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ENCAPSULATI ON OF HAZARDOUS WASTE MATERI ALS FI ELD OF THE | NVENTI ON

This invention relates to settabl e conpositions which can encapsul ate

hazar dous waste materials and rel ates particularly, though not
exclusively, & 008,pethod of 5 encapsul ati ng hazardous WSk gudkRbfEi al S

I ncl udi ng heavy rre al s such as arsenic, ni ckel , chrom um resi dues and
nmercury as well as radioactive nmateri al s. BACKGROUND TO THE

| NVENTI ON Arseni c and arsenic contatning corrp03| ti ons have been

wi dely used in Austél |, ASTE and e al so been
used in pesticides. Simaimiie v tions have

al so been widely use in Austral ia and ot her countries. Wth the
phasi ng out of arsenic and nercury conmpounds (due to their toxicity),
a large stockmwwand Mercury conponents exi st s.
G gano ni ckel 13{;9,1, é?{bdﬁe b WHiH R UNCRbIUIAYE haodPaeRs t | Ons
15 are.w del'y use ralla a%n?&%ﬁﬁ (E:oun%}?zlE es. %ta pl ating and
anodi si ng wast@mmnaésemdlsdaﬁehpsﬁlm!bbmm;gh netexclvsivelib e 8 seethgd @ér at e
waste nic and chr t and
g i n e&cwla ?&Tc}u g&%isal Vfﬂ&lﬁﬁu%ksesag'gkﬁcf??lg QUGN ag?e&@?

are store e I'S ‘hazar OoXi € an arge
stockpil e of wdeiket, dhrﬁllnﬁltmemsidues and nodrearyi asnweld ap oadinactivexnstesials. 20

The above nentioned hazardous waste materials and toxic conmponents are
housed in druns which have a limted |ife. The conponents in the drum are
typically i n t{BRCKOROUND TOMHEINMENTIONUI d or sludge which is al nost

i npossi ble to saf e] y encapsul ate. . The sl udge nt ins a yariet, of )

cont ami nants Arsenicangd@gsenic GondqIning [OMPRSILANG eqrowislely peaddn Australias
and a variety gfg *L WYnHSeattle &gm, m&gbeﬁléb'ﬁéﬁn%é&ﬁﬁ?@u&l& QUERQEPRRE ar e
al so hazar dous su ances. fromtheir as fuel for nuclear
r eact or s,10r adi marauiry somtairdng aompasmgnﬁ hove also been wedely pised ip A usialia g8dand

other i ndustri GhePPRIhEL. | Wit the 'f)@{asiﬁﬁadm lof arsenic and mercury compounds (due

to their toxicity), a large stockpile of waste arsenic and mercury components

exists.

Organo nickel and chromium, and nickel and chromium containing compositions
15 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 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.

20  The above mentioned hazardous waste materials and toxic components are
housed in drums which have a limited life. The components in the drum are
typically in the form of a contaminated liquid or sludge which is almost
impossible to safely encapsulate. The sludge contains a variety of contaminants

such as rust from the drum, waste particles, solids, and a variety of liquids.

25 Radioactive materials and components are also hazardous substances. Apart
from their use as fuel for nuclear reactors, radioactive materials also have

medical applications and other industrial applications. For example,
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radi oi sotopes are used in the nmedical field for the diagnosis and treatnent
of various types of illness. In sone industries, for exanple in the
m ni ng i ndugbloy/s4107 a radioactive source is used in ceptfiabod/oopsds Of

I nstrunents for neasuring, for exanpl e, the thickness of materials.
However, one of the problens associated 5 wi th using radi oactive
materials is finding a socially and envi rorrent al | y accept abl e net hod

of disposing of,.t.ne radioacti,ve waste..mgtertal s, Various roposal s
have been put rafié?’\ﬁ%ﬁpﬂe‘c’f are ‘éﬁ‘?gd?et‘ﬁg ﬁ?e‘%}gﬁefﬁ%‘ﬁ%hfh& ?%ﬁn%sfs ?‘%% it'beggllergteOfa
material s whi edricutypbosf illflessalie bome irtdsties, €0r eRimply indthe inflinity ndabiry,ed
regi ons of .the Earth. 10, , Att.englts t o, encapsul at e hazaydoys waste
materials in %éﬁ@éf%v%%\_%%’étus\ﬁﬂtlﬂ certain types E@E"gﬁ)ﬁﬁ%_ REALEME Ae and
cement do not eximiieVel thidknbdtCof8REAKS Mbwever, one 6P fHeAProBRiphd Rssobiawedy er
concrete or concrete like products are ideal for encapsul ati on as

t he concr®te Witthasing radioactiye matesials s findingna sogillyeangd gngignmentally prj or
to setting. W : . S t 4 I on
Is directed tg&gpir?gtl%o y ﬁﬁﬁ%ﬁggﬂgg%gatcgve wasié nﬁ%’?é%?élgg%?ﬂ
conponent s t hpremdsalsdave beampuiforwanddiir ercasemeit arlencapsudationl of radivactive

contam nated wi th.qthgr ,i Lthes, . r di t.0. one. ect of the
present i nvenﬁ%ﬁ‘@ﬁ&’ﬁ}p} @‘#89. 838?‘%)’ %Pﬂsoeﬁl c@ﬁ) %ﬁna@%ﬁggﬁgﬁ}tgﬁ ?er%m%s

hazar dous wasbétiEatth.al or conponent thereof, the nethod

conprising: adding the hazardous waste material to a settable conposition,
t.he ' conposition conprising a cal cium carbonate and a caustic

nmagnesi ufip oxi @&tempts to ent4Psilad hazartiohs Yras@NHaRtiaRit@ntiete Rhvd iét batset to
encapsul ate the waste materi al or conponents_thereof.

f 25
According to dRitetpuceesfers concretReanchaRentodO mobbind vell By throgresents Abd of
encapsul ati g cahradlingiht FIBWRIBE Norfdte Bredoldr@ 1ikE HbAUAs CARS il Ter Of

encapsulation as the concrete is hard, has a very long life, and can be moulded

prior to setting.

15 SUMMARY OF THE INVENTION
The present invention is directed to a method by which hazardous waste
materials or components thereof can be encapsulated, even if the materials are

contaminated with other impurities.

According to one aspect of the present invention there is provided a method of

20 encapsulating a hazardous waste material or component thereof, the method
comprising: adding the hazardous waste material to a settable composition, the
composition comprising a calcium carbonate and a caustic magnesium oxide,
forming a slurry, and allowing the slurry to set to encapsulate the waste material
or components thereof. '

25 According to another aspect of the invention there is provided a method of
encapsulating an arsenic component selected from the group consisting of
arsenic, sodium arsenite, arsenic trioxide or arsenic pentoxide, the method

comprising:



arsenic, sodiumarsenite, arsenic trioxide or arsenic pentoxide, the nethod
conpri si ng: WO 98/ 54107
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to the arsenic conponent a sul phate, an iron chloride and/or an al kal i ne

agent, and walogksio® forma slurry, mxing the slurry w th pgrmativéedabse
cohposi tion, the conposition conprising a calciumcarbonate and a
causti c magnesi um oxi de, and all owi ng the conposition to set to
encapsul ate the arseni c conponent. 5 I's found that when

T 2T
. |atod | . . ’ . ¢
the set  sonpodftidtS fiFbireh bEirbrhld oS S o SULABERRA o analktithe 0
| each rates aagerteasd Wasdr to fernah lshisey) nhiringfthe shueryoivith aGettpbie 2oagosition he
sul phat e whi CQ}I s _added to the .slur (B% I S %kef er abl y an al um ni um sul phat e.
The al k6 SRIRRFEAN smprising A gafeinm curhpls Apd 2 SRUSHCIagngsEHy pride,

carbonate. Thend _ragawihgg the EdthPbéifien ¢@ BetaBBACASRIAtE the Srsehic@bhffonent.
Sui t abl e ranges i ncl ude: Arseni ¢ conponent - 100 wei ght units

(e.g. grans), Sul phate - 10 - 80 weight units, nore preferably
about 50 i ohd ssURILG ' j ate)
Be gmstfggfil& that when encapsufiitédfid fifs gfg?tgﬁe, ‘{eﬁ' Gittl€ @isbhitTs ?@éa@_i@%o

- 10 - 80 wei ts. 1 Ferric c present) -

wei ght uni ts. out of the setrompesition whichrhas powncretetikeappearangs- t s of water per
100 wei ght units of arsenic conponent can be added.

According to a further aspect of the invention there is provided a nethod
of enc dndeddaieach rates are lesothat tinpalivomedsleatterate bf 5O0ppmedrberdc. The

Comos: t1 on, - cHiphel Whikts a0d8 kS el Slry B TRRRA n SRl RuBhE TR o o
and a causti c aliegineSdgent @ petferably a carbodats sigthaasstalditgn caabenfte) OMengoh he

slurry to set capsul ate the nercury or
Y 19 cﬁ)orﬁfe Gin comprelse perric chioridy.

Suitable ranges include:
Arsenic component - 100 weight units (e.g. grams),
Sulphate - 10 - 80 weight units, more preferably about 50 weight units,
Alkaline agent (e.g. calcium carbonate) - 10 - 80 weight units.
15 Ferric chloride (if present) - 5 - 50 weight units.

To form a slurry 100 - 500 weight units of water per 100 weight units of arsenic
component can be added.

According to a further aspect of the invention there is provided a method of
encapsulating mercury or components thereof, the method comprising:

20 adding the mercury or components thereof to a settable composition, the settable
composition comprising a calcium carbonate and a caustic magnesium oxide,
forming a slurry, and allowing the slurry to set to encapsulate the mercury or

components thereof.

