ANTI M CROBI AL COWPOSI TION This invention relates to
anti-mcrobial conpositions and to fornul ati ons

w0 p@badi7sgy t he anti-m crobial conpositions. PCT/GB2008/002452
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M croorgani sns are known to present health hazards due
to infection or contam nation. \When m croorgani sns are
present on the surface of 4 substrate they can
replicate rapidly to formcol onies. The m crobi al
colonies forma coating on the substrate surface

AMEFHOD RFoRA BRICA BINGiS FRUSTSIRERP ARIJGdHS OMPOSED

PRGN BrANIE Oy HASEDI A TEREAFARD THEIR USE IV

eradi cate ai‘h‘fﬁt!m'ﬁ@}ﬂﬂ%gﬁ%%‘EEtB’Aﬁﬁmﬁst han

i ndi vi dual m"Croorgani Sns.” SOome m croor gani sns al so

produce pol ysacchari de coatings, which nakes them nore

difficult to destroy. M croorgani sns attach thensel ves
The isudisionatkdes wrapagicke dirprising cdngem, imethad of dhlyeating a

of . pol ysacchari des .and/or sjmlar natural poJyners as
pairisle i sleGHEP deeapiding e Panficles @6 TiSIRcEVaMateiialy aBoi nt |

he reproduction.of the ,m c r i sm.particul arl
e EpLRRRRELRb b dSopE gt 2PMaRE AL S B powered
by BRI §netBb@ o lcFdtihn@ R IS St AEQPEE2RI REoAWHTaBbcating a
acteria adhere to surfaces I n aqueous environnents
ligidmbeghargeablexeilaind Enictlodef fablisatisg silebharumprising fibres.

sliny, gluelike substance that can anchor themto all
ki nds of materials such as netals, plastics, soil

articles, nedi.c [ | ant terial.s and, ti.ssue. , A .
TRR G P RisHse haPotent BoTRNE) ShTeRE i Sishes mobile

e t iof i | [ ofy.se : in8S ~@f 11qi
RS UL SRR By 88, Sheoin YRLEP S8 o wing
révher €ablobiitdtigriadiyblisl clessientchdléy hadbaehrdi aheed for smaller,

biofilnme may formon any surface exposed to bacteria
lighter stomgentasting reehavgeale bariedeste hordde the power fathe, above

ot ol R DB pSTer A 8ehishs CHy il 19905, tithium
r&dap Wé%au%ggsg WeAgically Ul 60 YAHLAGS YNCERNBEANA and,

con ions. agents tHat can
il estisONf This 961dY ABIS ABmMMLE heperthbleselBétrorice nidrki€place and
range of environnents such as hedical, industrial,
anosatao dieadpplidd e sieing casicsemaitiveapphicatiomsreHoweaey as more and
known. ny ofri_tuhe,knomm anfi-mcrohial a entlipggge.
HH?I‘S\HCB’&%IN]B}}/‘-“E%¥ PREPRRIREE 3¢tledoiopisi hayssmFBiionrkdeyices (e.g.
ariou l.i cat i B ' .
ARt S PR PG RIE PP A S BRBE Sost SARefRE It store more
chBAb} reSRsPRtd PGPV SlunRIfBLSqeiRsd.r Oy _
m Cr oorgani sns by a nunber of different nechani sns.
For exanple, many anti-m crobial agents are poi sonous
to m croorgani sng and, therefore, destroy

Thisorelbkgawndhat siicen Gin beusebys teactiypraaetde matesighnfids

f this.,ty f. ti-m bi al t 4ncl
righcerinds B i es Baoraha RN bl o sgeample,
Iﬁ&%(ﬁf’ﬁecrﬁ%&%%ﬁaﬁ% R@&Ha%%&fbl@ Eﬁ’dﬁgfrP Ha{tfbré@,dléflh l\?;finter, J.

arsenic. wever, such agents typic y are hi

0. Bédenhord) MERSSeain, amd AN evaksinwedy. Matek.01998, 10, No. 10).
m croorgani sns. Consequently these anti-m crobijal
Thedvassc eoropositige o @comgentional lithium-ion rechargeable battery cell

is shown in Fig. 1 including a graphite-based anode electrode, the component
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handl e, and speci alist handling, treatnment and
equi pnent are therefore required in order to handle
of PCT/GB2008/002452
conmpositions conprising this type of anti-m crobi al
agent can, therefore, be problematic. There can al so
be problens associated witl2 the use of conpositions
containing this type of anti-m crobi al agent
particularly in _consunmer materials where jt

t@bp replaced by thangilicen-based anpde. abhe bajtay cel lﬂ@élﬂ@ﬁ%\ﬁ@@le
Herein, unless the context indicates
Cgﬁ&l’@?waé'eals lr&yc&qwe 0 i fded to refer to toxicity

to conpl ex organi sns such as mammal s. References to
"toxic" are to be construed accordingly. Once the

Taetbatiel¢ celbigaheralle Rbmpeizeeh copperesutteraustivtior fieytheanode 10
affect the health of life forns that they were not

andtaera&immmunawré@tt COﬂachon domntbesathads hwinigh aesixiernally
agent are (gn h| st .able and can cause

cg W‘F Fréﬂta PBHP Bglnggﬁ‘@wﬁe% APPLORIALE; ﬁagraﬁlﬁﬁr
BB P TR OGP AL A IR 0388 i

cOHfaiMiAg rﬁd:tb}/ 8%ide RBE Eoipobitd cathbas BayeallbovReiagy & current
toxic rinsates, which can cause problens to the

ceHedtoohrerdt pofms dasdivpipacert dreseparadert 2¢ isoprovided saivesn the
RO BRI IO RATBHG F4xSia i CRG LB SR tagaas Mpial
k h
4’6 B AR e SAMERATBI it £ RL R PR M6t i

d%ﬂek%d%itﬁlﬂ HhES oS SIPPILBES spARE bPEPdrstdr QOSfHéFEonti ite anode

bi'ochem stry within m croorgani sms, for ekanple by
lspdrdeltandethy cdinpasitegatiwidetlayersl G dnckesthie o35esy thlemmrdnni plastic
the growm h of harnful m croorgani sns. Althoug
sawqrmréﬁp%@tcar?@ @ﬁf/é)@trﬁp@ceqi byjagpdymes ﬁiqoymbﬁétp inaafegial and in

shEE baded e BB STtk i mRB L bs St RENRER gl

| le to
¢ ggjr s E grelggﬁl'f"{%% €3 a%Hacﬁ% ﬁéﬁi’g@hﬁé cathedé r%

eded knovvn anti bi otics.
Thus, there is a growing concern that w de and
uncontroll ed use of antibiotic materials in the w der

Vehen thabatiary cal 19 plhs eleprged.tlithiym cb@ﬁ beon fragsparted fiom the
R ERE Conadithe Meiet foe Sif Rctiiiai ) ernbfifbasidiayer
v@{er@ %ﬂ}]x%b% %hﬁc ané%ghgas egfefa't Joge 5 1heUsaotdphite,

eac ypochiorife o
beai®iedgscttsttinisally sétbaemaeiabii de dinpssitdiidedhyer, has a
are effective in a wet environnent for sterili zat| on
matvdnnlmaapam‘gf of-blidemety/ gt Itemﬂﬂabeenmtadgh@tdha dernpy ‘Ganiode” and
ong-term passw anti-mcro control and
gaﬁh.osipg atq wied ipyhe senss; that e tsry 18, placrehacToRst 19ade
substrate counters mcrobial infection on its own by
sone property within it even in a dry environnment, so
It ﬁaéerie?alﬁpﬁ&%ﬁ thﬁpdﬂlhé@. By ledL@UdYS AR eirfbd@finatenal ina
fective at controlling mcroorgani sms. Anot
lnhidmdom rechiavgesbl dheell peoaidesatsegni itanthuhizhes capa01ty than the

quat ernary amroni um
currently used graphite. Silicon, when converted to the compound Li;Sis by

reaction with lithium in an electrochemical cell, has a maximum capacity of

4,200 mAh/g, considerably higher than the maximum capacity for graphite.
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conmpounds that act as Iytic (bursting) agents for the

m crobial cells. This nethod has the di sadvant age of
wWmoaovbei7sy) ef fecti ve against all strains of PCT/GB2008/002452

m croorgani smso that resilient col onies can devel op

that have a high degree of "survivability" to

di sinfection with quaternardy anmoni um conpounds so

that they need to be alternated in use Addi tionally,

materi al s are._hi ter s | ubl e so easj]ly
e LRARPIEST Canehe @&é@qea%oﬂfﬁ ﬂ#snsrfec rfg@aHsl battepy
e
tl?eo ?ésalfﬁdclﬁ%%egs‘% i 5901* QS 1’%8?%}2 f) mﬂ{ll})}'ﬁ rﬁﬁg ags §e£ﬁ?1ﬁ B Emd "Lan be
aEﬁ)f‘ng@_l ng defi ci enC| es. The anti-m crobial conpositions
of the invention may provide a residual anti m crobi al
ef fect and/or an enhanced kill rate when they are

applied to a surface and/ or they are effective at
qulﬂmg rranrehesicdwemechsidican oasilisendrassd rctive papdeamaterial in

g uion B1relpeb ettt Rt FE BRTD b8 syl capacity over
R dqu Weerrﬁl%%% A gf%emg&hcﬁg 9@%@5{@ B‘fcﬁﬂﬁl%tdo?%f)nﬁﬁé&lally

a SI oxane s rom-t aving t ornul ae
vidt3&) [ Si O(CH 3) 2] nSi (CH3) 3, and (H3C)[Si O(CH

3)H nSi (CH3) 3, and m xtures thereof, wherein nis from
1to 24; and (|||) a pol ar solvent. The |rrportant

