatus and nethod for converting a gas stream cont ai ni ng :

hydr ocar bons, such as net haBACEGROUND QF1THE INIENTAIONpr oduct contalnlng at

| east One#%ﬂﬂﬂ“béﬂéﬁgt%hﬁéﬁ%%dﬂml t he hydrocarbon cont ai ni ng gas

stream gener ated between two el ectrodes.
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Furt her nore, her | evel rgcgﬁgons uch as ethane and 20 et hyl éne,
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i nt erest. ddovexeargd cverween twd eledlerdédes cost of natural gas, current

nmet hane-t o- net hanol or nmet hane-t o- et hyl ene technol ogi es are in many
cases sinply too expensi ve. Met hane conversi on has

hi st ori calBackerpung refitthe | Awb| ved steamreformation of methane into.

a mxture of ce}f&)@ik@ngasdes?:(an AthdM 08eEoW¢d wsnasial WeRildwide.
conversion of the car nonoxi de and hydrogen oxygenat s

or ¥R gheMethang gas ofignfifes RFROUNRtR L% ANGRrPG eoﬁ’%ﬁ?c!é’s? i
however, MyHtdcarbon @m@mimxaru’f hadirads gasl. armmmmmemem is
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oxi dat | ve fguhd f}ﬁ?ﬁgt NNV ELoLIN AatdealBitls N aﬂet {88N%thane and

nol ecul es e i'n conparison to any of t cts
20 ethylene are more economlcally desirable than.methane. Demands

for methanol and ethylene, two target products of natural gas
conversion, are large and increasing. In particular, the
possibility of producing ethylene from methane has attracted
intense industrial and academic interest. However, even with
25 the low cost of natural gas, current methane-to-methanol or
methane-to-ethylene technologies are in many'cases simply too
expensive. _ _ '
Methane conversion has historically and currently involved
steam reformation of‘methane into a mixture of carbon monoxide
30 and hydrogen with the resultant conversion of the carbon
monoxide and hydrogen to oxygenates or higher level
hydrocarbons. The steam reformation process is, however, highly
expensive and requires a large energy input and elevated
operational pressures. Direct oxidative coupling'of methane
35 (OCM) to higher level hydrocarbons lowers the cost and energy
requirements of steam reformation. The primary limitation of
oxidative coupling methane conversion is the fact that methane
molecules are highly stable in comparison to any of the products
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2 f ovoegiaxdsr i ng the reaction. The energy required t@edvesasoiis
car bon- hydrogen bond in nethane is quiteghigh. Mreover, direct
met hane  conversion to hi gher | evel hydrocarbons S
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are essential for the 'subsequent free radical reactions.
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I nvention to provide an apparatus for the one step conversion of a

hydr ocar ba¥repared cbyt #ilfatgaphensiaadans gueihesss naetrhadsgasinadinhevia

| evel pldBuH ogahBensnkrom @QQUtpo%TéﬁQ:%Bfleréf: BREARYN € duw-dBYtE, thagnif

atnDSpher%Sélective and energy-efficient synthesis has been found to exist
in those processes involving organic electrosynthesis and

25 plasma-catalytic synthesis techniques. In these plasma
techniques, free radicals generated by excitation, dissociation
and ionization of gas molecules are essential for the subsequent
free radical reactions.

The present invention contemplates the conversion of

30 methane in a high pressure (from about one atmosphere to more
than 10 atmospheres) and non-thermal plasma generated by corona
discharge. The corona discharge encourages the formation of
active methane species by the reaction of methane with charged
oxygen or other species created in the corona discharge.

35 Thus, it is an object of the present invention to provide
an - apparatus for the one step conversion of a hydrocarbon
containing gas stream such as natural gas, to higher level
hydrocarbons from about atmospheric pressure to more than 10
atmospheres.
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3 WO 325315 a further object of the present inventi ®CIVESIBOB3 de
a nmethod f or ‘the conversion of a hydrocarbon contai ning gas stream
such as natural gas, into higher |evel hydrocarbons t hrough a one step

reaction. 5 1L a er.opbj ect _of the, present inventi o]
provi de an app&Fa?ﬁsgahgrﬁg%ﬁoagyéégt 5 g%%\ié’?%‘?%’ﬁ@o*#\éentlonh %r%%%\?g%%
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the convéhspygh of ong step WPAcEE®bon containing gas stream into
highgr  level 1t ighydfogarfigRsmethessactheappad abpssenBt aimiferit {oH aty st
capabl e Qf activating the natural eias, and nore particularly methane,
for coupl PREVafiea RBl aBPREFITHBW ARGFpASNAE tH¥m &bSut CORBREFdCDs of a

t enper at Uhgareci@Pord Lot Betng egas sf@am, such asThasarand giderinto

obj ects of ,the present invention w,ll, |, becone apparent in 1ight of the
e

oresent SPABPEFCAENE, TGRS CONta il Aty iRASt one oXYgREeROF THE

I NVENTION 20 It is Theiplesanither eobjeot cefpriifespaasanpariaiwentiion to

cont8! ni nBTerAASen roPBRAFAEuR vt AG "SI Y. BBy o foRvERR o oR P!

appar at ushiydscgalriesi ngchatragiay | eass oratrenres i oindwr f abégher  dededt

| ast OnChYHE oty LHfbeih S L MAERIC AN Fie% cathEPOl Eheabiade

with the rst and second el ectrode eln electively

rel ation ©8 S&HYRHAN afee fpRERERL 92s, Bog mMAsfeday tifHLANEY BasRAResO
as to be gpat aupditisResadralativelp’ edet eeRpaLdrdist 2SR Apsireagbiehber,

a nmeans for producing a | asma di scharge between the first and second
el edPr odedempesgtung 4 lfocpr'lﬁg)s SHF 95 “g‘%@%ﬁ cont ai ni ng hydrocar bons
bﬁt ween thedd rahdarstiracoonjekbest raflesheanskésamand niventcian ewtiilbg

t he reaction product, effl uent produced by the reaction.of th

stream coﬁ’teé’loﬁ’ienga y%edt{arlﬁbnlsl%l hofh%%l%rs%%g’b“f N l%%ﬁé%h CEa%gf he
first andasecomawalngrstr odes. 35 I n an enbodi nent the apparatus
further includes at |east one spaci ng nenber operably associated with
at | east one of the first and second electrodes in order to spatially
mei nt ai n RY OF | d el ectrodes at the predetermn ned

di shgnce. The The present invention comprises an apparatus for converting
a gas stream containing hydrocarbons to a reaction product
containing effluent molecules having at least one carbon atom.
The apparatus has a housing having at least one interior surface
and at least one exterior surface, a first electrode and a

25 second electrode with the first and second electrodes being
selectively movable in relation to each other and further
positioned within the housing so as to be spatially disposed a
predetermnined distance from each other, a means for producing a
plasma discharge between the first and second electrodes, a

30 means for passing the gas stream containing hydrocarbons between
the first and second electrodes, and a means for collecting the
reaction product effluent produced by the reaction of the gas
stream containing hydrocarbons with the plasma discharge between
the first and second electrodes.

35 In an embodiment the apparatus further includes at least
one spacing member operably associated with at least one of the
first and second electrodes in order to spatially maintain the

first and second electrodes at the predetermined distance. The
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4 SRRGIoRGENDEer may be a dielectric material. |In tRe1eaRidEENt
where the spacing nenber is a dielectric material, the

dielectric material may be glass. Furthearnore, the dielectric

material may be operably associated with at |east one of the 5 first and
second el espaciies menbexaneihare entdddilemtiria matepdeilng In theeshbbdimeat

non- condugt, S r | a e ext egdj . . therethrough r
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hydr ocar bohkelretietr makeriabtmandbeegdags. Furtbermodes. the yéelentrier
embodi Menty, {4 SP2API HEE WRr i 2 algsocpa@é&%gtﬁ Rt %}r]éaaét Ak 3or the
non- conduct j ng spacer- I'n anot her enbodi nent the apparatus al so

i ncl WRles nElEt fg)d secondyrdersrRgeshe Erfanpther prbastimentnt they spacingas,

a liquid, pembePlis dindrniicorfuck GRP sPitetr hafing a passagewagneﬁ!ﬂending
enmbodi nent,,. the a (?ar atus further m@{udes neans for 15 condensi n%tthe
reaction p‘f’%%‘%‘fh’g Wk CeF U%L/j“c‘??é"q%a & RRFFRYH:@nd co onegh &%t 9RRi ng

hydr ocar baogisredh h cotafindsre Kydcbesagoons betWeens eflgd | EFirptodited second
condensi ng ns Ls _disposed w thin the .._hqusing. The .reaction pr.oduct
condensi ngeﬂ%%@o%ﬁ' bzﬂbr%%/ fRpther Wﬁ%ﬂﬂ}%eltg‘%eﬁp&?di% 3t @

| easto a paiiebectfic FmatariaaloanQOa_nsnftanéuotind;espauei'n_g for thereby
coll ecting the gondensed en]bodrig\%% %&5@9&9%@5 f:‘s{, eﬁﬁéiﬁé‘a@%‘%ﬁ% for
condensi ng neans nay al'so be a l'1quid substantrally a Jacerrlnt he’.
exterior stendersbng the efElnent: ngThe eféluenttmay produdasconddisgidid,

neans my e & mixtuPENBFaRegQPesall ¥ aitached to at least a portion of the
interior 25 surface of the housing, such that the reaction product flows

through at | eastP 2PpARRPALRRNE hhfe ARRAT@tUS fygdder ingdudes megas fon
produst cofsiedehOingeans rEyctidh Usieo e et saod® sl he readtli@ig oft theast
a portion of thg i nterior surfac %{fthe hQusi n n foiI coll ecti gt%e
condensed JEAcETERABr SOUSALTATE QWOF I GRANG 200tk sHhe; RApFER Ji58 argR:

t he exteriBnesvehatéonf miwivdustondensiing meana nentd sposgkrwbthint thehed
to at lea ti f . ' i h i

that the raadyPRs he gdd¥eion prodUt AndCHIARE itars RalPds BEpvieh
menbr ane. With channels exirnEne Hediest lepstr2aeeroioprafdtdie igterior

