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A GLASS COATING COMPOSITION

The present invention relates o a glass coating-composition for a fusl cell gasket, more
specifically, the invention relates to glass coalings for fusl cell gasket resilient cure materials
for usg in in solid oxide fuel/electrolyzer cells (SOFC and SOEC).

SOFC.or SOEC stacks require effective high temperature gaskets to operale afficiently.
Such seals must be able to substantially prevent fuel, for example hydrogen, leakage; fuel and
oxidant mixing; and oxidant leakage. It is understood that seals should alse have similar
cosfficients of thermal expansion o the surrounding components o avoid stresses. The seals
also need 1© be chemically compatible with the stack components and gases. Furthermore,
some seals need 1o be electrically insulating.

Traditionally, SOFC stack gaskets have been sither bonding gaskets {e.g. glass/glass:
ceramic of brazes) or non-bonding (compressible} gaskets (For example, see “A review of
sealing technologies applicable to solid oxide electrolysis cells” P. Lessing, Journal of
Materfals Science, 2007, 42 (10}, 3485 ~ 3476). More recently, multiple material gaskets have
been developed. These gaskels combing propertiss and materals from both compressible
gaskets-and bonding gaskets.

The bonding gaskets contain pnmarily glass and glass-ceramics and they operate by
mechanically and chemically banding to the relevant mating surfaces of the fuel cell. The
glass seals are designed to soften and viscausly flow abave the SOFC operating temperature
fo provide hermetic sealing: When the S0FC i cooled back down fo the operating
temperature the glass saals solidify to farm g rigid, bonded seal.

Generally, glass compositions for the application of the glass seals include an organic
solveht such as terpineol andfor an organic polymeric vehicle. However, such compasitions
gre undesirable generally due to VOU content. In addition, contamination of the fusl .cell with
such stibstances is also possible.

US 201371088404 and US 2012/318022A describe glass cornpositions for fuel cells
having an organic binder carrier vehicle, the binder optionally comprising a disparsant
compound such as terpineo! and solvents such as ethanol. Likewise USS8568258 refers only
to organic binder carier vehicles.

& would therefore be advantagecus fo use water based glass coating compositicns.
However, a problem with such compositions for high temperature glass coating compositions
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is that desirable glasses have been unexpectedly found to harden and set shortly afer mixing
of the glass with waler.

It is therefore an object of at least one aspect of the present invention to address one
or more of the above mentioned, or other, problems.. in particular, it is an object of the present
invention to provide water based glass coating compositions for such fuel cell gaskets.

According to a first aspect of the prasent invention there is provided a glass coating
composition for a fuel cell gasket comprising:

a glass compongnt effective to form an alkaling solution in the presence of an
equivalent amount of waler by weight;

& binter componant;

a liquid carrier which is greater than 50% by volume water;

characterised in that the composition further comprises a retarder effective to inhibit hardening
of the compasition.

Surprisingly, it has been found that alkaline glasses, more specifically, glasses which
farm an alkaine solution i water, tend to stiffen and harden in an agquegus environment
rendering them useless as glass coating compositions due to the exceptionally short storage
stabifity. The inventors have surprisingly found however that alkall retarders are effective in
such agueous environments to retard the setting process. Such retarders are known in
concrate applications but it i surprising that they are effactive in this different chemical
environment of an agueous glass powder.

Typically, the retarder inhibils alkaline effected hardening of the composition. As such,
generally the retarder extends the seiting time of the composition and prolongs the sheif life of
the compaosition.

Accordingly, the composition of the prasent invention is a storage stable composition,

The retarder may be selected from one or more organic or inorganic retarders.
Suitable organic retarders arer one or more of those based on lignin, for example
lignosulfonates, including calcium, sodium and/or ammonium salts thereof, hydroxycarboxylic
{HC) acids, such as gluconic acid, citric acid, tartaric acid or malic acid and salts thereof,
suitably water soluble salts thereof, vinyl polymers, such as sulfonate, carboxylic andfor
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aromatic ring group containing vinyl polymers, such as sulfonate-functionalized acrylamide-
acrylic  ‘acid  co-polymers,  saccharides, fe. monosaccharides, disaccharides and
polysaccharides, for example, carbohydrates, such as alkall carbonates, disaccharides such
as sucrose and polysaccharides such as celluloses, for example, hydroxyethyl cellulose (HEG)
andlor carbexymethyl hydroxysthyl cefiulose (CMHEC) and/or derivatives thersof, or mixtures
thereaf, Sultable incrganic retarders are: one or more of zing oxide; phosphates, such-as sally
of phosphoric, poly-phosphoric and phosphonic acids, such as amino tis(methylene
phosphonic acid), ethylenediamine tetra(methylene phosphonic acid), disthylenetrigmine
pentaimethylene phosphonic acld), and monobasic calcium, zine or magnesium phosphate;
fluorates;  borates, such as alkall borates; for example. sofium metlaborate, sodium
tetraborate (also known as borax), and/or potassium pentaborate; andlor derivatives thereof,
or mixtures thereof.

Sultabie retarders are those confaining & hydroxyt group including: the hydroxycarboxylic acids
and their salts such as cifric acid, tartaric acid; salicyclic acid, gluconic acid, glucoheptonate
and glucono-delta-iactone; sugars such as mono and disaccharides or hydroxylated
polysaccharides such as HEC and CMHEC: and boric acid and ifs salts such as horax.

Dueto VOO content and potential problems with carbonisation, preferred retarders are
inorganic retarders, more preferably, inarganic retarders with no VOU content. Typically, the
retarderis a carbon-fres inorganic retarder.

Preferably, the retarder is water soluble. In a preferred embodimeant, the retarder is
selectad from one or more water soluble borates such as borax, hydroxycarboxylic aoids;
mono and disacchandes: soluble carbohydrates andfor -soluble cellidoses. An especially
preferred retarder is.a borate, such as borax

A commercially available retarder that is suitable for use in the present invention is, for
axample, Borax {available from Rie Tinte Minerals):

Preferably, the levet of retarder in the composition is between 0.02 to 20wi% such as
between 0.05 to 10wi%, for example between' (.5 to Hwit% or 1 o Swit%. Praferably, the level
of retarder in the composition is at lsast 0.02wt%, such as at least 0.1wi%, for example at least
0.4wt% or at least 0.75wi%. Preferably, the level of retarder in the compaosition may ba up io
28wi% relarder, such asup to15wi%, 8wi% or 6wi%.

Preferably, the dry composition; {e. not including the liquid carvier, comprises between
(.05 to 20 wi%. retarder, such as betwesen 0.1 to 10wt% retarder, for example 0.5 0 Twil% or
0.5 to 2wit% retarder.  Preferably, the dry comiposition comprises at least 0.01wi% retarder,
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such as ai least 0.5wi%, for exampie at least 1wt retarder. Preferably, the dry composition
comprises up to 20wi% retarder, such as up io 15wi% retarder.

Suitahly, the retarder component is generally not part of the glass component and s
added o the composition.

Preferably, the retarder is dissolved in the composition in one of the above amounts.

fn use, any organic binder or organic retarder in the composition will burn-off,
Accordingly, preferred levels of inorganic retarder residue teft in the compaosition in use, L.e. not
including the liquid carrier or binder, comprise between 0.05 to 20 wi% retarder, such as
between 0.1 to 10wt% retarder, for example 0.5 to 7wt or 0.5 to 3wl retarder. Preferably,
the composition in use in a fuel cell comprises at least 0.01wt% retarder, such as at least
0.6wi%, for example at least 1wi% retarder. Preferably, the composition in use in-a fusl cell
comprises up to 20wit% retarder, such as up to 15wt retarder.

