BALLAST WATER TREATMENT METHODS AND APPARATUS The present invention
relates to the treatnent of liquids, such as water, in order to renpVe
unwanted natter. 5There are many situations in which the treatnent of
liquids is required, for exanple treatnent of sewage water and potable
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undesirabl e I ong chain nol ecules, treatnent of waste water from exhaust gas
cl eaners. More specific vvater treat rrents ar e al so used, such as treating
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wat er does omtJ@mvymwdabA@reffects in the environnment into which it is
rel eased, or the environment jn which it is put to use. 15Ballast water is
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the tanks at a water "donor™ |ocation to conpensate t he changi ng of
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of view and al so use per ormance reasons In order to ensure proper
propel | er a&neh asteaiéng hatinm task orater jix dyigsras discugesl helew and treasing veterti nt ai ni ng
desi redgve Ve % T, Lpast water is
transpgrte?i’%?%) darfﬂwater ggflg?g@? T?oca Ie%%s%?fe ﬁ%éﬁa breagtﬁogﬁlpﬁl nt where the
vessel is twwaeted matdedn tietforne eff qyggniomnatesh, msrcpmgemmsaa‘ﬂd)th@hltesl de the
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speci es i noindairalge 2ot :am}hﬁemmrmphgmmda avhich diris seraksdiiacd the exdvirohiestdn may not

. have natur%{m@nedat S at the point of discharge and may establish and
reproduce a I"S%ati on causi ng significant problens for the

envi rortgent , i nﬂaﬁistwaﬂﬂﬂ vhsrerandpeatd by ships lﬁﬂﬂlbhllﬁﬂwaﬁéﬂfaﬁl@idron in the

bal | ast vvater t anks !ﬁﬁ atFu,@ed due the re C@fon of 30 eI pal | ast wat er
and oxygen “HPEHTHE © Fs?arc?)srﬁ PER P18 P8P PRE R St b ks are built .
Currently, pub@ediap the &inkoat aGhat@xpems? m?t_ihaltdil tmpda@ht@ﬁﬁmmangaﬁgeoms eﬁ to
prevent -corro epr esent i.gni fi cant mai.nt epance cost.to the
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carried outprdplar sﬁ@gelv@ev& ANl asWWhHiSrhinHR A0 Sirk %&seﬁn@ﬂ:ﬁichfwﬂqﬁn&lfr%at ment
process is not possible and instead the tanks nmust he enptied and re-filled

bet ween t r SATAEHEECS. Adhepallenh waltisiasnored torieutinie Kecipipn @%thns conpl i cat ed

and ineffi gegpiny éﬁ%oﬂ@%ﬁet@%&d@%sﬂiﬁ@gyﬁﬂﬂe@%& Qfgd Q?ﬁmﬂ?&e}%d%éntﬁll?t atic tank,
ultrasonic cavitation is |less effective than other cavitation production

met hods, i ﬁuﬁgp@e&]p-gpogﬁ%pqyg%@ﬁf that of the ballast water origin. It may then be
25  discharged as cargo is taken onboard. Ballast water may host a range of species

including zooplankton, phytoplahkton and bacteria. These may not have natural
predators at the point of discharge and may establish and reproduce at the new _
location causing significant problems for the environment, industry and human health,
In addition, corrosion in the ballast water tanks is caused due to the reaction of
30 the ballast water and oxygen with the material from which the ballast water tanlks are
built. Currently, the application of expensive paints and coatings are used to prevent
corrosion, representing a significant maintenance cost to the shipping industry.
It is known to treat water to clean it by the use of cavitation produced by

ultrasonic excitation. For example, US 5,137,580 discloses a cleaning method which



cavitation. This is because the bubble size and cloud density are not as

| arge in cavitation generated by neans of ultrasonic exposure conpared to

t he bubbl e size and cl oud density of hydrodynam c cavitation. Thus,

hydr odynam_c cavitati on possesses a 10 higher effective reaction vol ume
conpar ed t SYUPMEEBHi ¢ cavitation. The use of verGIfGB2p47(9a3903
constrictions to generate hydrodynam_g. cavitation is known, for exanple
from US 6, 505, 648. This docunent discloses a passageway for liquid flow
with a reduced dianmeter portion formng a restriction which accelerates the
fl ow of |i gqeesdowradd hiztdicgeenthelipsaiswaves todfornmand grow cewtatipabuldilesi n order to
destroy 15.contam nating. qr i w.te or rod across the restriction
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aperture is el ongate or a - narrow annulus as discusse low. WO
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t he const ritotbuenge @ud dunthier kedacd thepressara: dvvapeanuoihe teetrigtiemthest di st ance of
any point in the flow path fromithe edge.region is small.. In 5 contrast to
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t he region 1of. east cavitation. In the present invention, by 10 having a
greater rat1%*“f edge length to flow vol ume the ampunt of cavitation
conpar ed to the VaeR&siGa atfird Adecithemvedtioh pevaRe bl BiRrdns forbeeased, and t he
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having a cresSesqaks QRitidoNn thellRUHDYSRSEA (BNBGI info £ OsHRRICtisORhEe the
encl osed area. 15The aperture may be an el ongate sl ot follow n(l;; a straight
line bud> cefavigaioghybbles are formed and then to an outlet where cavitation bubbles implode,

and wherein the constriction includes an aperture thét is elongate along a line normal
to the flow direction. ]
By elongate it is meant that the aperture is narrow in a direction across the line
and is long in the direction along the line. In particular an aperture which is as long as
30 possible is used, and which has a width of 5 mm or less, more preferably 1-2 mm as
discussed below. The line may be a straight 6r a curved line, In preferred

embodiments the aperture is an elongate slot or a narrow annulus as discussed below.



ot her el ongate shape, such as an el ongate aperture following a zig-zag |ine
or a curved line. The elongate aperture nay follow a line formng a cl ose
shape such as a square, circle or ellipse or so on. Preferably the aperture
is a narrow annulus, i.e. an elongate aperture followng a circular |ine
The use of YHh2U4¥Mi¥%s is preferred as this can be 20 r &&d{GBV7#hented in
a pipe which has a circular cross-sectd on, although as an alternative an
oval or other shaped narrow slot could be used. It is beneficial for snooth
flowof liquid for corners to be avoi ded. The aperture may have a

wi dth of |ess thbnus ofar shongatemasion wbstyictionsdlowh gavi@tiomioancirion thgar t i cul ar
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m as a 1 to 2 mmslat ensures that..qrganis of .this size are generally
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bubbl es generates forces, tenperature changes, and shockwaves ich affect

unwant ¢4 REYIBs 2 gigatepketip PEedeg lengH; te tlomamhinestheamewt ofedyitpéoror gani ¢ or
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smooth flow of liquid for corners to be avoided.

The aperture may have a width of less than 5 mm more preferably less than 3

mm and in particular around 1 to 2 mun. The aperture is preferably as long as possible
- 25  along the line normal to the flow direction, and may be for example at least 300 mm

long where a width of 2 mm is used.

Where the aperture is an annulus.a width as above and a diameter of 50 to 100
mim may be used. This has been found to provide effgctive cavitation for a pipe of
that size, particularly when treating water to break down micro-organisms having a

30 size of 10-50 pm, as a 1 to 2 mm slot ensures that organisms of this size are generally

within a distance of one bubble radius from coilapsing bubbles as discussed above.

The presence of organisms of this size in ballast water is restricted by law.



An annul ar aperture may be created by a cavitation body in a pipe, in
particular a generally cylindrical obstruction in the pipe. Thus, the
annulus is defined by the outer wall of the cavitation body and the inner
wal | of the (fi pe. The cavitation body may have a rounded end at the inlet
to the con¥{Q084943¥4 for exanple a section of 25a sphePET/CRRWTEE0HF 2
rounded end to channel the liquid intep the constriction is effective in
provi ding the pressure decrease and flow velocity increase required to
create cavitation. At the outlet end the cavitati on body may have a tapered
profile. This aPwfrdbly thecavitagimenitiserrmged toireat thaliquld by vsing eayitatien f | ow

vel ocity t r te 1nmplosi of, i } : i QLM si ng

ener gy 1 o5 etk 1 VBr O s Bofifishahh SHbiohONSeR: eltockl WAL S 09
roughened gercfasdorcdd) empatature cidngded) end dheckwapes width affact tdveaniwadlrhatef t he
cavitati onﬁgdﬁ ar, El%th' PrteiiI eé%blg%gﬁ?he cavitation bod as_the non-uniform
or r oughenBtHe Hpwid Lhis ypyanted mager P OFag JETIRTEARS VST ™ Pahd al | ows a
st andar gl piPRadiOwhter diseatet foltRuicatzath the pridh@idnloOpdthisie wir. The

2008/ 047084PCT/ GB2007/,003903 -5- i nner, pipe surface. The surface may be
knurl ed, om‘aﬂrﬁ%%ﬁgﬂ%mﬁ%ﬁw&&l%&aw%ﬁmw e pglooyes. JB8EC  The use of an
irregul ar prfrRARNMDLANRLIRE: foRE cEAY iloRiciledare id Rate waltBEorCas ibilsd unit may
conprise a plurality of constrictions such that the formati on and i npl osi on
of bubbl es siudes @sihet Byfrogghonsgaf@sfntin annul ar aperture 5 having an

undul ating pr Ofmﬁ{@feﬂ&geﬁm&ﬁ‘&m%eﬂ%ﬁé%nﬁﬁs HSRaler-ioied) as a wave-
shaped or sawtoothed profile. This may_ be achi eved by using a cavitation
body ha®i ngreapismachyaerpetgasisms, Asdiscased abppe dAWakel BETe-ALAMEBYHAENt 0 a

st andar d C%S%és&ﬁ‘iﬂﬁ@'astma&?uséﬁy]ﬁﬁﬁ 4 DR BRPREAL UrdrSrddgfbofident A6 treat ment of
bal | ast water, or for any other RO use where a tank is filled or enptied a
varyi ng baskviptienisuses! tp ireathallastwatgytotteakidemn such migeo-eippHiet us. The

ef f eCt I veness  oblufifh:lluhiHaliORubifs arthdel o thaRE @Y Btnl Bfic g Dack
pressure i s maintal ned above a mninmumievel. Therefore, a pressure

nodi fi cat i dmpidsivn ofthe bulbles beginpthy magbmpm distapgerfran theredge ofrabblaietbeo t he
cavit atii.on [ E L back pressure
o 1. 5 15ar vl g SRk toipling Bl Se R AR B Ay e B The
range of 2 sélectigBhebamidthrefyheaperrens m welatiod to the size oftbe wrweanted mdvigr. 'Bid of t he

liquid o] . d.i i £ . ; i d
ble?\l;lvleent '?h ﬁﬁ%’%‘gg to0 ubk)ﬁe% %&%ﬁtﬁﬁﬁl{%%ﬁé&ﬁ@ %Ihe,l‘ia g%gcg&ﬁlﬁ%}/&sé E‘Itgk_g[pts% i , Ol st ance

rmte € Si unwant ed
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maxi mumovoletts@. of water per unit tinme which can be treated is |imted.

Therefore, in a,preferred, enrbodi nent he a ratus.includes a plurality of
cavi tati on uni & AERST SRR S04 o SRR OF A e GLate 7 0P Bar al el ¢ hr ough
a number ofpagiawiat fdnenlly oyiiRricdllodstarvibh i thopipel s, theyndusdd dadinkd er ent )

sizes. In one preferred enbodinent_ th rray c ri ses | arge..centr al
ythepouter wall of the cavitation Eodyan e inn rwaﬁrg%the pipe. a[he caxgtatlon

body may have a rounded end at the inlet to the constriction, for example a section of

25 asphere. Theuseofa roundeci end to channel the liquid into the constriction is
effective in providing the pressure decrease and flow velocity increase required to
create cavitation. At tﬁe outlet end the cavitation body may have a tapered profile.

" This aids in increasing the pressure and decreasing the flow velocity to promote
‘ implosion of cavitation bubbles whilst minimising energy loss.

30 A wall of the aperture may have a non-uniform surface or roughened surface.
The wall could be the pipe wall or the wall of the cavitation body or both. Preferably
the cavitation body has the non-uniform or roughened surface. This arrangement is

easier to construct and allows a standard pipe to be used without modification to the



25 support surrounded. by a ring of cavitation units. The cavitation units
may be smaller than the central support. The |arge central support may be
t he sane shape as the cavitation units. The large central support may act
as an additional cavitation unit. In another preferred enbodi nent many
cavi t ati on WP HP84 he sane size in concentric rings 3ETERYBBrhe use
of an array of cavitation units allows-large flow volumes to be treated

wi t hout conprom sing on the effectiveness of the cavitation treatnment. The

apparatus . al so i nclude manifold for channelling liquid equally to
each cavit alﬁi@ % R ﬁ\“facfblrﬁ%ﬂf'%%m%ge ig}m}@afqr B\Rf‘a‘iteé‘i‘ 811‘%16&?9‘"@%’(8% ®nit. WO
2008/ 047084RalesBAP0T 16203 I0Buse@f an irregulad HefaSPRomalel e TRYttDE bitsle. @ -

hydr ophone t hat Tm)ni tors cavitation to obtain cavitation data, wherein the
cavitation data € Hdiafon Wity cogeriss & plurliyafsaptidstionysuch et thsyi t at i on

unit. The MyskAioheReindRsnt o bhhResls BHeHEE ME%@@M%P@%&G& cavitation

unit, agd the cavitation data nay be used to control paranreters such as
e

flow rate AR¥ngappaddaing profleleng the Jowdirstiosaayibe usyse pushiapa waket he

cavi tati on gHsy . ) ' i [ t reat ment
unit for tr gﬁeﬁﬁésﬁ?fhigggf“g@%ﬂ%ﬁf%%hﬁegﬂ %ﬁ%ﬁ%@&ﬁ%'};??}t hr ough the
cavi t at i on bgwing ap gndsilating opisr fstare ivhinh cdmhwiyeertet nto patandaedicytindties! i n t he
liquid. Thessl ectrical treatment unit may apply an el ectro-chenical effect,
i oni sation, "a physical effect or any conbination of the three. 10 A water
treat nent appar tha eppagitergs aseddbrabe trentinedt pEbalastotdter, mtfocdnyithdnel i eved to

be i nvagti Ll Lght.,. i | SC | ow. and.. e, used in
corbi nat oo pe i Al kHomplifs £ THI SRR SRR RidP BEREE | Do
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enbodi nent 1) ilon.unit is for the injecti.on of nitrogen or oxygen
cont ai ni ng%aéaﬂ;&f%wgq%gta%r. ﬁiemvﬁ n(%l%lénﬁ?egglht P RG A F5S5MEy be air.

| nj ecti on atodificatiogdsvicedsiprefesabishesed nmsihtainf thoppgare tb thetdagitatioh @hitand can

t herefore reduce gorrosi,on _and also to redugce at heri ng of
corrosi on %?%ctcé‘%c%??l%%vglf/'s S gy ﬁnggﬂ%%chﬁges%‘ﬁ%o@a? ﬁa??r 813 b&k%@%ti onis a
cause - df suemaiesindie of mback Prssure & thshgd ofhe 2. 34k 8iay bs rdal@fed N t0 a
bal | ast tank, as. otherw s en.jn.the stored water can | ead to corrosion
or weat hering o ofﬁﬁ?w&aﬁl%&éﬁg&%‘dﬂar‘?ﬁ&&% gsu fﬁ“‘b‘i‘%ﬁ%‘l’%,"f have a PU one

| ayer coat icagjtation, dicdistanrdetvayethe 0Rdlk bfle afptirdiDBmnad BY tht kRabimpat is al so
advant ageous Yﬁﬂ%ﬂ ottthgrbc%a incgs ar, sed. \[}lhen the water is returned
to the enviPORMMERTAE L PR Qi‘r‘fﬂ ih ﬁowmmﬂ'&em%@eeﬁaﬁw%ﬁ gas m xture
i ncl udi ng aeyigplodingtaciativn bubllesabill nbObe @%aERhBh [BY ulBRaMSLRAR. BELUrN
oxygen ..o theuﬁ/atiiier. to I:EVOI d any detrinmental environnmental inpact. 25 The

n

gas i njf&ct PEFUNTE SiFROf Be cayrtaliorAmes apd hencn the maxgmpp aplmstof T Petqui d, and a

static m xeit B WecHYad 66 treAteR HhiiRAMREebRCINZEBed MhbRUNAkI e Y. the gas
injection unit nmay .incorporate conbined gas and steaminjection as

di scussed BRIRHP HelPdgsanlAley of eaviaticsyunits seanetay sughibat dawid cpmBpwdi ng an
injection unpdalleMirdbhiaSubkt 6\6a6taki0n Bfitsl THE Bivitdor hits hiy @R T 1 9Nt .

different sizes. In one preferred embodiment the array comprises a large central

=

25  support surrounded.by a ring of cavitation units. The cavitation units may be smaller
than the central support. The large central support may be the same shape as the
cavitation units. The large central support may act as an additional cavitation unit. In
another preferred embodiment many cavitation units of the same size in concentric
rings are used.

30 The use of an array of cavitation units allows large flow volumes to be treated
without compromising on the effectiveness of the cavitation treatment. The apparatus
may also include a manifold for channelling liquid equally to each cavitation unit to

achieve the same flow rate in each unit.



