- 1 SPECI FI CATI ON CLARI FI CATI ON METHOD AND APPARATUS FOR MATERI AL

CONTAM NATED W TH HEAVY METALS 5 TECHNI CAL FI ELD [0001] This invention
relates to a clarification technology for an environnental materi al

contami nated with heavy netals and, particularly, a clarification nmethod
and apparatus for separating and renoving heavy netals, such as 10 | ead
(Pb), cadmium (Cd) and nmercury (Hg), fromla- contaminated solid naterial
such as soil, sludge, sedinents, wastes, or incineration ash. [0002] The
present invention also relates to agpicFfdas@igen technol ogy for an
environmental material 15 contami nated wth heavy nmetals and, particularly,
a clarification nmethod and apparatus for separating and renoving heavy
nmetals, such as lead (Pb), cadmum (Cd), tin (Sn) and chromum (Cr), froma
contami nat ed sol i d OYNRIFIUAT IONIMETHOD) ANIE AFFARATUS HCOR MATEREAL SOi |,

sl udge, 20 sedinents, wastegoNnPAMIRETHES RETANHARGY AR@afscOoNnt am nat ed
liquid material containing the heavy netals, such as a |eachate fromthe

contam nated solid materials, industrial water, drainage, surface water
groundwat®r, or s@EGANICAL BABKBROUND ART 25 [0003] As a nethod for

clarifying and repairing soil contam nated with heavy netals, a proposal has
been made fd00Q1ldet hodhdsi Agventdioacmedates dQ a edianifiecatimrmanese patent

application | ai d-open publication gazette: Japanese 2 ]
technology for an environmental material contaminated with

heavy metals and, particularly, a clarification method and
apparatus for separating and removing heavy metals, such as

10 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

15 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,

20 sediments, wastes, or incineration ash, and a contaminated
liguid material containing the heavy metals, such as a
leachate from the contaminated solid materials, industrial
water, drainage, surface water, groundwater, or seawater.

BACKGROUND ART

25 [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



Pat ent Application Laid-Open No. 1999-253924). According to this nethod,
contam nated soil is mxed wth an acidic solvent to forma slurry, heavy
netal ions are extracted fromthe contam nated soil into the slurry
(interstitial 5 water), then the slurry containing the heavy netal ions is
fiYtered through a filter while a direct current is being applied, and the
heavy netal ions filtered fromthe slurr"y2 are transferred to a cat hode
portion partitioned by a filter, whereby the heavy netals are separated

fromthe 10 pghka® Apbadcadion [AA4bpeacHodi N9 9e 2isi¥s 4Nkt hadcokawryer, the
cathode portion and the slurry are separated by the filter. Thus, the

interstitial teathdsl mewhold, owontamdinatedsisdd 1t dst hd xedawiate asi deitdircough
the filter, and the slurry is not 15 reduced by the reduction potential of
t he cat hode, sbltventortvefoainy a tslarsiyur heavy meglaly iloniselare extiaardied ai ned
in an oxidizing atnosphere by the oxidation potential of the anode.
Ther ef ore, t lfeopr dhieec woartiagdnattiedt soid finkot ithues slugam i(dmdensit iddlald
deposits, such as |ead, cadm umand 20 nercury, taking sparingly soluble
adhesi on 3 or Wgtegal.| éhrean thier sy seadaipdngd ther heavy fetedgdens is
matter-bound form cannot be extracted efficiently, and the heavy netal
contents in fHdtegied dhxosghp@ Fdiliten Khdleda Pdaest Arrrehdt H&d bedmg

[emoving heRl A S O TES peh S aon e 3 AP IR e e [of
Lo oL MOTRIeSR A o MR BOREIR e A oh g g ceparatior

filter, whereby the heavy metals are separated from the

10 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

15 reduced by the reduction potehtial 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 1éad, cadmium and

20 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

25 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



applying a direct current voltage to adhere heavy netals to the el ectrode
(Japanese patent application |aid-open publication gazette; Japanese Patent
Application Laid-Open 5 No. 2002-126692). [00061 Wth this nethod, however,
the slurry makes direct contact with the cathode and the anode prOV|ded in
t e separation and recovery tank, so that the slurry cannot be maintained
I n a reduci ng at nosphere under the i nfl uente 10 of chlorine and oxygen gases
generated fromthe anode. This poses the problens that the aforenentioned

fractions takuipperBritd Ya Watieireo| Wlcatidisia far hodes) |t t he

I ron- manganese bound form and the organic matter-bound form cannot be
extracted ef hppilgingy a atiteddte deaentmatodltafe duntaiitexre rheawey imetalks ata on
ash cannot be fully I owered. [00071 As a nethod for renoving heavy netal s
from incinetakel elexsirodendtdepanssspgsdtientaaprddreatdm flaid-opant hod whi ch
conprises extracting contam nated incineration ash with an acid, then

subj ecti ng t pabdicaddon wazstite 2Fanansase Fajanh |PeﬂPllé?ﬂ$3é?lbdt¢¥ﬂ3QD¢fg t he
resulting extract while progressively |owering a cathode potential, thereby
progreSS|@eIyode@&ﬁlﬂhﬁfé; Dlurality of netals to recover heavy met al s

(Japanese patent appl i cation | ai d-open publlcatlon gazette: Japanese Patent
Appl i cation IL&0&Sdpen WL‘EF 1@@?%9 GewevsIos] IWter""tIFﬁ% &dd,

however, no reductlon

| d h id
that (h af BHERE: A, % e S e T D
forms cannot .be extract ed £ Jﬂdclreerg(;‘yerfr}:%& eq q}gqﬂt{ﬁlﬁq&g ddg.deavy

net al s contal Sﬁ?qﬁ?t%q
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



I ncineration ash cannot be fully |owered. [0009] According to this nethod,
mor eover, the 5 extraction of the heavy netals into an aqueous sol ution,
and their separation fromthe agqueous solution are carried out in two
stages, rather than simultaneously. Thus, there is the problemthat the
heavy metal concentrations in the aqueous solution at the extraction stage
are increased, and 10 heavy netal salts-wdh small solubility product
constants, in particular, cannot be dissolved conpletely. There is also

the probl em ghahsSehhfloki BHi dxtepatali ercieipatigrmda twet h high
concentrations of heavy netals being dissolved in interstitial water, and

thus, the hegyicantehtienst afneHei Redbyt hethnkeedhithiakdnahethesFuggay,
which remain even after solid-liquid separation, cannot be renoved fromthe
i nci nerati oninashiner@8i6h #bhseannntebhei fnallynmdblvededutilize a reaction in
whi ch heavy netals are dissolved with the use of an acid, 20 and then the
di ssol ved heh0Q0fadt al sAecerdiggatedthhd/ netHegosimpreolgrantbeect r ode
potential difference. Any of the above-described nethods neither disclose
nor suggdst extracddanoPfndhat heavigmatadst Artratldagyepysngeditdoni.n a

reduci ng at nosphere by the reduction potential of the 25 cathode to pronote

the di ssol ut 2Bl ShepzadpraEaiion fropltheranerHss&orBEtASHs aTRpCESFALA t he

full dissolution of heaVé net al s he uihes t hat Iarﬁg volune of ~.a liquid
B gt

phase as a sBRUeAP BECCAEAEES-bEEEDEE EhEnnsamy i aneoRglyy draust utheReis
subiect 10 1 g5t ehelpaolie kG 5BELHBAKY HoRR30HEhoRRIRARIbRe AR BrR e
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-1liquid 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/orxr
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



| arge, making it difficult to downsize the apparatus. 5 DI SCLOSURE OF THE

| NVENJ1 ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [0012] It is an object of
the present invention to provide a clarification nethod and apparatus for a
contam nated solid material which can reliably renove heavy 10 netals,
including their sparingly soluble fractions (portions) froma contam nated
solid material such as soil, sludge, sedifents, wastes, or incineration
ash, and which can |ower the concentrations of the heavy netal s contained

in the solidyeaniang Natet ReHAlsuyEb€ alb eddtidtc®idp spnirgdnation ri sk

now and in the future. [0013] It is another object of the present invention
to provide ggahdyiliatdaded ishsudh tpanat as reeila, ¢de! pFobllend was i d
mat eri al which renove heavy nmetals from a solid contam nated material, such
as soil, slug@sedGisetithntolumesicss, tiy dntimertatedimest, apparaaid ivaent | y
whil e preventing the deposition and accunul ation of the heavy netals on a
cat hode fromlaxgey imdking ek blififhieculsthear iduayrdoixe e apparatus nparted to
the cathode. [0014] It is still another object of the present 25 invention
to provi de a cl ar iDISCHOSIREQM JHEAANVENPION us for a contam nated solid
material in which a cathode zone and an anode zone are separated by a

di aphragm and a FRABLEMF TQHRERMAHPMER BY JHE FMENTEIN cont ai ni ng heavy
netals is ' 6 brought into contact with a cathode to renove the heavy

netals. The NS and Hppht Aueriectc iRl e mzaieYy inentiRhedf the

di aphr agm and LA¢, @1 TANGETRE, Ofe {1° néilitSd "QUP UL Gt @l and

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 solid 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



5 which enabl e the apparatus, despite its large size, to renove the heavy
netals efficiently fromthe contam nated material. MEANS FOR SOLVI NG THE
PROBLEMS [ 0015] The inventors diligently conducted studies, and 10 have
found that unlike conventional nethods, a solid material contam nated with
heavy nmetals is maintained in the condition of a reducing atnosphere and a
strongly acidic or strongly al kaline athﬂ%phere, wher eby the heavy netals
contained in the contam nated solid material can be 15 dissolved, and the

heavy met al s prioghi4diing oS RANtAHtY witdl Wblcathcay it Senftisd i s )headgh be
renmoved fromthe contam nated solid material. [0016] Generally, heavy
netal s are pme3enls.i NThef Mefhodsaal apparatushargeehheataemizadcbybahat e
bound form an 20 iron-manganese bound form or an organi c natter-bound
form in the shaped oforthenidiaphtagt andltheArmmmndeentf fhsthde he heavy
metals present in the exchangeable formenter a corrosion region under
strongly aci éilechrasitesomjiichaldes inractitigads @nst svighily teffijcienter and

di ssol ution concentrations are 25 increased. On the other hand, the heavy
met al s presemwhijogh enaie thecpparatus bHRRRL ot flange #1139 orkanganese
bound form and an organic matter-bound form have |low_ solubility even in a
strongly aci diedoye stheodpayvamedialfe efficianidshfdiam ey IhAHIAtRG fi cul t
to dissolve. Wien the heavy netals present in such sparingly soluble forns
are further "#§%¥@&kd to a reducing atnosphere, they can be transferred

into a CorrOSion'ﬁﬂﬂﬁELFéﬂ"§6ﬂV?défﬁﬂénﬁﬂdﬂﬂﬁmési n wat er can be increased.

[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 increased. 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



[0017] The inventors have obtained the followi ng findings: A diaphragmis
| ocat ed between a cathode supplied with a reduction potential and an anode
to separate a cathode zone containing the cathode froman 10 anode zone
contai ning the anode. A contami nated solid material is supplied to the

cat hode zone, and brought into contact with the cathode, but not brought
into contact with the anode. In this condition, the contaninated solid
material containing the heavy nmetals can be naintained in a 15 reducing

at nospher e (iathospherd,Mam@haRy RrkhidFfikele itd JiGsvdivE Zi Whenopeunds) .
At the sane time, the electrolytic deposition of the heavy netals on the
surface of heavganedddscardsemeriorsuet sardmdllye sedabl eveicatnes  aree
deposited on the surface of the cathode and renoved 20 frominterstitial

wat er, heavy flugtthlers alubsjedttad Itova srEdvgiiing v tmosgherecortdtegntearcdre al so be
sequentially dissolved, and the efficiency of extraction can be further

i ncreased. [ OBE3isfiernede indoy\p Marposdion IEgion. ahdndhalsy solnpildititil e
O0-val ent mercury produced upon reduction of nercury ions acconpani es a
hydr ogen 3as ifem@teeFafy Ha dRczaasesee of the cathode and/or a nitrogen gas

supplied into_the tank for gas diffusion, and easily mgrates into a - 8
gaseous phasd90ddk hat Thes H’g’ﬁ}fé’[‘?so Vo PTG | ealf°%v3é¥’@rn9{:an t ake

Place, T AT S ALR i U3, LpEEIAChE g 8R1R1 BaEleon (oo
heavy metals sugﬂcl%.cetci \éﬁlt)ﬁ fa.r Qc@d%ccﬁrgnargoq:aetlﬁq.aﬁ.main% naﬁ'xt %nioade %d

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 0O-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



interstitial water, the nethod and an apparatus targeting contan nated
solid.materials as a whole, by separating an anode and a cathode in an

el ectrolytic reaction vessel by a 10 di aphragm addi ng the contam nated
solid material containing heavy netals, as an object to be treated, and an
aci di c substance or an al kaline substance to a cathode zone to adjust the
pHto 3 or lower or 12 or higher, and further inparting a reducing

at nosphere. According to this nethod, 15 a reaction in which the heavy
metal s contai duk (frea€oNt Son tied € di 59| sebamd etoml fromr 1wtiecetiibyal he

cathode (reduction electrode) to be dissolved, and a reaction in which the
heavy net al s weteexiaparsi takke grlade. ¢ ibiedd saano thenf dimiing byartdid el .
Because of the reduction potential 20 of the cathode, the contam nated solid
material is dmrentomred in the reducing atnosphere to pronote the
di ssolution of the heavy netals. Thus, even the sparingly soluble fractions
of the heavy MM E, wBasedren ntheseli Stdings unktke LRYSREPYS aprepPesera
strongly al kaline 25 conditions, can be dissolved, and the heavy netal s can
be separ &t ednefRedt3RG| IPRRHRT IR QD! FPIRE RS MR e ER1%l  and
interstitial water. [00201 This net hod siqﬁﬁta eousl erforms_the reaction
- 9 in whiceRIRCHRLY BFAN 2 SRS ¢ %‘grf?%ﬁgﬂﬁ?:gdangol id materi al
are reduced by the ca hqge to dissolve ﬂﬁa Yy tal_ions,,and the reaction
for depos: i PETESFEtRh AT ot ot Be detied cndots, anpdRetfy tarGetfid,
that the 5 CO(%%&LE@% 0, 'f%ém@ 'fi q¥ rogf | 19 4 as
much as possi‘g e W %eihéeée ec %‘%y Ell%mrj%éac i@]&%'ss ,Qg%%fl?ﬁa@ﬁe
contam nated goldd fmd el i @thsad Hnesh & Prolytic 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 réducing 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



slurry, which is fully stirred and brought into contact with the el ectrode.
As a result, it was confirned that the 10 cathode was constantly exposed to
a shearing force produced by a flow of the slurry, causing a phenonenon of
the heavy netals deposited on the cathode being peeled off, and a
phenonenon of cathode wear. [0021] Under these circunstances, the inventors
15 diligently conducted studies, and have $ound that when a solid materi al
contam nated with heavy netals is naintained in the condition of a reducing

at nosphere ang JnStdiONHleY heitviyinfe ta1sSdoMt@dhed kal itk UM HLdP deposit

the heavy netals fromthe contam nated solid material on an el ectrode 20 by

an el ectrol yigoq iR/ IARS triddhced byd tHeddtibdd A aisguudethdrg he
el ectrode by a slurry containing the contam nated solid material is

decreased or metalludeths, Wirt ate Heactdpesifiorodediosita dieafy thad deavan t he

el ectrode can be perfornmed nore efficiently. Based on this finding, 25 the
I nvent or s pr medsd sa arettthed catthaade .apfanat ustwischecdssamys lthalte thleenonenon
of peeling-off of the heavy netals deposited on the cathode, and the
phenonenoh ofcondiamidet e #olitdharadigrisadpangt ithe teiedtemde s dlns donfiracthe -
10 contaminated solid material and interstitial water nore efficientlx.

[ 00221 When @spmawkd aiprssdnimidiimchy edearsolytigepeartéanoressel,
cat hode, supply of an electric current is 5 stopped for_ replacenent of the
cathode. On 9 $hadcddocontamimatiad iold & aterdd isude IHS feavy

T e L S5l S AP (B ISP e S TV

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 by 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



reaction. Thus, the present invention also proposes a 10 nethod and an
apparatus for nore efficient separation of heavy netals froma contam nated
solid material and interstitial water, wherein plural cathodes are provided
in, a reaction vessel to allocate different roles to the respective

cat hodes, and even if one of the cathodes is out 15 of order in terns of
action, or is subjected to replacement -orl&wi ntenance, the operation of the
apparatus can be continued. (00231 Furthernore, if an apparatus for

clarifying a cHPRimihaed&0sbPi@m@ter SACaR§ SPtérst St A1 Udtd¥r 2Hore
constructed, there is no choice but to render the volune of a reaction

vessel |arge dfFnéfemtlip. conplete treatnent wthin a practical

clarification period. If contam nated soil treatnment is assuned, for
exanpl e, a vojooz2df 10Whén arprederermingdnamebny ofdheaey. méfadsfiat
menbrane type 25 di aphragmis applied to such a | arge reaction vessel, it

has been confdepesitédton heheli catinede besvpply t6f aheeleoteicapdrrént is

di aphragm and/ or the di stance between the el ectrode and the reaction liquid
(or slurr}) teppedrfoecoepbacemert of 1hhe|cakhody. t AN tdH@ iqgcasiian and
the efficiency of renoval. To avoid this problem it is conceivable to form
the reacti orPXRLYNS|Were ocorfirmed; Syeht thapkhe Jhepvy gptateaction

vessel conpartnents horizontally via diaphragns, 5, thereby shortenjng the
above dis;andiﬁp?%ﬁk%%r?ntﬁgeu%%t%ﬁgén%h%??fg? 2T an®R oﬁe%YYaWﬁEagize i s
o Dract oaly RN ok BB ERRER. 06 A R PG b P
menbr ane. Theré&'?!@f&&fs 'Iti‘ﬁlvse ft%lén(larte@aetnt 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 roleé 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
solil 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,



10 in a method for clarifying a contam nated solid or liquid material
contajning heavy netals, an anode is disposed wthin a cylindrical,

box- shaped or bag-shaped di aphragm w th a cl osed bottom di sposed in a
reaction vessel, and a cathode is disposed outside the diaphragm whereby
the 15 distance between the el ectrode and the di aphragm and/ or the distance
bet ween the el ectrode and a reaction Iqu|& Cor slurry) can be maintained
sufficiently small even in an upsized actual apparatus, with the result

that the prefigad R fild eactifon: Gt i ttHes rapEl cish @ptel Neshova. and
repair and replacenent of the di aphragm becone easy. Based on this finding,
t he i nvent or sralaf 1T ofifise problidnd itanks asomyElaretiles forfatmrtie/i ng a
contam nated material, having the shape of a diaphragm and t he arrangenent
of el ectrodesadticdn aresglacintoala arerticilly effatcishwpe 25id0Udckccor di ng
to a first aspect of the present invention, there is provided a

cont ami nat ed re@dtiiomtweessdl gomparimenthaomizentally reimvdirpheagns net al s
froma contam nated solid nmateri al contalnlng the heavy netals, - 12

conpri si ng pdifenehnEhortienindtiim ahefe e anegar HOWSVe Lot éﬁlq wSgacf | el
in the sane container, the dissolution step being the ste :P of d| ssol ution
of heavy met AeRYrklat deMiTANeS AR NATIe 3”1 Immat Arachirahe

separation step 5 beipng the step of separati e dissol ved heayv.

ions fromt %’rﬁ%rﬁﬁait’b‘if%%ﬁp% e‘P’r%ﬁ Qaﬂg"‘? 91448 %Mm%

mai nt ai ni ng t cont.am nated solj d mater e, can n,.of a reducing
at nosphere an ea‘%‘?“i’%’r} ?/ a? t 5 Se r%i?#g i&u %égln r‘%érﬁ)lgp eée until the

10 d'SSO|Ut'@%ﬁﬁgkéﬁgﬁ¥égf(¥héﬁméﬁE}JH@WyTﬂEtihv@%%%r@r%ave 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 repailr 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,



conpleted. [0025] In nore detail, the heavy netals present in a form such
as an_exchangeable form a carbonate bound form an iron-nmanganese bound
form or an organic matter-bound 15 form in the contam nated solid materi al
are brought into contact with a sufficient anobunt of an acidi c aqueous
solution or an al kaline aqueous solution in a reducing atnosphere provided
by a cathode to performion exchange andldesorption, thereby dissolving the
heavy nmetals into 20 the aqueous solution and electrolytically depositing

them on _the_c%mbfﬂ%qngf g&elﬁo&atm@d%- Alslsondiovelsitep fardd@ haparatmiml s
mercury, it is renove y a gas exposure nethod wused in renoving heavy

metals from shepcamnt paradied 90/ itthe mainer icontalimetrt)e thecshidsdlutairtd on, the
di ssolution and 25 separation of the heavy netals fromthe contam nated
solid materisgtlepabeingmihet atepn of siisglod utdion. olfn hieaerys aletthl |dand cEron
separation step as post-treatnent, therefore, there is no need to maintain
the slurry ithe cedmtamigaded sgidide materjalvpandy dhe tseparathomsten are
deposited on the cathode surface and renoved frominterstitial water. Thus,
the heaVd nbedng Wheh step oF @epamatinddhe ddssolaed heavy mefiadntions y

di ssol ved, and the efficiencx of extraction 5 can be further  increased.
[0026] Pref ef@om dheprestanipgiedofirdifnBeteriati andndpterstitifilch can be

Clart 110 DY haf Soel SO0 (50 CORLarliaten 0l f giel A 3.
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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.



M

(Pb), cadmum (Cd), and mercury (Hg). [00271 The reduci ng atnosphere used in
‘the present invention is preferably forned by adjustnent of the cathode 15
potertial. [00281 The adjustnent of the cathode potential is preferably
performed to bring a cathode potential of -0.16V or |ower, nore preferably
-3.25V or lower, with respect to a hydrogen standard el ectrode. The

provi sion of the 20 reduci ng at nosphere-by3the adj ustnment of the cathode
potential can be perforned by di sposi ng a di aphragm between an anode and a

cat hode, in a conbinati t he anode, the _ diap refer

el ectrode, aN@TeR¥SLat ﬁg‘@e?‘elaﬂyt i q@a%e é?ﬁpgé"llgela‘ﬁ 3:& tﬁ’f"éfﬁ t he
anode zone vi a the 25 a hra us ff r qi h nt th t he
necessity f Pr nﬁ‘g a0 r?(l)“uﬁ't?‘l Sa(# at&aﬁva%%\égbvﬁg &d. %LF00291 The

cat hode usable i OF,QI A's e%ﬁ% '1 W%Ul%fj-itgp?‘%%r ALt Jﬁ%%e slurry

conductivity, 1n ng m ni mal

cont ai ni ng t@%&%@qﬂ HdAkRY, TR itdle ¢ aﬂ@ﬂ A9 o ahelctsiandar d
tenti a t

el ectrode po at of the contam nated heavy netals. Exanples

are gl assy c%%ppme(ﬁgﬂhe@a%quedﬁ LTD.), copper, titanium and
titaniumcoated netal. The cathode preferably has a |large surface area for

el ectrol ytic (deped ti opreifditederanpIRisaloF, tard dorafaarialdted aa.id or
exanple, a fibrous or a network structure. [0030] The anode used in the

present i nvemateriial ,1hircdf eraablbe alarifiredd biyo the gaessnt dnventdseage of
current wthout comng into direct contact with the contam nated solid
materi al so tahat thatemmhatiedasedidomatierdadsi abnteining 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 via 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



not exposed to an oxidi zi ng atnosphere. The anode usable in the present

i nvention preferably has conductivity, has 15 resistance in a strongly
acidic (preferably pH 3 or lower) or strongly alkaline (preferably pH 12 or
hi gher) aqueous solution, and has resistance to anode corrosion. Exanples
are furnace bl ack, graphite, titanium and titaniumcoated netal. 20 [0031]
In the present invention, the diaphragm il4¢ 4 ocated between the cathode and
the anode to separate a cathode zone containing the cathode from an anode

zone cont ai flid0ed her £806n W POB2Ahé\s BXErPp| Sofaifengi epEr sagmasabl e in the
present 25 invention is a diaphragm which has the function of controlling

t he novenmentcédtanfded@nret ot el , tawd hewing cal ki ghensstanddedaqueous

sol ution, which has the function of perform ng ion exchange to cl ose the
circuit - 1Seléetveads pdieermtibale tinan ttisatavfiotlze comtdratnabedfheavyon of
preventing perneation of a chlorine gas, an oxygen gas, dissolved chlorine,
di ssol ved oxwpejeals et Examples @rE glidssy cadioimd TOKAS (IARBRONDTCQA he cat hode
zone. A preferred 5 exanple is a fluorocarbon resin-based i on exchange

menbr ane5 ( JaEP oh, exePRege Whbdribwe) aedibhtaniymneeated amgkalps.Thesyl fonic
acid groups have hydrophilicity and have a high cation exchange ability.
[0033] As nofathe&rrrferaklnprfsghsla¥de oFeebre®n2ae2 rE9F n- based i on
exchange nmenbranes fluoripated only at the . backbone,

hydr ocar bon-HESSH P bt E% chERRRt t ?%nE%ed%%a§¥§BeB§1%{i$$§23£é§?ﬁ?g}¥ed
exanpl €5 of SUSN el e £ASPANT% TEIDESRSSoR"E OMMELE' LbYcAYRL! 20! ©
[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



such as NEPTON CR61AZL- 389 produced by | ONICS, NEOSEPTA 15 CMi OR CMVB
produged by Tokuyama Corp., and Sel em on CSV produced by Asahi d ass Co.,
Ltd. [0034] An ani on exchange nmenbrane can al so be used as a diaphragm for
usge in separating the anode and the contaminated solid material.