It is found that when encapsulated in this matter, very little mercury is leached
25 out of the set composition which has a concrete like appearance. Indeed, leach

rates are less than the allowed leach rate of 5.00ppm mercury.



conponents thereof. It is found that when encapsulated in this

matter, very little nmercury is |eached 25 out of the set conposition
whi ch has a concrete |i ke appearance. |ndeed, |each rates are |ess
than the allowed | each rate of 5.00ppm ner cury WO 98/ 54107
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nmercury waste is typically stored as a sludge. One source of nercury waste
is fromdarrifloccul ator sludge, or Brine sludge. This sludge contains
bet.ween 100 200rrg of mercury per Kil%gram of sludge, as wel | as

wat er, dust/s i,ties nmakes apsul ati.on in
baner ot 6 unsat Tag mBftry weste 8 yHitally Ritfetids Aidtl. KhdRiES, SHARRY Bhadl
Mer cury cont aiisiffegn Qlatdﬁbcculiﬁﬁ@h@fg@nﬁn Brine sludge. ThiSehidgy dbntdh‘ﬁpb@chideﬁn -
1000 gr amns,

_ Itrves -
10 Accordi ni&ﬂr%?ﬂal&?ﬁ mﬁrwm ﬂa&raab?f Hpdge@si wrgﬂ?ﬁ vatert %WZSqlﬂ
provided a mt&ﬁ@r impuritiéy, mﬁﬁ&@ﬁﬁl&b@&h@sﬁhﬁBﬁ'm RBAcreR @iBaHERetory, 0TPONENt S

t hereof , the nethod conpri si ng: ddi ng the nickel and chrom um
or corrponents thereof to a settable corrp05|t|on the settable
conposi ti o Coé‘imdb?é %f'%s(f@ ﬁilel{.ﬁémal}fl ﬂag. and a 15 caustic nmagnesi um
oxide, formng a slurr and allowng the slurry to set to

encapsul ate the nlMRmur)andnmhmﬁhndgandOQQ)gmnts t her eof . It is
found that when eng ted i.n thi i1 very little nickel and
chromumis | each téc R(?%ho?et 1@8:%8‘%‘% I on which has a concrete like

appear ance. IndeecWahaa(z'mrrﬁl.es are | ess than the allowed | each rate of
0.2ppm 2 O ni cke d d chr8 The ni ckel and chrom um waste is
typically stored HvEs ¢ i ﬂ’fﬁﬂ‘% or sl udge.

10 According to a still further aspect of the invention there is provided a method
of encapsulating nickel and chromium or components thereof, the method
comprising:
adding the nickel and chromium or components thereof to a settable
composition, the settable composition comprising a calcium carbonate and a

15 caustic magnesium oxide, forming a slurry, and allowing the slurry to set to

encapsulate the nickel and chromium and components thereof.

It is found that when encapsulated in this matter, very little nickel and
chromium is leached out of the set composition which has a concrete like

appearance. Indeed, leach rates are less than the allowed leach rate of 0.2ppm
20 nickel and chromium.

The nickel and chromium waste is typically stored as a thick liquid or sludge.
One source of nickel and chromium waste is from the metal plating and
anodising industry. This liquid can contain between 10mg - 28,000(?) mg of
nickel and about 10mg - 200,000(?) mg chromium per kilogram of liquid, as well
25 as water, dust/soil, and other impurities, which makes encapsulation in concrete

unsatisfactory.



One source of nickel and chromumwaste is fromthe netal plating and
anodi sing industry. This liquid can contain between 10ng - 28,000(?) ng of
ni ckel and about 10nmg - 200, 000(?) ng chrom um per kilogramof |iquid, as

wel | 25 as water, dust/soil, and other inpurities, which nmakes
encapsul at i Qi dg34g@NCrete unsatisfactory. pCT/A008/030854107
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desired, a filler can be used. The filler can include an ash, but other
fillers are envi saged. The filler Caii conprise between 10 - 90% of

the set conpagiiti. r ahl. - 9

Sui tabl e nonﬁ#ﬁ?‘??%&@%ﬁ&%%b? ng{ﬁg%’n@?‘%&gglﬂn% ﬁégﬁg%%% Oﬂ"iseg f/i)lﬁrsc & and
chrom um conterivisaged) Thefiller cabbddmprise between 10 - 90S&0f thielset commpusttidn,and- 300
gr ans, \Mat - 400 . Additives - 100 grans.
Accordi ng to Jefe HFRf?‘ﬁE[Y %@W@E‘P%f 8% i nvention there is provided a method
of 10 encapsul ati ng radi oactive materials, the method conpri sing:

addi ng the radioactive materials to a settabl e conmposition, the settable
conposi tion c&#&hlgnﬁg-lwl@agémmfa? Hsmethodhigcindes yst i ¢ magnesi um oxi de,
form ng slurry, ot \@ntaiHineY1i S encapsul ate the

radi oact ?jve N&%glt%?dl g)l{yo?%erel n. J%hélﬁdl '?ltsioiﬂ'f ound t hat when

encapsul at ed i n tSetiablestomapositiory ¢+ 30 gxamse r adi oact i ve material is-

| eached out of thg. set ‘fogrmf_)jsi tion which has a concrete-like _
appearance. Furtherndre, radioactivity levels of the | eached material are
wel | bel ovAdditives e 100 gremis.r adi ati on | evel . The met hod of
encapsul ati on according to the invention is particularly suited to 20

low to md |evel radioactive material, for exanple, nonazite. Preferably,

t he r agiceading/® yattapbotlRhr abecadfl it inveitivh #Rké BOprevidnofictiaof n t he

formof a ) .. . L
10 encapsulating radioactive materials, the method comprising:

adding the radioactive materials to a settable composition, the settable
composition comprising a calcium carbonate and a caustic magnesium oxide,
forming a slurry, and allowing the slurry to set to encapsulate the radioactive

material therein.

15 It is found that when encapsulated in this matter, virtually no radioactive
material is leached out of the set composition which has a concrete-like
éppearance. Furthermore, radioactivity levels of the leached material are well
below the background radiation level.

The method of encapsulation according to the invention is particularly suited to

20  low to mid level radioactive material, for example, monazite. Preferably, the
radioactive material is added to. the settable composition in the form of a
powder. Preferably the radioactive material or components thereof are ground
to a particle size in the range from 0.0lpym to 5.0mm, more preferably the
particle size falls within the range 0.1um to 1.0mm.

25 Preferably the settable composition further comprises lead or a lead compound
such as, for example, lead oxide. It is thought that the lead in the composition

assists in absorbing the radiation from the radioactive material.



powder. Preferably the radi oactive material or conponents thereof are

gr ound to a particle size in the range fromO0.0Ol[errJmto 5.0mm
nore preferably the particle size falls within the range 0. 1pmto

1. 0mm 25 Preferably the settabl e conposition further conprises |ead
or a |lead cwi@gneends such as, for exanple, |ead oxi @eralbssodost hought
that the lead in the conposition assi sts in absorbing the radiation
fromthe radi oactive nmaterial. V\D 98/ 54107

PCT/ AU98/ 00408 - 6- Sui t abl e

non-limting ERRANS n%grm%rﬁgg&dmwﬁé Hﬂz%aod md%b o Radi oactive materi al

- 1000 grans, € conposition - 2200 grans,

Lead oxi de - 300 Radida@ivegnateriab- 1000 grams)\ater - 500 to 900 m .

Additives - 250 t ter m caustic magnesi um oxi de

i ncludes a rragnes%f%ﬁ ?%Bg sitiom, - 7hQ t‘%ﬂb% ™Eonpri ses magnesi um car bonat e
and a decar bonat efedtirgxide i- 300 t&'h&O(Igzramsal Y] covers a nmagnesi um

car bonat e_whi ch has been treated, for instance, by heating, 10 to

| i berate ®arbon d Tre200 19 e%)QHS}Iform ng a conposition which is partially

cal ci ned. The exagldsivedCioanto s onposi tion and of the caustic
magnesi um oxide is not kno ‘but the termwill be used to include
the structure forned by heat i ng magnesj um car bonate to part ially

d bonat w0
e et 1| The EE?R%%FC oo %g“ onat & an5‘&:?‘5&%raa{ﬁéi e om I{can l.be

The conposition o um C caustic gne5| umoxi
formed by t remmmlsebnmgnemumlmthnmtaancha deqaabmamd mgrmmn’{'hatdmm‘lsce

f ound in nature. A true,dolomie a t.54% c

carbonat e and 9% amagnesmﬁgré)omﬁ)c l?‘ﬁ’&rcq‘ggg ﬁ?‘g%uﬁg\smcf %’Cfa%a:ﬁn& n
i npurities of tydibefite cdifdredioxiile, thereby tfymgvm coinposition nehidkeis apattinly,
iron and si Ilcag g ITR The rcen e of th calg }mpland nagnesi um
carbonate can cgiempd; the X ture composmon and ol the caustic Tnagnesium

oxide is not known, but the term will be used to include the structure formed

by heating magnesium carbonate to partially decarbonate it, especially at the
temperature ranges described.

15 The composition of calcium carbonate and caustic magnesium oxide can be
formed by treating dolomite. Dolomite is a calcium magnesium carbonate found
in nature. A true dolomite comprises about 54% calcium carbonate and 43%
magnesium carbonate. Natural dolomites contain impurities of various differing

types which can include alumina, iron and silica.

20 . The percentage of the calcium and magnesium carbonate can vary in dolomites.
For instance, dolomite containing 65% calcium carbonate and 30% magnesium
carbonate is called a low magnesium dolomite. Conversely, a dolomite
containing 60% magnesium carbonate and 30% calcium carbonate is called a
high magnesium dolomite.

