1 A COMPOSITION OF INTERCONNECT MATERIALS FIELD OF INVENTION 5The present
invention relates to a composition of interconnect materials for solid oxide fuel cell across
temperatures, characterized in that, the materials include Iron Oxide - Copper Oxide and Ytterbium
Oxide. BACKGROUND OF INVENTION 10 A fuel cell consists of an anode, a cathode and an

electrolyte in between thesg eENMPOSTIORMDENTERCIENNEC PMATER ANG a current. If a load or an
electric light bulb is connected between the anode and cathode, the bulb will light up. Depending on

the type of fuel cells, the area of the electrodes and electrolyte, the voltage can be of the order of 1
voltage and 15 the current can be of the order of 1 ampere. For a 1 square centimeter of the fuel cell,
the powerI&RRtdN¥BNBEOYf the order of 1 watt 1cm2. Clearly if one is to generate 1000 watt or
1kW, one needs to connect 1000 fuel cell elements together in series. The material used to connect
the fuel cell elements together is known as the interconnect materials. 20For instance, a fuel cell

element 3%%%?%8@%9%@%&%8%éb‘?ﬁﬁgnig&%‘? T&%L%@gﬁgg%qié?svf%w%ggi%%eaﬂ%pives 1

watt 1cm2, such elements are needed to generate 1 ment X10 elements = 1000

watts or LdMichrplaansalid pxdersel eat-enaraling, ahigh iemReraiies #59e96d 0086 s8N

generate 1 kW power with 10 such elements. 25 Current research on solid oxide fuel cell worldwide is
to reducedfigecast astnatyGangealso the operating temperatures to below about 600C without
affecting the power density per
BACKGROUND OF INVENTION
10
A fuel cell consists of an anode, a cathode and an electrolyte in between these electrodes.
Each cell can develop a voltage and a current. If a load or an electric light bulb is connected
between the anode and cathode, the bulb will light up. Depending on the type of fuel cells,
the area of the electrodes and electrolyte, the voltage can be of the order of 1 voltage and
15 the current can be of the order of 1 ampere. For a 1 square centimeter of the fuel cell, the
power generated can be of the order of 1 watt /cm?. Clearly if one is to generate 1000 watt or
1kW, one needs to connect 1000 fuel cell elements together in series. The material used to

connect the fuel cell elements together is known as the interconnect materials.

20  For instance, a fuel cell element of 10cmx10cm or 100cm? is considered. If the fuel cell
designed is very efficient and gives 1 watt /cm? only 10 such elements are needed to
generate 100 watts/element x10 elements = 1000 watts or 1 kW. A planar solid oxide fuel
cell operating at high temperatures of 900C-1000C can generate 1 kW power with 10 such
elements.

25
Current research on solid oxide fuel cell worldwide is to reduce the cost drastically and also
the operating temperatures to below about 600°C without affecting the power density per

cm?. Thus not only the anode, cathode, solid oxide electrolyte, but the interconnect materials



2 must withstand temperatures up to at least 600C in air or reducing environment encountered in the
solid oxide fuel cells. The interconnect materials must also be highly electrically conducting from room
5 temperature to the operating temperatures. Few fhetals or metallic alloys have these properties.
These include platinium, gold, osmium, iridium, and nickel based super alloys for aerospace

applicationgstThesetareiatienpleys@e veryieXpense. Geramimalioysdpass eiRgnixedrexides have
been developed and used successfully. Materials such as lanthanum oxide - chromium oxide have
been dewwiopendordinethegbotenopetuet sdiid oxide fuel cells. 10 These materials are not very suited
for low temperature solid oxide fuel cells operating from 400 - 600C. Platinium and gold are suitable
but simply too expensive for use in solid oxide fuel cells.  Therefore, there is a need for an

improvement of interconnect material to be used jn solid 150xide fue| cells across temperatures.
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for splid géﬁeg%ﬁér%elloz%Cr8gxrié?é@ﬁ%%rﬁre?§tucfggr 5Tk Qté’ﬁs.tflf}tﬁ%‘?aﬂi‘@t%fg] §;ﬁ§\}éd?h'é88 Oxide -

Copper tterbium esent invention consists severa eatures and a
combinatipaefiRaltsheseinafies fulhidesciReg aasilivstraieshintierscrmparyingeseietisn and

drawings, it 25being understood that various changes in the details may be made without departing
from the seappafdhppivension Theserifisimgcadions thre advaatpgrs\ef. tBerpresenioyy/eaten on
mixed oxides have been developed and used successfully. Materials such as lanthanum
oxide - chromium oxide have been developed for the high temperature solid oxide fuel cells.
10 These materials are not very suited for low temperature solid oxide fuel cells operating from

400 - 600°C. Platinium and gold are suitable but simply too expensive for use in solid oxide

fuel cells.