R e R B B 55

SAATHETSE SRl aEu ORI bl i e 3thimce
marw@mﬁp@ﬁte With®rvaithéut Wnl dledtRsraE Bdaite eSsade: oMt h RN an

the conposition is in a concentrated form or whether
apprapsiatmbmdei Fugheay p@a@ty}yﬂxdeus difli@idn coappd ontd 3 copies

s EetliSHBoneyen I ﬁe%%r%am%&ggaffa‘i@g%%ﬂsgt@s'@med
SRS IRl e g
s RhPAA) Mosh 10M gﬁﬁ&ﬁrtlzpm%cﬁﬁnéﬁlqgélaaén bithe ﬁ@i@é% _powder

:1, nost prefer y from about 40:1 to about ;
niiass aexargpfremathevoliifiettic Sypankiont @mtrattion iassdoiated Math lithium
we nean that a conpound_or conposition that kills
xww exhipctim to ankirgrotherhast s nlﬁuceno b gurn this gives rise to

d
oI EARRLR B e ifor EleMert® FiSREbSH HRlcopber sifdee.
ca;nect@@ HRO $hedrh 16esO  Int 4381t 61y, §AL lvennﬁétﬁc%%ﬁohnﬂbﬁfc%ﬁha&uon

and/or m crobiocidal. A mcroorgani smor mcrobe I's an
caugsths Bplhdmtal IetBnmn’.ts tsbepirakeptwgocausag a lesshef dagricdly
t he human eye) npl es of m_croorgani sns include
chatack Within thﬂ@heny@h@l@menhﬁsﬂlﬁs mycobacteria, al gae
spores, archaea and protists. M croorgani snms are
generally single-celled, or unicellular organisms.

efe
AR Sl 3RO SRCEC e, o W o (TSR RHATAL BiBblgrn of the
14ra€ violwi88 ich@flg SORrSQ1caksdi Ay clen s @hhkdiy 98 af the silicon
agent selected fromanti-bacterial, anti-fungal,
eémnentalﬂg@n make tup eosilicon gowidey ivieaty smead, ithgtemstoanseaspherical
antl nts angd 01; res thereo& Mor e
PaFasles t@“ﬂ“’? IB%‘]%BH eotrd Ogym TARES- n it §teAegw ApumRes that

R l%%ﬁb—s?z%% anglemen% er '03111 %ﬂltderéoung%e large  volumetric

expansion/contraction associated with lithium insertion/extraction without

985227v1



and/or anti-noldal agent. As used herein, the terns
anti-bacterial, anti-fungal, anti-algal, anti-viral,

wW@riovperst al and anti-nol dal agents are i nt endedI/G82008/002452
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refer to agents which inhibit the growth of the
respective m croorgani sms but do not necessarily Kkill
t he microorgani sns and agerds which kill the
respective mcroorgani sms. Thus, for exanple, within

the fermanti-Qhacterial. we include agents which . )
beftg Brakendw gt EW@PY&@ eé’rel’faathb%ﬁpl?fﬁ?&hbﬁt prbleati in {hat it
i terif.an icjldal . [ i1l
Ko BE! Rl 15 B5) SR PAT DS IER, Ry d g heats
anar hfepdifidand itddbes @6t pieoent thel SlbcteaMbeation of the spherical
"bactericidal" and "fungicidal" is used to describe
ehgeeants fidrndivtkithe cohpemtwramrgdlsiceom d4ml thentselvies as the silicon

refers. Thus in _these exanples, bactericidal refers to .
enpdetgees kthe VAURICER acHvaSTOMRATETAGHPN @fciated with

P&y
. nt_t.h L1Ls fuyngus. anpl es of bacteri ci
it P Ser OBk el o SO Banityo IR, fe yeBEe Sreaof He nano-
Piedll QERBhS cah ithd Ofeati ithiHR ! '
S e S O o B b K o Biin R A€ film
thatnigiroddeds, a dirge dirdedrsibdp oapavityainto Wid lithigalion battery cell. In
yeasticjdal and nol di cidal agents and m xtures
agherapfthe fasee nunefesrafingall silisongpatisies icoeaten latge number of
i nvention cqnprise, at. | east one bactericidal,
PO GlE pnEicia Fora 1670 OOl CE SHomgih thossfach have a
S h : . . i _
SROECTLIANS, Ad oty IR BBl BF Ty Safidl P The diticon
A8 1o [pestob il gh.S Abe bRt PeoSlembsSasieSthuy Ef&&:ﬁ%d Slic¥@Particles
of exanple, the mcroorgani snms which the conpositions
fegimt preopriag emtcommeraialdy \dalvlebrepdidenpdnt vioragaiphge in lithium
i ncl ude: Viruses such IV:].(AI.LDS,Virys), Hepatatis
f%cqwg?@l? %r}es%ﬂa?ﬂqﬁi"agy&}dm%nﬂ?@?ﬁe%%novi rus,
Her pes Sinplex, Influenza, Respiratory Syncytial Virus
(RSV), Vaccinia, Avian Influenza virus, Avian
IBra bR abfroalh Qudertdd B Otaialer AT T8ufla$ LEMR¥er Sources 136
Newcast| e Di sease, Rubella, Avian Polyonmavirus, Feline
(26eKe B 306 elilecore ipecaparatedrargp d nicket ifoil cuBewt rellector as a
r.hi otrag_ eitis, Infectious Bronchitis (Avian |BV), .
tgihigs ane i SRS GIE i Cigacesedeiermiths appele of aNihikndon cell.

' e - Tri chaphyt on nt agr qphyt es
SR e SR S BB TP BV SRy
chseafutSuerPIHArfHlinhd ﬁéﬁy E gl ﬁﬁ% Had tHhis GRPEEERBde structures do not

interdigitale, Alternaria tenius, Fusarium oxysporum

gBsotisatd b imaaris iod wapadieniper uhitusedi gincegaging the film thickness
Phyt oght haora i nfestans, Rhizopus nigricans,

(s chodi@nnacasey ithshanpd Tapatibprsiewion i &e diligninated, The good
Bact.eri uch Pseudoppnas aer ugi nqQsa, )

R, tSwBici el g g Blms i v ) thespesent inventors to

bACI Rt CHRr MAHARNBEI theBr %hb%ﬁh?“tdjmaﬁmmtﬁge%%metﬁc
Canpyl obacter jejuni, Enterobacter aerogenes,
ekpadson/conttactin asddoiited ewith HAEUADIhaRtioReQtBMon from the

mrabilis, Pseudonpbnas cepacia, Sal nonella
heghegticomsvithenit thesfilmdreing drakaship osdestormeid. aAlso, the thin film

tg/phimjk“uné Serratia rcescens, .Shigella . .
has a much lower surface area than the equivalent mass of nano-sized particles
and thus the amount of irreversible capacity due to the formation of a lithium-

containing surface film is reduced. The above problems have thus prevented a
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dysenteriae, Shigella flexneri, Shigella sonnei,

St aphyl occus epiderm dis, Streptoccus faecahs,
w@eeeptwoseus faecalis (Vanconycin resistant), PCT/GB2008/002452

Strept ococcus pyogenes, Vibrio chlorae, Xanthononas

axonopodis pv citri (Ctrus canker), Acinetobacter

cal coaceticus, Bordetella byonchiseptica, Chlanydia

psittaci, Enterobacter cloacae, Enterococcus faecalis,

usqQhact eri ym necr ophor Legi onel | a pneunophi | a, .
thyfcy f PoeP: 5o egl,ewa&lg uFEre raflecier diompPseeming
SbREIY FAMPOEIANGEL bl ASARA e batoie
apdlspesifichla litdseudapaesgiqut i da, Vibrio anguillarum
In particular, the conpositions of the invention are
ef fective agai nst P.aerugi nosa (ATCC 15442, PaFH72/a),

E.coli (ATCC 10536, ECFH64/a, 0157;H7 (toxin producing
Taangihey ap seribashin ) $R004(BE 26639, gligan isevapoppted onto

g - AT 05 aureus (i nel ydj n A
R SR Y e e dardfhE dhoR a7 » nlih DRy

6538, ba FH73/a), Entercoccus hirea (ATCC 10541, EhFH
65/a), Feline Coronavirus (SARS surrogate), Feline
Heawevarithisss fotund toNmowider arsusesrenodistribhutiofad frsilivdn én the nickel
typhi mur i uir;n@é'St FH 68/ Db), Yersinia enterocolitica (YE
fimeshence sigrificaptly aReldyg epesstion( Imaddition, these structures have

BB S AL OB SELEiof b nHE Hay o
DRSS e

Mycobacteri um snegmatis (TB stinmulant). By the term
“anti-m crobi al l;’;Eent with surfactant properties"
X asHisFherit ngno-) angd hvdlgsilicomalpasedainsertianh apadesk ifor lighivm-ion

inhipit the gromh of nicraobe m cr.opr gani s and

sEf sk T ot Pech RopVASEHaPY G HHALIR EF RhTaPower Sources
i an:. [ r

(00, 2080 1036 o BN S T i IRe 00y AE kS npference

hiegeinsed. More particularly, the anti-mcrobial agents”

with surfactant properties used in the present
invention can kill or inhibit the growh of m crobes

SRR S LIA P oA ol 10 1R s
AR SRR SHAELE LoEGIBF 82 SRR kL PR v

fh&Atd 6R ol SlitdiLsubsadte. OThERRRIAHSA IR dSctrodes show good

quat ernary ammoni um conpounds, al so know as "quats".
Cipasty sdepmuhenspbieatdd/tocmpericdectairgd/dmshargeecycles and this
uaternary ammmpni ym cation with an appropriate ani on.

8%96 goasiey rieptieinorenmdasd itonthepresguinseniars p be due to the
[ dent _qf th f t.heir.solution., The ..

