1 AN ELECTROLYTE FORMULATI ON FOR USE | N PHOTOELECTROCHEM CAL DEVI CES
Technical Field The present invention relates to electrolyte
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substrates. The el ectrol yte conpl et elg%? toel ectrochem cal circuit

bet ween the el ectrodes. In or construct DSC cells it is
necessary to introduce the el ectrolyte between the el ectrodes. To date, one
of the nosf ﬁ idlgchni ques used has been vacuum back-filling with liquid
electrolyte Int I
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Another technique is to build the device up in layers by preparing two
substrates with electrodes, applying electrolyte to one of the electrodes and then
bringing both substrates together. However, the liquid electrolytes used to date suffer
from problems of splashing during deposition and containment during the processes of
laminating the two substrates. To address this, the electrolyte may be provided in the
form of a rheologically modified electrolyte, for instance thickened to a higher viscosity
or gelled. The increased viscosity of a gel electrolyte assists in retaining the electrolyte
in position during cell assembly.

To date, gelled electrolytes have been provided in two-phase formulations
being a liquid electrolyte, with an added inorganic or polymeric thickening agent such

as nano-particulate silica or polyvinylidene fluoride. The thickening agent is dispersed



In a first aspect the present invention provides an electrolyte formnulation
for use in photoel ectrochem cal devices including: a thickening agent;
wher ei n twe 20twoskesni ng agent is dissolved in the el ectr ecyiaan20fiine13s56

t hi ckeni ng agent may be pol yneri c. The t hi ckeni ng agent may include
a polyvinyl al kyl aldehyde resin such as pol yvinyl butyral. The thickening
agent may i nclude poly-ethylene glycol 2 The thickening agent may include an
al kyl cellul ose such as ethyl cellul ose. The thickening agent nmay include a
pol y- al kylaeﬁ'ﬁleqm'rtdﬁessihldtl’fb lagipokeytraitay IGahied Gbebtd@ytes have beeh Heurtdtodkeni ng
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or a poly vinyl glkylenBifiernced ¢ 1ﬁﬁ3r(9s%|d3éléé'tr8b§ke fo%ﬁfamﬂﬁs @fnj@ﬁ are 3R

t hi ckeni ng agent nay be present_ in an anount "bet ween Yoto 20 wt % The
t hi ckeni ngpt ﬂYerﬁ%OB&rtWe@émI@Srﬁu&ﬁblarﬁefmwar@ést vfénafmfawm)a& 09 W% The

t hi ckeni ngnageddlogiey chfloping Heférchtticpbsiabidrbhndbgiahout 6 wt % The
formul ati on may further 1nclude a normally nanopartlculate metallic ion

based conpound. In a second aspect the present invention provides a
phot oel ectSwmimany ofithedavemwtion ncl udi ng an el ectrol yte fornul ati on accordi ng

to the first as qﬁ%tﬁrgtfasf)&? tﬂerB{rgg&l{ ention provides an electrolyte formulation for
use in photoelectrochemical devices including: a thickening agent; wherein the
thickening agent is dissolved in the electrolyte.

The thickening agent may be polymeric.

The thickening agent may include a polyvinyl alkyl aldehyde resin such as
polyvinyl butyral.

The thickening agent may include poly-ethylene glycol.

The thickening agent may include an alkyl cellulose such as ethyl cellulose.

The thickening agent may include a poly-alkylene oxide such as poly-cthylene
oxide.

The thickening agent may include, a hydroxyl alkyl cellulose such as hydroxy
propyl cellulose.

The thickening agent may include any of polyacrylonitrile, poly-vinyl acetate,
poly(alkylene carbonate) copolymers, or a poly vinyl alkyl ether such as poly vinyl
(m)ethyl ether.

The thickening agent may be present in an amount between 0.1 wt% to 20
wt%.

The thickening agent may be present in an amount between 2 wt% to 9 wt%.

The thickening agent may be present in an amount of about 6 wt%.

The formulation may further include a normally nanoparticulate metallic ion
based compound.

In a second aspect the present invention provides a photoelectrochemical
device including an electrolyte formulation according to the first aspect of the
invention.

The photoectrochemical device may be a dye-sensitised solar cell.

