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METHOD, APPARATUS AND SYSTEM FOR CONTI NUOUSLY OLG D=7
: t

TREATENG WATER BOQY + FIELD OF THE | NVENTI ON, The pr n
invention is related to a nethod, an apparatus and a 5 system
continuously treating a water bady, and ,&)r e.particularly to a met hod,
an apparatus- and a systemfor coentinuously t¥eating a water body by

utilizing the polarization of an electric field to coagulate the inpurities
in the water body so that the inpurities can be renmoved easily fromthe

vater body. 10 BRETRION APpMEATUEANESYSTEM FOR CONTINUOUSLY

met hod general | y“usé g sewage or | ndustrial waste water

include: 1. physical method; 2. TREATRGWATPER BODY biol ogical method;
and 4. el ectrochem cal nethod, etc. Anong these nmet hods, the

el ect rochenm caFIRED'OF TEIE INVENIIONhas been well 15 devel oped by those
skilled in the art owwng to'its | ow space-occupancy, good -

econony-utility, and Theeresemtcinventionds related o poiiethodan Bpparatusmideat s
related to this field include ROC Patent Applicatjon No. 79100054, US
Pat ent Nos.5 3, Spstenbfor donthsymesly dreating) 2 watep body, apd more particalagly to a
0295696. The prio rt utilizes the chem cal reaction,occurring 20 jn.a
cl osed el ect r omathe amppafatﬂganﬁeasy%t@mgny@mamwmg %M%Lpﬂx

properties of {he sewage, or water  waste. The coptjpuous outflaw ftromithe
electrolytic tbyatilizingdhe molapization of apcclertrc ﬁﬁiﬁffq P@ggé‘f?& g?‘h”i“@ 8 so
t hat the discharged ter, is cleansged to a .great extent. L n
an el ect rocherrm:gﬁe %@5&1&3@?2?@@@& Qﬁpugﬁfstﬁ?& ﬁefgn}q}'ﬁ’gt sasily m\r/t\ﬁg

si mul t aneousl y beit YgE4 the two electrodes and in the . electrolytic

sol uti on: water body. g

10 BACKGROUND OF THE INVENTION
Curxenﬂy, the method generally used for treating sewage or
industrial waste water include: 1. physical method; 2. chemical method; 3.
biological method; and 4. electrochemical method, etc. Among these
methods, the electrochemical method (electrolysis) has been well

~

15 developed by those skilled in the art owing to its low space-occupancy,
| good economy-utility, and free of odor and secondary pollution. The
patents related to this field include ROC Patent Application No.
79100054, US Patent Nos. 3,926,754, 4,036,726 and 4,123;339, and EP
Patent No. 0295696. The prior art utilizes the chemical reaction occurring
20 in a closed electrolytic tank during the electrolysis operation to change the
properties of the sewage or water waste. The continuous outflow from the
electrolytic tank is then treated to have the impurities therein removed so

that the discharged water is cleansed to a great extent.
' When an electrochemical procedure is executed, . six basic
25 functions occur simultaneously between the two electrodes and in the

electrolyticfsolution:



1. oxidation: Electrons are provi ded for the anode to oxidize the
i mpurities in the solution; 2. reduction: Electrons are provided by

t he cat hode to reduce the impurities in the solution; 5 3.

el ectrophoresis: lons with positive charge(s) noves fromthe anode to

the cathode; while ions with negative charge(s) noves fromthe cathode to
‘'t he anode; 4. electroetching: If the anode is nade of a cheap netal,
the anode is subj ect to oxidization-node ionization to rel ease cations
by applying 10 suitable voltage between the two el ectrodes to nake the

sol ution have 1. oxidatipar Electtonsi are yprovideds for| thet ramogdei 40 wxidizei the
deconposed i nto hydrogen and oxygen. 6. polarization: Inpurities and
wat er nol ecul eknpumtips i the selution; esponse to the application of the

electric field_forned.bet n the two el ectrodes 15 n,sujtablge vol.tage
is applied so Zhafpgflﬁﬁopb\;ﬁlee\mpﬁlsnéﬁ%tpﬁﬁ“éﬁirEX( € %ﬁO%thrmﬁ@ﬁP the
anode and the jons.&ﬁth ﬂ?SiHh$§ charge(s) gather near the cat hode, as
shown in Fig. ULILES 1N the S0 @’prior art generally utilizes the forner

e S ebbbons T8 S50, EEARE P O ROR,
ones 2 Ul e BGERSNIR o\ negatiyBRLARIBT SO TBERShode f

floating- and- r gEyide: et hod uses a mat eri al conposed of iron and
al uminum as a sacrifidial anode. The netal

4. electroetching: If the anode is made of a cheap metal, the anode is
subject to oxidization-mode ionization to release cations by applying
10  suitable voltage between the two electrodes to make the solution have
proper conductivity. |
5. electrolysis: Water is decomposed into hydrogen and oxygen.
6. polarization: Impurities and water molecules are polarized in response
to the application of the electric field formed between the two electrodes
15 when suitable voltage is applied so that the ions with negative charge(s)
gather near the anode and the ions with pdsitive charge(s) gather near the
cathode, as'shown in Fig. 1.
The prior art generally utilizes the former five of the above six
fimctions to electrochémicaliy treating wéste water, and concentrates on a
20  specific function but inhibits the other ones to result in the most efficient
performance and the most advantageous effect. For example, a
conventional electrolyzed colloid floating-and-removing method uses a
material composed of iron and aluminum as a sacrificial anode. The metal
ions released from the anode form a colloid with high molecular weight
25 by coaguiaﬁng with microgel in the water body, followed by forming a
gas-solid phase complex by combining with the hydrogen bubble released



ions rel eased fromthe anode forma colloid with high nol ecul ar wei ght 25
by coagulating with mcrogel in. the water body, followed by formng a
gas-sol i d phase conpl ex by conbining with the hydrogen bubble rel eased
fromthe cathode, and then the conplex-is fl Gted and renoved. Al t hough
this nmethod works for renoving suspension solid and mcro-particles,

there still exist several defects of: 1. large electricity-consunption
and long treatnent-tine; 5 A research report proposed by Lee in Proc.

{7t o o SEREIRH Stbods, aRERGETER HORR A puRE s 5PV ACHLARE;
obt ai mi g & safigr Y otk Br T’ MrEaBi 318 BRChiiGi-pfles,
speci fic ener gﬂiﬁe%%ﬂl”&ﬁbf)éb\?&gl %gfecﬁé)ﬂf:i nuous treatnment is up to 18

kwh/ kg-COD. It 1s also reporte Yan that the specific
ener gy- consunpfj mge%léetﬁatywmngﬁmfand long treatiehf-tiese;f at ty wast e- wat er

is treated in an electrolyzed colloid floating- and-renoving tank in a

conti nuous 50dA researck.reportpprapused by rluext in Proed 17tk Gorfii emtWosientaternce

of the equipnent; 15 The cathode and anode pl ates have to be frequently

changed owi ng Tweatment Techuology pp. CHI-66Qcdiscleses dbats when thensewage ng

the el ectrol ysi,s process, In_additiqpn, the electrode, plates, are, .
dischargqid: fromye t

i nterl eavingly the hog-breeding disandreatgdn with; 1 eplectrolytic

xecute the ohaRBEHIaHoPEcEoR: HRcclortobesiS e ok PRARIE Sr SRITIRE s
are subj ect t Oiaga?gf) %1'\12111%9 i r&btoﬁf P48 es?la?“ltde the specific energy-consumption
10 for continuous treatment is up to 18 kwh/kg-COD. 1t is also reported by
Yan that the specific energy-consumption is 1.17 kwh/kg-COD when
-~ acidified fatty waste-water is treated in an electrolyzed colloid floating-
and-removing tank in a continuous mode.
2. complicated structure and inconvenient maintenance of the equipment;
15 The cathode and anode plates have to be frequently changed owing to the
etching of the electrode plates occurring during the electrolysis process.
In addition, the electrode plates are interleavingly and repetitively
arranged and each of the electrode plates is connected to a power supply
so that it is inconvenient to execute the change of the electrode plates.
20 Furthermore, contaminants are subject to depositing on the cathode plates,
so a scraper is needed for scraping the deposited. contaminants. The
installation of the scraper makes the construction of the electrolytic tank
more complicated and makes the change of the electrode plates more
difficult. '
25 - The present invention is developed for resolving the defects of

the prior art. It is found that the utilization of the polarization function, i.e.



SO0 a scraper is needed for scraping the deposited contam nants. The
installation of the scraper makes the construction of the electrolytic tank
nore conplicated and makes the change of the el ectrode plates nore

difficult. 25 The present i _gv_ent%on i s devel oped for resolving
the defects of the prior art. It is found that the utilization of the
pol ari zation function, i.e. ‘the sixth function nentioned
above, can make the inpurity nol ecul es coagulate in a very short tine
to achi eve the,pur e, of .water cleansing. The present invention,is
free of the deficSiBsfungtion m@ﬁ%@ﬁﬁﬁ&l"ﬁm,"m n a&b“e“éﬂ’éﬁr@y-@&h $ion
and i nconveni ent L ptenance exi sti I.n L or . ES
o T PrEcENTCoadiinte B Ve ot tifle uf %%ﬁ%%?.ﬂ@%r’ﬁrpﬁéeomé%ﬁt i on

is to provide . | : [ wat-er, b whi ch
t he irrpuritiesngea%%gPéqé%%nuonqg?ﬁggtﬁf?‘%é‘%‘gm I{)/]prle ve eb%!“zﬁln:l%l g a
pol ari zation f i bO- Hﬁﬁﬁfo 0; lent fn8idtesaist ioting 1

ener gy- exchangleé&g%négﬁr%g.d&}% ot ol ﬁgt Q’%ﬁdegltt)jﬁelg“.ﬁli\e/e ofe'a'tef1CleStl[1)1 elsnerilitle

i nvention ig t?ﬂ'gfgyﬂ_de; an apparatus for continuously treating water
body, wherein e structure of the apparatus is sinplified conpared to
that of the prOBJECTIVES OFTHE PRESENTINVENTIONent s of the apparatus
are easy to be changed. 15 A further objectiwve of the present
invention is to provida ébjegtiverof the presentmvientionuss! to provdtle romethed foody
in a high efficiency, econonical electricity and easy nai ntenance
nmode. continuously treating a water body in which the impurities coagulate and

float to be easily removed by utilizing a polarization function in fesponse

10 to electric field and an energy-exchange function.

Another objective of the present invention is to provide an
apparatus for continuously treating water body, wherein the structure of
the apparatﬁs is simplified compared to that of the prior art and the
consumptive components of the apparatus are easy to be changed.

15 A further objective of the present invention is to provide a system
for continuously treating water body in a high efficiency, economical
electricity and easy mainténance mode.

These and other objectives of the present invention will be more
clearly understood from the following detailed description and appended

20 claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing the polarization function
of electric field.

Fig. 2 is a schematic diagram showing the horizontal shift of the

25  impurities with a microscopic turbulent phenomenon.

Fig. 3 is a front cross-sectional view of a first preferred



These and other objectives of the present invention will be nore
clearly understood fromthe folliowi ng detail ed description and appended 20

cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
schemati ¢ di agram showi ng the pol ari zation fungtion " of electric field.
Fig. 2 is a schematic diagram showi ng the- ~horidontal shift of the 25
Impurities with a m croscopic turbul ent ‘phenonenon. Fig. 31is
a front cross- sectlonal view of a first preferred enbodi nment -
of the present appal.a Fig. 4 is a side cross-sectional

view of the fi €8t %m@d&hepresmm of the present appar at us.

Fig. 51s a cross-section Vi ew the fl oat renove Flg
6 is a side cross-sech%ngl 1§i§vvs’2{e é’rg%%ﬁﬁ‘gh‘fﬂéf &q\@do the’ dinsh gprefprre

t he present apparatus. 7..shows a preferred enbodi nent of
t he present Sygpgm(ﬁmentofthepresqg}t p%rﬁl Sa phot ogr aph show ng the

di smant | ed appar at us ?E%t§?i§gr05f8§§c?ﬁ% Wé«%ﬁflgtﬁggﬂdhzﬁg f‘e?ﬂo{f the Jin-Lun

Aut onobi | e I ndustri al SO a phot ogr aph

shovmngthe di smantl e p 4'S ~ddifi [ n in
t he Jin- Lun Aut onobi |§§ g aﬁlﬁéocrossé @% Sl ﬁ%AFEE@%E@EﬁB@H
OF PREFERRED Emd@\g{@oﬂm present apph@uB! esent invention w dely studies
on the el ectrochem cal

Fig. 7 shows a preferred embodiment of the present system.
Fig. 8 is a photograph showing the dismantled apparatus of the
present invention installed in the Jin-Lun Automobile Industrial Co., Ltd.
10 Fig. 9 is also a photograph showing the dismantled apparatus of
the present invention installed in the Jin-Lun Automobile Industrial Co.,
Ltd. | |
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention widely studies on the electrochemical
15 treatment on waste water. It is suprisingly found that when several
conducting plates are arranged between the cathode and the anode, and
the electrodes and the conducting plétes are arranged to form an upward
closed S-shaped one-way flow path, the impurities in the water coagulate
to form a cluster in a very short time, e.g. 1 minute, if an electric field
20 having a sufficient intensity is generated between the two electrodes by
the application of a proper voltage to the cathode and the anode. The
phenomenon of rapid coagulation in a very short time cannot be explained
by the conventional electrolytic coagulation principle.
~ The present inventors repetitively make experiments on and
25 analyze the phenomenon. The possible reason for the occurrence of the

phenomenon is inferred as follows.



