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oxi de. An el ectrocat al ytic process is described for producing synthesis gas
fromlight hydrocarbons such as neth & ﬁra&%ural gas. The process

general ly conprises the steps of (A) Pro an el ectrochem cal cell
conprising a solid electrolyte having a first surface coated with con-
ductive netal, (eassingsp |°&@erb¢°mammsv@@ confagt withfthefisgs cdpHstivefcoating tareduderthp gasite form
reducri on of ox nig¥s:0xygen i ons, and a second surface coated with
conductive et a %E'?Qi?et%;ﬁ? d@“@?gaﬁP’ﬂ'ﬁf'ﬁﬂt hydieqatbens in qopiget witieihe segend conistutive coat-

coatings are st agt yifh fonsig pg bystion lodormsynthesingascedduct i ve
ngs & ngfeﬁww BPUUBH B od by, v

coati ngs cfpt I on tted by an external circuit, (B) heating the

electrolytic éﬁgMes i of RIS ALur € of at least [err] 2 EP 0 311 307 B1

(C passing a-n—m'y%@n—congg‘l—m—%g gas in contact with the first conductive

coating to redugg {id1&id3I q & at ur aI
. ﬁt hy o éﬁoigg rago ﬂs%&ﬁ&ﬁﬁa.{p&’@&f ﬁ.‘% fglac§§y| um'?é rfgﬁt’g%d trpus inven-

gas or ot her kg ns in contac seco I've coat
ing, to react Wi§Bisalish viewyde BrodsQBioh & aR@bctrodHemicsl mlﬂecat:ﬂoﬂ@efhl?or %?M%BM
gas, and 5 ofthem@ntisrecoveri ng synthesis gas. Brief Description of the
Drawi ngs Fi g. 1Fig.3 isa sidedRwydn@ éfossodattiofi biaferestth SHo@Rin®lg. #N appar at us suitabl e
for carrying out the process of this inven- 10 tion. Fig. 2 is a top view,
and cr oss & e epaiption of thePrefeesitEntodidentcal cel |l reactor useful for carrying
out the process of the invention. Fig. 3 is a side view, and cross-section
of the reactor Bﬂﬁ#wnntpmpwd;sa@ntﬂméus pResss for ganverting okthérecnatirabgas orottébr mixtures of light
Enbodi ment s Tidracarbaradesynthesisges iniag electeechemicalicell Gheselqotrashersieal éets utilized \nthe prongss of
met hane, nat d'r'%l'nveg% agpralsg refasied tpiag elagtelytiasells, plegirogemsrative cells befuel cells. synt hesi s
gas (y an?el ectF @FP@?FP@EF“ present investion (s cendystesip ameleckipcheraical gell sughi as sehampticallyisep-
process of tﬁ? nip "(JW""W‘&I%??"‘?%?"@'P‘Y‘%&I'ﬁ"&%@“éﬂ%ﬂﬂ?‘iﬂ?{'ﬂ‘é "@@F‘!@ “sef"' f°"
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circuit thr Oukg&hdﬂﬁoh@wﬂléthBiraﬁsp%ﬂdi tHroughlthe 3IRIe6tFolyt tﬂ?ﬂa&@e éIJbCAMMOdeQIdL ond
circuit. 25 céndoéivé EalingoRsurfade} theldRidé IBRS roieBthitiie Iight BydrdcarbsH dab & pRialide)sliifths Gas,
el ectric pot @nd éledtrolscdra\aset. The blQIroROBELICED tiéRathitiside. NG srBbdifidnt @A) FIg.)
practice, an whargthe ancieartdaathoda greganmeatsd tigaugh & extethbiirdus, theRREtRHs feldask0 frbmhe antidé N
the first comelurotd thecathodetviarthp extelmal arauithothis)manaen thetrézetidnicertgendrytela aumanitimaddiganto
cont ai ni n& f dwwingthe synthegimgased i n cont act with the second con- ductive
coati ng (anode)Theagdlideleetrolyles used indherpraspssiof this ipvantioncsan becany material Whichsan teansfenesygen e
coating, oxydReRuRder theeppgitions gizhe precess, preavhich gee sighle tndenthe operating eroditions, especielygh
the solid el &MPPHE bft"s‘%‘@ TR oxyggrion genducting seliq glgetrolyteg are S@é eQYtigns formed be-
condyot | v %Ef‘ g nt afeﬂava!fﬂ'i Giens siel as calelum oxjle. goandim pxidgyttrium oxide,
hydr ocar b&n FLgL gg)@é@"a'e& trgtiqap %’6"‘? ‘Fs&ﬁ@"'aft@"i‘ é’ldé‘ﬂ?e'ﬂ"e" '1‘9?!9"
ons tha

eimels
yar : %sd ﬁ% Cy,00e
oo SRR 3&4@%% e kel
el ectrons relgy Ebiﬁi&g sgb' Ba’cd é @Q,
||

circuit. kn t8)bg c@@pamfoz stdbfizdd®H ol d.tian oﬁﬁw oslaed? h&seé? ab F&ehﬁ
35 forning telagrolysedlaRkand V0P fria) akCaO0dIdh ﬁo%m riblEl Th
of this inveolyRsars Harabterizedby thohigh omé coNiUcﬁJ‘ty %l? o%ymeﬁﬁdu&%N%fhdé?%eéw ﬁ\f
the condi ti omperatafe ani6xyfenQeeasie, atfthbindblativély Bw Boskt bl e under the operati ng
condi tions, espmecakdidivedoating BiPRE SolidiélEtrolR OnliRed o6 tHo katiiodp naibd ary marsne@PatidBfre-
conduct i n® s dlding onigertd Bxygenicnsand whictsiOdtabth undr thé bp@RiSing cOiditioAk. DXRmples\d RBtald ¥ dhREal
cont ai ni ng dioviddsaseful imtble preparatibrenti the cathade inslude nidkel Agldcpidtionm) (palbium,.Coppee; RftHanu
oxi de, yttri imangsresgstrontium, indium oxide-stannous oxide mixtures, or any mixtures of said metals and metal oxides.
The conductive coating on the second surface of the solid electrolyte (the anode) can be any of a wide
variety of conductive materials capable of facilitating the oxidative conversion of methane or natural gas to
85  synthesis gas provided that the stable material is stable under the operating conditions. Examples of metals
and metal oxides useful in forming the anode coating include nickel, gold, platinum, palladium, copper, or any
mixtures of said metals and metal oxides, or other mixtures such as cerium and zirconium oxides, cerium and
lanthanum oxides, etc.
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40 | anthanum oxide, et.c. with oxides containing tetravalent cations such
as zirconia, thoria and ceria. Their higher |on|c conductivity is due to

