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of the invention The present invention relates to a

met hod for waste stabilisation and value- 5 added
products obtained therefrom In particular, the
WO/2003/096368r el ates to a nethod for stabilisi RgTINE200§/000117
netals fromwaste, by treating the waste with a

sui tabl e nol ecul ar sieve, clay and optionally with

chem cal additives. 10 Backgroupd of the invention The
wast e generated by many industrlial activities, as well
as hazardous waste, is particularly problematic

because of proper di sposal requirenents. Industrial
wast e co%&hg tals haasto be reat d beffore
it is et RIC R

cont am nate the environment and 15 cause harmto life
forms. Several prior art processes have been proposed
for treating and extracting toxic waste from
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varrwr‘pe‘s;gﬁ')—cl ay or shale to absorb or adsorhb

t he heavy netals and other toxic 20 materials from ,
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occurring vvithinthe mneral structure itself, for
exanpl e, between the mneral |ayers of clay, as
cations are attracted to the negatively charged clay
1par Backeeunihof fROBYERIHGA68 PCT/ SG2005/ 000117 2 d ay
m nerals are known to have a property termed Cation
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t he walstey is tpastidularky pnprblenwlcabrméuba‘ afxdrep&adiisposal requirements.
Industrial waste containing heavy metals has to be treated before it is

disposed. Left untreated, this waste could contaminate the environment and
15  cause harm to life forms.

Several prior art processes have been proposed for treating arrd extracting
toxic waste from industrial sludge. Many of these processes utilize various
types of clay or shale to absorb or adsorb the heavy metals and other toxic
20 materials from liquid and solid industrial waste.

Lo, I. M-C., et al., (1997, J. Envir. Engrg. Div., ASCE 123(1), pp 25-33)
disclosed a method for the stabilisation of heavy metals in clay through heavy
metal adsorption on the clay minerals. Adsorption can be external, occurring

25 onthe mineral surface, or internal, occurring within the mineral structure itself,
for example, between the mineral layers of clay, as cations are attracted to
the negatively charged clay particles.



cations. In fact, it is also through a cation exchange
process that clay 5 mnerals, which consist of, sheets
of alum na and silica, acquire their overall negative
charge. This happens when Si 4+ cations are replaced by
| ower charged cations |ike Al 3+, or when Al 3+ cations
ave20088178@ed by di val ent cations |ike Fez+, PNEB62¢H5/000117
Ca2+ (Weaver, C E., 1989, "days, nud and shal es."

El sevier, New York). This negative charge makes it
possi bl e for heavy netals 10 t9 be adsorbed on the
clay mneral surfaces (external “adsorption). The netal
stabilisation begins with the m gration and adsorption
of heavy netals on the mneral surfaces. Furthernore,
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phases. The 1incorporation process of heavy neta
cat i IREVIeTs NewnP1&i- e fhig ineDatve eharge makgs itmpossiblesfor heavy metals

f0r ap®R ddaerdedr dthe Qayrhidafil sBRES&Sehd rid)! ﬁgggpIHSn).
I &)orat ed. -ray

adsorbed heavy netals becone 1 ncor

di ffracti anal ysis reveal that the firing

proc "}egé]u?(@%‘%%q{'oph qipg Hdthotheatigiation ardosdseirptionanti heavy
nonthstaisl bANiHee mikdraPsLghEs, | ' r ; :
into cristobali {né aﬁd Snufafki?ét e?’uﬁeﬁ@%%aege%g{ehﬁ9 Fetais ke
r epdPeRtmOfibonitecaneplsiawre th itematie edsorbatations (CSohemiJdRy, 1990,

et ajan NiRfrandV ﬁ%ﬁ}ﬁhé‘lﬂg I\@%@'Qgﬁ tYr%ﬁﬁQp%?c%ns%tsB'o‘f individual

1996, Engi neer Thesi s, ni-ver
16al ilgysrsi eachusade Deeaf cpe alliminbogizet Pativesi firicosilica sheets linked
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structure and undergo chemical transformation when subjected to heat. These
chemical transformations change the original chemical phases of the clay e.g.
20  kaolinite and montmorillonite into mullite and cristobalite phases. The
incorporation process of heavy metal cations is completed during the firing
process through the formation of new phases in which the adsorbed heavy
metals become incorporated. X-ray diffraction (XRD) analysis reveal that the
firing process results in the transformation of kaolinite and montmorillonite,
25 originally present in marine clay, into cristobalite and mullite, which have been
reported to incorporate heavy metal cations (Schneider et al, 1994, Wiley and
Sons, New York; Dion, L.B., 1996, Engineer Thesis, Stanford University,
California, USA; Deer et al, 1992, 2" edition, Longman Scientific & Technical,

New York, Wiley).



general 'y distingui shed as "encapsul ati on" and

"I ncorporation" processes. Both processes involve a
final step of vitrification of the matrix. Wen heavy
netals are present in the formof conmpounds or

conpl exes, for 5 exanple as netal oxides, the added
ayopsxed ceram c mnerals encapsule (or s®RCTHGAWF/000117
the netal conpounds. However, the netal conpounds are
not chemcally bonded with the original clay-based
ceramc mnerals and are not tfansfornmed into a
bonded crystal line phase. The encapsul ati on process
can be carried out in the mcro (<10pm or nmacro
(>10pm) state. 10 O ay-based ceramc matrix has a

[im t capaci t as
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not an efficient mechanism of metal stabilisation because once the
surrounding clay matrix is disturbed or destroyed, the metals will be freed
from the matrix and leach into the environment.

20
When the heavy metals are present in the form of heavy metal cations and
metal compound anions, the heavy metal cations and metal compound anions
chemically bind to and are incorporated into the clay. After firing at elevated
temperatures, the heavy metals get incorporated into the mullite and

25 cristobalite structure as part of the clay- based ceramic matrix. However, even
if the heavy metals in this form are better stabilised than those stabilised with
the encapsulation method, the stabilisation capacity for the clay is limited and
the heavy metals need to be present as metal cations and anions before such
incorporation could take place. '



4 Clay has a limted stabilisation capacity based on

the active adsorption sites wthin the clay matri x.
However, when the incorporation capacity of heavy

nmetals is exceeded, the heavy netals are sinply

encapsul ated. Under this 5 condition, when the clay

YE® RQ0%/097868di st ur bed, for exanpl e by external PCEAGGG§/000117
heavy netals nmay | each out into the environnent.

Kaolinite, for exanple, is a layered structure with
limted adsorption and ion exchange properties.

Because it is a layered structure, the strength of the
matrix is weak and can be destroyed by acid. Heavy

netals may | each out as a result. 10 Accordingly, a
substanti al drawback of the above-described prior art

is that the waste materials may not be
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15
It would therefore be desirable to provide a process which would improve the
stability of hazardous heavy metals and reduce or eliminate long-term storage
risks while providing safe value-added products at the same time.

20

Summary of the invention

The present invention addresses the problems of the prior art and provides a
new method for the stabilisation of heavy metals from waste, in particular from
25 industrial waste. The waste may be hazardous waste. The invention further
relates to value-added products, comprising stabilised heavy metals from
waste, which are suitable for uses like construction and/or land filling

materials.



stabilisation conprising: - mxing waste, conprising
heavy netals, with nolecular sieve with the proviso

t hat carbon-based nol ecul ar sieve is excluded, and
clay; and 5 - vitrifying the mxture. The conponents
of the mxture may be mxed in any order or optionally
AR NFHIN8t 0 a particular order. The vitrifi ®&TISER005/800117
carried out to stabilise the heavy netals by causing a
phase change anong the nol ecul ar sieve, clay and the
heavy netals that chemically 10 bind netals to the
clay matrix or clay mnerals. By addition of nolecular
sieve, and optionally of, other chem cals, according
to the invention, the incorporation capacity of heavy

o i 4, L i XRS5t ton ot

conveiabitishtiontaongprisimger yst al | i sed structure. 15 The
nmet hod may conprise adjusting the pH of the mixture to

t he range ff: 8. 5 - 9 The nethod .
further corﬁr%‘rn' s‘gasSt?’h%O?na%glj rﬁﬁén f&?.p %t?’l?af”ﬁh %@%@q%n%?‘@rw'th the
phosiphdise thaizgswneasedunolsculamsipay isiexuluded, ddai2faGRind

and/ or Na3PO4. The al kali based conpound and
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proportions, rexanple, in ratios ranging from50:50
to 100:0 in volume of alkali based conpound to
phosPiacempasents cfnibgumixturenmasirbe eniked in tamy ordal Sir Gptionally

and é\l@%ﬁ,@ﬁ@@ In different proportions. For
exanpl e, the Pgﬁfggﬁ%ﬁ&& B to Na3PO4 is from 50:50

to 100:0 in vol ume. WD 2005/ 097368 PCT/ SG2005/ 000117
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capacity of heavy metals by clay matrix or clay minerals results improved.

With the- vitrification step, the mixture is converted into a re-crystallised
structure. '

15 The method may comprise adjusting the pH of the mixture to the range of 8.0
-~ 12.0, preferably 9.5.

The method further comprises the addition of alkali based and/or phosphate
based compounds, in parﬁcular, NazSiO3 and/or NazPQ4. The alkali based
compound and phosphate based compound may be added in different

20 proportions, for example, in ratios ranging from 50:50 to 100:0 in volume of
alkali based compound to phosphate based compound. In particular, the
Na,SiO3 and Na3PO, can be added in different proportions. For example, the
ratio of NasSiO; to NazPOy, is from 50:50 to 100:0 in volume.



hydr oxi de and/ or al um ni.um oxi de. As for the nol ecul ar
sieve, any suitable nolecular sieve for the purpose of

the present invention nmay be used. However,

car bon- based nol ecul ar sieves are particularly

excluded fromthe present invention. Also, if the

WHR 2095/0%93¢80on 10 hazar dous waste contai ni ng h@&FpG2005/000117
netals, then a nol ecul ar sieve nay not be wused for

the nmet hod of the present invention. According to one
aspect of the invention, the ecul ar sieve may be
natural and/or synthetic. In particular, it conprises

at least Si and/or Al. According to another aspect,

the Si and/or A is substituted by at |east one of B,

Ca, Ti, e ar..P, Further suitable .
subsﬁ%{ mee#?%ﬁnaa alf%hoerb%%%}'e:s& geﬁlggt?)ﬂré’”ﬁ BRSPS qampounds, in
si evartimyarbelunsisidm Aydrexidat (A(EIH);) andribix blukrEnioin 6Xige QAI,O3) to
noreth?mbﬁ&%l ar sieves may be used. The nol ecul ar sieve

may al SO conprise at |east one of B, Ca, Zn, G, GCe,

Ti, V, Fe, P, Si or Al. The nol ecular sieve(s) my

hav éSladgso froos wateruandior waktesiatdretreattmenb piarts 2esy be used as a
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exarytmoxafe andiod Aemirdumeixielee i s zeolite. Zeolite is
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another aspect, the Si and/or Al is substituted by at least one of B, Ca, Zn,

15 Ga, Ge, Ti, V, Fe or P. Further suitable substituents may also be used.

One type of molecular sieve may be used. Alternatively, a mixture of one or

more molecular sieves may be used. The molecular sieve may also comprise

at least one of B, Ca, Zn, Ga, Ge, Ti, V, Fe, P, Si or Al. The molecular sieve(s)

may have a porous structure of different pore sizes. Examples of molecular
20 sieves include metalloporphyrin solids, PIZA-1 and SAPO.

A particular example of a molecular sieve is zeolite. Zeolite is natural or
synthetic. It may be in the form of spent synthetic zeolite from
petroleum/petrochemical refining processes (FCC and/or RCC).