30Preferably, nitrogen gas is introduced into the water by separating a
part of the water flow fromthe main flow, super-saturating this part of
the water flow, and returning the supersaturated water to the main part of
the water flow. The anbunt of water separated fromthe main fl ow nay be
bet ween 5% 5088BY N une, preferably WO 2008/ 047084PCPF@§§13®97/”@@§’903 7-
| ess than 15% by vol une. Due to the l6arge anount of gas injected into a
smal | volune, the flow follow ng gas injection nmay be characterised as a

two- phase flow. In order to_ inprove mxin of t he gas |ntoH]E)he wat er,
static mixer nebhesppysasmeninghids p iydarkone &t ealers SAEEMIAPBE t he poi nt of

gas '”J ect 'Bs%au tdauﬂ%ha%%e fafwtét?on d‘étawﬁs%aftd %ﬁbmy&eh%mas fimw, a static
m xer eappledto aclilitate mxing o he two-phase flow back into

t he rral n fbmvatmn unit. Tie bydrdplfone d‘?tept%’féwwua%wéw caysed byylae s&iigHohr ovi des a
nmet hod of [ uid through
o cavi tat 1 BHEGhE B8 chlfiibd el By BELR0(0 GRURLpRlR R ARE 8 Bph e ML &
constrifti prssure intoirdsn tacaptiintiset thoepeatioh bEthe gaatation fot. ned and then to an

out | _et wher e Ca'gfb;%%%ﬁ% ?I}Lf:ig?ljm?usde ”Qle&g al ﬁe%{eﬁf Lﬂntltﬂaletrgaﬂﬂ ﬁfe'l {ﬂdon s

provi ded by an on a I ne no o the flow
di recti on: priortoor follbmngrth;f\aénig’mdnmghdﬁhqmrtettmnmhmmtaﬂtrddmakmlwe second aspect

of the invention, includes nmethaod fe es, corres eferred
appar at us %‘B’ﬁ?qlé %ﬁéi%ﬂéfar ‘f @dt lﬁr]:'le g qm% nl(t){z\/\'/%t]%loY %Ag’ga@{ wat er by
appl yi ng agleek®choiicad bfiédt ledsatﬂ}-ﬁl,ei ph?ﬁcsﬂ)feffan oeh@mombnmho:i ofthelthreel i es on a

certain | evel of conductivity f the .d i ded by
i mpur i £Pes 4 VetpHeapa apparatys ipclydin 061?15@15 ﬁ%g\)‘{%b%ld Bg%’%t{)\sﬁ in sea
water. In $hentrSe it9bws tiekd fs@@da@mcpwovtr PP wed oh@nplmsenwithof -ons i n
the water that will 20 respond when e%(c%%%$ to an electrical current is

al so requi %W%ﬁ#ﬁ?ﬁé’é“%&ﬁ?%aﬁwdﬁ YBed by inmpurities and salts in

the water. In tipge fipataths HayRairhRst gaVihRfiof (8 iBeterreCiBIBRIABmet i | i ses an
el ectrol ytic treatrrent tank to generate oxidants .and free radicals, and to

kill or deddeqtipaait syfgathe dnestion P%‘T‘?_g’?@ OF BFYEER GPtiiniae gpiRto WaEett (I8P 9. The
entirety of, %&ﬁ cQﬁthhﬁx%t %Ta%ea:? TnfeB@4ESF dYogeh fedRbRGhd hotint 6 t ank.

25El ect rodl YySIS IS a nown fluid treatnment process which may be applied
to treat mmenf%?hemaﬂqre%wtbwfp@saé%w rqdyge prIrasionsnd alse 1 8d K ocess i s t hat
of i ?n tsep%eﬁ—ﬁh %@éoﬁ'@%)ﬁ' brdfcBdh ShEGSE fich aPOSaBREY AM plints’BToR1AEEon i€1 t her
constant or ses

etween two el ectrodes _séparated by a. penbrane,.
whi ch nay b@ausgwfsmhe’@tathmng Chids is meefitl gl weier is tplesorin i badlagtfankngide

(positive GRARIRL, @;&%ﬁgﬁ& %191'38@\9.%} béﬁ%aat%aﬁm drRamehhd Stcohfifs30 ot her
will performas a negative charge) attracting positive charged

i ons. e flhgitahkicnuldhfor emmpie: harsratPlbenadexen codiias pepiberave laygtcaates anode wil |
becone char, cess of electrons
and may. bo EpErRS ek IPRL kKo IR IR GRRSol TR D50 2

conpart nent bet Wifien thdreater is returned to the environment, for example when emptying a

ballast tank, a gas mixture including oxygen, which may be air for example, may be

used to return oxygen to the water to avoid any detrimental environmental impact.

25  The gas injection unit may be a nozzle within a flow path of the liquid, and a static
mixer may be placed downstream of the nozzle. Alternatively, the gas injection unit
may incori)orate combined gas and steam injection as discussed below in relation to a
water treatment apparatus including an injection unit, which is believed to be

~ inventive in its own right.

30 Preferably, nitrogen gas is introduced into the water by separating a part of the
water flow from the main flow, super-saturating this part of the water flow, and
returning the supersaturated water to the main part of the water flow. The amount of

water separated from the main flow may be between 5%-30% by volume, preferably



WO 2008/ 047084PCT/ GB2007/ 003903 - 8- nenbrane and the cathode w il be
characterised by the presence of positive ions with a shortage of el ectrons
and may be referred to as the diluate. This configuration is known as an

el ectrodialysis cell. I'n nost practical electrodialysis processes, nultiple
el ectrodi alWRPYEM4s are 5 arranged into a confi gur at i%A/EBH7089%h

el ectrodi al ysis stack, with alternati-fig ani on and cati on exchange nenbranes
forming the multiple electrodialysis cells, generally between a single
anode and cat hode. The nmain known uses of electrodialysis are |arge scale

bracki sh arlessdkaa Jxg byrvolimaca | Pyede thsrangn amsunt of gasdeiaeted i a wpdll smal I and
medi um scalengkd, BElag b ing BEOHCHdRay N 1EaRERAGESs b BydbRe Hisgd N the.

process 10 industry for separation o I'n contam nants such as heavy
metal s. = Inopepiotimpdivaimjxing ofips gamigtodhewiter, sigée mixstmay bewsstlimuous

duct i ' . ti ; , diluat
B or - conceprre) SeRAaRHELLARuR  PRERIREor ool e BPUBNSHISPECR. Dl aced

in seriés tinjeptiarduio ¢hetthain flowad statésiixedmpy bokpptiedodhdilitate nhiminpaf thh pr ocesses,

t he dil uat nd/ or necentrate streams may be re- 15circul ated and/ or
cross-treaﬁ%ﬁﬁg Péﬁ%ﬁ“?ﬁ&ﬁ%ﬁ%8¥W% ?ﬁlysis systens until the final . product
or concentrate liaddfyonh s sevohd espedt thel invedtichpoailes a imbthoénf trgatity of the fi nal

product or prodycts s treat.ed using the. el ectrodialysis.cell, .either in
Phe i 1 uat R B g chpREE iR the e GhBat £ BB $otii¥ oces an
el ect rodi al gasitaioh Y Sowilslthd KquideP@éonB@ictisn i vaidheariativabetblésaen f resh wat er

pol luted wth pat enic mcro-organi sns, The cell is_divided by a perneable
ey an | B Bt R ShES R oRes e HAEreeht hode

respect i vel gonsthbtioRGs provideEh ar SheRae H10M istddughie Alonp @ 1MaherimabRitieRey t he anode
and the 'cathode, and the water flows first through the anode conpart nent

and then t B4t he cat hode conpartment. All of the water to be treated is

passed through tihgretmnRdemBadiaRsts ieRohdiortint ROHR obpbcBEAHERRItion Vi ewed
froma third aspect, the present invention praovides a water_treatnent

appar at us cBriides sretigd fenfrey easternronrtine athe predqrred agparatys Bptures digcysatch f or
directing ofpbye part of a quantity of water to be treated through the

el ectrodialysis cell, and an outlet flow path for returning a product of

the el ectrodi al y&iF glselpqwn g tieplevatertyianpivingsn eleriopldicld: Thsomyohast ur ni ng
wat er treat g A€ RG] & OBl 4 S Chlibictivily Bfliﬁe Wated WRLELuldgan. al |- of

the water downstream of the'electrodialysis cell or downstream of the point
of the out |revifieddyy imnnttissing thelsaremiiiogt matarcaipgrovided bshwktainsez wWelei-cs wi t hout

the need o @N08R U diinchie) HORALm! tud EoRleR s Gtkne WBR LI ThE

product of .the electrodialysis
20  respond when exposed to-an electrical current is also required, and once again these

are provided by impurities and salts in the water. In the field of ballast water
treatment, CN 1736798 utilises an electrolytic treatment tank to generate oxidants aﬁd
free radicals, and to kill or deactivate organisms using the force of the electric field.
The entirety of the ballast water is treated by the electrolytic tank.

25 Electrodialysis is a known fluid treatment process which may be applied to
treat water for different purposes. The principle of the process is that of ion-separation
by applying an electric potential difference, either constant or in pulses, between two
electrodes separated by a membrane, which may be ion-selective. One electrode will
perfonm as an anode (positive charge) attracting negatively charged ions whilst the

30 other will perform as a cathode (negative charge) attracting positive charged ions. The
fluid in the compartment between the membrane and the anode will become
characterised by negatively charged ions with an excess of electrons and may be

referred to as the concentrate while the fluid in the compartment between the



WO 20081047084PCT/ GB2007/ 003903 -9- cell has the effect of disabling or
killing mcro-organi sns, and can al so have a beneficial effect on treating
organi ¢ conpounds in the water. The inventors have found that by directing
only a part of the water through the electrodialysis treatnent cell and
returni ng VPRUHKEsIof the electro dialysis cell to thdGIEERRPOTOEIOBS f ecti ve
water 5 treatnent is achi eved w thout-gt he need to treat the entire water
flowwi th the electrodialysis cell. Thus, in the present invention only a
smal | amount of water needs to be exposed to the electrodialysis treatnent,
rat her tharmembgans ang tiad dathofle whkbashararteriiadiby dhequeseoet dfippsitive igas With t he pri or
art systens_ di ) i : | .J cal power
required to Sgglﬁ%é %g@c?{%’gﬁm%Pg‘b?rr%%%ﬁgﬁ% tﬁ?ﬁﬂ%&ﬁfiﬁsgﬁx{ﬁg{% %%%&E)g t r eat ment
appar at us dawwhes smeikdtedialysispaiied to the prior art water treatnent systens

due to the conparatiyvely. | ] er. .val une of . reat.ed .by .t he

el ectrodi al ysi S%QOF”F 18“5%%?&?%&13%? L %@éﬁ%lekcﬁ%éy%%@glsﬁef ect on the
whol Ie V(ﬂkur@raﬁﬁed\/i&iﬁogfcpnﬁgﬁyaﬁ_?ﬁfcﬂlﬁd mle{ccha?]iﬁlbrﬁsr\stam e;ithfaltérgﬂiéngmiﬂﬁnmt er flow
is also kept ,to.a mninum e part. of the. water treated by t '

el ect r odi al dpdicetiqgxrhange W@P@Pﬁ%ﬁmﬁﬂﬁﬁ%‘ﬁgﬂgi@qﬁﬁ%wllﬁ #Elbeﬁ?ﬁh'g wat er
flow just piehvidentaQidglctmbdiid cathedd. MEHR nias Bl y3eefBleci-bdialgtiegkr odi al ysi s

cell as the renmminder of the water passes hy w thout being treated by the
el ect r odi a|19r§P§caéee¢rﬁ¢lﬂ5%rﬁa§ ,seat%eré%ffiﬁnstmsan §t pradyctigre 2d #ERMAH] ow pat h,

wher ei n t hepkdihfcdld @MKBRR MRt rRCARD THe pRcss Rl BePinY frb&ss of the flow
fromthe main flow path and direct it through the electrodialysis cell. The

appar at s riagusiiéensaearatiopof euteniagranisReh #deaRPEelst | ow path to a main
flow path, wher il be1yol ) edmd daf e Bidried waoﬁgﬁtﬁ;a%m@cﬁgﬁgﬁygéh of the

el ectrodialysis cel'l to the main flow path. e water which is not -
treated by mpducHperropessisalyspantiserys peasasspdilualesadiercangentatede pessedht nent s,

whi ch may bgd,bn REREER! nufob bshkSlineh Pkl ¥kt A8 ERENsirdior exanpl e a
cavitation tredtment or a nitrogen injection treatnment as discussed in nore
25det ai | betroguct @waditse rinbitph prosesseshthn dBuajs ingd/ar shpentraé strdams sy e révat er- f | ow

into thg tr t g Rﬂpﬁ r : i js cell, nore
preferaﬁ’l y ﬁ%&fg&?%ﬁ%%ﬁ%ﬁ tye %%@6%@?@1@%@@%@%%&%%@% % An anount
of about 0.1@odusyonncantate sugity fssachiewsd. dnmdacliepisntdie nofirely of dhedinel ons, anount s
as low as O % % . | I Rl e ganipul ate the
necessary fl?rg@vm%/%lr%r%%&%ﬁ g?#%d?lllsﬁlg @%elgczﬁrg?al rsiirtE ‘?{E%eegg %21'1 '?]ﬁgl%%%ct rodi al ysi s
cell and t he istieicandeytrmt sttdam. wat er. Thus, dependi ng on these factors and

A e e

20  water from fresh water polluted with pathogenic micro-organisms. The cell is divided

" by a permeable membrane into two compartments containing an anode and a.cathode
respectively. Ditect current is passed through the water between the anode a'nd the
‘cathode, and the water flows first through the anode compartment and then through
the cathodé compartment. All of the water fo be treated is passed through the anode

25  and then the cathode in sequemnce.

Viewed from a third aspeét, the present invention provides a water treatment
apparatus comprising: an electrodialysis cell; an inlet flow path for directing only part
of a quantity of water to be treated through the electrodialysis cell, and an outlet flow
path for returning a product of the electrodialysis cell to the remainder of the water.

30 By remrning water treated by the electrodialysis cell to the main water flow,
all of the water downstream of the electrodialysis cell or downstream of the point of
the outlet flow path will become affected by its characteristics without the need to

expose all of the water to the electrical treatment. The product of the elecirodialysis



In preferred enbodi nents, the invention is a ballast water treatnent
apparatus. As discussed above, water treatnent of this type is particularly
desirable for ballast water. Many existing water treatnents are not
suitable for ballast water treatnent due to the high volune of water that
needs to b&Q 8044 n a short space OF tine. As only FCTHGEIHHO0HS ¢ he

wat er needs to be passed through the -@electrodialysis cell, with the

remai nder of the water not passing through the cell, the treatnment can be
applied to a nuch higher volune of water in a given tine than alternatives
whi ch r equiceB hasibe effect pedigablipg erelling mierotorgapismai and sed glsqhdvedt ed by an

el ectrical : I Lal.ysis: Yh€ ucing a

i 1 uat e ot 1 SackadTgRtor o WEafe BEl-b o Roiel uF e Ry T BB, 1

el ect r odi alfpgidthatdlylditeéting only apettof tiedvater thrheghthe electivelialypictorrposed of sone

or all of a h_of thes tre a1 khe-nraduct  of the.el ectrodialysis
cell may sicﬁglal?‘iﬁgﬂ%]ﬁ%(é{ }S)rc]%(gtr?? thtetif ngufmélgsﬁ? (E)eru g[ ﬁ%:ee‘gatgya% ?{Jgec Yee‘é(?’tfjrodi al ysi s
cel | : Howevsaimant sfaekiensddywithioat the matd ed trad thekeatie vedr flodi witlythes cell is a

m xture of th cent e streamw th at, |l east a..portion.of the.diluate
Stream ThalFEogBNEEAF ais.dp FERREEAmET S ¢ won baue BoRrarecey

di fferent axibélafiosedinthd ditrodinliain treatmet, et thatirédting allfof etviave vath Killing
or disabling mcro-organisns in the ter en the product of the

o ect r odi algeetothlrf o 8 ST ARy ns B Aas Lhis FBigs the Smotet af  or ¢ he
el ect r odi alofsiestrichlgaiveEitbuirddne caBie tHevilksd tFBhehA B 2dditioV@e PH than the
wat er prior to treatnent, gggptee di l uate may have a higher pH M xing the

20 cond@nt rtEERNSRE MPAREaR, _ boTmERddy FeRrier Therier BPRmertsy#E™s he pH of
t he productduefo thB8ohReHVeRtnRlMSIchurdSd wit® tRRed by th%te@e@m@agsigeemﬁt h of the
y

concentrate streamand the_ diluate stream nmay be produced

cross- t r eatFEsHto pbtaip ek pyegl Hedtnent ofteq o8 thevehwlgyiahpme plewaiph Payediveint i al

treatment (HNnBe AGHUEOEShe MR WAFYRRGS SlsOkerTRI ShintiGme the flow (from one
conpartment or 25 from both conpartnents) between the nenbranes in the

el ectrodi al ysi s Tdepart phthe gateg ireated b theieledtiodialyistcald isapplewblyescpasstpdr t ment
separ atigd hyod iR ;Ige%*-ﬁ@w@moﬁow g ek o Jxegla?{ealp&datﬂal a%giedtt&oa%ﬁ gE the

characteristics o € concentrate an ate and/or to reduce the

quant ity ofelacredigiysia selbasdbeemeinder of ithepvaterypassasby without biing frgated by he t wo
streans bef =od ] it O I : | ] f fromthe
Saie 30 coris Aeal Rk (Rl Bl BMcdl Shin oyl Syl

char act er i $h¢ indet §pwiphth ie amanged toatraratn g pottien df the dow fvet teendin flev i xi ng and

re-injecti %tht eﬁldtdﬂ@c’cmu%ﬂ ﬂl\é"ele{:@?aﬁaé?sr' | r{eﬁ.r rlﬁg?ﬁﬁpa?&i nq&%cﬁﬁeea concentrat e

stream and "at Teast a portion o uate streamare mxed innmediately
af t er Pdssicegnachemiigh thdwitlet fot pasidiced wsinSlowglath, wh@in the outlet flow path

2008/ 047084F( CRAO0LLO039P3. Thiss ARV Den dORe %, SRy, a portion of the
di l uate streéam an Ren m Xi ng e

enal nder "ot thePdiluate with the
concentrat e str daewafEhehmhigmtt tredteddbyt the tlecirelinbysiccelimyn beedpetadeen 40% and

60% by vl utte, okl 0L 0eLtOnEPR QoD AL DA i QaKEER D PH of the

example a cavitation treatment or a nitrogen injection treatment as discussed in more

25  detail below. ‘

Preferably less than 5 % by volume of the total water flow into the treatment

apparatus passes through the electrodialysis cell, more preferably less than 1 % and
yet more preferably less than 0.5 %. An amount of about 0.2% by volume is
preferred, and depending on conditions, amounts as low as 0.05% or 0.01% could be

30  used. Itis possible to manipulate the necessary flow volume by altering the current
used in the electrodialysis cell and the salinity of the water. Thus, depending on these
factors and the particular application of the treatment, the flow volulme used can be

larger or smaller.



