1 23 Cctober 2006 TREATMENT OF HAZARDOUS WASTE MATERI AL Field of the

I nvention The present invention relates to settabl e binder conpositions
that can be used 5 to incorporate, capture or encapsul ate hazardous waste
materials. Particularly though not exclusively the invention relates to a
met hod of capturing hazardous waste matenials includi ngsr@asier®iogl s such
as cadmum nercury, |lead, nickel and chrom umresidues; a variety of
forms of arsenic i NnCITREAFMENTI QE HAZABDQES MASPENMAMIERIAIand ot her
hazar dous and non-hazardous materials. 10 Background Art Arsenic and
arseni c containing conpositions have been widely used in Australia as
sheep and cattle di ps, and have akadd bEAR IHS&HidnN pesticides. Mercury and
mercury containing conpositions have al so been widely used in Australia
and ot her countri Jgﬁ pIssenfyinyentias rplates ity getiable inderoormpositigpythakeasy rgused
conpounds (?&‘ﬁa&ﬁm&é}wa {u?é"af'eﬁé%s,uﬁte' 3oy S&gs‘%é(%{a'te%a‘i’sf. PRSE all} Bldues and
mercury tonponents exi sts. gano nl ckeland chrom um and nrc an

chrom um conbaéxehsgyeboip dBichtioNtelAéLo avhéetaby ofipeliring hAB&HoW watanatedhloer
countries. Metal, plating and anodi sing processes_use _these conmpounds, and
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toxic and a e sto e wast e m conponent's
exi sts. A vhaiasedgusahd aogrhaiacdodshacnimdd.eri al s, sonme of which are hazardous,
are produced as by- products of various industrial processes. These

or gani clhastes include contaminated oils and greases, organo-chlorine

conpounds i ncluding pesticides, andgghlspbi 25 aromatic conpounds
i ncl udi ng chl orobenzene and pol ychl ortlmrggt elgii%?ghenyl conpounds. The above

ment i oned wast e Amsenigrand lasseanedonipiing conpeiiont kavarbech vudsdduded inl Austsahiatdyat
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fl
Radi oact? ve With thei rliesing aut efowpice Ard mgranaraepqyada tdsue tha %h@:‘ifégg laigg it
s difficuld, é‘g%@%&%&%’&&@kﬁﬂ‘&h&%ﬁeﬁeﬁﬁse.'r di sposal . Various

proposal s have
Organo nickel and chromium, and nickel and chromium containing compositions are

widely used in Australia and other countries. Metal plating and anodising processes use
these compounds, and the processes generate waste nickel and chromium residues which

20  are quite concentrated and are stored in drums. The residue is hazardous and toxic and a
large stockpile of waste nickel and chromium components exists.

A variety of organic waste materials, some of which are hazardous, are produced as
by- products of various industrial processes. These organic wastes include contaminated
oils and greases, organo-chlorine compounds including pesticides, and chlorinated

25  aromatic compounds including chlorobenzene and polychlorinated biphenyl compounds.

The above mentioned waste materials and toxic components are housed in drums
that have a limited life. The components in the drum are typically in the form of a
contaminated liquid or sludge that is almost impossible to safely encapsulate. The sludge
contains a variety of contaminants such as rust from the drum, waste particles, solids, and a

30  variety of liquids.

Radioactive materials and components are also hazardous substances and it is

difficult to find an acceptable method of their disposal. Various proposals have been

trialled for encasement or encapsulation of radioactive materials which can then be



trialled for encasenent or encapsul ation of radioactive materials which can
then be 2 23 COctober 2006 disposed of by burial in uninhabited areas.
Attenpts to encapsul ate hazardous waste materials in concrete have net with
limted success as concrete and cenent do not bind well in the presence of
such contam nants. However, concrete or sconcrete-|ike progdeehsr yens d be

ot herwi se ideal for encasenent as 5 the concrete is hard, has a very |l ong
life, and calispbsedmbby tadel pr wonhabdedaets. ng. US 6, 200, 381 di scl oses a

settabl e bi nder ,co ition nsi stjng essentiall.y of m Xt uyre,of .
cal ot um car bonafSoang 1 e HratieleaRs SRt W pderds pdlidrdrafngnia
derived fromuceftdsusobtel QRICsHeNIGo 4ot Bl tviell 68 phasndeAuEe LErtafkarte
cause preferential decarbonisation of the nagnesium carbonate by

| i berating EHMSHE, @pwseeteer carsraip-tiko prodyeth stonlst beadthgrwiieddeab doti aoicapgmenicas

cal ci um gar ] l.cinatl omn.£esul ' ' magnesi um

oxi de, nggnggﬁgﬁgrggﬁgg%gﬁ%sgﬁg&égfﬁ %m%?g%%gﬁ%ogldf%@r%g%% and CaC®3) .
Alternatively, &Ssg000eei disblosszch samblechifidernaehpoyitioh Xbigstingadsedritigll¢ af Ronat e
wi th preforned caustic, magnesi um oxi de. Various additives and fillers may
be i ncl uded MKUHa! picAlgRIT cybpals AYd prfeuiicopagnesiug eFide. hdhe UXREHPBEIDEI on.
15 The resul4i: t : - hi r i e nd
ot her pr operthllldé%1 g I gﬁ nﬁw\g%%lslt ?&Hlﬁgrg%) C‘;bgar{ﬁrtr%nu glgﬁ{l}i}rgi ﬁg&b\élg]lcgl}eﬁg%gtrcgud%ct S
such as bri pkderebtiadclesarbpaivaion,of the hegnesiim .calibafé b4 lbéraimgamniivasdiexidet hod

of encapsul at.ing hazardqus waste materigls using essentially the _sanme
set t abl 0 coeﬁa%*gﬁﬁ PO AR DR GNIE R it I E AR, oaloigation repylts n 2
magnesi um oxiig@ire B?%é%agﬂﬁﬁuﬁﬁi%@, ﬁﬁg&é&ﬁnﬁ%ﬁﬁ%ﬂe%ﬁdcmﬁﬁ{ c&bohdtdi®alcs t hat

virtual |y none of the hazardous waste nmaterial was |eached out of ‘the set
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| i ant havi . | gh
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using essentially the same settable composition containing calcium carbonate and a

20  caustic magnesium oxide. Tests conducted on the encapsulated material indicate that
virtually none of the hazardous waste material was leached out of the set composition,
which has a concrete-like appearance.