t he existence of oxygen ion site vacﬁcq%é &e oxygen ion vacancy occurs
foreach divalent or each two trivalent cations that are substituted for a
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oxi dat i ve co@Ybiteamare dipentgaf pheise or natural gas to 55 synthesis gas

provi ded that t ¥he sypthasis gas pradused bythejprcess aithednvantige at thejapode fssulstantinlly nitoogeln fréemnd .
Exarples 8f (uRIpes ambdurpefihydrogan,caraen meseddeiand mayicontain see Beatylenn obthylonar boty The

i ncl ude ni ckéY"th ol e a"‘&?“&g;ﬁﬂ?ﬁmg pnoUgts gHRarbep dipkide. The synthesis ges gan hesanverteddadiacl
netal s and 8)91" er- s {hesypthesis %‘ﬁ@ﬂ‘ b&@@?ﬁdéﬂﬂ‘%' bY qopBicighproc-

oxi des, ceri um.qg L%ﬂﬁ%ﬁu‘l J i 11 307 Bl The process
of the prﬁse@factbﬁtgaré{ﬁalcv[‘us nma ﬁ@ﬁ eﬁi,:”g‘sg::t : gie lew zth
one enbodi Megind QR IPbRIFEAGS ‘{E) esas >
1050 10 [er 1 Lambiien meaber i ey T?.Jf

aced a c cular
1 an el
el ectrol yti Ccérnabdtive rietdl Brrtheedl onicdd whidf hétﬁ &%E
i s maint ai neao&w:lvm ah Q&tﬁcGI%QBndQélle’Mat%ié%r ’Egﬁ%taé mﬂlaﬁﬁﬁ ﬁ ?E{e

is at ched to
exot her mi @i t yhe@ibsidé Eatiig@a Gind @8bcord wire lead FiEatBXNEH Binddatide bodki 39@.8 th\Q?N relieads
passed in coadsaainestéd thfotnigh dxtefral cirbult Briloigh hriiRetér28.1A balerPayral ﬂﬂ&ecﬁﬁge with the
pure oxygen, ammetanis ah be see &om ERItbistratiBWillstrate @A Figs. 2 difd 8)XHEEN contdins BN Hnbtpen
enbodi ment , sieee itimagh-tiosebtas ofi the icslCand ars oullsd @enlsPice 26 Bétaédn tihi caey @atihg 28¢f anode
r at her cont abmidhestol@® i n other forns such as [err] NO etc. Preferably,
t he oxi di %i ng drpgadtice, thp proceFsf the ereskntjm@ation isleoraibctetiwith & appdratds suth aalinstfatha i Fiys.
Wi th the proéé’dk3 kyrassing ap oxygen-ontainipggesithroughthe inmenaper specelad and hygivtarbon-containing
hydr ocar bons 98¥pHoh te ayerqpanspace 5. Theskyggreontalsing gasavhichheontatth the inbideronductive coating
hydr ocar bon f#%Fqqyssted m?WéeW%'lsWH'ﬁ@n'g'@BHF%Mhﬂ@"ﬂ electrolyfa 21 o aontdotsheutsiva nendustive
nat beal ggs f'?g?ﬂ - R4t %?‘E"r‘f’ed’eﬁt"&?% dheoxygerign feacts withthe, ighthydraigagbons con-

natural gas Ot f g m Eﬁsy %S'S@Fs t’&‘&wg%ﬂﬁ"%df‘%ﬁ Xygen
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u :[)I mat e user. A dothB nid ?:% e %Q&??ﬁatt | on cont v%?oa ,2,”2 s
70% by wei ghFheQ I?I?l-zrb‘?ner ‘pﬁhgeﬁa hgge ﬂt t ’E Is
and the bhal age8ssbPthibhg terUﬂan% @{he ra open

ni trogen. Thgpakd BNbthy MBQE@J U einbiidlth nmaéﬁqa bwe
di | uent such aThéprbdeseihe pragini .W%t-oﬁ@&:@nauyaé &ﬂéhct St)él%FeQéhre o¥ﬁ&96‘o1- lf’aQXonttohler
gas, includi ngbai emEMAsbtefds), MO Brofertbly bEtwdn 0RI59 MPal(hbolitdS t6'Slt" 16§tnfo€&{énte!a°”

Ni trogen and sThafiowasteofehielhytpsthrborthrowih e Gactorhidg bs\)éﬂémaésﬁe&b%&:né)&s(iﬁﬂr&?ﬁ:f

t he proce®s cintattibpthe hydemtrb@rwith thetafele fitestiin iosidefivdxdivarsionh & synthedis gaDOsHeact tfn%@of
and 20 conpfrem@ttoabayt 00 eacendsinay beaisesigmi contattimesiof fram 01620 Sscordelard Bahe @By Buicisht.
sone acet yl ene Iane embegdimentof the invsotidn, thé[doaversion bt tisslight hgirsmarhbrs to spathdsiBigassis imployed
smal | anount & agplyieganslseirigipatontial betweein heapore landsiathodea Gerertly, b potential whuptteabottd vbiisq -
ui ds using tA@ bFF@!!?i’éFtWFP'b'}BSE'PF"ﬁ?%cEBgeSIWWmtmlsllOsn breapplisd by the usemna batteryd
to net harfdl ‘B?P"E?)i’hﬁ'? a;g‘?"ﬁf?“@%@% 27 28y kigs@nt i nvention nay be further
exenpl i fied Ly Inthe fallow leg-1-3 and G1, thedight hydecgrbons aredregted in goopikianse with thevnethod

he present mventlon in a laboratory reactor similar to the reactor illustrated in Figs. 2 and 3. The reactor is
made from a 60 cm. long (10 mm. OD, 8 mm. ID) tube of 8% yttria-stabilized zirconia obtained from Zircoa