absogpabl es@prac@ndst hene 2RBAEANYS £41SthBBEBY JAAN ARSHPI Blet Bndensed
absor babl e . reaction product \gth s produce the reaction of the

gas ERRCHPR OREARRER - hy G0 draARTeL Gt LR 0 b SURACRE S aPgansTHEY
absor bi ng akadshbasy binaid i Sibtapiodl By ofd ahsathitie tditerior sahiFaidanllfe
reaction péﬁguﬁguggggi%ra%ﬁgﬂ¥¥gégggntg¥%&dé¥”é%£3ensihg means may be a
membrane operably attached to at least a portion of the interior
25 surface of the housing, such that the reaction product flows
through at 1least a portion of the membrane. Indeed, the
reaction product condensing means may include channels extending
along at least a portion of the interior surface of the housing
for collecting the condensed reaction product, a liquid flowing
30 substantially adjacent the exterior surface of the housing, and
a membrane operably attached to at least a portion of the
interior surface of the housing, such that the reaction product

flows through at least a portion of the membrane.
In another embodiment the reaction product is absorbable
35 and the apparatus has means for absorbing the absorbable
reaction product which is produced by the reaction of the gas
stream containing hydrocarbons with the plasma discharge. The
absorbing means may be a liquid capable of absorbing the
absorbable reaction product and in an embodiment the liquid is
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5 WoW3sHon of an effective anount of a silver sal ®CT/US98/80823 I n
yet anot her enbodi nent the reaction prodgct i's adsor babl e and the
apparatus has neans for adsorbing the adsor babl e reacti on product

produced hy stoll‘?utrd_%(:td@%rpf éﬁ%&% Sam%usor &AM oAl NI @ydr ocar bons

with the asna scha bi'ng means nmay be a solid
capabl e of adsdrbi rigpt he"=11'10th<'3r adsBbpdbmenteadhieon grantuian angreduah  is

enmbodi menty dhegsMid aRhg@Nthe apgéésﬁagV%@ém arfyf %o%eogag%rm%e%@

further enbodl nent, the zeolite may have been treate ner so

as to af f @squbable re%&fbﬂrm“ﬁtopéﬂq%d bynEheyeractdetnedt theudasbe
:ﬁ trse?t 8-eam clodramﬁ Vp%ydrt@cafa&éns abm?ugge Ea&flaoaﬂéaﬁléi‘gékl | ehien
e ar appreci ate that any ie ite capa
adsor bi ng #@3serbing ﬂ‘t%?&soaﬁ‘ﬁg r Ect?ons‘;g? u&aﬁé’%ﬁ)m"&rrpla&sg %a&g ukbe
W th adéﬁz&:abmemautlolﬁproduct ahd yﬁtamrmﬁﬁtﬁilrmfﬁ:)dm@rﬁollm is an
appar at us | ayer of oper.a onnect ed to ast. one
o Pthe 11 Abredhi R Snaling of = FROEEER. PHEY % EREBRER: PubBainerts tnl
mat eri al caEpdhbitee may havenbeéefytngatkd neaet imamrer tdre &;r’earraﬁfegas its

con ni n : r W t h a f

CoTH I "hgsomme MBS | Brb BB B hal 0 HE d2iSleat cne
consi stingeolite ofltcba@ szbtit Sﬁﬁ*‘é@m}@{l ePng ofnerd ahary] q<ei|1] ;nTMael aysr
of materi glo Ry a%p'i‘%é’ieate thata 8@?&' tm'oﬁll%l%t %'eoq)i't@ec qutee@ff Esagbgrgﬁng

group consisti n(g /' My Sr/Laferr] errk err %
NaOH CaO, T@WPE?rF&?EF#P“ RYMYEK okF deonEgpetateferiqr bse witn
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LaAl , d
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sel ect ed fg lgé oé:é) Sl Sﬂﬂé’lg]y rfdgxglte%lal i af ﬁigjt% IJ.tael c%g%olé
zeolite, an as previ ous St at

adsor babl eszeGIOFitléylalﬂ‘{y bhet meactiar | eés thy mreamal 96 m%h@mwn@r
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appar at us for convert [ ng ghs stream contal nin rocar bOﬂS tog a
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and a sec q_f({o Qel% Lot tr g)
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PCT/3a%98/ mp@cted from the dgroup conSJ.st:mg of BaMnO3z, LaAlO3;, SrTiOs,
CrLa;.,Sr,03, and BaPby.,Bi,0z. The layer of material may also be
a 2zeolite selected from the group consisting of mordenite,
faujasite, Y or X zeolite, and zZSM5, and as previously stated
with regard to the adsorbable zeolite, any of these zeolites may

30 also be chemically or physically modified.

The present invention also comprises an apparatus for
converting a gas stream containing hydrocarbons to a reaction
product effluent containing molecules having at least one carbon
atom and at least a portion of the molecules having at least one

35 carbon atom and at least a portion of the molecules containing
an oxygen atom. The apparatus has a housing having at least one
interior surface and at least one exterior surface, a first
electrode and a second .electrode with the first and second

electrodes being selectively movable in relation to each other
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di sposed wopssmei er m ned di stance from each other, a nean®dnrses/0823
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PCT/ US98/ fl828eaction of the gas stream containing hy&%ocarbons with the

plasma discharge between the first and second electrodes; (2)

25 producing a plasma discharge between the first and second

electrodes; (3) passing a gas stream containing hydrocarbons

between the first and second electrodes, wherein the plasma

discharge causes the stream of gas containing hydrocarbons to be

converted to the reaction product effluent containing

30 hydrocarbons having at 1least two carbon atoms; and (4)
collecting the reaction product effluent.

In an embodiment of the method, the method comprises an
additional step of providing at least one spacing member
operably associated with at least one of the first and second

35 electrodes in order to spatially maintain the first and second
electrodes at the predetermined distance. " The spacing member
may be a dielectric material. In the embodiment where the
spacing member is a dielectric material, the dielectric material

may be glass. Furthermore, the dielectric materiel may be
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operably associated with at |east one of the first and second

el ect r odewo $sm2830t her enbodi nent, the spaci ng nenber i s a PUIMESIS/00823
conducti ng spacer having a passageway extendi ng therethrough for

all owi ng the passage and coll ection of the gas streamcontaining 5

hydr ocar bons between the first and second el ectrodes. In yet anot her
enbodi nent, the spacing nenber is a dielectric materi al and a
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surface ofyjheidousing, such t hat the reactlon product flows through
at |least a portlon of 25 t he nmenbr ane. eed, the reaction product

condensi ng nmeank? @y embodineny l?éetéﬁaﬁﬁEpgdexP%ﬁd?%@l% i ey dagluges
portion ofptdiding almégﬁsOfosutéaaaneﬁnt;hehbou&aaglbw proldhes] igidddiRed

condensed reacton d d_fl ow,_ng subs tiall ad t
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product condensing means may be a membrane operably attached to
at least a portion of the interior surface of the housing, such
that the reaction product flows through at least a portion of
25 the membrane. Indeed, the reaction product condensing means may
include channels extending along at least a portion of the
interior surface of the housing for collecting the condensed
reaction product, a liquid flowing substantially adjacent the
exterior surface of the housing, and a membrane operably
30 attached to at least a portion of the interior surface of the
housing, such that the reaction product flows through at least
a portion of the membrane.

In another embodiment of the method, the method comprises
the step of providing means for absorbing an absorbable reaction
35 product which is produced by the reaction of the gas stream
containing hydrocarbons with the plasma discharge. The
absorbing means may be a liquid capable of absorbing the
absorbable reactidon product and in an embodiment the liquid is

a solution of an effective amount of a silver salt.



In yet anot her enbodi ment of the nethod, the nethod conprises the step
of provi diwodsaessas for adsorbing an adsor babl e react | per/psasOsA3
produced by the reaction of the gas st ream cont ai ni ng hydrocar bons
with the plasna discharge. The 5 adsor bing neans nay be a solid

capable of adsorbing the adsor bébl e reaction product and in an
enbodi nent the solid is an effective anount of a zeolite. In yet a
further embodi d@mt yetheanotherzeghbodimayt havie lben tethbdd | the maetbedso
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zeol ite sel ect t RE &P&Ep %’ﬁﬁégw?ﬂﬁ of nﬁltf‘enf“‘le@h %hﬁau]“ﬁgﬁf’e Y
or Xseol iﬁxml\meds ZENB, sarep asfppeuvmdshy ¢ ala@ger of nmttetr:rae‘gabplerabtlye

adsor babl & heliies £0Yael 1UBR°LREOt ST AL ond! s0chEa cUTOLERLLLSO

physically no sent” i nven
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multiple metal oxide layer of materlal may also be a perovskite
25 selected from the group consisting of LaMnOz, LaAlOz, SrTiOs,
CrLla,.,Sr,03, and BaPb;.,Bi,0;. The layer of material may also be |
a 2zeolite selected from the group consisting of mordenite,
faujasite, Y or X zeolite, and ZSM5, and as previously stated
with regard to the adsorbable zeolite, any of these zeolites may
30 also be chemically or physically modified.

The present invention also comprises a method for
converting a gas stream containing hydrocarbons to a reaction
product effluent containing molecules having at least one carbon
atom and at least some of the molecules containing an oxygen

35 atom. The method comprises the steps of (1) providing an
apparatus having a housing, the housing having at least one
interior surface and at least one exterior surface, a first -
electrode and a Second electrode with the first and second

electrodes being selectively movable in relation to each other



di sposed a predeterm ned di stance from each other, a neans for
pr-oduci ngw@gzlmma di scharge between the first and second pCT/USe$/e08R3 odes,
a means for passing the gas stream contaigiing 5 hydr ocar bons bet ween t he
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the drawi ngs I's a cross-sectiona epresentation of 't he net hane
conversion apparatus of FIG 2A, showing, in particular, the relative

spaci ng ofphier fhESer2PETORCORITHE DRARIRELN 0des within the apparatus
housi ng. 35 FIG  3A of the drawmp s s, a pictorial representatlon of

the methane appBF&t ud?oPt FtFré? %st"l‘fi’)%m a ipighaniadrgpresentatipn (ff 2

enbodi nentm@thihe tiohsteraliest rgsgearatus embodth@ 3 oprebendr aMvgsticn a
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spaci ng Qgefbgeﬁirﬁﬁe a@gréﬁcogﬁd second electrodes, and means for
| collecting the reaction product effluent.