Concretely, a hydroxide ion 20 exchange nmenbrane havi ng an anmoni um

hydr oxi de group can be preferably used.- Rr%eferred exanpl es of such an anion
exchange nmenbrane are comercially avail abl e products, such as NEPTON

ARL03PZL- 389 guagucedey AfDAESandEERERId bl , PARd USES Bife THNY L8N COED. |
and Sel em on ASV produced by 25 Asahi 3 ass Co., Ltd. [0035] Further

exanpl es of thwewéRPivi@ope Haédt oh Mot e cIEBDé Fay £ndn Odxpgent fase havi ng
no functional groups, Including M- (mcrofilter) or OF (ultrafilter)

menbr anes, - dfssPDvedischlodtbne edisscledd asxygemi e€c anto ashitstatn tine
woven fabrics made of nylon, polyethylene, and polypropyl ene. These

di aphr agns witédutitgnatmosplhege copstharcaphederag. t Ropeaferned a pore
dianeter of 5 mor less, 5 and not perneable to gases under unpressurized
conditions. exahple clis exafiphesocarben mesth abagedvion agkehanaemesbraneh as
PE- 10 nmenbrane produced by Schwei z Sei dengazefabrik, —and NY1-HD nmenbrane
produced by Hemtieruexehanggomenbrare sthayitrg sl feriataekdheFeupSed in the
10 present invention is preferably such that the pH of interstitial water.

of the cont arf'kt @RS oRFHA NS RYPS| hake shydrophibicity and have o §igho,

| ower. Such a strongl% haci dic a%ngsphere can exclude the influence of iron
sul fide presEhtiPR ¢XehaRI¢ aB{LItYtongly acidic atmosphere in the

[0033] As more inexpensive diaphragms, fluorocarbon

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

15 CM-1 OR CMB produced by Tokuyama Corp., and Selemion CSV
produced by Asahl 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 dlaphragm usable in the
present invention are those having no functional groups,

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



15 present invention can be forned by adding an acid to the contam nated
solid material. Preferred exanples of the acid which can be added are
hydrochl oric acid, and organic acids, such as methanesul fonic acid, fornic
acid, acetic aC|d citric acid, oxal i ¢ acid, and terephthalic acid. 20
[0037] The strongly al kal i ne atnDsphere used in the present invention is
preferably such that the pH of interst+rtlal-water of the contami nated solid
material is 12 or higher, nore preferably 13 or higher. The strongly

alkaline at MBSPRALE el +EhemAuI3CHLhYS LN RE BRd AbBRA 52 Pipdddi ng an

al kal i ne subStance o the contam nate I materi a referre exanpl es

of the a'ka'waeeEUEab%ae% mWﬁbCBfCﬁgéQﬁ aP@Q?e%h%l%ﬁ@'UﬁhﬁydrOX'de and
pot assi um hydroxide. - ner a heavy netals are easier to

di ssolve in bm9p§bbgﬂgh)é aCTHé§eadf@?lﬁfE§xﬁstﬁﬁﬂhb@ttB@nétl@ﬂQiYgrahi@' i ne
at nosphere. Eependlng on the natur the contam nated solid material to

be renoved, heweyeefera®ly Thoseghavankald R risMeter ol Deupref eressl, t o
the strongly acidic atnosphere. For exanple, if the contam nated solid

mat eri al 5 s aandl notanpermeapple tar gasesmumderounpressutrieest comglitianisdi ¢

at nosphere may di ssolve iron, posing the problemof coating the el ectrode
or 10 cl oggi Byefemlured ekxamptlesngiry gokmercdadflyoeyadlable pmodiusttised.
Dependi ng on the state of the solid contam nated naterial, noreover, the
addi ti on of &Hchciegi FE-ddosmemhrans RQQQHQQﬂlbﬁeSﬁhﬂﬁ%ﬁuﬁﬁ*ﬁ@n%ézefabrik
unnecessary. If _the contam nated sqolid material is incineration ash, the 15
strongly al kaPEnNYdrHDs BeaDEang, PELANGEReBY @#PHOJPdFﬁérY

[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
aclidic 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
aclds, such as methanesulfonic acid, formic acid, acetic
acid, ciltric 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 Dby 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.



need to add an al kal i ne substance, because the incineration ash is strongly
al kaline. [0039] In the present invention, a surfactant, a conplex ion
form ng agent and a chel ati ng agent which contribute to 20 the dissolution
of heavy netals and their stabilization in an aqueous solution, a buffer for
suppressi ng pH changes of the solid contam nated material, an el ectron
donor and a reducing agent for nmmintaini &g the reduci ng at nosphere, and
substances selected fromtheir conbinations may be added to 25 the solid

cont am nat ed [Fsy] al . ASREMAIRG Yo aRE nidtalid hret @l ildONS WELASd hg soi |

to be clarified. Preferred exanples of these additives are SDS (sodi um

dodecyl sul fi#ef)s taitthgaat 401idL s Winphidre ahdna s WHadrgly 18 citric
acid, oxalic acid and lactic acid as the conplex ion form ng agents, EDTA

(et hyl enedi am1xeilaineaatmiosphadied) Begend8IAg( ont theohaitacet o€ ahied) as the
chel ating agents, phosphate buffer, TRI'S buffer, and hydrochloric acid- 5
pot assi um chloontmimdtest sadl itdhendhefrfiexls toae mesroomeel, howegears, tregani
acids (salts), alcohol, various organic drainages, ascorbic acid, DIT

(di t hi ot hsei tsdltongliyt @likahing tatatcsphenen maywder prefenpeshicaartiea on as t he
el ectron donors. If the conplex ion formng agent or the chelating 10 agent
i s added, th&teangly meidis |gtmpspherejecFPReekamMRlepotinthg at which the
heavy netals are electrolytically deposited on the surface of the cathode.

Thus, it is § dateridel 4 Fall cantalid i@ AR %ppropriat e
DL Ol R, e Sl S s & NG Rl e SERP LM e

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,



heavy nmetals on the cathode surface. During this step, it 1is preferred to
deposit the heavy nmetals on the cathode surface under conditions in which a
flow of the slurry 20 containing at |east the contam nated solid naterial 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

cat hode surface does not inpede the depod#ti-on of the heavy netals. 25

[ 0041] According to this enbodinent, there is provided a contam nated solid

material clardficat i detdioth O aci@End NLSRY Yadd s {EOTRSnsEl fdpat ed
solid material containing the heavy netals, conprising maintaining the - 19

cont am nat ed St thdrdgded, IRDEAE &ﬁ&ﬁéﬂéﬁl&iirﬁb@éﬁﬁ&éé’ti@@@i&) Cdnd
strongly al kal i ne at nosphere and a reduci ng atnosphere, which is provided

by adj ust mentNTK @n Lt d0sieri gedterd i édid undercinoreidiantng wgeit ;i ch t he
deposition of 5 the heavy netals is not inpeded by a shearing force exerted
on the cat hodshespHaice hyf#ers] UPRES dontemi ripdthydasthldeic camtdm nat ed
solid material, thereby depositing the heavy netals on the cathode surface.
[ 0042] | n5t hepgrassinm ertbloak idathuffer contte ukiesel | and lydmegen al
containing the heavy netals is naintained under conditions where the
deposi ti on ofSURTCheREIFRkG|ACHIS t (RAL R} hGlkcahek aceartoymtorgdrbed by t he
shearing force exerted on the cathode surface by the slurry formed from
the contanm ndl%afinages, AITRIC anid, Rhe (EHihigthrettrlhs HtARAMRt al s
deposited on the cathode surface, and.the r_ of the c thq%g re
pr event od. [ COMSA 1%y CHEOThRRIEIRY o sk ARG LA oL 2 TR o Qo1 TP
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 so0lid material

containing the heavy metals, comprising maintaining the



material containing the heavy netals is preferably treated as a slurry so
that the incorporated heavy netals will be 20 dissolved as ions. This slurry
contains, at least, an acidic or alkaline substance so as to nmintain the
contam nated solid material in a strongly acidic or strongly al kaline

at hosphere. Wth the exception of a case where an al kal i ne substance or an
acidi c substance is 25 incorporated, suehl8s-a case where the contani nated
solid material is incineration ash, it is preferred to add an acidic

substance or gp q{;qﬁ%;\&%&&g@fﬂ&owﬂ NGd on@I U dY -of £&tAAYAY The

aci di ¢ substance, C In the present enbodi nent, may

preferably i Qe AT QSRS I a1déd KinedlatHdHHr A i a StEducdingd or m ¢
acid, acetic acid, citric acid, oxalic acid, or terephthalic acid. The
slurry 5 contginydphesch wHLAL I 1H riovisied &y i 70 tilerithask i) catisddeongl y
aci di c atnosphere preferably such that the pH of interstitial water of the
cont am nat ed pydldrit il erirler scchdintidmserunder evipirtetf ettebldepbsirtt iamesf  Such
a strongly acidic atnosphere can exclude the influence of iron sulfide 10
present i85 tlthesdidavy (&t lsThiss aldtalimpedad dyara shvdawing diodhee 1eseartied t he
present enbodi nent may preferably include sodi um hydroxi de and potassium
hydr oxi de, f@n eteathode sinfage duontaisiurrys wintainingldtheleagtstthee i s
mai ntained in a 15 strongly al kaline atnosphere preferapkg such that the pH
of interstitdoptamirated sleld atenink odhanely Mderesiiing tiye heaw gher,

nore preferably 13 or higher. [0046] In the present enbodi nent, the cathode
pot enti al 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 solid material imn 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.



Is adjusted to maintain the contam nated solid material 20 containing the
heavy .netals in a reduci ng atnosphere, thereby depositing the heavy netals
on the cathode surface. Thus, it is necessary to keep the slurry containing
the heavy nmetals in contact with the cathode, thereby causing an

el ectrolytic deposition reaction. 25 [0042 The reaction rate KO at which
heavy nmetals are deposited on the cathode€&urface is deternmined as in the
followi ng relational expression by the diffusive substance noving speed KD

of heavy netajohpf andrhbea&taDedsuBHtarEE, -wrich U8RASHS | @Beiaif Keof the
heavy netal ions: [0048] [Equation 1] 1/Ko = 1/Ku + 1/ KR [0049] The cat hode

surface depospié&ent aéxﬁbd{&ménﬁ deaer pioEerAyly hendyhde Ohydcoun1oeial i ons
and tenperature. 1In the case of | ead, for exanple, a tenperature of 30 to

40C i s preferaeld, | ortbeganse ati@eavyucketas sfotthbe abhd, deatlicaacid,
tenperature of 25 to 80C is preferred. Generally, as the tenperature rises,
the ion diffusitnicadeidncoratbs, a¢ddancr heavgphthal $ccanide dipossiuwikyon
the cathode surface wuntil a high current density (e.g., 11.48A/nR) is
reached. SHovweertaigiyngtsyiclyrannactdpossuketaree 19 mabtngasdnedabn ahydr ogen
overpotential |lowers to facilitate the formation hydr oxi des. Thus, the
t enper at ure |-ﬁt?é'%gh]bo@@lqscnﬁﬁ'ﬂ?%ﬂ]é%lr?ahﬁ‘éf?Ea‘aWaﬁ‘#ﬁée%ét Foespi 9fe

di ffusive substance noving s rqggrtlonal to the state_of

Stirring and TEHpERELELel WAPRENOR ther PonTaRkRRTOR Fabke anEeEheL 1 7s
necessary to  St)Lwil® SOHL'¥rSPLLLEIENS 8 TOUEYS  sddieh IS Sigty Y !

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 solid 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 K; at which heavy metals are
deposited on the cathode surface is determined as in the
following relational expression by the diffusive substance

moving speed Kp of heavy metal ions and the cathode surface



20 stirred, the shearing force acts on the cathode surface, and heavy
netal s deposited on the cathode surface may peel off. Wen the deposited
heavy netals peel off fromthe cathode surface, the efficiency of
separation and renoval of the heavy netals |owers. There is need to exclude
or 25 suppress such influence of the shearing force by the slurry. [0051]
In the present embodi ment, the suppressi-oBlof the shearing force exerted on
the cathode surface by the slurry is preferably performed by |ocating the

cathode at aydiRRAMt 1o ratd 36 biEORNY hBaYy! hetahusbnshor mation tank, and
either controlling the solid particle size distribution of the slurry such

that solids woougal | [Bamties 1@re present in an upper portion of the
slurry and solids with large 5 dianeters are present in a | ower portion of

the slurry, or carokl lpgythelfKow of the slurry. [0052] The control over
the solid particle size distribution of the slurry can preferably use a
met hod of i rwar49Ing aThewsathddeowunfade ddpagitiotherates Hed isf 10
inparting an upward flow to the slurry may preferably be to eject the
sl urry upbar detemimeddhdtherfiyre tdfe hgawy ynetiak fansrandriiemperataine .
formng an upward flow, or to introduce air fromthe bottomof the slurry
formation tafie thehngassy ghrigady tiRr S%XAMBLE ntD WIRAFARWS 1V 3Byt or i ng
15 the slurry containing the solids With varigus particle diameters into
the upward fl4MC dfePTEELFEeG -t nINalRe PSPt PEI RedVENBEER LS @EheF Hh@%upward
flow and remain jn the lower portiaqn of the . slurry formation,tank ile
the a0l i de WiFAf o fh NIRRT difhrih 1 C05 48 REe AP 020 BPRBFRLYY- Ac o
result, thef%g'fhéxqéﬁﬁéf%fﬂfgarises, 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



distribution of the slurry is such that the particle size is smaller in the
upper  layer, and larger in the lower Jlayer. Control of the solid particle
size distribution can be exercised by controlling the flow velocity of the
upward 25 flow of the slurry, and know edge of the termnal velocity of the
upward fl ow enables the solid particle size distribution to be estinated.
[0053] If the contam nated solid nmaterial 28s-soil, for - 23 exanple, solids
with particle dianeters of 2 nn1or Iess are often the object to be

clarified. Of tJl q1 qulltq1 n aﬁ Cfd:‘?rﬂ:l Iq.ﬂ{ agag.{]pg A&H\Fé;gfeg% abl e heavy

metal s conprifses ay par aV| g a part amet er 02 mm and a

5 density of &99&101211%&% ksth\i% pSSIETR: tdale tdies denfiddorior ard Urry

contai ning such a contanminated solid material is 1.0 to 1.2xl 03 kg/ M3 ,

and the vi sceaidprplsddit tHdt '361ids Wwikdr shd¥1l AiMhetldrd Nre GRsssertiein
termnal velocity of the <clay particles can be calculated fromthe

foll owi ng St Gkeuppet gptatiicnn dOGIEL ikt iamd Hollaistividh Viedogd ty =
(particle diameter )2 X (particle density - slurry density) x gravitational

accel erat son aidntd tersy attes pxrsident Hnl& Nowed) Holr tatorabmfttise 1uxrdy .7 oxr 10- 4
m's. The Reynolds nunber Re of the particles in this case is cal cul ated
from the foldovirgllipattihen f13066IE [Hpualiurryd] Re = (particle dianmeter) x
(termnal velocity) x 20 (slurry density) x (slurry viscosity)-' [00571 at
1 or less. THfS5Z2he usthefcamtarad gkeer the solid particle size

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 so0lid 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 thé 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



equation is appropriate. [00581 If the contam nated solid material contains
| arge, amounts of a fine particle fraction or clay particles, 25 the fine
particle fraction or the clay particles are electrically charged, and the
conponent particles repel each other, and becone nore difficult to sedinent.
This nmeans a low termnal velocity, so that the desired solid | - 24
particle size distribution can be obtained3 even when the flow velocity of
the upward flow is rendered low. [0059] If the contam nated solid materi al

contains a Raddniples fdcaatldsPRvitay gt diy il U &f of miPlor thas lare 5
the termnal velocity can be calculated using the followwng Allen's

equati on [ 00@HtdriEaims icbjeldt ey Benatlatelficid.y of( theskel sbaidensiat ylaysl urry
density)2 x (gravitational acceleration)2 x (slurry 10 viscosity)-' X
(slurry densifingction 4ar@iklih ldwaldgrddabdieaistary nel(blld comgimia®sof t he
St okes' equation. [0062] By setting the termnal velocity of the upward
flow wi th thelae pHritivelesbdhasrides oz i gat ichen dl@nelte e mafi edr3 mgn @t id i ng,
the desired particle size distribution of solids in the slurry can be

obt ai ned. 5 [ GBEIites afeaawle® abde, kgl solAssuse thhate ez denfiidiw iafut i on
of the slurry is controlled such that solids of smaller particle dianeters
are present i SLHIGh&ontRiAing sigh idrortatdadesd Splithimatepidlgd sof

| arger particle dianeter r resept.in a lower. | ayer portjon of the
9 P 1.0 to 1.2x16§ ﬁg?mp, ang the viscos{ty gf't e slurry is

1x1073N*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 so0lid materlial 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



slurry. Such control can avoid a shearing force being exerted by solids of
| arge, particle dianeters on the cathode surface |ocated 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 flowis preferably perforned irél such a manner that the slurry
flowis | - 25 controlled so as to decfe&8ethe shearing force of the
slurry on the cathode surface. The control of the slurry flow can be
carried out pardiisResisige didthodartpion exin e oerdiated! evqrosiiémntHewer
than the cathode |ocated at the 5 upper position wthin the slurry formation
tank. The catloodergiranticryt iof) therhmwaml fleowliispossdieedislaw. encl ose t he
cat hode, or nay be disposed as a partition in the path of the slurry flow
headi ng t owarl®a5%] cat Hoethrurdorctamingied tswl dhimatiRrimbteantaknsenber is
used, the shearing 10 force of the slurry acting on the cathode surface is
decreased, bumantie leatfrartinnthasting %é%%ti@?o#ﬂﬁedsumbﬁlb@f RFRA derpn ol -

mai ntai n the cathode surface and the slurry in _contact. Therefore, if the

cat hode- pPot &8 ATl Yaloghhsan by calqulatrd Ralnhdhe Rewing |

preferred to 15 use, as the cathode-protecting nmenber, a material through
whi ch the sl dHrhPedh ¢ LIAch as a porous material, a honeyconb type

material, or wor k eaterjal. If the cathode-protecting nenber is
Lo ol Bfationch £

di sposed as Ytion plate material, it is preferred to

S a® P At Sl (BRI B e and (e
density)2 x (gravitational acceleration)2 x (slurry
10 viscosity)™! x (slufry density)™' x 4722533 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 so0lid particle size
distribution of the slurry is controlled‘such that solids
of smaller particle 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



As the material constituting the cathode-protecting nenber, 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
t he cathode- protecting nmenber may preferably include tenpered gl ass,
quartz, reinforced plastics, synthetic resins such as fluorocarbon resins,
fiber reinforced conposite materials - 2625sich as FRP, graphite, gl assy
carbon, concrete, ceramcs, titanium and a netal, such as iron, surface

treated for JgHtredlilda residd A dedritifiel tHe tdredariase Morddasif niag , t he

cat hode potential 5 is adjusted in order to maintain the slurry containing
the contam rdhatrs dn dhateatiadde sudfacgeeduTheg cantrepheife thellsd uadjyust nent
of the cathode potential is preferably performed to bring a cathode

potenti al of £lbwi@Amrbd awarriedrong hefdisirdsing . 2athrodeowmrqtedting espect
to a hydrogen 10 standard electrode. If the heavy netals to be renoved are

| ead and cadmiemher @t exaqaidian Joyen dihan dhe cadmdellogaked Aathdde
potential to -0.16V or lower, but -0.35V or higher, with respect to the
hydrogen 5t attRReFr @Qsktinme witlyimithe tﬁléuf%hg‘é?rf‘!q’fe‘-% dedo! yIP@ deposi tion

reaction of 15 |l ead and cadni um can be specifi aII used, and t he
deposi ti on ofcathAfedRet e nemPey Cttﬁ' qc Egeéﬁé’"r%ﬁ% %ferfﬁljcﬂ%’gen

at mospher o bye R T i o ate resﬁdapso?%?ﬁaf’”iv%é#v‘)%ﬁw R oy
appropr | at o, O b RHRY Torseb P EE et A Sa R sl ™ s
enbOdirrentlf%vhen 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. If
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



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 mnimal |oss due to friction with the slurry
coptaining the contam nated solid material, having a higher standard

el ectrode potential than that of the contamnated - 27 heavy netals, and

al l owi ng heavy nmetals to deposit easily- @b allowi ng the deposited heavy
netals to be electrodeposited satisfactorily. Exanples are noble netals

such as coppgfycy! & IFRE) Fhdpift@NG oMl JBEY 2l Sodvd 1), Scdh@pecdipt al s
pl ated or carried thereon, glassy carbon (TOKAI CARBON CO., LTD.),

graphite, iroht&taim eosd d afdtal | idwdh we Arsh pradfdce stird fted tfent ed
with these materials. The cathode preferably has a | arge surface area for
el ectrol yti c ctepassiowredidtendweavy netals, and preferably 10 has, for
exanple, a fibrous or -network structure. [0067] The anode usable in the
present enbodictlis In efler gnteseunfémpodiinagnt bethmpeatleodd pofertiial
passage wthout intimtely contacting the contam nated solid material so
as not toSexposeadiusteshtimionden twnalnmimitde g lurnroxiaining the

at nrosphere. The anode usable in the present invention is preferably one

havi ng conductentaninated sl kdJiatemel i 10 Lthe ARG M ROIRRYFRr abl y, pH
ol ut i on, - and e ARPTEEE db e SHOMESRIRTRL A BEAGTEPLYe Tur nace
oL ack. 91 PN e Shoth L eatong QNG R A SILALE ot Ickey eRfat D @
materials havnilc;-!r.ge apéé%@f'ém S—%Tfﬁ? gloai&gelw tvnl.éﬂ tlaé.l':.j‘[yégt 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



oxi de or ruthenium oxide which are used in the brine 25 electrolysis

I ndustry. [0068] In sone cases, it is preferred to use a diaphragm in order
to isolate the anode fromthe slurry. An anion exchange nenbrane can be
used as the usable diaphragm - 28 Concretely, the anion exchange nenbrane
may include a hydroxide ion exchange menbrane havi ng an ammoni um hydroxi de
group preferably. Preferred exanpl es of-s2th-an ani on exchange nenbrane are
comercially avail abl e products, 5 such as NEPTON AR1O03PZL- 389 produced by

IONICS,  NEOSEE g g&odaﬁadaﬁzxowszhgyﬁaa ﬁletalan@osabﬁ%% 83¥ipyoduced

by Asahi @ ass Further exanples of the usable diaphragmare those

havi ng no fUBEthPméhlﬂQOHHé dbpekideagnebry(mbeaki kbebp or UF (ultrafilter)
menbranes, porous 10 frlter media such as ceranm cs and asbestos, and woven

fabrics rradeepécaybaepoﬁmtuat Biteseactodipgl y Ecay bae. ardheseL i et by s

wi t hout functional groups are preferably those having a pore dianmeter of 5
m or | ess, asdchoas peppezbl platigamessihder andr goddsi matecdadst handingl5
Preferred exanples are comercially avail abl e products, such as PE-10
menbr ane Hr otihesd bgt8tbwplat&di dengarrfieflr thereand bYasb® cemwboane produced
by Flon Industry. [0069] Mreover, the diaphragm may be | ocated between the
anode and théT@&AﬁoﬁéRBQNSGQauaL@Da)eagﬁéﬁbltenelZQneoﬁtéinﬂﬁgStﬁéeeéthode
from an anode zone containing the anode. Locating the dlaphragn1|s

advant ageoustihanhum. t ABA REEUCSSs FHFERCE - Féﬁ@éé&ﬂﬂhﬁ dihese MAteidH e
obvi ated, because an _acid is sgg lied fromthe anode zone via the

di aphragm ARPExSAbREdss PERECHR hgm Bsiprae; sugtace 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 fhe 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)
agqueous 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 i1s 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.