4



25 electrochem cal cell useful in conducting the process of the present

I nvention, and Fig. 3 is a side view me cell. In both Figs. 2 and
3, the electrochem cal cell conpri sefga??’éﬂiwi%o in which is placed a
circular solid cylindrical electrolyte core 21. The inside surface of the
sol i@ el ect r8r°§"é“é3 (Eorning). Ehednsidy ang quisidg surédcescaf the duble late coabertiwithitai thirlayes bfdlatioym ink
netal oxi de §Ffoeikard#898) Lo piayide permeableplagisodes: Thertybe ipheated insairret 1068°Cdidr 16 minutes [Thel
el ectrol yte 'W”g‘e 'V\H"He"é?ﬁ t‘e?"é’é'ﬁ'?"?'éﬁ?'{“g'aéﬂi’ﬁﬂw@? pitacheddq Riatingm strigps painted,

serves as th8“§gg % 'sé‘Bat ﬁ'f%éﬁ% fpr ‘3"6"‘"1“??% nsi de coatin
22, and a’se beﬁfngan% ﬁ?égu %
% sle ()

the two wire S%PF %{%;oftheznr:
s%fg L.Wo

amret er 28. WH%T
be seen from thﬁe&%& glgtcénqm E i”i%ﬁ hth 4er vo Fegulator

contai ns AN NHdgdn WRREbIMRGLR e s ft & °z' "' e atsowm ae
u

open space 2elddeWHahted 1880090 bk thS &%Fs'elaﬂabgﬁ 2<H5urélﬁ9ﬂr€ teE i8 0

I n practice, inttheirfuit @06 3605C. A& 10MmAGEI Ht 8doBwY, ﬂiafrdaenﬂrthb% |sQ'B BB tre a\éﬁoh Slrature,

appar at us sueie nidgenlfiow Sirépaicatbyittie hydrgifrbor, aild e xpbiimeREcMBbesi

oxygen- cont ai nilmtye GikeviglBxamis 1t3wd ComREExamples G-M.aRchydrdcartofl is methane and the feed rate

hydr ocar b®n- sedustedte 8 ge./gins Sanipies oftie dakeuoprbdinis p@vbiaped e abdat 20 hitite intervals, and the

oxygen- cont ag# sagplefeere gvialyzed by gast chiomatogrimhy bmeithelea Catla Serizs SV€! I aratGarlg) Séds 5900

converted t ogechwmatographoutiitipdta andlyge eefinery gasonbdires, Mk resilts shmeladeti belbw indalildl dred

contact the B%FF%E‘RQEGY?@EQRP&W% twagas samples, 3nd the electric cwrentfvaloes aref steiathestatenaties Fhe

(s A

coat i ng 23 rabang,conysssion eRorted lthescopyersipn at e termojirptiornf the aeagtidp whish is optneck@sarily at
tacting t#e H8 R%'mb‘?fﬂ'ﬂl‘]??f"?WeThEﬁ%ﬁ“F toanalyze t!’%ﬂf?ﬂ‘@ﬁ@a@%ﬂdﬂ Example Mekron g
this reactioff pletkP 82145 powsruPR{ygopRecied inperies witththe erfyaster.
outer conducff & ceé%?f' %“ﬂ?“ﬁﬁﬂ@h"“ﬂ‘??@h"é'f’f"@fﬁ“? formed by |eads 26 and 27

and the am"reter/battery 28 to the inner surface coating 22. |In another
enbodi nenf;, the anodes and cat hodes areﬂmfe.cked That is, inside
conductive coating 22 is the anod nductlve coatlng 23 is

t he cat hode. In th| enbod ne d ox en cont a| as .S passed
i nner or centr s 2-|§-th enb 2nent

is the same asCthe éﬂr@odl medt0 di scuss227 above 23l proeess of95.9e @r.dasent
I nvention generajly con ed ata ssure rom Q. 01-1 ahout
0.1 to about 100j'at]r'r‘1))gohergﬁslg(s nor e p.jr){a er abl y%{ween 0. 05- %9IVP ?’agout
0.5 to about 10 &t mbiPPeres§:0The f1 3G ate of3%+% hydrocar b®9«dhr dudh t he
reactor may be varigtogs degiged so lgmg as theye is suffici gg, gd03,gontact
by the hy$rocarbon with the anode to result in oxidative conversion to
synthesis gas. Contact tinmes of fromO0.1 to about 100 seconds nmay be used,
and contacttints o% €HHncdnverLibnece mulesnGHaoonveidtedsuf ficient. In one
enbodi rent of the invention, the conversﬂcdresofCHﬁefeld ght hydrocarbons to
syn&h95|s gas is inproved by applylng an electric potential between the
anode and”cat htle.® Bakeetivity paies 4 is Rredustahout 4 volts can be
appl i ed between the el ectrodes. THE‘)th@sﬁ“hﬂ conyerted potential can be
applied by the use of a battery 55 installed in the external circuit

fornmed by 26, ZFfe a@ntdbskieddnd recorded il thb &iefs J;v“ﬂWeﬂgtn E?‘:tﬁa E %S%y-
the |i ghteshyplbfetina®aSestfisalsh SERAMtERthE hefife @b @l@ﬁﬁca\%g t d’y tion
present i nvesraivoltag betieeh laQ@leatiassy eactor simlar e react

i [ lustrated i nifth@mllowihg Exhpids 4-B/1Re dbB detdribédTedtRteS ulﬁlfz&fﬁh@feﬁ@ga%rgarlaﬁwgéswn
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external circuit via silver wires attached to platinum stripes painted on
the side of the tube. The tube is heated in air at [err] for about 15

m nutes. % A40 cm section of 14 mm OD quartz is fitted over the
center section of the zirconia tube using SWAGE- [err] tube fitting and
[err] ferrules. A[err] tube fitting also is attached to each end of the
zir- conia tube which extends out of the quartz sleeve. The assenbly is
placed in a split furnace capable of heating to the desired tenperatures,
and the silver wires are connected through an ammeter and vol tage

regul ator. The el ectrodes are conditioned as follows: air is passed through
the inside of the zirconia tube at [err]



