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CONTAM NATED W TH HEAVY METALS 5 TECHNI CAL FI ELD [0001] This invention

relates to a clarification technology for an environnental materi al
contam nated with heavy netals and, particularly, a clarification nethod
and apparatus for separating and renoving heavy netals, such as 10 | ead
(Pb), cadmium (Cd) and nercury (Hg), frpma contam nated solid material such
sl udge, sedinents, wastes, or incineration ash. [0002] The present
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technology for an environmental material contaminated with
heavy metals and, particularly, a clarification method and
apparatus for separating and removing heavy metals, such as
lead (Pb), cadmium (Cd) and mercury (Hg), from a
contaminated solid material such as soil, sludge,
sediments, wastes, or incineration ash.
[0002] The present invention also relates to a
clarification technology for an environmental material
contaminated with heavy metals and, particularly, a
clarification method and apparatus for separating and
removing heavy metals, such as lead (Pb), cadmium (Cd), tin
(Sn) and chromium (Cr), from a contaminated solid material
containing the heavy metals, such as soil, sludge,
sediments, wastes, or incineration ash, and a contaminated
liquid material containing the heavy metals, such as a
leachate from the contaminated solid materials, industrial
water, drainage, surface water, groundwater, or seawater.
BACKGROUND ART
[0003] As a method for clarifying and repairing soil
contaminated with heavy metals, a proposal has been made
for a method using an electrochemical technique (Japanese

patent application laid-open publication gazette: Japanese
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filter, whereby the heavy metals are separated from the
contaminated soil.

[0004] According to this method, however, the cathode
portion and the slurry are separated by the filter. Thus,
the interstitial water flows from the anode side to the
cathode side through the filter, and the slurry is not
reduced by the reduction potential of the cathode, but
conversely, the slurry is highly likely to be maintained in
an oxidizing atmosphere by the oxidation potential of the
anode. Therefore, the problem arises that the fractions
(portions) of solid deposits, such as lead, cadmium and
mercury, taking sparingly soluble adhesion forms, called an
iron-manganese bound form and an organic matter-bound form,
cannot be extracted efficiently, and the heavy metal
contents in the soil cannot be fully lowered.

[0005] As a method for removing heavy metals from
incineration ash, a proposal has been made for a method
which comprises adjusting the pH of contaminated
incineration ash to form a homogeneous slurry, then

introducing the slurry into a separation and recovery tank
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equi pped with a stirrer, a cathode and an anode, and applying a direct
current voltage to adhere heavy netals to the el ectrode (Japanese patent
application | aid-open publication gazette: Japanese Patent Application

Lai d-Open 5 No. 2002-126692). [0006] Wth this nethod, however, the slurry
makes direct contact wth the cathode and the anode prOV|ded in the
separation and recovery tank, so that thé slurry cannot be maintained in a
reduci ng at nosphere under the influence 10 of chlorine and oxygen gases

gener at ed fdﬁ?fﬁ&h a SHSrdPses tienpiobhrgsahhaholle aﬁarenentloned
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from incineration ash, another proposal has been nmade for a nethod which
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subjecting the extract to solid 20 liquid separation, and el ectrolyzing the

resultisg axdsapdo2zwréeopyogressively |owering a cathode potential, thereby
progressively depositing a plurality of netals to recover heavy netals
(Japanese padeoé ] applwighi thisandthp@n howéveat i thegazairirg: makeanese Pat ent
Application Laid-Cpen 25 No. 2002-173790). [0008] Wth this nethod,
however, ndieskictcontaotenithl thescaphbidedaddr thg thedecpdositdedctinon, so
that the aforenentioned fractions taking sparingly soluble adhesion - 4

the separation and recovery tank, so that the slurry cannot

be maintained in a reducing atmosphere under the influence

10 of chlorine and oxygen gases generated from the anode.

This poses the problems that the aforementioned fractions
taking sparingly water-soluble adhesion forms, called the
iron-manganese bound form and the organic matter-bound form,
cannot be extracted efficiently, and the heavy metal

15 contents in the incineration ash cannot be fully lowered.
[0007] As a method for removing heavy metals from
incineration ash, another proposal has been made for a
method which comprises extracting contaminated incineration
ash with an acid, then subjecting the extract to solid-

20 liquid separation, and electrolyzing the resulting extract
while progressively lowering a cathode potential, thereby
progressively depositing a plurality of metals to recover
heavy metals (Japanese patent application laid-open
publication gazette: Japanese Patent Application Laid-Open

25 No. 2002-173790).

[0008] With this method, however, no reduction potential

is applied during the acid extraction, so that the

aforementioned fractions taking sparingly soluble adhesion



forns cannot be extracted efficiently, and the concentrations of the heavy
netals contained in the flying 1incineration ash cannot be fully | owered.

[ 0009] According to this nmethod, noreover, the 5 extraction of the heavy
metals into an aqueous solution, and their separation fromthe agueous
solution are carried out in tw stages, rather than sinmultaneously. Thus,
there is the problemthat the heavy met&l- concentrations in the agueous
solution at the extraction stage are increased, and 10 heavy netal salts

with small _sol ubilit roduct. constants,. Jin rticular. cannot be dissol ved
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reduction potential of the 25 cathode to pronote the dissolution of heavy

netals. [ QRLliViwb thess SRt Adfer MHAOVEImuifgnéshs1y di sEAldIf ieied heavy
nmetals requires that a large volune of a |iquid phase as a sol vent be
ensured becgalisthd hrdiepsty th&t the heavy metal concentrations in the
aqueous solution at the extraction stage are increased, and
10 heavy metal salts with small solubility product constants,
in particular, cannot be dissolved completely. There is
also the problem that solid-liquid separation is performed,
with high concentrations of heavy metals being dissolved in
interstitial water, and thus, the heavy metals contained in
15 the interstitial water (sludge), which remain even after
solid-liquid separation, cannot be removed from the
incineration ash.
[0010] These conventional methods utilize a reaction in
which heavy metals are dissolved with the use of an acid,
20 and then the dissolved heavy metals are migrated and/or
deposited by an electrode potential difference. Any of the
above-described methods neither disclose nor suggest the
idea of maintaining a contaminated solid material in a
reducing atmosphere by the reduction potential of the
25 cathode to promote the dissolution of heavy metals.
[0011] With these methods, moreover, the full

dissolution of heavy metals requires that a large volume of

a liquid phase as a solvent be ensured because the heavy



metal dissolution is subject to restriction by their solubility product
constants. As a result, the problemwas posed that the volune of the entire
treatment apparatus was large, nmaking it difficult to downsize the
apparatus. 5 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE

| NVENTION [0012] It is an object of the gresent invention to provide a
clarification nethod and apparatus for a contam nated solid material which
can reliably remove heavy 10 netals, including their sparingly soluble
fracti ons Nebali@hsyolubien tenfuhinatelosbRFETARLAPRAPYSs k&R 1Es soi |,

sl udge, sedinents, wastes, or incineration ash, and which can |ower the
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material, and can exclude a 15 contam nation risk now and in the future.
[0013] It iBogAdt RBRtobRecYOLEmenetpEBEeRPtIRGRTPEATECHL FPRATALUS Was
clarification nmethod, and agpgtatus for a _contam nated solid nmaterial which

renove heav%aﬁgFal§aFFBﬁ1l bffa?Eﬁﬁtgﬁiﬂawgﬁiﬁﬁté PaPPP§EEﬁF§S soil,
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contaminated solid material which can reliably remove heavy

10 metals, including their sparingly soluble fractions
(portions) from a contaminated solid material such as soil,
sludge, sediments, wastes, or incineration ash, and which
can lower the concentrations of the heavy metals contained
in the so0lid contaminated material, and can exclude a

15 contamination risk now and in the future.

[0013] It is another object of the present invention to
provide a clarification method and apparatus for a
contaminated solid material which remove heavy metals from
a solid contaminated material, such as soil, sludge,

20 sediments, wastes, or incineration ash, more efficiently
while preventing the deposition and accumulation of the
heavy metals on a cathode from being inhibited by the
shearing force of a slurry imparted to the cathode.

[0014] It is still another object of the present

25 invention to provide a clarification method and apparatus

for a contaminated solid material in which a cathode zone

and an anode zone are separated by a diaphragm, and a solid

or contaminated liquid material containing heavy metals is



brought into contact with a cathode to renove the heavy netals. The nethod
and apparatus are characterized by the shape of the diaphragmand the
arrangenent of the electrodes which are practical and highly efficient, and
5 which enabl e the apparatus, despite its large size, to renove the heavy
netals efficiently fromthe contamnated material. MEANS FOR SCOLVI NG THE
PROBLEMS [ 0015] The inventors diligentty® conducted studies, and 10 have
found that unlike conventlonal nmet hods, a solid material cont ani nated with

heavy metaks a@cr{m i RJ(% A RO A FEBIE NhatidsAper e and a

strongly aci or strong y a | ne at nosphere, whereby the heavy netals
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heavy nmetals, including sparingly soluble fractions (portions), can be
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netals are present in a form ‘such as an exchangeable form a carbonate
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form in the solid contam nated naterial. Anobng these forms, the heavy

netal s presgilcH rerdf xalwnggrit£odo) nAesd £ie ait£ 4105 Ofiz€gi 06 under
strongly acidic or strongly al kaline atnosphere, and their water

di ssol uti orregpeeiHeth ey alet 2bs | SEf Bttt 1O Efde théeconbadinabedheavy
netals present in forns, such as a carbonate bound form an iron-nanganese
bound f or mmeagtret-iadl or gani ¢ matter-bound form have low solubility even in a
strongly acidic or strongly alkaline - 7
MEANS FOR SOLVING THE PROBLEMS
[0015] The inventors diligently conducted studies, and
10 have found that unlike conventional methods, a solid
material contaminated with heavy metals is maintained in
the condition of a reducing atmosphere and a strongly
acidic or strongly alkaline atmosphere, whereby the heavy
metals contained in the contaminated solid material can be
15 dissolved, and the heavy metals, including sparingly
soluble fractions (portions), can be removed from the
contaminated solid material.
[0016] Generally, heavy metals are present in a form,
such as an exchangeable form, a carbonate bound form, an
20 iron-manganese bound form, or an organic matter-bound form,
in the so0lid contaminated material. Among these forms, the
heavy metals present in the exchangeable form enter a
corrosion region under strongly acidic or strongly alkaline
atmosphere, and their water dissolution concentrations are
25 1increased. On the other hand, the heavy metals present in
forms, such as a carbonate bound form, an iron-manganese

bound form, and an organic matter-bound form, have low

solubility even in a strongly acidic or strongly alkaline



at nosphere, and they are difficult to dissolve. Wien the heavy netals
present in such sparingly soluble forns are further subjected to a reducing
at nosphere, they can be transferred into a corrosion region, and their
solubility 5 in water can be increased. [0017] The inventors have obtai ned
the followng findings: A diaphragmis |ocated between a cathode supplied
with a reduction potential and an anode 7o- separate a cat hode zone

contai ning the cathode froman 10 anode zone containing the anode. A
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t he cat hode and renoved 20 frominterstitial water, heavy neta s wth

| ow solsubi{jtyaPspdeish sONShaptssed@n al so be sequentially dissolved, and
the efficiency of extraction can be further increased. [0018] If the heavy

netal cont ap@@ﬁm | S TRE CUhYentdPsVRAREI bBtAiNahefheM™bEUbYWiRgOduced upon
reduction o mercury ions acconpani es a hydrogen gas generated fromthe

surface of fhgacrgsoden aiHpgHragmiis OUSFh RS vapddeda i ddPhodde tank for gas
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supplied with a reduction potential and an anode to
separate a cathode zone containing the cathode from an

10 anode zone containing the anode. A contaminated solid
material is supplied to the cathode zone, and brought into
contact with the cathode, but not brought into contact with
the anode. In this condition, the contaminated solid
material containing the heavy metals can be maintained in a

15 reducing atmosphere (i.e., an atmosphere in which there is
no oxidizing compounds). At the same time, the
electrolytic deposition of the heavy metals on the surface
of the cathode can be performed. Since the heavy metals
are deposited on the surface of the cathode and removed

20 from interstitial water, heavy metal salts with low
solubility product constants can also be sequentially
dissolved, and the efficiency of extraction can be further
increased.
[0018] If the heavy metal contaminant is mercury,

25 volatile 0-valent mercury produced upon reduction of
mercury ions accompanies a hydrogen gas generated from the

surface of the cathode and/or a nitrogen gas supplied into

the tank for gas diffusion, and easily migrates into a



gaseous phase, so that its separation frominterstitial water can take
pl ace. This is another finding by the inventors. [0019] Based on these
findings, the inventors propose a 5 nethod and apparatus for separating
heavy netals effectively froma contam nated solid material and

interstitial water, the nethod and an apparatus targeting contanm nated
solid materials as a whole, by separatrng an anode and a cathode in an
el ectrolytic reaction vessel by a 10 di aphragm addi ng the contam nated

solid mat erdaleocOTURALL NOs feanyt P2l SepaPallloRPERGh (AtBEstheqhed, and an
aci di ¢ substance or an al kaline substance to a cathode zone {0 adjust the

pH to 3 or [oWeF OfinleaRé HiEbE!. |k fi tfhrRsthd APAIAd 9y 2y eEHE! NG
at nosphere. According to this nethod, 15 a reaction in which the heavy

metal s cont ghpedebRst he contam nated solid material are reduced by the
cathode (reduction electrode) to be dissolved, and a reaction in which the

heavy netal po@1¢)deposased on th@s@a‘fbﬁdﬁnﬂé? ther iavendors paiopolsel a _
Because of the reduction potential 20 of the cathode, the contam nated solid

mat eri als | smefRbdt ahdedpparabesr educs8pgadhtDaghReaviomptanst e t he
di ssolution of the heavy netals. Thus, even the sparingly soluble fractions
of the heavyfrettlselpwhiebmaaecontamdhaselvedltiddmateianglaydaci di c or
strongly al kaline 25 conditions, can be dissolved, and the heavy netal s can
be separatedteféertizel yateom the methddcantaannapedramier itargeaitg
interstitial water. [0020] This method simultaneously perforns the reaction
-9 contaminated solid materials as a whole, by separating an
anode and a cathode in an electrolytic reaction vessel by a
10 diaphragm, adding the contaminated solid material
containing heavy metals, as an object to be treated, and an
acidic substance or an alkaline substance to a cathode zone
to adjust the pH to 3 or lower or 12 or higher, and further
imparting a reducing atmosphere. According to this method,
15 a reaction in which the heavy metals contained in the
contaminated solid material are reduced by the cathode
(reduction electrode) to be dissolved, and a reaction in
which the heavy metals are deposited on the cathode are
performed in parallel. Because of the reduction potential
20 of the cathode, the contaminated solid material is
maintained in the reducing atmosphere to promote the
dissolution of the heavy metals. Thus, even the sparingly
soluble fractions of the heavy metals, which are not
dissolved under strongly acidic or strongly alkaline
25 conditions, can be dissolved, and the heavy metals can be
separated effectively from the solid contaminated material

and interstitial water.

[0020] This method simultaneously performs the reaction



in which the heavy netals contained in the contamnated solid material are
reduced by the cathode to dissolve heavy netal ions, and the reaction for
deposition of the heavy netals on the cathode. Thus, it is necessary that
the 5 contam nated solid material and the el ectrode be in contact as mnuch
as possible within the electrolytic reaction vessel, so that the

contam nated solid material is formed inpo-a slurry, which is fully stirred
and brought into contact wth the electrode. As a result, it was confirnmed
that the 10 cathode was constant|y exposed, to a shearlngnforce %roduced by

a flow of tHe v¥righythe heavy @PEﬁéﬁmﬁﬁﬂﬁﬁﬂEﬁ t e F%%v? hamipa ng05|ted on

t he cat hode bejn eel ed. of f, % ﬁpenonenon of g i b
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wear, there?fuff??rﬁﬁieﬂ &Eefﬁfﬂyysggfféa Eﬁﬁnbfgﬁghtlgnto contact
with the electrode. As a result, it was confirmed that the
10 cathode was constantly exposed to a shearing force produced
by a flow of the slurry, causing a phenomenon of the heavy
metals deposited on the cathode being peeled off, and a
phenomenon of cathode wear.
[0021] Under these circumstances, the inventors
15 diligently conducted studies, and have found that when a
solid material contaminated with heavy metals is maintained
in the condition of a reducing atmosphere and a strongly
acidic or strongly alkaline atmosphere to deposit the heavy
metals from the contaminated solid material on an electrode
20 Dby an electrolytic deposition reaction, and a shearing
force imparted to the electrode by a slurry containing the
contaminated solid material is decreased or excluded,
whereby the deposition of the heavy metals on the electrode
can be performed more efficiently. Based on this finding,
25 the inventors propose a method and an apparatus which
diminish the phenomenon of peeling-off of the heavy metals
deposited on the cathode, and the phenomenon of cathode

wear, thereby separating the heavy metals from the



contamnated solid material and interstitial water nore efficiently. [0022]
When a predeterm ned anount of heavy netals is deposited on the cathode,
supply of an electric current is 5 stopped for replacenent of the cathode.
On this occasion, problenms were confirmed, such that the heavy netal s
deposited on the cathode di ssolve again, and heavy netal ions nove to the
anode zone, delaying the resunption of-th®e -reaction. Thus, the present

i nvention al so proposes a 10 nethod and an apparatus for nore efficient
separation of . heav . ro a_co m.nat S L' tial _and
interstitiaf OB ngﬁ%&rﬁ?i élﬂ Pafria h%ﬂgslgfgrﬁgﬁt gg%?Eer MP&&ct i on
vessel to aLé cate fferent roles to the respective cathodes, and even if
one of the ¢ s |§ out 15 of order in ternms of action, or is subjected
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completg treahpEgh f&&tPéﬂlgceﬁéﬁE'S?EtﬁEaEhEhSQE'Oﬂoﬂefhfg ~obtageoham nat ed

soil treatnen S assune exanp a volune of 10 arger is
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a large reaction vesse béen conflrne t hat e di stance between
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and the reaction liquid (or slurry) become or becones |arge, "-

ions move to the anode zone, delaying the resumption of the
reaction. Thus, the present invention also proposes a

10 method and an apparatus for more efficient separation of
heavy metals from a contaminated solid material and
interstitial water, wherein plural cathodes are provided in
a reaction vessel to allocate different roles to the
respective cathodes, and even if one of the cathodes is out

15 of order in terms‘of action, or is subjected to replacement
or maintenance, the operation of the apparatus can be
continued.
[0023] Furthermore, if an apparatus for clarifying a
contaminated material, such as soil, is actually

20 constructed, there is no choice but to render the volume of
a reaction vessel large in order to complete treatment
within a practical clarification period. If contaminated
soil treatment is assumed, for example, a volume of 10 m’
or larger is generally required. If a flat membrane type

25 diaphragm is applied to such a large reaction vessel, it
has been confirmed that the distance between the electrode

and the diaphragm and/or the distance between the electrode

and the reaction liquid (or slurry) become or becomes large,



| owering the reaction rate and the efficiency of renoval. To avoid this
problem it is conceivable to formthe reaction vessel into a vertically
flat shape, and stack reaction vessel conpartnents horizontally via

di aphragns, 5 thereby shortening the above distance.. However, the use of
many flat menbranes of a large size is not practical because it increases
the risk of |eakage due to swelling of- ltlhe nenbrane, and it poses
difficulty in repair and replacenent of the nenbrane. The inventors have

found t hat l%éﬁr%"ﬁ'ﬁ@%é&{iaﬁ ALY Do B O AFL DL 8y SO Hoffbvhi Ul d
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and/ or the | stance between the el ectrode and a reaction liquid (or

slurry) can-bg.febAtfbosch sebhp&t-BnéhYs SHBE 26868119 @0a HRapRedgASt ual
apparatus, wth the result that the preferred efficliency of contam nant

removal s s ﬂ%%@ﬁdshoﬁ@eﬁﬂﬁg repai speve aeptaseaentudfevde, dirphiggnpybecone
easy. Based on this finding, the inventors also propose a nethod and an

apparatus fhing! 14t yhégbPakest a1 dalgdgansertalis nbévphectheashape of a
di aphragm and t he arrangenent of el ectrodes which are practical and highly

efficient. 25cd@924]1tALnordasgsttha fiskt oaspeakagt the poeseBillingvedti on,
there is provided a contam nated solid material clarification nmethod for
renovi ng hetlny mewbrané| oand itopbaesndiefisaltg fmt eepalircandai ni ng the

heavy nmetals, - 12
replacement of the membrane. The inventors have found that

10 in a method for clarifying a contaminated solid or liquid
material containing heavy metals, an anode is disposed
within a cylindrical, box-shaped or bag-shaped diaphragm
with a closed bottom disposed in a reaction vessel, and a
cathode is disposed outside the diaphragm, whereby the

15 distance between the electrode and the diaphragm and/or the
distance between the electrode and a reaction liquid (or
slurry) can be maintained sufficiently small even in an
upsized actual apparatus, with the result that the
preferred efficiency of contaminant removal is obtained,

20 and repair and replacement of the diaphragm become easy.
Based on this finding, the inventors also propose a method
and an apparatus for clarifying a contaminated material,
having the shape of a diaphragm and the arrangement of
electrodes which are practical and highly efficient.

25 [0024] According to a first aspect of the present
invention, there is provided a contaminated solid material

clarification method for removing heavy metals from a

contaminated solid material containing the heavy metals,
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conprising performng a dissolution step and a separation step in parallel
In the sane container, the dissolution step being the step of dissolution
of heavy nmetal ions from the contam nated solid naterial, and the
separation step 5 being the step of separating the dissol ved heavy netal
ions fromthe contamnated solid nmaterial and interstitial water; and

mai nt ai ni ng the contam nated solid matenial- in the condition of a reducing
at nosphere and a strongly acidic or strongly al kaline atnosphere until the

10 di | ut i d ion of the h netal, i |l eted. [0025
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renoved by a ¢ exposure rmet | A renovi hg heavy tal's from

cont am nat | rial .l : RV | ' | ution and
25 separ at %%fﬁ%er%gi\%&#&tﬁﬁs%%l&% ?%?%%&rﬁla%daﬁg}jti%%#figteri al are

completed 1ot MG ddiiftaldiAferso) dohtamfia fod PO 241 ARraLER1A%n
post-treat nent, therefore, there 1Is no need to naintain the s urry 1n a
reduci ng atypsnhei@itiodf a reducing atmosphere and a strongly
acidic or strongly alkaline atmosphere until the
10 dissolution and separation of the heavy metal ions are
completed.
[0025] In more detail, the heavy metals present in a
form, such as an exchangeable form, a carbonate bound form,
an iron-manganese bound form, or an organic matter-bound
15 form, in the contaminated solid material are brought into
contact with a sufficient amount of an acidic aqueous
solution or an alkaline aqueous solution in a reducing
atmosphere provided by a cathode to perform ion exchange
and desorption, thereby dissolving the heavy metals into
20 the aqueous solution and electrolytically depositing them
on the surface of the cathode. Alternatively, if the heavy
metal is mercury, it is removed by a gas exposure method
used in removing heavy metals from the contaminated solid
material. In the present invention, the dissolution and
25 separation of the heavy metals from the contaminated solid
material are completed in a single tank. In the solid-
liquid separation step as post-treatment, therefore, there

is no need to maintain the slurry in a reducing atmosphere.



Mor eover, the heavy netals are deposited on the cathode surface and renoved
frominterstitial water. Thus, the heavy netals with low solubility product
constants are sequentially dissolved, and the efficiency of extraction 5
can be further increased. [0026] Preferred exanples of the contam nated
solid material, which can be clarified by the present invention are
contam nated solid nmaterials containi ngilseavy netals, such as soil, sludge,
sedi ments, wastes, incineration ash, 10 and sline. Preferred exanples of the
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electroae, and ode. case, an acid is supplied fromthe
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necessity or supplying a Targe a acid can be obviate [ 0029] The
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conductivity, 1nvolving mninm
are contaminated solid materials containing heavy metals,

such as soil, sludge, sediments, wastes, incineration ash,
10 and slime. Preferred examples of the heavy metals to be
separated and removed by the present invention are lead
(Pb), cadmium (Cd), and mercury (Hg).
[0027] The reducing atmosphere used in the present
invention is preferably formed by adjustment of the cathode
15 potential.
[0028] The adjustment of the cathode potential is
preferably performed to bring a cathode potential of -0.16V
or lower, more preferably -0.25V or lower, with respect to
a hydrogen standard electrode. The provision of the
20 reducing atmosphere by the adjustment of the cathode
potential can be performed by disposing a diaphragm between
an anode and a cathode, in a combination of the anode, the
diaphragm, a reference electrode, and the cathode. In this
case, an acid is supplied from the anode zone wvia the
25 diaphragm, thus affording the advantage that the necessity
for supplying a large amount of acid can be obviated.
[0029] The cathode usable in the present invention is

preferably one having conductivity, involving minimal loss



due to friction with the slurry containing the solid contam nated material,
and having a higher standard electrode potential than that of the
contam nat ed heavy netals. Exanples are glassy carbon (TOKAI CARBON CO., 5
LTD.), copper, titanium and titaniumcoated nmetal. The cathode preferably
has a | arge surface area for electrolytic deposition of the heavy netals,
and preferably has, for exanple, a fidrlous-or a network structure. [0030]
The anode used in the present invention is 10 preferably configured to be

bl f . of . ith ' A di ith th
cont am nat PSR (o haruit o 16D e TERErEoReARPAdrBa EBE GotRPer il 1s not
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hi gher) aqueéous as resistance to anode corrosion. “Exanpl es
are furnac , gﬂﬁjt ' i .t api o) al. 20 [0031
In the pre?‘e\%{:g?%i/en o) ,lﬁegf(ﬁ g%h%&?’gxn%ﬁ+%cg¥§lgkﬁe‘?%\§§%Nﬁ%'éat hod[e and]
t he anode t epar c on ont aLnk t fro n anode
zone cghté?%ﬁhg'tﬁ%ggﬁgde?RFggggf'Aﬁngxg%g?gigg-kﬁgt%?agﬁggéﬁlugggle in the
present  25.i puenti on ks ap i aphtagm whiehhag Lhe Jfuactign of controlling
t he nnvenen? o¥ a s gstance gtﬁer than “particular ions in the aqueous
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has, for example, a fibrous or a network structure.
[0030] The anode used in the present invention is

10 preferably configured to be capable of a passage of current
without coming into direct contact with the contaminated
solid material so that the contaminated solid material is
not exposed to an oxidizing atmosphere. The anode usable
in the present invention preferably has conductivity, has

15 resistance in a strongly acidic (preferably pH 3 or lower)
or strongly alkaline (preferably pH 12 or higher) aqueous
solution, and has resistance to anode corrosion. Examples
are furnace black, graphite, titanium, and titanium-coated
metal.

20 [0031] In the present invention, the diaphragm is
located between the cathode and the anode to separate a
cathode zone containing the cathode from an anode zone
containing the anode.

[0032] An example of the diaphragm usable in the present

25 invention is a diaphragm which has the function of
controlling the movement of a substance other than

particular ions in the aqueous solution, which has the

function of performing ion exchange to close the circuit
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bet ween the anode and the cat hode, and has the function of preventing
permneation of a chlorine gas, an oxygen gas, dissolved chlorine, dissolved
oxygen, etc. to naintain the reducing atnosphere of the cathode zone. A
preferred 5 exanple is a fluorocarbon resin-based i on exchange nenbrane
(cation exchange nenbrane) having sulfonic acid groups. Sulfonic acid
groups have hydrophilicity and have a high -cation exchange ability. [0033]
As nore inexpensive diaphragns, fluorocarbon 10 resin-based i on exchange
menbranes fluorinated only at the _backb or aronatl%ggydrocarbon based

i on exchangeet Wﬁﬁﬁr&ﬁ@saeﬁﬁeapgg EEeuFPF%QQ& PREr BASe dhex fMmcds ogy ofy

I on exchange nenbranes are conmerci al | ﬂvallable products such as NEPTCN
CR61AZL - 389%?888&éagbyeFmPééWNEésEP?}& PELPRH AR éﬁ}B%‘r &Tﬁ’cé@‘soy Tokuyama
Corp., and Selemon _CSV. produced b %h d ass td 0034] An anion
exchange neﬂﬁ?ﬁggvegncgﬂg 1Bg -y Hséévﬁ QA GRPagmtlor tosMa r4t% ng t he
anode and the contanlnateg sol i terli bf Concr et el ggdro i de ion 20
exchange nehBRYFANHaGERGSRACEINGAI eh?&% d&ezﬁpgbp %aﬁrﬁ rﬁ? ferably
used. Preferred f._such n ani_an xch menbrane are
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| ONI CS, NE EPgA AHA %Egducedgg% 5 " d Sel on _ASV produced
by 25 Asahi Efad8lcs*C %ﬁlgg aﬁﬂ%agn1usable
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cation exchange ability.
[0033] As more inexpensive diaphragms, f£luorocarbon

10 resin-based ion exchange membranes fluorinated only at the
backbone, or aromatic hydrocarbon-based ion exchange
membranes can also be utilized. Preferred examples of such
ion exchange membranes are commercially available products,
such as NEPTON CR61AZL-389 produced by IONICS, NEOSEPTA

15 CM-1 OR CMB produced by Tokuyama Corp., and Selemion CSV
produced by Asahi Glass Co., Ltd.
[0034] An anion exchange membrane can also be used as a
diaphragm for use in separating the anode and the
contaminated solid material. Concretely, a hydroxide ion

20 exchange membrane having an ammonium hydroxide group can be
preferably used. Preferred examples of such an anion
exchange membrane are commercially available products, such
as NEPTON AR103PZL-389 produced by IONICS, NEOSEPTA AHA
produced by Tokuyama Corp., and Selemion ASV produced by

25 Asahi Glass Co., Ltd.
[0035] Further examples of the diaphragm usable in the
present invention are those having no functional groups,

including MF (microfilter) or UF (ultrafilter) membranes,



porous filter nedia such as ceram cs and asbestos, and woven fabrics nade
of nylon, polyethylene, and pol ypropyl ene. These di aphragns w t hout
functional groups are preferably those having a pore dianeter of 5 pmor

| ess, 5 and not perneable to gases under unpressurized conditions.

Preferred exanples are comercially avail abl e products, such as PE-10

menbr ane produced by Schwei z Sei dengazefigbri k, and NY1- HD nmenbrane produced
by Flon Industry. [0036] The strongly acidic atnosphere used in the 10

present invention is preferably sych that the pH o interstitial water of

t he cont anPRECES §6-I]1tt?rn'§te§r"|aal ucs §s &eqa&,}é};q{)‘é@ te‘?%bl@“@ or |ower.
Such a stron i di c at ere _can ex the influence of iron sulfide
present in Pﬁ'&%s&al%rl‘ﬂ‘?e“?t or? | PYAOYi c? ;'t r?&gﬁw dﬁe 15 present

I nvention ca e f or.med by 5 nﬁ anhac %H %nta nat%g sol |
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hydrochlorlc aci d acids. such as.net hanesu

fonic acid, formc
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potassium éﬂﬂnﬁyﬁlkb meﬂg}ane produced by Flon Industry.
[0036] The strongly acidic atmosphere used in the
10 present invention is preferably such that the pH of
interstitial water of the contaminated solid material is 3
or lower, more preferably 2 or lower. Such a strongly
acidic atmosphere can exclude the influence of iron sulfide
present in the soil. The strongly acidic atmosphere in the
15 present invention can be formed by adding an acid to the
contaminated solid material. Preferred examples of the
acid which can be added are hydrochloric acid, and organic
acids, such as methanesulfonic acid, formic acid, acetic
acid, citric acid, oxalic acid, and terephthalic acid.
20 [0037] The strongly alkaline atmosphere used in the
present invention is preferably such that the pH of
interstitial water of the contaminated solid material is 12
or higher, more preferably 13 or higher. The strongly
alkaline atmosphere in the present invention can be formed
25 by adding an alkaline substance to the contaminated solid
material. Preferred examples of the alkaline substance
which can be added are sodium hydroxide and potassium

hydroxide.



[0038] Cenerally, heavy netals are easier to dissolve in the strongly

aci di c atnosphere than in the strongly al kaline atnosphere. Dependi ng on
the nature of the contamnated solid material to be renoved, however, the 5
strongly al kali ne at nosphere may be preferred to the strongly acidic

at nosphere. For exanple, if the contamnated solid material is soi
containing a large anount of iron, the klrongly acidic atnosphere nmay

di ssolve iron, posing the problemof coating the electrode or 10 cl oggi ng.

Thus, the SE68§ghtan1§§§ég§ %%g?ﬁB?@&emE§alBr§£§réﬁg PEQ%”%F%%oﬁ@etH state

of the soli nor eover he a |t|on of "an aci
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solid materra era Ion as strongly a nosphere can
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i nci neration I's strongly al k I'n t e present |nvent|on a
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contribute \ eavy netals and their Sta |zat|on in
an aqueaqys gekuhg9?1Fﬁka&Beraiaesﬁgeeeeaaynaepﬁr% argea o t%@? solid
cont am nat e a an el ectron onor and reduci ng agent f or

”a'nta'n'ngs%?@nb??“ﬁb&ﬁlétHQ%BQ?h%reandFoﬁU@ﬁéﬂﬁﬁés s¢l ggked fromtheir
conbi nati ons may be added to 25 the solid contam nafed naterial, depending

on the in-stbHtam@Aditba0BS19UChaReriBe 391 ksotid Rntladniihie 1%z@feerre_d _
exanpl es of these additives are SDS (sodi um dodecyl sulfate) and cationic
surfact ant sagsuhBeogsUitaat, akhs, strdlgly acidic atmosphere may dissolve
iron, posing the problem of coating the electrode or
10 clogging. Thus, the strongly alkaline atmosphere is
preferred. Depending on the state of the solid
contaminated material, moreover, the addition of an acidic
substance or an alkaline substance may be unnecessary. If
the contaminated solid material is incineration ash, the
15 strongly alkaline atmosphere can be formed, without the
need to add an alkaline substance, because the incineration
ash is strongly alkaline.
[0039] In the present invention, a surfactant, a complex
ion forming agent and a chelating agent which contribute to
20 the dissolution of heavy metals and their stabilization in
an aqueous solution, a buffer for suppressing pH changes of
the solid contaminated material, an electron donor and a
reducing agent for maintaining the reducing atmosphere, and
substances selected from their combinations may be added to
25 the so0lid contaminated material, depending on the in-situ
conditions such as the soil to be clarified. Preferred

examples of these additives are SDS (sodium dodecyl

sulfate) and cationic surfactants as the surfactants,



citric acid, oxalic acid and lactic acid as the conplex ion formng agents,
EDTA (et hyl enedi am netetraacetic acid) and NTA (nitrilotriacetic acid) as
the chel ating agents, phosphate buffer, TRI'S buffer, and hydrochloric acid
5 potassiumchl oride buffer as the buffers, and hydrogen, sugars, organic
acids (salts), alcohol, various organic drainages, ascorbic acid, DIT
(dithiothreitol), titanium citrate, irobh8powder, and granular iron as the
el ectron donors. If the conplex ion form ng agent or the chelating 10 agent

s added, there,is.a; os?,%hkict 5% AndeGped B a R SHd Ao G Lhe

heavy netal STare el'ectro i cal deposite n ode.