BRGS0 SRR Sh LR dnf cpdtliBishic PenGiveduaction

alg_;&%i&%@ Wféh RithivR? in&erfBH/ cRtaC@G VRS He!itish sMid \rz]vétgout the

Imts and exanpl es of quaternary ammoni um conpou

pillat bemebaikich -up ar ddstidlyedrBpeaet et shavkirhctite dlibok BRWRodes
to the person of ordinary skill in the art. Each group
drecritral inRheahtp VR prilication isxabptaed ihydesing dehighypurégyasingle

bsti.t.ut ed . . .
c%lljsta 4ili66 Svater and hence produces an electrode with a potentially high

cost.

985227v1
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unsubstituted and/or straight chain or branched and/or

interrupted or uninterrupted al kyl, aryl, alkylaryl,
waeoovaldys , cycl oal kyl, (aromatic or non-ar onaRCTHEB2008/002452

het erocyclyl or al kenyl group. Alternatively, two or

nore of R, R2, R3 and RAmay together with the

nitrogen atomforma substiéuted or unsubstituted

het erocyclic ring. The total nunber of carbon atons in

he_groups Ri,,, R2, R.,and R.nust be at least 4. . .
]gllippﬁ’tsﬁ pFRECE HEﬂsel}W@fm‘i’fhET%’éﬂ%P%’&?ﬁsCﬁ’rﬁpﬂﬁlélgéﬂ]éﬁﬂishawng a
Ri_. Rand R4 is1Q.0r nore.. .In referred aspect
BgrtigiRsord ke atekr li@h-SRaSrshE g iaidie RRBtn
and R4 contains from8 to 18 carbon atons. For

exanple, 1, 2, 3 or 4 of R, R, R3 and R4 can contain
Theopill@rst ma} Becagianoniresgular. The pidlaibof tielinvdsetit diREention are

Sui tabl e substituents for the groups Ri, R2, R3 and R4
h@§ tR. 7deniseorin onsndlimansio pieletdy Ot l teg0.Sfmigrend, more

tit ut L kyl | k | bst i.t.ut | k |,
TeRE I F4dliicof GRgmiLr By S nigkRsAFapye. In
. 1
SHOS AL B £ R Y0 oo
18ieheis, ndre prefeydtal BYImidrondhs at¥ve. IThe $ltars thidhBve an aspect

-CF3, -CN, -N&2, -CR, -SRl, -N3, -CC-ONRIR', -
TRRY QE gyeaer, thaxw280). RThe plrOhamihave@ubgyartially circular cross-

-QCR R')rC(= , - QCRR)INR'C(=OR, -0(CR 1R1L

S ﬁ%@ﬁﬁf?%@%aﬁbﬁ wwgﬁaﬂm@@e@w- - SC2R1,

-S2NR1R', and - NRISO2R', where R and Rl' are

i ndi vidual Iy hydrogen, G -Cg al kyl, cycl oal kyl,

TS sitlacadcparticleandy co@ipride Yindbhdd silidbf, dopedl Ao by Mixture,
from1l to 6, or and R' together form'a cyclic

shich et aetlidont gernvingnmi mixtive. tlarpartisulbs tthe pasitle amy have a

pplied.to k al keny| , heterocyclyl, cycloal kyl,
Sﬁigﬂrx-plémﬁmfg%/%%ﬁe %%{%I hmappaeieratdy W% to 99.5%. The

S R oo By TR B Bl s Hpfoul Hrumigium,
sAREr, Bdrdi ahdYbP P VB pAHklcARh§ teRbRIVURE 1% p@RUPS
include but are not limted to heteroatons such“as

medgtergicaligradgehicos.ul phur, and phosphor us-cont ai ni ng
noi eties (e.g. phosphinate). A preferred interrupting
group i s oxygen. Suitable anions for the quats include

Bl A

t h
a8 PSS a8 AR g B from
g .
e R R 20 dh R TR e ity
2bometoi s gl ation to Rl, R2, R3 and R4. X is sel ected
fromchloride, fluoride, bromde or iodide and
sul phonate (preferably chloride or bromde), nis from

to 3 (preferably. 2 or. 3) and mis fr to 3 .
Tt Srand Brgpet op oipvaRtion heh it maseod BT catana picicle
¢S4 T a A = o - L& L. ' .
djang e y8he5 oGy g8 s ot fuin R it ey icon
Iatpafticuldr, @ pidlarsS cdibbe brdasll By cherRitas tddcubat@As OF galvanic
strai ght chain or branched and/or interrupted or
exchmgeretolpingd al kyl, aryl, alkylaryl, arylalkyl or
cycl oal kyl group (wherein suitable
The third aspect of the invention provides a composite electrode containing

particles as defined in the first aspect of the invention as one of its active

985227v1
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substituents are as defined above in relation to R1,

R2, R3 and R4) . Each group A may be the sane or
walpdobeteess . A preferred group of the conpoundsP@F/GB2008/002452
formula (CH3) (A) 1InN+X are those wherein n = 3 and m =
1. In such conmpounds A may be as defined above and is
preferably a C6-20 substitted or unsubstituted and/or

straight chain or branched and/or interrupted or

ik o) Bainls. e sk rep ey S el pdaicn
ude Cet d
uh SRRy 1 e PRRREG G i BRERPGLIRe it aspect, the electrode

c&’&g@%}i'a%ﬂ@m hyl ammoni um br omi de,

trimethyltetradecyl ammoni um brom de,
hexadecyl t ri net hyl ammoni um brom de. Anot her preferred
%roup of the corrpounds of formula (CHS)h@(A) InN+X are
Thidkied apracs therafore furdher provides anreleatashesren wellcontaraing
e in_re and R4.

Al tiodt s Rhne0 ewd D1t Surbich il 8 ot hRis e | ot o
el%%ﬂjoeﬁetﬁfcraf‘bam%%?iﬁ‘ hf%rcalﬂ{ %fr?xq% / aol'i ﬁﬁxgd'dhtﬂﬁh’ﬁ_%r

uni nterrupte ary group
c6Xponhe capabireyfrelpigagand &eﬁisbﬂhﬁ@thﬂ@llﬁﬁt fons as its active
unsubstituted and uninterrupted C-12 al kyl group or
ngerzall Igmeuiculan th&resepmm@cdmmslectt‘nehgnmabsemmlctiethe
the same or djffere es of this type.o
celbrge GREPISES i bscgimap ttﬁlhor APe e Gy material

ofd i PElohotbIENNINARR UL | de. Exampl es of
erre noni um conmpounds descri bed
above i ncl ude the group of conpounds which are
general ly call ed benzal koni um hal i des and aryl ring
Thehbsvénttionefirter prvatidess lithismerichafgeablel cedl aafode mopmrisiisg
of . this_ type include benzal konilum chl or.ide, which_ has
Pﬁﬁ@l%ﬁt ofuibe dial a%ﬁwe\metler, rthererig provided 2apanpdedn which
te &n ree at.i n too R2, R3 and R4. Preferably, R
}f p ° 178 8?‘[{ gct 6%03&’3 the benzal konium chloride is
provi ded and/ or used as a m xture of C8-18 al kyl
groups, particularly a mxture of straight chain,
Teshist taspect efdrthﬂdpmmdﬁsemalbuﬁﬂptakm;glanganmdp&md -agithade
to n-Cl8H 7 mainly n-Cl H25 (dodecyl% -d4H 29
Wheseindhie egthpde prieferntly ePBWrishe liiduiy 9sed@xlat@rla1 more
uat a ni um conpounds i ncl ude those
pF‘?fWr?’li%ﬁgtﬁ Ogt?itzéﬁé fng is substituted, for exanple
al kyl di met hyl et hyl benzyl ammoni um chl ori de. As an
exanple, a m xture containing, for exanple, equal
Thetals fanbenpovidedd Kyvicdipueidiyd bhernafll asadefaieidwbove.
chl oride and al kyl di met hyl et hyl benzyl anmoni um
chloride may be used. M xtures of, for exanple, one or

T%rfﬁs?th%é%?ﬁ%% b o R SR e S
ef#c%% lcpgdﬂp {fg lthe %161315? ?Qﬁﬁ%'a%%l%\( bgge&’ﬁﬁﬁal conéatmng

ures amyoni um co

palfed %ﬁﬁtclésﬂ cbaﬁﬁg tHE 4tk snto tat&rfmbenéawamdmmg the
conpounds may be fixed with any suitable inert

sbhgnetl erbt. 2 Qumpesits dlliyy avai | abl e benzal koni um

chloride often contains a

The invention further provides a method of fabricating a lithium rechargeable

cell comprising the steps of creating an anode as defined above and adding a
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m xture of conpounds with different alkyl chain
| engt hs. Exanples of commercially avail able

whew2al®sni um chl orides are shown in the fol | oRETIGB2008/002452
Tabl e. A METHOD OF FABRI CATI NG STRUCTURED PARTI CLES
COVPCSED OF SILICON OR A SI LI CON-BASED MATERI AL AND
THEIR USE I N LI THI UM RECHARGEABLE BATTERIES. 5 The
invention relates to a particle conprising silicon, a

t hod of fabrjcating.a.particle, | ectrode. .
Cgﬁ‘r?pSiaHieieg“ngY{er ?Pé?g%%mg%ﬁ%mwﬁﬁﬁw Cqraprigng adding a
Um r.eg
SEE SRS tnd e bldhe, T BESIELAREE friiid arogpo
tleg €gl.i ng a conposite el ectrode, a nethod of
fabricating a lithiumrechargeable cell and a nethod
of fabricating silicon-conprising fibres. 0 The recent

pncrease in the use of p able el ectronic devices .
él&&%lse?ismvr@eq %P%h%eg% aHBE SBHOR-CURPUsIBE d1bipgin