FIG. 1B of the drawings is a cross-sectional representation
of the methane conversion apparatus of FIG. 14, showing; in

25 particular, the relative spacing of the first and second
electrodes within the apparatus housing.

FIG. 2A of the drawings is a pictorial representation of
the methane conversion apparatus of FIG. 1A, showing, in
particular, a layer of material operably connected to at least

30 one of the first and second electrodes.

FIG. 2B of the drawings is a cross-sectional representation
of the methane conversion apparatus of FIG. 2A, showing, in
particular, the relative spacing of the first and second
electrodes within the apparatus housing.

35 FIG. 3A of the drawings is a pictorial representation of
the methane apparatus of FIG. 1A, showing, in particular,
another embodiment of the first electrode.

FIG. 3B of the drawings is a cross-sectiocnal representation



el ectrodes within the apparatus housing. FIG 4A of the draw ngs

I's a picteiddzsApresentation of 5 t he met hane appar at uspetusbsmos233A,
showing, in particular, anot her enbodi nent of the first electrode.
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20 FIG. 5 is a 51de sectional view of an apparatus constructed
in accordance with the present invention.

FIG. 5A of the drawings 1is an exploded pictorial
representation of the methane conversion apparatus of FIG. 5,
showing, in particular, the "first and second electrodes

25 comprising plate electrodes and a non-conducting spacer.

FIG. 5B of the drawings 1is an exploded pictorial
representation of another version of the methane conversion
apparatus of FIG. 5 further comprising a dielectric material
between the non-~conducting spacer material and the first and

30 second electrodes.

FIG. 5C of the drawings 1is an exploded pictorial
representation of the methane conversion apparatus of FIG. 5,
further comprising a condensing means.

FIG. 6 of the drawings 1is an exploded pictorial

35 representation of the methane conversion apparatus of FIG. 5B,
showing, in particular, a layer of catalytic material operably
connected to the second electrode.

FIG. 7A of the drawings is an exploded pictorial
representation of the methane conversion apparatus of FIG. 5B,



FIG 7B of the drawings is a cross-sectional representation along line
7B- 7B of WO38/3289, showing, in particular, the 5 chanREIr8Isey/pos23
absorbing a reaction product. FIG 8 of the drawings is an
expl oded pictorial representation of the nmethane conversion apparatus
of FIG 5B, showi ng, in-particular,l& porous first or second el ectrode
and a passage extendin through the spaci hg neans. FIG_9 of
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capabl e of
- ot he20 enbodi nenfFEGor of0Bei mf pr &bei cedravingsrietls a cross-sectional

representation of the methane conversion apparatus of FIG. 10A,
showing, in particular, the substantially continuous first
electrode and the second electrode as a conducting material
substantially surrounding the outer surface of the housing.

25 FIG. 11A of the drawings is a cross-—-sectional
representation of the methane conversion apparatus of FIG. 103,
showing, in particular, a layer of material associated with the
interior surface of the methane convefsion apparatus housing.

FIG. 11B of the drawings is a cross—-sectional

30 representation of the methane conversion apparatus of 103,
showing, in particular, a layer of material suspended within the
housing.

DETAILED DESCRIPTION OF THE INVENTION
Before explaining at least one embodiment of the invention
35 in detail, it is to be understood that the  invention is not
limited in its application to the details of construction and
the arrangements of the components set forth in the following

description or illustrated in the drawings. The invention is



out in various ways. Also, it is to be understood that the
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electrodes 30, 40, a first lead 51 connected to first electrode
25 30 and a second lead 52 connected to second electrode 40 and a
power source 7 connected to at least one of the first and second
electrodes 30, 40.
Gas stream conversion apparatus 10 1is wused in the
conversion of a gas stream containing hydrocarbons (referred to
30 hereinafter as the "gas stream"”) to molecules having at least
one carbon atom and preferably to C, (two carbon) hydrocarbons
such as ethane or ethylene. In an embodiment, the gas stream
will contain primarily methane in the form of natural gas.
Whether natively contained or specifically added, it will be
35 appreciated that natural 'gas may contain numerous other
constituents besides methane, such as.  oxygen, carbon dioxide,
nitrogen, helium, carbon monoxide, hydrogen, and other
hydrocarbons. The reaction of these other constituents,'

however, is either negligible or is complimentary within the gas



contain higher |evel hydrocarbons such as ethane, propane and/or 5

but ane, t&OASPut a few. Further, even when the gas st r E4H/USI8H00823
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are fabricheedingo??satifiests endk@3. Gas introgwet8psr2sSsembly 12 may be

PCT/ US98/ 09843conduit, pipe, tank, or pump capable I introdidi fBYtRE ga
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el echfodes, 30nudl arsliafl HEFI08E SreredS Y Wid thaChonbiny 38" vidtne
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collecting assembly 70. Gas introduction assembly 12 may also
include a regulator or series of pumps and regulators capable of
introducing the gas stream into gas stream conversion apparatus
10. It will also be understood to those of skill in the art
30 that gas introduction assembly 12 may include any apparatus
capable of introducing a gas stream into conversion apparatus
10, including a plurality of gas introduction assemblies each
having the ability to introduce and requlate the flow of
distinct gases or gas mixtures into conversion apparatus 10.
.35 First electrode 30 and second electrode 40 are preferably
fabricated from one or more materials capable of generating an
electric field therebetween when an electric charge is applied
to first and second electrodes 30, 40. “In one version, first
and second electrodes 30, 40 are fabricated from stainless steel



conversion apparatus 10a is the sane as apparatus 10 shown above
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capable - joast one of the first and second electrodes 30, 40..
25 Furthermore, first electrode 30 way be fabricated from a
different material than second electrode 40. Reaction zone 80
is the space within the housing 20 generally between first and
second electrodes 30 and 40, wherein the gas stream introduced
into the first end 23 of the housing 20 reacts with the electric
30 field generated by first and second electrodes 30, 40. As noted
above, first electrode 30 may comprise a plurality of
.passageways 60 extending therethrough for allowing the- gas
stream to freely pass through first electrode 30 to reaction
zone 80. Similarly, second electrode 40 may comprise a
35 plurality of passageways 60 extending therethrough for allowing
the reaction product effluent to pass from reaction zone 80
through second electrode 40 toward reaction product effluent
collecting assembly 70.

Reaction product collecting assembly 70 may comprise:any



of collecting, segregating, analyzing, and/or condensing a reaction

product &vOI98@2831 including a plurality of reaction pPEHUBI/BA3 ect i ng
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It is contemplated that the electric field will take the form of
25 a plasma discharge.

Plasma is a fourth state of matter. This discharge plasma
is generated by the application of an electric field between
two points. Specifically, this discharge plasma produces
negatively charged ions, among other charged species. Within a

30 discharge plasma, chemical reactions can occur between the free
electrons, ions and neutral species and molecules within a gas
stream, while the gas itself remains at a relatively 1low
tenperature. This discharge plasra (or simply “plasma”) 1is
obtained when sufficient energy (higher than the. ionization

35 energy) is added to a gas, thereby causing ionization and the
production of Dbpoth ions and electrons. Plasma density
{(concentration of electrons and ions) is an important parameter
in plasma processing. The efficiency of the processes occurring
in the plasma and the reaction rates directly depend an the
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for use. Exanples of ot her energy sourc ,
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material 1P sp %df%%nel%?t5?%n%%%f%%€%c?ﬁ?e%cﬁ?i‘ﬁra*éeéo}%{i%ﬂeof
t he electric field, thereby gaining kinetic energy. Concomitantly,
25 the electrons lose energy in collisions with either the atoms or
molecules of gas. These discharge plasmas are relatively low
power electrical discharges that take place at or above
atmospheric pressure. The discharge is created by a strong
electric field associated with small diameter wires, needles, or
30 sharp edges on an electrode.

First and second electrodes 30, 40 are spatially positioned
within the housing 20 in such a manner that when connected to an
enerqy source, such as a DC energy source (not shown), the
plasma discharge is created therebetween within reaction zone

35 80. The distance 26 between first and second electrodes 30, 40
may be varied by changiné the'length of.éither first of second
leads 51, 52, respectively, or by changing the position of
either electrode 30 or electrode 40, or both, in relation to
each other in any suitable manner. Although in a version;'the
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perOVSk'tedléggifled as either reducible or irreducible metal oxides.

Methane and oxygen may be fed alternately over reducible oxides
and a redox mechanism for the reaction has been suggested for

30 the production of C; products, wherein the metal oxide acts as
both the reducing and oxidizing agent. Irreducible metal
oxides, such as catalysts with rare-earth oxides, act as
catalysts which are favorable for OCM. However, over both
reducible and irreducible catalyst oxides, OCM in the absence of

35 a corona discharge plasma still requires high reaction
temperatures. A gas stream conversion apparatus 10 having a
catalyst 90 on second electrode 40 may also encourage the.
selectivity of C; products at low temperatures; for example, by
controlling the recombination of the activated species.
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catalyst 90, %% %alysttgb on electrode 40 (as shown 1n FIG. 4C), or may

25 extend into catalyst 90 a predetermined distance 28 (as shown in
FIG. 4D). When first electrode 30a is positioned a distance 26a
away from second electrode 40, the discharge created
therebetween is generally referred to as remote. When first
electrode 30a contacts catalyst 90 or extends into catalyst 90

30 a predetermined distance 28, the discharge created therebetween
is generally referred to as direct.