The presence of the calcium carbonate in these settable binder compositions:
(D helps to control the setting rate, ie., the higher the amount of calcium carbonate

25 the slower the setting rate. The control of sefting rate is important in the

manufacture of building materials, where a “working time”, or time during
which the set is slower, is required in order to allow placement into moulds.

(i)  modifies certain physical properties of the set composition, including lowering
the shrinkage and brittleness of the final product.

30 In some situations successful waste encapsulation is not reliant on having high,
unconfined compressive strength, nor is low shrinkage or increased working time to
allow placement in moulds required. Working time can be controlled sufficiently by

adding extra water when forming a slurry from the mixture of the hazardous waste



unconfined conpressive strength, nor is | ow shrinkage or increased working
time to allow placenent in noulds required. Wirking tinme can be controlled
sufficiently by adding extra water when formng a slurry fromthe m xture
of the hazardous waste 3 23 October 2006 material and the binder

conposi tion. Wile the absence of the calkci um carbonat e 2350ctab&oRWENI ed by
a significant reduction in the unconfined conpressive strength of the set
conposi tion mﬁimﬁb@gélthfr églsilezat:mp@tr@l ahilg the absrace oé theneateivnf careasiate 1@0 not
require a Lol tal n| enc at ed waste

Surmary o Rl sEaEH G0 1B 0O pRASTREL eRbPE e b FerkRL bR ses
met hod of i ewcsopgositiongdispd¥al Rfilationsirtlating & thahteatniinh deivastt a6 ndetdy@be a
conprising the steps of; (a) mxing the material with the binder, as a

slurry or f&t g@&@é@ﬁuqw%mngﬁn%@ﬁ@ia@dwetesmﬂm}s t he binder including
a sourcegof caustic magnesium oxide; (b) adding an organic acid additive to
the material, the binder or a mxture thereof; (c) after steps (a) and
(b), adding a setting agent to Suearahrr ofythe baventiohances setting of the

bi nder. The inven{ors hav risingly dis q%gvered t hat when the setting
agent i s addedd ¥t aspee ﬁ@f iIMEPIBPT PHYIGREAERFEPd ghitceRerabing ddraterlxed

ei ther dry %Qsétﬁﬁ%tﬁ#‘&ﬂirﬂl@%eﬂ{od%ﬁﬁgn ta|¢1srbdcatwet slurry form, a

superior setting o e matert al m ni m se | eachi ng of
i ncor por at eda)matang tle thatomalt wigh theshihdeanas s sturdyi oxder sulwrgnnnformeltibmimo alurry
it is Sf@m sed,that. the setting agent is nore evenl ?ma ersed and, as a

resul t,1Once tHEThitRindedacludine appuce aEeaustic pagnes rs better physical

20 strengt h (LA, édn%’rgé&ﬁ@@éﬂ%ﬂ'dl%éfbﬁl@ﬁl&%ﬁ&y%éﬁﬁdwré%ﬁﬁﬁe #Rkdong agent
is added prior to the formation of a slurry of material and binder. In the

latter situ&®i ai’wr stapsis) endifigyasiding a sctingmgsnotthesnrpthat brdianessisettinglofi t he
present inventi dhe i nventors have surprisingly discovered that the
increase in't sntrength of the product achieved by adding the setting

agent after t hmem@ms Ghve Qﬁpxﬁﬂ@%?faise(ﬁ\le@éd ABtwhAEhDsAELs ageahisyidatdlafeer
product with | ower shrinkage an rittleness, and thus congen sate for any
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pouring etc conpare es ) atively
minimise leaching of 1ncorporated matenal from the resultant set binder.

When mixed in a slurry it is surmised that the setting agent is more evenly dispersed

and, as a result, once the binder has set, the resulting product has better physical

20  strength properties compared with the sitnation where the setting agent is added prior to
the formation of a slurry of material and binder. In the latter situation, a more unevenly
set product can be the result.

In the present invention the inventors have surprisingly discovered that the increase
in the strength of the product achieved by adding the setting agent afier the mixing of

25  the material and the binder can yield a product with lower shrinkage and brittleness, and
thus compensate for any absence of calcium carbonate in the binder.

Slurries also have the added advantage of being easier to physically handle by
stirring, pumping or pouring etc compared with dry mixtures or relatively dry paste-like
mixtures.

30 Preferably the setting agent comprises between 0.1 to 30% by weight of the caustic
magnesium oxide in the mixture.

Preferably the setting agent is selected from the group comprising: sulfates and

chlorides.



m xtures. 30 Preferably the setting agent conprises between 0.1 to 30% by
wei ght of the caustic mnmagnesiumoxide in the mxture. Preferably the
setting agent is selected fromthe group conprising: sulfates and
chlorides. 4 23 October 2006 Preferably the setting agent is selected from
the group conprising netal sulfates, suclh as nmagnesi um sag &bBer 20060
sulfate and alum niumsulfate. Alternatively, preferably the setting agent

i s sel ected frBrafarpdy dhosgitinsapentss agectedbfrain gl gour eemprsing metal jsubptes,