25
It is found that heating dolomite will cause carbon dioxide to be liberated, and
the rate of liberation of carbon dioxide can be controlled and varied to provide
fully or partially calcined dolomites.



For instance, dolomte containing 65% cal ci um carbonate and 30% nmagnesi um
carbonate is called a | ow magnesi um dolomte. Conversely, a dolomte
cont ai ni ng 60% rmagnesi um car bonat e and 30% cal ci um carbonate is called a

hi gh magnesi um dolomte. 25 It is found that heating dolomte wll
cause carbonrvobgsaigie to be |iberated, and the rate %T,Lﬁggﬁ,[,@gl on of
carbon di oxi de can be controlled and varied to provide or
partially calined dolomtes. V\D 98/ 54107

PCT/ AU98/ 00408 -0 -7- I f the
dolomte is h 0 h ted car bon
di oxi de and aq%rﬂgéj&rafgn(q}%é% %%%%1% 18&(? 0°¢ %l it ?ge)lg’lgﬁ%eo% Iaéf‘f aﬁqrhese

oxi des are weldioxidewndas nfigture ©f calmumfomiﬁ amq( magm:snuai oxhienstlbﬁ. Reges are

not suita cemsntl | OUS dolomte is
heated at a | Owe ﬁtﬂ%ﬁ"@a‘ﬂﬂ"g‘ % ?r ui9 mo'&?ﬁ@%%%t‘éut et S8 M9bses
to |iberate cauftabledopaiceentitiG@hatdriali S noted that the heating can

be controlled such that the magnesi um carbonate preferentially rel eases

car bon di oxi de over the cal ci um carbonate. Thus, heating at

a tenper asur e If al6mab isylhb.@@al xt hetyaen é%geraté&o[ﬁétf L ¥t lihe C&g’s‘&&@

preferential deconpositiqn o nesi um car bonat e

control ling tecomppessdnt 1%@9@6@%6%%@9@@@@@& ’eotedrth#etht?ri&tmgi calm form
a settabl e COBRQRhirbAB BYcH ﬁﬁtﬂﬁl ﬁ%kﬁ@slﬁxﬂ_ﬁ%r@on%%f&érehﬁsplfx%l o S'

caustic nesi um ox ren eco ?%n of
dol om te can b‘boﬁaﬁs?ﬁeleﬁlemaltamanMtsuch 15 as inorganic sal ts. A
suitable salt is a netal sul phate such as al um nium sul phate or
magnesi um sul phate which can be added fromO0.1% - 5% prior to

heating. The sSEius, bgatingras attempertwreant g@bﬂtyf)ﬁ:an y batrech!BB0 d 0GR &adsk ON
t enperat yre of Ng_%e'id% vmthout syﬁ}tantl affectl ng the hi gher
Jat i giyeferential decomposition g e‘@égﬁfsé‘f carbgra

D,

-13

decar boni t%alt can increase the
differential tenperature from 20 100[err]C to ZOOC.

By controlling the preferential decomposition, dolomite can be treated to form
a settable composition by the dolomite into a composition comprising a caustic
magnesium oxide.

The preferential decomposition of dolomite can be enhanced by additives such
15 as inorganic salts. A suitable salt is a metal sulphate such as aluminium
sulphate or magnesium sulphate which can be added from 0.1% - 5% priof to
heating. The salt appears to preferentially decrease the decarbonisation
temperature of MgCO; without substantially affecting the higher decarbonisation

temperature of CaCO;. The salt can increase the differential temperature from
20 100°C to 200°C.

Suitably, the caustic magnesium oxide has between 0.1% - 50% of the carbon

dioxide retained within the magnesjum carbonate, and preferably between 23% -
28%.

While the molecular structure may be difficult to envisage, the structure may
25 comprise a mix of calcium carbonate, magnesium oxide, and magnesium

carbonate. The amount of carbon dioxide retained in the composition has an



Sui tably, the caustic magnesi um oxi de has between 0.1% - 50% of the carbon
di oxi de retained within the nmagnesi um carbonate, and preferably between 23%

- 28% Wil e the nol ecul ar structure nmay be difficult to
envi sage, the structure may 25 conprise a mx of cal cium carbonate,
magnesi um owb(;g,ma-nd magnesi um carbonat e. The anoupbrAlyoHéudson

di oxi de retained in the corrp05| tion has an WO 98/ 54107
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various paraneters such as hardness, and Qetti ng rate. Betvveen 20% -

30% r et ai ned [, | o

appl i cations. %ﬁé %ﬂggﬁ %Eg:%@es%#;&érﬁa?ﬂ?&s, ?%E ecr eazsoe/% t'he

set rate, and SH%rretasiedgcarbon d1¢>hée offersrd smtahialsuoratei lfmmaaympphems t he

mxi ng o bl oNFREPE e Rt ofiain oatie eePf B RGeRi e BRredi osi uim

oxi de. | n thi sheamioaht 6ficarbon dioXitle irkdetsbd thegegB@te) um oxi de can be prepared
by subjecting heat to partially drive off carbon dioxide until the
desired | evel of calcination is obtained. In a further variation, a

natural dgl omg é@ﬁg&ﬁh&?%ﬁdaléd‘ bk f;ﬁegmggﬁ gglﬁitfd‘élllgggr Hixing 8P Bihdifg

pr ovide a COh‘pOSI t1o conpri si ng calci caustl c
magnesi um o><| calciwm rarbonatrwilh prefirmed) ewstic magnegivmeaxiden cthisvasiations or

| nstance, %&H&M%ﬁ&%ca@%ﬁ aéﬂeﬁ%h E;?Héﬁjé &ﬁstlozkgﬂrﬁéil € can

be added to the a 'l ow’magresr um e ore
cont ai ni ng 65%rivee off gambourdioxide amntik the deam¢d39%lrdgahmatmnaalobtam® pl us
i mpurities can be cal cined so that the magnesi um converts to
partially cal cined caustic nagnesi um oxi de but essentially where
bétween 2% - Ja%faftheheardution, aahtiesl dolomérd negr decheatidoin e manner desmbbdin the :
magnesi um, is retrai ned
above to provide a composition comprising calcium carbonate and caustic
magnesium oxide, and if the natural dolomite is magnesium deficient (for
instance, a low magnesium dolomite), additional caustic magnesium oxide can

be added to the mixture.

For example, a low magnesium dolomite ore containing 65% calcium carbonate

15 and 30% magnesium carbonate plus impurities can be calcined so that the
magnesium converts to partially calcined caustic magnesium: oxide but
essentially where between 2% - 20% of the original entrained carbon dioxide .
within the magnesium is retrained.

By being able to add caustic magnesium oxide, and calcium carbonate, and

20 being able to vary the blend of the two, it is possible to provide compositions
for use as cement having any required predetermined weight or percentage of
the blended materials.

The particle size of the composition can be varied if desired. A suitable particle
size of 50 - 70 micron with 90% passing through a 60 micron sieve allows the
25 composition to be used in a variety of applications. The composition can be

ground to the particle size if required and this can be done before or after



By being able to add caustic magnesi um oxi de, and cal ci um carbonate, and 20
being able to vary the blend of the two, it is possible to provide

conposi tions for use as cenent having any required predeterm ned

wei ght or percentage of t he bl ended materi al s. The particle
size of thewgpsEmafti on can be varied if desired. A suitaliicg/Ameibdsds €

size of 50 - 70 mcron with 90% passing through a 60 mcron sieve allows

t he 25 conposition to be used in a var%ety of applications. The
conposition can be ground to the particle size if required and this

can be done b r o o
PCT/ AU9S/ 0040 eRfrfterdt! @ﬁm&e{)attmle size rangeé’gega%éedrmgaged such gs from 10 - 1000

treatment. O hecrgmarticl e size ranges are al so envi saged such as from 10 -
1000 m crons. A range of 10% - 90% causti c nmagnesi um oxi de
and 90% - 10% cal ci um carbonate can be used, with a preferred m x

bei ng 60% -f7éh/?raﬁ@1©$i1%an90% Cauag%%nak %mmlcﬁcﬁdunand 90% - 16%r cdldisbence,
one tonne of dolomte w cont gi.n I l.o cal cium

carbonat e ( CaCefboRAfe WM@H@T&%@%@@&@&%&@% Q;Prég@egeﬁﬁlw #dis 5%
i mpurities. Theyagreshldikar bonate will contain 156:57kg of Cerr]. Wen

95% of this CJerr] is renoved the weight loss wll be 148:74kg. The
cal cined wei ght of 10 the dolomite will now be 851:26kg which w |

i ncl ude 650kg g I&%ﬁfu £ I & 356 &8 e and
50kg of inmpurities @% onne &3%02@1 %?/B%é%ﬁg ?E og{ %ﬁ@? ?r%it??l ties
50kg = 851: 26.cprbonate (CaCO,) Endirdfi0kg of magnesmIID@h&W@ 1Mg0)€g) plas e
CaCJ err] before [ i of +
50kg inmpuriti églpugﬁ{eg' %E n?a%?lgfn %%‘Pgﬁgt"\l’%nc °“%6§%5w§92f 95
151: 258kg causifithis(@Q is teftcOed thid weight loss will be 148:74kg. The calcined weight of
10 the dolomite will now be 851:26kg which will include 650kg of calcium
carbonate plus 143:3kg of magnesia oxide and 50kg of impurities. (CaCO,
650kg/Mg0 143:43kg + 7:8285kg + impurities 50kg = 851:26.)