The glass component may be selected from any alkaline glass material that forms an
atkaline solution as defined in the first aspect herein. The glass component may be of an
amerphous, crystalline or semi-crystaliine character. [In general, the coating layer may
comptise any degree of amorphous or crystalline character depending upon the application
and may be of any composition in the continuum between a material of a.compleately crystalline
or amorphous nature,  Furthermore, the coating may be altersd to bigher proportions of
crystalline content over time by, for example, exposure to slevated temperatures, Suitably, the
glass component comprises glass or @ mixture of glass and ceramic material. The materials
are selected so that the coating is sufficiently deformable at the chosen operating temperature
and compressive siress of the fuel cell stack. Where the coating material includes grystalling
character this may be in the range 5-70% wiw, more typically, 10-80%, most typically, 20-50 %
why at operating temperatures using XRD and the Ristveld Metheod,

Usually, the glass component comptises amounts of Si; Al Mg, Na, Ca, Ba andlor Bin
various oxidised forms.  For sxample, iypically the glass comprises ong or more of the
compounds selected from S0, ALO:, B:Oq, Bal, B0, Cal, Cs0, K0, Lax(s, L0, MgO,
Na,; 0, PbO, Rb0, 8b,C5, SnQ, 81O, TiO; Y05 andlor ZnG. For example a glass component
selactad from ore or mote of BaO, Za0, B,0:, Cal andior AlGs such as one or mote of BaQ,
BoOs, ALOsandior Ca0. 11 will be undarstood by the skilled man that the exact composition of
the costing layers, and particularly the glass comgponent, will depend upon the cperating
conditions of the fuel cell to which the composition is 1o be applied, such as the operating
temperature. Suitably, the coaling layers comprise one or more syitabla glass andfor glass-
ceramic materials suitable for yse in coatings for fuel celt applications.
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Preferably, the glass component comprises particles of glass material, such as glass
powder. Suitably, the glass component has been ground. For example, the particles may be
substantially non-elongated particles. Suitably, the glass component is substantially not in the
form of glass fibre,

Freferably, the particles of the glass component have a dg of between 1 to 40um,
such as 2 to 35um or 3 to 30um. The particles of the glass component may have @ dg of
between 30 and 180um, such as between: 35 and 155um, for example between 40 and
150um.

Preferably, the pariicles of the glass component have a dgg of at least 0.5pm, 1um,
such as at least 2um or Jum. Preferably, the particles of the glass component have a dg of up
to 50um, such as up 10 40um, of up to 38um..or upto 30pm.

Freferably, the particles of the glass component have a dgg Of at least 20um, such as-at
least 30umt or at least 35um, or al least 40um. Preferably, the particles of the glass
component have a gy of Up to 200um, such as up to 180um, or up to 155um, or up to 150um.

Various commercially available glass components that are suitable for use in the
present invention. are, forexampls, varicus glass components available from Nihon Yamanmura
Glass Co.,Ltd; such as glass components containing BaQ, ZnO, B,Oy, Cal and ALO, and
Schott GM31107, available from Schott AG 84028 Landshui, Germany such as a glass
component containing BaO, B0y, ALOs and Ca0.

Praferably, the alkaline solution. formed by the glass has a pH of at least 8, more
preferably, at least 8, most preferably, at ieast 9.5, for exampls, at least 10, such as at least 11
ina 1:1 wiw ratio glass:water at 25C.

Typically, the glass coraponent is of the type which hardens and sets in water, for
exampie in an equivalent amount of water by weight.

Typically, @ brush-type coating composition of the pregent invention may have 30 -
90wt glass component in the formulation, more typically 40 — 80wt%, most typically 50 -
75wi%. Accordingly, in this ‘cagse, the binder component and liquid carer component
substantially provide the balance of the coating formulation. In a spray-type formulation, the
glass component may provide 10 ~ 70wt%, mors typically, 20 ~ 80wt%, most typically, 30 -
50wt of the composition with the balange again substantially made ue of the binder
component and liquid carrier component. Accardingly, in general, the glass component is
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present in the range 10-90wiS, more preferably, 20-80wt%, most preferably, 30-75wi% of the
composition,

Preferably, the level of the glass component in the dry composition is in the range of
petween 60 to 99.45wt%. For example, the level of the glass component may be in the range
of between 70 to 88.5wi%, such as between 80 to 98.5wt% or between 90 o 97 Swi'.
Typically, the dry composition comprises the glass component in an amount of at least 65wt%
by weight, such as at least 75wi%, for example at least B5wit% or $5wi%.

in use, after organic burrioff, the level of the glass component may be in the range of
betwean 70 to 92.98wit%. For example, the level of the glass component may be in the range
of between 50 to 90wi%, such as between 80 to 38wit% or betwean 90 to 99wi%. Typically,
after organic burnoff the composition comprises the glass compenent in an amount of at least
Bawi% by weight, such as atleast 78wi%, for exampie at feast 85wi% or 95wi%.

Preferably, the ratio of glass componentretarder is in the range of between 40:1 and
901 wiw, such as 50:1 and 80:1 wiw, for example 80:1 and 70:1 whiw. Typically, the ratic of
glass componentretarder is at least 40:1 wiw, such as at least 50:1 wiw, for example at least
60:1 wiw. Typically, the ratic of glass componentretarderis up o 801 whw, such as up {0
80:1 wiw, for exaniple up to 70:1 wiw,

Suitably, the binder component is stable under alkaline conditions, such as the pH of the
solution formed by the glass, for example, at least pH 8, more typically, at least 9, most
typically, at least 8.5, for example, at least pH10, orat least pH11.

Generally, the binder iz selected from one or more of an organic andl/or polymeric
binder(s). A mixture of binders may be required to suit the application. Typically, the binder is
water digpersible.

When the binder contains a polymeric binder it may be selected from any binder which
substantially burns off prior to stack cperation. Binders which leave a minimal carbon daposit
are preferred. Examples may be sefected from one or more of celfulose binders; acrylate
homo ot copolymers; vinyl acetate homo or copolymers, sthylene copolymers; andfor polyviny!
butyral. Suitable derylic homo or copolymers are known o the skilerd person for example,
those defined in EP 156636BAZ, paragraphs [0024] to [0028].

Prefergbly, the birnder is selected frony oneor more acwylate homo or copolymers orvinyl
acetate homo or copolymer. Typically the binder is ane or mare acrylate homo or copolymers.
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Preferably, the leve! of binder in the composition is in the range 1 {0 20wt%, such as 2 to
15wt%, for example 3 to 10wt%. Preferably, the level of binder in the composiiion is at lsast
0. Twit%, such as at least Q.5wi%, for example at teast 1.5wi%. Preferably, the level of binderin
the camposition is up to 25wi%, such as up to 15wi%, for example up to 12wit%.

Preferably, the leve! of binder in the dry composition is in the range 0.5 to 20wi%, such
as 1 to 15wt%, for example 2 to 10wt%. Preferably, the level of binder in the dry composition is
at least 0.05wt%, such as 4t least 0. 1wi%, for example at least 0.5wi%. Preferably, the level of
binder in the dry composition is up 10 20wt%, such as up to 18wit%, for example up 1o 12wt%.

Various commercially available binders that are suitable for use in the present invention
are, for example, Plextol D498, a stabilised acrylic copolymer from Syntomer, and Emultex

5717, a stabilised vinyl acetate/veova from Syntomer,

As detailed above, the coating composition includes a liquid carrier componant which is
generally predominantly water, for example, at least 70% by volume water, more typicatly, at
least, 80%, most typically, at least 90% by volume water, for example, at least 85% by volume.
Generally, no other liquid carriers are present in the cornposition at 25°C.

Preferably, the liguid carrier component is present in the range 1 ~ 55 % of the
composition, more typically 10 —~ 45% w/w, most fypically, 10 ~ 25% wiw. Preferably, the
composition comprises a liguid carrier component in an amount of at least 10wi%, such as at
lsast 20wi%, for example at least 25wi%. Preferably, the compasition comgrises a liquid
carrier component in an amount of up to BOWt%, such as up to 50wi%, for example up to
A0w1% o 30wi%.