chl oride an j rd [ I he sl urry is an aqueous slurry.
Preferably % Hgﬁ)?rga[#%“l%gl}lﬂﬁ ggﬁgt%gglg?lﬁgagés%%a%%ﬁn%rﬁS'Fllfag%‘rrponent t hereof such
as a waste naAgemativel Rusibferdtdy else sdfing Bgdnyde sélovted fin fiK SR USNPHREances
which are harnful to |living beings. Preferably the additive is selected
from the grdugial chlarides, sueh 25 1rqre¢hberdecand sodipmightoriden aci d, gl ycol i ¢ acid,
oxalic agid, o ' | l4.cacids, tartaric acid, salicylic
aci d, ethyl ene%ge&n%lﬁggﬂ%;stl@%cagﬁﬁgéggisgﬁgEDTA) and other tetra acids. In a
second aspect Pieferghle enhaterialant herargrmowatiel ar sehp@izhethbieofierch apapasiet i on

conprising only, austic magnesj ym oxi de hinder mixed wifh a setting agent

for the bi ﬁ’é?é%/r?ﬁ-l%“‘%ih?a%t?i)? EeBHe TR P@ﬁwuaﬁvkﬁt%wewé@@r%%ﬁgg-fam

oxi de bi ndeniy; As,cthat only this material is present to act as a binder.
11v1ﬂ%s

It does not exclude the addition of other conponents to the conposition
such as fill erBrefarahlpdnanddtivagesdectedatoni thy i gnguma gemicsacet, demoHawey acetic

isipgly the inventors have . discoyered, there i.s nq need.for, an t her
oot not B0 heid Bveli g e B chBar F Pl GRSE Bder st b At
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Preferably the settabl e binder conposition of the second aspect has a
setting agent Inag sgeonidrasgedtrihe meesent sventinmeprovides aasattabledbindgseeampdsion
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material or ereof 1 a se i'nder, e ne
conpri si ng thelest eps of - mxing the hazardous waste material with a
settabl e binder conposition, as.a slurry . ) )

15 The expression “comprising only a Caustic magnesium oxide binder” means that
only this material is present to act as a binder. It does not exclude the addition of other -
components to the composition such as fillers, carbonation agents, acidifying agents ctc.
However, surprisingly the inventors have discovered there is no need for any other
binding agents or products, representing an advance over known binder compositions

20  (eg. US 6,200,381) and a simpler binder composition.

| Preferably the settable binder composition of the second aspect has a setting agent
as defined in the first aspect.

In a third aspect the present invention provides a method of incorporating a

hazardous waste material or components thereof in a settable binder, the method

25  comprising the steps of:

- mixing the hazardous waste material with a settable binder composition, as a shurry
or for subsequent formation into a slurry, the composition comprising only a caustic
magnesium oxide binder and a setting agent for the binder; and

- allowing the slurry to set to incorporate the waste material or components thereof.

30 Preferably the method of the third aspect is otherwise as defined in the first aspect.

Once again, the expression “comprising only a caustic magnesium oxide binder”
means that only this material is present to act as a binder. It does not exclude the

addition of other components to the composition such as fillers, carbonation agents,



or for subsequent formation into a slurry, the conposition conprising only
a caustic nmagnesium oxi de binder and a setting agent for the binder; and -
allowing the slurry to set to incorporate the waste material or comnmponents
thereof. 30 Preferably the nethod of the third aspect is otherw se as
defined in the first aspect. Once againg the expression3'Gadgpé Rioagg only a
causti c magnesi um oxi de binder"” neans that only this material is present to
act as a bi meidifyingt agheés etrot Bawevatesurpresinglyl dint thos roéthod Hbe ivvempwaeavs t o

t he conpositi.on s. fillers. carbgnation agents, 5 23 Octobher .2006
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have di scougvgde tdver &nbwn Hindie ednipokitiony (& NES 600HENY an@entimplir WAGFUCE S,
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conponents naturally (for exanple in a dolomtic ore 15 ie. a calcium and

magnesi um c &rborate to pariéallyalenatbomate it espediallyrat e fefipeiagiire yangésodesertmdplThe in a
supply of cgl ci‘réesd rrggpeasi ym car tgonat e é;,bt airr}abtl e con]Terci ally with.around
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t enper at ur e§5%iruniy). t he range 500C to 25 800C for hi gher reactivity. This
results in caustic magnesi umoxide typically retaining
Modes for Carrying Out the Invention
20 In practising preferred forms of the present invention, the caustic magnesium
oxide is preferably obtained by partially calcining magnesite (notably having less than
10% calcium carbonate and in some cases no calcium carbonate) at a temperature
typically within the range of 500°C to 1000°C to form a crystalline magnesium oxide
(MgO). Calcination is preferably performed at temperatures within the range 500°C to
25  800°C for higher reactivity. This results in caustic magnesium oxide typically retaining
between 2% and 50% of the carbon dioxide and is highly reactive.

References to “encapsulation” are intended to include “microencapsulation” of
hazardous and non-hazardous waste materials. The waste materials are
microencapsulated by the settable binder composition of the present invention in such a

30  manner that the particles of the waste material are substantially immobilised within the
matrix of the set composition. Tests for measuring the leach rate of the waste materials

from the set composition, based on the standard Toxicity Characteristic Leaching



bet ween 2% and 50% of the carbon dioxide and is highly reactive. References
to "encapsul ation" are intended to include "m croencapsul ati on" of

hazar dous and non-hazardous waste materials. The waste naterials are

m croencapsul ated by the settabl e binder conposition of the present
invention in such a 30 manner that the pgrticles of the aséehéredodsi al are
substantially imobilised within the matrix of the set conposition. Tests
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conposition ased on .the standard Xi.city Characteristic Leaching 6 23
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a source of ycapbonation in the 10 conposition to assist in the setting
process. A carbonate which can deconpose or react to |iberate carbon
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(EDTA) or other tetra acids. These additives may be added at between 0.01% - 30%, more

20  typically 0.01% to 5%. If the additives (such as citric acid or lemon acid) are solids, they

are suitably pre-ground and.powdered to enable them to be efficiently blended with the
remainder of the composition. A grind size <63 micrometres can be used. Another
acidifying agent may comprise sulfuric acid and this may be added to the water mixture in
up to 5% by weight.