5 concentrate and diluate in a desired range the concentrate, diluate
and/or mxed pHis nonitored. The pH nonitoring may be by neans of a pH

el ectrode. The product of the electrodialysis preferably has a pHof 1 - 5,
nor e preferabl a_}pH of about 3. Aresult of this is that the pH of the

mai n flow, ‘ﬁ@?é’?’"‘t 8% product of the electro dialysis celU/GROGHMYEN3 | s

mai ntained within a range from7.0 toel®. 5 which is sinmlar to sea 10 water
pH. The pH of the product of the electrodialysis cell may be controlled by
varying the anmouynt of diluate added to the concentrate, for exanple by
varying the - ahlr?)ﬂli’??en(ﬁge F‘PC[}%‘F 5.t IBvRuon IS ahallpy vVisfex frpgjmentppaspiusf t he

concent r at eA§ disesRe bBdveywAtOMREtrtR8SS thid &y Hes barBdiRl dedintbhd %o i)ﬂ%st‘mth some of
the high pH diluyate may hence. be used '?ygéi n%reaseﬁt ﬁe pH o? t he product of

the el ect r ¥i'H cgistng watgiteaimentsrarg o syifableforeallagtiventer srcatmentsipe
control I'i ngo tR&ugHH LB ofFatdt At AERs RURRIdaRE uﬁ g sﬁd??sg%e%cf’thﬁl%d uf\f%l{aé]}![ s cell, to

thereby vary the strength of the resultant electrodralytic e ..and hence
vary the ox3REfthe vater @iaess fio b passed throwghahe elactendialysis celfhwitlathpar at us nmay

include a dihMate of RIFWARY nbt P-rrg[ach}a, o [ bedd di luate
stream To facilitate mxing o eu%}g{#ggﬁm%%%gﬁ%ﬁg%nnbera R%“i}‘gta %di | uate- 20
t he appar atiEehkighet yedumoelef wateriix i giyemtina themiabterntiives nbichutduire tfd ow path. In

one preferrgg: grg}q% L X} ea s a buffer tank. Alternatively,
the concentrate an @?%g?i&%@%@%@g&n&le?% ﬁ!?alnﬁwt't hrough the outl et
fl ow path. M xi Abe elestrodiadysis cell mapbe fapeoducing adiuitbsreaon@dnt r at e stream and

non-r enpve e dil.uat e, st ream,are . .m xed w.th, the inflow i.e.
t he prgiguc;é Ooéﬁ%ﬁggtéﬁta%éﬁ% |eaﬂrgf1§1|° s° ﬁ?lemf}%@wé’%a&g rﬁ?m% Herts which
are only miwagu being norhiresdtof samepasil 6f @ie@r Bothed thakd direbhe TiRStrodbet §the wat er.

I n anot her .al ternatj ve eferred enpbodinent, mxing is carried out within

t he bypass t%%%fx © 131 Sl%ﬁ%%?}éswgﬁegg%‘foa{’?@afﬁ %‘38?“18‘?0‘18? the xi ng

ar r angenentelecasttialydiecdil Glowieser] frefrabBi the poles odfie@lechaiilyas s yher e the
system pressure itilf‘l)al ower ,due to t}ﬁgﬂressure_ dr Qver the cavitation unit.
This ar r angeneht O AFSOaETHE Sk pt lepssppoarion Aythe difketettreamdtieage punp and
al so pri6vi dencantrapfmaintdhtains b0incRAied @bntaRb I AERAGHE oBA¥dAR daibbl es arriving
fromthe el ectr.odi alé%iti c.prgcess as discyssed in nore detail below. WO
2008/ 04708 SFCHI O3 B PBEbpfFct vt kiling or Jipablipgmirsg-otganigns idhewalsy a static
m xer -or t whontiepeciubyuiug G uBBARSs bl 1 RuRbXid e AuBavdd: toW, t he outlet flow
path. The rermvggr(s:lthl at e r;?y_ be re-injected to the water upstreamprior to
the el ect r odi.al {EPELE BFfrodiafysisirsatmepy, Bigrcrpsrntiate appaydave slowierplithed as

di scussed laelvausr phibeR tRainlitt, bEIRE 08ke Ahy iR éz%éﬂé%ﬁ. k\fﬁxi[ﬁ%ﬁ{eer abl'y

re-injected prior to all treatnent stages and even prior to filtration and
the sué?i ofFSPRIEG IR srungiafl of theslilkgse therafore lalienssithe PHiof fheqrodvgt afhe di | uat e

avoi ds t hetiRedirb@alfliis RISE bOhdihded. and it wWill react harmessly with
inmpurities, "unwanted matter and such like in the incom ng untreated water:

The dil uate nayOBu¥ethaefdes congenpatesaenn ard the diledmitregmangarite producgbr t i cul ar
for the fibglid@eahle® bROESSERioh fChb et S i rior.to filtering, or
stored and §l!JseOd diar e%t ly to c lgiell'ndf)%fe&%fﬁl{fﬂé’?{siéa%ﬂlg%e&ueﬁ%%g%tg’reﬁtcteri stics
and anount §N8feqERSelTrsagusnea@r tiote) tveredhaflew (o ont conrhemeniar | ow may be

controhked I.tori d ion Potential .. (ORP) and/. or the
consum%%i oﬁja%f Er gﬁéﬁﬁf\%ﬁt%&%& E%rn?er%br%‘fiﬁ %he‘?{?gtr?dé‘?(]lﬁséssgepd? desired val ues
15 of ORP pisnpldtest tR%0gh B0 0ppovite comeripreaf epabiey b AR menBRthe i theldar, | NMredi at e
initial

may be applied to alter the characteristics of the concentrate and diluate and/or to
reduce the quantity of the diluate and/or to simplify the final mixing of the two
streams before re-injection to the main flow. Similarly the flow from the same
30 compartments may be recirculated in order to alter the characteristics of the
concentrate and the diluate before final mixing and re-injection to the main flow.

In a preferred embodiment the concentrate stream and at least a portion of the

+ diluate stream are mixed immediately after passing through the electrodialysis cell.



val ues of FAC following reinjection is preferably between 2 and 4 ppm
dropping to 0.1 - 0.4 ppmafter a period of 1 hour. The consunption of FAC
is strongly dependent upon the characteristics of the water to be treated.
To optimse the performance of the electrodialytic cell, it is desirable to
arrange a éﬁ??@?g‘t"i{@n flow 20l oop al | owi ng presetting JICTEERPEMO38hd ni xi ng
ratios prior to initiating actual -wate€-treatnent. Wen the ORP and/or FAC
nmeasur ed val ues are outside the desired ranges then the operation of the

el ectrodi al ysi s c d i ust ed accogfjl ngﬂ To direct the water
flow, the %‘ES} ‘?P&j’yé YiRE & PRGAROF the diljgte dreamyppdrhegmizing thdre | i ke. The
el ectrodi al gema&ldexeifhhe!mhaatbenﬂﬂh@wn@&ﬁﬂté dibfin 2Thd SUORER {&?ﬂu@t{e rbfi&veBi N 25

wat er fl ow, ang%t hus t he appar at us _may . include a main ow pil pe or conduit

for the rmi ¥ PoRFIWeGRAAAad 00K b SpY9hEEe.or conduits or the Iike for
channel I i ng a pahbrdef tolddBtrdTBh mi@¥atidf o%%?;t{h%%ﬁlacﬁ%é con@gntttrg E-.hk’ aly, the

el ectrodj alysis cell nmay be provided as a one uni can be
connect ed t‘@rsFRaieiagd ﬂ‘ﬂl‘{jﬂﬁvﬁtﬁé‘m&ﬂﬁmﬁeﬂh‘t eneenirate, dihstesatlior nm}tedlpé] in. The

tr eat ment flhgﬂytop@t rEBY Pénido [ external. to the 30
mai n flow path. Thi gg | ows gl%é%% stl 51%%?)2?‘&’5}@ %ﬁsﬂl te‘:’;suy
adapted to ﬁlﬁélleﬁfﬂléla@}ﬁ@ rreferablydis aaﬁmﬁﬁa{ﬁamokqmrefeabMH bbaboaf3.an,
apprqprlatqéﬂcg | e treatment

apparat us o i not %agﬂfetp%?ﬂtﬂa%ig@&’ a{geor t@iﬁr? (g C%%hee Gottodalysis

2008/ 047084 @Q@Mﬁﬂ@ﬁ@@m&lﬁ&raﬁgﬁﬁmﬁMGBlSQwhmﬁ1§§’kﬁ1lﬁ:tt@55ia| one unit to

oquiray. et ot ARGl RSB BT RN B e Bt B augrent e

i nput el ectvanting e amouxttloﬁdmlawdﬂeditoahg/edmemtel foaeﬁbmpws ?Eh% salinity.
This mght for exal terelﬁle b i)nert B_Hrodu P@ﬂf'ﬁ Elgo uct or freshwat er
production or 1h a dedl catedrprin 2f)‘F‘%d P sppeenteainll senerallyr ever se

osnosi s pl dower thatnleniemmdllﬁi,laﬂ@nji}ﬁﬂgmsﬁﬁémwm@h §thﬂﬁ§t¥ 9 hiReGet O
generate a §g&#fra€t ed &e ol Utﬁl‘-ﬂg B‘Etﬁ use an-addition to the input

el ectrol yte & At 8 t ?F\l€°t¥qd siscellofantrd@f theeH t he system
is usedSto mayeﬂso dotie c\nﬂt(ﬂl’mg)ﬂhe vEadok Yr m&gé(éuﬁﬁhé@@cb e el&%o&l&l?%g w se the

el ectrical t rrent Wi | 1%8%988'23 effective due to a |lack ions in the

wat er. Bri r?s yé{?ré’d 0 dgsuliert slectpdialytic offow apdihencemtyent i n
order to brhegkiddiee stenpthc@teaRhedafralthe el ectrolyte to a nore preferred

| evel . At Iowe[Tgﬁalt contents a larger electrical current is required to
achi eve the sane’t fRPAEHSRavdpsledaa difvets remevab flew prddpricpsyive e ot of

Cons equent iy, ditotteisi€ane B ﬂgllf&éﬂ@m{a&ﬁé oﬂ%ﬁ@é(ﬁeénh%teraﬁg UGh. ké?zf.we&‘ afilled 9y usage
can be§ i ned. As an 01%exa in the North Sea a salinity of 25 parts
per thé a(?Parﬁ‘i“@H’éY 1} d&?ﬂ‘i“é’élgaf%ﬁ’é‘@é@@@ ehtlehoBatthi b @ea surface waters

have a muchrdigyeren®alintht he itk %EJ&%Pébefe%J PLgLerably,
brine is add(gd to the |npute el ]eD?ftro lyte n&( A@@ectro%?ﬁﬁnyg?es &l to

mai nt ai n a28hfilystamayde mxed axibey fow ﬁmu@ tbwutkehﬂm anttl. M2dia emabl y, the
wat er i s Stedu@d: hand tES 4sQe ﬂicncéﬂtfg?e daf aﬁfﬁcﬁ{—%ﬂfo(recp M( d‘Huate

stream are mixed with the main flow, i.e. the product of the electrodialysis cell may

25  consist of two parts which are only mixed when these two parts are mixed with the
rest of the water. In another alternative prefen'ed1 embodiment, mixing is carried out
within the bypass flow, for example with a static mixer or other mixing arrangement,
and the flow is then reinjected after cavitation where the system pressure is lower due
to the pressure drop over the cavitation unit. This arrangement avoids the need for a

30 mixing tank or a dosage pump and also provide an opportunity to control and manage

any gas bubbles arriving from the electrodialytic process as discussed in more detajl

below.



20 treatnment. This allows tinme for the oxidants and reactive substances
fromthe product of the electrodial ysisecell to have full effect on any

m cro-organi sns and other unwanted natter in the water. In a particularly
preferred enbodi nent, the invention is used in ship's ballast water

treat ment, WhEPEM % he water is treated as it is takenFCHEBRPAE A | ast
tanks, and then it is stored in the b#l-l ast tanks before discharge. In this
25 circunstance there is generally a reasonable tine of storage as the ship
noves from port_to port before re-loading with cargo and di scharging the

bal | ast wat er. ing maghe prompoled by A static 2Y&9 98 Pfbence inslugiag meansdn| owi ng t he
t r eat ment %mg%wqﬁmgguﬂagowpgﬁrodi'al ysis cell to take effect. In

order to allow a large volune of - water to be treated, the electrodyalsis is
30pref erabl y pr &0¢ sepved dilnate ragy-hej reinjegteddp dha wasel wbiyesspriosid thei n paral | el |

i nstead of eﬁ@@odiﬁ?ﬁ?&ell@ & &merm-hﬁloe]ﬁjt ét@é’% alfggﬁﬁcll o9 GisREH hafowC ARt r Uct i on,

and sinplifies the construction eac y reducing thé conplexity and

si ze of 3t héhqrampinder ofiheziiiogle GvprefeublyTE-GBOBIYIBD godBireanent stages andhe
treat Ment Rk defde b/ a8 Pad AL viad oF o REIBS b, HIRGGHAPRL S @ gas

injection unit 1S provi for the injection o rogen and/ or of oxygen
cont ai ni ng igesting thealilvate evoidshe nesdytg dispese f #j and digvidlasachrmbesipivith | nj ecti ng

oxygen can; _ ) ent of th at to an 5
appropri at élgi eve?’qg’g%%{e‘g}#ﬁée}’a\%g?%cr )i%{(g%{c}ihgﬁléﬁg}gdm %F%?HEY’%%‘ ?éehk to the

envi r onmentdjluftomap xdwaptageaikly bb asgies avleanihg agdng lid paticulafie thafieridge sea.
Prefergphly, the treatnent .includes.a gas injection. unit for |njecting

ni t rogeeiﬁ gQEOCF%?Solf?‘H%m\]Fv&{egPpopliﬂgﬁﬁfl?g’ gb%ﬁﬁ?]f’%cﬁusgggirﬁgfyﬁ%ﬁﬁn t:hg t hought to
prolong t hdiltex¢si dant treatnent, and al so has a benefici-al corrosion
reduction effect, as di scussed.above. 10N trogen be.inj.ectedinto all or
a part of the \A/glf‘%?shaﬁcfﬁﬁstmfﬁﬂdﬁ?l??'ﬁ ﬁop%enﬁ?tgﬁ%q'%wvef%?c 8t sufficient
?m)u nts ]E 0 nefrs dﬂds\?rb nialg_av‘e coli@lled Bﬁmeﬁht%mgﬁ}xygal R@ﬁﬁﬂdﬂéﬁhﬂd}ﬂﬂ) Eﬁﬁ/gi ]E rogen A

n a preferr enbodi.nent, a of .the er oW i separated fromthe
main flow, % CH’FSPF’(?B%"%F%G? ﬁ?&@%@ﬂgdlﬁlqﬁ% (%ﬁé)s E’&F?‘?ge?’%éfi%ﬁ“&ﬁl";“?%e part of
the watger bt ORPirsay RI501300 mkbYadé plehpatiiooe- 500 e TRE ivabdite fdig. Vhen the
15 nitrogenated water flow is reintrodquced to the main water, flow, a static

m xer may . BEUEREd ATYPBHSTELisrIan T PrsFerabhe betern gt BPEbEPPing to

Tur bul ence O.rleswl?bﬂlgaﬂfai@ﬁ&foh%fﬂﬁ&ni Mhé€ 6ds@RptieYo TR U8 8flode®y Promdt e mi xing
of the product of the el ectrodialysis cell with the main flow The gas.

i nj ection (FRepdeplyPeethe chigaeiaristion of iervaerite bovrgrindh Torortimésedk er, or a 20
separ at ed paidmihed FendA b diafRe cdl, HidlidsEablh ¥R BivRkiBs fgwdownst r eam of

the nozzl e, Passing the gas and water m xture through. a static m xer
pr onot €8 "niqopelerimeinsereisng phaummgagang mixing ratios prior to initiating actual water

treatment. 'When the ORP and/or FAC measured values are outside the desired

ranges, then the operation of the electrodialysis cell is adjusted accordingty.
To direct the water flow, the apparatus may comprise 'conduits, pipes, baffles
and the like. The electrodialysis cell fnay be integrated into a flow path for the main
25 water flow, and thus the apparatus may include a main flow pipe or conduit for the
main flow, with smaller pipes or conduits or the like for channelling a part of the main
flow through the cell. Alternatively, the electrodialysis cell may be provided as a
standalone unit which can be connected to an existing water conduit to treat the water
therein. The treatment flow path may be formed by a conduit which is external to the
30  main flow path. This allows an existing water flow path to be easily adapted to
include the treatment apparatus by the addition of an appropriate inlet and outlet

junction. In this case, the treatment apparatus may include suitable pipes or conduits



Alternatively, the gas injection unit may be as discussed below. In a

preferred enbodi nent, the apparatus includes a cavitation unit. The use 25
of a cavitation unit produces a physical effect on any m cro-organi snms and
other living and non-living matter in the water and thus breaks down these

unwant ed ' EHEHI®4pr ef erably, the cavitation unit isPHEEEYPEN eat
wat er before the product of the el ectthdialysis cell is returned to the
treatment flow path. The cavitation treatnent can thus be used to elimnate

| arger and .nore cqnpl ex or isng, as wel] as breaking 30 down ot her
unwant ed n’g‘?rt‘“'@%”,lecg‘%oﬁtﬁe iﬁﬂ%{g{g’%ﬁf t"ﬁﬁee%tﬁé coms\it Rypneupd Wivess unps of

m cro- orgaab&ggpu%@maggoﬂam%kdpf the electrodialysis cell then
providing a final level of treatnent that elimnates any renaining

organi sns, and 8 iggdspendeny squree pfgiine arap de Upsadp pugmant the inve eleetedlyte hat | ar ger
si zed or gaRkSHBelaRbdalyRMREN A iRGBAR S WHinkdY $hi i

2008/ 047034BCH SEIGS T o550 S < et beeﬁmlﬁi}gkgﬁsﬁ%}ﬁffmﬁfﬁﬂﬁegﬁgremr esul ting
from t he cawadvendiasa by meedupteafifepyatdyeroduetion @ ips dedicatedtivioe prpdogtionhe pr oduct
of the ele L alysi I i h ' . I r.odi sis cell
Ty advant SEag b Y AL eRE simbd lal R BBl O SR B R T ° Rt
case, a snubdd tagensrate ofaturhted Wanestoliftion forpms ssem alfition ghihe pub el ect r odi al ysi s

cell with jn -of ter,. i n ough the cavitation unit.
Pr ef er abl yEthgg?ﬂteh gggé}d&}?%lftf\gg?%\%etﬁ%]fﬁtaigieqf’%?&a%%l{gee?ysgmufeﬁtt% t he

treat nent apgdreal wateparseaklythrachish watdnes ettestisoitie aleytsicd teadnlent Wikl €
preferaply_ | ess an 1 % t nor.e preferabl ess t 0.5 % An anount
of abou Opﬁﬁeﬁﬁec\t}be&%é@%%ﬁ%@rlﬂ&e‘%ﬁﬂ' ﬁéﬁgﬂ%yhaa%ﬁa‘lg%ﬁé‘? ¥ons, anounts
as | ow as @uafeb¥%ithrn 16 Sdifbontut il obder Idbritpate shlteomeatdd e ctrbli® o a
electrodialysis cell.is returned to the main flow after, the cavitation
ot A EB R v AT LV St SR RSP S i RS B | S ot
treated by atiiee thedtieaich@Rnteticbt withe @leiiadidlysd dellC @oMse@hedilpebyt r eat ment is
not significantly affected, and an .advant a%e of having.the inlet and outl et
of the el eTEFBIPRMPSHECIETY o ST I8 FRAREEXNSARH0 DS OBARRafF 8h uni t |5 that

the pregssueganiiilQfin MelorthiBea & aalinttad bf DNpdiRipkr b @M TG highePlsapsitHLe di fference
to drive the flow thrqugh the electrodialysis cell, avoiding the need for a

separat e pUpeaHd S PFUREF ST Baier SRS WH Gty solnegh el ci r cui t .