Therefore, there is a need for an improvement of interconnect material to be used in solid

15  oxide fuel cells across temperatures.
SUMMARY OF INVENTION

Accordingly, there is provided a composition of interconnect materials for solid oxide fuel cell
20 across temperatures, characterized in that, the materials include Iron Oxide - Copper Oxide

and Ytterbium Oxide.

The present invention consists of several novel features and a combination of parts
hereinafter fully described and illustrated in the accompanying description and drawings, it
25 being understood that various changes in the details may be made without departing from

the scope of the invention or sacrificing any of the advantages of the present invention.



3 BRIEF DESCRIPTION OF THE DRAWINGS The present invention will be fully understood from
the detailed description given herein below and the_accompanying drawings which are given by way of
illustration only, and thus 5are not !imitative of the [;’resent invention, wherein: Figure 1 shows a
graphical view of resistivity of composition 9 elevated up to 750C in air; Figure 2 shows a graphical

magnifieBREF OESCWIP TR0 TgHEDD Hwmatesials have resistivities of the order of a few ohm.m as
the temperature increases from 350 C and 600, Figure 3 shows a graphical view of energy gap of the
materials between two temperatures; 10Figure 4 shows a graphical view of a low energy gap of the
semiconducting interconnect materials of the invention containing chromium oxide; Figure 5 shows a
front view bf raifgRIW EvRIicdevdlopreduly carApEsaish VA SiRalicirile oPeasdpiiomiivebXieeafter short

exposur butane flame;  Figure 6 shows a graphical view of low resistivity of c?m itjon

Fe030CPBIR R5!00 6 ITRI . L5 GIBHR HAA TP RN EUiPo hOHE A 9o QHEMRs
\[/;Evsvsng :% ?gﬂl%@%ngé%gg%%%@é%% m oxide melted at 1280C. DETAILED

Figure 1 shows a graphical view of resistivity of composition 9 elevated up to 750°C in air;

Figure 2 shows a graphical magnified view of Figure 1 showing that the materials have

resistivities of the order of a few ohm.m as the temperature increases from 350 °C and 600°,
Figure 3 shows a graphical view of energy gap of the materials between two temperatures;

10 Figure 4 shows a graphical view of a low energy gap of the semiconducting interconnect

materials of the invention containing chromium oxide;

Figure 5 shows a front view of rainbow colour developed in composition with small addition

of chromium oxide after short exposure in butane flame;

Figure 6 shows a graphical view of low resistivity of composition Feg30CU g2 Cr 908 Yb 240 3.

15 , determined in ambient environment; and

Figure 7 shows a top view of materials of the inventions without the chromium oxide melted

at 1280°C.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a composition of interconnect materials for solid oxide fuel
20 cell across temperatures, characterized in that, the materials include Iron Oxide - Copper
Oxide and Ytterbium Oxide. Hereinafter, this specification will describe the present invention
according to the preferred embodiment of the present invention. However, it is to be

understood that limiting the description to the preferred embodiment of the invention is



The present invention relates to a composition of interconnect materials for solid oxide fuel 20 cell
across temperatures, characterized in that, the materials include Iron Oxide - Copper Oxide and
Ytterbium Oxide. Hereinafter, this specification will describe the present invention according to the
preferred embodiment of the present invention. However, it is to be understood that limiting the

descriptioneielihe paefiestecipmbedimentef thesieniiemiis 4raare)yivitsidate siseossigaletthe
present invention and it is envisioned that those skilled in the art may devise various modifications and
equivalemsiveithi ttajepaviiny fromstheoditiopaonithedappéval et < haitinsu t5iempe fivl p wing tHe tadige:
description of the preferred embodiment will now be described in accordance with the attached
drawingsQeffRerpenderi &A™ in combination. A composition of interconnect materials for solid oxide
fuel cell across temperatures is described herein. The materials include Iron Oxide - Copper Oxide and
Ytterbium Oxide. 10The composition may also include Iron Oxide - Copper Oxide and Ytterbium Oxide

with addigg ?&B@v@@%i@éi%é‘ﬁigﬁ&o%‘f *?P(?‘i’ﬁgf%gh @Z%@%E#Hﬁe%i%r O Fampaeion;of,

interconnect materi are prepare y conven shed ceramic processing routes;
hence maBHSAEAHEBA (he MAISEAIBIEINTHSSAALY YefVidow | PastpiRaNsK, the sintering

temperatures for the ceramic materials of the invention are all below 1200C in air, thus can be
classified as a low energy intensity process.
A composition of interconnect materials for solid oxide fuel cell across temperatures is
described herein. The materials include Iron Oxide - Copper Oxide and Ytterbium Oxide.

