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FIELD OF THE INVENTION

The present invention relates to bioelectric chemical devices generally and

20  more particularly to bacterial fuel cells and bacterial electrolysis cells.
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| NVENTI ON The present invention seeks to provide inproved bioelectric

chem cal devices and nore particularly to provide inproved bacterial fuel
cells and bacterial electrolysis cells. There is thus provided in
accordance with a preferred enbodi nent of the present invention a bacterial
fuel cell including a plurality of anodes and a plurality of cathodes in
liquid communication with a liquid to be purified, the plurality of anodes
and the plurality of cat hdde& UNEH@EE%@§N¥E§¢EWQeIectrical conduct or
arranged to be electrically coupled across a load in an electrical circuit
and an electrically conductive coating at | east between the netal
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and being separated fromeach other by a gap filled with an
oxygen-contai ning gas. In accordance with a preferred enbodi nent of the
present iwoentomamsshe bacterial fuel cell also includespat/Lmagboiome
surface adapted for biofilmgrowmh on a surface thereof which is in liquid
comuni cation with the liquid to be purified and is in electrical

comuni cation with the netal electrical conductor via the electrically
conductive coating. Preferably, the at |east one surface adapted for
biofilmgrowh is defined by a fabric overlying a surface of the

el ectrically conductive coagb&gwu$§¥?@pﬁigﬂﬁggkmﬁéﬂ~a preferred enbodi nent
electr

of the present invention the neta i cal "conductor is a coated netal
el ectrical conductor and the electricallyconductive coating includes an
el ectrically conductive coating fornmed onto th netaI%ngcHrical condgctor.

Addi Iti onal Iy or al t Bin@Essel {AVeRiRn &petiop BEIVIGP EBAGURT i VW¥F\EGit iChSMIAE | udes
an el ectr o] I . i | i
(?é@deg Yarld Pﬁg&ﬁgﬁ%ﬁugﬁgeg B%Vﬁeefxﬁﬁ]o%d bhQe@d1efiel IcGRd lavd Ciaebiiat | ve

coating of at Igas _ ty of cathodes includes a
wat er -yer ¢teahllwisadedist ri cal | y conductive sheet. Preferably, the coated netal

el ectrical conductor, of ,at |east one of the plyrality of cathod i-S. wat er
per meabl e. Pref er abl §FT¢ & thiug psgvidarkin,gocidancs W’t{%lai Ifrff%(r)r]@dce aﬁ”?gl Y of The

€S i nctudes

an attachpead R%efion YiateRREHRY 3B YnclidiSy atglaehiyest adodkehnd o flonlipdodf a
pl astic P%Eric. Inlaccofdgnce with a? re%%r#id egﬁodinent of Hie g?gsent

i Rventi oncatipsies iy Bguid cemfromiration wvithrreligiiditabe pyrieed, soplumlishel ¥edpoardt and
the bacterial, fuel cell] includes conduit fi agj 2nt. cat hodes
and vol un%‘g Q}Bffaﬁﬁ’eéf%tf& &h 4t é%cg M &t Sglgseﬁ%ﬁr ag% es prr %{rli&%lgﬂgto &

comupy Cadle@Acaly Edipledi atrdsd 4 Coddeinpa blbéteidalveitcittdnd g wleatrically obndantdes and

| qul ot coastlpat IeEReeP ebering HbeieGHER B i FHEs JIRHbts, b° Pioet, the
electrically conductive coating being operative to mutually seal the liquid and the electrical
conductor from each other.
There is also provided in accordance with another preferred embodiment of
15 the present invention a bacterial fuel cell including a plurality of anodes and a plurality of
cathodes in liquid communication with a liquid to be purified, the plurality of anodes and
the plurality of cathodes each including a metal electrical conductor arranged to be
electrically coupled across a load in an electrical circuit and an electrically conductive
coating at least between the metal electrical conductor and the liquid to be purified, the
20 electrically conductive coating operative to mutually seal the liquid and the electrical
conductor from each other, at least two of the cathodes being arranged adjacent each other
and being separated from each other by a gap filled with an oxygen-containing gas.
In accordance with a preferred embodiment of the present invention the
bacterial fuel cell also includes at least one surface adapted for biofilm growth on a surface
25 thereof which is in liquid communication with the liquid to be purified and is in electrical
communication with the metal electrical conductor via the electrically conductive coating.
Preferably, the at least one surface adapted for biofilm growth is defined by a fabric
overlying a surface of the electrically conductive coating.
In accordance with a preferred embodiment of the present invention the
30 metal electrical conductor is a coated metal electrical conductor and the electrically
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I n accordance with a preferred enbodi nent of the present invention the
plurality of anodes and cathodes are forned as enbossed el enents.

Pr ef er ablwo 2bfvmapdsar al ity of anodes and cat hodes are seatcedLtoogediber. There
is yet further provided in accordance with still another preferred

enbodi nent of the present invention a bacterial electrolysis cell including
a plurality of anodes and cathodes in liquid comunication with a liquid to
be purified located in a tank including an inlet for receipt of water to be
purified, an outlet for output of purified water and an outlet for hydrogen

gas, the pliunalie ¥ iﬁlgaiﬁ&%?s Qﬁ‘del&%’i&ﬁ?ec%nﬁx?&i@ é?)@?ﬁ’%tf%e i t@”th@'xg&fafi cal
circuit across an electrical power 'source, at |eas ne o e anodes and
cat hodes ¢lacttivali cgpdactort Aldidbeailyr e alltemativkivt the electaingbd comdustvelcoating cal | y

coupled in el egtri.c circuit and an electrically conductive coating at
| east bet%@ﬁeﬁﬁ’eé?@fl%} y&P@%{"Pi"EélFeeEonduct or and a liquid in the cell, the

el ectrical ly conducpicwgatpakd Q8ctBPANAINIEHE cRindadflaY 1a8aine loFnd ﬂ»lﬂx‘éﬁi%r and
the el ectrical conductor fromeach other. In accordance with a preferred

enmbodienef ethodpeinpludeemwatenpeanterbla elehtrichlhic candietivesshesst r ol ysi s cel | al so

i ncl udes at | east e.surface adapted for biofil owt.h o surfa

thereof which is igprrefe&%hl%a%&ﬁ% |c1§’fs§%ﬁ’[‘i§fﬁfcﬁf f?fi&ﬂ“fq{oﬁtﬁfﬂatt %a‘%eonﬁu?f&‘eed and
isin el q]gtlfaiﬁt;}aéf@qmwﬂsmtejr@mabtb,the nmetal el ectrical conductor via the

electrically conductive coating. In accordance with a preferred enbodi ment

of the present invelfefesbls i lqssupnn pf fre plurelity d dethoderciclifienan aédchamest an
oragen, PSRTEHL Syl REC IR et el ool 1Y
exposidd to an oxygedn eawtdanecd nwitlgas préfeedd reatbogimenh eofotheg presaer impaiia,
| 0uT ] mperiteaty b aver s, o electrieall v conduet ue sheel o
silicone jhlB& conduits defined between adjacent cathodes and volumes defined between
adjacent cathodes and anodes providing communication of the liquid to be purified with the
plurality of anodes and the plurality of cathodes, the apertures providing communication of
15  the liquid to be purified between the conduits and the volumes.
In accordance with a preferred embodiment of the present invention the
plurality of anodes and cathodes are formed as embossed elements. Preferably, the plurality
of anodes and cathodes are sealed together.
There is yet further provided in accordance with still another preferred
20  embodiment of the present invention a bacterial electrolysis cell including a plurality of
anodes and cathodes in liquid communication with a liquid to be purified located in a tank
including an inlet for receipt of water to be purified, an outlet for output of purified water
and an outlet for hydrogen gas, the plurality of anodes and cathodes being onnected via an -
electrical circuit across an electrical power source, at least one of the anodes and cathodes
25  including a metal electrical conductor arranged to be electrically coupled in an electrical
circuit and an electrically conductive coating at least between the metal electrical conductor
and a liquid in the cell, the electrically conductive coating operative to mutually seal the
liquid and the electrical conductor from each other.
In accordance with a preferred embodiment of the present invention the

30  bacterial electrolysis cell also includes at least one surface adapted for biofilm growth on a
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Preferably, the netal electrical conductor of at |east one of the plurality
of anodes is in the formof a foil. Preferably, the netal electrical
conduct orwD0iom4b93¢ form of a wire grid. Alternatively, pClraLrpd/ad1017
el ectrical conductor is in the formof a perforated planar el enent.
Alternatively, the netal electrical conductor is in the formof a generally
parallel array of wires. There is further provided in accordance with yet
anot her preferred enbodi nent of the present invention an el ectrode for use
in at |least one of a bacterial fuel cell and an electrolysis cell, the
el ectrode | I -al tr] . g . .
el ectri cafl?r?acég gg%ﬁgfd@}lﬁﬁg%h%ﬁé@ rcpéggrﬁ:!néc%ﬁ% %&gﬁﬁ%% ﬁﬁgﬁg g%t é"?jcf{a% Iaﬁd 15 10
conduct i veleciomil compratnitma twithethuvaetl eletricel @hdadtactis theallectiddatly conducdne a
liquid in the cell, the electrically conductive coating operative to
mut ual |'y £AmEt he liquid and the electrical conductor fromeach other. In
accordance wi th a_ PLEhaloreRcERAll FRtmaf chBEIRIAESNid Pesal BrBE the
el ectrode includes at |east one surface adapted for biofilmgrowh on a
surface t hewaisy ofitsrbhdéssedch dljoquilddeommonygsatieomeatile, Hiquivkimhpegmeable daybe
urified and is in electrjcal communication.with the netal electri.cal
(F:) onduct or a@f‘?f’ htbee seifipgl aICIOﬁ}&i%ﬁ?i u%o[aﬁg% hsts E]@)e Bt rpfﬁlf‘lﬁaﬁ’?"t’h quid-
el ect ri calrhyermestle dhyereisC 0didséil tb SanddRpieRdcdn®dinial Ofds| PrafeRBlyh MO ckyseH face
t hereof. In accordance with a pref erre_oF enbodi nent “of the present invention
the at | eB¥meable, shidviddaperangsbled loxsr Bhadedasmagr odledirisallydegdnduetivey sheet.

cylindric : Rl el fy. of el ¥ J.0r
conduct | va"SPALTAL R et Btk 1EL KN neo FBOR & i BIET L PR AL
coat el net al el ect r Pefdraipnitle eietd] cldetrchb cadluytor bhet katoad ofeliapluelliectf i cal

conduct or ig t,wi,ste(ralf to retai n multiple- ones of the nultiplicity of
el ongat e E199a%iR thefoBBAEASYL al ong an el ongate extent thereof. Preferably,

the elongate el emenpRrafily, the metal electrical conductor is in the form of a wire grid.

Alternatively, the metal electrical conductor is in the form of a perforated planar element.

Alternatively, the metal electrical conductor is in the form of a generally parallel array of
15 wires.

There is further provided in accordance with yet another preferred
embodiment of the present invention an electrode for use in at least one of a bacterial fuel
cell and an electrolysis cell, the electrode including a metal electrical conductor arranged to
be electrically coupled in an electrical circuit and an electrically conductive coating at least

20  between the metal electrical conductor and a liquid in the cell, the electrically conductive
coating operative to mutually seal the liquid and the electrical conductor from each other.

In accordance with a preferred embodiment of the present invention the
electrode includes at least one surface adapted for biofilm growth -on a surface thereof
which is in liquid communication with the liquid to be purified and is in electrical

25  communication with the metal electrical conductor via the electrically conductive coating.

