Met hod for waste stabilisation and products obtained
therefrom Field of the invention The present invention
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val ueadded products obtained therefrom In particular,
the invention relates to a nethod for stabilising
heavy netals fromwaste, by treating the waste with a
suitabl e nol ecul ar sieve, clay tand optionally with
chem cal additives. Background of the invention The
wast e generated by many industrial activities, as well
as hazardous waste, is particularly problematic

becauseMelthgd faranasto spasiRdatioRtHd SRINES obtafiest thbAfrom

wast e contai ning heavy netals has to be Fore

it is disposed. Left untreated, this waste could

contam nate the environnent and cause harmto life

forms. Several prior art processes have been proposed

f OFjeld 8PtheNAvensbreXt racting toxic waste from

i naustrrar studge. Many of these processes utilize

various types of clay or shale to absorb or adsorb the
heBhg presentsnventian relatesooi @ methedifal svefst@rstéblﬁsatﬁ)naék% value-

o) rial  waste
rofded BRIS BedREiSperdlion. 1t phkicplarathé aantipecisiates to a
mefeabd oy Sthisilisihgh
t hr qugh heavy rretg égggg?bﬁ%ﬁ%onﬂ%\éye r[??); ﬁbﬁtnﬁ tﬁ% Waste with a
taglq mﬁ)le,%arb‘ae&tcéam and optienalhyi wigh ohetmreal radldetveb
surface or internal, occurring within the m neral
structure itself, for exanpl e, between the m neral
| ayers of clay, as cations are attracted to the
negati vel harged clay particles.Clay mnerals are
] G obthe invenlion y t er ned Cation Exchange
CapaC| ty (LaGrega, MD., 1994, McGawHi Il, Inc., New
Y i Dy r int | ay
Sﬂ'fﬁ t%éa A {fgfp Ogc'?)z dﬁ'@nge@g%ﬁh fc??/ﬁtes s Well hazardous
waste, is particularly problematlc because of proper disposal requirements.

Industrial waste containing heavy metals has to be treated before it is
disposed. Left untreated, this waste could contaminate the environment and
cause harm to life forms.

Several prior art processes have been proposed for treating ahd 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 -

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
on the 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 mnerals, which consist of sheets of
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charge. This happens when Si 4+ cations are replaced by
| ower charged cations |ike Al 3+, or when Al 3+ cations
are replaced by divalent cations |ike Fe2+, M2+ or
Ca2+ (Weaver, C E., 1989, "d ayds, nud and shales."

El sevier, New York). This negative charge makes it
possi bl e for heavy nmetals to be adsorbed on the clay
m neral surfaces (external adsorption). The netal

st @iyl insiabiale Hegikhiowh it hhe M I5bkAP ?éiﬁwe%ﬁ%ﬁtmd Hkchange
of heaV}/yCmst als on the m neral surfaceS. Furthernor

| aaPaeit| (kG ﬁ?%réﬂp’l 189 4moMcsawiHinilne., aNewkitask) whereby

o R, PRSI BRERE T, B AR Eh o aoBiaten oBY oxtemal

ofcatrunlswlduﬁéictl atyey alsmathl‘bumﬁ@ eption eXthadlgeNbistess that clay
sheet betmg“q%tm S{ t B sheets | i nked by cations |ike
caBinergige PPASEt OF sheelgsof caHmI%@nSesmwmurebghelr overall
h t hr h d p

et Bhergel TG, s e T Pl Bl eplaged by tower
unfd'!ﬁfged @Bh@i‘l&:hke APA e whem A Tatibes amjmm@o}e&ﬂby divalent cations

Thes hen1 s t r.ansf or ha e t he
e'ﬁ‘& FRI ¢ E%ﬁ eqyer t@fm §8§ %mdet@nd shales.”
argiseviet Wéde?R) U BhisHeyalive |chb?gé‘ﬁ%k% tj:&d%%?dlé ¥6r heavy metals
phases. The i ncor porati on process o

c 40iksnadsarbed epl the stpyiminerg! smmsr(en@rmlmpﬁdn)ough
t he forrratl on of new phases in which the adsorbed

() e s tARER0R, pETRENOT RS, iy Gaek €BRilpof heavy

|rmeiadas tdrartbéonnirvérabmu@ﬁacbamﬁulﬂﬂhbﬁn@féj layered clay minerals like
nont nor i Hponlte orig malleélrpresent in mari ne clay,

i APentmary Bﬂﬁlﬂf?ekw @/ infereallyadarbheationsedonner, J.R., 1990,

et@é{;}f fl‘@@stf‘ga%d \%@ﬁﬁ& \gggmj @mtﬁﬁﬁabﬁgscéq_s@geb individual

199363rsEegchnemdeThpmfsnneﬁalﬂrrima @hUet betwiddny two silica sheets linked
by cations like Ca?*. The interlayer cations can then be replaced by heavy
metals through internal adsorption. Clay minerals have a basic alumina-silica
structure and undergo chemical transformation when subjected to heat. These
chemical transformations change the original chemical phases of the clay e.g.
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,
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).



California, USA, Deer et al, 1992, 2nd edition,
Longman Scientific & Technical, New York, WIey). The
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prior art can be generally di stingui shed as
"encapsul ati on” and "incorporation" processes. Both
processes involve a final step of vitrification of the
matri x. When heavy netals are present in the form of
conmpounds or conpl exes, for exanple as netal oxides,

t he added cl ay-based ceram c minerals encapsule (or
surround) the netal conpounds. However, the netal

coﬁtpmunemomsefasrouaqhetamwdtmnbagd@wlscmbbb trh@hé’rﬁ)r%rnéh can be
neral s and are not transfornmed

| d
C a %Zﬂ%fﬁ@%@ 33 nengARBMationn earth cifrouperation” processes.
pr@@mﬁoeags&qnoem'aeﬁnal&%paaf& RicBlGh 8f {nal iah O

macro (>10mm state. day ceram c
limted capacity and once its saturation capacity has
bedhepdweavydmetals @reiprésend indherforen iof conpauats @r comblexes, for

K h On h
o1 PRETHlp 4, B bR ooy esB p ma Gunerels eacapsule
i t(®r supbuhUp&id Afetslegspblifds. I-'féWé\h@rr fﬁé ?netgf Eb@b6lhds are not

cI ay- based ceram c matrices have dif
rﬂ!‘&"ﬂi@@'&t b@ﬂd%wl@n@@p@wla@h Qiay-absed tqeearnuhjmmeratsrmd are not

VSIS Y OTREEA AU o he SCSBRIZIE s con

betxeamedmmtrmmmqumom of iitr&et 103} Stafl St ur bed
or destroyed, the netals I befreedfromthe mat ri x

and |l each into the envi ronrrent When t he heavy rret al s

ar, f t : at | ns an

" CIaPABSEN oAb mhBR T SRR BhoREE Sndi s saurator
nmeaphcitpnipasinbeemi reachetdetheral Iwill bbad nbo rAd& dh8orporation and
[ ncorBorafedtgFto the clay. After firing at el evated

t &R5APSHINRR taking Maseyromtthree gar Gneeofsosiies ofithe gnatrix are
t 'i‘lﬁeﬂutlhb' él%y fgd e%hﬁét‘éﬁq d §t§p@55ﬁ% Eéﬁa@ﬁtypﬁ‘ﬁhhg b1 different

clay- based ceram c nat
clay-based ceramic matrlces have different incorporation and encapsulation

abilities due to their varying chemical compositions. Further, encapsulation is
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.

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
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. '



if the heavy netals in this formare better stabilised
than those stabilised with the encapsul ati on net hod,
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the heavy netals need to be present as fretal cations
and ani ons before such incorporation could take
place.Clay has a limted stabilisation capacity based
on the active adsorption sites%ithin the clay matrix.
However, when the incorporation capacity of heavy
metal s is exceeded, the heavy netals are sinply
encapsul ated. Under this condition, when the clay
matrix is disturbed, for exanple by external factors,

heavy nmetal s may ] each out into the environnent. ) )
Ka@l%’nh‘fise? 'mteiﬁ'@%ﬁw@,ﬂon <aparity baged o ther aptivenadsprption sites
L i Witk ' apgh.i e : i ;

el MR anB SR i, CFOWRr U OF RE RESRBIAT paprcipy,gf heavy
nemetals iis exceédedidtheahedey deatalsogredsimplpantapberted. Under this

R e ik SR BRtBos Gabttedidet bkaaRIS by dndame factors,
| shéd\gtmbtits lW?eﬁ} I%a&ﬁtcﬁﬂ'iﬁtbsthg‘@hvﬁeﬁ?ﬁﬁt.er@é( lfn%%”?cﬂtéiz%rﬂple, is a

safe in the long-run. These materrals need to be kep
urla¥eredustreicturanwéthadisnitede adsorptinn srice ibor emslande kproperties.

{ TS SBLt B a ey Bt ilctyten tnd Blighafh St thesmdfi Sweak and can
wasd destrayeeMsy hbid. Blealy Imdtilsthal irhdsutad e asuiret al s

and reduce or elimnate long-termstorage risks while
provi di ng saf e val ue-added products at the sane tine.

S A t ' [ nt, inventiqgn . . |
el el Sub SRl SR B Sb B R rBiRel preg o is that
nethe rwadte tnbterialsi st AdE bée srivironmehtdlisayafe TRUtAESohgPah. These
waste,, in particular fromindustrial waste. The waste

mdyatsdaleanegdiinbe gt undemsunvaillanee and rre neésuitablgtfes uses like
tcboYﬁirH?ﬁcﬂ#QP%nBrfﬂ%ﬁﬁﬁeﬁéigpri sing stabilised heavy
nmetals Tr I'C

om wast e, are suitable for uses like
construction and/or land filling
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.

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
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.



materials. According to a first aspect, the invention
relates to a nethod for heavy netal stabilisation

WE@UpNIB68g: - m xi ng waste, conprising heavy pet/sém05/000117

wi th nol ecular sieve with the proviso that

car bon- based nol ecul ar sieve is excluded, and clay;

and - vitrifying the mxture. The conponents of the

m xture may be mixed in any order or optionally

according to a particular order. The vitrification is
carried out to stabilise the heavy netals by causing a
phase change anong the nol ecul ar sieve, clay and the
heAugorditigatosa tfirett aspeet] thal ihvetiondreledts 4 Methisd frfeavy metal
matrix or clay mnerals. By addition of nolecular

si eigbilisghien 6pMPHBEIGE y of ot her chemicals, according to

the invention, the incorporation capacity of heavy

net al s Dyai r o ] S [&S . .
pr oved g SR comBtisif Reall ARSEls” WifiiHblebular siove with the
coprowispettiat carboa-basedrimeleuldr sslesis laxeluded, arndelayebhad

may conprise adjusting the pH of the m xture to the

range of .8.0 - 12.0Q, preferably 9.5. The net hod

further YJ@I%'P%%% MK Adi ti on of alkali based and/or

phosphat e based conpounds, in particular, Na2Siq 3
anThe rcohgsdiients drethal lrkturdanay Heo rmLeddn ISP BRt Sptionally

based conmpound may be added in different proportions,
f AceoxdingIte a pattiedlar eedarangi ng from 50: 50 to 100:0 in
vol une of al kali based conmpound to phosphate based

ek L i cul Ar, tha Na2Si P b
COnREctp St ol Ao S 2 BT RN ABIER! SHR e ase
ofchempsi &bBong theRRRcular dieven G4y BAd tise hBBVPnidtals that chemically

vql.uge. The nmet hod may further conprise addi ng al um na
10 phigg " %ﬁ%&eﬁbe ,C??% Pt PEEIRYMingralsi By additiparas;melecular sieve,
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(A BPtionaM) G Sthet dHENTEHIS] 9¥EdH8inkf o4 invehtion, the incorporation

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.

