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wastes that cannot be recycled are usually burnt at the municipal incineration plants.
This has become a preferred method of disposal in most advanced counfries, because
incineration reduces about 70 - 90% of the original volume of waste. However, the
incineration ash that remains after burning creates a different disposal problem. |

Incineration of wastes destroys the organic matters, but leaves the inorganic materials
telatively untouched. These inorganic materials include metals in fine particle form or
ash collected at the bottom of the incinerator and suspended as dust in the
incinerator's heat convection flume. Ash particles have a large surface area to mass
ratio and cannot be disposed of indiscriminately, for example in a landfill, because the
_ large surface area has affinity to interact with water readily and leach out, causing

contamination of the environment and/or ecological food chain.




contam nati on of the environment and/or ecol ogi cal
food chain. 2 US Patent No. 6,086, 739, issued on 11
July 2000 to Dalibor Hodko describes a method for
prefield el ectrokinetic remedi ati on of contam nated
soil. The nethod includes determning the electric
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establishing current flowing between the one or more pairs of cathodes and anodes for

a predetermined period of time.

Preferably, the slurry/mixture comprises 0-90% clay (less than 2pm), 0-90%
incineration ash and/for industrial waste products (measured as weights, oven dried at
105°C) and 10-90% water.

- Preferably, the method of treatment includes the step of applying a voltage to the one
. Oor more pairs of cathode and anode.

Preferably, the method of treatment includes affracting at least heavy metal
components contained in the slurry to cathodes and occasionally to anodes for
subsequent removal so that the toxic level of heavy metal components after treatment
is reduced to internationally accepted concentration levels.




Preferably, the nethod of treatnent includes
attracting at |east heavy netal conponents contai ned
in the slurry to cathodes and occasionally to anodes
for subsequent renoval so that the toxic |evel of
heavy netal conponents after treatnment 1is reduced to
i nternationally accepted concgntration |evels. 3
Preferably, where high content water is found |n t he
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Fig. 1 shows a flowchart of typical pretreatment process illustrating samples of
incineration ash and/or industrial waste products and soft cltay being collected and
prepared for analysis to determine their pertinent characteristics. The incineration ash
and/or industrial waste products is subjected to these pretreatment steps enabling
creation of uniform and representative samples for the determination of their chemical

compositions,

Step 810 involves drying a sample of incineration ash and/or industrial waste products
in an oven at 105°C. After drying and cooling, the samples are sepafated by a 20-mm
“size sieve In step $20. The materials that are finer than 20.mm are sent directly to a
grinder in step S40. The materials that are larger than 20 mm, such as metal, unburnt
and non-incinerable materials, are sieved out and mechanically separated in step 522.
These materials are then collected, weighed and the characteristics recorded in step
S24, before the materials are sent for crushing, for example in a jaw crusher, in step




grinder in step S40. The materials that are | arger
than 20 nm such as netal, unburnt and
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Similarly, samples of soft clay are characterised to determine relevant physical
properties. For example,” some of the characteristics, such as the shear and
compressive strengths, water contents, grain sizes, porosity, pH, and chemical

contents, are determined and recorded.

Fig. 2 illustrates a method of remediafing a mixture of pulverized incinerat'ion ash
-and/or industrial waste products and soft clay from step $80 in Fig. 1, and this involves
a series of further steps. Step S110 involves collecting and delivering the incineration
ash and/or industrial waste products and soft clay to a laboratory for treatment. Step
5120 involves mechanical mixing of the incineration ash and/or industrial waste
- praducts and soft clay, if necessary, in a container. in Step $130, an amount of water
to be added, if necessary, to the mixture of incineration ash and/or industrial waste




contents, are determned and recorded. Fig. 2
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In step S170, quality control and assurance tests are made to ensure that the treated
clay is suitable for reuse. If a particular sample is unsatisfactory, the sample is further
treated in step S150 before the sample is released for use in step $S180.

By mixing incineration ash and/or industrial waste products with soft clay, the physical
properties of both materials will improve and may become a useful construction
material. By removing the toxic heavy metals through this electrokinetic remediation
" process, the treated clay becomes safe for use, for example in backfills, reclaimed

land or landfills.