-kl r ' I t.eries in
i A Pt (RRAAR0 AGh A SRR R Bl 6 o' more
o$ B&labBig, abit&iiebr ch@iRal elchfild. Ny rechargeabl e
batteries to provide the power to the above 5

menti oned and ot her battery powered devices. During

he 1990s, I thium rechargeabl e batteries, )
Tilﬁévap wetn 9f a1 predmelesHoda struetuse usips dhenstrpepuechparticles of

L0 te of units saqld, n doni.nat e e portable.
o] SuvorBishe Bt ol Bhorbe® dhty mpBloty O 02hEsinlf Ry slicon
Wit QS kil hieh)
HEHLIFOR PROSYELH? R EbETRe pyIYRL  cOmyRlg B,
theg ng laanedurtesf padides, g. pdlynribigderamdmb cbedphibresdditive, or
I mproved and | ower cost batteries that store nore

bxndirggtinge bopding rihe sstersdunsdr paiclesy &0 e ewmenteqelleaar, the
t is.well known that silicon.can be used, as the i
chireb i DberDiest Paores e eRifErpebspesb franhep e capacity
i te . 0 d l1e1.<, 5
e Gt onae Nedod Feyer By L ko aERCby g prsont
iiBent@s i tesbe MueWotles ability Qf Eﬁﬁ@ﬂfb@hdﬁglﬁfs FornBR@hpart of the
and P.Novak in Adv. Mater. 1998, 10, . 10). The
stsueitieede Gitkienst tHaskiclef tay ahsave heomelunétrini empansion/contraction
rechargeahl e. battery cell is sho in Fig. 1. includjng
alpOG PP BB SbEEow ekt titio orh dhe bghAkieon WHAGS: the
epl,a ] a . 1Ih
PHERE S/ PR ec RRaSE URol B hipFRRIPRES GPEGT 1tlodes
désweibedeinniieitveatiofnge Feblicatdd & yo@ibehylose Ehri%e nae@libygical
conprises a copper current colléctor for the anode 10
gidgrsdlicon andihénaeuproducasaant electrbde ith & potehtislly davwedst.
12 which are externally connectable to a load or to a
rechargi ng source as appropriate. A graphitebased

[ r venrl ays t.he,current )
FRATREREEE AR A VIR S BRTot cxampic, wit
réféicile PR HRAfSHBOSS WRigat hode layer 16 overlays the

current collector 12. A porous plastic spacer or

separator 20 is provided between the 0 graphite-based
conposite anode_ | ayer 14 and the lithium containi n%
Figetlals dxshsanaiiesdagironpbewing atdonuwneatseof a4 Battary call;
F %g' G494 e%c%%nr 1%'1' goegrapn%} Sta Shlalrgd particle according to embodiments
of the present invention;

Fig. 3 shows the overall galvanic exchange etching mechanism; and
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di spersed within the porous plastic spacer or

separator 20, the conposite anode |ayer 14 and the
w@oposi7se cat hode | ayer 16. In sone cases, thRCPOGBRWS/002452

pl asti c spacer or separator 20 nay be replaced by a

pol yner electrolyte material and in 5 such cases the

pol ymer electrolyte materi &8 is present within both

t he conposite anode |ayer 14 and the conposite cathode

Fls: rmvaRSPOaIPa] KR 6P b et of iR cirents in
W) t al q La.th | ectrolyte into th
oA SR o PEhESr e T s Cact e with the

graphite to create the conpound, LiC . The graphite,
being the electrochemcally active material in the
Ircovqoiiv eheaimedrtibayHows kasatmnnebgittaredgaptcles pf oflic®i2r
mAh/g. It will be_noted that the terns_"anode" and
siligamromprisae mpdetipliandithe use pt thesp Rartiqles toagrealepath a
| aced acrpss a,load., 5 It is generall | j.eved.that.
Bl i fwd e 3polent 8RR G Sty SR e
iRy A BP AT SRS ARELor RN dlEStr e structure. In
significantly higher capacity than the currently used
pattizphirtieis tBlieved thatwhe stracinresf @ gaoticlos thea mpedkiend the?
1Si5 by reaction with lithiumin_an el ectrochem cal
cembpsithaveraomes ithamablgmcifioharge/disclpggespparity loss. By
consi der abl.y. hi gher .th t he. maxi num capacit.y, fo
PP ATRE A B0 BTy ] SR B oR B pillgrSheprapem
R : | LI baLgrapl e battery the desired
Ofglédrrgg)saééclﬁ]lﬁp%ét%%‘dégﬂggéesr%ég?%er ghit mass and per unit
vol ume can be achieved. 5 Existing approaches of using

a silicon or silicon-based active anode material in a
Typicallyrthe pilless edtiteyhenicogth toelibmhter satiapf approginaiely 20:1.

ustai ned capacity, over .the required n er of
The av-gahen o e LSl Bhinm anter e pHias, B ighfering yjume
chn: dl -l
oS ARl P VaRP B PSR BLERF bl Wi ks ¥ 3ftesgoved
afi® ReRd SRl iBtra e lo¥tidhi @cbndABHvetydE Pk @lved. N SONE
i nstances made into a conposite with or w thout an
el ectronic additive and containing an appropriate

bi nder such as pol yvinylidene difluorjde coated ontq a
The ppidars can bednade ph dog Brcticlgspy wet ettcﬁms%?léﬂvé%@ wica

system f ai | 0 S i Ci t e .
=BlBpEERsHabge PRAGE I RS RS e ARG i P oning
aPflid RNROGBNE0 131189 AR iMoh A8SighSeTUR] ERitRAT TNiBthod of
g
chani cal isolation of the silicon powder mass
etvhiigd agiliconrbaskd matkrialt tricorpxptenisharewcthrityr @étrence. A related
associated with Iithiuminsertion/extraction to_and

mathed hacthswy ase begred hes beardiseliosedyin/Beng Ks@, tgn, Y-J
e Schypt T dneNEBridly 1T n BB IARTE FRue PR Fond e

FUhEAPIenLBETHOEHIO I BRXRANSLANC OPOY BOH MO PASER

t’he erical el eménts to roken up tausi’ng a | oss

Mteg! ES(Z@@E’:}L%W@K.\H& | 7. Hheng phe 01 Zh, Aderwater., 16
i tsel f. Another ap roach known in the art designed to
(2ekd), W 7H 32hengrdoblwnt.oVu,Re Yang, G. S. Huang and Z. Y. Zhang,

Appl. Phys. Lett., 84 (2004), 3867-3869. The above-mentioned methods are

. used to produce pillars from a high purity silicon wafer.
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5 large vol une changes during successive cycles is to
meke the size of the silicon elenents that nmake up the
waRIwoOtTsSpowder very small, that is to use sphRCT/GBR008/002452

particles that have dianeters in the 1-10 nmrange.
This strategy assunes that the nano-sized el enents can
undergo the I arge vol unetri@® expansion/contraction
associated with lithiuminsertion/extraction w thout

SSRGS IR g RS gl o

oLl ety S0P ELOREE o BRPY GR8R e
sioeat Miraheind d@nmisesfthé foe spipsdfcatindingndisteihgm

both the copper current collector and thensel ves as
washing; nielsationpeiekiog; and sl yasmovel,aslexpitingd; by way of
expansi gn/ contractjon associ ate ith lithiu .
RHBEI 0 B R el o poresHo ot PileH RREHFIS madsda
I caR-giwve rise to the
s e B T e I B 5 m e
introduces a large irreversible capacity into the

lithiumion battery cell. In addition, the large
Amyrdpgpropifiatergaindisg piaoess Fayulifableemichras qtoseeraprimatige or ball

T 6T e FRHIBG petsna W HLakbtEsiate fagh 6 PangaRELRArticle Size will

i Sit . . th | ectrical ;.
B e T
pBRRYE wRI B! Moé@x‘é@uﬁls}%‘ic}ﬁrdeé’v%?. ePasgicldsARR AR "diie%ih@o%r less

from becoming a commercially viable replacenment for
tlpmalp bigre mhay bé tdo smakliechar geabl e batteries and
specifically lithiumion batteries. 5 In another
approach described by Ohara et al. in Journal of Power
Sources. 136 (2004) 303-.306 silicqn is,evaporated onf.0
ARE RIS T o 1R SR e Rl e Sy
oSt e HiSo t if .
R DR i TA B e B i P uon b slver
ngtledislgatsd noaledcoipineimhidransilidriisiands thak yird the ste Faspillar
for very thin filnms (say ~50 nm and thus these
gedwdr ode structures do not give usable amounts of
capacity per unit area. Increasing the filmthickness
(say >250 nn) causes the good capacity retention to be
. . . . . i t i
S PR R e RE SRR o nlEhBd Bllyilic AR ALfine of
the0 {1008 plahéd: ts¢e Tlig tNeRERIrAng itd Fig. @ tBEOIBhLRS a silicon
volunetric 5 expansi on/contraction associated with
swifads 301 haviagta phlae%07 adn dactendDd hetringferred fiaon fluoride

I T ey o
SR ETonTR58 R0 R RS ES0 R B

efhife ptddekd/NEROLALBUA %r@dé% ?é?@iefdiédHaE%e HESUELdonsHEY to
above probl ens have thus prevented a 985227vithin film

poddwielmetalicosilver®dtial foil current collector from
becom ng a commercially viable replacenent for
graphite in lithiumrechargeable batteries and

”[%%es‘fllufc S IisI gxllallaltnréld%rgl} slu%rfaots)lantgttﬁgt% sificon—fluoride bonds are
formed as an essential step in the etch process. And furthermore that structures

that are Si-F (mono-fluoride) are stable and those that are F-Si-F (di-fluoride)
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5 In anot her approach described in US2004/0 126659,
silicon is evaporated onto nickel fibres which are