The caating composition may additionally comprise further additives known to the skilfed
parsen, for instance, one or more of an emulsifier; @ wetting agent, a dispersing agent, such as
ar acrylic polymer salt; a thickening andfor suspending agent, such as a hydroxyethyl
cellulose; an anti-settling agent such as xantham gum;, pigments, such as organic pigments;
andfora thbotropic agent may be included.

Preferably, the level of suspending agent in the composition is in the range 0.002 1o
49t%, suchias:0.01 4o 2w, for extarple 0.03 o twi% or 0.04-10 0.5w% or 0.04 o 0wt
Preferably, the level of suspanding agent in the composition is at least 0.001wt%, such as at
feast 0.005wt% or at least 0.0%1wi%, for axample &l least 0.03wit% or at least 0.04wi%.
Preferably, the level of suspending agent in the composition i3 up to 4wi%, such as up to
2wt%s, for example up to twt% or up to 0.5w%.



10

15

20

a5

30

35

CA 02955762 2017-01-18

WO 2016/012750 PCT/GB2015/051983

8

Preferably, the level of suspending agent in the dry compasition is in the range 0.008 to
Swit%, sush as 0.01 10 3wt%, for example 0.03 1o 1wit% or 0.04 to 0.5wi%. or 0.04 to 0. 1wit%.
Praferably, the level of suspending agent in the dry composition is at least 0.002wt%, such as
at least 0.005wWt%, for example at least 0.01wi% or af least 0.03wt% or at least 0.04wi%.
Preferably, the level of suspending agent in the dry composition is up to Swt%, such as upto
3wt%, for example up to 1wit% or up to 0.5wt%.

Preferably, the level of anti-settling agent in the composition is in the range 0.002 to
4wt%, such as 0.01 to 2wt%, for example 0.03 to 1wt% or 0.04 to 0.5wt% or 0.04 1o B.1wi%.
Preferably, the level of anti-seltling agent in the compaosition is al least 0.001wi%, such as at
least 0.005wt% or at least 0.01wit%, for example at least 0.03wt% or al least 0.04wi%.
Preferably, the level of anyi-settiing agent in the composition is up to 4wi%, such as up fo
2wi%, for example up to fwi% orup to 0.5Wi%.

Preferably, the level of anti-settling agent in the dry composition is in the range 0.005 to
Bwi%, such as 0.07 to 3wt%, for exampie 0.03 to Twt% or 0.04 to 0.5wt%, or 8.04 to Q.1wt%.
Preferably, the level of anti-settling agent in the dry composition is at least 0.002wt%, such as
at least 0.005wi%, for example at least 0.01wt% or al lsast 0.03wt% or at least 0.04wt%.
Preferably, the level of anti-settling agent in the dry composition is up to Swt%, such as up to
3wt%, for example Upto Twi% or up to 0.5wt%.

Preferably, the level of pigment in the composition is in the range 0.1 to 20wi%, such as
0.5 to 15wt%, for example 1 to 10wi% or 1 to 5wi%. Preferably, the level of pigment in the
comiposition is at legst 0.05wi%, such as at least 0.1wi% or at least 0.5wt%, for example af
least 1 wi%. Preferably, the level of pigment in the composition is up to 25wi%, such as up fo
15wi%, for example up to 12wi% or up to 8 wite.

Preferably, the level of pigment in the dry composition is in the range Q.1 fo 20wi%, such
as 0.5 to 15wi%, for example 1 fo 10wt% or 110 Swi%. Preferably, the level of pigment in the
dry composition is at least 0.05wi%, such as af least 0, Twit%, for example at least 0.5wt% or at
least Twit%. Preferably, the level of pigment in the dry composition is up to 20wit%, such as up
to 18wi%, for example up to 12wi% or up to 10wt%.

Advantageously, the use of pigments allows for the coating to display a colour during
application. Commonly, without pigmentation the coating would be transparent and due 1o the
relative thinness of the coating it can be difficull fo identify to which portions of the stack or
gasket the coating has been applied. However, the use of a pigment allows for easy
identification of the areas of the stack or gasket covered by the coating. Colour display aiso
allows a user to distinguish befween coated and non-coatad gasket stock. Further, different
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types of compositions, for example for use at differant fuel cell operating temperatures may be
differantly colourad, allowing for the different. compositions to be distinguished. Furthermore,
the use of organic pigments means that during organic burn-off the pigment will be removed
from the coating, causing the coating to become fransparent and thus removing possible
causes of degradation in the coating during.

Preferably, it wifl be appreciated that the range, as well as the lower and upper limits, for
the levels of the retarder, glass component, binder, liquid carrier and other additives herein
may be combined in any combination within the context of the invention.

fey use, the liquid cartier component gengrally evaporates during drying and the binder
componerit in the coating layer and any remaining liquid carrier component is removed dug to
the heating up of the fuel cell prior to use. Accordingly, after production and initial drying the
gaskel includes binder component, whereas in use, the binder component is substantially
rermoved,

According to @ second aspect of the present invention there is provided a gasket for
sealing two mating surfaces of a fuel cell comprising a core layer, said core layer interposed
between a first and second coating layer according to the composition of the Tirst aspect of the
presaqtitwvention.

In addition, the invention extends fo a gasket according to the second aspect from which
the coaling layer liquid camier has essentially been removed by drying. Still further, the
invention extends to a gaskel according to the second aspect from which the coating layer
binder has besen removed or decomposed inuse,

Preferably, the core layer is a resifiently deformable core layer. Typically, the resilient
layer may contain one or more of platelet fillers such as exfoliated vermiculite and/or mica, for
example the core layer may contain chemically exfoliated vermiculite (CEV) andfor thermally
exfoliated vermiculite (TEV). Prefarably, the resilient core iayer contains CEV.

Suitably, the coaling layers cover ai least a part of the surface of the core layern
Generally, the coating layers are contiguous with the sore layer so as o cover substantially the
antire surface of the core layer. However, the cogting layers may ovetlap the sdges of'the
core layer fo merge at thelr respective peripheries to thersby seal the core layer within the
coating layers. Preferably, the coating layers form the outer layers of the gasket such that the
coating layers are in contact with the raspective mating surfaces, in use, more preferably, the
gasket layers are arranged such that substantially none of the cora layer contacts the mating
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surfaces in use. However, it iv-also possible fo have less than 100% coating coverage of the
core layer and optionally for some of the core layer to also contact the mating surfaces in use.

Prefarably, the gasket of the present invention is for use in @ BOFC or SOEC. The
gasket is preferably a gasket for use in a8 SOFC or SQEC o reduce gas leakage.

Advantageously, it has surprisingly been found that gaskets according to the second
aspect of the presentinvention display improved lsakage rates, in use. 1t was also surprisingly
found that the improved leakage rates are maintained after thermal cycling, and, moreover,
may actually improve after g serles of thermal cycles. Low leak rates have furthermore been
obtained over a wide vangs of gas pressures and aover a wide range of temperalures.
Furthermore, advantageously, although enhanced sealing is found at all levels of compressive
stress, it has been found that gaskets according {o the second aspect of the prasent invention
provide particutarly improved sealing properties at relatively low compressive stress, typically,

less than 0.5 MPa, for example at 0.1 MFa. By opergting @ SOFC or SQEC at low

compressive stress, less bulky compression systems for stack modules can be used allowing
for more design freedom and efficiency improvements. Furthermore, with lower surface
stresses, thinner interconnect plates can be used rather than etched or machined plates and
more advanced flow geomelries are possible.

The core layer is intended to be more compressible than the coating at lower
temperatures, in particular below the glass transition temperature of the coatings. This may
affow for the thermeo-mechanical stresses to be reduced compared {o an all-glass seal
Preferably, the core layer is compressible in the diregtion perpsndicular to its facing surfaces.
As mentioned above, the core layer of the gasket may comprise exfoliated vermiculits.