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 particular, Na,SiO3 and/or NazPQO,. The alkali based
compound and phosphate based compound may be added in different
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,SiO; and Na;PO4 can be added in different proportions. For example, the
ratio of NaxSiO3 to NazPOy is from 50:50 to 100:0 in volume.



the m xture. Sludge fromwater and/or wastewater
treatnent plants nay be used as a source of alum na
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al um ni um hydr oxi de and/or al um ni um oxi de. As for the
nmol ecul ar si eve, any suitable nolecular sieve for the
pur pose of the present invention nay be used. However,
car bon- based nol ecul ar sieves &re particularly
excl uded fromthe present invention. Also, if the
waste i s nonhazardous waste containi ng heavy netal s,
then a nol ecul ar sieve nmay not be used for the nethod
of TR engthedertay Ayreidr 8BmMpASE CAdHIAG A10nfne @a%%@%oﬁfpounds in
the invention, the nolecular sieve may be natural
arRgrtieulan ralketinigm hydiexide 6AK@QH)s)i andfermplurgisiunatoxidagAl,0s) to
Si ? QH oAl . According to another aspect, the Si
ng or is substituted by at |east one of B, Ca, Zn,
Ga, Ge, Ti, V, Fe or P. Further suitable substituents
rTESludgedrm'e watst. ari@hier wastewbtenttreatmient Hastsemagybdaised as a

e &) SLaoasanest GumbAUN R @afbn B2 SPute pegluminium

alrﬁfar@ﬁa@rahaﬁaramurhﬁﬂﬁﬁm&n@eof B, Ca, Zn, Ga, Ge, Ti,
P, Si . The nol ecul ar si eve(s) may have a

porous -struct ure of di fferent pore sizes. Exanples of
mAstonitke moleqdsr Slﬁ&’eu@@y sweitatle opaepar sieve doi the, purpose of the

P s OPS oo o e TRl RS s ar

ﬁmarm:lamy tekeluldednfreim ﬁfeelpireéémtlﬁ\@éhﬂbnzwbd)t i &bo\%ste is non-
petrol eunt pet rochenj cal refini n? processes (FCC and/ or
®

rgQusovastegcantainingaheayungtalatbeaianmetecularesiens may not be
a%%% megh;% éﬂbgyrlig%t%\@{tio%es - Ppreparing a

pre- sta i s€ mXing waste, conprising
heavy rretals wi th nol ecular sieve (with the proviso
t tﬁaicoaﬁngdommabawloémé avention, the molecular sieve may be natural

and/or synthetic. In particular, it comprises at least Si and/or Al. According to
another aspect, the Si and/or Al is substituted by at least one of B, Ca, Zn,
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
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

comprises:



sieve is excluded); - mxing the pre-stabilised
mxture 1 with clay formng a pre-stabilised m xture

WQ@2008007368 vitri fying the obtai ned m xture. TherP@i/$G2008000117

is vitrified to stabilise the heavy netals by causing
a phase change anong the nol ecul ar sieve, clay and
heavy netals. According to a particul ar aspect of the
i nvention, the steps involved i'n the preparation of
the pre-stabilised mxture 2 may conprise: - mXxing
wast e, conprising heavy netals with the nol ecul ar
sieve; and - adding al kali based and/or phosphate

based preparing dsptesstbbliised raixfurest dbirhixirrpwaistd, lb”d?nénsmg heavy
@e?ﬁq the pre-stabilised mxture 1 with clay to form
th

& W gtmp‘eg:g rnsiQye{with. the prexisenthat irarbon-based molecular
pr l;@émetureZto age. In particular, the
stgg‘?%&bé%fdl ng aI kali based and/ or phosphate based
conmpounds conprises the addition of Na2Siq 3 and/or
Na3 Pe4miXinga tive aperstabitised fmixtrept ewith altay ifomaingi at preestabilised
1 l%ntgllor @y further conprise adding at |east an
al " compound, in particular, alumnium
hydrOX| de and/or Al2C3 to the pre-stabilised mxture

at t heitsfyiy thersbtaebanixtge, af ter the addition of

--al kal i -based and/or phosphate based conpounds, in.

ticular, Na2Sig 3 and/or Na3PO4. The m xing steps
i nb@ﬂ Vitur 'ﬁh\é‘t"if@%gbl shabitisee thenhaaviyometaly by causingea phase

acinelbegMoRaa B Sffe Far A Plek PR Co any

ot her aspect of the invention may further conprise a

stAap:omtﬂlngdtm agaaztlcduaas!spenteof lthex iimgrdioaNthé stépe involved in the
the fluxing agent may be

10 qugp@ratlon ofl?he pre- la%lhsed mixture 2 may comprise:
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- mixing waste, comprising heavy metals with 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
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 NazPO,.

The preparation of the pre-stabilised mixtures 1 and/or 2 may further comprise
adding at least an alumina based compound, in particular, aluminium
hydroxide and/or Al,O3 to the pre-stabilised mixture at the same time, before
or after the addition of alkali based and/or phosphate based compounds, in
particular, NaZSida and/or NazPO,. The mixing steps involved in the method

of the invention may be carried out in any particular order.



The vitrification process of any enbodi nent according
to the invention nay be achi eved by using a high
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According to a particular aspect, the vitrification

process may conprise the followng firing profile: A
heating fromroomtenperature to 450 - 550 0C, B:

constant tenperature at 450 - 850 0C, C. heating from

Bto 750 - 9000C, D:. constant tenperature at 750 -

9000C, E: heating fromD to 900 - 13000C, F: constant
terrperature fromE, and G cooling. In particular, the

f iAdcogdipg ctbl ér&)tbér aSpectEofﬂme VRO ethee AHethed fa"c%mdﬂwg to any
to,950 - 9&) In particul ar, thetenperatureo

SO %?Peét AN InYRNtOASERY Arthie CPRPESE A stepohaddingoat least

ng%fg}t)(ﬂt% ﬁ%?@ﬁts ﬂ;l% :ﬁﬂﬂé@é %ﬁ)#{ Clﬁ%le ﬂﬂhﬁﬁ Q%Bgﬂlz g}aé({pe borate.

B; 30 mnutes to 12 hours in step D; 30 mnutes to 60
thmeg/lﬁnﬁcam@*ppmceSB@f Bay gmidditnenmp acedrding l@etherld\iemmn may be

t Sl Z e an em cal conposition of th
naCEVEE " b G ¥ St ieratin eRmepbeonpr i 1400 degrees
ugRgkius.- €. tunnel furnace, batch furnace or rotary
furnace. The cooling of step G may be natural cooling.
According to a further aspect, the invention relates

t HCOTAING it |aeeaﬁmwc@snmt,atheewtmﬂca¢mn Pmabsse nyy thmprise the

ﬁngodl ment of the invention. The product
acco%ihr'?@%{ invention is a val ue added product
conprising stabilised heavy netals, wherein the
pr odArc heaingifroit radm éemperaturet toaf508- BB Car e
B: constant temperature at 450 - 550 °C;
heating from B to 750 - 900°C;
constant temperature at 750 - 900°C;
heating from D to 900 - 1300°C;

constant temperature from E; and

@ 1T Mmoo

: 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
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

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.



of at least waste, conprising heavy netals, the
nmol ecul ar sieve and clay. As for nol ecul ar sieve, any
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and/ or Si based nol ecul ar sieve. Carbon-based

nol ecul ar sieves are not suitable and therefore

excl uded for the purposes of the present invention.
The product of the invention néy be a product wherein
the m xture which is vitrified further conprises at

| east one of al kali based, phosphate based or alum na
based conmpounds. In particular, the alkali based

coifheprdduetyaduoriingSoathd, invBetidrh @S Bhatlge kaged rS%BHH%’(L%prising
ma %ﬁ I\Ia1 PO, and the al unjna based conpound may be _
al BiRHise Y dRei@ds. wherein) the pieduel isa viifisdupnodictief a mixture

' ' roduct 1s
(24E8Pot G550 LRV WSedGEUEL e i
byfas rre?lac'ulag steve, @nyt sabﬁdﬁif ﬁtblmu{ar_USievté ﬁﬁthr be LUBEd W% (Referably
. th the proviso tha
o oA BROBE i asCrbreata ous: Samarr basas malensian siewes are not

t heyiftitte 8hathéretsid éﬁdﬂd@oefom%‘ﬁﬁhﬁ)\ées-gﬁhe present invention. The

pre-stabilised mxture my er conprisera

onRrogiuckiok dhe inaestion Fha;rbmtaep:nidnlm whefdémrtheanMgréd which is
| [ t sed conpound . . )

e OnlrtieP s tRrises A orist Brasalkel issada pegphate based or

NeSB¥in b s Sofpstinga. RBaHICHRIP Qlkﬁﬁﬁa@%p@e@d&%&g may be

and/ or Al 203. The product obtainable or o _ _
Oacthsr Bhegphate dased maraponnd mefy bé ARGy tEndnthiesalumina

o Sl aneeg e BRI ko BRI ancror st
viaxidé (AdsOpr oduct may be, for exanple, in the form of

bricks, cinder blocks, tiles, concrete aggregates,
i@gd-li.ke raw material for concrete or land fill

%ﬁqf@r‘,g tgrar@reé(;@d__ime,gé @g:gpg@ypé isretieh ithat ther mixture which is
CO/NFifieY Os Bbthirdd 6P BEPATIY A pre-stabilised mixture comprising waste
and molecular sieve (with the proviso that carbon-based molecular sieve is
excluded), and mixing the pre-stabilised mixture with clay. The pre-stabilised
mixture may further comprise at least one of alkali based, phosphate based or
alumina based compounds. In particular, the alkali based compound may be
NaSiO3, the phosphate based compound may be NazPO, and the alumina
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 reclamationffilling.

The vitrified product may be, for example, in the form of bricks, cinder blocks,
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



road barrier, erosion control blocks, construction
bl ocks, retaining wall blocks, rail road ties, bricks
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tiles forpatio or sidewal k, sewer or drain pipes,
fibre glass insulation, ceiling tiles, wall boards,
roofing tiles, and floor tiles. Brief description of
the figures Figure 1 illustratd8 a particul ar

enbodi nent of the nethod of the invention. Figure 2
illustrates a particul ar enbodi mrent of the nethod of
the invention. Figure 3 shows tenperature profile of

t hpatio oF BideMalic SsWer Gt Arain8pes, fibre YddsGH5aat] iling ti
enpodi ment of the inventi opri gur e@4 shows tlﬂr('e' ?eallyl/nogu%“es’ wall

of PRAfAs otRofingitles, andflqar tiese enbodi nent of the net hod
of the invention. The various units referred to in the
Figure are as follows: Ais the waste storage unit, B
is the pre-treatnent unit for the waste unit, C

consists of the chemicals and additives silo units, D

i sBrigf iptign @fithe figuies t he clay storage unit, Fis

the ageing unit, Gis the shaping unit, His the

Dl 4l B A 5 BB

The present invention relates to a nethod for

stabilising certain contam nants including toxic

neF?'QPTq ¢ iIustatrma Pagicyiargrabodimant of thesmiethod efitbiesnvention.

i ke wastewater, sludge, and/or solid waste. The waste

may be industrial waste conprising heavy netals. The
wesigereTdy shbes temperatureo profilassfe e Mipihigs pretdigad¥cording to a
net al.s.. The invention further provides a nmethod to
stRasticylaeembrgimeptefihe ivanlioRent s as wel | as many

ot her types of contam nants other than heavy

net al s. According to one aspect, the present invention
pridgurged shaves thoel ldymut hefavaricust anhitss isdd lin satd embodiment of the

S\Aon‘ﬁtrhﬁs’i: g@meafnrﬂg’%ﬁ %;L\?eirpil%nmiitss iré}‘grrgg%t\éyinn%eall:i%ure are as
follows: A is the waste storage unit, B is the pre-treatment unit for the waste
unit, C consists of the chemicals and add‘itives 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.

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
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.
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and clay; and - vitrifying the mxture. As for the

wodosowidss si eve, any suitable nol ecul ar si evePEDsG200£000117

10

15

20

25

pur pose of the present invention may be used.

Car bon- based nol ecul ar sieves are not suitable and
therefore particularly excluded fromthe present

i nvention. Accordingly, for th&lpurposes of the
present invention the wording "nol ecul ar sieve" or
"ol ecul ar sieves" wll only refer to nol ecul ar
sieve(s) suitable for the purposes of the present

| nikecarding toEuee asbeotthexppesenttihventiom svRibs &NRethod for heavy
mrdﬁ%@gtﬁ@cul ar _sieve(s) wll not include
calGth 1iQp| EPTSING;i eve(s), which are disclai med

fromthe present invention. The conponents of the

m Xt ur e mRind aistel &brhpti : P%é?f"mﬁ%ﬁ?%b%éﬂelcﬁlar sieve with the

according to a particula
vi provispdhat earbendiasedmaoleculan sieviess exoludet pand Blay; and
re-crystallised structure. The vitrification is

carried . ilise the heavy netals by causing a
phase ch@ﬁ@%ﬁgﬁ@%aﬁiﬁht&ml ecul ar sieve, clay and heavy
nmetals. According to the present invention the waste

neAefdrahe maelepulan siegehamy yuitdiiamolet§lafseod fHPER! hibose of the
with at | east nol ecular sieve and clay. After

viRTESEN: iMeptont Maywast Bsedc Smskohasedfmplesularnsieves are not

vad, i Wo : r oexanple, in :

L BORE 8 MRS LG, SERRE A ket fventon
t hscqoreisgly, fomthergurposes ohitHeeprovenn hvanlioMalsé ording “molecular
conpri,sin netal s. The waste conprising heavy

MUt Qfa's“&gg\\%ﬁﬁ%e will g5y gefe do enclaaalas sieve(alsvitable for
g?ﬁ%mﬁsé@bg t}\ﬁg'sé‘rgz,%éhf iflentBA! .‘Evgﬁsﬁ%tl é%@t[&gir{diéatted, the

: es o I'ncluding in rial
covgrding mglheaNgr sieveds$ will mok irtade Spetn-basd mdlequtar sieve(s),

absar ption. processes, ,spent carbon fromresidue oil
cr@Eﬁ'i?ﬁ@e BIS&L%%:@@?{O@ presesy IvvesHeRet r ocheni cal
The components of the mixture may be mixed in any order or optionally
according to a particular order.