W@ b@p/ousssl to formthe anode of a |ithium battRCHGB2008/002452
However this is found to provide an uneven
di stribution of silicon on the nickel fibres hence
significantly affecting opgtation. In addition, these
structures have 0 a high ratio of nickel current

IIec or SsS active sjlj on_ ss and. t hus, do not
a@ﬁ? i%@ngméﬁﬁtage ot éfaﬁf&e' {8 1§ o%uﬁetodfa#@y Byterfgrence on
S n iC
O EER oS BB b RER TP E i BB
ak?ﬁ&{b Prue¥idg %ﬂrfﬁ&e KeaaY dkbdptat Ble @gek Jmeeﬂm'y p?@é'éé%@&o% tri-
06), doi: 10.1016/] r owsour . 2006. B9 hérew t h
ﬂmnmdeﬂoﬂhc@dn&yonskmennmmmbdnylﬂhaﬂﬂdwhemxﬁmpnmﬁmhnﬂy
described in UK Patent Application GB2395059A yses an
staplg @@Jpréarmﬂ} plaae @é b ithad vy haveegglustvedy mqmegumafle bonds-

arr al

il Sebernbddngeianded: &foisﬁi AR galse el 101 of

aE hFé%oﬁﬁb{%?% Izlt‘:lgﬂl{ﬂ?(gg ga@ng{bt ;ﬁl % goog%lfl&sr\ﬁ@le@é &Pminated

arge/ di sc capacity
ohe{ﬂQO}Ip(I)ahelSS consi dered by the present inventors to be
due to the ability of the silicon pillars to absorb
t he vol urret ri c expansion/contraction associated with

A BB BB RS L e on e
S S T PR TSNS,

i pillay swhElensityy Ptia khétdt&l%@@fa‘é@%ﬁfa @hitie @ﬁﬁﬁ?ﬁe occupled by
produces an el ectrode with aﬁtgot entially high cost.

pigEg2andiR he thid total sasfaee tarasf off the partiddeunoecymed by pillars.
particle conprising silicon having a particle core and
an array of silicon-conprising pillars extending

RSREEE PR TP Pl 205 oG ERP Al UL
afeal¥ ALGEOA Pattic1@ BRcHode raﬁa@ne la‘?%&ftﬁé abhoti? of hhafvddtadle
m crons, nore preferably 4 mcrons, and nost

ppijlaa‘samxﬂﬂwe@oeramt@ﬁbm or ébove In a second
di nension, the pillars are 4 to 100 m crons,
preferably 10 to 80 microns, nore preferably 30

b h | hay
Fmacﬁ%?% © p R E PRYF Bl B R PP e Raf REEh of Norwey
xt?x? &L:hiﬁg%&& BF 800 &39Sz 200 P86 tPiRArsUre roduced all over
t ial Iy non-circular cross-séction. The pillared

t]nmsﬁnfaxieehavmyg a @ifhar lssghinsfppdosiniatelyr? S wdiepnsial dlamnter of

or a mxture, such as a siljicon-germaniummxture, In

aparqmmteéy 200tie SPRn end arpillansEacs AaSiE ok piuti-5)Yiomore

0/3(3 99. 95% by mass, preferably 90.0%to 99.5%

4%con can be doped with any material for

exan‘pl e, phosphorous, alum nium silver, boron and/or

zinc. The particle may be relatively |low purity

PR leghhpl <) ipaadiclgs Baeingid preitchihB&i4eedft dppresinia@ylyoss-80 x 50 x

regular or irregular in cross section and can be from

35 um are found to produce pillars with a height of approximately 10 to 15 um,

with a coverage of approximately 30% and a diameter of approximately 200 to

500 nm
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0 10 mmto 1mmin dianeter, preferably 20 mmto 150

mm nore preferably 25 mmto 75 mm The second aspect
w@Rowle7shivent i on provi des a net hod of fabri caPCTIGBa008/002452

particle of the first aspect, conprising the steps of

etching a particle conprising silicon. 5 1In

particular, the pillars cah2zbe created by chenica

reacti on etching or gal vani c exchange etching. The

third. aspect, of the inpvention provid a. conppsjte
Inp BEEEHER & b @il OF EPbetampla 00 BIFToRs hiengthy and

03EE0T I M a AT oA SR trodh ot qmprisine
pRfiRY. dRfora g@ﬁ&ﬂansi;ﬁna@kﬁqéﬁ%zﬁen\fﬁ% ﬁﬁﬁu 9 16ORRPRMiIESn and
current collector. In a feature of the third aspect,

diamectet ectramverseadinteaszn iarthe eangs AR08 o O Oamprrohs are
therefore further praovides an el ectrochem cal cell
fobgipatadirag eaﬁaléu%%ﬁ@‘ﬁag agdnifis] s PLdNg9e. 000mpm.
particular, there is provided an el ectrochem cal cell
in which the cathode conprises a |ithiumcontaining
0 . .
AR B e A A R TGty A W
typecaridl eceading ©dhe chbmitat appreich, amd nhayde dtbleedon any
cat hode corrgri ses lithiumbased netal oxide or

exprssgRA0Q), 451 Doy dP) vrrsirdifesa. a¥inge dhaetahing procesds aleng
Li MaxNi xCol-2xC2 .or Li FePO4.. The invention further
ol H PSS TERTHAE LS AL SR BRI GRSt A5ATS1 ng
SR SR, ek Sl EREGS el P it LRahiE 1 o
dancsepesiot & gréfter thinr20:aspect further provides a cell
conprising an anode and a cat hode wherein the cathode
preferably conprises |ithiumbased material, nore
referably lithiumcobalt dioxi.de. O There is further
T8F GUTRIE Rhrtitles EUTHBRR PEQSEY) 10 Fgh ¢ CqmIEts G RTG S
. . ¢ . . . ¢
AL e Jhieh AIRE Ry, B plBF M08 BEQMA PR o (R Ifcle and
usdd ©F RPAr 4 fAbrebaRIduadedirdiRs ethedsthéNeCHillbA Mahhif be
pillared particles, coating the slurry onto a current
dessiribedtasrfitamsl evaporating the solvent to create a
conposite film The invention further provides a
nmet hod of fabricating a |ithiumrechargeabl e cell

.S t f. creati n. anQde fine
T R R S SR s BBl S B R RS Pl e
pRAIC, GYiltR billdrD 81t AEHAOBart BE PRIedGR AW dakbNSr /LR oBriate
separat or bet ween caf hode and the anode. A casing may
chetapreoydé aededmoam therhkquidlsich as Etiemel bs waterangrsmbij abeet to
met hod of fabricating silicon-conprising fibres in
uliFa-sonie Beitatipn.a Hsis dpundithah sy sewrmbmiattes thedigridiipseen

tc; bé Bl RPREE i c%\rll be Keefl l’bynetferzc“a’cron microscope examination that at this

stage the pillars have been removed from the particle.

In an embodiment, the pillars are removed from the particle in a two stage
process. In the first stage, the particles are washed several times in water and,
if necessary, dried in a low vacuum system to remove the water. In the second

stage, the particles are agitated in an ultrasonic bath to detach the pillars. These
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of scraping, agitating or chem cal etching. The
production of an anode el ectrode structure using the
w@reaotaased particles of O the invention furthR€T/GB2008/002452
overcones the problens of reversibly reacting silicon
with lithium In particular by arranging the particles
in a conposite structure, that is a m xture of
particles, a polymer binder and an conductive
addi tive, or by directin% bondjng_tpe structur?d
argsuspaldsd ingvathieard theardfiliered peimeglitiorgd various filter paper
.char ge/.di schar.ge cess becones reversible and
“?@b@ﬁ?ﬂgpgﬁﬁﬁﬂﬂaggﬁggﬁpacity 5 retention is achieved.
This good reversibility is considered by the present
inventors to be due to the ability of the silicon
TtRiill B spreciatedothaaslierahtivd megiadsclour Rarvesting dihe pillars
particl'e to absorb the volunetric .
inckpleresiraping dhe padiclosuriansdeidstasd therron detaghing them
inseriio extraciiﬁn fromthe hast sil{con.mﬁthou% %ﬁe
chsmically. (e BNSREAPRIBA AIEEPTIAFSR - 1HRSoT SR TpLeriah e
1 h ) . P .
kT N b e S
ilRihina@Bnand hence produces an el ectrode with a
potentially | ow cost. Enbodi nents of the invention

wi |l now be described, by way of exanple, with
reference to the figures, of which:. 5 Fig. 1.s .
Ogéﬁé%ml@r@c? BtehesIROR n&a@%ﬁcﬂ&ﬁm@%%@d@&tﬁs@yﬁve

cell:.Fig. 2 is [ . m_Cr f [ r
i) df o euut ey B8 Tr S FRERRUGRARln ol celie” T8
fAMAN 4 88mpbiile aBo®) M pllhecPySiRlds Hanvigel evigxchange

et chi ng neé%anlsn1 and 885227v1F|g. 4 shows
pblywviiylatdnealiflkoride and madedstd s shuney Withra @istingsolvant sadh as

currents in _the gal vani c exchange etching process. In
ngpethyl pwrrohdinange nklis aluary esthen g’ﬁtﬁP@He for ﬁpﬁﬁegroé‘ao a metal

BB B0 D B 00 KL O,
b Sh taﬁg@%@%%pﬁr%‘ﬁét@ hfatMel o gid?@ YR e dfi REBF the?féquired

conducti v itrve (1f required) and a netal foi

tidukfieBtandaht eadtig sutderitris dlencdvapdeatsd froah thie filinusing an
particular it is believed that the structure of the
apprroprrigtedrying systarevhishihay emphes Eleratpddeppstdutesan the