There are e dasindeneiddbly, biiné RAdARSH Heaftut BROAfte o MEESSUT i sed
el ect rodi aal?e/:SI s..cell, and this mnimses or avoids the production.of

gaseous hy SFeRiaty Ge do opitain pealipty af at st P5guthasthovstdeous hydr ogen

production is apellork RV AGNR6red Fordl RALI SRl %S SsePoiMBlfficasti t h 'the
pressurised el ectrodialysis cell, although hydrogen may be formed it is

al ways?%rai Feaimaded This allowafies fofitasenidants asd aqaglive substancyy from shamredistr i sed
el ect rodi aby@k SieG@ldialys beBRPHAR %@&&Mﬁﬂﬁﬁ&}@%&%@ﬁ%ﬁct ed, which

al lows the process to operate under pressure. Préfera e 25

el ect r odi aMy&inedsanties indpe welsh strauertisgladly prefereed cmbadimenirghetimenntion Such
menbr anes gﬂ@é@ﬁ@g@%@uﬁ fiset ﬂréé%éﬁt,%%%i%ﬁ{e%?éﬂri A QDB e HReS of
. cavit my e a

menbr ane. ation unit a venturi type cavl ion unit.
In a pref etheddllashtaoks, mehthen it Festared/intthe bablasttaviks béferealisgharge.ds thi scussed

2pove: 2 V! ElEShelh Ol b e fOM NG R REnab 1 ind LS80 B R HR SR PO O
port to port before re-loading with cargo and discharging the ballast water. This time

can be advantageously put to use in allowing the treatment by the product of the
electrodialysis cell to take effect.
In order to allow a large volume of water to be treated, the electrodyalsis is
30  preferably provided by a plurality of electrodialysis cells in parallel, instead of one
larger cell. This allows for a rﬁore modular construction, and simplifies the

construction of each cell by reducing the complexity and size of the parts.



30 water, the nethod conprising: flowng only a part of the water through
an electrodialysis cell, and returning a product of the electrodialysis
cell to the renmainder of the water. -16- In preferred enbodi nents
the nethod of the fourth aspect of the invention includes nethod features
corr espondi* W2 PHYMR preferred apparatus features of tRETFRPYOAYPbct as

di scussed above. In a particularly pré4erred enbodi mrent the nethod is for
the treatnment of 5, ballast water, and the nethod conprises: treating the
water used to fi]ll the ballast tank in accordance with the fourth aspect of
the invention, iTHf BeapRf waviRQedesas isstiomelnpsfered embedinegtstareas t r eat ed wat er
in the ballj 3 ;o i : : r Ak asing it
to the envi{@g‘%ﬁr?%ﬁitﬂﬁm ﬂbﬁ&%ﬁ%@%&dﬁ%%ﬁ%&[y lgé;lllcapu )Feg%oex%%grﬁ?tol ng c,g:%/algt ation in
the water asforaternwiieoxysen eontainins gas mpay bgiaichar ged from the tank. Preferably

cavitation is uﬁgéejciﬁﬁg Iosfgi‘?ﬁ(:aﬁ &%&‘é@{é}%ﬁgﬁt&g %)%(Ig%Q Cortlr? gf‘tﬁg w?a{er {oha%

el ectrodial ysis et'ur ne a preferred

enbodi mént appiopristetemel befometha deter isdishingerd frore thti tawkhia tigealvinatngmt, lyr i nj ect i ng
an oxygen el fore . releasing the water to the environnent.
The oxygen%g%%@g?{rﬁfng&gozlggﬁaa@auﬂ%t%kr&%ﬁé%f&treati ng the water as it enters
and | eaves t he Pmfidcatiifhehe irskmed imlues o gasdnection abit &siifjgctinp ditmige@bl e matter,

e Che. var gl e TR et et £k Ao et bl 8 ofen” down 1o 2

as the vari®uTd
non- hazar ddwstnehg el alddies abeediclab tortfsionirédnog@eficst @ dweissd aMaveh i s then

st ored r.educes rrosion.of .t he bal|ast tank by reduci ng the anount of
di ssol V&d 20 ox&oﬁ%e?wqﬁaweg@?ﬁhé’ﬂapwBﬁt?e%’ﬁﬁeég‘i’@d rggeRther i ng of
corrosi on peeftably irgevta)is beffBictilleibuats t6 aRuic1Ba NtaRadWaks isdgpdxi dation is a
cause of such at.her,] ngea hewie%jgr% tion. of air as the water is rel eased

X

ensures that VYL TdEe padediment a pastofthy walerdipwist er to avoi d

adver se envbyeadERdra theghdi@ 6bw, M WRARY i iBRBENINRHhEF S PR&GatTRINdr at i on.
25Vi ewed 'f romg fifth aspect the invention provides a water treatnent

appar at us @8R ihe Wit foydslessiparti¥s At thamholevelumgiohwatentlow Senéie nozzl e
pl aced 1wi t 'ﬂitfhfg@néf@t@iterfﬂtﬁy‘is Pahtfodubdifio i Bah Walkr AOFZ SatllehiRg siRdd conpar ed

to the size of the water flow path, wherein the injection nozZle conprises
a st eam i n/Ugrd to prampde mpying of the twoxvaiey i on for ni xi ng the gas and steam

and an openi ng TRGlchlGeWRER frdnh AW g@ﬁﬁcﬁo&r&ﬂ‘ﬁe & toCHr?IﬁBtg HhpREoves the

gas/water m xing and can therefore Treduce the anount "'of gas required to
achi eve t héheguedquetef e ¢lectodialysis sl mith dhe mainjflewt ed st eam generat es pressure

DS Y o gL Sk VS SR8 W
nozzl| e 20. 1 peparated part of the water, and a static mixer may be placed downstream of the
nozzle. Passing the gas and water mixture through a static mixer promotes
nitrogenation of the water.
Alternatively, the gas injection unit may be as discussed below.
In a preferred embodiment, the apparatus includes a cavitation unit. The use
25  ofacavitation unit produces a physical effect on any micro-organisms and other
living and non-living matter in the water and thus breaks down these unwanted
‘elements, Preferably, the cavitation unit is placed to treat water before the product of
the electrodialysis cell is returned to the treatment flow path. The cavitation treatment
can thus be used to eliminate larger and more complex organisms, as well as breaking
30  down other unwanted matter, and in particular breaking down groups or clumps of
micro-organisms, with the product of tl}e electrodialysis cell then providing a final

level of treatment that eliminates any remaining organisms, and is able to act more

effectively due to the fact that larger sized organisms and groups of organisms have



smal| conpared to the water flow path, which may for exanple be a pipe or
the like, the injection nozzle does not obstruct the water flow
Steaminjection nay be used to generate a higher speed jet downstream of
the injection clooi nt. This accelerates the fluid and generates an additi onal
purpi ng ef MEREIFO4IYhi n t he water treatnment apparatus. PCT/GB20G30RIET abl y t he
gas is mixed into the water in a jettiigg reginme, and in a preferred

enbodi ment this is achieved by the anbunt of injected steam bei ng higher
than 150 kg/ (nm2s). In a preferred enbodi nent the steaminlet conprises a
nozzl e, ang)eﬁhbf gisdopgn. | Trkulense pgsiltisg Som thaswigtpnatsattent hay b4 wadid nl et

nozzle.. Th . | ar e.wth outer wall of the

annul ar pag%g‘ggé?‘%slﬁggyﬁg%é‘%%?%g Iﬁeecuﬁl%@%gc%gwWﬁﬁ}laﬁ’eﬂoaw‘chanber_ f or med
by conti nuati on Tk etehiodialpss txdlymaychdvireagepedy wryacefl i Reaikt @aRen! et nozzl e.
The openi ng,,| h er flow path e sinply an qutl et nozzle forned
15 by the g:r%b o‘%nﬁ%ﬁg' i&ﬁiﬂlg,caﬁfu?s Eﬁﬁﬁmﬁ’gg%/fetg? gategﬁ%%ﬁ?sﬁ@ﬁ]fm’t‘%thﬁut | et nozzle
i ncl udess a dicirediglysig cell with e mdiepat sithe Whnst pisdnOfhr@gh tRRAViELBATHK S expanded
prior to enferi th r, flow path. The use of a_ diverging region avoids
the risk 01[1%8 aaﬁﬂﬂﬁssgl?%% qyﬁﬁog’ﬂeé%ﬂ&égtag?ﬂe qaipto the BE@eHt om a si xt h
aspect t he dppateint pasesaheuiltes cRorERENRE @], hbRdagWakehar 9 oP¥nd Ni €Cti ng
gas into a Wﬁter f[%ﬁ:)w](% th using an 1 njection ngzzle placed wthin a water
f1ow path, FhBoTeHreErEPiesi 82 0 He Amgmanal of abopt Hedely Yalumpis si ze of the

wat er {1 ow Réfelted, WhEPbAYifESn @Rditidhe AMbAREaSIRRL bﬁsj%foli'@.?l%c% inlet and
a gas ipnlet acpdm;the as and stegmare mxed-and injected Into the water
a]trbh used. The ‘g‘F

flow p Ppeefthrelestodialivis selk isgeturped toghe mpintfloa affexthe aspect may
i ncl ude feahiffionagit.corresponding to the preferred features of the :
apparatus of the fifth aspect as di scussed above. Viewed froma
sevent h aspect tH@opghibismicsns hrigaaptpropopined therverer it trapphbathes |
conpri si ng c@ #1 E%ESQ | . RYIN ical ,current to
water and a ?ga?ibtﬁg{uirf’f& gvr?%a!th,e@ﬁ er %ﬁtﬁ@\&;ﬁt@?ﬂ? %(;M\;\gl%%ﬂ%g%ngl&" gjﬁtegetfﬂitaﬁfrlough t he
el ectri cal 23@dvantage pbhavingthe indat and dsletefithe eledtodialysistell either sidByf thormbi ni ng

el ectrigal gk : | ' Y j .and.in _particular
m cro- or gar?i. slrerlgtﬂlirﬁﬁ% ﬁgﬁg\?\aﬂ%}\rfésts%% %Iﬂ%&a%g%?qﬁgé&@% SV GREERd matter,
-18- can bdiffreice e dixarthafiow thedrsbdbs sledtypdialiinio clhmaditlial tHelrewd Bnabl es t he

pressure dr ] i I drive.-water through the
el ectrical S%%éﬁ%ﬁgﬁé aﬁlnrﬁfﬁé{hé it Sﬁ%&gpﬁ&%@ e I%Sﬁ%gﬁ‘iuﬁeﬁ?m%ﬁée-appar atus is
for the trekprédad bohiefitain theteswimnhiarse ofimprebsrisadretosyedlaly s tdlleadd thit er bei ng

moved into nﬁﬁinﬁ%ts OPL.VO%S%A J)t%ﬁ&cti‘(’)@%? éaséo%@ Ey Qge% (Isugjgé Rie electrical

20 treatment. Gaseous hydrogen production is a well know danger of electrodialysis of

water. With the pressurised electrodialysis cell, although hydrogen may be formed it -
is always maintained in a safe, dissolved state. -
With a pressurised electrodialysis cell, an appropriate membrane should be
selected, which allows the process to operate under pressure. Preferably the
25 electrodialysis cells are constructed using a ceramic membrane. Such membranes
~ operate more effectively under pressure than other types of membrane.
The cavitation unit may be a venturi type .cavitation unit. In a preferred
embodiment, the cavitation unit is a unit as discussed above. '
Viewed from a fourth aspect the invention provides a method of treating
30 water, the method comprising: flowing only a part of the water through an

electrodialysis cell, and returning a product of the electrodialysis cell to the remainder

of the water,



Preferably the apparatus includes a gas injectionMIt for the injection of
gas. into the water after the electrical and cavitation treatnent. The use
of a gas injection unit allows the water to be treated with nitrogen gas or
with air in order to reduce or increase the oxygen content as discussed
above, andWQ2¥MEYE or gani sns by the 10 effect of gas PEHFERPLEEMIAL i on.
Nitrogen may be injected into all or._.g.part of the water flow. The nitrogen
is preferably injected in sufficient anbunts to ensure that the treated
water is super- saturated with nitrogen. In a preferred enbodi ment, a part
of the water fIbwrieﬁrrs@gabta;ﬁmehtﬁﬁhameﬂioéoﬁﬁnbrﬁoﬁhcmpecaaﬁhﬂirmm@an is injected

into this t he rt. of the,water w ess .than 15%
of the who eil%ig urre o ﬁﬁscorrﬁp{’; é}fﬁegrﬁénﬁﬁl?qp(ﬁl agFagﬁt th‘?‘&’fldow is

r ei nt r oducespeticasidiveussed gbowat er flow a static mxer may be used to pronote
m xi ng of the t wapt. er The appar this aspect may
include a fi rst Wﬂ?‘ﬂad{?’fpd%sﬁ“?wb@ F’E%Fal? f"ﬁ\%f}‘ﬁ et 9io r enove | ar ge
bodi es fr otmlldsewsed efid thAnfetHoHebmﬁessés hRatpicaBeWatefide fo B0 tHeAlARMEE at | ON

treatnment to rermve 5% odies fromthe water, in particular to renove
broken dowi #CeiEIcs g %f%é“'gﬁﬁpe%‘fr?éthw@nﬁon injecting nifigrrinieie enbodi ment s

the cavit atyjafp sttﬂin‘? theStrdabbdaFR LIRD 68124 hilc UREhAELE HASRELIREOME Bnkhe first
erred features of the first aspect. The el ectri cal

aspect andaﬁ# ref
treat ment F%F’%&Er‘%ﬁ’l&fﬂWﬁ%r ates the features of the apparatus of the
25 third aspect TROefhb& nid Srﬁ{cﬁfdéggne?a@iﬁggév%ﬂ&ﬁm tf%&t@leé's’t‘?é WaedaAfd NI €Ction

uni t ma be in_accordance with th aspect and preferre eat ures
thereofld  orisdigchaiges from thedpnieiPeferbla spaigtion liaised-vodiset thowpieohafetes. a net hod

of water t HRgkimR! oD sisSAl stiRl [Vhe Wake! 10W i nto two parts,
treatlng one part W t an el éctrical treatnent unit, treatlng t he ot her

part, in parall Ié!aprvfetrhd embegdimenitthomeihod tncludeir@ting é@dmbhaﬁgﬂdgivatﬂe t wo

parts. They, DR Y ﬁdgﬁ'ﬁg t or nore of
t he el ectrlggﬁ treat nérﬁéﬁk ener ]F%g}r?kdg reg%\%l%ﬁ{e%éﬁgg% gﬁ{sm?n%%ectl on are
pr ef er abl yThﬁoatgG@p‘mimgmmaxmmt hods of the fourth second and WO

2008/ 04;084PCT/ ﬁ?ﬁ'@%g 1%9% as] ente%ﬁ%ltgﬁea%s tﬁclé rlsko inventi Qon

respectively, and rmay i nc erred Teatures o Sttof"no‘cée aspects as
di scussed sieawiag uiirsgable trette] quamculaimtcrceaﬁgammhs amdothearokgade atiegt nent s such
as an

is greatly reduced, as the various treatment steps result in such matter being broken
down to a non-hazardous state. The injection of nitrogen into water which is then
stored reduces corrosion of the ballast tank by reducing the amount of dissolved
20 oxygen in the water. In addition, this reduces weathering of corrosion protection
systems such as coatings and paints as oxidation is a cause of such weathering. The
injection of air as the water is released ensures that sufficient oxygen is present in the
released water to avoid adverse environmental effects from any remaining gas super-
saturation.
25 . Viewed from a fifth aspect the invention provides a water treatment apparatus
comprising a gas injection unit including an injection nozzle placed within a water
flow path, the injection nozzle being small compared to the.size of the water ﬂow
path, wherein the injection nozzle comprises a steam inlet, a gas inlet, a mixing region
for mixing the gas and steam, and an opening into the water flow path.
.30 The use of steam improves the gas/water mixing and can therefore reduce the
amount of gas required to achieve the desired effect. In addition, injected steam
generates pressure pulses, vsl/hich can affect organisms present in the water and thus

aid in breaking down unwanted organisms. By making the size of the injection nozzle



el ectrodi al ysis process, in which electricity is used to generate chem cal
reactions in 5 the water, and these chem cal reactions |lead to further
water treatnent effects in the reconbined water when the electrically
treated water is reconbined with the other part of the water.