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
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
wastewater, solid waste, and/or sludge. The waste may be industrial waste. A

non-limiting list of examples of waste, including industrial waste comprising



refining, spent catalyst from petrol eum petrochem cal
refining, spent waste and/or sludge from petrol eum
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sem conduct or processes contai ning arseni c and ot her
metal s, incinerator bottom ash and/or fly ash, spent
copper slag and sludge fromship sand bl asting, waste
sl udge from wat er and/ or wastewater treatnent plants,
saw ng and/ or etching waste from el ectronics
industries, slag fromnetal refining, TiO2 waste from
pai nt industries, heavy netal contam nated cl ay,

mbegammetﬂrst inoburesai sperg  barbon Iff@iwla)wnﬁtuﬂnmr@b@ﬁes spent
nmetals. An exanpl e of

e of ste nt ai.nin heav
sp Aroop &B’ahf‘?sﬂ‘ghlﬁ st%rﬁgk'nsnp B8RS IO Flay &mm petrochemical
re r
oo, ST R S0 R R hiboioh et e, Spent waste
pean@/Oheahldm fios i petrajeim andh/pdrpﬁtro&;hbmn@alcraiﬂalrmtwaste sludge

C PEORE SIS ppraees Caﬁ&ﬂﬁ@ﬂ@é&%ﬁh@ ?%‘ncfh@ther metals,
l NineMeraor WottbnP&sh Bﬁé/b’r\(zzua%hw% bRt co % sludge from ship

conprl sin heav met al s y no ere
besand hla$ ngewaéte aludgerfrom wam:arwmsmmmaestrebanent plants,

- rEdwPHoadiet <tEhiRg, T TRl SolebtiCBE RE0SH S aldg Tom metal
i n@lnINQOnTlofé \ﬁéét@nﬁdnﬁéamtﬁhbﬁﬁﬁ*ley h¥awy ?net’@/ﬂ'c%h déFﬁMated clay,

be solid uid, sem-liquid or sem -solid,
oriNPFgaNiG k\@as gofpntaining Reavy metals sand hany ;mmr type of waste

t t u or t
g%&ﬁélhﬂl H?agan f"nét sg n'gh oéx%]ﬁ@llef &f fqo(ne fram aksorption
spgrocésse and |frlom wbld@e il loraeKi ﬁ@%ﬁoé@s%b@ |§’ba|=l’§l oxidation carbon
E%ﬁé onnmental Pr ot ection Agenc

Xht Ap: examplepel soent Caia?)/'ékﬁrqmtéetﬁ«n@wemlcabrref ining is a
r?filéén Eat\%}y Sﬂ?@@%é&(lﬁ@%@@rﬁ&éhcg‘%x tposes of

the
While in general the waste comprising heavy metals according to the

invention will be “hazardous waste”, any 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
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

hazardous waste.

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



present invention will be evident to those skilled in
the art. The waste conprising heavy netals can be in

wamyshoney for exanple, liquid, solid, or a mRCT/sE2005/000117

thereof. Liquid waste may al so be de-watered or heavy

nmetal s may be precipitated, using standard

t echnol ogi es, before being processed according to the

i nvention. The term heavy netall3i s understood to nean

any heavy netal which may be considered toxic or

hazardous to life form For exanple, to animals,

i ncl udi ng humans, m croorgani sns, or plants. The term

" hEbe ywante alonuprisieghgang nadtals can definned o, ies rample, liquid,
[ but not limted to,

i sing h | s" | udes,
?rgn@H?an dﬂe,‘yr\ée{r‘egfr&?fi i d{{Jﬁéé,mﬁﬁtaﬁcP ibe dewyatarad or heavy

anpeitdls AR Hee drokipitatea Ndif dQFagBQF@W@BHﬁoIBQ%é?’ﬁ before being

metal s incl'ude, "but  not fimt to, arsenic,
chpi®eeased aoterding todppdnvendiainl i um | ead, nmagnesi um
manganese, nol ybdenum -nickel, silver, palladium

5 g'ngﬁéf E%ﬂ ihggw R’iéé‘g‘ |(§It Lﬂ’g%sr%t%?)ﬂ etch) [@%rg ?ng}/haqr%gi n%g%al %I\Ilhrl]gh may be
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i nomsidered tokie orRiZRreOIEtd FeTerMeRYY eXEhBle th S mmégsjincluding
with the nol ecul ar sieve. Ml ecular sieve Is deﬂ ne
i NNYMARS JMiFPRIANiSMaS, of Rianisd Thietterm ‘hieevymetalisr heavy metals”

: el g Qr. th u se, of .

Ao reines iR R SR hhER diftals” dnblEethalERSt fimied to,
cripetallic sy chetatlic vormpoondssr metais @pﬁ?buﬁHUéﬁéné,héﬁd the like.
are denpnstrated py djstinct X-ray diffraction

pa*f’faépﬂ@?’ qégaé?ﬁfgiuél sanLMelals Hilydessbwtanet ligitednty, arsenic,

M h IrStak CoQfi LD j f :
PSR o 15881 Srhr iyt Tl 86y, anganese.
dimsolybdanenh, nitiiet siiver, p@illagiem,qﬁatimﬂnﬁ@@ehiuh%duhgstbﬁ, uranium,
m ORI QUS net a *ho ﬁ(rphyrl n solids, which have been
|

de €O 49C¢ €al ., 2002, Nature Materials, 1,
118-121 (the content of which is herein incorporated

byAdoeréihgrteahe nrétho ot TRe TaveiBnCHERE8@ comprising heavy metals
is mixed with the molecular sieve.

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
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
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



identified as PIZA-1 (Kosal et al.). Another exanple
is SAPO which is silicaalum no- phosphate. These are
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rings structures. The ring structures can have an

aver age poresize ranging fromabout 3.5 angstrons to

10 angstrons (Devel oped by Uni on Carbi de,
http://crtc.caer.uky. edu/text.Mm. The nol ecul ar

sieve may be in the formof powder or pellets. For the

pur pose of the present invention, the term "nol ecul ar

sieve" as used herein will exclude carbon-based

no$ize vanrging ifroreabast 845 Aogsttom$so 40 drigshrohfN IR\ by Union
of 8&9&: r h_%/g{?er. ri n(gwthe step_of vitrification, )

hi G %g?ﬁfé G Faer- Wneedtaxt.himy. nEherataleeuiasn siewe may be in the
PrRFAYF ddﬂ\)&é?tdr%llefshus maki ng car bon-based nol ecul ar

sieves i nappropriate for the present invention.

Further, nolecul ar sieve as referred to in the present
i vehthedrurpesas of thepresent daentione the permofmotecatarl sieve” as used

S B8P il eRUBHE rbonastd xholeebE Seiss 88 caibes puras at high
sytehiperatureSYsTt BEOIC G0 hgHEraDEIRY 8e a%tr@guméfj aUitlriﬁcatio‘n, higher

prepared under hydrothermal conditlons
altemperatuces areuspddaphat metheldsof thee presany smadntionathuen making

F POk B IR, Bef PR OS Tie R s Eangingenton.

structure directing agents (tenplates). The proper

s ietitaromotdculamgiewé asireferfedetd inctie preBent MVEARLIAP M that at
pregér ation of a particular franework and pore networ
(

rong typgr of matacylarayieve or iat mixtureuet differentfeses of molecular
B‘é‘ié\%rs"\ﬂ%'ﬂ)e ddon, 1992). An exanple of a synthetic

nol ecul ar’steve I's PIZA-1 (Kosal et. al.). In
particul ar, nolecular sieve conprises at |east Si
arMddlecular sievestray bet iaturall reynthietisl SydtheticAmolecular sieves are

iafly chEhaed aUBRET oArRIeTel | eeniignerambselimesdigate or

byshespRateBRiIS! THEIPER/sBMdation is achieved through prolonged reaction in
an autoclave for 1-50 days and, often times, in the presence of structure
directing agents (templates). The proper selection of template is of extreme
importance for the preparation of a particular framework and pore 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.).

In particular, molecular sieve comprises 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,
SAPO, metal substituted aluminophosphates, MeAPO'’s where [Me0,], [AlIO3]
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.



as B, Ca, Zn, Ga, G Ti, V, Fe or P. The nol ecul ar
sieve may al so be in the form of conpl exes. For

wezxaspdBes crystal | i ne al um nophosphat e conposi PCDS62005/000117
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SAPQO, netal substituted al um nophosphates, MAPO s
where [MeQ2] , [AI2] and [PO2] forma tetrahedral

m croporous structure, and Me is a netal source having
one or nore divalent elenents, 1¥n, M1, Fe, My and Co,
and trivalent Fe, netal sul phide nolecul ar sieves and
nmet al | ozi nc phosphate conpositions. A particul ar

exanpl e of a nolecular sieve is zeolite. Zeolites are

f r Anpanticllas iekanfple of eonwiledulagsiele iig izeblitec Mddlites are framework
edrons of Si4 _and ALO4. The alum no-silicate

tetra . .

st?'[!‘&ft‘r}G? eCORSIgting, 1 ofy dntpriesking ctetrahgdeans oft Si@heand AIO;. The
oS Line aat e ¢ hi olite o N

oSS HEL Sl €SB iSRRG e posive

hasationsabat fesidé within. Zealitesshaveclarge vacahtuspaces or cages in their

pot asstl um ﬂ]bairi um cal cium or other heavy netals an
r

r PGSy : '@%‘f‘%ﬂp@&ﬁl % Igrae &AleRs p8sstrdiums potassium,
Ve Aium 2BHRH D Biker. K6 Ss' M r@lré:ﬁ\éé‘lyt P& hORBules and

In the preferred zeolites,” the spaces a

i NARIPR @NPLRS sdchasg watemanmnmgnivimlmnshaarbeinatefonsaand nitrate ions.
sizes dependi -on the mneral .. These channels allow .. . . .
bR A e Reb Ty -PSE e MdehRNREL Sl 1o ong wide
| rerimthefsubf \Fﬁ‘r%/hbﬁsiﬁésf @%ﬁéﬂcﬁng 4RThé MAReRE TIELE Ehnels gllow the
exchange, filtering, odour renoval, chem cal sieve an
gRAYTBEYeMEDhot thekresident ionssandwiblecutesin arskoditasf the structure.
zeolites is in water softeners. Calciumin water can

CaZEtﬁ" . ¢ le of formn cum and,

pOSI n'éégof) %angr'gﬁﬁ'{é)%Q ?ﬂggbﬁ'?%)@fg'c%é'&m\ﬂ"@ﬂ & 'ﬁﬁ[:]ﬁ"eve and
| eyes Gbsogition tawkisUMHeo Mrostaweh! ki Nsehd6rd 2886185 {s0in water
pass, through its structure and exchange the cal ci um

f

SIOMERErSs SeRlGivm Bhwaterkan eaise i te arg" and capable of forming
SIS0l osht? I ot P RS e LA tess
exdamaging Spdiumtions ¥ah allowzibe! hdrd, water tapash throighYiestructure
z %%Idi éx%ha%gg _tge %gﬁ:iubrﬁ r%grr t %nsic}dei}dm)i(érgg. be

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

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

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.



zeolite and A-type zeolite, ZK-5, ZK-4, synthetic
zeolite |like FCC/RCC zeolites, faujasite,
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Mol ecul ar Si eves: Structure, Chemi stry and Use, Donal d
Breck, Mal abar F., 1984; Zeolites and clay mnerals as
sorbents and nol ecul ar sieves, R M Barrer, London,
Academ ¢ Press, 1978; Catal ysi $6and zeolites:
fundanmental s and applications, J. Witkanp, L.Puppe,
New Yor k, Springer, 1999; Synthesis of porous
materials: zeolites, clays, and nanostructures, Mario

L. Afxca eddurce Hefneeolfes singr zediktavbbeed . cdrBdund Db BAYEEmposition
ure thereof of zeolites can be used in

t _a i
t%&gfﬁ’e%ag go)ﬁiehsaﬂ R HEEDnFomeEanplg, zeqfity ofrdljffergnt pare size,

Stpiit Wedlitf fréhd P@fr@%hnﬂggﬁoaﬂéﬁﬁaﬁ?efﬁirﬁ 55'}8&%%%31 spent zeolite

zeol ite, any zeolite-bas compound or y €O |
cofiigmi petrglenisv refiringaprdoessse dnvélvinge feampremovab ®ri Rtraction of

of different _pore size, spent zeolite from
pe’f‘?%wyénﬁf%%ffsgbﬂéﬁi'EVaFeP@tPFbﬁ%?& ’BP%%@J;%@%C,’ cepwpunds. -
zeolite frompetroleumrefining processes involving

t ot efiev apuPos X tdfacthieOprakeheaiyeABSR! Safk O%@goupﬁ having
slurry, zeolite-based materials and conpourds. r e
puhasaetegstiesner behasdour similanta that ofizgoliteayibe Used. These-may

S P Bk LS o ovies o o
r edidlledaslrson akatza) E6Rpanad PAVRY cHéra&‘ﬂg'riEti&?sigMia‘il%H/or having

to any skilled person that any conpoun avin
c rafunetion isimilartodhat phzedliteimay beiused fer therpurpose of the present