Thus, 11,1 fgRfSsAkEnta CRBHCY ctnhRhibBiAMN et AL AlLq PRAIPPT | ot e

potential . n the present rnvention, the step of separating the

heavy netal yip@ng i Relyees h@%t&%egcﬁh)dﬁﬁo%hb}@%él idfaged®| al s on the
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cathode surtace. During this step, it 1is preferred to deposit the heavy

metal s on tBeoeahiede bustkaC erIRASLFERR]I HindN BiyidtI¥H It & fdwy of the
slurry 20 containing at |east the contam nated Solid material is controlled

or suppr£ssed+ads3tmt ehd8eh 8as SuleFe 1S hgarnky buffdedd Ofaddywdriden acting on
the cathode surface so that the shearing force acting on the cathode

surface doegudRlrs, BRE@ERichaciRROTsE1e)0f diwHaY Wwdrtdls ordal 941]
According to this enbodinment, there is provided a contam nated solid

mat eri al cl @dafinG@ldsqn adeioch®d d @lcid,emm M@ eAVtHER @l ¥/ o ttareuth am nat ed
solid material containing the heavy netals, conprising maintaining the - 19
citrate, iron powder, and granular iron as the electron
donors. If the complex ion forming agent or the chelating

10 agent is added, there is a possibility of a decline in a
potential at which the heavy metals are electrolytically
deposited on the surface of the cathode. Thus, it is
necessary to conduct a preliminary test and set an
appropriate potential.

15 [0040] In the present invention, the step of separating
the heavy metal ions includes the step of depositing the
heavy metals on the cathode surface. During this step, it
is preferred to deposit the heavy metals on the cathode
surface under conditions in which a flow of the slurry

20 containing at least the contaminated solid material is
controlled or suppressed so as to decrease the shearing
force of the slurry acting on the cathode surface so that
the shearing force acting on the cathode surface does not
impede the deposition of the heavy metals.

25 [0041] According to this embodiment, there is provided a
contaminated solid material clarification method for

removing heavy metals from a contaminated solid material

containing the heavy metals, comprising maintaining the



contam nated solid material in the condition of a strongly acidic or
strongly al kaline atnosphere and a reducing atnosphere, which is provided
by adjustnent of a cathode potential, under conditions, under which the
deposition of 5 the heavy netals is not inpeded by a shearing force exerted
on the cathode surface by a slurry containing at |east the contam nated
solid material, thereby depositing the hebdvy netals on the cathode surface.
[0042] In the present enbodi nent, the contam nated solid 10 nateri al

cont ai ni ng é$§¥%@fﬁgtgﬁtQb?%bsmgﬁggﬁginfg EggeEonﬁggﬁbhiQQSaWQQE%nggg'by the
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prevent ed. 43] Tn f he present enbodi men e contam nate
mat eri al copb Lt fgyt hﬁnasévxoﬁa&%han”s gfelataer FRli¥nt 18Rt edpoditdcl WY So

that the incorporated heavy netals w 20 dissolved asions. This slurry

containg, athbepghvyaRetatsdis Abtahilpehra Bybal 3REArIAPATore MRy t he
contamnated solid material in a strongly acidic or strongly alkaline
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substance or an al kali ne substance in formng the slurry. -20-

metals on the cathode surface.
[0042] In the present embodiment, the contaminated solid

10 material containing the heavy metals is maintained under
conditions where the deposition of the heavy metals on the
cathode surface is not impeded by the shearing force
exerted on the cathode surface by the slurry formed from
the contaminated solid material. Thus, the peeling of the

15 heavy metals deposited on the cathode surface, and the wear
of the cathode are prevented.
[0043] In the present embodiment, the contaminated solid
material containing the heavy metals is preferably treated
as a slurry so that the incorporated heavy metals will be

20 dissolved as ions. This slurry contains, at least, an
acidic or alkaline substance so as to maintain the
contaminated so0lid material in a strongly acidic or
strongly alkaline atmosphere. With the exception of a case
where an alkaline substance or an acidic substance is

25 incorporated, such as a case where the contaminated solid
material is incineration ash, it is preferred to add an
acidic substance or an alkaline substance in forming the

slurry.
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[ 0044] The acidi c substance, which can be used in the present enbodinent,
may preferably include hydrochloric acid, or organic acids, such as formc
acid, acetic acid, citric acid, oxalic acid, or terephthalic acid. The
slurry 5 containing such an acidic substance is maintained in a strongly
aci di c atnosphere preferably such that the pH of interstitial water of the
contam nated solid material is 3 or |owe0,-nore preferably 2 or |ower. Such
a strongly acidic atnosphere can exclude the influence of iron sul fide 10
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speed KD of heavy netal ions and the cathode surface -

or lower, more preferably 2 or lower. Such a strongly
acidic atmosphere can exclude the influence of iron sulfide

10 present in the soil.
[0045] The alkaline substance which can be used in the
present embodiment may preferably include sodium hydroxide
and potassium hydroxide, for example. The slurry
containing such an alkaline substance is maintained in a

15 strongly alkaline atmosphere preferably such that the pH of
interstitial water of the contaminated so0lid material is 12
or higher, more preferably 13 or higher.
[0046] In the present embodiment, the cathode potential
is adjusted to maintain the contaminated solid material

20 containing the heavy metals in a reducing atmosphére,
thereby depositing the heavy metals on the cathode surface.
Thus, it is necessary to keep the slurry containing the
heavy metals in contact with the cathode, thereby causing
an electrolytic deposition reaction.

25 [0047] The reaction rate Ky, at which heavy metals are
deposited on the cathode surface is determined as in the

following relational expression by the diffusive substance

moving speed K, of heavy metal ions and the cathode surface



deposition rate KR of the heavy netal ions: [0048] [Equation 11 1/Ko = 1/KD
+ 1/ KR [ 0049] The cathode surface deposition rate KRis 5 determ ned by the
type of heavy netal ions and tenperature. In the case of |ead, for exanple,
a tenperature of 30 to 40C is preferred. In the case of heavy netal s ot her
than lead, a tenperature of 25 to 80Cis preferred. Cenerally, as the
tenperature rises, the ion diffusion r-atd icreases, 10 and heavy netals can
be deposited on the cathode surface wuntil a high current density (e.g.,

11. 48A/ n2) js reached. ver, t al raln 03|ted tend to overgrow,
and hydr ogttP B/ %teltﬁfreal Wc?\f/ergl%lgl%ﬁé’é’gl |ett € formation of

hydr oxi des. the I n the above 15 nmentioned range is
advant ageou (ﬂ#ng #$%g#€e substance noving speed KD is

proportional to i !%.of §9krr|ng and tenperature wthin a slurry
formation tank n& th It i S'nécessary to stir the slurry sufficiently.
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slurry. I'n the present enbodi nen suppression of the shearing
force exertW@mé Kot Qde, suhf age laésteh%fswaw e AL foirald Wrial f or med

by locating the cathode at an upper -

lead, a temperature of 25 to 80 C is preferred. Generally,
as the temperature rises, the ion diffusion rate increases,

10 and heavy metals can be deposited on the cathode surface
until a high current density (e.g., 11.48A/m?) is reached.
However, crystal grains deposited tend to overgrow, and
hydrogen overpotential lowers to facilitate the formation
of hydroxides. Thus, the temperature in the above-

15 mentioned range is advantageous.
[0050] The diffusive substance moving speed Kp is
proportional to the state of stirring and temperature
within a slurry formation tank, and thus it is necessary to
stir the slurry sufficiently. However, when the slurry is

20 stirred, the shearing force acts on the cathode surface,
and heavy metals deposited on the cathode surface may peel
off. When the deposited heavy metals peel off from the
cathode surface, the efficiency of separation and removal
of the heavy metals lowers. There is need to exclude or

25 suppress such influence of the shearing force by the slurry.
[0051] In the present embodiment, the suppression of the

shearing force exerted on the cathode surface by the slurry

is preferably performed by locating the cathode at an upper



position within the slurry formation tank, and either <controlling the solid
particle size distribution of the slurry such that solids with smal

di aneters are present in an upper portion of the slurry and solids with

| arge 5 dianeters are present in a |ower portion of the slurry, or
controlling the flow of the slurry. [0052] The control over the solid
particle size distribution of the slwra32can preferably use a nethod of

i mparting an upward flow to the slurry. The nethod of 10 inparting an upward

bot 1om of (RE SRy PR EnsTurky PReRbBion oFnRy RCLSREEY ow or to
the ol urry FRRBE SR HBRGrIe | Pot tebeFbFit kot 1e8: RECLPAPkG Lon, 5 Arky the |
wih Targe SPaFeTcrelh thit Cro AT RPER, oBhTL BTHRYSES, G- RCpredtalos
parti ol i SctRpECRBrELEN HE FRY! GRatep endLOTLHT T heeall T T
Gl 1 or 5 n ERanERSED' FLb BPednt ncar ibet pSYEoh O S8 R &1 “The

solid partiE%ﬁt§55§iﬂgS§§E?Fi59n @aghebﬁlg§g§qised by controlling the flow

vel ocity of e upwar ow of the slurry; and know edge of the termnnal
vel ocity Of[obBQ]UpWaﬁ'flef {;ewtﬁa@bbeart hﬁesebn.d;dpgakttqlcq_eslszi_%e di stribution

to be estimated. [0053] If the contam nated solid material Is soil, for - 23
distribution of the slurry can preferably use a method of
imparting an upward flow to the slurry. The method of

10 imparting an upward flow to the slurry may preferably be to
eject the slurry upwardly from the bottom of the slurry
formation tank, thereby forming an upward flow, or to
introduce air from the bottom of the slurry formation tank,
thereby forming the slurry into an upward flow. By forming

15 the slurry containing the solids with various particle
diameters into the upward flow, the solids with large
particle diameters resist the upward flow and remain in the
lower portion of the slurry formation tank, while the
solids with small particle diameters can ascend with

20 priority. As a result, the solid particle size
distribution of the slurry is such that the particle size
is smaller in the upper layer, and larger in the lower
layer. Control of the solid particle size distribution can
be exercised by controlling the flow velocity of the upward

25 flow of the slurry, and knowledge of the terminal velocity
of the upward flow enables the solid particle size

distribution to be estimated.

[0053] If the contaminated solid material is soil, for



|

exanple, solids with particle dianmeters of 2 nmor less are often the
object to be clarified. O these solids, a clay fraction containing

| ow- degr adabl e heavy netals conprises «clay particles having a particle
dianeter of 0.02 mmand a 5 density of about 2.7x103 kg/nB. Assune that the
density of a slurry containing such a contam nated solid material is 1.0
to 1.2x103 kg/nB, and the viscosity of- 23 -slurry is IxIO3Ns/n2. In this
case, the termnal velocity of the <clay particles can be calculated from

0 2L TSP D S & T8 O
m s The REFIH AR Y ElBEHTad os O Tl GRS it ed
(tormnar versa gy GGt Phe FoTas 08 itany AetEER LEOB-SbRR0 7)) o
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t he contamn materia arge anmounts of a fine particle
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particles are electrically charged, “and t he component partlcP epel each

other, and JJ%C%W@“%{M&&' dulR §e£2|(ZH?&BinJPE§ sgE2ASmatkPYal i gl nal

velocity, sot e desired solid -
1.0 to 1.2x10° kg/m?, and the viscosity of the slurry is

1x10°N's/m?’. In this case, the terminal velocity of the
clay particles can be calculated from the following Stokes
10 equation
[0054] [Equation 2]
Terminal velocity = (particle diameter)? x (particle
density - slurry density) x gravitational
acceleration x (slurry viscosity)!/18
15 [0055] at about 3.3 to 3.7 x 10™* m/s. The Reynolds
number Re of the particles in this case is calculated from
the following equation
[0056] [Equation 3]
Re = (particle diameter) x (terminal velocity) x
20 (slurry density) x (slurry viscosity)™*
[0057] at 1 or less. Thus, the use of the Stokes
equation is appropriate.
[0058] If the contaminated solid material contains
large amounts of a fine particle fraction or clay particles,
25 the fine particle fraction or the clay particles are
electrically charged, and the component particles repel
each other, and become more difficult to sediment. This

means a low terminal velocity, so that the desired solid



particle size distribution can be obtai ned, even when the flow velocity of
the upward flow is rendered Iow [0059] If the contam nated solid materi al
contains a particle fraction having a Reynol ds nunber of nore than 1, 5
the termnal velocity can be calculated using the followng Allen's
equation [0060] [Equation 4] Termnal velocity = ((particle density - slurry
density)2 x (gravitational acceleration)Z4x (slurry 10 viscosity)-1 X
(slurry density)-' x 4/225}1' x (particle diameter) [0061] instead of the

Stokes equation. {0002l BYsPeibuPfoh Nahohll BRLAYELAS! L¥eRl whih wRYard

flow with tHeE use of e above-descri be em ca éngi neering profiling,

the desifed;ggggﬁ&;§e5£ eofd£§é;.g@%%&?ﬁfgwsﬁ%gg%nh@ré e1glurry can be

obt ai ned. f €sScri be e so article size distribution

of the slurfyodsycontiplLfid sufPahiiabreal 031a0hatlRhher cBAkblGlead ameters

are present 1n a higher layer portion o e slurry, while solids of
| arger part &f@icﬂéaffé@EioﬁfﬁagigéthRé?nélhgmﬁﬁmbé¥eprﬁbkbOQh%B the

slurry. Such control can avoi earing force being exerted by solids of

large partighe diAnBheiSvalothey eahhpdecathiageehoadiad 2he! #R14RRANMg
position within the 25 slurry formation tank. Consequently, the shearing

force appljgflef 05t BgugeibBade surface can be decreased. [0064] Control of
the slurry flowis preferably perforned in such a manner that the slurry

flowis - 2[8060] [Equation 4]
Terminal velocity = {(particle density - slurry
density)2 x (gravitational acceleration)2 x (slurry
10 viscosity) ™! x (slurry density)™! x 4/225}Y% x
(particle diameter)
[0061] instead of the Stokes' equation.
[0062] By setting the terminal velocity of the upward
flow with the use of the above-described chemical
15 engineering profiling, the desired particle size
distribution of solids in the slurry can be obtained.
[0063] As described above, the solid particle size
distribution of the slurry is controlled such that solids
of smaller pafticle diameters are present in a higher layer
20 portion of the slurry, while solids of larger particle
diameters are present in a lower layer portion of the
slurry. Such control can avoid a shearing force being
exerted by solids of large particle diameters on the
cathode surface located at the upper position within the
25 slurry formation tank. Consequently, the shearing force
applied to the cathode surface can be decreased.
[0064] Control of the slurry flow is preferably

performed in such a manner that the slurry flow is



controlled so as to decrease the shearing force of the slurry on the

cat hode surface. The control of the slurry flow can be carried out by

di sposing a cat hode-protecting nenber at a position |ower than the cathode
| ocated at the 5 upper position within the slurry formation tank. The

cat hode-protecting nenber may be di sposed so as to enclose the cathode, or
may be di sposed as a partition in the-pa&dh- of the slurry flow heading
toward the cathode surface. Wen the cathode-protecting nmenber is used, the

shear’ ng 1041 1 %t{@nagé WS YadetddUp Ofhd NehE2EIRGCe SHELAGE the dec! eased,

but the cathodé-protectl menber nee provided to maintain the
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cat hode-pro g ne ris | sposed so as to enclose the cat

preferred to gy &éﬁm@scéﬁei&@téw%w&wﬁééfng?nsr@§£hoaegske&éakihprough

whi ch the slurry can pass, such as & porous erial, a honeyconb fype

material, QhefbdRtIPrE SyPEeI® eldbir thant ke CRAPRIGPIGERELANGLMRAREr IS

di sposed as a partition by wusing a plate material, it is preferred to

adj ust, sas @;ﬁp@pp;fs&ﬂi;ﬁ&&,wiﬂﬁﬁi@a@ngﬁl weshmhbEoRathARe swiéace and the
partition, the inflow angle of the slurry Tlow, etc. As the material

constit uti ngatheas aphetecPing arémber MaPehe dibpbeedanobaspiefl ehalbgeused a
mat erial which withstands friction and has resistance to a strong acid and

a strong 25tmé k@dtho@NCoLtBhy . bé heispdesdabscanpatrtitiog thetaat bada-
protecting menber may preferably include tenpered glass, quartz, reinforced
pl astics, synttieéi s1aesynslowchea@dingl towacar bne cashode Eub€aceei nf orced

conposite materials - 26

When the cathode-protecting member is used, the shearing

10 force of the slurry acting on the cathode surface is
decreased, but the cathode-protecting member needs to be
provided to maintain the cathode surface and the slurry in
contact. Therefore, if the cathode-protecting member is
disposed so as to enclose the cathode, it is preferred to

15 use, as the cathode-protecting member, a material through
which the slurry can pass, such as a porous material, a
honeycomb type material, or a network type material. 1If
the cathode-protecting member is disposed as a partition by
using a plate material, it is preferred to adjust, as

20 appropriate, the distance between the cathode surface and
the partition, the inflow angle of the slurry flow, etc.
As the material constituting the cathode-protecting member,
there can be preferably used a material which withstands
friction and has resistance to a strong acid and a strong

25 alkali. Concretely, the material constituting the cathode-
protecting member may preferably include tempered glass,

quartz, reinforced plastics, synthetic resins such as

fluorocarbon resins, fiber reinforced composite materials



such as FRP, graphite, glassy carbon, concrete, ceramcs, titanium and a
nmetal, such as iron, surface treated for corrosion resistance. [0065] In

t he present enbodi nent, the cathode potential 5 is adjusted in order to
mai ntain the slurry containing the contam nated solid nmaterial in the
reduci ng at nosphere. The adjustnent of the cathode potential is preferably
performed to bring a cathode potential- @fs --0. 16V or |ower, nore preferably
-0.25V or.lower, with respect to a hydrogen 10 standard electrode If t he
heavy netals to be renoved are |ead and cadm um for exanple,

preferred t@bits FARP t HEFaRR e PRATH i SATRYP - OCﬁW%Fetoﬁ%?ambﬁ? -0. 35V
or higher, with respect to the hydraogen standard el ectrode. %Y%hln this
range, the e YRy 13Rd ARRTF} orf YEEAT oG- 1T RAE abbeehath £9F can be

specifically caused, and, the deposition of iron contained in the slurry or
the gener IFPOFOMER HHEARFDN el ectrol ysis of water can be suppressed.
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the Contan1ﬁéffgrme87to bring a cathode potential of -0.16V or lower,
more preferably -0.25V or lower, with respect to a hydrogen
10 standard electrode. If the heavy metals to be removed are
lead and cadmium, for example, it is preferred to control
the cathode potential to -0.16V or lower, but -0.35V or
higher, with respect to the hydrogen standard electrode.
Within this range, the electrolytic deposition reaction of
15 lead and cadmium can be specifically caused, and the
deposition of iron contained in the slurry or the
generation of hydrogen upon electrolysis of water can be
suppressed. The provision of the reducing atmosphere by
the adjustment of the cathode potential can be performed by
20 a combination of an anode, a reference electrode, and a
cathode and, as appropriate, a diaphragm.
[0066] The cathode usable in the present embodiment is
preferably a material having conductivity, having
resistance to strong acidity (preferably, pH 3 or lower)
25 and strong alkalinity (preferably, pH 12 or higher),
involving minimal loss due to friction with the slurry

containing the contaminated solid material, having a higher

standard electrode potential than that of the contaminated



}

heavy nmetals, and allow ng heavy netals to deposit easily or allow ng the
deposited heavy netals to be electrodeposited satisfactorily. Exanples are
noble metals such as copper, platinum silver and gold, nmaterials having 5
these netals plated or carried thereon, glassy carbon (TOKAl CARBON CO. ,
LTD.), graphite, iron, stainless steel, titanium and products
surface-treated with these materials. - 3he-cathode preferably has a | arge
surface area for electrolytic deposition of the heavy netals, and
preferably 10 has, for exanple, a fibrous or network structure. [0067] The
anode usabbeavy fgdadses SN iRehtheayy glediisanty RRAFHureRF14Y be
capabl e of current passage _w thout intimately contacting the contam nated
solid mat &F &Llo¥ing & GerRagided tradoMmetAlmtt® Ro1id 15 material to an
oxi di zi ng atnosphere. The anode usable in the present invention is

pr ef er abl y S3f€ HraFieRy sddedu G WASEACT Iy  ESEMBLLTc @5en Re”kS JifHal Saci di ¢

referably, pH 3 or |lower). or, strongly al kal ] ne ref er abl H 12 or
P aher) - asashas opnegy Shat i nayNe i S e e T o Hern S0
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used as th%ﬂg“%g{iéiéﬂg¥é¥ggaé¥§ has a large surface area for
electrolytic deposition of the heavy metals, and preferably
10 has, for example, a fibrous or network structure.
[0067] The anode usable in the present embodiment is
preferably configured to be capable of current passage
without intimately contacting the contaminated solid
material so as not to expose the contaminated solid
15 material to an oxidizing atmosphere. The anode usable in
the present invention is preferably one having conductivity,
having resistance in a strongly acidic (preferably, pH 3 or
lower) or strongly alkaline (preferably, pH 12 or higher)
aqueous solution, and having resistance to anode corrosion.
20 Examples are furnace black, graphite, electrically
conducting materials surface-treated with a conductive
diamond f£ilm (i.e., so-called diamond electrodes), and
materials having a titanium surface coated with titanium
oxide or ruthenium oxide which are used in the brine
25 electrolysis industry.
[0068] In some cases, it is preferred to use a diaphragm

in order to isolate the anode from the slurry. 'An anion

exchange membrane can be used as the usable diaphragm.
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Concretely, the anion exchange nmenbrane may include a hydroxide ion
exchange nenbrane havi ng an ammoni um hydroxi de group preferably. Preferred
exanpl es of such an ani on exchange nenbrane are conmercially avail abl e
products, 5 such as NEPTON ARLO3PZL- 389 produced by I ONICS, NEOSEPTA AHA
produced by Tokuyama Corp., and Sel em on ASV produced by Asahi dass Co.,
Ltd. Further exanples of the usable diaphragm are those having no
functional groups, including M- (mcrofilter) or UF (ultrafilter)

menbranes, porous 10 filter nedia s%ph as ceram cs and ashestos, and woven
fabrics ma§engrefEidn, the FOIR I lné%ﬂéﬁe%iaphragns

w t hout fupctional gr.oups are refe} bl hose havin .a ore diameter of 5
mor |ess, p*é{ﬁa%&tde dé’rnr’r@é‘ﬁh@rfg@ w§§§%lr‘?dt&ﬁv&ﬁ}ﬂ e‘?bﬁ?%ﬁl%ndi tions. 15
Preferred %xggple are conne&gjaé%ﬁ_ava'la ger%%pducts, such as E- 10
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particular 1Fons 1nt aqueous sol ution, as the function

MF (microfilter) or UF (ultrafilter) membranes, porous

10 filter media such as ceramics and asbestos, and woven
fabrics made of nylon, polyethylene, and polypropylene.
These diaphragms without functional groups are preferably
those having a pore diameter of 5 um or less, and not
permeable to gases under unpressurized conditions.

15 Preferred examples are commercially available products,
such as PE-10 membrane produced by Schweiz Seidengazefabrik,
and NY1-HD membrane produced by Flon Industry.

[0069] Moreover, the diaphragm may be located between
the anode and the cathode to separate a cathode zone

20 containing the cathode from an anode zone containing the
anode. Locating the diaphragm is advantageous in that the
need to supply a large amount of an acid can be obviated,
because an acid is supplied from the anode zone via the
diaphragm. An example of the diaphragm usable is a

25 diaphragm which has the function of controlling the
movement of a substance other than particular ions in the
aqueous solution, which has the function of performing ion

exchange to close the circuit between the anode and the
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- 29 cathode, and has the function of preventing perneation of a chlorine
gas, an oxygen gas, dissolved chlorine, dissolved oxygen, etc. to nmaintain
t he reduci ng at nosphere of the cathode zone. A preferred exanple is a
fluorocarbon resin 5 based i on exchange nenbrane (cation exchange nenbrane)
havi ng sul fonic acid groups. Sulfonic acid groups have hydrophilicity and
have a high cation exchange ability. As agrore inexpensive diaphragns,
fl uorocarbon resin-based i on exchange nenbranes fluorinated only at the
backbone, or 10 aromatic hydrocarbon-based i on exchange nmenbranes can also
be utilizedatheder raRd hadptee Binchioni oh RReVenbLNInRENSAEdORr 8T
comercial ly avail abl e products, such as_, NEPTON,CR61AZl - 389 produce
| ONI CS, NECEEORLESH929R @/BOW%%C%@S bydif%%%‘é% @a%ﬁrlnand %é?@ﬂﬁ"&
produced by 15 Asahi 4 ass Ltd, LOO? [ n thﬁ pre ent gbgglnent,
nor eover, X%¥(F¢Act@RE; tQ %%h%t%&n bhe f B araynageRrosRRe LR R fng agent
whi ch contrl ut to the ﬂ§880| tion of the above h s _and .thei
stabi | i zat i OhtE z%‘ﬂ]ﬁeo ]ﬁﬁfi B P]feErlﬁ‘ dt %“%ﬂ?ﬁ)‘?&%ﬁl ng~ f)chhanges
of the % ntan1ngted sol mat er ctron dﬁnor a redyci ng agent
t

fo:rb ai PRRYS t heR ?ﬁad%Pﬂﬁ %?ﬁ%gﬁﬂ%récagﬁansﬁﬁg 3ﬂgssm§gﬁgspg faon1fh§|r
t t t

matorial | dUERI NG nau ROfRe' fridofoub! ﬁ%ﬁfﬁ‘%rﬁ%%%ﬂf SEOREY é?o be
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step and tqﬁoﬁgpfﬁé&b@ﬂsE%Spdigphragms, fluorocarbon resin-based ion

exchange membranes fluorinated only at the backbone, or

10 aromatic hydrocarbon-based ion exchange membranes can also
be utilized. Preferred examples of such ion exchange
membranes are commercially available products, such as
NEPTON CR61AZL-389 produced by IONICS, NEOSEPTA CM-1 OR CMB
produced by Tokuyama Corp., and Selemion CSV produced by

15 Asahi Glass Co., Ltd.
[0070] In the present embodiment, moreover, a surfactant,
a complex ion forming agent and a chelating agent which
contribute to the dissolution of the above heavy metals and
their stabilization in an aqueous solution, a buffer for

20 suppressing pH changes of the contaminated solid material,
an electron donor and a reducing agent for maintaining the
reducing atmosphere, and substances selected from their
combinations may be added to the slurry containing the
contaminated solid material, depending on the in-situ

25 conditions such as the soil to be clarified.
[0071] In the present invention, it is preferred to
dispose a plurality of cathodes in a reaction vessel, and

perform the dissolution step and the separation step in



30 parallel in the reaction vessel. The present enbodinent is a

contam nated solid material clarification nethod for clarifying a

contam nated solid material containing heavy nmetals, conprising perform ng
a step of acconmmodating a 5 slurry containing the contam nated solid
material into a container, maintaining the slurry in strong acidity or
strong alkalinity and al so adjusting t-ha@otential of the cathodes disposed
in the container, thereby placing the slurry in a reducing atnosphere to

di I he h |, 10 i .' h I , d f d | ti
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heavy netals 1n urr di sso avy netal 1ons are further
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separation step Is performed 1 n para wth the diSsolution step. Since

the 25 pluralitygoh1£aipRdey ah8 H1580889ubRihfetA8NpBLBARLialr 8RCEKEN
vessel ), different roles can be allocated to hese cat hodes. Even if the

action of opgrRbéatHeasapbodesini n8UtoRta®hdel . tRErady placlhgt ha® is
repl aced or
slurry in a reducing atmosphere to dissolve the heavy metal

10 ions into the slurry, and a step of depositing the
dissolved heavy metal ions from the slurry to separate the
heavy metal ions, the dissolution step and the separation
step being performed in parallel, characterized by
disposing the plurality of cathodes in the container.

15 {0072] According to the present embodiment, the slurry
containing the contaminated solid material is accommodated
in the container, the slurry is maintained in strong
acidity or strong alkalinity, and the potential of the
cathodes disposed in the container is adjusted, whereby the

20 slurry is placed in a reducing atmosphere to dissolve the
heavy metals into the slurry. The dissolved heavy metal
ions are further deposited from the slurry within the
container for separation. This separation step is
performed in parallel with the dissolution step. Since the

25 plurality of cathodes are disposed in the container
(reaction vessel), different roles can be allocated to

these cathodes. Even if the action of one of the cathodes

is out of order, or any one of them is replaced or



- 31 subjected to mai ntenance, the operation of the apparatus can be
continued. [0073] In the present enbodinent, it is further preferred that
at |east one of the plurality of cathodes is 5 a cathode for dissolution
mai nly acting to dissolve heavy netal ions, and at |east one of the other
cathodes is a cathode for deposition mainly acting to deposit the heavy
metal ions. In this case, dissolution andldeposition are perfornmed by
different cathodes, so that conditions 10 suitable for the respective

reactions Cgﬂbggcﬁgh +b0RZ4htEhancat hede gger%%a to'forf gg;p%fx%rt%@ y

di sposed a tion nearer to the ano han t e cat for

di ssol utiongzAs g k6akhhuelhe proton concentration in the neighborhood of
t he cat hode ? eposition is higher than 15 that in the nei ghborhood of the

cat hode for dbséql uti @g, tﬁ@ ptr@@tentth%m%a&ﬁl@htderi&l 4% Fu@iReidd onal to the
pr ot on concentratlon I's al so high. e deposition of a metal on the

el ectrode takegeprdde tdkhtaalti qfé%rstd%%s ol @hel PrRirdl ity Yreadhdddd ey
density. Thus, the heavy netals are 20 deposited nore easily on the cathode

for deposi t kOBatnb@@7FhrTiae sealtede Rla itAROHJH Y ard dias st atador
di ssolution are preferably controlled to electrode potentials different

fromeach omdeal Thws, @ndsetullieast dné dFPATd icthexarcdrdhdid orgred for the
respective 25 electrodes at suitable potentials. The cathode for deposition

and the cat kadtoder foii Siepostiitdenpmafiengblactiae HohyEpsdi Pprierid 88y
different fromeach other. Preferably, the cathode for deposition
metal ions. In this case, dissolution and deposition are
performed by different cathodes, so that conditions
10 suitable for the respective reactions can be set.
[0074] The cathode for deposition is preferably disposed
at a position nearer to the anode than the cathode for
dissolution. As a result, the proton concentration in the
neighborhood of the cathode for deposition is higher than
15 that in the neighborhood of the cathode for dissolution, so
that the current density proportional to the proton
concentration is also high. The deposition of a metal on
the electrode takes place at a higher deposition rate at a
greater current density. Thus, the heavy metals are
20 deposited more easily on the cathode for deposition.
[0075] The cathode for deposition and the cathode for
dissolution are preferably controlled to electrode
potentials different from each other. Thus, dissolution
and deposition can be performed for the respective
25 electrodes at suitable potentials.
The cathode for deposition and the cathode for

dissolution preferably have physical properties different

from each other. Preferably, the cathode for deposition



- 32 and the cathode for dissolution are conposed of substances having
different standard el ectrode potentials, and a substance having a
relatively high standard el ectrode potential is used as the cathode for
deposition, while a 5 substance having a relatively | ow standard el ectrode
potential is used as the cathode for dissolution. Also preferably, the
cathode for deposition is conposed of -a3%ubstance on which deposited heavy
netals are el ectrodeposited nore easily than a substance constituting 10

the cathode,fery 'Sé&kﬂ&&&hfoﬁyaﬂéeailg{?gntQfereéﬂpsggueogcghee@;aﬁc%th

di fferent ﬁ%y5|ca properties require r deposition and dissolution,
better actiphg; ﬁdféésféﬁ%agéanaé£&l@féctkge%6bgﬁeﬁt&sdgelaaaa%nvsphere

used in the present 15 enbodinent 1s forne y e adjustnment of the

cathode  potepti ceThsv§H§uatﬂemat9®ei en¢ghhedanfigr-adesselwbigan potenti al
and the cathode for deposifion potential is™ preferably nade such that the

potential iSot@ndfY10is! 8884 alPtRePEEERHAB! ¥or0adpYsQk ibASS whillkh ar espect
to the 20 hydrogen standard el ectrode. The provision of the reducing

at nosphey e QypbLhgnad) HalTREt aokel BeigatPodewl atadiiasal whieerroaet ential and
the cathode for deposition potential can be achieved by the control of the

di stance bepyeentihe aBodeedand the eathede fFor depesiluitadn.thgisentrol of
t he di stance 25 between the cathode for deposition and the cathode for

di ssol uti onprepdrabeyf, | ewewchlthodeh€oapfapaktitionn ikheomposeidnatfi @n of the
anode, a reference electrode, the cathode for dissolution, and the cathode
for depositsabstance on which deposited heavy metals are
electrodeposited more easily than a substance constituting
10 the cathode for dissolution. By providing the respective
cathodes with different physical properties required for
deposition and dissolution, better actions and effects are
obtained.
[0076] The reducing atmosphere used in the present
15 embodiment is formed by the adjustment of the cathode
potential. The adjustment of the cathode for dissolution
potential and the cathode for deposition potential is
preferably made such that the potential is -0.16V or less,
more preferably -0.25V or less, with respect to the
20 hydrogen standard electrode. The provision of the reducing
atmosphere by the adjustment of the cathode for dissolution
potential and the cathode for deposition potential can be
achieved by the control of the distance between the anode
and the cathode for deposition, the control of the distance
25 Dbetween the cathode for deposition and the cathode for
dissolution, and the flow within the apparatus, in the

combination of the anode, a reference electrode, the

cathode for dissolution, and the cathode for deposition.



