FILTER DEVICES AND FILTERING METHODS

Cross-reference to Related Applications .

[0001]  The present application claims'the benefit of the Singapore patent application
No. 102014005838 filed on 12 March 2014, the entire contents of which are incorporated

herein by reference for all pufposés._

" Technical Field

10002] ‘Embodiments relate generally to filter devices and ﬂltering methods. -

Baékgrdund

[0003] Béllast wa‘ter' treatment is an important task ih varioi.lvs‘appliqations. Thus,
there may be a need for an efficient way for ballast watef treatment. |
| [0004] Ships may use béﬁast water té provide stability aﬁd maneuverability duﬁng a
voyage. Water mﬁy be taken on at one port when cargo iis u_hloéded and may usually be
discharged at andther poﬁ when the ship receives "calfg('). Wﬁen"uploading ballast \;vatef, |
: o;fgan_isms inAseawater may be carried into ballast ténks_ and ‘dischargevd to the déstination
. sea area whéﬁ déwnloading. Bringihg 'ball.ast water‘ in ships from one séa area to a_hothér
'may daus;: the invaéion 6f .ha"nnful aquatié organisms aﬁ_d ﬁathogensL Uﬁregﬂlated ballast
: water»dischar'ginig may cause serious ecological, économic-énd public heath ’i.mpac“pto the .
receivin‘g‘ environment.v_'_l‘he invasion of alien -orQénisni_s had beén listed‘ by _Global

" Environmental Facility (GEF) as one of the four hazards to the ocean. o



[0005] In order to control the invasion of harmful aquatic orggnjsms and pathogens in A'
ballast water effectivvely,‘the International Maritime” Organization (IMO) initiated the
International Convention and'Management of Ship’A_s‘ ’Ballast‘ ‘Wa‘ter' and Sediments in
2094. The convention ‘requ_ir.es that new. shi’pé xﬁusf:vinstéll ballast water tfeatment sysfemé
and tﬁis r_eduirement is also applicable to "existing ships. The con;rention had set
regulatioﬁ,]j—Z which 'regulates'the ‘categbry and tﬁe quantity of the sufvivi_ng organisms
in treafed ballast Water. | | | |

7 '[0(.)0‘6]: Table 1 shows a schedule for Instéliation of Baliast Water Treatment ‘Sysbt‘em,
wherein D-1 is a bv‘z‘;ll,ast ‘water exch’a_ngé stahdard, ‘andl D2 is a b'allast water treaﬁhent

.- standard.

. Yeaf 6f« shi;ﬁ Ballast | Performance. | Implement ‘
Ship Type Building | Capacity, m* | Standard Date
S _ D-1/D-2 <2016
| <1500 . D2 — 2017
B . ' | D-1/D-2 - <2014
Existing Shlps <2009 , 1500-5000 D2 2015
‘ ' L Lo D-1/D-2 <2016
>%000  rpy 1217
22009 <5000 | D2 : 2009
L ' , . ' ' D-1/D-2 . |'<2016
New Ships : 2009-2011 '25000 D2 | 2017
22012 25000 D-2. 2012

' Table1.

'[0007] Table 2 shows IMO D-2 standards er 'diécharge of ballast water.



'Orgamsm Type IR ’ Réquired Regulation -
Organisms,250pm minimum dlmensmn <10cells/ m®
Orgamsms <50um_and 210pm minimum :
dimension - <10cells/ml ) A
Toxicogenic Vibrio cholerae (serotypes O1 | <1cfu/100mlor -~ <1cfulg(wet  weight)of
and 039) .zooplankton samples : ’
Escherichiacoli = - - - |.<250cfu/100ml .
Intestinal Enterococci ' <100cfw/100ml - . . -

Table 2.

[0008] ~ To meet the requirement of the Convénti(m, various technolo gies are provided
- all over the world for treatment and management Qf ballast waters;‘ Comonly uécd
teéhnologies include: electro-éhlorination; uv radia'tion: and ﬁlttation; 'oéonation;- biécidé o
additibn; | éléctro-okidatioh; .elech‘b-coagulatiéh;_ '.de—oxyg‘exil‘atidh;‘ cévitatidn; and
coagulation and magnetic sep'aration. ' | |
[0009] Among ihem, the ‘bailést Wéter treatment systems based on- electrdlytic
disinfection may bé mosf “widely adopted in many commér‘cial systems. The Systéins
based on‘ electrolytic disinfection usually conéist of two 'I.najor functional unifs,

‘echamcal filters and electrolyzer, for ﬁltratlbn and electro- chlormatlon, respectlvely
‘When seawatef ﬂows throu gh the electrolyzer, decomposition reactions take place on the
electrode surfaces, with chlonne produced at the anode and hydrogen gas at the cathode.
The reaction princip.le is as folldv;/s: |

Anode: 2CI — Cly + 2e
Cathode: © - 2H,O + 2e - 20H + Hyt

[0010] Chlorine gas can be dissolved. in water to produce hypochlorous acid and
- hydrochloric acid rapidly: _
Cl, + H,0 — HOCI+Cl + H*