10 The composition may also include Iron Oxide - Copper Oxide and Ytterbium Oxide with

addition of Chromium Oxide up to 10 % by weight of chromium oxide.

The composition of interconnect materials are prepared by conventional and established
ceramic processing routes; hence manufacturing of the materials is intrinsically very low
15  cost. Moreover, the sintering temperatures for the ceramic materials of the invention are all

below 1200°C in air, thus can be classified as a low energy intensity process.

Table 1 discloses the various ceramic compositions studied. Of these, only 2 systems
designated number 8 and 9 are found to have the required properties for interconnect
materials. It is of commercial interest as the major compositions of the materials of the
20 invention consist of iron oxide and copper oxide, both low cost and commonly available

materials, with some minor phase being the rare earth oxide such as ytterbium oxide,

Table 1. Summary of various mixed oxide systems and compositions
investigated for interconnect materials for solid oxide fuel cells.

25



Table 1 discloses the various ceramic compositions studied. Of these, only 2 systems designated

number

8 and 9 are found to have the required properties for interconnect materials. It is of

commercial interest as the major compositions of the materials of the 20invention consist of iron oxide
and copper oxide, both low cost and commonly available materials, with some minor phase being the

rare ear
compos
Copper

th axpecsid st yppePRIg8e (FBlG 1. Summary of various mixed oxide system:
itions investigated for interconnect materials for solid oxide fuel cells. 5 1. Iron Oxid

Oxide(50%) 2.lron Oxide(20%) + Copper Oxide(80%) 3.lron Oxide(80%) + Copper

5 and
e(50%) +

Oxide(2

Oxide(4|
Oxide(4

024)o. it EIRIRFE 45 UPP AT Eyida (BSKidle (45%) + Y Oxide(10%) 5.Iron Oxide(45%) +
5%) + La Oxide(10%) 6.Iron Oxide(45%) + Copper Oxide(45%) + Ti Oxide(10%) 7.1
5%) + Copper Oxide(45%) + Gd Oxide(10%)

Copper
ron

3.Iron Oxide(80%) + Copper Oxide(20%)

4.Iron Oxide(45%) + Copper Oxide(45%) + Y Oxide(10%)

5.lron Oxide(45%) + Copper Oxide(45%) + La Oxide(10%)

6.lron Oxide(45%) + Copper Oxide(45%) + Ti Oxide(10%)

7.lIron Oxide(45%) + Copper Oxide(45%) + Gd Oxide(10%)

8.Iron oxide(45%) + Copper oxide(45%) + Ytterbium Oxide 10%

9. Iron Oxide (42.50%) + Copper Oxide (42.50%) + Ytterbium Oxide (10%) and
Chromium Oxide (5%)

10. Iron Oxide (44.40% + Copper Oxide (45.00%) and Chromium Oxide (11.10%)

11. Iron Oxide (50%) + Copper Oxide (33.30%) + Chromium Oxide (16.70%)

12.Iron Oxide (33.30%) + Copper Oxide (33.30) + Chromium Oxide (33.30%)

13.Iron Oxide (33.30%) + Copper Oxide(50.00%) + Chromium Oxide (16.70%)




8.Iron oxide(45%)+ Copper oxide(45%)+ Ytterbium Oxide 10% 9. Iron Oxide (42.50%) + Copper
Oxide (42.50%) + Ytterbium Oxide (10%) and Chromium Oxide (5%) 10. Iron Oxide (44.40% + Copper
Oxide (45.00%) and Chromium Oxide (11.10%) 11%Iron Oxide (50%) + Copper Oxide (33.30%) +
Chromium Oxide (16.70%) 12.lron Oxide (33.30%) + Copper Oxide (33.30) + Chromium Oxide