- 33 [0077] The cathode for dissolution usable in the present enbodi nent

I s desirably that having conductivity, and involving mniml |oss due to
friction with the slurry containing the contam nated solid material. In
connection 5 with its surface treatnment, the cathode for dissolution should
desirably be finished to have as snooth a flat surface and as snooth a
curved surface as possible, so that heé@y netals are mninmally deposited on
the surface and, even if heavy netals are deposited, the deposit can be 10

easily f_e"g %Gh]The %ﬁ%o%a@nédéef%qt@%%Jﬂudﬂﬁ%ﬂwmnléh@rﬂ@é&bty a

shape whi mni'mal | y wears upon exposure he slurry, such ‘as an obl ong

plate shapemupdlughes P Qos s Hhapha iy orffieyy Dty 2 gader cal

shape. of the material for the cathode for dissolution are carbon,

15 iron, tijigi14n %mﬁmala%@xa&f tde i efdp i sbjiest edurtp surface
treatnment. [0078] e material for the cathode deposition is a Taterial

havi ng concigsitiairin dg hahd Nsbrix i iolere B tedtied dnatedecd 1 odapARiHdA 1dihan t hat

of heavy netal s, al l owi ng 20 heavy netals to deposit easily, or further,

a matergal wiald qwm%dﬁﬁ@@mammﬁ%maﬁ&md@ f1er ed £64 6 DaEPesi t ed
satisfactorily. Exanples are noble nmetals such as copper, platinum silver

and gol d, anbuIN eldsirawbatiesd fidisidesto Wetalss Shewen tdef Bhove- menti oned
noble nmetals seemto be 25 used often, their shapes should desirably be
those prowvuliffiagre amXiasiempech fa cuwrvddceuaface ddrpoveibléhesocthabde for
deposition is desired to have a structure which facilitates renoval when
heavy net alleedwy heet&lovarednimimally deposited on the surface and,
even if heavy metals are deposited, the deposit can be
10 easily removed. The shape of the cathode for dissolution
is preferably a shape which minimally wears upon exposure
to the slurry, such as an oblong plate shape, a disk shape,
a dish shape, a bowl shape, or a spherical shape. Examples
of the material for the cathode for dissolution are carbon,
15 iron, titanium, copper, and any of the materials subjected
to surface treatment.
[0078] The material for the cathode deposition is a
material having conductivity, having a higher standard
electrode potential than that of heavy metals, and allowing
20 heavy metals to deposit easily, or further, a material
allowing the deposited heavy metals to be electrodeposited
satisfactorily. Examples are noble metals such as copper,
platinum, silver and gold, and materials coated with these
metals. Since the above-mentioned noble metals seem to be
25 used often, their shapes should desirably be those
providing a maximum specific surface area. Moreover, the

cathode for deposition is desired to have a structure which

facilitates removal when heavy metals to be recovered are
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- 34 redissolved by a high potential given to the electrode after the
heavy netals are deposited on the surface of the electrode. Furthernore,
the surface of the cathode for deposition preferably has a

t hree-di nensi onal structure, 5 such as a structure with irregularities or a
network structure, so that the heavy netals deposited will not peel off
again in a reduction reaction vessel. -[3379] The anode used in the present
enbodi ment is preferably one having conductivity, having resistance in a

(or ot oond) gl it He e Han e d PIBHYer to RO YoBL £80L o

(preferably, hlgﬁ% ous solu n,  and having resiStance to

anode corr oGl EIATILER Aol d" AECLAC o0/ APNEAL. SGREDOD. 0FNEhd | Lant um

treated for ~corrosion p 1on. e strongly acidic atnosphere

and the streqr@%ofé_kabhg%h@%herﬁeu%fia@et RE RS Mt dident are in

t he af orenentioned pH ranges, can be forned wth the addition of, or

W thout t h%&ﬁ%%ﬂﬁ%?reﬁéﬁﬁ%rﬁé@rﬁ | ot - @héh 806h a1 ket fucthrdesi red,

t he af orenment’l on Itives can be used further. [0081] According to a

second gspegicipfad N8 Prlsdire | WVEATiPReghI®F £11i6s P6LVAURELRoERNT ami nat ed
solid material «clarification apparatus conprising a reaction vessel

includi ng acadaRdatesl aedt denatesady meRly d8pssites WR1supetypegia
contam nated solid material containing heavy netals, a cathode for

provi di ng affedigd g At 'S Rictien Héaphiegwessdlan anode; the di aphragm
defining an anode zone containing the anode, and a cathode zone contai ni ng
[0079] The anode used in the present embodiment is
preferably one having conductivity, having resistance in a

10 strongly acidic (preferably, pH 3 or lower) or strongly
alkaline (preferably, pH 12 or higher) aqueous solution,
and having resistance to anode corrosion. Examples are
furnace black, graphite, carbon, and titanium treated for
corrosion protection.

15 [0080] The strongly acidic atmosphere and the strongly
alkaline atmosphere used in the present embodiment are in
the aforementioned pH ranges, and can be formed with the
addition of, or without the addition of, the aforementioned
acid and alkali. If desired, the aforementioned additives

20 can be used further.

[0081] According to a second aspect of the present
invention, there is provided a contaminated so0lid material
clarification apparatus comprising a reaction vessel
including a contaminated solid material supply means for

25 supplying a contaminated solid material containing heavy
metals, a cathode for providing a reducing atmosphere, a

diaphragm, and an anode; the diaphragm defining an anode

zone containing the anode, and a cathode zone containing



- 35 the cathode and the contam nated solid material supply neans; and the
cat hode zone being nmaintained in the reducing atnosphere and a strongly
acidic or strongly alkaline atnosphere, and di ssol ution of heavy netal ions
5 fromthe contam nated solid material, and separation of the dissolved
heavy netal ions fromthe contam nated solid material and interstitial

wat er being perfornmed in parallel in-tBs reaction vessel. [0082] Wth the
exception of a case where the 10 contaninated solid material to be treated
in the pre 5,1 alkalln or, an. |d|c g$teria

such as i niﬁ%?ercﬁqiﬁiive etatls,""r(ilndI the sc°p}teaf“é]rr} er | a‘{)l‘?/aié‘ﬁrl i aPRPOY al kal i ne
bst to th t lid t ai th

(S:(l;ntsa%mr:lgt é'geasxﬁel gané; nchaet;l-PO Izon rong %/ %%le“rg'f C ﬁj&ﬁ %rong 3 _Z: Eal [ ﬁe

at nosphere. ﬁ‘}‘%{nﬁ n%‘%/? L}#I’ %1arp&)p£rsag n% t(,;}’elcp:{gsgpt ng%{gf#l on, the

reaction vers or mat IS prefera her provided
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Pref erably, € 1's provi cont anina eria

clarifigati P&g;{aén%{?terrl{fa d&! fdrrﬁ@f%ffgﬁ.veé &'séﬁ&lﬁé{gi@ﬂ 6 th

cont am nat SO supp means for supp ying a contam nat ed solid

material coff ?%leéh Y "Rl 2l 1é’x§'saﬂ6’rh dﬁélbéé &fifhtéad Bbaq ne

substance supply neans supplyi ng an aci tance or an al kal i ne

subst ance, reaﬁéffa)ﬁedﬁ&rnpf@yéﬁwgal%@éiycwgn@tﬁ@f%%ed #ndpaphiggm and
an anode; the diaphragm defining an anode zone containing the anode, and

in the reaction vessel.

[0082] With the exception of a case where the

10 contaminated solid material to be treated in the present
invention is an alkaline material or an acidic material
such as incineration ash, it is preferred to supply an
acidic or alkaline substance to the contaminated solid
materjial, in order to maintain the contaminated solid

15 material in a strongly acidic or strongly alkaline
atmosphere. Accordingly, in the apparatus of the present
invention, the reaction vessel (or a slurry formation tank)
is preferably further provided with a means for supplying
an acidic or alkaline substance.

20 [0083] Preferably, therefore, there is provided a
contaminated solid material clarification apparatus
comprising a reaction vessel including a contaminated solid
material supply means for supplying a contaminated solid
material containing heavy metals, an acidic substance or

25 alkaline substance supply means for supplying an acidic
substance or an alkaline substance, a cathode for providing
a reducing atmosphere, a diaphragm, and an anode; the

diaphragm defining an anode zone containing the anode, and



- 36 a cathode zone containing the cathode, the contam nated solid

mat eri al supply neans, and the acidic substance or al kaline substance
supply nmeans; and the cathode zone being maintained in the reducing

at nosphere and a strongly acidic 5 or strongly al kaline atnosphere, and

di ssolution of heavy netal ions fromthe contam nated solid material, and
separation of the dissolved heavy netal 3ibonrs fromthe contam nated solid
mat eri al and interstitial wat er being performed in parallel in the reaction

vessel . 10 ] 084l d %ﬁ{&%%@%{mﬁm [ERE LR XEPAELRS 3

slurry f or fatTon ank mxture o the cont am na

material, t gg%ﬁ aline £ pto a
slurry stat% fﬁ; "galcont amn d‘Pso?éar{d'g(naterl a supp yc n%gﬁg% éem rably 15
sel ected froma fel to5edss D, &8 endopepibag -0fe! Be;
properties agjf a‘ﬁhe Cont am na%%}%jiei cont am@nat e ZPHSI matlrelgl al to

be char ged ;0 416 4 CAF! 199 ré/@ééfaglét ﬁ@Pet&’n@eabﬁPiSﬁQﬂ?ﬁ?da payer t ed

into fine particles neasuri ng several m Il meters or er wt 20

use of g dryr Al MBig B} CYBkELERe aStRop ke WashE! a1 8561 QETEhH oerhaavybratlng
screen, in order to facilitate the formation of the slurry in the feaction

vesse!- It hdeaBrsid PromhNehe CUYAEMHALFS Yd i dBiHidarhadged into the
reaction vessel is to be decreased, noreover, it is desirable to 25 further

sieve the coeparapdbedos0othd Hﬁé@él@édlﬁ%@vﬁ hét8l pahsi eremf kAetion
measuring one mllinmeter or smaller with e use of a cyclone or the like.

Pref erabl y, céiteari EilaEéAdso i aDERVEr Ea Dl @vd dedit éPstheigat waderzvaenigs
achi eved by
performed in parallel in the reaction vessel.
10 [0084] In a preferred embodiment, the reaction vessel is
a slurry formation tank for bringing a mixture of the
contaminated solid material, the acidic substance or
alkaline substance, and water into a slurry state. The
contaminated solid material supply means is desirably
15 selected from a belt feeder, a slurry pump, etc., depending
on the properties of the contaminated material. The
contaminated solid material to be charged into the reaction
vessel is desired to be beforehand converted into fine
particles measuring several millimeters or smaller with the
20 use of a dry or wet sieve such as a blade washer, a trommel
or a vibrating screen, in order to facilitate the formation
of the slurry in the reaction vessel. If the amount of the
contaminated solid material charged into the reaction
vessel is to be decreased, moreover, it is desirable to
25 further sieve the contaminated solid material into a fine
particle fraction measuring one millimeter or smaller with

the use of a cyclone or the like. Preferably, the reducing

atmosphere provided to the cathode zone is achieved by



- 37 adjusting the cathode potential to -0.16V or less, preferably -0.25V
or less, with respect to the hydrogen standard el ectrode. By adjusting the
cat hode potential to -0.16V or less, but -0.35V or nore, for exanple, a
reaction 5 for electrolytic deposition of |ead and cadm um can be produced.
Since the deposition of iron contained in the slurry, and the generation of
hydr ogen by el ectrolysis of water are slppressed, on the other hand, the

el ectrolytic deposition reaction of heavy netals can be produced 10

what i ficall 008 h | ust f t t hod tential i

oot or abl y TSR the oA CRRE AR TRt P sl EY Rk Te8abnl v devi ce.

lth h this | i m ive. t he. ' I
Gevi oo s etat SpRShy L AV 18F Abhn T B ORER B0k sP PhOPhEShyRRYEERS 1EP Y

tential, ' t B t
O Fesult of b cePebitfal” (B ad RS G Wiihide 'pSedieERL2E6 T 20
compl etion of {5¢ shegbbol Ybhe d5P9sltbfMmte, | PECNERUNPTE! 8hsrohBE1YA! UE Of
the electric curren owefs. 20 Thus, the ob&ervation 8 the current val ue

makes it pofé%?éﬁe&@r&%gﬁé{:g&éBSsE‘EﬁtheB}:‘oﬂeQE kha ehamtGhl %h'hcbedep%i tion

reaction of t eavy , and to prevent the wastage of electricity due
to an unnecgssan¥ed! ety tfe d@;ﬂ&éi@:{bn Td¥ Si +Sn 0GR P18 VAR BRE -

Dependi ng on the 25 material for the cathode, there is a possibility that
t he CO”DOHEDﬁrEQDS&h&UEhQggéﬁérﬁﬁibﬁdgf“h&hrggégobyeeiectgﬁﬂ?%ikeo%”
u )

electric current”1n the oppOsite direction. It is desirable to adjust
the cat hodeygetenhial subpPessed, on the other hand, the electrolytic

deposition reaction of heavy metals can be produced

10 somewhat specifically.
[0085] The adjustment of the cathode potential is
preferably performed by using a constant potential power
supply device, although this is not limitative. If the
constant potential power supply device is used, the cathode

15 potential can be controlled to a proper potential, and an
electric current from the cathode to the anode occurs as a
result of the electrolytic deposition reaction of the heavy
metals. Upon completion of the electrolytic deposition of
the heavy metals, the value of the electric current lowers.

20 Thus, the observation of the current value makes it
possible to confirm the completion of the electrolytic
deposition reaction of the heavy metals, and to prevent the
wastage of electricity due to an unnecessary electrolytic
reaction. This is another advantage. Depending on the

25 material for the cathode, there is a possibility that the
component constituting the cathode will dissolve to

generate an electric current in the opposite direction.

Thus, it is desirable to adjust the cathode potential with



- 38 the use of, for exanple, a constant potential power supply device.
Alternatively, if the treatnent is perforned under constant conditions, and

the rel ati on between the current

value and the electrolytic reaction is

grasped, the 5 occurrence of a cathode reaction on the cathode zone can be

confirmed by neasuring the current val ue between the

positivity
i nvention i

exerci sing

el ectrodes and the

or negativity of this val ue. 3%0086] According to the present
_ n another enbodinment, there is provided a contaninated solid
material 10id ajdd i S8 | Lo aDPARFISIS £00PKSEARNE BoBbHEL X1 BoWBEI 8iphagk
I ncluding a contam nated solid material supply neans for supplying a
cont am nat egev0béd d MAlRITNAL iGAAT NiMaGHieaneatiset Sis peet bened faider
provi ding a reduci ng atnosphere to a slurry containing at |east the

cont am nat egbrisot st nededielondp and thehealatgohobeewesnpthsscagrangns for

control so as to decrease a shearing force of the slurry

exerted on ¥dRusuinh@cehofeldetcaloile, readt adbsoisngphspeda theate of contact

bet ween the cathode and the slurry,

the conditi

otcufréhee 20f r @edtathgdat reaphtor andthestathgldy aondi caar be

strongly alkaline atnosphere in the slurry formation tank to deposit

heavy net al
enbodi nment ,

10

15

20

25

csomfithedsbyfmaeasotrihetbat bodeenk008Tel bettiveepnr ¢hent

and wherein the slurry is naintained in

t he

the shearing force suppressing neans is preferably a upward
slurry fl oneR&cprodedi agdnthaspbsitiivitmgorheeghtiimitan ofipwhrid fiadweat a
predeterm ned fl ow velocity. The upward slurry flow providing neans
preferably [@@Bades aAstordyngi thdtheapregent pnyendddn ina@nggper portion
in the interior of the

embodiment, there is provided a contaminated solid material
clarification apparatus comprising a slurry formation tank
including a contaminated solid material supply means for
supplying a contaminated solid material containing heavy
metals, a cathode for providing a reducing atmosphere to a
slurry containing at least the contaminated solid material,
and a shearing force suppressing means for exercising
control so as to decrease a shearing force of the slurry
exerted on the surface of the cathode, and also maintain a
state of contact between the cathode and the slurry, and
wherein the slurry is maintained in the condition of the
reducing atmosphere and a strongly acidic or strongly
alkaline atmosphere in the slurry formation tank to deposit
the heavy metals on the surface of the cathode.

[0087] In the present embodiment, the shearing force
suppressing means is preferably a upward slurry flow
providing means for giving the slurry an upward flow at a
predetermined flow velocity. The upward slurry flow
providing means preferably includes a slurry withdrawal

port provided in an upper portion in the interior of the



- 39 reaction vessel, a slurry introduction port provided at the bottom of
the reaction vessel, and a circulating punp for «circulating the slurry from
the slurry withdrawal port to the slurry introduction port, and is arranged
to raise the 5 slurry fromthe bottom of reaction vessel at a desired

speed. Alternatively, the shearing force suppressing nmeans nmay be a flow
controlling nmechanismfor controlling-tB® -slurry flow so as to reduce the
shearing force of the slurry flow exerted on the cathode surface, and nmay

be a 10 flow controllin nber. conposed of one or_nore terials | ect ed
froma pl at S HE M a‘fe,s%g'gr%u%l%%ir%% I:O%umffoonréy%% Pf/ Xlﬁ'ﬁ?e?ltaf'ﬁeand a
network type Jmterjal 088] . e es od] h t e

provi des y%%t?%%u‘%:fn%h%glg%as%%leélg ‘%‘%S?‘f?é' sﬁ}ir r%n%)%%%lggggigb §H§81§89

cont am nat egl. ' | al I A v, I h ni.al e
reduci ng at%@%&%&e%%%%aﬁ%of %‘(La%gs’ft}??n%lﬁﬁg ‘ﬁ%‘é@@rﬁg?% g@%g %Ee

cat hode sur €, 7 1k L omd- Si ' t ey pot.entiha f the
cat hode to {%gHi%ﬁ%§§ T%Eé?éﬁﬁﬁﬁéﬁg%ﬁﬁe{3§§%vﬂ§r§+§§§§?§nFE %gg%éc%hgo t he
20 hydr agens lanardof! 6 rosieroepencb ag: oo (e SBY Chtak aggasbhl uting the
cat hode, the cathode may dissolve to generate an electric current in the

opposite di 55644 0 a1 cHitht dvedy, RIRS eliiditbinty UStrdd\ et FOMe COREARE NO 2

mat eri al does no | ssol ve when a necessary reduction 25 potential is

applied. Tongppby 4 Ne15RAN6HELE1 PPAEheShan 16HCESAT ¥oh ol Nengakhade, it is
preferred to use a constant potential power source. If the héavy netals to
be renovedsgpry epfo@ngo CadMtynteaficathé Cehdsrihgeryabheotl the
slurry flow exerted on the cathode surface, and may be a
10 flow controlling member composed of one or more materials
selected from a plate material, a porous material, a
honeycomb type material, and a network type material.
[0088] In the present embodiment, the cathode provides
the reducing atmosphere to the slurry composed of the
15 contaminated solid material containing heavy metals. To
maintain the reducing atmosphere necessary for depositing
the heavy metals on the cathode surface, it is preferred to
adjust the electrode potential of the cathode to -0.16V or
less, preferably -0.25V or less, with respect to the
20 hydrogen standard electrode. Depending on the material
constituting the cathode, the cathode may dissolve to
generate an electric current in the opposite direction.
Thus, it is preferred to use the cathode comprising a
material which does not dissolve when a necessary reduction
25 potential is applied. To apply the reduction potential
necessary for the cathode, it is preferred to use a
constant potential power source. If the heavy metals to be

removed are lead and cadmium, in particular, the wvalue of



- 40 an electric current in a negative direction, which has occurred upon
the deposition reaction of the heavy netals, decreases with the conpletion
of the deposition reaction, by controlling the cathode potential to a
proper potential 5 with the use of the constant potential power source.
Thus, the neasurenent of the current val ue provides the advantage of
making it possible to know the conpletdi o of the electrolytic deposition
reaction of the heavy netals, and to prevent wastage of electricity due to
unnecessary 10 el ectrolytic reaction. Wen the, cathode po

gontrollex1QQ1%}§%ﬁﬁﬁFC) rfpﬁ%gl?od REGRLAVE | l%?% d?% Y e eﬁ%ﬁtrﬁlyélc )
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di ssol Utlontﬁ@%éf@@%m@ 8 Hie BEBNIPELal el LOBLAS: £AD! GBLARLEG SOl i d
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f;efhgs Pg ucf@ﬁﬁ% gBQEEF%g 8? #H@%eth 88mﬁ§8g188 H?' @'” the slurry
g a sph re 9 n anot I ment, ere IS
provided, gjectrolytic deposition reaction of the heavy metals, and

to prevent wastage of electricity due to unnecessary

10 electrolytic reaction. When the cathode potential is
controlled in a range of -0.16V to -0.35V, for example, the
electrolytic deposition reaction of lead and cadmium is
produced. On the other hand, the deposition of iron
contained in the slurry, and the generation of hydrogen by

15 electrolysis of water are suppressed, so that the
electrolytic deposition reaction of heavy metals can be
produced specifically. This is another advantage. However,
if the conditions for the treatment are constant, and the
relation between the current value and the electrolytic

20 reaction is grasped, the constant potential power source
need not necessarily be used.
[0089] In the present invention, moreover, the
dissolution and separation of the heavy metals from the
contaminated solid material are completed in a single tank.

25 In the solid-liquid separation step as post-treatment,
therefore, there is no need to maintain the slurry in the

reducing atmosphere.

[0090] In another embodiment, there is provided,



- 41 according to the present invention, the contam nated solid material
clarification apparatus having plural cathodes arranged therein. That is,
the clarification apparatus is preferably the contam nated solid materi al
clarification 5 apparatus for clarifying the contam nated solid materi al
cont ai ni ng heavy netals, conprising a container accomvodating a slurry
containing the solid contam nated nmatenijal-, a neans for maintaining the
slurry in strong acidity or strong alkalinity, and a neans for adjusting
the 10 potential_ of the cathodes disposed in the container,  thereby_placing
the slurry asFrdHagidingha RIS IRt RA ngthe r%ﬂfb’é%l“%lba%%‘ﬁf%‘?#di n
parallel, the step of. dissolving heavy netal ions into the slurry, and the
step of dEFFERIdg ARFISSAEIHFREAF i Us VP hRIBFHet SR ERIARE 15 from
the slurry, and wherein plural _ cathodes. are _disposed. in the cantainer.

Si nce the @iha9ed el?%%odg?agrés'dis@ﬁo§&8ri TOPARRARA T i%r ent
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a cathode for Jdissolution mainly acting to dissolye . heavy netal ions, and
at | east onceorbtfajtl}fél%trh%?’v%a"tl%n%édﬁéss' i< e h%d%o?%?lra%%osi tion mainly
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respective lﬁae@é:fia(ljfs garpeg)ﬁs Sieér maintaining the slurry in strong
acidity or strong alkalinity, and a means for adjusting the
10 potential of the cathodes disposed in the container,
thereby placing the slurry in a reducing atmosphere, and
being arranged to perform, in parallel, the step of
dissolving heavy metal ions into the slurry, and the step
of depositing and separating the dissolved heavy metal ions
15 from the slurry, and wherein plural cathodes are disposed
in the container. Since the plurality of cathodes are
disposed in the container, different roles can be allocated
to these cathodes according to circumstances. Even if the
action of one of the cathodes is out of order, or any one
20 of them is replaced or subjected to maintenance, the
operation of the apparatus can be continued.
[0091] Among the plural cathodes, preferably, at least
one is a cathode for dissolution mainly_acting to dissolve
heavy metal ions, and at least one of the other cathodes is
25 a cathode for deposition mainly acting to deposit the heavy
metal ions. Since dissolution and deposition are performed
by different cathodes, conditions suitable for the

respective reactions can be set.



- 42 [0092] The cathode for deposition is preferably disposed at a
position nearer to the anode than the cathode for dissolution. In this
case, dissolution takes place at a higher potential in a | ower potential
range than that for 5 the anode, and then deposition of the dissolved heavy
netals takes place at a | ower potential. [0093] The cathode for deposition
and the cathode for dissolution are preéferably controlled to el ectrode
potentials different fromeach other. By so doing, 10 dissolution and

deposi tion £afode PeriRs "egdiigdet B6r &@?855%&83 ekegteedeapal aeggegbals
suitable for them [0094] The cathode Tor deposition and thé cathode for

di ssol uti ongpr gf g5abtyoRaNEaPbYSt&ather eR6aLT Bafl ther eAtholie0®Fogach ot her.
Preferably, the cathode for deposition 15 and the cathode for dissolution

are conposegi 8§osubsbancesn diod Neadh f fer £su1 5t Bl af sk &4 el s@deaposenti al s,
and a substance having a relatively high standard el ectrode potential is

used as thengghBpdgotent#8P0sht 40Nowshi petantsalbstange RAwnnghatr gbatively
| ow standard el ectrode 20 potential is used as the cathode for dissolution.

Al so prefetndl ¥noibe gatiheHenf aepdepesohi 68 thecafipesadedl haavyubst ance on
whi ch deposited heavy netals are electrodeposited nore easily than a
subst ance ceeshlsuthRgs pheceanbodelbwerdpssehutiaan. By providing the
respective 25 cathodes with different physical properties required for
deposi ti on andadissol Theovathetitefoactiepnsiahdnebhdctheacathodieaifioad. [ 0095]
Preferably, the reduci ng at nosphere providing
dissolution are preferably controlled to electrode
potentials different from each other. By so doing,
10 dissolution and deposition can be performed for the
respective electrodes at potentials suitable for them.
[0094] The cathode for deposition and the cathode for
dissolution preferably have physical properties different
from each other. Preferably, the cathode for deposition
15 and the cathode for dissolution are composed of substances
having different standard electrode potentials, and a
substance having a relatively high standard electrode
potential is used as the cathode for deposition, while a
substance having a relatively low standard electrode
20 potential is used as the cathode for dissolution. Also
preferably, the cathode for deposition is composed of a
substance on which deposited heavy metals are
electrodeposited more easily than a substance constituting
the cathode for dissolution. By providing the respective
25 cathodes with different physical properties required for

deposition and dissolution, better actions and effects are

obtained.

[0095] Preferably, the reducing atmosphere providing



- 43 neans usable in the present enbodi ment conprises the anode, the

cat hode for dissolution, and the cathode for deposition disposed in the
slurry formation tank, and the cathode for deposition is |ocated at a
position closer to the anode 5 than the cathode for dissolution. It is also
preferred that outside air is shut off so as to bring the interior of the
slurry formation tank into the reduci ng 42 rosphere. The contam nated solid
material is supplied into the slurry formation tank, and the reducing

h ' [ | hed. f
Gi S50l ut 1 oriatT f 28 un "Ong R dRef Hibas raﬁﬁ%eﬁ&“@*%gﬁ - P ahBaEe | o
| nor ease of . CLgiABAE  ¢BE CAEES1 8L 18n 10k e +9%££9 Lbs:cabhadesigne L0

t he anode zone, provision o rous wa so that the

reduci ng at&P%@ %& %é PHetQEuff%hEQ 4016 “téﬁk”Oé?goghgpéhEﬁngny?e

oxidizing at ere generated e ano e zone By adjusting the
cat hode fordéﬁ&gﬁtibﬁnlEOiSBEtéh atOa- Boé§¥&8ﬁ te8SerPE6f ehabbyogl 25V or

|l ess, with respect to a hydrogen standard el ectrode, |ead (standard

el ectrode gRaROLREt £3thofe 126Y) a8880taEMbHM (St arylad k& PEd £OFLe Ot enti al
-0.40V) can be deposited on the surface of the cathode for deposition. The

cat hode fortgaesehtsi@8 a$r ﬂssshablMfﬁoabrablea_belagpehen&h@brgauabfto or
hi gher than that of the cathode for deposition in order to avoid the 25

deposi tion ghe hgduyryetatmatibnpeaskblifato[ €A87Febliciig atdhbegaet-er.
dissolution is operated at the sane potential as that of the cathode for
deposi tion,Thé téntdmshasbliesbdifrmheetritheiel eappodeds iamot khedepasirli on of
formation tank, and the reducing atmosphere is maintained
10 by the reduction potential of the cathode for dissolution.
At this time, there should desirably be a contrivance, such
as increase of a distance, presence of a water flow from
the cathode zone to thq anode zone, or provision of a
porous wall or a diaphragm, so that the reducing atmosphere
15 on the cathode zone will not be impaired by the oxidizing
atmosphere generated on the anode zone.
[0096] By adjusting the cathode for deposition potential
to -0.16V or less, preferably -0.25V or less, with respect
to a hydrogen standard electrode, lead (standard electrode
20 potential -0.126V) and cadmium (standard electrode
potential -0.40V) can be deposited on the surface of the
cathode for deposition. The cathode for dissolution is
desirably controlled to a potential equal to or higher than
that of the cathode for deposition in order to avoid the
25 deposition of heavy metals, if possible.
[0097] If the cathode for dissolution is operated at the

same potential as that of the cathode for deposition, it is

desirable to protect the electrode from the deposition of



- 44 heavy netals by using different conducting materials, or adopting a
shape whi ch nmakes deposition difficult. For exanple, a carbon el ectrode
does not bind to a netal. Thus, even if a |low potential is given to deposit
heavy netals on 5 the surface of the carbon electrode, stirring or flow ng,

i f any, noves the deposited solids of heavy netals away fromthe el ectrode,
redi ssol ves them by the reducing atnmesgllere, and eventually deposits them
on the cathode for deposition. Depending on the materials constituting both

10 cat hod bot h cat.h t o di d t | ect
curront s | MoGRROATAR P O S T BT aRes e, 1¢ is

The e of chﬁhés?m?{??ae T Siass Adsi i Leitedftogrome.
f duct t db
easur t ng. (eTbiiee 5o dEb Lﬁ??%%?"@ 8€m986 SBoR BEpARe bsq%é"B&?ut”Fv. Ly
t f t d
3;depeggn;¥é% gbn €?§% (ﬁ%%marel |on.§%(%gfﬁégﬁaéﬁgyid?%gn va Lgeand
the el egtr i il eacd IGH i ﬁ@é&?%lé@&  drieRgnst apiopetgnt | al

power supply evice 1s not necessar y nee n the treat hent of
heavy metalsy SHEN @R d £a%he b i déhc‘?f em@PA L8t hhy!
controlled to a-25 proper ﬁ%tentla mnt ¥ e use %%Qggconstant ﬁ ¥ent|a

P32 %, e st ekt pas pl o rigogngo o of
val ue nekesytigodifitsid) ad® eventually deposits them on the cathode for
deposition. Depending on the materials constituting both

10 cathodes, both cathodes are likely to dissolve and generate
electric currents in opposite directions, so that care
should be taken. Thus, it is desirable to control both
cathodes to a potential of -0.16V or less with the use of a
constant potential power supply device.

15 [0098] The occurrence of a reduction reaction on the
cathode zone can be confirmed by measuring the value of a
current between the electrodes and the positivity or
negativity of this value. In this case, if the treatment
is performed under constant conditions, and the relation

20 Dbetween the current value and the electrolytic reaction is
grasped, the use of the constant potential power supply
device is not necessarily needed.

[0099] In the treatment of heavy metals, such as lead
and cadmium, if the cathode potential is controlled to a

25 proper potential with the use of a constant potential power
source, the value of the electric current lowers upon
completion of the deposition of the heavy metals. Thus,

the observation of the current value makes it possible to
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45 confirmthe conpletion of the deposition reaction of the heavy netals,
and to elimnate the wastage of electricity due to an unnecessary

el ectrolytic reaction. Thus, the results obtained are nore preferred. If
the cathode 5 potential is controlled in a range of -0.16V to -0.43V, for
exanple, the electrolytic deposition reaction of lead and cadmumis
produced. On the other hand, the depositgson of iron contained in the
slurry, and the generation of hydrogen by electrolysis of water are

suppressed. Thus, 10 the el ectrol yt positipn reactiop,of h avy netals
can be prdHUE%HHEdHEﬁWEﬂ %b%%+??c%#l9he lgéoﬁegﬁ??géanaBg €heavy

nmetals contained in t cont ted solr materja arg di ss ved
recover ed, RFRVY r%ﬁ% % N ﬁ. %@%ﬁﬁt% %r%%ﬁtag?hg cﬁ# gﬁécéFg 15
characterragd by aélocated %gé déi {gnt gu hto tqht for
di ssol uti on®&hd ?H%T PeePBRTY i BhECTROTRE C ST ERT rn€$'%

tt h h f th
gﬁodgringrcdggi ?H% ééyn%%néééﬁg%ﬁ r f%%%?% uafﬁ§1ggcreases ?or%?gb ae20
concent rat | nt@ﬁ?‘?éfn CBRPbE0Es L PERRAD o ONGERE(ALEOR) G OGR! et

t he current YeTis nore easily S are depoSited on the

cat hode. &yé%fem 9541 500:51 088! Aok sf_@ﬂefrersgeggpw?t é@adp?ﬂhtlon

wher e deposi y occurs, eavy S are e cat hode

for depositéQini (R i??}gf’caﬁéeaan%n AHe BRI tnararerrpéeaée%&éaif&l

relative to t Ion, namely, at a position Where deposition occurs

with rel atiyfoﬂlme&iﬁaa DavHe "B akSyar gndi sl Y8HeRhtdon of

hydrogen by electrolysis of water are suppressed. Thus,

10 the electrolytic deposition reaction of heavy metals can be
produced somewhat specifically.
[0100] As described above, heavy metals contained in the
contaminated solid material are dissolved, recovered, and
removed. In the present embodiment, the cathodes are

15 characterized by being allocated, for different purposes,
to that for dissolution and that for deposition. In the
slurry formation tank, no matter how homogeneously stirring
is performed, as the distance from the anode increases, the
proton concentration actually decreases, forming a

20 concentration gradient. The higher the proton
concentration, the greater the current density, and the
more easily heavy metals are deposited on the cathode.
Thus, at a position close to the anode, namely, at a
position where deposition easily occurs, heavy metals are

25 deposited on the cathode for deposition. On the other hand,
at a position remote from the anode relative to that
position, namely, at a position where deposition occurs

with relative difficulty, heavy metals are dissolved of a
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46 sparingly soluble fraction of the contam nated solid material with the
use of the cathode for dissolution. [0101] Furthernore, materials suitable
for different purposes are used for the cathode for deposition and the 5
cat hode for dissolution, whereby a further inprovenent in the renoval

effect can be achieved. It is preferred to use as noble a netal as possible
for the cathode for deposition. Exanpld® of materials used for cathode for
deposition are gold pl ati num copper, palladium and electrically 10

o need {0 T eﬂﬁ'@?r faturte Vﬁréfﬂf»f‘%ii‘% I ot Bt of i G on -
resi stance, 46l 1 6518l o@lﬁ?elExcételfééé apse ﬂg%éfﬂ’c%ﬁd of the

material foF ode sso ution es dre car

vent fon ef“%?éﬁt@%@%%ﬂ%ﬁ '%:}d“féa{n%?%%?%dfg%?ﬂ wfe%f“%ﬁ”? | cati on
appar at us Gharacleri 2ed iifed habe L 6o SLEPNAGT Sd@,gééitfaﬁd 58 gl 0

surround t y formng e ano I rar di
ehge Rr esent

di aphr agm PO, t f ot h
enbodi rrgnt aé]gtﬁalfes prefa;}?srSe((;jp&ﬁaé)llﬂlt\rll\gtli mpﬂrag?n@ﬁsih%ﬁl %@gg(ij%@l aphragm
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material, for enhancing the strength of the 25 di aphragm the anode is
posi ti oned afsheis1é hg dearhr QQWFOBBh’blEOfQQf ithe CRenduedE AOoHep At 1dif.

cathode is positioned outside the diaphragmunit to define the cat hode
zone. By uskRsmpl&ONf NphtePifist B8edi APPr 8gthoabt £8RdakPBsition are

gold, platinum, copper, palladium, and electrically

10 conductive materials coated with these metals. On the
other hand, there is no need to use noble materials for
cathode for dissolution. Friction resistance, acid
resistance, and alkali resistance are required of the
material for cathode for dissolution. Examples are carbon,

15 and surface-treated metals.
[0102] In a different embodiment, the present invention
is the above-mentioned contaminated solid material
clarification apparatus characterized in that the diaphragm
is positioned so as to surround the anode, thereby forming

20 the anode zone inwardly of the diaphragm and the cathode
zone outwardly of the diaphragm. In the present embodiment,
it is preferred that the diaphragm is unitized (diaphragm
unit) using the diaphragm alone or a reinforcement, such as
a frame material, for enhancing the strength of the

25 diaphragm, the anode is positioned inside the diaphragm
unit to define the anode zone, and the cathode is

positioned outside the diaphragm unit to define the cathode

zone. By using a combination of the diaphragm unit and the



- 47 anode positioned in its inside (diaphragmelectrode unit), the
foll ow ng advant ages can be obtained. [0103] If the reaction vessel is

upsi zed, plural diaphragmelectrode units are disposed within the reaction
5 vessel, and the cathode is positioned around each of the

di aphragm el ectrode units. By so doing, the distance between the electrode
and t he di aphragm and/ or the distance - b&T ween the el ectrode and the
reaction liquid (or slurry) can be easily rendered snall, and the reaction

i aphr agm ornoqe T SERFARNA ke Che LpP B0, LETRMAR6R" S PEFERRAYRERAc i ne i
I on exchan on1%#iingH§ogagg§%QgeBtQSP géaggﬁgﬂﬂbﬁleCtrOde unit is

wi t hdrawn f € reac can bé €easify repaired or replaced.