Pref erabl y Wh®%RH3d is for the treatnent of ballast K&TEB20GARE%he met hod
conprises: treating the water used tg-ill the ballast tank as above, wth
the gas 10 injection unit injecting nitrogen, storing the treated water in
t he ballast tank, discharging the water fromthe tank, optionally treating
t he di schasmdticoniaesd thyherveipe dlowngtt, hbichtnenSondxagehdealpiforeigMikeat i on and/ or
injecting gas,. W injection unit injecting air, and rel easing the

with the,gas in
water to t “é'ﬁ‘fﬂopé‘ﬂ%%‘éo%sB?fqbsﬁﬁﬁhﬁd"aﬁ‘iébﬁrlater as it enters and | eaves the

tank the risk Oftesh @fjécfitn aiagl bd Bscll & msianga MBER Shded it doWRddleth of tHe parti cul ar
m cro-organi.sns and other qQrganic natter, is greatly reduced, as the
vari ous t r 89chenpoiat dids qeeclerptes tha fluidand gararedes anadaiopt sreaingsHRctt 0 a

non- hazar dousinthédvier fddBudPh§fatdnan of nitrogen into water which is then
stored reduces corrosion of the ballast tank by reducing the anount of

di ssol ved oxygePreferablsibe gptie mixed inte thei watesrin a jetfing regithge@s ideat heri ng of
corrosion pralegtl.0nidd ﬁﬂﬁtisezﬁﬁi éﬁg, P ] [ xidation is
a cause of Bl;euch weat erlllng. T ee?nj cttﬁ?%% 0 afﬁ C%sgﬁe%gb\?\l/zlggfgﬁ?ﬁ rel eased
ensures thtendbf ke/6r'@ht oxygen is present in the rel eased water to avoid

adverse enviro any . i N4 - uration. -
The appar at usegﬁga%@ﬂen%ﬁ%ngghg?éngﬁ%%% t’ﬂg{% olgi&rfagﬁ)?éﬁ%gggeisgg%d above may
95be fadP r sletoomhpiises agassageakigtthastpaneinket nozztea tTine pessagepeaydtelsses, or to
systens in kch it is.desirabl @.t d ter t t nent ar at us.

o of orred S Pl iRy SRR of el BnBiles e Bl Siprb S SEAEEY TRy o
exanpl e onpat maylbev thambef formatisy dontitvation ofhapme peyropd dicawien sl ofithavhi ch:
Figure 1A ig ainﬁ(;[her%ti c of a water treatnment systemfitted with an
external 30T B8 T8¢ ef'ysi s cell, : Figure 1B is a schematic of a water
treat nent syst eThed dpehiaging thie wawer fiowlpathean@)l ecdimplgtiaaloyittdt foLd formed\O

2008/ 047084PCT/ G112007/ 003903 - 20- .Figure 1C is .a.schematic of a
wat o 01 caPHER T JEPRRP RV e BiFear cpbastinet e iR ieBRR | el with a
cavi t at i ondivaging profileivler? tishaisrast @ebaditemnts stpanded prvdrit@titaihging t ,

" water flow path. The use of a diverging region avoids the risk of choking of the

injected gas and steam.
Viewed from a sixth aspect the invention provides a method of treating water
20 by injecting gas into a vs;atcr flow path using an injection nozzle placed within a water
flow path, the injection nozile being small compared to the size of the water flow
path, wherein gas and steam are supplied from a steam inlet and a gas inlet and the
gas and steam are mixed and injected into the water flow path.

Preferred embodiments of method of the sixth aspect may include features

25  corresponding to the preferred features of the apparatus of the fifth aspect as
discussed above.

Viewed from a seventh aspect the invention provides a water treatment
apparatus comprising an electrical treatment unit for applying electrical current to
water and a cavitation unit, wherein water flows in parallel through the electrical

30 treatment unif and the cavitation unit,
By combining electrical treatment and cavitation any organisms and in

particular micro-organisms in the water, as well as other types of unwanted matter,



Figures 3 to 5a show various cavitation bodies with different nmeans of 5
securing the cavitation body in a pipe, Figures 6 to 9 show vari ous

alternative cavitation body shapes, Figures 10 and 11 are plots of
pressure agﬁgi nst di stance along the cavitation unit for a cavitation unit
of the type"@HYNPFPH Fi gure 8, Fi gure 12 shdfd/ER807@M983i ment s

of arrays of cavitation units for ing{gasing 10 the amount of water’ which
can be treated, Figure 13 shows the arrays of Figure 12 in cross-section,
Fi gure 14 shows an arrangenent of an injector in a pipe, Figure 15 is a
di agr am show gbrokes ddehaddre effectivgps Thd paatiel fipweehables thd gedsare lopshows an

alternative_injector. arrangenent . Fiqute 17 .5 a schematic of a static
m xer in aOES‘f"Eié‘?C %&wp@m%gg iR %83@1%?816%§3jf‘r8atfﬁe§féimtconfi_gurati on,
Figure 19 showsina méfeiredémbidimawd dpp@iudis fonthetrefineQ®r8hlasd wate! |, and
Figure .20 shows an alternative el ectrodialysis cell arrangenent in partial
cut anay vi & 1S BERES t‘b‘i’iﬁ&&‘ﬂ?ﬁﬁ?@g@fwﬁﬂilﬁiiffrc’éé'u‘lo,&aé’ﬁg“-’slﬂatﬁi? P &nded for use
as a babl asgipwat er treatnent systemand is therefore described below in
this context, but it will be appreciated that other uses for the described
system exi st, ahgferabh the pepassius isplndes g sseiniaetion it fopthsdniectionof gasent

requi r enenggte tHelvihid GfidrAhd dibUStd) Qﬁc?&vﬁat{]oin'ﬁ%ﬁmﬁﬁp Glgi-erﬁ@@!if Pdas il dipAt ment
system The water is 25 filtered and then treated by a cavibation unit 10,
a gas i nj ed#it alpwihe watgr tghg tgpted b nittgpmgasor with @irlin grdetmiairgducoobi nat i on of
treat nent s ;lSES g,@gﬂ e, of ' e nater. As wel |
as affecting or a%is i?\ t SQ%Q%%??%RH%F%ﬂgggaga}g%%?r%%u%?y% er at the

i nj ectil8n gHeato sepposduratibe |'evel of di ssol ved oxygen in the water and

reduces the pot il el ud S AU e PLIAN AIRAPNE frARuLadye! ng Lhe 30

weat hering of coatf'ngs and spee corrosion.
reduct i on iprefassblyigecied in fidfigihnt ampupts &) osgrettine theftfeeed wafer supant s i nt r oduced
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separated from the main flow, and nitrogen is injected into this part. Preferably the

15 part of the water flow is less than 15% of the whole volume of water flow. When the
nitrogenated water flow is reintroduced to the main water flow, a static mixer may be
used to promote mixing of the two water flows. - )

* The apparatus of this aspect may include a first filter before the electrical

treatment unit to remove large bodies from the water. A filter may be present after

20 the cavitation treatment to remove smaller bodies from the water, in particular to
remove broken.down micro-organisms and the like.

In preferred embodiments the cavitation unit is in accordance with the unit
described in the first aspect and the preferred features of the first aspect. The
electrical treatment unit preferably incorporatés the features of the aisparatus of the

25  third aspect and its preferred embodiments. Further, the gas injection urit may be in
accordance with the fifth aspect and preferred features thereof,

Viewed from an eighth aspect the invention provides a method of water
treatment comprising: splitting the water flow into two parts, treating one part with an
electrical treatment unit, treating the other pazt, in parallel, with a cavitation unit, and

30 recofnbining the two parts. |
The method may include injecting gas into the water.
One or more of the electrical treatment, generation of cavitation and gas

injection are preferably in accordance with the methods of the fourth, second and



at nosphere managenent when the ball ast tanks are enpty by using nitrogen,
these effects are enhanced further. During filling of the ballast tanks,
bal | ast water is punped fromthe sea through an inlet pipe 1 by the use of
the ship's ballast punp system 2. After the punp 5 2, water flows through a
pi pe and i ¥AIYYTEA t hrough a first filter 4, which fiPCT&GEIG7RPYRT
particles fromthe water. These formagsludge which is discharged at the
poi nt of ballast uptake. Downstreamof the first filter 4, a pressure
booster nay optionally be installed. The pressure booster can be used
to maint ai reixthespeety of the inveriicarrespeaslyr mdmasdacudohe dRAG1HEGaREEMs t I eat ment
in the uni ttﬁogelég;%h%ra ﬁ:QMStdr §am Water then continues to flowinto the
cavitation URIt O™ & ASTHREEE % ati on unit 10 hydr odynam ¢ cavitation is

i nduced by a r afihds,alecaiécntcal ir@mmeft ntabendidddivdatdeqy/sv@l LGht Y. Which al | ows

the fluid static pressure to rapidly drop to the fluid vapour pressure.
Thi s then |e%?%8& S‘Pﬁ’é”ﬁ?é«f@l‘\g‘bﬁ%éﬁ]ﬂmivﬂw%%?o gsterale sheminglirectiansiont r ol | ed 15

peri od of ithematehiasdihatd dicBlBRYBnCIERD urtlir VBRI HebABIRLLES dlece! erat i on

then follows. This causes the fluid static pressure to rise raprdly which
causes the?* distabis vesn ths elachicaliy irsptadovateriscembinediwisithemiposi ng any
organi snms Qarttofithelidi® i n the water to the high intensity pressure and
tenperature pul ses, which breaks down the organisnms in the water. The
cavi tation unit PIeserpaly ghequethaskig forghatrnatmens obballagistaten and fROnethddt i on to

Figures 2 t@mpdses: treatindftk Satds RE4Ga ¥l Al ' 0. a.part of the water

flows throughiljjt Fﬁeg g??e%%b_{rhog{aaelt’rysi g@%ﬁgﬁﬁeﬂgﬁgﬁ@%#ﬁqﬁ gla%Fg?%e wat er is not

t r eat edOby iip@iopuak dnjenting kifvigen, stoting e tandd water ithebaflagtamtk, nue to fl ow

along a pi RERroH0 AU ter tnent,. stages. .l n the enbodi ment of

Figure | A the (_af”egt rod%t%rltfg/bgglgé%% S)Flg @ﬁ%egﬁngetk?éﬂs%ﬁqeg WaETPE the main flow

condui.t, amePeptingthe gepschligenarssingoatitativeshd/@ igjactimygigad, b the gatinfertonsyst em

In an alterpatl: [ ignstead of or.in addition to the treatnent of

i ncom ng bgpﬁag%@\ﬂgtﬁg’r 3&%@% ee‘g?e[?rga%ﬁel?&r%m%e ‘| 8, another source of

bri ne or ‘sal t waBgitre@ihgahawhter asdechtas aridieaventhe tankiRciskaif ¥oding @hd t he

el ectrqdi a j . This coul.d be brine produced as a by-product of

fres hvvg? er k%gdgg’&g@?%sﬁgtgfs mlan“’ra“%}’é‘&f%‘gf %r%'@rg&%sﬁé JORI LS BItERL , such as

a reverse @sgregiygedloed s fiorvadoamehimentldieps sauh gesueh chetb R brsi@ht Wat er can
.effect tp the salt content of the water

BSCRATC R ML T N T TR i
stored reduces corrosion of the ballast tank by reducing the amount of dissolved
oxygen in the water. In addition, this reduces weatheting of condsion protection

20 . systems such as coatings and paints as oxidation is a cause of such weathering. The
injection of air as the water is released ensures that sufficient oxygen is present in the
released water to avoid adverse environmental effects from any remaining gas super-
saturation. .

The apparatuses and methods of all of the embodiments described above may

25 be for retro-fitting to existing water treatment apparatuses, or to systems in which it is
desirable to add a water treatment apparatus,

Preferred embodiments of the invention will now be described by way of
example only and with reference to the accompanying drawings in which:
Figure 1A is a schematic of a water treatment system fitted with an external

30  electrodialysis cell,

Figure 1B is a schematic of a water treatment system fitted with an in-line

electrodialysis cell;



WO 2008/ 047084PCT/ GB2007/ 003903 -22- bracki sh water. As di scussed above,
this enables el ectrodialysis treatnent of otherw se untreatable water, and
al so can be used to reduce electricity consunption. The

el ectrodialysis cell 8, which is described in nore detail below wth
reference WO 708U7¢8419, produces a diluate stream 11 aR€T&HBREHRELNRPT at e
stream 12. 5 These two streans progregs to a pH bal ancer or mxing unit 13,
whi ch produces a product of the electrodialysis cell 17 that is directed
back into the main water flow, and depending on the conposition of the
product 17, t heFigiril Ods aisuhtmat® ofaywaidr swatgieukesysivtn laving ah disetraiialylid uat e 18.

The mxing unit 13 includes a punp or the like to control the anount of

di luate 110%118%&&@.“@&0@83%%“5% concentrate 12 to formthe optimm 10
product of the mhasbsReyednysitdeint ofliicavitilionnma) t ernati ve arrangenent, as
di scussed above, the m xing unit rra\{\{ he V\%éhi n a{H&ressuri sgtd cl osed
circuit, with p¢1§'§§%3@5§r539/‘i’"6fé%f’“5§a o bodies vtk qifterpnigueans & par al | el
cavitats onsdémgmg&ﬁtgg&%§%a? e,punp is required. Downstream of the point
of injection-of the product  of e el ectrodi al rybsis cell 15 17 there is a

sanpl i ng and nedgurberiot show vatiowsltemptiva pawiationbedy @RPesand/ or  FAC and
conmuni cat es t he iRasiRd 144 MES of Preddif AgaihbUerdt glr?ﬁgthemﬁﬁﬁoﬂeas urenent s

monitor the effect of the electro dialysis ce he water and are used
t o cont r ol ikier s petigtionndl of ghe Hpashews ipFigited, cel | and/or the mixing ratio

applied. The di; Lesidus Ry TR od dr ing wat er
prior to all 20?1%2%@. st g@?@%ﬁﬁpﬁéﬁggagfi&%ﬂnﬂéﬁﬁ% %ﬁ%g}l | ter
and/ or 19 heth aimonsttof watee whishepn berrgatednat i vel y, it may be stored in a hol ding

tank 25 or shi pg.s. i m{ ; . | 0t he enbodi mrent shown, ,the
gas injection %ﬁ?@fag& ea %51{%28{\;% eflgttjlil(ér?sgt%gﬁ%foduct of the

el ect r odi al ysi sFigek|14 iovssanraptangenmdt ef@ntifjectodinm pideow. However, in -
alternative e di ts. t.he pr 718 . e main flow
downst r eam of mz)%g‘t‘rﬁgg aasélflg{flg%ﬁ%ﬁé t&%idte{aﬁf?s%g%/%%g‘hé%ﬁ%’?ﬁ toring unit 15

| i kewi se downstFigaeel6khdvwsaangdismativedajieetonartangémend, nonitoring the water

conditipns after, the_product 17 .has .been mxed in. In the gas injection
unit 1 §’ nit ro?@ﬁm jg 131363c#%m?t}ﬁ0£3 HC PS5 1 HePPncon ng water using a
st eant ni trogen FigyredBekovy a posgbls swfit mixecordigutationr der to achi eve the

desired 30 Ievejl_,ei of nifrogen super-saturation,i .he water . which kills
organi sms and r éﬁéég S%%WWQWVWEW& &%%%%%"3%"%%‘1 . This al so
prol ongs the trEgiee0ishelf acitedbtideiecaxdidigsit sell frdnBemymh iepariibadi ment s of
the injection ynit 14 are described in nore detail below w th reference to
Fi gur es 142V gV ‘
20 The embodiments of Figures 1A and 1B are intended for use as a ballast water
treatment system and is therefore described below in this cbntext, but it will be
appreciatéd that other uses for the described system exist, and that the system can be
adapted to suit different requirements.
Figure 1A illustrates a first embodiment of a treatment system. The water is
25  filtered and then treated by a cavitation unit 10, a gas injection unit 14 and an
electrodialysis cell 8. This combination of treatments causes damage and death to the
organisms in the water. As well as affecting organisms in the water, nitrogen added
to the water at the injection unit 14 reduces the level of dissolved oxygen in the water
and reduces the potential of re-growth of organisms as well as reducing the
30  weathering of coatings and the speed of corrosion. Furthermore, the reduction in

oxygen is thought to prolong the effect of oxidants introduced into the water via the

product of the electrodialysis cell from the electrodialysis cell 8. By controlled



WD 2008/ 047084PCT/ GB2007/ 003903 - 23- Downst ream of the treatnent
units, treated water is distributed by the ship's ballast water piping
system 23 to respective ballast water tanks. Here, excess gas is evacuated
until a stable condition is achieved. This is regul ated by nmeans of val ves
i nt egr at ed W 0P8/QA4t anks ventil ati on system These vaP¢ESBIHINPRSt abl e
conditions in 5 the tank during the pgriod the ballast water remains in the
tank, in particular a high |Ievel of nitrogen super-saturation and a | ow

| evel of dissolved oxygen in the-water. Miintaining the |evel of '

super - sat uindispiile hefdiembst Viitn@Rgallag tavks & cinpeey@iig niteighn iyese t he
super-saturation itself and al so by oxidants introduced by the

el ect r odi &< @e eppanesyl - treatment thus results in treated water that

continues to kH&QOlﬁ'F%ﬁ&b%mvtaﬂl&,sarawwatagsmﬁmiﬁ%ﬁsm&v@eal st the water is
stored in the ballast tanks and act as a @geventl ve nmeasure agai nst

r e- gr owt h through an iigt jeipe | by thedie plehe ships badlast qumpsHEeB Al AdEE thGETRP t anks.
Wen tRe t?a"{vht@xsﬂo%@tﬁfd'uglﬁ 2 Fgﬂe%ﬁ@ﬁrfﬁﬁl%d tHRLEH a filsPHBerUh AR RLtds tirgghar ge

treat ment process that rns the.oxygen content of the water to an

envi r onmeweagicley frapcbp watst. d hess\ferm 4 gpdge whdphhisgéschafgrd ahedpinief i s punped from
t he ball a%]‘;ﬂl&smeand passes through the gas injection unit 14. This is
used to return-oxygen to the water as air replaces nitrogen as the

i nj ection gas. Dopmstemasd dfythe fidsefilten e prassyreliwoster mpeeptionpllypetitstalledvi t at i on
unit 10 asnit is dis r.ged. i r systemis
shown in ihagrl;egsq%)o#%?g%fbse ugse:&ntz)%gﬁgﬂgmt e g%g%tgf’r}rﬁ%mtg@g%&g?ﬁ@“ of Figure
1A, buid t leccessfid threatdicat pdhesurdte firth8r devBGeampl aced in-line with the main flow

rather than external to j.t. The water flows thr.oygh el ectraodi.al ysis cell
8 such as that R@?@#@b"é’aﬁ? s %rﬁoé” Hliﬁ et %%V%Pﬁ. %ngtﬁee?acl‘a]ﬁig:éé?nﬁ%i tFi gure 20.
In this emnoosidieiyhamicleavitatish isgnduced byl Braphlacbderatiat dltheefibidBopart of the
in-line cel],. As with th iment of Fiqure 1A th el | 8 produces a
di luate st‘-’FiS’éi’rW’f‘_‘E“‘g’r?glo S@ﬁ%ﬁ‘ﬁ%&?%péesg‘t“?é%’ﬁ#ﬁy fgp H%&ﬁ‘r‘ﬁd’ B%art of the
wat er . Therésgurai Thiethewleaddte ththlewdbtient sf edpoaviadiblen AfRs s cédmelled-1ine cell 8

untreated and it.is pxed with the oduct, of t el ectrodi al ysis cell 17
as di scusdeHod ‘?Wﬁ}ﬁﬁ éﬂ?@srlﬂ’&we ?}'Ftéea @Pldscaflttrodqﬁgtdg?e?%armﬂ%i‘eﬂey24 may still
opt i onal | yoligvsd SRk cafiSes BheoMiis stant @b tb Asd @pidly wiiich @ufdsghervapd, in an
alternative to the enpodinent of Fjgure, 1B, the gas irﬁ' tjon unit 14 can

i nj ect gaé’“h‘ﬂ%%@é’é?%?‘ﬁ’fyCPH@’SSGPWCH{‘E%%"P@?‘P{@? WACt Y G 2 WY xed with the
Mai N wat erydidr@ihe HdiSin@AsityhrSurd aid @M@erahive filees) WilieiChreaks dofn @S upst ream of

the inlet to the electrodialysis treatnent, or the gas injection unit 14
can i nj ectorgpismsip fertpierdbe Favitptinn w0 ip despdpedin E’Q?%%‘E’Hweﬁ%‘n
20  relation to Figures 2 to 13.