In operation, a gas stream as defined above, preferably
comprising methane, is introduced into the housing 20 of gas
stream conversion apparatus 10 via the gas stream introduction

35 assembly 12. The gas stream may also generally contain_an
amount of oxygen, hydrogen, carbon dioxide, or combinations
thereof. The gas is forced through or past first eleétrode 30
by the pressure dgenerated by gas stream introduction assembly
12. The gas stream flows through first electrode 30 via
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25 40 toward reaction product effluent collecting assembly 70. The
reaction product may be a gas, a liguid or a combination of a
gas and liquid. The reaction product will generally be a liquid
if the temperature within gas stream conversion apparatus 10 is
below that of the condensation point of the reaction product.
30 Therefore, reaction product effluent collecting assembly 70 may
be an outlet tube, pipe or conduit capable of allowing the
reaction product to exit the gas stream conversion apparatus 10.
Reaction product effluent collecting assembly 70 may also be
connected to an analysis assembly (not -  shown) for the
35 guantitative analysis of the reaction product. Furthermore, the
reaction product effluent collecting assembly 70 may include a
condensing assembly 200 for condéensing the reaction product,
such as condenser 200 shown in FIG. ~ 1A. It is further
contemplated that reaction product effluent collecting assembly
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25 reaction zone 80a, thereby producing a reaction product. The
reaction product will contain higher level hydrocarbons, some of
which may contain an oxygen atom. Preferably, the reaction
product will contain C, hydrocarbons, such as acetylene, ethane,
and ethylene.

30 If the gas conversion apparatus 10 contains a catalyst 920b,
as shown in FIGS. 11A and 11B, the reaction of the gas stream
containing hydrocarbons with the discharge plasma generated
between first and second electrodes 30b and 40b will be affected
in the manner described hereinabove. As shown in FIG. 114,

35 catalyst 90b may ‘comprise a layer of material associated with .
the interior surface 21 of housing 20 or as shown in FIG. 11B, .
catalyst 90b may be suspended via suspension assembly 46. In
any event, one of ordinary skill in the art can and will
appreciate that catalyst 90b may be placed anywhere and by any
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and the COplﬁt@[@mqtmrﬁeoccpmrfxmer@twmmumgmmWrsam_FIG 3A, wherein
' the tip of the wire electrode is 10 mm above the plate
25 electrode. The inner diameter of the housing is 7 mm. No
heterogeneous catalyst is present on the plate electrode. An AC
electric field is applied between the electrodes, with a
frequency of 60 Hz and an amplitude of 5 kV rms. Reaction
temperature is 923 K. The total flowrate of gases is 50 SCCM
30 with the composition being 12.5% oxygen, 50% methane, and 37.5%
helium. Conversion of methane was 58%. Combined C, selectivity
was 34%, for a total C; vield of 20%.
Example Three
In this example, the conversion apparatus has a wire and
35 plate electrode configuration such as shown in FIG. 4A, wherein
the tip of the wire electrode is 10 mm above the plate electrode
and about 2 mm above the top of a catalyst bed. The inner
diameter of the housing is 7 mm. The catalyst bed is 0.1 g of
Sr/Lay03. The wire electrode is at +5 kV, the plate electrode
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and a scem and an inlet composition-of methane at 20%, hydrogen at

25 30%, oxygen at 2% and the remaining material being helium. In
this example, the methane conversion is 63.5%. The largest

product is acetylene with a selectivity of about 48%. The C;
yield is 32.6%. A small amount of carbon monoxide is produced

from the oxygen.

30 Example Six
In this example,  the conversion apparatus has an internal
wire electrode and an external wire. electrode consisting of
metal wire mesh affixed to the outside of the non-conducting,
dielectric, reactor tube which is made out of guartz, as shown
35 in FIG. 10A. - The length of the wire mesh cloth along the axis
of the tube is 8 cm. The inner diameter of the tube is 7 mmn.
The total -flowrate of gas to the vessel is 10 sccm with the
composition of methane and carbon dioxide each at 50 percent.
An AC voltage of 5kV at a frequency 'of 390 Hz is applied. The
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35 material if first outer plate interior surface 321 and second

outer plate interior surface 326 are coated - with a non-

conductive material 'or laminated with a non-conductive material.
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assembly.

As shown in FIGS. 5 and 5A, in a preferred version of the
invention, first electrode first surface 331 is substantially
adjacent first outer plate interior surface 321. . First

30 electrode second surface 332 faces and is substantially adjacent
second electrode second surface 342, with first spacing assembly
350 being operatively disposed between first electrode second
surface 332 and second electrode second surface 342. Second
electrode first surface 341 faces and is substantially adjacent
35 second spacing assembly second surface 362. Second spacing
asgembly first surface 361 faces and is substantially adjacent
second outer plate interior.surface 326.  Also, as can be
appreciated from FIG. 9, gas stream conversion apparatus 310 can
be positioned at an angle 750 (for example, 90 to 45 degrees)
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25 stream between first and second electrodes 330, 340 at a
constant pressure with the resultant effect that the pressure
between first and second electrodes 330, 340 forces any reaction
product effluent produced within the space 395 to exit the gas
stream conversion apparatus 310 via the collecting assembly 380.

30 Gas introduction assembly 370 may alsoc include a regulator or
series of pumps and regulators capable of introducing the gas ~
stream into gas stream conversion apparatus 310 and may further
include introduction assemblies having the ability to introduce
and regulate the flow of distinct gases or gas mixtures into gas

35 stream conversion apparatus 310. Such assemblies are
commercially available and are known to those of ordinary skill
in the art.

When a gas stream is introduced by assembly 370, the gas
flows through passageway 363 and channels 344a into space 390 in



dielectric materials. Further, first spacing assenbly 350 may

conprise b %@tl ng materi al. such as rubber, Further Mo peyrusos/oog2d 1 I St
el ectrode 330.and/ or second el ectrode 340 may have a dielectric
material operably associated therew th, s#®h as 30 glass, in addition to
first spacing assenbly 350. | n.ane enbodlnent first lead 333
may be conrfectEEefbl %X 391. HEREAvERsyISPHANSS) TR r@%ﬂWr@Pa@%ﬁFF&é@“tagl
f: r st egecguxgml 380, exits tmbhqhseﬂmﬂxell%m% nﬁyr@iqlﬂnﬁa%sqeday 364,
el ectrode 340.t

|
Ched omer i olxfes the YR A2 Rl 1B e AR Y T SEnasEsRaY 4

plasna 38@1scharge within the.reaction zone 390 bet ween first and
second; %EQQ %Céé&od%‘”%so gtva SLS&H éét?}éjdéf%ya,lob%r%r paked Q%%y
either  a hlgh vo age power supply or an su WAl C
may i ncl udefavlariwtewaﬁmmrmghalpemosacma’agrsahasganable of generap@ing an

98/ 32531 electrlc éd there?etween when aﬁcgiégg?igoég§m?e is ap lled
27 squar e, square and rectified § &
drstis

vol t age tra‘h@f%*%’? a%e‘?ﬁ‘f@ P schzedsH 13y, %oné“ep%’-t V@é‘émn:

grounded anghdi E8tofbedreRde o I33@f Shbhaked mﬂda&ed froR0keRlinlless
(referred to, as_positive corggﬁ%yaiéﬁegatlv potenti al greferred to as

negat}@e cofbRe}.andi™R¥ B8n Rapregpeas Sho@Pe&Pr?E Bi-ePd 2R 1PA

take the fosign qtflaa:epi agenedatpangarsidel tohe:rrfa nabethedesolmém@hxh n fde'ts&i I
w th regar ar at us f Fl G. lA

First and s%%%ﬁ ?ga?%g%agsa%tﬁengﬁg %’aggéggm? %Egde‘i‘éal (ﬂa}t—v f[(?
anot her sucéletitrodheds gonrbive etinst: anlemtoraie 330 maqumeecoadmhtayeaaDCng

energy sour gnekéaﬁae@%ﬁhawﬂ drﬁlgs %ece%ﬁt?‘é?ﬁlﬂ?ég@@é ‘é‘%ﬁ?téléht B‘%W:'ike

t he plasna |sc e asse sed as
ener g¥> sour ekect¥o I133BeWth1h hakicd STHFRIh AT PrETERE $6ucse é’fof

pr oduci ng atﬂéaéﬁafalée afbs chargee halowman didadrosd suecang dleeeonatet 30,
340, is R&onte ted for § fxgny es of such other energy sources
woul d be ACESFELISGHSRRAeAB, BPreodrtall below Al t hough first and second

el ectrodes 330, Béipshawndbaemitond ellestrodes asobeirg fa&tyispaeddfapart a

st ai nl ess steel it will, he. upde d one of _or a the
art that fi?s ?déﬁﬁrmlned §ég§%ace|§§t?§%99 §§é?lgﬂoaﬁ§emggg é%rlcgﬁqg grom
any n2@eri ak generaddpyaliestengydrer passpgavay et i extEdenqhém@lmﬁMuqh
when an whe?é?ﬁtféEtSHgﬁfﬁ pIsERPLLEF 153 ﬁerlé‘r%fhf'?feﬁné&ea fx‘era%tl%d

second el ectrodes urthernore, fir | ect rode 330 may
fabricated 2PR8m3%0. di FiaisdntsPaRing | aFSePRAY 3R ohd fabrl%ﬂ?%ﬁréﬂ@m3$0

Reacti on zogge388ti3ct hRatpAL81 bedN@ENi | Idtie Affteferrede@bbERMt Odahe
330 and 340&1“@ec %gctQ% rléfrean1lntrodu0fg is also contemplated that
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dielectric materials. Further, first spacing assembly 350 may

comprise an insulating material such as rubber. Furthermore,

first electrode 330 andj/or second electrode 340 may have a
dielectric material- operably associated therewith, such as

30 glass, in addition to first spacing assembly 350.