15 treatnent on waste water. It is suprisingly found that when several
conducting plates are arranged between the cat hode and the anode, and

the el ectrodes and the conducting plates are arranged to form an upward

cl osed S-shaped one-way flow path, the irrpu@ties in the water coagul ate
to forma cluster in a very short tine,” e.gQ1 nmnute, if an electric field
20 having a sufficient intensity is generated between the two el ectrodes
by the application of a proper voltage to the cathode and the anode.
The phenonmenon of rapid coagulation in a very short tine cannot_ be
expl ai ned by t heWdmen a propevokage is applied ta theycathoderanst thecanode so
The present inventors repetitively nmake experinments on and 25 anal yze the
phenonenon. Ththasauselgctrie Sskdhaving 2 isuffacient mensity1s gemerated pabweer tbe i s

i nf d foll . . . . .6
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charges, as sh | | T The pol ari zation function nakes
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the inmpurities nol ecul es and solid m cro-bubble

in the water bod ol ],z : LC - ri
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occurs. become particles alternately bearing positive and negative charges. In

10 addition, all of the particles bearing mutually repulsive charges or no
charge become those bearing mutually attractive charges, and thereby the
coagulation phenomenon occurs. '

The conductive plates arranged between the anode and the
cathode facilitate the coagulation of the impurity particles, but the

15 mechanism still remains unknown. It is inferred that the mechanism may
have relations with the energy transfer enhanced by the generation of a
micro electric field on the conductive plates themselves. After the
impurities are induced to bear bipolar charges to conduct mutually
attractive effect and further coagulation effect, other effects are still

20  required to make the dispersive small impurities collide with one another
to form a bigger cluster which can be separated from the water body more
easily than a small one. The collision among the impurities can be
achieved by the following ways:

1) Macroscopic agitation:
25 Th'é mmpurities can collide with one another in the water body

through mechanical agitation. The conductive plates in the processing



The conductive plates arranged between the anode and the cat hode
facilitate the coagulation of the inpurity particles, but the 15 nechanism
still remains unknown. It is inferred that the nechani sm may have
relations with the energy transfer enhanced?by t he generation of a

mcro electric field on the conductive plates thenselves. After the

I mpurities are induced to bear bipolar charges to conduct nutually
attractive effect and further coagul ation effect, other effects are stil

anothor -t S S D aflaDREA i BRI ABRY Pt B0 WEGAS AL cam o,

body nore w i I@Eb S‘W"" h i Ifed HeRRRvENEhe et tofes
can be aCRi%eve é’gf’t e(ﬂ¥o owuﬂg&ma)ﬁsae%&ll I%lﬂl':;ho‘é‘r oscopi ¢ aglﬂ?ation:
25 Thtediapicdl dggmtionn col | ide with one another in the water body
t hrough nechani cal agitation. The conductive plates in the processing

tank can be ar ngoggoﬁiemfblﬂeﬁb@ped path so that the water body can
performinvertedly flow under an electric field to achieve the effect of

nmechani cal ®mgitati on. The dinRnsidnsr ofsmpe oft thehmpuritges are very small, evem as
di nensions of sonme of the inpurities_are very small, even as smal |, as
a ol ecul e or amalbas st melecTiecomanion stateadiheameshanical agitation canealyt he

i mpurities macroscopically . shifted, and the djstance betyeen the mal |
impurities sti Makethe WPREReHIACTOIGORIE shiftads ,anslﬁgei i@w etween the

I I il 1] i ' ' I . aln.
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molecules will not mutually collide to combine into a cluster. In order to
10 overcome this problem. the present invention has the impurities induced
to bear charges, and then accelerates the charges to form a unidirectional
current to further generate a magnetic field perpendicular to the flow
direction. Because each of the separated impurities forms therearound its
own independent magnetic field, the interaction between these magnetic
15 fields forces the impurities to slightly laterally shift along the direction of
the magnetic field, and the small lateral shift will become a larger lateral
shift after a journey. Different impurities bear different charges so that
form therearound different intensities of magnetic field. Therefore, the
lateral shifts of the impurities will also be different so that the collision
20 between the impurities are possible. The lateral shift state of the
impurities is shown in Fig. 2. When a water body is keep moving in an S-
shaped flow path, the impurities will be accelerated to achieve the
spontaneous shift.
On the basis of the above observations, a method for
25  continuously treating a water body is disclosed in the present application.
The present method includes a step of using a substantially sealed



10 overcone this problem the present invention has the inpurities induced
to bear charges, and then accelerates the charges to forma unidirectional
current to further generate a nagnetic field perpendicular to the flow
direction. Because each of the separated infgirities forns therearound its
own i ndependent magnetic field, the interaction between these magnetic 15
fields forces the inpurities to slightly laterally shift-along the

di rection of the magnetic field, and the small lateral shift wll
become a | ar geprbeésiing tank, atRitop Mid & battbl poeondof Whithi aiwateri duths
bear different "charges so t'hat formtherearound different intensities
of magnetic fi end aThatezfinlet ateharranged| espectivelly] fand of ahhmtempr spaceof
will also be different so that the collision 20 between the inpurities are
possi bl e. The ivdichathreidrt nxoret comductine plates i sybstantially i pax relafipg.

2. \Wen a water body is keep noving jn an S . aped.fl ow. path, the
i npurities w | with the tanlcbattem and sy $@0§aﬁ}ién Pafaﬁgpft@fﬁ%&ﬂﬂ’ IRE APX Hler
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made of a
10  as an anode and a cathode, wherein the water to be treated is introduced

into the processing tank from the water inlet, flows upwardly through the
S-shaped one-way flow path, and then is discharged out of the processing
tank form the water outlet, and wherein a voltage is applied to the cathode
~ and the anode to generate an electric field having an intensity ranged from
15 0.5 mV/cm to 1000 V/cm during the flow of the water body in the flow
path, thereby polarizing and coagulating impurities in the water body to

removing the coagulating impurities.
The water body suitable for being treated according to the
present invention may be any kind of industrial waste water and
20 contaminated water body, for example the litter-infiltrating water, river
sewage, dyeing waste water, electroplating waste wafer, pulping waste
water, petroleum chemical waste water, automobile-maintenance waste
water, fermentation waste water, waste water from ice cream factory,
restaurant waste water, hospital waste water, lab waste water and living

25  waste water, efc.

The present invention is not limited to be used for treating water



conductive material having a resistivity ranged from1.59 [err]cmto 1300
[errJcmand at | east two of the conductive plates are respectively

el ectrically connected to a positive and a negative power source to serve
10 as an anode and a cathode, wherein thajwater to be treated is

I nt roduced into the processing tank ffomthe water inlet, flows
upwardl y through the S-shaped one-way flow path, and then is
di scharged out of the processing tank formthe water outlet, and

o % ARG AL et B YRR onapelds! BEuRfifs SEREES"
VI om dur ng Dbl 4 bRy SonbaariShd "hd Liler body BB tIRKERn be

pol ari zi ng and oagul |es |n ie ‘wat e

the coagul ati ngGgifRU et -or bas1c ie. anryventlmyﬁﬂdﬂl ﬂ'l?( b{/ﬂlﬁofa@@ﬂ

treated according td the esent be I nd of

i ndustri al wastywjthi eklanéhr%e t@eavearwwraﬁgm ¢he t;ﬁéyentfmeﬂmrmhy Wwater

litter-infiltrating water, river sewage, dyei ng waste water,

el ect ropl at png berbt hamtgra, condudtigityvaanged betweened 9&o¢ﬂs/mhewn26k1ems¢ah
wast e wat er, autonobil e-nmai nt enance waste water, fermentation waste
wat er, waste wdequivialenh tocthatrefathe gonoentration ofr supesynuat watest to satusated
hospital wast e ter, Jab, waste water and,ljving 25 waste water, etc.

The present in manc}nl@ 15 m@det&rbbe%yeatﬁd @ceerding tethe present

bodi es having specific pH.values, uct I vities erat ures,

species and i V?‘?@O%o‘gé &6F the FBHQH ﬁ@nﬁ?%ﬂtﬁtl%cfb gl %Chﬁ

acidic, neut raltr ategai% the concen?ra)ﬁ ﬁlereo 13/ rgr?éle'c{] ?’rom%_'toaiéye pr angvev%lle
10 another water resource recovery step had better be executed prior to the

present method if the concentration thereof is higher than 10° ppm.

In accordance with the present invention, the water outlet and the
water inlet are respectively arranged at the top and the bottom portions of
the processing tank. The conductive plates in the processing tank are

15 arranged substantially in parallél relation with the tank bottom and
substantially in parallel relation with one another for upwardly forming a
substantially closed S-shaped one-way flow path. The installation of the
S-shaped flow path causes the inverted flow of the water body to achieve
the purpose of mechanical agitation. It is to be noted that the conductive

20  plates should not be arranged to be perpendi_cular to the tank bottom to
form a rightward shape or waveform shape because the hydrogen
and the oxygen bubbles generated owing to the electrolysis of water are
likely to accumulate at the peak of the waveform to hinder the flow of the
water body. |

25 At least two of the conductive plates are connected to the

positive and the negative power supply, respectively, to serve as an anode



within O[err]14 can be treated according to the present nethod. Any water
5 body having a conductivity ranged between 0.98 [err]s/cmto 254 ns/cm
(equivalent to that of the concentration of super-pure water to saturated
sodium chloride) is suitable for being.treagg according to the present

I nvention. As for the inpurity concentration, the inpurities can be
directly treated if the concentration thereof is ranged fromO to
10[err] ppm while 10 another water resource recovery step had better be
executed prior t ' - |
hi gher than’ 10] ea?uﬁ@%g%mdeﬁf Eﬁﬁ'&!lsd‘ﬁ&{bﬁﬁg%fé 3&; %g%aﬁlg’éc Vcﬁfpﬁlﬁtﬁﬁgpgafr?%f%fhdcfe
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arranged at the top and the bottom portions o t he processing tank.
The conductive ?l_atese whichhare rsste sahfiectiedn kvith epdwer asupplyeis sdeépendent aid y
in parallel relation wth the tank bottom and substantially in

paral | el rel ati qsrastichl esrpiremetite THeonumberrof the foomductive plates which are not

substantially closed S-shaped one-way flow path. The installation of the
S-shaped flog patdnmestedwitthpower supply betweer eatte pairtafi cathdde andaanode ean
the purpose of nechanical agitation. It is to be noted that the conductive
20 plates shoulbk rdentival or diffgrentt Theexistepoe aif ¢he anpluggad-condictive plates o
forma rightward shape or waveform shape bhecause the hydroggen and
the oxygen bubbligsfogeinapraving she repagulation of dberimpurity partwge%rH@wever, the

likely to accunul atfe at the, peak QI t he wave{orm_ro hé, er.the flow oi t he
wat er body. 25 action mechapisna as stifl Wheltcls iaterre ztlj"ﬁll&trﬁﬁy € relation
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10 electric field on the conductive plates themselves.

The conductive plates including those connect to the power
supply to serve as anode and cathode may be made of any conventional
conductive material, and preferably, made of a conductive material having
a resistivity ranged from 1.59 uQcm to 1300 uQrcm. The examples of the

15 conductive material include metals such as Fe, Al, Ag, Cu, Au, Zn, Cd, Pt,
Sn, Cr, Sb, Ti and Mn, etc., alloys such as azurite, chalcopyrite, stainless
steel, alferon and chromel, and non-metals such as graphite.

According to the present invention, a voltage is applied to the
cathode and the anode to form an electric field having an intensity ranged

20 from 0.5 mV/cm to 1000 V/cm between the electrodes, and thereby the
impurities in the water body are readily polarized and then coagulate. The
preferred electric field intensity is ranged from 0.1 V/cm to 1000 V/cm.
Under the electric field, the electrolysis of water molecules are likely to
occur. The hydrogen and the oxygen bubbles generated during the

25 electrolysis of water molecules will combine with the impurities to
facilitate the floating of the impurities and further facilitate the removal of



and a cathode. It can also be chosen to arrange a plurality pairs of

cat hode and anode which are alternately arranged. The nunber of the
conductive pl at es which are not connected with power supply is
dependent on practical requirenent. The nunber of the conductive

pl ates which are not 5 connected with po supply between each pair of
cat hode and anode can be identical orJdifferent. The existence of the
unpl ugged conductive pl ates is for inproving the coagul ation of the

i mpurity particl . , the action nmechanismis still unknown.
It is inferred tﬁgﬁuﬂ?ﬁﬁrrggg'have rel ation with the inproved energy

transfer resulting f rO”J%%Sr&ﬁﬁef@rthé”br%eﬁf‘ %}\%nﬁoia(,) the! #6W r4tel 6P the QRafele

conductive pl ates thensel ves. e conductive plates including

those connect tobbly theswsh the S-shapal flowe path ¥ geseraligdfonn0. kai/secieo 387

be made of any conventi onal conductive material, and preferably, nade
of a conductive mifseci Ahdapresgnt inventionemmcreases ytheaoppdrtunity bf5¢ollision
[err]cmto 1300 [err]cm The exanples of the 15 conductive materi al .
i ncl ude netal% sbetween Fimparitiesg polarized, bgn thed elevtric field by, the, spociali
and Mh, etc., alloys such as azurite, chal copyrite, stainless steel ,
al feron and chr opsiangement of-the: corduntive plateinghetprocessing tank, and thus the

According to the, present invention, a voltage is applied to t .
cat hode and the HRPYELES ¢ rﬁ%guéﬁt@cmifl@m & &fuﬁé‘?ﬁ A AnveTyt gﬁ@“tglmeangbﬁ
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renoval of

energy. The electric energy consumed in the presenf method is 1% to
0.1% of that of the conventional electrolyzed colloid floating-and-
removing méthod. |

15 The present invention does not '_ specifically require the
temperature and the pressure of the water body, as long as the water body
is in a liquid state.

Further, the present inventor found that the coagulating impurities

caused by the polarization function induced by the electric field rapidly

20 float to the water surface if the pH value of the water body is adjusted to a
specific value immediately after the water body passes the
electrochemical processing tank. On the contrary, the floating
phenomenon of the coagulating impurities will not occur if the pH value
of the water body is adjusted after a long-term stand.

25 Thé_ actual reason for the above phenomenon is not fully

understood, but it is believed that it may have relations with energy



the inmpurities. According to the present invention, the flow

rate of the water body through the S-shaped flow path is generally from
0.1 msec to 3.87 - msec. The present invention increases the
opportunity of collision 5 between |n°pur|tj_% pol ari zed by the electric
field by the special arrangenment of the conductive plate in the
processing tank, and thus the I mpurities can coagulate to forma
cluster in a very short tinme. The residence tinme of the water body to

be treated in thgansfeeehtiothet avdrdsS when dse avater Yoddys passesnan electric=field, ,

which is nuch less than the residence tine 10 (about g)o m nutes) in the
conventional el etlie wayeresholediles absorbat thecererdy of therelectrionfieldtonbecome an

Therefore, the present invention consunes little electric _  energy. The
el ectric energy excitedmstaten Wndepae cendition mfdaumommﬁ value, Ih@omoamdes)f
t he conventional , el ectrolyzed colloid floating-and- ) VI ng WBQQI}}&
The present i nveﬁﬁt&iﬁaﬂwlﬁd’ﬁ easgcqnergmtowmm%mon of FRTeW, Oaﬁd
the pressure of th wat er body, as long a he water b

liquid state.b € water s Qen'@geﬂ@ rﬂnl?‘mﬁ&ﬁ gfﬁ?% h%‘[lily ?W@ted
coagul ating inpuritie sed b olarlz |on func n_i nduce

the electric fi emj&'&‘ap Wﬁ@ﬁij elﬂ Wﬁjgﬂng9§§1V&®/
of the water bod tyed . t _

the vat er body. pilege{ b3 et t‘ér@u%a@ﬁﬁ@%hﬁpﬁ%ém%%*%@ﬁém
contrary, the fl n a S

not occur if t heﬂ%%é Clg? ugum&&ﬁg%ﬂéﬁévﬁ e‘?ﬁﬁ)gg%aﬁgba&}% e@eﬁg dé&r‘;aSWI ltﬂ)e

| ong-term stand : n.J or the above phenonenon is
not fully rs Wllb%%szgﬁdﬁé%@i eveg that it may have rel ations

wi th energy jg The floating of the coagulating impurities makes the impurities

- removed more easily. Therefore, in a preferred embodiment of the present
invention, the present method further includes a step of adjusting the pH
value of the water body to a suitable value immediately after fhe water
body passes the electrochemical processing tank in order to facilitate the

15 floating and the removing of the impurities. The suitable pH value
depends principally on the impurity species in the water body to be
treated. Those skilled in the art can determine the suitable pH value
without difficulty. according to some trial results.

Furthermore, a coagulaﬁt and a stabilizer may be added to the

20  electrochemically treated water body when necessary to facilitate the |
coagulation of the impurities to form a bigger cluster which is even easier
to be removed. The coagulating impurities in the electrochemically treated
water body are generally removed by a floating remover.