‘ After the cavitation unit 10, a part of the water flows thrbugh the
elecirodialysis cell 8. The remainder of the water is not treated by the electrodialysis
cell 8, and can simply continue to flow along a pipe or conduit to the later treatment
stages. In the embodiment of Figure 1A the electrodialysis cell is fitted externally to

25  the main flow conduit, and thus could be retro-fitted to an existing treatment system.
In an alternative embodiment, instead of or in addition to the treatment of
incoming ballast water by the electrodialysis cell 8, another source of brine or
saltwater 24 can be used as the input electrolyte for the electrodialysis cell 8. This
could be brine produced as a by-product of freshwater production or in a dedicated
30 brine production plant, such as a reverse osm_osis plant for example.

- The source of brine or salt water can also be use to provide a boosting effect to

the salt content of the water when the system is used to treat fresh water or weakly



WO 2008/ 047084PCT/ GB2007/ 003903 -24- electrodialysis cell 8, and thus the
el ectrodialysis treatnent of a part of the water and the nitrogenati on of
t he remai nder of the water can occur in parallel. A further arrangenent of
t he conponents of the water treatnment systemis shown in Figure IC. In this
system wat¥P 2408043084ped t hough an inlet 1 by a bal |l ast PETERH7R03%Nd t hen
filtered by a first filter 4 as discyssed above. The flow of water is then
split, with a small proportion of about 0.2% by vol ume bei ng routed through
an electrodialysis cell 8, and the remainder passing through a cavitation

unit 10. IgrackiM@uhaibrb@saataded te, thigeRbRS bleatbidalyssitfeataint ofoper at es as

di scussed in relation_ to Figures 1A and 1B, 3nd5§,ﬁ2at_ot her features
relating tahermise apteeatabliawaiety aadalsosan bgused 10 FaRGFITICHY EPHFYRELOR A and 1B nay

be present, Su%e%i%cfré}ﬁal?ﬁiEgﬂlr@\é\ﬁnﬁsﬂlfs&'écrﬂfed%&eﬁeﬁmb%wﬁﬁwr tank 26.

After the electrodialysis cel and cavitatiion unit 10 the product 17 of

t he el ect roféreakyto Bgwe L, modusesr dilgteiiream { hend gegoasenitpig st by t he

cavitatd o i IS 8 I . : [Wa)! ipon unit 14. In
Thi s rbodTieehio fifint Bobelaiott Bfob R M bulil, WA P BE 2" art of 1 he
wat er f | ovprodist efitle elfctivslialypis gl 11y thahis|dimeediback inth thevpaiewater BeW.as in Fi gures

| A and 1B. It. shqul d : . # ] t L, 0j ector 14
can be int rd éﬁ%eﬁgglé%gﬁi}?ﬁ%?‘ﬁégﬁ%%gﬁ% ﬁ’g‘%t@q%’fggﬁg%reéﬁfﬂ%%%sgﬁ% 1C. Wth
t he arr angamentsidhofuiliare . jlheanitiGg mhit 1 Dipeludéss punjpewrtielikerto cordropart of t he
water flow, which i.s.less that.15%hY val u f e [ haps 10% by
vol une. Z-S{herﬁlgo#tof%&@ﬁe ﬁswgﬁ%g@?éﬁ?ﬁheém%ﬁ %%il%{r%’tfo}ggn{t)hﬁen gfnensure t hat
t he wat@r prediwt pethe alectraliatybisndelll 7nilh ao gleamnativi emartzbreent] 4srdigessed ed water flow
., Is reintroduced to, the main vvat.&rj]?flow t.urblIJI ecgce fro%(t he conbi ni ng fl ows,
or al t er nafioVeIte Bt may begyithin & pressursqd Slased il WS PNEST the two water
flows and gosidedby thaprekdite iobovea awataliel daviditioh Snini Inrthigemsaf mopinp @ suf fi ci ent
| evel to have the desired water treatnent effect. 25After the introduction
of nitrogef®f¥e treated water passes through pipe 23 to the ballast tank,

where it is ston@fnstrém Bf b pbidcofaiRaibn e Heprataone thadieiotialysis celecessary to
di scharge the water fromthe ballast ta E t.he s%steﬁis rr?n ed to route
t he oul3yoi hbmﬁiﬁtléﬂsﬂﬂﬁ?h&ﬁﬁﬁd@ew&temmg ot mpRsETey fﬂ?gﬂﬂﬁfr?f ction of
OXygen to 4R Q¥aenates tefeb@tevaluang e plikiag ahit ¥3.aTHcepLedsRebneai t at i on

treatment. 30Figures 2 to 13 show enbodi ments of &he cavitat io([i)ﬂ@unit 10.
Cavi t at i onmp@t%%%%é%@%el?ﬁ?@ﬂ@yﬁisﬁﬁwHnmedYﬁteﬂ nd g SRR CpRF fall of

the |ocal stpliohalaRSirEolifl QU daBR: IR GAkinY BRGWbpIRKESSUr e at const ant
tenperature The fall of the |ocal static pressure  -25- . :
The diluate residue 18 may be reinjected into the incoming water prior to all
20 treatment stepé, and preferably also before the filter and/or the ballast water pump.
Alternatively, it may be stored in a holding tank 25 or ship's bilge water tank 26,
| In the embodiment shown, the gas injection unit 14 treats the water after the
product of the electrodialysis cell 17 is returned to the main flow. However, in
alternative embodiments the prodﬁct 17 is returned to the main flow downstream of
25  the gas injectioh unit 14, with the monitoring unit 15 likewise downstream of the gas
injection unit 14, monitoring the water conditions after the product 17 has been mixed
In the gas injection unit 14, nitrogen gas 16 is injected into the incoming water
using a steam/nitrogen injector or a gas/water mixer in order to achieve the desired
30  level of nitrogen super-saturation in the water, which kills organisms and reduces
corrosion by reducing the oxygen level. This also prolongs the treatment effect of the
oxidants in the water. Embodiments of the injection unit 14 ate described in more

detail below with reference to Figures 14 to 18.



causes a liquid to boil, which leads to a devel opnent of small bubbl es of
vapour. An increase of the static pressure causes these vapour bubbles to
col l apse. A high pressure is generated in the |ast phase of the bubble

col l apse which literature assunes to lead to the em ssion of a shock wave.
The shock WRWHHA8e 5 | aunched with a shock vel ocityPET/CEPHBEE2B000N s
and a shock anplitude decay faster tdan 1/r. The pressure pulse in the
vicinity of a bubble has been reported to be up to 1 (Pa in sone cases.

Hi gh local tenperature spots with a tenperature up to 7800K have al so been
reported in th®olinktesai afitie: tesintent aniseuratadoatafis dibeibead by teisbip'sbubbl e

col l apse. ,If cavitatjon occ near.a.rjqgid surfac t he bubbl.es col | apse
10 asymret?PHESHIVET plB’Iﬂgé?‘F??%%r?orfﬁsl’ﬁ"tfv&bf’h%tvﬁtﬁbm@ﬁt Z*Fef?’ EFCSHFEL | et - may
create suldhahttedanigastdibopasicn Blayhibedd This i§ REulktedbg edads fsaleedamage, when

an organismor the like is in a vicini of the coll apsing,.bubble. The
jets, hi ghntperated yrtddheianksvapiaton systes- %SSW@HeWSWSFWE%é’P HBSR t at i on

bubbl e haNeiAk S8R tHCHdrio8 1R HaBst waildr Mrfale 10he Rk SiifaitiRubd Bigh by causi ng
damage to the tissue of the aorgani sms which consequent|y |eads 15 to the
deat h of tl¢wel efnjtpges super-saturation giden lew levehelidisiphyphepoisen B BRWaRT-gh pressure

and temerﬁ&;%a&é@ng& FovOR Yipeh-Barh@iFleds ¢ M Snholl kS ne@lcAPSiEy bubbl e and

t heref ore on ct organi sns, which are close enough to the bubble at

the time dhe pwpi-spuation)ield prrkaisotty aridanis dwtrodpesddidhagjectiodiplysissell &t ¢ he
| mpl osi on @l nteti'@neg R50IRE i BG L MBI YonBNRAS WP orlfisabld€m@r 9ani sms 20

shoul d be targete or water treatnent applications in general and ball ast
wat er 0 eatrmiving oqgphisroswhids thei watqydg storediinghe ballastdanka yodbect a8hi eved by

i nduci n?ncl%q,?\:‘;ekﬁsé &S{u@ Qginﬁg%gm%rml | . gap through which treated water |

flows. e preférred-cavitation unit 10, hydrodynamc cavitation is

i nduced by a r aifater is thet faft toaeht mobebadlasttwatan tawks.t Wen thgiballastwyatehisal | ows t he
fluid statj.c,pressu to i | Adi r ssure, this
then' | ead< i BRERE S G finieti B Pishfl pREess it kBRI PUEPS 2. 0
of time whicatentdiltievwatitblah engroamtitallpaccepabde fewel tforalischakgele€led watat i on t hen

follows. This c es. the flyuid static pressuyre to.ipcr rapi.dly which
causes he‘svlérﬁ?)%lr%%g’ﬁl% as%%“@%%?é’ﬁstsﬁl&éjg a5§3313?ecﬁ%fn§§e,‘ @Egplgsi ng the

o][ g?Ri sns ¢stedt‘m§1gﬂnm' @ytgétjs-%)ttb(e phtass uirecpands nidem@amrt a:tlgwripjeptﬁdtzf]@s.. b30Thedgeom3t ry
0 e cavjtation uni as_been. designed.to utilise observe

syner get i céﬁf ’éheo‘?ﬂt?rﬁ%ayg?f’e%gfﬁ%%d%f gg?"ﬁ%‘&‘é‘%“ﬁ%“r%l%‘f‘ i af%eabubbl e

gener ation and A hgohd@abddanae ofd tréairerd spsdnnistsioved intHigure dP! Gtlisig bubbl e to
the target object. Different confi atians,of . the design haye been

devel oped %“?‘Jﬁﬁﬂ{h?ﬁ%rf“’e?ﬁﬁm 9@‘?@‘6@?@%’@3@%& Pﬁﬁ%%\?‘it’ﬁ?&?&%? GPQ%-‘S

20. placed in-line with the main flow rather than external to it. The water flows through

an electrodialysis cell 8 such as that described in more detail below with reference to
Figure 20. In this embodiment, the mixing unit 13 may be installed as part of the in- -
line cell. As with the embodiment of Figure 1A, the cell 8 produces a diluate stream
11 and a concentrate stream 12 by treating a part of the water. The remainder of the
25  water is allowed to pass the in-line cell 8 untreated and it is mixed with the product of
the electrodialysis cell 17 as discussed above. An external source of salt water or
brine 24 may still optionally be used.
As discussed above in relation to Figure 1A, in an alternative to the
embodiment of Figure 1B, the gas injection unit 14 can inject gas upstream of the
30  point where the product 17 is mixed with the main water flow. This could be
achieved by the injection of gas upstream of the inlet to the electrodialysis treatment,

or the gas injection unit 14 can inject gas into the water flow that is not treated by the



characteristics, including repeatable cavitation, all based on the sane
preferred geonetric design. The cavitation unit 10 creates circunferenti al
cavitation about a cavitation body in the formof a torpedo-Ilike shape 30
as shown in Figure 2. The torpedo |ike- 5 shape 30 is advant ageous as it is
general |y &QAHM7E4I and can be easily fitted into a BEHEEIXTOEHLh as a
bal | ast water pipe or any pipe carryipg water. The particul ar shape of the
torpedo 30 can be designed to provide the appropriate pressure drop in
order to induce the maxi mum cavitation given any particular circunstance.
The prefer abctrcsiredmeﬁptamhth@ thudibitediplyisttivatardt of agartdifl Sterwdertandn, 1n

particul ar ;in.order.to.hri ro n clo to the cavitation

bubbl e col ng’étéog%%’ém Bﬁlgéﬁ?aé@%rﬁé %f%%'&%‘ér%flpﬁfé@ﬁ\/e effect of the

cavi tation uni t Alffrther arrangéinentlof fiecompomanes oftls: Waner tiehinenpdysienl it i on on t he

t or pedo 30 of Fi qure ethelen I,,US a hC,"anIe

D, Iroadl us SHOWHEB f%?epﬁ% B‘ééysﬁnaﬁ%&?féﬁmg ﬁgé’f’(ﬁ"?%ég’gprﬁ\%ﬁ e secti gn F.

These pAr apkhgRsandaNenTeteadditeagstiflien s B Gi¥eussdpbovel qUb AbwE iatels ON

characteristics, In general, the cavitati it 10 is arranged to provide
5 ablrpe 0

an el ongat &°asali V()Wéf" gmllpropertipppf 4bgut 2% ying sorded A2 of the flow

path, whi CRiebiodidlysts &n&omdrfﬁaiemaﬁldécﬁusﬁﬁgﬂn@ghac&@faﬁ@ﬂﬁnﬁﬂwlmr passage.
L|qU|d flows‘fromleft to r?y%t as, viewed in Figure 2. The velocity of the
&

water is i fequidhacnp t%]ﬁbattﬂll?eel dialypis celberesaiesag discusesbngelatindd® nose E, and
hence cavi FgukéériAb&ﬁQﬁ!Bemﬂf tﬁﬁt‘oﬁlegﬁeahﬁes'r@!aﬁﬁg%% eléU&%dQHEﬁ@leélﬁs gfow al ong the

torpedo md e section F, and then inplode - as the water pressure

i ncreadBs sepyymin Figures 14 gpdrlBsmay beoprasgnt pechfag the h@ldﬂﬁgetﬁ@?ﬁs ¥shipisons of t he
cavi tatl onbﬁ Ay el ng how assenbly of the torpedo unit into the

bal l ast or the waste water pipe 31 can be achieved. 25Fi gure 3 illustrates
fins 32 appli edAfier the elegtrodialysisseld § a8 cavitatiereunii Wehaprodmin 7 phthgt h angl e,

hei ght, de ] r. i Fi

illustrat egfegﬁrﬁé;gw@%llfgﬁ efdvaﬁltﬁgW§ép?&% oth(?%v tﬁuonum’ éng%e pins 33 are
attached t ovatenéehdlope thoth8 Basdnjettiva unitdrit Ilaﬁw engwlinggint, ttheeasmmctor‘rme | engt h,

di anet gg, %%&c?ﬁ%éﬁgm?%%o{t% Wallf £l gbv'iﬁsté’éﬁ o‘f@é]nﬁ;tu\}%{ eﬂw;ﬂf%lhe fins 32

and the™ pins rovide "a secure orpedo 30 in
the water piapefIdd.as Euhgwlnes by e IB hﬁ shiadd gmnated&atdhe amgemmofahé ect the

devel oped caV| ta(%p{n arb%qntgs I|t Q}V 188%1?1{9 nglentSO l%es Lerﬁ ne tor pedo

unit 30 to prlcr}{/ec maX| poss e eV
2008/ 0470848C‘WM@@&£1@6&9@&he®7mF1guxeIEugmgeni'smjled:te&inmamtctfahdﬁ pi ns 33

MR T RN TR AN N MY MCERE M TA
attached t Cht hgrobet ip@detedint sﬁﬁicieheuﬁxamkto&ﬁlsﬁré] thatthe tvater is super-
saturated with nitrogen. When the nitrogenated water flow is reintroduced to the main
water flow turbulence from the combining flows, or alternatively a static mixer, is
used to promote mixing of the two water flows and ensure that the entire water flow is
nitrogenated to a sufficient level to have the desired water treatment effect.
25 After the introduction of nitrogen, the treated water passes through pipe 23 to
the ballast tank, where it is stored: As with the embodjme;nts above, when it is
necessary to discharge the water from the ballast tank, the system is arranged to route
the outgoing water through a treatment process including introduction of oxygen to
re-oxygenate the water, and optionally a repeated cavitation treatment,
30 Figures 2 to 13 show embodiments of the cavitation unit 10. Cavitation is a
process of nucleation in liquids, induced by the fall of the local static pressure below

the local vapour pressure at constant temperature. The fall of the local static pressure