According to a particular embodiment, the method according to the invention
25 comprises:



change anong the nol ecul ar sieve, clay and heavy
metals. According to a particul ar aspect of the

i nvention, the steps involved in the 10 preparation
of the pre-stabilised mxture 2 may conprise: - mXxing
wast e, conprising heavy netals with the nol ecul ar

A @YB3/0959%8 - addi ng al kali based and/ or phosBRESE2005/000117
based conmpounds to formthe pre- stabilised m xture 1;
m xing the pre-stabilised mxture 1 with clay to form
the pre-stabilised 15 mixture 2; - leaving the
pre-stabilised mxture 2 to age. In particular, the
step of adding al kali based and/ or phosphate based
conmpounds conprises the addition of Na2Si O3 and/ or

Na3PO4 . - il
and! PG a0l nbfet 5y hBRe AT, Rttt neavy
a' urmefalshasbdmoterplanraieve (withatite proviso, that vaibohdsased molecular

hydr A1203 to the pre-stabilised mxture
ﬁéﬂ}queﬁaﬁéé’é before or after the addition of

alkall based and/or phosphat e based conpounds, in

par t i culnixing Nhe Srresstabilifedr miki@ROd . witthelayi fdrmings bepre-stabilised
iV n e method of the invention nay be

CSQU%% %Sta{'&jn any particular order. WD 2005/ 097368

PCT/ S&005/ 000117 8 Accordi ng to anot her aspect of

t he i nvétifyiemthe otsained mituesscor ding to any ot her

aspect of the invention may further conprise a step of

addiThg ﬁﬁxtbl%afst vmﬂ‘lé% {d E?é'bﬂi@eatﬂsrﬁ%atﬁb@rggﬂl{bv J#}L%ind % phase

particular, the fluxing agent
vi t rahangaemeng pﬂneafr@é@u stavg, dabeaa heavy metats.di ng to
the invention may be 5 achi eved by using a high
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heating fromroomtenperature to 450 - 550 C; 10 B:

const arthixirRResté! dirpridingméhvy metlisWith the molecular sieve: and

- adding alkali based and/or phosphate based compounds to form the pre-
stabilised mixture 1;

- mixing the pre-stabilised mixture 1 with clay to form the pre-stabilised
15 mixture 2;

- leaving the pre-stabilised mixture 2 to age.

In particular, the step of adding alkali based and/or phosphate based
compounds comprises the addition of Na,SiO3 and/or NasPO4.

The preparation of the pre-stabilised mixtures 1 and/or 2 may further comprise

20 adding at least an alumina based compound, in particular, aluminium
hydroxide and/or Al,Oj to the pre-stabilised mixture at the same time, before
or after the addition of alkali based and/or phosphate based compounds, in
particular, Na28i03 and/or NazPO4. The mixing steps involved in the method
of the invention may be carried out in any particular order.



C. heating fromB to 750 - 900C, D: constant
tenperature at 750 - 900C, E: heating fromD to 900
-1300C;, F: constant tenperature fromE, and 15 G
cooling. In particular, the firing profile of step E
may conprise heating fromD to 950 - 1250 C. In

e 2905/0%73¢8 t he tenperature of steps A, C and®U/SG2005/000117
increases at the rate of 20 5C/ mnute to 20C/ m nute.
The tenperature of steps B, D and F nay be kept
constant for 30 minutes to 12 urs in step B; 30
mnutes to 12 hours in step D; 30 mnutes to 60 hours
in step F. The range of tenperature depends on the

si ze, shape and chemi cal conpositi on of the mat eri al
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vi t IGefldiesl product of a mixture of at |east waste,
conprising heavy metals, the nolecular sieve and clay
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hydr o ',519(65\3 g))at %@/ og%g (g'm ni um
F: constant temperature from E; and
15 G: cooling.

In particular, the firing profile of step E may comprise heating from D to 950 -
1250 °C.

In particular, the temperature of steps A, C and E increases at the rate of
20  5°C/minute to 20 °C/minute. The temperature of steps B, D and F may be kept

constant for: 30 minutes to 12 hours in step B; 30 minutes to 12 hours in step

D; 30 minutes to 60 hours in step F. The range of temperature depends on

the size, shape and chemical composition of the material to be fired and also

on the type of furnace used, i.e. tunnel furnace, batch furnace or rotary
25 furnace. The cooling of step G may be natural cooling.

According to a further aspect, the invention relates to a vitrified product
obtained or obtainable by the method of any embodiment of the invention.



oxi de (A1203). According to an enbodi nent, the product
is such that the mxture which is vitrified is
obt ai ned by preparing a pre-stabilised mxture
conprising waste 15 and nol ecul ar sieve (with the
provi so that carbon-based nol ecul ar sieve is
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al um na based conpounds. In pargicular, the al kal
based conpound nay be Na2Si O3, the phosphate based
conmpound may be Na3PO4 and the alunmina 20 based
conmpound may be Al (OH) 3 and/ or A1203. The product
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3r e 298 mplgeylansieva (wWithithe mavse thatorargen-based ndlécldrhsieve is
Pr e-ekERabde Bhd Wikdng "R Jr8StaMARES mixture with clay. The pre-stabilised

mixture may further comprise at least one of alkali based, bhosphate based or

alumina based compounds. In particular, the alkali based compound may be

NapSiOs, the phosphate based compound may be NasPO, and the alumina
20 based compound may be Al(OH); and/or Al,Os.

The product obtainable or obtained by a method according to any

embodiment of the invention is a value-added product suitable for example,
for construction or land reclamation/filling.

The vitrified product may be, for example, in the form of bricks, cinder blocks,
25 tiles, concrete aggregates, sand-like raw material for concrete or land fill
material, or gravel-like aggregate material for concrete or road construction,
road barrier, erosion control blocks, construction blocks, retaining wall blocks,
rail road ties, bricks or blocks for cobble sidewalk or street, stones or tiles for



15 unit, C consists of the chem cals and additives
silo units, Dis the mxing unit, E is the clay
storage unit, Fis the ageing unit, Gis the shaping
unit, His the drying unit, J is the kiln unit and K
is the product storage unit. 20 Detailed description
dYO0 BW&0978ent i on The present invention rel at @ETSE205/000117
nmet hod for stabilising certain contam nants including
toxic netallic conpounds and netallic cations from
waste, |ike wastewater, sludg and/or solid waste.
The waste may be industrial waste conprising heavy
netals. The waste nay al so be hazardous waste 25
conprising heavy netals. The invention further
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PCT/ SG2005/ 000117 11 According to one aspect, the
present invention provides a nethod for heavy netal
stabilisation conprising: - mXxing waste, conprising
heavy netal s, vvlth nol ecul ar sieve with the proviso

t hat 28800« llguigd ar si eve i s excluded, and
clay; and 5 - V|tr|fy| ng the m xture. As for the

ol emiglir1 BustyRes a%nﬁél&%m&dimérﬁ%kﬁm&%\ﬁgyffﬂ% inkBftion.
pur pose of the present invention m

Car bon- based nol ecul ar sieves are not suitable and

t her

mvnt o, Ry g Pelti R BB AR ResB < fle nvention.
present invention the wording "nolecular 10 sieve" or

" nol i .l | .
B T S ST O pe——
10nv @rstrtictar Gﬂv@ﬁlménmﬁthembnmml y indicated, the

wor di ng nol ecul ar sieve(s) will not include _
car bon- based nol ecul ar sieve(s), which are disclained
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vit rfolfdvmw Qrthetvfasie blogads Wit id ﬁlecﬁ?&ﬂ%rairﬁént' tHiOfoR the waste

r e & ¥c ons:s?s of the chemicals and additives silo units, D is the mixing unit,
E is the clay storage unit, F is the ageing unit, G is the shaping unit, H is the
drying unit, J is the kiln unit and K is the product storage unit.

20 Detailed description of the invention

The present invention relates to a method for stabilising certain contaminants
including toxic metallic compounds and metallic cations from waste, like
wastewater, sludge, and/or solid waste. The waste may be industrial waste
comprising heavy metals. The waste may also be hazardous waste

25 comprising heavy metals. The invention further provides a method to stabilise
other organic components as well as many other types of contaminants other
than heavy metals.



structure. The vitrification is carried out to
stabilise the heavy netals by causing a phase change
anong the nol ecul ar sieve, clay and heavy netals.
According to the present invention the waste material,
conprising heavy 20 netals, is mxed together with at
MEQ20S/PATBe8cul ar si eve and clay. After vitri PCERGRWH000117
the waste beconmes part of the final val ue-added
product which can be used for exanple, in
construction or for land filling. For the purposes of
the present invention, "waste" nmeans any waste

conpri sing heavy netals. The waste conprising heavy
netals may be 25 wastewater, solid waste, and/or
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~ha dous .waste:, an
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With the vitrification step, the mixture is converted into a re-crystallised

structure. The vitrification is carried out to stabilise the heavy metals by
causing a phase change among the molecular sieve, clay and heavy metals.

According to the present invention the waste material, comprising heavy

20 metals, is mixed together with at least molecular sieve and clay. After
vitrification, the waste becomes part of the final value-added product which
can be used for example, in construction or for land filling.

For the purposes of the present invention, “waste” means any waste
comprising heavy metals. The waste comprising heavy metals may be
25 wastewater, solid waste, and/or sludge. The waste may be industrial waste. A
non-limiting list of examples of waste, including industrial waste comprising



al so be used and is within the scope of the present

i nvention. "Hazardous waste" for the purposes of the
present invention is defined as a subset of 20 waste,
whi ch may be solid, liquid, sem-liquid or sem -solid,
sludge, or the like, conprising heavy netals, that
pBaaosee7éétt i al threats to public health or t@OT&2005/000117
envi ronnent and neet any of the following criteria: is
specifically listed as a hazardous waste by US

Envi ronnment al Protection Agency,,

(EPA) (http://ww. epa. gov/); or exhibits one or nore of
the treatnment of 25 hazardous waste. O her wastes
conprising heavy netals suitable for the purposes of
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defined in this disclosure as a solid with a
i cr\Ypie dosgenerek dhorwasteocompiisioponenyy stetalst acerding to the

the pucRBRewR’ b29RH2L ALY e Uy waste comprising heavy metals

which may not be considered to be within the definition of “hazardous” may

also be used and is within the scope of the present invention. “Hazardous

waste” for the purposes of the present invention is defined as a subset of
20  waste, which may be solid, liquid, semi-liquid or semi-solid, sludge, or the like,

comprising heavy metals, that pose potential threats to public health or to the

environment and meet any of the following criteria: is specifically listed as a

hazardous waste by US  Environmental Protection  Agency

(EPA)(http://www.epa.gov/); or exhibits one or more of the treatment of
25 hazardous waste.

Other wastes comprising heavy metals suitable for the purposes of the
present invention will be evident to those skilled in the art. '



exchange. Ml ecul ar sieves have crystal structures

Wi th ordered pore structures that are 20 denonstrated
by distinct X-ray diffraction patterns. The crystal
structure defines cavities and pores which are
characteristic of the different species. The pores
Ye9 2098/097348f or My or non-unifornm y di stri but ed®CT/SG2005/000117
Mol ecul ar sieves can be described to be m croporous
nmet al | opor phyrin solids, which have been described by
Kosal et al., 2002, Nature Matemials, 1, 118-121 (the
content of 25 which is herein incorporated by
reference). For exanple, the conpound identified as
Pl ZA-1 (Kosal et al.). Another exanple is SAPO which
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Molecular sieve is defined in this disclosure as a solid with a microporous,
mesoporous or macroporous structure for the purpose of adsorption and ion- -

exchange.