Si to . z ' v he for the purpose
of'mt/ ’gr"é‘f eAs{éér%’?&llnﬁEyén'?‘?!)ér@ ?a/&gg%ly gi ﬁ%ﬁﬁgu ?eV&WFQrH@FeeJ@t been
calgsaribes imtthetprossst applidation ateaelli e thdl8cdlBe sRVES&Sthpounds
appl.ication as well as nol ecul ar sieve conpounds which
ha\!@@dhg'la"l?eéﬁt bespodiscaverpd: yetaase withinthehsceps o the present
t hvdtippent invention. Heavy netal ions in waste and

preci pitated conpounds adsorb onto the

Heavy metal ions in waste and precipitated compounds adsorb onto the
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”
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 elenﬁents: magnesium, iron, potassium, sodium and oxygen. Shale and
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



nol ecul ar sieve structure and clay mneral structure.
The process of the invention may utilise various types
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synt hesi sed. For the purpose of the present

di scl osure, the term"clay" includes the term"shale".
The term"clay" also includes a m xture of different
types of clay or shale and a mi%&ture of clay and
shale. 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

otimey temhariieean}i/an groundr clay.aCrRiyebie BRAeSsuitHMEI¢61 tH8 invention
|ron,a¢)ot assi um sodi um and oxygen. Shale and clay are

si Me e.fpp exapple.okaalinitai ppd/ior meontmastienite anenthosa comprising
thl.‘ﬁirgﬁ ls&RaPincARR A r(é@%ﬁ)’é@@b?-%ﬁlld&@es.hardness and

friability as are erences in geol ogi cal
and climatic conditions both at tine of the fornmation

o SIS, o o b T RS A scon s
G graorsontrsbe oy ety ien ot i of ooen an

a hydregers iatonss svhickaare betwearhthel tweelayes Timyclag miheral particles
S Gs AAT eREH TOMER B8 Al s o v
al prticlas sMdgpiabrien aftllitdH #érp?édeYsoﬁﬂ%f%é%ldﬁﬂ?\%ﬁgaﬁoms in some

consi st of layers of alum niumand silicon ions
at@as Nioeras Repjacerhle ispdivng.geaicitmand potassitrrians oosur on the

f d .Which b the two.
O B AR R M TRy LD EhAES B d2eblS fons or
byars/ ieat rarst aiolecuiinaragers enwate sativeanaheadlsy pdafieLletermine
tqe plartl cles. Magnesium and iron replace sone of the

all9 @ laragexieshthe plastivreronestieseha claysninesal aceabl e

sodi um cal ci um and potassi umions occur on the

Suthpcen thRdbs i ' ef ies:

Thesg r epﬁﬂaceaﬂﬁgﬁi %éﬂg{rw%r%!/ bn%srbgégb%@gﬁ[er{:d&?grﬁﬁee categories:

| dpolisitesf, metrémobilomitasn aride iltifesy Tiee t Kadlidtedefreupr ineludes the

to a |ar e|.e ter&t ktherpl aFtic Pro erties of a clay

mMaptd! Kaolinite, dickite, nacrite, halloysite, anauxite and allophane; all of
which are hydrous aluminum silicates. Montmorillonite, saponite, notronite,
hectorite and beidellite comprise the montmorillonite group and consist of
hydrous silicates of aluminum, magnesium, iron and some varieties of lithium.
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 also be used.

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



Cay, on the basis of their mneralogy, is grouped
under three categories: kaolinites, nontnorillonites

w@nasiod13sg es. The Kaol i nite group includes thepai/sez0ab/000117
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kaolinite, dickite, nacrite, halloysite, anauxite and
al  ophane; all of which are hydrous al um num
silicates. Montnorillonite, saponite, notronite,
hectorite and beidellite conprii®e the nontnorillonite
group and consi st of hydrous silicates of alum num
magnesi um iron and sone varieties of |ithium

Mont nmoril |l onites comonly contain cal ciumand sodi um

asinveplier éalal propenly dddigries] rr&;eeralfgtr@uaa?agmarb,aﬁ viB@ave to be
appl i ed ho &hﬁ’?m cacepus varieties of clay which are

c o IUShGH I e desiredi$ige- of potassium al umi num iron

and magnesi um Al though Kaolinite and Montnorillonite

are preferred, other clay and shal e have been found to
wohkearding: fei ang eotasimant] theynethed df ¢he smekntibhecarhpiyses mixing

i i | ] ' ticl duri )

or B PRthel Bid B amelaiE W86 peie et Steve bskoigy. Optionaly,
MedtRIrhich0 additipes TKE" alksll aé_séw_taﬁanir%dsfp%g?é Besbd VBrBunds, in
of the foregoing sources, it is processed into a very

f | PrEtipIAE, Ngaesf(gr gndiassiag?Qy miay| beegdderd tonthe anixture. Other

Pridmbydhdy 2 S afuiitar Baspl, | RrindiieR, i, pBriftuay; | pluminium
haweiroxidee(AN@H) uattior alurtinRindeside JASCLS mAY 4 Hdded to the

to one enbodinent, the nethod of the invention
cIRpureeas meﬂrﬁaemgpmpwaﬁﬁﬂ%mwﬁwbmueg iniany particular

B TR B he vy R 1Rty R B procuce
coffpomidare isropiimntilg aged beliad $h&Riteficktion d8gPO4, may
be added to the m xture. Other conpounds |ike alum na

(Kiesyel) BRI 19 heticiies frahstintenbel haymisstanat various

t QoriSorEnts HFEnfited'? 4 partle@Rf F@apounds do not have to

be mxed in any particular order. The obtained m xture

is then vitrified to create the val ue added product.
The alkali based and/or phosphate based compounds may be used to

precipitate the heavy metals from the waste (in particular industrial waste) to
convert the contaminants (heavy metals) into a solid form. In particular, the
alkali based and/or phosphate based compounds may be Na,SiO; and/or
Na;PO,. The heavy metals will be contained within the stabilised mass as part
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
a solid, 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



The m xture is optionally aged before the
vitrification step. However, according to a particular

wenedysesit of the invention, the various conppCESGE05/000117
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are mxed in a particular order. The al kali based
and/ or phosphat e based conpounds may be used to
precipitate the heavy netals fromthe waste (in
particular industrial waste) td9convert the

contami nants (heavy netals) into a solid form In
particul ar, the al kali based and/ or phosphate based
conpounds nmay be Na2Si O3 and/ or Na2PO4. The heavy

mepedcessi lilvdiees ochernivadl prddipitatioRe shéridal SEsERESN ASphysical
part of ﬁt}e n%%frl al structure. This technology is
deSPIFRIYIFUPNRRY Erervstallisalieg- t er m probl em of di sposal

of waste that cannot be regulated or further reduced

I NAN@hId e 1R - I % in.the, ..
For oy easHieABEURLS M 20N H0pa © SRmifuld o rationa
pr Yabilisation raftsick.etn tpasticdan eAKOb); aind/dve AliGilintay be added. In

el SFEURF. Rldsfte bBesd ol aluraiPaia asmig ahina may b selected
ot foe rthigustapHiestior ites Auedtad it@%ﬁ?g%ﬁ%ﬂ?@agﬁ/%l%w&ﬂﬁﬁ forms of

or encapsul ate the waste in a so
peleatsani algo hruseds dhenmeta stabje fahasehgamemayombetal phase of

o 0385 BRI B5 UROLFR 108 04 S oS rumber

preatiopi hvatancies ¢ ke nbeclpyadaormhiem, HeY dvaihble rahedral and

encapsul ati on and re-crystallisation. A um na ba{(sate
cARtauRal sltgs i dhe weydakdualse has anfexgeisarface area. As a result

Lt . st ahili g Ln. tigcul . .
Zﬁl(;lg% grbghlgfmocgmﬁlle?gg{rlrg§ ngﬁg%géeaqdrsd eggplli ﬁé%gr;:#c’isorptlon and ion
nmep@hanhgel e phase of al umina or gamma-al um na may be
selected for this stabilisation step due to its

properties, Alterpatively, other fornms of Al 203 can
al'%:)foﬁ ngstey a 'ﬂ?éH%?'é eﬁ{mﬁ)@e@ﬁaﬁ& ip¥eRtioroprowdas a method

Phdpridingl um na has a defected spinal structure which
allows a well defined nunmber of

- 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

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



cation vacancies to occupy, at random the avail able
tetrahedral and octahedral sites in the crystal. It

w@ab®e/ovmses a | arge surface area. As a result thBCESGH08000117
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hi gh concentration of surface acid sites for better
adsorption and ion exchange. According to a particul ar
enbodi nent, the invention provides a nethod
conprising: - preparing a pre- 20 abilised mxture 1 by
m xi ng waste, conprising heavy netals, wth nol ecul ar
sieve (wth the proviso that car bon- based mol ecul ar
sieve is excluded); - mxing the pre-stabilised

detememrw ishvitified to statilse tns ehazivgbinetl§ chyricsusing a phase
and - V|tr|m§/|n t he gbtained mxture. In

paﬁ*\fansmaavons warsieyn. clay and heawimetalsure 1 is

a slurry-based m xture. A slurry-based m xture may be

deddderdinglod ﬁh?ﬂcha‘? rﬁéth%t %p%fﬁ}ﬁépé*a‘%hd@‘ tABPre-stabilised

i nsol ubl & sol i ds. urr
pﬂeyaﬂednamcommwmg to standard technol ogi es and
nmet hods known by the person skilled in the art. In

bt i K BE WS SotlreTEa B HetoE i P plebulisions:

m xture woul d be preferabl e. The mxture is vitrified

t o st abidingsalkah®a8ed\shdiet phésphaté Qié%bﬂgc&nﬁ&ﬁd%— obtaining the
change apnng t he nol ecul ar sieve, clay and heav

néraistabi mituee 1o a particul ar method, the step of
preparation of the pre-stabilised mxture may

I i th
e, ang o, BblniB the prt S| SAEE i o

phosphat e based conpoundS7 obtai ning the
pr e-stealying thed pré-stabilisedl; mixture 2 to age, obtaining the pre-stabilised

mixture 3.

In particular, the step of adding alkali based and/or phosphate based
compounds comprises the addition of Na,SiO3 and/or Na,POQ,. Further, the
pre-stabilised mixture 1 obtained may be a slurry-based mixture.

The preparation of the pre-stabilised mixture may further comprise adding at
least an alumina based compound, in particular, Al(OH); and/or Al,O; 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,SiO3; and/or NazPO,.

According to a more particular embodiment, which is exemplified in Figures 1
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
phosphate based compounds, in particular, Na,SiO3; and/or Nas;PQ,, and/or



- adding clay, obtaining the pre-stabilised m xture 2;

and - leaving the pre-stabilised mxture 2 to age,
wo@bdoaisizegy the pre-stabilised m xture 3. | n pap¢T/8G2085/000117

the step of adding al kali based and/or phosphate based

conmpounds conprises the addition of Na2Siq 3 and/or

Na2PO . Further, the pre-stabilised m xture 1 obtained

may be a slurry-based mi xture. 2the preparation of the

pre-stabilised m xture may further conprise addi ng at

| east an al um na based conpound, in particular,

Al (OH)3 and/or Al203 to the pre-stabilised m xture at

t hellmama uam ctrabourds)ringsarticulah eAIROB) bﬁd/deAI£rd3§ may also be
phosphat e based conpounds

aI k d/ or
ddtied (i gﬁﬁ/wﬁpﬁfﬁ}?ﬁhé’(é hBaBEisiabiisednmitieg) (8p The pre-
Nagt%bﬂ%eaﬂﬁ&ﬁlre'\(@) gy be'fe bt Idé"ag(ptré? sﬁadf?sra?loﬂ%rtéfﬁ §5‘ Eﬁd the aged

nbodi ment , I S exenp gures
t hmlegteh éﬂreostabﬂleed nWéxtreod) 09 rtbeln q:rsce&reﬁo actodig to the final

5 CoisTIcBfhy S yetaficle f 1 ayS BRUH i oxaranified by amow A
( pineF Ui, l@ﬁﬁdr@ﬂysf@ﬂﬁarjdla 'ﬁ\év BE ddifedPifind grf&tbl’esﬁgrmg the

mxture (1) w ay or shale in order to o
pr@laﬂt%@w. &ren\mﬂgahoq t9s §b®wn§1yaanrbwsatlm drigureatje The agelng

ture-(final.stage).
AI it§??98§§e| c%géd}aé gﬁ g&?ﬁ%@ 'gge{ﬁeeorrpounds in
particul ar, Na2Si O3 and/or Na3PO4, and/oral um na based

colm'p'msubmmédwthaamé sulhemes@f(]?@d)rés ANGA@R Ae2bdefulMY the ease of
al so, be, added ?r{{]l ng the ﬁaratl on of the
10 - @ndgrsianding: 9f fheRipeess pf t e'ﬂﬁéefi!it@\stfd@WBV%redhe scope of the