Preferably, the electrically conductive coating is adapted for biofilm growth
on a surface thereof.

In accordance with a preferred embodiment of the present invention the at
least one surface adapted for biofilm growth is defined by cylindrical surfaces of a

30 multiplicity of elongate elements formed of conductive plastic and extending generally
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non-netallic electrical conductors having electrical conductivity |ess than
that of the coated netal electrical conductor. Preferably, the el ongate

el enent s woeofoaupssd of conductive plastic. Al ternativel ycTiibmogbangat e

el enents are fornmed of graphite fibers. In accordance with a preferred
enbodi nent of the present invention the at |east one surface adapted for
biofilmgrowmh is defined- by a multiple vane el enent surrounded by a

| oosely wound helical elenment forned of conductive plastic and extendi ng
generally radially outwardly fromthe coated netal electrical conductor. In

accordance Wt h feer I i i t

| east onera‘%l\é\ﬁ 3%@"%@25%’ g&ﬁ%gf}ﬁ%{i’o eﬁ? %eéﬁ%\?\; ﬁﬁﬁdgaglz I nfg::?mggﬂ% CggtleiEl n%(;l}t?c al

el enent fadomteh] aondwrtsiuBt twistepltasietatn andiipld. dive of otht edultiptieity e%/ gtanggieal
conductor. Preferably, the coated netal .el ectrical,conduyctor i.S i he form
of awr é?lelwntt%lﬂr@t“ic%;‘?él a}?ngt%e?@}ﬁ&fee‘-‘a&%‘?ﬁlﬁfeogl%Sfefﬁlbbym eceg?fbﬁf’i‘éet%‘?m%’rgs %“r? t he
form of aygrafbiicAldoRIAPLrtEL s Hale eRRirRAl il elyagkib@ahacdided i in

the formof aro n accordance w a preferred enbodi nrent of the present
i nventsi ométhlk elattricelasindoeter. sRrefesably, dbiaystangateorlempnss iaramieymet of sodbeiiened by

a fabric qverlyjng a surface o he I cal | Lve coating. In
accor dand®asiCt %h?%ﬁtr“ée%é tﬂi‘eeeg‘)’?ﬁ’?%o%?‘ﬂ%ﬁ% z?rg;f&{n}?g Ogé{aag)gﬁ‘?ﬂlﬁﬁ\g/e ntion the

el ectrically condughiggor@fatiwith b pedfere@iseribodieit ofl thalpkogert dnvkmcion Ve stheet .
Preferably, the nmetal electrical conductor is _in the formof a faqil.

Al t er nat i st yonet sveforetadrpted der biofdm gionidds glefiped by & HRUFBCYH BHFTe
0 o LI TR e B, sttty 2
in the forwereaflly sadidhesmivhyllypien thedoatrd mesraledeciiaabsond@etef.er abl y, the net al
electrical conduct OIL aicgortlgxgcgevgithma p?e%) e%r elgll;oﬁllnlérrl? ot i present invention the at
least one surface adapted for biofilm growth is defined by a cylindrical element formed of
conductive plastic around the coated metal electrical conductor.
Preferably, the coated metal electrical conductor is in the form of a wire.
15  Alternatively, the coated metal electrical conductor is in the form of a cable. Alternatively,
the coated metal electrical conductor is in the form of a rod.
In accordance with a preferred embodiment of the present invention the at
least one surface adapted for biofilm growth is defined by a fabric overlying a surface of
the electrically conductive coating.
20 In accordance with a preferred embodiment of the present invention the
electrically conductive coating includes an electrically conductive sheet.
Preferably, the metal electrical conductor is in the form of a foil.
Alternatively, the metal electrical conductor is in the form of a wire grid. Alternatively, the
metal electrical conductor is in the form of a perforated planar element. Alternatively, the
25  metal electrical conductor is in the form of a generally parallel array of wires.

Preferably, the metal electrical conductor is formed of copper or aluminum.

Preferably, the electrically conductive coating is formed of a conductive plastic.



Preferably, the electrically conductive coating is formed of a conductive
pl asti c. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention wll be
under st oostoand/appseci ated nore fully fromthe foll ow ngcaatziod/exior7
description, taken in conjunction with the drawings in which: Fig. 1is a

simplified illustration of a bacterial fuel cell constructed and operative
in accordance with a preferred enbodi nent of the present invention; Figs.
2A 2B, 2C and 2D are sinplified illustrations of four alternative

enbodi ments of el ectrodes constructed and operative in accordance with a

preferred enbodi nent of | i I.a a bacterial fuel
cell and in a bacteri al %R@%@%ﬁﬁﬁgf@fw%%%@% and 3C are
sinplified illustrations of three alternative enbodi ments of cathodes

constructed and operative in accordance with a preferred enbodi ment of the
present invention ud8f Brespi \vesdionayilde yndersteod| and apprgsiated o Eullyidrone ar e

51 Pl 11 Othy ol il 03 anlutb6 Badh LRI, GRI ARIES, B faphodes

constructed and operative I n acéordance énbodi nent
of theSpresent invehtg dnisusefrplified Hultetioardfad bhetetial datll cellFt@struddl and 5B

are respective sinplified side apd top, view il]lustrations of a bacteri al
fuel cell OBﬁﬁ%YerlBg‘F%O&d%{ﬁa W_d%’ear%f?%}r@é FI%P%%WP@HE%PW@E{%?’HW erred
embodi ment of the prgsenh, HYeRrt iLan ?2Ifhlg:- siﬁléﬂiﬁe@ ifthsiRtibds| 66 fR rc%t‘éfﬂaﬁ]ve.

illustration of an el'ectrode constructed and operative in accordance with a
pr ef er r ed cahbddiensnel ekectrodespeansievtted Aue mpemtivesief adcoidancg it & mreferrediel

11 ust rat PARCHRRE SE IR pRsGl Bt ueln o b Beia fced M oot s
pr ef et® edeleohsigiis®sil; of the present invention useful in a

Figs. 3A, 3B and 3C are simplified illustrations of three alternative
embodiments of cathodes constructed and operative in accordance with a preferred
embodiment of the present invention useful in a bacterial fuel cell;

Figs. 4A, 4B and 4C are simplified illustrations of three alternative

15  embodiments of cathodes constructed and operative in accordance with another preferred
embodiment of the present invention useful in a bacterial fuel cell;

Figs. 5A and 5B are respective simplified side and top view illustrations of a
bacterial fuel cell constructed and operative in accordance with a preferred embodiment of
the present invention;

20 Fig. 6 is a simplified pictorial illustration of an electrode constructed and
operative in accordance with a preferred embodiment of the present invention useful in a
bacterial fuel cell and in a bacterial electrolysis cell;

Fig. 7 is a simplified pictorial illustration of an electrode constructed and
operative in accordance with a preferred embodiment of the present invention useful in a

25  bacterial fuel cell;

Fig. 8 is a simplified illustration of a cathode constructed and operative in
accordance with another preferred embodiment of the present invention useful in a bacterial
fuel cell; and



bacterial fuel cell; Fig. 8 is a sinplified illustration of a cathode
constructed and operative in accordance with another preferred enbodi nent
of the prweeantodsmsenti on useful in a bacterial fuel cel lpcTanzid/gEo019A and
9B are respective sinplified side and top viewillustrations of a bacterial
el ectrolysis cell constructed and operative in accordance with a preferred
enbodi nent of the present invention. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS Reference is now made to Fig. 1, which is a sinplified
illustration of a bacterial fuel ceII constructed and operative in
accordance wth a preferre LstRRioadef a
including a pIuraIF@?sg# éﬂ% ]% , &%mgggﬁgﬁﬁ?ggﬁ ;ﬁyﬁg ?etter A and a
pl ural i t pa@éridt adlbaebeisl @2l @m&ﬂﬁudﬁblagdammdattyy irhectoedanee @ith rp |preferred
comunication with a liquid 104 to be purified, such as industrial waste
wat er . IﬁH®H@H@ﬁbéamﬁ@ﬁﬁ“6ﬂ“@ﬂ@”l1 water to be purified is supplied at an
inlet 105 which comuni cates via apertures forned in anodes 100 and

cat hodes 102 and conduits 106 defi ned between adjacent cathodes with a
series of volunes 107 defined between adjacent anodes 100 and cat hodes 102,
whi ch are seal ed together, as by elastoneric seals (not shown) and with an
outlet 108. In accordance with an enbodi nent of the present invention, the
anodes and cathodes may be fornmed as enbossed el enents simlar in shape to
t hose used in conventional plate heat exchangers. Exanples of such a
structure are shown in US Patents 4, 014, 385; 3,792,730; 3,731, 737,

3,661, 203; 2,787,446 and 2,550, 339, the disclosures of which are hereby

i ncorporated by reference. In accordance with a preferred enbodi nent of the
present invention, the plurality of anodes 100 and the plurality of

cat hodes 102 each include a netal electrical conductor surrounded by an

el ectrically conductive coating.



The construction of each anode 100 is illustrated in an enlargement 109. It
is seen that a nmetal conductor, preferably copper or alum num here

desi gnat estolyiwabssence nuneral 110, is surrounded by amrcelembsipmally
conductive coating. In the illustrated enbodiment, the electrically
conductive coating is realized by lamnating a pair of liquid inpermeable
conductive plastic sheets 112 so as to encase the netal conductor 110.
Preferably sheets 112 are forned of a plastic such as pol yethyl ene,

pol ypr opyl ene and PET, which is conpounded with a conductive powder, such

as carbon or grapE)l,rEfg%g VC(%' '}(ﬁgﬁj Boig Bi ofilm
growth is preferal h%’gﬁ%gﬁgﬁ‘lé e og#g%izsur aces Cg% S eZESs 112.
Optionally a biofilmgrowmh support 116 is provided on at | east one outer

surface of sheetsll12. Biofilmgrowh support_ 116 may. be .a. f.abri r ef er abl
formed of pol yest erReferepgenisy nawinpagds| i@ Fidt &r PhIC l?fp%/‘%%fl?ﬂilﬁ%ﬁ@ﬁg‘gé&oaf they

various e%%ggﬁg&%?&%%%&%%ﬁﬁdo e?eftﬁfg?% ﬁc‘&daﬁ%‘wﬂﬁ%’lﬂ%ﬁ@d erhbOdimegPof 200

m crons she _ m crons I'l.mgrowth support 116 - 10 - 50
i crorss Fheprabitanveation endinehdingenplarality efwmdest 0, anch designsted &y dep lefterri gs.

2A - 2D. In Fig, 2A th dyct 1Q | | h i nd- i
desi gnat e‘é agg Iﬁ%’é@é@@r?éégﬁhgﬁ%%r]ﬁ’ %‘rf@ e?lﬁlll%’dg‘?y %’@ﬁe eﬁtra %ﬁ%“é@%?‘@ r”lmf%ggﬁldsnsi n

the form Qi @ Ml E1EH otheaRtified, H85 a8 RAaHaDYadie hatceNaehBiBsdmed2s Fipn Fi g.
2C, the conductor 110 is'in the formof a perforated planar element anpd is

desi gnat el vipferrtebe penified nsnpplied at 22 inletd OFwdichxpmmyHcatesdy spetresiormed j n

the formof a rall I i LS '
Fof er enceliani 00 296 cdtpiiEs dhg St Rl fOq BB LaNch BateR) PRAE WG
102 i1 i | dekisd bAYEHes 10N defMhedr gsewedt adj@8nt drodéss1@ean tdtiaddes 1pZrhich ted

met al conductor 130, %r ef erably copper or )
sealed together, as by elastomeric seals &ot shown) and with an outlet 108.