(33.30%)Ck3HEomiRudee:633:30M0ns BosnRARUIds(§HORYsHiGH eBtitmiRKies (DRidS VY opaf the
thirteen compositions investigated, only compositions containing Iron Oxide - Copper Oxide-Ytterbium
Oxide anOidet Gxéde unCOpjaer Dxidion Yitdebi@nppridexidehrorfirmiudxdede e SignateadNO>8dand 9 )
have the required properties for interconnect applications, particularly for low temperature and
intermedi&gsi@tajss oS Gl oXide Tt clifs. 'SHdFaf ePsRRerRs ckamie'€oniIsshetBlifatipSmixed
oxide state, the rﬁii{sé?t%\{it{bof the interconnect materials decreases drastically as the temperature

increaseSYYEHD PYYIFERCLRIN"S AR VeI IRP AR PISEMHEE SR P¥ BhieheESso at 600C and

rises to about 12 ohm.m at about 700C. The nature of the drop in the electrical or resistivity with
increase iy L deniperatlres dndicales toabthe matedalsigtthetienrtiae behavesariijgbrteraperature
semiconductors up to about 600C. The semiconducting nature of the materials of the invention is
further comiércrevhes tmatesstivipcisassy Highbtiohllieasrdee dbspezaalteundreddato ahrsisofpnactically
insulating) at liquid nitrogen temperature. One would expect the electrical conductivity of the mixed
sintered E&FHRIE @U@ to increase

The resistivity approaches about 2 ohm.m or so at 600°C and rises to about 12 ohm.m at
about 700°C. The nature of the drop in the electrical or resistivity with increase in
10 temperatures indicates that the materials of the invention behaves as high temperature
semiconductors up to about 600°C. The semiconducting nature of the materials of the
invention is further confirmed as the resistivity is very high of the order of several hundred

kilo ohms (practically insulating) at liquid nitrogen temperature.

One would expect the electrical conductivity of the mixed sintered ceramic oxide to increase
15 as the temperature increases. Using the relation between the electrical conductivity of
materials with temperature for insulators and semiconductors given by o = o,exp - E¢/2kT
where o is the electrical conductivity, o, a parameter consisting of temperature, density of
states, mobility etc., E; the band gap between the valence and conduction band, k
Boltzmann’s constant, and T the temperature in Kelvin. The energy gap of the
20 semiconducting materials of the invention is given by the slopes of log o vs 1/T, where T is
the temperature in Kelvin as shown in Figure 3.The energy gap of the materials between two
temperatures has been evaluated from the slopes of the plot in Figure 3. This is depicted in

Figure 4.

It can be seen that the band gap decreases from about 0.60 eV between 150C-200C down
25 1o 0.13 eV between 500C - 600C. The low band gap reflects ease with which electrical

conduction can be activated.



15 as the temperature increases. Using the relation between the electrical conductivity of materials
with temperature for insulators and semiconductors given by a = aoexp - Eg/2kT , where a is the
electrical conductivity, ao a parameter consisting of’ temperature, density of states, mobility etc., Eg the
band gap between the valence and conduction band, k Boltzmann's constant, and T the temperature
in Kelvin Thee &nagyraapdsihe 124 sesnieershieiéng materalsoptibannyentientisweiyichydh@islopes of
log a vs 1/T, where T is the temperature in Kelvin as shown in Figure 3.The energy gap of the
materialsubetaeandveorteecpenatares Has lvee el alteteddiaim tesicpes ofde platarfiyosds3. This is
depicted in Figure 4. It can be seen that the band gap decreases from about 0.60 eV between
150C-200LLERRE 25146 113102 befnd@Ert800¢ - [BB0EharRe IsiEBShdhdpe ettty @iEk \#Brhthmich
electrical conduction can be activated. 7 The results show 'Cli%?(r:%l that the interconnect mﬁ: rials of

f

the invenfOMRCHAYE p O ARSP G BLE L SHABPE hAY: MG EPXRT oI ISIPEn ESRGIFn&4IAeS tBmPErature
50"d50Xiq§V‘}{1‘ﬂo%eQ§e %’f@éﬁ%ﬁ%ﬁ‘?&&?@%‘?ﬁ% égglgg%%c I?g sharp increase in the conductivity as the
ysS st

temperature increase strong gges at the mixed sintéred ceramic oxides of the 5invention are
basically high temperature semiconductors. The resistances of the sintered mixed oxide ceramics
subjected te assestaoney bithnasittensitosiedutatéctiversenvic s dgeaditio s of ¢hlecsadidbaiicke faelecells
have also been measured. As the surface of the materials come in contact with the reducing flame, the