The present invention also provides an apparatus for

95  continuously treating a water body which includes a substantially sealed
processing tank, at a top and a bottom portions of which a water outlet



12 transfer. In other words, when the water body passes an electric
field,, the water nol ecul es absorbs the energy of the electric field to
becone an excited state. Under a condition of a proper pH value, the
nol ecul es i nst ant aneously rel ease energy §93vaporize a portion of water
which float 5 to the water surface together™wth the inpurities. If the
wat er body treated in the electric field stands for a long tine, the
energy will be progressively rel eased in a heat form The adjustnent

of the pH value #iq haands HetVaré taﬁléamgéﬂai’tf'sgg%ti%f}f P A Hifd¥iok space of

vapori ze the water nolecul es, so uritrés w scen st ead

of floating. 10 yhich three &hnbte¥bnAlickle PitcO36bdaRtisly B Patdllct solitice

: I C
the inmpurities enoved nore easily. erefore, I1n a preferred

embodi nent of t hgjthrtheqahk bottonh AndSubRtantidily @y ?ﬁ@ﬂbl relatiofl Withtoirr another

I ncludes a step of adjusting the pH val ue of the water body to a
sui tabl e val ue iforaspwhrlly fefming ahsubstantially closedd$-shaped sondrsvay flow path
el ectrochem cal processing tank in order to facilitate the 15 floatjing_and

the renoving 5of whéhe mrocessing. tanke wherein| thepigondugtive platergeaomade of a
Those SKilled i roandctive mbferipl having@ ToRistbaty, EAngsdiTomni 0 1Croma #30D
Congul ant and a BCLOR 14 Rajedsh buBoat: e reondctiies RlSh AT SPTRECtIVELY
et ed nat r Do DEGRARY 1% PG B8 ot v, pOVP T Yk
hater body ar o genah apbfle L EMREL" | 02 Frotemover. 0 e e
hater body il ch i not adiie PréSheeiyRREBRIANS biividas G SYA@UP 1Bk JoddffiouRy 3
top and a bott onypaikd QRFafet bidycWhich Bichid&y ' ‘pRétreating device for adjusting the
pH value, conductivity and added catalyst of a water body to be treated

st

for improving the effect of the following electrochemical treatment; an
electrochemical device connected with the pretreating device for
15 facilitating coagulation of impurities in the water body and providing
energy for the impurities for easily separating the impurities from the
water body; a post-treating device connected with the electrochemical
device for adjusting the pH value of the electrochemically treated water
body and adding a coagulant and stabilizer to the electrochemical device
20 when necessary; a floating remover connected to the post-treating device
for separating impurities from water; the system being characterized in
that the electrochemical device includes a substantially sealed processing
tank, wherein at a top and a bottom portions of the processing tank, a
water outlet and a water inlet are arranged respectively, and in an interior
25  space of the processing tank, three or more conductive plates sﬁbstantially
in parallel relation with the tank bottom and substantially in parallel



and a water inlet are arranged respectively, and in an interior space of
whi ch three or nore conductive plates substantially in parallel relation
with the tank bottom and substantially in pair‘illel relation with one

anot her for upwardly form ng a substan 1y closed S-shaped one-way
flow path 5 in the processing tank, wherein the conductive plates are
made of a conductive material having a resistivity ranged from 1.59
[err]cmto 1300 ~[err]lcmand at | east two of the conductive plates are
respectively  relatiem twith aineyanother for aipveardly ferming-a substant closedver
source to serve as an angde and a cat hode. 10 . The present

i nvention al so pshapedeenervegysflow path svthe presessipg tank, le@nhaweac%@&twe
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tank, wherein atdl%,vﬁﬁ?s.and a bottom portions of the processing tank, a

e

water outlet and a water~inlet are arranged respectively, and in an

'SELE[ :ag[ i §|5|1yos pace of tHigspBonebd Bfe CAsHS-sedtional drontoared sidel widwy ofid firsts
preferred embodiment of the present apparatus. The apparatus includes a
processing tank 1 which is a sealed tank and one end surface of the tank
is an openable tank door (installed on the front view of Fig. 1 but not
shown). Recessed sliding ways 10 are mounted on both sides of the tank

15 1. The tank 1 also includes a pressurizing pump 11 connected to a water
inlet 12 communicating with the tank bottom. A water outlet 13 is
arranged at the top portion of the tank 1 and mounted thereat a flow
control valve 14. An anode plate 2 is installed on the interior top portion
of the tank 1 and externally connected to a power cable. A cathode plate

920 3 is mounted in the interior bottom portion of the tank 1 and externally
connected to the power cable. A conductive plate 4 mounted in a space
between the anode plate 2 and the cathode plate 3, which the treated
solution will pass through. The conductive plate is secured by placing two
sides of the plate into the slide ways 10, as shown in Fig. 4. The

25 conductive plate 4 does not occﬁpy all of the planes, and in stead, a
vacancy 41 is left for the flowing therethrough of the treated solution.



in parallel relation wwth the tank bottom and substantially in parall el

14 relation with one another for upwardly form ng a substantially

cl osed S- shaped one-way flow path in the processing tank, wherein the
conducti ve pl ates are nade of a.qpnduﬁgﬁve mat eri al having a
resistivity ranged from 1.59 [err]cm 1300 [err]cmand at |east two
of the conductive plates are 5 respectively electrically connected to a
positive and a negative power source to serve as an anode and a

cat hode. Preferred odi nent s ,of , t he esent, appar at us and
the present  WheR & ¥ﬂit§$‘l’ 1S ﬁm?‘ga g% ﬁ? P9th94%§¥1ﬁ1§bsomm°n9$&°@ﬁéﬁ8@q 0
t he acconpanyi . raw.ngs.. 40,. l.§S d .
Cross-secti ona%?b%tﬁﬂﬂd%f’d‘éoﬁ%%veoplﬁef ftrg{]ﬁ en}f’ar%?eﬂ'gér ?eg%mé?%}? t
of the present ' a | ] 1
which is a sea%ﬁépzlﬁ%ggﬁ%ﬁ%ﬁgégﬁat%e or t g ?%a}ﬁgﬂaﬁéﬂ(ifizﬂiéc“nﬂgiggﬁggl e
t ank door (inshgﬁkg&ion the front view of Fig. 1 but not shown) .
Recessed slidihg ways 10 are nounted on both sides of the tank 15 1. The

tank 1 al sg5includes Righrighowisza tgops-sectidnaloviese of a floatingatemover. Thel et
12 communi cating with the tank :bottom A water outlet 13 is arranged

at the top porwater odyhdreated withndhevelectrochémiealt prodessing tank coan rine
valve 14. An anode plate 2 is installed on the interior top portion of
the tank 1 andiselatedrbyt & floatimgeremeovero a power cable. A cathode plate 20 3

I's mounted in the interior bottomportion of the tank 1 and external.l
connected to the powekheZemovex K@E@ﬂﬁﬂﬂeuppéﬁ éeﬂﬂ%mﬁmernsdnsp‘auéﬁl a

U "Bl S S S e B .o

10  water outlet of the processing tank, and an overflow collection vessel 52

is arranged on the upper portion of the cylinder in a way that an opening
53 on the upper section cylinder 5 communicates with the overflow
collection vessel 52. The overflow collection vessel 52 is additionally
arranged thereon a discharge tube 54 on which a scraping device 55

15 including a scraper 551 which is driven by a motor 553 and a cover 552
covering the overflow collection vessel 52 are mounted. An extension
cylinder 56 may be connected below the upper section cylinder 5 and the
cylinder body thereof may be locally transparent. A base cylinder 57 is
connected below the extension cylinder' 56 or connected directly below

20  the upper section cylinder 5 when no extension cylinder 56 is needed. The
cylinder body of the base cylinder 57 can also be locally transparent. The
discharge tube 571 of the base cylinder 57 is also mounted thereon a flow
control valve 572. The upper section cylinder 5, the extension cylinder 56
and the base cylinder 57 combine to form a floating remover tank.

25 Fig. 6 is a cross-sectional side view of a second preferred

embodiment of the present apparatus. The apparatus is characterized in



sides of the plate into the slide ways 10, '‘as shown in Fig. 4. The 25
conductive plate 4 does'not occupy all of the planes, and in stead, a
vacancy 41 is left for the flow ng therethrough of the treated sol ution.
When a voltage is applied to the cat-hode the anode to generate an
electric field, the conductive plate 4 wilT ‘enhance the el ectrochem cal
function of the electric field to facilitate the coagul ation of the

i mpurity particles. 5 Fig. 5 shows a cross-sectional view

o oL 18 NGy of condbiive it 4oRHSul hbpeecd Bk BheRE"
1l L Sl B AT i M, ot o,
i o BB AOE o A RRATROAR BSE by
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arranged thgr e%&r%@@%@@% i‘i§635ﬂo%ﬁl@i hquid ss?étégitﬁg HeSRdviter is

i ncl udi ng a“scraper riven by a“notor 553 and a cover 552

covering the oygerbdaeed FomCtHeoBottons of thé bk avdHews ot oftirntoprof the

cylinder 56 nay be connected bel ow the upper section cylinder 5 and the

cylinder body tprecessingaanio thioughl the subastamtialin S-shapeasenesway flow path.sA
connected bel ow the extension cylinder 56 or connected directly bel ow 20

the upper sect ipredetennined voltageis applied ¢othemanodei anibtheseéathededeqgeneratiee

an electric field having a predetermined intensity in a space between the

10 cathode and the anode. The electric field results in the polarization of the
impurities in the untreated water, renders the impurities absorbs energy,
and induces the catalytic effect of the conductive plates to enhance the
coagulation of the impurity particles. On the other hand, the untreated
water flows through the closed S-shaped flow path with mechanical and

15 magnetic agitation to make the impurities coagulate into a cluster to be
isolated from the liquid.

According to the above disclosed apparatus, the operating
procedures of the present invention can be summarized as follows:
1) The untreated water body is continuously pumped into the processing

20 tank 1 by a pressurizing pump 11, and the pressure of the water body in
the processing tank 1 is well controlled by the flow control valve 14.

2) A proper circuit may be used when necessary to alternately exchange
the polarities of the electrodes. The alternate polarity-exchange cycle
should be controlled within a proper range by setting a timing clock in the

25 circuit.

3) Open the power and treat the water body. The needed time for



cylinder body of the base cylinder 57 can also be locally transparent. The
di scharge tube 571 of the base cylinder 57 is also nounted thereon a fl ow
control valve 572. The upper section cylinder 5, the extension cylinder 56
and the base cylinder 57 conbine to,tprn1§£7Ioating renover tank. 25

Fig. 6 is a cross-sectional side view of second preferred

enbodi nent of the present apparatus. The apparatus is characterized in

16 that a plurality of conductive plates 4 irregularly disposed
bet ween t he node pl ate and t he cat hogg plate to ﬁchi eve better
per f or mance. TeEAcientlyotkeatingy dhe| water bedyy; &ty SROHH AGEH itRg theink

to be a substanti al,l cl psed S-shaped one-way flow path. In a condition
that the unt reﬁl‘Eﬁ“‘émﬁtr@F“ﬁﬁdy keeps in a flowable liquid state, the

S RS e A B S AT ol b0 i 0
S one o BB, e o RGPS ARG hapi s
br edet er m ed Lphenshhin | RoAISRAEEnRB1 e $72 18 afahNARS valEh tRghATPHE:

The electrit fie S in the polarization o Impuritres in

t he untreated r&f t ' K e
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i nduces the catal yti of the condu ates to enhance the

coagul ati on of ghdjserision drdied Fdmcthe upper oveeflohheslléuvtivh védsel.unt reat ed
water flows through the closed S-shaped flow path with nechanical and 15
magnetic agi taﬁ?]mheb&'erﬂthw suspensiow cdn be farthen breated with anahstvament gubk
i solated fromthe |iquid. ) According to the above di scl osed
appar atus, theaspdilier ona mud spitocedur es of the present invention can be

sumari zed as foll ows: ) ,
10 Therefore, by controlling the outflow rate of water with a flow

control valve 14 mounted at the water outlet of the processing tank and
controlling the outflow rate of the water thh the valve 572 mounted at

the water outlet of the floating remover to make the ﬂoating-and—rémoving

rate and the discharging rate in equilibrium, the purpose of continuous

15 floating-and removing operation can be achieved.

Fig. 7 is a schematic view showing a preferred embodiment of

the present system. The water body to be treated 71 sequentially passes a
pretreating device A, a electrochemical device B, a post-treating device C

and a floating remover D to become a cleansed dischargable water. The

| 20 reference numeral 73 represents mud. The pretreating device A includes a
conductive agent tank Al, a catalyst tank A2, an acid tank A3 and a base

tank A4, and the water body is adjusted to a proper pH value and
conductivity here to make the following electrochemical treatment
perform well. The electrochemical device B is connected to a power

2 supply N, and the internal structure thereof is shown in Fig. 6. The

electrochemical device B may enlarge the size of the impurity particles



1) The untreated water body is continuously punped into the processing 20
tank 1 by a pressurizing punp 11, and the pressure of the water body in

the processing tank 1 is well controlled by the flow control valve 14.

2) A proper circuit may be used when pece y to alternately exchange

the polarities of the electrodes. The alt ate pol arity-exchange cycle
shoul d be controlled within a proper range by setting a timng clock in the

25 circuit. 3) Open the power and treat the water body. The needed
time for .. efficiently treafing the,water. body is very short
according to tB8d providsgaes r#4ne mpuritics to mak@)thf’m L éﬁf"é@d
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fl oating-and-r ititigs from thatwatepd the discharging rate in equilibrium
t he purpose of continuous 15 floating-and renovi ng operation can be

achi eved. The present invention will now be further described according to

the following examples. In these examples, unless specially designated,
. 10 the term  onductive plate(s) * refers to the conductive plate(s) which is

not connected to power supply, and the conductive plate(s) connected

with power supply is called lectrode plates sk

Embodiments

15
Embodiment 1 Experiment on latex

1) water body to be experimented: Natural latex is added into pure water
with a concentration of 1000 mg/l. The pH value is adjusted to about 2
with sulfuric acid. The conductivity is adjusted to 800 ps/cm with NaCl
20 solution. The COD value of the water body is about 1000 mg/l ~ 1500
mg/l, the visibility < 5cm, and the temperature is 20~30°C.
2) experimental instruments:
power supply: DC power supply with voltage output of S00V and current
output of 30 A
25 reaction tank: two electrode plates and eight conductive plates parallelly
spaced and in parallel to the ground, each of which bas the same



Fig. 7 is a schematic view showing a preferred enbodi nent of t he
present system The water body to be treated 71 sequentially passes a
pretreating device A a electrochem cal device B, a post-treating device C
and a floating renover D to become a clea %@d di schargabl e water. The 20
reference nuneral 73 represents; nud. “The ﬂw treating device .A includes a
conductive agent tank A, a catalyst tank A2, an acid tank A3 and a base
tank A4, and the water body is adjusted to a proper pH value and

per i orm wel | SHBERHIOBB oF Hoxi Bl o @efi”’c"e b § 0.2 6 rinothick
Zijgﬁi?o?hgﬁ?ﬂaﬁv%g' i Poratapioe Heghpenithe é’étgé%thfa‘%ssmﬂe#?mwﬁw@t d
From the wat or CouCbe PlF B Ariiaes b%?Yk'ﬁs#luﬁ’ee's %Zé*fc“ i, i Syghse%&?ﬁe
vatcr proper i S0asisruBRThe cl@HodeoRAE, BlaRE comflolrde pliteS Urkahadd of Ty