15 0104] Q@%ﬁﬁied eg?”?hgerLcEESnCQQL%gl”ELeQ §9kLE, Ohlukhﬂu'd mat eri al

which can b resent are ¢ohtam nated solid or

|iquid mategy ﬁ¥a§8néf%8t ggeﬁﬁitgeﬁﬁé a18Y68c85w3thin thudgRactgdnment s,

wast es, 1 nclne n as I e, an COI’] am nat e I qul materi al s

cont al nisng pegyy; ehahsch8UehASaEXiEBbS11bAMN! BEcARAVBAEANEEMRR ed sol 1

material's, 1ndustrial water, drainage, surface water, groundwater, and

seavater.  BY gfRragH-8XaBRr8ae0hnki g . ey YsaBid £yl OrRe gepeaRrted and
removed by the predent invention are |ead (Pb), cadm um 25 (Cd), nercury

(Hg), tin (SBiwé8H €hEOBLUEBLEGH:- ah@10AE ahapﬁragmraaavu&e@hbndhaQaab%sent
enbodi nent is positioned between the cathode and the anode to separate the
cat hode zongefpdehhehanedectedae Maaetheneeatelivyn 1hGuid (or slurry)

can be easily rendered small, and the reaction rate and the

10 efficiency of contaminant removal can be maintained. 1If
the diaphragm or the diaphragm unit deteriorates because of
fouling, decline in ion exchange ability, or cracking,'the
diaphragm-electrode unit is withdrawn from the reactor,
whereby it can be easily repaired or replaced.

15 [0104] Preferred examples of the contaminated solid or
liquid material which can be clarified by the present
embodiment are contaminated solid or liquid materials
containing heavy metals, such as soil, sludge, sediments,
wastes, incineration ash, and slime, and contaminated

20 1liquid materials containing heavy metals, such as extracts
from the above contaminated solid materials, industrial
water, drainage, surface water, groundwater, and seawater.
Preferred examples of the heavy metals to be separated and
removed by the present invention are lead (Pb), cadmium

25 (Cd), mercury (Hg), tin (Sn) and chromium (Cr).

[0105] The diaphragm used in the present embodiment is

positioned between the cathode and the anode to separate

the cathode zone and the anode zone. More concretely, the
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48 diaphragmis positioned to surround the anode, thereby form ng the
anode zone in the interior partitioned by the diaphragm and the cathode
zone in the exterior. [0106] The diaphragmin the present enbodi ment refers
to 5 a diaphragm which has the function of controlling the novenent of a
substance other than particular ions in the slurry or the aqueous sol ution,
whi ch has the function of perforning-i 48 exchange to close the circuit
between the anode and the cathode, and has the function of restricting 10

per meat i on fifa a1 D KA1 HL LI Y und! 530 Heshe CNLRLEDEy i 55Ol ved

oxygen, etc. ntain the reducing atnosphere o e cat ode zone. A

preferred @AM ithe arlddOTRAR BAD 1RS| Thhasesr | PArexelends penbrane
(cation exchange nenbrane) having sulfonic acid groups. Sulfonic 15 acid

groups haveyikphreiim | iddd W Gdiheiel 20 Gatdd) eexePpege ability. As nore
i nexpensi ve di aphragns, fluorocarbon resin-based ion exchange nenbranes

fluorinatedoi@¥ly at dHe diadpionm Of HOBEd Selly BSed DREn Papeder S anes
can also be utilized. Preferred exanples of such 20 ion exchange nmenbranes

are conper ¢ aiapravain aliechmiiciife fenetias MNARENPS DUUsgdtRy DuPont ,
NEPTON CR61AZL-389 produced by | ONICS, NECSEPTA CM1 or CMB and ED- CORE

produced byncAkIMtCuhH adubstarmisl Stenm tarCPapt D&t Dyndsahi theass Co.,
Ltd. An ani on exchange nenbrane can be 25 used as the diaphragmfor use in
i sol ati ng tdlmmnoder fthenadyspwodaimtnbdred woldld lods | tiyei funateonhadbf A
hydr oxi de i on exchange nenbrane havi ng ammoni um hydr oxi de groups is
preferred geitfrrmangniaxocdweigngents ankoss athhe ¢brcsiithbatween the
anode and the cathode, and has the function of restricting
10 permeation of a chlorine gas, an oxygen gas, dissolved
chlorine, dissolved oxygen, etc. to maintain the reducing
atmosphere of the cathode zone. A preferred example is a
fluorocarbon resin-based ion exchange membrane (cation
exchange membrane) having sulfonic acid groups. Sulfonic
15 acid groups have hydrophilicity and have a high cation
exchange ability. As more inexpensive diaphragms,
fluorocarbon resin-based ion exchange membranes fluorinated
only at the backbone, or aromatic hydrocarbon-based
membranes can also be utilized. Preferred examples of such
20 ion exchange membranes are commercially available products,
such as NAFION produced by DuPont, NEPTON CR61AZL-389
produced by IONICS, NEOSEPTA CM-1 or CMB and ED-CORE
produced by ASTOM Corporation, and Selemion CSV produced by
Asahi Glass Co., Ltd. An anion exchange membrane can be
25 used as the diaphragm for use in isolating the anode from
the contaminated solid or liquid material. A hydroxide ion

exchange membrane having ammonium hydroxide groups is

preferred as the anion exchange membrane usable for such a
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- 49 purpose. Preferred exanples of such an anion exchange nenbrane are
commercially avail abl e products, such as NEPTON AR103PZL-389 produced by

| ONI CS, NEOSEPTA AHA produced by ASTOM Corporation, and Sel em on ASV
produced by 5 Asahi 3 ass Co., Ltd. [0107] Further exanples of the diaphragm
usable in the present enbodi nent are those having no functional groups,

i ncluding MF (mcrofilter) or UF (ultrafddl t-er) nmenbranes, porous filter
medi a such as GORE- TEX (GORE- TEXR) nenbranes, 10 ceram cs and asbestos, and

?!ﬁﬂrggﬂiﬁﬁ% bRt RRnlBagt, o eﬁel@?*d Ao BRI o por e

di t f I I d d
Condi t | ons. PTG A SRR LB, S RO L9 AR SRUUET | aBREpPoduct s, such

o oduced by ARLEREE T R %Z%%%dﬁds}%fﬁﬁlﬁ% MRS AR ?%?2?2??23

to use any $§¥§ j t

such as a frlggn%&@ f rﬁ%lﬁ%'leln%y’t h%ﬂcﬁ‘ %érhé%{“%n If‘g?hégé?ég Hﬁ\

t her eby ¢f or i C box- shaped or bag-shaped dlaphragn1un|t
havi ng at Zma g%ggggqggd gﬂé%%l and to put this diaphragmunit to use. O

t he abovefﬁqﬁjpned Izﬂé$§$%NE%§ t t&iéﬁﬂf?éﬁ- aBE@nlﬁS ﬁgranlcs

all have plasticity. ane- aped na s are each forned

2,0, S SIS e gne engod ool et sotel aebiper i L v
of including MF (mlcrofllter) or UF (ultrafilter) membranes,

porous filter media such as GORE-TEX (GORE-TEXR) membranes,

10 ceramics and asbestos, and woven fabrics made of nylon,
polyethylene, and polypropylene. These diaphragms without
functional groups are preferably those having a pore
diameter of 5 pm or less, and not permeable to gases under
unpressurized conditions. Preferred examples are

15 commercially available products, such as PE-10 membrane
produced by Schweiz Seidengazefabrik, and NY1-HD membrane
produced by Flon Industry.
[0108] In the present embodiment, it is preferred to use
any of these diaphragms alone or jointly with a

20 reinforcement, such as a frame material, for enhancing the
strength of the diaphragm, thereby forming a cylindrical,
box-shaped or bag-shaped diaphragm unit having at least one
end closed, and to put this diaphragm unit to use. Of the
above-mentioned diaphragm materials, materials other than

25 ceramics all have plasticity. Thus, flat-membrane-shaped
materials are each formed into an arbitrary container shape,

and can be made into a diaphragm unit by adhesion, welding

or sewing (Fig. 8). To avoid the deformation or wearing of



- 50 the diaphragm it is desirable to reinforce the surface of the

di aphragmwi th a networ k-shaped or perforated plate- shaped resin, or form
or protect the corner, bottomor top of the diaphragm in particular, with
the use of a resin 5 nade franme, plate or pipe (Fig. 9). In this case, the

di aphragmitself need not have its bottomor side surface closed, but the

di aphragm may be adhered or welded to +tep -above protective material to form
the unit. O the above- nentioned diaphragns t he ED- CORE nenbr ane produced

by 10 AST Co ti is. al d f d th b
DL et or Aol b HH eS8 oo e Bhe Aot
di f terir f I f dt
BéfiﬁethlS%ﬁ%ﬁgfapﬁﬁasﬁéé9?p A goageahageésa?asﬁriaﬁeﬁﬁﬁtp %ra'XEO) °15
However , ragn}elect%ode un| ed ngh?necessari closed

tﬁpe but n? aB% cbhifiBur 84 8rﬂa9£ ealﬁ aﬁﬁFgﬁFro§§5F88 Pﬁelgﬁodflso
t t t t t t t

nﬁ? G rect P4 EBR Aeaephash 22%§a engBESé#aTﬁggﬁ uﬂlﬂé eﬁéép%Efinﬁsﬁh in
t t t t
cafhgag%ggtenﬁ ?gaﬁﬁ ?Egiﬁeﬁgig?y{%grgg?%oéeigg %Q@PS %refe?ably

made such thakoh gggoaﬁggag5nhagrﬁo%6M59a aEESﬁot%B@eggggaﬁ allyy. 50,25V or

|l ess, with res ogen standard el ec e provisi on of

the reducing 8QEHDSBH%V%RQYS gﬂég HS nbeogahaﬁeaa§Q0@al %he@%'ﬁbhca”

performed by disposing t meen the ano the cat hode, |n
a conbi nati @9t pHPB+aRP4%e hAferial to form the unit. Of the above-

mentioned diaphragms, the ED-CORE membrane produced by

10 ASTOM Corporation is already in a cylindrical form, and
thus can be used preferably. The ceramic is either formed
into a container at a preceding stage of sintering, or even
if it is a flat plate, is fixed to a polyhedral frame,
whereby it can be used as a diaphragm unit (Fig. 10).

15 However, the diaphragm-electrode unit need not necessarily
be of a closed type, but may be configured to have the
diaphragm surrounding the anode so that particles of the
contaminated material containing heavy metals will not
directly contact the anode.

20 [0109] The reducing atmosphere used in the present
embodiment is preferably formed by the adjustment of the
cathode potential. The adjustment of the cathode potential
is preferably made such that the potential is -0.16V or
less, more preferably -0.25V or less, with respect to the

25 hydrogen standard electrode. The provision of the reducing
atmosphere by the adjustment of the cathode potential can
be performed by disposing the diaphragm between the anode

and the cathode, in a combination of the anode, the
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- 51 diaphragm a reference electrode, and the cathode. In this case,

hydr ogen ions are supplied fromthe anode zone via the diaphragm thus
provi di ng the advantage that the necessity for supplying a | arge anount of
an acid can be 5 obviated. [0110] The cat hode usable in the present

enbodi nent is desirably that having conductivity, and involving m ninal

|l oss resulting fromfriction with the slsarry containing the solid or liquid
contam nated material. Also desirable is a 10 material having a higher

Tetal o to dORRTESRact [SEEEROTaR (HETE CEONRy covdl CBF | BOFRGiEne Hopdbited
Total s suchRS cOBIEOSH AThE e Terihia Ferh, HactE88 EPufi Hie Coat e
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supplie f anode zone, the cathode is desirably disposed as close
to the giaﬁﬂgg%%g%%it as possible, and is desirably structured not to

hamper the MBYEIPC ofpbyehpdede | 208p10 Mk ol Bag s LbNE LRSI EPREAGT Uni

and conme to ctrodeposi n-can ace on the

e sone $8FF LIRS HEng [OBRTRYERELL Ol sk L0080 hoftmel O e
bal ance betygen POLH £9H§Sfrom friction with the slurry containing the
solid or liquid contaminated material. Also desirable is a

10 material having a higher standard electrode potential than
that of heavy metals, and allowing heavy metals to deposit
easily, or further, a material allowing the deposited heavy
metals to be electrodeposited satisfactorily. Examples are
noble metals such as copper, platinum, silver and gold, and

15 materials coated with these metals.

[0111] In the present embodiment, the cathode is
disposed around the diaphragm unit and, to increase the
electrodeposition efficiency of heavy metals, the cathode
desirably has as large a surface area as possible. Also,

20 in order to make efficient use of hydrogen ions supplied
from the anode zone, the cathode is desirably disposed as
close to the diaphragm unit as possible, and is desirably
structured not to hamper the movement of hydrogen ions,
which pass through the diaphragm unit and come to diffuse,

25 so that electrodeposition can take place on the entire
surface of the cathode. The movement of the hydrogen ions

from the anode zone to the cathode zone is not only

necessary to maintain the charge balance between both zones



- 52 during the electrolytic reaction and close the circuit, but also
plays the role of Iowering the hydroxide ion concentration which inpedes
the el ectrodeposition of heavy netals on the cathode surface. 5 [0112] As a
met hod of di sposing the cathodes and the diaphragm el ectrode unit which
fulfills these conditions, a enbodinent is desirable in which the cathodes
are arranged in a star configuration sdZs-to surround the periphery of

t he di aphragm el ectrode unit disposed to enclose the anode 10 at the center

h h d d.radi.all d
The i ooy aafFShgctpeoaiRtrO1gRbn e AR IOR BuaEspRe " I Carktity b 0"

cat hodes arqagefy LadhAb! YoTRyohe1pflcd Al NOhE” HOWTLaN RS cphown i Fi o

12(a), or Ina 8l “Pew Porm as s
et SR LS AURRcLel YL UL BHOER Y™ 0
configuratigps a?%egﬁukgg gggﬁgﬁﬁegerggbal | ines of the radi al

configuration. s and the nunber of the radial |ines
shoul d ke 200gha70ed, 235 23RREABK' BCa186681 HNInkO A ?eée a0fa LR
apparatus the properties of the contam nated materi a particle

di amet er H&h?ﬁﬁ:ﬁb}nlle'l@ctt%d%aﬁﬁ Qf wh%%h €4 tf%'f[‘l’é.‘att?x‘és%‘)'do%di"c&%rn'sa' )a the

met hod of stirringt reaction |qU| urry, or the intensity of

stirring. 2ambbatihentugs Hegflr%iteogﬁnwh@eﬁ ‘tﬁes'éfafth%'d%gt ) PR  and
the feed rate of hydrogen ions does not becone a rate- determning step for

the depositiignar gaakl eBn2h giedy onM8bahs: tbl sk riddhd@hHes PR PR RAYH such
a configuration. |

the diaphragm-electrode unit disposed to enclose the anode

10 at the center as shown in Fig. 11, or in which the cathodes
are arranged radially around the diaphragm-electrode unit
as shown in Figs. 12(a) and 12(b). The cathodes arranged
radially may be in a single-row form as shown in Fig. 12(a),
or in a plural-row form as shown in Fig. 12(b). 1In the

15 1illustrated embodiments, the edges of the star shape are
sharp, but may be curved. There are no limitations on the
number of folds of the star configuration, or on the number
of radial lines of the radial configuration. The number of
the folds and the number of the radial lines should be

20 changed, as appropriate, according to the size of the
apparatus, the properties of the contaminated material (the
particle diameter particularly in the case of the
contaminated solid material), the method of stirring the
reaction liquid or slurry, or the intensity of stirring.

25 If the supply of hydrogen ions is sufficiently performed,
and the feed rate of hydrogen ions does not become a rate-

determining step for the deposition reaction of heavy

metals, it is not necessary to adopt such a configuration.



- 53 [0113] The anode used in the present enbodinent is preferably one
havi ng conductivity, having resistance in a strongly acidic (preferably, pH
3 or lower) or strongly alkaline (preferably, pH 12 or higher) aqueous
solution, 5 and having resistance to anode corrosion. Exanples are furnace
bl ack, graphite, titanium and titaniumtreated for corrosion protection
(for exanple, rutheniumoxide-coated ti%antum). In the present enbodi nent,
the anode is disposed inside the diaphragmunit. The di stance between 10

the anode apgligfydiagﬁgagﬂbagrﬁggg ig @ﬁggﬁ?ggéﬂtbgmﬁﬁdaggﬁgtg%s possi bl e

I n order to supp hydrogen | ons ™ genera m t he ano e di aphragm

surface efé%&f%ﬁ%§¥y§ﬁg&gﬁgﬁgngpgéﬁgGQQEQEEXEhgﬁbgnQEF%$9EQ%ﬂcea§.“‘ll be

a
stated late anode esir y corresponég to the

shape of thEt?%@Bﬂgﬁgggﬁﬂbt(PrE@ErS§2?2L§H B okN§ oo N LRI DY 1S

cylindrical, Is al'so pre y cylindrical. Mreover, “since the

anode i s hoysrdlifet iprdraPAbRGM BRI 12 bkShidhE29€aglRdust §¥d%iti®le
conparatively small relative t0 the cathode. 20 I'n order that the anode

reactiors dogaanphvRBgOMRsdskahee @8t ahBhel k8rFbeRohecatgaempiekharaur face
area of the anode, the anode should preferably be in an uneven form a

por ous fOrﬂhrﬁaaétBQé&kiogEhpﬁ&té,fEH&Q@&u&QFﬁbHO&i&ﬁnH@ﬁ{Qﬁﬁﬁﬂxuﬁuﬁﬁﬁce
area. 25 [0114] On the anode surface, an oxidation reaction proceeds ow ng

to el ectrol gsrsosibusproftecanode (Foif akampaed thehdnaphr agdds/daeshoul d
desirably be out of <contact in order to protect the diaphragm surface from

titanium). In the present embodiment, the anode is
disposed inside the diaphragm unit. The distance between

10 the anode and the diaphragm surface is desired to be as
short as possible in order to supply hydrogen ions
generated from the anode to the diaphragm surface
efficiently (although their contact should be avoided, as
will be stated later). Thus, the shape of the anode

15 desirably corresponds to the shape of the diaphragm unit.
For example, if the diaphragm unit is cylindrical, the
anode is also preferably cylindrical. Moreover, since the
anode is housed in the diaphragm unit, its surface area
tends to be comparatively small relative to the cathode.

20 In order that the anode reaction does not become a rate-
determining step because of the surface area of the anode,
the anode should preferably be in an uneven form, a porous
form, a network form, or a fibrous form for an increased
surface area.

25 [0114] On the anode surface, an oxidation reaction
proceeds owing to electrolysis. Thus, the anode surface

and the diaphragm surface should desirably be out of

contact in order to protect the diaphragm surface from



- 54 oxidative corrosion. It is desirable to insert a certain

non- conducti ve spacer between them or to fix the anode by a certain nethod
so that the anode does not cone in contact wth the diaphragm 5 [0115] In
a preferred enbodi nent, the reaction vessel is a stirring container which
m xes the contam nated solid or |liquid material and a m xture containing an
acid or alkali and water by gas stirr4irfgt or nmechanical stirring, and brings
the resulting m xture into contact mﬁth the cathodes. 10 A gas used in the

f bl iall f f
gg;ﬁg;%fﬂo%aeﬁlﬁﬁiégﬁgf%% Sd i J&%bgs :E:bra‘bst%‘:fha?:n%nei%rg?s
smal | amount®'bt ﬁg%ugﬁggé'%é écgégég%% tﬁeh’ #e?%b@i r?ﬁﬁ.%&gﬁﬁeggp Y

C'rcu'at'OQaséé#€Ql% gtﬁ-dp£83§H££Z€ Sé&&&e §§g§r§§€“68H8 9gs gB@QH@"y

w th the use ressure regulating So preferre

configurati | e air is shut off to inpart a reducing
atnDsphere ﬁﬁgédéwé 8Ba par tus 20 [0116] The contam nated solid or quuid

mat erialg i spoyppl i edIhnéopfg'ﬁef‘i?@&réﬁlﬂédlﬁgﬂtt h@héegéﬁbgﬂoﬁt eseher &

nalntalned y a reduction potential applied to the cat by are uctlon

potenti al S&pQ{¥r£?§§5c68€§iﬁér0Hﬁ§bﬂemﬁﬁés £RB! 8bHBEmiRAEeACEHILANGE Of @
cat hode reaction on The 25 cathode zone can be confirmed by neasuring the

current  vaj ugubetmeearihe ghechrrd@supBdcbiaPAShyi Xht ¥c9h oBeﬁ§kb‘1'1ty of
this value. Usually, a constant potential power source is used as th
reduction pgh@nihfbrSuPPE¥s stirring or mechanical stirring, and

brings the resulting mixture into contact with the cathodes.

10 A gas used in the gas stirring is preferably a gas
consisting essentially of an inert gas for example,
nitrogen gas. It is also preferred to circulate the gas
for utilization. When the gas is circulated, it is also
preferred to supply a small amount of gas additionally over

15 time, thereby bringing the circulation system into a
pressurized state, and renew the gas gradually with the use
of a back pressure regulating valve. Also preferred is a
configuration in which outside air is shut off to impart a
reducing atmosphere inside the apparatus.

20 [01l16] The contaminated solid or liquid material is
supplied into the apparatus, and the reducing atmosphere is
maintained by a reduction potential applied to the cathodes
by a reduction potential supply means located outside the
container. The occurrence of a cathode reaction on the

25 cathode zone can be confirmed by measuring the current
value between the electrodes and the positivity or
negativity of this wvalue. Usually, a constant potential

power source is used as the reduction potential supply



- 55 neans. However, if, in the present invention, the treatnent is
performed under constant conditions, and the relation between the current
value and the electrolytic reaction is grasped, the use of the constant
potential 5 power source is not necessarily needed, but a constant current
power source (rectifier), for exanple, may be used. In the treatnent of
heavy nmetal s, such as | ead and cadmi unt Showever, if the cathode potential
is controlled to a proper potential with the use of the constant potenti al

power 10 Soﬁégﬁs.tgfo‘yﬁééﬁeoift% 3I§$t%%ss&%{§e %llggx\gﬁs Tofoly conpl etion

of the deposrtion avy' ne servatron of the current

val ue makesc L pRssibie horekpatat IRacOMRLALEAN+OL AT BARST Lhan dgacti o

of the heavy "neta nat e wast age o ectricity due to 15

an unnecess?%xaghgﬁt B%g%&&ﬁ EﬁécEh?EFnIhvéluEhﬁPﬁe%H'et %1e%‘%&%i1§]?c‘1_c8re mor €

preferred. the cat e potentiral I1s controlled In a range .16V to

-0. 43V, for gxafPbR, i5Ng§rashbeal " eh¥!l LsedBROthE! @Bnstantt! PBtehtliead and
cadmumis produced. On the other hand, the deposition 0f iron 20 contai ned

in the rpachbpBrl keUrde 28dnbhengeresatrioy Abedaudr @YRN ab%oflstGntol ysi s of
wat er are suppressed. Thus, the electrolytic deposition reaction of heavy

netal s can EﬁrrBth?Q%rSQBﬁ%@t seeliflieal)y foll0bkAmpilke hRAVHITRISHSE I N

the contam nated material 25 undergo dissolution and el ectrolytic
deposition rgagheORyealthehlieofeteaividmatalsPheuenbast he s tahed *faandifn t hey

are separated and renoved fromthe contam nated material. As stated above,
t he cat hodeno@e®earl,r afgeHel Bakhoidel pdtten®ial is controlled to a proper

potential with the use of the constant potential power

10 source, the value of the electric current lowers upon
completion of the deposition of the heavy metals. Thus,
the observation of the current value makes it possible to
know the completion of the deposition reaction of the heavy
metals, and to eliminate the wastage of electricity due to

15 an unnecessary electrolytic reaction. Thus, the results
obtained are more preferred. If the cathode potential is
controlled in a range of -0.16V to -0.43V, for example, the
electrolytic deposition reaction of lead and cadmium is
produced. On the other hand, the deposition of iron

20 contained in the reaction liquid, and the generation of
hydrogen by electrolysis of water are suppressed. Thus,
the electrolytic deposition reaction of heavy metals can be
produced somewhat specifically.
[0117] The heavy metals in the contaminated material

25 undergo dissolution and electrolytic deposition reactions
in the reducing atmosphere by the cathodes, and they are

separated and removed from the contaminated material. As

stated above, the cathodes are arranged in a stellate or



- 56 radial configuration around the di aphragmel ectrode unit, and utilize
hydr ogen i ons com ng out through the diaphragm to proceed with dissolution
and el ectrolytic deposition reactions. Wen the cathodes are arranged in a
| ayered 5 formwith respect to the diaphragm heavy nmetals converge at and
are deposited on the cathodes nearer to the diaphragmand, in a
configuration in which the cathodes covas the diaphragm in particular,

buil dup of the heavy netals blocks or obstructs the flow of hydrogen ions
from10 the_diaphra yer des, | S li.n in the
efficiency B?a%gg g?%%@ We ?h%gﬁﬁggogéﬁ %%néhgﬁgg'ﬁ%§9$rg8§aP ﬁSns in the
reaction |iguird o! (o]# u €.l I ency
of electrolgx?a “t§§%§§ #§&£b rébg oy?ﬁgﬁg %%Eeﬂﬁﬁgﬁggofgg h pﬁ%éb@RlEF
DESCRI PTI ON, OF, 1566 DRAW NS £ 0148h 1 6hUand] ofhgrrdaii12 HERBERLLGN

expl anati on amnng show ng a preferre I ment~o e present
i nventi on wgését SS. amﬂ&%&'a&tﬁo@f&%é'&%ﬁ@&a'ﬁa 401af&pDye and
recover |ea n1un1 etc [Firg. 2] Fig I's @ schematic” exp anati on

draw ng 5 Sh?&fﬂgwéﬂﬁt BespREef 86! eecARAPhPREN, Chehl§ REREEQ! cohP¥eEE! ON

whi ch uses an el ectrode reaction to renbve and recoOver nercury, etc. [Fig.

3] Fig. 3 igtasaghgpet he Séﬂkéﬁabhoﬂhéré&tﬂGde§5n839@anoatBEeferred
enbodi ment of the presen? I nventi on, | lustrating, in particular, a

embodi ment Hﬁla%kﬁﬁmaanﬁat hadg- eaamgh!caﬂlaﬁr@ﬁrwh&cﬁl %B@sgétmdb@e vicinity
of a cathode so that a shearing force due to solids of |arge

cover the diaphragm, in particular, buildup of the heavy

metals blocks or obstructs the flow of hydrogen ions from

10 the diaphragm toward the cathodes. This leads to a decline
in the efficiency of contact between the hydrogen ions and
heavy metal ions in the reaction liquid, consequently
bringing about a decrease in the efficiency of electrolytic
deposition. Care should be taken to avoid this.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0118] [Fig. 1] Fig. 1 is a schematic explanation
drawing showing a preferred embodiment of the present
invention which uses an electrolytic deposition reaction to
remove and recover lead, cadmium, etc.

20 [Fig. 2] Fig. 2 is a schematic explanation drawing
showing another preferred embodiment of the present
invention which uses an electrode reaction to remove and
recover mercury, etc.

[Fig. 3] Fig. 3 is a schematic explanation drawing

25 showing a preferred embodiment of the present invention,

illustrating, in particular, a embodiment in which a

cathode-protecting member is disposed in the wvicinity of a

cathode so that a shearing force due to solids of large



57 particle dianmeters in a slurry will not act on the surface of the
cathode. [Fig. 41 Fig. 4 is a schematic explanation drawi ng show ng anot her
preferred enbodi nent of the present 5 invention, illustrating, in
particular, an enbodinment in which a solid particle size distribution in
the slurry is formed using an upward slurry flow, thereby suppressing a
shearing force exerted on the cathode swface by solids of l|arge particle
dianeters in the slurry. 10 [Fig. 51 Fig. 5 is a schematic explanation

d i howi t anj nat ed i teri larificati t
or of er red” HBEHEFLR CPRE HErpr 8 et = CFRLEntt b, SpBl gotepnrrhe SoFeage ™ *° °
schematic explgnation drcawing 15 showing a contam nated solid materi al
clarificati%ﬁ %p%?g?%éeas a preferred enbodi nrent of the present
. tion TFig Fi 7 . . . :
preforred embod Hre" of ¢ M Fr chait 3 moreTant SoBteTdhtdh CReadlingl 09 °

dm t f ' Lauj ' t aqi ith th f
 cat hode, - Sha i EpdEhbe, BEprbotld oMBLALNE,: ER PR eL e e g 6
. : . ' ; i o
anode. zone ShgeathEY chErtEEbERaby Th BarfiCldRl PAT LboSIRERE MI9 Bo. o

S Dor " uHLEH, SUEMTA PACPIOTY G108 cALPLOLSERNLOSHAD e TRt <

def ormati ONgormed using an upward slurry flow, thereby suppressing a
shearing force exerted on the cathode surface by solids of
large particle diameters in the slurry.

10 [Fig. 5] Fig. 5 is a schematic explanation drawing
showing a contaminated solid material clarification
apparatus as a preferred embodiment of the present
invention.

[Fig. 6] Fig. 6 is a schematic explanation drawing

15 showing a contaminated solid material clarification
apparatus as a preferred embodiment of the present
invention.

[Fig. 7] Fig. 7 is a schematic explanation drawing
showing a preferred embodiment of the present invention

20 which dissolves lead, cadmium, etc. from a solid or liquid
material contaminated with the use of a cathode, and
electrolytically deposits them for recovery.

[Fig. 8] Fig. 8 is a conceptual view showing the form
of a diaphragm for separating an anode zone and a cathode

25 zone for use in the present invention.

[Fig. 9] Fig. 9 is a view showing an example of

reinforcement using a frame and a pipe for protecting the

bottom and top of the diaphragm to counter the deformation



- 58 - or wear of the diaphragm [Fig. 10] Fig. 10 is a view show ng an
exanple in which flat plates of a porous ceramc or the like are fixed to
a polyhedral frane to be used as a diaphragmunit. 5 [Fig. 11] Fig. 11 is a
view showi ng a preferred exanple of the arrangenent of cathodes and a

di aphragm el ectrode unit which does not hanper the novenent of hydrogen

i ons passing through the di aphragm unit %% -diffuse. [Figs. 12(a) and 12(b)]
Figs. 12(a) and 12(hb) are 10 vi ews showi ng anot her preferred exanple of the

ar r angenent & F aphragm el ectrode unit which does not
hanper the orfo\%enéelhnt of g&lf%@gp %hs passi ng through the diaphragmunit to

di ffuse, Fig. 124?39_.2 n C mﬁﬂ}qu nged in a
single row, and gg q;‘l s%ﬁﬁml\rll%%%cldsé“ges ere 1he gé)&}{gﬁdie(% are arranged
ina pl ur%ﬂi&%lépma{&goflé] &+8us @efémﬁcssbeerﬁ{e'ilxéewr(aswﬁe&' ew)
showi ng a 2000-liter rectangul ar reactor used I n Exanple 10 and 11

[Fig. 14] Rg. aléoiy?héldﬁéi‘ef@&h& vbepe (58 ¥sew) dlﬁﬁﬁ%gﬁ hhHe+2000-1iter
rectangul ar reac used Iin Exanples 10 and 11. [Fig Fig. 15 is a

schemat isc vi ew (grfig. Vi £ Flsgrovmlngwa gwlgmwiﬁt@ fdrf&act or used as
a control 25 systemin Exanples 10 and 11. [Fig. 16] Fig. 16 is a schematic

view (plan gk&iple SbOERE afﬁaaggﬂehtt@f €g€hangyl ahar aaat apneagm-as the
control systemin Exanples 10 and 11.
electrode unit which does not hamper the movement of
hydrogen ions passing through the diaphragm unit to diffuse.
[Figs. 12(a) and 12(b)] Figs. 12(a) and 12(b) are
10 views showing another preferred example of the arrangement
of the cathodes and diaphragm-electrode unit which does not
hamper the movement of hydrogen ions passing through the
diaphragm unit to diffuse, Fig. 12(a) showing a case where
the cathodes are arranged in a single row, and Fig. 12(b)
15 showing a case where the cathodes are arranged in a
plurality of rows.
[Fig. 13] PFig. 13 is a schematic view (side view)
showing a 2000-liter rectangular reactor used in Examples
10 and 11.
20 [Fig. 14] Fig. 14 is a schematic view (plan view)
showing the 2000-liter rectangular reactor used in Examples
10 and 11.
[Fig. 15] Fig. 15 is a schematic view (side view)
showing a 2000-liter rectangular reactor used as a control
25 system in Examples 10 and 11.
[Fig. 16] Fig. 16 is a schematic view (plan view)
showing the 2000-liter rectangular reactor used as the

control system in Examples 10 and 11.