R o h G o ol R RO B e COR PP Al or

o . ¢ o _ . .
LSSl L AR Sl bR NG g porons
shav@rainl smihtieandsseidiBson-Baded wiflasppsarcientietypityl.
The insertion and renoval of lithiuminto the pillars,
batwéanighpergst aed 96 Iperasns Thepearapositeaiibin wellhaye a percentage

contractio es not cause, th illars tq be
p@é%tfﬁaléwog%@r%ﬁd?ﬁéee%@#w@ it 20ReZeg on; ¢
conductivity is preserved. The pillars can be nmade on
the particles by wet etching/using a chem cal gal vanic

F%’g)ﬁgﬁ%? Sgﬁ{Miﬁﬁfioﬁ@f@fﬁcéﬁ tliées4ftdrRd He'ta#Hed out in any
appropriate manner for example following the general structure shown in Fig. 1
but with a silicon-comprising active anode material rather than a graphite
active anode material. For example the silicon particle-based composite anode

layer is covered by the porous spacer 18, the electrolyte added to the final
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O application GB 0601318.9 with comon assi gnees and
entitled "Method of etching a silicon-based material™
w0 p@onposat ed herewith by reference. A rel at edPCGEGBR@WS/002452
whi ch may al so be used has been disclosed in Peng K-Q
Yan, Y-J Gao, S-P, Zhu J., Adv. Materials, 14 (2004),
1164- 1167 ("Peng"); K Penb“et al, Angew. Chem Int.
Ed., 44 2737-2742; and K. Peng et al, Adv. Funct. 5
Mater. . .16 (20 . 387-.394: K. Peng, Z. Huang .an . .
s Segayd e pd g bord Yol The ol E Maghon i
o 1 1
APt ot 300 B ool B S A orobriaf Lo ihe ARP ey f¥Rde
vaaiveddliag ef Useahdde tprendueehp ipotaysluiioi® falldd withphe liguid
silicon wafer. 985227vlin a preferred enbodi nent of
elearohtesent i nvention, pillars are produced on
crystalline particles of relatively low purity silicon
such as netal lurgical grade silicon. The method
sBRfépélh%_Sﬁﬁrh&fts ;éﬁé@i&_%t Ex?ﬁ%@é&q&f& r\.grh% s Q¢1iD@ material a
washing; nucleation; etching; and s rrenmoval, ‘as
pREIE SEPillabdd yaichds & sikaom) @e@ﬁbﬁ{ b@hebn ifimproved as the
el ectron m crograph_qf pillared particle nade in
pibred dhivcaurai oh the esbenn ablperst fan acsomhowdation &f ghe 2volume
Any appropriate grjndin ocess is suitable such as,
CHANSIOY ﬁ?%ﬂﬂlaﬁsg o‘f’ldﬂaépﬁe‘%f?me?(ﬁ@@% 403%&%@119 1ggpprging) of
ap cl.at e that A0 U m | ¢l i Z i1 .
ol PRGBS o2 R TARIA L, T G b ctoning
hfiHpd @f%ﬁfnﬁuﬁt;étﬁl%bﬂ (teréd rh&thBui¥itdl SRAIBARES)CAIS that a
etched away. Particles having a dianmeter less than 0.5
com ofesjliben taaipsebiered hyopilarsthhb ara ptivean 0208 pin and0.5 pm
.terns of density and height, is produced by 5
ihdigmedes anyl Bemsier det@andgl SOmisingeagthor oduces a
uni formdistribution of silver nuclei/islands (nuclei
conbine and formsilver islands that are the site for
hartighla8a8Vhithge SF HEipPrSd ANES cHBLE MRALIR i iR '
Agl? pli I Iaaras andggal vanipgrfl uori gg et glm?éﬁg I%P%Oﬁat&%g%éayd
silit0pbagtdaasde smebifgbricatedRaidthennglitd obsgmped hare i s

shown a silicon surface 301 having a pillar 307. An
sehssquentty 895 qwrenthnibe spsem guaphite-based anedesifon liggam-ipn

the silicon surfa 301. The.,reacti,qn of flyorine wth .
bty s oGl U s Peopch doSt e patn qea e s o fitfed with
b j 2This is the anodi c etching

ﬂ%%%@é@%éh#ﬁ@h%g? 0 8%%g%%tés is the discharge of
silver ions 309 to 5 produce netallic silver 3 11. The
structure is expl ained by supposing that

Thie lincemicn wol nde brorlustraied byorefiergnes taonessmmre af thst ep
i.n the etc [.OCESS. d furthernore that structures
fqlﬂcé\ym&réns URIRREXAIPIGSor i de) are stable and t hose
that are F-Si-F (di-fluoride) 985227vland Si[-F] 3
(tri-fluoride) are not stable. This is because of
GiliRhh € ahAkeiigg ence on the Si surface of nearest

nei ghbour groups. The case of the {11 1} plane is
that, a nono-fluoride surface, stable except at the

edges, inevitably proceeds tQ a.trifluorjde
In the first stage, widely-available metallurgical grade silicon, such as

-

“Silgrain” from Elkem of Norway, was ground and sieved to produce particles
in the range 10 to 1000 pm, preferably 30 to 300 pum and more preferably 50 to
100 pm.

985227v1



surface and consequent instability. The {1 10} surface
is the only 5 stable major crystal plane of Si that
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stability and the etch rate ratio [etch rate <100>]
[etch rate < 110>] of about three orders of nagnitude.
So the sides of the pillarBSwill be ternminated on {1
10} planes. 0 A pillar surface density may be used to
define the density of the pillars on the surface of
the particle. Herein, this is defined as F =P/ [R +
yf“whelrein: Fis the pillar surface density; P is the
surface area of the particle occupied by
pillars; and Ris the total surface area of the
particle unoccupied by pillars. 5 The |arger the
The Isteondsstagacemgeinsd twashingeht grgerd arksievediparicles in water
capacity per unit area of a silicon particle electrode
tarpneveanafige patitdessieinio B gpaitlan dhpivashed particles

avai |l abl e to, creat i.hres. e sj.ng.the
VB e ER T GHE A SO S O SR OBk R alyes) or
Vi et aghj. ' . :
PN Dl i Yofndlin P atiey 18 g3 BEhe possible
(ﬂéﬁﬁ@brﬁﬁﬁghhuﬁﬁﬁﬁ@prOXinHte|y 25 to 30 Mm a di aneter
of approximatély 200 to 500 nmand a pillar surface
density, F, of 10-50% nore typically, 30% 5 For
exanpl e, particles having a pre-etching size of
mately 63-80 x 50 x 35 mm are found to produce
pillars with a height of approximately 10 to 15 nm
with a coverage of approximately 30% and a di aneter of
TRBRY @KdRAE, ¥ BROedtRnRAcHR W8S 4EH dutdn R KNSfiG:EEf 17.5 ml
enbodi nent’] "pillars of for exanple 100 m crons in
He) %) an2i0ifl AgNOs (66 inmld) arfebml FaO#l (Fbs %6at dd mhH,0
and froma silicon-conprising particle. Mre generally
foi T+H) minttes ehrpdm températurafys €F) using 01009 ofi sheers paitigles
di aneter or_ transverse dinension in the range of 0.08
with herbmengioaraf ahoat 400 apt( 1288 HRokios thapeng veeight of
avin inj.tial size of 10.tq 1000 mm Acgordi t
stffnpfaletslbad pafich SR apipd pdwet Raltips VoG IR b the
RIEAQAIRAALE Urd (ofolfthinggNd, according to the
chem cal approach, and may be etched on any exposed
(100), ( 111) or ( 110) crystal face. Since the
etchi ng proceeds along 0 crystal planes, the resulting
Thiel dffacs ofi ethaspha woge jemparafur@sins e slayy therpkemical processes

tructural feature, the .pil.lars will. be suhstantially.
BriP RS el Pon i aRyer bhsienishBeS, The g fespleialty
t ha - il - ] be
B s &% shmclOR B phDRE SRR SR ALaBI e
sbRftRh-siRlelkernati vely, the pillars may be detached from
the particle and used to forma fibre-based el ectrode.
The detached pillars nay al so be described as fibres.

The invention enconpasses the detachnent of the
rs fromthe particle. The

The fourth stage comprised etching. The etching reaction used a solution of
17.5 ml HF (40 %) +12.5ml Fe(NO;); (0.06 mol-l) +2 ml AgNO; (0.06mol-I)
+18 ml H,O for 1~1.5 hours at room temperature (~23°C) using 0.1 g of silicon
particles with the dimension of about 400 x 300 x 200 pm. For the same



O particle, with pillars attached, can be placed in a
beaker or any appropriate container, covered in an
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ultra-sonic agitation. It is found that within several
mnutes the liquid is seen to be turbid and it can be
seen by el ectron microscopd6éexam nation that at this

stage the pillars have been renoved fromthe particle.

eriehs P st SR8 TrUEE Sectifed i oo ol yalime
dtu?%o REL Hc%a%gd gﬁ&ag@ﬁﬁﬁ% Sonihé lratﬁé nﬁ?a#&ln&“?t & thgg)%rtlcle

necessary I'ow vacuum s
SIAAEIMREKK; a b]!‘ﬂoﬂtéletlrﬁé ¢9REeRIABE srialler Hifithh ?'aﬁ%‘cléﬁ For
agitated in an ultrasonic bath to detach the pillars.
ckbnpie, 385D AV okl s 130 ¢nd €slevd siva) eamplechndFnndin lftre6ed 80
using different various filter paper sizes to collect
urheasiplé.con fibres. It will be appreciated that
alternative nmethods for "harvesting"” the pillars 5
i ncl ude scraping the particle surface to det ach t hem

t achi hem chem ca m. cal oach
18 gt it éﬁﬁiﬂ SR L ffiredied THE ST Bhos R LOPEE to the
cﬁé&%&%@ ﬁ | Plefe, ithe 6ﬁt Hi'fﬁfs%x%f ﬂﬁofd%ﬂid&%‘e RBR & edte
k ['um nat’i on. Once the pillared
ljmitinigc| es have been fabri cat ed they can be used as the
active material in a conposite anode for lithiumion
el ectrochem cal cells. To fabricate a conposite anode,