[0011] ~ So the Whole reaction is: |

NaCl + H,0 - NaOCi + Hit
- [0012] ‘The elect;ochlorihation processés may be effective for both viral and”bécterial ‘
'inécﬁ'vatilon. Various related stdd?é hg\.Ie f_dcu_sed oh fhe eleétféchemicgal' ge;neraﬁon of -
active éhloriné species or electro-cﬁiorihation._ The-advantéées of the electrolytic-based
ballast W_ater treatment System include in-situ kbi.ocivd_e genei'atiqn, ﬂexible footprint, low | '
energy conspmption, and viébility for automation. |
[0013] Major ﬁmctiqns of the filters in bba'lla'st watef trgatmeﬁt system are to remove
dr break Alarger‘organismé using ~ 40 ;Lm weave wire screen. Use“ of the large .siéed' filter
ﬁlay have advantages éf hiéher ﬂux? lqwer traﬁsmembrane_ pressure, less fo,ulihgf and.
clogging. Howgvéf, the la'rge‘ size also allow -forl large‘ amount of organisms sized less
than 40 /;rﬁ to pass through the ‘ﬁlter and impése hlgh lbading for later treatment. Even
though the large sized filter is used, horfnallybackwash is gtill required to clean the filter
frequgntly, leading to lowef productivity and ﬁigh operafion cost. HQW to real'.iz'e‘ effective
filtration with fine filters has been a challenge to the equipment makers.
| [0014] Onevsolution méy‘bé to,vmake thé_: filter wifh'tliin, ﬁlm membrane vv&ith stréight'
Cyiindrical"pores, identical pore sizes and arb_ittary shape as wcil as high pdrbsity, which
- has béen realized by ;using ;hicm-fabrication' technology. The ad\}ances in
micfofdbﬂcati;jn ,pr'ocesse;s'r'n»ay alloiy enough ﬂexibilify to cc.)nt’rol‘the porosity and t};e. .
pore siz¢ and shap_e.apcor.d'ing,tovapp‘lication requi"rements:.“Val;ious rhicro-fabr_icatiqn
techniques nﬁgy be provid_cd to ,c?cate'membraﬁes with thcv cylindrical porcs‘lilvcc lascf

interference A‘litho'graphy ~and s'ilicon'., micro machining technology, aperture array °



lithography, nanofi_mprinting using }‘alufni.na’ template, excimer la:ser,. pﬁése separation
| micromolding, and mbre recently dissolving mold technique. - |
[0015] . Materials-wise, metal éie'ves or - meshes may be advantageous over the
_ polymer Qr s_ilicpn bﬁsed membraneéldpe ,.to.', their better mechanical, thermal and chemical
éfabilities. Metal s'ie\"eé may bé faBﬁcafe_d b§ photo .elec'troforming process,v inﬂwvhich Si
or glass substrate is metalized by vapor déposition, followed by photolithographic
patterning and selective. electrofdnning. Applicatiéns of the metal thin film membranes
for Solid/liquid sépafatioh_ may v‘be pré;'ided. Although htgh performéﬁcé metallic-
»rvner‘nbranes may be provided and used for various vsepara’ti'on processes, the flux may be
declined with éperation and freéueﬁt backwashing is still needed to fémové the particles
stiék on to it, esp_ecia;lly when finer micro-sized membranes are used. _ |
[(_)016]  h addition, a cofnbination of thg two co'mponént;sf of the systcﬁﬁ,’ ﬁlt'er and
élcctl'qchemical céll' may' be provided, for example two -Pt wire electrodes may be'
provided on a,plastic membrane to dete(;t ‘miérobial on the filter (J.R. Wilkins et él.,
- 1980). | )
.. [0017] A coinbined ﬁlirafion—elect-rochemigal detector may inclu(ie a retain'ér ring, a
0.45/.Lm ﬁltekr','plati'r;um electrodes, absorbent pads, and a petri dish, -and leads to a strip-
chart recorder. |
[0018] ~ An el'e"citro‘chemical' carbon. ﬁandtullie filter, Which’ is g_iual-ﬁinctio.na.ll‘, ie.
- ﬁitration'and' électm-oxida'tion may be ﬁ;ed. In this deviéé, the filter may be fabricated by
: dispersi#g carbon nanotuBes onto a Teflon membrane with 5 umv pores, Which acts as an
anode. The cathodeb may be stainleés,sted, ring. It will be bl_xinderstood. that the adhesion of

" nanotubes to thé Teflon m'em:bra'\nc’- sﬁpporter may be very weak and back-flushing may -



- not be alloWed, otherwise, the nanotubes' may be flushed away. In addition, the Teﬂon
membrane may be very expensive. Furthermore, such an electrochemical filter may be
uSed only in dead—ehd ﬁltration"mode.‘ However,'for high- flux filtration processes the
cross-flow flltratlon mode may be apphed

[0019] An electrochemlcal MWNT (multl-walled nanotubes) filter may be used (C. D
Vecitis et al., 2011). A perforated stainless steel cathode, an insulating seal, an anodic
titanium ring connector to- the MWNT and an anodlc MWNT filter may be used. A
modlﬁed upper piece of the Mllhpore ﬁltlatlon apparatus with anodic and cathodlc
-eonnectors An upper piece of the ﬁltratlon apparatus may.‘ include a perforated stamless '
B steel cathode. The MWNT filter may include 3 mg MWNTs 031 mg/cm2 coverage) on a
Teflon membrane (5 pm pore 81ze) on bottom piece of apparatus. -

[0020] A membrane-electrode assembly may be used mamly for producmg ozone
water (US2013/0032491A1), and such a membrane-electrode assembly by
electrochemical process may include an anode_place,with pores (Nb), BDD coating, and a
cathode plate with pores (SS, stainless steel)‘;v ‘

[0021] | Tn such ia ﬁlter assembly, the anode may be BDD (boron doped diamond):
coated Nb metal sheet with 1-5 mm sized throughepores and the vcathode' may be a
stamless steel sheet wrth 1-5 mm sized through pores In between the two electrodes a
: polymenc membrane may be prov1ded as solid- electrolyte The large through pores onb
" the electrodes mayrbe the water flow paths w1thout ﬁltratron function. Even the hole size
~may be reduced -dOWn to 0.1 mm at high cost, the f\mction of the membrane assembly is

ozone generation,



’

[0022]  Limitations of the current téchnologies_ related’to ballast water treatment and
other ﬁltratioﬁ appiicatibns are summarized as below:

[0023] a). The ﬁlter's used in a béllast water treatment systeip iS with large pore Sized
'(about 40 um) >wav'c4type caftﬂdge, and alIOwé for particles or micro ofganisfns to pass
thréugh, leadiﬁg to high l,oadiné for‘ the féll(;wing eleétrOchenlical' tre_atmenjt and
thérefore high energy consumption. |

[0024]) b) The conventional filters -are prone to fouling and clogging problems in the
operation, leading to‘ﬁsiné pll'essure‘ to kept a constant ﬂﬁx and t_herefofe high power
consumptiori ‘ |

[0025] 'c) vT'o‘mitig‘ate th§ fouliﬁg and clqg‘gingvproblem_s, the con\.lentional filters
n,eéd frequent backwashingzwith ciean water, ieading to high operation cost due to dowﬂ |
time, éledn water and poWe.r' consumption. |

[0026] | d) The iifetime of conventional filters could be short due to fna_terials
‘inc_ompati_bility with the highly'eros‘ive. and corrosive ;nvironlﬁents in sea water, leading '
to the cost 'caus‘ed by ﬁltglf c.artridge repiacemcnt and down time.