reductiorf®fthelatspiher @ Grorrositersblimsalify T9an BemeelidialR PrasesAsERSE 8 sOme

darkening 10 of the surfaces. This reduced materials become highly electrically conducting.
Resistantle GIRRCH Qlelia) AIGEAIS 9 DR (HeP QUL Hholbed HESCARY Sirss{ RS rinss

meas“reg??gé& %%ﬁ!“l%ne!%%@ rre”s‘?}%%%?o?@r%&f:@% %fe{‘éﬁ%é ‘fﬁ% d 521 'r%srtstrggFﬁT?" rrkS%‘iﬂei{f“ a

distinct rainbow coloration a shown 1n re e see igure 5 tha electrical resistivity

of thg sinietRd MKELOXIIRCRIAIDI ndaeMalshaaHRERDHIFRIEARIAN ARG, FRstihal dor

several hours, increases up to around 350C; thereafter, the resistivity increases very slowly up to
700C. Thagesistivdypsrotine pmtemef sufdee3itbppsa. aradivalinararse in tbe resisthgtynedsbecgample is
attributed slight oxidation of the metallic phase(s) rather than the increase due to the temperature
coefficierityof resistiziitglettivainmeeidiic phaswiifReesophéreanedirosr asnhdassistivégvef,cogpelt 20 or iron
or its alloys is of the order of 10-8 Ohm.m, and the temperature coefficient of resistivity a of copper and
iron is of YREITdSICTOCA K&tiofh g S heu RdBiSIRR? Gsing the relation Pr = pO(1+ aAT + fiAT 2even at
700C (973K) is still of the order of 10-7 ohm.m.

It can be seen in Figure 5 that the electrical resistivity of the sintered mixed oxide ceramic,
15  which has been heated previously up to 750°C in air for several hours, increases up to
around 350°C; thereafter, the resistivity increases very slowly up to 700°C. The resistivity is
of the order of 1.0 to 3.0 ohm.m. This increase in the resistivity of the sample is attributed
slight oxidation of the metallic phase(s) rather than the increase due to the temperature
coefficient of resistivity of the metallic phase like copper and iron, as the resistivity of copper
20  oriron or its alloys is of the order of 10® Ohm.m, and the temperature coefficient of resistivity

@ of copper and iron is of the order of 10* K™, thus the resistivity using the relation

— 2
Pr =P, 1+ AT + BAT ...y o en at 700G (973K) is still of the order of 107 ohm.m.

The fact that the resistivity remains relatively constant and of the order of a few ohm.m
between 350 - 700C in air further implies that the materials of the invention, have potential

25 for use as interconnect materials in solid oxide fuel cells.



The fact that the resistivity remains relatively constant and of the order of a few ohm.m between 350 -
700C in air further implies that the materials of the invention, have potential 25for use as interconnect
materials in solid oxide fuel cells. 8 It is evident that the materials retain low resistivity when evaluated
in oxidizing environment. This indicates that the materials can be used as interconnect on the cathode

side whereishg/igsidankistptresuaed, _ndalse radietigingnen\drenmedt iwbeiging Bislisweheas
hydrogen, or carbon based fuel is introduced. 5The evidence presented in Figure 3 shows clearly that

the matefials obtbaéaveatite bediavels like asepsid@sductiaor®echdypbeotabntiemmiistorss Basically
belong to a family of high temperature semiconductors. In addition, it is shown that the materials, after
exposed ¥igaNbigdiiAgUSAdiraRtIRe, iStPELIEINY SfiEssRtB oW eledhifcBidesisivag/ IR BTIRT of one
or two ohm.m up to 700C jn air. 10 This further demonstrates that the material can be used as
interconrfétPAIRRETAR WS BUIERYSELh as solid oxide fuel cells operating up to 700C in air, inert and
or reducing environment. The materials in particulate form can be used in the form of a paste as a low

resistancereorRiagé msteyiate sdayicesiapesating at elexajechtgnmperalaigite tef 7HRCiHantigising,
inert or reducing atmospheres. 15The materials can be used as high temperature semiconductor
sensors. [@evaypid b devitesdretosefuicto thpendtios ¢hecpediarivan be it g oridoin és higmiintensity
discharge lamps, thermoelectric generators (TEG), Magneto-Hydrodynamic Generators (MHD) and so
on up to EOCCAREFISAIROHRRIIHGEHEr temperature because the materials with the addition of
chromium oxide disclosed in the invention is sintered at 1280C without incurring 20any distortion or