25 di aphragm whi ch has the function of controlling the novenent of a

subst ance other than particular ions in the aqueous solution, which has the
function of performng ion exchange to close the circuit between the anode
and the - 29 cathode, and has the function of preventing perneation of a
chlorine gas, an oxygen gas, dissolved chlorine, dissolved oxygen, etc. to
mai ntai n the reduci ng at nosphere of the %%Ihode zone. A preferred exanple
is a fluorocarbon resin 5 based i on exchange nenbrane (cation exchange

nmenbrane) hayhBgesdl{yONitheaahdofr exBEan§t! hefbeanei flagr HpIubava
hydrophilicity and have a high cation exchange ability. As nore inexpensive

di aphragnms, hiaperseaeboonr exchahgeeneinbpanexnaangg amramavadufnl uori nat ed
only at the backbone, or 10 aromatic hydrocarbon-based i on exchange

menbr anes canhyéreridbegubupi prdfePablyL r cRirefernme @ sexdmplied oHnseclrhamge
menbranes are comrercially avail abl e products, such as NEPTON CR61AZL- 389
produced by aohbaSexNEGSERTARe@biraneRaCkB comperscddldy Folahianl eCapyoductsl
Sel em on CSV produced by 15 Asahi d ass Co., Ltd. 0070% In the present
embodi merk , Avrhoasr NERTONr ARGOPZREL- 3§9c§ﬁﬁﬂ§%eﬂthf69Ni § - alJEREERRD a

chel ati ng agent which contribute to the dissolution of the above heavy
netal s and BﬁélPrgﬂaﬁPﬁl?XtFBKUYﬁméncaﬁBe®u§n§oﬁ89F8ﬁ°naA§UfPEPdPSPdZO

suppressi ng pH changes _of the co E solid eri an el ectron
donor and a XdﬁﬁPHg kdese E8r ng ata F\ ¢hesx ?égiﬁ§ﬁﬁ%aym%s$ﬁ§? and
subst ances Salsshah Alk! 2oks, RAVIRRHPOFSIELchE U8 o2, LR BRIGGY
condi tions SMﬁh(ﬁicEg%iiQEE)tQrb%FCkaifihfglter) 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 pm or less, and not
permeable to gases under unpressurized conditions.
15 Preferred examples are commercially'available products,
such as PE-10 membrane produced by Schwelz 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
énode. 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



[0071] In the present invention, it is preferred to dispose a plurality of
cathodes in a reaction vessel, and performthe dissolution step and the
separation step in - 30 parallel in the reaction vessel. The present
enpodiment is a contaminated solid material clarification nethod for
clarifying a contam nated solid material containing heavy netals,
conprising perfornming a step of accormpda®®ng a 5 slurry containing the
contam nated solid material into a container, nmaintaining the slurry in

strong aci di idgtYodqeS! 4 i K &Hdifgh ANGAIH0 vttty thermd@dd ds of the

cat hodes di sposed in the container, thereby placing the slurry in a
reduci ng at npgakAiged c%aﬁ Sl \bkyidem Reavy dRisdlved idion i, tdissdrgd/, and
t he

a step of depositing di ssol ved heavy netal ions fromthe slurry to
separ at e t he oxyepty, reicl ticomsinted mditdsoIndduning egtmosbHdre ehartss i on
step being perfornmed in parallel, characterized by disposing the plurality
of cat hodes icathosiec aadres .ne@. piefpfdéd] ekampidi g tofilherpcagbon eesddi-nent,
the slurry containing the contam nated solid material is acconmpdated in
t he cont ay nebasee iginrexchangeimamiinane i (catiiaihexchdnge ynepbraneing
al kalinity, and the potential of the cathodes disposed in the container is
adj ust ed, wh&asHng HILEPNq 3Gld gnqupsed SH1&oRdGuerdd SERYPShEAYE: o
di ssolve the_ heavy metals into the slurry. The dissolved heavy netal _ ions
are further d’é@&ﬁ&‘b’dhfqm 3 fans @ iidh caten ihangs aRilidshar A8 on.
Thi s separation st,er*) i s é),erfo nme rl Q‘grpsar I ecl with the di.ss_%é&most ep.
Si nce the 25"MAAf atSXPGIS S i PR TSt (*%®Bhet i on
vessel ), d'f%&%ﬂ&ndé”ﬁ%ﬁé%ﬁhégafﬁdé%%ﬂé%%&(%nly 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 so0lid 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



t hese cathodes. Even if the action of one of the cathodes is out of order,
or any one of themis replaced or - 31 subjected to maintenance, the
operation of the apparatus can be continued. [00731 In the present
enbodinment, it is further preferred that at |east one of the plurality of
cathodes is 5 a cathode for dissolution mainly acting to dissolve heavy
metal ions, and at |east one of the other3Qathodes is a cathode for
deposition mainly acting to deposit the heavy netal ions. In this case,

di ssol ution @QQafogsihiEﬂeaféacPEBBOGQEQePY'C&ﬁéEﬂfﬁﬁeﬁ¥ﬂémﬁﬁﬁ&méﬂtt{§ﬂ

conditions 10 suitable for the respective reactions can be set. [00741 The

cathode for gdeggsthh®RatsaPrs6icaakbhyediaposedriftcatbehi hb@Aodeaper to the
anode than the cathode for dissolution. As a result, the proton

concentrati oglLapiFRengnai ebhoanondteld tbekidamhodeihdr coppashlihgnheavii gher
than 15 that in the nei ghborhood of the cathode for dissolution, so that
the current gdebalty pompepitingapetrBotingngrat shepcoficaatommbdatingahso hi gh.
The deposition of a nmetal on the electrode takes place at a higher
depositi &n raleray eontaining thercontawhsated Folid mhtendalyinbobahs are 20
deposited nore easily on the cathode for deposition. [00751 The cathode for
deposi ti on asdntaéneant hvaddntainiggstbeusivarir énpstrengbpgidédfyroried to

el ectrode potentials different fromeach other. Thus, dissolution and
deposi ti on cahrpagpatkatiBdtyopndhaleespaddnstingsthecpeteniiadt ofuthabl e
potentials. The cathode for deposition and the cathode for disso]ution
preferably hG3EhpAS; d4FPREEHeth| EReJFPRERLAGT . thereby placing the

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 dissolutlon 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 thé cathodes

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



fromeach other. Preferably, the cathode for deposition - 32 and the

cat hode 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 preferddly, the cathode for deposition is
conposed of a substance on which deposited heavy netals are

el ect rodeposigeh diydn W5 e SUNH AR (08 1116 dfpddiee et hode

for dissolution.” By providing the respective cathodes wth ferent _
physi cal propeid ivs dftuigegh for deposition and di ssolution, better actions
and effects are obtained. [00761 The reduci ng at nosphere used in the

present 15 eiuorh pent Irs fhE rErkddnt hamadlnsdmentiofid hRukidwde

potential. The adjustnment of the cathode for dissolution potential and the
cat hode for gaEferreh fidterdt dleast queefcef ailley piladeakitch dfhatathwiemtint i al
is -0.16V or less, nore preferably -0.25V or less, with respect to the 20
hydr ogen §t ardaratleddtfadalisgelytbw staimly adteinedieidissalvedpEavre by

t he adjustnent of the cathode for dissolution potential and the cathode for
deposi tion pdedtiak dlonmn and akhleasl e e dvhiedienicatthodRstimce bet ween
t he anode and the_cathode for deposition, the control of the distance 25
bet ween t he GRIRRAL AT AGRRTITIIP SRR ME aShiRAET APt tRR iRRRVENd t he

floww thin the apparatus, in_the conbinatiqgn qof the anode, reference
el ect r ode, tﬁ'lftac];ltojrﬂﬂfe' f dm &ihé"s';olcﬁtsieonfiléﬁé??'f’ﬁé'oealaﬁ‘gdgiep&sﬁéﬁ(‘}s At5€on.

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



0 - 33 [00771 The cathode for dissolution usable in the present enbodi nent
is desirably that having conductivity, and involving mninmal |oss due to
friction with the slurry containing the contam nated solid material. In
connection 5 with its surface treatment, 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 heavd2netals are minimally deposited on
the surface and, even if heavy netals are deposited, the deposit can be 10

easily removgdy fhe ehameael rbheqeakbadeibar aéesaelme'sea OfS spbeftanakky a
shape which mnimally wears upon exposure to the slurry, such as an obl ong

pl at e shape, havihgkdsEEpeentasttaabashapeectrbael pskapeiads,aangheri cal
shape. Exanples of the material for the cathode for dissolution are carbon,
15 iron, titsabstancephavingnd ae}atfiivehy hdgbr shhadawld) edeedrote surf ace
treatnment. 100781 The material for the cathode deposition is a material
havi ng condupbtentyalhdsi nged hsghbe sathddedfoyl depprsd&ipot ewhiidle ghan t hat
of heavy netals, and allow ng 20 heavy netals to deposit easily, or further,
a materi & aubéﬁﬁngethévd@so§lF@éaﬁéaﬂ}YnéPHI§t?6d§€depé@F¢693903|ted
satJ.sf actorily. Exanples are noble netals such as copper, platinum
silver and gBPEeniialnafeisgds agoihedcathrdenéss dﬁ§F83§t18PnceA%ﬁ%
above-nentioned _nobl e netal s seﬁglto be .25 us gqgoften t heir pes shoul d

oo rably. bePFRSSEABIS| diing AL RERENSAFSPEBPPIE Ot Ao LoBPESea G osver | ¢ he
cat hode for ition is desir t 0.have, a structure which facilitates
r emoval mhenSH§§§9nﬁ§tgpswgﬁcbegfg83§gfédth¥Y metd1d 82
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 between 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.



- 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. [8039] -The anode used in the present
enbodi ment is preferably one having conductivity, having resistance in a

10 strongly ?ghc}ifg ¢ ffﬁ{hgefh?g)tymd@*f%r% Q¥ 190, WA %Al idiRsent

(preferably, aqueous solution, avi ng resi

anode corrosigio AT 9% ¥ed 1192t dE1nY WhiduRt 16ARRAN.arf1d ti tani um

treated for corrosion protection. “15 [0080] The strongly acidic atnosphere

and the stroRgh1vanAnita ml1Mse Gt 3R frl dthnPRaAIeNtehITROAi Nt are in
the aforenentioned pH ranges, and can be fornmed with the addition of, or

wi thout the 2@@ithi®And thHehectemaiRrleidordd idaiateaiihlal kahi cohhedesoned,
the aforenentioned additives 20 can be used further, [0081] According to a

second aspecwieh tite pratade treatniendn, thieeicathoder @ordéd sasodarttiam nat ed
solid material «clarification apparatus conprising a reaction vessel
i ncludi ng a chobda metsddraddlyl denttiariishle ds diop haviee @ss sinpot25 as fjd@tyi ng a
contam nated solid material containing heavy netals, a cathode for
provi di ng a ssdfeasy amdnespismoothy a guapyedagurface as Pesddblehe a9 dgmtagm
defining an anode zone containing the anode, and a cathode zone contai ni ng
- 35 heavy metals are minimally deposited on the surface and,
even if heavy metals are deposited, the deposit can be
10 easlily 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 materlial 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



t he cat hode and the contam nated solid material supply neans; and the

cat hode zone being maintained 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 sol id material and interstitial

wat er being perforned in parallel in the 3feaction vessel . [ 00821 Wth the
exception of a case where the 10 contam nated solid material to be treated
in the preserfediisi¢aRedby 2 aigh lpditend idll giveln dlo ahea@ldict nodeer i al

such as incineration ash, it is preferred to supply an acidic or alkaline
subst ance t o aiffterc dihiea hieastye thesta lisd anentdepiosli teidn oar ddve tsmnfmice afn thiee
contam nated solid 15 material in a strongly acidic or strongly al kaline

at nosphere. Adestdiods.y, Funthhemappar thessvrfane pfethat cathodat fon, the
reaction vessel (or a slurry formation tank) is preferably further provided
with a nmeans demosddyeny ipygfemabdy ias & threg-idHaensionadc St UEs31
Preferably, therefore, there is provided a _contam nated solid materi al

clarificali ofughhasaru$ trushwses widh irEagulerifdese o ﬁcl“t?d:lwi?é'ka
materi Al conSRGHearP FEH SR ReANetedss CAReS e Sk Aty @eel
Subst ance, S”p?aﬁy S o SR %%%&é%&sfs%&%ﬁ?i %% & aphr agm - and
e P ST Y WA TR
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 bevformed 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 solid material
clarification apparatus comprising a reaction vessel
including a contaminated so0lid material supply means for
25 supplying a contaminated solid material containing heavy
metals, a cathode for previding a reducing atmosphere, a
diaphragm, and an anode; the diaphragm defining an anode

zone containing the anode, and a cathode zone containing



solid material supply neans, and the acidic substance or al kaline substance
supply neans; and the cathode zone being nmaintained in the reducing

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

di ssolution of heavy netal ions f romthe contam nated solid material, and
separation of the dissolved heavy netal ions fromthe contam nated solid
material and interstitial water being peBbornmed in parallel in the reaction
vessel. 10 [00841 In a preferred enbodi nent, the reaction vessel is a

slurry formathang Iacg'sateoranlar g %n%lamifﬁwea 2b 14 e matRuA RApedysol i d

materi al, the aci substance or al kal i ne substance, and watér into a

slurry statepeln@; ol ¥HeNdatthode izdnERbRiNY mAURRaY nERRAS ithedesirably 15
selected froma belt feeder, a slurry punp, etc., depending on the

properties ofredue i@ aamosphed e aind iadlstrohglyC apidiicairedti@ngdymaterial to
be charged into the reaction vessel is desired to be beforehand converted
into fine palkadiee rEaogphereseandaldisisolutdionr ofoheavy Imetadi tilonishe 20
use of a dry or wet sieve such as a bl ade washer, a trommel or a vibrating
screen, i ofdem tthef montiamdna tielde siodidamaderiafl ,t laads Iseparationhefr dhet i on
vessel. If the amount of the contam nated solid material charged into the
reacti on vesddissiodvied beayacmedadd iomsr £xear thie contgadinaediside sod 1d25 furt her
sieve the contam nated solid material into a fine particle fraction

neasuri ng on®akerladedd dntergtidial watemmdeing perforpeddd® Manaddeali ke.
Preferably, the reducin%_ atnDspgﬁge provided to the cathode zone is

achi eved by iB3Fhe;de@Stiog V¥§S€4t-hode potential to -0.16V or |ess,

preferably -Qoa@%°" | Gitn Wre| 25 on’ o 18 L 9%Te 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 subétance to the contaminated solid
material, in order to maintain the contaminated solid

15 material in a strongly acidic or strongly alkaline
atmosphere. Accordingly, in the apparatus of the présent
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



standard el ectrode. By adjusting the cathode potential to -0.16V or |ess,
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 hydrogen by electrolysis of water are
suppressed, on the other hand, the electrolytic deposition reaction of
heavy netals can be produced 10 sonewhat 3fecifically. [0085] The adj ustnment
of the cathode potential is preferably performed by using a constant

potential poyep,+fUAR! YofeYicoptadhliRgudhe!t BaghbleNOtnkl Fohdlkfatel the
constant potential power supply devicCe is used, the cathode 15 potential can

be control | edol 932mBteRea1PUPDLYEMeanB] aRd ehechiiaieukudatahcemohe
cathode to the anode occurs as a result of the electrolytic deposition

reaction of hhraleawysubstante WRPPlYORBRAAL:;OANnaAl thie calthodeolzphneC being
deposition of the heavy netals, the value of the electric current |owers.
20 Thus, themabhfaeaiaedodinoftheheeduriagt atmbgphemkeanid apstsohnigdyt acdddki r m
the conpletion of the electrolytic deposition reaction of the heavy netals,
and to prevenr sheongdyt ajkadfinel atmospheyeduendo ddisswdutdons @fy heavy
electrolytic reaction. This is another advantage. Depending on the 25

mat eri al formelelcaphsdéromhdhe | contantratbedisglidamateriatonpodent
constituting the cathode will dissolve to generate an electric current in

t he opposit es@PpEation ofTRbe disspdvedshealrvemedaddioss €remedhieode
potential with - 38 the use of, for exanple, a constant potential power
supply devi Eentamipated soljd materdad, agddnterstidded: wadedndeingdconst ant

condi tions, %ng%g%e%?ﬁ%tb%gaﬁi% e% E % %%%E%Q%n 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 facllitate 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



value and the electrolytic reaction is grasped, the 5 occurrence of a

cat hode reaction on the cathode zone can be confirnmed by nmeasuring the
current val ue between the electrodes and the positivity or negativity of
this value. [0086] According to the present invention in another

enbodi nent, there is provided a contam nated solid material 10 clarification
apparatus conprising a slurry formation-t&dk- i ncluding a contam nated solid
mat erial supply nmeans for supplying a contam nated solid materi al

cont ai ni ng h%@i’%s{'ﬁ-}f'&e %aﬁﬁww%dcﬂnﬂ Vigd NG & fEYUCi 1L At mosphere to a

slurry containi'ng at 1east the contam nated solid material, 15 and a

shearing for GR-SrRIRRS | N, IRAY 1Qs LXQFIRIS v p NPt D BRIddyddecr ease a
shearing forCe of the slurry exerted on the surface of the cathode, and

al so mai nt ai standdrd e xictaVdact Bhehagasting ¢akhedenaad pbeenluanytoand
wherein the slurry is maintained in the condition of the 20 reducing

at nosphere anw .a et reandlesAcimlitc -@. 33V @igimores| Kn nexadpes,pheneddt ide
slurry formation tank to deposit the heavy nmetals on the surface of the

cat hode. pO0&EHr |lelddterqiryetsientdepdxidi iventof tlenads lerad igeginiiome ecars Uppr essi ng
means is preferably a upward slurry flow 25 providing neans for giving the
slurry an upwaratiddesiv aSiaceptbeedeposad&don| of ‘xbocicoptatnedupgnartiies| urry
flow providing nmeans preferably includes a slurry withdrawal port provided
in an upper pOALRA iand Hae rHaneRtign t9fe hy@wgen ¥ edectaasiarsis of urry

I ntroduction port provided at the bottom of the reaction vessel, and a

circul ati ng PAYRT Gire cFURRAefsafy ke Whaathen dande heaugipchiatdra@l port

to the slur rale;;onstirtoz'fjourf tJ.I'eoar]c ioorlit ’ofa r}{jeal,vsy an{ertaar}. edca'Eno brealpsreo uhceed

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 1s 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



5 slurry fromthe bottom of reaction vessel at a desired speed.

Al terpatively, the shearing force suppressing neans may be a flow
controlling nmechanismfor controlling the slurry flow so as to reduce the
shearing force of the slurry flow exerted on the cathode surface, and may
be a 10 flow controlling nenber conposed of one or nore materials selected
froma plate material, a porous nmaterial, 38 -honeyconb type nmaterial, and a
network type naterial. [00881 In the present enbodi nent, the cat hode

provides theHeLdid i AFHS R I, (& otlstdnt Cpamaefhpf dwsx ldupply
cont am nat ed sol id material containing heavy netals. mai ntai n the

reduci ng at mgeRfiedes, Nadeszahy ilelyjends rthengrehlnmehcta\u perEloimed uhder
cathode surface, it is preferred to adjust the electrode potential of the

cat hode to - @ok¥tamt doasd tiored eraald ytheéd) 2éA\Atolorn asstwedn hthespanterito t he
20 hydrogen standard el ectrode. Depending on the material constituting the
cat hode, t he vadidedndrebhedieslend tam Iyt i @ areacttiomni el gragped cutheent i n t he
opposite direction. Thus, it is preferred to use the cathode conprising a
mat eri al ®hi deaerenes off & cathage reagtdoss iy \theediathiade 2ontean ikg s
applied. To appl the reducti on potentlal necessary for the cathode, it is
preferred to rmed i ARAIBING e awsenoMldle Hetremddy metal s to
be renoved are |ead, and cadmum in particular, the value of - 40 _ an

electric cur reelrﬁc"irrPdf%é!j‘é} ithe RGIGLY B Aegaislvidce 8% dhiporriie
the depos t 1 dR 4L | orhe® “eoa?e%ﬁoom%gva%ie?{;ti?ﬁ%s@ [SLAH A4 pr oper
potential 5 ngtb élmen >€ tq{ert %}Sotﬁirged) a ecrgr{t%mi%oa\l@ed so%:ﬁf 'matel&sial
10 clarification apparatus comprising a slurry formation tank
including a contaminated solid material supply means for
sﬁpplying a contaminated solid material containing heavy
metals, a cathode for providing a reducing atmosphere to a
slurry containing at least the contaminated solid material,
15 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
20 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
25 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



t he measurement of the current value provides the advantage of nmaking it
possible to know the conpletion of the electrolytic deposition reaction of
the heavy netals, and to prevent wastage of electricity due to unnecessary
10, el ectrolytic reaction. Wien the cathode potential is controlled in a
range of -0.16V to -0.35V, for exanple, the electrolytic deposition
reaction of lead and cadmumis produced32Cn the other hand, the deposition
of iron contained in the slurry, and the generation of hydrogen by 15

el ectrol ysi s rghcabar vekgelUPRr 83%8¢y $AtkBalctidn Pbe—%t ?wati!d%ddﬁﬁo%hbi on
reaction of heavy netals can be produced specifically. This is another

advant age. Hpwet¢em ofi theheeaerdonl @asskar, hha &reartenttanhg pompt Bk, and
the relation between the current value and the electrolytic 20 reaction is

grasped, thecdepsilatingotaet saurpgwEromottheeslueey withdeaeadapoy ke used.
[0089] In the present invention, noreover, the dissolution and separation
of the heavythet allartyorintireductioanpratedandl id amrenged doeradisel ¢hed in a
single tank. 25 In the solid-liquid separation step as post-treatnent,

t heref or 8 t BadnTrys fmomngbg botwemnoii neagsiohuvegsed elfea dedddiedg

at nrosphere. 100901 In_another enbodiment, there is provided, - 41 according
to the presefPeefventleprnahivedyit afheatRRRSHNY dEOFRE cFURPT RS S1NG | BRARSN
apparatus having_plural cathodes_ _arranged therein. That is, .the

clarificati oRadppsr & §4OWs CORLELILingy MERBARG AMaKPRaCORtEOLldnNFathei al

SHEE R Ko EERPA S RN i RN

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 containingvheavy metals. To
maintain the reducing atmdsphere 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



accommodating a slurry containing the solid contamnated naterial, a neans
for 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 atnosphere, and being
arranged to perform in parallel, the step of dissolving heavy netal ions
into the slurry, and the step of deposit fAg-and separating the dissol ved
heavy nmetal ions 15 fromthe slurry, and wherein plural cathodes are

di sposed i nghh@1eRtAId&urrddicand e niddtahid ite Qa0 1M hald sposed in
the container, different roles can be allocated to these cathodes according

to circunst a@@:@:i}rrlé\d%fhpcfn tthe Pdsati®n GeaddidmeaHwdrsavs dtdala,
order, or any one 20 of themis replaced or subjected to maintenance, the

operati on of delttreaiyes atith ddie omparitionedf [0 HJepmitg drhergadatriaon,

cat hodes, preferably, at least one is a cathode for dissolution mainly
acting to di bgoloontrdedauviyngrethel dadidearpsd tan tisds tt coree pafopere patttegrt icdt hodes
is 25 a cathode for deposition nmainly acting to deposit the heavy netal
ions. Sinte &iiddolting msearaf ddysosiansdrandr @qi@nftdade powar (ﬁcfltre?«ee-nt Tbashodes,
conditions suitable for the respective reactions can be set. - [ 0092]
The cat hode ftdhe meassinemant LH tdre CAFTENS SN praVJ@qﬁ)sthq (ﬂrﬂ‘f?ébtraeﬁe to

t he anode than the cathode for,  dissolution. In this case, dlssolutlon t akes

place at a Rfg Hﬂﬁe%ﬁ|2£5§%P T Po it iCamBLETIEOR N iodh tat for 5 the
e o e S BRSO S L

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,



di ssolution are preferably controlled to electrode potentials different
fromeach other. By so doing, 10 dissolution and deposition can be perforned
for the respective electrodes at potentials suitable for them [0094] The
cathode for deposition and the cathode for dissolution preferably have
physi cal properties different fromeach other. Preferably, the cathode for
deposition 15 and the cathode for di ssoru#ilon are conposed of substances
having different standard el ectrode potentials, and a substance having a

relatively h\iﬂ%o&tda%af% YHRe Igrin P AR tlon,S t4R° Lot dnfie HH WA AT
i1é a “subs

deposi tion, tance having a relatively | ow standard el ectrode 20
potential isyised-ias (R GaIGAS IdfapPa3stid iH-ind T uiefeitdes t he

cat hode for deposition is conposed of a substance on which deposited heavy

metal s are ehreGngaiefdrieath NOTRataskl ythBaslarsehehdnoen apparatuki Ag the
cat hode for dissolution. By providing the respective 25 cathodes with

di fferent physiefargilgpeiid eontamiinated Gol ide matenial ayichrdifsisd tiitdron,
better actions and effects are obtained. [0095] Preferably, the reducing
at nospher® prappatdatms #% aoleariEyisablthe cotanineded soridctimegreriadnpri ses
t he anode, the cathode for dissolution, and the cathode for deposition

di sposed i n dentHining haaw matalsk comprisias & ot dimer deposition is

| ocated at a position closer to the anode 5 than the cathode for

di ssol uti on. dacammogdadoing & &gy eatadifgdhg sqld&ipantamingied o

bring the interior of the slurry formation tank into the reducing

at nospher e. TR Rlanih AeaR s 9 M3 ining e ATEFY dfo SHE™ urry

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 sultable for the

respective reactions can be set.



formati on tank, and the reducing atnosphere is maintained 10 by the
reduction potential of the cathode for dissolution. At this tinme, there
shoul d desirably be a contrivance, such as increase of a distance, presence
of ,a water flow from the cathode zone to the anode zone, or provision of a
porous wall or a diaphragm so that the reducing atnosphere 15 on the
cathode zone will not be inpaired by the 8%idizing atnosphere generated on
t he anode zone. [0096] By adjusting the cathode for deposition potential to

-0. 16V or | egpogef er aley cdtndaé FHor FeposAitidn a0 ile fdra i istted

standard el ectrode, | ead (standard el ectrode 20 potential -0.126V) and
cadm um ( st apdard Risaaiical aiepateanticalthed atidde GianbehdepetiHodt @ox he
surface of the cathode for deposition. The cathode for dissolution is

desi rably comtirsaidlartiion.a fint ehtisaktasgualissoanthbghtakebaplatkattoh t he

cat hode for deposition in order to avoid the 25 deposition of heavy netals,
i f possi bl e. Wigd@®d doteridalatimoce lfosren iped@nttiiadn Hangep e dhat thogr sane
potential as that of the cathode for deposition, it is desirable to protect
t he el ectbodéhier gnades dmsbdineinpdeposition jpfabhensiisiso ined; diaaywi f f er ent
conducting materials, or adopting a _shape which nakes deposition difficult.
For exanpl e medaldy d@kes &MaSd@tdFedowsr matentdad netal . Thus, even if a

carbon of eot HAROTL T r ity SR SeBoShhioRmaR e ARAEAR %50l | d
at mosphor 6. - P RUBART 197 S o T 2HS S 86 SO Obposi i on,
Dependi ng Onﬂg%%ﬂgﬁéfgEﬁf%fgygﬁﬂ1fﬁdd“éé%ﬂ'5ther. 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



10 cat hodes, both cathodes are likely to dissolve and generate electric
currepts 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 confirned by
measuring the value of a current between4Bhe el ectrodes and the positivity
or negativity of this value. In this case, if the treatnent is perforned

under const aje RN ddANS 1rARhd Hrdsim! idibotd regft/RUMgrhie &t antldle and
the electrolytic reaction is grasped, the use of the constant potenti al

power supply thée\dathdde Fir EEGARsHATtloh Nneadethd @RANoden fidie deppaditan of
heavy nmetals, such as |lead and cadmium if the cathode potential is

control | ed t dispidsqd dpertheotsdninyt furnatiiion tsmkgf end dibsd avdthoeiee fidmal
power source, the value of the electric current |owers upon conpletion of
t he depositi drepafsitthieordasy \loot@d atTlaupos itttienolsderseat iton tdfe tamodeur r ent

val ue nakes it possible to - 45 confirmthe conpletion of the deposition
reaction bf tUhan Hadveycatdrodes farhdissadlutiionat eIthéswadsqagprefesredtricity
due to an unnecessary electrolytic reaction. Thus, the results obtained are

nore pref err ddral foutfddenHddd S Bttefifalsq a5 Maingy the dntargerot

-0.16V to -0.43Vv, for exagﬁle, the electrolytic depositiaon reaction of |ead
and cadnmi umthe lothidedordathan Jandk H’&ﬁdti‘tﬁné: 4 iadrasPhengyn

contained | 1 i Sl A S0P TRIAN o Tgoael hel S AEs Of
metal s can b%ormation tank, and the reducing atmosphere is maintained

10 by the reduction potential of the cathode for dissolution.
At this time, thére'should desirably be a contrivance, such
as increase of a distance, presence of a water flow from
the cathode zone to thg 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 deposifed 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



produced somewhat specifically. (0100] As described above, heavy netals
contained in the contam nated solid material are dissolved, recovered, and
renoved. In the present enbodi ment, the cathodes are 15 characterized by
bejng allocated, for different purposes, to that for dissolution and that
for deposition. In the slurry formation tank, no matter how honogeneously
stirring is perforned, as the distance-f#énrthe anode increases, the
proton concentration actually decreases, formng a 20 concentrati on

gradi ent. Thgehikghfletlal® ByOLRIngta1eRealti @BnduldR iHE HatlerliRa L Ulrent

density, and the™ nore easily heavy netals are deposited on the cathode.