Example:
Dolomite 1000kg = 650kg CaCQ, before calcination
15 300kg MgCO,+ 50kg impurities

After calcination = 650kg CaCO,
151:258kg caustic (Mg0+7:8C0,)
+ desired weight of selected caustic magnesia oxide

+ impurities 50kg

20 The composition can be formulated as a dry fine powder (that is similar to the
Portland Cement powder).

Another source of the composition can be based on the calcined magnesites and
dolomites directly from the magnesium industry. These are predominantly
magnesium oxide (typically over 90%) with calcium oxide (ranging 3-18%) and
25 containing a low amount of (0-5%) carbon dioxide. This commercial form of

caustic magnesium oxide may even contain dead burnt calcium oxide or dead



+ desired wei ght of selected caustic nmagnesi a oxide +

I mpurities 50kg 20 The conposition can be fornulated as a dry fine
powder (that is simlar to the Portl and Cenent powder).

Anot her source of the conposition can be based on the cal ci ned nagnesites
and Weoglifpes directly fromthe magnesi um i ndustry pctA@s€oodése
predom nantly magnesi um oxi de (typically over 90% wi th calcium
oxi de (ranging 3-18% and 25 cont ai ni ng a | ow amount of (0-5% carbon
di oxi de. This commercial form of usti c magnesi um oxi de may even

contain dead @Hx‘n@ IndpRlSiutb:840 86t R'suliadltul in the encaps&’l@ct&%ﬁ:%%&ﬁlthough

PCT/ AU98/ 0040

magnesi um oxi itds baot specifichlly lcaloetl for encapselaionapsul ati on process alt hough
it is not specifically calcined for encapsul ati on. To the
conposition can be added various additives. The additive or additives

may accel er at o tthe chapositioA tarbesdddedovariotdi ddditkgsnThe addilivery Akktieds | N

the 5 recrystalllsatlon of the corrp03|t| ntonake it set. In_t
setting proce¥@y arsrlpeie the formatignenf sqngeb indfig ReF mylfa@sfovggm

fillers, dnor %Pyﬁalhséd&r&,thé é&rh?oéiﬁgn kd gHaké it set. In tﬁé de'ttﬁi% prdcast, Paséus/ e
f|IIers, tOXIC fillers, I ke) can be trap in the set

mat rix. ad %éll%ra&wmwaaawlema@@ ellegwmrss@lcmegﬁa solid, and ligwige d at
rates of bet ?rslgadloachvQ]f%ﬁéf? foRic2iers "B tle/ ﬁk@aéélnyb@ tIQEJ#E&'@:?ttﬂe %/
sui t abl e sul phate rise sul phuric a tal sul phate
such as magnemarix.sul phate or al um ni um sul phat e. Anot her
desirable additive is one which act as a source of carbonation in the
conposition to assist in the setting process. A carbonate which can
deconpose 15 Oneardditvetan conhpiisey fswdphatebohichintayt beeaddedpatedaeasraf betwien

Sur bl e, gddl Lok SRl Hhnt syere typilih?hof) BB e K o RO ST RO T o

comprise sulphuric acid, or a metal sulphate such as magnesium sulphate or

aluminium sulphate.

Another desirable additive is one which act as a source of carbonation in the
composition to assist in the setting process. A carbonate which can decompose
15 or react to liberate carbon dioxide is preferred. One suitable additive can be a
metal carbonate such as sodium carbonate. Another suitable additive can
include a carboxylic or polycarboxylic acid which can react to liberate carbon
dioxide. Another advantage of sodium carbonate is that it will carbonate any

completely oxidised fillers which may be used (for instance coal ash).

20 Other additives may include citric acid, lemon acid, acetic acid, glycolic acid,
oxalic acid, other di or poly carboxylic acids, or other acidifying agents. Possible
substitutes for the citric acid include tartaric acid, Salicylic acid, ethylenediamine
tetra acetic acid (EDTA) or other tetra acids. These additives may be added at
between 0.01% - 10%, more typically 0.01% to 5%. If the additives (such as citric

25 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 < 250 mesh can be used. The aluminium sulphate may be
commercially available aluminium sulphate having a hydration figure of 14. Of



I nclude a carboxylic or polycarboxylic acid which can react to liberate

car bon di oxi de. Anot her advantage of sodium carbonate is that it
wi || carbonate any conpletely oxidised fillers which nay be used
(for instance coal ash). 20 O her additives may include citric acid,
| enon aci d, weeisig7 aci d, glycolic acid, oxal i ¢ aci ¢crQlubssosés O

poly carboxylic acids, or other acidifying agents. Possible

substitutes for the citric acid include fartaric acid, Salicylic acid,

et hyl enedi am ne tetra acetic acid ?EDTA) or other tetra acids. These
addi ti-ves may, ﬂg%g WRERIN Uthia Al | 0.01%
to 5% If theccglgsd?tl eg@%lsol%%hgcsir%@(tﬁri C Zgﬁgﬁgﬁ%@ﬁnﬁg%ﬁ%%g\?ma%g

sol i ds, they appropriateaveighpadjugtmeentsl and powdered to enable themto

be efficiently blended with the remainder of the conposition. A

grind size < 250 nesh can be used. The al um ni um sul phate nmay be

comrer ci al | y Awmethlenhtidifgirignageint maytdonnpitise subphure acid waddahisomal ibguideled! 14.

gCT/ AU98/ 0040@ éﬁie:)vggt/egfnjb?tare in up to 5% by Welght. - 11 -
course, higher or |ower hydrated al um nium sul phates can al so be used with
t he appropriate wei ght adjustnents, Anot her aci di fyi ng agent

may conprd se A preferred feafure dhe additivesinglusle algminjum sulphate and a ciieic afid

m xture in up Y | in o di f el daafmAnS,

T ] ves nodrdqaifalie Witk 3 giylotic acifl of aRft RIA)CAJURAIHUG, ? bllfuch

equi val ent acasisaslium chdoxidle can be paevidedr acetic acid). Additionally, a salt
such as sodium chl oride can be provided. The additives can
be prem xed and added to the conposition. The anount of prem x added
can vary for Thetdditives cambelpramixdh and 8ddet tortitecconhpostijgre ditee dfiount ohat

when fillers of snal ize (for, exanpl e bel ow 70,41 crgn) are used, the
amunt of pr emwgoeff’& WAL F&%EP fgafb&ﬁ?uﬁ%% f%gg?% et
arger sige that whét lfillérd 66 Small izex (fof ek@mpRibslowe7® mi afedused, the

If th ' ' | urp ni | phate, (b ' id and
e e X o sremi haded Momid b Bl b 108, hn R of gerist™® ()

allow less premix to be added (e.g. 3% - 7%).

If the premix comprises (a) aluminium sulphate, (b) an organic acid and (c) a
salt, it is preferred that (a) is present between 40% - 80%; (b) is present between
15 10% - 60% and (c) is present between 1% - 20%.

While not wishing to be bound by theory, it appears that ingredient (a) provides

early strength to the set composition, and may assist in the formation of brucite

(Mg(OH),), and a gelatinous polymer of aluminium hydroxide, both which help

with initial bonding of the composition. It also appears that (a) provides water
20 proofing properties.

Ingredient (b), for instance citric acid, appears to assist in the carbonisation of
MgO and Mg(OH), to recrystallise the composition into a set material. The acid
may also act as a ligand to form complexes around the fillers (for instance metal
ions) helping to trap them in the setting or set matrix. The carbonisation process

25 can continue over a long period of time which can provide long lasting strength



salt, it is preferred that (a) is present between 40% - 80% (b) is present
bet ween 15 10% - 60% and (c) is present between 1% - 20% Wi | e
not wi shing to be bound by theory, it appears that ingredient (a) provides
early strength to the set conposition, and nmay assist in the formation of

brucite wooslMagOH) [err]), and a gel ati nous pol yner of pairitosiooses

hydr oxi de, both which help with initial bonding of the conposition.
It al so appears that (a) provides water _proofing properties.

I ngredient (b), for instance citric acid; appears to assist in the

car boni sat i ongthe set materixﬂ%gfé@iém (@%&@ th 86t Bk aéﬂiéﬁﬁ§hh%aﬂ?@a@ﬁ' j on

into a set material. The_ aci also act as a lIfrgand to form
conpl exes ar otnthetdpmpasitian:s (for instance netal ions) helping to
trap themin the setting or set matrix. The carboni sation process 25 can
continue over a long period of tinme which can provide long |asting strength
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- 12 - tQ the set t.erial. |logredient ars,ta assist,in
achi evi ng an gg%%‘@??tgﬁéﬁemvmamﬂ Wﬁ?ﬂ%‘”% ﬁﬁﬁéﬁ“ﬁg’&&ﬁe falowmgﬁﬁ‘ﬂPLﬂED
DESCRI PTI ON OF PREFERRED EMBCODI MENTS Enbodi mnents of the invention

w Il now be described by the foll ow ng exanpl es. 5 Arseni c
EXAMPLE 15  ATsesifj ym Arsenite 100g, al umi ni um sul phate 50g, ferric

chl oride 20g, cal cium car bonat egk@a eyl wat er 300mt are slurried
together and left to stand for 10 mnutes during which separation of
the netal occ8pdisan Argenite 608, Aluminiugs sulphate Hlgs deisochlaride 20g4 ealgivgms

added 10 a 51 Ubbnfle Soe3hd WltEr SOIROS! él&f}%f\ghéogg%\éer apd ERTAARRE 0% O

cal cium carbonate an usti c nmagnesi um oxi er (ash -
t0 soak up exeomisstesyduning whichl sd@agtioro bf sherimetalraecaifred Godaflearitkitiom was

xtore 20 Sy 1853 EBCy B RaRRETe Rittury) 4 AER S p Rt AR
conposi tion weontained 400g of calcium carbonate and caustic magnesium oxide, 400g of a
filer {ash - to soak up excesss water), and 160gm of a mixture of 50g aluminium
sulphate, 100g citric acid and 10g soda ash. The thickness of the total mixture
could be adjusted by addition of water to form a mouldable composition which
15 can have a slump value of between 80 - 120 (i.e. about that of a cement slurry).