Brief Description of the Drawings
An embodiment of the present invention will now be described, by way of

example only, with reference to the accompanying drawings, in which:



The phot oectrochem cal device nmay be a dye-sensitised solar cell. Brief
Description of the Draw ngs An enbodi ment of the present invention
wi || nowwe 2de#suiched, by way of exanple only, wth ref@cemaeotiwoiise
acconpanyi ng drawi ngs, in which: 3 Figure 1 is a graph illustrating
experinmental results of neasurenments of electrolyte rheology of electrolyte
sanpl es; Figure 2 is a graph ilBustrating experinental results of
ionic conductivity of sone of the electrolyte sanples of figure 1; and
Figure 3 is a grfagtreillib ugtdpatillmaﬁn@expdﬂiﬁreﬁwdl r¢salsibf meatirdnosngs dfer m
stability d | ti Isfabrlcated using some of the

el ectrol yte?ec]“m%('%e 0(%5{0%%% %815% Sa%l% Detail ed Description of the Preferred
Enbodi nment Flgw(ﬁ 2¢b e gtapblilusgrafiog pxpeaimantnl aesobs df iegictconductioitpodli nent  of
the invent,ap df%h@él@&ﬁﬂﬁgsarﬁ klsr figlk quio manner: @) Prepare the

el ectrolyte (redox caqu g ctrolyte in nitrile based solvent) Such
el ectrol ytes ar glwﬁé\ﬁms p graphdllaytipting expesineated sesults elloaghtramuatibey afs

provi ded hgk&ensifidediblat e8l1sehBEdated W4y dobhd ETRY Ele@flyte E8inelu@tons OF Figure
particles c) Add polymeric thickening agent, e.g., B-79 polyvinyl

butyral, ih an amount of around 6wt % ; optionally add netal ion based
m)difier If required. d) Honopgenise by mxing (e.g., shake or stir using

appropri atﬁetﬁ'ﬁ@tf‘f)@&clﬂﬁ)tion of the Preferred Embodiment
An electrolyte formulation according to an embodiment of the invention is

prepared in the following manner:

a) Prepare the electrolyte (redox couple based electrolyte in nitrile based solvent).

Such electrolytes are known in the art and so no detailed explanation is provided here.

b) Filter electrolyte to remove any residual solid particles.

c) Add polymeric thickening agent, e.g., B-79 polyvinyl butyral, in an amount of
around 6wt%; ; optionally add metal ion based modifier if required.

d) Homogenise by mixing (e.g., shake or stir using appropriate apparatus).

e) Optionally heat, ¢.g., in oven overnight or within suitable heating jackets,

mantles or similar equipment, optionally this heating can be combined with agitation
such as used in (d).

f) Repeat/continue d) and e) until thickening agent is fully dissolved, and if used,
the metal ion based additive is homogenously dispersed.

g2) Filter electrolyte formulation to remove any residual solid particles above a

desired threshold size.

The electrolyte formulation produced is now ready for use in fabricating dye
solar cells in either a known manner, such as vacuum backfilling, or a novel manner

such as described below.

The addition of the polymeric thickening agent initially engenders a Newtonian
increase in viscosity; and at higher loadings a pseudoplastic (shear thinning) behaviour.
Control of the rheological behaviour of the electrolyte facilitates a wider and more
convenient deposition process window and allows use of non-traditional electrolyte
filling technologies. Further, the effects of the polymeric thickening agent in altering
surface tension and altering other fluid characteristics of the electrolyte are also helpful

for facilitating greater control of the flow behaviour of the electrolyte once deposited



e) Optionally heat, e.g., in oven overnight or within suitable heating
jackets, mantles or simlar equipnent, optionally this heating can be

conbi ned woth124gid6at i on such as used in (d). f) RepeatPcomtzauaodseand e)
until thickening agent is fully dissolved, and if used, the netal ion based
additive is honpbgenously dispersed. g) Filter electrolyte formulation to
renove any residual solid particles abgve a desired threshold size.

The el ectrolyte fornulation produced is now ready for use in fabricating
dye sol ar @ebhsubisirael tlineddidok ioswsasivanthe viscsdigtofalse sleatalyre bad kictdakingg, or a
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such as hydfi 0¥y PRk SRLs Ul ose; polyacrylonitriles pol yvi nyl acet at es,
pol y(al kyléeiilg Car @?ﬁaty copol yners, t:ﬁol vinyl al kyl ethers such as
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advant ages: ' ' o
It can be seen that embodiments of the invention give at least one of the

following advantages:
e Use of dissolved thickening agent addresses problem of blocked
dispensing systems
e Viscosity of electrolyte can be controlled to optimise a variety of
deposition techniques
e Surface tension of electrolyte is increased and controlled to improve flow
of electrolyte during application stage