Preferably, the exfoliated vermiculite is-chemically exfoliated vermiculite (CEV). CEV is
formed by treating the ore and swelling it in water. in one possible preparation method, the
are is freated with saturated soditim chioride solution to exchange raagnesium ions for sodium
ions, and then with n-butyl ammonium chioride 1o replace sodium lons with n-CyHeNH; ions,
On washing with water swelling takes place. The swollen material is then subjected fo high
shear to produce an agieous: suspension of very fine (diameter below 50 ym) vermiculite

particles.

The water may also be removed from the suspension fo form dry CEY particles.
Preferably, the dry CEV Is prepared by a stitable drying technique such as those well known
to the skilfed man. Suitable drving techniques include cake drying and pulverising; film drying
and pulverising; rotary hot alr drying; spray drying; freeze drying; preumatic drying; fluidised
bed drying of partially dried sclid; and vacuum methods including vacuun shelf drying.
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Typically, the core layer of the present invention has a density prior to use of 1.7~ 2.0
gfem®, more typically, around 1.8 glem”.

Preferably, CEV provides up to 100% wiw of the total exfoliated vermiculite in the core
layer, typically, 80-100% wiw, more typically, 90-100%, generally approx. 100% CEV wiw total
exfoliated vermiculite in the core layer.  The core layer may also include dry derived CEV ie.
CEV added to the core gomposition in a dry state prior to formation and drying of the core
gasket composition. However, generally the source of CEV is an aqueous disparsion thereof

prepared directly-from the vermiculite ore.

Freferably, the proportion of CEV is at lgast 30% whw of the core layer, more preferably
at least 35% wiw of the core layer.

Typically, the level of CEV falls within the range 30 ~ 70% w/w of the core layer, more
typically, 35 — 85% wiw of the core layer, most typicaily 40 - 55% wiw of the core layer.

Preferably, the core layer is in the form of a foil of exfoliated vermiculite formed by
calendering a wet dough composition or by drying after spreading a wet dough composition
with a doctor blade.

The core layer may intlude further components besides exfoliated vermiculite:  For
example; the core layer may further comprise a sulfable filler, suchias one or more of a coarse,
fing; very fine andfor plate-shaped filler, For example, the filler may be coarse filler having:a
dsy of approximately 20 gm as determined by a Malvern Sizer 3601. The filler may be a very
fine filler having a surface area of approximately 125m’fg, andior the filer may be a fingly
ground filler having a surface area of approximately 7m%/g. such as a plate-shaped filer, By
‘approximately” it is-meant £ 10%.

A preferred filier is tale. An example of coarse grain tale filler is Magsil Diamond D200
avaifable from Richard Baket Harrison Limited 1G1 47Q, UK. Another example of a filler iz the
very fing synihetic silica filler VN2 available from Evonik Degussa GrobH, 80287 Germany., A
yet further example of a sultable filler is the finely ground plate mica malerial MKT available
from Minelco Lid DE21 7BE.

An example of a suitable exfoliated vermiculile cors material is Thermiculite 866
{available from Flexitallic).
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i one preferred embodiment of the present invention the exfoligted vermiculite js 80% -
100% wiw CEV and the proportion of CEV is at least 30% wiw of the core layer.

in other preferred embodiments of the present invention the exfoliated vermiculite js 80-
100% wiw CEV; the proportion of CEV is at least 30% wiw of the core layer; the proportion of
filler is at least 40% wiw of the core layer; the coatings layers are preferably in contact with the
core layer; and the coating layer optionally has a thickness of between 0.1 and 50 um; and

optionally the gasket has an uncompressed thickness in the range 10 - 2100 wm.

Preferably, the proportion of filler is at least 40% wiw of the core layer, most preferably,
at least 45% wiw of the core layer. Typically, the tevel of filler falls within the range 70 ~ 30%
wiw of the core fayer; more typically 65 — 35% wiw of the core layer, most typically 80 ~ 48%
wiw of the corelayer,

Typically, the core fayer is in the range of 10 ~ 2000 wm thickness, more typically 100 -
1500 um, most typically 100 - 1200 um, such as 300~ 1000 pm.

As mentioned above, the gasket further comprises coating layers of the composition of
the first aspect of the invention. The coating layers of the present invention are designed to
hermetically seal the mating surfaces of the SOFC or BOEC and conform to the tapography of
the core layer of the gasket. The coating layers are further operabie to accommodate surface
imperfections in the mating swrfaces thus acting to substantially seal direct leak paths.
Furthermore, when one or more of the coating layers are arranged directly adjacent to the core
fayer, the coating Jayer(s) may act to accommedate surface imperfections in the core layer
material, thus also substantially sealing direct leak paths in the core laysr. Accordingly, the
coating layers preferably conform to the topography of the core layer. As such, preferably the
coating layers are arranged in the gasket such as fo be in contact with the core layer,
preferably, by direct coating of the core layer to form an immediate first and second coat on
opposed facing surfaces of the core layer. The coating layers of the invention are particularly
advantageous due to surface imperfections and striations being typical on the surface of the
gore layar of the present invention.

Typical densities of the glass coatings in use in a fuel cell after organic burnoff ars in the
range 2.5 - 7.5 g/om®, such as the range 3 to 6.5 glom”.

Weight per unit area (mgfcm®) of the coatings will depend on thickness of the coatings
applied to the gasket but is typically in the range 0.2 to 10 mglom® after organic bumoff, such
as the range 3to 8 mglent’,
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Quitably, the coating fayer may initially have a viscosity of 1 1o 10% Pa.s when the
termperature in the stack is at the operating temperature. Howaver, over time, the amorphous
phiases may increasingly crystallise leading to increases in viscosity at operating temperature.

The coatings of the present invention are adapted o be conformable to the core layer in
stich @ mannher that the coating fills the imperfections in the core layer surface and thereby
seals feak paths. Generally, this takes place during operating temperatures.

The type of glass in the glass component may be varied according to the desired
operating temperature of the stack. For example, where a fuel stack has a particular aperating
temparature, the coating compasition may be selected so that the viscosity of the materials are
taiiored fo the stack operating temperature so that the coating conforms to the adjacent
surfaces at those temperatures. it is preferable that the glass component has a wetling-
flowing temperature in the region of or above the operating temperature of the fuel cell in
which the seal is 1o be used. For sxample, where a fuel cell stack has an operating
temperature of 700 °C a glass component having a wetting-flowing temperature range of
around 700 to 800 °C may be used. Accordingly, the preferred required sealing temperature of
the glass camponent is above the saftening temperature, more typically, between the softening
and hemisphere temperatures of the coating as the hemisphere temperature is generally
indicative of the oriset of the wetting phase. Fuel cell operating temperatures vary depending
on the nature of the stack and may be between 500°C and 1000°C but are generally between
£50°C and $00°C and generally the coating composition should séill provide an effective seal
at the lowest operating temperature. Accardingly, the preferred softening temperature range of
the glass component is between 450 and 950°C, more preferably, 500-800°C {0 meet the
requirements of various fue! ceils. The hemisphere temperature range may be 10-500°C
higher than the ranges for the softening temperature, more preferably, 10-200°C. As fuel cell
operating temperatures for a given fuel cell may vary in use, the glass componant should
preferably be operable over these temperatures. However, # is preferred in some
embodiments in the present invention for the hemisphere temperature 1o be below the upper
operating temperature of the fuel cell so that the wetting phase or even the flowing phase may
be reached during initial cycling as this will assist sealing between the core and coating layers.
The flowing temperature of the glass component may be §-100°C above the hemisphere
temperature ranges. Typical flowing temperature ranges are 800-1500°C but for glass-ceramic
composites in the range 760-1100, more preferably, 800-1050°C. It will be appreciated that the
pressure on the stack will also affect the sealing, hemisphere and flowing lemperature,
However, the temperature ranges above may be determined by @ hot stage microscope at
atrnospheric pressure.
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Preferably, sach coaling layer has a thickness of between (.1 and 50 pm, more
typically, 0.5 and 25 pm. or 1 to 20 um after burnoff of the organics.