- 59 - DESCRI PTI ON OF THE NUVERALS AND SYMBOLS [0119] 1; IA, 1B; 100:
Clarification apparatus 2: Reaction vessel (slurry formation tank) 2a:
Slurry formation section 5 2b: Separation section 3; 120: Solid-liquid
separator 5: Heavy netal trap (gas cleaning bottle) A Anode A-1: First
anode 10 A-2: Second anode C. Cathode Gsla, CIb: Dissolution cathode
C- 2. Deposition cathode M D aphragm 15 10: Anode zone 20: Cathode zone
22; 111: Contam nated solid material supply nmeans 24; 112: Acidic substance
or al kaline subsDESCRIPTUIPNI QFNPHESNEMERALS1AND BAMBOLSUpply neans 27: Inert
gas supply nmeans (gas diffusion pipe) 28: pHneter electrode 34: Slurry
punp 40: Li OlLdodi rcullatildm LBnel005 S50laxhf hoaleipnoapparatusenber
PREFERRED EMBODI MENTS [ 0120] Wth reference to the acconpanyi ng draw ngs,
the present inveéntiReasiiénbeesiealr(dbarry formatiodetank) In
2a: Slurry formation section
5 2b: Separation section
3; 120: Solid-liquid separator
5: Heavy metal trap (gas cleaning bottle)
A: Anode
A-1l: First anode
10 A-2: Second anode
C: Cathode
C-la, C-1b: Dissolution cathode
C-2: Deposition cathode
M: Diaphragm
15 10: Anode zone
20: Cathode zone
22; 111: Contaminated solid material supply means
24; 112: Acidic substance or alkaline substance
supply means
20 26; 115: Water supply means
27: Inert gas supply means (gas diffusion pipe)
28: pH meter electrode
34: Slurry pump
40: Liquid circulation line
25 50: Cathode-protecting member
PREFERRED EMBODIMENTS

[0120] With reference to the accompanying drawings, the

present invention will be described in further detail. 1In



60 the drawi ngs, the same elenents will be assigned the same reference
nunmeral s or synbols. [0121] Fig. 1 is a schematic explanation draw ng
showing a preferred first enbodi nent of the present invention which 5 uses
an electrolytic deposition reaction to renove and recover |ead, cadm um
etc. [0122] A clarification apparatus 1 shown in Fig. 1 is a contam nated
solid material clarification apparatus- 60nprising a reaction vessel 2

i ncluding a contam nated 10 solid material supply neans 22 for supplying a

cont am nat e sqQlid.material containin eavy, als, an a subst ance
or aIkalineggﬁbgFQW&QQEUpﬁgf ﬁ@ﬁﬁ%eg m%@ESs&éﬂﬂgkﬁbaﬁﬁlQ¥ﬁ4;£P%nﬁ%ﬂ €nce or
an al kal i ne g bs%an%e S hode C'h ol provi ding a reduci ng atnosphere, a
diaphragn1NF RGCHTS1 B eSS SaAC Tt K ﬁhragnlwldefining an anode zone 10

contai ni ng ¢ gnode Ay ang 3541 ot 0ne  SARA A G LA ANSS e

cont ani nat e Suppl y neans

al kal [ ne SUBSHRRER, SUPIorPUbotndiitd d gth%ayt}% &%\?egnﬁ%n“%{lch

mai nt ai ned I'n u0|ng a ere an rong y aci di ¢ or rongly

al kal i neg at ggéeh% € e 13 11539\ def Squ%q‘a%émjﬁ n sso ‘%’mheavy met al

cont am nated soli materi al;” and séparation o

i ons fronltggcgqgkaqég§euééam hfth rggéwlaj and interstitial water being
e

performed in parall 75 1 n t e reaction vessel 2. [0123] The reaction

vessel 2 isipypbhier prpowidsd siiddt idn WRiratiRPly SHRARP 4P F14. supfd vd ng
water to the cat hode zone 20 of the réaction vessel 2, a pH neter 28 for

contaminated solid material clarification apparatus
comprising a reaction vessel 2 including a contaminated

10 solid material supply means 22 for supplying a contaminated
solid material containing heavy metals, an acidic substance
or alkaline substance supply means 24 for supplying an
acidic substance or an alkaline substance, a cathode C for
providing a reducing atmosphere, a diaphragm M, and an

15 anode A; the diaphragm M defining an anode zone 10
containing the anode A, and a cathode zone 20 containing
the cathode C, the contaminated solid material supply means
22, and the acidic substance or alkaline substance supply |
means 24; and the cathode zone 20 being maintained in the

20 reducing atmosphere and a strongly acidic or strongly
alkaline atmosphere, and dissolution of heavy metal ions
from the contaminated solid material, and separation of the
dissolved heavy metal ions from the contaminated solid
material and interstitial water being performed in parallel

25 in the reaction vessel 2.
[0123] The reaction vessel 2 is further provided with a
water supply means 26 for supplying water to the cathode

zone 20 of the reaction vessel 2, a pH meter 28 for



- 61 neasuring the pH of a mxture contained in the reaction vessel 2, and
a slurry withdrawal port 30 for withdrawing a slurry as the m xture forned
within the reaction vessel 2. A slurry transfer line 32, and a slurry punp
34 provided on 5 the slurry transfer line 32 are connected to the slurry

w t hdrawal port 30. The slurry transfer line 32 is connected to a
solid-1iquid separation device 3. A soti®l withdrawal |ine 36 for

wi t hdrawi ng separated solids, and a |iquid withdrawal |ine 38 for

Wi t hdr aw ”gguga%lﬁ%gt %%ellng bﬁuhdmik%uﬁgnﬁﬁﬁkﬁ‘inbg ]Eilﬂe 3@ irddiqiyd

separati on devi ce iquid circulation line 40 for returning part of the

liquid, as gegisbdubatl i@ i gyt @itharaeagt 'g,@,&tvg%s%ﬂ wilfiEhign Pfd  from
the liquid withdrawal |ine 38. [8124] An enbodi nent of clarifying a solid

material  1316ea4aRisnhed mikiiree vy meRt #lithinsithe e ctidm daddon,
apparatus 1 will be described. First, a solid material contam nated with

heavy netal 3, syuehyasredisifershudaes2s! afa, al RAuEeRApudid 3 pregv iRl et s,
is supplied to the reaction vessel (slurry formation tank) 2 via the
cont am ngit edheolsilérr30 tianefedl 19neP3R ER@NTondedtled o tHhes dliury the
contamnated solid material is in an unsaturated state, nanely, the voids
of the cont sfithdiratadolpodtretoer i Bhe asBurfpt tsahsratredinet Bawaker, a suitable
anount of water is supplied via the water supply nmeans 26 or the liquid 25
ci rcul ati on conmect@d «oaahisenid da 14gtidatseghaztaatieon \@etviiice 3I.heAslsoliid
formation tank 2, the supplied contam nated solid material is stirred and,
I n sone cased thdxaerali dind 3e&d flow stiithdragying fseparatddirsolidl t handea pH of
t he
liquid withdrawal line 38 for withdrawing a separated
10 1liquid are connected to the solid-liquid separation device
3. A liquid circulation 1line 40 for returning part of the
liquid, as a circulating ligquid, to the reaction vessel 2
branches off from the liquid withdrawal line 38.
[0124] An embodiment of clarifying a solid material
15 contaminated with heavy metals, using the clarification
apparatus 1 will be described. First, a solid material
contaminated with heavy metals, such as soil, sludge, slime,
incineration ash, or sediments, is supplied to the reaction
vessel (slurry formation tank) 2 via the contaminated solid
20 material supply means 22. If, at this time, the
contaminated solid material is in an unsaturated state,
namely, the voids of the contaminated solid material are
not saturated with water, a suitable amount of water is
supplied via the water supply means 26 or the liquid
25 circulation line 40 to achieve a saturated state. Within
the slurry formation tank 2, the supplied contaminated

solid material is stirred and, in some cases, water is

mixed by stirring to form a slurry. With the pH of the



- 62 slurry being neasured using the pH neter 28, an acidic substance or
an al kaline substance is added via the acidic substance or alkaline
substance supply nmeans 24 to adjust the pH of the slurry to 3 or |ower or
12 or higher. Wth 5 the oxidation-reduction potential of the slurry being
measured, the oxidation-reduction potential of the cathode Cis adjusted to
-0.16V or lower with respect to a hydrogeh - standard el ectrode. In this
state, heavy netals dissolve in the contam nated solid naterial e slurry,

e e

this tine, ctrode potentra cat hode the hi gher

Lhe 1oL f ey ghest b6l 4hi Gy JEBST LLADERRE! LN BAGATES, kel s Bgel rode

potential is ower In the case o , 15

hovever, the.Bepuycambe! 9149196k b8bEvandEngaoblyhENRENGs Shealnalot i c

deposi tion, frim once forne can _ y peele “the
shearing fofhg B 8k theNG1ufPYSto 3N02PRE QE'ékelé!eethﬁgﬁeeq?ﬁftﬁ' I'S

sel ect ed depending on the conditions of the contam nated naterial or the 20

apparat us. {0d2gkidReRont PeaBLYLbY PBRBnB4alSoaCiHat 8duk@yPhRIs e- feed the
slurry to the solid-liquid separator 3, where it 1s separated into a liquid

and clarifigdagdgbydratpd sQlibndsiohsebhdcdebidpatedtialt @ dekl vagnbaem soil,
sl udge, slime, 25 incineration ash, or sedinents). The separated solids are

wi t hdrawn vcaithadagaktdawtbhdoawsly birneo®er @fh€hcaesbecthaadlaedydsogy@n
sl udge, sline, incineration ash or the |I|ike which has not been contam nated
wi th the heg¢gnfatdl electrode. In this state, heavy metals dissolve
in the contaminated solid material e slurry, and are
10 electrolytically deposited on the surface of the cathode C.
At this time, the lower the electrode potential of the
cathode C, the higher the rate of the electrolytic
deposition reaction becomes. If the electrode potential is
too low (e.g., about -0.6V or lower in the case of lead),
15 however, the heavy metals do not form a dense film during
electrolytic deposition, but the f£ilm, once formed, can be
easily peeled under the shearing force of stirring. Thus,
an appropriate electrode potential is selected depending on
the conditions of the contaminated material or the
20 apparatus.
[0125] Then, the slurry pump 34 is actuated to pressure-
feed the slurry to the solid-liquid separator 3, where it
is separated into a liquid and clarified dehydrated solids
(solid dehydrated matter derived from soil, sludge, slime,
25 incineration ash, or sediments). The separated solids are
withdrawn via the solid withdrawal line 36, and can be

handled as soil, sludge, slime, incineration ash or the

like which has not been contaminated with the heavy metals.



63 The separated liquid is withdrawmn via the liquid withdrawal 1|ine 38,
and then recycled to the slurry formation tank 2 via the liquid circulation
line 40, or discharged as excess drain. 5 [0126] The heavy netal s

el ectrolytically deposited on the surface of the cathode C are either taken
out of the systemwhen the electrode is replaced. Alternatively, during
the regeneration of the cathode, the el &3 rode potential is transiently

rai sed to about -0 1V, for exanple, 10 whereby the heavy netals are

di ssol ved fTKE”ééﬁhﬁ&%é@CPiﬁﬁithE ?1ERArafe vARdLthECPYELEE @AStARaREAY¥Y Metal
concentrate, which can be discarded as a heavy netal contam nant or can be

recycl ed asifgavys imd fREE'+tPec1éd tOOthé 981 arPot £8thatibs. ankabout O OV
in the case of the copper 15 electrode) is applied during regeneration of

the el ectrogea thdelt@up@neitce@iatieneiesérnde 8+-saobk¥Rargdllas bkckss
desirable to set the electrode potential at a range where the conponent of

the el ectrogleafipes not dissolve, or to control the tinme of a high potenti al
application to a short 20 time. [0127] Fig. 2 is a schematic view of a

second enbopgee} of Théehpaegenétadyealéobtrpayticdlayl yepusiablieonn a case
where heavy netals contain nmercury. A clarification apparatus 1A shown in

Fig. 2 is otheeatitFatdeosatke 26athofiegor ateositRethahkeh blieé efathki cation

apparatus shown in Fig. 1, but further conprises an inert gas supply neans
27 for suppsystemawhéenethe gatecsnoclieassaraplaocgén gabtetmwatiwelygacti on

vessel 2, and a heavy netal trap 55 for

during the regeneration of the cathode, the electrode
potential is transiently raised to about -0.1V, for example,

10 whereby the heavy metals are dissolved from the surface of
the electrode, and recovered as a heavy metal concentrate,
which can be discarded as a heavy metal contaminant or can
be recycled as heavy metal materials. If too high a
potential (e.g., about 0.0V in the case of the copper

15 electrode) is applied during regeneration of the electrode,
the component of the electrode dissolves. Thus, it is
desirable to set the electrode potential at a range where
the component of the electrode does not dissolve, or to
control the time of a high potential application to a short

20 time.
[0127] Fig. 2 is a schematic view of a second embodiment
of the present invention particularly suitable in a case
where heavy metals contain mercury. A clarification
apparatus 1A shown in Fig. 2 is of nearly the same

25 configuration as that of the clarification apparatus shown
in Fig. 1, but further comprises an inert gas supply means
27 for supplying an inert gas, such as a nitrogen gas, to

the reaction vessel 2, and a heavy metal trap 55 for



64 trapping heavy netals contained in a heavy netal vapor- containing gas.
The heavy netal trap 5 is provided with an exhaust line 51 to discharge a
gas after trapping and renoval of the heavy netals by the heavy netal trap
5. As 5 the heavy netal trap 5, it is possible to use a gas cleaning bottle
containing a sulfuric acid-acidified aqueous solution of potassium

per manganate, or use a gas treatment <caqi-er having an oxidi zi ng agent,
such as a sulfur powder, carried thereon. 10 [0128] The enbodi nent of
clarification of the contaninated solid paterial usingpthe clarification

appar at us lﬁF?Eph%%r??aYﬁemgﬁ sagoPﬁ%i%ﬁﬁoﬁ?nénPe@Yﬁl ka4 VRROZonnecti on
Y)“ft[‘htehﬁeé'v'é‘éﬁé%ﬁﬁr'eé’é‘@? PR B h R bl DT AEL AR R R 1 rap
5wll b 0 Th t i ficati t 1A
Suitabl o pEFORRLTatSe Pr b aF %Pea&seﬁ%e%%?tﬁﬂg%z FARPARPe ol d
mat eri al contal?éfgogn£ grﬁeagg mgg gng nkﬂatﬁdﬁgglhg t%rlal cog&alnlng

I’T'EI’CUI’yIS S% I'ed O as |on tan I’TB.In al ne ?na

reduci ng, at pp %pﬂgé$%g@QFéls££g§95y %E'QEC 8£s§§i8”@ ygsglga 3¢ atmosphere.

As a result, heav S contai ping- nereury disselv H& cont ami nat ed

sol i d naterbféanﬂﬂgdggtEEQ BEREHIN:hS hegused-aadauanoniande The vaporized

mer cury, acconpani y a h rogen g generate y the and/ or an

E?efﬁtgafheﬁgﬁﬁ??§ éoﬂhEEBHerQBEtas§EHB'bSQmBBBEh%Q%,'B%rhs%a% gugely means
treatment carrier having an oxidizing agent, such as a
sulfur powder, carried thereon.

10 [0128] The embodiment of clarification of the
contaminated solid material.using the clarification
apparatus lA is nearly the same as the embodiment explained
in connection with the clarification apparatus 1 shown in
Fig. 1, except for the action of the heavy metal trap 5.

15 Thus, only the action of the heavy metal trap 5 will be
described below.

[0129] The present clarification apparatus 1A is
suitable, particularly, for clarification of the
contaminated solid material containing mercury. The

20 contaminated solid material containing mercury is supplied
into a slurry formation tank 2, and maintained in a
reducing atmosphere and a strongly acidic or strongly
alkaline atmosphere. As a result, heavy metals containing
mercury dissolve in the contaminated solid material, and

25 the mercury is reduced and vaporized. The vaporized
mercury, accompanied by a hydrogen gas generated by the

cathode and/or an inert gas, such as a nitrogen gas,

supplied from the inert gas supply means 27 into the slurry



- 65 formation tank 2, is transferred fromthe slurry into a gaseous
phase, and trapped by the heavy netal trap 5. The trapped heavy netals,
such as nercury, can be discarded as a heavy netal contam nant, or recycled
as heavy nmetal 5 materials. [0130] Fig. 3 is a schematic explanation draw ng
showing a preferred third enbodi nent of the present invention (an

enbodi nent equi pped with a shearing forcé5sUppressing nmeans) whi ch uses an
el ectrolytic deposition reaction to 10 renove and recover |ead, cadn um

etc. [0131] elRnfEitdond tadKC!Ar iffd GalandF AR 3iribh kA& UMIASLSintd A Urry
formation tank 2 including a contam nated solid nmaterial Supply means 22

for supplyi ig@s@ou@NipHESA! /S UridppeP iy ithle G Md¥hiNa@Ap MBl alge an
acidic or alkaline 15 substance supply nmeans 24 for supplying an acidic or

al kal i ne suhgbaped hdLAt Mt 1e f Gudl QW #ditwly ed N dldmeded ead 0 a
slurry containing at |east the contamnated solid material and the acidic

or al kal i ne as hlesivin et AN oh t SMIGRANYY JIOTeR YOIHY oS iHkhwEanstd or
exercising control so 20 as to decrease a shearing force exerted by the
slurry o8 mexdrdlace of the cathode and maintain a state of contact
bet ween the cathode and the slurry. [0132] In the illustrated enbodi nent,
the slurry [foa3oEti on Rignk R ifsurd heyheneat iled escpl aved teifors U wi iR adlsowtng 25
for supplying water to the slurry formation tank 2. A | ower portion of the
slurry for e ipprefieante @ tilsi fdremdsbdimertthefshape mfesedtunielentainsh a(at urry
wi t hdrawal port 30 is provided in a front end portion of the funnel-shaped
| ower embodiment equipped with a shearing force suppressing
means) which uses an electrolytic deposition reaction to
10 remove and recover lead, cadmium, etc.
[0131] In Fig. 3, a clarification apparatus 1B comprises
a slurry formation tank 2 including a contaminated solid
material supply means 22 for supplying a contaminated solid
material containing heavy metals, an acidic or alkaline
15 substance supply means 24 for supplying an acidic or
alkaline substance, a cathode C for providing a reducing
atmosphere to a slurry containing at least the contaminated
solid material and the acidic or alkaline substance, and a
shearing force suppressing means for exercising control so
20 as to decrease a shearing force exerted by the slurry on
the surface of the cathode and maintain a state of contact
between the cathode and the slurry.
[0132] In the illustrated embodiment, the slurry
formation tank 2 further includes a water supply means 26
25 for supplying water to the slurry formation tank 2. A
lower portion of the slurry formation tank 2 is formed in

the shape of a funnel, and a slurry withdrawal port 30 is

provided in a front end portion of the funnel-shaped lower



- 66 portion. Aslurry transfer line 32, and a slurry punp 34 provided on
the slurry transfer line 32 are connected to the slurry w thdrawal port 30.
A solid-liquid separation device 3 is connected to the slurry transfer line
32 to 5 separate the slurry into solid matter and liquid matter. A
circulating punp 39 and a liquid circulation line 40 are connected to the
solid-liquid separation device 3 to reiééroduce the liquid matter, which
has been separat ed by the solid-liquid separation device 3, as a

bt ovi ded arPPREL hﬁper PO R L | e SPETERBOrRLAS sl urry
formation ! pkvEach s et i NACaMBLank e, 30 36,405 Qd LN e gepar at ed
ydrate sOi | U i Mer i Aci Aeration asn,

sedi ment s), ; ande3q ukkg“hﬁtﬂhkg%i“"%#' 6. (dzllaéé‘il<§81i ‘{‘%&BQE?)?%B?IWQ

separ at ed I|qU| XCess Wwas are connected €~ S0 iquid

separati on 8 ViEE ﬁe reéﬁﬁhel@‘&&ﬁ' ot 'Eﬁe%%ﬁ:%éxfe Eﬁ%!f% tli'?l gﬁ cat hode

C for provi |ng t uci ng atnosphere to rry, an ano e A and a

ref erence eggégggq gharglheﬁgtﬁﬂt tsBElduﬂgﬁgegoﬁhhiQﬁghﬁdF%%t%L%fry of the

formation t 8 I's provi suring t

slurry. Th@f.i?égﬂ%%ng ﬂf&Bd§9AaﬂBd r{i&&h&'&‘:% eb8ihede Bide aCyRected to

a power supply device™p aced out si de e 25 s urry fornatlon tank 2 to be
provi ded wi EBngeceBl ¢b eHe %B@':LBQQ1&9EL%.HE'e?ara@1%%t edgdy & & i ng menber

50 is attached to the cathode C so that solids of large particle dianeters
in the slurpgiptirbaiee exestiglibhfatitei)i thieh has been separated by

the solid-liquid separation device 3, as a circulating

10 1liquid, to a circulating liquid introduction port 42
provided at the upper end of the funnel-shaped lower
portion of the slurry formation tank 2. A solid withdrawal
line 36 for withdrawing the separated solids (clean
dehydrated soil, sludge, slime, incineration ash, or

15 sediments), and a liquid withdrawal line (drain) 38 for
withdrawing the separated liquid as excess waste water are
connected to the solid-liquid separation device 3.
[0133]1] Within the slurry formation tank 2, the cathode C
for providing the reducing atmosphere to the slurry, an

20 anode A, and a reference electrode B are located at an
upper position in the slurry formation tank 2, and a pH
meter 28 is provided for measuring the pH of the slurry.
The cathode C, anode A and reference electrode B are
connected to a power supply device placed outside the

25 slurry formation tank 2 to be provided with a controlled
applied potential. A cathode-protecting member 50 is

attached to the cathode C so that solids of large particle

diameters in the slurry will not exist in the vicinity of



- 67 the cathode surface. The protecting nmenber 50 is constructed of
nyl on nesh (size of each opening: 1.5 mm). [0134] Next, an enbodi nent

clarifying a solid contam nated material, contam nated with heavy net
using the clarification apparatus 1B will be described. [0135] First,
solid material contam nated with heavy netals, such as soil, sludge,

i nci neration ash, or sedinents, is sup®7ed to the slurry fornmation t
via the contam nated solid naterial supply nmeans 22. If, at 10 this tine,

t he contam gt e@a&%dé’

voi ds of the contam nate

sui tabl e

Wth the pfboﬂia&fﬁbﬁé&rmatéﬁiﬁﬂ NEGSHARIn A6eA0wi P8 RELVPIRELEBs , an

substance or an al kali ne substance is added via the 20 aci di ¢ substance or
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stirred and, in sonme cases, water is mxed by stirring, to forma slu
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| ower or

12 or

I gher Wth the oxi
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adjusted to -0.16V or lower with respect to a hydrogen 25 standard

el ectrode. metabss steheashsavy, neladige (i ssoh¥e ihBihbeatoohagsnated solid

mat eri al

in the slurry, and are electrolytically deposited on the surface

of the cat hed@ifient#4t 1i&i supphkedtthe theesltheyefermabilenpoanirt patriaf the
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the contaminated solid material supply means 22. If, at
this time, the contaminated solid material is in an
unsaturated state, namely, the voids of the contaminated
solid material are not saturated with water, a suitable
amount of water is supplied via the water supply means 26
or the liquid circulation line 40 to achieve a saturated
state. Within the slurry formation tank 2, the supplied
contaminated solid material is stirred and, in some cases,
water is mixed by stirring, to form a slurry. With the pH
of the slurry being measured using the pH meter 28, an
acidic substance or an alkaline substance is added via the
acidic substance or alkaline substance supply means 24 to
adjust the pH of the slurry to 3 or lower or 12 or higher.
With the oxidation-reduction potential of the slurry being
measured, the oxidation-reduction potential of the cathode
C is adjusted to -0.16V or lower with respect to a hydrogen
standard electrode. In this state, heavy metals dissolve
in the contaminated solid material in the slurry, and are
electrolytically deposited on the surface of the cathode C.

At this time, the lower the electrode potential of the

tion-reduction potential of the slurry



68 cathode C, the higher the rate of the electrolytic deposition reaction
becones. If the electrode potential is too low (e.g., about -0.6V or |ower
in the case of lead), however, the heavy netals do not forma dense film
during 5 electrolytic deposition, but the film once forned, can be easily
peel ed under the shearing force of stirring. Thus, an appropriate el ectrode
potential is selected depending on the €®nditions of the contani nated
material or the apparatus. 10 [0136] The slurry lowers to the funnel -shaped

| over — portigpnghet B $hil hYgh@FMRhbORatanks2tndhihectrdaradicng a stirring
action by a stirring device. The cathode C |ocated at thé upper position

wWithin the gkgbkYthiehMeEa8BiohaBkcdmes . Prof eehede Yo EBrbAE p8LEAHEaRT @5ecting
menber 50. 15 Thus, the shearing force exerted by a slurry flow on the

surface of the gakhedegC,caBolie deceeasedib@ez LoWthadl Rse W13 Eadfhen the
observation of the current value shows a decline in the current value in

the negati VRo@k¥eeli @Ae hbaviSmeeafikr @Bdnblakolrmeal RhlseWtin dureny urry
formation 20 tank 2 has been conpleted. At this tine, the slurry is

pressures f ed1ketrbeyttbi depbatiitdoncpdudt @he3 £iWhEr @nice ifdrre@Ralcinedhd Nt 0
liquid and clarified dehydrated solids (solid dehydrated matter derived

fromsoil, shedge, peklsd, undeei neeakhearask, forceedifmMetixringhe Fhparat ed
solids are 25 withdrawn via the solid withdrawal |ine 36, and can be

handl ed as aai bppsbpaddateskileetriodel petenitdaladls erelidrted idepandialy kas not
been contam nated with the heavy nmetals. The separated liquid is either
recycl ed totheecshdityjons of the contaminated material or the
apparatus.
10 [0136] The slurry lowers to the funnel-shaped lower
portion of the slurry formation tank 2, while undergoing a
stirring action by a stirring device. The cathode C
located at the upper position within the slurry formation
tank 2 is protected with the cathode-protecting member 50.
15 Thus, the shearing force exerted by a slurry flow on the
surface of the cathode C can be decreased to a low value.
[0137] When the observation of the current wvalue shows a
decline in the current value in the negative direction, it
is confirmed that treatment within the slurry formation
20 tank 2 has been completed. At this time, the slurry is
pressure-fed to the solid-liquid separator 3, where it is
separated into liquid and clarified dehydrated solids
(s0lid dehydrated matter derived from soil, sludge, slime,
incineration ash, or sediments). The separated solids are
25 withdrawn via the solid withdrawal line 36, and can be
handled as soil, sludge, slime, incineration ash or the

like which has not been contaminated with the heavy metals.

The separated liquid is either recycled to the slurry



- 69 formation tank 2 via the liquid circulation line 40, or wthdrawn via
the liquid withdrawal |ine 38, and discharged as excess drain. [0138] The
heavy nmetals electrolytically deposited on 5 the surface of the cathode C
may be taken out of the system by replacing the electrode. Alternatively,
as a nethod of regenerating the electrode, the el ectrode potential may be
transiently raised to a value of the ord& of -Q 1V, for exanple, whereby
the heavy netals nmay be dissolved fromthe 10 surface of the cathode Cto

forma heav. t [ dj 4 o0 high a
potenti al (%ﬁ{ﬁ%@&%%gﬂﬁﬁ%l%£§?% %%% %g%gg%fpfﬂéggg%ggg %fgét&gde§£is appl i ed

during regeRefRil&fn oFid Nenel eE4nPdCwitREraRAET 1 Phe §8NSEhHUEEBENAPGed
el ectrode di ssolves per se. ThuS, the 15 electrode potential 1s adjUsted to

a potenti al g4 NeRPes@PPFPRI ate range, or the tine of high potenti al
application is rendered short. The recovered heavy netals are discarded as

a heavy metphigont am MROthey ¥ tAEs &EEYELETy BEcARRYYdBBbaktBAt 8hi als. 20
[0139] Fig. 4 is a schematic explanation drawi ng showm ng anot her enbodi nment

for thesshegiiéngufpace 6EPPhE€S6htBod€a0Smay b€l takéhcatitoprappar ayysem00
shown in Fig. 4 conprises a slurry formation tank 110 including a
cont am nat eply soépUacing ethal esepprydararsl tith dtairveslyppl 34 Ny me €iood agiE nat ed
25 solid material containing heavy netals, an acidic or alkaline substance
suppl y neanseddfefatisgpphgi ajjeabradedi theoelatkabllaepstibataatemag bat hode
113C for providing a reducing atnosphere to a slurry containing at |east
t he transiently raised to a value of the order of -0.1V, for
example, whereby the heavy metals may be dissolved from the
10 surface of the cathode C to form a heavy metal concentrate,
which may be recovered. If too high a potential (e.g.,
about 0.0V in the case of the copper electrode) is applied
during regeneration of the electrode, the material
constituting the electrode dissolves per se. Thus, the
15 electrode potential is adjusted to a potential in an
appropriate range, or the time of high potential
application is rendered short. The recovered heavy metals
are discarded as a heavy metal contaminant, or may be
recycled as heavy metal materials.
20 [0139] Fig. 4 is a schematic explanation drawing showing
another embodiment for the shearing force suppressing means.
A clarification apparatus 100 shown in Fig. 4 comprises a
slurry formation tank 110 including a contaminated solid
material supply means 111 for supplying a contaminated
25 solid material containing heavy metals, an acidic or
alkaline substance supply means 112 for supplying an acidic

or alkaline substance, a cathode 113C for providing a

reducing atmosphere to a slurry containing at least the



70 contam nated solid material and the acidic or al kaline substance, and a
shearing force suppressing neans for exercising control so as to decrease a
shearing force exerted by the slurry on the surface of the cathode and 5
maintain a state of contact between the cathode and the slurry. (0140] In
the present clarification apparatus 100, the reducing atnosphere is
provided to the slurry by the cathode TD3C di sposed within the slurry
formation tank 110, 10 an anode 113A, a cathode controlling reference

Gevi ce. o PO vaR aRp Sd o aameand i FEeaf0 e 1EMERLHR Tnoge T1aA
" the 15 VI T ot 416 © BT etE SRl lERaaeyor  CReT
posi 11 oned Betwer T 2 REhe e b A AR *Ra ke cont act

the 20 el ot TOTyT] & o ark Y vl Ve Tererancar of et ParnodgaRtas o

The stulry Tornar b ot 113t | rEReT e a0 ERtade 20 Bag, (014

moni toring herPRi ntenance of the slurry 25 in a strongly acidic atnosphere
or a strongly al'kaline atnosphere. The illustrated slurry formati on tank 110

al so i ncl ugdeps@ Wat ernwlgrm dipr{P{coUPPh YaPPa¥BERE WOOChthei N SOME
cases, becones necessary to formthe slurry. A

reducing atmosphere is provided to the slurry by the
cathode 113C disposed within the slurry formation tank 110,

10 an anode 113A, a cathode controlling reference electrode
(hydrogen standard electrode) 113B, and an external power
supply device for controlling applied voltages of the
cathode 113C, the anode 113A and the reference electrode
113B. The reference electrode 113B is disposed in the

15 vicinity of the electrode to be controlled (cathode). In
the illustrated embodiment, an electrolytic membrane
(diaphragm) M is positioned between the cathode 113C and
the anode 113A to weaken contact between the anode 113A and
the slurry. The cathode 113C, the anode 113A, the

20 electrolytic membrane M, and the reference electrode 113B
are located at an upper position within the slurry
formation tank 110.
[0141] The slurry formation tank 110 is furnished with a
pH meter 116 for monitoring the maintenance of the slurry

25 in a strongly acidic atmosphere or a strongly alkaline
atmosphere. The illustrated slurry formation tank 110 also
includes a water supply means 115 for supplying water which,

in some cases, becomes necessary to form the slurry. A



71 treated slurry withdrawal port 122 for wthdraw ng the slurry after

treatnent is provided at the bottomof the slurry formation tank 110. A

slurry punmp 123 for wthdrawing the treated slurry, and a solid-liquid 5
separation device 120 are connected to the treated slurry wthdrawal port
122. A circulating liquid supply neans (not shown) for recycling treated
wat er, obtained by solid- |liquid separatilom;, to the slurry formation tank
110 is connected to the solid-liquid separation device 120. 10 [0142] In

the "'“Strg%ama E?ngtW1£ﬂ8r§Q§g #Qgtf9556f0§u99Eﬁa§hagngﬁ%H% I ncl udes a

slurry with rovided Tn an upper portion o e slurry

formation t&fyry: o8l £r¥ré9£ﬁxeﬂt'0£é0 rmae&l tPERYI B84 bechattom of

t he tank, a tcircu atlng punp circulating t urry fromthe

slurry “ﬂthgiéff& Pefha%igntQahﬁel§burFN'siﬁ%f§“¥ﬁ$ﬁoﬁzﬁof6r118 and is
arranged to raise the slurry fromthe bottom'of the tank at a desired speed

and provi dey; fhdeawisg €REI eréheéaysmaf£¥cl 8ndl aeseniatua%man within the
slurry formation tank 110. 20 [0143] A stirring device 121 is provided in a

lover portiopaphtibs abvity fLQbﬁai:éoaohﬁé&tééotbotﬁéfft'r@'aQ@H' ¥1lughht the
slurry, which has been introduced through the slurry introduction port 118

into the slwitNatawaet peptt apk. m%lﬁ&ﬂ%%eﬂﬂ@ﬁid\%@ﬂ?ﬁ?aﬁéaﬁge heavy

nmetal ion 25 concentration in the slurry at the horizont evel in the
slurry fornmghbenshawk) €6t4fkcMexingatpeatedr edtemhodbiainedl byl abilfiyi-ng a

solid contam nated material, contam nated with heavy netal s,
liquid separation, to the slurry formation tank 110 is
connected to the solid-liquid separation device 120.

10 [0142] In the illustrated embodiment, the shearing force
suppressing means includes a slurry withdrawal port 117
provided in an upper portion of the slurry formation tank,
a slurry introduction port 118 provided at the bottom of
the tank, and a circulating pump 119 for circulating the

15 slurry from the slurry withdrawal port 117 to the slurry
introduction port 118, and is arranged to raise the slurry
from the bottom of the tank at a desired speed and provide
a desired solid slurry particle size distribution within
the slurry formation tank 110.