10 Nitrogen is passed through the space between the zirconia and quartz
tubes at the rate of 50 cc./mn., and the tube is heated to [err] over the
course of about 2 hours. As the reactor is heated, a current is observed in
the circuit at about [err] After 10 minutel at [err] the reactor tube is
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is adjusted to 8 cc./mn. Sanpl es of the gaseous product Seakacopiygised at g
about 20 msiseutfe of sudb@eospkisbiacb ©lses lgaru SanEuelinmnes o) edeyadshipgogage uy 3
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5.1 0.1 —  14.8
gsg ° 62. 6 %’ﬁgoresul ts |ﬁ3'(l)'abl e II S o?/\?1t1ﬁ21£31(1a) nearl-;/-q ““ “I |“mm|“‘“‘
conversion of a mxture of hydrocarbons to syn- thesis ncbeL M ained

(ExaQPI e 6), (b) any carbon dioxide prBABRE IR the feed |s not harnful and
a

can so be converted to synt hem_?_ﬁirgés_)_%%ﬁuﬁEWesi S gas contains sone
C2 product which is substantial X .
electricit be t at SArY R oo YIRS A :

process of"yt hzﬁb'!‘ sggg- ' ~

anodes. The caihodelWlOthe fBH13 owi rﬁy.&amﬂl.@ i's rz.atl num—-Thell 8 28.2
cerium | ant hangm oxj figg anodeg4 s pre_,q,arsed as jf ol | gug: the_Lnsidg gurf‘?cg of
a yttria-stabilized zirconia tube is t &d W|th athin Iayer of “pl ati num
ink to prqyi de®a petH¥bl e cAthode.0 'ﬁne tlibé is meated irm=air 3d»02062p6rr]
15 minutes. Am xture of cerium oxide and | anthanum oxidewith a nolarratio
of Ce:La of 1! 1Thesrbdulté in@sbld Nshow it @) dedily GubRitRvedowertion 3F Xinbiu of fydiieitbdnS & sy
the external tresisigacean bé obtdinad {Bilifiple 6),115) ahy.bafbon dioxide prRSknt iR tha febdis ndt Bdirinful dndlcanlso
hours. The elt®cbivedk®ilo synthesis@as) (o) the ynthesid a8 cantaing Worke Csipmdit Wiidhis stibsdntiallp ethylénad
silver w res amd/otkestylenshard (d)mleptridty cau® genegatqell es. The ceri um zi rconi um anode
i s prepared in TiedolowineExeaniaer-2 Hustris thetpingess otthe preseptiinventiomwitich(ulllizEs @b eartiometalS
Cerac) is subuidp auadesi THesathededn ihefollawing oxdmple:is piatinkmnum oxi de mi xture, and the
tube is fired afhesstiun:lanthanym exide ancsle gipreparedas follpwseihe ingidesyriace of aﬁtmsﬂwwzgm

i s net hane, ttH'?-P 'FFWF”&W g thindaysr of latiqurp ink i, provide acnetrasebl patijdp-(The lubp fs hgateﬂ iy ir ats
is appli edin E’FP’?J’T’“'%@T idure of @““‘&"ﬂ%ﬁ"dbé‘f‘%ﬂ"my'@ﬂw"!‘ﬁ@” ire3io atCe:Lg af 1, glyuried
results of t %’ ﬂ%{f% ' My “‘& SP*’BBL‘%’" aYyface or e bﬁ‘@f"%f‘r"eﬂ"a”2°°°°
sunmmari zed | SWH’S“ 8"‘*|°1e in thet pirquityfagelafinym gir ?’!‘Fa“H‘@’!‘JE?ﬁ\?%F?F’&ﬁ" n

vious
Tenp. Curr m cﬁ? rlf Itrcomum a% |s aépa%%' etﬁt I VI t2’¥nnere at cen nate (Cezi 4fro

mA ¥ substiuted for Tt id at Onjp120°C or 15
516 i% . In Examples 7-9, e ed gas |s g e, the flow 'min. extern e of 2.0
623 |s applled in each of a ples 7-9. etalls of th 5 and the of th of the
52 1 dtict obtained in Exam s 9 are sum in the foII r% Tét;pe . Ion
in Tabl e The results obtained in Exanples 7-9 denonstrate that rret aI

oxi de anodes are effective in converting hydro- carbons to synthesis gas,
and the synthesis gas can contain sorﬂ&-nﬁderi al which is substantially
et hyl ene 45 and/or acetylene ' i has been explained in
relation to its preferre;il ¢H to_Ee nderst ogd. that vyar] ous
nodi ficati ons éco qgé ‘b%re 4 tMMose upon
readi ng tHe speC|f undi@r st oot t hat 2

i nvention discl ose@eﬁ'érel ﬂ|°§§ | ntéh@led to YIonder suchOrddi fi 828 Bons0at fall

wi thin the scage ofcezite appspded gpai ns. S .G ains 15 4n el ggt gocagg ytic
process for cqnver gg iﬂag géjéral ga &r/ ot her Ilght h¥drocar ons to
synth,sl s 55 s onpr s (A ‘f?r I di ng 8n%l ecPPolhenBedl cell
conprising a ol i $eel defnohyien htwiTap ke flia« st surface coated with
conductive nmetal, nmetal oxide or mxtures thereof capable of facilitating

the reduct i oy gle O bEERed PERINEs A6 RerkARtte tﬁﬁ%;eél ﬁ&ms% @i ifi Ol %ﬁ

conducti ve Melgaions tsrarnm i, 4 b syMinédid al San'cOift&if? ol suﬁst;nh iy el

coatings ake smupkd e operatiing tenperature. (B) ea |ng

el ectrocheni cal wafd tﬁle lﬁ\f&nt%n haYR&T ebikifed iftbiatidh td/it8 BrdferrédPmibbdiments, it is to be understood that
various modifications thereof will become apparent to those skilled in the art upon reading the specification.
Therefore, it is to be understood that the invention disclosed herein is intended to cover such modifications
as fall within the scope of the appended claims.