M pREtH; bnz)in L IOHelsl Aot Iui-nﬁed‘qs 4 ha Sﬁ%‘ﬂgw)%f %fggg)aélt SWiined in

3) an m xture (pre-sta
tH'eugumsodemddZadnofatht ng/alstethmléouimi slaveel Icflayiaéﬂdﬂlhe optional

Ie of the ahqve rrethod is exenplified
a’%’%@n %g‘i)" ﬁ giHED s at!ﬁ? 13nd Pﬁph%@ha!eégaaedychemlcals
bana galedulap, n\ba?sm) labfordN tBRdf t
vitri f| cation 1 hown ' yé%F:trQ%WQ él[]ﬁhné &gs%db%%%unds in
15 aguartieular, Al(OH); and/or Al,O3, may be added and mlxed in any order. It will
be understood that any feature, condition or compound mentioned in the
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:



step is also indicated as pre-crystallisation step. It
is submtted that the schenmes of Figures 1 and 2 are
wais@bnd736or t he ease of understandi ng of the ppoeemosH00117

the invention. However, the scope of the nethod of
invention is not limted to such a particular order as
outlined in Figures 1 and 2. In fact, waste, nolecul ar
sieve, clay and the optional cRénical additives, such
as al kali based and/ or phosphate based chem cals, in
particul ar, Na2Si G3 and/or Na PO, and al um na based
conpounds, in particular, A (OH)3 and/or Al O3, may be
added and m xed in any order. It will be understood
that an ature,..condition qr_conpound nentioned in
thgr%cggr;i&’?bsﬁa@f’sq;f?@ gﬁﬂ%‘?}li?n%ﬁﬁdo?) the invention can
be applied equally in the performance of any other
enbodi ment of the invention. As illustrated in Figures
1 Bretstabilisadonstagaifaccording to the second enmbodi nment

s TSy 2 o lafebL 58 Sputngl Sy oo
arwwoepﬂag@lo4,arm(©H?fr@¢Lﬁﬁmu% Mﬁ&r@k&id%?ﬁahhﬁﬁs Aﬁ{@ may be

vitrification step. [n particular, in process 1,
preeryeaiantlys stprefxirursepasatgi silee dofi Natying ecapaxitidsi {Eig.1). The

t - ey . | L . . - i to0.- R
2 Rredl jaduifis, i b8 Bl | BUR ceorPBRids. | Brogaal based
precmpalnids ard/onatimirg basdd e6mpourds. Phepsrtiabiak | hatdIRAi based

stages 1, 2 and 3) Pre-stabilisation stage 1
10 or Phpshpatebasas: campeundaimay beeNaz§oemnd¢naNa3Po4. The

(ST bR, PLlfPRUOR e ATELE) M A Qbny ont ent1

stored in separate silos of varying capacities :
dditives may be al kali based

ggﬁﬁ%l ' CWQS’H@ eh%f’%%%éﬂ% st Ffsindrstrigh wastes aad molecular
bagiese FRIPAYVEESlarddpadicld §i%6 Aowbiér, Bli&tdp RATG%Earried out if the

15 particles are already fine enough. The particle size at this stage should ideally
be in the sub micron range (1 pm - 250 pm).

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.



and/ or phosphate based conpounds may be Na2Si O3 and/ or
Na3PO4. The al um na based conpounds may be Al (CH) 3

w@anasny7368 203. Fine particle crushing may be cetT/8€2h05/000117

out for industrial wastes and nol ecul ar sieve that

have a | arge particle size. However, this step is not
carried out if the particles are already fine enough.

The particle size at this stag@3should ideally be in

the sub mcron range (1 mm- 250 mm). The nol ecul ar

sieve is introduced into a m xing tank or any ot her

sui tabl e contai ner or machi nery. Industrial wastes

cofrpr examplendheyratietofitbe insolebelar isievedduiaddstriat walskeis 1:2000 to

ta .t hou te and ,the | ecul ar sieve may be .
adey of fhaRFEhBMen SRE-naedius FarEs aacivoked. Siagddiion of
1 motédulsy sieve Mbéonfiled.Nt 0 a paste by the addition

of water and left to age, for exanple for 15 m nutes -
48_hours, to sufficiently allow ion exchange to occur.

| nTperRrecsiabitised idageydli myxiurends ithen deftitavagss forsexample, for 15
hopd: nd [ [ Cul . s, Fhi s_new
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t hhoamdsor pti on process can be reversed by a change in

the pH value. Preferably, the prestabilised stage 1
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i Nek: i t, @i < il s 40 Xt : .
, R Bl 15ty Ui P15 S SRR KoY il bas
i ngrRAfor Ohos?nlnatextmqlﬂdecompeunm.i FéoroéxarhplemNaifsm()j@énd/or NazPO,.
sigve to industrial waste is 1:2000 to 7:3 0 ry .

el fReRAL BlimiRe A6 oreciinds ek Beradsierk.dhe Aumina based
ad@bﬁl{)@urhd%f M RCHIdEd &t BeSsdMRY tiRR, %@fér&%ﬁ-aqﬂﬁhe addition of the
pre-stabilised stage 1 mxture is then ['eft to age,

f oalkalk Hased, aridier phosphateebasedi8ompounds) sughards blab8i0; or/and

t ) Xt [ Left, t f 5 m t - 24 h .
oSt Hirelroe naspd ompRunds iy beaRkOrSs andior Al0s. The
prgresstabilised ethge! @fixtlire is gently agitated and mixed.

The pH of the pre-stabilised stage 1 mixture (or of the 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.

For example, the alkali based and/or phosphate based compounds, which
may include Na,SiO3 and/or NasPO,, 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
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.



m xture into the mxing tank. The chem cal additives
conprise al kali based and/or phosphate based
weopoemses. For exanpl e, Na2Si 3 and/ or Na PO4PCT/SG2005/000117
Fol | owi ng that, alum na based conmpounds may be added.
The al um na based conpounds may be added at the sane
time, before or after the addition of the alkali based
and/ or phosphat e based conpouné@, such as Na2Si O3
or/and Na3PO4. The al um na based conpounds may be
Al (OH) 3 and/or Al 2C3. The pre-stabilised stage 1
m xture is gently agitated and m xed. The pH of the
pre-stabilised stage 1 mxture (or of the mxture in

W th h h f the fi
LT TCRNT SC—
12|nOthé lﬂ)r@-%tébllﬁ“ddt@h Stage 1 h’ﬁlxﬁh’ecén @e%ﬂ%?&zgﬁe&{ lg, range of

% subst ance according to ah y sta
kn’é% ta 1H:0an volurae. loxparticwar, the atialiddseesred] phostiwite based

h ou ich may include Na2Si O3
5 Q‘?’Hpaf{ﬁ%%%?ﬁeﬂ'ﬁag@ea’&gﬁ'@d%m 0 thg pre-stabilised
stage 1 m xture to adjust the pH of the mxture to 8 -
particular 9.5, where precipitation of

rre-trB‘P |qd@'tt§15h%hh$dah%nhatecb@§ed compaundails ijmmalJridspartlcular the

| and n%Bt}été %% OXI gg% Lﬁ.{dtﬁ\?nb aﬁ‘gs%ﬁ)gg'#ws - %%&%%ﬁdded into

petheanet—étabm*sé\@ smgwmtmmfuretaenamhm%dﬂ%dré@%é B§ |13WIII reduce
% l‘ needed to bring about a change in pH
catu "ﬂ%/'eEWﬁQ”éﬁq tign. ﬁEHBPW@GW@ of the\eensl Ipmdud@agm ls especially

c n the
?Lé’@égylggﬁerﬁ ?gqsgrhéis'wg @Jifﬁ Hﬂg@ Et?etgf’@g’rﬁﬁgﬂg g Qe freated.
betmeen the range of 50 50 to 100:0 in volune. In
r ul t he sed and hosphate based
édgﬁﬂfg’; egt gn KQ%P@OQ tmﬁbeap atpdagediadmrowtd t he
phosphate based conmpound is optional. In particular,

t he
15 When encountered with industrial waste with high calcium content, phosphoric

10

acid could be added (H3POys) to react with free calcium to form apatites as an
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.



phosphat e based conpound may be Na3PO4. However, it
may be added into the pre-stabilised stage 1 m xture

w@sooangzehen it is required, as it wll reducepet®G2005000117
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final crystallisation tenperature of the end product.
This is especially useful when industrial waste with
hi gh nmetal content is to be treated. Added effect on
the addition ofthe phosphate b&8ed compound When
encountered with industrial waste with high cal cium
content, phosphoric acid could be added (H3PO4) to
react with free calciumto form apatites as an

al treadditioneheuisea filigNof ey eniktare it MEIULBFESEYE Bind alumina
waste or clay material, the addition of

the industrial
phgﬁﬁﬁg?(_émﬁ%'é%svdﬂﬂﬁ'é&ﬂ%tst g nemechemicat phase and darther increases
i ntﬂeeﬁgﬁ'li%ftiﬁg%%g%rﬁpﬁ&.Cal cium and phosphate and a

all ed apdati

corrpoundI e Wil be formed. In particular,
t he phosphate based conpound may be Na3PO4. Apatites

formed cauld be ipn the anorphous to crystalline phase.
HeAVy Wﬁﬁaﬂ%‘“ﬂ?‘@g that @Réﬁfﬁ r‘@éreowhﬂnetfé s@péon ocapabilities.
in i t atsly A s
o B 2R e hron & thel AbARBHineral gityctye during
hagregipiation vhhewosqlidspa. o dpabidpatites or bfanehamyimigswith calcium in
suﬁy 3 .l ead,-..can -enE er the apati-te m-neral. structure

du ﬁ)g] B’P%B?ﬁ&f‘t”&ﬁ%ﬂ %f new solids, e. g.,

| ead-apatite, or by exchanging with calciumin an

existing calciumapatite.In addition there is a firing

OfMblafs Eeduéistortht h B! AincPAiSY Radd dorlat TWAVALIAT Shd leach
conpounds,  which resul'ts in new chem cal’ phase "an
f Uesistancensigeificestly rexceedingl other ahentiealyn dtabilizebdc formist This is

[ u d. that, apatite.has go met al _
szore\rgé}"%ﬁd@%p ﬁtgt @L{gerg}sgﬁggw% '%é’?é\? §?a EC%V%’Salw%, range of
C ashvirdhAvenitdl ecoreitidrise e“.?.[‘%!—ﬁt t6 AU G{pHE 1 806G the presence of
preci pitati on of new solids, _e._g. , lead-apatite, or by
e@WerYs rANdvnPR-aguesusnphasealiquiss sThageaction between the apatite

Calf AP 4156 rapid and so the reaction is effective immediately.

Metal silicates formed 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,SiO3.

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
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
hydroxide.



Metal s sequestered in apatite mnerals have great
durability and | each resistance significantly
wezmesdlizegy ot her chemically stabilized forns. HAET/SG2085/000117
because the apatite mneral structure is very stable
over a wide range of environnental conditions, e.g.,
pH 2 to 12, up to 10000C, in the presence of aqueous
and non-aqueous phase |iquids.28he reaction between
the apatite and netals is also rapid and so the
reaction is effective immedi ately. Metal silicates
formed fromthe use of al kali based conpounds are
particularly useful as they are easily incorporated
into the final stabilised silica-alumna matrix. In
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-stage 1 m xture epen I Ng on concentratil

AS®f 9AMMAnar %dpla@ﬁﬁadlina%lmlnat ha%ya éefected spinal

| rrapelem, dbe available wtnahedealkmsbdctaoeumlruitessmaﬂherrcnyswm It also

hydrOX| e. Al 2 (al um, num ox so be added to
MR BB TRl AP TooHIkTere 3 8
10 staﬁd bitéélfdr%tt%frfaﬁ%rptlbﬁ 2 bh@Xchan drifeta stabl e phase
of alum na or ganma-al um na may be selected for this
stabilisation step due to its properties.
Alternatively, other forms of Al 208 can al so be used.

gl goncentgation of surface

Th'&qmmogmqbbfe/\hﬁhste begaddm oan vanafrohe®®186 ofiltotad dey mixture

[ ture which allows a well
o35 4hohi8H B SiaolBaNgh stide kSl [0 accupy. at
random the avail abl e tetrahedral and octahedral sites
inthe crystal. It als

15  Fluxing agents may also be added to the pre-stabilised stage 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).



has a |l arge surface area. As a result there is a high
concentration of surface acid sites for better
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to be added can vary fromO0.01 % of total dry mxture
to 40% of pre-stabilisation stage 1 m xture. Fluxing
agents nmay al so be added to the_pre-stabilised stage 1
m xture. Fluxing agents are knén to pronote the

mat uring of ceram c bodies at | ower tenperatures and
al so provide better physical characteristics to the
matrix (Singer F and Singer S. S., Industria
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zing, lead and bisnmuth. In particul ar
ag@hHtuies isgleth te 1age faroe durhes Shininutes tBoB dtce.lrsslmlpavm:ular the

| e o R B 2 B SRt milies e betic” T can

be added in very small anobunts to sonme ceramc

0S |on for this purpose and is capable of
prg&b#@k? %tslﬂgq Zation by lowering the viscosity of

the gl- assy phase

et e e L
i rhq;aanyt ntatalarqnsl\laﬁ& its Iniaeedl ostridauidO ARnglliiblel iy '@ﬁ mixture of
in parti cuI ar, . alum ni um hydroxi d

o ESreTANRGS PLCiaiaion XBRPI FANE SRy 105 dPBI Siatlyés then added
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hours. In partlcu e mxture 1s
f wnifoemly3to giveua mw mistuhe WescriBed-as phg- bﬂabﬂisbdfbtégé@emlxture

Fid 207 SRF e pbliSed siobus Ruiiue Rarepmissn O 80% of cly,
| IfepBnlfigPon thé HstistyPof hesritae! f phAuRr, Hebid-GaBlised stage

2 mixture comprises 30% - 80% of clay.