5 renover © Ujdohi 288 WH@reﬁi‘ e %nades of 'thé pb Wér%g[pl?ﬁ tohiéctad do'the upper

addi ti onal Dbubbl e3 applied when necessary'to readily separate the

i npurities froeldcdepkite while the cathodeTdfether powet supphnis conmédted tothee

further described according to the foll ow ng exanples. In these
exanpl es, unl ebswepelsctitdde plats (oathe cattibde 6Etheepower supplyt isveomected 4o *
refers to the conductive pI ate(s). which_ is not conpected to power )

supply, and t héhftdmm’t ielectrode aplete cwhilecthel anode \of; ithe opewerugupplyi ds
called |ect rOde é‘ét%é to the lower electrode plate). The reaction tank is enclosed
10 with a closed vessel to make the water body flow upwardly to form an S-
shaped flow path.
pump and motor: the water body of 1cc~1000cc/min can be continuously
and adjustablly pumped thereby.
3) experimental procedures: Introduce the water body upwardly through a
15 space between the electrode plates and the conductive plétes in an S-
shaped path. Open the power supply to set a voltage value to adjust the
electric field. Disregard the treated water collected during the first five
minutes because the apparatus is in a warm-up state. Sample the treated
water which is obtained in a steady state.
20  4) operational conditions: electric field intensity: 3 V/cm
pressure: normal pressure
flow rate: 455 cc/min
pressure inside the tank: < 2kg/cm?
temperature: 25°C |
25 5) experimental results: the water body is in a turbid state, and the pH

value thereof 1s about 4~5. The water body is placed into a vessel and



Enbodi ments 15 Enbodi ment 1 Experinment on | atex 1) water body to

be experinented: Natural |latex i's added into pure water wth a
concentration of 1000 ng/l. The pH value is adjusted to- about 2 W th
sul furic acid. The conductivity is .adjusteeghto 800 [err]/cmw th NaC 20
solution. The COD val ue of the water bod about 1000 ng/l [err] 1500
g/, the visibility < 5cm andtheterrperaturels 20[err]30[err]C. 2)
experinmental instrunents: povver supply: DC power supply WI t h vol t age
out put of 500V _and, C rren t of t on t

el ectrode plat8& d'G & th{iocgérl%frpgﬁﬁ 0 1o %b"gé’&f aﬂﬂdl n

h
B ronst ons of  SoRnRRRY, mwﬂf SOhER, 15 Gocif TBr adiusting, the, pf, value to
uherein the di ShORES, 0/akieSiburifosche e HaferNthPfupidlyl Godiiefiflo B ubiod

conductive plates are arran etween t I n equa

space, wher ei njh sheehfiititePd8d Ffl@dt%i%ftﬁﬂthbhﬁrat‘é}ﬂﬁwﬁtbe/%ﬂd theé Svatef uiﬂé? i8f

5 iron, and wherein the anode of e power supply is connected to the

upper &l ectansgarant aml mwateThbmleatwg s El@bﬁﬂf CODpnalysis, and

connected to the | ower el ectrode plate or the cathode of the power

supply i s connéhe eesulbshows thatsthe (POD shhet lsddss thaat 200mg/. The cleardeatet

the power SUppllg/ sétr?tpled for visibility analysis and the result shows that the visibility is
greater than 30 cm. If the adjustment of the pH value to about 8.0 is
executed after the water body have stood for thirty minutes, the impurities

10 descend.

Embodiment 2

The present invention shows the effects of electric intensity, flow

rate of the water body, conductivity, pH value, temperature and pressure,
15 and material and combination of the electrode and conductive plates on
the water treatment. |

Formulation of the water body to be experimented

1. materials:
1) super-pure water: the super-pure water used in semiconductor industry
20  and having a conductivity less that 1 ps/cm
" 2) electrolyte: NaCl, 99.9%
3) acidifying reagent: HzSO4, 99.9%
4) basifying reagent: NaOH, 99.9%
5) impurities A: ink, brand:
95  6) impurities B: No. 36 Chrome Yellow Poster Colors, brand: OSAMA

7) impurities C: silicon powder which is the ground powder of



connected to the lower electrode plate). The reaction tank is enclosed 10
wth a closed vessel to nake the water body flow upwardly to forman S-

shaped fl ow pat h. punp and notor: the water body of |cc[err]1000cc/ mn
can be continuously and adjustabl |y ggped t her eby. 3)
experinmental procedures: Introduce the wa body upwardly through a 15

space between the el ectrode plates and the conductive plates in an S
shaped path. Open the power supply to set a voltage value to adjust the
electric field. Disregard the_ treated water .collected during the first five
M nut es becausesellﬁéoagﬁﬁtioﬁt‘ﬁ%fergﬂﬂrh?é aparHale staeless MBIt he treated
water which is obtained in a steady state. 20 4) operational conditions:
electric field intensity: 3 V/cm pressure: normnal

pressure . flow rate: 455 cc/mn pressure
i nsi de the tanlf.‘mlwmﬂfcé"ﬁ#"e' tenperature: 25[err]C 25
5) experi nmentalqy L Lhe wat kS 1 zi;[ﬁn.

val ue thereof ilg g%%\&r%ﬁeérﬁ?‘%ﬁ 2 m?%?%%@%%%ﬂ%@al nto tge\c}leléggfregnd
20 sgan%a{eg)%ﬁ, %ié@cw&e wat er body is found to nove upward

and downwar d. en NaOH solutioh is used for adjusting the pH value to
about 8.0, the 2)pieakites propehambust of dgpuritidstdnd addotheaimpurities 3o the
cluster in‘one mnute and float up to"the water surface,” and the water
under is 5 transteayent and clear. The clear water is sanpled for COD
anal ysi s, and

3) add H2SO4 or NaOH to the water to adjust pH value;
4) add NaCl to the water to adjust conductivity;

10 5) filter the resulting water with No. 5 filter paper, and the visibility of the

filtrate 1s less than 5 cm.
3. The water property indicator (visibility):
The indicator showing the quantity of the impurities in the water
body can -be impurity concentration, suspensive solid concentration,
15  turbidity, color, COD, BOD, visibility, etc. This experiment uses visibility
as the indicator of water properties for the sake of easy comparison and

description. The unit is centimeter.



the result shows that the COD value is I ess than 200 ng/|.
Is sanpled for visibility analysis and the result shows that the visibility
| f the adjustnent of the pH value to about 8.0
ood for thirty mnutes,

is
S

greater than 30 cm
executed after the water body- hav&l &

I mpurities 10 descend.

I nvention shows the effects of electric intensity,
tenperature and pressure,

wat er body,
material and c

wat er treatne

1. materials:
sen conduct or

2) electrolyte:

99. 9%
brand: 25 6)
OSAMA 7)

sem conduct or

conductivity,

Enbodi ment 2

pH val ue,

flow

The cl ear water

t he

The present

e RRER o PrBPeHS 0L R PIORE B Sl Bl o

xperi ment ed

1) super-pure water:

NaCl ,

99. 9%
4) basifying reagent:

3) aci
NaOH, 99.

9%

A1 ROt r eagent :
I mpurities A

5)

rate of the
15 and

on

t he super-pure water used in
i ndustry 20 and having a conductivity less that 1 [err]s/cm

Herr]SOerr],

i nk,

i mpurities B: No. 36 Chrone Yellow Poster Col ors, brand:
TpUT T T es JC S T conj powder Wi ¢ 75 ThE gr ound pgwaerof
WahgleaNd. hagmpunigy t | cforpailated ess pHhan dorickmtijwm)r visibility
-species | concentration| value
Wi T A 500mg/l | 65 |098psiom| <5cm
W2 B 200 mg/1 6.5 |[0958us/em| <5cm
W3 C SS 1000 mg/l] 6.4 | 098 us/cm | <5cm
- Wa A . 500 mg/l 6.5 800 psfem | <5cm
Ws B 200 mg/l 6.5 | 800 us/em | <5cm
We C SS 1000 mg/l| 6.4 | 800 ps/cmm | <5cm
W7 A 500 mgyl 6.5 | 254 us/iem | <5cm
W3 B 200 mg/l 6.4 | 254 us/cmm | <5cm
Wy C SS1000mg/l| 6.5 | 254 us/fcm | <5cm
A 250 mg/l
Wio C SS 1000 mg/l| 6.7 {2000 us/cm| <5cm




formul ati ng procedure:

and pour the neasured 5 water into a clean container;
proper anmount of inpurities and add the

3) add Herr]SOerr] or NaOH to the wate
to the water to adjust conductivity;

NaCl

with No. 5 filter paper

than 5 cm

The indicator showi ng the quantity
can be inpurity concentration,

S WAl DDA LI AP fﬁpeLl el USeS o ee

comar 501 and compls e HAbbH: LMl ErGITT! Ry | sy

TABLE 1 ‘species { concentration | value
Wi A 500 mg/i 0.1 | 208 us/fcm | <5cm
Wiz B 200mg/l | 0.1 | 208 pusiem | <5cm
W13 C SS 1000 mg/f| 0.1 | 208 us/cm | <5cm
Wi A 500 mg/l 6.5 | 800 us/fom [ <5Scm
Wis B 200 mg/l 6.5 | 800 us/om | <5cm
Wis C SS1000mg/l{ 6.5 | 800 pus/cm | <5cm
Wiz A 500 mg/l 134 | 238 us/cm | <5cm
Wis B 200 mg/l 134 | 238 pus/em | <5cm
Wi C SS 1000 mg/l| 13.4 | 238 pusfcm | <Scm
Wao A 500mg/l | 54 | 098 psfom | <S5cm
Wai B 200 mg/l 54 098 pus/fem | <5cm
W22 C SS 1000 mg/l| 54 | 098 usfcm | <Scm
W23 A 500 mg/l 7.6 100 pus/cm | <5cm
Woa B 200mg/l | 7.6 | 100psfom | <Sem
Was C SS1000mg/l| 7.6 | 100 us/cm | <5cm
Wae A 500 mg/l 7.3 | 254 us/fcm | <Scm
W27 B 200 mg/l 73 | 254 us/em | <5cm
Was C SS1000mg/l{ 73 | 254 ps/cm | <5cm

1) neasure a curtain anount of super-pure water
nmeasure a
wat er ;

urities to the
r2n%) adj ust pH val ue:
10 5) filter the resulting water

and the visibility of the
3. The water property indicator (visibility):

Sus

AB 1 GRArbeRT

ntration,

2)

4) add

filtrate is | ess

in the water
1

5

body




Sanple No. inmpurity formul at ed pH conductivity visibility

-species concentration value Werr] A 500 ny/ |
6.5 0.98 [err]s/cm < 5cm Werr] B 200 no/ | 6.
0.98 [err]s/cm < 5cm Werr] 2% SS 1000 ng/| 6.4
0.98 [err]s/cm < 5cm Werr] 500 ng/| 6.5
[err]s/cm < 5cm - Werr] B 200 ny/ | 6.5 800
[err]s/cm < 5cm Werr] C SS 1000 ng/| 6.4 800
[err]s/cm A 500 ng/ | 6.5 254
[err]s/cm %ﬁefﬂnentalmmﬂl@t B 200 ny/ | 6.4 254
[err]s/cm rr] C SS 1000 ng/l 6.5 254
[err]s/cm g E}ulcmstrmn\gl% 250 ny/ | Werr]

'CI':ABLE 1 (Sgoﬁ? ?gﬁggé"we’gaﬁ’r‘b’i’b’z Rg’(b [ 6n§b§{ W"f ?‘@%bi? ypltage, 30 ampere of

conductivity Vh&d}ﬁiﬂ speC| es concentrati on val ue
V\[err] M%gg&ntoﬂ:put 208 [err]s/cm <bcm - Werr]

l e
100 ng” % L 5208 err]sfﬁ’&%r [15664180%6‘ per Smitute VFeadjustable phmping

<5cm
amount

3) reaction tank installation: arranging the electrode plates and the

conductive plates in a parallel way, placing the conductive plates between

5
800

SS

the electrode plates in a equally spaced way and in parallel to the ground, .

10  connecting the anode of the power supply to the upper electrode plate and
the cathode of the power supply to the lower electrode plate (or

connecting the anode to the lower electrode plate and the cathode to the

lower electrode plate), enclosing the tank with a insulating closed vessel,

and designed to have the water body flow upwardly to form an S-shaped

15 flow path
4) the dimensions of the electrode plates and the conductive plates: 13
cm in length, 3 cm in width, 0.2 cm in thick

5) air compressor: pressure up to 110 kg/om?



Werr] A 500 ng/| 6.5 800 [err]s/cm < 5cm Werr]
B C

200 ny/ | 6.5 800 [err]s/cm < 5cm Werr] SS

1000 nmg/l 6.5 800 [efrr]s/cm < 5cm Werr] A 500 ny/|
13.4 238 [err]s/cm < 5cm Werr] fgp 200 ng/ | 13.4
238 [err]s/cm < 5cm Werr] C’ 95 1000 ng/l  13.4 238
[err]s/m < 5cm Werr] A 500 ny/ | 5.4 0.98 [err]s/cm
< 5cm Werr] B ' 200 ng/ | 5.4 0.98 [err]s/cm < 5cm
Werr] C ,S5S.10Q0. g/l 5.4 0.98 [err]s/cm < 5cm Werr]
A 500 AgReaction 'é?“& ngeferr] s/lcm <5cm  Werr] B
200 ny/ | 7.6 100 [err]s/cm < 5cm Werr] C SS 1000 ng/ |
7.6 100 [err]s/cm < 5cm Werr] A 500 ny/| 7.3
254 [err]s/cm < 5cm Werr] 200 no/ | 7.3 254
[err]s/cm < 5cm Werr] C BTA%%EI%OO ng/l 7.3 254 [err]s/cm
< 5cm 24 Experi ment al
| nst runent F—bagt-e—Ast+orent H—ponwetr—stppty &’3 ﬁéébé@%?n \Y
of adjustable I e 30 anpere of nmaxi pum.current d
bunp and mtoripapggﬁgrr] 16eoge Piiteut £ oFCRANEYYSBI&Rpurptwy electrodes ynt
3) reaction t dnk i nst 4l materal @;.;,@n@,.n materdle ¢ t l;,gda.,égl dt es andmnt he
conductive pl gtesgjpn 4 pamgl | el] waygp pl hci ng. t hefconducti e pl at@g bet wgen