Molecular sieves have crystal structures with ordered pore structures that are

20 demonstrated by distinct X-ray diffraction patterns. The crystal structure
 defines cavities and pores which are characteristic of the different species.
The pores may be uniformly or non-uniformly distributed. Molecular sieves

can be described to be microporous metalloporphyrin solids, which have been
described by Kosal et al., 2002, Nature Materials, 1, 118-121 (the content of

25  which is herein incorporated by reference). For example, the compound
identified as PIZA-1 (Kosal et al.). Another example is SAPO, which is silica-
alumino-phosphate. These are microporous materials containing 8, 10 or 12
membered rings structures. The ring structures can have an average pore



i nportance for the preparation of a particular
framewor k and pore network (Meier et. al., Atlas of
Zeolite Structure Types, Butterworth, London, 1992).
An exanple of a synthetic nolecular sieve is Pl ZA-1
(Kosal et. al.). 20 In particular, nolecular sieve
F0P/8BEE68at | east Si and/or Al. Further, th&@CTI/5G2005/000117
nol ecul ar sieve is a crystalline franmework material in
which the Si and/or Al tetrahedral atons of the
lattice may be substituted by qyher netal atons such
as B, Ca, Zn, Ga, G, Ti, V, Fe or P. The nol ecul ar
sieve may also be in the formof conplexes. For

exanpl e, crystalllne al um nophosphat e conpositions,

\%I':\E?gzm giﬁf-ﬁ b%)]H{ 53 {H#g@?ﬁpor #@%ﬁgﬂsmggﬁed by Union

m cr e Id(% BI." ﬁG@F@WeUkym/tm lite) aT mee tresle csitanrstave may be in the

haVIfgg“gpso\%errg} ndigval ent elenents, Zn, M, Fe, My
and Co, and trivalent Fe, netal sul ph| de rml ecul ar

si eves and netal |l ozi nc phosphate conpositions. WO
200570478 e st/ ddhe 0srBob Nventiars te p@rm Treolbaulaesiaves| & used

I S
ﬁ a?eﬁmgbﬁ\ﬁlﬂséﬂu?gfée%gb@i Ré?éﬁt Ho‘f‘ecufa‘? Je%l %?lg%%m burns at high
t et rtampdratures o6f SDMC aordhigher. D[I'll'na?g thd L&teplaofsvkﬁfmaﬁ@w higher
t t I h attracts the
oo E e S IR S S BREESG 0F e, BB ieblithus making

| ar garbaebadedspaleesiapsieeagivapprdptifiel for eirs sui: iHv_Stion.
t hat have space for |arge cations such as sodi um

pot r r,_ ot her heavy. netal s

o S o SR B PP P DA Bh i ot a
Wat degst anadppelof molezula aidvenat £ mixtose endiifeieht §ipesidMolecular
In th r ef ed zeolites, the spaces are

i nt &% 3’85 e% HUSHY form | ong wi de channels of varying

si zes depending on the mneral. These channels all ow

t he M;ﬂecﬂé&ysmnsenmawbeaiatmdae or egithleti. Syﬂﬂfgh@ﬁﬁblecu!ar sieves are
eol i

por ESHDT el ane” imiP Pl abionsigyal Bumosiicate or

Chemfhothae gele ?Ihl@Ir c@@&II%bﬁ@f Rtdchieveathdug H_:b?t)elglgééd reaction in

15 c%wa ? ? O|IteSI{§tln wat er
I @Pu‘?H Y@ @éﬁ@QdI pitery times; H%lrthe riARENSEpelbsieucture
of Hﬂéﬁwgga%é?rﬁsl MeAiHlates)s Tha Shper séléé’(mnem;tenﬁé’th' it ¥F extreme

charged wit much l'ess 15 dama sodiumions can
al | Spentancraion tb\%lﬂoé?wéﬂ%‘agé at prrbeiar framesoriu@ndrpore network

(Meier et. al., Atlas of Zeolite Structure Types, Butterworth, London, 1992). An
example of a synthetic molecular sieve is PIZA-1 (Kosal et. al.).

20 In particular, molecular sieve ciomprises at least Si and/or Al. Further, the
molecular sieve is a crystalline framework material in which the Si and/or Al
tetrahedral atoms of the lattice may be substituted by other metal atoms such
as B, Ca, Zn, Ga, Ge, Ti, V, Fe or P. The molecular sieve may also be in the
form of complexes. For example, crystalline aluminophosphate compositions,

25 SAPO, metal substituted aluminophosphates, MeAPQO'’s where [Me03], [AlO,]
and [PO,] form a tetrahedral microporous structure, and Me is a metal source
having one or more divalent elements, Zn, Mn, Fe, Mg and Co, and trivalent
Fe, metal sulphide molecular sieves and metallozinc phosphate compositions.



and exchange the calciumfor the sodiumions. Any
zeolite known in the art suitable for the nmethod of
the present invention can be used. Zeolite may be
natural and/or synthetic. For exanple, synthetic
Y-type zeolite, ultrastable Y-type zeolite, ZM5-5 and
WO R9r/8¥A8t e, X-type 20 zeolite and A-type z@6MISGR)05/000117
ZK-5, ZK-4, synthetic zeolite |ike FCC RCC zeolites,
faujasite, clinoptilolite, chabazite and erionite
(Zeolite Ml ecular Sieves: Str%cture, Chem stry and
Use, Donal d Breck, Mal abar 984; Zeolites and
clay minerals as sorbents and nol ecul ar sieves, R M
Barrer, London, Academ c Press, 1978; Catalysis and
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Any zeolite known in the art suitable for the method of the present invention

can be used. Zeolite may be natural and/or synthetic. For example, synthetic
Y-type zeolite, ultrastable Y-type zeolite, ZMS-5 and B-mordenite, X-type
20 zeolite and A-type zeolite, ZK-5, ZK-4, synthetic zeolite like FCC/RCC
zeolites, faujasite, clinoptilolite, chabazite and erionite (Zeolite Molecular
Sieves: Structure, Chemistry and Use, Donald Breck, Malabar F., 1984:
Zeolites and clay minerals as sorbents and molecular sieves, R.M. Barrer,
London, Academic Press, 1978; Catalysis and zeolites: fundamentals and
25  applications, J. Weitkamp, L.Puppe, New York, Springer, 1999; Synthesis of
porous materials: zeolites, clays, and nanostructures, Mario L. Occelli, Henri
Kessler, New York, 1997). Different types or a mixture thereof of zeolites can
be used in the method of the invention. The zeolite(s) may have a structure of

different pore sizes.



i nvention. 15 Heavy netal ions in waste and

preci pitated conpounds adsorb onto the nol ecul ar
sieve structure and clay mneral structure. The
process of the invention may utilise various types of
clay, either natural, partially or fully synthesised.
MR 2005@8978A%r pose of the present disclosure, tRETSERHH/000117
"“clay" 20 includes the term"shale". The term "cl ay"
al so includes a mxture of different types of clay or
shale and a mxture of clay andgshale. The clay and
shale are a naturally occurring famly of mnerals
that are hydrous alum na-silicates. They may contain
one or nore of the follow ng (or other equivalent)
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molecular sieve structure and clay mineral structure. The process of the
invention may utilise various types of clay, either natural, partially or fully
synthesised. For the purpose of the present disclosure, the term “clay”

20 includes the term “shale”. The term “clay” also includes a mixture of different
types of clay or shale and a mixture of clay and shale. The clay and shale are
a naturally occurring family of minerals that are hydrous alumina-silicates.
They may contain one or more of the following (or other equivalent) minor or
trace elements: magnesium, iron, potassium, sodium and oxygen. Shale and

25 clay are similar types of rocks, differing to some extent in the degree of
geological weathering, hardness and friability as a result of differences in
geological and climatic conditions both at time of the formation or thereafter.
Clay and shale both have a silicate composition desirable for this invention
and may be either comingled (blended/mixed) or difficult to differentiate. Clay



to a large extent the plastic properties of a clay
mneral. Clay, on the basis of their mneralogy, is
grouped under three categories: 15 kaolinites,
nontnorillonites and illites. The Kaolinite group
includes the mneral kaolinite, dickite, nacrite,

NP 2095/897868, anauxi te and al | ophane; all of RETSH20F/800117
hydrous al um num silicates. Montnorillonite, saponite,
notronite, hectorite and beidellite conprise the
nmontnorillonite group and consi;st of hydrous
silicates of alum num nagnesium iron and sone
varieties of lithium 20 Montnorillonites commonly
contai n cal cium and sodi um as repl aceabl e i ons.
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20  Montmorillonites commonly contain calcium and sodium as replaceable ions.
llite, as a group name, has been applied to the micaceous varieties of clay
which are complex hydrous silicates of potassium, aluminum, iron and
magnesium. Although Kaolinite and Montmorillonite are preferred, other clay

and shale have been found to work for this process and may aiso be used.

25 The clay is crushed into small (fine) particles during processing to increase
the adsorption of the heavy metals to a maximum. After obtaining the clay
from any of the foregoing sources, it is processed into a very fine particle
form. Most clay will degrade into a fine particle size as required in this



However, according to a particul ar enbodi nent of the

i nvention, the various conponents are nmxed in a
particul ar order. 15 The al kali based and/ or phosphate
based conmpounds may be used to precipitate the heavy
nmetals fromthe waste (in particular industrial waste)
tV0 2006/037848t t he contam nants (heavy netal s) IREIEGA005/000117
solid form In particular, the alkali based and/or
phosphat e based conpounds may be Na2Si O3 and/ or

Na2PO4. The heavy netals will bg contained within the
stabilised nass as part 20 of the material structure.
This technology is designed to address the |ong-term
probl em of di sposal of waste that cannot be regulated
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25 a solid, structurally sound material, which can be
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convert the contaminants (heavy metals) into a solid form. In particular, the
alkali based and/or phosphate based compounds may be Na,SiOs; and/or
NazPO,. The heavy metals will be contained within the stabilised mass as part
20  of the material structure. This technology is designed to address the long-term
problem of disposal of waste that cannot be regulated or further reduced in
volume. The precipitated heavy metals may be in the form of metal cations,

compounds and/or complexes.

The processes involves the conversion of the liquid, sludge or solid waste into
25 asolid, structurally sound material, which can be used for land reclamation or
other purposes. The solid produced will not only bond or encapsulate the
waste in a solid matrix of low permeability, but also chemically fix the heavy
metals and any other hazardous substance so that they are immobilised. This



exchange. According to a particul ar enbodi nent, the

i nvention provides a nethod conprising: 15 -
preparing a pre-stabilised mxture 1 by m xi ng wast e,
conprising heavy netals, with nolecular sieve (with
the proviso that carbon-based nol ecular sieve is
%@ PWHBHYS8 - m xi ng the pre-stabilised nm xtuPETISGAROSHA00117
clay to forma pre-stabilised mxture 2; and 20 -
vitrifying the obtained m xture. In particular, the
resulting pre-stabilised mxturg | is a slurry-based
m xture. A slurry-based m xture nmay be defined as a
m xture of water or other liquids and insoluble
solids. A slurry-based m xture may be prepared
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According to a particular embodiment, the invention provides a method
comprising:

15 - preparing a pre-stabilised mixture 1 by mixing waste, comprising heavy
metals, with molecular sieve (with the proviso that carbon-based molecular
sieve is excluded);

- mixing the pre-stabilised mixture 1 with clay to form a pre-stabilised
mixture 2; and

20 - vitrifying the obtained mixture.

In particular, the resulting pre-stabilised mixture 1 is a slurry-based mixture. A
slurry-based mixture may be defined as a mixture of water or other liquids and
insoluble solids. A slurry-based mixture may be prepared according to
standard technologies and methods known by the person skilled in the art. In

25 particular, a slurry-based mixture comprising water between 25% to 90% of
the total weight of the slurry mixture would be preferable.



pre-stabilised mxture | obtained may be a
slurry-based m xture. The preparation of the
pre-stabilised m xture may further conprise addi ng at
15 | east an al um na based conpound, in particular,
Al (OH) 3 and/or A1203 to the pre-stabilised mxture at
HR209HPAE3@8I ne, before or after the addition @ETSHE005/000117
al kali based and/ or phosphate based conpounds. The
al kali based and/or phosphate based conmpounds may be
Na2Si @3 and/or Na3P04. Accordipg to a nmore particul ar
enbodi ment, which is exenplified in Figures 1 20 and
2, the nethod of the invention conprises: preparing a
pre-stabilised mxture (1) by m xing waste,
co eav si eve
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m x tahpage amongtthe mmulwmeybad:lay and beawr metalobt ai n a
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m xt ureadding il haspd fandics pigephate dasedisiompoanisrobtaiaing the

s%ﬁxsé@ﬁﬁxtui@ xture (pre-stabilised mxture 3) is
then processe accor'ding to the final 5 vitrification

st age. exanpl e of the above nethod is exenplified
by arr (ﬁﬁdmg Q'fhyv PoEARiBg the pigtstabiligadymixture 2hand cl ay may

be added to the m xture during the final stage before
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18t eIXEe 3.5 subnitted that the schenes of Figures 1
and 2 are useful for the ease of 10 understanding of -
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chem cal additives, suc

phoighat e based cheni cal s, in particular, Na2Si O3
and/ B Pepasasion ahthecprarstafiissdseerture mpaiufiter camprise adding at

15 least an alumina based compound, in particular, AI(OH); and/or Al,03 to the
pre-stabilised mixture at the same time, before or after the addition of the
alkali based and/or phosphate based compounds. The alkali based and/or
phosphate based compounds may be Na,SiO; and/or NazPO,.