[0027'] . é) Conventional cléctroéhc;mical ballast .water ti‘_éatment systems consist of
filter g’nd eleétréc_hemical déviég: (in other words: 'unjt) Which are assembled separately
and (.upé’rayttevinc_k_zpe_;‘lderiltly, leading to large spacé occupation and high fabrication cost. |
[0623] ) Elezgﬁo-ﬁltér desi'gns_consistiﬁg of a_"l'“eﬂ(‘)n‘ vm.ém'b'rane as a‘».sﬁi.)port of the :

conductive carbon-nanotubes layer are expensive, low strength, as well as low flux. .



‘Summary |
[0029] According to various emﬁodimenfs, a filter device may be provided. The filter
device may include: an anode; and a cathode provided at least shb‘stantiélly in phrallel_ to
the anode. A,t leastv one of the anode band the' cdthodé' may include (of may be or may be
included in) a sieve. | o |
[0030] According to various embodiments, a ﬁl_terir}g method may ‘be provided. The
ﬁlteriﬁg method ;naSI includé: providiﬁg a fluid flow fhfouéh a filter device including an
anode and a cathode provided at least substgntially in parallel to .theb anode, wherein at"
least one of the .éno_de or fhe cétﬁodé mast mclude (or,. may be or may bé ihcluded in) a

~ sieve.

Brief Description of thg Drs;;avings
[0031] In the drawingé; like ;‘eference.cha'racters genei‘ally refer to thé same parts
throﬁgflbut the differeﬁt v_iews. The drawingé are nof ﬁecessarily to scale, émphasis_ A
in’st‘ead ‘g'ener'ally_ being placed upon illustrating the pﬁnciples of the'inVenﬁon. In the‘.
foliowiﬁg-déscription, ‘'various embodiments are ‘describ‘ed with refefence to the following
drawings, in which: | |
_ | - FIG. 1A shoWs a ﬁltei":dveviqe according to various embbdiménts;
FIG. 1B shows a ﬁlter. device according to vatious embodiﬁignts;_ .
FIG. 1C shows a flow diagram illustrating a filtering metﬁod acchding to yaﬁous

embodiments;



 FIG. 2 ;hoWS a séhemati’c.illuétration of a screen ﬁlfér assembly ac;;ording to
- vaﬁous embodiments; |

FIG. 3 shdws an.illustration 600 of bxiddn{_ géneration on an anode sﬁrface; :

N FIG. 14 Shows a schematic. diagram ;)f' hydrogén gas. generétioﬁ' for Sjéve self-

cleaniﬁg‘and oil éeparation; - |

V‘FIG. 5A shows a schematic illustration of a multi-functional screen filter device
having inner 'anode'_ grid 804 and an oute'r‘ cathode sieve accqrding ‘to various
érﬁbodirﬁehts; |

FIG. 5B shows éﬁ illﬂstfation of a liquid flow in a cross-flow ﬁitration mode |
according to various._gmb.odiménts‘; |

» FIG; 6A shdw.;;; a Schematic illustrativonAo:f a nﬁulti-functiohél screen filter déviéé
according to various er_nbodimeﬁts, .h-aviilg an i‘i‘mer.cathode sieve and outer anode 1illed.
on filter support; -

FIG. 6B shows an illuétfation of a liquid flow in 5 cross-flow filtration mode
according‘to yari_ous embodimenté; |

FIG. 7A sﬁows a’schematic illustration of a hmlti—funétibhal screen filter device
' having an inner anode grid and outer cathode sieve aécordiﬁg t;) various embodiments; -
FIG. 7B shows an illustration _of a liqﬁid flow in a c;éss—ﬂow ﬁltration ﬁlode :
' acéoi'dihg té varioﬁs eﬁjbbdi‘menté; - |

FIG 8A sdes’ a ‘schemé’c:ic illustratioﬁ of a mﬁlti;ﬁlnctibpal éérééh ﬁitefdevjce
having . an inner anode rqd/bz_n_' and an outer cathode_ sieve; acc,ordihg ‘to * various

embodiments; and



FIG. 8B shows an illustration of a liquid flow in a cr@ss—ﬂow filtration mode

¢

according to various embodiments.

~ Description

[0032] | Embodiments descﬁbed below in context of the devices are analogously valid
“for 'the respécﬁve methc;ds, and vice.vexh'sa._ Furthermore, it will be uhderstood tﬁat the
“embodiments described below may Be combined, for e;calﬁple, a part 'Qf one embodimen't‘

may be‘ Qbmbinéd with a bart of another -embo‘diment. |

[0033] If will be understdod that an inﬂuént may also be referred to as an inlet, And
 effluent méy also _b'e\:‘ refeﬁ*éd to as an,ouﬂet.. Furthermore,kf:it w1ll be underétbod thét
inﬂut.entv and effluent may not only refer to the portion by Which material is profiided or
- exhausted, but also to 'the.matex‘ial';itselﬁ |
[0034] According to various érﬁbodiments, the problems of the conventional methods
may be solved with a pompact screen filter device includingv a catalﬁic metallic éie,vé
' cathode and é. cat_alytic a‘n'od.ei to .invtégl."ate inultijfunctions, such as particle/liquid
, séparétion, o}(idant production, filter svelf-cleaning,v és well aé eiectro-ﬂoétatioh. '

[6_035] ‘ Various embodiments may‘ be provided for an éfﬁéient wa& fof ballast wafer o

.treatﬁleﬁt. ’b |

[0036] - Various embodiments- k'relate to a new design for ballast Water ire’étnient

co-mbi»ning; the’ éiectroéhlorihaﬁonfand eléctro}oxidation préces‘seé with effective ﬁltratioh

by,‘using.mé'tal sieve membranes, effective in a sense of high throﬁghput énd: back-Wash :

- free operation. Varidus embodiments may be applied to (butar-e n‘ot limited to) b'allast
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‘water treatment. Various embodiments may find applications where both filtration and

S

electrochemical generation of oxidant species are required.
[0037] - According to various embodiments, a mulﬁ-ﬁmé_ﬁonal screen filter device

may be provided.