Ri Fe 10 — — 1.0

Ra Fe 2 Fe 8 10.6

Rs __Fe 2 Fe 80 97

R4 Al 2 Al 8 10.6

Rs Fe 2 Fe 16 20.2

Rs Ag 2 Ag 8 10.6

R7 Cu 2 Cu 8 10.6

Rs Au 2 Au 8 10.6

Ro Zn 2 n 8 10.6

Rio Cd 2 Cd 8 10.6

Ru Pt 2 Pt 8 10.6

Ri2 Sn 2 Sn 8 10.6

Ri3 Cr 2 Cr 8 10.6

R4 Pb 2 Pb 8 10.6

Ris Sb 2 Sb 8 10.6

Ris Ti 2 Ti 8 . 10.6

Ri7 Mn 2 Mn 8 10.6




the el ectrode plates in a equally spaced way and in parallel to the ground,
10 connecting the anode of the power supply to the upper electrode plate
and t he cat hode of the power supply to the |ower electrode plate (or
connecting the anode to the | ower el ectrode plate and the cathode to the

| ower el ectrode plate), enclosing the tank¢ h a insul ating cl osed vessel,
and designed to have the water body flow upwardly to forman S-shaped 15

fl ow path 4) the dinmensions of the electrode plates and the
conductive plates: 13 cmin length, 3 cmin width, 0.2 cmin thick
5) air conpressor.: essure up to 110 kg/cnjerr]
25 2. React ijoTankapleledtyqale plates conductive plates TABLE p distance
di st alncet beéweelNoTahk' No. el gctrode plate _conducti ve [betsiean
two el ectrodes material | "Bieck | [Moteral eﬁi&%{, ial [TFRBGE [hdterial [PpiB&es | two electrodes
(()C? nur!R[bg; '] Ee numbnern@%eer numb énraﬁﬂ number n lb 6W I!thg)r ol
Fe 2 RI8 fFezutite|{ 2B {azurite| 81(0.6- ([Rerr] - e 10.6 2
Fe 80 R19 [chaRé-| 2 [chalco-| 8 - —~ — - 10.6
pyrite pyrite
R20 |stainless] 2 |stainless| 8 - -- - - 10.6
R21 | alferon 2 alferon 8 - - - - 10.6
R22 | chromel 2 chromel{ 8 - - - - - 106
R23 |graphite 2 graphite| 8 - - - - 10.6
R24 Fe 2 Al 8 - - - - 10.6
R25 Al 2 Fe 4 Zn 4 - - 10.6
R26 Fe 2 Al 3 Zn 3 Cu 2 10.6
R27 |stainless|] 2 |graphite] 2 |{azurite| 3 |chalco-| 3 10.6
pyrite
R28 Fe 2 Fe 8x1 - - - -- 10.6
R29 Fe 10 Fe 8x9 - - - - 10.6
R30 Fe 40 Fe 1x39 -- - - - 10.6
R31 Fe 31 Fe 0 - - - - 10.6
R32 Fe 2 Fe 4x1 - - -~ - 10.6
R33 Fe 2 Fe 20x1 - - - - 10.6
R34 Fe 2 Fe 40x1 - - - - 10.6
R35 | Fe 2 | Fe |80x1| - - —~ — 106
Remarks:

1) azurite: 95% Cu, 5% Zn
2) chalcopyrite: 70% Cu, 30% Zn
5 3) stainless: 74% Fe, 18% Cr, 8% Ni

4) alferon: 82.25% Fe, 14.25% Cr, 3.5% Al
5) chromel: 50% Fe, 30% Ni, 20% Cr
6) sectional area of the flow path of the Ro reaction tank: 1.5 cm?
7) section area of flow paths of the other reaction tanks: 3 cm?

10



Rl err] Al 2 Al 8 10. 6 R err]
Fe

2 Fe 16 20. 2 R err] Ag .2
Ag 8 10.6 Rl err] Cu 2 Cu 8
10. 6 R err] Au 2 - <Au 62'] 8 10. 6 R err]
Zn 2 Zn 8 10. R err] Cd 2
cd 8 10. 6 Rl err] Pt 2 Pt 8
10.6 Rl err] Sn 2 Sn 8 10.6 Rl err]
Cr 2 . O 10.6 err Pb 2
Pb g Experimenta}Data an%lrﬁﬁst}lt Sh 2R[ ] Sh 8
,%/g' 6 R gr 1. E)%ariments (§12the mtensitigs'lgf glectric field 10.6 Rerr]
- 26 Tank el ectrode pl ates conductive pl ates
di st ance No.
bet ween material piece - mat grAB{ R8ece material piece naterial
pi ece two el ectrodes nunber nunber
nunmber 5 nunmber -(cm -R18 azurite 2 ~azurite 8
10. 6 R1o——Ttar —2 Thatrcor 8 1
10.6 RunN6i fReaction] waler tieelectric field | run step | treating effect
. tank {specimen{ intensity (visibility)

1 Ry Wi 1000 V/cm A > 30 cm

2 Ri W2 1000 V/cm A > 30 cm

3 Ri1 W3 1000 V/em A >30 cm

4 Rz Wi 15 V/iem A > 30 cm

5 R2 Wi 15 Vicm A > 30 cm

6 R2 - Ws 15 Vicm A > 30 cm

7 R3 W7 0.1 V/em A >30cm

8 R3 Ws 0.1 V/em A >30 cm

9 R3 Wo 0.1 V/cm A > 30 cm

Remarks:

1) water temperature: 25°C
2) flow rate of water body: F = 4.32 cm/sec
3) water pressure < 2 kg/cm?
10 _
From the above table, it can be found that the treatments on the
specimens under the electric field having intensities ranged from 0.1 V/cm.

to 1000 V/cm achieve satisfactory effects.



R20 stainless 2 st ainl ess 8 : 10.
R21 al feron 2 al feron 8 _ 10.
R22 chronmel | 2 chronel 8" 10.
R23 graphite 2 graphite 8 . 28 10.
R24 Fe 2 Al 8 | 3 10.
R25 Al 2 Fe 4 Zn 4 - 10.
R26 Fe 2 Al 3 Zn 3 Cu 2 10.
R27 stainless 2 graphite 2 azurite 3 chal co- 3 10.
pyrite R28Expefiments on the flow rites of emter body
- 10. 6 R29 Fe © 10 Fe 8x9
10. 6 R30 Fe 40 " Fe 1x39 -
10. 6 R31 Fe . 81 . Fe -
10. 6 R32  Fe 2  Fe TAJSLE 4 | N
10. 6 R33 Fe 2 - Fe 20x! - '
10. 6 R3 Ee 2 40%] - -
10. 6 R34 2 x| . -
10. 6 R B No. Reactiop a%ért q %waﬁe sqoT step | tregfing effect
chal copyrite: |70% Cu, 300§o ﬁn stainless: T4% Fe, 18% b:%
4) alferon: 84.25%FEed 1 % .speclm _(C Al Y _chronell
20% Cr g) sesgtidgnalpare oft he [fl ow gath of thg Ro rea ank
1.5 cnjerr] Mw‘s_@_@&mﬂ i
tanks: 3 cnerjr] 11 R2 Ws 0 B >30cm
12 Ra We 0 B >30cm
13 R2 - Wa 4.32 cm/sec A >30cm
14 Rz Ws | 432cmfsec | A >30 cm
15 Ra Wse 4.32 cm/sec A >30cm
16 R3 W4 3.89 cm/sec A > 30 cm
17 R3 Ws 3.89 cm/sec A > 30 cm
18 Rz | Ws 3.89 cm/sec A > 30 cm
5 Remarks:
1) water temperature: 25°C
2) electric field intensity: 15 V/iem
3) water pressure < 2 kgfcm?
10 From the above table, it can be found that the treatments on the

specimens having flow rates ranged from O to 3.8 m/sec achieve

satisfactory effects.

[e)Ne)NerNerNeo)NeorNerNep)



10 | Experinmental Data and Result 1. Experinents on the

intensities of electric field TABLE 3
5 Run No. Reaction- water electric field run st ep treating effect
tank specinmen intensity ‘ - . (Vlag)lﬂty) 1 '
R err] Werr] 1000 V/ cm > 30 cm . 2 -
Rl err] Werr] 1000 V/icm A > 30 cm 3
Rl err] Werr] 1000 V/cm A >300m 4
Rl err] Werr . 5
Rerr] W er r%’ Expe gtswne ﬁw cong\uctlvmes of \gat% b@ﬁy 6 R
W6 15 V/icm 1> 30 cm 7 g R err] Werr]
0. 1 Vicm A > 30 cm ' 8 Rl err] Werr]
0.1 V/icm A > 30 cm : 9 TABLE SRl err] Werr] 0.1
V/cm A > 30 cm ‘Remar ks: 1) water tenperature:
25[err] C 2) flowrate of water body: F = 4.32 cnisec 3) water
pressure < 2 kgrcme™ ) .
Run No. |Reaction] water | conductivity | run step | treating effect
tank |specimen - (visibility)
19 Ri | Wi | 098psiem | A > 30 cm
\;..\ 20 Ri ~ W21 | 0.98 pus/cm A > 30 cm
21 |. Ry W2 | 0.98 ps/cm A > 30 cm
22 _Ra W23 100 ps/cm A > 30 cm
23 R2 Was 100 us/cm A > 30 cm
24 R2 Was 100 ps/cm A >30 cm
25 Rs Was 254 ms/cm A >30 cm
26 Rs Waz 254 ms/cm A > 30 cm
27 Rs Was 254 ms/cm A > 30 cm
5 Remarks:

1) water temperature: 25°C
2) flow rate of water body: 4.32 cm/sec
3) electric field intensity: Runs 19, 20 and 21: 250 V/cm
Runs 22, 23 and 24: 15 V/cm
10 Runs 25, 26 and 27: 1 V/iem

4) water pressure < 2 kg/cm?

From the above table, it can be found that the treatments on the
specimens having conductivities ranged from 0.98 ps/cm to 254 ms/cm

15 achieve satisfactory effects.



10 From t he above table, it can be found that the treatnents

on the speci nens under the electric field having intensities ranged
fromO0.1 V/cm to 1000 V/cm achi eve sati sfactory effects.
2. Experiments on the flow rates of -water Fepy
TABLE 4 Run No. Reaction water flowrate run step treating
ef f ect tank specinen (visibility)
10 Rl err] Werr] >30cm 11
R err] cm 12
Rierr] Experiments on tge pH values (g water bo@ o 15
Rl err] Werr] 4.32 cnlsec > 30 cm 14
Rl err] Werr] 4.32 cnlsec A > 30 cm 15
Rl err] Werr] 4.32 cnlsec TABLE6 > 30 cm 16
R3 W 3.89 cnisec A > 30 cm 17 Rlerr]
Werr] 3.89 cm sec A > 30 cm 18 R3
3.89 cm sec A >—3q—Tmr S5 ffenar Ks. 1) Wwatgr tenperature
25[err] C Run No. | Reaction| water conductivity | run step | treating effect
tank |specimen | (visibility)

28 R2 Wi 0 A >30 cm

29 |! R Wiz A > 30 cm

30 | Re | Wn A >30 cm

31 R2 Wis4 6.5 A > 30 cm

32 Rz Wis 6.5 A > 30 cm

33 Ra Wis = 6.5 A > 30 cm

34 R4 Wiz 14 A >30 cm

35 Re | Wis 14 A >30 cm

36 R4 Wio 14 A > 30 cm

5 Remarks:

1) water temperature: 25°C
2) flow rate of water body: 4.32 cm/sec
3) electric field intensity: 15 V/em
4) water pressure < 2 kg/cm?
10 _
From the above table, it can be found that the treatments on the
specimens having pH values ranged from O to 14 achieve satisfactory
effects.



2) electric field intensity:
From t he above tabl e,

I O
t he

React i
t ank
Rl err]
Rl err]
Rl err]
W23

Werr]
Werr]
Werr]
Werr]

speci nens havi ng fl ow
satisfactory effects.
of water body

15 V/cm
It can be found that the treatnents on
rates ranged from O to 3.8 nisec achieve

3. Experinments on the conductivities

3) water pressure < 2 kg/cnferr]

.. < ?_ TABLE 5 Run No.
on water conductivity run step treating effect X
speci nmen (visibility) 19
Werr 0.98 [err]s/cm > 30 cm 20
W erS: Expegimentsam ﬂxﬁf@mperatmes of wates bedycm 21
Werr] 0.98 [err]s/cm A > 30 cm 22 R2
100 [err]s/cm A > 30 cm 23 R err]
100 [err]s/cm A > 24 Rl err]
100 [err]s/cm A 30@3@7 25 R err]
254 nms/cm > 30 cm 26 R err]
254 nslcom A > 30 _cm
Run No. | Reaction| water water run step | treating effect
tank |specimen| temperature (visibility)
37 Rz W4 0°C A >30cm
38 Rz | Ws 0°C A > 30 cm
39 Rz Ws 0°C A >30.cm
40 R2 Wi 25°C A > 30 cm
41 R2 Ws 25°C A >30 cm
42 R2 Ws 25°C A > 30 cm
43 Ra Wi 100°C A >30cm
44 Ra Ws 100°C A > 30 cm
45 Ry | Ws 100°C A > 30 cm
5 Remarks:

10

1) flow rate of water body: F = 4.32 cm/sec
2) electric field intensity: E = 15 V/em

3) water pressure < 2 kg/cm?

From the above table, it can be foﬁr_ld that the treatments on the
specimens having temperatures ranged from 0 °C to 100 °C achieve

satisfactory effects. In other words, the water body can be well treated as

long as it is in a liquid phase.



27 'R[err] Werr] 254 ns/cm A > 30 cm 5 Renmarks:

1) water tenperature: 25[err]C ~ 2) flowrate of water body: 4.32 cnisec
3) electric field intensity: Runs 19, 20 and 21: 250 V/cm

Runs 22, 23 and 24: 15 V/cm 10 .. 32 Runs 25, 26 and 27: 1 V/cm
4) water pressure < 2 kg/cnferr] From the above table, it
can be found that the treatnents on the speci nens havi ng

conductivities ranged fromO0.98 [err]s/cmto 254 ns/cm 15 achieve
satisfactory eff %Ep% ents on the pressures o er bod 30 4,
Experi nments on fhe pﬁn\l/arfges 0 Bvater egoa"ywat Y

n No

TABLE 6 “Ru Reaction water conductivity run step treating
ef f ect tank specinmen
(visibility) 28 Rlerr] TABEE § 0 A
> 30 cm 29 Rl err] Werr] - 0 A > 30
cm 30 Rl err] Werr] 0 A > 30 cm
Run No. | Reaction| water water run step | treating effect
tank giaecimen temperature (visibility)

46 " Ra W4 2 kg/om? A > 30 cm

47 | Rz Ws 2 kgfom? A > 30 cm

48 Ra2 Ws 2 kgfom? A > 30 cm

49 Ra W4 10 kg/cm? C >30cm

50 R2 Wi 10 kg/cm? C > 30 cm

51 Ra Ws 10 kg/cm? C >30 cm

52 R2 W 50 kgfocm? C > 30 cm

53 R2 Ws 50 kg/cm? C > 30 cm

54 R2 Ws 50 kg/cm? C > 30 cm

5 Remarks:

1) water temperature: 25°C
2) electric field intensity: E = 15 V/cm
3) flow rate of water body: 6 cm/sec (Runs 46, 47 and 48)
the others (Runs 49-54): 0 cm/sec
10

From Runs 1-45 which is under a normal water pressure and the
above table, it can be found that the treatments on the specimens having
pressures ranged from normal value to 50 kg/cm? achieve satisfactory
effects. In other words, the water body can be well treated as long as it is

15 in aliquid phase.