Although multiple coats of coatings composition may be applied, preferably only one
coat of coating composition i applied for each coating layer in the gasket.

Advantagaously, a Jow viscosity of the glass coating layers permits good wetlting of
adjacent surfaces as well as penetration 1o the exfoliated vermiculite poras,

According fo a third aspect of the present invention there is provided a fuel cell
comprising a gasket for sealing two mating surfaces of the fusl cell, the gasket being in
accordance with the segond aspest of the present invention.

Preferably, the fuel cell is & solid oxide fugllelectralyzer celt (SOFC and SOEC).

According to another aspect of the present invention there is provided use of a glass
coating composition according to the first aspect of the invention in fuel cell gaskets.

According to ancther aspect of the present invention there Is provided a solid oxide cell
or a solid oxide cell component comprising one or more gaskets according to any of the
aspecls of the present inventioi.

Preferably, the solid oxide celi comprises af least one gaskst according to the second
aspect of the invention. Optionally, the solid oxide cell may comprise gaskets between one or
more of the cell elecirolyte and cathode; the electrolyte and anode; the cathode and anods;
the cell and an interconnect, an interconnect and an interconnect; an interconnect and an
endplate; a cell and an endplate; and/or & celf and g cell.

According to another aspect of the present invention there is provided use of a gasket
according to any of e aspects of the present invention to improve sealing properties in a solid
oxide cell, particularly a SOFC or SOEC.

According to another aspect of the present invention there is provided & method of
producing a solid oxide cell or of sealing & solid oxide cell somprising incorporating at least
one gasket according to any of the aspects of the present invention into the solid oxide cell.

The mating surfaces of the fuel cell may be formed of the same or different materials.
Prefarably, the mating surfaces are formed of metal or ceramic. Most preferably, the mating
surfaces are formed of steel such as high temperature ferritic steel. A suitable stainless steel
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is Crofer 22 APU which forms a chromium — manganese oxide layer which is very stable up fo
9a0°0.

Advantageously, the superior performance of gaskets according to the second aspect of
the invention allows the use of lower surface siresses whilst still achieving gas sealing.
Accordingly, use of the invention also allows the use of parts for the fuel cell with lower stress
limits.  Such parts include thin interconnect plates which can be conveniently produced by
pressing rather than etching of machining, for example. This allows for greater design
freadom and more advanced flow geometries in the fuel cell. Typically, the thin metal plates of
thi fuel cells of the invention are in the range 0.1 to 1.5 mm thickness, more preferably, 0.1 to
1 mmi thickness, mest preferably, 0.1 to 0.5 mm thickness,

According to another aspect of the present invention there is provided a method for
producing a gasket according to the second aspect of the present invention comprising the
steps of:

a. coating the glass composition of the first aspect onto each of the opposed
surfaces of a gasket core fayer to fornycoatling layers thereon;

b. locating the coated gaskst in a fuel cell between mating surfaces to be
sealed;

¢. optionally, heating the gasket to remove any remaining volatile organic
components;

d. optionally, heating the gasket to effect sintering of the coating layers,

e optionally, further heating o effect wetting of the coatling layers.

The gasket care layer may be selectad from the gaskel core layers defined herein.
Preferably, the core layer comprises exfoliated vermiculite, more preferably, chemically
axfoliated vermiculite.

The method may include the step of forming, preferably cutting, the core layer into the
required gasket shape prior fo or after coating step a. Optionally, the forming, more preferably,
sutting step takes place prior to step & In this manner recycling of any unused parts of the
cote layer is more sasily effected as separation from the coating layer is then aveided.

The coating layers may be applied to the core fayer in any manner known to the skilled
man. Preferably, the coaling is applied in the form of a lquid suspension of paste-lype
formulation.  For example, the coating layers may be applied by spraying, brushing, spatula,
roller, draw bars, taps or screen printing. The method of application will dictate to a certain
extentthe content of the coating formulation.
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it will be clear to the skilled man that the contents and the proportions of the coating
composition may be altered according to the desired properties of the formulation, such as
thickness, adherence sle.

The coating composition may ba formed by any method known to the skilled man.
Usually, the coating composition can be prepared by mixing the binder component, fiquid
cartiers, retarder and glass component. Suitably, the glass component and retarder are
different components and are added separately, or pre~-combined from separate components.

The coated core layer may be dried at ambient temperature. The length and
temperatire of the drying step will depend, for example, upon the content of the coating
composition and the thickness of the coating layer. In one embodiment, a proportion of liguid
carrier component is ieft in the coating layers after drying. Advantageously, the coating layers
inthis form can serve as a low temperature adhesive, and as such serve to improve the ease
of handling the assembled companents prior to first use.

It has advantageously been found that compositions according 1o the present invention
are easier to mix than prior art compositions. For example, prior art compositions using
organic carriers, such as terpineol, may have sequired mixing for up to 12 hours.
Compositions according to present invention have been found to be in a suitable form after a
faw minutes of mixing, such as after 30 minutes of mixing, for example 20 minules, 10
minutes, 5 or 2 minutes of mixing, such as mixing at normal operating conditions with KA
nverhead stirrers including RW basic lab egg mixer or RW 20 Digital mixer. Furthermore, R
has heen found that compositions according to the present invention are easier to dry than
prior art compositions. For example, prior art compositions using terpinecl may require drying
by heating for up to 20 minutes in an oven. ln contrast compositions according to the present
invention have been found fo dry in & suitable timescale without a requirement for oven
heating. For example, the coating may be suitably dry after drying in ambient temperature,
such a3 between 18 and 25°C, for 20 minutes, for example 10 or & minutes.

The gasket may be cut into the required shape before coating, but is typically cut into
the required shape after coating and initial drying by any suitable method known 1o the skilled
fian.

Preferably, the coating fayers are conformed to the core fayer before stack assembly
and heatup.
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The canditions of the heat freatment steps (¢} to {&) in this further aspect of the invention
are preferably optimised such that the coating fayers accommeodate any imperfections in the
surtace of the core layer.

The heat treatment process may be carried out using & step-wise, continuous Or mixed
step-wise and continuous ternperature gradient. For example, the temperature may be
increased at a relatively steady rate of between 20 to 100 K/h, more preferably between 60 to
70 Kih, most preferably belween 55 to 85 K/h. Preferably, the heat treatment fs conducted in
an atmosphere of air,

Preferably, the heat treatment is carried out in a step-wise manner, meaning the
temperature is raised and substantially held at a specific raised level for a periad of time before
being further raised and substantially held, and so on until heating is complete. As such, in
one embodiment, the heating may involve maintaining at @ temperature that allows for a
controlled burnout of any organic materials. A controlled burnout is favoured in order fo help
prevent carbon formation. The temperature may then be raised to a further higher
temperature at which point wetting and sintering of the coating occurs.

With regard to step {(c), this step may comprise a dwell period dwring heat up of the
stack. The dwell period may be belween 350 - 500°C, such as above at least 350°C, such as
up-to a temperature of 500°C, over, for example an hour, to substantially burn off remaining
organic components,

Typizally, the temperature applied at step {d) is higher than the temperature of step (g),
as well ag higher than the operating {emperatire of the stack. For example, the temperature
of step (d) may be 40 - 70°C higher than the operating temperature of the stack. ‘As such, the
use of a sintering step may require a separate heating regime for the gasket before ths
temperature can be adjusted to the stack operating temperature. Advantageously, gaskets
according to the present invention may not require the sintering of step (d). For example,
gaskels according to the present invention may not reguire a sintering step o require haating
above the operating temperature of the stack, such as when the stack has an operating
temperaturs of around 700°C or greater. As such, typically, the temperature of the stack may
be raised according o only the requirements of the stack., Gaskets according to the present
imvention may notrequire special heating regime independent-of the femperature requiraments
of the stack.