The total mixture was poured into moulds and set.

A Leach rate analysis showed an arsenic leach of 2.1ppm which was much less
than the allowed limit of 5.0ppm.

EXAMPLE 2
20 Powdered arsenic 100g, aluminium sulphate 50g, ferric chloride 20g, calcium
carbonate 50g and water 300ml are slurried together and left to stand for 10
minutes during which separation of the metal occurred and flocculation was
observed. This slurry was added to a slurry of a settable composition which
contained 400g of calcium carbonate and caustic magnesium oxide, 400g of a
25 filler (ash - to soak up excess water), and 160g of a mixture of 50g aluminium
sulphate, 100g citric acid and 10g soda ash. The thickness of the total mixture

could be adjusted by addition of water to form a mouldable composition which



15 can have a slunp value of between 80 - 120 (i.e. about that of a
cenent slurry). The total m xture was poured into noulds and set.

A Leach rate anal ysis showed an arsenic | each of 2.1ppm which was much | ess
than the allowed linmt of 5. 0ppm

EXAMPLE 2 2@yo sssshi@pder ed arsenic 100g, al um ni um sul phat e geguos/fiats C

chl oride 20g, calcium carbonate 50g and water 300m are slurried
together and left to stand for 10 m nut es during which separation of
the metal occurred and flocculation was 13 =  observed. This slurry was

added to a slurr f t 0g of
cal ci um car boha %awéén%ﬁu§§§ L%B%qgel%ﬁgoom 83“ 5?%86“ g}at of §§Q‘I“a‘@ﬂ‘é‘§’9( ash -
t o-soak up exThs totabinéxtire masipibﬁ&yl ko aouldd amésetft 50g al um ni um

sul phate, 100g citric acid and 10g soda ash. The thickness of the total

m xture coul d be adjusted by addition of water to form a noul dabl e

conposi ti on WAI Géach rate analysis shév&Ba®42denic leach of 4.1ppm Wthh was less than

PCT/ AU98/ 0040 can
have a sl unp 6?9%”9%‘1 it efchOrpm. 120 (i.e. about that of a cerrent

slurry). The total m xture was poured into nmoul ds and set. A
Leach rate anal ysis showed an arsenl c | each of 4. 1ppm whi ch was | ess than
the allowed limt of 5.0ppm EXAMPLE 3 EXAMPLE

2al cium Arsem q‘s% 2?[ gﬁfo%z%hgmﬁb %Bﬁ#étg:@be ur r| eg&{l&é 2 géra%a%.n eI ggtg

to stand for &f@rbonate 50gj ami wtetLBOOnlj, anlalsdurrmdpageuher) and flefi he stamhforol'lbur red

and fl occul ati an serve sl u Slurry of a
St t abl o somBUREIE surine ie: sepssiors ot e gl osr Eted RG R ERBERE W o
caustic magnesbserveki dhis difly whs added to a shirry of a(mﬂable domp‘@ﬁoxuwmcess
vvater) and 160g of a xture.of 50g al um ni um aé citric
aci d and!90g §6‘g‘é dgﬁl‘fg Gajfiymp, cagongte laﬂa ceystig HW'SR‘F%WQ oxide, 4 S 1H be

adj usted by aggliet (2R -Ob s6akeip éﬁeésowmea), ah@eglof:aqaﬁm@dﬂsag aMindium
can have a sl u,rﬁo val ue of bet ween 80 - 120 (i.e. about that of a cenent
slurry). phate, 100g citric acid and 10g soda ash. The thickness of the total mixture

could be adjusted by addition of water to form a mouldable composition which
can have a slump value of between 80 - 120 (i.e. about that of a cement slurry).
15 The total mixture was poured into moulds and set.

A Leach rate analysis showed an arsenic leach of 4.1ppm which was much less
than the allowed limit of 5.0ppm.

EXAMPLE 4
Arsenic Pentoxide 100g, aluminium sulphate 50g, ferric chloride 20g, calcium
20 carbonate 50g and water 300ml are slurried together and left to stand for 10
minutes during which separation of the metal occurred and flocculation was
observed. This slurry was added to a slurry of a settable composition which
contained 400g of calcium carbonate and caustic magnesium oxide, 400g of a
filler (ash - to soak up excess water), and 160g of a mixture of 50g aluminium
25 sulphate, 100g citric acid and 10g soda ash. The thickness of the total mixture
could be adjusted by addition of water to form a mouldable composition which
can have a slump value of between 80 - 120 (i.e. about that of a cement slurry).

The total mixture was poured into moulds and set.



15 The total m xture was poured into nmoul ds and set. A Leach
rate anal ysis showed an arsenic | each of 4. 1ppm which was nmuch | ess

than the allowed limt of 5.0ppm

EXAMPLE 4 Arseni ¢ Pentoxi de 100g, al um nium sul phate 50g, ferric

chl ori de 20¢;0 gsa&k@tyum 20 carbonate 50g and water 300M yoravssovscs ed
together and left to stand for 10 m nut es during which separation of
the netal occurred and floccul ati on was 1 observed This slurry was
added to a slurry of a settabl e corrp05|t|3‘n whi ¢ cont ai ned 400g of

cal ci um car bona ]gﬁg%% (ash
- to soak up e&x%(gascgq\%iéefer and 1609 o a %g%?uoﬁeo%ﬁj%ﬁlc}?uwﬁﬁsrwﬁénd%gg

sul phat e, 100¢hazi &rmailmdjllmitcbfﬂl@gnda ash. The thi ckness of the total

m xture coul d be adjusted by addition of water to form a noul dabl e
conposition which can have a slunp value of between 80 - 120 (i.e
about that of a cement slurry). EXAMPIEBal m xture was poured into

gDC-l# g\lngg/ngojg owdered Arsenic %£8411?rﬁ%183m sulphate 50g, calcium carbonate 20g and,

Leach ratg angbatet HORIAE Hhudfled tcREHE ahBAEH tPEtaftd FHTD0 Wi BBs YaSngWeHIch €SS

than the allowed Iimt of 5.0

EXAMPLE 5 separatigra péa\emsféf@@umégndéloaﬁtﬂav%%a phsexved.chiyis shurewasn

car bonat e 20g 6 t and
For 10 m nut e200qd; B siiPyFoe & 30HnIg corgatioh SphicR et 2008 B colelnd

fl occul ati on watbopetecarcaustih mgﬂegmnyomg, 400g of afile(@sh o ta sedlunp y:xcﬁss a
settable conp 0 1 I nd
causti ¢ magnodT o e RsGR iRt o R iR silp s, og uifiaf aRl G0
water), and 1G9daasha ’Imenhwknessfofaﬁg taﬂahmu&ummmlupﬁeaad;ustédgaycaddmonaxfl d
and 10g 10 soda .a ness of .the taqt.al mxture could he

adj usted by ad¥¥T &Sgéfm a mo%{fﬁ@ compasifian ¥ g caRdIAYeD PYalte i ch
can have a sl Lbaawv,éﬁ ge -0120 (1e abdi HHRELHf 8Qemedl Blutty)e. THRDRIAL inbdtroivad

cenment slurry). 3 t ot al re: was poured into noul ds and set.
poured into moulds an set.

A Leach rate analysis showed an arsenic leach of 1.0ppm which was much less
15 than the allowed limited of 5.0ppm.

Mercury
EXAMPLE 6

Mercury from a mercury-containing brine sludge is encapsulated in the

following manner. The brine sludge contains between 100 - 200mg of mercury
20 per kilogram of sludge. The sludge additionally contains 10 - 29% calcium

carbonate, 1 - 9% magnesium hydroxide, 10 - 29% sodium chloride, 1 - 9%

soil/dust and 30 - 60% water. The sludge is a waste produce from brine

purification. The sludge is an odourless brown sludge insoluble in water. The

sludge has a pH of 11.6 and a specific gravity of 1.29.

25 1kg of the brine sludge, 900g of settable composition, 270g of water, 50g of
aluminium sulphate and 50g of citric acid were mixed in a mixer. If desired,
water is added to form a mouldable composition. The mixture is poured into

moulds and set.