25 ' In practising the method of the invention, the settable binder includes a source
of caustic magnesium oxide. The method first involves mixing the selected waste
material (or components thereof) with the binder in a fluid slurry by stirring or other
agitation. If dry initially, the selected waste can be first mixed dry with the binder and
then subsequently formed into a slurry, or, if the selected waste is present in a slurry

30  initially, the binder can be added to it. In either case a setting agent is then added to the
slurry of waste and binder to enhance setting of the binder. In one preferred example
the setting agent is aluminium sulfate, although other sulfates can also be used, for

example magnesium sulfate or iron sulfate. In other preferred embodiments, the setting



25 In practising the nethod of the invention, the settable binder includes
a source of caustic magnesi um oxi de. The nethod first involves m xing the
selected waste nmaterial (or conmponents thereof) with the binder in a fluid
slurry by stirring or other agitation. If dry initially, the selected
waste can be first mxed dry with the biprder and then gyksadH&doy formed
into a slurry, or, if the selected waste is present in a slurry 30
initially, tag@ltbd:andbc ican chleridd derd seduint chlbridei t Her abmsrium selfdte rnga;a@ent is
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iron sul fate. In ot her preferred enbodi ments, the setting 7 23 Cctober 2006
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oxide in the mxture.
20  comprise a caustic magnesium oxide binder and a setting agent for the binder. In

preferred embodiments the setting agent comprises between 0.1 to 30% by weight of the
caustic magnesium oxide in the mixture.
Addifives can be pre-mixed and added to the composition. The amount of pre-mix
added can vary for instance from about 1% - 10% or more. It appears that when fillers of
25  small size (for example below 70 micrometres) are used, the amount of pre-mix added
should be larger (about 10%), while fillers of larger size allow less pre-mix to be added
(eg. 3% - 7%).
If the pre-mix comprises (a) aluminium sulfate, (b) an organic acid and (c) a sal, it is
preferred that (a) is present between 40% - 99%,; (b) is present between 0% - 60% and (c)
30  is present between 0% - 20%.
It has been found that quantities of the organic acid, preferably citric acid, can
be used in the binder composition to effect encapsulation of waste materials. When

used, this acid is normally added to the waste material or other material to be
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the waste inherently strong bonding capability of the caustic magnesium oxide with both organic
(eg. the chelated ionic species) and inorganic (eg. fhe metal salts and other fillers in the
20  waste material) compounds ensures substantially complete immobilisation of the waste
material components. |
It is possible that a competitive reaction to chelation and microencapsulation is
occurring in the formation of metal oxide salts. The metal oxide salts are typically quite
insoluble and may be sufficiently insoluble in their own right to pass TCLP (Toxicity
25  Characteristic Leaching Procedure in accordance with US-EPA 1311 method) testing in
some instances. For example, it has been found during the treatment of lower level
mercury waste that the omission of the citric acid still resulted in an effective settable
composition, micorencapsulating the waste and passing TCLP requirements. However,
in many instances it appears to be necessary to firstly form a chelate to effect suitable
30  microencapsulation.
Work on iron sulfates and chlorides has provided similar results. For arsenic

compounds and other non-ionic chemicals, chelation is apparently not as significant in

the encapsulation reaction. The encapsulation mechanism is more likely due to
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Exanpl eldA Mercury contam nated soil containing up to 500ppm nercury was

encapsul at eqqgmcipg fol | ow ng manner. Mercury contami nated soil, 500g, from
a chlor- alkaltT Tndustry, and water was m xed to forma thick honogeneous
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m xture. The conposition set in a few hours and was tested after 14 days.

20 Exanpbe 282 Wwes fispalved impitee grixtuescpnd pihotitrad vashapmpgensower Alvmiidane as

for sulfate 50g, was dissolved into the mixture and all stirred until homogeneous. Caustic

" magnesium oxide 125g, and additional water as réquired were added to form a thick just

pourable mixture. The composition set in a few hours and was tested after 14 days.

20  Example 1B. In this example all experimental conditions were the same as for
Example 1A except that aluminium sulfate 50g was dissolved into the mixture after the
addition of caustic magnesium oxide rather than beforehand, and the mixture then
stirred until homogeneous. Additional water as required was added to form a thick just
pourable mixture. The composition set in a few hours and was tested after 14 days.

25
The TCLP leachate showed a leach of 0.02mg/L mercury, which is below the allowed
limit of 0.2 mg/L, making the encapsulated composition safe for an unlined tip.

COPPER. NICKEL, MANGANESE & LEAD

30 Example2A.  Copper sludge having TCLP results for the untreated waste of:
copper = 12.5 mg/L, nickel = 53.7 mg/L, manganese = 23.5 mg/L and lead = 61.2 mg/L
was encapsulated in the following manner. Copper sludge, 300g, and water was mixed

to form a thick homogeneous slurry. Citric acid 20g, was dissolved into the mixture



Exanpl e 1 A except that al um nium sul fate 50g was dissolved into the m xture
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few hours and was tested after 14 days. gp The TCLP | eachad@.sixv@d a | each
of 0.02ng/L nercury, which is belowthe allowed Iimt of 0.2 ng/L, nmaking
t he encapsukad el goradowitili lomagghieousor Alminini eldbte 1202, waOERERyvedNLGKRbe