In accordance with an embodiment of the present invention, the anodes and
cathodes may be formed as embossed elements similar in shape to those used in
conventional plate heat exchangers. Examples of such a structure are shown in US Patents

15 4,014,385; 3,792,730; 3,731,737; 3,661,203; 2,787,446 and 2,550,339, the disclosures of
which are hereby incorporated by reference.

In accordance with a preferred embodiment of the present invention, the
plurality of anodes 100 and the plurality of cathodes 102 each include a metal electrical
conductor surrounded by an electrically conductive coating.

20 The construction of each anode 100 is illustrated in an enlargement 109. It is
seen that a metal conductor, preferably copper or aluminum, here designated by reference
numeral 110, is surrounded by an electrically conductive coating.

In the illustrated embodiment, the electrically conductive coating is realized -
by laminating a pair of liquid impermeable conductive plastic sheets 112 so as to encase the

25  metal conductor 110. Preferably sheets 112 are formed of a plastic such as polyethylene,
polypropylene and PET, which is compounded with a conductive powder, such as carbon
or graphite, to produce a conductive plastic sheet.

Biofilm growth is preferably supported on the outer surfaces of sheets 112.
Optionally a biofilm growth support 116 is provided on at least one outer surface of sheets



al um num is surrounded by an electrically conductive coating. In the
illustrated enbodi nent, the electrically conductive coating is preferably
real i zed Wy 20mai4b9sg t he netal conductor 130 with a |i quirdTiinpes/omabd e

el ectrically conductive plastic and encasing the coated netal conductor on
aliquid facing side thereof with a perforated sheet 132 forned of an
electrically conductive plastic. Preferably the electrically conductive
plastic is fornmed by conpounding a plastic such as pol yet hyl ene,

pol ypropyl ene and PET with a conductive powder, such as carbon or graphite.
Bi ofilm I ref er abl upported on.the_outer surfaces of coafed
conduct or | s istit BiRut st BIPRERYF pyRBe PORRY GrBiiet SODSTEE On 0o <
provi ded QiiaBle heasdl. one outer surface of sheet 132. Biofil mgrowh support
136 may be a fabric, preferably formed of polyester or other suitable
material . On an oppbyiiea thigknesdea of thy veiielts eldmenés dfdheanede d 6R digasifelboveoat ed
nmetal conductor 130 S, preferably provigded optional attachnent

| ayer 138 typicall ycoégﬁ%[&i is]i%)ng a woven or no 8@@9‘?&% ¢ formed of

pl astisx, such as a ghebtyiggter. CQutwardl yof atsachm®otmicayer 138 there is
preferably provided a_|iquid-inperneable, oxygenperneable |ayer 140,
preferably forned otiokim gropile SYnPIEdAS Att achA®nt 1>8yeieronsg ai ds t he
attachnment of oxygen perneable |ayer 140 to the coated conductor 130.
Optionally outwardly of oxygen-perneable |ayer 140 there is provided a
mechani cal support Homyeherhdi?ve qmiafdemetit yf anogde i160 afe itledtatddvial Bigs. 2gi A2D.
plastic. Typical thicknesses of the varjous elenents of the cathode 102
Shown | n Bl g s tonsseonf b i P TPRREL S PAE S nE oA P A T GRER el 30 -
100 -10600120. ¢4 Fe I8 he Bh&tGNERS islR2the f8fdn of F0Rir81 FHdOARI is designated by

reference numeral 122, In Fig. 2C, the conductor 110 is in the form of a perforated planar

element and is designated by reference numeral 124. In Fig. 2D, the conductor 110 is in the
form of a generally parallel array of wires and is designated by reference numeral 126.
One embodiment of the construction of each cathode 102 is illustrated in an
15 enlargement 128. It is seen that a perforated metal conductor 130, preferably copper or
aluminum, is surrounded by an electrically conductive coating.

In the illustrated embodiment, the electrically conductive coating is
preferably realized by coating the metal conductor 130 with a liquid impermeable
electrically conductive plastic and encasing the coated metal conductor on a liquid facing

20  side thereof with a perforated sheet 132 formied of an electrically conductive plastic.
Preferably the electrically conductive plastic is formed by compounding a plastic such as
polyethylene, polypropylene and PET with a conductive powder, such as carbon or
graphite.

Biofilm growth is preferably supported on the outer surfaces of coated

25  conductor 130 and sheet 132. Optionally a biofilm growth support 136 is provided on at
least one outer surface of sheet 132. Biofilm growth support 136 may be a fabric,
preferably formed of polyester or other suitable material.

On an opposite, air-facing side of perforated conductive coated metal
conductor 130 there is preferably provided an optional attachment layer 138 typically

30  comprising a woven or non-woven fabric formed of plastic, such as a polyester. Qutwardly

10



bi ofil mgrowth support 136 -- 10 - 50 microns attachnent |ayer 138 - 10 -
50 m crons oxygen-perneable, liquid inperneable |ayer 140 ~ 50 - 500

m crons mwohammedsssupport |ayer 142 - 100 - 2000 mi crorsTibroego@btizer nati ve
enbodi ments of the enbodi nent of the cathode shown in enlargenent 128 are
illustrated in Figs. 3A - 3C. In Fig. 3A the perforated conductor 130 is
inthe formof a wire grid conprising wires 144, all of which are coated by
a liquid inperneable electrically conductive coating 146, as seen in

enl ?rgerrent 148. In Fig. 3B, the perforated conductor 130 includes a
perforate . S BGHEm c _ by a
liquid m%%?#e%%@%%tﬁ{%% l%gjg%fﬁgaﬂyvg;ogg%tai %gl %éz e, ﬁﬁg@ . by
enl ar genmepérmballe ldyer FiQ. préfrablyhforped o siite: mbbeiuAttachnied0 laysr L H8 aids theor m of

a general | arallel array of w 1 | 1 of i.,ch ) |iquid
i mper rreabi‘%‘cg*né’étt Pt CVEsp é&ﬁ%&ﬁﬁ‘ irﬁzfercig? ﬁﬂgth%%%@agc%"grgﬁmfﬁaéﬁﬁ)f?lég nlt i
160. Anot gﬁ(va?di?ﬁpb@%-p%néajﬂl% @émfmts Hietd 19 BroRidedaGhehatibadappdRaie 142,

illustrat i'nan enlargenent 1 't is seen that a perforated netal
conduct or preR@ablpe gfid ofidlgtivelyppad plstial umi num i s surrounded by an

el ectrically conductive.cpating. ln.the.il] [ i .
electrically conduc m%algﬁlgtcﬁlers‘%si @%Fgﬂp%%é&F%%ﬁqggﬁg%gbdggé% ﬁ%d%frh(lan net al
conduct or el £1@embith 28 atd SUbHowsper meabl e el ectrically conductive plastic and
encasing the coated netal conductor on a liquid facingside thereof with an
oxygen- per meabl e, | pagtorajed pestadaoagraosiiet- 199 -f PYPBICHINSan el ectrical |y
conductive plastic. e'?fo?a(@(? %Ieyl_gtzhe el ectricakhy capdliidnie plastic is
formed by conpoundi%g a plastic such as polyethyl ene, pé’l ypropyl ene and PET
wi th B conductive peiofied groswk buppertddsbon er  d0aphi 0emicrons

attachment layer 138 -- 10 - 50 microns
oxygen-permeable, -

liquid impermeable layer 140 -~ 50 - 500 microns
mechanical support layer 142 -- 100 - 2000 microns

15

Three alternative embodiments of the embodiment of the cathode shown in
enlargement 128 are illustrated in Figs. 3A - 3C. In Fig. 3A, the perforated conductor 130 is
in the form of a wire grid comprising wires 144, all of which are coated by a liquid
impermeable electrically conductive coating 146, as seen in enlargement 148. In Fig. 3B,

20  the perforated conductor 130 includes a perforated planar metal element 150, all of whose
surfaces are coated by a liquid impermeable electrically conductive coating 152 as seen in
enlargement 154. In Fig. 3C, the perforated conductor 130 is in the form of a generally
parallel array of wires 156 all of which are coated by a liquid-impermeable electrically
conductive coating 158, as seen in enlargement 160.

25 Another embodiment of the construction of each cathode 102 is illustrated in
an enlargement 168. It is seen that a perforated metal conductor 170, preferably copper or
aluminum, is surrounded by an electrically conductive coating.

In the illustrated embodiment, the electrically conductive coating is
preferably realized by coating the metal conductor 170 with a liquid impermeable

30  electrically conductive plastic and encasing the coated metal conductor on a liquid facing

11



Biofilmgrowh is preferably supported on the outer surface of conductive
sheet 172. Optionally a biofilmgrowh support 176 is provided on at | east
one out erweunfoaaaesef sheet 172. Biofil mgrowth support péé/mmmybmos fabric,
preferably forned of polyester or other suitable material. On an opposite,
air-facing side of perforated conductive coated netal conductor 170 there
Is optionally provided a nechanical support |ayer 178, preferably a grid of
relatively rigid plastic. Typical thicknesses of the various el enents of

t he cat hode 102 shown in enlargenent 168 are as foll ows: perforated coated
conductor .17Q, -- 400.- 60 1.C Xy - a=¥elo t173 72 = - 400

m crons b?éﬁﬁ?ﬁ?%égﬂ?ha%dbggé'£%Q%M§Q188@d§§$n1cr%%sggggﬁg%f%gPagggﬁg}t

I ?%e (r]I 178elect¥i&zﬂ%' conﬂﬁﬁﬁrg@lﬁﬁi@n&eﬁiﬁlﬂ? lﬂ@d‘électﬁaﬁllyvmmlnﬁbdi phlm'tcsis dbrniedeby

enbodi nent of the cathode shown in enlargepent 168 are illustrated j.n Figs.
4A - 4C. ¢qmpqugdingsa plasiac seshr 25 RREANE e @eggwpl eiagd?Prﬁ’{ Wét%f%f’?ﬁ‘g'#l wire
grid Comﬁﬁ&é?gsugﬁ%éarﬂﬁpor Lﬂhit‘éf whi ch are coated by a liquid inperneable
el ectrically conductive coating 182, as seen in enlargenent 184. In Fig.
4B, the perforated Bofilingrowthlizpréfacblydeppartgleed dreatwer piroaof pendicties ement

186, all qof S urfaces e coated b Liqui.d i nper.nmeabl e e | cal
conduct i vg.‘e{%@?’r ﬁ@ﬁg@é@gﬁblg%ﬁgﬁo ?HPQP'éégé Pe ?Cll %agfﬁ?ow&%rhsg&{a&e g
per f or at egk B! BiofliiDglo®ih Bugpdf 178 miRyohe 2 fMEBLHRIGbIPEsralel @If palyiestyr of
wires 192 all of which are coated by a l'iquid inperneable electrically

conduct i ver athertsitiigbla guteriab seen in enl argenent 196. As seen in Fig. 1, al
of the anodes 100 agd gl lopggsi’gep%irgigéirqg ded %Q%Je%&ted conductive coated metal

10 conductor 170 there is optionally provided a mechanical support layer 178, preferably a
grid of relatively rigid plastic.