In one embodiment, first lead. 333 may be connected to a

power supply thereby directing a voltage to first electrode 330,

while second lead 343 may ground second  electrode 340 to a

voltage of zero or opposite polarity: when AC is used, wherein

35 the plaéma discharge assembly induces the formation of a plasma

" discharge within the reaction zohe 390 between first and second
electrodes 330, 340.. The electric field may be created by

either a high voltage DC power supply or an AC power supply’

(which may include various waveform shapes such as sinusoidal,
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Conpré'ge Cq@a{]ynelb exf!; nszl_c e&'t Ofrsc?rgonag different material than second
electrode 340. Reaction zone 390 is the space between first and
second electrodes 330 and 340, wherein the gas stream introduced
by gas introduction assembly 370 reacts with the electric field
generated by first and second electrodes 330, 340. As noted

30 above, second electrode 340 includes a .plurality of first
passageways 344a extending therethrough for allowing the gas =
stream to freely pass through second électrode 340 to reaction
zone 390, Similarly, second electrode 340 also includes a
plurality of second passageways.344b. extending therethrough for

35 allowing the. reaction product effluent to pass from reaction
zZone 390 through second. electrode 340 and subsequently through
second spacing assembly second passageway 364 toward reaction
product effluent collecting assembly 380, as described above.

An alternative embodiment of the apparatus 310, shown in
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oxi dess and Zsd&fl9Xy outlet 406, and a condensing fluid introduction
assembly (not shown) for introducing a condensing fluid into the
condensing assembly. Condensing channels 402 are operably
associated with second plate 325 as shown in FIG. 5C.
Condensing channels 402 comprise channels'ektending into second

30 outer plate 325 from second plate - interior surface a
predetermined distance (not shown). ‘The predetermined distance

will preferably be a distance capable of allowing the passage of

an effective amount of a condensing liquid through condensing
channels 402, thereby enabling the regulation of the temperature

35 of gas stream conversion assembly 310. Condensing channels 402
are operably attached to a condensing fluid recycling assembly

(not shown) via condensing assembly inlet 404 and condensing
assembly outlet 406. The condensing fluid recycling assembly
includes a storage and/or regulation apparatus- capable of
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t he channelklectrode second surface 342. Although catalyst 420 is disposed
on, or otherwise associated with, second electrode 340, catalyst

420 may alternatively be disposed on Ffirst electrode 330.
Generally, catalysts used in OCM reactions may be classified as
30 either reducible or irreducible metal oxides. Methane and
oxygen may be fed alternately over reducible oxides and a redox
mechanism for the reaction has been suggested for the production
of C; products, wherein the metal oxide acts as both the reducing
and oxidizing agent. Irreducible metal .oxides, such as
35 catalysts with rare-earth oxides, act as catalysts which are
favorable for OCM. However, over both reducible and irreducible
catalyst oxides, OCM in the absence of a corona discharge plasma
still requires high. reaction  temperatures. A gas stream
conversion apparatus 310 having a catalyst 420 on . second



function in accordance with the present invention. Furthernore, 35 a
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Al ternat i velkyl;hdnlngh Chaamﬂpst%()lmy Hees comdegd @risidlldsed as enkcbmpassing
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substantial | y porous material, second spacih asse has a
generdd |y rehe FRATRIOD RS FhsvgpS R rRan “@a&%@m.% mca%mepé&%. dfied

bet ween passagesmybatéd B8 use as%&taﬁpgtsggond out er pI ate 325 has a
drain 382 operab{ asso | at ed tg rein fo .the g_{lal n|n of a

uid
reaction product A an ahFghR ﬁv?nof"e HV?B &°Bgothey 3PRAY gjz'uﬁpé’r@bl Vi
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openi ng 35 o {A-ENRSEGAUKLOW €436 L8R rieh HUIH 1D cRahhAY5d 430a-

reaction
25 430e, which extend lengthwise as grooves within electrode 340

wherein channels 430 face electrode 330. As shown in FIG. 7B,
each channel 430 has a width 432 and a length 434 (FIG. 7).
Channel 430a is positioned a distance 436 from second electrode
first outer edge 345, and channel 430e is positioned a distance
30 436 from second outer edge 346. Although five channels are
shown in FIGS. 7A and 7B, one of ordinary skill in the art will
understand that the number of channels in electrode 340 may be
fewer than five or more than five, as. long as the channels
function in accordance with the present invention. Furthermore,
35 a spacing member, such as spacing member 438, is operably
disposed in between each pair of channels. Each,;pacing_meﬁber
438 has a width 440. It will be understood by one of ordinary
skill in the art that the width 432 or depth 433 of each channel
430 may be made lesser or greater, for optimizing the function
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cat al yst cataﬂz?sﬂc dj sposed on electrode 340 in FIG 6, the reaction of the

25 In an alternate embodiment of the invention as shown in

FIG. 8, gas stream conversion apparatus 310 is substantially the

same as that shown in FIG. 5B, except that second electrode 340

is comprised of a substantially porous material, second spacing

assembly 360 has a denerally rectangular passageway 365

30 extending therethrough positioned between passageways 363 and
364, and second outer plate 325 has a drain 382 operably B

associated therein for the draining of a liquid reaction product

produced in reaction zone 390. Drain 382 operably extends from

second outer plate interior surface 326 to an external opening

35 in the second outer plate 325. In operation, a liquid reaction

product produced by the reaction of a gas stream with a plasma

discharge produced by first and second electrodes 330, 340

within reaction zone 390 filters through the porous openings in

second electrode 340, and subsequently through generally
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25 electrodes 330, 340. The gas stream reacts with the corona
discharge plasma generated within reaction zone 390, thereby
producing a reaction product wherein the reaction product may be
a gas, -a 1liguid, or a combination of .a gas or liquid.
Furthermore, if second electrode 340 contains channels 430 ‘(as

30 shown in FIGS. 7A and 7B), the reaction prcduct may be adsorbed
or absorbed by a material within channels 430, as previously
described hereinabove. "The reaction product will contain higher
level hydrocarbons, or some products which may contain an oxygen
atom.

35 If the gas stream conversion apparatus -310 contains a
catalyst 420 disposed on or in an electrode, such as catalyst
420 disposed on electrode 340 in FIG. 6, the reaction of the
gas stream containing hydrocarbons with the corona discharge
plasma generated between first and second electrodes 330, 340
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selectivities are 2.33%fornal dehyde, 22.7 net hanol 11% et h
formate, 0SPIHANGAFSERIY 5867 ?%?ﬁ?‘é‘eway 3640 dftep &PEF&"‘FQ"@OFPEEEQEB
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that of the condensation point of the reaction product. If gas
stream conversion apparatus 310 contains condensing assembly 400
(as shown in FIG. 5C), the reaction product will have condensed
25 within the gas stream conversion apparatus 310 and the reaction
product effluent entering the collecting assembly 380 will be a
liquid or a combination of a ligquid and a gas. Therefore,
reaction product effluent collecting assembly 380 may conmprise
an outlet tube, pipe or conduit capable of allowing the reaction
30 product to exit the gas stream conversion apparatus 310.
Reaction product effluent collecting assembly 380 may also be =
connected to an analysis assembly (not shown) for the
guantitative analysis of the reaction product. It is further
contemplated that reaction product effluent collecting assembly
35 380 includes a storage assembly, preferably capable of
segregating the reaction products from one another as well as
segregating the unreacted gas stream from the reaction products.
The unreacted gas stream components may be recycled back into

the gas introduction assembly 370 by means not shown for further



v

WO 98/ 32531 PCT/ US98/ 00823

35 essed by CJerr] in the feed), 4.59% etha % CO
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methyl formate and 18.65% fornmic acid.34 Liquidis collected as a
concentrated (50+% organi c) aqueous solution. 5 Exanpl e Ten
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is fed at total .rate otb(?;io cc/m 0. An ,AC. . _sinusoidal waveformis, used
at 155 Hz WiPfh VLIS, GERGR SRRy AeEET IPRAENNERES - coner SRR 3F SBIFIRG
achi eved wielllemgpatsyr edectitrode chaheelisyi hfisotbb2Rg) eabadebindr Opaceta byt be
and + ar e s 1 jgnifi t unt s but .for which r

wer ec%ot §‘\“aeﬂes%g'eaé‘isf’i chJcna e|ei{)!§rla #‘gﬁésaq-@, I%Qza(l‘:g alregé(%d;%% Icﬁbe%%c%Jo%%‘r \)ﬁ%gaﬁ%
hydrogen weemdinedr bduvedions ways tahgensitrushowthdre wepaiens tdfatthe
there has %ﬁ;‘gﬁr%ftﬁ‘é deei & functﬁ‘Sﬁoriﬁ’xa%&&&a{h<§§ewP£§S%ﬁ&. 1R 1k Al

net hod g

apparatus a for converting a gas stream containin
hydr ocar bogentemplated heraimon product containing at |east one carbon atom

that fully Balnpid &feddlf 0bj ectives and advantages set forth above. 20
Al t hough the invention has been described in, conjunction with
specidd ¢ enbodi NI RHSERIIPLIg 1 The KANNSKES IMtARRARATUS hag)| 3 phateaRd

nodi ficati @latane gt idonsot iduke: bRpaigii 49 shown iMosessks| | ger@ihhe
RO T RO £ R DRI (4 = 8 T A
scope of theteypegeebud datkalyst is present on the plate electrode. The -
o orat Syl Bk be, o BRSS9 nBOT A BB ERRMD 35
havi 3§ at la@pdtieshdeturerm theomlasfimrdes ngéiith a Grémusnicy), ohalF@gHat and
| east one iy ekl tidd 3326288 RV rms. Gased 3% £RACaEXt 66 OferPetBEGre.
The total flowrate of gases is 100 SCCM with the composition
being 7.5% oxygen, 30% methane and 62.5% helium. Conversion of
the methane was 25%. Combined ethane and ethylene selectivity
20 was 52%, for a total C, yield of 13%.
Example Eight
In this example, the conversion apparatus has a parallel
plate reactor configuration with a glass dielectric, such as
shown in FIG. 5. The methane to oxygen ratio was 3:1, with no
25 other feed components. The flowrate of the gases was 200
' cc/min. An AC sinusoidal waveform at 100 Hz with a voltage of
5 KV was applied. A methane conversion of 24.81% is achieved
with gas product selectivities of 15.07% CO,, 4.88% ethane, and
18.12% CO. Liguid selectivities are 2.33% formaldehyde, 22.72%
30 methanol, 8.11% methyl formate, 0.02% ethanol and 21.94% formic
acid. Liquid is collected as a concentrated (50+% oxrganic)
aqueous solution.
Example Nine
In this example, the conversion apparatus has a parallel
35 plate reactor with a glass dielectric, such as shown in FIG. 5.
The methane to oxygen ratio was 3:1, with 40 cc/min CO,;, a total"
flow rate of 200 cc/min, using an AC sinusoidal waveform at 100
Hz with a voltage of 9.75 kV. A methane conversion of 24.22% is
achieved with gas product selectivities of 0% CO,; (CO, production



a first electrode and a second el ectrode, wherein the first .