According to a more particular embodiment, which is exemplified in Figures 1
20 and 2, the method of the invention comprises: preparing a pre-stabilised
mixture (1) by mixing waste, comprising heavy metals, with the molecular
sieve (pre-stabilisation stage 1); mixing the pre-stabilised mixture (1) with clay
or shale in order to obtain a pre-stabilised mixture (2) (pre-stabilisation stage
2); and vitrifying the obtained mixture (final stage). Alkali based and/or
25 phosphate based compounds, in particular, Na,SiOz and/or NazPQs, and/or



15 particular, A (OH3 and/or Al 203, may be added and
m xed in any order. It will be understood that any
feature, condition or conpound nentioned in the
description of one enbodi nent of the invention can be
applied equally in the performance of any other
BOWEY/eEIt of the invention. As illustrated PRTBGHIF/@09117
1 and 2, the nethod according to the second 20

enbodi mrent may be di stinguished in a "Process 1"
(stages 1, 2 and 3) wherein prg-stabilised stages-1,
2 and 3 mxtures are prepared, and a "Process 2"

whi ch conprises the vitrification step. In particular,
in process 1, the pre-stabilised mxture is divided
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description of one embodiment of the invention can be applied equally in the
performance of any other embodiment of the invention.

As illustrated in Figures 1 and 2, the method according to the second
20 embodiment may be distinguished in a “Process 1" (stages 1, 2 and 3)

wherein pre-stabilised stages-1, 2 and 3 mixtures are prepared, and a

“Process 2" which comprises the vitrification step. In particular, in process 1,

the pre-stabilised mixture is divided into pre-stabilised stages-1, 2 and 3

mixtures. However, according to one aspect, the process may comprise the
25 preparation of a pre-stabilised mixture by:



added in any order). The mi xture (pre-stabilised stage
1 mxture) is then mxed into a paste by the addition
of water and left to age, for exanple for 15 mnutes
- 48 hours, to sufficiently allow ion exchange to
occur. In particular, the ageing tine is 15 mnutes -
BV 3Wr4738nd even nore in particular, 2 hour PCTEG2005060117
new m xture is described as a pre-stabilised mxture
as the adsorption process can be reversed by a change
in the pH value. Preferably, thg pre- stabilised stage
1 mxture is mxed into a slurry paste by the addition
of water. The proportion of the nol ecular sieve and

i ndustrial waste in the pre-stabilised m xture may
vary dependi ng on the purpose of the nethod of the

i nvention. WD 2005/ 097368 PCT/ S&005/000117 23 For
exanpracess Adpresstabilisationrstagesl & @udrmt 3)si eve t o

i ndustrial waste is 1:2000 to 7:3 of dry weight. Wen
non- hazardous wastes are involved, the addition of
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may be Al (OH) 3 and/or A1203. The pre-stabilised stage
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The molecular sieve is introduced into a mixing tank or any other suitable
container or machinery. Industrial wastes comprising heavy metals is then
20 introduced into the tank (although waste and the molecular sieve may be
added in any order). The mixture (pre-stabilised stage 1 mixture) is then
mixed into a paste by the addition of water and left to age, for example for 15
minutes - 48 hours, to sufficiently allow ion exchange to occur. In particular,
the ageing time is 15 minutes — 5 hours, and even more in particular, 2 hours.
25  This new mixture is described as a pre-stabilised mixture as the adsorption
process can be reversed by a change in the pH value. Preferably, the pre-
stabilised stage 1 mixture is mixed into a slurry paste by the addition of water.

The proportion of the molecular sieve and industrial waste in the pre-stabilised
mixture may vary depending on the purpose of the method of the invention.



met hod known in the art. 20 For exanple, the alkali
based and/ or phosphate based conpounds, which may

i ncl ude Na2Si @3 and/ or Na3PO4, nay be added into the
pre-stabilised stage | m xture to adjust the pH of
the m xture to 8 - 12.0, in particular 9.5, where
pY@2q0pP17a@8i on of netal lic conpounds w || occ®CI/SERA®WS/000117
netal conmpounds that nay formare netal silicates,
nmet al phosphates, and netal hydroxides. It 25 will be
clear to any skilled person thajz the anount of

chem cal s added would be a quantity needed to bring
about a change in pH and to cause precipitation. WO
20051097368 PCT/ SG2005/ 000117 24 The ratio of the
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10 r'ﬂﬂ:obﬁ o‘fﬂw 62 t% ‘IS of stg e mlx{_tllere (Xr gfrthe mixture in general with
reference to the method of the first embodiment) may be adjusted to a value
between 8.0 and 12.0, in particular 9.5.

The pH can be adjusted by adding any substance according to any standard
method known in the art.

20  For example, the alkali based and/or phosphate based compounds, which
may include Na,SiO3 and/or NasPO4, may be added into the pre-stabilised
'stage 1 mixture to adjust the pH of the mixture to 8 — 12.0, in particular 9.5,
where precipitation of metallic compounds will occur. The metal compounds
that may form are metal silicates, metal phosphates, and metal hydroxides. It

25  will be clear to any skilled person that the amount of chemicals added would
be a quantity needed to bring about a change in pH and to cause
precipitation.



present in the mxture will be able to be incorporated
into the apatites and 25 formnew netal -apatite
compounds which are very stable. Apatite has good
nmetal sorption capabilities. Sone netals, such as

| ead, can enter the apatite mneral structure during
PrEXOPIN I on of new solids, e.g., |ead-apat PCESGO5/pAP117
exchanging with calciumin an existing

cal ciumapatite. WO 2005/ 097368 PCT/ S&005/000117 25
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the stability of the end product. 5 It is well
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silica-alumna matrix. In particular, the alkali

basgg conpound i s Na2Si O3. 20 As a source of alum na

bas eA0dashoErrh @8 the addigen péihedosphate brsex aoppeynd

sl udge fromwater and/or wastewater treatnent pl ants

coul d be used as they consist of nmainly alum nium
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alternative route.

When there is calcium present in the industrial waste or clay material, the

20  addition of phosphate based compounds to the mixture will result in reaction
between free calcium and phosphate and a compound called apatite will be
formed. In particular, the phosphate based compound may be NazPO,.
Apatites formed could be in the amorphous to crystalline phase. Heavy metals
present in the mixture will be able to be incorporated into the apatites and

25 form new metal-apatite compounds which are very stable. Apatite has good
metal sorption capabilities. Some metals, such as lead, can enter the apatite
mineral structure during precipitation of new solids, e.g., lead-apatite, or by
exchanging with calcium in an existing calcium-apatite.



The proportion of alum na based conpounds that may be
added can vary fromO0%to 60% of pre-stabilisation
stage 1 m xture, depending on the netal

concentration. In particular, the alum na based
conmpound i s alum nium 30 hydroxi de. WO 2005/ 097368
PCT2R&E2U0E/ 000117 26 A1203 (al um num oxi de) PEEBGAN0§/600117
be added to the pre-stabilised stage 1 mixture for
additional stabilization effect. In particular,

net a- st abl e phase of alum na gamma- al um na may be
selected for this stabilisation step due to 5 its
properties. Alternatively, other forns of A1203 can
al so be used. The neta stable phase, ganma or beta
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the matrix (Singer F and Si nger S. S., Industrial
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conpositions for thi's purpose an
pronmoting crystallisation by Iomerlng the viscosity

of  MstaldiiRB%es BAAEE from the use of alkali based compounds are particularly

useful as they are easily incorporated into the final stabilised silica-alumina
matrix. In particular, the alkali based compound is Na,SiOa.

20
As a source of alumina based compounds, industrial waste, for example,
sludge from water and/or wastewater treatment plants could be used as they
consist of mainly aluminium hydroxide. Through drying and firing processes,
the aluminium hydroxide is converted into y-Al,O3 that can incorporate metal

25  cations.

The proportion of alumina based compounds that may be added can vary

from 0% to 60% of pre-stabilisation stage 1 mixture, depending on the metal

concentration. In particular, the alumina based compound is aluminium
30 hydroxide.
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Na2Si O3 and/ or Na3PO4, and/or alum na based conpounds,
in particular, alum nium hydroxide and/or Al,O3 is
NS/ 0X7¥08 pre-stabilisation stage | m xt ur @CrSGR@HH00117
to age for a further 5 mnutes to 6 hours. In
particular, the 5 mxture is left to age for a
further 30 mnutes to 6 hours. ;Rre-stabilisation stage
2 Cay, because of the presence of kaolinite and
nmontnorillonite, also adsorbs 10 heavy netal ions
intoits mneral structure. A suitable clay or mxture
of different types of clay, for exanple marine clay
or ground clay, is then added into the pre-stabiliséd
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IS 30 m nut es to 48 hours. 25 Process 2 The
pre-stabilised stage 3 mxture is introduced into the

mal r'rhbqppmmbead m@a té betduded cay vaRpfressd.0 Y% &citdD @w mixture
2@9 ¢ nce, mg‘r Q@ clay may be 30 add
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15 Fluxing agents may also be added to the pre-stabilised stagé 1 mixture.
Fluxing agents are known to promote the maturing of ceramic bodies at lower
temperatures and also provide better physical characteristics to the matrix
(Singer F and Singer S. S., Industrial Ceramics, 1963, page 121). Examples
of fluxing agents include compounds of alkali metals such as lithium, sodium
20 and potassium; magnesium and alkaline earth metals such as calcium,
strongtium and barium; boron, zinc, lead and bismuth. In particular, the fluxing
agent used in this process is borate. '

Borate is known for its low melting point and for its fluxing action in reducing
25 the fusion temperature of glazes. It can be added in very small amounts to
some ceramic compositions for this purpose and is capable of promoting
crystallisation by lowering the \viscosity of the glassy phase
(http://www.digitalfire.ab.ca/cermat/material/127.html).



28 The pre-stabilised stage 3 mi xture and additi ona
clay is subjected to further mxing and optionally to
mlling which m xes the two materials together and
reduces the particle size further. This stage is
carried out to give a further |layer of protection or
W20y Epsul ati on". 5 Macroencapsul ati on i SCHEGCRWGEP0117
as the nechani sm by which waste heavy netals are
physically entrapped in a large structural mxture
(matrix) of at |east nolecul anysieve and cl ay.
Through this nmechanism the hazardous waste heavy
netals are held in the discontinuous pores within the
hazardous 10 material. The final mxture conprises a
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Pre-stabilisation stage 3

20  The pre-stabilised stage 2 mixture is then left to age for a suitable time from
15 minutes to 48 hours to allow sufficient time for chemical reactions to occur
and migration of metal ions and metal compounds to the pore structure of the
zeolite and the layered structure of the clay minerals, to form a pre-stabilised
stage 3 mix. In particular, the time is 30 minutes to 48 hours.

25
Process 2

The pre-stabilised stage 3 mixture is introduced into the main hopper leading

to the clay processing machinery. More clay, for instance, marine clay may be
30 added at this stage to the hopper.



29 More in particular, the vitrification process
converts the nol ecul ar sieve and clay m neral
structure with the adsorbed netal conpounds into a
mullite and cristobalite crystal formthat | ocks the
adsorbed netal s permanently. The 5 vitrification at
V@ yWp83g8enper at ures (about 1000C or above) PAITISGARIS0E117
permanent|ly stabilise the heavy nmetal cations by
causi ng phase changes to occur to both the clay
m neral s and nol ecul ar sieve. Igy fact, at such
tenperatures, the alumna-silica matrices of the clay
m neral s and nol ecul ar sieve support undergo phase
transformation to produce nullite and 10 anor phous
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because of the presence of mneralisers in marine
clay, such as titaniumdioxide, iron (iii) oxide,

cal cTHewW r%'ﬁ%ur@@ghbﬂée§é'ﬂ8pﬁﬂ& BPE?ﬁSi g@%o&i 8% In particular,

whi ch have been reported to ance
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Cay Mn. 25, pp 271-277; Bulens et al, 1978, J. Am
Ceram Soc. 61, pp 81-84; Johnson and Pask 1982, Am
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Vitrification may be defined as a high temperature conversion process of

20 chemical form. It is widely used, as glassy materials are based on vitreous or
crystalline silicates or phosphates. Silicate glass has a crystal structure
formed by the continuous tetrahedron lattice of SiO,4. Alumina can form part of
glass as tetrahedrally configured AlO,, and metals in the waste ca‘n‘ fill the
vacancies in the skeleton. Stabilisation provides strong adherence through the

25  alumina-silica interactions. Phosphate-based systems have the advantage of
being formed at lower temperatures, for example less than 1000°C. Chemical

bonding of metals to P5+ or PO,2, with the phosphorous present as

Pahedron, a phosphate phase is possible. Stabilisation also occurs, as the

phosphate metals are of low viscos'ity. This mechanism is executed during the
30 firing process in the furnace.