Pre-stabilisation stage 3

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.

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
added at this stage to the hopper.



different types of clay, for exanple marine clay or
ground clay, is then added into the pre-stabilised

WG @ge97B6sni xt ure in varying proportion and m XBdr/SG2005/000117

uniformy to give a new m xture, described as

pre-stabilised stage 2 m xture (Figure 2). The
pre-stabilised stage 2 m xture_conprises 10% - 90% of

cl ay, depending on the toxici t?sof the m xture. In
particular, the pre-stabilised stage 2 m xture

conprises 30% - 80%of clay. Pre-stabilisation stage 3

The pre-stabilised stage 2 mxture is then left to age

f ofha peistatblised stagef 3 onixtise rla'nwaclkﬁtimmalﬂcﬁa)hmlsabfeeted to further
al low sufficient tine for chem cal reactions to occur
g Ao Sl STy Rees v dupnatesiaR tagather and
POfeRiueES URE YWaHIAE $iR8 faRAL!. tEhidnda %“?s @RI But to give a further
structure of the clay mnerals, toforma

pr layst ebprotemionsardgwcdoencapsutatioar.t i cul ar, the time is

30 mnutes to 48 hours. Process 2 The pre-stabilised

stage 3 mxture is introduced into the main hopper
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t ogastedreanmetalsiars helteinpetdisdontinlidls peréd Kithin[tHeShazardous
sta carried out to give a further layer of

e |
pr’BgE%lai-on or "macroencapsul ati on". Macroencapsul ati on
is defined as the nechani sm by which waste heavy
metal s are physically entrapped in a |arge structural
mi Meu final( mixturexgomprises aeproportidnectBey, SDOYEoRBRAyCIRparticular,
I%m#, h thi.s nmechanism the h,azardOlon vast e heavy
gfnabmixtyes eoArseRa AreRHPN A §0% p8P%sofslani n t he

hazardous material .

The final mixture goes through a well known processing machinery for clay

based ceramic product making, consisting of a series of grinding, milling,

mixing, extrusion moulding and lastly vitrification.

Vitrification may be defined as a high temperature conversion process of
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,. Alumina can form part of
glass as tetrahedrally configured AlO,, and metals in the waste can fill the
vacancies in the skeleton. Stabilisation provides strong adherence through the
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 POs3 with the phosphorous present as
Pahedron, a phosphate phase is possible. Stabilisation also occurs, as the
phosphate metals are of low viscosity. This mechanism is executed during the

firing process in the furnace.



The final m xture conprises a proportion of 30%- 90%
of clay. In particular, the final m xture conprises a
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goes through a well known processing machinery for
cl ay based ceram c product making, consisting of a
series of grinding, mlling, mxing, extrusion
moul ding and lastly vitrificati28n. Vitrification may
be defined as a high tenperature conversion process of
chemcal form It is wdely used, as glassy materials
are based on vitreous or crystalline silicates or
phosphates Silicate glass has a crystal structure
&Gf y the continuous tetrahedron lattice of SiO.
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coasygﬂrn%%uﬁtq] r%ﬂ%tﬂ‘?ﬁé"aﬁg{afbgtdhﬁe e 82" sdggo a mullite and

vacanci es I n skel et on ilisati
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o SIS, f JREARTRR olbes i 2o Wy munemls and moleciar
figiovg BUOESAS untiofdee phASECRaMbANbORId | GHice lite and

vitrification process converts the ecu Si eve an
cl &yorahesisasilied, rwaichrerystallizetinto adstobblite. wet al result, the trapped

et drpted e Tyl e BRErob R RRRL e S plisSos and become

viihcorpoeated oim aﬂie vt foimed MARItAGAY, el%dééaowhaégoﬂgr%formatlon
or, aqove llows to perrmnentl¥ stabilise the

mePVeIVes & *?l gal %H/J%'zﬁ?% iChgnges ik thenenrral Stﬁuotum dunng which the
b
o ey gl bedbile iBorRe nEl) Fiing andlcH¥faaltt pisias

the clay m neral s and nol ecul ar si eve support undergo

pf? ? t[an formatjon to Produce mul lite and
eolite ltse 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.

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
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

phases.



anor phous silica, which crystallize into cristobalite.
As a result, the trapped heavy netals remain inside
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incorporated in the newy fornmed matrices. |ndeed,
phase transformation invol ves radical structural
changes in the mneral structures during which the
heavy netals becone part of th&0new nullite and
cristobalite phases. Zeolite itself is an
alum na-silica network with about 60-weight %silica
and 40-wei ght % alumna. X-ray diffraction (XRD)
anal ysi s shows that sintering of zeolite al one can
res i.n the formation of nmullite phase,
@@@#téﬁts Hhgeducad intadhe dipracs: undergoG efymgnnmess using a
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prod cts | duced .i nt furn u r a firing
proc s§° 8 3 P ?@}H'@rg‘?rﬂtﬁ (‘PrF@&ﬁl‘H‘ﬁﬂ'{- qggogg)’tﬁﬁd
14008C.cotfiegr ding to a particul ar enbodi nent, the

firing procéss may have a tenperature profile
according to the pattern shown in Figure 3. The

SRl SRR ' 3 S o BB o oo

OCI)Z5OBC constant tenperature at 450 - 550 OC (in
particul ar, 500 00);

In particular, the temperature' of steps A, C and E increases at the rate of

'vvork

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

furnace. The cooling involved in step G may be natural cooling.

Depending on the type of processing equipment and furnace used, different
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



C. heating fromB to 750 - 9000C (in particular, 850
00 ; D. constant tenperature at 750 - 9000C (in

w@asosigusbar, 850 0C); E: heating from D to 900PeT/4GHOEW0117

10

15

20

25

(in particular, 1050 0C); F: constant tenperature from

E (in particular, 1050 0C); and G cooling. In

particular, the firing profile of step E may conpri se
heating fromD to 950 - 1250 08! In particul ar, the
tenperature of steps A, C and E increases at the rate

of 5C mnute to 20 G/ mnute. The tenperature of steps

B, Dand F may be kept constant for: 30 mnutes to 12
howa’een cordenp oB; theOmuteridleis Lsudlly Hesy sham 28%pfdp; tHD process.

tfes,.t hour tep, F. The range of
Sihatvety hetiorbe, ot HERL pi et din Bro6eas QRuipmant where the
COr'ﬂiﬁﬂéiIa‘l ii9Mprotesdl Wyt Steiaf tltéétrl%nf 'ahednﬁ‘ﬂﬁ’%fﬂ&ﬁ Btary shafts.
t he pe of furnace Used, i.e. tunnel furn got
f Lﬁﬂmn@rthlsotfﬁ@ ynateriahis fedrtroughb| 4 mgowldvm.anecpress for product

or g The M LR R EN o R a0 B Rl et

products can be produced. For exanple using processing

eurpaeaisush s the Leinke KilgNdtarg kil dd sny @fhemtyb@ﬁ of klln can be
m | lelgi;g and vacuum extruder for extrusion of products

arltf usi ng-di fferent extruder nouth pieces, -
di fferent product shapes can be forned. Thewat er
content of the material is usually less than 25% for

t HRepenuting on thé typeef proekysinh@quipraent) furpaté usBd 20K the type of
ere the material is

wet cla SS equi pnent

pr%%%g’?gHP%&h@v@MQ%E used diferentpiesiusts ean heyproduced.
shafts. Follow ng this, the material is fed through a

nmoul d chain press for product form ng. The end product .

i dn tadsitiare rdiffieréet! chechica f additivedr (yan ber added dufih aﬁetﬂmcess to

t unnel el%e cbloru?ta%rdypric()lv#dré aédltl nr}/al% de Ing s%/rgﬁSthoffor tl|1e end product,
|f reqmred. For example, lignin to provide binding strength and iron oxide
powders too create rich red colours.

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
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
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.



used. . Depending on the type of processing equi pnent,
furnace used and the type of extruder nouth/dye piece
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addition, different chem cal additives can be added

during the process to change the col our and provide

addi tional binding strength for the end product, if

requi red. For exanple, lignin 8 provi de bi ndi ng

strength and iron oxi de powders too create rich red

col ours. According to another enbodi nent, the nethod

of the invention may be carried out in the manner

shdhe quantityof additives arar chemicals added o Weé ghixesterdftwaste may

of ter ored in_the waste storage unit,
V%@egg IR e¢°§@ﬁ¥ of the wasia being pmﬁc-tsse@ or

undergo pre-treatnent at the pre-treatnent unit, B.

Pr gt pesioua, theyaikali bdsedc andi pheshHdle céﬁnddﬁf\ﬁs may be

the waste may be easier to manage in the subsequen

st MpsSiGaoandearied Opr Ehe raiummbasaq compmdms‘ imay be AI(OH);

C e RE AL G A B g 8ot Mk Fthpd b e ivention may
cohn@llusednexi alréad\p distHbes Aﬁ?' sﬁh@ﬁléﬁ%&eédlémsté% L33 described
silos, C, inside the mixing unit, D for a stipul

andRAve Beyheesedrihe Wﬁ‘éten*iﬁﬁd\/f@f%e Begsentl mﬁghMma‘yebe waste as
C%Fiﬁfﬁésﬁrﬂb%a of the waste. In particular, the tine
ma

e 'between 15 mnutes to 1 hour. The additives and
chem cals conprise al kali based conpounds, phosphate
ba@l@@r whinghois rasre dah wtd ynstobageednit, dBS tinets adaed ﬂftbltl@@ Alixing unit,
'lt: 8 e t?s and nol ecul ar sieves. The quantity of
PUBKATRIS. tif RIAYNaY BecRIa-treAleter withel additvesard shemicals
I t t t
EE’.“%‘%%%’ addgd tb ERAIRY ARt DF 1A e, the pOSE3 Gy ratio in
phngmgaueltbﬁ)sedaxcchepbetmm;@%m IXBZB @Be aatid CUased on the total

NP o A R IR oS s Gt B inestime so

ofthah@ ¢dNspstbhPBas®Yor slurry mixture is obtained. The paste or slurry is
then processed to an ageing station, F, where the paste or slurry is allowed to
undergo a reduction in moisture content 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,
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
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.



be used, as already described. Any suitable nolecul ar
si eve as descri bed above may be used. The waste used

wo e00spdBepr esent et hod may be waste as al r eadpCT/SG2005/000117
described. Cay, which is stored in clay storage unit,
E, is then added into the mixing unit, D. For exanple,
the clay may be pre-treated. Fuyrther additives and
chem cals may be added to the mPxing unit, D. In
particular, the waste to clay ratio in mxing unit, D,
may be between 1:99 to 70:30, the ratio based on the
total weight of the m xture. The m xture is then m xed
f oAcgorging thea pantiowar embediswent Hae mixburedich mklr@amlﬁ D, may be
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noj sture content before reaching the shaping unit
| niSp¥Pi&Geul ar, the ageing time in ageing station, F,
may vary betvveen 15 mnutes to 48 hours. The resulti ng
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coll ected and stored at the product st

K. oRilingr eagvalb baarsts; m@fmgaﬁilee,ramdﬂmmﬁlest he m xture
frommX| ng unit, D, may be stored in ageing station,
F. Accordingly, t he ageing tine at the ageing station
F may vary, depending on the anobunt of tinme the

m Adaordinglypntha hvehtioni talsdd 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 NazSiO; and/or NasPO, and the alumina based
25 compounds may be Al,O3 and/or Al;Os.

chording 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



is stored. The products can be, for exanple,
aggregate-like as raw nmaterial for concrete or |and
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aggregate material for concrete or road construction,
brick-1ike for road pavers, building and construction
materials, tile-like material for building and

construction materials, road bdfrier, erosion contro

bl ocks, construction bl ocks, retaining wall bl ocks,

rail road ties, bricks or blocks for cobble sidewal k

or street, stones or tiles for patio or sidewalk,

seform ar ptb-aiabll;sepemlxtﬂréalze meispsmstmilma‘d enixtuess 11 Bad 2 may
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excl uded) - and- ¢l ay. - The product of--the--i nvention-may _ .. __.
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conprises at | east one of

coembadmaentmfdhphantims Bda cvatgeeaddied prodilct Ir§lui’cébié:f’ﬂ@rdexample
co oun%g_| The i based and/ or phosphate based
oﬁg iﬁw%ﬁﬂlor Na3PO4 and the al um na

based conpounds may be AbGB and/or Al 203. According to
anVpeROosbritRBEardbls \Déﬁ@gcére' (?%Ef"otf‘ tﬁggﬁurfﬁ?e Brthdifvention, the

which is vitrified is obtail ne
prwasiegould be gubhjected to thecsame msaethgd wadescebdd ttbelerive a similar

no ular..sieve, .and m xing the pre-stabilised m xture
é&gﬁHthfa@el’%\fé@'ﬁpa pre-stabilised mxture 2. The
pre-stabilised mxtures 1 and 2 may

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

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.