melting. "Fhe satsrialsidisclase s g INYRIHRD %E%rf%%tg%e&owqgr{%%iﬁﬁ& JRABRHE Mowsto liquid

nitrogen temperature (77K). This Is a rather surprising effect, as the copper oxide content Is very high,

around 4g%a Ry WeiHHHN I8V dRiXedAnskRiRyed SR arais oxisies XRWodHhenmixad stverad geramic

oxide exhibits sharp diffraction peaks. Preliminary analysis 25shows that the crystalline phase could

be ytierbilins iforttepoa@onstrates that the material can be used as interconnect materials for
devices such as solid oxide fuel cells operating up to 700°C in air, inert and or reducing
environment. The materials in particulate form can be used in the form of a paste as a low

resistance contact materials for devices operating at elevated temperature up to 750°C in

oxidising, inert or reducing atmospheres.

15  The materials can be used as high temperature semiconductor sensors. Such type of
devices are useful to monitor the performance of gas turbines, high intensity discharge
lamps, thermoelectric generators (TEG), Magneto-Hydrodynamic Generators (MHD) and so
on up to 750C and possibly much higher temperature because the materials with the
addition of chromium oxide disclosed in the invention is sintered at 1280C without incurring

20  any distortion or melting.

The materials disclosed in this invention are, further, found to be also magnetic down to
liquid nitrogen temperature (77K). This is a rather surprising effect, as the copper oxide
content is very high, around 45% by weight in the mixed and sintered ceramic oxide. XRD of
the mixed sintered ceramic oxide exhibits sharp diffraction peaks. Preliminary analysis

25  shows that the crystalline phase could be ytterbium iron cuprate.



9 The area of interest where the magnetic properties of the materials of the invention have important
implications is when the cathode and anode materials are also magnetic. This magnetic nature of the
interconnect materials are then attracted to the anotle and the cathode thus enhancing the electrical
contact and improving the reliability and performance 5 of the solid oxide fuel cells. Since most of the

anode maigyiale £onsisbfiewesnagneticuicked phassiasdbthpavetsahedenaatesiais ohne
invention consist of iron and cobalt oxides phases, thus with ferromagnetic or ferrimagnetic properties,

the condursfingasmdnmpécaietics psopbetie ef ththocatenal saob tieematercas reeet avateriaggieficthéd fm/ention
are moreover, found to be magnetically attracted to the anode and cathode. The enhanced 10 contact

between OB rBaiescantl the iRteicoHIRSEt HfitsiiEsFatHE e AHEReS {RetkeliahnRy cFfeidectrical

contact, an%ﬁgrformance of the devices as encountered in soljd oxide fuegzl cells. It is well known in the

art that & AR08 KatHERY e B AIETHE TR AR thRERIY thistaal BRHARIhRE IRIRAGR thermal
pensaeneiticl o jhad il e e i iR T MR AR SR ol

expansion can to the performance as the intimate contact at the int e

ComPrO”H%R@;l WRsler sueh tﬁEPHBQéF%ﬁ_%d&hﬁlé't%%l@ %9”@1_8)?'!%&48!1 C@dhﬁi‘@f?‘%ﬂ%‘éd"’éﬁh’tﬁ%ﬁlt
additional or inherent magnetic properties that encourage intimate contact with the multilayer

componeiisicareingbly desiratite, Rndshoulibebdaefitia)ioith@ppdaieance abivadercasd 20The
microstructures developed in the reducing butane flame is also found to be unique in the sense that
after a shoagegposuiep(2ties wiirnthteshaterrsred uidiagiiatepenfiame athdassirfAcdofityeniiate Aeds is
reduced to a metallic state, causing the materials to be attracted to cathode and anode that are also

magneticT8FeNRanRI¢JAtRE M PERBYnRaiRERSH o1 A0RMR AN IR bifkeiriiaRIsample
is still in the ?inte eg mixe oxidle eragmic state, 25ﬂ¥Ve have thus produc qa composite m; terial
th s FRELEC BRI b1 BN B I SR Ao U ot AN i o
designated g ipojapieal sonelicigrbing —LHERG R SHBSFREuEliRds e Ieignisspmicgpducting,
conducting or insulating; this 10 is a topological superconductor. Likewise if the surface is insulating,
and the igtegiof js @l@gtrically conducting, this is basically a topological insulator. These types of

materials have useful properties and numerous applications.  Itis of interest to mention that the

materials of the invention without the chromium oxide melt 5 around 1050C. This is depicted clearly in
Figure 7.1t is well known in the art that the anode, cathode and electrolyte must have matching

thermal expansion to minimize thermal stresses, and mechanical damage of the ceramic
15 components. Even slight mismatch in thermal expansion can be detrimental to the
performance as the intimate contact at the interface may be compromised. Under such
circumstances, the use of solid oxide fuel cell materials with some additional or inherent
magnetic properties that encourage intimate contact with the multilayer components, are

highly desirable, and should be beneficial to the performance of the devices.