Typical thicknesses of the various elements of the cathode 102 shown in

enlargement 168 are as follows:

perforated coated conductor 170 -- 100 - 600 microns
15 oxygen-permeable sheet 172 -~ 50 - 400 microns
biofilm growth support 176 -~ 10 - 50 microns
mechanical support layer 178 -~ 100 - 2000 microns

Three alternative embodiments of the embodiment of the cathode shown in
20  enlargement 168 are illustrated in Figs. 4A - 4C. In Fig. 4A, the perforated conductor 170 is
in the form of a wire grid comprising wires 180, all of which are coated by a liquid
impermeable electrically conductive coating 182, as seen in enlargement 184. In Fig. 4B,

the perforated conductor 170 includes a perforated planar metal element 186, all of whose -
surfaces are coated by a liquid impermeable electrically conductive coating 188 as seen in
25  enlargement 190. In Fig. 4C, the perforated conductor 170 is in the form of a generally
parallel array of wires 192 all of which are coated by a liquid impermeable electrically

conductive coating 194, as seen in enlargement 196.
As seen in Fig. 1, all of the anodes 100 and all of the cathodes 102 are

electrically coupled in an electrical circuit across a load 197. In the bacterial fuel cell of
30 Fig. 1, organic matter in the liquid 104, indicated as COD is oxidized by electrogenic
12



electrically coupled in an electrical circuit across a load 197. In the
bacterial fuel cell of Fig. 1, organic matter in the liquid 104, indicated
as COD i swoxnthmesseby el ectrogeni cbacteria, such as CeolpeTiieroosoeior?
Shewanel | a, which typically reside in a biofilm 198, which preferably is
supported by biofilmgrowmh support 116 (enl argenent 109) which is provided
on the anodes 100. This oxidation yields CO, protons and el ectrons. The
protons diffuse through the liquid 104 towards cathodes 102 and the

el ectrons are supplied by the bacteria to the anodes 100 and travel from

t he anode 0

cat hodes ?%%Q%fﬁgg %g$¥§&§§§%gﬁﬂ%ﬁﬁ%%@ﬁ%%¥%gﬂ%ﬁ389é£@f9§§%§§%%%¢%g§%§%ble

| ayers, spnefera?cﬂy isasppporietiby( tiofilar greminsuppaad )i 16 (enlagenidht (L 89)gehieinis p1éEjed t o a
conductive plastjc |ayer on the cathode such as |ayer 132 (Enlargenent 128)
or 172 (EH?&P HO§68) At the water facing side of the conductive

plastic layer the oxygeskidBionefeld O], Nplobshs Pirl eREr@Rd THeepRtRG! didfhse t 0
produce water H O This reaction t |ca? requi res cat al SIS whi ch is

pr ef erabl Shrwgh\thfdbqulldyl 04 towartls catha 1owan ﬂleml@gtr@nwewumhwabﬁ pagienin

o b o R SRR BEERL: A G MBI b
fuel cell1@f Fig. 1 may thus be appreciated to provide both eI ectrical

power and purification of |iquids having organlc mat er | al $§
Ref erence is nom1nﬁ@ém@GNﬁpéﬁs“ﬁ%ﬁﬁﬁﬂﬂGEF(¥WE%% aP@nﬁﬁﬁﬁmWPP thej FgEShd t op

viewillu f fael S &l i in
hccor danc i RIHE IR, AP AS LA/ B0 Ml EMI0 LS (EHIAREnaR NGB W O
and il ucbnﬂgctarerrplllattuqollayer top ht atodesud0as layﬂrelﬁp&ﬂ&@emnmn@% or 172

e A e S SPEPRA o  e

reacts with the protons and the electrons to produce water H,O. This reaction typically

requires catalysis which is preferably provided by a biofilm 199, which preferably is
supported by biofilm growth support 136 (enlargement 128) or 176 (enlargement 168),
15  preferably provided on the cathodes 102.
The operation of the bacterial fuel cell of Fig. 1 may thus be appreciated to
provide both electrical power and purification of liquids having organic material therein.
Reference is now made to Figs. 5A and 5B, which are simplified side and
top view illustrations of a bacterial fuel cell constructed and operative in accordance with
20  yet another preferred embodiment of the present invention and including a multiplicity of
anodes 300, interspersed among a multiplicity of cathodes 302 in liquid communication
with a liquid 304 to be purified, such as industrial waste water. The anodes 300 and
cathodes 302 are located in a tank 306 having an inlet 308 for receipt of water to be purified
and an outlet 309 for output of purified water. Circulation of water 304 in tank 306 is
25  preferably provided by a suitable agitator or pump (not shown). Low pressure atmospheric
oxygen O, is preferably blown through the interior of cathodes 302 by a fan (not shown).
Reference is also made to Fig. 6 which illustrates a preferred embodiment of
an anode 300 useful in the bacterial fuel cell of Figs. 5A and 5B. As seen in Fig. 6 a central
elongate metal conductor 310, preferably a wire, cable or rod formed of copper or
30  aluminum is molded into and extends outwardly from a radially extending multiple vane
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cat hodes 302 are located in a tank 306 having an inlet 308 for receipt of
water to be purified and an outlet 309 for output of purified water.

Ci rcul at iwo 20fo/0amdzer 304 in tank 306 is preferably provipdedLinge/eoisin t abl e
agitator or punp (not shown). Low pressure atnospheric oxygen Q2 is
preferably bl own through the interior of cathodes 302 by a fan (not shown).
Reference is also nade to Fig. 6 which illustrates a preferred enbodi nent
of an anode 300 useful in the bacterial fuel cell of Figs. 5A and 5B. As
seen in Fig. 6 a central elongate netal conductor 310, preferably a wre,

cable or rod faorned.of c er, or. al um num i s .nol in

o tvar o1 et oL puh et JeBer oAl REVRe S Poh 2 eaEthel sy ehaadie,

el ement 312407 RYicHefctr 1310UDEHbRG adBibha cdripate dondhdiyrs GdAdumyt bevmollsdt i ng
for conductor” 310. Optionally additional elongate conduct Orflcﬁlffﬁl'm%l}tbe
nol ded i ritio amdexierd ewisvapdly Feiuiagially evasd Fads| &F 088 ORI ¥RES” St O'FE St nore

vanes 316,.qf el n{. 31 c t QA : :

T aun o-1 rder e B risct pTA B o TR P By Sttty g

E: enent %'érl%(%lrﬁlu&bﬁf:%lﬂﬂaElheleleﬁlﬁB e Ifiéfembl}i flilmineld bﬁgéiqgﬁdb‘lﬁ#@ﬁgh&ﬁ@@ﬁwwe e
astic, such as polyet ene, pol ypropyl ene , - Which i oynde

DL BSUIC, e, 25 PSL Vel P, POLYDC PR Saep B0 T sl e SROMT

el ectrode ggﬁcgikggoé‘}& é‘_?grggg%rg&?gllr%g}lg}%at ed about the radially outward ends

of vanes % I's pte as a |l oosely wound helical elenent,
of conductive pl astA circwhieréntial lebestrode pattioneB 18 iy peclerabhrulorated iagpuiothe i qui d

wth surfaces of element 312. Preferabl l.enent [ ent i al
el ect r odda@igily PBty Sn‘gsr %?Y@F?ré?jgé@d & B‘?l‘?ﬁrgl?l}/’ e eerf‘g%stza g‘{/bg%lﬁ Vg()%#l?&%:ilg%
Procqss. hiRNGH dofds@Re fMstia] Whieh allb@s slithabeseo totanieation3dficuid with
el ectrode portion 318 are coated with a conductive po,\/\ﬁglr or conducs,tell ve

fibers (rotfastsofelenfeot 3 Potfershlybelament Yrepricireumisrentialflreftads PoFiod Hifent
ar out h arkte RGHat Lo GErRr R byriCh SRR pBiss GbGhalty SHERE AL B B0 T
304. surfaces of element 312 and of electrode portion 318 are coated with a conductive powder
or conductive fibers (not shown) formed of carbon or graphite. The surfaces of element 312
15  and of electrode portion 318 preferably all serve to support biofilm growth and to enable
generation of electricity and purification of liquid 304.

Reference is now made to Fig. 7, which illustrates an electrode assembly
which is useful, inter alia, as an anode 300 in the bacterial fuel cell of Figs. 5A and 5B. As
seen in Fig. 7, the electrode assembly preferably comprises a brush-like structure wherein a

20  multiplicity of elongate conductive elements 350 are retained by and extend generally
radially outwardly from a twisted metal electrical conductor 352 which is coated with a
liquid-impermeable electrically conductive coating 354, preferably electrically conductive
plastic. Preferably, electrically conductive plastic is formed by compounding a plastic such -
as polyethylene, polypropylene and PET with a conductive powder, such as carbon or

25  graphite.

Elements 350 are preferably formed of a conductive plastic or alternatively
may be graphite fibers. Twisted conductor 352 is preferably formed of a metal such as
copper or aluminum. The surfaces of coated conductor 352 and of elements 350 preferably
all serve to support biofilm growth and to enable generation of electricity and purification

30  of liquid 304 when conductor 352 is connected to an electrical load as illustrated.
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Ref erence is now made to Fig. 7, which illustrates an el ectrode assenbly
which is useful, inter alia, as an anode 300 in the bacterial fuel cell of
Fi gs. S5A wodobB499ss seen in Fig. 7, the el ectrode asseniply/aproederabd y
conprises a brush-like structure wherein a nultiplicity of elongate
conductive elements 350 are retained by and extend generally radially
outwardly froma twi sted netal electrical conductor 352 which is coated
with a liquid-inperneable electrically conductive coating 354, preferably
electrically conductive plastic. Preferably, electrically conductive
plastic is forned erefe?&H?ﬁUﬂﬁg'chﬂal?y BhteS b€ of urehleﬁﬁ 0! % BY lc646d with an
pol ypropyl ene and PET wi th a conductive powder, such as carbon or graphite.
El enent s gsoirigally plﬁ’éiﬂfe\r@mas@ﬂﬁbm&%’fn)aswbrﬁd&ﬁhm pibbertnetenel, &l ewlenta i vel y
may be gr L8 fi ber Q t 3 referably formed of a
ﬁf% él(l;)a[% Ifengphoﬁ“ %%tue[ I%Cb % 8 en? elec%?(i)

netal suc FEc&s €oat ed conductor 352 and

of el ements 350 preRekeRbteyisandw &aaw) th sywmhtﬂlﬁumfes Iarprgfreﬁw bathtidt 302
enabl e. generation of electricity and purification_of liquid 304 when

conduct or useyl indhe bentertal deeliesllai Tagse Oy ardPBy Gathodes303 P@Eﬂtr%b& SOPHESSeH abl vy,
the radia [ 1

i nsul at: vlfzzt}m{n%ltg g?igglf&?%g 8 hoé\ﬁ@‘ms uc?]%zg)g&gyesll flgegﬁ’t gaﬁi\ggﬁ\t&n@t@ %ﬁr%: glfé,h ?ﬁa g
order to polgetapiene, rr@dxpecspy(heme akoPET,cwvhichuiig corgpdmtied ethad pauhmﬁveepmderpdes
Ref erence is now nade to |ch |II rates. a ef.err cath 302
roerul | rsichaepabon o graphiie Onitet o pril Shind ket ﬁféﬁ[lﬂ%ﬁgg%&wa &

pref er abl yiih GNRIISER e Pofdks M@Jndéagefﬁye@&opéh@vrg%Mdasmruah R

el ectrically conductive plastic such as polyethylene, polyprop Iene and

PET, Whi cBhé surfaneprfusyieden 4t peefarahip setvies do supbest biodili kgressthcandtonennble
graphlte one. o ce of cylinder 360 is coated
wth a co%e Eatllo{}g%ﬁ%ﬁ%gw %I}J%lg}#&ﬁé?q Qfgl%l é;eJrA'gl (not shown) formed of carbon