[0038]  Various émbbdiments relate to a multi-functiona'l screen filter device

~ integrating particle/liquid ‘separation, oxidant production, electro-floatation, and sieve

self-cleaning,

[0039] - FIG. 1A Shbws a filter device 400 (er example éle'ctr}omechénical filter

- device or electrochemical filter device) according to various embodiments. -The filter

device 400 maky‘in(._:ludé an anode 402. The. filter 'dcvicg '400 may ﬁll'ther"ihclude a
cafhddé 404. Thé c;thode‘404 fnéy be pl;ovidéd at least subsfantiail_y in.parallel to fhé
anode 402 (for example the distance betv‘ve'e‘:n‘ the anode 402 and the catﬁode 404 may be
at least substéntially coﬁstant aéross the Whoie: al."eas‘ of thé anode and the cathode); At
least one of the anode 402 or the cathode 404 may.»vinclude or may be br may‘.bt'a included

in a sieve. The anode 402 and the catho_d,e 404 may be coupled with each other, like

-indicated by line 406, for example usihg_ joni¢ conductive medium or electrol'yfes. '

' [004.'0] . In other wotds, a filter -device may be provided which may provide

mechanical ﬁltering using a sieve (for example a éylindricalvlsieve), wherein the sieve at

the same time may be provided as a cathbdé or as an anode.

[0041]  According to various embodiments, the cathode 404 may include or may be or

may be included in a cathode sieve. v

[0042] - According to various embodiments, the anode 402 may be has at least.

*substantially a shape of a cylinder.

1



o v[0043] Aceordlng to Various embddimehts,.the anode 402 may include or may be an
anode grid (in other words: a grid anode; in o_ther words: an anode in the shape of a .gri,d)v.
[0044]  According to various embodiments, a diameter of the cylinder of the cathode.
404 may be larger tharr 5 diarneter of th‘e'eyl‘inderof the,anod'e 402. Accordi,ltg to various
| embodiments, the anode 402 may be p_ro\{ided at least sul)stantially (or at least 'partially)
' in the cylinder of the cathode 404.. |

[0045] According to vari'ous embodiments, a diameter of the cylihder of the cathode

‘ 404 may be smaller than a dxameter of the cylrnder of the anode 402. Accordmg to

various embodiments the cathode 404 may be prc‘)Vided at least substantially (or at least
kpartrally) in the cyhnder of the anode 402 - ‘

[0046] - FIG. 1B shows a ﬁlter device 408v(for example eleetromechamcal filter dewce"
, orveleetrochemrcal ﬁlter device) accordmg to various embodlments The filter dev1ce 408
may, 51m11ar to the filter dev1ce 400 of FIG. lA include an anode 402. The ﬁlter device
‘408 may, similar to the filter dev1ce 400 of FIG. 1A, further include a cathode sieve 404.
-The cathode‘sieve 404 may havev at least substantially a shape of a cylinder. 'l‘he ﬁlter
" device 408 may further include a housing 410, like will be described in more 'detail
‘below. The_ ﬁlter device 408 may further: lnclude an inlet 412, like will be described in
more detail below. The filter device 408 may further include an outlet 414, like will be
descnbed in more detall below The ﬁlter devrce 408 may further 1nclude an 1nsulat1ng )
layer 415 like w111 be descrrbed in more detall below The anode 402, the cathode s1ever
: 404 the housmg 410 the inlet 412, the outlet 414, and the 1nsu1at1ng layer 415 may be
coupled.w1th each o_ther, l1ke 1r1drcated by lines 416, _for example usmg ionic conductlve-

* medium or electrolytes.
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-[0047] 'Acco'rding. to various émbbdﬁhents, the inéﬁlatir}g layer 4154 may be provided
bé@een the anode 402 and the cathode 404.

[0048] | According fo various embodiments, the insulating layer 415- rhay include or
may be or 'may-be- included in an insulating spacervgx“i_d layer,

[0049]  According to vaﬁous'embbdimgnfs, the housiilg 4.1>0‘ma}" include an inside
wall.- According to various embodimenfs; the cathode 404 may be provided inside the
- housing 410. Accordjng to various'embodi_ments, the anode 402 rﬁay be lined onto the
inside wall (of the housing 410). |

[0050] Accordihg tb various ¢mbodinie_nts_, thé_ 'anode 402 may have at least
substantially a shape of a rod. A | |
,[00511 According to various embodiments, the ﬁlfer, dgviéé 408 may at least
substantially be rotaﬁonally symmetric witﬁ respéct tt_) a symmetry axjs of ﬂﬁe cylinder of |
the cathode 404. | | -
[0052] Acpording to various embbdiments, th;:v inlet 412 may be connected to ‘an
internal area of the cylinder of thg cathode ;104. According to various embodiménts, the
outlet 414 may be connected to an external afea_ of the cylindef ;)f the cathode 412.