30 phases. WO 20051097368 PCT/ SG2005/000117 30 The
products introduced into the furnace undergo a firing
process, using a tenperature treatnent of up to

1400C. According to a particul ar enbodi nent, the

firing process may have a tenperature profile

JER PGPSt 0 the pattern 5 shown in Figure FCIHGR005/000117
general firing profile is as follows: A heating from
roomtenperature to 450 - 550 C (in particular, 500

C; B: constant tenperature at, 450 - 550 C (in
particular, 500 C); C heating %grom Bto 750 - 900C

(in particular, 850 C); D constant tenperature at 750

- 900C (in particular, 850 C); 10 E: heating fromD

to 900 - 1300C (in particular, 1050 C); F:. constant
temperature fromE (in partlcul ar, 1050 ¢; and G
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15
Zeolite itself is an alumina-silica network with about 60-weight % silica and
40-weight % alumina. X-ray diffraction (XRD) analysis shows that sintering of
zeolite alone can also result in the formation of mullite phase, although at
higher firing temperatures.

20 |
Clay induces the melting process of the molecular sieve to occur at lower
temperatures. This can be achieved because of the presence of mineralisers
in marine clay, such as titanium dioxide, iron (iii) oxide, calcium oxide, sodium
oxide and potassium oxide, which have been reported to enhance the

25  crystallization of mullite (Bulens and Delmon, 1977, Clay Min. 25, pp 271-277:
Bulens et al, 1978, J. Am. Ceram. Soc. 61, pp 81-84; Johnson and Pask,
1982, Am. Ceram. Soc. Bull. 61, pp 838-842). This clearly highlights the
crucial role of clay in providing a stabilised matrix of mullite and cristobalite, as
well as inducing the catalyst network itself to melt and form the same two

30 phases.



31 water content of the material is usually less than
25% for the process. Alternatively there is the soft
mud or wet clay process equi pnent where the materia

IS processed by steamtreatnent and m Xxi ng using

rotary shafts. Following this, the material is fed

M 0P 78noul d chai n press for product 5 f&ERSHEY05/000117
The end product is then denoul ded and left to dry.
Furnace such as the tunnel kiln, rotary kiln or any

ot her types of kiln can be us§g. Dependi ng on the

type of processing equi pnent, turnace used and the

type of - 10 extruder nouth/dye piece or nould used,

di fferent products can be produced. In addition,

di fferent chem cal additives can be added during the
process to change the col our and provi de additiona

bi ndihegprsduetsgintioferedt into hedfumambuandergo fa fideipra@ss, using a

For I lignin to provi bj ndi trength and .
" ot PRR et 4rdeb 3 4nf ARSI ks Padieuar mbodiment,
Acc dhelifiiggtroeesst ey Ieaveoslitemperatdrb eorifib orfind 48 the pattern
inventi on b rried out in_the manner shown in
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are either directly sent to 20 the m xing ,

under g FPestapidamperaturs at4se ~908- Er{ianariewaruhde SC)B.
Pre- tCeabamY frefB fe730 I soPenth ;Sdrﬁéhlé#‘gs(‘i‘”é € so that
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st eps. DFeendinftpmeergivre-at 780t HOATC finpartivulandds0 W)ne

r ushi pg j D 4 Fdg e odryi ng of
e vest LoffLharn B g nedeeah i iua fost el
condi tFoperstanttemaetatirevesm Er(ih pdrticdlami 850 45); Bnédm t he
silos,gG, 0(%|m§isde the mxing unit, D, for a stipulated
anount 'o? I'mMe. The tinme may vary, depending on the
characteristics of the waste. In particular, the tine

e PSS PR B e PO T Sl 5y 618 0

1Basd@5¢dpounds, al uni na based conpounds and opti onal
fluxi ng agents and nol ecul ar sieves. W 2005/ 097368

PCT/I@%RQ:Q%Q,O%]%meaturé of steps A, C and E increases at the rate of

5°C/minute to 20 °C/minute. The temperature of steps B, D and F may be kept
constant for: 30 minutes to 12 hours in step B; 30 minutes to 12 hours in step
D; 30 minutes to 60 hours in step F. The range of temperature depends on

20 the size, shape and chemical composition of the material to be fired and also
on the type of furnace used, i.e. tunnel furnace, batch furnace or rotary
furnace. The cooling involved in step G may be natural cooling.

Depending on the type of processing equipment and furnace used, different
25 products can be produced.

For example using processing equipment such as roller and pan'mills for
mixing, milling and vacuum extruder for extrusion of products and by using
different extruder mouth pieces, different product shapes can be formed. The



The quantity of additives and chem cals added to the

m xture of waste may vary, as it depends on the

toxicity of the waste being processed. In particular,

the al kali based and phosphate based conpounds may be

Na2Si O3 and/ or Na3PO4. The al um na based conpounds may

DEO Q086313 5 and/ or Al 203. Any suitabl e fl uBGTPGaLS(H0117

for the nethod of the invention nmay be used, as

al ready descri bed. Any suitable nol ecul ar sieve as

descri bed above may be used. Hje waste used for the

present, nethod -may. be.waste as already descri bed.

Clay, which is stored in clay storage unit, E, is then

added into the mxing unit, 10 D. For exanple, the
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where the paste or slurry is allowed to undergo a
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shapjgag, unit, G In particular, the ageing tine in

agei ng station, F, may vary between 15 mnminutes to 48

hours. The resulting shaped products may t hen be
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According to another embodiment, the method of the invention may be carried

out in the manner shown in Figure 4. In particular, a pre-weighted ratio of
waste materials stored in the waste storage unit, A, are either directly sent to

20  the mixing unit, D, or undergo pre-treatment at the pre-treatment unit, B. Pre-
treatment may help to condition the waste so that the waste may be easier to
manage in the subsequent steps. For example, pre-treatment may include
fine crushing, sieving, mixing, dewatering and/or drying of the waste.

The mixture of waste is then further conditioned with additives and chemicals
25 from the silos, C, inside the mixing unit, D, for a stipulated amount of time.
The time may vary, depending on the characteristics of the waste. In
particular, the time may be between 15 minutes to 1 hour. The additives and
chemicals comprise alkali based compounds, phosphate based compounds,
alumina based compounds and optional fluxing agents and molecular sieves.



According to a particular enbodiment, the m xture from
m xing unit, D, my be stored in ageing station, F.
Accordingly, the ageing tine at the ageing station F
may vary, depending on the anount of tinme the mxture
frommxing unit, D, is stored. 5 The products can
PDEO 2406897868anpl e, aggregate-li ke as raw nat er iP4IT/SGAE05/000117
concrete or land fill material and | and reclamati on,
gravel -1i ke aggregate material for concrete or road
construction,..brick-like.-for 40ad pavers,. building
and construction materials, tile-like material for
bui l di ng and construction materials, road barrier,
erosi on control bl ocks; construction bl ocks, retaining

10 wathé d@bﬁﬁt‘ysof dcRiithves %@ éHe‘ﬁﬁcal@ a'c185§ tcS’ Qhé’ hfb?chrse Bﬁvsste may

cobbl e sidewal k or street, stones
or sYa¥was it depends orpthedexsicity (pfltb@wasm thmng gtcm:essed
insulation, ceiling tiles, wall boards, roofing

tilem péﬂi@ulfaioﬂfe blkbﬁ?%as@@cé’r‘idj'p'ﬂ%y%até rk'f"as' Bv&%fi@ﬂ\ds may be
al so_ provides a vitrif produc t ai neg

obt aNAzHPe asw/ainMasiPo diheeslumina tbi?@edmdnmmmﬁstmey_be AI(OH)3
iIve e Vi i S

o o SOADIARY, S A8 HOR ol S e B oy may
the b# é‘é@@t ag galrgagy tdescmtm! pm'rydswtabln‘ rrmlemdarusmeve)fasadescnbed

LZSZé%oggﬂﬁ@? gg ‘L‘Jﬁl g":ﬂ{ 5&1 %rtqﬁ% El?%\éét 0e P}Oﬁr:may BE waste as

cer adifeadyralestngediol ecul ar SI eve (with the proviso that
carbon 20 based nol ecul ar sieve is excluded) and cl ay.

Th
[he CRgLkn sl USRRe ARE R PR bt une
1Qaas!i> foereexempde, Khe iclayasayibe prpeated, mewwmebaaadzhemncals

basCir g, Alced o Bk RS EH Bl i Nesfdegapgatio in

and/mmngamno/zo amni{tztieebeﬂ/veeh mggmseo 3025h?3m eﬂgpaaﬁeﬁi amr/]me total

o]¢ or to an_enbodi nent, t

pr oﬁ%%&% nggﬁgﬂﬂwﬁat HB'X r%slﬁ\gnmrqufqrsa prerdetermipgd time so

i's dhatad rmdsnb’nenprpw@rd)mguﬂynﬁ&hﬁé 3 obtahRd. Mhe Hé&e or slurry is

%gnq EJ?» and .t he nol ecul ar sieve, and m xi Qf

t {5‘? SB?? e%i1 ﬁg%&’% slatian. f,;whese Hje pastevor slurry is allowed to

2002nd8rigdh2 rétiubhiofrd® Riisite1dohtert before reaching the shaping unit, G.
In particular, the ageing time in ageing station, F, may vary between 15
minutes to 48 hours.

The resulting shaped products may then be further dried using a dryer, H,

20  before being sent to the kiln unit, J, where the products undergo vitrification
involving a firing process. In dryer, H, the water content of the shaped
products may be reduced to 0 to 10 weight % based on the total weight of the
product, depending on the time the product is dried. The firing process may
reach temperatures of up to 1400 °C. However, the time allowed for the

25 products to undergo vitrification may vary depending on the type of products
required. After the firing process, the fired products are then collected and
stored at the product storage unit, K.



forma pre-stabilised mxture 2. The pre-stabilised
mxtures | and 2 may further conprise at | east one of
al kali based cconpounds, phosphate based conpounds or
al um na based conpounds. The al kali based and/ or
phosphate based conpounds may be Na2Si G3 and/ or
NEQ@PO3/0973¢%d t he al um na based 5 conpound nay P6E/SA2@E/800117
and/ or A1203. The m xtures nay be aged for a suitable
period of time as described earlier prior to
vitrifying the mxture to obtaiyn the product. The
product obtai nabl e or obtained by a nethod according
to any enbodiment of the invention is a val ue-added
product suitable, for exanple, 10 for construction or

| andAcesrtingas la%hmdm%rﬁ%ﬁlﬂ@ﬁtaﬂ@h‘lﬁdd@%oﬂ? ki PQI (D, may be

for the purpose of the i nventi O e co
subj @t@f‘%ﬁ'nt@qrﬁés@ﬁ% FreAaretringly.dbe agelngdine atithe agsing station

si m Fafiay W) r?d&éﬁenﬁfn gt et RSt OF timENfe R aﬁgle {roreralxm%.:mt D,

product of the invention is then packed
Havi 8918 general I'y described the invention, the same
will be nore readi bly understood through ref erence to

thie T bAHUBE RN k&se%ﬁ@t%:q?eeg?ié’ﬁkeggg a m}ﬂ}a“c‘@}'al ?(& concrete

illustration, and are not I n
t he 9 @8d ! mﬁfﬁf@hﬁndHanfime@faﬁmresgra%{dh@I@gitemermatenal for

di ff e5iRpdtet Mp%aa’f ct‘)r%grgl%%ﬁ akan&?@%sg fgﬁzﬂég{i Img%] u}fdlng and

metal s are sel ect ed and treéa
sel eeanstiuglion emateriatspotitedikei rmatekisle far Biikling and construction

. g, 95 A, e 306 SR il ot

Wast\@alhbldclgseml lloed\tlesebmnkgﬂ ;)tamggfdr&fobbfe sﬁdé‘)@lk or str?et stones
vessel

2o RS, Rilo FIaRhaly aver, Af i ldes cibrecglass msulation,

wat ereilingdilesadehti dbotas, heofimigHilds, bhd fosl filsg.y m xture was
obt ai ned.