Thus, at a pesio 'tqrhgclaossela%@ WhE ol @dke s APy talond A IFFSIdUIN Weeke
deposition easily occurs, heavy netals are 25 deposited on the cathode for
deposition. Qxampdeqt ercdruh eldctarqiesidied netobind r bon ahmedadde Twhs i ve
to that position, nanely, at a position where deposition occurs with
relative difeven thf ahdawy podtegltd adr dsdigdivenvéed depositddheasyametglys om ubl e
fraction of the contamnated solid nmaterial with the use of the cathode for
di ssol uti®Dn. thie) 5O acer oferther ¢anbene eilgics rodiet. alsitd rinjmgdioirf dil@wingour poses
are used for the cathode for deposition and the 5 cathode for dissolution,
wher eby a f udfhé@nyi.nproyesmide ideposidede sotddse Ofe fieayah medadhiaa@dd. 1t is

preferred to use as nqgble a netal as paqssible for the cathode for

deposi tion. fECEIINEs SIPHEOSS alfEHSEQWEE Eheody e dEG %N are
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materials fordeposition. 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 between 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



cat hode for dissolution. Friction resistance, acid resistance, and al kal
resisfance are required of the material for cathode for dissolution.
Exanpl es are carbon, 15 and surface-treated netals. [0102] In a different
enpodi nent, the present invention is the above-nentioned contam nated solid
material clarification apparatus characterized in that the diaphragm is
positioned so as to surround the anode, -t W8reby form ng 20 the anode zone

i nwardly of the di aphragm and the cathode zone outwardly of the diaphragm

| the presenl g R comslo o RH/LY Bt ith SARNIRANGSE o 11 2ed

(di aphragm uni using t ragn1a one rei nforcenment, suc

frame materi gleavkOmeANANCIAME e ARt thd RRastadd %@rea%tﬂlmtwode is

posi tioned insidé the di aphragm unit to define the anode zone, and the

cathode is pRRY ttlooraeldlﬁulte%e;&satﬂye dlietitiioagioidnirde dot idef i Nentibe eathode
zone. By using a conbination of the diaphragmunit and the - 47 anode

posi tioned i ksl ishsbtaididETagtore eriefederadi t JIf thbechthbdwi ng

advant ages can be obtained. [01031 If the reaction vessel is upsized, plural
di aphr agns el eottendd alniitss comg mhildeas coh & tranget lod r-dadiéVorto 5 0vwdsdkl foand
the cathode is positioned around each of the diaphragm-electrode units. By
so doi ng, thexdmgtlencahebethgairalintic geposdd iond neaetdicmplefadmagh@ngk t he
di stance between the el ectrode and the reaction liquid (or slurry) can be
easi |y rendecadmim 11s areduned-cafni sher atkernhanfe tbeeflpPepdfidgnopt

contam nant renoval can be maintained. |f the diaphragmor the di aphragm
uni t det eri orldiods qaRtAiNeHAn thA Srq'@‘rréfeclaint‘ﬂe the |9c?ﬁ‘eg;>&tﬁé’ﬁgé’ Bbility, or

cracking, th%.y'drogen 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



di aphragm el ectrode unit is withdrawn fromthe reactor, whereby it can be
easily repaired or replaced. 15 [01041 Preferred exanples of the

contam nated solid or |liquid material which can be clarified by the present
enbodi nent are contam nated solid or liquid materials containing heavy
metal s, such as soil, sludge, sedinents, wastes, incineration ash, and

slinme, and contan1nated 20 liquid naterraﬂé cont ai ni ng heavy netals such as
extracts fromthe above contam nated solid materials, industrial water,

drai nage, SsuUIRG8 NMALEs0 1A WA A1 ord E &Q@A@o@rtamiﬁ?raajﬁ rRA e anpl es of

the heavy netals to be separated and renoved by the present invention are

| ead (Pb), CcaffeiDadd Wi®h tHe s Yo Hije ddthdden)fandidycatsen.Cr). [01051
The di aphragm used in the present enbodinent is positioned between the

cat hode and t[lpaoariode tFrursdyeammire, nlatexdidicdeswidrablanddihdifitedemone. Mre
concretely, the - 48 diaphragmis positioned to surround the anode, thereby
form ng the anog®sesnanen used ifrarerther gadhode dived depasidial &g &b and
the cathode zone in the exterior. [0106] The diaphragmin the present

enbodi mend r@ﬁ@h9dﬁ)fQ¥eﬂiﬁﬁﬂﬂﬂﬁiﬂﬂ\Mﬂh§¥QR¥sqté;ﬁﬁhﬁﬁliﬂpnﬂvqmﬁﬂﬁcﬂning
the novenent of a substance other than particular ions in the slurry or

t he aqueous ddeumenevatieffasts aah eufchisyest 5§rF§rﬁFﬁéeF6ﬁde%8h&ﬁ§e to

close the circuit _between t anode and the cat hode he fun¢tion
of restricti A A9 R RS DT e%las%%n%&% ?\ ag 5899§6H%
T, ol o i U L) e R O
exchange neanﬁQE &ﬁ%&fﬂhm, 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
1s 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



exchange nenbrane) having sulfonic acid groups. Sulfonic 15 acid groups have
hydrophilicity and have a high cation exchange ability. As nobre inexpensive
di aphragns, fluorocarbon resin-based i on exchange nenbranes fl uori nated
only at the backbone, or aromatic hydrocarbon-based nenbranes can al so be
utilized. Preferred exanples of such 20 ion exchange nenbranes are
comercially avail abl e products, such as4NAFI ON produced by DuPont, NEPTON
CR61AZL-389 produced by IONICS, NECSEPTA CM1 or CVMB and ED- CORE produced

by ASTOM Cor peicdd Pos Atbned & it LI sl uetchghrAmeld 1 d trssadamidy d. An

ani on exchange nenbrane can be 25 used as the diaphragmfor use in

i sol ating themnada fowing tderatidges nairehbe dbthiated. quid material . A

hydr oxi de i on exchange nenbrane havi ng ammoni um hydr oxi de groups is
preferred as [td103Ni on X ciheen gee aveintiora nee sl iss fupsisenh, plurkl pur pose.
Preferred exanples of such an ani on exchange nenbrane are commercially

avai | abl e pr adaghs;agurctil exst r P TON. AREOIPAL-3RB a3t otliidaich hhe AMiags;ion
NECSEPTA AHA produced by ASTOM Cor poration, and Sel em on ASV produced by 5
Asahi d a%s ®@essal.dafdir qarhade spqidslared praunsheagimakddie in the
present enbodi nent are those having no functional grou i ncl udi ng M

(i crofil t er Ai@Phyaqrielegtnqds urhdifhr aB¥s SO F8A88s FB%%QFSﬁEBP& such as

GORE- TEX ( GORE- TEXR nbranes, 10 ce I cs. anqd asbhest o and woyen fabrics

made of nyl orp,et"ffrﬁ'g/eﬁr%lee]rf‘é’,t rﬂﬂ‘{/%ﬂ r%ﬁ’%ﬁ%&&%%%?%t
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exanpl es ar'€ can be easily rendered small, and the reaction rate and the

10 efficiency of contaminant removal can be maintained. If
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 liquid materials containing heavy metals, such as extracts
from the above contaminated solid materials, industrial
water, drainage, surface water, groundwate:, 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



15 comrercially avail abl e products, such as PE-10 nenbrane produced by
Schwei.z Sei dengazefabri k, and NY1-HD nenbrane produced by Flon Industry.
[0108) In the present enbodinment, it is preferred to use any of these

di aphragns alone or jointly with a 20 reinforcenent, such as a frane
material, for enhancing the strength of the diaphragm thereby formng a
cylindrical, box-shaped or bag-shaped di 48hragm unit having at |east one
end closed, and to put this diaphragmunit to use. O the above-nentioned

di aphr agm mat@dptragnats ol 1T iondt thdurto i ale andlde haterdmpsticity.

Thus, fl at-nmenbrane-shape materials are each forned into an arbitrary

cont ai ner sh@pamimndthmranidradnd nmo thedijaterdgn Wartt it cade By rehenel di ng

or sewing (Fig. 8. To avoid the deformation or wearing of - 50 the

di aphragm i diiaphtegm.aldne tthe cathodee z2dne siur fthee esftertitoer di aphragmwith a

net wor k- shaped or perforated plate- shaped resin, or formor protect the

corner, bottd®l®6lk op Tfe tdiaphiragm dgmthen presendulembodiiment Irefiers dfo a

resin 5 made frame, plate or pipe (Fig. 9). In this case, the diaphragm

i tsel f need Foldipphragm widGhohasr thedd unatigme ofc|copdFoldiing Hédadi aphr agm

may be adhered or welded to the above protective material to formthe unit.
&f & e o

Of "t he aboveMovEM&Hn : &3 1A BAFHICHE D AR & el
ASTOM Cor porat,ion is already in a cylindrical  f.or and. thus can be used
preferably. THEEE: &F M %qqq?&s %rlr‘?&d'oq'ntw@lf}bng‘rﬁsa&ﬁ’@r rgi{nca%rﬂ’bé’ i ng

f si ' 4 jfo it I SN A | yhedr al
rans,  wher S it F6T) edendrad 3.6 qadle il Bandbye Htidnd BR VT

the di aphr agigr)del 4R G da tfeRfs "Und ¢6E5Hd |Blinction 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 so0lid or liquid material. A hydroxide ion
exchange membrane having ammonium hydroxide groups is

preferred as the anion exchange membrane usable for such a



be of a closed type, but may be configured to have the diaphragm
surroundi ng the anode so that particles of the contamnated nateri al

contai ning heavy netals will not directly contact the anode. 20 [0109] The
reduci ng at nosphere used in the present enbodinent is preferably forned by
the adjustnent of the cathode potential. The adjustnent of the cathode
potential is preferably nade such t hat ~t A2 potential is -0.16V or |ess,
nore preferably -0.25V or less, with respect to the 25 hydrogen standard

el ectrode. Tharpo®e.Si phegbribe exdupleg ofit saephaneahyohhexedhtigement of

t he cathode potential can be performed by disposing the di aphragm between

t he anode am@dnbraneataredeommereiadlly makidablef privduatesde,sudie as 51

di aphragm a reference el ectrode, and the cathode. In this case, hydrogen

i ons are supdEPTON ARIOSRE La36de prodiiceida byt FONFICH h NEQSERTRuAH3Y ovi di ng t he
advantage that the necessity for supplying a | arge anount of an acid can be
5 obvi at ed. pepgcethdyc X5TO¥e Coxporatilon:, hansg iemp dfiVhpodused by
desirably that having conductivity, and involving mnimal |oss resulting
from fric?i oRS@bih GRS Ss |G-y Ii¥Ght ai ning the solid or liquid contaninated
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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 thah
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



di sposed around the diaphragmunit and, to increase the electrodeposition
effickency of heavy netals, the cathode desirably has as |arge a surface
area as possible. Also, 20 in order to make efficient use of hydrogen ions
supplied fromthe anode zone, the cathode is desirably disposed as close
to the diaphragmunit as possible, and is desirably structured not to
hanmper the nmovenment of hydrogen ions, whf@h-pass through the di aphragm unit
and conme to diffuse, 25 so that el ectrodeposition can take place on the

entire surfagh f;dditrddt hode. 1o e IRt Pird it JBEE QRN ditacd oM the
anode zone to the cathode zone is not only necessary to maintain the charge

bal ance bet wagfe kpfdprz with? a et K-shae om0 Ipdr foraad ipratand cl ose
the circuit, but also plays the role of |owering the hydroxide ion

concentr at i orshdped regiaresor ol et rpataees tiheh riwany bot®intloxr aog he
cat hode surface. 5 [0112] As a method of disposing the cathodes and the

di aphragm el exft ridoe diepghmagneh ifrulgant iculzase wididitheonsse @ f enbmediiment i s
desirable in which the cathodes are arranged in a star configuration so as
to surroubd teslepefranees wiste tdre Riingp HiFHgm d)ect Iodéhdsi cagespdbed to

encl ose the anode 10 at the center as shown in Fig. 11, or in which the

cat hodes ar dianhwamEr ¥R Ineed Afld have ditdpihoidiamne| et it suxface;s

shown in Figs..  12(a) .and 12(%{. The cat hodes arranged radially nmay be in a
si ngl e-row f &F¥AsRI sHRIWh the Fippheadn may,be adhefied - r"fﬁ/}q%i/rﬁoast%om in
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folds of trmaﬁgnriéﬁggi lﬁﬁﬁﬁéﬁhsf”fﬂg1éﬂvﬁdﬂﬁﬂ%ahbrane 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



of radial lines of the radial configuration. The nunber of the folds and
the nunber of the radial |ines should be 20 changed, as appropriate,
according to the size of the apparatus, the properties of the contam nated
material (the particle dianmeter particularly in the case of the

contam nated solid material), the nethod of stirring the reaction liquid or
slurry, or the intensity of stirring. 25 Bl the supply of hydrogen ions is
sufficiently perforned, and the feed rate of hydrogen ions does not becone

a rate- det elaqia%ihri'%gﬁ‘lt,e% fQUF e JICRAT YA, CATd FhedlctGdie. MhatAasit 1S
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not necessary t such a configuration. - 0113] The anode used in

the present eikedi Mdrdgen RloMsLadd Buppa ikAV i@t AHY Grodd YaontAWiiRY

resistance in a strongly acidic (preferably, pH 3 or lower) or strongly

al kal i ne (preher @dilaphraigml? thiushiptheiidiaguates advantaye thaandHevi ng
resi stance to anode corrosion. Exanples are furnace bl ack, graphite,

titani um anaeldelsaiitymfioreatupp liydng @orliaogeoamounite off @n (dodrd eanles,

rut heni um oxi de-coated titaniun). In the present enbodi nent, the anode is
di sposed % nsiodw i@teddi aphragm unit. The di stance between 10 the anode and
t he di aphragm surface is desired to be as short as possible in order to
supply hydrod@&iliodns Jheecathode igabide diodde presenti sxhadiment flisce
efficiently (although their contact should be avoided, as will be stated

| ater). Thus desidatHapdhst haying ferancidyiitanl pndh AmsdoHdg tindmalshape

of the diaphragmunit. . For exanmple, .if the diaphragmunit is cylindrical,
Che anote"] domm gduitana GRS edon Wi T Wy oonta i e

housed in th%oﬂhﬁpQ&aquﬂy&’cdﬁé%mlﬂ&%% ﬁgfg%ial. 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



tends to be conparatively small relative to the cathode. 20 I n order that

t he anode reaction does not becone a rate- determ ning 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 formfor an increased
surface area. 25 [0114] On the anode surface, an oxidation reaction
proceeds owing to electrolysis. Thus, the5@node surface and the di aphragm
surface shoul d desirably be out of contact in order to protect the

di aphragm surdacth d 3B -e Rée t:89 R d e &N 1dIS il difode® 1RSI SARGLE O Buisert
a certain non-conductive spacer between them or to fix the anode by a

certain met hqﬂwsﬁm,ts e e S CoWERimPEhd hyfdt:ide dd h the
di aphragm 5 [01151 I'n a preferred enbodi nent, the reaction vessel is a

stirring contcirssn tMa tionr wieksch hismpeaid saniteateske statddb s 1t i dfui oF edery al
and a m xture containing an acid or alkali and water by gas stirring or
mechani cal stmetaly),ormnthércaisoddesurfadd. ng m xture into contact with the
cathodes. 10 A gas used in the gas stirring is preferably a gas consisting
essenti al by df0XR ] ner tAgjas methek anf|dl spRgimmetheamtiades andotlpr ef erred
to circulate the gas for utilization. Wen the gas is circulated, it is
al so pref er rékpRhragpgleetrefs |umkbohicdy futd thhage |gonfdionss & idre,
thereby bringing the circulation systeminto a_pressurjzed state, and_ renew
the gas grad®@MiSAiRent ti degirafile, pabighddif catdipdes iare aranged so
referred is a configuration in which outside air is shut off to inmpart a
Iroeduci ng at nﬁs‘bl‘?erntqlgs(f igraion §Q 48 to surround the periphery o

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). In the

15 illustrated 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.



20 [0116] The contam nated solid or liquid material is supplied into the
apparatus, and the reducing atnosphere is nmaintained by a reduction
potential applied to the cathodes by a reduction potential supply neans

| ocated outside the container. The occurrence of a cathode reaction on the
25 cat hode zone can be confirned by neasuring the current value between the
el ectrodes and the positivity or negativid3y of this value. Usually, a
constant potential power source is used as the reduction potential supply -
55 nmeans. HoqweMes) i f Thé Naddie RiKSENn | e Predent Nenbdd BdmEM s | S
performed under constant conditions, and the relation between the current
val ue and t hemrifetdwlytowe Haarid dondugtbapeyr, Hdweing ereadisdtenconth aat
potential 5 power source is not necessarily needed, but a constant current
power source stmmaigXy eagidior(mEraefietahlnaypbe3 usedlowdm) tdre steagint of
heavy netals, such as |ead and cadm um however, if the cathode potenti al
is control | ecalkakine ofpreferaiy i £0H vi 2 rox Helgher bfaqurowmrsentigwt ent i al
power 10 source, the value of the electric current |owers upon conpletion
of the deposiandhav¥ingreststangs Aa. anl?ﬂ% CORTRS i er ERAPI-ES alfe current
val ue makes |t ossible to know the co etlon of the qEBSSItlon reaction

of the heavy f4idtafe biack:« cﬁ’t'—ﬂl?IH‘F%{ e jc TR R4 SHLAREER | TFeFt et 15
an unnecessar eIecIrobﬁglc reactl ihe retuItQ. obt a ned re_nore
preferred. |fCPHLEEh ?ﬁﬁEﬁﬂ 9% et ?ﬂl%ﬂi GREP HEE %ﬁcoﬁ 9%V to

- 0. 43V, for qﬁqggce Cnlghe Ctr%%%handgsﬁﬁ%h qelr} r%%%%%%Pdp Iead and

cadmumis eposi ti °r 1Y 20 cont ai ned

in the reaCt'é¥5ﬂ6§%ﬁc&n§§ﬁgtiﬁ%gﬁiﬁﬁﬁ?ééﬁ'ﬁﬁlt. 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
wlill 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



hydrogen by el ectrolysis of water are suppressed. Thus, the electrolytic
deposition reaction of heavy nmetals can be produced sonewhat specifically.
[01171 The heavy netals in the contam nated naterial 25 undergo dissolution
and electrolytic deposition reactions in the reducing atnosphere by the

cat hodes, and they are separated and renpved fromthe contam nated
material. As stated above, the cathodes afe-arranged in a stellate or - 56
radi al configuration around the diaphragmelectrode unit, and utilize

hydrogen i ongxa@atiered Hordtsaeg the dsapBeagavleotpr 9a888tWat Bedtasal ution
and el ectrolytic deposition reactions. Wien the cathodes are arranged in a

| ayered 5 fomsnMddndwrsjiaad spadeie bditaelenmdhenheaty teetfdlxs tteh\@rigge Wt and
are deposited on the cathodes nearer to the diaphragmand, in a
configuratiom icenttaioh metthochisvoddmt ddrecrancde diogshmagmecome [Har tdanHaart,
bui l dup of the heavy netals blocks or obstructs the flow of hydrogen ions
from 10 t he @iidphridendiaphmaanhe cat hodes. This leads to a decline in the
efficiency of contact between the hydrogen ions and heavy netal ions in the
reaction %i qdidd1l5donsedderm Rrefigrned ey g .dddee Feadtiamaeggelcilency
of electrolytic deposition. Care should be taken to avaid this. 15 BRI EF
DESCRI PTI ON &F SHEERANA Jigers vhighy migessithe contapinatedhsalid or

vent 1 on whiKEHh SaRF A A 7 PRSP RS 1 ACd Ay
Lecover | SRR BB o8 S Yo net o Wbha el SIS, S et o
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 [0116] 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 value. Usually, a constant potential

power source is used as the reduction potential supply



I nvention which uses an el ectrode reaction to renove and recover nercury,
etc. [fFig. 3] Fig. 3 is a schematic explanation drawing 25 show ng a
preferred enbodi nent of the present invention, illustrating, in particular,
a enbodi nent in which a cathode-protecting nmenber is disposed in the
vicinity of a cathode so that a shearing force due to solids of large - 57
particle diameters In a slurry will not -ad® on the surface of the cathode.
[Fig. 41 Fig. 4 Is a schematic explanation drawing show ng anot her

preferred emjpehn@nt Rjwdvied ,pPrigsSenin FTHeWldedt iinverti'ci, Rthe i N

particular, an enbodinment in which a solid particle size distribution in
the slurry i strdotmetit Ubs NBeBforiw@rehdétir¢ondtant dohedEblossppaeesting a
shearing force exerted on the cathode surface by solids of l|arge particle
di aneters in tdkation ryetiden Filge &irfemt walse aamsd heheteteekpd Bytic on
drawing showing a contam nated solid material clarification apparatus as a
preferred enmeikereionofstymeasgpedenthe i wsemf othe [¢ogst@Hit Fpotedtizl a
schemati c explanation drawing 15 showing a contam nated solid nmateri al
clarifi cabi orPowgphagerrce aks NPk clegessprhivdieeted ofbuhea prensant
invention. [Fig. 71 Fig. 7 is a schematic explanation drawing show ng_a
preferred enfHEFRRME B?W?hesﬁﬁ%%%n(r?%"d%?ﬁ?%g' XL %RIMR & s B P cpged.-
cadmum etc._froma solid or I% uid materjal contam nated with the use of

a cathode, ant? Epectrepripeny ¢ 6L i PEE 2B m FUFD 28 o1RRY and cadmium,

however, if the cathode potential 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



[Fig. 81 Fig. 8 is a conceptual view showing the form of a diaphragmfor
separating an anode zone and a cathode 25 zone for use in the present
invention. [Fig. 91 Fig. 9 Is a view showi ng an exanpl e of reinforcenent
usi-ng a frame and a pipe for protecting the bottomand top of the di aphragm
to counter the deformation - 58 or wear of the diaphragm [Fig. 10] Fig. 10
is a view showing an exanple in which f1 &6 plates of a porous ceram c or
the like are fixed to a polyhedral frane to be used as a diaphragmunit. 5

[Fig. Il Figadilal Scén#i QirSH0om Nerurid ef1ed r@thprevadil €188 tEdde i angenent
of cathodes and a di aphragm el ectrode unit which does not hanper the

movenent of AHdiNOGEE 26 NSy DESFEN O bk b @iiridicowlt afirG@eh uthd dlaphfddmse.
[Figs. 12(a) and 12(b)] Figs. 12(a) and 12(b) are 10 views show ng anot her
preferred exaplmrateddeviirh aipesehitiai dride ebddiacebytai deposition

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

i ons passi ng réaauipdng he Wheina ftinea patioidest arei fafroangeld dn B2 (layesiedni ng a
case where the cathodes are arranged in a single row, and Fig. 12(b) 15
showi ng aS5castommevith eesprcibdee the dkaphragn. rheavpinetals \coiverge.
[Fig. 13] Fig. 13 is a schematic_view (side view) show ng a 2000-liter
rectangul ar rdacani weAeRPHERHI e the cahades mearey tasftheig. 14 is a
schematic view (plan vie showi ng the 2000-1iter rectangul ar reactor used

in Exanpl es %R gmM angs gln & cepfiguration i yEkeh the R TRIRS vi ew)
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 vicinity of a

cathode so that a shearing force due to solids of large



showi ng a 2000-liter rectangular reactor used as a control 25 systemin
Exanples 10 and 11. [Fig. 161 Fig. 16 is a schematic view (plan view
showi ng the 2000-liter rectangul ar reactor used as the control systemin
Exanpl es 10 and 11. - 59 DESCRIPTION OF THE NUMERALS AND SYMBOLS [0119] 1;
1A; 1B; 100: Carification apparatus 2: Reaction vessel (slurry formation
tank) 2a: Slurry formation section 5 2b: S3eparati on section 10 3; 120:
Solid-liquid separator 5. Heavy netal trap (gas cleaning bottle) A Anode

A-1: First anpge idre diafersrangfen dursdt hade Gdit.adt Idhn s salrtdamn
cathode C-2: Deposition cathode M D aphragm 15 10: Anode zone 20: Cathode
zone 22; 1ll.ofCaiHearéat@dicik solid material supply neans 24; 112: Acidic
substance or al kal i ne substance supply nmeans 20 26; 115: Water supply neans
27: Inert gas supplBigeas Fdas di fisus schef@tipgHexpllanatliont dardwid4: Sl urry

PHP showing another preferred embodiment of the present
5 invention, illustrating, in particular, an embodiment 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 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 showling an example of
reinforcement using a frame and a pipe for protecting the

bottom and top of the diaphragm to counter the deformation



40: Liquid circulation line 25 50: Cathode-protecting nmenber PREFERRED
EVMBODI MENTS pi pe) [0120] Wth reference to the acconpanyi ng draw ngs, the
present invention will be described in further detail. In - 60 the

drawi ngs, the sane elenents will be assigned the sane reference nunerals or
synbols. [01211 Fig. 1 is a schematic explanation drawing showng a
preferred first embodi nent of the present °Bnvention which 5 uses an

el ectrolytic deposition reaction to renove and recover |ead, cadm um etc.