[0(‘)53]> A‘CCOI’diI‘lg‘ td various embodiments, the inlet 4124;:na'y bc connected to an
external area of the cylinder bf the cathode 404. Acc;ordir_lg to v‘arious erhbodirﬂen{s,-"the
outlet 414 mé}; bel 'conﬁécted fo an intef#ai ‘are'a‘of the cylinder of the ‘cathocbi'e 404. :
[0054] - FG. 1C shows a flow diagram 418 illust_ratilng.a’ ﬁlteriﬁé lrﬁéthéd-.: In 420, a
fluid flow through a filter device may be provided. The. ﬁltpridevice‘m.ayv‘in'élu:de‘ an
~anode and a cathéde p;‘OYided at least ‘sub_stvantiablly in pafa!lel to the aﬁode. At leéét one
_ of the anode 402 or the catl.l'ode’404 méy iﬁclu(_ié or nﬁiy be or may be inqlﬁdéd i1_1} a sieve.
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[0055] - According to various cmboc_llime‘n‘ts',‘ the éatholc‘ie 404 may includ:e“ or may be or
rﬁay be included in a cathode‘sieve,

[0056]  According to -'vari,ous ' ,embbdiments,» the anode 402 may have at least
substantially a shaée' éf a ¢ylinder.

[0057] Ac.:co.rdi'ng.to various émbodimeﬁts, the anode may include or may be an
anode grid.
[0058] According to various embodilhgnts, the anode may have at least substantially
the same silape With the anode. | | | -

[0059] Accérding to varipﬁs embédiments? a diameter of the cylinder of the cathode
may be lérgelf fhan_ a di_ax.n»et‘erv o.f ‘the éylinder of thé anode. According to various
embodiments, tﬁe énéde ﬂlay be browi/i-ded at leaét éubstanti?lly (or at least paﬁialiyj in the
cylinde;r of the cathode.

[0060] Acéofding to various embddiments, a diémeter éf the cylinder of the cathode
méy be srﬁaller than a diameter of the cylinder Qf the anode. According to various
’embodiment‘s‘, the cathode méyl be provided at least éubstantially (or atAleallst partially) in
the cylinderl of the 'an_bfde.; ' |

[0061]‘ According to' various embodiments, the. filter device may. further include an
insulaﬁng layer prﬁv-ided between the a_nbodevar'ld the cafhode.

[0062] Acgdrd_ing “tOIVarlioﬁs; é,_mbodiﬁ;ent_s,j tlfa‘e.ains{ﬂéting layér may include or mﬁy '
~ be or may be vin'clud_ediin: an jnsﬁlating space:,grid layér. |
[0063] | ‘ .._'Ac.cordin_g to varidus_'em-bébdi'r»nents, the ﬁlter device may‘ further include a
housihg. Thé housing may inciude an inside wall. The cathode may bg provided inside.

the housing. The anode may be lined onto the inside wall.
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" [0064] Ac,cox;ding to §ariqus qmbodiments, thg anode may hgve at least substéﬁtially ) '
a shape of a rod. | ‘
[0065] Acéording to various embodiments, the ﬁl{er dévice lhay at least substantia]ly. :
‘be‘rotationally' Synnhetric with respect to a s}dmﬁetfy axis of the-éylinder. éf f[h_e cathode. :
[0066] | According to various é;ribodiments, proviajng t.h_e‘ ﬂﬁid.fﬂow.throug'h the ﬁlter
device may include or may be providing an inﬂox.;v to an internal area of the cylinder of

- the cathode and pr‘oyiding an outflow from an extefnal area of the cylinder of the Cathbde.

[0067] * According to varioﬁs emBodiinents, providing the ﬂuld flow vt'hrough'. thé filter

device may include or n‘iay be providing an inflow to an external area of th¢ qylinder- of .

- the cathode aﬁd providing an outflow ‘fro‘r-n an internal a_réa of the cylinder of the cathode. |
[0068] Thé compact screen ﬁlter devi.ce- éccording to A Vaﬁqué eml}odiiﬁentﬁ me;y
include an anode-cathode assembly, as shown in FIG. 2.

[0069] FIG. 2 shows a | schematic illustration .500 Qf a écreen_ ﬁltér assembly'_
according to various embodi;xlents; including an anode 504 and cafhode 502 (for' exaﬁple

a cathode sievé) separate large particles from solid-lv‘iquid mixture. In the anode-g:athode ‘
assembly of FIG. 2, the anode 504 and the cathode 502 may be spacéd by one or mo_fe :
insulate spacefs 506 aﬁd fixed iﬂ parallel such that an electrolytic 'clzell vis f(irmed“in

presence of sea .W'ater or electrolyte. The anode-cathode gap may be. controlled iﬁ the

range of 5:50 min, preferably 10-20 om. Séa water or"electvroly'te .may bé provided 1n a

feed~508 to the cell, and filtrate 510 may be exhausted from the cell. | |

_[il070] 'According to varibus embodiments, fhé cathode may be made éf conductive

_ siev¢ such that the larger paﬁioles than thé si_eve pére size are blocked to pass tﬁ;dugh the

cathode 'sieve,'fulﬁllingihg filter role in a filtration process. The pdx_’e size of the .cathode
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- “sieve may Be desirable‘ from 0.1 to 100 pm, dependiﬁg"oﬁ fhe reguirement fef the quality
of the filtrate. | |
- [0071] vAccOrding to various embediments_, '.t.he‘ electroc_hemical process mayl-take.
place dtiring' ﬁltraﬁon ‘so.that‘ “oxida'nts are fonned on the an{)de surface in the-filtrate,
which are biecides for 'miero-organiem co_fitroi; The voxidanfs ‘inc].udbe.bu-t are not limited
to Clz and O3, as shown in FIG. 3, dei)ending on the tj/pe of liquid eleefrolyte.
[6072] FIG 3 shows an illustfatien 600‘ of oxidant gener_atien .en an anode -surfaee
: witlh Clz (left side 602 of FIG. 3‘)>and 03 (right. side 604 of FIG. 3).
[0073] Ac.eo.rdirllg to'variou's’ emboelimeﬁté, gas Bubbles_,;foi' e).(ample_hydro‘gen, may
'b-e released from the cetﬁode bsie\}e surface, which may repe.lA the tiny“partieleé eway to
make the sieve‘surface clean (whjeh may p’rov‘ides‘elf- aﬁti—clogging and a'nti-fouling),'as
well as absorb‘enfo the particle surface for ﬂo‘avtation to Seperate oil from oily water, as
shown in FIG. 4. | |
[0074] ~ FIG. 4 shows a schematic»diagram 700 of hydrogen gas generation for sieve -
~ self-cleaning and oil éepairaﬁoﬁ__ froﬁm ,oily _vvslrater by fieetetibn effect. In the leﬁ pertion
702 of EIG. 4, hydrog'en gas generatiorvl‘ is iIiustrated. In a middle pexti011..704 of FIG ‘4,_ |
gas bubbling; which ?ﬁay provide anti-fouling aﬁd anti-clog‘ging,‘ and provision of an
mﬂuent 706 is 1llustrated Ina rlght portlon 704 electro- ﬂoatatlon whlch may provxde_
oxl-wate_r separatlon is 111ustrated | ‘ |
[0075]  According to va‘nous eml;yed.iments, the anode may Be in the fOrhls .'of but not
limited te solid s‘heetsb pdroﬁs'sheets, and. meshes. The enode meterials may have vgood .
i A electnc conduct1v1ty and catalytlc ploperty for . generatlon of ox1dants w1th h1gh :