Accordingly, the invention also provides a vitrified product obtained or
15 obtainable by any embodiment of the method of the invention.

The product according to the invention is a product comprising stabilised
heavy metals, wherein the product is a vitrified product of a mixture of at least
hazardous waste, comprising heavy metals that have been stabilised into the
structure of the ceramic matrix, molecular sieve (with the proviso that carbon-
20 based molecular sieve is excluded) and clay. The product of the invention
may be a product wherein the mixture which is vitrified further comprises at
least one of alkali based compounds, phosphate based compounds or
alumina based compounds. The alkali based and/or phosphate based
compounds may be NapSiO3 and/or NazPO; and the alumina based
25 compounds may be Al,O3 and/or Al;O3.

According to an embodiment, the product is such that the mixture which is
vitrified is obtained by preparing a pre-stabilised mixture 1 comprising waste
and the molecular sieve, and mixing the pre-stabilised mixture 1 with clay to



The m x was nmai ntained for 4 hours. After which,

Na2Si O3 was added to change the pHto 9.0. The
pre-stabilised mix was left to age for 8 hours. 5
Marine clay was mxed with the pre-stabilised mx in
the proportion of 65:35 and the material was
PYQWF8EESt hr ough a series of m xing and ext MGFISEGA05/000117
machi nes to produce test sanples. Water content at
this point was naintained at 20%to 25% 10 The
sanples were dried in a drying 9ven at 105C till the
wat er content reached 0%to 3% The product was fired
in the furnace at a predetermned firing profile (the
15 general pattern of firing profile is shown in

Fi 3)-pré IN&hik r T . re:d.. Q
(oo ubdianavtsry) TR GEREIRGY filyfy 0 2 o
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D ocidteoi e bo T PERUNE NS THCHRGHER MhvTas aged for a

1. suitabe2paRidol tte RCTLSERRASEADE1ATor B6viMahg tHe mixture to

Leaclj ults of waste sanpl es before and
afte@@%ﬁg‘gé?ﬁﬁé 1234567

The product obtainable or obtained by a method according to any
embodiment of the invention is a value-added product suitable, for example,
10  for construction or land reclamation.

When non-hazardous wastes are used for the purpose of the invention, the
waste could be subjected to the same method as described to derive a similar
product of the invention.

The completed product of the invention is then packed and stored.

15 Having now generally described the invention, the same will be more readibly
understood through reference to the following examples which are provided
by way of illustration, and are not intended to be limiting of the present
invention.

20
Examples

Example 1

Seven different types of industrial waste containing heavy metals are selected
25 and treated. The list of selected waste is reported in Table 1.

The pre-stabilisation of this waste consists of 3 part zeolite and 7 part
industrial waste. The industrial waste and zeolite were mixed together in a



Type of Metal in Treated Untreated All owabl e All owabl e
Al'l owabl e Industrial TCLP Product Waste Level Level
Level - Waste | eachate (WHO) (USEPA) Sitting TCLP 1985
PetroleumV (ppn) ND c,a. 11 2.0 - 0.7 Waste | Ni
(ppm c.a. 0.05c.a. 0.7 2.0 - 1.3 V (ppm c.a. 0.16
VR2003/897368- 0.7 Petroleum Co (ppmc.a. 0.13PETRG2@F/000117
0.7 Waste 2 Mo c.a. 1.62 c.a. 84 7.0 m PetroleumV
(ppm c.a, 0.21 c.a. 18 - - 0.7 Waste 3 Ni (ppn) c.a.
0.26 c.a. 35 2.0 - - Mo (Domc.g.1.8 c.a.79 - 7.0

TiO2 Pb (ppm) c.a. 0.12 c.a. 7.2 5.0 5.0 Sludge
Trichloro ethylene ND 0.8, 10.1 0.5 Copper N (ppm
c.a. 0.11 c.a. 27 2.0 - - Slag Pb (ppm c.a. 0.004

Conduming vees B S“‘%D“mr‘"éi%@!;%i’% Grferigie, e B ager wes

c.a. 3@@30@%{“10112' a sturry mixSrewlas ebtaing. (ppm) ND c. a.
10 505 - Cd (ppmND c.a.7 0.5 1 - 5 Colum 1 shows
t he T%@'éfW?%M@t?lnﬁﬂ fapdt Bowrse After Whieth Nau$iO; was added to

t echaring@ne PR OID. A8 AU ReATRINELNATI ASALY sTRLAL

present "in t I ndust r wast e _
|®aching results of the predoninant netals after being

tr eqhgfheVelal) Wde R R Y pre-stabilised mix in the proportion of 65:35

and the material was processed through a senes of m:xmg and extrusion
machines to produce test samples. Water content at this point was
maintained at 20% to 25%.

10
The samples were dried in a drying oven at 105°C till the water content
reached 0% to 3%.

The product was fired in the fumace at a predetermined firing profile (the
15 general pattern of firing profile is shown in Figure 3).

A: Heating from room temperature i.e. 30 °C to 550 °C. Ramping time:
5°C/min

Constant Temp at 550 °C for 2 hours.

Heating from 550 °C to 900°C. Ramping time: 50C/min

Constant Temp at 900°C for 2 hours. ,

Heating from 900°C to 1050°C. Ramping time: 5°C/min

Constant Temp 1050°C for 6 hours.

Natural Cooling

20
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25
The fired product was subjected to a leaching test. The results are shown
below in Table 1.

30



10 Colum 4 shows the | eaching results of the
predom nant netals in the
Colum 5, 6, 7 shows the all owabl e standards for the
it can be seen that there

heavy nmetals From Table 1,
Is significant difference between the

untreated i ndustri al

wast e

15 leachability

3YO He3W3atet al s fromthe treated and untreat @§T/5G2005/000117
i ndustri al

The treat nent

wast e.

WO 2005/ 097368 PCT/ S&2005/ 000117 37
reduces the leachability of the

i ndustrial waste to an envi ror\xigent ally safe level. 5
I ndustrial waste netal |eachability in the untreated
form as shown in the Table 1, is found to be above
the allowable limts. Allowable netal content Iim'ts
fronrihe 1V\1>.bh&‘h ddt F@ ) & ?
Envi ecti on gency s?Eﬁ %%Eéﬁci} %ﬁ'é’saﬁ
st andar ds vvere used as benchrrar ks. 10 The industri al
Wasfes {regtedsustng—zhe cun4uu ofy e e tRrep—fested
for| their metal lleachability. The results| showed {hat 7
t he rvnta!fc;mnrnc fnl\/tcf ||ctnd in__the tr|x and
. abl I llowable
wiepd chidd |C EPIH Sitting
pet rochem c con‘pany | n Si ngapor e vvas test e,a; d 1985
treadfd hnol pgy.,,20 The e- stamllza on
TR s T e
POX land zeglite were m xed!togéther!in the -
m xi@g{olgﬁc%(””ﬁwe osa0.e8 | €gnsent |of the nixture was 07
mai N akdred %(tca. 4030 | ¢.4.6The natur-al water. j g-g
content is t(,gyan)j ow,°~aWh§%r ¢.8 84dded to-the jmix.-25 The "
m X pas Ml Mppmed 0210 N@&lg AT Ter whith, Na2Sro8— 7
and &%ﬁgﬂl Wefem) | c.a.026 | ca. 35 2.0 i i
Mo (ppm | c.a. 1.8 c.a.79 - - 7.0
TiO, ?gc(ﬁlg';g) ca. 012 |ca 72 5.0 5.0 -
Sludge ethylene ND c.a. 10.1 0.5 -
Ni{ppm) {c.a.0.11 |[ca. 27 20 - -
S| Pb(ppm) | 62, 0.004 | ca. 31 5.0 5.0 :
Cu(ppm |[c.a.0.08 |c.a. 12 2.0 - -
Semi-
Conductor | As (ppm) | ND c.a. 19 5.0 5.0 -
Waste
Cu(ppm) | c.a.0.03 |c.a. 12 20 - -
Steel Slag | Cr (ppm) | ND c.a. 10 5.0 5 -
Cd (ppm | ND ca’ 0.5 1 -
5

10

15

Column 1 shows the type of industrial waste treated with the technology

Column 2 shows the predominant heavy metal present in the industrial waste

Column 3 shows the leaching results of the predominant metals after being

treated with the technology

Column 4 shows the leaching results of the predominant metals in the

untreated industrial waste

Column 5, 6, 7 shows the allowable standards for the heavy metals

From Table 1, it can be seen that there is significant difference between the

leachability of heavy metals from the treated and untreated industrial waste.




added in the proportion of 4:1 respectively to change
the pHto 9.0. The pre- stabilised m x was aged for 2
hours. 30 Marine clay was m xed with the
pre-stabilised mx in the proportion of 85:15 and the
mat eri al was processed by passing it through a series
dYO0 2R0%PHeF8and WO 2005/ 097368 PCT/ SG2005/ 0001 P¥T/SE@005/000117
extrusi on machi nes. Test sanples of 50mm x 12nm x 30mMm
di mensi ons were produced. Water content at this point
was mai ntained at 20%to 25% gkhe sanples were dried
in a drying oven at 105C till the water content 5
reached 0% to 3% The product was fired in the furnace
and the fired product was subjected to a Ieaching

t est Thdh@eathfd®r RedutE tfﬁ%nqé%cﬂaﬁmtyafo?e R RISHRA w waste_to an

results are shown be ow i n The produc

fir e@nYifpnmantalysefelevek a predeternined firing
profile. A: Heating fromroomtenperature i.e. 30 Cto
550 C. Ranmping tinme: 5C/ mn 15 B: Constant Tenp at

T s g

hour $ablg: 1, He dotunty td bemt@@é@h% gll?r@Sg: ILMIlbwablérTmetal content
F .

vt e s e b, He9 8bs R 28007 1dBA 1 planggrds, U

Bef oEevutaannWrFtrom‘ctlem Ageaey (EPA) alh@'S&thn@@ﬂ#ﬂaidsa\Wé@used as

mg/&enc%rr}lcae;stratlon m/l Ba 0.0383 N D. Cd 0.0

10
The industrial wastes treated using the technology were then tested for their
metal leachability. The results showed that the metals were safely stabilised in
the matrix and did not leach out into the environment.

15
Example 2
Partial oxidation carbon, POX carbon from a petrochemical company in
Singapore was tested and treated using the technology.

20

The pre-stabilization consisted of 2 parts zeolite énd 8 parts POX carbon.
POX carbon and zeolite were mixed together in the mixing vessel. The water
content of the mixture was maintained at 30% to 40%. If the natural water
content is too low, water is added to the mix. '

25
The mix was maintained for 1 hour. After which, Na,SiO; and NasPQ4 were
added in the proportion of 4:1 respectively to change the pH to 9.0. The pre-
stabilised mix was aged for 2 hours.

30 Marine clay was mixed with the pre-stabilised mix in the proportion of 85:15
and the material was processed by passing it through a series of mixing and



Cr 0.0016 N.D. Cu 0.0392 0.0032 Fe 0.0275 0.6298 M
0.1189 0.3075 N 7.2584* 0.0257 Pb N.D. ND. Zn
3.7265 0.1243 As 0.7088 0.1064 Be 0.0552 NND. V
N.D. NND. ND: Not detected Table 2: Initial

Leaching Test Results on Waste Sanples (TCLP) obtai ned
WOROPOK3@Bar bon. (*Ni exceeds al |l owabl e | i m tRETEHG2@3/000117
ng/l (National 5 Environnental Agency, NEA,

Si ngapore) for hazardous waste classification.) The
val ues obtained fromthe test rgsults are bel ow NEA
limts for hazardous waste classification, thus are
safe for disposal or reuse. 10 Exanple 3 The

technol ogy was used to treat contam nated marine cl ay

and waglsfors Midgmes! ﬁ%ﬁ‘é@@gfesw géminlng n@ﬁ’?%ﬁé’?"v@ Jimensions

sl udge obtai ned from ter trea

a cawere predused. tWatad canteing at thisvaslintofasamaimtaimecas20¥% to 25%.
conmpounds of roughly 30%in solid formwth the

remai nder 70% water. The 30% sol i ds consi sted of

mai nTe ABmpless setre ainipduinds drfihg @) at 1089Cudil nBle water content

gani I bacteria and silica 20 based
Y %ag%sib‘%etpﬁ

conpoun o/I"ow | evel s of heavy netals were
detected in the WO 2005/ 097368 PCT/ S&G2005/ 000117 40

\gfiﬁt egbq%gﬂgti \H%sh ﬁre\gal%ttﬁe ?uerggeeat\w/gi tsheu ll'gg p?osdu%t ﬁv%grs%%je%{ed to a
leaching test. The “before treatment” and “after treatment” results are shown
below in Table 2.