31 R err] Werr] 6.5 A > 30 cm 32

Rl err] Werr] , 6.5 A > 30 cm 33

Rl err] Werr] 6.5 A > 30 cm 34

Rl err] Werr] 14 33 >30cm 35 Rl err]
Werr] 14 A > 30 cm Rl err]

Werr] 14 A > 30 cm5 Remar ks 1) water
tenperature: 25[err]C 2) flow rate of water body: 4. 32 cnl sec

electric fiel
From t he abov

speci nens havi
ef fects. p'lgte%

té:a?”s' ebis. 67
égr?&uct%/régﬁﬁté

SR

Psistiritign, o7 the RETRI fodning ﬁwﬁec&&delo

of water body

gomo to 14 achi eve satisfactory

31

5.

wat er wat er run step treating
ef f ect TABLE 9
5
Run |Reaction| water | materials forming | resistivity | treating
‘No. tank [specimen| the electrode (uQcm) effect
plates and (visibility)
conductive plates

55 Rs Wi Ag 1.59,20°C | >30cm
56 R7 Wa Cu 1.673,20°C| >30 cm
57 Rs W4 Au 2.49, 0°C > 30 cm
58 R4 W4 Al 2.655,20°C| >30cm
59 Ro Wi Zn 5916,20°C| >30cm
60 Rio Wi Cd 6.83,0°C | >30cm
61 R2 W4 Fe 9.71,20°C | >30cm
62 Ruu | Wa Pt 9.83,0°C | >30cm
63 Riz Ws Sn 11.5,20°C | >30cm
64 Ri3 Wa Cr 13.0,28°C | >30cm
65 R14 W4 Pb 20.65,20°C{ >30 cm
66 Ris W4 Sb 39.0,0°C | >30cm
67 Ris Wa Ti 80,0°C { >30cm
68 Ri7 Wi Mn 185,20°C | >30cm

Remarks:

1) flow rate of water body: F =4.32 cm/sec 4) water temperature: 25°C

2) electric field intensity: E= 15 V/cm  5) run step: A

3) water pressure < 2 kg/cm?

10 From the above table, it can be found that the utilization of

electrode plates and conductive plates made of materials having
resistivities ranged from 1.59 uQcem to 185 p.Q'cni achieve satisfactory
effects.



tank specinen tenperature (visibility) 37 R err]

Werr] O[err]C A > 30 cm 38 R err]
Werr] Oferr]C A > 30 cm 39 R err]
Werr] Olerr]C A > 30 cm 40 Rl err]
Werr] 25[err]C A 2 30 034 41 R err] Werr]
25C A > 30 cm R err] Werr]
25[err] C A > 30 cm 43 Rl err] Werr]
100[err]C > 30 cm 44 Rl err] Werr]
100[err] C Biglloys 230 om - 48 Rerr] Werr]
100[err] C A > 30 cm 5 Renarks: 1) flowrate of water body:
F =4.32 cnl sec 2) electric field intensity: E = 15 V/cm 3) water
pressure < 2 kg/cnjerr] F fgej@bove table, it can be found
that the treatnments on the speci mens having tenperatures ranged fromO
[err]C to 100 [err]Cachleve satisfactory effects. In other vvords t he
wat er body canpbe—wet oy as, 1 SR L dTIqUTU ple.bE
32 6. Ekp&ieReagHOR e WhteEs | S sty |” teating
No. tank [specimen| the electrode (nQcm) effect
plates and _ (visibility)
conductive plates
69 Ris Wa azurite 10 >30 cm
70 Rig W4 chalcopyrite 11 >30 cm
71 R2o - Wy stainless 70 >30cm
72 Ra1 W4 alferon 112 >30cm
73 R22 W4 chromel 112 > 30 cm

5 Remarks:
1) flow rate of water body: F = 4.32 cm/sec
2) electric field intensity: E = 15 V/cm
3) water pressure < 2 kgfcm?
4) water temperature: 25°C

10 S)runstep: A

From the above table, it can be found that the treatment effects
on water body are still satisfactory when the electrode plates and the
conductive plates are made of alloys consisting of two or more metals.

15



TABLE 8 Run No. Reaction water wat er run step treating

ef f ect tank specinen tenperature :
(visibility) 46 Rl err] Werr] 2 kg/cnjerr] A
> 30 cm 47 ' R[err] Werr] 2 kg/cnferr] A
> 30 cm 48 R err] Werr] 1% > kg/cnjerr] A > 30
cm 49 R err] Werr] g/cnferr] C > 30
cm 50 Rl err] Werr] 10 kg/cnferr] C > 30 cm
51 Rl err] er 10 kg/cnferr] C > 30 cm
52 Rierr] C no’\h\{l&?t?ﬂ"lem%skg/cn{ err] C > 30 cm 53
R err] Werr] 50kg/ cnferr] C >30cm 54
Rl err] Werr] 50 kg/cnferr] C > 30 cm 5 Renmarks: 1)
wat er tenperature: 25[err]C 2) el e-f-y\mz llleld intensity: E =15 V/cm
3) flowrate of water body: 6 cnlsec (Runs % 47 and 48)
the others (Runs 49-54): 0 cm sec 10 From Runs 1- 45 Wmch S
under a nor mal Fwet-et ressyrerand—tire gbovre—tatie—rt——rcante—fqgumrd
that the treatheRug ofReactientcwaters hmateripls formmek sesistivityn ctreating,
normal val ue tb B kgl crhgkr ] imER Saheslearedy guﬁf&ﬁ}t éffecit hgr
wor ds, the wat pr body}j can be Il treted Ia§ Ion&; as s 15 'tn %ﬂfyﬂ I d
phase. plates an visibl

~ conductive plates

74 R23_ Wio _graphite 1300,0°C | >30cm

5
Remarks: -

1) flow rate of water body: F = 4.32 cm/sec
2) electric field intensity: E = 15 V/cm
3) water pressure < 2 kg/cm?

10  4) water temperature: 25°C
5) run step: A

From the above table, it can be found that the treatment effects

on water body are very excellent when the electrode plates and the

15 conductive plates are made of non-metal elements. What is especially

worth mentioning is the excellent treatment effect even when the
resistivity is up to 1300 pQcm.



Experinments on the resistivities of the materials formng the

33 7.
el ectrode pl ates and conductive plates A. netal elenents:
TABLE 9 5 Run Reaction water nmaterials formng resistivity
treating No. tank specinmen the el ectrode ([err]cm ef f ect
pl ates and (visibility)- 30 :
conductive pl ates 55 R err] Werr] Ag
1.59, 20C > 30 cm 56 Rl err] Werr] Cu
1.673, 20[err] 3 m . 57 Rl err] Werr] Au
2.49, 0C > 3 .cﬁlen%eamat"-wl Rlerr] Werr] Al
2.655, 20C > 30 cm 59 R err] Werr] Zn
5.916, 20[err]C > 30 cm 60 Rl err] Werr] Cd
6.83, 0C > 30 cm 61 Werr] Fe
9.71, 20C > 30 cm 62 R[erT]ABLEWerr] Pt
9.83, 0C > 30 cm 63 R[err] Werr] Sn
11.5, 20C > 3p—em ] |\]_c ] " Y-et |.] —Cr "
13.0,28C > 30 ciRun React;en Nt r %platenakﬂyﬁmng resistively | treating
20.65, 20[err]f N’o30 C”ﬂank speciien| fReSglettrode W e(dy cm) eﬁ@ct
39.0, Of[err]C 30 _ 67 ? era]t Werr bil
80. 0C > 30|cm 68 Rlerl]  Plateq and; v | (vibibility) -
185, 20[err]C |> 30 cin Remar ks: | cofduéfivewplates | of water lody: F =
4.32 cnisec 4) rfe ratfire C {ectric fiqgl d It - |E =
15 Vicm 5) rg siem % %“pﬁ?@‘@(—ﬂ—hﬁ‘?ﬁ%ff %9%5%1
From t he abovejtabfe. |i than Weand! t habliBe Zmi|ifati of >30cm
el ectrode plates apd gongygt i e W@teF FAAlofnreher i al s1pavi ng > 30 cm
resistivities an,9§a e %.5‘1 [W steclirntess gg};ﬂx%e acnifﬁe S L SIS y
azurite,
chalcopyrite
5 Remarks:

1) flow rate of water body: F = 4.32 cm/sec

2) electric field intensity: E = 15 V/cm

3) water pressure < 2 kg/cm?

4) water temperature: 25°C

10 5)runstep: A

15

From the above table, it can be found that the treatment effects
on water body are still satisfactory when the electrode plates and the
conductive. plates are made of blended materials consisting of two or

more metals.



effects. ) 34 B. alloys

TABLE 10 Run Reaction water materials formng resistivity
treating No. tank specinmen the electrode ([err]lcm ef f ect
pl ates and (visibility) ¢ ? conductive pl ates

69 R err] Werr] azurite 3 10 > 30 cm 70
Rl err] Werr] chal copyrite 11 > 30 cm 71

Rl err] V\[err] stal nl ess 70 > 30 cm 72

Rl err] Werry eron 112 > 30 ¢ ] 73 )

R err] W er$] Expenmen'@h romﬂlultlple elegtrode plaﬁ:e%mrdzmgltmiﬁ nepRductive
1) flow rate of ter body F = 4.32 cnlsec . 2) electric field
intensity: E = ng 3) water pressure < 2 kg/cnferr] 4) water

t enper at ur e: 25[err]C 10 5) run step: A

The inventors set up a reaction tank with a plurality of electrode

5 plates bearing alternative positive and negative charges, and incorporate
various numbers of conductive plates between electrode plates in order to
investigate the effect of the multiple electrode plates and multiple
conductive plates on the water treatment effect. The experimental resﬁlts

are summarized as below.

10
TABLE 13
Run No. |Reaction|{ water | electric field | run step | treating effect
tank |specimen| intensity | (visibility)
79 ~ Ras Wi 15 V/cm A >30 cm
80 R29 - Wy 15 V/icm A >30cm
81 R3o W23 200 V/ecm A > 30 cm
82 Rai1 W23 200 V/cm A > 30 cm
83 R32 W4 15 Viem A >30cm
84 Ri3 Wio 15 Vicm A > 30 cm
85 R34 W7 1 V/em A >30 cm
86 R3s W7 1 Vicm A > 30 cm
Remarks:

1) water pressure F< 2 kg/cm?
15 1) water temperature: 25°C

2) flow rate of water body: 4.32 cm/sec



From the above table, it can be found that the treatnent effects on

wat er body are still satisfactory when the el ectrode plates and the
conductive plates are made of alloys consisting of two or nore netals. 15
35 C. non-netal elenents TABLE 11
Run Reaction water materials formng resistivity treating No.
tank specinen the el ectrode ([err] cm, ef f ect

pl ates and - (visibility) -~ 3800nduct ive plates 74
Rl err] Werr] graphite 1300, O[err]C >30 cm 5 Renmar ks:
1) flowrate of water body: F = 4.32 cm sec 2) electric field
Intensity: E = 15 V/cm 3) water pressure < 2 kg/cnferr] 10 4) water

tenperature: 25[err] CFrom the abavedable, when various water bodies are treated, the
good effect on the water treatment can be achieved under the proper
control of the electric field intensity by using two or more sequentially
5 aligned electrode plates and installing O to several conductive plates
between the two electrodes. |

Embodiment 3
The present embodiment illustrates the treatments on dyeing
10 waste water (A) and (B), .and pulp (C) and (Dj The treatment conditions
and the properties of the water body before and after it is treated are listed
in Table 14.




Fromthe above table, it can be found that the treatnent effects on
wat er body are very excellent when the el ectrode plates and the 15
conductive plates are made of non-netal elenents. What is especially
worth nentioning is the excellent treatnent effect even when the

resistivity is up to 1300 [err] cm 39
36 D. bl ended materi al © TABLE 12
Run Reaction water naterials formng esistivity treating No.
t ank speci nen the el ectrode ]'é{“r) ef f ect
pl ates and (VISIbI|Ity)
conducti ve,-pLa-t-fs R-e++ W-e++1 Fe 1A H1
> 30 cm water [&peci- ws@le]lten}per- Iﬁmyc period of | ASS FEDOZyol-| curreng | materigl
30 cm fekl men fn§] W enrdvi E)%] G- | G/t ina30
spec ature ity | ‘polari ):ﬁ?)g/l) tage| dbdsity | forming
cm 75 R[.err(]é oA @rr] stdinlkess,| graphite} 2. |2
azurite, (dQY excha“%:e al copyrit éV) Egy‘ﬁgrracroﬁg‘?dﬁgﬁ
cycle plates
(imin)
dyeing|untrea| 3.1 | 21 [ 62| 0.5 170 | 945
waste | ted -
witer [treat 1} 30 23 83 ] 0.71 5 5 82 |150f 1.20 Al
oy _
treat 2| 30 24 8.5 1 0.71 10 5 120 |200 1.67 Fe
dyeing juntrea] 4.9 22 11 | 4.90 102 885_
waste | ted
water |[treat 1| 30 24 7.5 | 490 30 10 148 | 50 1.27 Al
(B)
treat 2| 30 24 8 4.99 80 10 98 |130 17 Fe
pulp |untrea| 5 20 | 58| 0.7 120 | 1010
ted
(C) |treat 1] 30 22 |80/ 07 90 | 2 | 90 |200f 6 Al
ltreat2{ 30 | 22 | 76] 07 | 120 2 | 120 |50] 55 Fe
pulp juntrea| 8.5 20 | 45| 9.0 85 | 1500
ted ‘ .
(D) |treat 1] 30 22 75| 9.0 90 2 | 180 |s50] 5.5 Al
treat 2| 30 22 8.2 ] 9.0 60 2 120 100 15 Fe

treating time on water body: 1 minute  electrode: stainless #304

treating pressure: 200 comH20 area of conductive plates: 120 in?



1) flowrate of water body: F = 4.32 cm sec 2) electric field

Intensity: E = 15 V/cm 3) water pressure < 2 kg/cnjerr] 4) water
tenperature: 25[err]C 10 5) run-step: A From t he above
table, it can be found that the treatnent effects on wat er body are
still satisfactory when the el ectrode plate nd the _conductive, plates

are made of blended materials consisting of %t or 15 nore netals.
8. Experinments on nmultiple electrode plates and nmultiple conductive

pl at es . Ihesinventors set up a reaction tank with a plurality
of .el ectrode ﬂbﬂéﬂ%&‘i‘éan ng alternative positive and negative charges,
and i ncorporate vari ous nunbers of conductive plates between el ectrode
plates in order to i nvestigate the effect of the nmultiple el ectrode

B o T P12, Ty FRORHE otk bt aspee s
TABLE 13 can economize electricity.
5 The operation of electric energy applied in the present invention include:
1) providing power for the pressurizing bump for pumping water body,
and _
2) providing bias for electrodes for the induction of the impurity
polarization.

0 - Owing to the electric energy required by the induction of the
impurity polarization so that a considerable amount of encrgy can be
economized during waste water treatment. Table 15 shows the energy-
consumption state of an embodied apparatus installed in a restaurant
located in National Jiao-Tong University for treating the kitchen waste

I5>  water.

It is shown in the table that the electric energy consumed for
treating one ton of waste water is less than 0.15 degree, which is

economical than any prior method.