or graphite.. The sui#agtriel soithéddekaBode PORfiemrhstaeby dijuld 3641RRAT dn

b|of|In1grom¢h and to _enable
interior surface of cathode 302 is sealed from contact with liquid 304 by a liquid-

impermeable, oxygen permeable coating 362 formed alongside an interior surface of
15  cylinder 360. Coating 362 is preferably formed of silicone rubber. One or more elongate
metal conductors 364, preferably a wire, cable or rod formed of copper or aluminum are
preferably molded into and extend outwardly from cylinder 360 such that cylinder 360
provides a liquid-impermeable electrically conductive coating for conductors 364.
As seen in Figs. 5A and 5B, all of the anodes 300 and all of the cathodes 302
20  are electrically coupled in an electrical circuit across a load 320. In the bacterial fuel cell of
Figs. 5A and 5B, organic matter in the liquid 304, indicated as COD is oxidized by
electrogenic bacteria, such as Geobacter and Shewanella, which typically reside in a
biofilm 370 which is supported on the anodes 300. - -
This oxidation yields CO,, protons and electrons. The protons diffuse
25  through the liquid 304 towards cathodes 302 and the electrons are supplied by the bacteria
to the anodes 300 and travel from the anodes 300 through the electrical circuit to the
cathodes 302.
In the cathodes 302 atmospheric oxygen O, permeates through the oxygen
permeable layer, such as layer 362 (Fig. 8), to a conductive plastic layer on the cathode
30  such as layer 360. At the water facing side of the conductive plastic layer 360, oxygen O
15



generation of electricity and purification of liquid 304. An exterior
surface of cathode 302 is perneated by liquid 304 and an interior surface
of cat hodwo20i/d4g936eal ed from contact with |iquid 304 byCa/mL2009/001017

| i qui di nper neabl e, oxygen perneabl e coating 362 forned al ongsi de an
interior surface of cylinder 360. Coating 362 is preferably fornmed of
silicone rubber. One or nore elongate netal conductors 364, preferably a
wire, cable or rod forned of copper or alum numare preferably nolded into
and extend outwardly fromcylinder 360 such that cylinder 360 provides a

| i qui d-inpernmeapl e el ectrical [ ' r g i . As
sean i n FEGUN AR fo Grah b g ARSI pHEGERAA G THBERELRICAE: 20,
are el ectehgiadscutabRlsphigich isprafradlesiovidedby aibicfilint37acprofsaldy resating@@thel n t he

bacterial fuel cell of Figs. 5A and 5B, organic matter in the liquid 304,
i ndi cat edca#pdedfPi s oxi di zed by el ectrogenic bacteria, such as Geobacter

and Shewanel | a, V\hi]e]‘!%i éﬁ/e%&gl &tyth%%!cﬁﬁ%li febcdli of '[Figy SAOMWSBhna}stmmwr ted

on the anodes 300. oxi dation yields CO2, protons and el ectrons. The
prot orfs dippfasiated hr proyhdet beth | dlepmiichl Podet ewhpusiicsion o deqddnhayier organic

el ectrons are supplied by the bacteria to the anodes 300 and travel from
t he anode®2igpg %F’(B‘ugh the electrical circuit to the cathodes 302. In the

cat hodes 302 at nosphey %@r%%g@mha@rﬂﬁﬁma;n% of tHeObs@teriah €uch X0l fiertypadl e
| ayer, such as |ayer 3 i 8), to a conductive plastic |ayer

cat hode sthohnasd|daseibed ﬁa&:iﬁ;atg)évm‘@ithmf@rﬁn@éeiﬁ@- &1 dee b FereaisGE i%@lhe
br oduce viErIRRtY aRlERRa iR SIS bl BB RT e A R R B 1 ©
pr ef ergabl yolahe\or destedwhthbisofirlfled3atd, proviete imbdaged ewiretit raption, whide cetitfode
302. The operation of the bacterial fuel cell d OI‘ovlfAe%SlﬁcrgaAs\egr\]/glta?% Jag:] m hus
be interconnection increases the extent of purification and p g
Various combinations of parallel and series connections may be advantageously utilized to
provide optimal water treatment and electrical power production.

Reference is now made to Figs. 9A and 9B, which are respective simplified

15  side and top view illustrations of a bacterial electrolysis cell constructed and operative in
accordance with a preferred embodiment of the present invention.

The bacterial electrolysis cell of Figs. 9A and 9B including a multiplicity of
anodes 400, interspersed among a multiplicity of cathodes 402 in liquid communication
with a liquid 404 to be purified, such as industrial waste water. The anodes 400 and

20  cathodes 402 are located in a tank 406 having an inlet 408 for receipt of water to be purified
and an outlet 409 for output of purified water. Circulation of water 404 in tank 406 is
preferably provided by a suitable agitator or pump (not shown).

. It is appreciated that the anodes 400 and the -cathodes 402- may be
structurally identical, as shown. In such a case, the anodes 400 and the cathodes 402 are

25  differentiated from each other only by virtue of their electrical connection. Accordingly, the
anodes 400 and the cathodes 402 may each be of the type shown in Figs. 2A — 2D or the
type shown in Fig. 6 or the type shown in Fig. 7, or of any other suitable construction.

Preferably, the anodes 400 are of the type shown in Fig. 6 and the cathodes are of the type

shown in Fig. 7 or vice versa.
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appreciated to provide both electrical power and purification of |iquids
havi ng organic naterial therein. It is appreciated that nultiple ones of

t he bact ewdabidiodedsscel | s of the types shown and descri bedThezredmabove with
reference to Figs. 1 - 8 may be interconnected both hydraulically and
electrically in series and/or parallel. Parallel interconnection increases
the volune of water which is purified and provides increased current

output, while series interconnection increases the extent of purification
and provides increased voltage output. Various conbinations of parallel and

series connections be advant a S tilize Q i I wat er
treatnent and el ectﬁ%ﬁ‘? mplg‘ﬁ%?;r‘&p?’rgl%%talhéﬁﬂleﬁgf)é?’sgw@gn?éﬁ\ég\jﬂ\}%ﬁ%@éh@o i gs.
9A and 9By WREGRAR SodpRUNE GhiekBtrihNEldufti20fbss bl electfidaltpoprey sawed 42Ldh that | ons
of a bacterial eléctrolysis cell constructed and Qper%#héf &QPgﬁggnpance
Wi th a priecerinlededrebysts cerf Togs. Pheangd 985 erganjoripelfer b He B gaigd as

el ectrolysis cell.of FEigs d i i LY Il Iages
200, 1 nt 56 QDe 5E gridlied iy HeaPb A b ST LR 4B el

conmuBi caypieallydekide an 4 bigdie 4304hich ibsupported oethe anodds 488. i ndustrial waste
wat er. The anodes 400 and Qathoqgg 402 are | oc t%d in ag%ank 406ﬁ£ﬁﬁing an

inlet 408 for receilBts oKidatpR(Y'¢ 2o PP IOPS P el e EP RSy (L8  PIAES Sut put

of purifi uﬁﬁt&?gl{l \%1 [ 6M | Rl @0 el 65 ¢ lelectraiKard QiR d By ehe bathdria

provi ded Dby sUi THbI 6 agi tator or punp (not shown). |t is appreciated that
t he anodes t4éanales 40hend atved desn #e2nndss thwugh thecelegtrtdl wircwié i the gpthodes
shown. In such a case, the anodes 400 and the cathodes 402 are

di fferentt®ted from each other only by virtue of their electrical

connggt i on. Accor difohy cafiBfes2h@d R ﬁl%narb@le rhRceRth ag@sgdd3abip Badie be of
the type shown in Figs. 2A - 2D or the

% type shown in Fi? Gafr_the %gpe
shown i n dfeagrond driven ¢y thayelesirienl nower spise d3Astrayehthp electrical ciroult. e
hydrogen gas and the CO, are accumulated within a head space defined by a cover 440

overlying tank 406 and are drawn off at an outlet 442 and separated in a suitable manner.
- The operation of the bacterial electrolysis cell of Figs. 9A and 9B may thus
15 be appreciated to provide hydrogen gas production at lower levels of electricity
consumption than conventional processes as well as purification of liquids having organic

material therein.
It will be appreciated by persons skilled in the art that the present invention

is not limited to what has been particularly shown and described hereinabove. Rather the
20  scope of the invention includes both combinations and subcombinations of the various
features described hereinabove as well as modifications and variations thereof which would
occur to persons skilled in the art uipon reading the foregoing description and which are not

in the prior art.

25
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Preferably, the anodes 400 are of the type shown in Fig. 6 and the cathodes
are of the type shown in Fig. 7 or vice versa.As seen in Figs. 9A and 9B
all of thwoanowage3¢00 and all of the cathodes 402 are elpectir200mbdigicoupl ed
in an electrical circuit across an electrical power source 420. In the
bacterial electrolysis cell of Figs. 9A and 9B, organic matter in the
liquid 404, indicated as COD, is oxidized by electrogenic bacteria, such as
Geobacter and Shewanella, which typically reside in a biofilm430 which is
supported on the anodes 400. This oxidation yields CO, protons and

el ectrons. The protons diffuse thr gh § Squuid 404 towards cat hodes 402
and the electrons are supplied by t e}%ac eria to the anodes 400 and travel
fromthe anodes through the electrical circuit to the cathodes 402. In the
cat hodes 402 the protons_ are reduced to hydrogen gas H2 by the el ectrons
driven byl-t he el ect4 bacisriabfiebpelsemRetSig0 t hr ough the electrical circuit.
The hydrogen gas a !ﬁgg : g S SRasghiégionned by
a cover 440 overly?ﬁ%hgg' 48%£§% g%@ﬁ rg§ﬂ0%%%mg?sgahgﬁglet 442 and

separ &t edyitin adigeid tabd eurfietenid pltwaligpef atodenawt saith@luyality exficathodeseeachol ysi s
cell of Figs., 9A and 9B may thus be appreciated to provi de hydrogen gas
product i FRISPEwer | evel s of electricity consunption than conventiona
processes as wel | as,pur bibifial botuefor irfied S0 BalengicAllyd@pleda@ioss b idad
therein. It will be appreciated by persons skilled in the art that the
present iinweelecical grendtaddi nited to what has been particularly shown and
descri bed herei nabove., Rat her t scope .of the | | OfQ.: | d h
conbi nati ons and s§Bcd flﬁag& BIKUEEVS E%at%lgr%to%%ﬁ]meég‘%é}leghl%gg%% E%%tﬁ%l

her eijpabqygd@storvehd sarl MRdidf ke aki padidn daMacieaticalis comdrcdod oohiinh bamgl d

occur to persons skilled 'in the art upon reading.the oreg%an description
and whi ctpperasive ity mutually seal said liquid and said electrical conductor from each other.

2. A bacterial fuel cell according to claim 1 and also comprising at least one
surface adapted for biofilm growth on a surface thereof which is in liquid communication
15  with said liquid to be purified and is in electrical communication with said metal electrical

conductor via said electrically conductive coating.

3. A bacterial fuel cell according to claim 1 and wherein said electrically

conductive coating is adapted for biofilm growth on a surface thereof.

20
4. A bacterial fuel cell according to claim 2 and wherein said at least one
surface adapted for biofilm growth is defined by a fabric overlying a surface of said
electrically conductive coating.