20  The microstructures developed in the reducing butane flame is also found to be unique in the
sense that after a short exposure (2 - 5 minutes) in the reducing butane flame, the surface
of the materials is reduced to a metallic state, causing the materials to be attracted to
cathode and anode that are also magnetic for enhanced contacts and performance of solid
oxide fuel cells. The bulk inside the sample is still in the sintered mixed oxide ceramic state.

25 We have thus produced a composite material which is metallic on the outside and non
metallic in the interior. Such type of structure can be designated as topological conductor. If

the surface is superconducting, the interior is semiconducting, conducting or insulating; this



The materials as can be clearly seen in Figure 7 wet a polycrystalline alumina substrate, and flow
down the alumina cylinder. The materials of the invention without the chromium oxide can therefore be
used as a low temperature sealing material in the r}l%mar design of the solid oxide fuel cells. 10The
materials of the invention with addition of chromium oxide moreover, does not show any distortion or

melting exea aipbSfcainagendtpaiare ORevERiafRuDmasubsHatathgesmaaieriatewithghe
chromium oxide are also electrically conducting and as disclosed can be used as interconnect
materialseiqeiacdBO nexidizitigs indraacal yedtopinlg @oaiiosureot. Thigseftipesastitaistielsshiinat sealing
material is absolutely vital to seal the components 15 hermetically to prevent the fuel from the anode
chamber4s@kit § R IRE YT SIRUS 88RIIEBICHRygen in the cathode chamber. The mixing of the fuels
and the oxidant leads to serious deterioration of the anode and high likelihood of explosion when

oxygen fipp §e RFQF RHER A9 AL E R RIRGS WKL MY RERRHLOWilRIP IR SRANGIRRIRERIS with

thermal expansion closely matching the interconnect materials, anode and cathode are therefore

highly 20glesirablesd e disslrs@shivnearniiosrisisuitghle 7out not restricted to, for use in low and
intermediate temperature solid oxide fuel cells ranging from 350C to 750C in oxidizing as well as in

reducing environment. There are potential applications in high end designer jewelries and thus
valuable MEEHERIIHSIRE F813 Bk A1 TRERB ISR E SV SRRV ErYTGH BRI RGBS R G d

temperatHr(\?vsdemic nductor. sensquael#;)_ltfﬂ 750%in ir inrgert.and {.educi P%L?tr%iéoc ment. 11 CLAIMS 1.

own_tne aluming ¢ e m rials,of .t nvention wi romiym oxige . .
A composﬂlon O\?lln erconnec? myaterlas or SO?i oxide fuéﬁ cel?across emperatures, charac erized in
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claimed in claim 1, wherein Iron Oxide - Copper Oxide and Ytterbium Oxide with addition of Chromium

Oxide updadtO¥ebyeweight of chromium oxide. 103. The materials as claimed in claim 1, wherein
sintering process of the interconnect

10  The materials of the invention with addition of chromium oxide moreover, does not show any
distortion or melting even at 1280°C in air when place on a similar alumina substrate. These
materials with the chromium oxide are also electrically conducting and as disclosed can be

used as interconnect materials up to 750C in oxidizing, inert and reducing environment.

It is of interest to stress that sealing material is absolutely vital to seal the components
15  hermetically to prevent the fuel from the anode chamber mixing with the oxidant such as air
or oxygen in the cathode chamber. The mixing of the fuels and the oxidant leads to serious
deterioration of the anode and high likelihood of explosion when oxygen from the air or pure
oxygen combines with hydrogen. Low temperature sealing materials with thermal expansion
closely matching the interconnect materials, anode and cathode are therefore highly

20 desirable.