T oiled B an G earilereBl Bl iz dhhl: dhef YKL may be

e@%ﬁf E§eur11 gagg eegg {r&%coa I){C'((?fé"mt L{‘(an% aP] g\lé)lf’}étr (raM 8 NOs);
HeEND);) f; @d(Nnm)gtMNng MgINOg),s uBshipuads Qﬁvcﬂxﬁr@od:a and Pt,

physically with a blade or in any other appropriate

haﬁm&potentlylsdugher henthydrogemgive nadalr depaisttéan (Cu and Pt) but

% kness and tij@ aast ng solvent is then evaporated
etr:}"egc?pqﬁq]r %ng appropriate drying system

V\hl ch may enpl oy el evated tenperatures in the range of

50 degrees C to 140 degrees Cto | eave the conposite

The drak @abranie exmﬁh?etetahhgf mMdcPahBastaBe dPhRAEd udiig Figs

resul ting conposite Tilmhas a porous structure in

3nmdh. {hé&igrestheaodid prwoasshased pil lared particles is

typically between 70 percent and 95 percent. The

conposite filmwll have a percentage pore vol une of

10- 30 percent, prefera out Q rcent. 5

Fabrication of the Iit 7 SF atte § cell thdrbaft¥olts)

can be carried out in any appropr| ate manner for

exanpl e follow ng the general structure shown in Fig.

1 but with a sili con-corrpri sing active anode materi al

s Fiical PRl o SBfonarfiits i B0R Sl %@'ﬁﬁgﬁ% ggeompanied
A L AL o R PP PR BBt ructur e

saturating aI | the avail able pore volunme. The
el ectrolyte addition is
Ag™ +e = Ag (+0.8 Volts)

For standard conditions the overall cell voltage is 2.04 volts. The other

cathodic couples of interest are Cu/Cu** (+0.35V); PtClg>/ PtCl,> (+0.74V);
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done after placing the electrodes in an appropriate

casi ng and may include vacuumfilling of the anode to
wepmane7she pore volunme is filled with the |i gedTiGB2008/002452

electrolyte. 5 Sonme enbodi ments provide an el ectrode

containing as its active material a plurality of

pillared particles of silitén. Capacity retention is

i mproved as the pillared structure of the silicon

at.l +for mmodatj on of t.he vol unme .expansi
Fho b oR o 80 2V R TREEtheD afe.all bttt et oGt dn hydrogen.
i a i.n i i g S N | o .
pi ﬂ:‘%r g%tpg%et ?%?I%sh%{/ﬁ%g&%aﬁgﬂggbsﬁgt E%ilﬁggﬁglﬁggng? with
hiy@sgeur dridy wild ibel lagrely igsfimdiveet Big 4 xBowala @hedeitic version of
silicon) such that a core of silicon remains covered
theypasiibl elestrodateagtionpet ween 0. 08 mMm and 0.5 mMmin
di anet er and between 4 nmand 150 mmin length. 5 A
particul ar advantage of the approach described herein
[ I rge sheets of silicon-based anode can be
SiiSet @T{é?—@ and then rolled or stanped out subsequently
as is currently the case in graphite-based anodes for
lithiumion battery cells nmeaning that the approach
Thedonal lstegetudithe pracess vobetd windwing the sifver vehiel ivetsilaty on
manuf act uri ng capabi lit 0. The jinpvention w |l now be

the ¢tehed silican ppriides front thethirdraddfountrstagss. (e silver was

foll owing non-{imtin Xa o FRdi-n sei ving
refp S % 980 Lt S MUHRE B3 2 FNOE A Nl ca

grade silicon, such as "Silgrain" from El kem of

Nor way, was ground and sieved to produce particles in
the range 10 to 1000 mm preferably 30 to 300 nm and

nore preferably 50 to 100 mm 985227V1Washi ng The
liswdlbhe appregtate®Rirqossse, Wead BnN GPPHPIERT® gRproash can bgedopted

. icles.i ter 5t fine.particl

i Blat to G arg “paradcBre 880 YReditierlecrBe phrd K o

Bl g e et N B s B o, By SERSRE Sckapine.

chémidal bk @shdr@pgedtion &b ohgtabpitassirbanovagbfiom e pueticles.
impurities. O Nucleation In the third stage, a

Theqasacles nan bave poy appropoiate diseensien and eas finaxaswleobe pure
7.5 m . HF (40 9 20nd  AgNO 3. (0.06 nol/1), + 2. 5m

siicen qloionscl ieothefhei isef ERIFTRE FAGRASIAR o7 GsTcon-

b RARL HjRuie 67 bhy oo mishh ey BeGAcIELEone

wii€h pales wed ahited may be n- or p- type, ranging from 100 to 0.001 Ohm

cm, or it may be a suitable alloy of silicon, for example Si,Ge;.,. The particles

may be metallurgical grade silicon.

The particles and/or the detached pillars can be used for any appropriate
purpose such as fabrication of electrodes generally including cathodes. The
cathode material can be of any appropriate material, typically a lithium-based
metal oxide or phosphate material such as LiCoO,, LiMn,Ni;,Co;_,,0; or

LiFePQ, The features of different embodiments can be interchanged or

985227v1



silicon, smaller silicon particles required a |arger
solution volunme due to the increased surface area to

w0785t i 0. The ef fect of ethanol at room PCT/GB2008/002452
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tenperature was to slow the chem cal processes 0 which

gives a nore uniformdistribution of silver islands.

The tinme (especially at thEB upper limt) was

sufficient to consune a significant anmount of the
~solution silver, Etching 5 The fourth stage conprised
justansisad as apprapriane ard theapethed stepspaiagied mamygpgpate

HF (40 %9 +12.5m Fe(NO3)3 (0.06 nol-1) +2 m AgNG3

o8& brmoH) +18 m H20 for 1~ 1.5 hours at room
tenperature (~23C) using 0.1 g of silicon particles

wi th the dinension of about 400 x 300 x 200 mm For
Alfheush Maﬁeé@ﬂﬁgﬁgﬁﬁgﬁ tingfe aiykiat ernfersra] silécorsédn oetched to
particles required a |larger solution volunme due to the

prashice pildas of tha desitadezarametess, the wadeisghemgelyas pxe iy
as the particle size deceases,. a shorter .i] IS
HeREE PSMERdRrEEh PRGBH ARSIBfS, T FpMItiglltio arrange a
~ z
oflgledarbEhug af eheciidp Hebeny, Mo ARG B B Tp Bt
isldnfibh R9e hA¢LRASSMsIeBaReChetallliEoiBgSEialt Kilohrig rélatitdle
di scharge of hydrogen. Here, the out diffusion of i
ch¢apoarabpiliacad paiticteswnsy theneselvesi e mgor@rated igloi 8 femposite

erson wi |l understand that oxidizi ng agents other
e&@ﬁﬁdﬁg“@th@& TydherRrgresping, Ag“’&’ pilfared pa e a good source

o e B L2 SR S

bae-Hilectid¥d. ng potential s higher than hydrogen, give
netal deposition (Cu and Pt) but 5 the others, except

for Ni, do not. The overall gal vani c exchange et ching
mechani sm can be illustrated using Figs 3 and 4. In
Thiegarticlen asedh 6 icling seassbe grysfaligpe forgamnlg gnqnoy oy poly-
Vol t iS..the | |l etching.,of sili.coR. I . .

oY iriThe Bt frevdiils Sk eato§ mpanraE” Bymfie bR piter

I T¥epd Bl alcNag) CoRfREe TRy hudier&Tofstals from

T R B At ok etals fro
exahiphgBvé or Znd¥4. vol ts. The ot her cat hodi ¢ coupl es of

interest are Cu/Cu2+ (+0.3 5V); Ptd6 2V Ptd 4 2
(+0.74V);

Advantageously, metallurgical grade silicon is particularly suitable as a battery
electrode because of the relatively high density of defects (compared to silicon
wafers used in the semiconductor industry). This leads to a low resistance and

hence high conductivity.

As the skilled person will understand, both n-type and p-type silicon can be
etched and any density of charge carriers is appropriate provided the material

does not become significantly degenerate.
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985227V1Fe3+/ Fe2+ (+0.77V), since they are all

positive with respect to hydrogen. Couples that are

be i n conpeti tiPCI/GBRIVS/002452

hydrogen and will be largely ineffective. Fig.4 shows

a schematic version of the partial electrode

reactions. 5 Silver renmovdd The final stage of the

process involved renoving the silver which was |eft on

the etched silicon particles fromthe third and fourth
es. The silver was O renoved (and saved) using a

solution of 15 % HNG3 for 5~10 mn. It wll be

appreci ated, of course, that any appropriate approach

cpn be ' ili ipafriclk habm PP PEARINESe and

aI’rifd ap%?}gtgﬂg@gg{sbﬁ Iggégdlhgg%g{el.é p\éo} 5 exar%lp g t he

pi | | arartigtray bi sificopesoaiprising pillaro aptendm gathgraiforn.

shaki ng, scraping, chem cal or other operation as |ong

as pillars are renoved fromthe particles. The

particles can haye any. appropri.ate.di,nension and, can

P exhrmpredses Slmed i CRam boviiss St 7801 ‘SeRsr

silicon-conprising material such as a silicongermni um

m xture or any other appropriate m xture. The

p&rti chgsarficlemsQlaki ghelpirh llavBergiretieraed el inegule. n-

or p- type, ranging from 100 to 0.001 CGhmcm or it

may be a suitable alloy of silicon, for exanple

S ot BN L5 25 T A AL e
b f . d '
N e R

cat hodes. The cat hode material can be of any
appropriate material, typically a lithiumbased netal

0%i de Arpgrtokepsatlainmal iram preaeding sldinGachich the pillars have
Li MixNi xCol-2xQ2 or Lj FePO . The f8 tures of different
enbodi ArEEEECCHMPBEIDIDE, Eﬁ%‘r&fe%t%ﬂ @Qﬁﬁmij uxt aposed
as appropriate and the nethod steps perfornmed in any
appropriate order. Although relatively high purity

siggl e AChHBLR| ahBR] B arsi dheCONCIaRAs Do &t @heRich@hSpillars
produce pillars of the desired paraneters, the wafers

t hemselhays aarspeetrtiogfensdtercthani2@gl.t o their hi gh
purity. Furthernore, it is difficult to arrange a
pillared-wafer into an el ectrode-geonetry. Enbodi nents

o e PRIl ABA e ek BRLARTIN REERRA G
Di || ar eghay Gk BRiaTiRIRAbHaR NI NCOrpor ated into

a conposite 0 elect e W thout further processing.