25 5. A bacterial fuel cell according to any of the previous claims and wherein

said metal electrical conductor is a coated metal electrical conductor and said electrically
conductive coating comprises an electrically conductive coating formed onto said metal

electrical conductor.
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inthe prior art.CL AIl MS 1. A bacterial fuel cell conprising: a
plurality of anodes and a plurality of cathodes in |liquid comunication
with a | iwoi2diovoaedse purified, said plurality of anodes aodismogoq@biral ity
of cathodes each conprising: a nmetal electrical conductor arranged to be
el ectrically coupled across a load in an electrical circuit; and an
electrically conductive coating at |east between said netal electrical
conductor and said liquid to be purified, said electrically conductive
coating being operative to nutually seal said liquid and said electrica

conductor_from each, other. 2.. A.bactetrial fue I ofigh Lm 1
and al so &onpri si ngA‘ﬁf‘chréaals%elo 4 aézﬁ?rﬁgtggtoaaél p fetgg %?%o@%’nﬁq%g?gﬁ r@ign a
surface theraQfrigiyehndwtivecdatigy conpasaunkleetically sdndhotbistedti qui d to be
purified and is in electrical conmunication with said netal electrical
conductor via said electrically conductive coating. 3. A bacterial fuel
cell according to c/ ai Ny sal thlicall v tai€ sgi@at i ng
is adaptg}(’ﬂ for bi of‘élﬁi’%&ar%l\?ﬁgl g@g?g@d&ﬂ@%g&e’ t g’?ed(i)%‘@gi A§g§gt&g{ei al fuel

cel | accaidin@lly conliaitive Zoates wher khst ari o sid pbedity of sathodfsacumpitigpteed f or
biofilmgrowh is defined by a fapri verlying a surface of said

el ect ri cavatr-pamaakle F]\?éméélgf‘?%g‘.mﬁ’? Sﬁeegact erial fuel cell according to any
of the previous clainms and wherein said nmetal electrical conductor is a
coated nmetal electrical conductor and said electrically conductive coating
conpri sess.an el ect rA battbyal clueloeedlt doperdingatol any ¢lotheauedersoclaimsande/agrein

el ectri cal, conduct or, 8. A RCLEL3lor L ebiblor AEGAUNRG H2aA0N0H &

10 permeable.

9. A bacterial fuel cell according to any of the previous claims and wherein
said plurality of cathodes each also comprises an oxygen permeable, liquid-impermeable

layer adjacent said electrically conductive coating and wherein said oxygen permeable,

15  liquid-impermeable layer is exposed to an oxygen containing gas.

10. A bacterial fuel cell according to any of claims 1 — 6 and 8 — 9 and wherein
said oxygen permeable, liquid-impermeable layer comprises an electrically conductive
sheet.

20

11. A bacterial fuel cell according to claim 9 and wherein said oxygen

permeable, liquid-impermeable layer is formed of silicone rubber.

12. A bacterial fuel cell according to any of the preceding claims and wherein

25  said metal electrical conductor of at least one of said plurality of anodes is in the form of a

foil.

13. A bacterial fuel cell according to any of claims 1 — 11 and wherein said
metal electrical conductor is in the form of a wire grid.
30
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said electrically conductive coating conprises an electrically conductive
sheet. 7. A bacterial fuel cell according to any of clains 1 - 5 and
wher ei n swocomlaedssi cal | y conductive coating of at |eastconeo$o@ai™
plurality of cathodes conprises a water-perneable electrically conductive
sheet. 8. A bacterial fuel cell according to any of the previous clains and
wherein said coated netal electrical conductor of at |east one of said
plurality of cathodes is water perneable. 9. A bacterial fuel cel

according to any of the previous clainms and wherein said plurality of

cat hodes each al so c es an.ox n perneab i lL.e sl ayer
adj acent %aid el ectfsf g Frllﬂj ti‘%‘n‘if&‘c?‘l%&gi rtgg@t #Hg° %ﬁé% re?]h sn%SJ g%%é@ﬁ
per meabl gpqhi ffbbiuslal BRRIEBARIR ¥R of 8 p&rRiasedlaher dmentygen contai ning gas.
10. A bacterial fuel cell according to any of claims 1 - 6 and 8-9 and

wherein said oxygen perneable, |iquid-inpermeable |ayer conprises an

electri Cg |y condug{ ;Wég%ﬂp@?ln%eib?cgé bac{oe yabf E&hs gel {1 3REWdtng shig claim

9 and wh e| n sald |npermaa ayer I's formed of

sili cgne methgsotrich? corfiubie isdh iad foﬁﬂefag@idrallgzqm@rlhﬂ agayt of veirgs. of t he
precedi ng clains and wherein said netal electrical conductor of at |east

one of said plurality of anodes is in the formof a foil. 13. A bacterial

fuel cellcaccording {o.any ﬁ?% ng Qdcgﬁilrt}g o Eé\l} oRag M@&Hﬁg%lgﬁﬁb dnd®hadein at

el ectrical conductor Is in grid.14.” A bacterial fuel
cel | accaqegdt g dfaammpualitycdfaativdds combptisesreh amdmam layei.d netal el ectrical
conductor is in the formof a perforated planar elenent. 15. A bacterial
fuel cell according to any of clains 1 - 1 1 and wherein said

10 17 A bacterial fuel cell according to claim 16 and wherein said attachment layer

is formed of a plastic fabric.

18. A bacterial fuel cell according to any of the preceding claims wherein
apertures are formed in said plurality of anodes and cathodes and comprising;
15 conduits defined between adjacent said cathodes; and
volumes defined between adjacent said cathodes and said anodes providing

communication of said liquid to be purified with said plurality of anodes and said plurality

of cathodes,

said apertures providing communication of said liquid to be purified

20  between said conduits and said volumes.

19. A bacterial fuel cell according to any of the preceding claims and wherein

said plurality of anodes and cathodes are formed as-embossed elements.

25  20. A bacterial fuel cell according to claim 19 and wherein said plurality of

anodes and cathodes are sealed together.

21. A bacterial fuel cell according to claim 2 and wherein said at least one
surface adapted for biofilm growth is defined by cylindrical surfaces of a multiplicity of
30  elongate elements formed of conductive plastic and extending generally radially outwardly
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metal electrical conductor is in the formof a generally parallel array of
wres. 16. A bacterial fuel cell according to any of the preceding clains
and wher ewo 2atfo/d4es3st one of said plurality of cathodes eompri®eeoiary
attachnent |ayer. 17. A bacterial fuel cell according to claim 16 and
wherein said attachnent layer is formed of a plastic fabric. 18. A
bacterial fuel cell according to any of the preceding clains wherein
apertures are fornmed in said plurality of anodes and cat hodes and
conprising; conduits defined between adjacent said cathodes; and vol unes

defined between, adj acent. sai d cat hodes .and. sai d. anode rovidin

conmuni ca rP’S‘rlsaH’f H@%?&?qcmafaoqdaﬁsé_ ¢ipisai [eieh 3@%{?8? p oﬂg'éﬁt?rt]j o?oafé‘?ijodes
and sai d Rl abiti¥a Gbn et A8 Said e ARE LéMHBEvd AN b difhrivedmpieleastalpn of
said liquid to be purified between said conduits and said volunes. 19. A
bact er i al cdndettiveabhtingtoomel onfo saidampjal slectrivel gpndedeli- ng cl ai ms and wherein
said plurality of anodes and cathodes are fornmed as enbossed el enents. 20.
A bacterial fuel cell according to claim19 and wherein said plurality of
anodess angp cat hodesa aaetesigiafiel célD g&bitbfig to? dlaind 2 amitl enhedin fsaidl coatelll metal
according to claim?2 and wherein said at |east one Surfﬁ%ﬁ ade&t?d for

bi of i hn gelestienli condegtom g tvyted yipj Tetmn @altirle rqnge of sgrd BuHplicity o Gleneats

el ongat e C t] i c and extendi ng generally
radially %%?%gggﬁ?Pﬁggﬁkﬁg rné%%ﬁ%$%§#§#%§F conductor, wherein said netal
el ectrical conductor is a coated netal electrical conductor and said
electrically conductive ¢ ing.conpr,ises an electrjcally conductive
coating f%?f-_mad ont @&Ftﬂn g} cellj ase rfip(ggp C@&‘Hﬂ&it‘bﬁ. arglzwge,&elﬂe?@ltée PR yel
cel | apcogdings bR fondhbhitic b1RAEaNERI8EDBrsIB FhoChRtRd] SoHdttivity less than that

of said coated metal electrical conductor.

24. A bacterial fuel cell according to any of claims 21 — 23 and wherein said
elongate elements are formed of conductive plastic.

15
25. A bacterial fuel cell according to any of claims 21 — 23 and wherein said

elongate elements are formed of graphite fibers.

26. A bacterial fuel cell according to claim 2 and wherein said at least one
20  surface adapted for biofilm growth is defined by a multiple vane element surrounded by a
loosely wound helical element formed of conductive plastic and extending generally
radially outwardly from said metal electrical conductor, wherein said metal electrical
conductor is a coated metal electrical conductor and said electrically conductive coating
comprises an electrically conductive coating formed onto said metal electrical conductor.
25
21. A bacterial fuel cell according to any of claims 2, 9 and 11 and wherein said
at least one surface adapted for biofilm growth is defined by a cylindrical element formed
of conductive plastic around said metal electrical conductor, wherein said metal electrical
conductor is a coated metal electrical conductor and said electrically conductive coating
30  comprises an electrically conductive coating formed onto said metal electrical conductor.
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el ectrical conductor is twisted to retain multiple ones of said
multiplicity of elongate el enents in bunches al ong an el ongate extent

t her eof . WB.20A/hawberi al fuel cell according to clains 2cine2BLo@ond wherein
said el ongate el enments are non-netallic electrical conductors having

el ectrical conductivity less than that of said coated netal electrical
conductor. 24. A bacterial fuel cell according to any of clains 2 1 - 23
and wherein said elongate el enments are formed of conductive plastic. 25. ‘A
bacterial fuel cell according to any of clains 2 1 -23 and wherein said

el ongate el enents are forned of graphite fibers. 26. A bacterial fuel cel
according to claim2 and wherein said at | east one surface adapted for

bi of i I mgpgwth is deBa@ﬁ:ﬁalb%eP AV hidoRlife VRS 6 SRR 2 SUr¥7OMHA0REELY Bid

| oosely wound hel i cal el enent ?orneg of ~ conductive plastic and extending
gener al | ycozeli mbthlyelenitivah cokdpcfor tmmglad formef awiel ect ri cal conduct or, wherein
said netal electrical conductor is a coated netal electrical conductor and
said electrically conductive coating conprises an electrically conductive

coating fogmed ont oA Yak@rifEhdl ceRla86drding & arBOSAHE tigims A7~ 2PAaRB®hekindaid uel
cell according to any of clainms 2, 9 and 11 and wherein said at |east one

surface aeeairdagetplnlediiest condugionigin thesfogapf Agebley a cylindrical el enent
formed of conductive plastic around said netal electrical conductor,
wherein said netal electrical conductor is a coated netal electrica

conduct or3@nd sai d gltactefibichiel yelt advdidiiig weayoaf clagnscDinpra7sasl wierein said
electrically conductive_coating,f.orned ontLjo said netal electrical
conductor9@%@‘1%‘3’[51&’(]:?%‘?‘?3%0343@1]“bselplth%f@%ro PHY-to any of claims 2 1 - 27 and
wherejin said coated netal electrical conductor is in the formof a wire.

29. A bacterial fuel cell according to any of the claims 2 1 - 27 and

wher ei n s3l.d coat edArhaettatialefuelctell ambrdogniduatymf the pragedihg claonsramt whereabl e.

said metal electrical conductor is formed of copper or aluminum.