20 [0143] A stirring device 121 is provided in a lower
portion of the slurry formation tank 110 to sufficiently
stir the slurry, which has been introduced through the
slurry introduction port 118 into the slurry formation tank
110, thereby rendering constant the heavy metal ion

25 concentration in the slurry at the horizontal level in the
slurry formation tank.

[0144] Next, a preferred embodiment of clarifying a

solid contaminated material, contaminated with heavy metals,



72 wusing the clarification apparatus 110 will be described. [0145] First,
a solid material contamnated with heavy netals, such as soil, sludge,
slinme, incineration ash, or sedinments, is supplied to the slurry formation
tank 110 via 5 the contam nated solid material supply neans 111. If, at

this tinme, the contam nated solid material is in an wunsaturated state,
namel y, the voids of the contaminated -sé2id material are not saturated wth
water, a suitable amount of water is supplied via the water supply neans

115 10 or tHglﬁbrEHEaEnglkhﬂﬂkgoﬁuQpbérQQQQS1@@0h1§H0W@)g%%cra f£ve a

saturated state” The contam nated material supplied into the slurry

formation tapkat30 ispgtiskr, ea %adld matéeqalc%%%amwafa%baam/t@f
circulating liquid are mxed by stirring, to forma slurry. Wth the pH of

the 15 S'Urh&tﬁ@b“@sﬁ%&ﬁ%%e@ouilnglhh%epHsE&h%f i%@an@&a%&b%!%uﬂ§UQﬁ$a”C9 or
an al kal i ne substance is supplied via the acidic or alkaline substance

supply neangedldeh®sadiiesSsuppdieRHtol thae sahrhy fo@mdtQlonl @WKk Aol 3 1f
hi gher. Wth the oxi dat i on-r educti on potential of the slurry being

neasureds 2@neheotiataniadedr eduad aateetiant is qu meangatinade 1#3Caits
adjusted to -0.16V or lower with respect to t ydrogen standard el ectrode

113B. [0146khBy theieQpamnh’! icontaninaecd soulid magdepumn 1E9.ir ey resulting
slurry flows as an upward flow within the slurry 25 formation tank 110, is

wi t hdrawn viuastharated s tatiehdnanell yporthel 6iids oife thepefon@ntinated t he
slurry formation tank 110, reintroduced into the slurry formation tank 110
via the sl soljid matehial arepomot b urated wivh aster uavanditable
amount of water is supplied via the water supply means 115
10 or the circulating liquid supply means (not shown) to
achieve a saturated state. The contaminated solid material
supplied into the slurry formation tank 110 is stirred and,
in some cases, water and/or the circulating liquid are
mixed by stirring, to form a slurry. With the pH of the
15 slurry being measured using the pH meter 116, an acidic
substance or an alkaline substance is supplied wvia the
acidic or alkaline substance supply means 112 to adjust the
PH of the slurry to 3 or lower or 12 or higher. With the
oxidation-reduction potential of the slurry being measured,
20 the oxidation-reduction potential of the cathode 113C is
adjusted to -0.16V or lower with respect to the hydrogen
standard electrode 113B.
[0146] By the operation of the circulating pump 119, the
resulting slurry flows as an upward flow within the slurry
25 formation tank 110, is withdrawn via the slurry withdrawal
port 117 in the upper portion of the slurry formation tank

110, reintroduced into the slurry formation tank 110 via

the slurry introduction port 118, and flows as an upward



73 flow again. The speed of the upward flow of the slurry is adjusted by
the circulating punp 119. [0147] In the slurry flowng as the upward fl ow
within the slurry formation tank 110, a reduci ng atnosphere and a 5
strongly acidic or strongly al kaline atnosphere are maintained, with the
result that heavy netals fromthe contam nated solid material dissolve and
are electrolytically deposited on the sli#face of the cathode 113C. At this
time, the |ower the cathode potential, the 10 higher the rate of the

el ectrol yt ifjbg;pgé%ﬁlon .Irh%al \A%c%h ignptclﬁggeglgdgr l&ﬁtcﬂpdﬁu@%fﬁg%ﬂgﬁs t oo

| ow (e.g., ‘about BV or se of Tead), however,

eIectrolytig&%%%F?§pgiL$§% gﬁﬁﬁglg?%gasgggg?ﬁigforn1a dense film but the

filmbecone 1 ode potential is adjusted to an
appropriate . [ed4 T, r [ I b s f | owed
within the %?ﬁ??§ f or S 'Bhe $§%§£€1%¥°&E%§§%§ Sﬁ?iﬁgwg?&a?§?8e9§§P?Pc|e

di ameters afge PELSPPY FOHrRatPYR’ tRAKI 190,06 rblfcshY’ b¥mbepRREECAnKaRK 110,
while solids of snalt 20 particle dianeters flow in an upper portion of the

slurry 5f0F§@£6ﬂ§1§aﬂgiéig-thgﬁrohﬁﬁysthﬁiiﬁenhehBEBHe§€|59% of sl
particle dianeters flow in the nei ghborhood of the cathode 113C | ocated at

the upper pReiht@in¥bt hyDthheneskubnYtf ehaRt heavianktalq, £reemt Rk a shearing
force exerted 25 by solids of |arge particle dianeters on the surface of the

cat hode 1136ohtaRifstededolTAUnatbbealleay sorial andekeet rol ytically
deposited on the surface of the cathode 113C do not undergo the influence
of the sheaglegtto1¢eibilly deposited on the surface of the cathode
113C. At this time, the lower the cathode potential, the
10 higher the rate of the electrolytic deposition reaction
becomes. If the cathode potential is too low (e.g., about
-0.6V or lower in the case of lead), however, the
electrolytically deposited heavy metals do not form a dense
film, but the f£ilm becomes easily peeled. Thus, the
15 cathode potential is adjusted to an appropriate range.
[0148] The slurry formed into an upward flow is flowed
within the slurry formation tank 110, whereby solids of
large particle diameters are present in a lower portion of
the slurry formation tank 110, while solids of small
20 particle diameters flow in an upper portion of the slurry
formation tank 110. Thus, the slurry containing solids of
small particle diameters flow in the neighborhood of the
cathode 113C located at the upper position within the
slurry formation tank 110, so that a shearing force exerted
25 Dby solids of large particle diameters on the surface of the
cathode 113C is precluded. Thus, the heavy metals

electrolytically deposited on the surface of the cathode

113C do not undergo the influence of the shearing force by



- 74 the slurry, particularly, by the solids of |arge particle dianmeters
in the slurry, but can be deposited satisfactorily. [0149] Wen the
observation of the current value shows a 5 decline in the current value in
the negative direction, it is confirmed that treatment within the slurry
formation tank 110 has been conpleted. Then, the slurry punp 123 is
actuated to withdraw the treated slurry through the treated slurry

wi t hdrawal port 122 for its pressure-feeding to the 10 solid-liquid

reatod o ulhy FEosEys ek EREELE, hithe SERRARI bR aRRYR BreeRea
dehyd d | | d d ' A i1, slud
ol ime, i nci SEPRPTsRIaLh et TRFRRT oTE bRh B8 a¥EPantRE Ths rmy 10 be

handl ed as | slime, or incineration ash which has not been
contaninate%gt#?ﬁg%ﬁggﬁﬁ%Vy nmetals. The separated aqueous solution is

recycled topbhgeg! Ut inel OLAB! 688 1A0K, 110685 LACCLLEULAL 081 LedubiL0n 113

reuse, or di scharge e outside o he system as an excess

iquid. J 01501, The pRStntlaLERL 9hihbe: feRKy HELALIveekaGLialyl cally

deposited on the surface o cat e pertornmed as "expl ai ned

n connecti 9 whhBitfiga PRBEM BEUALAENE! 81 tRin2BnbOLShErE GorRakiod Schemtic

expl anati on draw ng showng a preferred enbodi nent of the present

i nvention WahgR 145eRas! SEEﬁOEMﬁlFEegE§§O|Tﬁé@P ; §iA§f£§%uﬁ\bclﬂﬁp9§iti0n

reactions to renove and recover [ead, cadmum etc.

actuated to withdraw the treated slurry through the treated
slurry withdrawal port 122 for its pressure-feeding to the

10 solid-liquid separation device 120. In the solid-liquid
separation device 120, the treated slurry is separated into
an aqueous solution and clarified dehydrated solids (solid
dehydrated matter derived from soil, sludge, slime,
incineration ash, or sediments). The separated solids may

15 be handled as soil, sludge, slime, or incineration ash
which has not been contaminated with the heavy metals. The
separated aqueous solution is recycled to the slurry
formation tank 110 as a circulating liquid for its reuse,
or may be discharged to the outside of the system as an

20 excess liquid.
[0150] The post-treatment of the heavy metals
electrolytically deposited on the surface of the cathode
113C can be performed as explained in connection with the
apparatus of Fig. 3.

25 [0151] Fig. 5 is a schematic explanation drawing showing
a fifth preferred embodiment of the present invention which
uses electrolytic dissolution and electrolytic deposition

reactions to remove and recover lead, cadmium, etc. A



- 75 clarification apparatus 100A shown in Fig. 5 conprises a
clarification reaction vessel 2 including a contam nated solid nateri al
supply nmeans 22 for supplying a contam nated solid material containing
heavy nmetals, an acid or alkali 5 supply nmeans 24 for supplying an acid or
an alkali, and a reducing atnosphere providing neans for providing a
reduci ng at nosphere. The clarification-réaction vessel 2, in the present
exanpl e, is conposed of an upstreamslurry fornmation section 2a and a

downst r eam 8?8%&%%91@1§ﬁc%bgﬁr%lﬂus19obﬂ LRLI S ARG, &5 [ mat i on

section 2a IS a Ve rcul ar cross section, and fh separa I on

section 2b biah"f?n%%%&%ﬁe \5‘%&%?1' v%fssélsria'ih%rlu\@h%h d ULt dnfihatldd 1Y

formati on section ucl ng at nosp her e providlng neans conpri ses a

first anodeséﬂdaﬂ.qggraﬁqo@qpiﬁyan.g%sAz% %%p%% ?)l‘yltn@ 2 té%t}grggfaaéé en

section 2b cathode for dissolution control erence el ect B-1 and

a pair of C%bﬁ@ﬁemﬁQerbﬁs%bﬂ&b&ﬁ%ng h%a%gdmgtbﬁsd'%&P%%id'dktéfkéif”ry
formati on section 2a, and a cat hode™f eposition control reference

el ectrodg B’sapﬁ'lg meanlshode £39 ppdeRAY tan0RCEW oFH Pk PEt Wesl the first
anode A-1 and e cathode for dissolutions C-la and C-1b. There are al so

provided a frielsiciRgVRtmdepRleredPHoia didly aRRNY %xagr@vsﬁﬁrt& igon potenti al
bet ween the cathode for dissolutions C-la, CIlb and the second anode A-2,

and a secongepR¢ahglat r@evi eRef 8la2Rpiyhtfiod @6RC%EHLNORRAEENDI Al
between the cathode for deposition G2 and the first anode A-1. [01521 The

reference eligctthedeseldehtartkaimpl egr d seampodieM VTG Nigderaaidlidnryf the
el ectrode to be controlled

formation section 2a and a downstream separation section 2b.

10 In this example, the slurry formation section 2a is a
vessel of a circular cross section, and the separation
section 2b is a rectangular vessel of a smaller width than
the slurry formation section 2a. The reducing atmosphere
providing means comprises a first anode A-1 and a second

15 anode A-2 disposed within the separation section 2b, a
cathode for dissolution control reference electrode B-1 and
a pair of cathode for dissolutions C-la and C-1b disposed
in the slurry formation section 2a, and a cathode for
deposition control reference electrode B-2 and a cathode

20 for deposition C-2 disposed between the first anode A-1 and
the cathode for dissolutions C-la and C-1b. There are also
provided a first power supply device for applying a
dissolution potential between the cathode for dissolutions
C-la, C-1b and the second anode A-2, and a second power

25 supply device for applying a deposition potential between
the cathode for deposition C-2 and the first anode A-1.

[0152] The reference electrodes B-1 and B-2 are each

disposed in the vicinity of the electrode to be controlled



76 thereby. The slurry formation section 2a is desirably furnished wth a
devi ce for honobgenizing the slurry inside it, for exanple, a stirrer.
Further, the slurry formation section 2a nay be provided with a water
supply means 26 for 5 supplying water, and a circulating liquid supply neans
40a for reusing treated water after solid-liquid separation. A pH neter

el ectrode 28 for neasuring the pH of therglurry is inserted into the
clarification reaction vessel 2. A solid-liquid separation device 3 for

lid-1iquigd 10 ' f | ur, f d i h jfi '
Foact] on vebheredy aie, Wiy, Knmrtipn e dip e (Fa bty be
!nstalled. %n Oigﬁr thg%htge reducif(gr tnnsghege on Qe gatgode ég g i S not
i mpai red by he ??dv g agﬁ%ﬁﬁﬁe g RRYITRYZ5RIt hRCaRbHE Fon& nmeasur e
15 be t h h t t,hod d
Zone ot Spabba Sohr FRRBRLe oacs BEREED:  Jumtlferr M R PNy S rmatfeda

t hod . . i Sj
G aphr agm weeP bR 28 00aF B8 Brofiabllus PhoA 8aB8rChuBphol Aaatink Fhit, |
f 2Q th cali ti b _t ' ' [
(rom 20 tNeuB6P9IAL fR-aEcl i 20k Ack g Shir LY ohORTBLLATy ke 407 1 o

t ami nat . , . b Gl _ 100A Wi |
e toscr  beno  FEPupEAYYEERELE wHELATAEREy Cb2iNTATENLANRBRRARLHE. LR

e oy P mEHESEcBk R SACEORT Ghionrtny 1Ak BAULERRLS. dibrayntl o,
supply nmeangnddrtbh, iAtol Bhé EhBRifiB8tion reaction vessel 2. A

so0lid-liquid separation device 3 for solid-liquid

10 separation of the slurry formed in the clarification
reaction vessel 2, and a slurry pump 34 for slurry
transport may be installed. In order that the reducing
atmosphere on the cathode zone is not impaired by the
oxidizing atmosphere generated on the anode zone, a measure

15 may be taken, such as the placement of the cathode zone and
the anode zone at spaced apart locations, the presence of a
water flow from the cathode zone to the anode zone, or the
provision of a porous wall or a diaphragm M. In this
example, a circulating pump for returning the liguid from

20 the separation section 2b to the slurry formation section
2a is provided.
[0153] A method of clarifying a solid contaminated
material, contaminated with heavy metals, using the
clarification apparatus 100A will be described. First, a

25 solid material contaminated with heavy metals, such as soil,
sludge, slime, incineration ash, or sediments, is supplied

to the clarification reaction vessel 2 via the contaminated

solid material supply means 22. If, at this time, the



..................... - 77 contam nated solid material is in an unsaturated
state, nanely, the voids of the contam nated solid naterial are not
saturated with water, a suitable anobunt of water is supplied via the water
supply means 26 or the circulating 5 liquid supply nmeans 40b to achi eve a
saturated state. [0154] Wthin the slurry formation section 2a of the
clarification reaction vessel 2, the §Uﬁﬁyréd contam nated solid materi al
is stirred and, in sonme cases, water and/or the circulating liquid are or

is nmixed Webnsdmifat@d $6118 metdtraas! Lsryn Mténsheupkel sbatslurry being
measured wusing the pH neter electrode 28, an acid or an alkali is added

via the acighmélyp) kethé SoD@sYofrethse @dntamddhtsd sbeidphatérihe sterry to 3
or lower or 12 or higher. Wth the oxidation-reduction potential of the

slurry bei ngotresstiicdtedSwitie watenl i ansuttiapléoampahenbEakatet ibe cat hode
for dissolutions CGla, CIlb and the cathode for deposition C2 are

adj usted t osufplbddoviaotviee watérreapply meanse26hygdr opencsranldlatiing
el ectrodes. [0155] In this state, heavy netals of the contam nated 20 solid
mat eri al5 di 3sghi@ supplyheeshsr49b todatheaveeaesbtorytedakkytdeposit on the
surface of the cathode for deposition CG2. At this tinme, the |ower the
potential, fG&54hi gheWithénrthe slurhy £bzmatdoyt sectiéposkai o thacti on
becones. If the potential is too low (e.g., about -0.6V or 25 |ower in the
case of | ead}arhbiegtiontheahtiop wesaes do thet sfipphieddenstamihatedri ng
el ectrolytic deposition, but the film once forned, becones easily peel ed.
Thus, an solid material is stirred and, in some cases, water and/or
the circulating liquid are or is mixed with stirring, to
10 form a slurry. With the pH of the slurry being measured
using the pH meter electrode 28, an acid or an alkali is
added via the acid or alkali supply means 24 to adjust the
pPH of the slurry to 3 or lower or 12 or higher. With the
oxidation-reduction potential of the slurry being measured,
15 the oxidation-reduction potentials of the cathode for
dissolutions C-1la, C-1b and the cathode for deposition C-2
are adjusted to -0.16V or lower with respect to the
hydrogen standard electrodes.
[0155] In this state, heavy metals of the contaminated
20 solid material dissolve into the slurry, and then
electrolytically deposit on the surface of the cathode for
deposition C-2., At this time, the lower the potential, the
higher the rate of the electrolytic deposition reaction
becomes. If the potential is too low (e.g., about -0.6V or
25 lower in the case of lead), however, the heavy metals do
not form a dense film during electrolytic deposition, but

the £ilm, once formed, becomes easily peeled. Thus, an

appropriate potential should be selected depending on the



appropriate potential should be sel ected depending on the - 78 conditions
of the contam nated material or the apparatus. [0156] Then, the slurry is
pressure-fed to the solid- liquid separator 3 by neans of the slurry punp 34
to be separated into an aqueous solution and clarified dehydrated 5 solids
(solid dehydrated matter derived fromsoil, sludge, sline, incineration
ash, or sedinents). The separated soli d$ Gan be handl ed as soil, sludge,
sline incineration ash or the |ike which has not been contaninated with

the heavy sgid@ iodd€osengs a&&sitmyédsfﬁaeéwalléretweap Qrhggycl ed as a
circulating li1quid, or drained as an excess |liquid. [0157 he heavy netals

el ectrol yticgdd¢1 depophéed oe $hersyriaceroésthe- Eéahesletﬁerseﬁmesmon G2
are usual ly taken out of the system by replacing the el ectrode. 15

Al ternativeliqub® fepBifOsr 03 BEURELIAt dbNJthdesTaiFPdpuhpr 34degosition C 2,
t he cat hode for deposition potential is transiently raised to a val ue of

the order dfepdrddedf§ Diitoexmnieeoubesebytibe acavylseisisdanengasatkned
fromthe surface of the cathode for deposition G2 to forma heavy 20 netal

concent sat esohd€h( $611@caukryetatddimabeerydseiatd £00mepbial esiaddescar ded
as a heavy netal contam nant, or can be recycled as heavy netal materials.

If, at thisslim®, ihednérgbienpasientonl sé@igentaboutTKe Qepardtedcase of the
copper electrode) is applied to the cathode for deposition 25 C2, the
materi al coslidsit cag béchaadbedeas osoilbkpositidga, €12mdi ssntyaerpehose.
Thus, it is desired that the potential for regeneration of the cathode for
depositi on ash or the like which has not been contaminated with the

heavy metals. The separated aqueous solution is either

10 recycled as a circulating liquid, or drained as an excess
liquid.

[0157] The heavy metals electrolytically deposited on
the surface of the cathode for deposition C-2 are usually
taken out of the system by replacing the electrode.

15 Alternatively, as a method of regenerating the cathode for
deposition C-2, the cathode for deposition potential is
transiently raised to a value of the order of -0.1V, for
example, whereby the heavy metals are dissolved from the
surface of the cathode for deposition C-2 to form a heavy

20 metal concentrate, which is recovered. This heavy metal
concentrate is discarded as a heavy metal contaminant, or
can be recycled as heavy metal materials. If, at this time,
too high a potential (e.g., about 0.0V in the case of the
copper electrode) is applied to the cathode for deposition

25 C-2, the material constituting the cathode for deposition
C-2 dissolves per se. Thus, it is desired that the

potential for regeneration of the cathode for deposition

C-2 be set in a range where the cathode for deposition



C-2 be set in a range where the cathode for deposition 79 nmaterial does not
di ssolve, or the tinme of high potential application be controlled to a
short tinme. If a pair of the cathode for depositions C-2 are provided, and
one of themis taken out alternately, the operation of the 5 apparatus can
be perfornmed continuously. [0158] In the enbodinent illustrated in Fig. 5,
the reaction vessel 2 is conposed of thesdurry formation vessel 2a of a
circular cross section, and the slurry separation vessel 2b of a

rectangul ar cross section, th tirrer | s positione the center of the
Sl urry ford%?F%ﬁlai cdoed "bat "Gageel ecoﬂFaﬁPﬁaFé8358F|g Bl BPESRC gl |
nmeans t he aC| and t he ter upﬁﬁy nmeans

a

%6 are proviBRHEGEEhShoBP: FOR P RhRr FRaR SRObhaBLRA -t ol E b RATFARES fo t he

I i d I h
ZCFE{Z or " é?%a??ﬁ%gé t?5n98P°aﬁg1&BFeee§3§5?l %8g%agh?ﬁ%% IE%%grE?orn;t?on
vessgl 2a are stlrr d._and r g I n t? %brcunf%r leal t%fCtlon and
carried ama TBwWAP d ?hgn g r?; EBgFS Y on B8 SBPT3E 1R REe Pfhe vel ocity of
t he 20 fl ' h i lled by th | at
puﬁp t o "be ¥8§26¥FHggg%ﬂeb%bgvegﬁ%ﬁ%agﬁgakinﬁgngn?érgntigl rgtaf:gﬁglasbggd.

By 30 4ol nggi 58y SheRhl Ble! hESadhehbe; s300008 LA 1ioRey) { on dg the 20

section can ppr esse contac athdde or

di ssol ut{ ongegolabicyebELS! 9ngk Shnflbsss! Url e LEALYS ZRoaRtuN bei ng

mai nt ai ned. trc explanatory awi ng s
vessel 2a of a circular cross section, and the slurry

separation vessel 2b of a rectangular cross section, the

10 stirrer is positioned at the center of the slurry formation
vessel 2a, and the contaminated solid material supply means
22, the acid or alkali supply means 24, and the water
supply means 26 ére provided at a position diametrically
opposed to the entrance to the slurry separation vessel 2b.

15 Thus, the solid contaminated material, the acidic or
alkaline substance, and water supplied into the slurry
formation vessel 2a are stirred and rotated in the
circumferential direction, and carried away toward the
slurry separation vessel 2b. Hence, the velocity of the

20 carry-away flow in the 2b section is controlled by the
circulating pump to be lower than the above-mentioned
circumferential rotational speed. By so doing, the
shearing force on the cathode for deposition in the 2b
section can be suppressed, with the contact with the

25 cathode for dissolutions and the efficiency of dissolution
in the 2a section being maintained.
[0159] Fig. 7 is a schematic explanatory drawing showing

a sixth preferred embodiment of the present invention which



a sixth preferred enbodi nent of the present invention which - 80 uses

el ectrolytic dissolution and electrolytic deposition reactions to renove
and recover heavy netals. A reaction vessel 2 shown in Fig. 7 is a

contam nated solid or liquid material clarification apparatus conprising a
slurry or 5 contam nated material supply neans 22 for supplying a

contam nated solid or liquid material eo®&®atning heavy netals, an acid or
al kal'i supply neans 24 for supplying an acid or an alkali, a cathode C

t th t . 2 N tact it h I I d,
B o oyl | naPPes) SIE6LEoRXEE BroBedUeisheant: RIRFIGRITTAE APTRSSSg0Rd i ¢ he
reacti on vessel and, cl osed_ at tgt bottom thereoftgﬁn de A I gosed in
pot nF?gF

t he |nter|oFe8thﬁgs 3.a6ﬁP§§n1&H TRCodRd geFEHU@F viding
means. o7 (BE8KLg 99 ACLRIUE! EOB P! 9B LAohe G Aads G o 15 e

reaction ve s desir e to provi user ! or e |ike

as a devi Cemge LTI WLE S I #&i‘s‘l% ta el there may

be provi ded supp y neans supplyrng water, C|rculat|ng

| d | 0 £5)
ol d- |?%5P%‘2§%§‘?§Ff%ﬁ“ﬁé’vﬂe%’é%§s SebIa el 2 i rsr“ﬁ’ﬁ?&’é‘rgf &ine 40) for
reusing ”e%ﬁ‘ﬂam €Eredafstoflr S g1l %g%%lﬂr Al ICQ)Qlta[lQljl % e hod of

clarifying a solid or |qU| contam nated material, conta with heavy

metals, 25,43AG the RAG 02N 21§38 stippiky rr@nanq:esqur ifRd sdfiprl%ztl’nga a%ol id or

liquid material contam nated with heavy nefals, such as sol
slime, incigerdl o3 aaski1xsadi, ™Nicithode C present in the reactlon

vessel 2 and in contact with the slurry or liquid, a

10 cylindrical, box-shaped or bag-shaped diaphragm unit M
disposed in the reaction vessel 2 and closed at the bottom
thereof, an anode A disposed in the interior of the
diaphragm unit M, and a reduction potential providing means
for providing a reduction potential to the cathode C. 1In

15 the reaction vessel 2, it is desirable to provide a gas
diffuser 8 or the like as a device for controlling a
reaction liquid inside it. Further, there may be provided
a water supply means 26 for supplying water, and a
circulating liquid supply means (slurry transport line 32,

20 slurry pump 34, solid-liquid separation device 3,
circulating liquid transport line 40) for reusing treated
water after solid-liquid separation.
[0160] A method of clarifying a solid or liquid
contaminated material, contaminated with heavy metals,

25 using the reaction vessel 2 will be described. First, a
solid or liquid material contaminated with heavy metals,
such as soil, sludge, slime, incineration ash, sediments,

industrial water, surface water, groundwater, or seawater,



I ndustrial water, surface water, groundwater, or seawater, 81 1is supplied
to the reaction vessel 2 via the contamnated solid or liquid materi al
supply nmeans 22. If, at this time, the contam nated solid or liquid
material is in an wunsaturated state, nanely, the voids of the contam nated
5 solid material are not saturated with water, a suitable anount of water
I's supplied via the water supply neans-2861 or the circulating liquid supply
nmeans (32, 34, 3, 40) to achieve a saturated state Wthin the reaction

vessel 2, the su i ed. copt am nat d solid o Ii eri i.s 10 stirred
e somkPeaubbRi el 6 CEhe b PR Soby araLi ag Mal they ot agiRet & oy by
stirrin to ornta Lurr or tion. Wth the of_t he sl ein
neasureg usPRYT] OpH-dald §1‘?§\M’f} &ﬁ' é'belad‘sorzogh ial?tlgma%d hm?/tga
the acid or,alkali he.pH af t.he 15 slurry to 3

or lower ort15 §PP ﬁ?ﬁﬁggt¥EBsﬁ 1Pﬁ§rt ? WaE855§&t%§ Br 8 di ng neans, a
ko o g, SR HEL 4, LN B C 1

current gengihygl ﬁxatga%lt 8r$19A‘tLSthuEQ%eﬁe%ittﬂr w(#%?: 2% 't’ZﬁJ cat hode

potential or current ensity varies greatly “according ‘to the concentratlon

O 1124 OnL AEAR! o By 30386001 1R vABDRKA Uaecs B AR O 121

applied potential is selecied a Ing to the ¢ ter
conpl etion ctL ] S§ 0 d PQSiiot i regctijPns,o t he
slurry is p?%éghgeh 15h a%lﬂg ?PP&L%P%@iE §§€§%a8§3 %Q %gaﬁgﬂof t he

slurry pumpaghikQe R€ s%%ﬁ%%%teﬁd stk .anw'ilgﬂﬂ?uﬁhéOJ:HEEQQoﬁnQe%E@fL' bi ed

the supplied contaminated solid or liquid material is

10 stirred and, in some cases, water and/or the circulating
liquid are or is mixed by stirring, to form a slurry or
solution. With the pH of the slurry being measured using a
PH meter (not shown), an acid or an alkali is added via the
acid or alkali supply means 24 to adjust the pH of the

15 slurry to 3 or lower or 12 or higher. Using the reduction
potential providing means, a reduction potential is applied
such that the potential of the cathode C is -0.16V or lower
with respect to the hydrogen standard electrode, or the
current density is +0.01 to +10A/L of the reactor. The

20 optimal cathode potential or current density varies greatly
according to the concentration of the contaminant or the
shape of the apparatus, so that an appropriate applied
potential is selected according to the conditions.
[0161] After completion of electrolytic dissolution and

25 deposition reactions, the slurry is pressure-fed to the
solid-liquid separator 3 by means of the slurry pump 34 to
be separated into an aqueous solution and clarified

dehydrated solids (solid dehydrated matter derived from



dehydrated solids (solid dehydrated matter derived from- 82 soil, sludge,
slinme, incineration ash, or sedinents). If the contam nated material is a
liquid, the solid-liquid separation step is not necessary. The separated
solids can be handled as soil, sludge, sline, incineration ash or the 5

| i ke which has not been contan1nated with the heavy netals. The separated
aqueous solution is either recycled as a82circulating liquid, or drained as
an excess liquid. The heavy netals electrolytically deposited on the

surface of ghhe caihede, forifeposhtiABretabh HEHAl by E@h@ﬂeﬁ%E)Of the 10
system by replacing the el ectrode. Alternatively, as a nethod

regener ati nghbhgofithh®Agtéarmdepeshli 98 & 1t188iacathedeoien- d&agiatlon
potential may be transiently raised to a value of the order of -0 1V, for

exanpl e, whgephyathien HeapyiBehalkSnBB¥sbarg. ssmeesepaparédessuidaceant the
15 cathode for deposition Cto forma heavy netal concentrate, which nmay be

recovered. thBenhfiav¥dnekakogdncenudgke eanmbe idcsaairdedoas aghheavyheet al
contam nant, or recycled as heavy netal materials. If, at this tinme, too

hi gh pa enlikk ¢Righ, habonbtObe¥ni pohhaméaatedf wila thppheazq aletatlsode) is
applied, the material for the cathode for deposition dissolves per se.
Thus, it isTHessepdrahatli ahaeopst enlluabiohoisr edeheratreeycakd las @at hode for
deposition be set in a range where the cathode for deposition nmaterial
does not di ssvkudatdngt héquide ofr drglinpdt ent anl eXGeagplligatiidon Dee
controlled to a short tinme. Exanples [0162] Hereinbel ow, the present
i nventi on whebvlyjemetals electrolytically deposited on the surface of
the cathode for deposition C are usually taken out of the
10 system by replacing the electrode. Alternatively, as a
method of regenerating the cathode for deposition C, the
cathode for deposition potential may be transiently raised
to a value of the order of -0.1V, for example, whereby the
heavy metals may be dissolved from the surface of the
15 cathode for deposition C to form a heavy metal concentrate,
which may be recovered. The heavy metal concentrate can be
discarded as a heavy metal contaminant, or recycled as
heavy metal materials. If, at this time, too high
potential (e.g., about 0.0V in the case of the copper
20 electrode) is applied, the material for the cathode for
deposition dissolves per se. Thus, it is desired that the
potential for regeneration of the cathode for deposition be
set in a range where the cathode for deposition material
does not dissolve, or the time of high potential
25 application be controlled to a short time.
Examples

[0162] Hereinbelow, the present invention will be

described in further detail by Examples, but is in no way



described in further detail by Exanples, but is in no way 83 I|imted by

t hese Exanples. The test material used in these Exanples is soil containing
predet erm ned concentrations of heavy netals, the soil being prepared by

i ncorporating heavy netals into soil collected fromw thin the prem ses 5
of various plants. [0163] [Exanple 1] Electrolytic deposition and renoval
test on | ead-contam nated soil As shownh §h Fig. 1, a cation exchange
menbrane (NEOSEPTA CMB, Tokuyana Corp.) was installed at the center 10 of

a 2000 nL PLENQ4ASDyeand96 tRafpYbde M readt Giatdttal WesPrih Ofiese
creating a cathode zone and an anode zone. [0164] In the cathode zone, 100

g of spari ngkdmyBéeris SQbUDI 8oheadhfrgt prbaste8msRl £bRAENELALEBHSS 0200
ng/ kg dry soil; site of collection: A paint factory), 800 nL of 15 tap

water, and Béavy métdld, hyHeosbiorbeingi frvpaseaddgdincargoshitingd at a
speed of 500 rpmwith a Teflon (registered trademark) agitating blade to
establish ahéesy myBaEs int616611AcedlbetedasramCRpPRRinWEhE Pekintigegswas

inserted into the test system and connected to an anode via a 20
pot ent i @st adf (€ansdéastppahesti al power supply device). [0166] In the anode
zone, 800 nL of tap water and 5 nL of 1:1 hydrochloric acid were added, and
an anode of [0péaphit e[ Raamphsel]edlddhty]ythic edepesitei @h eatid ofdemaaal
inserted into the 25 cathode zone, and the potentiostat was adjusted such
that the ctésbdenpdeadtcahtanihdtbd s0125V with respect to a hydrogen
standard el ectrode potential. After the cathode
As shown in Fig. 1, a cation exchange membrane
(NEOSEPTA CMB, Tokuyama Corp.) was installed at the center
10 of a 2000 mL PLEXIGLAS reactor to divide the reactor into
two portions, creating a cathode zone and an anode zone.
[0164] In the cathode zone, 100 g of sparingly water-
soluble lead-contaminated soil (lead content 5,000 mg/kg
dry soil; site of collection: A paint factory), 800 mL of
15 tap water, and 50 mL of 1:1 hydrochloric acid were added,
and stirred at a speed of 500 rpm with a Teflon (registered
trademark) agitating blade to establish a test system.
[01l65] A cathode as a copper wire netting was inserted
into the test system, and connected to an anode via a
20 potentiostat (constant potential power supply device).
[0166] In the anode zone, 800 mL of tap water and 5 mL
of 1:1 hydrochloric acid were added, and an anode of
graphite was inserted.
[0167] A reference electrode was inserted into the
25 cathode zone, and the potentiostat was adjusted such that
the cathode potential would be -0.25V with respect to a
hydrogen standard electrode potential. After the cathode

potential reached -0.25V, an operation was performed for



potential reached -0.25V, an operation was perforned for 84 20 m nutes.
Then, a slurry within the reactor was suction filtered using a G-/B filter
paper to carry out solid- liquid separation. During the reaction tine, the
pH of the slurry in the cathode zone was naintained at 1.0 or lower. 5
After suction filtration, the |lead concentration in the filtrate and the

| ead content of the soil after filtratiog4 were neasured by the atomc
absorption nmethod. Using the sane experinental apparatus, a control system
set to have_a cathode potential h respect to the hydrogen 10 -

f OOV, Wt
st andar d eIé@tW&HHtﬁﬁten??%P'm%sngﬁ¥YaV}¥$§BbFB€tEaaFﬁorSWGFi5H°FFPPration
d lid-1iquid tion, | Qu b i the | ead co trati

Th the {11t FALECERE ERONSG AP SLLERR PAREON FoTRBTd A St Shown i n
Table 1. | 168hd[TabIe %# 15 Tﬁble 1 Results gt el ctrol¥b%c geB s%_ion and
renmoval t est 984S S8 LM nat BEIRSi FEi §TFE pREsE'Ead eEnBENPFat®6n of
Iead.(Rate.oE ggigh% t pe%kﬁ% %agos S%%ﬁld%%%%l%ﬂe %pgp H;atiqp

renai ni ng i f §oiF (lcat 5de potenti-a (‘;rg]te i grﬁ RaTs O (rate

¢ : di but i Cepr . | oct nia 1 aui 5

"nto soif opLHEF THSTiSHEae AR ;R JRE SR et o S ap 55, %
98. 99 Conpt, . 7 . 49 .89 89 *
Rate of | cad GOTERE GTm TBUTEST SerLeitodh adle 8 Tl fRiidrdch O

subtracti onLtamdee J:RR0 B dtdni?e ¥drptAdifhedda. Using the

same experimental apparatus, a control system set to have a
cathode potential of 0.0V with respect to the hydrogen

10 standard electrode potential was similarly subjected to
suction filtration and solid-liquid separation, followed by
measuring the lead concentrations in the filtrate and the
soil after filtration. The results are shown in Table 1.
[0168] [Table 1]

15 Table 1 Results of electrolytic deposition and removal
test on lead-contaminated soil

Liquid phase lead Concentration of lead
Experimental system | dissolution concentration |remaining in soil
(cathode potential V) | (rate of weight distribution | (rate of weight distribution

(Rate of weight
distribution onto
electrode %)*

into liquid phase %) into soil %)
Test system (-0.25V) 0.05 mg/L (0.01%) 52 mg/kg (1.0%) (98.9%)
Control system (0.0V) 173 mg/L (43.4%) 2349 mg/kg (46.8%) (9.8%)

* Rate of lead weight distribution onto electrode was
determined by subtraction from the lead weight in the soil
added.