Advantageously, the heat treatment allows the coating layer to fill the core's surfaca
imperfections.  Furthermors, the coating substantially seals direct leak paths. I one
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embodiment, the coating layers may be operable to seal cracks in the core that form during
thermal eycling.

According to another aspect of the present invention there is provided a method for
praducing a gasket according to the second aspect of the present invention comprising the
steps of;

a. coating a glass composition according to the first aspect of the present invention onto
each of the mating surfaces to be sealed;
locating a gasket core layer between the coated rating surfaces o be sealed;
mating the coated surfaces and interposed gasket core layer {ogether;
optionally | heating the gasket to remove any remaining volatile organic components;
optionaily, haating the gasket to effect sintering of the coating layers;

S T -T T )

optionalfly, further heating to effect wetling of the coating layers.

The coating layers of this aspect of the present invention may be in accordance with,
prepared and applied to the mating surfaces according to any of the coating compositions and
methods described in relation to the costing layers of any of the aspects of the present
invention, Preferably, the coating layers are applied to the mating surfaces in the form of a
paste. Preferably, the method of applying the glass composition to the mating surfaces is by
extrysion such as beading by exirusion.

Steps (d) fo (f) may be carried out as described according to steps (c} to {e) of the
preceding aspect of the present invention and the optional features thereot as described
ahove.

The method may include the step of forming, preferably cutting, the gasket core layer
into the required gasket shape prior to locating # between the coated mating surfaces to be
sealed.

Advantageously, the method according to this aspect permits even greater material
efficiency in the production of gaskets according to the present invention. The shape of the
gasket is generally dictated by the shape of the mating surfaces, however, the core layer
material is commonly produced in large sheets. As such, shaping of the glass coated core
fayer sheets may resul in cut-offs which can go to waste, Accordingly, by applying the glass
composition initially to the mating surfaces, wastage of the coaling composition is avoidsed.
Furthesmore, in this manner recycling of the unused parts of the core layer is more sasily
gffected:
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A gaskat according to the aspects of the present invention comprises a core layer
interposed between coating layers, Preferably, the coating layers of the gasket are arranged
substantially immediately adjacent to the core layer and, typically, in bonded contact therewith.
Thus, the costing layers are preferably in continuous contact with the core fayer so that no
further layer is interposed thevebetween. The core layer material may be selected from those
definad herein. Preferably, the core layer comprises exfoliated vermiculite, more preferably,
chemically exfoliated vermiculite.

Typically, the coated gasket of the present invention has an uncompressed thickness in
the range 10 — 2100 um, more typically 50 to 1500 pm, most typically 300 to 1000 pm,

Usually, the coating layers will be reasonably fiuid and conformable at the operating
temperature of the stack. However, at lower temperatures the coating layers can solidify, for
example during thermal cycling. As such, the thermal expansion coefficients (CTE} of the
coating layers, the core layer and the mating surfaces may be substantially the same.
Typically, the mating surfaces of the cell have a CTE in the range 10-13.10°K ™" during
operating temperatures. Matching of the CTE of the coating material and the mating surfaces
is parficularly advantageous at these temperatures bul also more parlicutarly below the
operating temperature and therefore below the Tg of the coating material to avoid damage to
the seal during thermal cyeling. Suitably, the coating material has a CTE relative 1o the mating
surfaoes of +/-2.10°%K*, more preferably, +/-1.5.10°K" between 600-1000°C.

I general, the composition may be applied as a brush-type coating or a spray-type
coating formulation.  When the composition Is applied by spraying, the composition will
typically comprise a high level of liquid carier. For reasons of delivery, the spray-type coating
compositions require higher levels of liquid carrier than the brush-type coating compositions.
As such, when the compaosition is applied with a brush-type composition, the compaosition will
generally comptise a reduced level of liquid carrier. The brush-type coating compositions are
generally suitable for all the non-spray application methods.

According fo another aspest of the present invention there is provided the use of a
ratarder fo prevent hardening of & glass composition. Sultable refarders and glass
sompositions for this purpose are defined herein, particularly in the first aspect.

According to another aspsct of the present invention there is provided the use of &
retarder to inhibit hardening of a glass composition. Sultable retarders and glass compositions
for this purpose are defined herein, particularly in the first aspect.
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Dafinitions
By “storage stable” s meant that the composition does not substantially harden under

normally acceptable storage conditions of temperature and time i.e. between § and 30°C and 1
{0 7 days, more typically, 1510 25°C and 1 1o 5 days.

The term “lguid” herein does not require definition because i is well understoed by the
skilled parson. Typicaily, the term liquid is applicable to the material or composition at least

between 5§ and 35°C, more typically, between 5and 30°C.

The term ‘solid oxide cel’ hersin ingiudes a solid oxide fusl cell or a solid oxide
electrolyzer cell.

Hemisphere temperature is the femperature at which the height of the sample is half of
the diameter so it is an index of the approach of wetling.

The Hemisphere {or Half Sphere) lemperaiure is reached when the height of the sampie
ishalf the widih of the base.

For & better understanding of the invention, and to show how embodiments of the same
may be carried into effect, reference will now be made, by way of example, to the following
gxamples.

Examples

The following glass powders wers tasted:

1 VIOX V1467 (pH in 1.1 water dispersion 8-7)

2 VIOX V2289 (pH in 1.1 water dispersion §)

3 FLX 102 (pH in 121 waterdispersion 10)

4 FLX 101 (pHin 11 water dispersion 10)

§ Schott GM31107 {pH in 1.1 water dispersion 10.5)

Camparative test

Far a comparative test, the above glass powders were incorporated into the following
nompositian:

Glass powder 100
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Digpax N4O 1
Water 42
1% Natrosal 1
1% Relzan 1

Dispex N40 — wetting and dispersing agent comiprising a solution of & sodium salt of
methacrylic acid in water,

Matrosol ~ thickening and suspending agent comprising 1% hydroxyethylcellulose selution.
Kelzan - anti-settling agent comprising 1% xanthan gum solution,

Results of comiparative tast

Comparative example 1 {containing VIOX V1467) ~ After 2 hours separated into water
layer above a packed sediment. Could be re-mixed with effort. No change after 24 hours and
no solidification reaction.

Comparative example 2 (containing VIOX V2289) ~ After 2 hours separated into waler
layer above soft sediment. Easy o re-mix. No change after 24 hours and no solidification
reaction.

Comparative example 3 (containing FLX 102) ~ Composition started to thicken almost
immediately. Pasty consistency after two hours. After 24 hours the composition became a
thick coagulated paste that was not recoverable.

Comparative example 4 (containing FLX 101) = After one hour the composition became
pasty. After 24 hours the compaosition had become a very stiff paste which was unusable as a

coating.

Comparative exampie 5 (containing Schott GM31107) — The composition went solid

within minutes

As shown by the above examples, it has been found that alkaline glasses solidify quickly
in aqueous dispersions, and as such show poor storage stability.

inventive test

For a test of compositions according to the present invention, the FLX 102 and FLX 101
glass powders were incorporated into the foflowing compaosition in examples Tand 2
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Glass powder 100

Dispex N40 1
Viater 42
1% Natrosal 1
1% Kelzan 1
Borak 1.5

Barax ~ retarder comprising disodium tetraborate.
Resyits of inventive test

Exampie 1 {containing FLX 102) ~ Afier two hours the composition formed a packed
sadiment that could be remixed. The composition was in the same form affer 24 hours with no
solidification. After 48 hours there was still no solidification.

Example 2 (containing FLX 101} - After two hours there was no change i the form of
the composition. Affer 48 hours there was some separation but the composition could be

readily remixed and no solidification was found.