Claims

1. Anelectrocatalytic process for converting methane, natural gas or other light hydrocarbons to synthesis
55 gas which comprises
{A) providing an electrochemical cell comprising a solid electrolyte having a first surface coated with
conductive metal, metal oxide or mixtures thereof capable of facilitating the reduction of oxygen to oxy-
gen ions, and a second surface coated with conductive metal, metal oxide or mixtures thereof, provided



(C) passing an oxygen-containing gas in contact with the first conductive
coating, to reduce the gas to form ox gen i ons 5 (D“m Hultﬂluulwulll
nmet hane, natural gas or other |ight I’Fé At Bns in cont act . s bl -
conductive coating, to react with the oxygen ions in partial conbustion'to
form synt hesi s gdbat balinebatirigp anegtobje atthergerstingttdmpeiaturegas. 2. The process of

cl ai M1 wherei n t(Riheeting thesleckpshemjcal celblaritempsratirecof aldeastcl®®®8, by an ext er nal
circuit. 10 3. THE) Rersingan exygsn-containing ges ircortachpitiytis fist soptptivaspating.&e raduce tp gasdo
o obess of any. oD PR TR 1WA AR PO HIEPRPSY oL o Ui B goicuds
process of any o ¢ » ;

conprises ni ckel ,°°gBed0 repfty 'Y‘H%?f‘ggef§"s in Pa“@&?ﬂ‘%‘ﬂ&‘f%“&‘&wzﬁs gas'gﬁ

| ant hanum mangandEEeEYFBAMPHRSHAEi ndi um oxi de- st annous oxi de m xtures, or
any m XF ures 29f The r&e&eo} géiéﬂ wﬁ rei-[mﬁ tWd c%ﬁ@%ti/ %a}lﬁ%%l‘ergoﬁemﬂ eﬁn@xtgljﬂﬁ cHuﬁ.St
conductive, coating conprises pf'a I'num 5. process afi any one of
Caims 1-5 wher Egﬂ)r&ggs of Qi Cor SRR lshilf Soiif SRLtiol} EMPHRES yiAE sBbifisb§ LircorPdr Lalcia
pla- tinum pal hsddLircoioper, m xtures of said netals,” cerium|anthanum
oxi de m xtures, or ceriumzirconiumoxide mxtures. 7. The process of Caim
6 wher ei n t ha. SeRépstessOrtny6ile oleRINGATWhBIGin tie fifk @hdudtive toatlfy cBmpribéshické) Y6ie,Phatifim,
Claim 6 wher ei npalladiurt, &6ppar] laahariihdhdnydhestasirontingh of MidilihioRiGs stannowd! dxide mixpundsi ey
‘oxi de m Xx- turemixfuresbhsaiqmetatsoss of Cl aim 6 wherein the second conductive
coating conprises a ceriumzirconiumoxide mx- 30 ture. 10. The
process of amy dmepraslessQf claimd@ wherBin itiedirsécanductive chating compris®s gletinomd conduct i ve
coatings are platinum 11. The process of anyone of the preceding C ains
wher ‘@_i/n t Be $yniThasecs y pracahGlaime d-Siwherain the sgcprd cepsivptive aqatingggmprises nickelydglgypla-
nonoXT de, hydr o§@s. palipdium, copperdaixturesnf paidypetals, peri@-lagihanugroxide mixtugageor cefiym-zijgqpium
process of O ai A¥4eIMigWeT-ci n t he recovered synthesis gas conprises carbon
nonoxi de, hydrogen and ] east s acetylene. 40 . 13.. The process of any
one of th%1 p?’gcggﬁmg{:ﬁ@ ‘@W&&%&&%ﬁ%@&%@?@?lfﬁ%ﬁ“ﬂom about [err]
about [er 4. Th 0 | al. reln. ture i !
Forr] a6 15.% TERSrRbdrGaRah bk it Dol SERAR Al el b BT AN
pressure of fromdU.01-10 MPa about 0.1 to about 100 at nospheres. 16. The
process accorgdi R fribeld dREEimewheltii @etbdnd &Rditelcthting @brisah ¥ bdurh-ZircdSuri Side Wi
in Claim3 and gfg first conductive coating and second conductive coating
whi ch are connected by an external circuit are as de- 50 fined in

C ai me 4 and 10, MRGHEGRES of Blylone SNUthirkd 1E3 WiRNGIEthefirst=Ad seoridlcontiudtivs Edatinbe are platinum.
process of Caim15 or 16 conducted at a pressure of fromO0.05 - 1 MPa
(about 0.5 t a1alThegrociss obdny oredEtid pRéceding Cldirbs whedeth.the Birehepis geseesavecsk inaiRp (E) crnposes
the precedi ng Clcarborenontwddechydrogencand atigastsome atetylane am/ayetbylere. ai r or oxygen.

19. The process of Caim 18 wherein the oxygen-containing gas is air. 7

20. The procei@s The prepess af@laimdl whenein the recqverpdryntitpsipigascoppise¢arpop monoxide, hydragen and
potential is apptieastsomemopidanes he two conductive coatings. 21. The process

of aqy, one of the preceding C ains wherein nethane is 1Eassed i n contact
with the $bcdttd Theprocessofaryfpnstipe Rieredin flaitraonugbesie by tufe of{eom about 1050°Cto about

14. The pmoéss claim 13 wherein the temperature is from about 1050°C to about 1200°C.

45 15. The process of any one of the preceding Claims conducted at a pressure of from 0.01-10 MPa about 0.1
to about 100 atmospheres.

16. The process according to Claim 15, wherein the solid electrolyte is as defined in Claim 3 and the first
conductive coating and second conductive coating which are connected by an external circuit are as de-
50 fined in Claims 4 and 6 respectively, and the temperature is from 1050°C to about 1300°C.