e Cell performance is not significantly affected



Use of dissolved thickening agent addresses probl em of bl ocked di spensing
systens Viscosity of electrolyte can be controlled to optimse a variety
of deposiwpDanizmsessni ques Surface tension of el ectrol yt eCrsstiznovesssed and
controlled to inprove flow of electrolyte during application stage Cel
performance is not significantly affected 5 Any reference to prior
art contained herein is not to be takes as an adni ssion that the
information is common general know edge, unless otherw se indicat ed.
Finally, it is to be appreciated that various alterations or additions may
be made to the part revi i bed w t.hout mthe spirit
or anbit of theA?l é%g% (¥ﬁ§§a?ymggn& %f%? IS%%t ectrg? @gmlg?nulatlon
for use |nh¢Hb¢ué@@uMDomh@nmmamgd@mﬂ&engﬂgtummngoﬂ@ﬁmm¢uMkWme agent ;
wherein the thi Cf}'iﬂaﬂhnﬁ S a ﬁg%c%t&ﬁtﬂhﬁ’&%oh?al\%ﬁ%mﬂs%ﬂa J[lXﬁsema}Zbe fde

electrolyte fornulatlon acco larm 1l wherein hi ck enlng agent
is poly mertpdhe parts previously described Wlthout departing from the spirit or arnblt of the

present invention.



3. An electrolyte fornulation according to claim2 wherein the thickening
agent includes a polyvinyl alkyl al dehyde resin such as polyvinyl butyral.
4. An el ewOnoiywsevsior mul ati on according to claim2 wher @Cm/Atzelvdoizskeni ng
agent includes poly-ethylene glycol. 5. An electrolyte fornulation
according to claim?2 wherein the thickening agent includes an al kyl

cel lul ose such as ethyl cellulose. 6. An electrolyte fornulation according
to claim2 wherein the thickening agent includes a poly-al kyl ene oxide such
as pol y- etGlyABVI8: oxide. 7. An electrolyte formulation according to claim?2
wherein the thickening agent includes, a hydroxyl alkyl cellul ose such as
hydr oxy propyl cellulose. 8. An electrolyte fornulation according to claim
2 wherein khe t Mekledrelgtedgemtlationciondesinahytostecppothgatdea) dovicesrin¢lading:

pol y-vinyl acet at§;.kPgh ggédf.yl ene carbonate) copolyners, or a poly vinyl

al kyl ether such as poly vinyl (methyl ether. 9. An electrolyte

formul ati on accoVkareig ﬂ%%th&#?nlﬁgéé%ﬂ%\%‘siﬂl‘ﬁdﬁﬂ%@tﬁ?lﬁﬁe t hi ckeni ng agent

i s present2in anmpppurdlyRebm@atidh decvddag 10 BAmWt Ynerdf. thévhitdeaiigragtbit €
formul ati on accarding t.o any preceding claimwherein the thickening agent
is present in ar®8 f'between 2 Wt % to 9 W% 11. An electrolyte

formul ati dh accokdelrgrdlptedoymydattmedicogling taichimtiewbernintthethidkealogrigngg agent
is present in a t . 9 . I . ormul ati on
according to angn@ﬁg&%p@%é@?‘lﬁaég}%@ﬁ%%*&S@%n% @?ﬁ‘{l%el%)hﬁﬁ%li uding a

nor mal | y rfhnoparAn elgftzelptefemaylition dogardingsstedlaimrpwherdin thgthigkening agent

phot oel ect rocheqhgg@ies%y};_gﬁyjeﬁggg,%lng an el ectrolyte fornul ation according
to any preceding claim °14. " A phot oel ect rochem caL5 devi ce-atcc-ordi ng to

e thg fhic

clai m 13 wher ei % Fﬂéct&éwlecfeﬂwa%?rbﬁféo@é}gstpﬁ%@d? ¥

includes an alkyl cellulose such as ethyl cellulose.

ening agent

6. An electrolyte formulation according to claim 2 wherein the thickening agent
includes a poly-alkylene oxide such as poly-ethylene oxide.

7. An electrolyte formulation according to claim 2 wherein the thickening agent
includes, a hydroxyl alkyl cellulose such as hydroxy propyl cellulose.

8. An electrolyte formulation according to claim 2 wherein the thickening agent
includes any of polyacrylonitrile, poly-vinyl acetate, poly(alkylene carbonate)
copolymers, or a poly vinyl alkyl ether such as poly vinyl (m)ethyl ether.

9. An electrolyte formulation according to any preceding claim wherein the
thickening agent is present in an amount between 0.1 wt% to 20 wt%.

10. An electrolyte formulation according to any preceding claim wherein the
thickening agent is present in an amount between 2 wt% to 9 wt%.

11. An electrolyte formulation according to any preceding claim wherein the
thickening agent is present in an amount of about 6 wt%.

12. An electrolyte formulation according to any one of the preceding claims and
further including a normally nanoparticulate metallic ion based compound.

13. A photoelectrochemical device including an electrolyte formulation according
to any preceding claim.

14. A photoelectrochemical device according to claim 13 wherein the device is a

dye-sensitised solar cell.