Fig. 3 illustrates a method of electrokinetic remediation. Portions of incineration ash
and/or industrial waste products and seft clay are mixed with water, if neceséary, o




In step 3170, quality control and assurance tests are
made to ensure that the treated clay is suitable for
reuse. If a particular sanple is unsatisfactory, the
sanple is further treated in step 8150 before the
sanple is released for use in step 8180. By m xing

i ncineration ash and/or indusérial waste products wth
soft clay, the physical properties of both materials
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current-voltage characteristics that may vary with time. If the power capacity of the
electricity supp_ly is limited, the voltage across the electrodes may be lower than that

determined from the current-voltage characteristic of the power supply.

During this electro-kinetic treatment, positive ions (or cations) 12 in the slurry are
attracted by the electric field to the cathodes 10. These positive ions 12 include the
heavy metal ions, for example, Pb?", Cr¥*, Ni#*, Cd?* or the like, that render the
incineration ash and/or industrial waste products toxic. These metal ions are reduced
to their metals and are either accumulated or electroplated mainly around the cathode.
If the slurry is predominantly acidic, hydrogen ions are atiracted to the cathode and

| electrolysed to hydrogen gas.




the voltage or current is operable at a higher |evel
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| aboratory where safety is assured. Furthernore, the
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developed upon application of an electric field across a soil mass.

In streaming potential, water - under a hydraulic head difference - is caused fto flow
through a soil. Double Iayér charges in the clay within the soil are displaced in the
direction of flow. The result is development of an electrical potential difference called
"streaming potential® proportional to-the hydraulic flow rate between opposite ends of
the mass. Usefulness of this technique is inhibited by the fact that flow of water
through clay is slow, and the potential developed, therefore, is iow. However, if
incineration ash comprises charged particles, and is relatively pervious, flow of water

through ash/clay mixture can generate low voltages.




the netal ions each electrode nmay be surrounded wth
a. perforated conductive sheath- and any netal that
may have accunul ated around the el ectrodes can then be
effectively renoved. O her considerations determ ne
the choice of electrode materials, for exanple,
conpatibility of the gas rel gased at the el ectrodes
and duration of treatnment. There are five principa
phenonena occurring within a soil (for exanple,
ash/clay mxture) during el ectrokinetic renediation:

I8 tmigeation gpqtential)t inaemanit ostathiznged paritles ahrough a solution leads to

SPRBPP of S iar<bice| Rl D Ao ra ey B ERPredraq phhe water

thét&e@ﬁjﬁhatrldwm@ﬁt ¢l diffuse Rebeditions raktive te tHah ef the particles. In

(3R LR SHEBRTF D Teaepratonetfaf ded 10 & trough a

cdRivf 6veten) paicad i gariirativn dffanadledtliREpétestidli el d acr oss
a. soil mass. In stream ng potential, water - under a

hydraulic head difference - is caused to flow through
Iear elebtnctmmitual bapgrecchabgea Wt é&ensésamamtsmre atth@cted to the

il are dis he  direction of
 cRiBote (B Atiak R Jie ANOYS A Calig PTG (oY g eter with them
ctduéu?fwefee gqmilﬂeﬁﬂtforva&isrtﬁt@mag@tds Ot e diaglof mtatesmxyrthe @ARINs to the
0 raul 1 C W rate et wee osite
apege f?a%'é'g @éﬂem theretore dhergiig at'é%‘kfﬁ’rﬂhg'p water fq, %Fﬁ‘tgadfb This is
kihé\en fa@%le&thﬁbsnﬁéwmst\mbﬂﬂ in tsBNO o thic bnyndnﬁerﬁinowmcnmélps in
t he potentlal devel o therefore is | ow.

removal f; SXeps] |“{§‘|tf9ra‘§hg%ﬁ8\' W2 leqfgrasaIPsiSa e .a?aq@ye o fifective

dbwatefihgt i vel y pervious, flow of water through
ash/clay m xture can generate |low voltages. 8 In
m gration potential, novenent of charged particles