10

The product is fired in the furnace at a predetermined firing profile.

A: Heating from room temperature i.e. 30 °C to 550 °C. Ramping time:
5°C/min ‘

Constant Temp at 550 °C for 2 hours.

Heating from 550 °C. to 800°C. Ramping time: 50C/min

Constant Temp at 800°C for 1 hours.

Heating from 800°C to 1050°C. Ramping time: 5°C/min

Constant Temp 1050°C for 6 hours. |

Natural Cooling

15
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20



stabilisation of heavy nmetals in this technol ogy. The
chem cal analysis of the synthetic contam nated mari ne
clay is showmn in 5 Tables 3 and 4. Table 3: Analysis

of contam nated marine clay Sanple Concentration of
Heavy Metals (in ng/L) & WM Cu Zn As Pb A 428* 1154*
JHB2005/99F8* 367* 1427* 10 Table 4: Trace netPEI/SIGREPH117
for marine clay as allowed in Singapore Concentration
of Heavy Metals (in ng/L) trace netals & M Cu Zn As

Po limt (Singapore) 50 NA 553350 30 65 15 The
pre-stabilisation m xture consisted of 1 part zeolite
and 2 parts waste sludge fromthe water works and 7
parts synthetic contam nated marine clay. The

different contents were m xed together in a m xing
vessel. The water content of the m xture was

mai ntai ned at 30%ta 40% If the natural water

content is tdo row, wajer is added tjop the mx—207The

m x was mai ntlai ned f or | 8Béforerteatmbhe [MBAREritRRtMEAS
processed t hrloudfetdl seCoesentyitionimg/InoCanentetibn mgil gn
machi nes. Test sl es|of FDABBX 12nm x  80DM
di mensi ons were gedduced. VD@27 contlent aN.Dhi s poi nt
was nmintained abr 20%to 2ROH1R5 THe sanpi.@s wer ¢
dried in a driyi ngCwven|at 105892111 [t he \wadg®p conient
reached 0% to 3%FaND 2005/ Q9@2E8 PCI/ SZoErddo01T7 41
The product was fyged (n Thgqigg nace andot.ﬁﬁg)fi red
product was s$ubj &qf€d 10 a7 jgaaenin [856.025'75 results
are shown below gy Tabje 5. g proguct—v f+red i n.

o and

the furnace at—ajpyedetrer nis_uf'%'s‘inrg p.b1i‘24 and

As 0.7088 0.1064
Be 0.0552 N.D.
Vv N.D. N.D.

N.D.: Not detected

10

15

20

Table 2: Initial Leaching Test Results on Waste Samples (TCLP) obtained
from POX Carbon. (*Ni exceeds allowable limits of 5 mg/l (National
Environmental Agency, NEA, Singapdre) for hazardous waste classification.)

The values obtained from the test results are below NEA limits for hazardous
waste classification, thus are safe for disposal or reuse.

Example 3

The technology was used to treat contaminated marine clay and waste sludge

from water works.

The waste sludge obtained from the water treatment plants was in a cake
form. It had a high level of alumina based compounds of roughly 30% in solid
form with the remainder 70% water. The 30% solids consisted of mainly Al-
based compounds (AI(OH)s), including organic material, bacteria and silica
based compounds. Very low levels of heavy metals were detected in the



5 subjected to a leaching test (Figure 3). A Heating
fromroomtenperature i.e. 30C to 500 C. Ranping tine:
5C mn B: Constant Tenp at 500 C for 3 hours. 10 C
Heating from500 Cto 900C. Ranping tinme: 5C/ mn D
Constant Tenp at 900C for 2 hours. E Heating from
YOOOE/H7IBS0C. Ranping time: 5C mn F:. ConsPERSGIeHp0117
1050C for 8 hours. G Natural Cooling 15 Table 5:
TCLP Leaching Results for Stabilised Sanples treated
with the technol ogy. Metal Corl@entrati on m/lI mlL
Limts mIL C ND 50 Cu 0.0215 100.0 M 0.2851
50.0 Pb 0.0322 5.0 Zn 1.4711 100.0 As 0.0643 5.0
N.D.: Not determ ned 20 The val ues obtained fromthe

t est & b LJa.ts. for hazardou wast e

cl asvs\.l‘lgl%lét:g Al%c;fggﬁ ’ﬁehﬁ/jggt‘gr %IEQ%% g\gl P olisegi HEIUGT q?&l}g‘gl_na for the
PCT/ stabilisediob/af heavyl mgtal inth SEBENMAIRGY200 42 LLOYD W SE
Clainms 1. A nethod for heavy netal stabilisation
conprising: mxing waste, conprising heavy netals,

wi t hTtharical arslysie ofithehsyintieetic contaminated marine clay is shown in

5 Tables 3 and 4.

Table 3: Analysis of contaminated marine clay

Concentration of Heavy Metals (in mg/L)
Sample
Cr Mn Cu Zn As Pb
A 428* 1154* 3534* 4937* 367* 1427+

10

Table 4: Trace metal limits for marine clay as allowed in Singapore

Concentration of Heavy Metals (in mgi/L)
Cr Mn Cu Zn As Pb

frace metals
limit

(Singapore) 50 NA 55 150 30 65

15 The pre-stabilisation mixture consisted of 1 part zeolite and 2 parts waste
sludge from the water works and 7 parts synthetic contaminated marine clay.
The different contents were mixed together in a mixing vessel. The water
content of the mixture was maintained at 30% to 40%. If the natural water
content is too low, water is added to the mix.

20  The mix was maintained for 8 hours. The material was processed through a
series of mixing and extrusion machines. Test samples of 50mm x 12mm x
30mm dimensions were produced. Water content at this point was
maintained at 20% to 25%.

25 The samples were dried in a drying oven at 105°C till the water content
reached 0% to 3%.



provi so that carbon-based nol ecul ar sieve is excluded,
and clay; 5 ageing the resultant m xture; and
vitrifying the m xture, 2. The nethod of claim1,
conprising the steps of: - preparing a pre-stabilised
m xture | by mxing waste, conprising heavy netals,
WY@ POOS/PE36%0| ecul ar sieve; 10 - mixing the PCT/$G2005/000117
pre-stabilised mxture 1 with clay formng a
pre-stabilised mxture 2; and - vitrifying the

obtai ned m xture. 3. The nethod4of claim2, wherein
the pre-stabilised mxture 1 is a slurry- based

m xture. 15 4. The nethod of clains 1-3, wherein the
step of ageing the m xture is carried out from 15

M NUTRS ploRudiBy AL HFe: in e ﬂ?ﬁaé@%&?gﬁ‘]@r{a&{pﬂ%ﬁt x‘siaé’subjetcged to a

further conprising adjusting t m Xture
8. 0 leaghingtest TherTesults areshewndiekowrircTabaEr ei n t he pH
of the mxture is adjusted to 9.5. 20 7. The nethod of
clains 5-6, wherein the pHis adjusted by addi ng
al kalhe prukiet wasdiired ipHbe ghrase batsa predetponindd firingt prefile and
g xt T, : Wrs 1-7, conprising ,
pr ecéud{abfetcéét%u tﬁgglgﬁgﬁhgg%&?ﬁgp{ﬁa@: AVENDED SHEET PC SO
2005/0001 1 7 G"~~A""8 0 7 FEBRUARY h' 7 43 LLOYD
W SEA: 9. Hemdéingfohrorboof tectmratuts i.ev3eP@itm 5008C hRamping time:
netal s are }r@ the formof netal cations, conmpounds
and/ or con%l Res. 10. The nethod of clains 8-9,
wherli n Coastama Tgmpedt 508 °arfer Phewispi t at ed by addi ng
1 lit -'reéiq%%ﬂng ?r%%od:*’& fcépgb%%& Egrsh%?ngct% :oéég?ir%int 0 the

D:  Constant Temp at 900°C for 2 hours.

E Heating from 900°C to 1050°C. Ramping time: 5°C/min
F: Constant Temp 1050°C for 8 hours.
G ‘Natura! Cooling

15
Table 5: TCLP Leaching Results for Stabilised Samples treated with the
technology.
Metal Concentration mg/l (mg/L)| Limits (mg/L)
Cr N.D. 5.0
Cu 0.0215 100.0
Mn 0.2851 50.0
Pb 0.0322 5.0
Zn 1.4711 100.0
As 0. 0643 5.0
N.D.: Not determined
20

The values obtained from the test results are below NEA limits for hazardous
waste classification, thus are safe for disposal or reuse.



5 11 . The nethod of clains 1-10, further conprising
addi ng al kali based and/or phosphate_ based c

to the mixture. 12. The nethod PCEl & s 2@@%1‘?86?6331 17

conprising adding at |east an alumna based conpou;llr‘]c%g5
to the m xture. 13. The nethod of clgi7si-IRtg, td
conprising adding at | east an al um ng Tiﬁoﬁz?ﬂ%ﬁw
conmpound to the m xture at tJ}e sane tinme, before oroypwiSE
after the addition of alkali” based and/ or phosphate
based conmpounds. 14. The nethod of clains 12-13,
wherein a source of alum na based conpounds is sludge
Wter and/ or wastewater treatnent plants. 15.

IMBt hod of clains 12-14, wherein the al um na based
conpound is 15 al um ni um hydroxi de (Al (OH) 3) and/or
al .uAi method dai beavyAbeEdstabilisatiorheorpiisin®t of cl ai m 15,
wherein the A1203 is neta-stable phase of alum na
and/ or, = alunj od,if ' F ;
compr AR Ragte; BoABshg eLIE RBLROUIA EICRLAR sed i the
t he phoeyhatistizasken-basasonaleculaasieve it exclédac iabhclan
in the waste and/or clay to formapatite, the heavy

met al ' Rafefalfielale diato the apatite. 18. The
S nmet ho%%ﬁ%ﬁ]aeiﬂr?g %13{" \Aﬁ%r eln the waste i s hazardous
and/or industrial waste conprising heavy netals.

AVENDEGTSHEEhepmivturgg 2005/ 0001 1 7 0 7 FEBRUARY 2006
44 LLOYD WSE 19. The nethod of claim 18, wherein the

hgz &rr@%tmé%lawqiy&rﬁﬂn@éing«@@tseepwﬁpri si ng heavy
nmetals 1s selected fromthe group consisting of: spent
carbon from absorption processe ent carbon

o s fr
F est RUSPHING arhieralarjisssrBIGUSCEDY SsHe sty FgRIing heavy

pet rn‘??tﬁ%ﬁ}nﬁﬁ'théﬁidlé&dﬁ&sié@m catalyst from5s
pet rol eund petrocheni cal refining, spent waste and/or

sl udge_from petrol eum and/ or petrochem. cal fini -
10 Wast«gm'gqirwélée Pgrgﬂ@ﬁl}ﬁe@loﬁgq%rpo with cﬁ]ayn%&%mgr E Iplr']el-Ql%bmsecl
mixture 2; and
- vitrifying the obtained mixture.

3. The method of claim 2, wherein the pre-stabilised mixture 1 is a slurry-

based mixture.

15 4. The method of claims 1-3, wherein the step of ageing the mixture is

carried out from 15 minutes to 48 hours.

5. The method of claims 1-4, further comprising adjusting the pH of the
mixture to 8.0 — 12.0.

6. The method of claim 5, wherein the pH of the mixture is adjusted to 9.5.

o0 7. The method of claims 5-8, wherein the pH is adjusted by adding alkali
based and/or phosphate based compoundé to the mixture.

8. The method of claims 1-7, comprising precipitating the heavy metals.
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g:}g;:g?s?f con:]ai ning arsenic, incinerator bottom ash
( y ash, spent copper stk
ship sand bl asting, saw ng and/ ?@ﬂcm@gﬁm SG?;OQTQ 1 1 7

el ectronics industries, slagfromms fl,
waste 10 from paint industries, heavy %gﬁb %UA %U

contam nated cl ay, waste cont ai ning heavy netals.