[01221 A cl aigef ineddr @F afr@tdfshrlagiiown in Fig. 1 is a contaninated solid
material clarification apparatus conprising a reaction vessel 2 including a

contam nated 10 sdlFidy nettcey i #igsuppl yLsmaanie2 showiadpphyekgmpleodnan nat ed
solid material containing heavy netals, an acidic substance or alkaline
subst ance supiiichrefest Pldtrs sufpE Yoy ceammiic aubdtearickerrammn fldesd | ne
substance, a cathode C for providing a reducing atnosphere, a diaphragmM
and an 15 andde aApalrhefizghriraney defienivaped s diiamhragnd unddnt ai ni ng t he
anode A, and a cat hode zone 20 containing the cathode C, the contam nated
solid mat2rial supdiigmeldnk Fig. dddisha ¥dp¥i ehewbsgapcBrefearral i ne
substance supply nmeans 24; and the cathode zqgne 20 being naintained in the

20 reduci ng zftxr?é‘%ﬁar%f GHEF zf‘rs‘ﬁrbﬁf’(j‘ﬁptacﬂfdicg?tdpdﬁsr Ayl A da}}%&'}liﬁ%“' .
aLrospher e, oSl YL e M S, el [ORINGG 3 rated ool 1d
Contaninatedﬁyaéé%en 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] Fig. 13 is a schematic view (side view)
showing a 2000-1liter 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.



material and interstitial water being perforned in parallel 25 in the
reaction vessel 2. [01231 The reaction vessel 2 is further provided with a
wat er supply neans 26 for supplying water to the cathode zone 20 of the
reaction vessel 2, a pH nmeter 28 for - 61 neasuring the pH of a mxture
contained in the reaction vessel 2, and gglurry wthdrawal port 30 for
wthdrawing a slurry as the mxture formed within the reaction vessel 2. A
slurry transfer line 32, and a slurry pu 34 provided on 5 the slurry
transfer line 32 alPIéS@m%I:@%oOEoTHEIé“&ﬁ?A@S R he¥MBRLS port 30. The slurry

transfer line 32 is connected to a solid-liquid separation device 3. A
solid wthdrE@&l91ine 36 ¥ 1Bt nHe%ini (g% tdP s ARRREAtH®/ a i quid
wi t hdrawal |ine 38 for_ w thdrawing a separated 10 |.i connected to

aquid ar
the solid-1iquid separk@3dtdev els.“ﬁ‘ﬁrira?ui k! "a?ﬁadﬂﬂine 40 for
returning part of the_liguid ag a circulati liquid, to the reaction
vessel 2 Dbranches o%@"frg#PFﬁg ??ﬁﬂ?hiﬂftﬁﬁ?ggﬁP line 38. [0124] An
enbodi nent. of clarifying Ld.pat er] 15 contam nated with heavy
met al s, uts-’i ng the c|?ﬁ'fi%ﬁ?ug%%glggp%%?%%nl will be described. First, a

solid material coftampat i 4 uch as soil, sludge; slineg,
81 aippat ed Wd i 4 U\F%ls{%tﬂa?%xﬁ

i nci neration ash, or sedinents, is e reaction vessel (slurry

formation tank) 2 yia iRy i Ratef @ld &1 TR Hd@lieyuppl y means 22.
If, at this tine, the contam nated soli material i's in an unsaturated

state, nanely, theg.vQ@dsdedf the contam nated solid material are not
saturated with water, a suitable anmount of water is supplied via the water
supply neans 26 or thae1:i gpiflst 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



25 circulation line 40 to achieve a saturated state. Wthin the slurry
formation tank 2, the supplied contamnated solid material is stirred and,
in some cases, water is mxed by stirring to forma slurry. Wth the pH of
the - 62 slurry being nmeasured using the pH neter 28, an acidic substance
or an al kaline substance is added via the acidic substance or alkaline
substance supply means 24 to adjust the f#®of the slurry to 3 or |ower or
12 or higher. Wth 5 the oxidation-reduction potential of the slurry being

measured, therpXi §2h#PRgECdUREI Qama%f&heﬁtso&libebeaaeeﬂgneﬁ theadhfigted to
-0.16V or lower with respect to a hydrogen standard electrode. In this

state, heavy r@t@t&ndéSfigh¥falisNothgysppliam nated solid material e slurry,
and are 10 electrolytically deposited on the surface of the cathode C. At

this time, thpolpwer theiglettisde pohematdt ekplaratiehhatdewtngt BRowigher
the rate of the electrolytic deposition reaction becones. If the el ectrode
potential is atppefenréd. firsabembodiméNt oof| bherpraséht tasenviohewnichl5
however, the heavy netals do not forma dense filmduring electrolytic
depositi o, baseshanfelertvotytiordepostbhhobereaation peetremiovedandt he
shearing force of stirring. Thus, an appropriate electrode potential is

sel ect ed depebeicoyednleae gad@itmonetaf the contaminated material or the 20
appar at us. [01251 Then, the slurry punp 34 is actuated to pressure- feed the
slurry to thel@b224- Ilqﬁlelééﬁﬁ%ﬁ?ﬁ%OB apparatus 1lj sheepaift Bigi nlols quU|d
and clarified dehydrated_solids solid deh drated matter derived from soi

sl udge, sIine?°?§gmﬁﬁ?ﬁ%FaFPﬁﬁda§ teB?a%eﬁ% tfigatipR QWBPArates solids are

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 readtion 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



withdrawn via the solid withdrawal |ine 36, and can be handled as soil,

sludge, sline, incineration ash or the |I|ike which has not been contam nated
with the heavy netals. - 63 The separated liquid is withdrawn via the
liquid withdrawal line 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 netals electrolytically deposit & on the surface of the cathode C
are either taken out of the systemwhen the electrode is replaced.

Al ternativel yreadlitfidy R prRONY i ddicLidpdem {He RdLstiqdde

potential is transiently raised to about -0.1V, for exanple, 10 whereby the

heavy netal s vadgséll spolaedl 4 remadie witH@aesall pddte 30 efdr aech@evifg ver ed
as a heavy netal concentrate, which can be discarded as a heavy netal

contam nant arlway & tieeymiethss frmed veftdimailes imdactidn tvesdephe a
potential (e.g., about O OV in the case of the copper 15 electrode) is

appl i ed duri g shgernerttamstfed lime dZ2ctamta sliviery opunedd mpfovizbed on

el ectrode dissolves. Thus, it is desirable to set the el ectrode potenti al
at a rangé widre slurryormpansfer diinehe3 2 lans raafmeiead it Wissplwrry or to
control the tinme of a high potential application to a short 20 tine. [0127]
Fig. 2 is a JtihEavwal irerof3®. s&8englumpyditransiest 1ipe gredént i nvention
particularly suitable in a case _where heavy netals contain nercury. A

clarificati orfOTMfNA U 130 SHbWH 144y seP3ratgoh dayire - sdmeoddd
confi gurat| on A%dAata 01 e o ALTLoAL o0, ARRATALUS SNOM. oI e ET Ginda OVt

ligquid withdrawal line 38 for withdrawing a separated

10 ligquid are connected to the solid-liquid separation device
3. A liquid circulation line 40 for returning part of the
ligquid, as a circulating liquid, 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



27 for supplying an inert gas, such as a nitrogen gas, to the reaction
vessel, 2, and a heavy netal 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 clea®ng bottle containing a sulfuric
acid-acidified aqueous solution of potassium pernanganate, or use a gas

treat ment Caréi@fr%%f%i&?ﬁ%%éﬁﬂé&ﬂ@iﬁ@%e piH Gl B S8 SU Wcfipweer,

carried thereon. I enbodi nent of clarification of the

cont am nat ed shd €hi@d €5+ adn Usi e i SlsdtdisatiPraadePayd Ushd Aadfanear !y
the sane as the enbodi ment explained in connection with the clarification

apparatus 1 sdify¥tance R19.alkaEdteBulHtaide agpon mdande2dety yadpist trap
5. 15 Thus, only the action of the heavy netal trap 5 will be described

bel ow. [0129]thHeeppres ethie c huxiy clad | Dromdieweat Uusr 112 icr Isighed] e With
particularly; for clarification of the contam nated solid materi al

cont ai ni n§ netheiroxidaEl A0 rednciiomipetagut ial e ethel s hortywibeimg mercury i s
supplied into a slurry formation tank 2, and rmaintained in a reducing

at nospher e ameaswredngtie e¥ilatinn sredigition patgntiaktobsprereatirede
result, heavy netals containing nercury dissolve in the contam nated solid
material, and 255 t3@dI¢REEeAryP i 0 r RN 0 NPT APl ZREPeade YR pbrivdgrgen
P ISRV NN g s W R KA N L T

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 film, 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.



supplied fromthe inert gas supply nmeans 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
di scarded as a heavy netal contam nant, or recycled as heavy netal 5
materials. [0130] Fig. 3 is a schematic exslanation drawi ng show ng a
preferred third enbodi nent of the preseﬁtG'nVention (an enbodi nent equi pped
with a shearing force suppressing neans) which uses an electrolytic

deposi tion rea isgpdratdd namiel and widtdreivn edd R0 Migai® W thddxbdl | n
Fig. 3, aclarification apparatus 1B conprises a slurry formation tank 2

I ncl udi ng a ddnfear@thatasdl dihlend revtcdredaltos ighel s lneranys £ nfadri csuanki 129 a
contam nated solid material containing heavy netals, an acidic or alkaline
15 subst ance wsigpphe ddanwsl @ £ifmgulafiginyiligeardt Oaciodi dimchagded iase exgigsisance,
a cathode C for providing a reducing atnosphere to a slurry containing at

| east the coir@iimated solid material and the acidic or alkaline substance,
and a shearing force suppressing nmeans for exercising control so 20 as to
decrease & sH&26g f oThe deaiedehiplishelaciolyddcaldy depesidest ame

cathode and maintain a state_of contact _ between_the cathode and the slurry.

[0132] In théhe 19WtHA%% P eiisuiSRiMode: e ahtuSFReto hRltE o P Wi 30fur t her
el udes el SRR TR AR edad b SO0 MRS a g Sl Y
ot "SSP Rty T ok T ] Mo Pl WiV o 1
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



- 66 portion. Aslurry transfer line 32, and a slurry punp 34 provided on
the skurry 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.t0 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 reln@ﬁoduce the liquid nmatter, which
has been separated by the solid-liquid separation device 3, as a

circulating M-dpginidg hdrp mét£1s abditthinetiih | NHQHHE thedFa POFd phe-

provided at the upper end of the funnel-shaped | ower portion of the slurry
formation tandkorZtathind ighs\ t Mleddlavy meealt thrap & tsdpawvididd evid@panat ed
solids (clean dehydrated soil, sludge, sline, incineration ash, or 15

sedi nents), asxhaudt quinke W1 hids addsdcharge (adrgas)af3Bef ctrappidglirawd ng t he
separated |liquid as excess waste water are connected to the solid-liquid
separ ati on dewmeval 41381 havy metwmls |y ryhe drieany oretahktrap the @&t hode
C for providing the reducing atnosphere to the slurry, an 20 anode A, and a
r ef er enceSel ege RRAW dpetabckrap u Hh iumRegsike ttomse a@gasiurry
formation tank 2, and a pH neter 28 is provided for neasuri the pH of the
slurry. The GBI POhiRICOMERHNING & LW 13THE EB"JsﬁJefg 18dnnected to
a power suppl deV|c aced S|de the 25 slurry formation tank 2 to be
provi ded wit Y r %510%@‘% i R 351 B %ﬁrm%‘-{"’a"ﬁﬁfd'e o ied® i 9RF nenber

50 is attached to the cathode .C spo that ds. of |arge partlcle di aneters
AL A,

in the slurry AL L R S J‘?Yfé"%l%rf Jtﬁ‘lng 68e

sulfur powder, carried thereon.

10 [0128] The embodiment of clarification of the
contaminated solid material.using the clarification
apparatus 1A 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



t he cathode surface. The protecting nmenber 50 is constructed of a nylon nesh
(size.of each opening: 1.5 mm). (0134] Next, an enbodinment of clarifying a
solid contam nated material, contam nated with heavy netals, 5 using the
clarification apparatus 1B will be described. (0135] First, a solid materi al
contam nated with heavy netals, such as soil, sludge, sllne I nci neration
ash, or sedinents, is supplied to the sTLﬁﬁy‘fornatlon tank 2 via the
contam nated solid material supply nmeans 22. If, at 10 this time, the

contam nat ed gotmdtiBhethak S LB @PatBsatveat edofit 8he, shageyyintBeavoi ds of
the contaminated solid material are not saturated with water; a suitable

amount of watgasééusuphhsed #hd thkeppedebysthel Heaegnmefl er:aphs.l i'The d
circulation line 40 to achieve a saturated 15 state. Wthin the slurry
formati on t ankr@ppéeficheappl netlalsonsachnas emlesohrg, maaer bal discardededsand,
in sone cases, water is mxed by stirring, to forma slurry. Wth the pH
of the slurryabhéayynmataledontamgnant. pernreeyced aa hesvyi wetabst ance or
an al kal i ne substance is added via the 20 acidic substance or al kaline
subst ance Ssuppf{erdahs-24 to adjust the pH of the slurry to 3 or |ower or
12 or higher. Wth the_oxidation-reduction potential of the slurré bei ng
measur ed, t hel8%304ti onF nguétFﬁnapEFBﬁPFE¥°o?xPﬁEnEE%ﬂBdgraE?PS § PUéPgd to
-0.16V or | ower mn%h reapgg Eo édroﬂf ﬂ%S ﬁtandard Iectro ) this
state, heavy AePRPECHredofrhird; gmpRALES nB 8dPEEFPRT na PP F°Pn(FHe
slurry, and ar ol y o] |% rface of the cat hode C.
At this tine, ﬁRgﬁ}ﬁgB? éhlés gtyggg %o en?lﬁp o?°?§8 supgressi
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



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
duking 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 c®®¥itions of the contamni nated
material or the apparatus. 10 [0136] The slurry lowers to the funnel -shaped

lower porti @hfidde A WiitryotFanisgert ankhe? 32WNidn@d W EAREGHWIGHuip 4 1 Ng
action by a stirring device. The cathode C |ocated at the upper position
W thin the slpfdyided ndu i €ife $RANKry trampsdrclite V32 hatdecomidotied ptot ecting
menber 50. 15 Thus, the shearing force exerted by a slurry flow on the
surface of thehe ad hachey Grvitindbmvalk qreals €30 0 Aa sodvidrdligmid [s&padatileen t he
observation of the current value shows a decline in the current value in

t he negative ddvieze i dnis i connectehfto rgre thurxy ctramsfeni 1ine 3hetsl urry
formati on 20 tank 2 has been conpleted. At this tine, the slurry is

pressur e- Ped seParrtecthel-slenry Satareqbid natker aand liquidpertited. i dt o
liquid and clarified dehydrated solids _(solid dehydrated matter derived
fromsoil, slGkRulating Pumpp3hand idnl EEH A FLIoEH3EHeR) 110948 %8 at ed
solids are 25 withdra via the -ﬁ%id w fhdrawal |jne 36,. and_can be

handl ed as sEINREFtRRELS sHreso ik T TFRRFATIOR HIEVIRe3 W ch has not

ecyclod to tretiindyes "Gl TRIWET B Chama P IR ik Togh HeReHELFATE

line 40, or the solid-liquid separation device 3, as a circulating

10 liquid, 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] 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



wi thdrawn via the liquid wthdrawal |ine 38, and discharged as excess
drain, [0138] The heavy netals electrolytically deposited on 5 the surface
of the cathode C may be taken out of the system by replacing the el ectrode.
Alternatively, as a nethod of regenerating the electrode, the el ectrode
potential may be transiently raised to a value of the order of -0.1V, for
exanpl e, whereby the heavy netals nay b€ &’ssol ved fromthe 10 surface of
the cathode Cto forma heavy netal concentrate, which nay be recovered. If
too high a pamntdétihdds Burfahwut TheO¥rotechengamembbrt 8@ agpper el ectrode)
Is applied during regeneration of the electrode, the material constituting
t he el ectr odedistaniotesd pef & avylidnisnedihe dslizee| eft teamtte quEreintgall i5% md).ust ed
to a potential in an appropriate range, or the tine of high potenti al
application ild¥¥hder edNestior tan Embadigwerdy exf heland fiwiing @ soleidli scarded as
a heavy netal contam nant, or may be recycled as heavy netal materials. 20
[0139] Fig. #antanintlemtnatesdnlnfenipminated) widwhepvameataks enbodi ment
for. the shearing force suppressing neans. A clarification apparatus 100

shown in fi g.usingihe erpifigatiqn apRana o (Hhiwvildo heyderfimied
tani nated so) | terial | 111, f pl yi  cont am nat ed
5" sor i d rat T HS Lont ok Tl R LT ET AT ARt g Sih edibr ance
| 112 f | yi i dj | kal j bst t hod
SUpDlY Teans pfis SR hen Sl o0 QAT ina RN Ao s, ol hode
the - 70 C.On”},eacﬁn'ﬂﬁ{&d SOl 1 &, JP 6l d aﬂoat;}gerts%ﬁ%} & St AL A dIE 2 St ance,

and a shearing force suppres g neans
the contaminated solid material supply means 22. If, at

10 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

15 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

20 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

25 standard electrode. In this state, heavy metals dissolve
in the contaminated so0lid 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



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 113C

di sposed within the slurry formation tank 110, 10 an anode 113A, a cat hode
controlling reference el ectrode (hydrogeﬁ standard el ectrode) 113B, and an
external power supply device for controlling -applied voltages of the

cat hode 113Ccdttlmdanatie thHeSAightrt hthe afatre et e arkrolyt3R: The
reference el ectrode 113B is disposed in the 15 vicinity of the electrode to
be control | edgregifody) reactide bhecaras.at &6 shieoeileetroden polteaitially tisc
menbrane (di aphragm) Mis positioned between the cathode 113C and the
anode 113A t daeakah (@nd actabiiterh Ghomanen 1 el qu'rﬁa af uke3d) The

cat hode 113C, the anode 113A, the 20 electrolytic nmenbrane and t he
reference el QQWENRF 11518 haavy defiaks 4o APtk frem dansh %Jf’hlq‘r”ﬂfég slurry

formation_tank 1 0141]. The slurry formation tank 110 is furnished with a
D ot o110 SIECTRATY I APRSRL AR dih e D s o %a%d%ngw

aci di ¢ at nospher.e or t Ikallne at nosphere. lustra slurry
formation tarﬁf‘l eeofe(i %ﬁj‘%/re Ne e pqovcf?eaor% ?Jcﬂgsu%‘ ‘Vl ng
wat er whi ch, ]gﬁ?§§ Qﬁﬁ%gﬁf tq f 1
treated slur rai/ W porJt or Wt r&Ialvm %g %@é{lﬁj %ﬁélﬁlrﬁg “orl

treat ment 'sﬂ{@%&%@foﬁgwoposﬁ@re&{t&rmat%&lrr&attéﬁaiatdmﬁ@nk 110. A
slurry punp 123 f

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 value 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
(solid 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



w thdrawing the treated slurry, and a solid-liquid 5 separation device 120
are connected to the treated slurry wthdrawal port 122. A circul ating
liquid supply means (not shown) for recycling treated water, obtained by
sokid- liquid separation, to the slurry formation tank 110 is connected to
the solid-liquid separation device 120. 10 [0142] In the illustrated

enbodi nent, the shearing force suppres%iﬁ% freans includes a slurry

wi t hdrawal port 117 provided in an upper portion of the slurry formation
tank, a sl ufbymatibadtankonr paat thédlpgaiddedraulbeoholine® ab, bhe tank,
and a circulating punp 119 for circulating the 15 slurry fromthe slurry

W t hdr awal peaithiitawno viike thleuddguidnwidctdeawah pdne 388, aadddischatrgeded to
raise the slurry fromthe bottomof the tank at a desired speed and provide
a desired sohsdexicessydpadini.cl e size distribution within the slurry
formation tank 110. 20 g0143] A stirring device 121 is provided in a | ower
portion of thel3Bdrry Foenheryy mgiRlsielectrolvidradiyydepositefeon| urry,

whi ch has been introduced through the slurry introduction port 118 into the
slurry fot mathgnstzfrcer 8, tpﬁeFéﬁ?°ﬂ§nGeWPﬁgb80ﬁ§F§ﬁt°Pﬁe°ﬁe§9? F¥EEPM on

25 | he h he sl

formati on { ahY. ZeBiAsiaa: ﬂ*”él%%&?reﬁe 0 MR L%‘ahfew@gé 611 g
t ted_material t al

Clar 11 cat | oR ABIRFREHEST Pho, Lo HEs cFHBCHL cOrbote) PPEPErt Y gn%m he

materi al Contadh Bihﬁ@l egﬁlﬁﬁﬂy¥o %?bﬁhﬁ gC@hé §8£# o%'uﬂgﬁv Sk

i nci neration Iments, is supp urry ornétlon t ank
110 via 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 1s 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



5 the contam nated solid material supply nmeans 111. If, at this tine, the
contam nated solid material is in an unsaturated state, nanely, the voids
of the contamnated solid nmaterial are not saturated with water, a suitable
amount of water is supplied via the water supply nmeans 115 10 or the
circulating liquid supply nmeans (not shown) to achieve a saturated state.
The contam nated solid material supplied?Pnto the slurry formation tank 110
is stirred and, in sone cases, water and/or the circulating liquid are

M xed by Sti IddriGmilra el B Wdter W1t liddh & neH ff1dile ok SRy TdheEi NG
measured using the pH neter 116, an acidic substance or an al kaline

subst ance i s stifyddmrik ,viahd e shirding dordek duppresisignsans! fdry neans 112
to adjust the pHof the slurry to 3 or lower or 12 or higher. Wth the

oxi dat i on- r ecixsErairs ing edntatolofsd les dHourdecresiseg arssiarcdhg Fbrdee

oxi dation-reduction potential of the cathode 113Cis adjusted to -0.16V or

| oner with respatted dyt Hdehysdnugyan ors ttdred sud f@loec tafoddel 3R hddel 4814 By t he
operation of the circulating punp 119, the resulting slurry flows as an
upward fl%w Waimtalimha State o Tandaatt ibetwesik theo cathode landawireri a t he
slurry withdrawal port 117 in the upper portion of the slurry formation tank
110, reintroddFYnto the slurry formation tank 110 via the slurry

the. upvar d 1GH4RT the Iéa“ﬂanef“s e SR A AR TRy T .
(07,07 Lot e A LS e L
al kal'i ne atm%%%HH&EETf%c dlsposed 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 supplyling water which,

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



mai ntai ned, with the result that heavy netals fromthe contam nated solid
mat eri al dissolve and are electrolytically deposited on the surface of the
cathode 113C. At this tine, the | ower the cathode potential, the 10 hi gher
the rate of the electrolytic deposition reaction becones. |If the cathode
potential is too low (e.g., about -0.6V or lower in the case of |ead),
however, the electrolytically deposited Adavy nmetals do not forma dense
film but the filmbecones easily peeled. Thus, the 15 cathode potential is

adj usted to FARPPHIAE WANGRIrawdil $rtThe B 88y Wi {d@bvindy arn upwar d
flowis flowed wthin the slurry formation tank 110, whereby solids of

| arge parti clsg uBfeifier areinfafntis Hrovias] fordie batfiton eF HHE Iy
formation tank 110, while solids of small 20 particle dianmeters flowin an
upper porti oslafriyhef cdmatriyon ftaankatlilon t Anklhidy pamp, 12Befshurry contai ni ng
solids of small particle dianeters flowin the nei ghborhood of the cathode
113C | ocat ed wHithdmawigige rthp dineatredrvishinrwt.ha@ndg largod fbrideguish t ank 110, so
that a shearing force exerted 25 by solids of large particle dianmeters on
the surfate Separatian idakicel S0 angs @anneatedriiss thehdtnaatad AUy

el ectrolytically deposited on the surface_of the_cathode 113C do not
under go t he Mﬁ%ﬁﬁﬁﬂﬂ?%ﬁpqqﬁa%%%arﬁn&lFSP&étbyg-1?HUi§h§u§P&NrVFans

particularly, by the saolids of |arge rticle, dianeters in the slurry, but
can be deposi{&f shawnk éfrﬁroﬁqvcﬁ%d‘fﬁgﬁrw M Fs aREAIneE &Y 9 3dn r ent

val e S10US 3 il AL T R ) e et o 1
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
ilo, thereby rendering constant the heavy metal ion

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

[0144] Next, a preferred embodiment of clarifying a

solid contaminated material, contaminated with heavy metals,



tank 110 has been conpleted. Then, the slurry punp 123 is actuated to

W thdraw the treated slurry through the treated slurry w thdrawal 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 d drated solids (solid dehydrated
matter derived fromsoil, sludge, sline, i‘dcineration ash, or sediments).
The separated solids nay 15 be handled as soil, sludge, sline, or

i nci ner at i on wsing whe he hasi fida tibmn appdmatusat B0 will the desowyibed al s. The
separ at ed aqueous solution is recycled to the slurry formation tank 110 as
acirculating0i4pl d foFirss, reuselid anatenyide chintdminated ovitie hrawy de of
the systemas an 20 excess liquid. [0150] The post-treatnent of the heavy
metal s el ectMeldhs cafigh rpHo3eikd DGR, stkivge Wicinrratikommsh.11BC can
be perforned as_explained in connection with the apparatus of Fig. 3. 25
[0151] Fig. 5edimentsends i surRBbiethatq orheirsi gy sfeamakien rank %r(éf‘é## ed

enmbodi nent. of .the present jnyentjon which wuses e]ectrolytjc dissolution and
of oot rol ybi o GUpGRITTamnated (7oHd mAtemiaL SURPIERARS | Lk, dddrPim et c.