v

efﬁcxency The matenals havmg high oxygen evolution potentlal may be used whlch -
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include but not limited to doped-diamond, PbOy, doped-S_an, and the like. In most c‘aées,.

the anode materials are depoéited onto a conductive support such as doped Si, Ta, Tj, Ni,

etc., by various coatmg processes such as PVD (physwal vapour deposxtlon), CVD -

:(chemlcal vapour deposmon) chemlcal deposrtlon electrolytlo deposition, etc.

[0076] Accordmg to vanous embodlments the cathode may be in porous form, for
| example, (thm ﬁlm) metal sieves for the applications of the present invention to separate.
~ solid particles from solrdthmd mrxture. One example of such technolog1es for prodncmg
thin .ﬁlmv metal sieves is'selective plating on pre-fabricated template. The cathode
~materials may have good .electrio conductiyity and ‘catolytic property for generation' of
| hydrogen gas bubbles with hlgh efficiency. The materxals having low hydrogen evolutlon
potentlal may be used, thch mclude but not hmrted to Pd, Pt Ni, etc. N1 and Ni alloys
may be used because of low cost and easy deposition by chemrcal and electrolytrc
~ processes.

[0077] | FIG. SA shows a schematic illustration 800 of a multi~ﬁ1nctional screen ﬁlter
~ device having ‘inner anode grid 804 ,end_on inner cnthode ‘sieVe 802 according to yarious
embodiments. co | |

[0078) FIG. 5B shows an illuetration 81o of a lifquid. flow in a cross-flow filtration
mode_acoording to various embodiments. o o |

, ,[0079] T~Aecordi'rig to ?éﬁous embodimen‘rs, a multi-functional screen: filter “device ‘

design may be ‘-prc')vided, inelu-dingv a cylindrical _anode 804 (whieh may be 'connected to

‘an 'anode ‘terminal -808. for providin'g”a voltage) and a cylindrical cathode sieve 802
' (which may be'connect_ed to anvoathode terminal 80164 for provrding a voltage), one of

which is placed _inside the orher with a space. Furthermore, insulate and suppo_rt.81.8. may -
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be prov1ded FIG. SB 1llustrates the liquid ﬂow through one of the screen ﬁlter devices of
the invention in cross-flow filtration mode. In this assembly, the cathode sieve 802 may
be placed inside the anode grid 804. As shown in FIG. 5B, hqu1d contammg vanous
_ partlcles may ‘be provxded via an mﬂuent 810 and may ﬂow through the screen ﬁlter

deylce to form two streams: the useful effluent (812, 813A, 813B) passing thro'ugh the
| cathode sieve 802 and the reject (in other words: ‘conoenttate rejeet 814, 815) containing

the larger particles than the sleve size. .

[0080] It will be understood that FIG. SA ’sho_ws '5 }‘)hrtiallyv opened device ln or.der> to

be able to see the internals of the device. Fnrthermore, it will be understood. that FIG. 5B

illustrates a eros_s-section of on intemal nottion of thedevice‘shown in hIG, SA, so that
fot example the'efﬂuent 813A, 813B shown in FIG. 5B may internally he connected to
the effluent 812 shown in FIG. 5A, that the inﬂuent 811 shown in FIG. 5B mavy internally
be connected to »the influent 81‘0 shown in FIG. SA, and that the concentrate reject 815 |
~shown in FIG. 5B may intemally be conneoted to t_he‘reject 814 ‘shown in FIG. SA.

[0081] According to. various embodiments, the anode may be lined onto the lnside
: ﬁlter wall,- as shown in FIG. 6A and FIG. 6B,; and others' portions of the det/ice may be
kept the same as in FIG. 5A and FIG. 5B. | \

’ [0082] FIG. 6A shows a schematlc 1llustrat10n 900 of a muIt1—funct10nal screen ﬁlter
o dev1ce accordmg to various embodlments havmg an inner cathode sieve 802 and outer
anode lined on filter support (m other words: an anode 1mer 902) FIG 6B shows an
illustration 904_ of a liquid flow in a cross-flow ﬁlt_ratlon_mode accOrdm_g to vano_us _
embodiments. Anode support 906 may he provided. Various portions of the de{'ice shown.

in FIG. 6A and FIG. 6B are similar or identical to the device shown in FIG,Y S5A é_nd FIG
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5B, so that the same reference signs rnay_be used and duplicate description may be
omitted.

