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Another waste product that has limited use is incineration ash. Domestic and industrial
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.
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present invention, a net hod for treating incineration
ash and industrial waste products is provided, the
. _nmethod conprising the steps of: mxing portions of
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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 :/oltage to the one
. or 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.
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DETAILED DESCRIPTION
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
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preparing samples for chemical analysis.

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 involvés 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
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current to be applied to the electrodes. Step S
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reach up to about 300 kPa, if desired.

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
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the slurry is high enough to maintain the current, the voltage supplied depends on the
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.




cat hodes 10 and anodes 20) are dipped into the slurry,
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el ectrolytic cell, as shown in Fig. 3. The voltage
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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.




el ectrolysed to hydrogen gas. 7 Simlarly, negative
ions (or anions) 14 including sonme netal ions in the
slurry are attracted by the electric field to the
anode 20. The migration of the cations 12 and anions
14 towards the electrodes is reflected as a current

fl ow between the el ectrodes. g The duration of current
flowis directly proportional to the amount of heavy
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val enci es, and the magnitude of the current flow
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khé\en %Boéléﬁr@ésr@ésﬁé?thﬂééﬂ&ls@ﬂﬂ% iseli$ is tHid h@i@@ﬁ@?‘loﬂ, which helps in

conpati bilit the gas rel eased at t e eI ctrodes
S S A e R A euppap effective

dehseapgna occurring within a soil (for exanple,
ash/clay mxture) during el ectrokinetic renediation:

stream ng potential, migration potential,

lrﬁb@s&dmmwm ﬁ'asdlrdct)alrf@rﬂ ispdppliad 2Rebse |ae&illbi69m.fsﬁéh§0n charged
The first henonena _are concern
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hdra]ullc head difference - is caused to f
way similar to the prlnc:lple of electrolysis or electroplating.

fon migration is basically movement of free ions and ion complexes, which are present
within the pore fluid, 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




through a soil. Double | ayer charges in the clay
within the soil are displaced in the direction of
flow. The result is devel opment of an electrical
potential difference called "stream ng potential™
proportional to the hydraulic flow rate between
opposite ends of the nass. Useful ness of this
technique is inhibited by the fact that flow of vvater
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mgrate they drag water with them causing water

movenent towards the cathode. The drag of water by the
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dpdinggd across a coI | oi dal suspensi on, charged
particles are attracted electrostatically to one of
the el ectrodes and repelled fromthe other.
Negatively charged clay particles nove towards the
anode. A test involving clay slurry in a cylindrica
tube capped with two conducting plates as el ectrodes
Is used to denonstrate this. It involves discrete
particle transportation through water. This is in a
way simlar to the principle of electrolysis or
~el ectropl ating.




lon mgration is basically novenent of free ions and

i on conpl exes, which are present wthin the pore
fluid, to the appropriate el ectrodes, when an electric
field is applied across a sl nmass. Not all the
above phenonena have been purposefully utilised for
NAME8ssing their fullest potential. As nature
nurtures electric charges, all these phenonena are
operational in many natural processes in |iving and
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this elsgctr inetic process particularly with
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Envi nsoomediinél andr ot ection Agency (US EPA) has an
updat ed set of ndar ds, for contam nat.i.on, l.evels in
| wht crtaniaa ctiertt BEAYSURA FoRTRNERE Gaftend 1 {Bg,yury to an
- et aleldehobie lf’dr rbﬁ'@@él g 1he GluiBl s thaf thértoilb e—ﬂblsnﬂ the heavy metal -
incineratio ese . standar dat e ermmed and
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st anﬂ'ﬁéﬁﬁtlorﬁllb%bcéméd eomebntiiontievdls. construction
materials, such as, clay, sand, gravel, quarry dust

or waste building nmaterials may be bl ended with the

ot r eatrpd rhéthbd aEEdrliAG t@8laim &NWhévein heldép bbdttrastigeat least heavy
products so as to enhance t he physi cal properties of

W%S‘W%Pﬁl%ﬁteﬂ?% ure. Wiile only a nethod of
el &ciseking&ireCormfirB Phird bisatHiwes khaaneassntdad sking; and

illustratéd, it 1is to be understood that

¢ hean raintaining:- £reenti lons baheepateaPRe - Fee- aa'b% ofggthadgs—and
the IﬁS&@J%rh'bY@d&érﬁﬁheWﬁeh@&bf%@a”' ng fromthe scope

of the invention. An example is a process of
continuous renediation of flaw ng slurry inside an.

30PEN A0 GhaSest tefiPiimtileration dskANBlor 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.