Al'so, pillared particles are a good source of silicon
fibres and can be used thenselves as the "active".

i nyr edifeparticte as tlatmed i aneef elotias 11hd isawhich) the pillasg have
for etching may.be crystalline for.exanple nono- or

pol y- 5% B4SpEantiallyRonPReilar 1058856990 ¢ si ze equal to

or greater than the required pillar

9. A particle as claimed in any preceding claim in which the particle
and/or pillars comprise undoped silicon, doped silicon or a silicon

germanium mixture.



hei ght. The polycrystalline particle may conprise any
nunber of crystals fromexanple two or nore.

wodoant@ageous! y, metal | urgical grade silicon i BCT/GB2008/002452
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particularly suitable as a battery 0 el ectrode because
of the relatively high density of defects (conpared to
silicon wafers used in the2@en conductor industry).
This leads to a | ow resi stance and hence hi gh
copductivity, As .the skilled person.wll  understand,

botth /s BECIGAS ALY RisHOUAR SIS WHPEHR A CaRy
density h 9o ' ' (ROVA ot he
ot or | HONRE DOPOE T Uy ARE FRReL A SR 0F 5L
985227V1Cl ainms 1. A particle conprising silicon, the
particle having a particle core and an array of

si1i.cor partiple asi dlginped Imearsy precedidigrajainhwhefein e paiZiclens
particle af clainmed .in_claiml1l where in the array is

r egul armet@.hl?glﬁ%lr%r?@‘l’ 8ligdhec| ai min claim 1 wherein the
array is irregular. 0 4. A particle as clainmed in any
preceding claimin which the pillars have a first

di eNSiAOPSHER 45 GafndiDf %fﬁre"c@dﬁgz@aﬁi RAERS-a 1\%%111% cross-
particle as clainmed in any preceding claimin i ch

t he pi ldeatisn.have a second dinmension in the range 4 to
100 mcrons. 5 6. A particle as clainmed in any one of
claims 1 to 5 in which the pillars have an aspect

rafjo qf greater .than,20:1. 7. A particle .as cl.aine
Py PoRBHETE & bR iy ypyse Bt bR Sy Breglar
have a S tial ly circul ar cross-section. 8 A
particl%Hgi&%ﬁgPhed in any of clains 1 to 7 in which
the pillars have a substantially non-circul ar
cross-section. 5 9. A particle as clained in any )
pr Bbedifnpartictd aa ¢laingd vhanhpresadimigetleina hayiog apiifst dirgension

conpri se doped, silicon, Si]i or asiligo

or ;G 0 b ragesBirekBEE0 wibls FALNE oinrfibly

i n any [ aimwherein the silicon content is

90. 00 t%gggfggg?gginass, preferably 90.0 to 99.5% 11.

A particle as clainmed in any precedi ng clai mwherein

the particle is 5 netallurgical grade silicon. 12. A
palti.i cllepaticl @8 clein¢dimayy preseduigdainh avher¢giavhegauicle core
regul ar, crosssection, 0 13 A particle as clained in

any pré@éﬁ?ﬁ@‘@?éFﬂPh&VVﬁ@ugﬁ-irregular Cross-section

14. A particle as clainmed in any precedi ng cl aim
having a first di mension

16. A particle as claimed in any preceding claims wherein the fraction of
the surface area of the particle core occupied by pillars is 0.10 to

0.50, preferably 0.20 to 0.40 and more preferable 0.25 to 0.35.

17. A method of fabricating a particle as claimed in any one of claims 1

to 16, comprising the steps of etching a particle comprising silicon.

18. A method as claimed in claim 17 in which the pillars are created by

chemical reaction etching.



of 10 mmto 1 mm preferably 20 nmto 150 mm nore
preferably 5 25 mnmto 75 mm 15. A particle as cl ai ned

WO 20094030788 ecedi ng cl ai m wherein the particl e cPCEGB2008/002452
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crystalline or polycrystalline. 0 16. A particle as

claimed in any preceding clains wherein the fraction
of the surface area of the2barticle core occupi ed by
pillars is 0.10 to 0.50, preferably 0.20 to 0.40 and

nmore preferable Q.25 to Q.35. _17. A net hod of

falthi cét mﬁamaf wﬂ%wdtemagaw é?dﬁd"’l?lﬁﬂgi*ﬁ/@iﬁés ge grajpddy
15to ; |.Si steps of etching a particle
conpri Séaﬁ%an@???@%aﬁlgg%é&ﬂigmt hod as clained in claim

17 in which the pillars are created by cheni cal

reacti on etching. 985227V119. A nethod as clained in
cl2. m Anh élactwbdectonthiaing pamictesaaselefmedtin@anpygidimsnl © 16
exchange etching. 20. An e] ectrode contai ni ng

part i clasoneoldis3Give mateHaE- of clains 1 to 16 5 as one

of its active materials. 2 1. An el ectrode as cl ai ned
in claim20 which uses copper as a current collector.

0 22. ALQBPOSAd & Shffitd 8RS X Vg%f%ilnsieﬁ‘ c6pidrsZlcuirfent

which the el ectrode 1s an anode.

el ect r ogiegicgal cell containing an el ectrode as

clainmed in any one of clains 20 to 22. 5 24. An

el ectrochem cal cell as claimed in claim23 in which

t cat,hode canpr.ises,a |ithiumcontaijjng £o un
caabt & rPeRELgPREcdhe Tldnelis PR At i HRPERE Shstroae
its actg%ﬁfﬂﬁﬁgrial. 0 25. An el ectrochem cal cell as
clai med i'n ‘¢laim 24 in which the cathode conpri ses
'ithium based netal oxide, sul phide or phosphate as

its active material. 26. A lithiumrechargeable cel
arfde donglecoehpnpank ¢adl eantaminge fn glagtiode Bs ghapmgddn ghy one
claims 1.to0. 16_as Ee of its active materials. 27. An
anode a&f AP f92 claim26 in which the particles

are part of a conposite film 985227Vv128. A cel
conprising an anode as clained in any one of clains 26
orpR7 anfeldckatitanical &1 adclaghbd a8 chiimi 2B whictlthé baddde
in which the cathode conprises lithium 5 based

mat er i atompfsesA kthiumesontdiaingcompoehdrapabde phrel¢dsotg and

t he cat hode conprises . lithium . )
reabsorbing lithtum ions as 1ts active material.

25. An electrochemical cell as claimed in claim 24 in which the cathode
comprises lithium-based metal oxide, sulphide or phosphate as its

active material.

26. A lithium rechargeable cell anode comprising particles as defined in

any one of claims 1 to 16 as one of its active materials.

27. An anode as claimed in claim 26 in which the particles are part of a

composite film.



cobalt dioxide. 0 31. A device powered by a cell as
clainmed in any one of clainms 23 to 30. 32. A nethod of

W@ e@ani1aigs a conposite el ectrode conprising t hePGI/6B2008/002452
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preparing a solvent-based slurry containing particles

as claimed in any of clains 1 to 16, coating the

slurry onto a current coll@tor and 5 evaporating the
solvent to create a conposite film 33. A nmethod of
fabricating a lithiumrechargeabl e cell conprising_the
steds dk cell sapipaigingampeere assclampgditany,ons phelaiss 26 or 27
clains 26,0r. 27 .and addi ng a cat hode and an
electro?@qua O@ﬁt A nethod as clainmed in claim 33
further conprising adding a separator between the

cat hode and the anode. 35. A nethod as clained in

cl29.m 38 cell aschiimed4n luitn28 ircwinpeh thern@tifoderamysiiseg ldhium-
casing around the cell. 36. A nmethod of fabricating

si | i conbassAgnaterigy fibres in which the pillars are
detached froma particle as defined by any one of

clains 1 to 16 by one or nore of scraping, agitating

or3gherg cefl a8 L8 in 8B/ which the cathode comprises lithium

cobalt dioxide.
31. A device powered by a cell as claimed in any one of claims 23 to 30.

32. A method of creating a composite electrode comprising the steps of
preparing a solvent-based slurry containing particles as claimed in
any of claims 1 to 16, coating the slurry onto a current collector and

evaporating the solvent to create a composite film.

33. A method of fabricating a lithium rechargeable cell comprising the
steps of creating an anode as claimed in either of claims 26 or 27 and

adding a cathode and an electrolyte.

34. A method as claimed in claim 33 further comprising adding a

separator between the cathode and the anode.

35. A method as claimed in claim 33 or claim 34 further comprising

providing a casing around the cell.

36. A method of fabricating silicon-comprising fibres in which the pillars
are detached from a particle as defined by any one of claims 1 to 16

by one or more of scraping, agitating or chemical etching.