It !I%w&iht o?es‘i&oﬁftﬂdhﬁéﬁt btﬁﬂéilﬂ id ébpli@&rzh%l‘o%b|a°dbll@'ﬁalaéhspen3|on charged
el eciri ca otenti al his is cau V| SC

paffiglgs Gre Pﬁ'@cwst %?Gtmﬁﬁél?a'We‘Paqfﬁso t ﬁ% e!ﬁ%@ﬂ?e?@"%feﬁ@d from the

offief. fN@enbay emarged tiay partiledtrhnes tb@:aid%athe eﬁodehe\ test involving clay

artlc es hi s S|tuat|on arged arti
oIBi ) & it t9he SRRPEU I WAool BlPIRS B RgReda® is used to

d&ﬁbmt@fhléﬂﬂﬁlﬁﬁolve%afbdr&é%aﬁ%@ﬁ‘ﬁﬁ%@ﬁbﬁﬂh Pfouyh water. This is in a
eIectrlc pQt ent an electric potential is

[
way,similagt egggc:l%[e\Qgelegtaqumﬁggglect&ﬂlq %8s are attracted
to the cathode and anions to the anode. As cations

mgrate they drag water with them causi n? wat er
lopwiaraiian is bARiGalY Monement 9idene. ionhandjjoRgopwp %ﬁe‘?’h'{é‘;‘/ afggresent

wiltih QRS pbe I8, to the appropriate electrodes, when an electric field is applied

across a soll mass.

Not all the above phenomena have been purposefully utilised for hamessing their
fullest potential. As nature nurtures electric charges, all these phenomena are
operational in many natural processes in living and non-living things at varying levels

of efficiencies.

In this electrokinetic process particularly with incineration ash remediation, more than
one phenomenon may occur at any given time. Attraction of heavy metals to the
electrodes is the most desirable outcome of these processes. o




anode is much slower; therefore there is a net flow of
water to the cathode. This is known as

el ectro-osnosis. Mdst useful in soils is this
phenonenon which helps in renoval of excess water in
soft soil via electro-osnosis, to achieve an effective
dewatering. In electrophoresig, if a direct current is
appl i ed across a colloidal suspension, charged

L S AL BB AR BB Bl st o

Nagdardsrébryc@hamgfadonIlar,elspmrw:alehethemvmilt vassdd i ke analysis of

node. A test inyol vi lay, s ] i n
PR el E5teth e o, Bbter atifradialing iE¥ne@hbhah. These
standadsl wib bedepaated tatseayt b she Istafar rBidd wiih thesassidtence of WHO
%gréiﬁle transportation through water. This is in a
A¥rilar to the principle of electrolysis or
electroplatlng lon mgration is basically novenent of

e ns,and ,i an conpl exes, which afe present
OIET spiaval TR0 SonBINS PRPRLs bt e sanghaieval avary
@jsecdrrwassté ibaliding snatpils @shy B bhaRlead Vit Ehd%atedl\iﬁém&ahon ash
ve been osefully utili

henonena . h p
sfornaiaed] WS ErapHucl Sorasto RonBice e Phusial, bpgSries of the
|ﬁ§mmmgﬁmdm%ectrlc charges, all these phenonena are
operational in many natural processes in |iving and
non-1iving things at varying levels of efficiencies.
Whild bril a@nﬁeﬂﬁéd okélagtickihelt AmeSTationhak fb@bﬁﬁb}#crvﬂeﬂfand illustrated, it
renmedi ati on re tha

in C n e r n
i st o J7as sty chendsny Mo (ierians o vefiafons oyl bg made to
the @lﬂééeﬁﬁh@érﬂloh Qithdat d@iaﬁﬁbrfﬂﬂe the dcopé o€ tHDmlertiRal Adbkémple is

out come qf these roce ited State
ERREEH Al nEentiogp Ao, ah Elgwms?lm) ingide g open or closed

dopthteed set of standards for contanmi nation levels in

wat er. These will be used in the analysis of heavy
nmetal content |eached into water after treating
i ncineration ash. These standards will be updated to

stay on the safer side with the assistance of WO
standards. Ot her optional non-toxic construction
materi als, such as, clay, sand, gravel, quarry dust
or waste building materials nay be bl ended wth the
treated incineration ash and/or industrial waste
~products so as to enhance the physical properties of
t he




resulting mxture. Wile only a nethod of

el ectrokinetic renedi ati on has been descri bed and
illustrated, it is to be understood that nany
changes, nodifications and vHtiations could be nade to
the present invention w thout departing fromthe scope
GhiAIMBe i nvention. An exanple is a process of

conti nuous renediation of flawing slurry inside an.
open or closed container. to CLAIMS: 1. A nethod of