32. A bacterial fuel cell according to any of the preceding claims and wherein

15  said electrically conductive coating is formed of a conductive plastic.

33. A bacterial fuel cell comprising:
a plurality of anodes and a plurality of cathodes in liquid communication
with a liquid to be purified, said plurality of anodes and said plurality of cathodes each
20  comprising:
a metal electrical conductor arranged to be electrically coupled
across a load in an electrical circuit; and
an electrically conductive coating- at- least between said metal -
electrical conductor and said liquid to be purified, said electrically conductive coating
25  operative to mutually seal said liquid and said electrical conductor from each other,
at least two of said cathodes being arranged adjacent each other and being

separated from each other by a gap filled with an oxygen-containing gas.

34, A bacterial fuel cell according to claim 33 and also comprising at least one
30  surface adapted for biofilm growth on a surface thereof which is in liquid communication
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30. A bacterial fuel cell according to any of clains 2 1 - 27 and wherein
said coated netal electrical conductor is in the formof a rod. 31. A

bact eri alwbuelo/medss according to any of the precedi ng clpairms2amdoredrer ei n
said netal electrical conductor is forned of copper or alum num 32. A
bacterial fuel cell according to any of the preceding clains and wherein
said electrically conductive coating is formed of a conductive plastic. 33.
A bacterial fuel cell conprising: a plurality of anodes and a plurality of
cathodes in liquid comunication with a liquid to be purified, said

lurality of anodes, and said pluyrali of . cat hodes. each conpri sipg.. a netal
gl ectri C;W“%éﬁaﬁx‘ﬁf“@rm rl%i’f‘f&éél%{l 138 CL%EWHO@%}PWC%MY lghs %B’Stai e{@}g‘ﬁrlﬁa in

an el ectréo_fﬁahctsf&i&@éiaele@ﬂgaﬂfc&lcﬁeﬁxré&aﬁﬂg conductive coating at |east
bet ween said nmetal electrical conductor and said liquid to be purified,

said electrically conductive coating operative to nutually seal said |iquid

d id i cal f N her. I . i
cat hodes o1 ng. ar r dhRHH Mebistl CREROBETe, e hanf o lesRa B Rty

her~"and”bei nhg separa rom-each

ot her 3y gnda@iveicbhta Waldptafop kgt peoith ah AisogagBered®. A bacterial fuel
cell according to claim 33 and al so conprising at | east one surface adapted

for biofilmgrowh on a surface thereof which is in liquid

communi cagd onw th SRlcleligithed £01 BEcPdihd 14 SN0 it WeRleEhd b Rast one
cormuni cation with ‘Sald nmetal erectrical conductor via sai electrically
conduct i varfacatiaged 3&. bidfihacgrewitals fefled dgl b fabroodénygng @ sirfcenodFaaghd
wherein said . electrically conductive coating is adapted for biofilmgrowh
on a sur faedri¢allycapuctizgcoatifgct eri al fuel cell according to claim 34 and

wher gign said at |east one
37. A bacterial fuel cell according to any of claims 33 — 36 and wherein said
metal electrical conductor is a coated metal electrical conductor and said electrically
conductive coating comprises an electrically conductive coating formed onto said metal

electrical conductor.
15

38. A bacterial fuel cell according to any of claims 33 — 37 and wherein said

electrically conductive coating comprises an electrically conductive sheet.

39. A bacterial fuel cell according to any of claims 33 — 37 and wherein said
20  electrically conductive coating of at least one of said plurality of cathodes is a water-

permeable electrically conductive sheet.

40. - A bacterial fuel cell according to any of claims 33 — 39 and wherein said
coated metal electrical conductor of at least one of said plurality of cathodes is water

25  permeable.

41. A bacterial fuel cell according to any of claims 33 — 40 and wherein said

plurality of cathodes each comprises an oxygen permeable, liquid-impermeable layer

adjacent said electrically conductive coating and wherein said oxygen permeable, liquid-
30 impermeable layer is exposed to an oxygen containing gas.
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surface adapted for biofilmgromh is defined by a fabric overlying a
surface of said electrically conductive coating. 37. A bacterial fuel cel
accor di ngvoeosmponh cl ains 33 - 36 and wherein said net actalmodnilost
conductor is a coated netal electrical conductor and said electrically
conductive coating conprises an electrically conductive coating forned onto
said netal electrical conductor. 38. A bacterial fuel cell according to any
of clainms 33 - 37 and wherein said electrically conductive coating
conprises an electrically conductive sheet. 39. A bacterial fuel cel
according to any of clains 33 - 37 and wherein said electrically conductive
coating of at |least one of said plurality of cathodes is a waterperneabl e
el ectricalhy conduchi yRtsHaEel AR -actdrlRE 16 bR lof chehs 88!-l 3866@1AI NG] tLagany
of clains 33 - 39 and wherein said coated netal electrical conductor of at

| east one vwfrosmisdidplogygeni pymedableat lqyétbinpesmogble rlayrer aeraprisss an eledtrivallyer i al
fuel cellcaﬁﬁgﬁg;ﬁga;o any of clains 33 - 40 and wherein said plurality of

cat hodes each conprises an oxygen perneabl e, |iquid-inpernmeable |ayer
adj acefit said electrically conductive coating and wherein said oxygen
perneabl e, |iquidinpernmeabl e | ayer is exposed to an oxygen cont.ai ni ng

gas. 42. A%bact eri al A1 begteread| fueh el raseorgingo toa Slaimr 42 | aadnwhersing s8d (9%yean - 4
1 and whe ijn'& i 4 EEQFIQ glf‘%,g Fonded U | e layer conprises an
eIectricaF y ggﬁﬂﬁ%??ég S e%?. %EEP%%%Egg?% ue égell according to claim
42 and wherein said oxygen perneable, liquid-inperneable |layer is formed of

silicone pybber. 44, A bacterial, fuel ycell according.to any of yclalme;3s -

10 metal electrical conductor of at least one of said plurality of anodes is in the form of a foil.

45, . A bacterial fuel cell according to any of claims 33 — 44 and wherein said

metal electrical conductor is in the form of a wire grid.

15 4. A bacterial fuel cell according to any of claims 33 — 45 and wherein said

metal electrical conductor is in the form of a perforated planar element.

47. A bacterial fuel cell according to any of claims 33 — 46 and wherein said
metal electrical conductor is in the form of a generally parallel array of wires.

20
48. A bacterial fuel cell according to any of claims 33 — 47 and wherein at least

one of said plurality of cathodes comprises an attachment layer.

49, A bacterial fuel cell according to claim 48 and wherein said attachment layer

25  isformed of a plastic fabric.
50. A bacterial fuel cell according to any of claims 33 — 49 wherein apertures

are formed in said plurality of anodes and cathodes and comprising;

conduits defined between adjacent said cathodes; and
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metal electrical conductor of at |east one of said plurality of anodes is
inthe formof a foil. 45. A bacterial fuel cell according to any of clains
33 -44 amsownbavabesesai d netal el ectrical conductor is imrcrtheeormof a wire
grid. 46. A bacterial fuel cell according to any of clains 33 -45 and
wherein said netal electrical conductor is in the formof a perforated

pl anar elenent. 47. A bacterial fuel cell according to any of clains 33 -
46 and wherein said netal electrical conductor is in the formof a
generally parallel array of wires. 48. A bacterial fuel cell according to

any of clainms 33 - 474 and erein at least one of said plurality of
cat hodes conpri ses g%lmélﬁ gif\éwf‘{’r?gﬁ’tegﬁ'eﬁf}@ﬁlac%.sal JEhodes and sad anodgsprovidéegor di ng
to cl ai m d@mmonicadwey & saidSajuad ft BeasmRA twi slusali '

R ISR MR, phUE LRl o BTG o,

fabric. 50 bacterial fuel cell according to an I"al s
apertur es(’% Wg¥ned in said plurality of anodes and cat hodes and

conpri sing; conduitg; I dj acent. sai d cat hodes; andvol unes
defi ned between adj aéﬁ%&é@ggﬁj%gél‘}ﬁﬁglge‘éam%‘ﬁanlg%{[}c’&l gﬂosﬁg]ts hﬂP’&vf‘QﬂﬁﬁgPu”ﬁed
commur cabéteperofaidserinduits andisdidtvolugespuri fied with said plurality of anodes
and said plurality of cathodes, said apertures providing communi cati on of

said liquid to be purified between said conduits and said volunes. 51. A
bacterialsfuel cellaagsensdifg P 22y | 2 - 20 and rei.n said

plurality of anodes and cat hodes ar erdﬁ{(%frée%lygbgf cé%iglgséed%glaé’ﬁgﬁqe&m@?% A

bact er i alPfghiy ef@npdeseodrathodes e fotaédaseniboased adigsred. N sai d plurality of
anodes and cat hodes are seal ed together. 53. A bacterial fuel cell

according to any of clainms 33 - 52 and wherein said
10 52 A bacterial fuel cell according to claim 51 and wherein said plurality of

anodes and cathodes are sealed together.

53. A bacterial fuel cell according to any of claims 33 — 52 and wherein said
metal electrical conductor is formed of copper or aluminum.

15
54. A bacterial fuel cell according to any of claims 33 — 53 and wherein said

electrically conductive coating is formed of a conductive plastic.

55. An electrode for use in at least one of a bacterial fuel cell and an electrolysis
20  cell, the electrode comprising:
a metal electrical conductor arranged to be electrically coupled in an
electrical circuit;
an electrically conductive -coating at least between said metal electrical
conductor and a liquid in said cell, said electrically conductive coating operative to

25  mutually seal said liquid and said electrical conductor from each other.

56. An electrode according to claim 55 and also comprising at least one surface
adapted for biofilm growth on a surface thereof which is in liquid communication with said
liquid to be purified and is in electrical communication with said meta] electrical conductor

30  via said electrically conductive coating.
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metal electrical conductor is forned of copper or alum num 54. A bacteri al
fuel cell according to any of clains 33 - 53 and wherein said electrically
conduct i wsooawdspgei s fornmed of a conductive plastic. 5PcTAD2009/00D170de for
use in at |east one of a bacterial fuel cell and an electrolysis cell, the
el ectrode conprising: a netal electrical conductor arranged to be
electrically coupled in an electrical circuit; an electrically conductive
coating at | east between said netal electrical conductor and a liquid in
said cell, said electrically conductive coating operative to nutually sea
said liquid and said electrical conductor fromeach other. 56. An el ectrode
according to claim55 and al so conprising at |east one surface adapted for

bi ofil mgragwth on a sk i kS LUl icati,on. with
said liquid to be puari slhafe BARREAL IO 55 Bd Bablcidt OIMD CRhG0T 4,
netal el ecPptingis adanieflior biofiih gramthd el ectrical |y conductive coating.57. An
el ectrode according to claim55 and wherein said electrically conductive

coating is adapted for biofilmgrowh. 58. An el ectrode according to any of

cl ai m855558. 57 and wWieeleitfods aiclordBigado lyesH ARl 5L OPUHIOK hirSind 5L ALE4
metal elecfrical caonductor and said electrically conductive coating
conpr i ses SERicpeeandnetar fsya eqstrduiaetal eleettealicanductorraad saidtelectrdatly rehddctive

el ectri calogaRdLGH : .ehec .accor.di to any of. clai 56 - 58
and wher ei n gfa%?d a stégigtel%é&g r@%@g‘ﬁgﬁa‘b‘{a@%?}g@% @glﬁﬂdgﬁ?%lg‘?@l%fi ned
by cyl i ndeomhbictosur f aces of a nultiplicity of elongate elenents fornmed of
conductive plastic and extending generally radially outwardly fromsaid

coated nmetal electrical conductor.
10 59 An electrode according to any of claims 56 — 58 and wherein said at least

one surface adapted for biofilm growth is defined by cylindrical surfaces of a multiplicity
of elongate elements formed of conductive plastic- and extending generally radially

outwardly from said coated metal electrical conductor.