The disclosed invention is suitable, but not restricted to, for use in low and intermediate
temperature solid oxide fuel cells ranging from 350°C to 750°C in oxidizing as well as in
reducing environment. There are potential applications in high end designer jewelries and
thus valuable materials in the leisure and fashion industries. The invention can be used as

25  high temperature semiconductor sensors up to 750°C in air, inert and reducing environment.



materials is below 1000C in ambient environment. 4. The materials as claimed in claim 1, wherein
the interconnect materials are electrically conducting. 5. The materials as claimed in claim 1, wherein
the interconnect materials are magnetic. 6. The materials as claimed in claim 4, wherein the
interconnect materials produce a distinct rainbow coloration in proving electrical conductivity. 7. The
materials as claimed in claim 6, wherein the distinct rainbow coloration arises from the addition of
chromiunCbAtMSter subjected to a reducing flame. 8. The materials as claimed in claim 1, wherein
the materials are used in low and 25intermediate temperature solid oxide fuel cells ranging from 350C
to 750C ih oRidigingasdivelbbiareennerignesiotiasniensoli exidhéuslatelizisrassclampsdainiclaim 1,
wherein surface properties of the materials are also metallic, magnetic and oxidation resistant. 10.

The materiaf"25%€ISIHA&Y it Haimihe WIFERISaIIIGR JPT09XHS wéigRPSt (RYUh@idiriesdikide to the

mateSriaIs en ?(!88 green ceramic component to be sintered up to 1280C in air without melting or
adhering to alimina support, and also without any distortion. 11. The materials as claimed in claim 1,
wherein addition of chromium oxide of up to 10 % by weight increases the refractoriness of the
materials. 10

2. The materials as claimed in claim 1, wherein Iron Oxide - Copper Oxide and Ytterbium

Oxide with addition of Chromium Oxide up to 10 % by weight of chromium oxide.

10 3. The materials as claimed in claim 1, wherein sintering process of the interconnect

materials is below 1000 °C in ambient environment.

4. The materials as claimed in claim 1, wherein the interconnect materials are electrically
conducting.

15

5. The materials as claimed in claim 1, wherein the interconnect materials are magnetic.

6. The materials as claimed in claim 4, wherein the interconnect materials produce a
distinct rainbow coloration in proving electrical conductivity.
20
7. The materials as claimed in claim 6, wherein the distinct rainbow coloration arises from

the addition of chromium and after subjected to a reducing flame.

8. The materials as claimed in claim 1, wherein the materials are used in low and
25 intermediate temperature solid oxide fuel cells ranging from 350°C to 750°C in oxidizing

as well as in reducing environment.



12. The materials as claimed in claim 1, wherein the materials are of a low energy gap ranging from
0.1 eV at 600C to 0.6 eV at 100C. 13. The materials as claimed in claim 1, wherein the materials are
found to be magnetic in a 15butane flame at 600C ](,zausmg the materials to be attracted to cathode
and anode that are also magnetic for enhanced contacts and performance of solid oxide fuel cells. 14.

The mateyialsrasneiadmad &3 elaimel, iwbrigin thenaratiedalaatepuseshas sealiagnanatpiialgdatiselid oxide
fuel cells to prevent the fuel from mixing with the oxidant. 20 15. The materials as claimed in claim 1,

wherein the meitglialsay peiiticuldtexfdatvcaiesisansed in the form of a paste as a low resistance contact
materials for devices operating at elevated temperature up to 750C in oxidising, inert or reducing
atmospheres.

10. The materials as claimed in claim 1, wherein addition of 10% by weight of the chromium
5 oxide to the materials enables green ceramic component to be sintered up to 1280°C in

air without melting or adhering to alumina support, and also without any distortion.

11. The materials as claimed in claim 1, wherein addition of chromium oxide of up to 10 %
by weight increases the refractoriness of the materials.
10
12. The materials as claimed in claim 1, wherein the materials are of a low energy gap

ranging from 0.1 eV at 600°C to 0.6 eV at 100°C.

13. The materials as claimed in claim 1, wherein the materials are found to be magnetic in a
15 butane flame at 600°C causing the materials to be attracted to cathode and anode that

are also magnetic for enhanced contacts and performance of solid oxide fuel cells.

14. The materials as claimed in claim 1, wherein the materials are used as sealing materials
for solid oxide fuel cells to prevent the fuel from mixing with the oxidant.
20
15. The materials as claimed in claim 1, wherein the materials in particulate form can be
used in the form of a paste as a low resistance contact materials for devices operating at

elevated temperature up to 750°C in oxidising, inert or reducing atmospheres.
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