A Leach rate anal ysis showed an arsenic | each of 1.0ppm which was nmuch | ess

15 than the allowed |imted of 5.0ppm Mer cury

EXAMPLE 6 Mercury froma nercury-containing brine sludge is
encapsul ated in the foll owi ng manner. The brine sl udge contains

bet ween 100 wod8s4igy of nercury 20 per kil ogram of sl udgper/Abssgekdgdge
additionally contains 10 - 29% cal ci um carbonate, 1 - 9% nmagnesi um
hydr oxi de, 10 - 29% sodium chloride, 1 - 9% soi | /dust and 30 - 60%
wat er. The sl udge |s a waste produce fI‘GITllBI‘I ne purification. The

b n r | udge
has o phof 1raaagcrate alsdYHly ShOEE ol oy e8gh Bt 15 Ban o pars pymiieryg
sl udge, 900g oﬁuakﬂtgt thiel encayssubared tcbmp,osﬁ’ibﬂg;afﬂ‘ fonaintined Bpgtovage.
al um ni um sul phate and 50g of citric acid were mxed in a mxer. If

desired, water is added to form a noul dabl e conposition. The m xture
I S poured i nt ONijckel andChdostsiugnd set . WD 98/ 54107
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leach rate analysis showed a nmercury BS8MFLETess than 0.01 parts
P/ 1005 1508k b G DRGNP AL itbeR QRASHikA arkR chirdsurk oty P

st or age. Ni ckel and Chr

EXAMPLE 7 5 residigfrontpining 300mg pllitge mmwum@md@ﬁpﬂmg@/hmmtk@mmom

h nt | 3 m

ohr omum cont sk 150 el HBohdS" M00SHRMR AL AT KT,
of al um ni um stdgetter¢o foren lmshmty To Ehe slagytiémddddﬁmgromcaicﬁimma&oniﬁ dnide

I i s added 300g of calciumc sti.c.nmagne m

oxi de. 60g of SRNE TMUARESODRATE, 008 g SIei i culphatt, Y5 Qi g fadbsh,
1kg of filder Lqiwashhakgeof &llky (p’ﬁ%rhﬂu@kﬁbhy kAdah additioraf SOl 8F waldle The

t hi ckness of t e totalegglixture can be adjusted with water to forma

nmoul dabl e SR diusted writywater 4o derm asmgridapls ¢ t o
cure for T.C Lednposition. THRSthcthrtOii gourbd b6 trRbiklal afd leRtH ke Broeedupes) -

After 30 days of testin a | each
tests (Toxic Characteristic Leachate Procedures). After 30 days of testing, a leach
rate of below 0.2 parts p/million was established showing that the encapsulated

15 . product is suitable for storage in an unlined tip.

EXAMPLE 8
150ml of an undiluted fully concentrated nickel and chromium containing
residue (containing 3.1mg p/litre chromium and 1,100mg p/litre nickel), 400ml
water, 150g calcium carbonate and 40g of aluminium sulphate are mixed
20 together to form a slurry. To the slurry is added 300g of calcium carbonate and
caustic magnesium oxide, 60g of aluminium sulphate, 34g of citric acid and 6g
of soda ash, 1kg of filler (powerhouse ash) and an additional 50m! of water. The
thickness of the total mixture can be adjusted with water to form a mouldable
composition. The mixture is poured into moulds and lets to cure for T.C.L.P.
25 tests (Toxic Characteristic Leachate Procedures). After 30 days of testing, a leach
rate of below 0.2 parts p/million was established showing that the encapsulated

product is suitable for storage in an unlined tip.

Radioactive Monazite



rate of below 0.2 parts p/mllion was established showi ng that the

encapsul ated 15 product is suitable for storage in an unlined tip.
EXAMPLE 8 150m of an undiluted fully concentrated nickel and

chrom um cont ai ni ng residue (containing 3.1ng p/litre chrom um and
1,100ng p/ | woregssioekel ), 400mni wat er, 1509 cal ci umpcanabgsmios and 409
of -al um ni um sul phate are m xed 20 together to forma slurry. To the
slurry is added 300g of cal cium car bonatf and causti c nmagnesi um

oxi de, 60g of al umi ni um sul phate, 34g of ®itric acid and 69 of soda
ash, 1kg Of Tdetyek WREAOHS Cusiif )y POMRRR Sl BR!the UtinePll #BGEite. The

t hi ckness of the total mxture ca adj uste th water to forma

moul dabl e Monazitenisos itanoalini€ phosphette of the rareeacth ¢lementspntiiningotheet s t o

f T.C L.P. 2 i i i h P .
o 90 dayecerm Bovpd 664 T4 N0 POR &7 YR & Lomp SASHRGS (BUORSRILES)
was est abl i sheidnakitsmisneplitivady tabandattaipsbéarheghinds, and ipond wft the sprindipalbl e

for stor %ge ' Sbure ur}lrlalr']eegar;d'lt ?riinerals and molif‘u%.o toln\{;?n l1\éb{1]s(’j‘e qud-t s f?ﬁ;g%?tb’6408m
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nonazite. Mpnazite is a nonoclinic phosphate of the rare earth

el enent's cont BRARRGHUTNES processeéemc@pﬁx@goﬁljxssm@{tgfacgg}ngypf Blasspnd cedtaifel | as
some urani um gngdit horium Monazite is relatively abundant in beach
sands, and is one of the principal 5 sources of rare earth mnerals and
thorium Thoriumis used as a radioactive source in scientific

i nst runents. ‘(@%@Pﬁa& ! mg‘?gc 258 ?%-&Vtﬁéit found tﬁa’!@%ﬂﬁ%{eetld;: 29

processes, in ng the nmanu arlng ass and cer
Anal ysi siof t 246 Bexquerelsspargirami(BY/ gmpditherium232end 28R ¢/ gow of alranherh-238.

conta nec 10 e 4t BRSHBChorRi SHERALH BB pihebl i MR E5AnaGe 35 29 o1

nonazite is apjiliexyeRs€lP x410). The mdiiazite partidesize (chnbexfrdf st (pproke

nonazite particle size can he from dust prox. . 0. 1[err LUp to
particles of Qﬁpﬁexmﬁtv draytig ?m%aapa@&ma&?l%@m%al&%% iﬁ@sfeai! rr?auhrlogs»

caustic magnesium oxide and calcium carbonate were all preground to

15 approximately 110pm, ie. 90% passed through a 150um sieve.
EXAMPLE 9

300 grams of monazite, of radioactivity 246 becquerels per gram thorium and
28.1 becquerels per gram uranium, 400 grams of caustic magnesium oxide and
a mixture of 480 grams of lead tailings (ex Mt. Isa) and 320 grams calcium
20 carbonate were thoroughly dry mixed with 100 grams of aluminium sulphate
and 25 grams of citric acid. To this was added 300 mLs of water to form a thick
rapidly setting paste. The thickness of the total mixture could be adjusted by
the addition of water to form a mouldable composition. The total mixture was

poured into moulds and allowed to set.

25 The radioactivity of the encapsulated monazite mixture was measured to be
44.60x0.20 becquerels per gram thorium and 5.06 = 0.21 becquerels per gram

uranium.



causti c magnesi um oxi de and cal ci um carbonate were all preground to 15
approximately 110[err]m ie. 90% passed through a 150pm si eve.

EXAMPLE 9 300 granms of nonazite, of radioactivity 246 becquerels
per gramthorium and 28. 1 becquerels per gramuranium 400 grans of

causti c nmagRRIskePXi de and a mxture of 480 grans pghysyessbassri | | NgS
(ex M. Isa) and 320 grans cal ci um 20 carbonate were thoroughly dry

m xed wWith 100 grans of al um ni um sul phate and 25 grans of citric
acid. To this was added 300 nis of waté&rifo~forma thick rapidly

setting paste, 'cmﬁﬁg 0, | %LU ]

the addition ‘é’f iEIa\ivg[t\é-}‘rﬂet 0 orsn?l;CﬁrrIgE sga%’?%a ngcﬁr%tgoé‘?t[ %tg%l g?ﬁ% aﬁgtiaéls&%&x%r e
was podetedming therbedctablaukaniunoverdl tliorkeh. At25 daydtherleadhablt i vity
of the encapsul ated nmonazite mxture was neasured .t e 44. 600. 20
becquer ol o ol Vhb st Ham b NisEostahs Pep i e Tehchabp oo was

ur ani um 0.25 microfradie TetOlitre. At 28 days the leachable uranium was 0.05

PCT/ AU98/ 00408
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| each rat? an&Mgoggamypeplifteand thedeachabledhordum was PASRL micreeameBss t o
determ ne thepk@achabl e uraniumand thorium At 14 days the | eachable
uraniumwas |l ess than 0.05 mcrograns per litre and the | eachable thorium
was 0.25 mcrograns per litre. At 28 days the | eachabl e urani umwas

0.05 5 M 1008 TBefiRlschby Wasdkidd ul 67 HIAPEEP BRI 1 %edurdfis S
m crograns per Itre. nma spect roscopy was carried out on
the TCLP sol uleveisof mdiesctiveiumanitireand thoriume\aé |14 apid 2&daysacAt 14 daysitheim and

thoriumat 14,an 8 dav.s. At,.14,.days the | haRl e ur ani

O bact ti £ g N BiRHERY SrBloy detereb RGN B éifMlR o g1

Ber mll }l.On apart lper lxﬁﬁhg‘gméﬂ tt]lwrléatlhnblaﬂim:nmﬁ \Maﬂ_ibaﬂ&eitjg:xﬂﬁ’sfl[ml&wlﬁ
ecquerel s er ram t ays e a uranlt um r,adl Qa.,Ct I VI was

bel ow P Delieer per o chE7S dars Ba ahehalie Syt Pl By 178 bElosy

| eachabl e t hordetsftable levelset QQﬁidal@r{t)toV@ﬁ pbﬁ e hRa (thB!18achabR! Shofium

equi valent to <2 parts per_mllion. ) .
radioactivity was below detectable levels or equivalent to <2 parts per million.

EXAMPLE 10
i5 500 grams of monazite, of radioactivity 246 becquerels per gram thorium and
28.1 becquerels per gram uranium, 450 grams of caustic magnesium oxide and
a mixture of 360 grams of lead tailings (ex Mt. Isa) and 240 grams calcium
carbonate were fhoroughly dry mixed with 100 grams of aluminium sulphate
and 25 grams of citric acid. To this was added 310 mLs of water to form a thick
20 rapidly setting paste. The thickness of the total mixture could be adjusted by
the addition of water to form a mouldable composition. The total mixture was

poured into moulds and allowed to set.