Run No. Reaction water electric field run step treating effect

tank specinen intensity (visibility) 79 R err]
Wierr] 15 V/cm CA > 30 cm 80 R err]

err] 15 V/cm A > 30 cm :' 81 : R err] Werr]

0 V/cm A > 30 cm T 841 Rl err] Werr] 200
V/cm A > 30 cm 83 R err] Werr] 15 Vicm
Ag > 30 cm 84 Rl err] Werr] 15 V/icm A
>%30 cm 85 Rl err] W er 1 Vicm A > 30 cm
86 Rl err] Werr] 1 V/cm'I]ABLE 12 > 30 cm Remar ks:
1} water pressure F< 2 kg/cnferr] 15 1) water tenperature: 25[err]C 2)

fltow rate of wgter—hedy—id-32-cH-586

?-Zeat ed, the EXEr ggzte fggiozﬁl#ﬁghﬁxt‘igﬁ% é@%@#ﬁty%g pgg:@fg:gdgf ndﬁ
t_'fep;ggﬁgnt i al ?ﬁ%@rgl [ Snefﬂ :I ec%e p g es gﬁ%%lﬁn Ii)iTeWr Wé@?fgi%

cfnductive plate bet ween tlhe two el ectrodes. treatlng water
’. : yr/month/day|initial| final | net |initial| final | net [ (degree/ton)

=

E | 1994/3/3 [17.8118.3/0.5(285| 32 |35 0.143

F | 1994/3/7 |18.5|18.75{0.25| 34 |37.5|3.5 0.072

G | 1994/3/8 [18.9|19.4/05) 40 | 49 | 9 0.056

x _H | 1994/3/10 {19.9]20.5/0.35] 51 | 54 | 3 0.117
Remarks:

The operation conditions are listed as follows:
5 voltage 170V
electric field intensity: 8.5 V/icm
| electrode material: titanium plate covered with platinum
number of conductive plates: 30
flow path:18m

10 material for conductive plates: iron

_ pH value conductivity
Example E 6.5 1,831 pS/em
Example F 6.8 1,419 puS/cm
Example G 6.4 1,350 pS/cm
Example H 69 1,178 pS/em

visibility of untreated water: < 6 cm (Examples E~H)
visibility of treated water: > 30 cm (Examples E~H)



Enbodi ment 3 The present enbodinent illustrates the
treatnments on dyeing 10 waste water (A) and (B), and pulp (C and (D) The

tfeat ment conditions and the properties of the water body before and
after it is treated are |isted in Table 14.
39 TABLE. 14 \@ger speci- visibili- tenper-
pH conduc period of SS CDO vol- current material species nenty (cm
at.ure -tivity polarity- (mg/l) (ng/l) tage density form ng
(ferr] O . exchange (V) (Alin[err]) conductive
cycle Embodiment 5 pl at es
m n) dyei ng untrea 1. 21 .2, 0. 170 945 waste . ted
Hter treat 1 30 C preg t_qmgqglment glustrates she Omraﬂs_)yores‘lit. o the

. (@i ng unt iEasent apparags used;y the,JiggFun Atomable IndysteS Giovdttt eq.

' The Jin-Lun Automobile Industry Co., Ltd. is a mechanical

5 product processing factory. The waste water generated in the factory is a
mixed waste water containing diesel oil, dressing oil, antirust oil, iron ion
and kitchen waste water. The properties of water untreated or treated

according to the present invention are listed in Table 16 (treating time: 1

minute), _
10 | TABLE 16
Ex- | inspecting item untreated |treated| impurity-
amples report' . water | water | removing
I |93G15B062 |suspensive solid (mg/l)] 34600 | <4 | 99.99%
EV82B1427 COi) (mg/l) 85300 | 29.7 | 99.97%

iron (mg/l) 1700 | 1.38 | 99.92%
total fat (mg/l) 6593 8.7 | 99.87%
7 | 93G15B062 |suspensive solid (mg/l)| 7450 <4 | 99.95%

EV82B1427 COD (mg/1) 39800 | 22.3 | 99.94%
' iron (mg/l) 1690 | 1.32 | 99.92%
Remarks:
1. The operation conditions are listed as follows:
voltage: 170V |

15 electric field intensity: 8.5 V/cm
electrode material: titanium plate covered with platinum

number of conductive plates: 30

e e



water treat 1 30 24 7.5 4.90 30 10 148 50 1.27 Al

(B) treat 2 30 24 8 4.90 80 10 98 130 17

Fe pulp untrea 5 20 ‘5.8 0.7 120 1010 ted (O
treat 1 30 22 80 0.7 90 2 90 200 6 Al
treat 2 30 22 7.6 0. - 120 120 50 5.5 Fe pulp
untrea 8.5 20 4.5 9.0 T 85431500 ted (D) treat 1
30 22 7.5 9. O 90 2 180 50 5.5 Al treat 2
3D 22 8.2 2 120 100 15 Fe treating time
on wat er body: ﬂowpatheISm el ectrode: stainless #304 treating pressure:
200 cnmH err] O l&?% of cq@nduct |i/ l.ates: 120 in2

40 Enbodi ABAterial for con uctlvep > IiPsent enbodi nent denonstrates that
t he present method. can, e ze electricity. 5 The operation of

el ectric ener gySHHRG CAPIGILY ﬁé sent invention include: 1) providing

piovver for the pressurizing burrp for punping water body

pH value conductmty
_ Example 1 6.8 804 puS/cm
1 Example J 6.6 766 pSfcm

5 2. The sampling and inspecting organization is an inspecting company
approved by the Environment Protection Agency of R. O. C., and the

company name and the approval number are;

10 It is shown from the data in Table 16 that the present apparatus
makes the impurity: removing percentage of the waste water up to more
than 99% in a short time. Furthermore, it can directly treat the water body
in which the COD value is up to more than 80,000 and the suspensive
solid content is up to 30,000. These results cannot be obtained by the

15 prior art. |

After long-term inspection, the average electric energy
consumption for treating waste water in this company is 01.2 kwh/ton
waste water. The specific energy-consumption (Es) can be calculated
according to the following equation:

20 Es = input electric energy / COD removing amount

= (0.2 kwh/ton) / ((85300-29.7) mg/L)
= (0.2 kwh x 103 L)/ (85270.3 mg/L x 105 kg/mg)
= 0.023 kwh/kg-COD



and 2) providing biias for electrodes for the induction of the inpurity

pol ari zation. 10 OnmM ng to the electric energy required by the

i nduction of the impurity polarization so that a considerabl e anount of
energy can be econom zed during vvastenmgfr treatnment. Table 15 shows

t he energy- consunption state of "an e ed apparatus installed in a
rest aur ant | ocated in National Jiao-Tong University for treating the
kitchen waste 15 water. It is shown in the table that the

el ectric energy consuned for treating one ton of waste water is |ess

than 0.15 degree, whi dihe sspecifiecenengyc gconsumptiony pecasdingttwdthe presentq

TABLE 15 . Ex- . date electricity degree eJectrigit egr.ee .. .
aver age invention is 1% to O.f% of those of the continuous eﬁec%oglzed colloid

electricit anpl e . ho on met shown on,.ret er
consunpt | O% forﬂoarg}\g-and-removmg methods. proposede iay orementioned Profs. Lee

treating water 4y, yr/month/day initial final net initial final net
(degree/ton) @nd Y@l 1994/3/3 17:8 18.3 0.5 28.5 32 3.5 0. 143

F 1994/ 37 18.5 4é;8urt7}§5;r9 liftfe cgé't_agﬁéagt gle;?ositionooc%@s in the S-%hapeﬁgf%év?’/ 8

18.9 19.4 0°5 40
path, and neither does the damage of the electrodes after long-term use.

The following two figures are photographé showing the dismantled
apparatus of the present invention installed in the Jin-Lun Automobile
Industrial Co., Ltd.

10 Fig. 8: It is obvious from this photograph that no contaminants
deposited in the S-shaped flow path after the present apparatus is used by
this company for more than one year. The sectional area of the S-shaped
flow path is 30 cm x 1 cm before use and it remains 30 cm x 1-cm after
use, |

15 so it is demonstrated that no contaminant depositions occurs.

Fig. 9: It is obvious from this photograph that no notable damage
of electrode or dielectric plates is observed. The thickness of the plates is
10 m/m before use and remains the same after use, so no notable damage
occurs.

20 Embodiment 6

The treating results of applying various electric fields to
impurities by applying various bias between two electrodes are shown in
Table 17. It can be found from Table 17 that when the electric field
intensity is lowered to 0.5 mV/cm, the COD removing percentage is down

25  to less that 5% and it is not practical anymore.



H 1994/ 3/ 10

operation conditions are listed as follows: 5
field intensity: 8.5 V/cm

3 0.117 Remar ks:
vol tage 170V electric

titanium plate covered

19.9 20.5 0.35 51 54 -

el ectrode materi aI

The

with platinum nunber of conducti ve. pl 4(53 flow path: 18m 10
material for conductive plates: iron - pH val ue
conductivity Exanple E 6.5 1,831
[err] S/cm Exanpl e F 6.8 1,419 [err]S/cm
Exanmpl e G 6.4 1,350 [err]S/cm Exanpl e H
6.9 1,178 [err]S/cm TABRLEibllity of untreated water: <
6 cm ( Exanpl es E[err]H) visibility of treated water > 30 cm ( Exanpl es
E[err] H) Enbodi manH 5
The present enpodi nent illust]rates the er atl pr.esept
appar at us used]| by la- Lur] f Eg'eatq_ d. d]CgDremo rhe
Jin-Lun Autonopile Industry Qo m& | S a Techanl cal 5 |product
processing fac : | watiBtensiyer at bd in rLacir LPEcﬁntage mi ked
wast e wat er copt ai ni di esel} oi] ssi ngj oi | i r oi | i on
and kitchen wakte wat®r . The {pr 125?{/ of 9‘443‘*: unr ﬂbﬁ%

L 1 V/em 1408 mg/] 245%

M 0.25 V/em 1456 mg/l 43.13%

N 50 mV/cm 1586 mg/1 38.05%

0 25 mV/em 1880 mg/l 26.56%

P 2.5 mVicm 2340 mg/l 8.59%

Q 0.5 mV/cm 2500 mg/l 2.3%

Remarks:

10

15

1. electric field intensity = bias / distance between the electrodes
2. distance between the electrodes: 20 cm

3. number of conductive plates: 30

4. flow path: 600 cm

5. flow rate: 10 cm/min

6. pH value: 7.66

7. untreated water COD: 2560 mg/l

8. conductivity: 175 x 103 us/cm

9. waste water source:

10. material forming electrode plates: titanium plates covered with
platinum |

11. material forming conductive plates: iron



according to the present invention are listed in Table 16 (treating tinme: 1

m nute). 10 TABLE 16 Ex- inspecting
item untreated treated inpurity- anpl es report

wat er water renoving | - 93G15B062 suspensive solid (mg/l) 34600
<4 99.99% EV82B1427 004 rrg/ 1) 85300 29.7

99. 97% iron (ng/l) 1700 1.38 99.92%
total fat (nmg/l) 6593 8.7 99.87% J 93G15B062 suspensive solid
(rmg/l) 7450 <:4 .. 99t 95% EV82B1427 COD (ng/ 1)

39800 22.3 28 iron (nmg/l) 1690

P20 O et et o RGBRE SKhORn AR )OS By bttt

el ectrode mate 'dfhe floWAAYOR HRE EreafiHE TN, tﬁ‘ cRh¥e friid fronmrabw 18lthat

conductive pl ates

flow pat h: 218mthe Cgtﬁf&hb@ing Pércenbibecis vt BFL69% dvedhwhen the rf&axflraae is
capacity: nerr]
5 3.89 mfsec. Therefore, it is concluded from Tables 4 and 5 that

satisfactory results can be obtained in conditions of 10 cm/min to 3.89

m/sec of flow rate.

TABLE 18
10 |
Example | treated water | flowrate | COD of treated { COD removing
amount (m3/n)| (m/sec) water (mg/l) percentage

R 10 0.92 72.2 88.89%
S 15.5 1.44 102 84.31%
T 22.7 2.10 240 63.08%
U 31 2.87 330 49.23%
\4 42 3.89 405 37.69%

Rémarks:

1. flow rate

= treated water amount (m>) / sectional area of the S-shaped flow path
2. distance between the electrodes: 20 cm
15 3. number of conductive plates: 30
4. flow path: 1800 cm
5. electric field intensity: 8.5 V/cm
6. pH value: 6.2
7. untreated water COD: 650 mg/1



pH val ue conductivity Exanpl e | 6.8

804 [err]S/cm Exanpl e J 6.6 766 [err]S/cm 5
2. The sanpling and inspecting organization is an inspecting conpany
approved by the Environnent Protection Agency of R 0. C., and the

conpany nane and the approval nunber are: 7 10 It is shown fromthe
data in Table 16 that the present apparat& makes the inpurity

renovi ng percent age of the waste water up to nore than 99% in a short
time. Furthernoye an directly treat the water body in which the
COD value is u t('(S’ ElVitB(a|19§8 WPOMand t he suspensi ve solid content

Is up to 30,00 se r ultsc not beotal edgb 15 tﬁ”or art.
After long-ter |‘N QCW SOup erﬁﬂ@ %9 r?g‘gg@mveml onsunpt i on

for treating e\ r.
The specific energy-con: L F% . nv(w tha‘%jasr cu‘é‘\:g‘?'{(!:%l 'blatesa0§g§%cﬁin‘3@§t§
the foll ow ng qﬁ ﬁ;ﬂﬂ%n 20 Es = input electric energy / COD renoving
anount "2 kwh/ton) / ((85300-29.7) ng/lL) = (0.2 kwh x

10[e”] L) & wﬁlﬂﬁa&r@%nﬁm’g%&iddcd%’ﬁlﬁies iron = 0.023 kwh/kg- COD

Embodiment 8

The present embodiment shows the effect of the present

invention used for removing coliform bacillus.

10
TABLE 19
Inspection report Item untreated water | treated water
No.
93124B106  |coliform bacillus |2.6x10°MPN/100m| < 2MPN/100m!
EV82B1680 1
Remarks:

The operation conditions are listed as follows:
15 voltage: 170V
electric field intensity: 8.5 V/cm
electrode material: titanium plate covered with platinum
number of conductive plates: 30 (material: iron)
flow path: 18 m
20 pH value: 6.7
conductivity: 780 psfcm
treating capacity: 2 m3/hr



The specific energy consunption according to the present invention is
1% to 0.1% of those of the continuous el ectrolyzed colloid
fl oati ng-and-renovi ng nmet hods proposed by aforenmentioned Profs. Lee

and Yan. 5 Further, little contam nant deposition occurs in the
S-shaped fl ow pat h, and neither does the d Qge of the el ectrodes
after |ong-termuse. The following two figures are photographs show ng
t he di smant| ed apparatus of the present invention installed in the
Ji n-Lun Autonobile _. | ndustrial Co., Ltd. 10 Fig. 8 It is
obvi ous from t hEg &bh that no contaninants deposited in the

S-shaped flow path after the present .apparatus,is use&ggy t hi s conmpany
for nore than one yeafthﬂgegggtP QﬂngFﬁﬁl%Fek“@d§gs gffect of eoﬂﬂﬁggﬁ
is 30 cmx 1 cmbefore use and,it..rengi 1 [ u 5
So it |5 demonovangan s iné Seduriart SR HE BORLH o vETRE by, Please'fefer fo
Fig. 9: It is o@¥Bﬁy§0fron1this phot ograph that no notabl e damage of

el ectrode or dielectric plates is observed. The thickness of the plates is

10 m'm bef Qj'Ee use a”‘h%@a{{ﬁe“ﬁxetfﬁ, é@l@ﬁiz Becillns anﬁ%ﬂ&‘ﬁr 'Slﬁg?msih i ’ester

occurs. 20 nbodi nent he treating res appl yi ng
various el ectrihavé ¢héiz éan BODIi ther BORsinbwaephillnbeveasdueed aftes thetfagen
two el ectrodes are shown in Table 17. It can be found from Table 17
that when the etelifornebacilul and othertorganisys ard mmoweetd.to 0.5 mv/ cm the
COD renoving percentage is down 25 to less that 5% and it is not practical
anynor e.