MANGANESE & LEAD 30 anpl e, 2A.. er slud havi ng TCLP resul for .the
nt reat ed walER AR HOREE 0, RRREuE B Bensingy bTRE Dendbd -
23.5 ny/ L andditiemd watérlas?refBiréd wWeRS a®iegap ot taethidkNjubthporfratlé avikfige. TERBET .
Copper sludge, 300g, and water was mxed to forma thick honbgeneous

slurry. O t ep@Epegien oy a fgashairs el westested sfterdd davsct ure 10 23 Cctober 2006
and all stirred until honogeneous. Al um nium sul fate 20g, was di ssol ved
into the mxture and all stirred until honpbgeneous. Caustic nagnesi um

oxi de 1009, EamgipleadBli t | indlis wakApleasl] keeftini@t] VenditRed egert Ghé Gk aast for Ck
just pourable m xture. The conpgsition set in a few hours and was tested
after 14 dafsamplegdypyicat Haf alpminigmeuliaty 70g wag dissabypd mtadisraixtue aliet thens
wer e the Sadkqif fo?rcaug:?:?&ama eshfth Ptﬁ(fcfeofaéﬁ athaﬁi}bg]?i'réﬂaﬂm ﬁﬁﬂ fﬂ%t fiale WRs .
di ssolved into the mxture ter the addition of caustic nagnesi um oxi de
rat her t hansteédumidomhogardus. hAdditbohalrveatérhesrequatadrwaschdded td fohmnrmbieh s .
Addi tional watey as required was, added tgo forma thick just 10 pourable
i xt ur o0 ThaoWaS GBS nl AcROT DSOS AAUPY Mats ARdves destdptis? ?%Eam days.
The TCLP | eachate showed a | each of <1.0 ng/L copper, <1.0 ng/L nickel,
<2.4 mg/L manganese and <1.0 ng/L | ead which are significantly below the
al | oned | i mlhe I'CLPdkadhgtetshewehe dgwhloditéd mgfipowpei, oi.(sagd. fickelaf2. 4mg/hed

tip. 15 COPPER _Exampl e 3A. 1. conduct or waste cqnt.,ai ni up to,50% copper
oxi de was EREEPSTY gdﬁ'@‘?é@ﬁ%ﬁl%ﬁﬁfﬁﬁfﬁ%ﬁqw 5w gﬁ%&@8weggﬁﬂl}5’f rom
the seni congiagin@rthe bidplldidd c shRin@hfevesaiXafdtdp. f orm a thick

honbgeneous slurry. CGtric acid 40g, 20 was dissolved into the m xture and

all sti¥¥ed until honpgeneous. Al uminium sul fate
COPPER

Example 3A.  Semiconductor waste containing up to 50% copper oxide was
encapsulated in the following manner. Copper sludge, 500g, from the semiconductor
industry, and water was mixed to form a thick homogeneous slurry. Citric acid 40g,
20  was dissolved into the mixture and all stirred until homogeneous. Aluminium sulfate
30g, was dissolved into the mixture and all stirred until homogeneous. Caustic
magnesium oxide 250g, and additional water as required were added to form a thick just

pourable mixture. The composition set in a few hours and was tested after 14 days.

25 Example3B. - In this example all experimental conditions were the same as for
. Example 3A except that aluminium sulfate 30g was dissolved into the mixture after the
addition of caustic magnesium oxide rather than beforehand, and the mixture then
stirred until homogeneous. Additional water as required was added to form a thick just
pourable mixture. The composition set in a few hours and was tested after 14 days.
30
The TCLP leachate showed a leach of 0.4mg/L copper, which is significantly below the

allowed limit, making the encapsulated composition safe for an unlined tip.



30g, was dissolved into the m xture and all stirred until honbgeneous.
Caustic magnesi um oxi de 250g, and additional water as required were added
to forma thick just pourable m xture. The conposition set in a few hours
and was tested after 14 days. 25 Exanple 3B. In this exanple all
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The TCLP leachate showed a leach of 1.73 mg/L lead which is below the allowed limit

of 5 mg/L, making the encapsulated composition safe for an unlined tip.

20  Example 5A. A contaminated lead waste from the lead recycling industry was
encapsulated in the following manner. Waste, 190g, from lead recycling industry, and
water was mixed to form a thick homogeneous slurry. Citric acid 30g, was dissolved
into the mixture and all stirred until homogeneous. Aluminium sulfate 33g, was
dissolved into the mixture and all stirred until homogeneous. Caustic magnesium oxide

25  330g, and additional water as required were added to form a thick just pourable mixture.

The composition set in a few hours and was tested after 14 days.

Example 5B. In this example all experimental conditions werec the same as for
Example 5A except that aluminium sulfate 33 g was dissolved into the mixture after the
30  addition of caustic magnesium oxide rather than beforehand, and the mixture then
stirred until homogeneous. Additional water as required was added to form a thick just

pourable mixture. The composition set in a few hours and was tested after 14 days.



into the mxture and all stirred until honogeneous. Al um nium sul fate 33g,
was dissolved into the mxture and all stirred until honpbgeneous. Caustic
magnesi um oxi de 25 330g, and additional water as required were added to
forma thick just pourable m xture. The conposition set in a few hours and
was tested after 14 days. Exanple 5B. I mahis exanpl e alB cpotiwe 7nnat al
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sul fate 459 was dissolved intg the mxture after the addition of caustic
magnesi um of&§vHBoOWS afbay testrd BESOKdfaRd, and the nmixture then stirred until
honogeneous. Additional water as required was added to forma thick just
pourabl e m xture. The conposition set in a few hours and was tested after
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waste of. total cresols = 495 rTg/L, 2,4,6-trichiorophenol = 27.5 ng
pent achl or opfireggount: homogeneous. Additional water as required was added to form a thick just

pourable mixture. The composition set in a few hours and was tested after 14 days.

20  The TCLP leachate showed a leach of 0.1mg/L copper and 0.4mg/L lead which are
significantly below the allowed limits, making the encapsulated composition safe for an

unlined tip.

CRESOLS & PHENOLS

25  Example 7A. Certified Superfund soil having TCLP results for the untreated waste
of: total cresols = 495 mg/L, 2,4,6-trichlorophenol = 27.5 mg/L, pentachlorophenol =
27mg/L, 24-D = 249 mg/l. Certified Superfund soil, 202.5g, from Resource
Technology Corporation, Laramie WY, catalog #CRM 401-225, sand 697.5g and water
was mixed to form a thick homogeneous slurry. Citric acid 27g, was dissolved into the

30  mixture and all stirred until homogeneous. Aluminium sulfate 90g, was dissolved into
the mixture and all stirred until homogeneous. Caustic magnesium oxide 900g, and
additional water as required were added to form a thick just pourable mixture. The

composition set in a few hours and was tested after 14 days.