el ect r ode VA®AHY second el ectrode are selectively PCTY80PR23| n
relation to each other and positioned 35 wi thin the housing so as to
be spatiall y di sposed a di stance from each ot her; a DC or AC
ener gy sourice $mpppessle|di iy 2l asmatlesdwmde 4.59% ethlaeie/yemtilesf cost
el ectrode C C ; Je sin tre m
cont ai ni ngqﬁ% Scarb %'é)épl&i@léé O&eebejf%/\feéﬁn‘tﬁgaﬁjr?é?gg‘?%(:t?86!285 Eeit gnoi
second el edt.Gd& methyl foumate andgedds 65% CEolndct i agifihe rddguiah is

Cont i ni ng “O e YERE conqencrat 190 O aateat e SLAET,

first Sand secon@’@“&b]tefm 2. The apparatus of claim1, wherein
at least one of frherfig Séxaﬂﬁléect%fié Rlopsleraden 'a&)ﬂé&%ﬂdé) sybgheaghah! v
within the housmg he appgratus aof claim 1. further Conprising
at | east omdadsh |er?g§:trﬂ§?rt‘3‘@rubl Sdedesir o Suaheas: S&%’"oflnt H&Gi Pst

and second ehrainateor 1y s iia Iﬂemmtaawﬂag e iorStoare /a9eQndan AC
el ectrodes at said dJSsta a ara,

s of claim3, where
Che-spaci nd TMRREAAA & MAVREIT 45 ased & oS He Wit a el ugpatabad SV-
cl ai mo4, wizer methilne dooheetrsionnmadfrisds | 4sgl asBieved with g'Ete @l&bdﬁ@tus

of Clai”]4€é%gﬂéiJ%%P9%fpgg %Hﬂ?ﬁgﬂ 'ﬁrgﬁanXteEh an%ugh éﬁ are also

housi ng
PCT/ US98/ 0QB8E®ent in 31gn1f1cant amounts but fo:ﬂ?whlch there Twerdhaot

appar at us qfy éé]?flrg 4ca%%&“§'tﬂoh§e di ?loecééfﬁon bful P Y and

associ at ed WI th at | east portion of one 0 f| rst an second
el ect r odes hydrogen was EBlso PFRAUGRMAY at us of claim 3 wherei n the spacing

menbears 5 s apri; Cl%@%@hllﬂgbesaﬁﬁafehﬁVtﬂﬂt th &P TS Wden W@é& in
t heret hrough for_allow n gg% assagp and col lection of the
t

cont ai ni ng Hongt PERE |r§p25“}¥ﬂﬁxﬁﬂiapparatgs and method

for converting a gas stream containing hydrocarbons to a
reaction product containing at least one carbon atom that fully
satisfies the objectives and advantages set forth above.
20 Although the invention has been described in conjunction with
specific embodiments thereof, it 1is evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, it 1is intended to
embrace such alternatives, modifications and variations that
25 fall within the spirit and broad scope of the appended claims.



el ect r odes. TH%S%'#E‘ET \B:rﬂgﬁ'at us of claim3, wherein the spacing
menber 10WO 28532831 ERLALEY ¢ erial and a non-cond®CTIUSEs/eN82Ter .

10. The apparatus of c¢raim 1, further co I si ng nmeans 0 | ng
the effluent. 11. The appar aﬁjérs of claim 1”“["'tm|ur“$“ﬁ:ml ng

means for what iGORAGNSLY jtdre reaction product produced by the reattion of
the 15 gas stream cont ai ni ng hydrocarbons wth the plasna. di scharge and
wher ei n t he readt on 4% RRRAT eFRF n§ORESREINY & F5Ss SEXFamiFontainipg

housi ng.  hydrocarbonslZo a THéactPid dreiuct cehghihihg ePPRG8hE hbPecules
reaction orodyct. condensi 2:% ﬁans conprises channel s extendi ng al ong
at 20 | BAIENG 35 iS5 oPeh SRR APy ATRF 151N e housi ng f or
colledting the eondeuastry| ehaviay prtodbeast one interior l8urfabke apmbratus
of claim1ll, wherein, the reactiQn... roduct, condensi ng neans conpri ses
a liquid substantial I]fasec onaedjeé(ceerﬁlcﬁne%% $3%or surface of the housi ng.
25 14. alfdrappelettsodefanda mekbnd ellectrodehewhezetinobhe first
product condensi ng [ o] t he . at
(R S ol A ORTEERL ol W et ctive By T

| east a portion of the interior surface i
reacti on product flowevaRlsughnatrelakion porteaph othemf ande peabtipned

30 10 15. The 3pRA{B! Uthe Glowd Phdn 44, a¥hebeie IR PG} | @lsposed a
product condensi ng neans_i s provided with channel s extendi ng WO
98/ 32531 predetermined distance fyomr/qasyy/ ;
?8 . al ong atﬁalr@s%o@ ﬁﬁcﬁ&&@:thdj)fat b&aﬁﬁheEiii%bhl%!t@fe?lg@ﬁﬁeé_rhetﬂi@uﬁiﬂgt
or collecting the condensed reac{ign products,. a _ligui oW ng
substantial |y adj acerﬁr&?qq"é"%%ﬁ éth rtq'beursf%cc%‘%fe]terf'et’?%%sﬁ ng, and
_ means for passing the gas stream containing hydrocarbons
15 between the first electrode and the second electrode;
and
means for collecting the reaction product effluent produced
by the reaction of the gas stream containing
hydrocarbons with the plasma discharge between the

20 first and second electrodes.

2. The apparatus of claim 1, wherein at least one of the
first and second electrodes is positioned substantially outside
the housing and at least one of the first and second electrodes
is positioned substantially within the housing.

25 3. The apparatus of claim 1, further comprising at least
one spacing member disposed adjacent to at least one of the
first and second electrodes for spatially maintaining the first

and second electrodes at the predetermined distance.

4. The apparatus of claim 3, wherein the spacing member
30 is a dielectric material.
5. The apparatus of claim 4, wherein the dielectric

material is glass.

6. The apparatus of claim 4, wherein the spacing member

is an exterior surface of the housing.
: This Sheet Has Been Replaced




a nmenbrane operably attached to at |east a portion of the 5 i nterior

surface ofW@B83253si ng, such that the reaction product’ POT/%98/008230ugh
at least a portion of the nenbrane. 37 '16. The apparatus of claim
1, wherein the reaction product i s absorbabl e, further conprising
means for absor ki ng @he appabsenBabbe rashi 0p, prvﬂﬁé&c‘éupr%técealaiebh&lc
reaction of the %F st ream cont aj ni n % hﬁqaocarbons with the g asna

di schar ge. Materi is OPETaRY ARRRctAceGrvEt ﬁ?l%ea%ﬁe?ePﬂthe aBSoPBENg
means ofS thd ifjiigt caphldecmid abicssthrsded he absor babl e reaction

pr oduct . 18. The apparatus of claim 17, wherein the liquid is a
15 solution of an effective anbunt of a silver salt. 19. The

apparatus of cl &.m 1, Theheapparadthes retctlaimpl pduiterein thesspaetngahkember
furthegr conpriging QEangd g.%hgxgsorga'&ra”havin agsoggégilﬁe{zﬁ%t L3Be d@ﬂ&“

produced by the react i on stredm con rocar ons
with the pltheretdirayah Jor alzi@Wlnq the passphge apdaraldection g@fmthe gas

wher ei n t hg+34dsQ bbBt amﬁg hyardc%l%&%lse%@ahl & emrtb'aﬂgdte% nd
tus of clai 58

adsor babl e reacti on product . The appara
wher ei n t helgstr@des an effective armunt of an adsor bant .
22. The apparatus of claim2l, wherein the adsorbant Is a 25 zeollte

23. The apparatus of glaim1, further risin aye of materi al
operably connected t 'R IRRATAYIR OF ‘E?’n Ri?st %Iem thes%Eﬁﬁé‘“g member

el ectupodes comprises a di¥ecthhic appeerial @id Cd ahdh2CondWEE ehg tpackayer
of 30 material is a material capable of nodifying the reaction of the
10. The apparatus of claim 1, further comprising means for
condensing the effluent.

11. The apparatus of claim 1, further comprising means for
condensing the reaction product produced by the reaction of the
15 gas stream containing hydrocarbons with the plasma discharge and
wherein the reaction product condensing means is disposed within

the housing.

12. The apparatus of claim 11, wherein the reaction
product condensing means comprises channels extending along at
20 least a portion of the interior surface of the housing for

collecting the condensed reaction products.

13. The apparatus of claim 11, wherein the reaction
preoduct condensing means comprises a liquid substantially
adjacent the exterior surface of the housing.

25 14. The apparatus of claim 11, wherein the reaction
product condensing means comprises a membrane operably attached
to at least a portion of the interior surface of the housing,
such that the reaction product flows through at least a portion

of the membrane.

30 15. The apparatus of claim 11, wherein the reaction
product condensing means is provided with channels extending

* c L M s *



39 stream of gas containing hydrocarbons with the plasnma discharge.