1t r ealN mgethodti ofetrebiiry) iddieration Qishi REURE rihakstiASivaste products

r oduct onpri sing the steps of: mxing portions of
CPRRIHG Eﬁ%‘?ﬁg‘yjh and/ or industrial waste products and

wgt emixli%ga%qﬂi@i/s:bfmcﬁgwuﬂgm alaavahg/ga mgbfthén wWiRRSHrbYURCANERAter
abou an u ©a ttractjing
201 It A Rl = DOl aneitt B AawcNon Kol Snd dbbut
sl ur n300 ky/@’ arell ectrode for renoval fromthe slurry so
that the toxic, |l evels of {he heav tal, . c ent.s
et RGN 3 pste heqw el OMBAIEP B Gaaingg 1b the Sty to an
- pr edetRAraHE st ramdval ifidhehe alurgned that thieaesit &lels of the heavy metal *
concentration | S%/el

. 2. The t hod accor dj to claim ,
O RBBPRETA Y e 5Ty il Amal Tl S feasist Rogtrgieferidd and
et affeinagbnallg actdifedimhieentaftionnewid.i ng one or nore
pairs of cathodes and anodes into the slurry; and

mai nt ai ni ng--cur-rent--fl ow - bet ween--theone--or--nore-

2: Pai The TRétho€ atEREAG to 8Bk 1 ARREIeH fherstép pr stdattimgratneabt heavy
peri od A method of treating incineration

of time. 3.
medafs inslydss e slgRe Pk al waste products conprising the

st £Pfisertfgdrdbrifirt paRsofatiodes RAtHN0ass REthaBRMG! and
i ndustrial” waste products and water to yield a_slurr

havi n@irataiatﬂwcmiﬂayv-ﬁewﬁ@e-nth&beﬁ@--emmerqz-@?hﬁ%@&rﬁ@thed%s-“aﬂd‘
aboutnodB0r & Phetterditibd deRi§@bt fifig, one or more pairs of
cat hoaes and anodes I1nto the slurry; and ,
3. A method of treating incineration ash and/or industrial waste products
comprising the steps:
*  mixing portions of incineration ash andfor industrial waste products and water .
to yield a slurry having a bulk density between about 1000 kg/m® and about
1800 kg/m®; and
« inserting one or more pairs of cathodes and anodes into the slurry; and
» establishing current flow between the one or more pairs of cathodes and

anodes for a predetermined period of time.

4, The method according to claim 3, wherein at least heavy metal components
contained in the slurry are attracted to the one or more pairs of cathodes and anodes .
for removal so that the toxic levels of the heavy metal componénts in the slurry after
freatment are reduced to predetermined and internationally accepted concentration

levels.

5. - The method according fo any one of the preceding claims, further comprising

mixing the mixture with clay.




establishing current flow between the one or nore

pai rs of cathodes and anodes for a predeterm ned

period of time. 4. The nmethod according to claim 3,

wherein at | east heavy netal conponents contained in
“the slurry are attracted to the one or nore pairs of

cat hodes and anodes for renpval so that the toxic

| evel s of the heavy netal cohlponents in the slurry

after treatnent are reduced to predeterm ned and

6i nt erfihat methel| yccaciingpte dngonmee of rcHimo R td &y eliserefn. thEhetep of

cQL i e of the precedin L ai s,
R SR g & ARERBSy fendeS B S6RdrFbefiy & pnstant or
véiiabléeolinge Ho theaaneair diarg phirs afhgaticsies ahd@hadess 2 to 5,
wherein the step of mmintaining or establishing a
current flow includes the step of applying a constant