20
[0169] Table 1 shows that the slurry containing the
heavy metal-containing contaminated solid material was

maintained in a strongly acidic atmosphere and a reducing



[0169] Table 1 shows that the slurry containing the heavy netal-containing
contam nated solid nmaterial was nmaintained in a strongly acidic atnosphere
and a reducing - 85 atnosphere, whereby nore than 98% of the sparingly
soluble |ead adhering to the soil was deposited on the cathode, and
removed fromthe soil and interstitial water. [0170] [Exanple 2] El ectrode
reduction cleaning test on 5 mercury-tdht anm nated sedi nents As shown in
Fig. 2, a cation exchange nenbrane (NECSEPTA CvB, Tokuyama Corp.) was

instal | ed afe}BeoRERt eTwngleBy 20Pe EnEhEXRELAB tRECLRE LAYy VLdRybAE

reactor into ftwo portions, eating a cat hode zone and an~anode zone. 10

[0171] In tf@a&aéﬁﬁgfiﬁgﬂgo 100 9091 wRE'hBPbY¥iveAehn $ALUBLRhode, and .
mer cury- cont am nat ed sediments (total nercury content 125 ng/kg dry soil

site of collgréiea: rBoflr HHe BbENtAnA8PRtBEsPitiAR wAter. and 50 nL of 1:1
hydrochloric acid were added, and stirred at a speed of 500 rpmw th a 15

Teflon (regisieogd tragdeampke 29 tRldderddddeeade€idd UsSBEanPh§etéSt én
nitrogen gas was inserted to expose the cathode zone to nitrogen at a rate

of 10 nuyniﬁer¢ﬂryhbsnﬁgmmﬁatea_ségsmeﬁygtenlmas established. [0172] A
cathode as a titaniumw re netting was inserted 20 into the test system

and connected toaanspewdeidi Rig. POt anthesbat exthahgapmehdraas di schar ged
fromthe cathode zone, a gas cleaning bottle incorporating 100 nL of 1:4

sul furic ac{NEOSEP®ANCHME, pTbRaFamaA perpufganst énct@1geld) atwaheC @enteired to
the reactor. 25 [0173] In the anode zone, 800 nlL of tap water and 5 niL

of a 2000 mL PLEXIGLAS reactor to divide the reactor into

two portions, creating a cathode zone and an anode zone.

10 [0171] In the cathode zone, 100 g of sparingly water-
soluble mercury-contaminated sediments (total mercury
content 125 mg/kg dry soil; site of collection: B drug
plant), 800 mL of tap water, and 50 mL of 1:1 hydrochloric
acid were added, and stirred at a speed of 500 rpm with a

15 Teflon (registered trademark) agitating blade. A diffuser
pipe for a nitrogen gas was inserted to expose the cathode
zone to nitrogen at a rate of 10 mL/min. In this manner, a
test system was established.

[0172] A cathode as a titanium wire netting was inserted

20 into the test system, and connected to an anode via a
potentiostat. To trap the gas discharged from the cathode
zone, a gas cleaning bottle incorporating 100 mL of 1:4
sulfuric acid containing potassium permanganate (50 g/L)
was connected to the reactor.

25 [0173] In the anode zone, 800 mL of tap water and 5 mL
of 1:1 hydrochloric acid were added, and an anode of

graphite was inserted.

[0174] A reference electrode was inserted into the



of 1:1 hydrochloric acid were added, and an anode of graphite was inserted.
[0174] A reference electrode was inserted into the 86 cathode zone, and the
potenti ostat was adjusted such that the cathode potential would be -0.46V
with respect to a standard hydrogen el ectrode potential. After the cathode
potential reached -0.46V, an operation was perforned for 5 20 m nutes. Then,
a slurry within the reactor was suction8&idtered using a G-/ B filter paper
to carry out solid- liquid separation. The pH in the cathode zone was

mai nt ai ned & vilode o 8YiCing Th 995 LECINL AL "FAS1 045 UBRea! LABROENDY (he gas

cl eaning bottle as a heavy neta er suctron frltration,

total nerc i it Bl rat copntent of the
”gl?!? W‘% Z;%d»@éhtié‘l woulid!lbé @.?ﬂ@ W en NBESPE ¥ CRBL §!

sedi ment s i on were neasured by e heated vapor atonic

absorpti on geif@shra TheasOHERNE 186+ PHAOT pHBERHL N1 L T PG | the &RtIgGge C! €ani ng
bottl e was neasured by the atom c 15 absorption nethod. [0175] Using the

sanme experi M iAPPREAENEQ 20 COOW! Ohn SY&LEM SRIwhe Pa¥Eoameat ede
potential of +0.2V with respect to the hydrogen standard el ectrode

potenti a wag mEhvtéal | Yraib) eftadir®y SHGHGD fHd tredd o afdgls Sohé€idh qui d 20
separation, followed by neasuring the mercury concentrations in the

filtrate, ipiibere@thsengsaabrep rfiitérapapsor apdcapriyheugasotligani ng
bottle. The results are shown in Table 2. [0176] [Table 2] 25
ligquid separation. The pH in the cathode zone was
maintained at 1.0 or lower. The gas from the reactor was
trapped by the gas cleaning bottle as a heavy metal trap.
10 After suction filtration, the total mercury concentration
in the filtrate and the mercury content of the sediments
after filtration were measured by the heated vapor atomic
absorption method. The concentration of mercury trapped in
the gas cleaning bottle was measured by the atomic
15 absorption method.
[0175] Using the same experimental apparatus, a control
system set to have a cathode potential of +0.2V with
respect to the hydrogen standard electrode potential was
similarly subjected to suction filtration and solid-liquid
20 separation, followed by measuring the mercury
concentrations in the filtrate, in the sediments after
filtration, and in the gas cleaning bottle. The results
are shown in Table 2.

[0176] [Table 2]

25



- 87 Table 2 Results of dissolution test on nercury-contam nated sedi nents
Experinental Liquid phase nercury Concentration of nercury Concentration of
mercury system dissolution concentration renmaining in sedinents trapped in
gas cleaning (cathode (rate of weight distribution (rate of weight
distribution bottle potential V) into liquid phase % into sedinents %
(rate of weight distribution into gas ffYase W * Test system 0.03 ng/L
(0.03% 1.0 ng/kg (0.8% 124 ng/L (99.2% (-0.46V) Control system 10 ng/L
(649 16 Moplen{12. BRAo@PLOUE §2352%6c1640:21 69177] Table 2 shows that

99% of the sparingly so to the sedi ments was

L
renoved fromthe seUPhERTE" gﬂﬂt?ﬂfg?é¥?t§3$l gﬁ? by applying a reduction
potential [under acidic conditions. [(0178] [Exanple 3] Jence . aphragm
on el ect ri@kperimentdie poigiiti ploase ameticune noV@dncertratierad-epcuna f%‘%%ea ony "13 C“f
shown in Hsgtenl, a Claksclioesazamgeoneang in eiREREPTA BRI ' #8k %‘H‘& Corp.)
was i nstalllathodd t he(arrt Rsight@fstriduttd0Paterbs waidrklickifRion €4 to divide fhe

or
react or i nb@tenﬁam po;rﬁd R0R phsdedAl | N |RAtoGaLIRRS sgone a{H’tea?f weighhdistoyian | 15 | n
t he cat hode zone,

content 5,
of tap wat

0 g of sparingly|soluble | ead- corttagprnease’oil (| ead

T8 s

a speed o 0§6 rom

dry soll; site d
OlﬁQ&ﬁMMJmmthrc
with a Teflon (r

f collection:

A paint factory), 8
chl 0o img/kg ¢0.8ke)er ¢ adekedig/L gkt i r
gistered trademafk) 20 agitating

to establi R&dm system A cat hodg as a
Rhnfol b 10 mg/L (64%) 16 mg/kg (12.8%) 29 mg/L (23.2%)
(+0.2V)
[0177] Table 2 shows that 99% of the sparingly soluble

5 mercury adhering to the sediments was removed from the
sediments and interstitial water by applying a reduction
potential under acidic conditions.

[0178] [Example 3] Influence of diaphragm on
electrolytic deposition and removal of lead-contaminated

10 soil

As shown in Fig. 1, a cation exchange membrane
(NEOSEPTA CMB, Tokuyama Corp.) was installed at the center
of a 2000 mL PLEXIGLAS reactor to divide the reactor into
two portions, creating a cathode zone and an anode zone.

15 In the cathode zone, 100 g of sparingly soluble lead-

contaminated soil (lead content 5,000 mg/kg dry soil; site
of collection: A paint factory), 800 mL of tap water, and
50 mL of 1:1 hydrochloric acid were added, and stirred at a
speed of 500 rpm with a Teflon (registered trademark)

20 agitating blade to establish a test system. A cathode as a

copper wire netting was inserted into the test system, and

connected to an anode via a potentiostat (constant



copper wire netting was inserted into the test system and connected to an
anode via a potentiostat (constant - 8 8 - potential power supply device).
In the anode zone, 800 nL of tap water and 5 nL of 1:1 hydrochloric acid
wer e added, and an anode made of rutheni um oxi de-coated titani umwas
inserted. 5 [0179] A reference electrode was inserted into the cathode
zone, and the potentiostat was adjusted &uch that the cathode potenti al
woul d be -0.25V with respect to a hydrogen standard el ectrode potential.

10 20 m nurBetifant B L?'r‘#%ffﬂ?‘gv%ﬁe el PO AE e R LCERS (B T 1y
out S0l d- 14U g SERALAULOR. = U1 08 1 HenLRAGLAINCELRL KGR dhablhe o1 Ty

in the cathod was mai ntal ned af ower

Ce”tr'fugatéﬁ& aﬁh%n$&é@n&&QCSPt£§£%8ﬂth o&?déhéoékgﬁ'qlEQﬁiﬁgﬁgg sthe |ead

content of e soil were neasure e atom c absorption ne [0181]
Usi ng the sgﬂg £xpgrimental apparatus, control systems deprived of the
di aphragm an aV|ng t he cathode solution and the anode sol ution m xed

therei n sner gy 29g ?Ubl ekt dré PeRBe ORLERT 188 QA 29n§b9%ﬁs iHRderneonst ant -
potential control at a cathode potential of -0.25V (control system 1), or

under const@gtnsdé’ £8he COBKEOLhAL péeéhubges&l 98s! hEYudte@ORLICR! thutt em 2)
and sinmilarly centrifuged, whereafter the [ead concéntrations in the 2
liquid phasgn@ndath6d&opbtukt ealersdi@dpeThe. b6FULEEhARspect to a
hydrogen standard electrode potential. After the cathode
potential reached -0.25V, an operation was performed for
10 20 minutes. Then, a slurry within the reactor was
centrifuged to carry out solid-liquid separation. During
the reaction time, the pH of the slurry in the cathode zone
was maintained at 1.0 or lower.
[0180] After centrifugation, the lead concentration in
15 the liquid phase and the lead content of the solil were
measured by the atomic absorption method.
[0181] Using the same experimental apparatus, control
systems deprived of the diaphragm and having the cathode
solution and the anode solution mixed therein were
20 subjected to an operation for 20 minutes under constant-
potential control at a cathode potential of -0.25V (control
system 1), or under constant-current control at 1lA/L
reaction liquid (control system 2), and similarly
centrifuged, whereafter the lead concentrations in the
25 ligquid phase and the soil were measured. The results are

shown in Table 3.

[0182] [Table 3]



shown in Table 3. [0182] [Table 3] - 89 Table 3 Results of test on

I nfl uence of diaphragmon electrolytic deposition and renoval of

| ead- cont am nated soil Liquid phase |ead Concentration of |ead Experinental
system (Rate of weight dissolution concentration remaining in soil
(potential/current control (rate of weight distribution (rate of weight
distribution onto conditions) electrod@%)* into |iquid phase %
distribution into soil % Test systen1( 0.25V) 0.04 ng/L (0.01% 54 ny/kg

(1.19% (98. ntrql (8. 2%
(-0.25V) ot C°O e% %:is%z °r‘r‘g l“(f(&%f%@@%g’ﬁ%l%ﬂ%(éfg {?(27 6% *
Rate of |ead vvel ght idiony agde r\ﬁ&o‘@‘ é:t%rm ned by
subtraction fron1tPN§QQQﬂTQQ§Q$ﬁqu?qI%91§0|I added. [0183] In the control
system 1, [only a cathode-a nt of the or 1A occurred,

show ng a |Eegeyimeotal sydtemr ea E'gﬁig has 8 i p é]oncg'}t ?n&% m (Rateaf péigitomrenon
of the cat r(mbaﬁmnmhcahrorg '° o % 8"‘8'1‘““9{3& rder istribufidh obas
observed. |esemion)der such |JEF %e' HEE VSR ﬂ[‘% [ condi tdiafsde %fve
nonexi st ence of the di aphr/THAUBENRESR t he [RtoHAtosAb % at hode | ed tp the
contact of| the 15 contanmirnated solid materigl in the systemw th the anode
as wel | adestsysteral-886¥), i t h0-Ph@otdaeil%) t hat tHemgkgEol%it i on (9%9%) ead| f rom

the solid ' ot prioceed. In the test
%giioj;%g“ P 22 mg/L (8.8%) 4128 mg/kg (83%) (8.2%)

Contro! system 2 (1A/L) 1 mg/L (0.4%) 3614 mg/kg (72%) (27.6%)

* Rate of lead weight distribution onto electrode was
5 determined by subtraction from the lead weight in the soil

added.

[0183] In the control system 1, only a cathode-anode
current of the order of 0.1A occurred, showing a very low

10 reaction rate. In the control system 2, a phenomenon of
the cathode potential declining to a value of the order of
-5V was observed. Even under such strong reduction
potential conditions, the nonexistence of the diaphragm
between the anode and the cathode led to the contact of the

15 contaminated solid material in the system with the anode as
well as the cathode, with the result that the dissolution
of lead from the solid phase did not proceed. 1In the test
system having the diaphragm disposed, on the other hand,
the slurry containing the heavy metal—cohtaining

20 contaminated solid material was maintained in a strongly
acidic atmosphere and a reducing atmosphere, whereby more
than 98% of the sparingly soluble lead adhering to the soil

was deposited on the cathode, and removed from the soil and



system havi ng t he di aphragm di sposed, on the other hand, the slurry
containing the heavy netal -containing 20 contam nated solid material was
mai ntained in a strongly acidic atnosphere and a reduci ng at nosphere,
whereby nore than 98% of the sparingly soluble | ead adhering to the soil
was deposited on the cathode, and renoved fromthe soil and - 90 -
interstitial water. [0184] [Exanple 4]- B ctrol ytic deposition and renoval
test on lead in flying ash As shown in Fig. 1, a cation exchange nenbrane 5

( NECSEPTA QB@%eJ§¥P¥f§f &%EQr was installed at the center of a 2000 nL
O divide t

PLEXI GLAS reactor t e reactor into two portions, creating a

cat hode zong pgyh an aneggngpdes] lHiddasaiRdaameL L IG0 sheframbi& f1ying

ash produced when flying ash fromrefuseincineration was further nelted 10

with pl asrrete(gga&,cp@gl@nin%lgﬂgg;a%te of collection: C refuse
incinerating nelting furnace), 700 nL of tap water, and 150 nL of 1:1

hydrochl ori c acigl wéwaddedrigndl star&geiont eRcBAREE REMBLANEPM Wi th a
Teflon (registered trademark) agitating blade to establish a test system A

cat hodesas eNHOSEPPRECMBI 'BoReyaMAICHRE . ) NGest eflstAl Deihatt eBk s¥atem and
connected to an anode via a potentiostat (constant potential power supply

device). |not he 2000emzoPEEX7G0ASIre@ttbaptvatieviaadtl8 #kadtot: insul furic
acid were added, and an anode made of rutheni um oxi de-coated titani um was

20 insertedtwd Op8btidnsef ereatengl actatnedeasonssantiedni ahodtheoneat hode
zone, and the potentiostat was adjusted such that
In the cathode zone, 100 g of molten flying ash produced
when flying ash from refuse incineration was further melted
10 with plasma (lead content 36 g/kg; site of collection: C
refuse incinerating melting furnace), 700 mL of tap water,
and 150 mL of 1:1 hydrochloric acid were added, and stirred
at a speed of 500 rpm with a Teflon (registered trademark)
agitating blade to establish a test system. A cathode as a
15 copper wire netting was inserted into the test system, and
connected to an anode via a potentiostat (constant
potential power supply device). In the anode zone, 710 mL
of tap water and 90 mL of 1:1 sulfuric acid were added, and
an anode made of ruthenium oxide-coated titanium was
20 inserted.
[0185] A reference electrode was inserted into the
cathode zone, and the potentiostat was adjusted such that
the cathode potential would be -0.25V with respect to a
hydrogen standard electrode potential. After the cathode
25 potential reached -0.25V, an operation was performed for
60 minutes. Then, a slurry within the reactor was

centrifuged to carry out solid-liquid separation. During

the reaction time, the pH of the slurry in the cathode zone



t he cathode potential would be -0.25V with respect to a hydrogen standard
el ectrode potential. After the cathode 25 potential reached -0.25V, an
operation was performed for 60 mnutes. Then, a slurry within the reactor
was centrifuged to carry out solid-liquid separation. During the reaction
time, the pH of the slurry in the cathode zone - 91 was maintained at 1.0
or lower. After centrifugation, the I|-e&ad concentration in the |liquid phase
and the | ead content of the soil mere nmeasured by the atom c absorption

T2 b AR AT BOPE PR PR e, "
dard el d b

ancer s | FeLEode BRLEILL L 6 U EATH, 050 SR POACTRRE PRI

ERIEELAR e i Bl HE MR

test on |ead)|gg i'y'”@sfﬁg t guggmghg§§ ﬁQnEchgﬁééﬁékﬂg f%yk8ﬂqro

Experlnenta syst em dr'ssofufi on” concén |on rema |ng In I'ng o4 (Rate

of wei ght % g# Egnﬁ%?£d|s§ %Qaé ﬁ85€ ?alcggdl QOSki @Pate_of wei ght

di stribution wei g utro rode” % Into Tiquid phase
(1. 29 (o8 B35 *‘n??’o S T &8?88%8&?%%?( 8%
(-0.11) * Raigj0E+b&aoWehIB8hefhel 6hPELEOBOORIAuELECt BRAC SRS 1ar1y
centrifuged, whereafter the lead concentrations in the
liquid phase and the soil were measured. The results are
10 shown in Table 4.

[0187] [Table 4]

Table 4 Results of electrolytic deposition and removal
test on lead in flying ash

Liquid phase lead Concentration of lead
dissolution concentration | remaining in flying ash
(rate of weight distribution | (rate of weight distribution

Experimental system
(potential control

(Rate of weight
distribution onto

e o/ &
conditions) into liquid phase %) into flying ash %) electrode %)
Test system (-0.25V) 0.08 mg/L (0.002%) 420 mg/kg (1.2%) (98.8%)
Control system 222 mgiL (6.2%) 27500 mgrkg (76%) (17.8%)

(-0.1V)

* Rate of lead weight distribution onto electrode was
15 determined by subtraction from the lead weight in the

flying ash added.

[0188] Table 4 shows that in the test system, the slurry
containing the heavy metal-contaminated flying ash was

20 maintained in a strongly acidic atmosphere and a reducing
atmosphere (-0.25V with respect to the hydrogen standard
electrode), whereby more than 98% of the lead in the flying

ash was deposited on the cathode, and removed from the



15 determ ned by subtraction fromthe lead weight in the flying ash added.
[0188] Table 4 shows that in the test system the slurry containing the
heavy netal -contam nated flying ash was 20 maintained in a strongly acidic
at nosphere and a reduci ng atnosphere (-0.25V with respect to the hydrogen
standard electrode), whereby nore than 98% of the lead in the flying ash
was deposited on the cathode, and removet? fromthe - 92 - solid phase and
the liquid phase. [0189] [Exanple 5] Electrolytic deposition and renoval

test on | eagdotoat prhsat 8Haseht L@%gidtﬁgagane conditions as those in Exanple
1, a 5 lead renpval test was conducted, with an operation being perforned
for 20 m nutessand theEgampddespotETddtdo Bt Y dSds BtioR). dBY. rdhevaesul ts
of the test are shown below. [0190] [Table 5] Table 5 Results of

el ectrol ytitedeposi Lead-abdtanimaakd $0ilest on | ead-contam nated soi

Li quid phase | ead Concentration of |ead Experinental system dissolution
concentrati on retmdarnghensamel cORatieiohswesgbhosépaheBkaapleont,ra (rate of
wei ght distribution (rate of weight distribution onto conditions) el ectrode
%* into |lgaddrphaesal%edtstvasbobndncitatlp whith &h dpetratjisnemeing. 16V)
0.07 nmg/L (0.01% 90 ng/kg (1.8% (98.2% * Rate of |ead weight

di stri buti openfibomefle€brodé masutdst endi hbd bytbholder potteat ifdoimeting | ead
weight in the soil added. 15 [0191] [Exanple 6] Electrolytic deposition and
r enoval set at -0.16V. The results of the test are shown below.

[0190] [Table 5]

Table 5 Results of electrolytic deposition and removal
10 test on lead-contaminated soil

Liquid phase lead Concentration of lead
dissolution concentration | remaining in soil

(rate of weight distribution | (rate of weight

into liquid phase %) distribution into soil %)

(Rate of weight
distribution onto
electrode %)*

Experimental system
{potential control
conditions)

Test system (-0.16V) 0.07 mg/L (0.01%) 90 mg/kg (1.8%) (98.2%)

* Rate of lead weight distribution onto electrode was
determined by subtraction from the lead weight in the soil

added.

15 [0191] [Example 6] Electrolytic deposition and removal
test on lead-contaminated soil
As shown in Fig. 3, a 2000 mL acrylic container was
used as a slurry formation tank. A cation exchange
membrane (NEOSEPTA CMB, Tokuyama Corp.) was installed at
20 nearly the center of the slurry formation tank to divide
the tank into two portions, creating a cathode zone and an
anode zone.
[0192] In the cathode zone, 100 g of sparingly water-
soluble lead-contaminated soil (lead content 5,000 mg/kg

25 dry soil; site of collection: D automobile factory), 800 mL



test on | ead-contam nated soil As shown in Fig. 3, a 2000 nL acrylic
container was wused as a slurry formation tank. A cation exchange nenbrane
(NECSEPTA CMB, Tokuyama Corp.) was installed at 20 nearly the center of the
slurry formation tank to divide the tank into two portions, creating a

cat hode zone and an anode zone. [0192] In the cathode zone, 100 g of
sparingly water- sol uble | ead- cont ani nat ¥ soi | (l ead content 5,000 ng/ kg 25
dry soil; site of collection: D autonobile factory), 800 nL - 93 of tap

wat er, 50 nyrofap: wabydl oshl @ri 6ragkd weaeosHUedic apdaskereedaakaa speed of
500 rpmwith a Teflon (registered trademark) agitating blade to establish a
test systenand[9t23ted s8thospead arcopperpwm wetheht raglems (regakieded i nto
the test system and connected to an anode via a potentiostat (constant
potenti al pbwedemdpRl)yadevatehg bhadeheovestablyshf at hestakhedtem.a partition
was fornmed using a protective nenber conposed of a nylon nmesh (size of each
opening 1.0[opP3fo avhi dathsleaasng topperewertedehyinal wds 1B sefrtled ge
particle dianeters on the surface of the cathode. [0194] In the anode zone,
800 nL &f taptoathe éedtSsphtemf and bgpdnechkdrito aani dnweeevdddad, and an
anode of graphite was inserted. [0195] A reference electrode was inserted
I nto the 1l5podehbtdestete(candtaht potentiedt pbweas sapgpiyt dévieel) .t hdh t he
cat hode potential would be -0.25V with respect to a hydrogen standard
el ectrode pbhenviighinidft ef the cathode. popbemtiilionemasedorfedsvsiag a
operation was performed for 20
protective member composed of a nylon mesh (size of each
opening 1.0 mm) to avoid a shearing force exerted by solids
10 of large particle diameters on the surface of the cathode.
[0194] In the anode zone, 800 mL of tap water and 5 mL
of 1:1 hydrochloric acid were added, and an anode of
graphite was inserted.
[0195] A reference electrode was inserted into the
15 cathode zone, and the potentiostat was adjusted such that
the cathode potential would be ~0.25V with respect to a
hydrogen standard electrode potential. After the cathode
potential reached -0.25V, an operation was performed for 20
minutes. Then, a slurry within the tank was suction
20 filtered using a GF/B filter paper to carry out solid-
liquid separation. During the reaction time, the pH of the
slurry in the cathode zone was maintained at 1.0 or lower.
After suction filtration, the lead concentration in the
filtrate and the lead content of the soil after filtration
25 were measured by the atomic absorption method. A control
system constructed using the same experimental apparatus as

that of the test system, except that the cathode-protecting

member was not used, was similarly subjected to suction



m nutes. Then, a slurry within the tank was suction 20 filtered using a G-/ B
filter paper to carry out solid- liquid separation. During the reaction
time, the pH of the slurry in the cathode zone was naintained at 1.0 or

| ower. After suction filtration, the | ead concentration in the filtrate
and the | ead content of the soil after filtration 25 were neasured by the
atom c absorption nethod. A control system constructed using the sane
experinmental apparatus as that of the test system except that the

t hode- ecting, nb { d, | mlar] bj ect t ti
54 11111 atohERELQbI P | S04 LLRTa $ ROz 9 bpRar FRVTORE troaghe Toad |
trati in the filtrat . i1 _af fil ' d.
The resul t SORESERERFLYRE Tibl En6. F1EbTeET 113bFEe 6Fo81TABEE% Reoul To of
| ectrol ytig, [t t est | ead- tam d il Ex J I t
i qui d phast HTESE 08 P8t SoREBREFSfr ot BF oBOrELbe. BFC CORMBnCrarigne 8-
electrolytif%ﬂfg sit* %%rfteG?f wei ght remaining in soil (rate of weight
|

(rate of we istr‘ nto liquid distribution into soil %

distribuyti o] 9 ectr 99, : Test system 0.0 /L (0.01 %9 225

g/ kg ( .58@388%.%%%%zﬁttr/%l°%sy‘?§tee‘$hp%‘?]@?ln°g/‘fe‘i‘b%’b‘tz’o n45%§%g %g (8. 46%

91.5% * Rate of |ed®akigRtaARRateLitIVN onto el ectrode was deterni ned by

subtraction fromthe WEiQimJ)mﬁéﬁﬁkﬁﬁgﬁining in the SOif%&%ﬂ%ﬂbf 10 [0197]
onceniration of |

Tabl e 6 shdweerineatal sysiemc €adcentration ) ,
conceritration e . electrolytic deposit*
. remaining in soil .
(rate of weight . (rate of weight
o - (rate of weight .
distribution into liquid R . distribution onto
distribution into soil %)

phase %) electrode %)

Test system 0.05 mg/L (0.01%) 225 mg/kg (4.50%) 95.5%

Control system 0.09 mg/L (0.02%) 423 mg/kg (8.46%) 91.5%

* Rate of lead weight distribution onto electrode was
determined by subtraction from the weight of lead remaining
in the soil added.

10
[0197] Table 6 shows that the concentration of lead
distributed onto the electrode was increased by suppressing
the shearing force of the slurry imparted to the cathode.
Accordingly, it was confirmed that the present invention

15 was able to prevent the peeling and redissolution of heavy
metals electrolytically deposited on the cathode surface.
[0198] [Example 7] Electrolytic deposition and removal
test on lead-contaminated soil

As shown in Fig. 4, an acrylic reaction vessel of an

20 internal volume of 2000 mL with a height of 0.4 m, a width
of 0.1 m, and a depth of 0.05 m was divided at the center
thereof into two compartments, each measuring 0.4 m in

height, 0.05 m in width, and 0.05 m in depth, with the use



S | P

distributed onto the el ectrode was increased by suppressing the shearing
force of the slurry inparted to the cathode. Accordingly, it was confirned
that the present invention 15 was able to prevent the peeling and

redi ssolution of heavy netals electrolytically deposited on the cathode
surface. [0198] [Exanple 7] Electrolytic deposition and renoval test on

| ead-contam nated soil As shown in Fig. 45 an acrylic reaction vessel of an
20 internal volune of 2000 nL with a height of 0.4 m a width of 0.1 m and
a depth of 0.05 mwas divided at the center thereof into two conpartnents,
each measur PRgaocatipnnexgbpgee, membsape; h NROFER TAaf¥Bo. okmyiamadept h, with
the use 95 of a _cation exchange nenbrane (NEOCSEPTA CMVB, Tokuyama Corp.) to
define a caFHBBe)CGRpéﬁﬁﬁﬁﬁtaaﬁ&tQHd&néﬁ@PaEEW&§Ftﬁ@ﬁtanlﬁ cat hode
conpartnment, 100 sparingly water-soluble | ead-contam nated soil (Iead
5 content 5°@MPa F%QtdrylgoFﬁe cathode compaetment. ptoOQugofbhbile factory),

800 nL of taB matei and 50 nhl 1 _hydrochloric acid_were added, and
stirred at §P&pdBd Bfwa§86'ﬁﬁ U%QF &aﬁeFPBEaFPQGF§PeP€&1tr&ﬁﬁﬁhrk)

tat bl t t est t A th 10 wi
B DRy e S A
ot et 1 al pBuS ?kgaaﬁﬁy%"” RE - S0 G ST YERN AT s 2 ML (g, purm.
a super nat aﬂ&gré gar Iu %1‘6?%@ ucée from 1'?:?:e ;t |ag(r;stq)1;r# oteﬁnereby

appar atus, a ure &% oS appaf%h F&@
ConstructanO% %b&F%h@%'ggf@fio'n(nglstered trademark) agitating

blade to establish a test system. A cathode as a copper
10 wire netting was installed in the test system at a depth of
2 cm below the surface of water, and connected to an anode
via a potentiostat (constant potential power supply device).
Using a TYGON tube and a circulating pump, a supernatant
clear fluid was sucked from an upper portion of the
15 apparatus, and poured again into the apparatus from its
bottom, thereby constructing a circulating system. A
circulating water flow was adjusted to a flow velocity such
that only a fine particle fraction contained in the soil
was able to arrive at the cathode, and lead depositing on
20 the cathode surface would not peel off (in the present
Example, the flow velocity was 0.5 L/min).
[0199] In the anode compartment, 800 mL of tap water and
5 mL of 1:1 hydrochloric acid were added, and an anode of
graphite was inserted. A reference electrode was inserted
25 into the cathode compartment, and the potentiostat was
adjusted such that the potential of the cathode would
be -0.25V with respect to a hydrogen standard electrode.

After the cathode potential reached -0.25V, an operation
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circulating water flow was adjusted to a flow velocity such that only a
fine particle fraction contained in the soil was able to arrive at the
cat hode, and | ead depositing on 20 the cathode surface woul d not peel off
(in the present Exanple, the flow velocity was 0.5 L/mn). [0199] In the
anode conpartnent, 800 nL of tap water and 5 nL of 1:1 hydrochloric acid
wer e added, and an anode of graphite wags inserted. A reference el ectrode
was inserted 25 into the cathode conpartnment, and the potentiostat was
adj ust ed such that the potential of the cathode would be -0.25V with
respect to “2HyREEH %&aﬁﬁ%rﬁoemé%?F%ﬂe Thﬁﬁfﬁat?ky?ﬁﬁrﬂkﬁpb%t%m%laI

reached -0. 25V, an operat]on - rfor utes. Then, a
slurry mnth?%a?ﬁkon Clvds W@§S§g?tﬁgg Eﬁ%??ﬁ fPF%BQeG ﬁgyﬁgf&l@FFB filter
paper to car soIid-I| e ation. During.the reaptlo time, the
PEPot the chaRes o SrErEapibaso LR %ﬁ%%ﬁ?vmgmm FHetpacthe o or

I f fil he fil d
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[Table 7]  peasured by the atomic absorption method.
[0200] A control system without the slurry circulating
10 system was prepared, and subjected to suction filtration
and solid-liquid separation under the same experimental
conditions as those for the test system. Then, the lead
concentration in the filtrate and the content of lead
remaining in the soil after filtration were measured by the
15 atomic absorption method. The results are shown in Table 7.