17. The process of Claim 15 or 16 conducted at a pressure of from 0.05 - 1 MPa (about 0.5 to about 10 at-
mospheres).

65 18. The process of any one of the preceding Claims wherein the oxygen-containing gas is air or oxygen.

19. The process of Claim 18 wherein the oxygen-containing gas is air.
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10" 1. ° El ektrokatal yti sches Verfahren zur Umwandl ung von
oder anderen | eichten Kohl enwas- serstoffen in Syntheseg m‘m ﬁHﬂm\M
Bereitsatllen einer el ektrocheni scherFPAAN 897 Binf assend e|

El ektrolyten mt einer ersten Cberflache, die mt |eitendem Metall.

Met af | oxi d ocker Theprocesd s anydas cfthe(pPiaesding @Piaimd vihiereinGih eledtiic pdmntial_iamlieziibaﬂrperdhawo
Redu&Z'[/i on von Saorengivedobtigs. Sauer st of fi onen zu erl eichtbrn, und einer
zweiten Oberfliche, 1s die mt leitendem Metall, Metalloxid oder

Gemi schen davdin Thérrecesa any ane of the rrepeding\Rlsige kereininefhdne ispasselh i contxsbwithdhe sgeqnd
Ar bei t st erfper at gendyetipsurfaeg nd; (B) Erwar nen der el ektrocheni schen Zell e auf
ei ne Tenperatur von wenigstens | 000C, (C) Vorbeileiten eines
sauerstoffhaltigen Gases in Kontakt mt demersten |eitenden Cberzug, so
daB das Gas LﬁfF%\’"BPT‘!fﬂﬁg von Sauerstofflonen reduziert wird; 20 (D)

I\’gr Eg'n't :'ki 6211;’ O%mMEH(h% es(} é;f%e a”gﬁg‘%n Nge%lgngtg[dn&s eragéle\é\n{arﬁel&&es koG-
Sauer st of fi onen |

) é}é {e ﬁ'\ SRSh 24, Gira R bR BN §¥.‘8MQ€§. rste
reagi eren; und ( A e e rston
Anspruch 1, wobei suﬂi‘ 8o Ré‘duii’tﬁ:ﬁ v&n%ah&&&% Sa0érEeértib rﬂﬁzﬂrhﬁﬁterﬁ'dﬁegu 'iQﬂfeﬁ‘Bberﬂéche,
St ronkrei gg m t- edln&uﬂi‘lﬂi%hdéﬁﬂﬁ NVikitdNosid dask Gehischel 84vb Wdﬁ%@éaﬂ& Raklbeide
oder 2, wobei derUﬁeeﬁgebﬂ@k;bs.gteﬁem;sﬁng.ﬁd unoxXi d st ilislertes

Zi rkoni um di oXi d(ppEra&Emith derGRkidchemivcheh Zeedif direTemipdratar vari wehgBtens iooee; d
unfapt. 30 4. Ver Calurbsileige BiRds stuerstofhaltijen A inUKohtekt it dem svstorelsitedden Oberziigoso dak
| ei tende Cberzug éddsceslinterBiidudg voRISaterstoffidien reduziadwidn  Kupf er,

Lanthan/ Mangan/ St {Dp Merbeilgiten sahcMethan Crdgas sded Arideran (eichtproikohignv@ssearsioffee indtetakt mit dem
i rgemdwel che Geni oysien lelierdse Pbeitug b fak siemiitslen SauergBffiomen invertiplighYeatmengungtinter Bildung
Anspruch 4, wobei voa&ynthasegaarepgierensiefe Cber zug Pl atin unfakt 6. Verfahren
genfi B ei nem derA@ﬁW‘%éV%sz"thml der zvvel te | ei tende Cberzug Ni ckel ,
Gold, Platin, Pal- |ladiu

Cer - / Lant Bandki Yerelyang 'H%G '6'6,’5 °hée‘1’°b?'fl°rbR'8?ﬁ 'ﬂtﬁ?ﬁ?F ﬁb"@‘ﬁ‘? ‘-‘beg'd'ﬁ@ avfipreg Strpmkrgjgymit;
Ver f ahren genr i PRERFEHYe EPFeBs'“ be| der zweite |eitende Oberzug aus Platin

g:ft ?Etant ﬁangsi[ D%ren Ans %;:@ V\I%be?m&rlé |"'§It tlrlel txﬂggg'hsgglggf”(gnie n
nde e 0

der zweitg,leite rzug e N1 UnMoxi em sch um fast. 10.

Ver f ahren germl NeRAHRd mﬁe.n%mr&&echln 3; wokeiRel erdlSiitenibtar A8 Nicklf Gold 4t SPal-

l el tende Ober ZUgadiikS ket ILaRtharAshGan BRrontia- ddbr IniGHdxRIinAiN)osiR BainissHe &N igéHwelche
vorangehenden A@msumermméu a%. i n Schritt (E) gewonnene Synt hese- gas

Kohl ennmonoxi d, Wasserstoff und weni gstens etwas Acetyl en und/ oder Ethylen
unfast. 12s \barMhﬂﬁhggmwﬁsm;:cmmﬂerstmm&e@b&ugemmm Synt hesegas
Kohl ennonoxi d, Wasserstoff und 55 weni gstens etwas Acetylen unfalt.
13. Ver f ahr er. geaferfatrenlgaedn alfem degnspritpbé & A.ckobei derpeitisitende Cioeszug dlickebiQolds Platin, Pal-
Tenper at ur von dadiwmn, Kufes(S@isohesdiasen etdl8.0:E/ LduthanbxidkGerhische pder Ger-/irkoniurbdRig3Jemni-
307BL sche umfaft. c L M s 14. Verfahren gemaB Anspruch 13,
wobel “di e e eratur von_etwa | 0500C bis etwa 12000C betragt. 15.

Ver f ahr enger n¥i y@ﬁlﬁﬁ%@%‘&ﬁ%@%éﬁ%&'ﬁ'ﬁ& Iberzug;aus Blatinhestabh Dr uckvon

0,01-10 WMPa (et %0 %en%grﬁéuegn\éﬁuc%%owoﬁgl er eme el e de Htlaje;z(ixg geagrb{;[nthmo&ig-'eemisch umfafdt,

45 9. Verfahren gem3R Anspruch 6, wobei der zweite leitende Uberzug ein Cer-/Zirkoniumoxid-Gemisch um-
fafit.