[0083] FIG. 7A shows a schematicillus"tration 1000 of a multi-ﬁlnctional screen filter

device havmg an inner anode grid 1002 (in other words anode mesh) and outer cathode» P

sieve 802 accordmg to vanous embodlments FIG 7B shows an 111ustrat10n 1001 of a
liquid ﬂow in a cross-ﬂow ﬁltration mode aceording to various embodlments Various
portlons of the dev1ce shown in FIG TA and FIG. 7B are s1m11ar or identical to the
dev1ce shown in FIG. 5A and FIG. SB so that the same reference signs may be used and -
_ duphcate descnptlon may be omltted | |
- [0084] Accordmg to various embod1ments a. mu1t1 functlonal screen filter devrce |
may be prov1ded w1th an _anode-cathode assembly such that the anode grld_ 1002 is placed
insIde the cathode sieve .802 as shown in FIG. TA and FIG. 7B. By using this filter
dev1ce liquid contalmng various particles flows through the screen filter dev1ce to form
two streams, the effluent 814 1008 1010, passmg through the cathode sieve and the
(concentrate) re_;ect 812, 1012, 1014 contalmng the larger particles than the sieve size.
- [0085) .. It will he understood that FIG. 7A shows a partially opened device in order to
.be able to see' the intem'aIs of th'e device. Furthenvnore,-' it wilI be understoodvthat FIG. 7B
111ustrates a cross-sectlon of an mtcrnal port1on of the device shown in FIG. 7A, so that
. for example the effluent 1008, 1010 shown in FIG 7B may mtemally be connected to the
effluent. 812 shown in FIG 7A that the mﬂuent 1004 1006 shown in FIG. 7B may
‘ mternally be connected to the_ influent .810 shown in FIG. 7A, and that the concentrate |
- rejec‘t_1012‘, 1014 shown in FIG. 7B, may internally be co‘nnected to the reject 814 shown

inFIG.7A.
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[0086] According to va;io'us embodirnen_ts, ‘the cylindrical anode grld 1002 iniFIGrT '
';/'A and FIG. 7B may be replaced by a solid anode ba;‘ (inv other words: anode rod), as
shown in_FIG._. 8A and FIG. 8B. The other element may bo kept the same as in FIG, 7A
' and FIG. 7B. | | | |
‘ t0087] FIG. 8A shows a schernatic illustration 1106 of a multi-functional screen filter
: devIce having an innor‘anode rod/bar 1102 and an outer cathode sieve 802 acco_r_diné to
various embodiments. FIG. 8B shows an illustration ,1104 of a liquid ﬂow ina cross-ﬂow
filtration mode‘ accofding to various elnbodimonts. Vaﬁons portions of the devicéshown |
-in FIG. 8A ano FIG. 8B are sixnilar or identical_ to the device shown in FIG SA, FIG sB,
FIG ‘7A, and FIG. 7B, so that tho Samo 4_refe1"encev signs mayi bé used and 'duplicate |
deScrIption lnay he omitted. o | |
[0088] It will be understood that FIG. 8A shows a partlally opened device in order to
be able to see the mtemals of the device. Furthermore, it w1ll be understood that FIG 8Bv
| 111ustrates a cross-section of an 1ntema1 portion of the device shown in FIG. 8A so that
: for example the efﬂuent 1106, 1108, 1110 1012 shown in FIG 8B may 1nternally be |
connected to the efﬂuent 812 shown in FIG. 8A that the influent 1004 1006 shown in -
FFIG 8B may mternally be: connected to the influent 810 shown in FIG 8A, and that the
concentrate re_]ect 1012, 1014 shown in FIG 8B may mtemally be connected to the re]ect
" 814 shown in FIG. 8A. o ”
~.[0089] | Accor_ding to various embodimenfs, a mnlti-fnnc'tional s_creen filter _dox;ioe ,‘
, may be nrovided, inclnding of a catalytic_motall_ic sieve‘cathod_e and a_cntaIytic nnodo for

ballast water treatment. - -
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[0090] Accordiﬁg to 'yaﬁous embgdiments, the ballast water tfeétment ‘device may
integrate sieving/ﬁltration_ and électrochemicﬂ‘treatment, and therefore is conipact.
‘ '>[00‘91]» According to various embodiments, the cbmpact ballast Watér treatment
device may perform multiple 'ﬁmctidﬁs, including particle/liquid .s'epaiation, .oxivdant_ ‘
_production, filter seif—cleaning, as well as glectrb-ﬂbatétion. |

[0692] According to varipué einb:odi.ments", one of the electrodes in the filter may be a
single léycr'conductive siéve having designed pore Shapeﬁ and gize, and therefom low
pressure is requir.ed:.ancvl h_igh ‘ﬂu‘xi is v\"iable. | | o

[0093] Acpording to various e_mbodir_nen_ts, the sieve filter rﬁéy be used to v}f-ll.tejr out
the finer panicles/microorgariisms émd _thefeforévreGUCE the: Ioading. for thei following
electrochemical tréatxﬁeﬂf. | | |

[0094] According to varipus‘.embbdimvents, the vanode may be maﬂe o_f materiéls
having high oxygen c‘volution' bbfential and therefore generate oxidanf,s with . high
efﬁcien;:y. |

[0095] - Accordihg to va_rious\,embddiment‘s, thc éaﬂfodc sieve may be mad¢ of
materials have hydrogen. catalytic properties beneficial to re_leasé of hydfogén bubblés to
realize anﬁ;clogging and anti-fquling functions, l.i.e., self7c1¢aning,' therefore cuﬁing off
down time due to the backwashing. : | | o
, [0096]' Aécording' to varlous emﬁgdiménts, the cathé_dé sjeve inay‘b'e co'at.edv.with
- .conducti;JQ materials fo 4e‘nharjlce‘ its 's;qrfac‘e properties, such és efOsioh 'resista.ncie’,‘
corrosion f_esistande, as well «v‘aé anti-sticki;lg, to | extend ﬁlte_:r “service life wi:thout