A- 75 larif ti t 100A sh in.Fig. 5 '
clariticati o RS VIS SoBtamenated Pol {4 Ratamatbats BF 4 ot er i a

i et i . . te
onuy ot al <, Ve QT atEs 4146 [ EAAR IME Lo Gy 1k TSI ERIATY |,

an al kal i, anghpy g "RIHEEIE adFOSRIE! Ea LYt M Nk PR aRstdPr Pravi e @

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 1is 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



reduci ng atnosphere. The clarification reaction vessel 2, in the present
exanple, is conposed of an upstreamslurry formation section 2a and a
downst ream separation section 2b. 10 In this exanple, the slurry formation
section 2a is a vessel of a circular cross section, and the separation
section 2b is a rectangul ar vessel of a snmaller width than the slurry
formation section 2a. The reducing atnn§pﬂ§ré provi di ng neans conprises a
first anode A-1 and a second 15 anode A-2 disposed within the separation

section 2b, F1gatdwedia fornd spekdt bénthenupabraeteoenee ehecsnogeyBis and
a pair of cathode for dissolutions Cla and CIlb disposed in the slurry
formati on seddjustial mwndle chirndatiorg peposiid.on control reference

el ectrode B-2 and a cathode 20 for deposition C 2 disposed between the first
anode A-1 and0l4%] cat HodetHeors Jdimygpolfiidwimg @4 dhendip@radsd fllver evisiheimal so
provided a first power supply device for applying a dissolution potenti al
bet ween t he ddehcdarrny fhmeajiian dimnk 10, aCaeduging REnraammrea itk aA- 2,
and a second power 25 supply device for applying a deposition potenti al

bet ween ¥ he sty RALHGHEF 1SFiPTOLY Hdaliasg jgtoosphare A [0152] The
reference el ectrodes B-1 and B-2 arﬁﬂgﬁgh di sposed in the vicinity of the

el ectrode toWﬁQQﬁﬂﬁq%ﬁﬂéﬁ' -ﬁhﬁSFq gpatr §¥¥qmﬁfq%ﬁrﬁﬁqmnF ection 2a
1. Tor examfegtahEed ok MRS TaR R R Secti on 2a my be
o ov et v ARy e TRARS Sd Uy TR W S Wige
solid-1iquidseRarahitORniA time, the lower the cathode potential, the
10 higher the rate of the electrolytic deposition reaction
becomes. If the cathode potential i1s 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 siurry formation tank 110, while so0lids 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 withih the
slurry formation tank 110, so that a shearing force exerted
25 by 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



pH neter electrode 28 for nmeasuring the pH of the slurry is inserted into
the clarification reaction vessel 2. A solid-liquid separation device 3 for
solid-liquid 10 separation of the slurry formed in the clarification
reaction vessel 2, and a slurry punp 34 for slurry transport nay be
installed. In order that the reducing atnosphere on the cathode zone is not
I mpaired by the oxidizing atnosphere généﬁafed on the anode zone, a neasure
15 may be taken, such as the placenent of the cathode zone and the anode
zone at spacatheElirihocPddriiculdi s aserte Golddsvaiferlddqu gaeindie

cat hode zone to the anode zone, or the provision of a porous wall or a

di aphragm M dirandtiesrexanpihey slwimculbatt rpmlrep degogigtad ni ng the i quid
from 20 the separation section 2b to the slurry formation section 2ais
provi ded. [OkEisamtdwidyf clarifying a solid contaminated materi al

contam nated with heavy netals, using the clarification apparatus 100A wi ||
be described. [Hi4%t, a When ddig PhaaBdtdion: of fhnavwagreant Vaddwe shawslss,

such as soil,_ sludge, slime, incineration ash, or sedinments, is supplied

to the clarifdeking indhe shrreideVaLYUE 40 e Aagahivg diiregiion ndteri al
PR umeat o aprited itar | eauhy wibn Ml Sy e i g
Tooel g of o et S0 MR Hedh idbniidlea? BHEhD LR TN Ot G2l 3 | |

means 40b to ?«;ftﬂ.{aeﬁl 8 & A 4y Sirid q:reJt%]dsng]uWﬁitﬁiextAg,ﬁprE:%%ytgeqf?& i on

section 2a of the <clarification reaction vesse
contam nated glurry 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 agqueous 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



solid material is stirred and, in sone cases, water and/or the circulating
liquid are or is mxed with stirring, to 10 forma slurry. Wth the pH of
the slurry being neasured wusing the pH neter el ectrode 28, an acid or an
alkali is added via the acid or alkali supply neans 24 to adjust the pH of
the slurry to 3 or lower or 12 or higher. Wth the oxidation-reduction
potential of the slurry being neasured, 195 e oxi dati on-reducti on
potentials of the cathode for di ssol uti ons Cla, CGIlb and the cathode for
deposi tion CAarae il it epgdrathislONOoN dHWRT M tFLd eSPesdmpPidd a
hydrogen standard el ectrodes. [0155] In this state, heavy metals of the
cont am nat ed c1dtrisidt it afdadtibrssadssel ¥ Arddimdinyg ry/, caithrieited

el ectrolytically deposit on the surface of the cathode for deposition C 2.
At this tinesdhal Inetssridie suppelyt indand B2 flomlapplheingte ajntdmeinated

el ectrolytic deposition reaction becones. If the potential is too | ow
(e.g., about saqigl matesidbwntgining deavomatald, drovacid ox helkaddyy
metals do_ not forma dense filmduring electrolytic dep05|t|on but the

film oncé® f@URRLY meane24edan meg FuACckh onpg cptiate peri al

shoul d be sel ect ed depending on the - conditions of the contam nated
material or t %ﬂtﬂeﬂftﬂosl’ Q}E@rwnﬁ H‘@@lﬁjrﬂ%ﬁ' iREQFdiRg Afed to the
sol i d- I|qU|d Se rator nmeans 3 urr 34 to be separated
into an aquedifd 0a"'l*ﬁi‘"t‘l“?‘:rri fT 85351139 &°9 §BCEd ops YiesgedeRydr at ed

e VS o e e S R 0 el FR
ash or thel'fﬁ%ﬂ%ﬁfﬁhrEE%EE%nt&%”%ﬁ@ﬂéa&%&ﬁ%f?%ﬂﬂtgeﬁgfatlon 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 forvapplying 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



heavy nmetals. The separated aqueous solution is either 10 recycled as a
circultating liquid, or drained as an excess liquid. [0157] The heavy netals
el ectrolytically deposited on the surface of the cathode for deposition C 2
are usually taken out of the system by replacing the el ectrode. 15
Alternatively, as a nethod of regenerating the cathode for deposition C 2,

t he cathode for deposition potential is- tPansiently raised to a val ue of
the order of -0 1V, for exanple, whereby the heavy netals are dissolved

fromthe surdragewf. t haecathede FormdeResi kbebibn22k0ikoaRsaragayy 20 netal
concentrate, which is recovered. This heavy netal concentrate is discarded

as a heavy mehainiEHE@WitANta qevideEdie Hormyyndd idry ey s Imim} imdidrd al s.
If, at this time, too high a potential (e.g., about O OV in the case of the
copper el ect ricde)fors eaganipled ten sthierreat.hoBartherdephei silanrgs fordatiba
material constituting the cathode for deposition C-2 dissolves per se.

Thus, it is cegitrianh tZaamayhde potostitded width reeg@atemtsupplyf mdens &éhdber f or
deposition C-2 be set in a range where the cathode for deposition - 79

mat eri al Boesurmlwing Water oranda& qigeudatiingh Jdawid isupplapmeaans i4H@ be

controlled to a short tinme. If a pair of the cathode for depositions C2
are provi ded fomForwEng tneaddngd ¥atare ffhar Solddrdiauid sepagsdidan -onlof

the 5 apparatus can be perfor continuously. [0158] In the enmhodi nent
il lustrated il rﬂ}egters,elt%ﬁqué’tﬁ ﬁ%é‘?@eﬁu’él’i‘-}s &F o T P
OIS SR I A eI R Y Y separatior
solid-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. 1In 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 liquid from
20 the separation section 2b to the slurry formation section
2a is provided.
[0153] A method of clarifying a so0lid contaminated
material, cohtaminated 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



10 stirrer is positioned at the center of the slurry formation vessel 2a,
and the contam nated solid material supply neans 22, the acid or alkal
supply nmeans 24, and the water supply neans 26 are provided at a position
dianetrically opposed to the entrance to the slurry separation vessel 2b.
15 Thus, the solid contam nated material, _the acidic or alkaline substance,
and water supplied into the slurry formaf7of vessel 2a are stirred and
rotated in the circunferential direction, and carried away toward the
slurry separ dion¥amiésdeld Jolikkneteria Ve de an ehsdtrdtedigtatayay flow
in the 2b section is controlled by the <circulating punp to be |ower than

t he above- nemiamelyd the ooifdsr erft ithle rowindtamdmaltesh aed. iBpaterda@ln@gret he
shearing force on the cathode for deposition in the 2b section can be
suppressed, woth satanahedamith Watern 25 spditadde famoudits o] maters ismnd t he
efficiency of dissolution in the 2a section being nalntalned [0159] Fig. 7
i s a schemat istpPddiegh atisy ythey mtregr SNPRLYg means &bh ot dher iIcdgrcarkisddingent  of
t he present invention which - uses el ectrolytic dissolution and

el ectrol y?i c 1d&pud& SUaPLy é‘@@tqsor‘h?b( & arievend satyratake Shptfetals. A
i o e S AU A AL
SEIEIE e e A A el i,
o0 R N P A e
bag- shaped digRNAFBMHIinY 1iquid 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
pH of the slurry to 3 or lower or 12 or higher. With the
oxldation-reduction potential of the slurry being measured,
15 the oxidation-reduction potentials of the cathode for
dissolutions C-la, 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 film, once formed, becomes easily peeled. Thus, an

appropriate potential should be selected depending on the



di sposed in the reaction vessel 2 and closed at the bottom thereof, an
anode. A di sposed in the interior of the diaphragmunit M and a reduction
potential providing neans for providing a reduction potential to the
cathode C. In 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 watéB supply means 26 for supplying
water, and a circulating liquid supply nmeans (slurry transport line 32, 20

slurry punp 3bnad@ilghd ioFUittheS UM tAI19A teAY ma® edialCiorC¥hdl iapPalradisd
transport line 40) for reusing treated water after solid-liquid separation.
[01601 A et jod5@f] cl armbeti ,NGh?2 $Qhirdyohisl piesdureceditoatte waad-al ,
contam nated with heavy nmetals, 25 using the reaction vessel 2 will be
descri bed. Filigmida separdtor |3 dy cheamise bifalt heo stlarnya tpathpwiidh tioedey net al s,
such as soil, sludge, sline, incineration ash, sedinents, industrial water,
surface wat esepgrabedidindio amw agu@caiseisolutddn jands gdpirnidd edo dely draded on
vessel 2 via the contamnated solid or liquid material supply neans 22. |f,
at this t?nesoliids deeldd dehydradedd mgi tergdied ivedefirgm isoiln gdudge,
unsaturated state, nanely, the voids of the contam nated 5 solid nmaterial
are not sat uFiE@ wilicip@ration ash.a0re seddmenitsdr whhbersSeRazappdi ed vi a

Lhe st ef Sugply e, B0 roldlie S S Mol e Y 5ae 32,
Suppl! ed Conbagl A% Seedied Shichitlad FRCHeah, Brt Rt BR AU, o 50T
forma slurr%e%%y metals. The separated aqueous solution is either

10 recycled as a circuléting liguid, 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



solution. Wth the pH of the slurry being nmeasured using a pH neter (not
shown), an acid or an alkali is added via the acid or alkali supply neans
24 to adjust the pH of the 15 slurry to 3 or lower or 12 or higher. Using
the reduction potential providing nmeans, a reduction potential is applied
such that the potential of the cathode Cis -0.16V or lower wth respect to
t he hydrogen standard el ectrode, or the- dfrrent density is +0.01 to +10A/L
of the reactor. The 20 optinal cathode potential or current density varies
greatly accoifbdidP ddés oo efiddiwd, r tiife COME N NAM g9 pd ¥ent Sappe of
t he apparatus, so that an appropriate applled potential is selected
accordi ng to dpiFl Dedidn avs . cdifdl 16 118y € et | timedf alfec pRli ioF

di ssolution and 25 deposition reactions, the slurry is pressure-fed to the
solid-1iquid Wspaatinods fyr ndepesiofidie Glurane pumvidded o ad cepasfit ed

I nto an aqueous solution and clarified dehydrated solids (solid dehydrated
mat t er deri vethém obs -tden smit ,abltﬂmg&at,elat.i e iopsration of ade or

sedinments). If the contanm nated material is a liquid, the solid-liquid
separati ob stapPamatisy ¢rr e Periomred gantiPwHIYds can be handl ed as
soil, sludge, slime, incineration ash or the 5 |ike which has not been

contani nat ed Mt he nEhviherctBedimenie j§e1|s}’a5r aehgthe FikI sot utlh i s

th | ed , d | d.
The eLe;3§y(é£%§SJe‘?féc‘f$%$§'i % LT PORRASD HE Y LSy AT Cohe. eat hode
f d t C ak t_of the 10 | th
(o depasl o ot e teupl I Aken o o, U0 2ve . e gy
deposi tion Qsé&f‘ra’gf&b%séé)f SRS 1 4 1 UL RS2 By Wed{ A0NF] &lid Y

rai sed
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 are 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
vslurry 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



to a value of the order of -QO IV, for exanple, whereby the heavy netals my
be dissolved fromthe surface of the 15 cathode for deposition Cto forma
heavy metal concentrate, which rmay be recovered. The heavy netal
concentrate can be discarded as a heavy netal contam nant, or recycled as
heavy nmetal materials. If, at this time, too high potential (e.g., about

O. OV in the case of the copper 20 electrod) -is applied, the material for
the cathode for deposition dissolves per se. Thus, it is desired that the

potenti al fOr%§§g6€fé@{j_-&fy9ict@fs§@i@9ﬂ@nfﬂd AeRaStEd PPL PE aSEdsiPidhy Fange

where the cathode for deposition material does not dissolve, or the tine of
hi gh potenti ate 25t PORE | €6t E&MoRE &0t FOEOREL e Pdtals TB.A rosimls

[0162] Herei nbel ow, the present invention will be described in further
detail by Exargd€sl Dushédwniinoigray7-is3a dintdmthdved hesEidxewplaguidhe
test material used in these Exanples is soil containing predeterm ned
concentr at i omsatériakavyantt st isomecappatrates noompreisineg dyslumcoy per at i ng
heavy nmetals into soil collected fromw thin the prem ses 5 of various

pl ants. [ 616301 tamhphted|m&teriadbl supplyieperns i dh Lo sepplying tast on

| ead- contam nated soil As shown in Fig. 1, a cation exchange nenbrane

( NECSEPTA CvEsombamipatedosplidver ligeid | ratexiahecertainingcheavy 2000 nl

PLEXI GLAS reactor_to divide_the reactor into two portions, creating a
cat hode zone B§tRhH- aABIRCLIRE 2}kakh|SYPPIRA"R2M ottt EXReSURRBY G fan

ringl r- | ubl -contanjn il (L nt en k
spa gy Wataecidsgr ugn eailggfif:oatgathgégdc Slg)res ngans.jn Ct?hé eréac?fj(.)gr(l) M9/ kg

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 so0il, sludge, slime, incineration ash, sediments,

industrial water, surface water, groundwater, or seawater,



dry soil; site of collection: A paint factory), 800 nL of 15 tap water, and
50 nml- of 1:1 hydrochloric acid were added, and stirred at a speed of 500
rpmwith a Teflon (registered trademark) agitating blade to establish a
test system [0165] 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]'Iﬁ1the anode zone, 800 nL of tap
water and 5 nL of 1:1 hydrochloric acid were added, and an anode of

graphite was igisiiggried O Ahe? fed et Borc evesd st [DOEL Nethé NSt @i idied t he 25
cat hode zone, and the potentiostat was adjusted such that the cathode
potential wowddglli® o). 2Ed0id thatespalt stpphy hgdnsgen.st didaatd ehést tanle,
potential. After the cathode potential reached -0.25V, an operation was
perfornmed forthe S&ontdnimatgdsolikemr alisjwid ynatiedial t1e ireaan or was
suction filtered using a G-/B filter paper to carry out solid- liquid

separ ati on. Dwrsatpraked sfaten nanely + e velfds et therggntiamingtedit hode
zone was nmamintained at 1.0 or lower. 5 After_ suction fiItration, the | ead
“concentrabi orF9hid HRateriak Are AL (FREVEALE It dhiWatex hed stiiitalter
filtration were neasured by the atom c_absorption nmethod. Using the sane

experi nent al WAL, Wat ot o?u%R/Jsjteé?n he vpken S‘&%R%dge?fb“i eflial of
i arly subfec eFout lﬁ?"ﬁ PSP otk skpdal T,
;?LLSM??I?¥atlon el'%gh%s are 'ﬁﬂkrﬁak%g§ltﬂf @%ﬁégtra%%ﬁﬁﬂg'%¥e sor!
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
pPH meter (not shown), an acid or an alkali is added via the
acld 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
so0lid-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



15 Table 1 Results of electrolytic deposition and renoval test on

| ead- contam nated soil Liquid phase | eadConcentration of |ead(Rate of weight
Experimental systendi ssolution concentrationrenaining in soildistribution
onto (cathode potential V)(rate of weight distribution(rate of weight
distributionelectrode %9* into liquid phase 9into soil % Test system
(-0.25'0.05 ng/L (0.01%52 nmy/ kg (1.0% (98D% Control system (0.0V)173 ny/L
(43.49% 2349 ng/ kg (46.8% (9.8% * Rate of |ead weight distribution onto

el ectrode wasgoflpl es1hdags, by1 sHbt r fpiverdtoon ten| egf ¥eaohénts) !t hassoil
added. 20 [0169] Table 1 shows that the slurry containing the heavy

met al - cont ai nthg contaninated matediabt £5ial 1v@sidethé asokid+ Digubdrongl y
aci di c atnosphere and a reducing - 85 atnosphere, whereby nore than 98% of
t he spari ngl ysepanat kon| etep atlbenohgnécesdaryoi ITheasefepusidd dsadnidshean

cat hode, and renoved fromthe soil and interstitial water. [0170] [Exanple
21 El ectrode bedyandbed casasdhly. t etvdge. Slime cuiyctoerabiomt ash sedi tkeit s As
shown in Fig. 2, a cation exchange nenbrane (NEOSEPTA CMB, Tokuyanma Corp.)
was i nstaPl edliketWaicknhas net heepoportamipated A¢ithatherheavylivetrls he

reactor into two portions, creating a cathode zone and an angde zone. 10
[0171] In theTRt FRRRTIBRE, a9PBOYSo 0%55}?%g+§ QhtRET LeFYBled as a

rer cury- cont 2l Aateds ped MERLPa (1oLl RELSHT o SOTLEMAL2D BKO. 00T
hydrochloric , acld WeL§ 29988et 20Ty P1E41 £Y @lp8s PPEE %R RO b PFAYL t e 2

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
poténtial 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



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/mn. In this manner, a test systemwas established. [0172] A
cathode as a titaniumwre netting was inserted 20 into the test system
and connected to an anode via a potentiostat. To trap the gas di scharged
fromthe cathode zone, a gas cleaning bofS € incorporating 100 nL of - 1:4
sul furic acid containing potassium pernanganate (50 g/L) was connected to

the reactor. Pinit¥dy |thdse meameldPNernd0Resl alatedn alntugeddnth thelse Of
1:1 hydrochloric acid were added, and an anode of graphite was inserted.

[0174] A ref @&xaigeles ed rauliel veom ttatyeit ¢ b redet d1imel ne d Goormad itarcket o, oind
the potentiostat was adjusted such that the cathode potential would be
-0.46V with respectmeétals, sthadsoil Melimyarepand die jterpordting ter the
cathode potential reached -0.46V, an operation was perforned for 5 20

m nut es. Theheavyimgtals,imia sofel rexktegtedhsfrom twigihir i themenisesy a
GF/B filter paper to carry out solid- liquid separation. The pHin the

cat hode z®@ne %’g§’alﬁ'&?#ﬁaﬁ &t 1.0 or lower. The gas fromthe reactor was
trapped by the gas cleaning bottle as heay¥ netal trap. 10 After suction
filtration, thE&3kal rﬁﬁ%ﬂﬁ%l%dhkeﬁﬂPgﬁFBA iR Pﬁ@°FFFFP&ténénﬁeﬂﬁya%ercury
content of the sedi nts after { iltr t|o wer e nmeasured by the heated vapor
atom c absor ﬁ?ﬂ? '% n of mercury trapped in the gas

cleaning bottle wag, 'E“-‘naosv&'r{ ih bﬁ’ié.hel,atao@a%i%% WEH M d el

(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.
[0165] 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



[0175] Using the same experinental apparatus, a control systemset to have
a cathode potential of +0.2V with respect to the hydrogen standard

el ectrode potential was simlarly subjected to suction filtration and
solid-liquid 20 separation, followed by neasuring the nercury
concentrations in the filtrate, in the sedinents after filtration, and in
the gas cleaning bottle. The results are8hown in Table 2. [0176] [Table 2]
25 - 87 Table 2 Results of dissolution test on nercury-contani nated

sedi ment s Expgy imiitdd-] qq‘h@th&SQlﬁﬁ‘ﬁgufd%ﬂﬁ_el%hbakbaﬁtﬁi‘ was suction
mer curyConcentration of mercury systendi ssol ution concentrationremaining in
sedi nent st r afigc dfed ass i adiGRY K ciflwede (patier afo wedrghyt alitStgold- on(rate
of weight distributionbole of weight distribution potential V)into |iquid
phase 9% i nt o lsiepliink rHepdfd tfan gaduphhage the* réastisnstene., 03hegpH oFf. @A) 1. O
ng/ kg (0.8% 124 nmg/L (99.2% (-0.46V) Control systenlO ng/L (64% 16 ngy/ kg
(12.8% 29 ny/slur2y 200 the) caphddEl ZygneT atdse maightadnead @t 9498 ofr tlwver.
sparingly soluble 5 nercury adhering to the sedinents was renoved fromthe
sedi nent sSandftarrsigtiqn gﬂ@awfaprﬂhﬁ Agadd raaneanigatinan dm itdle under
acidic conditions. [0178] [Example 3] Influence of diaphragm on

el ectrol yti c fddgdiitd AParid'e efifthicBItadadic ditearfidiat &f tefn Lo iratsi ahown

: Es'lt: :,ﬂg' eé’ a? vfeﬁ"g g%??%fzhea&-lq?y n&rg)ra r})Er'\nior:( g%%%%npio%etgoo@.yag%i%%r E?:h)e nas
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



of a 2000 nL PLEXI GLAS reactor to divide the reactor into two portions,
creati ng a cathode zone and an anode zone. 15 In the cathode zone, 100 g of
sparingly soluble | ead- contam nated soil (lead content 5,000 ng/kg dry
sotl; site of collection: A paint factory), 800 nL of tap water, and 50 niL
of 1:1 hydrochloric acid were added, and stirred at a speed of 500 rpmw th
a Teflon (registered trademark) 20 agitét?ﬁg'blade to establish a test
system A cathode as a copper wire netting was inserted into the test

system and anivigHexk ! WirebPURrE s idOIR (faisicaAy solible
potential power supply device). In the anode zone, 800 nL of tap water and
5 nL of 1.1 hedHEdddmrinadia i ascdddeds depbsdrteshade thedeathadd handim
oxi de-coated titaniumwas inserted. 5 [0179] A reference el ectrode was

i nserted i nt renwed dirtomiecheprenilamhad Ha eotsdrittiicslt atateas. adj ust ed such t hat
t he cathode potential would be -0.25V with respect to a hydrogen standard
el ectrode potl@it70ll . AfliExammie &dt hBdectpodenreductdaphedeaningvtegh on
operation was perfornmed for 10 20 m nutes. Then, a slurry within the reactor
was centPi f EEEURY aniamsinatedt isediment$ separation. During the reaction
time, the pH of the slurry in _the cathode zone was nmaintained at 1.0 or

| ower. [0180] Afté&Ys &Y fifydti%n 2 4 fe 8P SFRNIG MEMBLRNe5 the |iquid

Bbaor ption nANTRERTNSHE LANFYATE oD s IORAL L A e Gedtierol
systems depriyed ofgdc, diAA AR NS MRS RUMEOLAY the
| 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
acld 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



20 subjected to an operation for 20 m nutes under constant- potenti al
contrel at a cathode potential of -0.25V (control system 1), or under
constant-current control at 1A/L reaction liquid (control system 2), and
simlarly centrifuged, whereafter the |lead concentrations in the 25 |iquid
phase and the soil were nmeasured. The results are shown in Table 3. [0182]
[Table 3] - 89 Table 3 Results of test “o86i ifl uence of di aphragm on

el ectrolytic deposition and renoval of | ead-contam nated soil Experinental

systenli qui d glhafsad epsHeoncad ratd Potdnt R datwaPladfidhdd such that

(potential/current control dissolution concentrationremaining In

soi | di stri buttion oo donsh tdmonisgl el dfbevei g ewivei th btd spedt ate of

wei ghtel ectrode %9* into liquid phase %9distribution into soil % Test

syst em (- 0. 2538Hdh datrdriydxdyedil %9 ek tupdey ridten 4108, A%t e@ortheolcashodem 122

ng/L (8.8% 4128 ng/ kg (83% (8.2% (-0.25V) Control system2 (1 A/L)1 ng/L

(0. 4% 3614 nmpdentim) (Xsadwd - RAG ofan enknadifn whstpeédinimed g

el ectrode was 5 determ ned by subtraction fromthe | ead weight in the soi

added. [0383]2Q mimrtesnt Thengy g SAIFIYoWHfhine dhgodeagitede wagu suetdodf t he

order of O 1A occurred, §homﬁg%‘a very low 10 reaction rate. In the contro
2/ HokE

system 2, a pheH@ERSDOIHNT 13 PoRARGTI T ULATHH (RP & FAL Y ue of the

condi t ons.  tHEHGhGRER ATy THE. GFadf 436 CBELR0En “0RE HASde and the

cat hode | ed tn?afn eafx?en& aé:tt 10 .fo tohre 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 wifh
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



15 contam nated solid material in the systemw th the anode as well as the
cathode, with the result that the dissolution of lead fromthe solid phase
did not proceed. In the test system having the diaphragm di sposed, on the

other hand, the slurry containing the heavy netal-containing 20

contam nated solid material was maintained in a strongly acidic atnosphere
and a reduci ng at nosphere, whereby nore- 8fan 98% of the sparingly sol uble

| ead adhering to the soil was deposited on the cathode, and renoved from

the soil and padl 2 NtESiitd %fV@iﬁéolﬁ@ﬂ&ﬂté@(Qﬁm e 4] Electrolytic
deposition and renoval shown in Fig. 1, a

cation exchange nenbramaé?%*ﬁé%iﬁﬁ@b é&f%%ﬂbana Corp.) was installed at
the center |of a 2000|nL PLEXI GLAS reagtor to divide theoh@Ardtsh of MérBury | WO
portions, crewelimental cliguibRase BeEulInd {rpneantialion shmercury| ﬂaﬁ g,rp@agta@gﬁngzone,

100 g of noljgyee™ | yin d'%ﬁ§W'?5TQ9@€RS’§G"°"W1@"ﬁa"F'FQ/'Pﬁgd"ag'ﬁsfr g ef use
i nci ner at i onfcalhedef urt ate pfayeight distgbution [{rajs Céynﬂh'(dl%fﬁxﬂtl% %g gntg{sh'ﬂutloﬁ' te

of col | ecti gpetential W) ef uinte lifwid prase 3¢)i ng (it sedimentafibhace) , Lap water,
and 150 nL aof 1:1 hydrochloric acid wete added, _and stilr a anpd of

500 rpm wi t hTest Syefelon [(reai st er [ rademar, agj tating bladeto tablifsh a
test system|.guggt hodd aﬁ%gm@-@ggg r oW ré@r{’é‘iﬂfqgeﬂ@%&a i ns@r“t"@cﬁ" ﬁgﬁéé’ t he
test syst em—and—connected—to—an—anode—via—apotentt UDL at—(constant

potenti al pgbRntroksypiemy devipaRyL 6hdd) t he an%iﬁ, 10 fmdna@away er |and
90 nmL of 1:1+8@Vfuriclacid \A‘ﬁgg?e adzzled gn anod/z melde c?? rutﬁe\r%?um

oxi de-coated titanium was 20 1 nserted.

v

[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



[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 el ectrode potential. After the cathode
25. potential reached -0.25V, an operation was perfornmed for 60 m nutes.
Then, a slurry within the reactor was centrifuged to carry out solid-liquid
separation. During the reaction tinme, th8&8pH of the slurry in the cathode
zone - 91 was maintained at 1.0 or |lower. After centrifugation, the |ead

concentrati o drddigl ighudt g AHbdiie )l[.eadnceme_eahoa@f Zoh ,S8ob Were

nmeasured by the atom c absorption nethod. [0186] Using the sanme experi nent al

apparatus, a g¥ordpPlwatery diins6iL tof Navie Byl ROtfiid abed adaddy, With
respect to the hydrogen standard el ectrode potential was subjected to an

operation forarfid dfi rdiiickie nEdk OfMattHeniume Rixiderarih t e etradi aim s | ead
concentrations in the |iquid phase and the soil were neasured. The results
are 10 showlinserftedid.e 4. [0187] [Table 4] Table 4 Results of electrolytic
deposition and renmoval test on lead in flying ash Experinental systeniiquid
phase | eaBCodddtTht i od ofeflesai{dRated egft noslegivtay patsantied iodiv ridieali ssol uti on
concentrationremaining in flying ashdistribution onto conditions)(rate of

wei ght di st r igakhasg rzane ofangki rAtantinatagn s e ladiugrd isueh |thati d

hase %9into flying ash % Test system (-0.25V)0.08 /L (0.002% 420 / k
Fl,2@@{%8_8%ﬁhg’ca hode Qotentiaf’woul be —QOZSV w£¥£ réspect @o a mor e

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 soil 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 1A/L
reaction liquid (control system 2), and similarly
centrifuged, whereafter the lead concentrations in the

25 liquid phase and the soil were measured. The results are
shown in Table 3.