27mg/ L, 2,4-D = 24.9 ng/L Certified Superfund soil, 202.5g, from Resource
Technol ogy Corporation, Laram e W, catal og #CRM 401-225, sand 697.5g and
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and all stirred until honbgeneous. Al um nium sulfate 90g, was dissol ved
into the mé&ﬂ%@@h@w sk until honpgeneous. Caustic magnesium

oxi de 9000, panfRAL { | OPRlnfRILLPhaLEANEES RQMLES. AIGH LA Yoo Ni Ck

j ust pourab Xt ure. e conposition~se w hour s was tested
after 14 dawyseniExafjphg/I8Badrhiunt ki &S meAnphd lall= 2% mey/L meast @alcagsiatkd inoths wer e

the sane_as_for . Exanpl e except th al um nium sul fate 90 s di.ssol ved
nto t e m RUGPHnGIEBRCE noBl Tharhi Seofiah P SHbbss 68 GOrauei St ner
than bef or epaichic aRdy t RGtalPeX HORMIEIM S bid afatdintids RARBOGPCRH Adicki onal
wat er as required was addeg to forma thick just pourable m xture. The

conposi t i onhewmpgdingous flemy.nGlirie acid §6 pawast dissobigd aifto dre miktergynd alf herraOuril
| eachat e Shﬁ%gge%el)gsacﬂlu%imoﬁn% s&l@é bOg,rv%ra?snéli(s:Sol\fe%' i(t)l ) H;%/IIITD{ ar(e:I rg'nﬁl %las?lgreg' 05

until homogeneous. Caustic magnesium oxide 900g, and additional water as required

20  were added to form a thick just pourable mixture. The composition set in a few hours

and was tested after 14 days.

E‘xample 8B. In this example all experimental conditions were the same as for

Example 8A except that aluminium sulfate 90g was dissolved into the mixture after the
25  addition of caustic magnesium oxide rather than beforchand, and the mixture then

stirred until homogeneous. Additional water as required was added to form a thick just

pourable mixture. The composition set in a few hours and was tested after 14 days.

The TCLP leachate showed a leach of 0.11mg/L arsenic, <0.05 mg/L cadmium and 0.05
30 mg/L lead which are all significantly below the allowed limits of 5 mg/L, 1 mg/L and 5

mg/L respectively, making the encapsulated composition safe for an unlined tip.



30 ng/L lead which are all significantly below the allowed limts of 5

nmg/L, 1 ng/L and 5 ng/L respectively, nmaking the encapsul ated conposition
safe for an unlined tip. 14 23 COctober 2006 POLYCHLORI NATED Bl PHENYL
(PCB') Example 9A. Pol ychl orinated biphenyl (PCB) in oil, containing 35.2
ng/ Kg Arochl or was encapsul ated in the {fpol | owi ng mannens rahy&donsi nat ed

bi phenyl (PCB) in oil 28g from Resource Technol ogy Corporation, Laram e
WY, cat al og PEACRNDI2DOR 301g and water was m xed to form

a thick ho sI . Otrl ’ cid ssol ved i th

mi xt ure ang%§ E’ Pfredﬁ?};r/ﬁ’l?lf’ %ﬁ‘g&éﬁb ]s](%%fBL)mi%lOgllm %ﬁ?&gegégg, %%

di ssol ved i mirocHibterd¥ onbatistladdicin @ folbwinzflarhet.| Pol MBHURRRABIShen '

rragne5| um oxi de 200g, and additional water as required were added to form a

thick just opddeale@ Resquge declmelogydrspetiativn fasapie] W Yacatalpg W&BM9%@1%S
tested aft
condi 1 ohs GEiE ARy St 30l R PR 0 IS PRI FoBbuenBSRCHLTE e

20g was di saciivied, wix disdohedrihestthe ﬁm&ﬁxteealndtanestmaaidnﬁll Iomagendals Alemimgnesi um
oxi de rat her than beforehand, and the m xture then stirred until

honogeneous SUEHRIZ9S, Yas | 1%3%‘@11 injg thepdrtieandAl durddniib hpppasngorsni ErRusfigst 15
pourable m i ter
12 days. o fogp DEiOE00E SR OB ol s RENTBR ke AGd PR ETHIR i
successful pewhbldinfiktmadt.i Die ambostt'mbisbﬂ inatfewhowrsekd mgs técs&dmﬁkeabé; dhwt ed
conposi tion safe for an unlined tip. 20 ARSENIC Exanple 10A. Arsenic
trioxi o 27g, from EM Sci ence, G bbstown NJ Catal og #AX 1745-2, sand 873g
and vat er agaFhies, t O UM axhibEkal RERSRMGR Scobbliony -k tthé Gam@Csdref 5
and sodi um carbonate 45g, were dissolved into the mxture and all stirred
until 25 hoﬂﬁagapl@cﬂfsexmpuﬁmmlmmmumfsatf@e%g waa/aisssqﬂwsémw&w mixtwe after thext ur e

and all stir til honmogeneous tic na S|u oXi 900 a d

200 11 onal  disiaen S <l PRATED Sidfatier Jhit SR R fie

m xture was s@¢di ﬁltﬂ‘@om'!;?@le@ﬁéfpﬁﬂﬂihbﬁm vt dsﬁeq@reﬁ%s%ﬂé&to%ﬂn‘&&&ck?ﬁét ed
after 14 days. 30 Exanple 10B. In this exanple all experinental conditions

wer e t hied saﬁéura%leﬁiﬁﬁtlﬂ%xﬂiﬁpﬁ@ﬂo@ﬂoé%%@@ few dours|andiwes tesfed el €daGg was
di ssolved into the m xture after

The TCLP leachate showed PCBs were undetectable, indicating successful
solidification and stabilization, making the encapsulated composition safe for an
unlined tip.
20
ARSENIC
Example 10A.  Arsenic trioxide 27g, from EM Science, Gibbstown NJ Catalog #AX
1745-2, sand 873g and water was mixed to form a thick homogeneous slurry. Citric
acid 4Sg and sodium carbonate 45g, were dissolved into the mixture and all stirred until
25 homogeneous. Aluminium sulfate 90g, was dissolved into the mixture and all stirred
until homogeneous. Caustic magnesium oxide 900g, and additional water as required
were added to form a thick just pourable mixture was achieved. The composition set in

a few hours and was tested after 14 days.