In further inventive example 3, the Schott GM31107 glass powder was incorporated into
the following compasition:

(Glass powder 100

Dispex N40O 1
Waler 42.5
1% Natrosol 10
1% Kelzan 10
Borax 1.8
Plexiol d428 10
10% yeliow 2.2
0% ted 0.4
10% black 0.55

Plextol 0498 ~ binder comprising an acrylic dispersion stabilised for application in high
alkalinity system.

Yeliow pigrment — Gemsperse EP83 water based dispersion of organic pigment Yellow 83.

Red pigment— Gemsperse EX166 water based disparsion of organic red pigment.

Black plgment ~ Gemsperse EPY water based dispersion of carbon black.
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The above composition was formed by premixing water, Dispex and borax until borax
was dissolved. The glass powder was then added with stiving.  Preformed Natrosol and
Kelzan soiutions wers then added with slow stirtng, followed by the addition of Plextol with
slow stirring and finally the pigments with slow stirring.

Results of inventive test

Example 3 {containing Schott) ~ The composition produced negligible thickening over 2
days. There was also negligible settling and any setling could be easily re-mixed. 1t was
further found that the composition was suitable for application after 4 days when stored &
ambient temperature and for 7 days when storad in a fridgs.

The composition of example 3 was applied to g vermiculite gasket core layer using 50u
KBar {available from RK Print Coat instrurents Lid . Litlington , Royston, SG8 0QZ, UK) fo

give an even fim which was air drisd. The dried film was coherent and rub resistant with
negligible chalking. The sheet was heated to 370°C to burn-off the organics. Heating of the
sheet to 700°C produced a clear, transparent melted glass coating.

Further retarders were tested for their efficacy in retarding/stabilising the glass
composition. The formulation used was as in example 3 except that borax was
replaced as foilows:-

Example 4. Ortho boric acid (HaBOs)

Boric acid is an extremely weak acid with a solution ph of 8.7 & is sufficiently
soluble in water. Boric acid was dissolved in the water compaonent at a levelof 1.4
parts in the above formulation prior to adding the Dispex & glass.

Viscosity was monitored as follows.:-
initial ~ low viscosity smooth liquid

6 hours ~ low viscosity smooth liguid
24 hours ~ low viscosity smooth liguid

Example 5. Sugar(sucrose)

Added at 1.4 parts to the above formulation by dissoiving in the water prior 10 adding the glass.

Visgosity monitored as follows:-

Initial - tow viscosity liquid
thr - sloppy paste
ghr - thick paste - no grit

24he - thick paste~ noqrit



(43]

10

15

20

30

35

CA 02955762 2017-01-18

WO 2016/012750 PCT/GB2015/051983

24

48hr - siiff paste but still workable

Example &8 Tartadc Acid

Added at 1.4 parts to the above formuiation by dissolving in the water prior te adding
the glass.

Viscosity monitored as follows -

injtial - fow viscosity Bauid

Thrs - creamy consistency

24hrs - creamy consistency

72hrs - creamy consistency, no grit or floccuiation

Added at 1.4 parts as previously described.

Viscosity monitored as follows:-

Initial - low viscosity iquid
45mins- low viscosity ligquid
24hrs “ sloppy paste, no grit, still workable

As it 'can be seen from the above examples, aguepus compositions gecording 1o the
sresent invention that contain akaline glasses and a retarder show improved resistance o
solidification in an adqueocus dispersion, providing'a substantial iImprovement in storage stabity
for these high temperature glasses.

Attention s directed o ali papers and documents which are filed concurrently with or
previous to this specification in connection with this application and which are open to public
inspection with this specification, ‘and the contents of all such papers and docurents arg

incorporatad herein by reference.

All of the features disclosad in this specification {including any accompanying claims,
abstract and drawings), and/or ali of the steps of any method or process so disclosed, may be
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combined in any combination, sxcept combinations where at lsast some of such features

andfor steps are mutually exclusive.

Each featurs disclosed in this specification (including any accompanying clains,
abstract and drawings) may be replaced by alternative fealures serving the same, eguivalent
or similar purpose, unless expressly siated otherwise, Thus, unless expressly stated
otherwise, each feature disclosed is one example only of @ generic series of equivalent or

simitar features.

The invention I8 not restricted to the details of the Toregoing embediment(s). The
invention extends to any novel one, or any novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), or {o any novel ong,
or any novel combination, of the steps of any method or process so disclosed:
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The embodiments of the present invention for which an exclusive property or privilege is
claimed are defined as follows:

1. A glass coating composition for a fuel cell gasket comprising:

a glass component effective to form an alkaline solution in the presence of an
equivalent amount of water by weight;

a binder component;

a liquid carrier which is greater than 50% by volume water;

characterised in that the composition further comprises a retarder effective to inhibit
hardening of the composition wherein the retarder is selected from one or more of the group
consisting of lignin compounds; hydroxycarboxylic (HC) acids; monosaccharides;

disaccharides; zinc oxide; fluorates; borates; and/or derivatives thereof, or mixtures thereof.

2. A glass coating composition according to claim 1, wherein the lignin compound is

selected from a lignosulfonate, including calcium, sodium and/or ammonium salts thereof.

3. A glass coating composition according to claim 1, wherein the hydrocarboxylic (HC)
acids are selected from one or more of gluconic acid, citric acid, tartaric acid or malic acid, salts thereof

and water soluble salts thereof.

4, A glass coating composition according to claim 1, wherein the disaccharides are
selected from sucrose.

5. A glass coating composition according to claim 1, wherein the borates are selected
from one or more of alkali borates.

6. A glass coating composition according to claim 5, wherein the alkali borates are
selected from one or more of sodium metaborate, sodium tetraborate (also known as borax) and
potassium pentaborate.

7. A glass coating composition according to claim 1, wherein the retarder is selected from

those containing a hydroxyl group.

8. A glass coating composition according to claim 7, wherein the retarder is selected from

hydroxycarboxylic acids and their salts; and boric acid and its salts.
9. A glass coating composition according to claim 8, wherein the hydroxycarboxylic acids

and their salts are selected from one or more of citric acid, tartaric acid, salicyclic acid, gluconic acid,

glucoheptonate and glucono-delta-lactone.
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10. A glass coating composition according fo claim 8, wherein the retarder is borax.

1. A glass coating composition according to any one of claims 1 to 10 wherein the retarder
is water soluble.

12. A glass coating according to claim 11, wherein the retarder is fully dissolved in the
composition.

13. A glass coating composition according to any one of claims 1 to 12, wherein the level

of retarder in the composition is between 0.02 to 20wt%.

14. A glass coating composition according to claim 13, wherein the level of retarder in the

composition is between 0.05 fo 10wt%.

15. A glass coating composition according to claim 14, wherein the level of retarder in the

composition is between 0.5 to 5wt% or 1 to Swit%.

16. A glass coating composition according to any one of claims 1 to 15, wherein the level
of retarder in the composition is from 0.02wt% to 25wt%.

17. A glass coating composition according to claim 16, wherein the level of retarder in the
composition is from 0.1wt% to 25wt%.

18. A glass coating composition according to claim 17, wherein the level of retarder in the
composition is from 0.4wt% to 25wt%.

19. A glass coating composition according to claim 18, wherein the level of retarder in the
composition is from 0.75wt% to 25wt%.

20. A glass coating composition according to any one of claims 1 to 19, wherein the level
of retarder in the composition is up to 25wt% retarder.

21. A glass coating composition according to claim 20, wherein the level of retarder in the
composition is up to 15wt%, 8wt% or 6wt%.

22. A glass coating composition according to any one of claims 13 to 21, wherein the
retarder is water soluble and the retarder is dissolved in the composition in one of the amounts of any

one of claims 13 to 21.