Figure 5a shows a torpedo 30 of an alternative design, where the torpedo 30
is 5 held in place by lugs 52, which slot into supports. These |ugs 52
renove the need for pins or fins and hence avoid any obstruction to the
fluid flow other than the torpedo itself, and hence pronotes a nore uniform
fluid fl owWO200804M8ures 6 to 9 are various alternativ@CHESRHYTHIHP3 t he
torpedo 30. There are two different gfain versions of the torpedo 30 in
Figures 6 and 7, which provide two 10 different possibilities of assenbly
of the unit into the water pipe. In particular, Figure 7 shows a torpedo 30
with a bl gaised 4 Bqdid tochotighgrRich feadsvbiaclevetopmdnt ofismdl HubbleeafSiapsurndunt i ng of the
rear end Qf the tf’j{ﬁrgedo 30 to the Qi pe 31b Ttlge Bl a] n version of the torpedo
30 i nducedEs YRS RHRFCEUS STHES TS VARTE FRFI° §P185%nd rise in pressure
over the unit . andglfpresviciabdretdGh HaNsepRAN6f it biilbee @lidpsefvhidhe i ddl e
section of the torpedo 1530. In additjon to the plain version there are two
mor e ver s ligEEugRsTIRES fOleHbRdhe ARiEsIgsoLa B VoY SFT%LF%%‘% BAVEHE & These two

versi 0Bs ¢aR AURH N\GobieRXlodiRof alost 4VB0MY And d 8BIH AR fSe SRt@WMUsten Fi gure 6
or as in Figure 7. Figure 8 Shows a torpedo with an undul at1i ng E)roflle 35
Yol

t hat i ndudkss I The pressuropdasinthe viepity o acibbly hatibeep ganertert 98 VBRI Lr i ses of
pressure. ANt L1l ik AddAte 6o kd PRBR zones are
achi eved tée@f’i‘i‘ﬂ85%%%%@%?%9[“’3%?{%&55@?8’% e D TR e
advant agedave ais» heoe raperied indhe Nerabd asct copsequense ebp cattiiztion Yubbleepeat ed on
each secti [ L REAGA0 W Lon of irregular
surface 3@8&?}%&;%‘%@5&%@0}(‘}8&%3%{%%& a E%ﬂﬁwgg%%r%%ggﬁeséor a di npl ed surface
f or exi@nplagymfkteicallye ofidn farming p daytsnaving wates geb. Bés iehmangeaie suiacgener at i on of
bubbl es dug to the R : g f pedo uni 14 30. Figures
10 and 11%63??8%\? ?‘ﬁémgsg%ﬁfra Sg?églsng?%d%rﬂo“ﬁ%%@g& f gélgfav{}o& It e?%{ﬁ% Iﬂé%si gns of

t he undul a# inngvisinitf altibe sdlapsingbubblet e faty, ptl@preSuretraddenperdigtir e 8. The

graphs 30 ha ressure on. t.he tical | | : axi s
repr esent S| egtbgzrﬂ’(?]zapﬁ}ngﬁawfah ng%ﬁetsg? ‘l'eoan&)é{ﬁ'?%tﬁgg‘ﬁéeclgﬁ%% %Jr) é? Uré points are
bel ow at s plagr be cqusing samegeRo thEhssugrad e drgankingurlechl @nsdqosmlytiévds pr essur e

profi ll% f.%thaecfegt'ﬁ%?%%o?goamvz\sﬂn}sh two ripples, i.e. one |less

—

However, fast moving jets and high pressure and temperature spots oceur in
close vicinity of the collapsing bubble and therefore only affect organisms, which are
close enough to the bubble at the time of collapse. In order to utilise the eﬁergy‘r,
released at the implosion of the bubble more effectively, exposure of the organisms

20 - should be targeted. For water treatment applications in general and ballast water
treatment applications in particular, this may be achieved by inducing cavitation in or
near a small gap through which treated water flows.

In the preferred cavitation unit 10, hydrodynamic cavitation is induced by a
rapid controlled acceleration of the fluid, which allows the fluid static pressure to

25  rapidly drop to the fluid vapour pressure, this then leads to the development of vapour
bubbles. After a controlled period of time which allows bubble growth, a rapid
controlled deceleration then follows. This causes thé fluid static pressure to increase
rapidly which causes the vapour bubbles to violently collapse or implode, exposing
the organisms to high intensity pressure and temperature pulses.

30 The geometry of the cavitation unit 10 has been designed to utilise the
observed synergetic effects of the presence of surfaces in relation to bubble generétion
and the importance of the proximity of the imploding bubble to the target object.
Different configurations of the design have been developed with different



WO 2008/ 047084PC T/ GB2007/ 003903 -28- than the torpedo shown in Figure 8.
The graph in Figure 11 shows the pressure profile for a torpedo 30 with
three ripples, such as the torpedo 30 of Figure 8.. The nunber of
ripples on the mddle section, the position of the ripples on the mddle
section of Wh00g/8¥7¢fddo and t he m ni num and t he maxi mumP§TERPE00HP3 t he 5
ripples can be varied in order to ackg-eve the desired cavitation effect.
The paraneters are chosen in order to achieve the nmaxi num nunber of
cavitation zones and maxi num area/ vol une of cavitation. It wll be

appr eci at ebarhdwaistitd) includipurepestabi ciliglion sildated of thromaind poderagapl i ed to

t or pedoes 30 having the sane general shape shown in any of Figures 3 to 5a,
as wel | 16°YEWEdSIer shapes of cavitation body. Figure 12 shows two

di f f er ent ver si QRS caitatdimnmits 03rkateh cintnnifbihital caiiation abont aisuvitstichkD. These

illustrate how a standard cayjtatiop unit 1Q° he ltiplied with a
nurmber of %%Y jndheg T%Pﬁépmﬁoﬂ’%%aﬂﬁgg?ﬁhé’ﬁ@ﬁ?%g?es ftoﬁ’g‘%ﬂ/\’ “ate
capaci 5i €Shapkl® iV RfvahtRSusiAatis derdbdQWylRRaMA CAObe il filieddntiid ity than a

single torpedo version, 15 which is limted by the need to rT%iantai n a
narrow anminedd sush 8y alballagtovaterpingios 80X piae eAtping Wt g PRACRBTSARY havi ng

mul tiple g@ﬁeﬁ%gj@hmw ddfbrb iR ;ﬁ&ﬁh@&@ﬁpﬁf}pﬁﬁ@p@@w@&ﬁ rgdfigct can be

mai nt ai ne restricting the use of "higher flow rates. -In one version

a | arge t dedveelthengxitem gediatiorosiedn gny Perisula) gesnmsignes, Hdeperferedpi pe 31 with
smal | er t ,gtﬁm'; b h3h@MPE iR I AG L i ,ARANR in & t5BRhE €7 t Or pedoes
20 10" pr%é%%gg aV|(i9gl%q%¥)eﬁgQ§gt %{lsgussled atl)%\’e/e. The Ic}anr_ge torpe_%o 10" can

si npl y0be nhir-wppimmstdlesg te the cavitaliondhubblsrcgieanse sonedo aghiryeithe mpyimugase woul d
not have | tat ' ~3ht hough the front and rear .ends of the
t or pedo aradéytrpu%y%%%ﬁ{ 0 %ﬁqg%t%ogm%tgp' flowto the snmaller torpedoes 10".

Al ternatively fThebhsirppeariaserpfod therBanipdatiod opplertatreds 30 ehdgwaddraway as t he

smal l er t d 10" t j in 25 order
o pr ouc S ERRRR P E e d3f i REBARED HaRR e tsaBhoBRURY T B0, BTl an
be equal , leigi bfthe trpedargdidie tehton K.1hest preetoters why bheltered toraclieyse Y. The
rati o ,of X/ Y. depends.on.t he desir.ed wat fl Ow.. ' er of

t or pedh Urﬁﬂ'&“ﬁggﬁgﬁmt%a?}ﬁﬁl%cﬁl & ST ’@18 r s‘f%gﬁég&%t i a{‘rgﬁgepxggn

al t er nat i poviés &i ddhgatenusabetereofavisativhlis instigated bg sorshrictian ef disdlembl ed into a 30

water pipe 31 4 ROGL, L 5%, O el 31980l uud o pokdlgd. ig@DOT Nt Shown
flows from left to right as viewed in Figure 2. The velocity of the water is increased
and the pressure decreased at the torpedo nose E, and hence cavitation bubble growth
20 - isinitiated. The bubbles grow along the torpedo middle section F, and then implode -
as the water pressure increases again. ‘

Figures 3 to 5a are four different versions of the cavitation body 30 sﬁowing
how assembly of the torpedo unit into the ballast or the waste water pipe 31 can be
achieved.

25 Figure 3 illustrates fins 32 applied to fit the torpedo 30 in the pipe 31. The
length, angle, height, depth and number of fins 32 can be varied.

Figure 4 illustrates pins 33 applied to fit the torpedo in the pipe. The pins 33
are attached to the torpedo 30 at the front and rear of the unit. The length, diameter,
position and number of the pins 33 can be varied. -

30 The fins 32 and the pins 33 are designed to provide a secure fit of the torpedo
30 in the water pipe 31. Furthermore, the design is such that they affect the developed

cavitation area as little as possible in order for the torpedo unit 30 to provide the

maximum possible cavitation.



smal | er torpedoes 10" formtwo concentric rings about a central small
torpedo 10" WD 20081047084PCT/ GB2007/ 003903 - 29- Fi gure 13 shows
cross-sectional views of the arrays of Figure 12, with higher or |ower
nunbers of the smaller cavitation units 10". Different nunber of snall

t or pedoes Y 20894784 pl aced into a unit, depending on tR(I/GR2BAVPRIT

requi renents. Figure 14 shows a gas.iyoj ector unit 14 conprising an
injection nozzle 43 5 positioned in a pipe 31. Nitrogen 16 or air 29 is
injected into the water flow path. Steam 38 nmay also be injected to inprove
the m xi ng of FiberegaBuskéies B&h iphik 63 aixbiive2eapplied wifi thedomdddd) ipdhe Gas can be

injected int ter.using a gas/siLeam.inject.o 43 . wn in Figure
15 gac | FPEOH B PSS AU RERR LU SMPG 2Bt s TRAE LTS dyPRe TR | 1
Fi gure 160§ 38ar8 adonet @lthéfoifetiCwili atelic ¥hék asthshaitn i n Fi gures 17 and 18. The
- 10 features of Figures 16 to 18 are_known gas m.xin st .fhat can be
utilised in th@g'f})‘ieééé]ﬁﬂws\ﬁatf’@fe&f ?%%"?Wmﬁib‘ﬁ? %%Wﬁ(%&fe%‘ép%ﬁ@éént wat er
treatmgnt h&ﬂ%ﬁ_ﬁ&bﬂhgg%@mﬁ@m intPstipPres Mesel igsiagbmbhethb Rgeddbor unit 14
during the filling 'part of the treatnment afgjg é_he %{Sr 29 i s |n4ected during
the di schainger Basyandbencetpyoid sayebppetionds thethud dew tashhgr thedpracdan ectj on of
gas, and ii@elp?ﬂ&fhéﬁué L rloh aintreadikeh fRfd 4Gw.ni trogen, can be carried out on
then . :

only a part o1 | ter flow instead of injecting gas into the entire

wat er flow ThEBiggws6ind é@twoﬁﬁit?@awﬁlgﬁﬁe‘&f%WEeﬁo EBulBrre e ¥or se be

Pl aced | N g Bialh Jc QSRR torBol 0 IHFRERS dnd 720l Brovife soul 0 be pl aced
in a separate ow path, along ich only a part of _the water flows before
bei ng 10et diffeeeht possibiisiesaf sssdnitdnof the uhihing e mater pireo B partigudar Jiigag

enbodi nent;s, st eam 38 L,§ J1).8§ - S $ 08 vRssdd¥Br 988y 16, 29 as in
Figure 14?7551?% S%{sgépeg?bgt‘dé@r% ggﬁg?%ég%n&%ignﬁfc the a_tg 16f 29 1iﬂnto wat er and
reduces t heuatimioitthefeagms of e 1@9edocifuiv thedhipd Hl. aldhwirlain Mersigr eEhe i nj ect i on.

results in a er at ed [ Cl e JThiS: 4 SeAHSE, Sl-6AM dva} ection

| eads to a*HFGHer™ %g%ﬁ%nb%gﬁlgns& e %-{%aéﬁdttlﬁgﬁ poi nt ?{?at accel erates the
fluid, crakdifigndn cadtiion collbsesront atdhe er@S{ Wi rolddiesedtioniof the temedosyst em as an
addi ti punpi ng effect. Further, injected steam generates pressure

nal 0
pul sesl, whilch af f ect any unwanted matter present in the water, and provide
a physical wat @f additRattoeietplas fasitn thereamlelivtd moretversidue ofthe éarpedofinithe

Dest "ef f oct S BELdRIgad o BRrT N SoE e bRart P U Ebeis o, T o
desi gn nusdesibedfa khoweie Fidihes er dsrin Blgwe: AN appropriate regi ne of steam
condensat on, Ll AZTSLallon o1, b G, BREp OISRkl 0P 2L o2
20 cavitation zones by muitiple drops and rises of pressure. With the torpedo 30 of
Figure 8 cavitation collapse zones are achieved behind each of the rippled sections of
the unit. This is advantageous as the destructive effect of the cavitation is repeated on
each section. '
Figure 9 shows a torpedo 30 with a section of irregular surface 36. The
25  surface could be a knurled surface or a dimpled surface for example. The use of an
irregular surface 36 enhances the generation of bubbles due to the cavities on the
surface of the torpedo unit 30.
Figures 10 and 11 show the vapour pressure profiles for two different designs
of the undulating surface version of the torpedo 30 shown in Figure 8. The graphs
30 have pressure on the vertical axis and the horizontal axis represents distance along the
cavitation unit. The low préssure points are below atmospheric pressure P. The graph

in Figure 10 shows the pressure profile for a torpedo 30 with two ripples, i.e. one less
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31 with smaller torpedoes 10" placed around a large torpedo. The smaller torpedoes

20 10" produce cavitation as discussed above. The large torpedb 10' can simply be for
suppotting the smaller torpedoes 10" and in this case would not have any cavitation
function, although the front and rear ends of the torpedo are profiled to direct water
flow to the smaller torpedoes 10". Alternatively the large torpedo 10 could operate in
the same way as the smaller torpedoes 10" and the tofpedoes 10 as discusseci above in

25  order to produce cavitation to treat the water. The diameter of the new unit X can be
equal, smaller or larger than the diameter of the water pipe Y. The ratio of X/Y
depends on the desired water ﬂow rate and the number of torpedo units used in the
multiple unit versions.

Tn an alternative version a number of small torpedoes 10" are assembled into a

30  water pipe 31 without the use of a larger unit 10". In the embodiment shown the

smaller torpedoes 10" form two concentric rings about a central small torpedo 10"
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menbranes in a Addiicdssed soventhd injectien ofi sepioed i napseREISARET IR 96 an
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to the main flow, as in Figure 1C.

20 In preferred embodiments steam 38 is injected at the same time as the gas 16,
29 as in Figure 14. The use of steam, 38 aids mixing of the gas'16, 29 into water and
reduces the amount of gas 16, 29 required. In addition, steam injection resulis ina
generated pumping effect. This is because steam injection leads to a higher speed jet

_ | behind the injection point that accelerates the fluid, creating an additional suction,

25  which is felt in the éystem as an additional pumping effect, Further, injected steam
generates pressure pulses, which affect any unwénted matter present in the water, and
provide a physical water ﬁeatment effect in addition to the effect of the gas/steam
injector on the dissolved gas content of the water.

To achieve best effects of steam and gas injection, some conditions for

30 injector design must be followed. These involve an appropriate regime of steam

condensation, the generation of a high speed two-phase jet, appropriate gas bubble

sizes and also avoiding choking of the injector.



t he anode and the cathode. The electric charge creates different reactions
at the different electrodes. At the anode, the electrolyte will have an
acidic characteristic whilst at the cathode, the electrolyte will be
characteri sed by becom ng al kali ne. Menbranes used in electrodialysis are
chosen for WO0BPA7PE4t y to create sel ective 5 transport PCTHIBI00TORIE3 al | ows
the al kaline solution to be kept sepggate fromthe acidic solution.

Various reactions which occur in an electrodialysis cell where the incom ng
el ectrolyte is ballast water taken froma ballast water pipeline (i.e. sea
wat er) are showedmneohddnses it watk ovdiffdhnisegiteedepanding ecthe alngtre ofan have

characteristics such,as 10 con tivit ich alter the, ef.fect of the,

oot T gt drerd et bR O G o Hobeol MG lal Aol st i By O S 0F 11
cat hode: 2sfkhe stéden inféchor, andiROamoudNefinpuiZGestgds inANOEhAm: Thére agdBfke- 4e -. 4 4H+
02 2H20 + 2e --> Cl2 + H20 --4 _HC10 + HCl 2+e-) 02 HCl1+ NaCH

-> NaCl + Ipgin regimes o co;dezzlsoatwn of steam into water. These are chugging, bubblirg and
5 jetting. Different regimes affect the mixing of gas into water differently. The most
- desirable regime for the purpose of the mixing is a jetting regime. In general, the
Jjetting regime is achieved effectively when the amount of injected stearn is higher
than 150 kg/(m®s).
In a two-phase jet, steam injected into water generates a jet downstream of the
10  injection. The jet enhances the mixing of the gas iﬁto water and provides an additional
pumpixlg effect. _
If the exit diameter of the injector is too small then steam starts to choke in the
injector. Choking of the steam reduces the mixing process and should be avoided.
Gas can be mixed with the steam prior to injection. Gas in the steam reduces
15  the condensation rate because the bulk of the gas is pushed to the surface of the
condensing steam which must therefore condense through the gaé layer. However, if
the amount of the gas is too high, steam condenses inside the mixing chamber of the
injector, which reduces the mixing éffect. '
The range of gas bubble sizes also affects the mixing performance. The range
20 is dependent on the amount of injected steam, the amount of injected gas, the
teraperature of the water and the gas, the pressure and the condensing regime etc.
Figure 15 shows a preferred design of a steam/gas injector nozzle 43. The
parts are shown in close up view. The nozzle structure 43 of Figure 15 is small in
- comparison to the size of the pipe 31 and would be placed at the cenire of the pipe 31
25  assbownin Figure 14.
The injector nozzle 43 consists of three main parts. In an inlet region 40 steam
38 and gas.29, 16 are supplied into the injector nozzle 37. The injector nozzle 43 is
formed of a small pipe 45 within a larger pipe 46. Steam 38 is supplied through the
small pipe 45 in the centre of the injector nozzle 43 and gas 29,16 is supplied in the
30  area defined around the steam pipe between the larger pipe 46 and the small pipe 45.
The water flow is outside of the larger pipe 46.
 Pollowing the inlet region is a mixing region 41 where steam 38 and gas 29,16

are mixed. In Figure 15 the mixing area is formed by the small pipe 45 ending, and
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the larger pipe 46 continuing. The gas/steam mixture is injected into the water flow
through a diverging region 42 of the injector nozzle 43. The total length of the
injector, lengths of the different regions of the injector, the diverging angle, the radius
of the main pipe 46, the outlet of the injector and the radius of the steam pipe 45 can -
be varied in order to achieve the desired mixing effect.