The radioactivity of the encapsulated monazite mixture was measured to be
70.20+0.30 becquerels per gram thorium and 8.01+0.31 becquerels per gram
25 uranium.

A leach rate analysis (TCLP test) was carried out at 14 days and 28 days to
determine the leachable uranium and thorium. At 14 days the leachable

uranium was less than 0.05 micrograms per litre and the leachable thorium was



EXAMPLE 10 15 500 grams of nonazite, of radioactivity 246 becquerel s per
gram t hori um and 28. 1 becquerels per gramuranium 450 grans of
causti c magnesi um oxi de and a mxture of 360 granms of lead tailings
(ex M. Isa) and 240 grams cal ci um carbonate were thoroughly dry

m xed w th Whsgiays of al um nium sul phate and 25 gcarsosbosss tricC
acid. To this was added 310 nLs of water to forma thick 20 rapi dly
setting paste. The thickness of the total .m xture could be adjusted by

the addition of water to form a noul dabl éacarrposition. The total mxture
was po ' u a t :

radi oacti vi ty&(%?dlpﬁlég&grﬁg%p?g?éﬁ% n%h%?g&%tgt@ul%ch\?glse r‘r%%%%?gdw?so Ob%s

70. 200. 30 becouaogtanpper braantihbeileachable tBotidinewas 0.13-0.45emiprogenss per gr am

25 ur ani unht A leach rate analysis (TCLP test) was carried out
at 14 days an8"®8 days to determi ne the | eachabl e urani um and
thorium At 14 days the | eachable urani umwas | ess than 0.05

g‘cle_/r Z%rg g%oggrgalrr{ntlé gpgcrtll(‘joségpey Lv%gcég?r?eldeo&thgrz I’cl'ltjeml'(v_sfl§ solutions tgglete%ir?g /tllx:)e4é915

m crograng pefevels! 6feradffacive daSuinend BRihak|ae 1470081 28704@S At 98 days the
m crograns per litre and the | eachabl e thoriumwas 0.15-'0.45 m crograns per

litre. leachahle usaniumy radiaastivifiawas belove detgciablsleveleomequivalsnita shs to
determ ne the I ' ' : | 3 [ 28
daye, AL 14 GBUE R FHEST o8 EMABRANE WoHEAaifBaaA) WAk UIBNE ehteble

det ect abl e | elevels or equrjvalenti ©nt2 parts: per millionp At 28 plarys ¢ leaghakde durahigm

| eachabl e thorj adi oact i vi t I etec I vels o
equi val ent t or%(%évtq? %é‘? "’%I‘I“I’ fi\é\%&aﬁfe %gelge%f seqthﬁﬁe)ak%letat(c’ h<a1bP£er% dreant gfrlﬁ) n
r adi oact Loi t y andshé édachable tlmful radicacetity oras @D3Bx&0@bedquerels par graper

mllion 10 and the | eachable thoriumradi oactivity was 0.038[err]0. 007
becquerel s per gram

EXAMPLE 11

800 grams of monazite, of radioactivity 246 becquerels per gram thorium and

28.1 becquerels per gram uranium, 400 grams of caustic magnesium oxide and

a mixture of 300 grams of lead tailings (ex Mt. Isa) and 200 grams calcium

15 carbonate were thoroughly dry mixed with 100 grams of aluminium sulphate
and 25 grams of citric acid. To this was added 400 mLs of water to form a thick
rapidly setting paste. The thickness of the total mixture could be adjusted by

. the addition of water to form a mouldable composition. The total mixture was

poured into moulds and allowed to set.

20 The radioactivity of the encapsulated monazite mixture was measured to be
104.0:0.41 becquerels per gram thorium and 12.0:0.42 becquerels per gram

uranium.

A leach rate analysis (TCLP test) was carried out at 14 days and 28 days to
determine the leachable uranium and thorium. At 14 days the leachable
25  uranium was 0.05 micrograms per litre and the leachable thorium was 0.25
micrograms per litre. At 28 days the leachable uranium was 0.10 micrograms

per litre and the leachable thorium was 1.10-1.40 micrograms per litre.



EXAMPLE 11 800 grams of nonazite, of radioactivity 246 becquerel s per
gram t hori um and 28. 1 becquerels per gramuranium 400 grans of
causti c magnesi um oxi de and a mxture of 300 granms of lead tailings
(ex M. Isa) and 200 granms cal cium 15 carbonate were thoroughly dry

m xed W th 4@Qsgkens of al um ni um sul phate and 25 geXvofiosss tric
acid. To this was added 400 nlis of water {f forma thick rapi dly
setting paste. The thickness of the total m xture could be adjusted by

the addition @ania@petiRodBpivias @itied bl ofi AHE TELIP ganun&{setotd&tadmlﬁbxhw e
was poured i nt o, nmoul ds and al |l ogwed to set. The radi oactivity

of the encapsdevgleef msdieactive Wén@dboﬂ%sﬁr]éomt%z%éays At 14dgysdhe 41
becquerel s perle%ﬁmetxﬂgﬁﬁmga&% Q/vfszbé?&ﬁq}éﬁ{cﬂb?e E@EIs%agﬁ lent to <1

ur ani um rate ana SIS est was car out at
days and 28 depast per million andeiberlmqheblerthomatmgrhuﬁﬁmmrheim deftentablen At

eachabl e horBTas g Sagivalent t6 22 phlls 108 lufloh. REIPEHAThe Jelchabie) frafilily ' "°
| eachabl e ur aniadivaetivity) wi3 below ai;tenha?ole levels o:pequlwlbmetoanﬁ pai'tepéremihehl e

}D?:(':I)'; :A\tdgnsy/gg 4(%8"11“% &eﬁeachagfeo oftum a%oachwty was 0.038+0.007 becqufgels p%zQ éram Ganmma

spectroscopy was carried out on the TCLP solutions to determ ne t he

| evel s of radioactjve uranium and _thoriumat 14 and 28 days. 14 ays the
| eachabl e ur arﬁnm#ha@%&q‘&ﬁ Pamples 30 éwxaéea@btrmselqtmwgers ent
to <1 pafd pQﬁE ﬁ&'ﬁ\ﬂﬁﬂn a(g?n{) hgr | tRBRNRPLRA hahiuD ﬁﬂ@da@iﬂgt édl:\:és‘éﬁi’l’as
bel ow det ect abl e | evel s équival ent to <2 parts per nllion. At 28
days the 1Ifbach%mil§sulﬁmn ghthe radloacum owdetiali ty was bel ow detectable levels
or equivalent to <1 part per mllion and the | eachabl e thorium

radi oactivity was 0.038[err]0.007 becquerels per gram In each of

t he above exanﬁlsheum bo appreaintéd Hat vazives sthertdhangesmsrd: nuddifi¢ations tcha e
10 parts per my,. f,or thori,um.and _utanj i_ndi. i suc f ul
10 encapsul g;tadgﬁo (%#‘g. &0 gﬂ%tggyﬂk@o&trfgepgﬁl% J.Frgﬁq the'Spififand deope-Grie

invention, the nature of which is to be determined from the foregoing

description and the appended claims. Furthermore, the preceding examples are
15 provided for illustrative purposes only, and are not intended to limit the scope
of the process of the invention.



It should be appreciated that various other changes and nodifications can
be made to the enbodi nents w thout departing fromthe spirit and
scope of the i nvention, the nature of which is to be determ ned from
t he foregoing description and the appended cl ains. Furthernore, the
precedi ng exwopksacare 15 provided for illustrative purpesapogaidhes and
are not. intended to limt the scope - 20Q the process of the invention.
WO 98/ 54107 PCT/ AU98/ 00408

- 20 - TEHE I NASFEFINING THEE INVENTIONASREASS FOIIOWS: 1.
A riet hod of encapsul ating a hazardous waste material or component

t hereof, the nmethod conpri sing: addi ng t he hazardous waste materi al
to a settabl e KONPOHER. oft SRaPATRES: 'a Rivardous AR kriidiéh] 2orCbf

car bonate and caystic magne3| gm oxide, formng a é}g] urry,lﬁgn nt
aIIowingthestgGW’g é‘omé’é’é‘ﬁllatethe waste material or
conmponent s t heygg o] &&t%?é) ar seni.
conmponent sel ect edg%]'l omth eO%r‘g%p Hi (ilé(g%s I'St1ng oﬁz’%ﬁg‘éﬁﬁﬁsc"?liaf‘ﬁw
arseni t e, Sar seomprisinga calcium zarbenate grehnocaudtc mt@e&ﬁhm oxiidd, Hﬁﬁnmg a

conpri si ng: senlc c onent hate, an ir

chl ori de and/ osrl‘mﬂ gﬁﬂ;ﬁﬁlo%ﬁné%e 5 g% WE? rVﬁa%Fele‘ﬁﬁr&? % Xi ng
the slurry w tdomsparehtsatideseof.onposi t | on t he corrp05| tion conprising a
cal ci um carbonate and a caustic magnesi um oxi de, and aI | owi ng the
conposition to set to encapsul ate the arsenic component. 3. A

met hod of encapsulAhiclgodBf Etapslh Hﬁa&%ﬂicscohﬂﬁir@ﬂis 1 E%hh

conpri si ng: addi ng the ngrcutrlﬁé)or conponerit's theere to a&% BI e

conposi tion, t9oRSiISHRE HbAsenic, SOdlﬁ@naé‘é@u’(Gv avsenig tyiexide oy ansepid pentaxxda,rﬂhe nat e

and a caq_%tic ﬁ@ﬂi&ﬁsdoﬁgﬁrﬁk{ﬁ formng a slurry, and allow ng the
slurry to set to enca % the mercury or 20 conponent s t hereof.