1. A nmethod of treating incineration ash and/or
i ndustrial waste products conprising the steps of:
m xi ng portions of incineration ash and/or industri al

waste products and water to yield a slurry having a
“bul k density between about 1000 kg/n8 and about 1800

kg/ n8; and attracting at |east heavy netal conponents
contained in the slurry to ahl el ectrode for renoval
fromthe slurry so that the toxic levels of the heavy

6ret alThecmethodeadcording tdhang| ane wf aldires 2 ted, neidreir the step of

0 r.m nd. ingernatjonglly. accepte
AR, SRS DREhe A it 1P Sl an e 8 Rafstant or
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metal s includes the steps of inserting one or nore
pai rs of cathodes and anodes into the slurry; and
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fusla/msltih@voliand gsddiemtd. wast e products conprising the
steps: . mxing portions of incineration ash and/or

i ndustrial waste products and water to yield a slurry
- 8havi Tige methddaadeniigt tp dathvieem?, attiiéin 1DMllegs Bnpfiges a steady

bout 1800 ka/nﬁ; anﬁ %Anserti na one or nore pairs of
VRTSER SHRYTIRAPCH QB AT HERP GRANGRE - and  est abl i shi ng

current flow between the one or nore pairs of cathodes

and _anaod or a.predeternigne eriod of fine. 4. The, .
et hbiF &ﬁ@?ﬂ&fﬂﬁﬁ)@ﬁg 3 aidimab. Whet ifeapor-sleaty [fOmpPnent is a
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attracted to the one or nore pairs of cathodes and

anodes for renoval so that the toxic | evels of the
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slurry.

1t 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.




| evel s. 5. The nmethod according to any one of the
precedi ng clains, further conprising mxing the
- mxture with clay. 11 6. The nethod according to any
one of clains 2 to 5, wherein the step of nmaintaining
or establishing a current flow includes the step of
applying a constant or variable voltage to the one or
nmore pairs of cathodes and arlddes. 7. The nethod
according to claim6, wherein the voltage applied
Her os1§hetmethod1 accardingdo eanpainesnf@fﬁe pz@bbdidgsziaﬁmd, winrdiaamovement
[.a to abo t 500 V a oW fu3|n
o 20 IR A 2t Emasnsl U8 Steb oS, skrdnipg gotenti,
raigrafion \/\Méﬁtldah, teleetroalshragts, gmnpm@a&ora atcgaﬂ%_crt]ropﬁbﬁeﬁﬁg or any
I i.mpose n a non-steady conponent. 9. e netho _
c§§@%¥@$ﬁba?gxﬁlain18, wherei n the non-steady conponent
is a pulse, sinusoidal, sam#tooth or any ot her
vef,or 10, .The thod rdi to a ne o .
1\ga rec é*bmﬂ:gur% pgglﬁgé an éqtlog E)ﬂ ﬂ'lde;WéPé@%(ﬁ p6qcIuc s oebtamed
aftddtragtnmnt] adtotding tarargdoid iof ¢hd Qre%BbiﬁQCcﬁaiml@eis suitable for use in
elﬁ@irical conductivity of the slurry. 11. The et hod
ding to any one of clains 5 to 10, wherein the
slurry conprises a mxture in the proportions of
0-90% cl ay, 1-90% ash and 10-90% water. 12. The
nmet hod according to any one of the preceding clains,
wherein the clay before treatnment has a shear
strength of substantially 20 kPa or |ess. 13. The
.met hod according to any one of the preceding clains,
wherein the slurry after treatnment is cured to yield
a material with conpressive strength of up to about
300 kPa. 14. The nethod according to any one of the
preceding clains; wherein the toxic |evels of the
treated slurry is within the guidelines of
i nternationally accepted




concentration |levels. 12 15. The nethod according to
any one of the preceding clainms, wherein novenent of
at | east the heavy netal conponents in the slurry
conprises: streami ng potential, mgration potential,
el ectro-osnosis, ion mgration and el ectrophoresis, or
any conbinations thereof. 183 A mixture of clay and

i nci neration ash and/or industrial waste products
obtained after treatnment according to any one of the

recedi n cla'ns is suitable for use in_ landfills. 13
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A net hod for el ectrokinetic renediation of

i ncineration ash and/or industrial waste products is
di scl osed. The nethod conprises the steps of m xing
portions of incineration ash and/or industrial waste
products and water, and clabstradt necessary, to vyield
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'S devvatere cured to obtaln eria .
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so that the toxic levels of at least the heavy metals after treatment are reduced, and

the treated slurry is dewatered and cured to obtain a material which is suitable for
_feuse as a construction material,

Fig. 3