70r h\T geimélh@d uodd'@dﬁw td dai‘rmh 6, Whérﬁﬁ*g thﬁwma%mhﬁaieﬂfaﬁross the one
cat hodes. and a s. 7., The, net hod accqrdi,ng,to cl ai

of Mo parg o EUHRR afe ANeRgiattes ap et Suf Al below

fusimgmeltiig eallare demiisnts] anodes ranges up to about 500 V

at below fusing/nelting voltage gradients. 8. The
met hod according to claim6 or 7, wherein the voltage

- 8.conpThe artiiodsdceading te@diadEosT pdidrén AsEolRge Fomprises a steady
ghent . The nmet hod according to claim

on-steady co 9,
valiadg RupelinipqsRd OR A LSY CHRRORERL s a pul se,

sinusoi dal, sawtooth or any other waveform 10. The

met hod . according.. tqQ any ope of th r ecedi clains,, .
o or s TR PeRRgS ftn e limel whomin e haeRY o haen s a
pulshy istnugeidalp saiautic or dryeotBéragdvelfdrad. conductivity of the
slurry. 11. The method according to any one of clains

5 to 10, wherein the slurry conprises a mxture in
10.he m@m;ﬂdd%]mo@ﬁnggmdaﬂ%._ @iea%; théd pR&sdaphciging, fﬁﬁm%ﬁ.. Yomprising
water.. 12, e et ho cording to any_ one the .
o SteBLor e A NG <bfage Betlel caidhghyity of the
sllras a shear strength of substantially 20 kPa or |ess.

13. The nethod according to any one of the preceding

claims, wherein the slurry
11. The method according to any one of claims 5 to 10, wherein the slurry

‘comprises a mixture in the proportions of 0-90% clay, 1-90% ash and 10-80% water.

12.  The method according o any one of the preceding claims, wherein the clay

before treatment has a shear strength of substantially 20 kPa or less.

13.  The method according to any one of the preceding claims, wherein the slurry
after treatment is cured to yield a material with compressive strength of up to about

300 kPa.

14.  The method according to any one of the preceding claims; wherein the toxic
levels of the treated slurry is within the guidelines of -internationally accepted

concentration levels.




after treatnment is cured to yield a material wth
conpressive strength of up to about 300 kPa. 14. The
- method according to any one of the preceding clains;
wherein the toxic l|evels of the treated slurry is
within the guidelines of internationally accepted
concentration levels. 12 15. The nethod according to
any one of the preceding clailfs, wherein nmovenment of
at | east the heavy netal conponents in the slurry
t?n’pr]'meveethed reeariing tp @ing iniealf the pﬁegfcﬁhg @mirﬁs,t\ﬂﬁéréial movement
trpmosnosi s, Jipn magration and el ectrophoresis, or.
S5 DY dneta{ RePRefes B ng St Sirupiess plgarig Potentia,
migaatioer pdtential,asfectrod/satosisn disat mightiomsarel Bleswphdresis, or any

I ned .after treatnment according to any one of the
(%B%@E@?Wﬁmgﬁﬁ$ns is suitable for use in landfills. 13
METHOD FOR ELECTROKI NETI C REMEDI ATI ON OF | NCI NERATI ON

1R e AHBERUPO P RO BITRERIOE 3-B708I05 AR} waste DRocils obiained

aftac troathht accadingao Hnyr ond &l g priceding tdhimid! i8 BiMthBle i fsr use in
Idiﬁ:losed. The nmet hod conprises the steps of m xing
HYMS ons of incineration ash and/or industrial waste
products and water, and clay, if necessary, to yield
a slurry; inserting one or nore pairs of cathodes 10
and anodes 20 into the slurry; and maintaining a
current flow between themfor a predeterm ned period
of time. Heavy netals contained in the slurry are
.attracted to the electrodes 10, 20 for renoval so
that the toxic levels of at |east the heavy netals
after treatment are reduced, and the treated slurry
I's dewatered and cured to obtain a material which is
suitable for reuse as a construction material, Fig. 3