25. The apapegaessy of claim 24, wherein the | ayer of nateri goraspssnses of
nodi fying the-reaction of the stream of %§ cont ai ni ng hydrocarbons with
the plasnma discharge is a single netal o 26. The appar at us of

| ai m 2

oo 25 siere 0o e s gt ar g e st mseelal Lo Sl adsuddon
27. The apfieracailettihgi thesondansed xtele@ma:;eproﬁumseraalmapdbﬁeo‘oinq
modi fying s‘i:%%%&'a& ffad?]%‘éeﬁttr e Qﬁctgéiogogﬁﬁfﬂbagogyéﬁé’cl%ﬁ@i‘ﬁ g W 4k

t he plasma di scharg appar at us of
claim 27, @hem@n}ﬁr@m Aerakly n%’@'ﬁiicb%@dé:q agbr Jsastat ar irArikoreesct e

from she grioRrGRRS 'S%E"f%G:eOEthﬁygﬁbu§iﬁﬁa[ 8aeh AL £ ] ehSE &84 LR phoduct

NaOH/ CaQ, Na[err O’Pr[err]Qerr Ca/N| OXIde La[err](Jerr]
Bi[err] d efdP Wﬁ[%"‘r“f’é@’e "E@‘b'ﬁ‘i?apparatus of

claim 27, wherein the nultlple netal OXIde Iayer of naterlal Is a
perovskite sel et ed f om_t he roup i sti.ng err

SrTigerr], CLdferr] é‘ﬁ BPPRERLRF) © fjaﬁ&ﬁtf[ e[1§‘r Bi f%‘?’?f %’foétlét
30. The appar ataubsom‘bacblla m Zﬁrtin/eer ecnmphesrmlgt | peanset fibroxaldsorhyry odn

material | R 8alie 39l & o p oD - BAUL BY°LRE! 102 0L 1 BRY 4ENEAE: gas

faujasite, I'te, Zeo apparatus of

cl ai MO30, \Staregim cand adaving dyldy aseamans |wAi tdy ey 9 leny Gls@Eraso as to
provide a zeolite having a substantially changed activity. 32. A
met hod for converting a gas stream containi ng hydrocarbons to a_reaction
product ef f | uent‘conthPREAFBIEEUPESC RV Nt atWhessin She eRFBER1ROORFaNS

conpri si ng jiheast BR§uel: capabldr B4 diakgorbidppatakusabsbebablet heeaction
appar at us co{rﬁg ges: a housing having at | east one interior
surface an® :

18. The apparatus of claim 17, wherein the liquid is a
15 solution of an effective amount of a silver salt.

19. The apparatus of claim 1, wherein the reaction product
is adsorbable, further comprising means for adsorbing an
adsorbable reaction product produced by the reaction of the gas
stream containing hydrocarbons with the plasma discharge.

20 20. The apparatus of claim 19, wherein the adsorbing means
is a solid capable of adsorbing the adsorbable reaction product.

21. The apparatus of claim 20, wherein the solid is an
effective amount of an adsorbant.

22. The apparatus of claim 21, wherein the adsorbant is a
25 zeolite.

23. The apparatus of claim 1, further comprising a layer
of material operably connected to at least one of the first and

second electrodes.

24. The apparatus of claim 23, wherein the layer of
30 material is a material capable of modlfylng the reaction of the
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. !
40 ?aﬁbﬁgéglﬁﬂiij‘Jq | afirst electrode
and a secwmgs@jzggt ro fiir st apdrARIstEs23
el ectrodes are sel ec movable in relation to each ot her

and positioned mnthln t he ﬁou3|ng so as to be spatially

di d t
ener gy souf SESFB OB R %ﬁ%#ﬁcﬁ%@n‘é UEkh ghe ploma AEHFT:

first and second el ectrodes; means for passing the
. gas stream cont gini "#ne apparatus of ofy e agar bens %{%&t ‘?ﬁef'iﬁ imdof
second el ectraodes; ,and nmeans for ect
reaction plMalgriads crpakder pnmodifying the re%ﬁﬁlﬁﬁu%frﬁpe streﬁmoaﬁcg%@
an AC or DgoRtasfing R rRineean dihechd rflasma discha#fd SEWdsingle
el ectrodes; I nt.roduci ng a gas stream contai ni ng hydrocar bons |nto t he
housi Ag, mﬂ%F@Fn°Fﬁ§egas streamis passed into the pl asma
di scharge causing the hydrocarbons within the gas streamto be
converted into act dr ocar.baons havj st one, carb
atom and Ileggﬁn Hﬁﬁfﬁgﬁﬁn%ﬁi?&Qﬁ%cﬁ?boﬂéegglan ?r%ﬁg?%e
housi ng. oxideSBatheoﬁEmitmrrﬂlcisusalﬁhte@hémemntha gheuptepnsispingldfng
t he appara a rt Rer conprises at |east one spaci ng nenber
oper abl y agééélapgd mﬁ? 3 ‘%gfiaane of the first and second el ectrodes
tor spatially maintaining the first and second el ectrodes at said di stance.
34. The nethod 9f750| 3ip 33 ﬁ%ﬂéé—“ dhe cpagl NGq TEMHEly 4 fn 3 ! GaLELE of

|

mat eri al . . of ,cl aim 34, wher éi n t he electric materi al
is gllss. materigd c?ﬁ@bﬁétﬁgdm8ﬁ1§V&Pﬁ1§ﬂe WReFEiAnt AE Bhe| SEYRAR RAt SRFal

i s oper abl goataqaiinkedydrdtadboneastita phet p0ashh QDecRhrbeii askhudtiple

second electro es
etal oxide.

28. The apparatus of claim 27, wherein the multiple metal

oxide layer of material is selected from the group consisting of

15 Li/MgO, Sr/Lay0;, Smy03, NaOH/CaO, Na,0/Pr,0;, Ca/Ni/K oxide, Lay0s,
Bi,03-K,CO3~A1,05.

29. The apparatus of claim 27, wherein the multiple metal
oxide layver of material is a perovskite selected from the group
consisting of LaMnO;, LaAlOsz, SrTiOz, CrLa,.,Sr,03;, and BaPb;.,Bi,Os.

20 : 30. The apparatus of claim 27, wherein the multipie metal
oxide layer of material is a zeolite selected from the group
consisting of mordenite, faujasite, X zeolite, Y zeolite, and
ZSMS.

31. The apparatus of claim 30, wherein the 2zeolite is N
25 chemically or physically altered so as to provide a zeolite
having a substantially changed activity.

32. A method for converting ‘a gas stream ‘containing
hydrocarbons to a reaction product effluent containing mnolecules
having at least one carbon atom, comprising the steps of:

.30 providing an apparatus, wherein the apparatus comprises,
a housing having at least one 1nter10r surface and at
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a1 O bt MMM, oeerer po che <ten orcpragiag o

havi ng a passageway extending therethrougb for allow ng the passage and
coll ection of the gas stream containing hydrocarbons between the first and
second el ect rodes. leggt ofheenbehadrotucfacm, 33, wherein in the step
of  providing at | eagt £pAg: SORCLBRLAEIRAY 12 UCHRA WIMLIIRE! o 5% 2
dielectric materi al | 5 a non-conducti ng spacer The negt of
claim32, further conprlsfhESFheaE@eps%ﬁ°n orffartnrfiese axe | g@jtectively

40. The nmethod of clai m 3govébeeein t@l&ﬂfoﬁt@cp &ch CHHISN UMY gdi tioned
effluent, the effluent is a The net hod of cl ai m 39,

wherePn in the step of cUhﬂghglﬁ@eth@J%’F’fg Fhes EAbermalerlly Hanaged.
42.  The nethod of claim §9prahe{:érmhadt h@s&hﬁ@eotroﬁoadeﬁswaefrhe

ffl t, the effl t d | . Th
method of cl ai m 32, ARBPSI Fon RICAATERS o BIARRY, P CHESppPELRET (e

met hod of claim 32, BRBPS
apparatus further conpriseirgEaasd Secondneéaestrgdebe ef f | uent, mhereln t he

means for conden5|ng | di s t ou
nmet hod of claim 43, mﬁ%reln'ﬁﬁi sgqb%r h@%%de S@%g ?Er%?%V|déﬁl r]it;"ng
chankel s extendi ng al ong awdreasrbansporhaté\feaﬂ ttke i nfersbr smdf aceasing he
housi ng. 45. The g@%@@goﬁEsC|§hﬁ‘43 wherein in the step of
provi ding a neans for condensin feacti on product, the

means for collectlng a reaction product effluent from

the housing;

producing a plasma discharge between the first and second
15 electrodes;
introducing a gas stream containing hydrocarbons into the
housing, wherein the gas stream is passed into the
plasma discharge causing the hydrocarbons within the
gas stream to be converted into reacted hydrocarbons
20 having at least two carbon atoms; and
collecting the reacted hydrocarbons as an effluent from the
housing.

33. The method of c¢laim 32, wherein in the step of
providing the apparatus, the apparatus further comprises at
least one spacing member operably associated with at least one
of the first and second electrodes for spatially maintaining the
first and second electrodes at the predetermined distance.

34. The method of claim 33, wherein the spacing member is
a dielectric material.

35. The method of claim 34, wherein the dielectric
material is glass.

36. The method of claim 34, wherein the dielectric
material is operably associated with at least a portion of one
of the flrst and second electrodes.
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reaction product condensing neans is a liquid substantially adjacent the

‘exterior WORBIOf the housing. 46. The net hod oPCATUEIHPOH33
wherein in the step of providing a neang for condensing a reaction
product, the WO 98/ 32531

PCT/ US98/ 00823 37. The method of claim 33, whdrein in k&&ctSaep of

product condensi n e ran Qper. attac o_ at
| east a poPﬁ Pid&ggt ﬁg ﬁﬁ%%ﬂjor% §‘:'P%ace oY erp %e I?cﬁfs‘fln’bg Stie rﬁb é e
reaction pnoducbnﬁhcmsnghspagarthaaunq a paesbgaway extendmg thelﬂetmheugh
met hod of fﬁ% ﬂaé%ggét%BKPfcollecQ QMfdéfg d'Ta8s Qrean
condenS|ng a rea action product condensing neans
is provi desowtann@ﬁgnhﬁﬂgocarbowt*e%‘évﬂgn&%émst: anét secpndtebecerodeas.
interior surface of t he housing for collecting the condensed reaction

products, a l'iquid flomnﬂg substantlallg adj acent the exterior surface
of t he hou§'r‘3ng Thed BeRBABr He SJtidbl y3lat t¥kaEaing kn tdhest skep of

portion of prbeidihe i gt aaéﬁceo% t BpaBOHgI Hﬂen%@f' t ke tBﬁaCJ.n I fafbesn
product flows through the _nenbr.a The rret od of claim 32,

further coFFﬁP‘Pé'llﬁ&St ﬁe%ﬁcﬁlc matfd’s‘ﬁlb At &h %&%}ﬂﬂ NG IRITET -

product produced by t he reaction of the gas stream containing

hydr ocar bons wi S | e. 49, Th ho
1o m 48, furtha® corpe BesBoR 8E GIEENYLS yrener compriting ERBLIROE,
by usi ng acanemslmgpabbeeﬁﬁluent.absorbing t he absorbabl e reaction

pr oduct . 50. The nethod of claim48, further conprising
absor bi ng an absorbabl e reaction product, by using an effective anount
of a silverOsal The method of srlaffe @#8hhodhereinai b 3the ustiedr of

conpri si ngcbnReHs@MPithe ef AN RhaAdSARAbIL 4 eped i on product
produced by the
41. The method of claim 392, wherein in the step of
condensing the effluent, the effluent is a liquid.