[0182] [Table 3]



Contro

| ead el ght distribution onto el ectrode was

fromthe | ead wei ght

the test sys

in the
tem the slurry

flying ash added.

containing the h

systenRk22 ng/L (6.2% 27500 ng/ kg (7699 (17.8% (-0.1 V) * Rate of

15 determ ned by subtraction

eavy net al

[0188] Table 4 shows that
-contam nated flying

ash was 20 maintained in a strongly acidic atnosphere and a reducing

at nosphere (-0.25V with respect to the hy8Pogen standard
whereby nore than 98% of the lead in the flying

cat hode,

el ectrode),
ash was deposited on the

and pgieved Reedhtieor %astseh' Qn?ﬂééﬁc@”gft Hiabhﬂﬂ

Bhase.

in

[ 0189]

il
g cont am nat ed

[ Exanpl e 5] Electrolyt c e SLtiO v test o
soil Under the sane cﬁ% §%¥t; aﬁﬁg l£§ngxgﬁ8IgeTovg 8§Iead renoval test
was conducted, with a B8R39 SB&tforned for 20 minutes and the
cat hode poténtial bein se1 Lu&\hd prgs;@yd The reshkdenfatioh of |g5d tgst are shown
bel ow. [ 019BIPeliMEMBRISYSeM Tabhe ofndiasHbdntath &lesdinie] inbic depqdias diveight
removal 10 |(peteptiafeurieabeenteln m%&gdlgl%dm,ﬁx RSkidTRaLR Syst gAEiBdioaopRase
| eadConcent 1| gadigensbf | ead( R; ttlg id YR8 pot gg{nb o gﬁé‘lgd’“@])dl slegitode Pavh
concentrati onrenai-nd ng in.-s rll stribution hnnﬂl t nnc a_t_g_gue_j_ght
\ , : aht b ) :

nto soil g’%ﬂ?@&& HABI D TH W‘??;/i”t T AT Ra
Rat e of | eagCowtiobdystentiist ri buti o Lectrqde d m ned o
subtraction|fo.eswmt he | ead wei gh?zgﬁtﬂt(ﬁ%/z a4c}§g§1.g/kg%3% (9'&’)

Control system 2 (1A/L) 1 mg/L (0.4%) 3614 mg/kg (72%) (27.6%)

* Rate of lead weight distribution onto electrode was
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



15 [0191] [Exanple 6] Electrolytic deposition and renoval test on

| ead-contam nated soil As shown in Fig. 3, a 2000 nL acrylic contai ner was
used as a slurry formation tank. A cation exchange nenbrane ( 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?fone, 100 g of sparingly water-

sol ubl e | ead-contam nated soil (lead content 5,000 ng/kg 25 dry soil; site

of coll ectioqntRraftideh dactory), 800 nL - 93 of tap water, 50 niL of
1:1 hydrochloric acid were added, and stirred at a speed of 500 rpmwith a

Tefl on (regi Jioasad tr JiaEipdle adi t Blesgrblgdect depokaklibahandt esmogrst em
[0193] A cathode as a copper wire netting was inserted 5 into the test
system and testecredead am #Hlydmgviasha potentiostat (constant potenti al
power supply device). In the vicinity of the cathode, a partition was
formed using a pAst altowe iefdg. donposadt ioh ®xohanygenasmbrsanee of each
opening 1.0 nm to avoid a shearing force exerted by solids 10 of |arge
particl e %i antEQSERIA (OB s Tiokuwamsf Qonp .Jamasddns ades ath thee cendes zone,
800 nmL of tap water and 5 nL of 1:1 hydrochloric acid were added, and an
anode of gr &Fhia &000s Min FLEXIGLASD resictRy & [ddiydd e |ther meRetogs Iinfser t ed
into the 15 cat hode zone, and the potentiostat was adjusted such that the
cat hode pot er¥CaiPdd P De %%afévqanat [Fatdosiec Zong ndy @l SHades tzaiear d

el ectrode pOE%UQHQ'ca¥ﬁéﬂétégié?¢1?9% 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 i:l 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. Aftér 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



potential reached -0.25V, an operation was perforned for 20 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 tine, 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 |ead
content of the soil after filtration 25-w8de-neasured by the atomc
absorption nmethod. A control system constructed using the sanme experinmental
apparatus as wéémadﬂ{téﬂ?edeﬁ BYE M1 SHEEPT AleRBl hgﬁtﬁkn%@%i%qt eRkl Ng
menber was not used, was simlarly subjected to suction - 9 filtration and
sol i d-1iqui d sepprednchtreranfiiereidaifisit gHyeHiAiRNSI ddl tddhtddd rate
and the soil after filtration were neasured. The results are shown in Table
6. [0196] [ Galthd]sdiilakdre ddanitdd B e dtond idbgbafAsidn aretdRad. on

| ead- cont am nated soil Experinental systenliquid phase

di ssol uti onCqroasd ¥ at | admparie ame expercimereidorapparatuy, la) control
soilelectrolytic deposit* (rate of weight(rate of weight(rate of weight

di stri but bon gysiten ispiti dth Staveé) & icathoie mdidntdhadi siff i4UtIOrwidtht 0 phase

% el ectrode % Test systenD.05 ng/L (0.01% 225 ny/ kg (4.50% 95. 5% Contro
syst enD. 09 nyesKex:2g 4tee hydrpdeh FdRplamelauirods pnakeanhtdelyivas
distribution onto el ectrode was determ ned by subtraction fromthe weight
of lead renmisiiipctes the apirakpiden fr] COMinufe anthEREkIRR1Y he

concentration of |ead . .
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
Experimental system L!qmd p‘hase lead . Conc'e r}tra'flon (.)f lead (Rate of weight
: dissolution concentration | remaining in flying ash C
(potential control . e . o distribution onto
conditions) (rate of weight distribution | (rate of weight distribution electrode %)*
into liquid phase %) into flying ash %) e
Test system (-0.25V) 0.08 mg/L (0.002%) 420 mg/kg (1.2%) (98.8%)
?8"1‘\’;’)' system 292 mg/L (6.2%) 27500 mg/kg (76%) (17.8%)
* 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




distributed onto the el ectrode was i ncreased by suppressing the shearing
forcee 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 dep05|t|on and renoval test on

| ead- contam nated soil As shown in Fig. ™4, 92an 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 0.441ia witadh vdfiectrad Iigui®Pitdse t hereof into two conpartnents,
each neasuring 0.4 min height, 0.05 in in wdth, and 0.05 min depth, with
the use f - 90184] a calExampEbe ) gE Leetimodyd icNdepbE 1A 1GkB anfo teyama 1
Corp.) to define a cathode conpartnment and an anode conpartnent. In the

cat hode conparestemn leéxd-carftasirmatedsoidat er - sol ubl e | ead- cont anmi nat ed
soil (lead 5 content 5,000 ng/kg dry soil; site of collection: D autonobile
factory), 800 nL d#nd%ib e cyame repHL tionsg as tthaogairige Bxanplect d awr e
added, and stirred at a speed of 500 rpmwith a Teflon (registered

t r adenar kP aghaafl TR adee st At aﬂﬂn%‘%FteFQeéfistﬁlbrﬁP%%ta%%d@w a
copper 10 wire netting was |nstalled In'lé%‘i t est temat a depth of 2 cm

bel ow t he surﬂ%‘ffema'i‘e 2O @ P%ed‘tal%tlé?ﬂ‘?%st at

(constant pot ¢ su y _devi.ce). a, TYGON gﬁ
circul ating pstﬁr}b :fta @V\gé‘f]'at gﬁF T&s AT%S) Pfi gﬁﬁa%?&cﬁ@& 15 ?I‘) Her
portion of t pparﬁég,l a§1]d poured again into the apparat us fromits
bottom thereby constructing a circulating system A

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

addead.

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



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 was9nserted. A reference el ectrode
was inserted 25 into the cathode conpartnment, and the potentiostat was

adj ust ed suchyg hadp thetdio! &30 il ¥ 1he wahsle vl thcie wdkr@BadEd N

respect to a hydrogen standard el ectrode. After the cathode potential
reached -0.2%h4d &t DSR40 -sP¥ed VEE F0U fxgmed fiora 26 1 st @fegildt@ived
slurry within the reaction vessel was suction filtered using a G-/B filter
paper to carriradémaxk) daditopt the ebadd i ton.edRablngH he tescadyoren ne, the
pH of the slurry in the cathode 5 conpartnent was nmaintained at 1.0 or
| ower. After [k23bn fAlcatdiodm, as e dapmer onigmntedttiorg iwvag himdedttedt e and
the content of lead remaining in the soil after filtration were neasured
by the atbni clnissotlpr i testheaysiem | Grod|connasgiiad |t \an aanade holke @ he slurry
circulating 10 system was prepared, and subjected to suction filtration
Rotanlak

and solid-Ii RAPRERSERT rfantlent RO AURPLE N iGohs 48 t hose
for the test system Then, the |l ead . concentration in the filtrate and the
content of | VERRTENES i Eaui9den @it ian HAsampbard ( t he
15 atomc absoré)éion. met heong:.fe The reésul soctare shown in Taé)sl.e 7'of [eoachll]
[ Tabl e 7] Tat P TP et ] Y oI EHRYISH 0%5’8’ G eSS iae
opening 1.0 mm) to avoid a shearing force exerted by solids
10 of large particle diémeters 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



| ead- cont am nated soil Liquid phase dissol utionConcentrationProportion of

el ectrol ytic Experinental concentrationrenmaining in soildeposit" systen(rate
of weight distribution(rate of weight(rate of weight distribution into
liquid phase %9 distribution into soil %onto el ectrode % Test systenD.05
ng/L (0.01% 132 ng/ kg (2.64% 97.3% Control systenD.08 ng/L (0.02% 471 ny/ kg
(9.429% 90.5% * Rate of |ead weight distriBdtron onto el ectrode was 20
determ ned by subtraction fromthe weight of |ead remaining in the soi

added. [0202]¢i1fpemldh &Hnd RO DGR deRYHAF AP MANGHA TR er the LR ON

| ead- contam nated soil As shown in Fig. 5 'a 2400 ml clarification reaction
vessel 2 forghddntationd iim wife Flitrddtenehd@ttHdeddantafterd hereof with a
cation exchange nenbrane (NAFION, DuPont) 5 such that the cathode zone was
1,400 m in \gllteation vere meaderedne Thes resilt griare stodwiein | Pablel 6cry
formati on section 2a, a copper electrode was installed as a cathode for
deposition C[D1#6}t he ddshlieord]cl osest to the nenbrane, and copper
el ectrodes were installed as cathode for 10 .dissolutions CGla and CG1b at
t he positPon Tahliendst Resuhtst RE pdebtardytia depepatienoties&crhon 2b, two
carbon el ectrodes (TOKAB-CARBaMia&@tedl$6i) were installed as anodes A-1
and A-2 at POSTtT O 2 CTNrawdy f ronT t e —ernbrane: Bot i gat odes—were W
in series, Ia@e&.aemgrsp@aﬁeH'qt"épﬁéfeéﬁéﬂ'ﬁimi GhcBtageH | Ot af PTORUA ANt
potential power supply deyPAEPMAORO3] | n {8 aming T 6 Or nptiecalvicdeppsty 2a,
100 g of sparingly water-§aegbveightead- con (P18 Satefit SOi | (rate,of weight
distribution into liquid distribution onto

red

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



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 hydrochloric acid were added, and
stirred at a speed of 500 rpmwith a PTFE (tetrafl uoroethyl ene pol yner)
agttating blade to keep the resulting slurry in a nearly honbgeneous
state. In the separation section 2b, 800 nL of tap water 25 and 5 nL of 1:1
sulfuric acid were added. In this manner- 9% 4 est system was established. A
reference electrode B-1 was inserted into the cathode zone, and the

ot enti ost at e o] | f e hode would -
88 be -0. 25\?1\:,\@6? hgéruéisj%léch‘?%&gg%%%%g%ngt gﬁ%étér T l{“?‘bd'fe&E UT2r the
otential of cqt | rmed for 20
ﬁinutes Theﬁaﬁﬁ% 7 ﬁ%rry mnt €¥e react dﬁaﬁégiéﬁﬂiwagéﬂgﬁc ion filtered
using a 5 @/&ﬁﬁéiﬁﬁe@@perxd Oa@raamw&e Lnipirtrftititd SRRAIAON.  During

t he reactlon tinme, the pH of the slurry in the cathode zone was mai ntai ned

at 1.0 or %arﬂigw WalEé1 Ofo 1lib 14 I Bdd @ con téni e & OSWENt (Bda@N i N the
filtrate and content of lead remaining in the soil after filtration

were 10 nBaswatt &yt t 512060 oy Lk by péoDh; nei t@ b f AcsIdd©losysShem treated
under the sane conditions, except for the renoval of the cathode for

di ssol uti ons d&atementl &-factorms) , s800 |l | 9f stdyp ewdbalr § carsdicid anL. foftrati on
and solid-liquid separation. Then, the | ead concentrations in the filtrate
15 and i n t hewxwrochioricfacid awene added neandrstirmed at esu$peedref shown in

Tabl e 8. [02043 [ Table 8] Table 8 Results of electrolytic deposition and
r enoval 0 rpm with a Teflon (registered 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 clrculating 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 velocility 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



test on | ead-contam nated soil Liquid phase dissolutionConcentration
remai-ni ng( Rat e of wei ght Experi nmental concentrationin soildistribution onto
systen(rate of weight distribution(rate of weightelectrode %9* into liquid
phase % distribution into soil % Test systenD.05 ng/L (0.01% 77 ng/ kg
(1.549% 98. 4% Control systenD.08 ng/L (0.02% 166 ng/ kg (3.32% 96.6% 20 * Rate
of |ead weight distribution onto el ectredeéwas determ ned by subtraction
fromthe weight of lead in the soil added. - 99 [0205] From Table 8, it is
under st ood t [ ffe Vi av | N in the
contaninateduggl§39%§%§Ppa?°%hgh ﬁagp%gg'cgﬁggﬁti%n%fﬁg%gcﬁ%g#ggiggemas
obt ai ned by ' pldealiht f e h I

di ssol ution gﬁgggéSSS%%F%h} 8%05%%F29gngﬁéﬁs EFE%?P%?%t%?gge%ggfffbn and
removal teSbagarl%%da&%&&aah%abgdiaou&qhxdase daltlibn.of peLERG T eHES As
shown in Fig. 6, a square-shaped 2400 ni clarification reaction vessel
formed of traaspaient tifepokne pyl oghkael deuvay par ithel eaedodle t he center
thereof w th a cation exchange nenbrane (NAFION, DuPont) such that the

cat hode zneceompatthefitnvasnmadhttginedndtt heocavedeowere AfBed, SQ6tDbni N
volune. In the cathode zone, a copper electrode was installed as a cathode
for depositi fiil€rataonlsthee lpadi coocenltoaddbnt dnt themfditzace and dTheopper
el ectrode was installed as a cathode for dissolution C1 at the position
fart hest froeenitenfkeptfr dead rempiaoingode tbmesoid editiesrnfdlécatddon WEDEA

CARBON CO., LTD.) was installed as an anode A at a position 2 cmaway from
t he menbr anemeasured 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



20 Both cathodes were wired in series, and connected to the anode via a
potentiostat (constant potential power supply device). [0207] In the

cat hode zone, 100 g of sparingly water- soluble |ead-contam nated soil (Iead
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, and
stirred at a speed of 500 rpmwith a PTFE97(tetrafl uoroethyl ene pol yner)
agitating blade to keep the - 100 m xture nearly honbgeneous. In the anode

zone, 800 nl@ft ngigghggoaggm§ngkegf3513 sul furic acid were added. In
this manner, a test system was establishe A reference electrode B-1 was

i nserted into theA%a%B%@ﬁ 39N¢1gang,t BE220P0MENTCLATH &4 AR oRdiréalced ofuch
that the potential of the cathode woul d be -0.25V with respect to a

hydrogen st apdasél e Fokrimede ofAbheacky ipowast partatibhedcaithetie ceatked
-0.25V, an operation was performed for 20 mnutes. Then, a slurry within

the cl arifi cahedieofesdithoa vatien 2xch@ngesmembirane f(NAFGON] DuPoptd G-/ B
filter paper to carry out solid-liquid separation. During the reaction tine,
the pH o0 tisachl dhat ithet catbadeodenezowaswds 408 mlaidnesrodume.,0 and thewer .
After suction filtration, the | ead concentration in the filtrate and the
content of | @addenzome w@is| 1aP0&r mis5 ini vodameon Were sbusyyefioppathenat onic
absorption nmethod. A control systemtreated under the sanme conditions,
except for EREtiOROZA. & CORPeXaLiSGiTrde WrSsdnstadied as wasathiodel arly
subj ected to suction filtratiqon and_solid-| separation. Then, the |ead

concentrat i of9T FePesiftion Sré 3¢ ihe PﬁsﬁﬁéggoFﬂoéﬁﬁértplFPPaﬂq@PrRQPe

W UESS Th%,nd copper electrodes were installed as cathode for

10 dissolutions C-1la 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



results are shown below. [0208] [Table 9] - 101 Table 9 Results of

el ectrolytic deposition and renoval test on |ead-contam nated soil by
plural el ectrodes Experinental systemlgui d phase | eadConcentration of

| ead( Rat e of weight (potential controldissolution concentrationremaining in
soil distribution onto conditions)(rate of weight distribution(rate of

wei ghtel ectrode ~)* into |iquid phase %diP8tribution into soil % Test
system (-0.25V)0.04 ng/L (0.01 %970 ng/kg (1.49 (98.6% Control system 0.09
Mo/ L (0. 02% D 1w/day (A 2Aéhe¥ o G 2dr Jgdntsr fifadmnc Mitae .

di stribution onto el ectrode was 5 determ ned by subtraction fromthe weight
of lead in tirftanithadoertenfiFPOHE [hearqadthody ddestied|ydias5Wepnsi ti on and
renoval test on | ead-contam nated soil 10 A rectangul ar 2000 L reactor
(wWidth 2 m dgEtation wdeipgtfarmgd sfoom2d mifiutesl3 Thenki ghel4lipican vi ew
of Fig. 13) was charged with 200 kg of |ead-contam nated soil (Iead

content 3, 000Wighidy the refdtiayn twesgfelcd wag istetipmpafintiteredttusing a, 600 L
of tap water, and 100 L of 1:1 15 hydrochloric acid. Six nitrogen gas

di f f usi onSpi &Y Buffid taf rRaRA W IHE DAt RGFLd Hel Fuidd isPazdtolathe ni xture
was stirred with a blow rate of 2 n3/mn, whereby a test

as at a gas
system was eSSBS HAP r/%a%fr??ﬂ% times fhe pH of, tr{ﬁ/lﬁirﬂﬁl%a’in &BfHhr agm

uni ts (ASTGMé%%ﬁgggazgﬁér%ég(¥§¥E¥é¥hed at 1.0 or lower. After suction
filtration, 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
the lead concentrations in‘the filtrate

separation. Then,

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 , - g
. NP . 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.




20 of 60 nm conbi ned with anodes were arranged (effective nenbrane area 1.5
nR2), -and a cathode conprising a copper wre netting was di sposed in a

stell ate shape around each of the units. A 5% sulfuric acid solution was
chrarged into - 102 the diaphragmunit to serve as an anode reaction |iquid.
The cat hode was connected to the anode via a rectifier, and an operation
was performed for 20 minutes at a constan®? current of +2000A. The cat hode
potential imediately after 5 start of the operation was of the order of

O Ov, but dg Qiz'd%?d to provplriad 1 d,he ondeunderstodd ithate W ilttdd nut es.
During this perio t he substance having an oxidati ve power in the |iquid

Is assuned t@ffat RFeFenRANY Hedvy aRtRIREGontiAhedln Ith) m nutes |ater
when 10 the operation was stopped, the potential gradually decreased to

-0.66V. Duri r@ntamsinatidddGoliild intatexsiaTe dhaphathate pds idonvenifi dread
proceeded, the |l ead concentration in the |iquid phase declined, and the
pot enti al shitfetcihaleogized cvaspatbartiined iby arsderg teo plainaldity afc aadthades,
current. 15 [0210] After 20 m nutes of the operation, slurry within the
reactor was &@nedi.e¢atdwdes fﬁsngedismdqtrim angt idaposiititadr.ed using a GF/ B
filter paper to carry out solid- uid seEaration. After suction
filtration, tlf2%6dad d@ﬁ@@ﬂﬂﬁhﬁﬂon Lactrelyticr depogidirReardnreneval | ead
in 20 the soil after filtration were neasured gy the atomc absorptlon

met hod. As a %&&tt 8 %ﬁﬂﬂ?ﬁﬁnqﬁﬂ%QQﬂ eﬂ TYrA I tah @f srlagtgodes

apparatus of Figs. 13 and 14 tached as in Figs. 15 and 16, a
cation exchange fSatthHhiZh AS NESSESPA % to a lattice

25 frame 10 e 344" Albr® IUR RS Yk’ e+ 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 2zone,
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



effective area of 1.44 n2, an anode zone of 200 L in volunme was provided
outwardly of each nenbrane, 5 of the sane anodes as used in the test system
were installed on each - 103 side, and a 5% sul furic acid solution was
chrarged as a reaction liquid. In the reactor, 10 of the sane cathodes as
used in the test systemwere arranged. O her conditions were set to be the
sane as those in the test system and a Sl@bnstant-current operation was
performed for 20 ninutes Then the | ead concentrations were neasured. The
results are

Tahl 0 o] Rasul
el ectrolytic ng'epom ti on a no‘i/eq%joufo[ t ggt %8(}1 % cgﬁtﬁgm ﬁgt’deﬁﬁsg%l
Li qui d phase 1550 ¥y Qﬁ@@?ﬂﬂ rt i1an( %@il@lﬁfid’vedcﬁm were added. In

Experlnentalconcentratlonrenalnlng in soilele n onto trode systen{rate of

wei ght di stridpild oidrmaire, &f tejt0liygtencheel eddablilshdd .QurdrBkasence
%distribution into soil % Cylindrical0.3 ng/L (0.07% 45 ng/ kg

(1. 5% (98. 4%e Iytricalee BH1 twad eidfsextsicintd athemeyathvde? zony L aifd 4%ed 14
ng/ kg (13.8% (79.8% (control systen) * Rate of |ead weight distribution
ont 0 el echr og® twast i cdeitedlr mawe cadgjusshest rsaxth dihatr dihe Ipotesitglal off [tded i n t he
soi | added. 15 [0212] Table 10 shows that the diaphragmunit was
cathode would be -0.25V with respect to a hydrogen standard
electrode. After the potential of the cathode
reached -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 séparation. 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.