TABLE 20
10
Inspectionreport | Item [untreated| treated BOD reduction
No. water water percentage
EV81B0928 BOD |653 mg/l | 44.6 mg/l 93.27%
Remarks:
The operation conditions are listed as follows:
voltage: 170V

electric field intensity: 8.5 V/cm
15 number of conductive plates: 30 (material: iron)
flow path: 18 m
pH value: 7.0
conductivity: 560 us/cm
treating capacity: 2 m3/hr



45 TABLE 17 Exanpl e

electric field CCDof treated COD renoving ' intensity

wat er per cent age K 1.25 V/icm 1440 ny/|
43. 75% L 1 Vicm 1408ny/ | 245%

M ' 0.25 VIcm 1456 ng/ | 43. 13% N

50 mv/ cm 1586ng/ | 38. 05% 49 O 25 mv/ cm
1880 ny/| 26. 56% ' P 2.5 nv/cm 2340 ng/ |
8.59% Qg nv/ cm 2500 ny/| 2. 3%
Remar ks: 1 WHATS @I‘fA]@MEDﬁSenm ty = bias / di stance bet ween t he

el ectrodes 5 2. dj stanc et ween the elec r odes: nunber, of
conducti ve pl aled ™ P oyshy, treg| gc:"!’n""‘@‘ter boa}’l BWQS ng astep,afi i

6. I 66 0 d COD.

congtlc;/?v:]tey ’ 1 @E@PJ% hesgﬂééﬁ %&oc%ss%%gk&%tep g%r%%d a bot&&an
terial f t red t ¢

pl at i num 1§rm1%%rﬁéﬁ%r.5§ SR g Vit COpHEE PR P2 AHEE IYY 'ae arranged

|ve plates: 1 Ffon
5 respectively, and in an mterior space of which three or more conductive

p

plates substantially in parallel relation with the tank bottom and
substantially in parallel relation with one another for upwardly forming a
substantially closed S-shaped one-way flow path in said processing tank,
wherein said conductive plates are made of a conductive material having a
10 resistivity ranged from 1.59 pQcm to 1300 uCrcm and at least two of
said conductive plates are respectively electrically connected to a positive
and a negative power source to serve as an anode and a cathode, wherein
said water to be treated is introduced into said processing tank from said
water inlet, flows upwardly through said S-shaped one-way flow path,
15 and then 1s discharged out of said processing tank form said water outlet,
and wherein a voltage is applied to said cathode and said anode to
geherate an electric field having an intensity ranged ﬁoﬁ 0.5 mV/cm to
1000 V/cm during the flow of said water body in said flow path, thereby
polarizing alnd coagulating impurities in said water body to removing said
20 coagulating impurities. |
2. The method as claimed in claim 1 wherein said coagulating impurities
is removed by a floating remover.
3. The method as claimed in claim 1, further comprising a step of
adjusting said water body immediately after said water body flows out of
25  said processing tank to make said coagulating impurities float upwardly.

4. The method as claimed in claim 1 wherein said conductive plates

A



-Enbodi nent 7 The present enbodi nent concent-rates on the study

on the effect of the flowrates on the treating results. It can be
found from Tabl e 18 that the COD renoving percentage is up to 37.69%
even when the flowrate is 5 3.89 nisec. Therefore, it is concluded from
Tabl es 4 and 5 that satisfactory resultggan be obtained in conditions
of 10 cmimn to 3.89 m sec of flow rate.

TABLE 18 10 Exanple treated water flowrate COD of treated COD
removi ng amount (nferr]/n)(m secg) wat er

g/ | .
per cent age installedRin said procesging tank are madeof the same m,d@ﬁ%rer%t mategial ggos,

S 15.5 1.44 . . 102 ) 4.31% T .

22.7 2 51 The method as claimed in gge @foglaims §~4 Whoefem a pluralitypair of
2.87 330 49. 23% AY) . 42 . 3.89

405 37 ebssode platesr mee arranged rinogaids processing (tapk; iy 3. WaY Habun:

{ho el et r odes CaRtdes, 288 20deS e, ALFDRGY et by e edoh, JF Yo Fhuliey=e"
gétzh: l8(7),0 énmt .pélgisggf %ﬁ@[ﬁt%%ahaﬁ D50uNtedShRrebdtWeen af idéticdt! oca

different number of conductive plates which are not connected with

power supply.

6. The method as claimed in one of claims 1~4 wherein a flow rate of said

water body in said S-shaped flow path is ranged from 0.1 m/sec to 3.89
10 m/sec.

7. The method as claimed in one of claims 1~4 wherein said electric field

intensity is ranged from 0.1 V/om to 1000 V/cm.

8. The method as claimed in one of claims 1~4 wherein the polarities of

electrodes are exchanged per 1~60 minutes so that two surfaces of said
15 conductive plates work evenly.

9. An apparatus for continuously treating a water body, comprising a

substantially sealed processing tank, at a top and a bottom portions of

which a water outlet and a water inlet are arranged respectively, and in an

interior space of which three or more conductive plates substantially in
20  parallel relation with the tank bottom and substantially in parallel relation

with one another for upwardly forming a substantially closed S-shaped

on;-way flow path in said processing tank, wherein said conductive plates

are made of a conductive material having a resistivity ranged from 1.59 p

Qcem to 1300 pQem and at least two of said conductive plates are
25 respectively electrically connected to a positive and a negative power

source to serve as an anode and a cathode.

o



47 8. conductivity: 1935 [err]s/cm 9. waste water source: the

restaurant in Jiao-Tong University 10. material formng el ectrode

pl ates: titanium plates covered with platinum 5 11. material formng
conductive plates: iron , Enbodi ment 8 The present

enbodi nent shows the effect of the presentsi I nvention used for renoving
coliformbacillus. 10 : TABLE 19

| nspection report I'tem untreat ed water treated water

No . 93124B106 coliformbacillus 2.6xI0[err] MPN 100m < 2MPN 100mi
EV82B1680 10, The apparatus as claimed in claim 9 vilwreiksaid condittive platesi on
conditions are listed as follows: 15 voltage: 170V electric field

:O ln; telnﬁ L tm y: 8. 5inétalbed in said processingtank areimade ofithasame ar «liffeventanatgrial.
11. The apparatus as claimed in claim 9 wherein a plurality pair of
electrode plates are arranged in said processing tank in a way that

5 cathodes and anodes are alternately arranged, and each of said plurality
pairs of electrode plates can be mounted therebetween an identical or a
different number of conductive plates which are not connected with
power supply.

12. The apparatus as claimed in claim 9 wherein a sliding way is mounted

10 on both interior surfaces of said processing tank, and thereby said
conductive plates slide into said sliding way to be secured to said
processing tank.

13. The apparatus as claimed in claim 9 wherein a pressurizing pump is
installed at said water inlet of said processing tank and a flow control

15 valve is installed at said water outlet.

14. A system for continuously treating a water body, comprising: '

a pretreating device for adjusting the pH value, conductivity and
added catalyst of a water body to be treated for improving the effect of
the following electrochemical treatment;

20 an electrochemical device connected with said pretreating device
for facilitating coagulation of impurities in said water body and providing
energy for said impurities for easily separating said impurities from said
water body;

a post-treating device connected with said electrochemical device

25 for adjusting the pH value of said electrochemically treated water body

and adding a coagulant and stabilizer to said electrochemical device when

LLLLs



nunber of conductive plates: 30 (material: iron) flow path: 18 m 20 pH

val ue: 6.7 conductivity: 780 [err]s/cm treatl ng capacity: 2
nmerr]/hr 48

Enbodi ment 9 The present enbodinment is related to the effect of
t he present invention on the reduction of the BOD in the water body.

Pl ease refer to Table 20. 5 Bec e the fat, colformbacillus
and -ot her organi sns in water have their own BOD, the BOD in water will
be reduced after the fat, coliformbacillus and ot her organisns are

r emoved. necessary, TABLE 20 10 | nspecti on

report tem - unt e onkhgtfov B Ror i 88, said pps-reall dovies g

L s S R Bomywadhe oPeT ) on cond {ons a1 ofed

number of conductive phff @gsted bEMge'chatactéfiféd in that said electrochemical
5 device includes a substantially sealed processing tank, wherein

at a top and a bottom portions of said processing tank, a water

outlet and a water inlet are arranged respectively, and in an interior space

of said processing tank, three or more conductive plates substantially in

parallel relation with the tank bottom and substantially in parallel relation

10 with one another for upwardly forming a substantially closed S-shaped

one-way flow path in said processing tank, wherein said conductive plates

aré made of a conductive material having a resistivity ranged from 1.59 p

Qcm to 1300 pQom and at least two of said conductive plates are

respectively electrically connected to ‘a positive and a negative power

15 source to serve as an anode and a cathode.

20
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flow path: 18 m pH value: 7.0 conductivity: 560 [err]s/cm
treating capacity: 2 nferr]/hr '

49 VWHAT IS CLAI MED I S: 1. A nethod for continuously treating a
wat er body, conprising.a step of using a substantially seal ed
processing-tank, at a top and a bottom 5Q‘}tions of which a water
outlet and a water inlet are arranged 5 respectively, and in an interior
space of which three or nore conductive pl ates substantially in
paral l el relati it he b t i kN parallel
relation with %ﬁk&h@r Eﬁ%ﬁ’ﬂ?ﬁﬁf@%ﬁﬁ?ﬁ” nstSgEﬁ%% gét}{)ﬁsltﬁgdrﬁé iLgI |y closed

S 27 A oA ) BRI A by, i 9 o

resistivity r r } r t &%@ I angl lpdsta boetomh
said ponducti\a/ﬁgggatf‘egﬁgét_gﬁrag%ge% aﬂ%gre egltdrglecta ;naco%ne ted to a
positive POftichs G I WhRcHP e "Gléto 86T P Watd inlerderandrranged
cat hode, wheretn said water to be treated is introduced into said
processi ng § ankedpeRfiveR), thnd in anaitérionbpace oF avhichptireellor mbre cohduetive
S-shaped one-way “flow path, 15 and then is discharged out of said

processi ng t anjldtes msabstantiallyr iwuphedllel relatiomd dhe dankol batfom sand
applied to said cathode and said anode to  ;; generate an electric field
havi ng an i nt essbstantiallydn pgarsllelrelation onmithone anotheodoxupwyardly formmg 2| ow
of said water body in said flow path, thereby l.ari zi

! ng and.
coagul ati ng i npubstantially clasedy &ﬂmedoeay-w.rfmw\mﬁﬁ ingad &ocessmg tank,
wherein said conductive plates are made of a conductive material having a

10 resistivity ranged from 1.59 pQcm to 1300 pQcm and at least two of
said conductive plates are respectively elécuically' connected to a positive
and a negative power source to serve as an anode and a cathode, wherein
said water to be treated is introduced into said processing tank from said
water inlet, flows upwardly through said S-shaped one-way flow path,

15 and then is discharged out of said processing tank form said water outlet,
and wherein a voltage is applied to said cathode and said anode to
generate an electric field having an intensity ranged from 0.5 mV/cm to
1000 V/cm during the flow of said water body in said flow path, thereby
polarizing and coagulating impurities in said water body to removing said

20 coagulating impurities.

(FIG, 6)

25



20 coagulating inpurities. 2. The nethod as clainmed in claim1l
wherein said coagul ating inpurities is renoved by a floating renover.
3. The nmethod as clained in claiml, further conprising a step of

adjusting said water body inmedi ately after said water body flows out of 25
said processing tank to nmake said coagulating inpurities float upwardly.

4. The nmethod as clainmed in claim1l wherein said conductive pl ates

50 installed in said processing tank are nmade of the same or
different material.. 5. The method -as clailmed in one of clains llerr]4
wherein a plurality. pair of el ectrode plates are arranged in said
processing tank .in a way that cat hodes and anodes are alternately
arranged, and each of said plurality 5 pairs of electrode plates can be
nount ed t herebetween an identical or a - different nunber of conductive
pl ates which are not connected with power supply. 6. The net hod
as clainmed in one of clains 1[err]4 wherein a flow rate of said wat er
body in said S-shaped flow path is ranged frop10.1 msec to 3.89 10 m

/ sec. 7. The nmethod as clainmed in one of clai 1[err]4 wherein said
electric field intensity is ranged from@.1 Vficmto 1000 V/cm 8.
The nmethod as clainmed in one of clains 1[err]4 whefein the polarities of

el ectrodes are exchanged per 1[lerr] 60 minutes{sqo i pat two surfaces of said
15 conductive plates work evenly. 9. An ggbé‘atus for continuously
treating a water body, conprising a

93Nnox
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substantially seal ed processing tank, at a top and a bottom portions of
which a water outlet and a water inlet are arranged respectively, and in an
interior space of which three or nore conductive plates substantially in 20
parallel relation with the tank bottom and substantially in parall el

relation wi th one another for upmardlgkfornlng a substantially closed
S- shaped one-way flow path in~saisd preécessi ng tank, wherein said
conductive pl ates are made of a conductive material havi ng a

connected to a positive and a negati vE| powdr ource to serve as an
anode and a cat hode. 51
10. The apparatus as clained in uLaluAg Tt n s#8d conductive plates

resistivity ranged from1.59 [err] [err]cm t D4l errlcm and at
| east two of said conductive plates aif 25 electrically

installed in said processing tapgk—are made UE li‘;ane or different

mat eri al . 11. The apparat usias claimed imrclaim 9 wherein a plurality
pair of el ectrode plate L?%ai d processing tank in a way
that 5 cathodes and anodes are ranggd, and each of said
plurality pairs of electrodg plates can ¢ nounted therebetween an
identical or a di ff er grpt~nu jive Plates which are not
connected with power suppl YPS—>s12 Ihe. pparatus as clained in claim
9 wherein a sliding way i tgqd 10%on both interior surfaces of said
processi ng tank, and theriEE=g conductive plates slide into said
sliding way to be secured i processi ng tank. 13. The

apparatus as clainmed in clg m9 whelkein a pressurizing punp is

11 ?
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installed at said water inlet of said processing tank and a flow control 15

valve is installed at said water outlet. 14. A system for continuously
treating a water body, conpri sing: a pretreating device for

adj usting the pH value, conductivity and added catal yst of a water
body to be treated for inproving the effect. of 3 the foll ow ng

el ectrochem cal treatnent; 20 an el ectrochem cal device connected
with said pretreating device for facilitating coagul ati on of
inmpurities in said water body and providing energy for said inpurities
for easily separating said inpurities from said wat er body,

a post-treating device connected with said el ectrochem cal device 25 for
adj usting the pH value of said electrochemcally treated water body

and addi ng a coagul ant and stabilizer to said el ectrochem cal device when
52 necessary; a floating renover connected to said
post-treating device for separating inpurities fromwater;

sai d system being characterized in that said el ectrochem cal 5 device

i ncludes a substantially seal ed processing tank, wherein at a
top and a bottom portions of said processing tank, a water outlet and
a water inlet are arra regg;gtively, and in an interior space of
sai d processing t abhid, lhreé’gr nore conductive plates substantially in
paral l el re]gbi wN h thel tank bg&%m and substantially in parallel
relation 10 wth A\ gnp

S- shaped \ -

[ 2\ 1

52 - (e "ZﬂrLa
C . F—

r upwardly form ng a substantially closed
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one-way flow path in said processing tank, wherein said conductive plates
are nmade of a conductive material having a resistivity ranged from 1.59

[err] [err]cmto 1300 [err]Jcmand at | east two of said conductive
pl ates are respectively electrically connected to a positive and a
negative power 15 source to serve as an_anode agd a cathode. 20
< - .
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