10. Verfahren gem&B einem der Anspriiche 1-3, wobei der erste und der zweite leitende Uberzug aus Platin
bestshen.

11. Verfahren gemaB einem der vorangehenden Anspriiche, wobei das in Schritt (E) gewonnene Synthese-
gas Kohlenmonoxid, Wasserstoff und wenigstens etwas Acetylen und/oder Ethylen umfaft.

12, Verfahren gemaR Anspruch 11, wobei das gewonnene Synthesegas Kohlenmonoxid, Wasserstoff und
55 wenigstens etwas Acetylen umfaRt.

13. Verfahren gemaR einem der vorangehenden Anspriiche, das bei einer Temperatur von etwa 1050°C bis
etwa 1300°C durchgefiihrt wird.



5 16. Verfahren gerrAS Anspruch 15, vvobel der feste El ekt UMI@UJIHH L",",
Anspruch 3 definiert ist und der ers"tﬁ, q %e{(r)bﬂk Gber zug

| ei tende Cberzug, die Cber einen AuB P19 reis mteinander ver- buhden
sind, wie in Anspruch 4 bzw. 8 definiert sind und die Tenperatur von 10500C
bi s %t/wa 13006 Nerfaheen gemaB@Angoruch\¥a wobeh die flemperatunvonetyar10507C bis etwe 42003Gbetrdgts bel
ei nenT Druck von 0,05-1 MPa (etwa 0,5 bis etwa 10 At- nosp haren?J

dur chgeffl hr t‘-"w"’?’&eh’eﬂ8°m59éWP'aH?'é?P'§mnéﬂ?Mﬁéﬁs\PﬂPﬁﬂg@%‘ﬁ'ﬁ&éﬁ %WW%M
wobei das sauer§'P8WH3‘M“F‘Q@“§%E§"‘L’ETP?"“UH@W Sau- 15 erstoff ist.
Ver f ahr en "gemni uch 18 a.s Sauer t ffhaJt e Luft

Ver f ahr en genr#a ?% feglks”'}dsd@
Spannung zvi schéﬁﬁ" :zvz:;" g;;n eﬁé'ao iy w*v’az,;f:;
21. Verfahren o@rpvoran e en WOD &

Kont akt m dem z |tn Ie| - tenden Cberzug vorbe| geleitet wird. 25

Revendl| cat ' LA %rfahl%hﬁﬁr%@\n@&r@éﬁ% BdeR | 6 bakite HiamIdtk vanU SO MP 2 (et 0,88 BARA0 AHU
gaz naturel et ghosphbreRudbgdfaRemirdUr es | egers en gaz de synt hese, qui
conprend | es etapes consistant 30 (A) a fournir une cellule

6l ect r ochi m grge verdlish gémenteineif détivarangeitniidn@nspdiiché] Gobityds baudisRffRHItig e GaY Laft Sder Sac e
revbtue des nbt alersetfistl’ oxyde netal | i que conducteurs ou de | eurs nel anges
capabl es de faciliter la re- duction de |'oxygbne en ions oxygene, et une
deuxi enme sur f1&c denfabreg igeredfchaspréh a8, wobei daseryedstoffiraitigel Gas Luftistconduct eur s ou de

| eurs n6l anges, etant entendu que |es deux revitenents sont stables Ala
te rrpe- r at ur &0 ¥erfabren gemAfeiagm dler voragehenden Ansprighe, mohehginefefektrisghe Speanyng pwischen den
ele ochl'*"fn que beldenieitendenearzigen anosleakirdpi ns | 000C, (C) A faire passer un

gaz ntenant d ene en cont act avec |l e prem er revitenent conduct eur
pour redui r e Ae %%ﬁﬁgmw S e By g ke v o

nb6t hane, du gaz it ‘3@ hydrocarbures | 6gers en contact avec le
deuxi bme rgvetement conducteur, pour reagir avec les ions oxygene dans une
conbusti on Pyl b&lidfiodd pour former un gaz de synthese, et (E) A
recueillir | e gaz de synthese. 2. Procede solon |la revendication 1, dans

| equel |es dgux PFo%Xdétéfeﬂi?d&Ltﬁlytﬁ%‘EUdPéoﬁ%hﬁ d MBtharle Sdul 85 ndbitél etPautrbd Hybroartittes Rigbls -
45 3.  Procede gphsdielsphtrass/ il orprdnti 28 sth péguon?s,smﬁl@ns l equel ledit elect roI yte
solids cogprend d@\)éaaura.rﬁrﬁearale%ieahbmmiqaes&mp@ﬁm unlebtraRXesdfie dyant dnk plémaR sue

| a zircone stabil jefatR dedistalé? d'oRdy MBtalfitiie SahldGdtdui¥ oude leurEmeaRgds Saphiles de tetfiterlia F6-
revendi cati ons | ducfbn délifoRfeheass)ions oxygeng bRl SduxibRy/wifacapsvitue damlitl étd\dkyde melliqa d
50 du ni ckel condletelrs ou de lelus pélariges, étant enterpia lqlieclel denx reeBtem@nits song stalilks s la tempé-
n6l anges | ant haneratweerdgdondtidereptentont i um ou oxyde st anneux-oxyde d'indium ou
tout nbl adge desdiB) &chadfenlaxeliuls cleftragimidee &\gletampkraturecleyming 40000& 4, dans

| equel | e preni er{Q dfzise pasearun gazrdutenanide 'oxyghne emepntict avecde pramier rgvétemgnt comlugient 6
solon |'une des rRoyEIAdHire intgpmReYr formar des iopgegdnequel | e deuxi eme revet ement
conduct eur conpr efP}3 fife paseqr iy méfhane, dy,gaz “B'H’eb‘?“a‘lquﬁé" hygrgcagbaires 69ers @ coptpct avec le
cui g e, des nel an%’é‘é’ﬁf’e’ﬁﬁb('?“‘rf‘é?"#ﬁ&““ "cﬂ%’s’é%?‘éﬁﬁé"éé”a OPRYNe dgesng gombustion partielle

cdri um | afit hane, A cuel;ﬂ’fﬂa ¢ 'th(ydes de c6riumzirconium 9 EP O
311 307 B1 recuefliy le 954 BqMeFP1 71 11111 111111

2. Procédé selon la revendication 1, dans quuel les deux revétements conducteurs sont reliés par un circuit
externe.

8. Procédé selon la revendication 1 ou 2, dans lequel ledit électrolyte solide comprend de la zircone stabi-
lisée par de 'oxyde d'yttrium ou de [a zircone stabilisée par de I'oxyde de calcium.