Examples

Example 1

Seven different types of industrial waste containing heavy metals are selected
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



further conprise at |east one of alkali based
cconpounds, phosphate based conpounds or al um na based

weopoemses. The al kali based and/ or phosphat e baEed2005/000117
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conmpounds may be Na2Si @3 and/ or Na3PO4, and the

al um na based conpound may be Al 203 and/or Al 203. The
m xtures nmay be aged for a suitable period of tine as
described earlier prior to vitBPfying the mxture to
obtain the product. The product obtainable or obtained
by a nethod according to any enbodi nent of the
invention is a val ue-added product suitable, for

exanpphg veseel tibskirmudt thennaturalandter aintert was todWew, water was
non- hazardous, tes are, used for the purpose of the

in %qﬁcfg)n et'ﬂ@‘%%?ﬁ"@’o‘@!’@“r@ewéﬁﬁp@d’ﬂ%‘g to the sane

.metgod as descrihed to_derive a simlar product of the

in

AtTBnWaph@asaed: i $riauiet Ader vvchnMasdiQmwas added to
{ NearRRch RS 9%, AChretEbibiTiged At W?a'%%@ilt%?égg?&cé hBEIS.

the invention, the sane w e nore rea
under st ood through reference to the foll ow ng exanpl es

" WBReS el WS i Vi We ArmestabBaehinic i she omportion of 65:35
Exaneplies rhaeil vas pRG@RsEl fthRs M at %‘Qﬁ-’és gff rhiXHe Ghbiebxtrusion

wast e containing heavy nmetals are selected and
t rreackioes The producef test| sampléswasiWates carentt ed this point was

Zﬁwgﬁ‘géPFJ%ngf/fegosg ilisation of this waste Co'?’ﬁieStS

"7 part industrial waste.
i ndustrial waste and zeolite were m xed together in
am xi ng vessel till slurry. If the natural water
cothe:samples twerel dried viat 2rdrying aderedatt $054@: titli thet watteracontent

S| HhEedTbsL ty Sy obtai ned

The product was fired in the furnace at a predetermined firing profile (the
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

@G T moow

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



The m x was nmai ntained for 4 hours. After which,
Na2Si g 3 was added to change the pHto 9.0. The

wee@setas | i sed m x was |eft to age for 8 hourBCT/S&E2005€00117
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clay was mxed with the pre-stabilised mx in the
proportion of 65:35 and the material was processed
through a series of m xing and extrusi on nmachines to
produce test sanples. Water coffent at this point was
mai nt ai ned at 20% to 25% The sanples were dried in a
drying oven at 105C till the water content reached 0%
to 3% The product was fired in the furnace at a-

pr Edbleet niLeachihigr Test Resilts of (aste Saﬁﬂjlaé LeFbiecand Ufter

fiprogeswingi le is shown in Figure 3). A Heating from
roomtenperature i.e. 30 0OC to 550 OC. Ran'plngtlrre
Smyr B [Congtant Tgnp gt 559 OCTfor g hogrs—£L: 7
Heating from 550 |0C to 9Q00C. Ranping tinme] 50d min|D:
nnct gnf Temat 19000C fdr 2 hours.  E: Hea ng fro
oppbie=ch |win [RlfEsfy | Pipeetei igrpbiechfd oafgbler b Afowabe
10 g'r Ftecool |&E§Lhe Level -
pf o uéfe L eag ?)]eECt ed to|a | eachin ) thsﬂ M ts 31'3'8';9
are snownj befow ijm_Tabte i Table 1 —teachifg .tsl
Rep‘?ﬁ'lc’le#mo‘vyﬂéf%’?)e | es |I5& bt e apd a?Per processing 0.7
Co‘ﬁ’ﬂ 1 sNORRM h&-a Bé ofca Rdust 1i al 2Qast € treated| 1.3
wth the [egprl g Y, ma2 hows The pregont namt 0.7
hieRetrplempt aCo(npese% ot %ar usttial waste Col'um B g7
sh&aste 2he| Meachi rgar shl 15,08, t hel predoni nant rfetal s 7.0
after bhej \f??m))) — ] )
ppm ca.o. c.a. 18 - - 0.7
Sf;;‘t’('fgm Ni(ppm) | c.a.0.26 | c.a.35 2.0 ] :
Mo (ppm | c.a. 1.8 ca.79 - - 7.0
TiO, Po(PPM) | ca.0.12 | ca.7.2 5.0 5.0 )
Sludge | Irichloro | yp c.a. 10.1 0.5 -
ethylene o : B
Ni (ppm) | c.a.0.11 ca. 27 20 - -
gl‘;’;pe' Pb (ppm) | c.a. 0.004 | c.a. 31 5.0 5.0 )
Cu(ppm |c.a.008 |c.a. 12 2.0 - -
Semi-
Conductor | As (ppm) | ND ca. 19 5.0 5.0 -
Waste
Cu(ppm) | c.a.0.03 |c.a.12 2.0 - -
Steel Slag | Cr (ppm) | ND ca. 10 5.0 5 -
Cd (ppm | ND ca.7 0.5 1 -

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.



treated with the technol ogy Col um 4 shows the
| eaching results of the predom nant netals in the
wainioseetsexl | ndustrial waste Colum 5, 6, 7 showsT/sG®05/000117

al | owabl e standards for the heavy netals From Table 1,

it can be seen that there is significant difference

bet ween the | eachability of heavy nmetals fromthe

treated and untreated industriaf waste. The treat ment

reduces the teachability of the industrial waste to an

environmental |y safe level. Industrial waste netal

| eachability in the untreated form as shown in the

TaEﬁhe neatmehbuedut:es btheakieaehamlayabf othblindlistibl Swaste to an
ovvablema t limts fromthe Wrld Health

Orﬁﬁwr%??%tf‘? IYWI%) eé’? ndards, US Environnent al

Protection Agency (EPA) and Sitting standards were

used as benchmarks. The industrial wastes treated

s VR, S5O USRS W B i e

saﬁ'ablye $1 wadundetib be atim/ermtd alowadtsle dirgitd) AlIdVeRSE MBfal content
’,tl thef enw& nﬁp le 2 Partial oxidation
calBii®, d QﬂdonHé* Bt r@eganigation cOMpléhy standards, US

5SRO PRS0l 090 4L SIS LTEARE s o

8 bemcren@m®X. car bon. POX car bon and zeoI ite were m xed
together in the m xing vessel. The water content of

10 the nixture was maintained at 30%to 40% If the
Nafhé FdUMiArwESBE Adated Ushfy t i i
the m x. The m x was mal nt g\l(bn V‘#egpﬁéﬁﬁguvﬁgr%g?\t%grt‘egted for their
vvhmetal leachabiity.affie resBit©shawed thetthe metalhweps eafaly stabilised in
tggtrﬁa{rﬁseﬁgﬁéldvn%ﬂeéc% St ethteheen Ic_JInFnen 0. The
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,SiO3; and NasPQ,4 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



m x was aged for 2 hours. Marine clay was m xed wth
the pre-stabilised mx in the proportion of 85:15 and

wo besoeises | al was processed by passing it throRghSe2005/000117

series of m xing andextrusion machi nes. Test sanples

of 50mm x 12mm x 30rmm di nensi ons were produced. Water
content at this point was maintained at 20%to 25%

The sanples were dried in a dr§§ng oven at 105C till

the water content reached 0% to 3% The product was

fired in the furnace and the fired product was

subjected to a |l eaching test. The "before treatnent"”
anextrugiorrmachinesemest sasplaess ofrs®nsioxn 2rehow 30mmaiensions

2. The product .i,s. fired in the furnace at a

or Y0 RIRRAEE" Mt goBfesitr IS molitadaes ma o 3496 to 25%
tenperature i.e. 30 0OCto 550 OC. Ranping tine: 5C/ mn

B: Constant Tenp at 550 OC for 2 hours. C. Heating

f r bhg SENPies weresddied. inRangiying oiver: at5¢068 rtillDthe water content
Const ant t 8000C for 1 hours. E: Heating from
SJ%ER?%O%E%a " Ranping tine: 5C/ mn F. Constant Tenp
10500C for 6 hours. G Natural CoolingN D.: Not

detected Table 2 : Initial Leaching Test Results on

VaEhe prst sas firedpnp toe fuinaee andotive Fdxd Quodhost. wAs Bitbjected to a

e - al. | & lim oLl LNational , - - - :
orEaea T O MR Bt fatMet, B caloPlraftiitns: remuis are shown
welsdlewdh Jabld pcati on.) The val ues obtained fromthe

test results are below NEA |limts for hazardous waste

10 ¢l assification, thus are safe for di sposal or reuse.
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BR@bfodRict 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

G T mo oW



The technol ogy was used to treat contam nated marine

clay and waste sludge fromwater works. The waste

we kadge7sedbt ai ned from the water treatnent plantGr/s@xosmo117
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a cake form It had a high | evel of alum na based
conmpounds of roughly 30%in solid formw th the

remai nder 70% water. The 30% solids consisted of

mai nly Al based conpounds (AI(Cﬁﬁs), i ncl udi ng organic
material, bacteria and silica based conmpounds. Very

| ow I evel s of heavy netals were detected in thewaste
sl udge. The waste sludge was used as a source of

alum na for the stabilisation of heavy nmetals in this

technol ogy. The chemnmical analysis of the synthetic

contam nated marine clay is shown in Tables 3 and 4.
Tabl e 3. Analysis of ¢ontam nated ngrine clay Tablg 4:
Trace netal |[linits for Beforezeatinagt gs Aftbrovetmént
Si ngapor e The jMetakt 5piQongentiation might|UCancentnationtragll pf 1
part zeolite and® pafts wA0d383s| udde fromlN.Dhe watpr
wor ks and 7| partGd syntheti Q.g0@7t am nated mpap. ne clhy.
The differept cantents werg gppged tdgetheqy pn a m ki ng
vessel . The[Wal gf;, content fogg'ge mXture
mai nt ai ned 362 A i~ atrar-a—y L ent
is too | ow, Fw added '
mai nt ai ned ot r.lwnllr g i Was 0()39)7(53938(1
through a spriedNiof mlxingl- gﬁ§4ext r ysi on O nes.
Test sanpl es_of PPOmMm 12mm\xD.30nm di nensiNbbs wer e
produced. Wt er Zmont et at 3174265 poi nt wag. Mt al ned
at 20%to 2p% Mze sappl esovepg dried 1 noagBAT ng loven
at 1050C ti[J1 Wal 7 COpjaBh Tea hed—0 Ho 3% o\olle
- uct

i
product was |'rb\7| |n e U e an the Nbed pt
was subj ectet—to est—Fhe—restits—are

-\nln A
shown bel ow in Ta@i% otd BRctéd™

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, Singapore) 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 (Al(OH)3), including organic material, bacteria and silica

based compounds. Very low levels of heavy metals were detected in the



The product was fired in the furnace at a
predeterm ned firing profile and subjected to a

wo emshdBegg t est (Figure 3). Heating fromroom PCT/SG2005/000117
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tenperature i.e. 3Q0C'to 500 OC. Ranping tinme: 5C/ mn
B: Constant Tenp at 500 OC for 3 hours. C. Heating
from500 OC to 9000C. Ranping tinme: 5C mn D: Constant
Tenp at 9000C for 2 hours. E: PRating from 9000C to
10500C. Ramping tine: 5C mn F. Constant Tenp 10500C
for 8 hours. G Natural Cooling Table 5: TCLP Leaching
Results for Stabilised Sanples treated with the

t ewhste sigyigeNThe: wiiste diidgenivas lisBdeayal 886rcebbRiaNAfina for the
fron}at.he.tesﬁhresul ts are helow NEA limts for

ha$@Plisationt heavy melalsiin this Sehnolgy- are safe for

di sposal or reuse.Cains 1. A nethod for heavy netal
stabilisation conprising: - mxing waste, conpri sing

hedhg chremital analysis b thee siathetic eoataminbtdchmapinevélap is shown in
th tblcar bond-gased nol ecul ar sieve is excluded, and

cl ? egﬁioaq itrifying the mxture. 2. The nethod of

claim1, conprising the steps of: - preparing a
pre-stabilised mxture 1 by m xing waste, conprising

or Cole Ayt oF bR B el eiprife B g "0 1

pr erstabH-sed—xture—2—and

" 7" 7" Conéentration of Heavy Metals (in mg/L)
Sample
Cr Mn Cu Zn As Pb
A 428* 1154* 3534~ 4937* 367* 1427

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

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

trace metals
limit

(Singapore) 50 NA 55 150 30 65

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.