4. A nethod cfdding eq)ﬁmaasamngcqmmmnt asulpbatepan ironahlaridyarbior antatialiaef |
agent, and water to form a shurry, mixing the slurry with a settable composition,
the composition comprising a calcium carbonate and a caustic magnesium oxide,

and allowing the composition to set to encapsulate the arsenic component.

15 3. A method of encapsulating mercury or components thereof, the method
comprising:
adding the mercury or components thereof to a settable composition, the settable
composition comprising a calcium carbonate and a caustic magnesium oxide,

forming a slurry, and allowing the slurry to set to encapsulate the mercury or
20 components thereof.

4. A method of encapsulating nickel and chromium or components thereof,

the method comprising:

adding the nickel and chromium or components thereof to a settable

composition, the settable composition comprising a calcium carbonate and a
25 caustic magnesium oxide, forming a slurry, and allowing the slurry to set to

encapsulate the nickel and chromium and components thereof.

5. A method of encapsulating radioactive materials, the method comprising:

\\ll\ll\ \\\l\\ III\\ \\l\l \\ \II\



t he met hod conpri si ng: addi ng the nickel and chrom um or conponents

thereof to a settable conposition, the settable conposition
conprising a cal cium carbonate and a 25 causti c magnesi um oxi de, form ng
a slurry, and allowing the slurry to set to encapsul ate t he ni ckel
and chr om uRgdbsfgenPONEnt s t hereof . 5. A nmet hod@jaBe@psul ati ng
radi oactive materials, the method conprising: WO 98/ 54107

PCT/ AU98/ 00408 - 21 - addi ng

the radioacti A diee Stheakflibactives aldterdlle 1©0 AP 98HdblO Nontpdiths, t Bl @ettable
conmposition conprising a calcium carbonate and a caustic magnesi um oxi de,

forming a sl ureposiisrasqraprisins thealengy earbenate endy g caystis paagnasium pxide,
radi oactive rmirgé T | Ehsd) @bi ng
as defined in fgny ego (:'Ia%‘larrs ? tgtl%? élm%isr?t%gﬁ Jﬁ%ﬂg@égﬁ'a e ¢

conposi tion funéatedel themgini ses a sul phate additive present between
0. 01% and 20% by wei ght of the total conposition. 7. A nethod of
encapsul ating as defined in claim®6, wherein the sul phate is sel ected

from (a) ssul phur icnethset obéncapsulating badefinddinaing cnedf chamedgodss mthardin
sul phate or alum nij sul phat.e. 8. A net.hod of..encapsul ating as
ot Pod i n any i ete EPmPRaticn fyrther pruprien 2 SUPhALS pAitTE ProRRTL betwedn
conposi tion f uy0i%eand@MY% by eight Gtk totE coviipditiort s as a source of
carbonation during the setting process. 9. A nethod of

encapsul ating as defined in claim8, wherein the additive is 15 sel ected

fromthe groupyco h@éﬁh L olqd ' : h&, vl | colic
acid, oxalic g7cfi dtﬁot e?@g?ﬁggdﬁsg}aﬁnggs?g@?@g%& tar%lg?}ig%ggyihg?g%
sal i cylic aci oselected frosi:Hg) swlpliwiaiagia, oet(bha avetal sulpbate suEhbBS) maguesiumer

tetra aci qu adsd#Phate olria?umﬁ’uﬂﬁltﬁghe% encapsul ating as defined in claim?9,

wher ei n t]he I VE

8. A method of encapsulating as defined in any one of claims 1 to 5, wherein
the settable composition further comprises an additive which acts as a source of

carbonation during the setting process.

9. A method of encapsulating as defined in claim 8, wherein the additive is
15 selected from the group consisting of 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.

10. A method of encapsulating as defined in claim 9, wherein the additive is
present between 0.01% to 10% by weight of the total composition.

20 11. A method of encapsulating as defined in claim 10, wherein the additive
assists in the carbonisation of caustic magnesium oxide to recrystallise the

composition into a set material that encapsulates the waste material.
12. A method of encapsulating as defined in claim 11, wherein the additive

acts as a ligand to form complexes around the hazardous waste material or
25 components thereof, helping to trap them in the setting or set material.

L



present between 0.01%to 10% by wei ght of the total conposition. 20
11. A nethod of encapsulating as defined in claim10, wherein the additive
assists in the carbonisation of caustic nmagnesi um oxide to recrystallise

t he conposition into a set material that encapsul ates the waste
material. woossars7 12. A nmethod of encapsul ating as def i nedriaussidoassm 11,
wherein the additive acts as a Liggnd to form conpl exes around the
hazar dous waste material or 25 conponents thereof, helping to trap them

in the setting. orA aethodhbbéricapsulating as definedif 40§/ dnéldd £laims 1 to 5, wherein
PCT/ AU98/ 0040 13. A
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met hod of enc‘gﬁs‘GF%}?lﬁﬁgmﬁ’QS‘&QPifH’étHe’f FPTRYISSS AR BPTEAnis SRl 1 1o 5, whérein
the settable conposition further conprises an inorganic salt. 14. A
met hod of enca}gsul ating as defined in.claim 13, wherein the jnorganic

salt is sel ectded A mahed of gnespsulating s defingd tin claimcl3, whegein  theirgrganic
| phate, 5 ' f ' ls0ki L t hod
sul phat e saﬁ@ﬁ%?égte{#@l %ggl()?% @o&?ﬂ}oiﬁﬁ@tﬂ %hﬁ_@,.lﬁ&%xﬂglq aluminium Js‘édplétéfgal ?

of encapsul ati ng as wher ei nor gani ¢

i s preser bemnageesidmisiiphatemnd sodivghchloridehe t ot al conpositi on.

16. A nethod of encapsulating as defined in claim1, wherein the hazardous
waste material or conmponents thereof is in the formof a powder having a
mean 10 pald.i cA encthaé of ahtdpsglatinghisrddfined riarefpdm014) vhearéia the Gnoganic

17. A nmethod of. encapsulatin defjned in clai.mi16, wherei.n the mean
particle si zesafl%ﬂslgre%"f‘ h?FW"?eﬂ‘e&foéﬁ?g)" g}’l‘ﬁﬂs’w thg fhtal composition, g = A "net hod
of encapsulating as defined in any one of clains 1 to 5, wherein t he
causti c magnesi um oxi de of the settable_composition is selected from 15

(a) a magnesi ¥n cdrpethrd ob snoapsulatingHsr defined inhany Lwherelsothe: kazardpus
waste material or components thereof is in the form of a powder having a mean

10 particle size falling within the range 0.0lmm to 5.0mm.

17. A method of encapsulating as defined in claim 16, wherein the mean
particle size falls within the range 0.Imm to 1.0mm.

18. A method of encapsulating as defined in any one of claims 1 to 5, wherein
the caustic magnesium oxide of the settable composition is selected from:
15 (a) a magnesium composition which comprises magnesium carbonate and a
decarbonated magnesium;
(b) 2 magnesium carbonate which has been treated by heating to liberate carbon
dioxide thereby forming a composition which is partially calcined;
(c) a synthetic blend formed by mixing calcium carbonate with preformed
20 caustic magnesium oxide, the preformed caustic magnesium oxide being
prepared by heating magnesium carbonate to partially drive off carbon dioxide
until the desired level of calcination is obtained;
(d) a magnesium deficient dolomite heated to form a composition comprising
calcium carbonate and caustic magnesium oxide, and to which is added

25 additional caustic magnesium oxide.

T



decar bonat ed magnesi um (b) a magnesi um car bonate whi ch has been
treated by heating to |liberate carbon di oxi de thereby formng a
conposition which is partially cal cined; (c) a synthetic blend
formed by m xing cal cium carbonate with prefornmed 20 causti c nmagnesi um
oxi de, the Rig¥sRigpd caustic nagnesi um oxi de being PRTARBE/6dosOY
heating magnesi um carbonate to partial Ly,drive off carbon di oxide

until the desired | evel of calcination i s obt ai ned; (d) a magnesi um

deficient doloritg Ih@l@ibﬂcbft&\cﬁ?élﬂhﬂn Qéﬂ&éﬁh&dQﬁ c@aﬁﬁms SwitBrein the ca@stcCi UM
cafbonat e and causti c Snem um oxi and to which is added 2 5

addi ti onal caﬁ@sn%swg% ¢ bas beiweean 2% - 50% of the cqabgn diopdge retained within
met hod of encapsulating as doefl ned in claim18, wherein the caustic
magnesi um oxi de has bet ween 2% - 50% of the carbon dioxide retained within

.the n'agnesi u%er &tn gtgtlgg ﬁnCﬂ%%lﬂg‘&? é gg%lg!%j Oéla %%&hl% %LISI).I glgIGI nleg

in claim2, e arsenic co nent

al um ni uré sul pdddédeto the arsenic Edmpéner&txklalixmnhmnsat;ﬂultatl ng as defined in
claim 20, wherein said al kaline agent added to the arsenic conponent
is a carbonate, including calcium car bonat e. 22. A nmethod of

encapsul ating2hs Aeahéthed dfferchpiultdly ay\befiridninSelhith izo,owhéﬂzm saigdIRdliriée
added to the arsenic_ conponent is ferric chloride. 23. A npethod of

encapsul at i ng2gentqaddeds doj the prsepicscompenent rist d ccazskonatey including @S| t i on
further conpriggenh@ad or a | ead conpound.

22. A method of encapsulating as defined in claim 21, wherein said iron

10 chloride added to the arsenic component is ferric chloride.

23. A method of encapsulating as defined in claim 5, wherein the settable

composition further comprises lead or a lead compound.

L