The method of claim 19, whepgin the spent carbon frorTL SE
residue oil cracking processes is POX carbon. 21. Th ovD Wl
met hod of claim 19, wherein the spent catalyst from

pet rochem cal 15 refi ni ng is hydrotreating catal yst,

ocr acki nd/ cat a ) .
& afrptiogd & A8 B, white ] B e mlg FREnTRG "6 BF metal
COr&ﬁlbﬁéiscdrﬁpom’mss@iwmecdmsembscowpounds is 50:50 to
100: 0.in volunme. 23. The nethod of clains 1-22,

in t :
8'86 me h?dfaftqlglgf%8 \Aﬁﬁ‘élﬁ‘ﬁl&é ngﬁcrh%t r& (fré?‘}pltated by
C| ahddind ak3li babed end/drlpdaoamm bhsed smmpeun@ fedthamaikture.
and/ or synthetic nol ecular sieve. 25. The nethod of

claLns 1-24 - ej +Si i |
LB ol DA A0 B et 83 B8 Sl
whepigdsphSte basddcombouwrids teehermiidutd. ar sieve is 25
substituted by B, Ca, Zn, G, Ge, Ti, V, Fe or P. "AMO

v Wty o a7 EiRerodpdioity 5975 Lka 45 daine

ol pagdcacorapeved tothermixéseat | east one of B, Ca, Zn,
Ga, Ge, Ti, V, Fe, P, Si or Al. 28. The nethod of

: L’-‘?% ﬁ'gquw] ﬁégﬁ@%qggf@ﬁgﬁgﬁgﬁs@b ] r1gz?t'nl18a§thaﬁ1 alumina
whepaséd tcbmpmlinelctd the siddure abiipe ermies tivel, defere of pBaT the
2 9SS Dl aded anlof BhBLAAE vBLATLAABBERRN ©

14.The method of claims 12-13, wherein a source of alumina based
compounds is sludge from water and/or wastewater treatment plants.

15.The method of claims 12-14, wherein the alumina based compound is

aluminium hydroxide (Al(OH)s) and/or aluminium oxide (AlL,O3).

16.The method of claim 15, wherein the AlOs is meta-stable phase of

alumina and/or gamma-alumina.

17.The method of claims 1-16, comprising adding phosphate based
compounds, wherein the phosphate based compound reacts with calcium
in the waste and/or clay to form apatite, the heavy metals bemg

incorporated into the apatite.

18.The method of claims 1-17, wherein the waste is hazardous and/or

industrial waste comprising heavy metals.
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SAPO, netal sul phide nol ecul ar sj eves,; I in
phosphat e conpositions; netal %Juﬁ:}ﬂgﬁ?} bog /b O O 1 1 7
al um nophosphat es, MeAPO, wherein the MAPOis a

tetrahedral mnicroporous structure conpf)3i B§HE Y 2006
[AI®2] 10 and [PQ2], and Me is a net alqg.?sgi&ﬁ%@%i

rrNEt hgg of gl aim 29, wherein Me consists of Zn, M, Fe,

, Co an /or Fe. 31 .The t hod of clains 1-30, LLOYD W
wherein the nol ecul ar si everEs at | east a m croporous 1o
met al | oporphyrin solid. 15 32. The nethod of claims

1-31, wherein the nol ecular sieve is Pl ZA-1 and/ or

APO, 33., The . ' . Iy .
3G o S TP S G T, b Bhapmo i i
corgunmmishty abaleasitalere seigoiedofrompthecgrionp eransisling 2f: spent

. The et hod | ai ms_1- 33 ' ~ular: .
T et P Bha aPTBrcbaies SR oA SR raggna
g g%rgﬁzésr;egérhspghe ][ovay:n froive pebereEmhieal ssfieing, | spené alatalyst from
o 3 e AR B, YOG e ARRY el o
cl ahdfRoldhm3hd/MRitRicheinil Fefialnat wabte sipdgd fropreemeitomductor

zeolite from petrol eunipetrochemn cal i ni
b OPiSSERES SHIEINING PETTIoSEoBBTBIORDP™ 50 Bt ARRENt

200 _ . el i .
rcPa Y 38 oligSRer Sy o Yatng samesn o
glr owpsieofieits elaggopics Slyﬁuq{g@$,cslqg tfﬁ;@ peia ir@@jmg, 1%2 waste

ul t t . it . i ; -
10 3 t{x‘%‘i‘ ?g@?ilrﬁ(de@fﬁ%,;igégvge@ﬂatl éwﬁtf%’ugé‘l@%JKézﬁowggctg @htaining

zeohedwsmefasj asite, clinoptilolite, chabazite and
erionite. 5 39. The nethod of clains 1-38, conprising

' recligy ta@ t £ ' : .
gﬁﬁ? n@léﬁf{he ﬂﬁe&% r@f i\@g?rieynﬂz% esg@hf(tdéﬂﬁ)rpﬁo% esidue oil
cracking processes is POX carbon.

21.The method of claim 19, wherein the spent catalyst from petrochemical
15 refining is hydrotreating catalyst, hydrocracking and/or FCC catalyst.

22 The method of claims 7-21, wherein the ratio of alkali based compounds to
phosphate based compounds'is 50:50 to 100:0 in volume.

23.The method of claims 1-22, wherein the ratio of molecular sieve to waste
is 1:2000 to 7:3 of dry weight.

20 24.The method of claims 1-23, wherein the molecular sieve is natural and/or

synthetic molecular sieve.

25 The method of claims 1-24, wherein the molecular sieve comprises at

least Si and/or Al

26.The method of claim 25, wherein Si and/or Al of the molecular sieve is
25 substituted by B, Ca, Zn, Ga, Ge, Ti, V, Fe or P.
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40. The nethod of clainms 1-39, V\hﬁéw gilg ﬁrodu t of
vitrificationis in the form of S

bl ocks, concrete aggregates, sand- Ilke raw naterlm

for concrete or land fill material, ravel - o
aggregate material for 10 concrete orf %aﬁLEi,JARV 2005
construction, road barrier, erosion control bl ocks,
construction bl ocks, retainigfg wall blocks, rail road
ties, bricks or blocks for cobble si dewal k or street,
stones or tiles for patio or sidewal k, sewer or draln
pipes fibre glass insulation, ceiling tiles, wall

22 h“be%tlﬁ)&ﬁ 'orf’gclétﬁ 48-124 %rélhof?\re Hoie‘b%iarleﬁe\ﬁelcoﬂwses at

erein the ratio of nol ecul ar
si au&ttotmevmisﬁ &a,iZ, G4, Ge, Ad \ndst, €, 55 ohbh- hazar dous
contai ning heavy netals. 42. The nmethod of clains

é‘gﬁ'ﬂne %’i Bf El%ﬁn£“1>°27”9m?éraﬁ%é rﬂf{&b&ﬁﬁr 51666l i p theeform of
rrie ou

I'n any particular order. 43. The method of
cl acamepl@xe2, wher ei n the al kali based conpound is
Na2Si 3 20 and the phosphate based conpound is

%Qﬁi%geﬁoc% &P8a Elagﬁ 6?0 Whefeift ki mo‘fe%uléﬁ'fé@é\@ corhpiex iebélected

50:50 to 100:0 in vol une. 4
Thefromt aO@roub mrmnmglomnwstajmehawn@aﬂwsghﬁtj% cREpositions,

add‘%}b‘?@n %% g?.ﬁﬁﬁdém%odéél‘?’aﬂ-'cnge@&emmé%llbﬁﬁc phhosphate

et h | aim 45, wherein
f | ugdrnpositien; mMetabsutstitited ANENDBETH SREEESPURARSD, whereln the

SO0 LR ot BB AR O S s 0o

IS agdrUsdahy Mésisrgnetatnper at ure treatment of up to
1400C. 48 A product conprising stabilised heavy

Omﬂl? pgthod er e| f S?SS vﬁﬁ%rtglr{ f1e coldibis! & 2H RﬁrP%tMﬁf Co

nprising heavy

5 ngh&evFar S|eve with the prOV|so that carbon based
nol ecul ar sieve is

31.The method of claims 1-30, wherein the molecular sieve is at least a

microporous metalloporphyrin solid.

32.The method of claims 1-31, wherein the molecular sieve is PIZA-1 and/or
SAPO.

33.The method of claims 1-32, comprising adding molecular sieve in the form

of a composition comprising at least one type of molecular sieve.

34. The method of claims 1-33, wherein the molecular sieve is of different pore

size.
35.The method of claims 1-34, wherein the molecular sieve is zeolite.
36.The method of claims 35, wherein the zeolite is natural or synthetic zeolite.

37 The method of claims 35-36, wherein the zeolite is spent synthetic zeolite

from petroleum/petrochemical refining processes.
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excl uded, and clay, wherein the mxture is aged prior

to vitrification. 49, The producPCoT/ (8@@@58 b/vlfeﬂeﬁ]r[jj 17

the waste is industrial waste conprising heavy

nmetals. 50. The product of clains 48-4 B da gﬂﬁ
waste i s hazardous waste 10 conpri Si ngﬁm ﬁ@l%ﬁ g

51. The product of clainms 48-50, wherein the m xture,
which is vitrified, furtherygconprises at |east one otLLOYD WISE
al kali based, phosphate based or al um na based

compounds. 52. The product of clainms 48-51, wherein
the m xture, which is vitrified, is 15 obtai ned by

gﬁgﬁ}%h@%%}% b 8 ﬁsa% LS el Cﬁta’:lfe%sf oﬁé’%’éllté i gelwBRHSrom

s SI eve, an X1 n
pr ethe tgadwip cewsmng(omynﬂletw Y4ypsl g@ph?q, Lﬂt@aq{alglle Y-type zeolite,

2R b TS £ 2o PRI e A 7

48 FOOIRCC ZRoltés, fhhpishe Odiucbtllontepd:faabmﬁéanaiﬁrlom’uer ei n
the al kall based conpound is Na2Si G3; the phosphate

3B Pl o T oy B g At gl Tt the final

al umiiiireBefore cterinlad3he vitification Stepl FS

40.The method of claims 1-39, wherein the product of vitrification is in the
form of bricks, cinder blocks, concrete aggregates, sand-like raw material
for concrete or land fill material, or gravel-like aggregate material for
concrete or road construction, road barrier, erosion control blocks,
construction blocks, retaining wall blocks, rail road ties, bricks or blocks for
cobble sidewalk or street, stones or tiles for patio or sidewalk, sewer or
drain pipes, fibre glass insulation, ceiling tiles, wall boards, roofing tiles,
and floor tiles. ‘

41.The method of claims 1-40, wherein the ratio of molecular sieve to waste
is 0 if the waste is non-hazardous containing heavy metals.

42. The method of claims 1-41, wherein the mixing steps involved need not be

carried out in any particular order.

43.The method of claims 7-42, wherein the alkali based compound is NaySiO3
and the phosphate based compound is NagPOa.

44.The method of claim 43, wherein the ratio of Na;SiOs fo NazPO, is 50:50
to 100:0 in volume.

45.The method of claims 1-44, further comprising the addition of at least one
fluxing agent to the mixture.

46. The method of claim 45, wherein the fluxing agent is borate.
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47

47.The method of claims 1-46, wherein the vitrification is achieved by using
temperature treatment of up to 1400°C.

14

48.A product comprising stabilised heavy metals, wherein the product is a

. vitrified product of a mixture of at least waste, comprising heavy metals,

molecular sieve with the proviso that carbon-based molecular sieve is
excluded, and clay, wherein the mixture is aged prior to vitrification.

49, The product of claim 48, wherein the waste is industrial waste comprising
heavy metals.

50.The product of claims 48-49, wherein the waste is hazardous waste
comprising heavy metals.

51.The product of claims 48-50, wherein the mixture, which is vitrified, fu[ther
comprises at least one of alkali based, phosphate based or alumina based
compounds.

52.The product of claims 48-51, wherein the mixture, which is vitrified, is
obtained by preparing a pre-stabilised mixture 1 comprising waste and the
molecular sieve, and mixing the pre-stabilised mixture 1 with clay to form a
pre-stabilised mixture 2.

53. The product of claims 48-52, wherein the mixture is aged from 15 minutes
to 48 hours.

54. The product of claims 51-53, wherein the alkali based compound is
Na,SiOs; the phosphate based compound is NasPOs; and the alumina
based compound is aluminium hydroxide (Al(OH)s) and/or aluminium
oxide (Al,Os3).
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