replacement or maintenance.
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[0,0_97] '- vAéc‘:drc_l-ing to various émbodiﬁents, if the device is,uséd- fof other wastewater
fre’atments, such as l-)roduéed watér .in oil & ‘gas industry, electro-ﬂoatatién méy be
sin‘iultaneously.realized due to both énbde and cathode being able to genefate fine gas
bubbleé. | | |
[0098] According to various .‘embAodir‘n_ents, an electrochémic‘;al sieving deviée may be
pi‘oVided,'including an anode component and a cathode component.
[0099] | Ac_cOrding to yérious embodimvc;,nts,v the aﬁodé may be made of condugtive and
: éatalytic materialé ‘having high Ao.xygén “evolution ..p';)tential énd therefofc generafes
- - oxidants on the anode surface with hiéh efficiency. |
[00100] ‘Acc.(b)irdi'ng ‘tob Vé\ﬁoué embodiments, the cafhodé may be a sieve or screén such
~ that it allows liq\iid to pass thrdﬁgh and. SeléctiQely rejvect'particles.
[00101]l According td various ‘ém‘.bodiments, the cathode may be made of conductive -
and catalytic mateﬁals .having 10“} hydrogen evolutioh potential and .therefore' may ,v
generate hydrogen bubbles on cathode éurfac§ f@r-self-cleaning aﬁd/or ﬂoatation.
| [001 02] iAccording to ‘va‘rious embodime'nts, the qathode sieve may be coated w1th
cbndﬁcﬁvé ma;teﬁals to enlianc'é' ifs' surface propérfieé; such as erosion resistance,
corrosion ‘resistaﬁce, as vs.réll' anfifsticl(iﬂg, to extend filter service lifc without .
rep!acc;ment or méinteﬁance. |
[00103] - According to -varioils embod_iménts, both andde and cbathotde components may
be iﬁ'cylindﬁc;l form andb one of thgx'nv_. (i.e. inner electrdde) may be’smaller tilan the othgr '
(e oﬁter elgctrod'e),‘ such that the two clgctrodés are arranged in parallel.
| [00104] . Accofding to various 'émqui’ments, th_ev inﬂuent may bé fed from the'cafh;)de

sieve such that the anode is in effluent/filtrate.
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[00105] Accordmg to various embodlments once a voltage is applied over the two-
electrodes the influent may contain more hydrogen gas bubbles and the effluent contains _ v
oxidant, via electrochenucal r¢act10ns on'the electrode surfaces.. |
_ [00106] : Accol‘ding to various:, embodiments the- .compac-tbdev.ice may 'pérform multi- ‘
funcnons mcludmg partlcle/hquld separatlon oxidant production, ﬁlter self-cleamng, as
well as electro-floatation. .
[00107] According to various embodiments, t.hé potehtial'industﬁal‘applicatvions may
includé,vfbrieyxanbuplev, ballast water treatment in sea tanks, treatment of prddqce_ad Welter in
| oilb and gas industry, inclustrial ‘wastewater ‘treatment, swiinming pool water treatment,
and treatment of wéstélnaters containing solid pvarticles‘arild ‘mvicrvoorganisms." |
v[00108] While the illvehtion has been partibuléﬂy Shovllh van_d descﬁbed'with reference
 to specific embodiments, it should be understood by tllos‘e skllled in the _ért tlxat various
changes in form and detail may be made therein without.depaﬂlng from the spirit and
scope of the invention as defined by llie appe_:ndéd clainls.’The Scope of the vinventioh‘.is
: thué indicated by the appendéd clgims and all qha_nges which come witliin the meaning '.

and range of equivalency of the claims are th_e_réfore’ intended to be embraced.
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Claims

What is claimed is:

1. A filter device comprising:
an anode; and
a cathode provided at least substantially in parallel to the anode;
wherein the cathode is a sieve configured to provide mechanical filtering; and
wherein a pore size of the cathode sieve is between 0.1 to 100 ym, depending on

the requirement for the quality of a filtrate.

2. The filter device of claim 1,

wherein the cathode comprises a cathode sieve.

3. The filter device of claim 1 or 2,

wherein the anode has at least substantially a shape of a cylinder.

4. The filter device of any one of claims 1 to 3,

wherein the anode comprises an anode grid.

5. The filter device of any one of claims 1 to 4,

wherein the cathode has at least substantially a shape of a cylinder; and

wherein the anode has at least substantially a shape of a cylinder.
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10.

11.

The filter device of claim 5,
wherein a diameter of the cylinder of the cathode is larger than a diameter of the
cylinder of the anode; and

wherein the anode is provided at least substantially in the cylinder of the cathode.

The filter device of claim 5 or 6,
wherein a diameter of the cylinder of the cathode is smaller than a diameter of the
cylinder of the anode; and

wherein the cathode is provided at least substantially in the cylinder of the anode.

The filter device of any one of claims 1 to 7, further comprising:

an insulating layer between the anode and the cathode.

The filter device of claim 8,

wherein the insulating layer comprises an insulating spacer grid layer.
The filter device of any one of claims 1 to 9, further comprising:

a housing comprising an inside wall;

wherein the cathode is provided inside the housing; and

wherein the anode is lined onto the inside wall.

The filter device of any one of claims 1 to 10,
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12.

13.

14,

15.

16.

~ wherein the anode has at least substantially a shape of a rod.

The filter device of any one of claims 1 to 11,

‘wherein the filter device is at least substantially rotationally symmetric with

respect to a symmetry axis of a cylinder of the cathode.

The filter device of any one of claims 1 to 12, further comprising:
an inlet connected to an internal area of a cylinder of the cathode; and

an outlet connected to an external area of the cylinder of the cathode.

The filter device of any one of claims 1 to 13, further comprising:
an inlet connected to an external area of the cylinder of the cathode; and

an outlet connected to an internal area of the cylinder of the cathode.

A filtering method comprising:

providing a fluid flow through a filter device comprising an anode and a cathode
provided at least substantially in parallel to the anode;

wherein the cathode is a sieve and provides mechanical filtering; and

wherein a pore size of the cathode sieve is between 0.1 to 100 um, depending on

the requirement for the quality of a filtrate.

The filtering method of claim 15,

wherein the cathode comprises a cathode sieve.
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17.

18.

19.

20.

The filtering method of claim 15 or 16,

wherein the anode has at least substantially a shape of a cylinder.

The filtering method of any one of claims 15 to 17,

wherein the anode comprises an anode grid.

The filtering method of claim 17 or 18,
wherein the cathode has at least substantially a shape of a cylinder; and

wherein the anode has at least substantially a shape of a cylinder.

The filtering method of claim 19,
wherein a diameter of the cylinder of the cathode is larger than a diameter of the
cylinder of the anode; and

wherein the anode is provided at least substantially in the cylinder of the cathode.
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