[0208] [Table 9]



applied instead of the flat nenbrane, and the cathodes were arranged around
the di aphragm unit, whereby electrolytic deposition of |ead proceeded
efficiently even in the large reactor, and nore than 98% of sparingly

sol uble | ead 20 adhering to the soil deposited on the el ectrode, and was
renovable fromthe soil and interstitial water. As noted here, a better
effect of renoving |l ead contained in the 10r 104 contam nated solid
material than that of conventional technol ogies was obtained by using the

present i nveRiql, o [%éﬁhtEEég %Ec%}:l)lg]tget EQEXE!L‘EEQEprAHt igﬂo%ﬁ! removal

test on tin-contam na 1 sane n‘g was conduct ed
using the 2000 L rec égpﬂr PadcFePtemsiA Fﬂ ?P ¥3PaH8914 as the test
system and the nodi f Pe§C5588eE rectangular reactor shown in Fig. 15 and 16

(plan viewfof Fig. 15) as syste m nated matefial,
200 kg of 1Experimentahtystenmd ! :: Lgﬁ o E;t gnt %%oncll ngn W‘géogr YRateiof weightt ¢  of
col | ect i on:|(petemtiaiggopir@int ) Eht ] %E - cont|distribatie@corsmi| | .
The resul t Scardtioagiown in T 1519 bleciRedauskyrs  Of

el ectrol ytilc deposition anlf 'EWMF test ‘H’ 'c?rﬁogr{?%nat ed soil Liquid
phase di sscl ut i onConcengﬁ] ation rer’r&@ S tie qf o .

Exper i ment 4l ey Setem {9ra5¢hiln_ sbP4 % i on or?todn %‘M’)r at e oﬂg%@;qh_
di stri buti opbhtrd sysddmwei ght di stri buti onel ectrode @g | i qU| d phase
%into soil (_6@25@/Y| ndri call0. 20-Rme’L(@:03%) 24 |glEOYNY /()95 29 ( r ang

unit

A4

*# 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



(test system) Flat nenbrane4.5 ng/L (7.2% 78 ng/ kg (14. 7% (78.1% (control
systen) * Rate of tin weight distribution onto electrode was determ ned by
subtraction fromthe weight of tin in the soil added. 20 [0215] Table 11
shrows that the diaphragmunit was applied instead of the flat nenbrane, and
t he cathodes were arranged around the di aphragmunit, whereby electrolytic
{ - 105 deposition of tin proceeded effildizntly even in the large reactor,
and nore than 95% of sparingly soluble tin adhering to the soil deposited

on the el ect e a i JdlE0\RPlRrveOB! b $AldacARdalctlieis liidualg vater
As noted 5 here, a better effect of renoving tin than that of conventi onal

t echnol ogi es i@s AHRIdRedally déninRe tielde th' eheNanddev e @ reld¥MSER Aland
APPLI CABI LI TY [ 0216) According to the present invention, heavy netals, 10

i ncl udi ng t hein opRAEtIGNY wael pelrdoiried foRs 20PMihu®es) atCan constadlti ably
renoved froma contam nated solid material such as soil, sludge, sedinents,
wast es, or i rurrent iod +2900A.WwhThé bathdbéenpcbehttahaimnediabelirecabeary
netals. Since the heavy nmetal contents in the contam nated solid naterial
15 can t h&nsebagt lof Ithee operatione wasn ofe thiet @arded wife 0gfoVectbutt hat t he

ri sk of secondary contam nation due to the dissolution of the heavy netals
can be elinm sgcddnest tonlay vadwuet lod tthee ogderr oft mOnBYV Wit sgvexaln t he

future. [0217) According to the present invention, noreover,
minutes. During this period, the substance having an

oxidative power in the liquid is assumed to have been
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



20 heavy netals, including their sparingly soluble fractions (portions),
can be reliably renoved froma contam nated solid material such as soil

sl udge, sedinents, wastes, or incineration ash, which has been contani nated
wisth the heavy netals. After the heavy netals contained in the 25

contam nated solid material are electrolytically deposited on the surface
of the cathode, it is possible to prevénﬂ°3péeling of the heavy netals from
t he cathode surface and the redissolution of the heavy netals into the
slurry. - 1@84e[,0348) aF8kt BanForec aeddr dongtiont kaspeaaeged akeation,
sparingly soluble fractions (portions) of heavy netals can be reliably

di ssol ved byrehetdasnhhadeufidr. dissthetreactot, 0f0 &f ctihé asamat edtlhodés or
liquid material such as soil, 5 sludge, sedinents, wastes, incineration ash,
i ndustrial wasusedatiar theutkatesystem wgreuatwanged.orOtkenatenditvhons has
been contam nated with the heavy netals. The heavy netals dissolved into an
agueous sol uwere sed& dopbei tbe samet as tholedénf shedépsti systemThasd ehe
heavy netals can be 10 renoved nore reliably than the conventi onal

t echnol odt es Congfanti-guakenss PPegaippar Hpgs PREEESBRAy Tpgr 2Qcmdantes.

envi ronment al . cl eanup, .t he nunber of diap hragn}electrode units is

i ncreased, WhBPBby thfe 18PE4: SRBECRETRAELANE WL ReMEATNESdandF B FRBUILFSt ance
bet ween t he el ect ode and tﬁﬁ 13 reaction liquid (or slurry) can be

mai nt ai ned. A&RCcE, °wPré8tW8 Q-be carried out without decreasing the
efficiency 0&05§qual ?ng&e 1bqte of reaction. - 107 CLAIMS

Table 10 Results of electrolytic deposition and removal

10 test on lead-contaminated soil
Liquid phase dissolution | Concentration .
Experimental concentration remaining in soil (Bate Of. weight
. e . 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)

Flatmembrane |57 a1 (5.4%) 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 depésited on the electrode, and was
removable from the soil and interstitial water. As noted

here, a better effect of removing lead contained in the



[1] A contaminated solid material clarification nmethod for renoving heavy
netalss froma contamnated solid 5 material containing the heavy netal s,
conprising: performng a dissolution step and a separation step in
parallel in an identical container, the dissolution step being a step of
di ssol ving heavy netal ions fromthe solid contam nated material, and the
separation step being a step 10 of sepald&®d4 ng t he di ssol ved heavy netal
ions fromthe contami nated solid material and interstitial water; and

mai ntai ni ng Egﬁtﬁﬁi&ha%ﬁah%iiﬁoImh@eﬁh@r 'tﬁlan' 'Ehat BQn@bh'vQﬂt?.Bnﬁlr educi ng
at nosphere an strongly acidic or strongly al kaline atnosphere until

di ssol ution gBdnhe1sgRaLaAWaSN oblalihedN8gViisiRGaltheORFedeatCaRReatedn.[ 2] The
met hod according to claim1l, characterized in that the reducing at m)sphere

is provided lpp2ngnderi n@xamptet hode poéetitdByti®. déPooitioneandi témsespect
to a hydrogen standard el ectrode potential. 20 [3] The method according to
claim1, chatesteonz¢dni-econthatinbltedr sdudi ng at nosphere i s provi ded by
rendering a cathode potential -0.25V or lower with respect to a hydrogen
standard ®l ect r od&hposenei &kest[ 45 TheExsmpde 3d0cwadi wgnductied msing the
characterized in 25 that the reducing atnosphere is provided by controlling
a current deAdPt = reckardvdakodeacsoanshavwieini FAOS -aldangd 14f ag. Ghet o
10A/L of a reaction |iquid. The net hod according to any one of clains 1
to 4, - 108 t&fFdr SVFteRe §PFOﬁgpym&éFﬁFEda?HBQpﬁeF@CténgHéﬁrtH&P°5°EH of

AR S TR e Rt e I T B S
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 phase dissolution | Concentration 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 0.2 mg/L (0.3%) 24 mg/kg (4.5%) (95.2%)

membrane unit
(test system)

Flat membrane o . ]
(contro! system) 4.5 mglL (7.2%) 78 mg/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



that the pH of the interstitial water of the contamnated 5 solid materi al
Is 12 or higher. [6] The contam nated solid material clarification nethod
according to any one of claims 1 to 5, characterized in that the step of
separating the heavy netal ions includes a step of depositing the heavy
metal s on a cathode surface, 10 and during the deposition step, the heavy
netals are deposited on the cathode sur fHr® under conditions, under which
a flow of a slurry containing at least the contamnated solid material is

control |l ed org POrGe urr
acting on the %g ca{ﬂhode surlfrﬁ?elt& éite%tsf%é'%slh%&arl n%%rcigl an{l ng 5;% t hey
cat hode surfaeRAQAs NRia 'n{B&%jQ:Hiﬁp%%t I HardityiReaoiudid & [7] The

met hod according to claim6, characterized in that decrease of the shearing

force is perfaangddy t0 tiesiddianideposiddidhese tsn@wl@dfcﬁdaet,h%nﬁ Wdsy, and
controlling a solid particle size distribution in the slurry such that

solids of snadmoyaitliec|from a eydil anddnteingtit iale watesant Ast nafedpper
position in the slurry, and solids of large particle dianmeters in the
slurry ar® 2hemegsentbeditexr lefiffctpas tremoviimg Heirs|thrany .tHal] ofhe net hod
according to claim7, characterized in that the solid particle size

di stri buti on domvend igingalr technd@gies Wad lop tagped ibyy vsingwdred fdesendf t he
slurry at a 0 - 109 controlled flow velocity. 191 The contam nated solid
mat eri al cl adipviegdtiiom nethod according to any one of clains 1 to 8,

characterized in
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 plural cathodes are arranged in the reaction vessel, 5 and the

di ssolution step and the separation step are perforned in parallel in the
reaction vessel. [101 The contam nated solid material clarification nethod
according to claim9, characterized in that at |east one of the plural
cathodes is a cathode for dissolution mainly 10 acting to dissolve the heavy
nmetal ions, and at | east one of the othet0&at hodes is a cathode for
deposition mainly acting to deposit the heavy netal ions. [11l] The

cont am nat ed ligdh mat ef] o i fi ' 0d c ' t i;m.10,
characteri ze&%%nlét]!lhat ﬁ\dﬁgf%"?fé’l%d& d’(rgl%ﬁ)g%t itglf]e ;i)gelcgc?gg:t e:l ‘gétn%é"rgpr)lo’si tion

near to an anode-jddiadn dditnid HdRFin i RAMUGHRY) dil HealRe nfé‘{di&l%md%ﬂ{ ed

solid material clarification method according to claim10or

characteri zegd Rdiaibiyaii SRINRAEE By rthERAXHIGRN 191 dihes AIAE Jt of

di ssolution are 20 controlled to el ectrode potentials different from each
other. [13] HedtinmifidtdEbEaald brmatiefuiad et ifda1c ahidh agetdsad, accor di ng
to any one of clainms 10 to 12, characterized in that the cathode for

deposi ti oh ardudye cadbiderdtyy, 2fashessolimidime ramipn sashsuldsicusasidiavi ng
standard el ectrode potentials different fromeach other, and the substance
havi ng a rel astaste watiegh stwrfbrel weteat,r giouyndvatteml drs sesateas, widch

cat hode for deposition, while the substance - 110 having a relatively | ow
standard el e®asodegivtaantaninated,sdghdhenheamhaetdlsy. dfbsoheavyn. [ 14]
The contam nated solid material clarification nmethod according to any one
of cl ains 10mﬁ§¢E§ disgolved jLnd gh aqueous solution are deposited on

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.



5 that the cathode for deposition is conposed of a substance on which the
deposited heavy netals are el ectrodeposited nore easily than a substance
constituting the cathode for dissolution. [15] A contam nated solid
meterial clarification 10 apparatus including a reaction vessel conprising
contam nated solid material supply nmeans for supplying a contam nated solid
materi al containing heavy nmetals, a cathb¥® for providing a reducing

at nosphere, a diaphragm and an anode, and wherein 15 the di aphragm defi nes
an anode zone containing the anode, angraiegt hode zone containing the
cathode and the contam nated solid material supply neans, and the cathode
zone is maintained in the reducing atnosphere and a strongly acidic or
strongly al kaline 20 atnosphere, and dissolution of heavy netal ions from
the solid cdrjanm nat edntaindnatled apdigemartetrial eflatrti€icditisn wedhbdavy
metal ions fromthe contamnated solid material and interstitial water are
perfornmed i n far atdmdving hduvy ewdtdlen fumgs & .cadniifiatiét soltdm nat ed
solid material clarification apparatus according to claim 15, characterized
in that the madewidl containing theadigawy metssls i sccampuisingy ovi ded with
aci di ¢ substance or al kaline substance supply means - 111 for supplying an
aci di ¢ substance orpﬁﬁfﬁFW&PEné digspantdon prep #Rd @okeRarAidea séepd
material clarjfication aratus according to cIa|n115 or 16, characterlzed

in that the JT"eé’caﬁEHrﬂ-% |an ddentigal HRET t1hes HEFSHP L9 e

suppr essi ng IBB%_ns e sdtecre & 1asssorl%airnlgn (—Ia%rf?netal ions from the solid

contaminated material, and the separation step being a step

10 of separating the dissolved heavy metal ions from the

contaminated solid material and interstitial water; and
maintaining the contaminated solid material in a

condition of a reducing atmosphere and a strongly acidic or

strongly alkaline atmosphere until dissolution and

15 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 a
cathode potential -0.16V or lower with respect to a
hydrogen standard electrode potential.

20 [3] The method according to claim 1, characterized in
that the reducing atmosphere is provided by rendering a
cathode potential -0.25V or lower with respect to a
hydrogen standard electrode potential.

[4] The method according to claim 1, characterized in

25 that the reducing atmosphere is provided by controlling a
current density from a cathode to an anode within a range
of 0.01 to 10A/L of a reaction liquid.

[5] The method according to any one of claims 1 to 4,



exerted on a surface of the cathode by a slurry containing at |east the
contam nated solid nmaterial supplied to the reaction vessel, and al so
maintain a state of contact between the cathode and the slurry. 10 [18] The
contam nated solid material clarification apparatus according to claim17,
characterized in that the shearing force suppressing neans is slurry upward
flow providing neans for giving the slurk38 as an upward flow at a
predeterm ned flow velocity. 15 [19] The contam nated solid nmateri al

clarificati ogne3fAdy AHeS ATy @di@iE %kﬁb%%he&%ﬁ&%ck%khz%%akn at pat oighe
slurry upward flow providing nmeans includes a slurry wthdrawal port

provi ded in ahelRR@erdiltiaN wWatdt ioF @hleOicontanihetedasblad YRteHiala
slurry introduction port provided 20 at a bottom of the reaction vessel, and

a circul ati ngsp@mpr flowed,r awdattheg stthrenylyr kil kKaldmet Atmdlsphereniiish diahal
port to the slurry introduction port, and is arranged to raise the slurry
fromthe bot ttiumtoft heh@H edfc tthen indesslt iitdallhaatesaotlfi dhevesondlamdinatedesi r ed
speed. 25 [20] The contami nated solid material clarification apparatus
accor di ngd t o selldidnmaterdiadr dst di2i o&d hiighelvat t he shearing force suppressing
means is a fIOMIcontroIIing mechani smfor controlling a flow of the slurry
so as to - 1181 redfbe cpetanéBatag Felid Baternial| glaylifieatieermelhed the
cat hode surface, and is a fIOW/controllln% menber. conposed of one or nore

materials sePSCOFEIMGH, ANV, OB Qe ClALMS, 1 §0r Sus Characiterized in
honeycorb- shaped ga?g;s;tgpalo%nggga%aggmg%é H20SY HRLSY Yol 35E1 TS a

step of depositing the heavy metals on a cathode surface,

10 and during the deposition step, the heavy metals are
deposited on the cathode surface under conditions, under
which a flow of a slurry containing at least the
contaminated solid material is controlled or suppressed so
as to decrease a shearing force of the slurry acting on the

15 cathode surface 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

20 positioning a cathode upwardly 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

25 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 slurry at a



apparatus according to any one of clains 15 to 20, characterized in that
pl ural cathodes are arranged in the reaction vessel. 10 [22] The

contam nated solid material clarification apparatus according to claim 21,
chraracterized in that at |east one of the plural cathodes is a cathode for
di ssolution mainly acting to dissolve the heavy netal ions, and at |east
one of the other cathodes is a cathode - Q0915 deposition mainly acting to
deposit the heavy netal ions. [23] The contam nated solid materi al

clarificatio Latyu cqrdi o claim 22, characterized in that the
cat hode for ggﬁgggﬁ}%ﬁ ?%gﬁogggggqu'a position near to an anode than the

cat hode for q5350|u§ﬁ9ncog¥5% 4&té3958£$ﬁéﬂﬁf@%fglSgiégﬁfﬁéﬁfiéﬂ method

clarification "apparatus according to claim 22 or 23, aracterized I1n that

the cathode fetodarRay ttboan?nanbhefcetlaaﬁhg fioko @i, Senhrhceerazeaqcentrolled
to el ectrode potentials different fromeach other. 25 [25] The contam nat ed

solid materi &hatl piuiratatch®hodeppatat axraageddingthe @@nctienokeslsalns 22 to
24, characterized in that the cathode for deposition and the cathode for

di ssol uti®n aadptheediskbslatden biepngndt dhdasdparadtlonelseéepr ade potential s
different fromeach other, and the substance having a relatively high

st andar d el eperfdemedotianprakblileludnd the trieectaphosvresksed .deposition, while

the substance having a relatively |ow standard el ectrode 5 potential is
used as the ¢adOHodeThercemtaminated. solPd|matertaht ahanhfigationdnehed| al

clarification apparatus according to any one of clains 22 to 25,
according to claim 9, characterized in that at least one of

the plural cathodes is a cathode for dissolution mainly

10 acting to dissolve the heavy metal ions, and at least one
of the other cathodes is a cathode for deposition mainly
acting to deposit the heavy metal ions.
{11] The contaminated solid material clarification method
according to claim 10, characterized in that the cathode

15 for deposition is located at a position near to an anode
than the cathode for dissolution.
[12] The contaminated so0lid material clarification method
according to claim 10 or 11, characterized in that the
cathode for deposition and the cathode for dissolution are

20 controlled to electrode potentials different from each
other.
[13] The contaminated solid material clarification method
according to any one of claims 10 to 12, characterized in
that the cathode for deposition and the cathode for

25 dissolution comprise substances having standard electrode
potentials different from each other, and the substance
having a relatively high standard electrode potential is

used as the cathode for deposition, while the substance



characterized in that the cathode for deposition is conposed of a substance
on which the deposited heavy netals 10 are el ectrodeposited nore easily than
a substance constituting the cathode for dissolution. [27] The contan nated
solid material clarification apparatus according to any one of clainms 15 to
26, characterized in that the diaphragmis positioned so as to 15 surround
t he anode, thereby form ng the anode zenailonwardly of the di aphragm and
form ng the cathode zone outwardly of the diaphragnl [ 28] The cont am nat ed

[id I f I h i zed
SO o RSl AR e0egiPRR AR AREA, R rkacg! BB ALy angenct i ee
shaped forn1§ggao§§dtﬂg Fg@hghgp?ggggggggﬁﬁtggn conblnatlon of the

di aphragm and other rernrorcenen e anode is positioned wthin the

unit. [29] TT§4§0”t@ﬂ&”@6£¥Eﬁfﬁé9e&3§811@1m&%é%i% icat Pﬂf@éﬂé BR " AL tod

according to claim?27 or 28, characteri zed at t e cat es are

arranged in gcgbelhageter ahgdoale o€OBLAGMEAL00ROS232S charakie2dRdat BE
di aphragm [30] A clarification apparatus for a cont am nat ed liquid - 114

mat eri al sonthaki kBeheatliodet &bs, depopitibAgia tompbsed o¥easelbishahudi Nng a
cat hode for providing a reducing atnosphere, a diaphragm and an anode, and
wherei n t he dnaphiahbmthe fAeposiderddheavgsmetadsr arendleberodepoedeedt her eby
form ng an anode zone inwardly of the diaphragmand form ng a cathode zone
outwardly of mpire edsaplr &han p3spbshenceacphstatiitdngppheacashadeofdrng to
cl ai m 30,
dissolution.
[15] A contaminated solid material clarification
10 apparatus including a reaction vessel comprising
contaminated solid material supply means for supplying a
contaminated solid material containing heavy metals, a
cathode for providing a reducing atmosphere, a diaphragm,
and an anode, and wherein
15 the diaphragm defines an anode zone containing the
anode, and a cathode zone containing the cathode and the
contaminated solid material supplj means, and
the cathode zone is maintained in the reducing
atmosphere and a strongly acidic or strongly alkaline
20 atmosphere, and dissolution of heavy metal ions from the
solid contaminated material, and separation of the
dissolved heavy metal ions from the contaminated solid
material and interstitial water are performed in parallel
in the reaction vessel.
25 [16] The contaminated solid material clarification
apparatus according to claim 15, characterized in that the

cathode zone of the reaction vessel is further provided

with acidic substance or alkaline substance supply means



characterized in that acid or alkali supply means for 10 supplying an acid
or an alkali to the reaction vessel is further provided. [32] The
clarification apparatus according to claim30 or 31, characterized in that
ttre diaphragmis unitized in a cylindrical, box-shaped or bag-shaped form
conposed of the 15 di aphragm al one or a conbi nati on of the diaphragm and
other reinforcenent, and the anode is pquiti-oned within the unit. [33] The
clarification apparatus according to any one of <clains 30 to 32,

characterized in that the cathogﬁa are, %rranged i_n aliﬁihlate rtradia
confi gurat i ofi®So SHEPE12G &k AGGTdCt REE8pRFagim an a+xaline substance.

[17] The contaminated s0lid material clarification
apparatus according to claim 15 or 16, characterized in
that the reaction vessel is further provided with shearing

5 force suppressing means to decrease a shearing force
exerted on a surface of the cathode by a slurry containing
at least the contaminated solid material supplied to the
reaction vessel, and also maintain a state of contact
between the cathode and the slurry.

10 [18] The contaminated solid material clarification
apparatus according to claim 17, characterized in that the
shearing force suppressing means is slurry upward flow
providing means for giving the slurry as an upward flow at
a predetermined flow velocity.

15 [19] The contaminated s0lid material clarification
apparatus according to claim 18, characterized in that the
slurry upward flow providing means includes a slurry
withdrawal port provided in an upper portion in an interior
of the reaction vessel, a slurry introduction port provided

20 at a bottom of the reaction vessel, and a circulating pump
for circulating the slurry from the slurry withdrawal port
to the slurry introduction port, and is arranged to raise
the slurry from the bottom of the reaction vessel in the
reaction vessel at a desired speed.

25 [20] The contaminated solid material clarification
apparatus according'to claim 17, characterized in that the
shearing force suppressing means is a flow controlling

mechanism for controlling a flow of the slurry so as to
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reduce the shearing force of the slurry flow exerted on the
cathode surface, and is a flow controlling member composed
of one or more materials selected from a plate material, a
porous material, a honeycomb-shaped material, and a
network-shaped material.

[21] The contaminated so0lid material clarification
apparatus according to any one of claims 15 to 20,
characterized in that plural cathodes are arranged in the
reaction vessel.

[22] The contaminated solid material clarification
apparatus according to claim 21, characterized in that at
least one of the plural cathodes is a dathode for
dissolution mainly acting to dissolve the heavy metal ions,
and at least one of the other cathodes is a cathode for
deposition mainly acting to deposit the heavy metal ions.
[23] The contaminated solid material clarification
apparatus according to claim 22, characterized in that the
cathode for deposition is located at a position near to an
anode than the cathode for dissolution.

[24] The contaminated solid material clarification
apparatus according to claim 22 or 23, characterized in
that the cathode for deposition and the cathode for
dissolution are controlled to electrode potentials
different from each other.

[25] The contaminated solid material clarification
apparatus according to any one of claims 22 to 24,
characterized in that the cathode for deposition and the

cathode for dissolution comprise substances having standard
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electrode potentials different from each other, and the
substance having a relatively high standard electrode
potential is used as the cathode for deposition, while the
substance having a relatively low standard electrode
potential is used as the cathode for dissolution.

[26] The contaminated solid material clarification:
apparatus according to any one of claims 22 to 25,
characterized in that the cathode for deposition is
composed of a substance on which the deposited heavy metals
are electrodeposited more easily than a substance
constituting the cathode for dissolution.

(271 The contaminated solid material clarification
apparatus according to any one of claims 15 to 26,
characterized in that the diaphragm is positioned so as to
surround the anode, thereby forming the anode zone inwardly
of the diaphragm and forming the cathode zone outwardly of
the diaphragm.

[28] The contaminated solid material clarification
apparatus according to claim 27, characterized in that the
diaphragm is unitized in a cylindrical, box-shaped or bag-
shaped form composed'of the diaphragm alone or a
combination of the diaphragm and other reinforcement, and
the anode is positioned within the unit.

[29] The contaminated solid material clarification
apparatus according to claim 27 or 28, characterized in
that the cathodes are arranged in a stellate or radial
configuration so as to surround the diaphragm.

[30] A clarification apparatus for a contaminated ligquid
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material containing heavy metals, comprising a reaction
vessel including a cathode for providing a reducing
atmosphere, a diaphragm, and an anode, and wherein

the diaphragm is positioned so as to surround the
anode, thereby forming an anode zone inwardly of the
diaphragm and forming a cathode zone outwardly of the
diaphragm.
[31] The clarification apparatus according to claim 30,
characterized in that acid or alkali supply means for
supplying an acid or an alkali to the reaction vessel is
further provided.
[32] The clarification apparatus according to claim 30 or
31, characterized in that the diaphragm is unitized in a
cylindrical, box-shaped or bag-shaped form composed of the
diaphragm alone or a combination of the diaphragm and other
reinforcement, and the anode is positioned within the unit.
[33] The clarification apparatus according to any one of
claims 30 to 32, characterized in that the cathodes are
arranged in a stellate or radial configuration so as to

surround the diaphragm.