Water is present in the injector nozzle 43 prior to the steam and gas supply.
Steam and gas are also not fully mixed in the mixing chamber prior to the injection
into the water. To achieve full mixing a different injector design could be used with a
converging region in place of the diverging region 42, However, the present design
assures no or little choking in the injector nozzle 43, which increases the mixing
performance. '

Figure 16 shows an alternative gas injector unit 14. In this arrangement gas
29,16 is injected into a constriction in the pipe 31. '

Figure 17 shows the use of a static mixer 44. The static mixer 44 is fixed in
the centre of the water flow. Gas 29, 16 is supplied in the water flow upstream of the
mixer and is mixed with water by turbulence during the flow through the mixer 44.
The gas may be supplied using nozzle arrangements as discussed above, or by
alternative conventional systems.

An example of a static mixer 44 is shown in Figure 18. An angular turbulent
highly-mixed multiphase fluid flow through the static mixer 44 is achieved by
connecting separate plates together as shown. The outer circumference of the static
mixer is circular allowing the unit to be fitted into the pipe 31.

The operation of the electrodialysis cell 8 will no.w be explained.
Embodiments of the structural arrangement of electrodialysis cells 8 are described
below with reference to Figures 19 and 20. For each of these embodiments, the

chemical processes are basically the same. As discussed above, electrodialysis is an

‘electro-membrane process where ions are transported through ion permeable or ion

selective membranes in a fluid system. In the simplest implementation of an
electrodialysis cell a single membrane or membrane pair is placed between two
electrodes. An electric charge established by applying a voltage between two
electrodes allows ions to be driven through the membrane provided the fluid is
conductive. The voltage is applied by power connection points of a conventional

type, which are not shown in the drawings. The two electrodes represent respectively
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THYO 28/047884s0l uti on forns the concentrate str P&HEIPOPYOR| kal i ne

+ H202

H202 + OH e 1102- +

-> 02" + OFY + OH OH + 11202

properties for an acidic
produced at the

the anode and the cathode, The eleciric charge creates different reactions at the

different electrodes. At the anode, the electrolyte will have an acidic characteristic

whilst at the cathode, the electrolyte will be characterised by becoming alkaline.

Membranes used in electrodialysis are chosen for the ability to create selective

5  transport. Thus, this allows the alkaline solution to be kept separate from the acidic

solution.

Various reactions which occur in an electrodialysis cell where the incoming

-electrolyte is ballast water taken from a ballast water pipeline (i.e. sea water) are

shown in Table 1 below. Thus, the raw electrolyte can have characteristics such as

10 conduectivity, which alter the effect of the electrodialysis process.

Table 1

'

Reactions at the anode;

Reactions at the cathode:

2CI — 2¢ —Cl,

2H,0 —4e — 4H" + O,

Cl, + H;0 — HCIO + HCl
HC1 -+ NaOH — NaCl + H2

CI +20H - 2¢ — ClO"+ H;0
30H" - 2¢ — HO, + H,0

HO, - e —HO,

OH -e —0OH"

OH'* OH" “H,0,

HCIO + Hy0 —HCL + Oy + Hy0
ClO" + H0;, —'0y + CI™ Hz0

2H,0 +2Na" +2e — 2NaOH + H;
2H,0 + 2e — Hy + 20H

Oy +e— 0Oy

0, +H — HO,

0Oz +H, 04 2¢e — HO, + OH
O, +2H, + 22 — H,0, + 20H
H +e—H

H* H ™ H,

OH''OH' "0,

H;0, + OH* — HO, + H;0
H,O0, < H + HOy

Hy0, + OH' > HO, + H0
OH + HO; +» 0% + H,0

07" + Hy02— Oy + OH + OH
OH + Hy0, —~H,0

Table 2 below illustrates typical properties for an acidic solution produced at

15  the anode and an alkaline solution produced at the cathode. The acidic solution forms

the concentrate stream and the alkaline solution forms the diluate stream.

Wo_ 2008/ 047084PCT/ GB2007/ 003903 - 33-



Table 2 PH FAC (ppm) ORP (mV) Acidic solution (at the anode) 2 -3.5 400 -

800 1100 -

1200 Al kaline solution (at the cathode) 11 - 12.5 ---

800 -

900

The two separated streans are nmixed in a ratio providing a product of the
el ectrodialysis cell and optionally a residue with typical characteristics

shown in SWREP#043084Tabl e 3 pH FAC (ppm) ORP (ny) PCT/GB2007/003903
-33-
Table 2
pH FAC (ppm) ORP (mV)
Acidic solution (at the anode) 2-35 400 - 800 1100 - i200
Alkaline solution (at the cathode) | 11-—12.5 - 800 - 500

The two separated streams are mixed in a ratio providing a product of the
electrodialysis cell and optionally a residue with typical characteristics shown in
Table 3.

Table 3

pH FAC (ppm) ORP (mV)

Concentrate ' 75-85 500 = 800 750 — 800

Residue 11-12.5 800 - 900

10

15

20

25

In order to tailor the chemical characteristics of the two streams, cross-

* treatment may be applied. This may constitute of an arrangement allowing all of or a

portion of one or both streams to be re-injected at the entrance to the opposite
compartment to the compartment from which it arrived from. Thus, the concentrate
stream produced by the anode could be cross-treated by re-injection into the cathode
side of the cell. The characteristics of the stream(s) expressed by pH, ORP and FAC
may by this method be further tailored and enable the amount of residual diluate after
mixing to be reduced if mixing is applied in addition.

Recirculation of respective flows from respective compartments may also be
applied in order to tailor the characteristics of the two streams in order to improve the
desired characteristics of the end product following mixing, and also with the aim of
reducing the amount of residual diluate.

The mixing ratio will depend on the “quality” of the raw electrolyte, the size
of the electrodes and the power applied.

The product 17 of the electrodialysis cell 8 is introduced into the main fAlow,
after the cavitation treatment. The nitrogen injection can occur before or after the
product 17 is added.
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bal | ast wat er fHigust Iilluktraoasgh etdbediment of an electrodialysis cell 8 that can be

used to freat water. in the system of Figure 1A. Water is passed through an annular

10 passage formed between a solid cylindrical anode 47 and a hollow cylindrical cathode
48. To form the electrodialysis cell 8 an ion exchange or ion selective membrane 49
is placed between the anode 47 and the cathode 48. The cathode 48 and the
membrane 49 are shown in cut-away view. As the water forming the incoming
electrolyte passes through the annular passage, an acidic concentrate solution 12 is

15  formed at the anode side of the membrane 49 and an alkaline diluate solution 11 is
formed at the cathode side of the membrane 49. A portion of the diluate stream 11
may be separated off, and all of or the remaining part of the diluate stream 11is
mixed with the concentrate stream 12 to form the product of the electrodialysis cell 17
as discussed above.

20 " An alternative embodiment of an electrodialysis cell 8 for in-line use is shown
in Figure 20. The electrodialysis cell 8 includes a plate shaped anode 47 and cathode
48, sandwiching a membrane 49. The cell 8 is housed within a pipe 50, shown in
partial cut-away view, and the pipe 50 transports all of the water flow in the direction
shovwn by the arrows. The majority of the water will pass by on either side of the

- 25 eiectrodialysis cell 8, with only a part of the water entering the electrodialysis cell 8
and flowing along between the anode 47 and the membrane 49 or between -the cathode
48 and the membrane 49. On the anode and cathode sides reactions occur when

electrical current is passed through the electrodes and thus a diluate stream 11 and
concentrate stream 12 are produced at the cathode and anode sides respectively as

30  discussed above.

In order to control the composition of the product of the electrodialysis cell 17
that is returned to the main water flow, a diluate removal flow path 51 is provided.

The amount of diluate removed from the electrodialysis cell 8 is controlled based



line is controlled by nonitoring the ORP and FAC upstream at a nonitoring
station 15. The characteristics and anobunts of concentrate and dilute
reinjected into the main flow are controlled by nonitoring Oxygen Reducti on
Potential (ORP) and/ or the 5 consunption of Free Avail able Chlorine (FAC).
The range MSP200¥%798%d val ues of ORP is 300 - 500 nV. THRETIGRRA083983 i niti al
val ues of FAC foll ow ng- reinjection i_3%_preferabl y between 2 and 4 ppm
dropping to 0.1 - 0.4 ppmafter a period of 1 hour. Figure 19
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entering t el ect r.odi si.s ce 8 an owing alo et ween t he anode 47
ona°t he etk aone gpalst pabers mritied: ot it SR nAEHREALONS. On tho
anode and ®athetemsidesoheaetion)MmhidGEtths Wathe SlnRCiakts 6@ begbdRBd inl S passed

t hrough_the el ectrodes and thus diluate stream. 11 and concentrate stream
12 are{]%rgwﬂ}éé‘bdc%ﬁn%ﬂf@t B PPy eaﬁ%%@rﬁeé@u%@gﬁ@e&f?%rw% 30di scussed

above. balladtRvadr @€ bthbOwaeNtb betredth® conposi tion of the product of the

el ectrodialysis cell 17 that is returned to the main water flow, a diluate
renoval flow path 51 is provided. The anount of 'diluate renoved fromthe
el ectrodialysis cell 8 is controlled based



-35- upon the neasured ORP and/or FAC | evel s downstream of the

el ectrodi alysis cell 8. As discussed-3bove, in sone cases all the diluate
will be mxed with the concentrate stream 12, such that there is no diluate
removed. The concentrate stream 12 and the remai nder or all of the diluate
stream 11 are then reintroduced to the main water flow 5 at the end of the
el ectrodialysis cell 8 These two parts together formthe product of the

el ectrodi alysis cell 17 although they are not m xed together until they are
m xed along with the main water flow as the flow through and around the

el ectrodi al ysis cell 8 progresses beyond the end of the cell 8. To allow
efficient treatnmegLamishi gher flow rates by the el ectrodialysis 10

equi ppent, a nunber of electrodialysis cells 8 can be placed in an array to
treat mater in parallel. Although it is possible to increase the size of

Ithe el ect1|r|odl gdwaestréahienﬂa;ﬁ;sarj@m@bwgnéiﬁ@dmtmfdfawsts, cdiihgn mﬂbwllp;étﬁ on of
ar ger eco S r CO cate S r ce ar e
preferre(g0 qsrﬁc nr‘i?Y Bgf?of?@“‘?r}g %faw%tﬁ'htlo trecaggc[% q?‘dﬁg mf (galmﬁ.ge dul ar
co gst r lrJTg_th An duﬂéﬁtmwmnsortra@tmrﬁgh@ PRIt ﬁ?mé §|e@ﬁld$b||§ll?s@bf9|]9mad rérﬁ?lﬂ@erbm k
an co | er t uce Sy s or v erent w rates
oo ool e Grbegraend WReH 1 Secirisha el & B Produringis Gluale SWaih( or
]E r eagI oe nhnﬂﬂﬂl@h@?rﬂﬁat@ SifgHrh, Sarmig;vhe’ltémeth@ﬁi;ddedl r@iu}’ﬁéthgQﬁé lremﬁﬁderrdf Eﬁe w:lra]tewhpat h
or lre a ant ter to e ug t he
Lot oot s Beelbindities <8 ezt ST bt ¥ cBnrasiies stisany Sed b e eardon: | ot
t he el ecuisadiry ms«zﬁng:mtdro-btgatntmguamm RAeinddr of e watbeto tieQrelwed r eat ed,
wherein the electrodialysis cell is for producing a diluate stream 10and a

concentrate stream and wherein the product returned to the renai nder of
the watepR. to e dppasitedad daimedEs caiimlie adkbreiroife apbatdies i€ @nedinstivaiter st ream
and h swghe effect of disabling or killing mcro-organisns in the renmai nder
of tflug [eatme apRAAMEat ed. 2. An apparatus as claimed in claiml, wherein
the apparatus is a bal I ast wat er 15treatnent apparatus. 3. An apparatus as
clainmed ijn clagim1l1 or e he praoduct of .the odialysis cell is
o ixtur & of Dbbaitudes HREE P SR e Mo Wofuf Bl R SRPREDER a o
stream 28disAnmagyrarcéthesconsenttae seelarh withladiensBa puttien ef thetdilaateattieamof

diluate to concentrate is controlled to nmaintain the pH of the product of
the electrodialysis cell within a selected range. . 5. An apparatus as

cl ai geéd 4n anynodppalatusras dlaingeddin oz ®; whierein thewatie of diluats tpabhctidaét iseen t he

point at c}‘)‘ﬁﬁr&@d%%énﬁéiﬁﬂhé l)lq\gf ey Fbroglljcrt oFiR eqec?%ﬁ}alﬁfs éem%m’ﬁ{[ SleibQel he

range.

5. An apparatus as claimed in any of claims 1 to 4, comprising a water flow path

25  between the point at which the inlet flow path directs a part of the water to the
electrodialysis cell and the point at which the outlet flow path returns the product of the
electrodialysis cell to the remainder of the water, and cavitation unit in the water flow path
for subjecting the remainder of the water to a cavitation treatment in parallel with the
electrodialysis treatment.

30
6. An apparatus as claimed in claim 5, wherein the water flow through the

electrodialysis cell is driven by a pressure drop occurring across the cavitation unit.

7. An apparatus as claimed in any of claims 1 to 8, comprising a diluate removal flow
35 path for removing at least a part of a diluate stream produced by the electredialysis cell

from the electrodialysis cell.



el ectrodi alysis cell and the point at which the outlet flow path returns
the product of the electrodialysis céd1-to the renmai nder of the water, and
cavitation unit in the water flow path for subjecting the renainder of the
water to a cavitation treatnment in parallel with the electrodialysis

{1 ow ¢ hrBugh £harenakErBaAEE8ekn 7 VBl 0 rethihest oRBUE Bt

occur ri ngtacntasted Watec apstieain afttheumlétfiow?patb&n apparatus as clainmed in any of
claims 1 to 6, conprising a diluate renoval flow 35path for renoving at
| east a part of a diluate stream produced by the electrodialysis cell from

t he el ecgr odi Ahy@pSraml ds claim@d-in afly ofﬁa:ialmp‘airo&t wemadsing aiswactei of bdhai m 7,
wher ej

e renoved d uate is reat ed Ny eam of
the. it ety g apparatus 1 afrehded BsRRE LE TS B Qe vEAhER WE B B e
conpri si m@teﬁd&@&té@ﬁt@fhe@éﬂ@dna‘@@ﬂ@ilaﬂoot/dae pregEeatined mhimumdeggtd to use the
source of brine to maintain the salinity of the water directed into the
el ectrodi al ysis cell above a predeterm ned mininmumlevel. 10. A nethod of
treati ng1oat eAméthed Efe&rémﬁg@mmt trei methop @ssiprigngrpagsiag pahta pdrt bhtkewat er

th h | t t f.th

Ll oot PodPaley Lreigtes Setiadaigs pan s EriS s bl arRe eclhablSs el oy or 1o

be tt@at ek rewaérider of thb&,'aﬁrmhrcbdh mle?]wsatsr to?elt;qmte;rd:aﬁeseillatrréi életgmoellieﬂ}tsiseam ialnd
ncentrate str erein the ct o el.e i.a s ce

et udien chlf rog s et reE i A chterlite et et Mol Tid Bt ¢

di sabl i ngleetrodialy$is Bl iNcltities ot lgastiso®e ofithd benosatrate streatneartd et thel efféﬁlﬁ A

hod m 10, whe h had hod of
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product of the electrodial y5| s cell is a mxture of the concentrate stream
Wt h1§ t I1 fa st Aamgt%[xt:l 'a(s)rclzla%ec‘i in cle(ljl}nl Hﬁa weﬁe?etlrr\ G met%od is a method of treating

bailast water.

12. A method as claimed in claim 10 or 11, wherein the product of the electrodialysis

cell is a mixture of the concentrate stream with at least a portion of the diluate stream.
20

13. A method as claimed in claim 12, comprising controlling the ratio of diluate fo

concentrate to thereby maintain the pH of the product of the electrodialysis cell within a

selected range.

25 14, A method as claimed in any of claims 10 to 13, comprising subjecting the
remainder of the water to a cavitation effect prior to introduction of the product of the

electrodialysis cell to the water.

15. A method as claimed in claim 14, comprising using a pressure drop over the
30 cavitation unit to drive water flow through the electrodialysis cell.

16. A method as claimed in any of claims 10 to 15, comprising removing a portion of
the diluate from a diluate stream produced by the electrodialysis cell, and directing the
removed diluate into untreated water upstream of the inlet flow path.

35



13. A method as clained in claim12, conprising controlling the ratio of
diluate to concentrate to thereby nei3&-ain the pH of the product of the

el ectrodialysis cell within a selected range. 2514. A nethod as clained in
any of clainms 10 to 13, conprising subjecting the remainder of the water to
a cavitation effect prior to introducti of . t he pr.oduct of the .

el ect r odil &l ysfdnetBeq g? glairmg ng?cla{@s_ ?&torr{ﬁ ﬁB’(’prE?n% HSNEREP AT ONRE 14,

conpri si fPmsntaRothe sAnGESItiee WARPdPN@Sd Infethd Ataticttysiincalitibové @ drive wat er
flow through the electrodialysis cell. 16. A nethod as clainmed in any of

cl ai ns 1bredgtermined Hipiruet 1848k enovi ng a portion of the diluate froma

di luate stream produced by the electrodialysis cell, and directing the
renoved diluate into untreated water upstream of the i r]I et flow path. -38-
17. A fret A8d ad VEPsH! RRAPTISING A\paliast walgr freaiment fpparatysas,¢ipigieddn 8y 98 a source
of brinegmdpidbain the salinity of the water directed into the

el ectrodi alysis cell above a predeterm ned mninmmlevel. 518. A vessel
conprising a ballast water treatnent apparatus as clained in any of clains
1to 9. 1§. A mah&REd of pBligina® Bllladt Watet RSitment &fpdrstaim® DéssepRaf@kisiBgi N a

vessel , conpri sing prOV|d|nP_an apparatus as claimed in any of clains 1 to
0. providing an apparatus as claimed in any of claims 1 to 8.