4. Procédé selon I'une des revendications 1 & 3, dans lequel le premier revétement conducteur comprend
50 du nickel, de I'or, du platine, du palladium, du cuivre, des mélanges lanthane-manganése-strontium ou
oxyde stanneux-oxyde d'indium, ou tout mélange desdits métaux.
5. Procédé selon la revendication 4, dans lequel le premier revétement conducteur comprend du platine.
55 6. Procédé selon l'une des revendications 1 4 §, dans lequel le deuxiéme revétement conducteur comprend

du nickel, de I'or, du platine, du palladium, du cuivre, des mélanges desdits métaux, des mélanges d'oxy-
des de cérium-lanthane, ou des mélanges d’oxydes de cérium-zirconium.



7. *Proced6 selon |la revendication 6, dans |equel |e deuxi

conducteur est du platino. 8. Pr OC6CE§ Sﬁig‘%ﬁ revendi czimmnmtlmm“l”“l

| equsl | e deuxi bme revitenment conductedr end un nBl anbe “d’' dbxyles® de*
cérlumlanthane. 5 9. Proced6 selon |a revendication 6, dans |equel le
deuxj bne reviTet Roaidé gelenda revendication fislarsienuel ip detidmedevaiement penducteypest du platine.
c6riumzirconium 10. Procede solon |'une des revendications | A 3, dans

| equel | os plenPpédéselonlaspyasdigations, dans legyal Ig dewsiame gvétement conductpys camprend wy melgnge
pl atine. 11. Pr8C0d® ©FUR-M3A: des revendications precedentbs, dana

1 oquel |e®gaz de synthbse recueill .daps |/ ' etape comprend du nonoxyde de
carbone, de I* h{%gg%ﬁs foiSyeniions. 460 o o AR Te e E o ST oS
15 12. Procede SefGn o revendicati on 11, dans | equel | e gaz de synt hbse
recuoi | li corygr %rai%du smm%ﬁaegﬁv B BRONE dardBobe By SR fouRbimd iy eBRloRtS odtuc-
peu d' ac6iyl eneg, onté,qggt e selon 'une des revendi cations precédentes,
rTealise A une tenperature d environ 1 0500C A en- viron 1 300C. 14. Procede
selon | a revendpraédeeslontine ddsvavenbieibiiprebatiohthy ML Riuel|EgeR 8d syfkth&58 YacliéllNdahs FERips
A environ 1 200@ycomiprend ti firoglde Getafbbne| defiyiradertel ¢t sibiidkis@A bdudradetend erslaretigBne.
real i sesous une pression de 0,01 a 10 MPa (environ 0,1 A environ 100

‘at nospher es) 122 Brotéilé stlorole essténdiation 1, ldansiienuel fechaz d¢ syothasb Tecuellii camprand de nonoxyde de

| ' 6l ectrol yt e soérbahe, dedbydmbéngeaudi@ins on paiaiiasétyldner evendi cation 3 et | e

prem er revAtesnment conducteur et |e deuxi bme revternent conducteur qui
sont relles PJar Prenédéiselonliupe deg revendisatiopprécédsntes,agaliséctving fempératire shepvirgn 1 050°C & en-
revendi cat i ons. Xt 380°Cy especti venent, et la tenperature est conpri- se
entre 1 08D0OC et environ 1 300C. 30 17. Proced6 sol on 'une

des

revendi cat i orfd Poesis sqlen la pavendication 13, dans leqprbia ssmpéretugs psttenyiron 4 090°¢ & gipiron 1 200°C.
(environ 0,5 nvir.o 0 nmospher.es). 18. Procd6 solon |'uyn e .
Fevendi cat | ofe Fgkieatbnnine eﬂgﬁ&%&fﬁ@#ﬁ%ﬂ*@ﬁﬁtﬁ%ﬂ'm&ﬁfessa*’g“f Ea e caten
|"air 36 , ou''l '%‘)’%V'g‘;bnea.m“f . Procede solon |la revendi cation 18, dans
| equel | e gazeC apLeaa0kn il RvdngBaite ,&..@FLWI .-é@aéjy;e%gude B 7408 GerfPdaRdla feviHaRatifS
revendi cati ons’ Bl hEGitt rEvitemeiA Bondichith & le dBdkieR RivatBiH&ht SEAdURRL Y sbrt velid fBn'clrddi ©
entre K .. 040 guerns §ontt6lS415 aérinlé ahrisTER PlvandicRidié bt B, tispectivement dt RGdipBrafuft] éaftompri-
| " une des revends givel1@BGclRf SiRAg3bdPs, dans | oquel [e nethane est ms en
contact aygec | a deuxi ene surface conductrice. 45 50 55 10

17. Procédé selon I'une des revendications 15 ou 16, effectué sous une pression de 0,05 & 1 MPa (environ

0,5 a environ 10 atmosphéres).

18. Procédé selon 'une des revendications précédentes, dans lequel le gaz contenant de 'oxygéne est I'air
35 ou 'oxygéne.

19. Procédé selon la revendication 18, dans lequel le gaz contenant de Foxygéne est I'air.

: 20. Procédé selonl'une des revendications précédentes, dans lequel on applique un potentiel électrique entre
—/ 40 les deux revétements conducteurs.

21. Procédé selon I'une des revendications précédentes, dans lequel le méthane est mis en contact avec la
deuxiéme surface conductrice. '
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