15 60. An electrode according to claim 59 and wherein said coated metal electrical
conductor is twisted to retain multiple ones of said multiplicity of elongate elements in

bunches along an elongate extent thereof.,

61 An electrode according to either of claims 59 — 60 and wherein said elongate
20  elements are non-metallic electrical conductors having electrical conductivity less than that

of said metal electrical conductor.

62 + An electrode according to any of claims 59 — 61 and wherein said elongate
elements are formed of conductive plastic.

25
63 . An electrode according to any of claims 59 — 61 and wherein said elongate

elements are formed of graphite fibers.

64. An electrode according to any of claims 56 — 58 and wherein said at least
30 one surface adapted for biofilm growth is defined by a multiple vane element surrounded
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60. An el ectrode according to claim59 and wherein said coated netal

el ectrical conductor is twisted to retain nultiple ones of said

mul ti pl i cwbyonfosedsengat e el ements in bunches al ong an elpomgeioes/enbent
thereof. 6 1 An el ectrode according to either of clainms 59- 60 and wherein
said elongate el enents are non-netallic electrical conductors having

el ectrical conductivity less than that of said netal electrical conductor.
62 An el ectrode according to any of clains 59 - 6 1 and wherein said

el ongate elenents are forned of conductive plastic. 63 An el ectrode

accordi ng ny.,of claj - 6 an erei.n said el gngate. el enents are
formed of P RdBRepS bl hdiaelemas: £raRE hiteaGis ity nd SipTse EhGRIE oo -
58 and wheidgilly v dBifrdiagtl cosed sl deariaslaphd@idor biofilmgrowh is
defined by a nmultiple vane el enent surroundedby a | oosely wound heli cal

el ement forned of conductive plastic and extending generally radially

outwardl yz£rom sai d . trical 1.¢ ctoyp. rode
accordi ng6§'o any of%%c%dggagg%ﬁgﬁg a&‘%&?ec}aglﬁgglgd_ ﬁ%taggﬁgl?ﬁ]{l%%@;#e%g

conduci or elestrical cohduckarisrinathe foriti dfe. witd. An el ect rode according to any of
the clains 55 -64 and wherein said netal electrical conductor is in the
formof a cable. 67. An electrode according to any of clains 55 - 64 and

wherein sgsd netal Rh%%frﬁ@@écc&?iﬂf%‘ﬁbﬁg of $he dTai?r%%Sf—ofm whereRai Betafn

el ectrode according to claimb56 an rein said at least one surface
adapt ed fdectiradicbndugtass in the fatexfdfmedbley a fabric overlying a surface of
said electrically conductive coating. 69. An el ectrode according to any of
clains 57 and 68 and wherein said

10 67. An electrode according to any of claims 55 — 64 and wherein said metal

electrical conductor is in the form of a rod.

68. An electrode according to claim 56 and wherein said at least one surface
adapted for biofilm growth is defined by a fabric overlying a surface of said electrically

15  conductive coating.

69. An electrode according to any of claims 57 and 68 and wherein said

electrically conductive coating comprises an electrically conductive sheet.

20 70. An electrode according to claim 69 and wherein said metal electrical

conductor is in the form of a foil.

71. . An electrode according to claim 69 -and wherein said metal electrical
conductor is in the form of a wire grid.

25
72. An electrode according to claim 69 and wherein said metal electrical

conductor is in the form of a perforated planar element.

73. An electrode according to claim 69 and wherein said metal electrical
30  conductor is in the form of a generally paralle] array of wires.
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el ectrically conductive coating conprises an electrically conductive sheet.
70. An electrode according to claim®69 and wherein said netal electrical
conduct orwooiom4pd3¢ formof a foil. 71. An el ectrode aceordimgod@oci ai m 69
and wherein said netal electrical conductor is in the formof a wire grid.
72. An el ectrode according to claim69 and wherein said netal electrical
conductor is in the formof a perforated planar elenent. 73. An el ectrode
according to claim69 and wherein said netal electrical conductor is in the
formof a generally parallel array of wires.74. An electrode according to
any of clains 55 -73 and wherein said netal electrical conductor is forned
of copper or alum num 75. An electrode according to any of clains 55 - 74

and wheref sai d el ggtdléctalié YicdRmebab iang of QalitBG51-S 78 hABAhdREin Raldonett | ve
plastic. 76. A bacterial electrolysis cell conprising: a plurality of
anodes anéleettiesgpductar is fogued ot enppomerdyioA™ai t h a |iquid to be purified

| ocated in a tank conprising: an inlet for receipt of water to be purified,
an outlet for output of purified water; and an outlet for hydrogen gas,
said ffur@.ity of anndesctand abithteobfiyngf adimecsEd- Vdaasd velegsin r saddl

Cat hodes: EEHBRIG G0 FEDRInERS LETeN Sbr COBHORS BREr  anged o be
electrically coupled in an electrical circuit;
76. A bacterial electrolysis cell comprising:
a plurality of anodes and cathodes in liquid communication with a liquid to
10 be purified located in a tank comprising:
an inlet for receipt of water to be purified;
an outlet for output of purified water; and
an outlet for hydrogen gas,
said plurality of anodes and cathodes being connected via an electrical
15 circuit across an electrical power source,
at least one of said anodes and cathodes comprising:
a metal electrical conductor arranged to be electrically coupled in an
electrical circuit;
an electrically conductive coating at least between said metal
20  electrical conductor and a liquid in said cell, said electrically conductive coating operative

to mutually seal said liquid and said electrical conductor from each other.

77. A bacterial electrolysis cell according to claim 76 and also comprising at -
least one surface adapted for biofilm growth on a surface thereof which is in liquid
25  communication with said liquid to be purified and is in electrical communication with said

metal electrical conductor via said electrically conductive coating.

78. A bacterial electrolysis cell according to claim 76 and wherein said
electrically conductive coating is adapted for biofilm growth.
30
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an electrically conductive coating at |east between said netal electrical
conductor and a liquid in said cell, said electrically conductive coating
oper ati vewpeorutpaskl y seal said |iquid and said el ectri egliyicmoglobor from
each other. 77. A bacterial electrolysis cell according to claim76 and
al so conprising at | east one surface adapted for biofilmgrowh on a
surface thereof which is in liquid conmmunication with said liquid to be
purified and is in electrical communication with said netal electrical
conductor via said electrically conductive coating. 78. A bacteri al

el ectrol ysys cell agg (i | g | | g.el '

conducti vzg'coati ng ‘?‘s&g%?g? %1581;(?#5?%?%01% ??%Fﬁgrrl%@wﬂ%ggglaﬁ% ggctgér:%léc} %He}h

el ect r ol ysdid metdl leleztrival dimigctanys @toat¢dinetl ERctricalBcomdactuhaidesand slatteicatit al
el ectrical ontduct or. is a coated netal el engltrlcal conductor and said

el ect ri caf YR UEHRIARPS SORBHESS A B8P e ondHoticetaating dped e seid; mpefal
coating f@esmehiebhdicil d netal electrical conductor. 80. A bacteri al

el ectrolysis cell according to any of clainms 77 - 79 and wherein said at
| east one surface adapted for biofilmgrowh is defined by cylindrical
surfaces a multiphicit f.elongate elenents fo d copduct i ve.

pl astic aﬁg ext endi}r%é9 aétg%%iregﬁcwiyl’q‘lg&egIafffrgiﬂg\R%Fn&f ‘%8}710;575 z&%‘gf”bﬁreﬂ’et al

el ectri cadaidatrieast boe suike adafied fR hicHInesOOH B Jgined B by liERer dirfestdT 1 ai m
80 and wherein said coated netal electrical conductor 1s twisted to retain

mul ti pl e BHESLEHY ehiclpngaietslements fyrmed of| ensdustiveetlasisrans exensting Bensrallyong an
el ongat e %% i is cell according to

ei t her ofﬁgl%g?rbr%&%g&l??%mlégdn%a er%?llne%scgﬁ é(f?g{)%&r%té?'e el enents are
non-mdtallic electrical conductors having electrical conductivity |less than

that of said netal Lectrical conduct.or. A bacterjal. electrolysis cell
accor di ngﬁto any of‘§ bpgerial tro ygg cell feeg }%&tﬂ c?a?m 2{0 and wLerein said coated

metal electrical conductor is twisted to retain multiple ones of said multiplicity of elongate

elements in bunches along an elongate extent thereof,

15 82 A bacterial electrolysis cell according to either of claims 80 — 81 and
wherein said elongate elements are non-metallic electrical conductors having electrical

conductivity less than that of said metal electrical conductor.

83 A bacterial electrolysis cell according to any of claims 80 — 82 and wherein

20  said elongate elements are formed of conductive plastic.

84 A bacterial electrolysis cell according to any of claims 80 — 82 and wherein

said elongate elements are formed of graphite fibers. -

25  85. A bacterial electrolysis cell according to any of claims 77 to 79 and wherein
said at least one surface adapted for biofilm growth is defined by a multiple vane element
surrounded by a loosely wound helical element formed of conductive plastic and extending

generally radially outwardly from said coated metal electrical conductor.
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said elongate el enents are formed of conductive plastic. 84 A bacterial

el ectrolysis cell according to any of clains 80 - 82 and wherein said

el ongat e wbenmntsgezar e forned of graphite fibers. 85. A lpartiezoosbo1017

el ectrolysis cell according to any of clainms 77 to 79 and wherein said at

| east one surface adapted for biofilmgrowh is defined by a nultiple vane
el ement surrounded by a | oosely wound helical elenent formed of conductive
pl astic and extending generally radially outwardly from said coated netal

el ectrical conductor.86. A bacterial electrolysis cell according to any of
cl ai ms 768635 and whesueieflabdbdhompisAleliokBiik 48k 3 8 BRdilOTe 1 85 bflg LG LPr M Of
a wre. ciferial electrolysis cell accor [0 any o? % “A s 76
- 85 and %@F@ﬁi 5‘inaar?€fl<é¢°t@fllémtﬂ1ﬁﬁmn@@n@mtor |s in the formof a cable.
88. A bacterial electrolysis cell according to any of clainms 76 - 85 and
wherein said netal electrical conductor is in the formof a rod. 89. A

bact eri al 83l ect r ol yéllsacteﬂhl elecesiyss vl Ta@ctﬁﬁlMgQi) Al e thims 8% and wherein
onductor is faormed of copper or alumnum 90. A

d |
Eglct eﬁagl Wg?eslg’tcsfa@ C%‘F]se(i‘?f’gll‘?a sendyeiar wgn ths fary obs cédlilai ms 76 - 89 and wherein

said electrically conductl ve coating is forned of a conductive plastic.

88. A bacterial electrolysis cell according to any of claims 76 — 85 and wherein

said metal electrical conductor is in the form of a rod.

10 89. A bacterial electrolysis cell according to any of claims 76 — 88 and wherein

said metal electrical conductor is formed of copper or aluminum.

90. A bacterial electrolysis cell according to any of claims 76 — 89 and wherein

said electrically conductive coating is formed of a conductive plastic.
15
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