30 Example 10B. In this example all experimental conditions were the same as for
Example 10A except that aluminium sulfate 90g was dissolved into the mixture after
the addition of caustic magnesium oxide rather than beforehand, and the mixture then

stirred until homogeneous. Additional water as required was added to form a thick just



the addition of caustic magnesi um oxi de rather than beforehand, and the
m xture then stirred until honbgeneous. Additional water as required was
added to forma thick just 15 23 Cctober 2006 pourable m xture. The
conposition set in a few hours and was tested after 14 days. The TCLP

| eachate showed a | each of 1.3ng/L arsenjg, which is belgwéthreradogwed
limt of 5 ng/L, making the encapsul ated conposition safe for an unlined
tip. 5 Exanpberablemixpyrs eRccamposkiodesef mrasfew 00015, anfl meantestes! afist 84 daysi ng

i ndustry, and caustic magnesi um oxi de 2000g were dry mxed. Citric acid
60g and al um nium sulfate 200g were dissolved in water and added to the

dr y mx andTaklTEtp ﬂda@ﬁhtél@hd\qu RQéHéﬁQﬁeDBkﬁgﬂIparfsé}ﬁéD Wwhichii€ keloWsthe ROBHRA! €
m Xture. The cor’g)ole on set in a few hours 10 and was tested after 14

days. ExanplisitiafiB3me(ls making the emgapeulated cemprsitionsatelor eppelinaddivs were t he
sanme as for Exanple |1A except that alum niumsulfate 200g was di ssol ved
into the"m xture after the addition of caustic magnesi um oxi de rather than

bef or ehand, Eamipletid AT X Awesict fiRideSighid 1060k, Urdm | the Goky eniedidSinddvig, tan@nal
wat er as required was added to forma thick just pourable m xture._ The
conposi t i onC&ic mpgaesER oKisler2P08s i etiadry maized (Ciie avid 42 gag aluminjamsglfpte

| eachat e sh eq SEeM.G, i ch i I .

Tt of 7 ooy WerePREb i, MRl R ot dry SmBC A A Sufied AR
tip. 20 Exahpinegdizéus tbrfsmmi thick just podattadinmrey Therenidebign sétinmféw&otrisn
m ni ng j ndus er was mxed to forma thick honogeneous slurry.

try, an t
Gtric ]a%ida%‘i)é'?sﬁ@gaﬁgrs]s"b‘iaé’éd into the mixture and all stirred until

honobgeneous. Al um ni um sul fate 240g, was dissolved into the m xture and
all stirred until honmobgeneous. Caustic magnesi um 25 oxi de 2000g, and
addi ti onal WaampleddBr eqln thesl ememnpleaaltl edperondntal necaditiving kw¢ra sthe peme adsl for

m xture. The_conposition set in a.few rs..and s test.ed after 14 days.
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for Exanpl eneladilitrnCoMdaubtitiina g ddifind biidle Stthéothen 24R8:1488, MdShehigsird tep t he
m xture after 30 the addition of caustic magnesi um oxi de rather than

bef or ehkind, staedl wd hameeeneeus. haddidionalreaten pstrpquiredrivisenddedity. forma thickdagt
é’gﬁgésf"f  onP Qe LA o Rl B Y LM P ERGAR TS 110,
The TCLP leachate showed a leach of 1.6mg/L arsenic, which is below the allowed
limit of 7 mg/L, making the encapsulated composition safe for an unlined tip.
20
Example 12A.  Arsenic, tin and antimony fume 1000g, from the tin mining industry,
and water was mixed to form a thick homogeneous shurry. Citric acid 60g, was
dissolved into the mixture and all stirred until homogeneous. Aluminium sulfate 240g,
was dissolved into the mixture and all stirred until homogeneous. Caustic magnesium
25  oxide 2000g, and additional water as required were added to form a thick just pourable

mixture. The composition set in a few hours and was tested after 14 days.

Example 12B. In this example all experimental conditions were the same as for
Example 12A except that aluminium sulfate 240g was dissolved into the mixture after
30 the addition of caustic magnesium oxide rather than beforehand, and the mixture then
stirred until homogeneous. Additional water as required was added to form a thick just

pourable mixture. The composition set in a few hours and was tested after 14 days.