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%.

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



- vitrifying the obtained m xture. 3. The nethod of
claim2, wherein the pre-stabilised mxture 1 is a

webkusnyBesed m xture. 4. The nmethod of cl ai ns BeBSG2005/000117
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further conprising ageing the m xture before the
vitrification. 5. The nethod of clainms 1-4, further
conprising adjusting the pH of the mxture to 8.0 -

12.0. 6. The nethod of clai m54wherein the pH of the

m xture is adjusted to 9.5. 7. The nethod of clains

5-6, wherein the pHis adjusted by adding al kali based
and/ or phosphate based conpounds to the m xture. 8.
ThEherprodictt efascfirednin the Turnaceranidsihediired qroguctavas gubjeeted to a
heay h.mattal STB. The net ho%? of CJ aimg8, wherein the

he§9§ natepts THPdERUts Ate SRR Beloveinal akledi ons,

conpounds and/ or conpl exes. 10. The nethod of clains

8-9, wherein the heavy netals are precipitated by
adtepraductl wapdired iantheofurpacs @itaa eredatedmoeadp fiting'profile and

to ] r h of clainms 1-10, further
co%%dj$(:st%36 éc’g?ﬂé%g&%(ﬁ%%% and/ or phosphate based
conmpounds to the m xture. 12. The nethod of clainms f-1
1, Af ur thestisgfref Riond téfemnturat d. lo W?;% :
conpound tgqg)he m xt ure. 913. ,r@'ll'lée%geg(ftzljl%gogf e(: al n@ﬁé%%e'
1-12, fYQ/miN conprising adding at |east an al unina

based t ' re,. at the same tine,

bet or ectggﬁ)%%g?‘gﬁﬁear@odﬁﬁf?ﬁ%ol?o"gﬁkal i based and/ or
ph©s pha eatiras BEMCEIPU k5190094 RIMBINRIMEI5 Y /nfih Ai M5
12- 13, wherein_a source of alum na based conpounds . is

sIPidge GQW%T@F‘PﬁWC\KBBZéWHf%r treatment plants.
LE: Tl o60R 188105 RaMIThG tihd: BRcAhii™ N2

based conpo
F: Constant Temp 1050°C for 8 hours.

G: Natural Cooling

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

The values obtained from the test results are below NEA limits for hazardous

waste classification, thus are safe for disposal or reuse.



al um ni um hydroxi de (Al (OH)3) and/or al um ni um oxi de
(AbQ3). 16. The nethod of claim 15, wherein the AbO3

W0 2008 B6st abl e phase of al umi na and/ or ganma-BCTIRGAS/000117
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17. The method of clains 1-16, conprising adding
phosphat e based conpounds, wherein the phosphate based
conpound reacts with calciumin_the waste and/or clay
to formapatite, the heavy net 4%s bei ng i ncor por at ed
into the apatite. 18. The nmethod of clains 1-17,
wherein the waste is hazardous and/or industrial waste
conprising heavy netals.19. The nethod of claim 18,
whglaiing t he hazardous and/or industrial waste
conprising heavy netals is selected fromthe group

cpint et ar RREY ol s BR R Rl c et s,

spent clay from petrochem cal refining, spent catalyst

f r om-paixing evast@etomplisimgchéaviefrictalsg withPAitileist Sieve with the
and/ or sl u&% from petrol eum and/ or petrocheni cal

ref i MrAYSO faticarkonrggeed mplecdar sisve i exvlugedoandselgy; and

cont ai ni ng arsenic, incinerator bottomash and/or fly

ash, _SRARing HEPRixtelead and sl udge from ship sand
bl asti ng,” saw ng and/ or etching waste from el ectronics

industries, -slag fromnetal refining, TiQ2 waste from
pa?-nt Thexmeshed o claimah comprisingcibetstepsaf.ed cl ay, waste
cont ai ni ng heavy netals. 20. The nmethod of claim19,

or occlebding Befe-GARIREA ThRUFR R b it ek eerising heavy
wher engtalsheviththstmelatalay sfevel om pet rochemi cal refini ng

is hydrotreating catal yst, hydrocracki ng and/ or FCC
catal yst., 22 e nethod of, clains 7-21 , wherein the

Th t
ratio Bixing ﬁ%?iprsﬁéaiﬂﬁﬁﬂrﬂemg 1 gvith clay forming a pre-stabilised
mixture 2; and

- vitrifying the obtained mixture.

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

4. The method of claims 1-3, further comprising ageing the mixture before
the vitrification.

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.

7. The niethod of claims 5-6, wherein the pH is adjusted by adding alkali
based and/or phosphate based compounds to the mixture.

8. The method of claims 1-7, comprising precipitating the heavy metals.



phosphat e based conpounds is 50:50 to 100:0 in vol une.
23. The nethod of clains 1-22, wherein the ratio of

wodosoeidss sieve to waste is 1:2000 to 7:3 of BEWSG2005/000117

wei ght. 24. The nethod of clains 1-23, wherein the
nol ecul ar sieve is natural and/or synthetic nol ecul ar
sieve. 25. The nethod of cIaing 1-24, wherein the
nol ecul ar sieve conprises at dst Si and/or Al. 26.
The nethod of claim 25, wherein Si and/or A of the
nDIecuIar sieve is substituted by B, Ca, Zn, &RlGCe,
V, Fe or P.27. The nethod of clalnB 1- 24 wher ei n
t hQ nidecrethed of elaimdhmersissthet heavysmetate acs iBtheCiorm of metal

2 etiofiS: cothpothdd Endor cinpfilxel - (25, [ The Tt nod of

form of conplexes. 29. The nethod of claim28, wherein
t h$0 nﬁhecméﬁuodsmfedalmmﬁpﬂ) axhe@rsﬁieéhéady higtasead PréRipitated by

consi stin al l.ine alumn osphat e
con‘p@é’fjm%ﬂ’ga" gﬂg@f& aﬁ‘gfoélp@ﬁpﬂﬁ'iedga @nPaynds to18e;mixture.
nmet al | ozi nc phosphate conpositions; netal substituted

al yiThenhetitRbeslail§ AP, fﬁﬁﬁé?an@E@mﬁbﬁtﬁ’@nbﬁm?ased and/or

tetrahedral m croporous structure i SI ng
[ Al ORhosphiatermsed, campowntds to themeixhire. 30. The net hod

- of ‘claim29, wherein Me consists of Zn, M, Fe, I\/g Co
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g4 She eyl o PETE R hns) BB ECaadhS e auming

met abbse@bbhl{fdumdstohhé-mlﬁtZJre.The met hod of clainms 1-31
wherein the nol ecul ar sieve is Pl ZA-1 and/or SAPQ

13..The method of claims 1-12, further comprising adding at least an alumina
based compound to the mixture‘f,"at the same time, before or after the

addition of alkali based and/or phosphate based compounds.

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 (AI(OH)3) and/or aluminium oxide (Al;Q3).

16.The method of claim 15, wherein the AlL,O; is meta-stable phase of
alumina and/or gamma-alumina.

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

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



33. The nethod of clainms 1-32, conprising adding
nol ecul ar sieve in the formof a conposition

W@ oupn9IB681g at | east one type of nol ecul ar si er€r/SG205/000117
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The nethod of clainms 1-33, wherein the nol ecul ar sieve

is of different pore size. 35. The nethod of clains

1-34, wherein the nolecular sieve is zeolite. 36. The

nmet hod of clains 35, wherein tA® zeolite is natural or
synthetic zeolite. 37. The nethod of clains 35-36,

wherein the zeolite is spent synthetic zeolite from

petrol eum petrochem cal refining processes. 38. The

nmef 9ddeomeathed rof ciaimsms Mhmelnntrm hazargbus rend/eoirdugtrial waste

is selected f omthe con i ng,,of synthetic
VS Gerriing bR dReBl i sS0eRubkoTCnE pisurrRensistngsof: spent

b- morcdeirt fromXab¥eiptish Protéssed; t
ZK- 4, FCC RCC zeo@?tlesquf aUJSaSI t&%@ﬁt (fzaqgg?)tfl mzé(?léue oil cracking
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conpr| her to t efl tur
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met heetrofeush ahdﬁorbe%&chbhﬁééﬂréﬂﬁlhg Wéé’l@%&dé\i from semiconductor
vitrification is in the form of bri cks, cinder B] rlg

conc PERGESEEECOHEAIBING rsARIC) ineinar ator hettem ash famd/or fly ash, spent

concshled kAo ddod it i 85 HaU g, sshor tning
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fibre glass |nsulat|on celllng tiles, wall boards,

roofing tiles, and floor tiles. 4 1.The nethod of

cl. beelrrmhowm elaimt 8, rvehereinotherdpemt| carbehefrent eesidue oil

wast 0 if the wa on- hazar dous cont ai ni ng
heavgrar?&ngl %r.ocﬁ§§esﬂ§3£§ét%8 O%f clains 1-41 , wherein
the m xi ng steps invol ved need not be

21.The method of claim 19, wherein the spent catalyst from petrochemical

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.

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
substituted by B, Ca, Zn, Ga, Ge, Ti, V, Fe or P.



carried out in any particular order. 43. The nethod of
clains 7-42, wherein the alkali based conpound is

whNa@SieB8eand t he phosphate based conpound is NedP§82005/000117
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44. The nethod of claim43, wherein the ratio of

Na2Si O3 to Na3PO4 is 50:50 to 100:0 in volunme. 45. The

nmet hod of clains 1-44, further conprising the addition

of at |east one fluxing agent #® the mixture. 46.The

met hod of claim45, wherein the fluxing agent is

borate. 47. The nmethod of clains 1-46, wherein the
vitrification is achieved by using tenperature

t r 2&tThenmeshodpft daita 0G24, Whereini thei frictetudiogléve comprises at

obt ai,ned or Lnabl e, by .t he, 0 f clains 1-47.
49. Alﬁsgtf’ﬂ'@toqu%'%'%asgﬁgﬂ pggé %e%b?r fbt al s,
wherein the product is a vitrified product of a

m 28.0he mktiRid bEBRIMYASDE, whersEw itisé %IQ&E&%V s@%%jn the form of
nol ecul ar sieve with the proviso that carbon-base

nol e€@MReXgSeve i s excluded, and clay. 50.The product
of claim49, wherein the waste is industrial waste
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49-50, erein the waste | azar

heav frometaalgsoud ZonBistingr ofl erystalline| @lumindithdsbhate compositions,
wher | he m'xlgure which is vitrified, further . ... .
conp » afngtal s SUbhider mgIRaular psiaves; prpetaliaziac  phosphate

c - . fooo
° ?Z ier@rgﬁffg_@,lélgﬁb mﬁgfﬁﬁﬁg@n@%ﬂﬂf\g\’oﬁﬁﬁsaﬁﬁegf %?fﬁqf\gggrem the

rch s’ vi
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conprj.§i wast.e.and the | ecul ar sieve, and m xi ng
t he Bbé-ﬂg%é]oiappﬁgﬁ 'Wﬂ%ﬁagol with clay to forma
30.The method of claim 29, wherein Me consists of Zn, Mn, Fe, Mg, Co
and/or Fe.

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.



pre-stabilised mxture 2. 54. The product of clains
49-53, wherein the mxture is aged. 55.The product of

W@ b@sng7362- 54, wherein the al kali based conpourdr/862005/000117
Na2Si O3; the phosphate based conpound is Na3PO ; and
the al um na based conpound i s al um ni um hydr oxi de
(Al (OH)3) and/or al um ni um oxi gae (Al 23B)

38.The method of claims 35-37, wherein at least one zeolite is selected from
the group consisting of synthetic Y-type zeolite, ultrastable Y-type zeolite,
ZMS-5 and B-mordenite, X-type zeolite, A-type zeolite, ZK-5, ZK-4,
FCC/RCC zeolites, faujasite, clinoptilolite, chabazite and erionite.

5 39.The method of claims 1-38, comprising adding further clay to the final
mixture before carrying out the vitrification step.

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
10 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.

15  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 Na,SiO;
20 and the phosphate based compound is Na;PQ,.

44. The method of claim 43, wherein the ratio of Na,SiO3 to NasPO;4 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.

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



WO 2005/097368 PCT/SG2005/000117

10

15

20

47

47.The method of claims 1-46, wherein the vitrification is achieved by using

temperature treatment of up to 1400°C.
48.A vitrified product obtained or obtainable by the method of claims 1-47.

49.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.

50.The product of claim 49, wherein the waste is industrial waste comprising

heavy metals.

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

52.The product of claims 49-51, wherein the mixture, which is vitrified, further
comprises at least one of alkali based, phosphate based or alumina based
compounds.

53.The product of claims 49-52, 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.

54. The product of claims 49-53, wherein the mixture is aged.

55.The product of claims 52-54, wherein the alkali based compound is
NaySiO3; the phosphate based compound is Nas;PQOy4; and the alumina
based compound is aluminium hydroxide (Al(OH)3) and/or aluminium oxide
(Al03).