23. A glass coating composition according to any one of claims 1 to 22, wherein the glass

Date Regue/Date Received 2023-09-11
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component is of the type which hardens and sets in water.

24, A glass coating composition according to claim 23, wherein the glass component is of
the type which hardens and sets in an equivalent amount of water by weight.

25. A glass coating composition according to claim 23 or claim 24, wherein the glass
component comprises one or more of the compounds selected from SiO2, Al203, B20s3, BaO, Bi»0s,

Ca0, Cs20, K20, La20s3, Liz0, MgO, Na20, PbO, Rb20, 8b203, Sn0O, 8r0, TiO2 Y203 and/or ZnO.

26. A glass coating composition according to claim 25, wherein the glass component is
selected from one or more of BaO, ZnO, B203, Ca0 and/or Al2Os,

27. A glass coating composition according to claim 26, wherein the glass component is
selected from one or more of BaO, B203, Al203 and/or CaO.

28. A glass coating composition according to any one of claims 1 to 27, wherein the alkaline
solution formed by the glass has a pH of at least 8 in a 1:1 w/w ratio glass:water at 25°C.

29. A glass coating composition according to claim 28, wherein the alkaline solution formed

by the glass has a pH of at least 9 in a 1:1 w/w ratio glass.water at 25°C.

30. A glass coating composition according to claim 29, wherein the alkaline solution formed
by the glass has a pH of at least 9.5 in a 1:1 w/w ratio glass:water at 25°C.

3. A glass coating composition according to claim 30, wherein the alkaline solution formed
by the glass has a pH of at least 10 in a 1:1 w/w ratio glass:water at 25°C.

32. A glass coating composition according to claim 31, wherein the alkaline solution formed
by the glass has a pH of at least 11 in a 1:1 w/w ratio glass:water at 25°C.

33. A glass coating composition according to any one of claims 1 to 32, wherein the glass

component is present in the range 10-90wt% of the composition.

34. A glass coating composition according to claim 33, wherein the glass component is

present in the range 20 to 80wt% of the composition.

35. A glass coating composition according to claim 34 wherein the glass component is

present in the range 30 to 75wt% of the composition.

36. A glass coating composition according to any one of claims 1 to 35, wherein the ratio
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of glass component:retarder is in the range of between 40:1 and 90:1 w/w.

37. A glass coating composition according to ciaim 36, wherein the ratio of glass

component:retarder is in the range of between 50:1 and 80:1 w/w.

38. A glass coating composition according to claim 37, wherein the ratio of glass
component:retarder is in the range of between 60:1 and 70:1 w/w.

39. A glass coating composition according to any one of claims 1 to 38, wherein the binder
is selected from one or more of the group consisting of cellulose binders; acrylate homo or copolymers,
vinyl acetate homo or copolymers; ethylene copolymers; and/or polyviny! butyral.

40. A glass coating composition according to claim 39, wherein the binder is selected from
one or more of the group consisting of acrylate homopolymers, acrylate copolymers, vinyl acetate

homopolymers, and vinyl acetate copolymers.

41, A glass coating composition according to claim 39, wherein the binder is selected from
one or more of the group consisting of acrylate homopolymers and acrylate copolymers.

42. A glass coating composition according to any one of claims 1 to 41, wherein the level

of binder in the composition is in the range 1 to 20wt%.

43, A glass coating composition according to claim 42, wherein the level of binder in the

composition is in the range 2 to 15wt%.

44, A glass coating composition according to claim 43, wherein the level of binder in the

composition is in the range 3 to 10wt%.

45, A glass coating composition according to any one of claims 1 to 44, wherein the liquid

carrier component is at least 70% by volume water.

46. A glass coating composition according to claim 45, wherein the liquid carrier

component is at least, 80% by volume water.

47. A glass coating composition according to claim 46, wherein the liquid carrier

component is at least 90% by volume water.

48. A glass coating composition according to claim 47, wherein the liquid carrier

component is at least 95% by volume water.
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49, A gasket for sealing two mating surfaces of a fuel cell comprising a core layer, said
core layer interposed between a first and second coating layer according to a composition as claimed

in any one of claims 1 to 48.

50. A gasket according to claim 49, wherein the coating layer liquid carrier has essentially
been removed by drying.

51. A gasket according to claim 50, wherein the coating layer binder has been removed or
decomposed in use;

and wherein the retarder is an inorganic retarder.

52. A gasket according to claim 50 or claim 51, wherein the level of the glass component

in the dry coating layer is in the range of between 60 to 99.45wt%.

53. A gasket according to claim 50 or claim 51, wherein the level of the glass component
is in the range of between 70 to 99.95wt%.

54. A gasket according to claim 50 or claim 51, wherein the level of the glass component
is in the range of between 50 to 99wt%.

55. A gasket according to claim 50 or claim 51, wherein the level of the glass component

is in the range of between 80 to 99wt% or between 90 to 99wt%.

56. A gasket according to any one of claims 49 to 55, wherein the core layer is a resiliently

deformable core layer.

57. A gasket according to claim 56, wherein the resiliently deformable core layer comprises
one or more platelet fillers.

58. A gasket according to claim 57, wherein the resiliently deformable core layer comprises
platelet fillers that are selected from one or more of exfoliated vermiculite and/or mica.

59. A gasket according to claim 56, wherein the core layer contains chemically exfoliated
vermiculite (CEV) and/or thermally exfoliated vermiculite (TEV).

60. A gasket according to claim 56, wherein the resiliently deformable core layer contains
chemically exfoliated vermiculite (CEV).

61. A fuel cell comprising a gasket for sealing two mating surfaces of the fuel cell, the
gasket being in accordance with any one of claims 49 to 60.
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62. A solid oxide fuel cell or a solid oxide fuel cell component comprising one or more

gaskets according to any one of claims 49 to 60.

63. Use of a glass coating composition comprising a retarder defined in claims 1 to 45 to

inhibit hardening of a glass composition.

64. Use of a glass coating composition according to any one of claims 1 to 48 comprising

a retarder defined in claims 1 to 63 to inhibit hardening of a glass composition.

65. Use of a gasket according to any one of claims 49 to 60 in a solid oxide cell, to improve

sealing properties in a solid oxide cell.

66. Use of a gasket according to claim 65, wherein the solid oxide cell is a SOFC or SOEC.

67. A method of producing a solid oxide fuel cell or of sealing a solid oxide fuel cell
comprising incorporating at least one gasket according to any one of claims 49 to 60 into the solid oxide

fuel cell.
68. A method for producing a gasket according to any one of claims 49 to 60 comprising
the steps of:
a) coating the glass composition of any one of claims 1 to 48 onto each of the opposed
surfaces of a gasket core layer to form coating layers thereon;
b) locating the coated gasket in a fuel cell between mating surfaces to be sealed.
69. A method for producing a gasket according to claim 68, further comprising the step of

heating the coated gasket to remove any remaining volatile organic components.

70. A method for producing a gasket according to claim 68 or claim 69, further comprising
the step of heating the coated gasket to effect sintering of the coating layers.

71. A method for producing a gasket according to claim 69 or claim 70, further comprising

the step of further heating to effect wetting of the coating layers.

72. A method for producing a gasket according to any one of claims 49 to 60 comprising
the steps of.
a) coating a glass composition according to any one of claims 1 to 48 onto each of the

mating surfaces to be sealed;
b) locating a gasket core layer between the coated mating surfaces to be sealed; and
c) mating the coated surfaces and interposed gasket core layer together.

Date Regue/Date Received 2023-09-11



32

73. A method for producing a gasket according to claim 72, further comprising the step of

heating the gasket to remove any remaining volatile organic components.

74. A method for producing a gasket according to claim 72 or claim 73, further comprising
the step of heating the gasket to effect sintering of the coating layers.

75. A method for producing a gasket according to claim 73 or claim 74, further comprising

the step of further heating to effect wetting of the coating layers.
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