The TCLP | eachate showed a | each of 3.7ng/L arsenic, which is below the
allowed Ilimt of 7 ng/L, making the encapsul ated conposition safe for an
unlined tip. CHROM UM 5 Exanple 13A. Chrom umwaste, containing 16 - 18%
chromumfromthe foundry industry, 1 part, and water was nmixed to forma
t hi ck honobgeneous slurry. Gtric acid, gum nium sulfatx® eb@heP2Ris C
magnesi um oxi de 4 parts and additional water as required were added to
form a t hi cklheuBELD deachite showed arleachTole3 . dmgo sisenionwbish i helow 8w diowed  and

was tested aft.er.l14 s...10.Exanple 13B. In.this_.exanple.all.experinental
condi ti ons a@@o{ﬁ@gglg@al%%g WSFH%ISIWS&@OT@%@%%? of HEP&HLF Y- uni ni um

sul fate part was dissolved into the mxture after the addition of caustic
magnesi um 02'! gg Eﬁ{ Egr t han beforehand or sinultaneously, and the mxture
then stirrece _ nogeneous. Additional water as required was 15 added
to form g t hixgknidipia POTARh R X! Sontatiifie GRTP Q84 LRBMARS fidh thd SUAIGUT S
and was tested after 14 days. The TCLP | e3chate showed a [each of 1.6ng/L
chrom um whidistriysl pat,cand tiateravdsonizxed t¢ forint a tiickchampgeneawalslumg. t Gigric acid,
encapsul at ed, canposi tjon safe for an .unlined tip. 20 .lt.is to be understood
That  the pr GGG SHIEFAae TBTR B oS * PR AR Ao S o SaEr gy
and are not v adiato B iaThick i€ psGabR MixtirBe The¥6RpbSilor Set FNY MR Yhours

Furthernore, it should be appreciated that various other changes and
modi f i cat i oraad v tastedradige 14 dayst he embodi nents, in addition to those already
described, w thout departing fromthe 25 basic inventive concepts. Al such

variations and nodifications are to be considered wthin the scope of the

present invaxam@l 1381e Natkis eex@lfngwhl@fbxbérirhaﬁmec&ﬁiwnmwad fhe Oainet &€ for
f or egoi ng dESCI‘IE:ftIOI’I. It is to be understood that, if any prior art

i nf or mat i on Bxampler £34 exeers thedrtbe mlunigiyem spldate mepcsasgdiseplyrsh g Hag mixive an

adm ssion t E-nf or ' I 5@37@3
know edge i %ﬂh@@%ﬁ{hﬂgﬁﬁ udssﬁgg‘{a%é%ﬁggi?e%%tﬁer rth‘jé:}g%en r§/l. 1 g@}%é‘gég’ 2006
Cains 1. Aamdtthodhigfurd ticmr pioredt umij oniggea¢dual Addidosdtwabd as bequited ,wdshe
h i, S| h f:
met hod lg 0”%& eS tr(])gfogmea tc?(%%stopourable mixture. The composition set in a few hours and

was tested after 14 days.

The TCLP leachate showed a leach of 1.6mg/L chromium, which is below the allowed
limit of 5 mg/L, making the encapsulated composition safe for an unlined tip.
20 |
It is to be understood that the preceding examples are provided for illustrative purposes
only, and are not intended ;[0 limit the scope of the invention in any way. Furthermore,
it should be appreciated that various other changes and modifications can be made to
the embodiments, in addition to those already described, without departing from the
25  Dbasic inventive concepts. All such variations and modifications are to be considered
within the scope of the present invention, the nature of which is to be determined from
the foregoing description.
It is to be understood that, if any prior art information is referred to herein,
such reference does not constitute an admission that the information forms a part of the

30  common general knowledge in the art, in Australia or any other country.



5 (a) mxing the material with the binder, as a slurry or for subsequent
formation into a slurry, the binder including a source of caustic

magnesi um oxi de; (b) adding an organic acid additive to the material, the
bi nder or a m xture thereof; (c) after steps (a) and (b), adding a setting
agent to the slurry that enhances setting;of the binderaz @oRer faowet hod as
claimed in claiml wherein the setting agent conprises between 0.1 to 30%
by wei ght of the caustic magnesi um oxi ddains t he m xture. 3. A nethod as
claimed in claiml or claim2 wherein the setting agent is selected 15
fromthe group conprising: sulfates and chlorides. 4. A nethod as cl ai ned
in claim3 wherei m thehsetdfi fBoR@eAnsl & HekBslt ad f oAbl ®indef, o0 &R Si ng
nmetal sulfates, such as magnesi um suFf ate, iron sulfate and al um ni um

sul fate. 20 SMpRsWELIMOYERSOIC] ai med i n cI aim3 wherein the setting agent is

and- soa om abl 8rne MegHRe P LRI, K o S 4GP BTl Bl B

cl ai ms wher ei nsmﬁg thé bindyr insludid aabuRe W€ EALstiS apfissiund oxilleret hod as cl ai ned
in any one of the preceding claims wherein the material s a hazardous
mat eri al or (Ebi‘ﬁﬂjé‘%&ﬁ’forﬂﬁéﬁ é@ﬁl addigivg to the materisd thebiaders eradqnixfirafigredhe of t he
pr ecedi ng cI i t he
group:” citrl acl g&ﬁ r)rogn& Q@i %’d&ﬁ%ﬁ%ﬁﬁ%&g@g%ﬁ% yco iﬂiat%@#agﬁésgsgté{ gﬂnac d,
ot her di or pothgboaiehoxylic acids, tartaric acid, salicylic acid,

et hyl enfgli amne tetra acetic acid (EDTA) and other tetra acids.

2. A method as claimed in claim 1 wherein the setting agent comprises between

0.1 to 30% by weight of the caustic magnesium oxide in the mixture.

3. A method as claimed in claim 1 or claim 2 wherein the setting agent is selected
15 from the group comprising: sulfates and chlorides.
4. A method as claimed in claim 3 wherein the setting agent is selected from the

group comprising metal sulfates, such as magnestum sulfate, iron sulfate and

aluminium sulfate.

20
5. A method as claimed in claim 3 wherein the setting agent is selected from the
group comprising metal chlorides, such as iron chloride and sodium chloride.
6. A method as claimed in any one of the preceding claims wherein the slurry is
25 an aqueous slurry.
7. A method as claimed in any one of the preceding claims wherein the material
is a hazardous material or component thereof.
30 8. A method as claimed in any one of the preceding claims wherein the organic

acid additive is selected from the group: citric acid, lemon acid, acetic acid,
glycolic acid, oxalic acid, other di or poly carboxylic acids, tartaric acid,

salicylic acid, ethylenediamine tetra acetic acid (EDTA) and other tetra acids.