42. The method of claim 39, wherein in the step of
condensing the effluent, the effluent is a mixture of a gas and
a liquid.

43. The mnmethod of claim 32, wherein in the step of
providing the apparatus, the apparatus further comprises means
for condensing the effluent, wherein the means for condensing is

disposed within the housing.

44. The method of claim 43, wherein the means for
condensing is provided with channels extending along at least a
portion of the interior surface of the housing.

45. The method of claim 43, wherein in the step of
providing a means for condensing a reaction product, the
reaction'product condensing means. is a liquid substantially
adjacent the exterior surface of the housing.

46. The method of claim 43, wherein in the step of
providing a means for conden51ng a reaction product, the
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reaction of the gas stream containing hydrocarbons with the pl asnma

di schar ge. ‘WO 98/32531 52.. The nethod of claimb51, wherein_in the step of
provi di ng a neans for adsorbing an adsorbabl e reaction prod&d{US98/00823¢ he

adsorbing neans is a solid capabl e of ads bing the adsor babl e
reaction product,. 53.. The nethod of claim52, wherein in the step of
VO 98/3253feact10n product condensing means compr1$g§7Qfm§mmm@Q3 operably

43 provi diatgazheans fo8 Pé@@hibangoé\elaﬂsafb%ﬁhe1&1%%%':;9“ f%‘tf%of
solid is an eff.ective Em)gnt of  zeolite. a|m

32, wherei FOUFIe SHER oFPRFoVFRE ng"‘%a}%lﬁbapﬁﬂé‘c"ﬁ ﬁé?@ﬁ othraughi athe s
operably coemxetewd.to at | east one of the first and second el ectrodes.

55. The nethod of claimb54, wherein in the step of providing a | ayer of
material, the layer of material is a material capable of nodifying the
reaction of the 4§t.r e&Qneof mgahodcomf aicriien'gn hydr, ocatidpesn Wi the pkaspe of

di schar ge. 6, T t erein.ikn the s
provi di ng rlog;grl gS matlgg?a h’? e | aoﬁlecfér{% %ﬁt\gpl EFaSEbgﬁl ePB?éuﬁﬁdl fV??‘lg
the reacti §Rastiome RYOGAGH oopdensdmaai means hgdrmoevined with tdieamhebem

di scharge iektendlif %1'8%{95" *@Xi%t t h 4 forC! 2
wher ei n |nI1_‘S)&(fanstleg'II proavl ding a a por l?grrgtEe‘r?ahg3 rl]thh(]a:'(?Lsm—rclgﬁ%r'r@a %ot

oxi de | aye °ﬁ’§t1é’r§ dox SC%H%%FEHgf bm £redgnsag @'@ngrtspmngmﬁdm RbO,
Sn[err]CIeﬂﬁhulaniﬂdﬂﬁﬂd]éﬁﬁéﬁdntlally ad§§ceﬂ@etﬂgtg9ﬂe9 dgiﬁdgégée of

wherein in_the stlbsgf) g VIdI ala of material, the layer

material cXBEoPHEH NG ’P§ Tl PBRTAPLY hetearba dio ga§ de@sdi d ng
portion of the 1nter10r surface of the housing such that the
reaction product flows through the membrane.

48. The method of claim 32, further comprising the step of
absorbing an absorbable reaction product produced by the

reaction of the gas stream containing hydrocarbons with the
plasma discharge.

49. The method of claim 48, further comprising absorbing
an absorbable reaction product, by using a liquid capable of
absorbing the absorbable reaction product.

50. The method of claim 48, further comprising absorbing
an absorbable reaction product, by using an effective amount of
a silver salt. '

51. The method of claim 32, further comprising the step of
adsorbing an adsorbable reaction product produced by the
reaction of the gas stream containing hydrocarbons with the
plasma discharge.

52. The method of claim 51, wherein in the step of
providing a means for adsorbing an adsorbable reaction product,
the adsorbing means is a solid capable of adsorbing the
adsorbable reaction product.

R 53. The method of claim 52, wherein in the step of
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hydrocarbons witht eis amltiple netal oxide.
59. The mbtmis;m‘ Hfmlﬁﬂﬂmlﬂw; ﬂ' in the step of. provirdrvigsssmeesayer of
material, the nultipl*e fetal ®oxide* ayer ,of materi al is anulti pl e net al
oxi de nixture selected fromthe group consrstrng of Li/ MG,

Sr/Lalerr] ghethhing"henehRECELL, adBOFL LAY ahed Q5B & SEEd L 86h ] prod@éti / K
oxide, Laferr](err], Bl[err_]CIerrv] IgLPrr]CCIerr] Alferr]Jerr].

60. The meth6dsedif] dAsmang effgstdivie ARt Sfegesiliff-oviding a | ayer of

material, the rrultrple nmet al oxi de Iayer of material is a perovskite

selected fromth p con Lavn SrTigerr
CrLa[err]Sr[errPér ?‘ aﬂﬁgéaé r]céra[ %er?’ ertfh'in S'chie Stel’ of
44 GprQVBdlﬁgthﬁﬂeofapparatﬁs Whemayenruﬂmemateplaﬂ pisvidpegahly
| ayer of t It| I tal f terr ite
selected f ﬁ?’te%le:egr %S)pgt:&onsﬁ%sstqﬁ % of° % Jtatysq{ fag"ud gésaeﬁon ]'292% %&é)é and
ZSN\b. 62. The nethod of claim®6l, V\/nerel nin the step of providing a
| ayer of materigl, t e I S,£h | y 40r I 1y, al e to
provi do. a zeol | 08 haviisy AechBd, Sof! ﬂﬁq“ch?ﬁgeﬁﬁ%&‘fﬂ o el CReed for
met hod for p@'@N\léﬂﬂgngaa%@é@rst@ﬁama&ﬁﬁl@ih n§hey dkairer b@rfs maat%rrl%éctlrsona

product ef fLigeRY aQ0RLPH1RI FOMBAYFGI B thBIrah ck8af! o8NeneaLPPBaR! 81 ﬁag
at |east some of the nolecules containing an oxygen atom conprising the

steps -of : contadndpgyiyfracadhphisat{ih s BRI’ conpri ses:

a housing having at |east one interior surface and at | east
one exterior surface irst electrode, and SEeCco el ect r ode
wherein t he 56. The mefhod, % d %élecVP8H§§nar%nsgﬂEEt§& of

rmvabl e | nprevddiiog taolegnelr ofhmatamdajgsitheobeger of material captbile bdbfie
housi ng Som%%ritf?zi%[;:%}éa Sadl Sppsesk the = stream ér‘fd'%%éncéo%&&%%ﬁ&h

ot her; energy sour ce pro ucrng a
di scharge bydpesartens wigth &h¢ pdesm@ discharge is a single metal oxide.

57. The method of claim 56, wherein in the step of
providing a layer of material, the single metal oxide layer of
material is selected from the group consisting of CaO, PkO,
Smy03, and Lay0sz.

58. The method of claim 55, wherein in +the step of
providing a layer of material, the layer of material capable of
modifying the reaction of the stream of gas containing
hydrocarbons with the plasma discharge is a multiple metal
oxide.

59. The method of ' claim 58, wherein in the step of
providing a layer of material, the multiple metal oxide layer of
material is a multiple metal oxide mixture selected from the o
group consisting of Li/MgO, Sr/La;0;, Smy,03, NaOH/CaO, Na,0/Pr;0s,
Ca/Ni/K oxide, La;03, Bi,03-K,CO3-Al,0;.

60. The method of claim 58, wherein in the step of
providing a layer of material, the multi@le metal oxide layer of
material is a perovskite selected from the group consisting of
LaMnO3, LaAlOs, SrTiO3, CrLa;,Sr,03;, and BaPb;,Bi,0s.
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el ect r odes; SsSi rfg Tﬁeuga stream cont ai ni ng
hydr ocar ba,gs) gﬂveen sel t)‘ﬁ ql@ﬁﬁ@gms and
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62. The method of claim 61, wherein in the step of
providing a layer of material, the 2zeoclite is chemically or
physically altered so as to provide a zeolite having a
substantially changed activity.

63. A method for converting a gas stream containing
hydrocarbons to a reaction product effluent containing molecules
having at least one carbon atom and at least some of the
molecules containing an oxygen atom, comprising the steps of:

providing an apparatus, wherein the apparatus comprises,

a housing having at least one interior surface and at
least one exterior surface,

a first electrode and a second electrode, wherein the
first and second electrodes are selectively
movable in relation to each other and positiocned
within the housing so as to be spatially disposed
a predetermined distance from each other,

means for producing a plasma discharge between the
first and second electrodes,

means for ©passing the gas stream containing
hydrocarbons between the first and second
electrodes; and

means for collecting the reaction product effluent
from the housing;

producing a plasma discharge between the first and second

electrodes;

introducing a gas stream containing hydrocarbons and oxygen

into the housing, wherein the gas stream is passed

into the plasma discharge causing the hydrocarbons
within the gas stream to be converted into reacted
hydrocarbons having at least two carbon atoms; and

collecting the reacted hydrocarbons as an effluent from the
housing.
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