[0201] [Table 7]

Table 7 Results of electrolytic deposition test on
lead-contaminated soil

Liquid phase dissolution | Concentration Proportion of electrolytic
Experimental | concentration remaining in soil deposit*
system (rate of weight distribution | (rate of weight (rate of weight distribution
into liquid phase %) distribution into soil %) | onto electrode %)
Test system 0.05 mg/L (0.01%) 132 mg/kg (2.64%) 97.3%
Control system 0.08 mg/L (0.02%) 471 mg/kg (9.42%) 90.5%

* Rate of lead weight distribution onto electrode was
20 determined by subtraction from the weight of lead remaining

in the soil added.

[0202] [Example 8] Electrolytic deposition and removal
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Table 7 Results of electrolytic deposition test on | ead-contam nated soil

Li qui d phase dissolution Concentration Proportion of electrolytic
Experimental concentration remaining in soil deposit” system (rate of weight
distribution (rate of weight (rate of weight distribution into liquid phase
% distribution into soil % onto electrode %9 Test system 0.05 ng/L (0.01%
132 ng/ kg (2.64% 97.3% Control system9d.G8 ng/L (0.02% 471 ng/ kg (9.42%
90.5% * Rate of |lead weight distribution onto el ectrode was 20 det erm ned

by subtraction fromthe weight. of. lead remaining in the soil added. [0202]
[ Exanpl e 8]*% ccfrfg]]r < %%’é’i‘l%%‘f ]reermval - 97 - test on

| ead- ' d | 1 . W ' .clarifi ' '
veasel 2 formed 51 ety e 40 B e e daflen EERERRR W11
caton exchane, sresty ate. { NAFI.ON  DUPDIL ), 5, Syl 1l L ge. patpode. zone ves

1,400 m in Volune, a anode ne was in volune” Th a“slurry
; ti . . ¢
deposi t on ‘T ofF i PERn HEEeRGE B Lan PlEFLaY, SoaBhaere 1O

| ect ' f 1 j i - b at
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carbon el egigpdes,d Gy m%mn Hﬂuﬂe Werrg, iQ%&g{#}ﬁgaﬁ)m esqq?s Al

and A-2 at a position 2 ¢ rom-t menbr ane. were wred
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for deposition C-2 at the position closest to the membrane,
and copper electrodes were installed as cathode for

10 dissolutions C-la and C-1b at the position farthest from
the membrane. In a separation section 2b, two carbon
electrodes (TOKAI CARBON CO., LTD.) were installed as
anodes A-1 and A-2 at a position 2 cm away from the
membrane. Both cathodes were wired in series, and

15 connected to an anode via a potentiostat (constant
potential power supply device).
[0203] In the slurry formation section 2a, 100 g of
sparingly water-soluble lead-contaminated soil (lead
content 5,000 mg/kg dry soil; site of collection: E

20 chemical plant), 1,300 mL of tap water, and 80 mL of 1:1
hydrochloric acid were added, and stirred at a speed of
500 rpm with a PTFE (tetrafluoroethylene polymer) agitating
blade to keep the resulting slurry in a nearly homogeneous
state. In the separation section 2b, 800 mL of tap water

25 and 5 mL of 1:1 sulfuric acid were added. In this manner,
a test system was established. A reference electrode B-1

was inserted into the cathode zone, and the potentiostat

was adjusted such that the potential of the cathode would
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[0203] In the slurry formation section 2a, 100 g of sparingly water-soluble
| ead-contam nated soil (lead content 5,000 ng/kg dry soil; site of
collection: E 20 chem cal plant), 1,300 nL of tap water, and 80 nL of 1:1
hydrochl ori c acid were added, and stirred at a speed of 500 rpmw th a PTFE
(tetrafl uoroethyl ene polyner) agitating blade to keep the resulting slurry
in a nearly honpbgeneous state. In the stharation section 2b, 800 nL of tap
water 25 and 5 nL of 1:1 sulfuric acid were added. In this manner, a test

system was Eétﬁélb§ﬂeﬂitﬁ‘£8§ é@@cﬁoﬁ%eﬁggfggeﬁ'EtaW%%rh”%ﬁ%E%@oh@?o the

cat hode zone, and the potenti ostat S uSted such that the potential of

the cat hodeappuldene 980tBRt18125Y ¥hENCEEABAE! rbachelydooasy skandard
el ectrode. Arter the potential of the cathode reached -0.25V, an operation

was perfornggefatid WhBupeeroFhel £bhe2s! MinuteW. t MrRef herhgagihppyvessel 2
was suction Tiltered using a 5 G-/B filter paper to carry out solid-liquid

SeparatiOn-wiEHihnﬁhéhﬁeé@@ibhoﬂekbéﬁ,ZtWSSDEb@EibBefih%%Eéd %s&h@ acat hode
zone was maintained at 1.0 or lower. After suction filtration, the |ead

concentrsati gp/Bneiheeti bhpatetandarkg oaenkentdoh ilh@ad sRPRIratAGn.N the soi
after filtration were 10 neasured by the atom c absorption nethod. A contro

system trephedngndre thactash e¢ameit khBSpHE¥ECRhef @LUEY rHemawdl of the
cathode for dissolutions Cla and Clb, was simlarly subjected to suction

filtration aaghsaki doheqwad magptadahe@natThen, othaodwead cppeest skaEtoss in
the filtrate 15 and in the soil after filtration were neasured. The results
are shown i fiTabbeiBn, the lead concentration in the filtrate and the
content of lead remaining in the soil after filtration were
10 measured by the atomic absorption method. A control system
treated under the same conditions, except for the removal
of the cathode for dissolutions C-la and C-1b, was
similarly subjected to suction filtration and solid-liquid
separation. Then, the lead concentrations in the filtrate
15 and in the soil after filtration were measured. The
results are shown in Table 8.

[0204] [Table 8]

Table 8 Results of electrolytic deposition and removal
test on lead-contaminated soil

Liquid phase dissolution Concentration remaining (Rate of weight
Experimental concentration in soil o g
. T . distribution onto
system (rate of weight distribution | (rate of weight electrode %)*
into liquid phase %) distribution into soil %) °
Test system 0.05 mg/L (0.01%) 77 mg/kg (1.54%) 98.4%
Control system 0.08 mg/L (0.02%) 166 mg/kg (3.32%) 96.6%

20 * Rate of lead weight distribution onto electrode was
determined by subtraction from the weight of lead in the

soil added.
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[0204] [Table 8] Table 8 Results of electrolytic deposition and renoval

test on | ead-contam nated soil Liquid phase dissolution Concentration

remai ning (Rate of weight Experinental concentration in soil distribution
(rate of weight distribution (rate of weight ode onto /o) into liquid phase
% distribution into soil % electrode Test system0.05 ng/L (0.01% 77
ng/ kg (1.54% 98.4% Control system 0.-099g/L (0.02% 166 ng/ kg (3.32%
96.6% 20 * Rate of |ead weight distribution onto el ectrode was det erm ned

Toore 8, 11l F0%haer STER TRRbe 2 nefF et "abiEEe8ba BREST Ao PRUARS et al o
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t echnol ogi eS"Was™ obt al he usi ng ural cat hodes, 5 nanely,
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at the gentgr éggfeeéth&‘h&*& 2 gahiQEofiﬁfi‘?ﬂQSnHEH'gbBEEt%'éF' ON, DuPont) such
that the catlﬁo 1,3 0 nd-t

zone was m. 1n volune, a e anode zone was 1, 000

T o o TIEAELL e (BRSSO RS Gl st R ot ot
copper test on lead-contaminated soil by a plurality of electrodes
As shown in Fig. 6, a square-shaped 2400 mL
clarification reaction vessel formed of transparent

10 polyvinyl chloride was partitioned at the center thereof
with a cation exchange membrane (NAFION, DuPont) such that
the cathode zone was 1,400 mL in volume, and the anode zone
was 1,000 mL in volume. In the cathode zone, a copper
electrode was installed as a cathode for deposition C-2 at

15 the position closest to the membrane, and a copper
electrode was installed as a cathode for dissolution C-1 at
the position farthest from the membrane. In the anode zone,
a carbon electrode (TOKAI CARBON CO., LTD.) was installed
as an anode A at a position 2 cm away from the membrane.

20 Both cathodes were wired in series, and connected to the
anode via a potentiostat (constant potential power supply
device).

[0207] In the cathode zone, 100 g of sparingly water-
soluble lead-contaminated soil (lead content 5,000 mg/kg

25 dry soil; site of collection: E chemical plant), 1,300 mL
of tap water, and 80 mL of 1:1 hydrochloric acid were added,

and stirred at a speed of 500 rpm with a PTFE

(tetrafluoroethylene polymer) agitating blade to keep the
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el ectrode was installed as a cathode for dissolution C1 at the position
farthest fromthe nenbrane. In the anode zone, a carbon el ectrode (TOKAI
CARBON CO., LTD.) was installed as an anode A at a position 2 cmaway from
the menbrane. 20 Both cathodes were wired in series, and connected to the
anode via a potentiostat (constant potential power supply device). [0207]
In the cathode zone, 100 g of sparinglyjpgter- sol ubl e |ead-contam nated
soil (lead content 5,000 ng/kg 25 dry soil; site of collection: E chem cal
plant), 1,300 nL of tap water, and 80 nL of 1:1 hydrochloric acid were
added, anditiyredearly hRBRIACTER): r A Wilteh 3R IarFZong <t &M I'ordfet hyl ene
polyner) agitating blade to keep the 100 m xture_nearly homgeneous. In the
anode zone,taF#teHand g 'Wat%g Ll sahfupic 1aqidyyetei @ddefld wHt e added.
In this manner, a test system was established. A reference _electrode B-1
was i nsert e FHitRARMRE caf hbeRt Zonetem iR s nes Eahbi ehefostatT SRR eRF%st ed such

that the potentjal _of_the cathode uld be -0.25V with respect .to a
yar ogen DIGTREFEPAS| BEl roes LICEr ST Eas Hht | GRTRPOE nEORar notE. EBAched

(he. ol P 1 RST B T BLEF, Bhe eedurtod ToRalhehchRa poPRRLIEN BY: Hiea o b
the pH "ot creiedrrgafl pher ha? ibdt SnEoaReC kel hu &l heRCapoE FERROPer
AL £ PLSEAARE L sl TGRS [ I e | L e, e
absorption P@ggﬁgd -0.25V, an operation was performed for 20 minutes.
Then, a slurry within the clarification reaction wvessel 2
10 was suction filtered using a GF/B filter paper to carry out
solid-liquid separation. During the reaction time, the pH
of the slurry in the cathode zone was maintained at 1.0 or
lower. After suction filtration, the lead concentration in
the filtrate and the content of lead in the soil after
15 filtration were measured by the atomic absorption method.
A control system treated under the same conditions, except
for the removal of the cathode for dissolution C-1, was
similarly subjected to suction filtration and solid-liquid
separation. Then, the lead concentrations in the filtrate
20 and in the soil after filtration were measured. The

results are shown below.

fo208] [Table 9]



A control systemtreated under the sane conditions, except for the renova
of the cathode for dissolution CG1, was simlarly subjected to suction
filtration and solid-liquid separation. Then, the |l ead concentrations in
the filtrate 20 and in the soil after filtration were neasured. The results
are shown below. [0208] [Table 9] - 101 Table 9 Results of electrolytic
deposition and renoval test on | ead-conpannated soil by plural el ectrodes
Experinmental system Liquid phase | ead Concentration of |ead (Rate of weight

di ssolutio centratiqn re i n soi | otentlal control (rate of
wei ght di sﬁaﬁbﬂ? W&ﬁ& q@rﬁ%r&r}s}’t d{ Y into
liquid phase % di stttelsliutquriqarﬁ-@ogtﬁaml%ateﬂdecﬂqlddén%vlumt system
(-0.25Vv) 0. 04 ng/L @&dmtnmdaa)ng/kg (1 49@ (98 6% Cbntrol systen10 09

ng/ L (0 0299 —160—rgt kg \ 968N —(=025V)—Rate—of chau wet-eght—

di stri but if9B. Rt RS QQ,IH S%'Q&dt er m n @orm,enml@moéleaﬁor wei ght
of lead i Q ial Shitrbl dghﬁsolp@@()@?@@e&ml retr@nirid in s0itf ol yt| nﬁ)(%ﬁ on and

r enoval % i 1€ S4d- coltasemivesight distribLtiah0 | (hate et weighul ar 20 QCtO of
(vidth 2 (eondath 1 iteiighd pase)s)s hown | distibitn intdsaited) £ G s %) c(p| ah vi ew

of Fig. LJ) was chargediwith—200—kgof —tegd=ctontam mated hUII (Tead

cont ent 31@@&ye@hkgo g5\ 50i lo;o4sng/e (@b1%p! | ect romgkg (Pabg)t | faclesleys), 1, 600 L
of tap wa and 100t pf—11
Control system

(-0.25V)

0.09 mg/L (0.02%) 160 mg/kg (3.2%) (96.8%)

* Rate of lead weight distribution onto electrode was
5 determined by subtraction from the weight of lead in the

soil added.

[0209] [Example 10] Electrolytic deposition and removal
test on lead-contaminated soil

10 A rectangular 2000 L reactor (width 2 m, depth 1 m,
height 1 m) shown in Fig. 13 and Fig. 14 (plan view of Fig.
13) was charged with 200 kg of lead-contaminated soil (lead
content 3,000 mg/kg dry soil; site of collection: A paint
factory), 1,600 L of tap water, and 100 L of 1:1

15 hydrochloric acid. Six nitrogen gas diffusion pipes were
arranged at the bottom of the reactor, and the mixture was
stirred with a gas at a gas blow rate of 2 m’/min, whereby
a test system was established. As shown in Fig. 14, ten
cylindrical diaphragm units (ASTOM ED-CORE) with a diameter

20 of 60 mm combined with anodes were arranged (effective
membrane area 1.5 m’), and a cathode comprising a copper
wire netting was disposed in a stellate shape around each

of the units. A 5% sulfuric acid solution was charged into



15 hydrochloric acid. Six nitrogen gas diffusion pipes were arranged at the
bottom of the reactor, and the m xture was stirred with a gas at a gas bl ow
rate of 2 nmB/mn, whereby a test systemwas established. As shown in Fig.
14, ten cylindrical diaphragmunits (ASTOM ED-CORE) with a dianeter 20 of
60 mm conbi ned with anodes were arranged (effective nenbrane area 1.5 nR),
and a cat hode conprising a copper w relB2tting was disposed in a stellate
shape around each of the units. A 5% sulfuric acid solution was charged
into - 102 _the.diaphragmunit,to_serve_ as_an_anode r tion,Liqui.d. The
cat hode mast%%ﬁ%%%sgﬁa?@ ?%%*aﬁ%d% EY%.%Sr%%t?ﬁ?gg,r%ngglgﬂ %ﬁgﬁégron was
performed f 2 ] t r f. #2000 he.cath

pot enti al iﬁﬁ% |%€%$§é§??%rc§n§$§€%&2¢°tﬁ%éoﬁgé% i%ﬁgmgs@%?lpﬁéggrdgggof

0. OV, but QEC$§%§Qt§§nan%L#&rEErﬁQ&.P696£o°$iﬁ§5§¥'59 QQXSBQEanL”“tES-

During this per € su ance having an 0OXl IVE power in l'iquid

. d i | ' i) ] | at
I s assuned to.-faye 9:?992066’#?9“1‘11‘33? %’%tg%%‘ ntlear}mgladiu}g]ﬁ%é}%%nﬁ?%rtg er

when 10 the operati on was stoppe ease

0. 06V, sDUrLpart hos PRE! Gferatsod #a8UORntNaqdenae! bl Y Obatead

pr oceeded, ead concenhtration 1n the liquid phase declined, and the

potential shifiefelOtoal PRI RSP tRL bPaOFUSE L@, BRI DhakByarg@nstant
current. 15 [0210] After 20 m nutes of the operation, slurry wthin the

reactor waspeght&st ethuealy rHugeshr A0, IR swsdi e ThddERgdaNsi ng a GF/ B
filter paper to carry out solid- 1iquid separation. After suction

{thration,okﬂsateae pénasenhr ehtonignidhesf hkktmba apdnbie eeahent of |ead
reductively consumed. Then, until 20 minutes later when

10 the operation was stopped, the potential gradually
decreased to -0.66V. During this period, it is assumed
that deposition of lead proceeded, the lead concentration
in the liquid phase declined, and the potential shifted to
a low potential in order to maintain a constant current.

15 [0210] After 20 minutes of the operation, slurry within
the reactor was collected, centrifuged, and then suction
filtered using a GF/B filter paper to carry out solid-
liquid separation. After suction filtration, the lead
concentration in the filtrate and the content of lead in

20 the soil after filtration were measured by the atomic
absorption method. As a control system, the wall surfaces
at both ends of the apparatus of Figs. 13 and 14 were
detached as shown in Figs. 15 and 16, a cation exchange
flat membrane (ASTOM NEOSEPTA CMB) was fixed to a lattice

25 frame 10 cm square at each end so as to provide an
effective area of 1.44 m?, an anode zone of 200 L in volume

was provided outwardly of each membrane, 5 of the same

anodes as used in the test system were installed on each
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20 the soil after filtration were neasured by the atom c absorption nethod.
As a control system the wall surfaces at both ends of the apparatus of
Figs. 13 and 14 were detached as shown in Figs. 15 and 16, a cation
exchange flat nenbrane (ASTOM NEOSEPTA CMB) was fixed to a lattice 25 frane
10 cm square at each end so as to provide an effective area of 1.44 nR, an
anode zone of 200 L in volume was provi8@d-outwardly of each nenbrane, 5 of
the sane anodes as used in the test systemwere installed on each - 103

s de, and o, g subfard csc g GLULT 9014030 DRI 0F4yBS BnabBBA! hANal I aUi d. 11

t he reactor, the sane cathodes as used in the test sy stem wer e

arranged. ?é’@étf&‘i‘diid;@{'é Wel &Rfirdd ity ! NG Wett?é éitﬁ’éecéfh&?@ste“

system and a 5 constant-current operation was perforned for 20 m nutes.

Then, the '&‘@%&@&‘Cﬁﬁltfﬁé'Qé‘§tV‘%’r@t@iﬁaﬁéfédarﬂ@ﬁgéésU'é@he@@oﬁ@ﬂ‘ﬂoﬁé‘ Tabl e
10. [0211] [Table 10] Table 10 Results of electrolytic deposition and

renoval  1Q,dests@p t&ask comd agamat 86 eRbselifiUtHePhase diystehlt kAl a
Concentration (Rate of weight Experinental concentration remaining in soil

system (r at€oé t et IBrést ropstaenon *he pErr6rebl dbst Lobmiinakeanto into
liquid phase % distribution into soil % electrode %9* Cylindrical 0.3

ng/ L (0. 07%ndb, nBh&91édd 580né 88t #83 iofENheasemeabtretiest Ty si€sh1 £ at
menbr ane 27 rrg/L (6.49 414 nmg/ kg (13.8% (79.8% (control system

are shown in Table 10.

[0211] [Table 10]
Table 10 Results of electrolytic deposition and removal
10 test on lead-contaminated soil
. Liquid pha§e dissolution Conc_eptrapon . (Rate of weight
Experimental concentration remaining in soil e
. T, . distribution onto
system (rate of weight distribution | (rate of weight electrode %)*
into liquid phase %) distribution into soil %) °
Cylindrical 0.3 mg/L (0.07%) 45 mg/kg (1.5%) (98.4%)

membrane unit
(test system)

Flat membrane | o7 g/ (6.4%) 414 mg/kg (13.8%) (79.8%)
(control system)

* Rate of lead weight distribution onto electrode was
determined by subtraction from the weight of lead in the

soil added.

15 [0212] Table 10 shows that the diaphragm unit was
applied instead of the flat membrane, and the cathodes were
arranged around the diaphragm unit, whereby electrolytic
deposition of lead proceeded efficiently even in the large
reactor, and more than 98% of sparingly soluble lead

20 adhering to the soil deposited on the electrode, and was
removable from the soil and interstitial water. As noted

here, a better effect of removing lead contained in the



* Rate of |ead weight distribution onto el ectrode was determ ned by
subtraction fromthe weight of lead in the soil added. 15 [0212] Table 10
shows that the diaphragmunit was applied instead of the flat nenbrane, and
t he cathodes were arranged around the diaphragmunit, whereby electrolytic
deposition of |ead proceeded efficiently even in the large reactor, and
nmore than 98% of sparingly soluble | ead1@® adhering to the soil deposited on
the el ectrode, and was renovable fron1the soil and interstitial mater As
noted here, qﬁ?etter

I t d the -
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react or ShOW@t'gh é? ﬁgg %gtéglgg %IGM/Of Fig. 15) as the contro

1% a ma Y

system As he contan1n ertal 0 kg of 10 tin-contam nated soi

(tin confent 5301*1@/45&1“9“%?9'% dfﬁtfﬁ:arﬁgﬁh O“)e&%%OQOnEug U8 QLERL) (pas used

i nstead of the |ead-" contan na € resulis are s own i n B e 11.

0214 T de |
15 tost on 1000 chars dniAtcHpadat, Shaph BhUk GoTRRC bl TaCRE, ERECT
romai ni ng (Rabe 8fsHEhONkna EEREThBRTE 2haC2066™ 2L RRNLEAY bedbebel buti or

onto
shown in Fig. 15 and 16 (plan view of Fig. 15) as the

control system. As the contaminated material, 200 kg of
10 tin-contaminated soil (tin content 530 mg/kg dry soil; site
of collection: F drug plant) was used instead of the lead-

contaminated soil. The results are shown in Table 11.

[0214] [Table 11]
Table 11 Results of electrolytic deposition and removal
15 test on tin-contaminated soil
_ Liquid pha§e dissolution Qongentratlon remaining (Rate of weight
Experimental concentration in soil distribution onto
system (rate of weight distribution | (rate of weight distribution electrode %)*
into liquid phase %) into soil %) ?
Cylindrical ° ° °
membrane unit 0.2 mg/L (0.3%) 24 mg/kg (4.5%) ‘ (95.2%)
(test system)
Flat membrane
. 2% 78 4.7% 19
(control system) 4.5 mg/L (7.2%) ma/kg (14.7%) (78.1%)

* Rate of tin weight distribution onto electrode was
determined by subtraction from the weight of tin in the

soil added.

20 [0215] Table 11 shows that the diaphragm unit was
applied instead of the flat membrane, and the cathodes were

arranged around the diaphragm unit, whereby electrolytic



system (rate of weight distribution (rate of weight distribution el ectrode
%W* into liquid phase %9 into soil 9% Cylindrical 0.2 ng/L (0.3% 24 ng/kg
(4.59%9 (95.2% nenbrane unit (test system) Flat nenbrane 4.5 ng/L (7.2% 78
ng/ kg (14.7% (78.1% (control systenm) * Rate of tin weight distribution
onto el ectrode was determ ned by subtraction fromthe weight of tin in the
soi | added. 20 [0215] Table 11 shows thaos5the di aphragm unit was applied

i nstead of the flat nenbrane, and the cathodes were arranged around the

di aphragm u
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ash, which has been contam nated wt eavy netals. Since the heavy

metal cont e@&ﬁvéﬁtwﬁa§oeééﬁha%ﬁﬁe.sﬁggtHﬁisihéh by G@inbhenreebyeseh®

| owered, there can be obtained t
invention.

INDUSTRIAL APPLICABILITY
[0216] According to the present invention, heavy metals,

10 including their sparingly soluble fractions (portions), can
be reliably removed from a contaminated solid material such
as soil, sludge, sediments, wastes, or incineration ash,
which has been contaminated with the heavy metals. Since
the heavy metal contents in the contaminated solid material

15 can themselves be lowered, there can be obtained the effect
that the risk of secondary contamination due to the
dissolution of the heavy metals can be eliminated not only
at the time of treatment, but also in the future.

[0217] According to the present invention, moreover,

20 heavy metals, including their sparingly soluble fractions
(portions), can be reliably removed from a contaminated
solid material such as soil, sludge, sediments, wastes, or
incineration ash, which has been contaminated with the
heavy metals. After the heavy metals contained in the

25 contaminated solid material are electrolytically deposited
on the surface of the cathode, it is possible to prevent
peeling of the heavy metals from the cathode surface and

the redissolution of the heavy metals into the slurry.



that the risk of secondary contam nation due to the dissolution of the
heavy netals can be elimnated not only at the tinme of treatnent, but also
in the future. [0217] According to the present invention, noreover, 20
heavy metals, including their sparingly soluble fractions (portions), can
be reliably renoved froma contam nated solid material such as soil,

sl udge, sedinents, wastes, or incineraipen-ash, which has been contam nated
with the heavy netals. After the heavy netals contained in the 25

contam nated solid material are electrolytically deposited ~on the surface
of the cat H&Ft8Yt | FHOIEHIU® 0 FFREMNI el ThRy RFeseRt hbRAVSIEEPRN s from
t he cat hode surface and .the redissolut{on of the hea%é%netals into the

slurry. 106PFURBYY FATHRISOFAC T dIRRFHPRRE Of RRYY i ReEALT onan

o ssol ver B tir R e ITRe IR By e betion TOF bheaatsten SeF e or
ndust i al ® VR HETed ARt St B0 G R L rSog SEaTBLer . which - has
seen cog! s gk WAk D Resry T o 8y Leeky ol hsselyed [nto an

heavy netal s can be 10 re ed mo relj n_the conventignal, .
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mai nt ai ned.
the cathode for deposition. Thus, the heavy metals can be

10 removed more reliably than the conventional technologies.
Even in an upsized apparatus necessary for actual
environmental cleanup, the number of diaphragm-electrode
units is increased, whereby the distance between the
membranes and/or the distance between the electrode and the

15 reaction liquid (or slurry) can be maintained. Hence,
treatment can be carried out without decreasing the

efficiency of removal and the rate of reaction.



treatnment can be carried out w thout decreasing the efficiency of renoval
and the rate of reaction. -107- Caim|[1l] Aclarification nmethod of solid
material contam nated with heavy netab®-by renoving, in a reaction vessel,
the heavy netals fromthe solid material contam nated with heavy netal s,

whi ch reaction vessel includes a cathode, an anode, a solid material supply
means for supplying the solid nmat@eiml contanminated with the heavy netals,
and a di aphragm defining an anode zone containing the anode and a cat hode
zone containing the cathode and the solid material supply neans, the nethod

compri sing: pegfior m Adeth 3 hictoa P <BNY AaPeRal BbhahAkes P2y 2l I

in the reacti vesse ssolutron s bein ssol vi ng

heavy met@hyyimetaié bYMdrisving! il amtRtion! vt af A8y WidRINERWY thet al s,
and the separation step being a step of electrolyti caYI y depositing the

di ssol vedolilematerial atontardanareda weith f laesvyofmetms catiote reacti sepasstel ng t he
di ssol ved heavy netal ions fromthe solid material contam nated with heavy
metal s &mludes @ saihadg, amaepde aadald madenahgupply mernd fantsePPHing

tamnated with s i , diti f dugi .at h
i © o 86 b alRnel Bt aringiearithohenbagyy melie BRE AtuSeRal: ca. (2
unti | i $88116H sy agoyY t :
at mosphors TGP hds s 0nE L n AR B By Bl BPe SRR AL o o

-0. 16V okhé @Wehodé tah drhePssitd atariBy dupgg mehasdard el ectrode potential.
[3] The method according to claim1, characterized in that the reducing

at nosphere i s pneoweabdddogomensdiag: ng an el ectrode potential of the cathode
-0.25V or lower with respect to a hydrogen standard el ectrode
performing a dissolution step and a separation step in parallel in the
reaction vessel, the dissolution step being a step of dissolving heavy metal
ions from the solid material contaminated with heavy metals, and the
separation step being a step of electrolytically depositing the dissolved
heavy metal ions on a surface of the cathode and separating the dissolved
heavy metal ions from the solid material contaminated with heavy metals
and interstitial water; and
maintaining the solid material contaminated with heavy metals in a

condition of a reducing atmosphere until dissolution and separation of the

heavy metal ions are completed.

[2] The method according to claim 1, characterized in that the
reducing atmosphere is provided by rendering an electrode potential of the
cathode -0.16V or lower with respect to a hydrogen standard electrode

potential.

[3] The method according to claim 1, characterized in that the
reducing atmosphere is provided by rendering an electrode potential of the
cathode -0.25V or lower with respect to a hydrogen standard electrode

potential.

[4] The method according to claim 1, characterized in that the

reducing atmosphere is provided by controiling a current density from the
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potential. [4] The nmethod according to claim1, characterized in that the
reduci ng atnosphere is provided by controlling a current density fromthe -
108 cathode to the anode within a range of 0.01 to 1 QA/L of a reaction
liquid. [5] The method according to-df§-one of clainms 1 to 4, wherein a pH
of the interstitial water of the solid material contam nated wth heavy

nmetals is intained at 3 or, |ower or 12 qr hi until dj.ssql ution and

Sopar ati GHIBROS A ThEARPIRV AT Brangeccb iy BRI 8] @ vRachBE Rt decor di ng
to any one of clains 1 to 5, characterized in that the step of separating
the heavy netal ions includes a step of depositing the heavy netals on the

surface of the[gpthodgeandihstacberdiRg télap9sdid onNchlifR 1 kHa hamrgidatal s are
deposited on the surface of the cathode under conditions, under which a

fl ow of @kslairthe odatsitidlngater of tastsolidemadérnial panian ialatedmidniheavgd wit h
heavy nmetals is controlled or suppressed so as to decrease a shearing force
of the simetajs detPaygtanathat I are rofr tife Ot ftipBAE Wil Hasoth@nspedr i ng
force acti n%T%Q thef\ ﬁat hode surface does nolt i mpede deposition of the heavy
metal s. [SAPFRALOAMA HBE NS UPhY P8 A8 GRBP! ¢t dr act eri zed in that decrease
of the shearing force is performed by positioning the cathode in the upper
position in the slurry, and controlling a solid particle size distribution

in the slurry geph thafe skt odcsdrding PRy tamy) eosl aget efasmisn 1the sslurry
are present at an upper position in the slurry, and solids of |arge

particl e cliaapetezized m thad tbewtey odrsepprasenthaheavy onetal porss tiadudésiat he
slurry. [8] The nethod according to claim?7, characterized in that the

sol i d parteel ef diepesting theuiedry imetake ofl the purtaceorf ridel eathdds apdrting an

ol ari 11 catitufe s ROt obfioa” niF Bbhey milaladid dfdldd an e allfBsec <

accor di NghkOcARYd8NEnddr E6RdifBn3, LAdSr wHigh acheli 8e4 d10rdyh&ntaining at
least the solid material contaminated with heavy metals is controlied or
suppressed so as to decrease a shearing force of the slurry acting on the
surface of the cathode so that the shearing force acting on the cathode

surface does not impede deposition of the heavy metals.

[7] The method according to claim 6, characterized in that
decrease of the shearing force is performed by positioning the cathode in
the upper position in the slurry, and controlling a solid particle size
distribution in the slurry such that solids of small particle diameters in the
slurry are present at an upper position in the slurry, and solids of large

particle diameters in the slurry are present at a lower position in the slurry.

[8] The method according to claim 7, characterized in that the
solid particle size distribution in the slurry is controlled by imparting an

upward flow of the sturry at a controlied flow velocity.

[9] The clarification method of solid material contaminated with
heavy metals according to any one of claims 1 to 8, characterized in that
plural cathodes are arranged in the reaction vessel, and the dissolution
step and the separation step are performed in paralle! in the reaction

vessel.
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plural cathodes are arranged in the reaction vessel, and the dissolution
step and the separation step are perforned in parallel in the reaction
vessel. -109- [101 The nethod according to claim9, characterized in that at
| east one of the plural cathodes is al@athode for dissolution mainly acting
to dissolve the heavy netal ions and having a snooth surface, and at | east
one of the other cathodes is a cathode for deposition nmainly acting to
deposit the heavy netal ions and having a rough surface. [11] The nethod

di i 9 h i d,i hat :. | | hod d
e gt hodel Tine: ThENREHAE et uind I Rlaim B o RR LA I 20 3 3"°
position |éﬂtaédé/|8# bhe E)ﬁfrrah@éthford%@ ishec amede f%?td%s%uﬁpﬁ,rﬁamwgai ko

h
di ssolution mainly acting to dissolve the heavy netal ions;” and %m)ng t he

pl ural caiswates théheavhotetal oat @6d v Pasimdan Jwetadd, \e@ldyat lehesefiet 0 t he
anode acts as the cathode for deposition mainly acting to deposit the heavy
met al i oeé the ItheTieathededs acearhdidegfarodepeditiog, meindy @ctiogi toedepasit hat t he
pl ural cathodes area(fontrol ed to electrode potentials different from each

|
other or B%&eYtReta! 19R% 280 hayse HrRRUERSHE S control 1 ed to a hi gher

reduction potential acts as the cathode for dissolution mainly acting to
di ssol ve the heavy netal ions. [13] The nmethod according to claim?9,

characterized iyt hatrhehRetidlhdtoRh§Hadesaitd 9, cAEPARBAZEH iAURat:ances havi ng
standard el ectrode potentials different fromeach other or one another, and

t he substance phmal rgtlRoded ate aelangedgin Steaoalihod eetaod;r ode potential is used
as the cathode for deposition mainly acting to deposit the heavy netal
i ons, while themenbticapkeaheatiheges. padaihpdellgcated ajtapesiti@naleéativaive

otential is used as the cathode for djssolution i nl cting,.to dissolve
Fhe heavJaHEFél?rq"&ﬁE.e anode acts as tif‘ne cactifwoge for dPssorth?tion e?l'nfy agting to
dissolve the heavy metal ions; and
among the plural cathodes, a cathode located at a position relatively

closer to the anode acts as the cathode for deposition mainly acting to

deposit the heavy metal ions.

[12] The method according to claim 9, characterized in that the
plural cathodes are controlled to electrode potentials different from each
other or one another, and at least one cathode controlled to a higher
reduction potential acts as the cathode for dissolution mainly acting to

dissolve the heavy metal ions.

[13] The method according to claim 9, characterized in that the
plural cathodes are composed of substances having standard electrode
potentials different from each other or one another, and the substance
having a relatively high standard electrode potential is used as the cathode
for deposition mainly acting to deposit the heavy metal ions, while the
substance having a relatively low standard electrode potential is used as

the cathode for dissolution mainly acting to dissolve the heavy metal ions.

(141 The method according to claim 9, characterized in that the
cathode for deposition mainly acting to deposit the heavy metal ions is

composed of a substance on which the deposited heavy metais are



|

[ 14] The nethod according to claim9, characterized in that the cathode for
deposition mainly acting to deposit the heavy netal ions is conposed of a
substance on which the deposited heavy netals are - 110 el ectrodeposited
nmore easily than a substance constitutllfg the cathode for dissolution

mai nly acting to dissolve the heavy netal ions.

electrodeposited more easily than a substance constituting the cathode for

dissolution mainly acting to dissolve the heavy metal ions.



