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WD 2004/ 065028 PCT/ AU2004/ 000059 1 The Extraction and
Treat nent of Heavy Metals This invention relates to

wo b@4nesey al of heavy netals from sewage sl udgeCEAG2004/000059

contam nated soils to produce a soil enhancer and
fertilizer. 5 Background to tthe invention Sewage
sludge is usually discarded at the bottom of settling
ponds. O d sThelgxtsactioreand Tredtieat ohHeavy Metalsns of

ERS B RS e FRRR TR ot AR AR PR g page and

ocattammatethsyilsdo promnualalsymltehaancanaad ddatitadr] y di gested
or aerated end products of waste water treatnent.

These 10 sludges often have a useful nutrient content
Backdrosipdabahaiavenitionat es. New sl udges still have a

SaPPecRae & rhedhodte REDE Ramidestlind'38550 i sheoes
a3t 2itie \mlmam&emﬁeh@f ths eséflil GrguRigeohlent @eshéyhave been

LBUESsPUE 2l B OTAR NigBia e Leh ey mraisls; They Bre Bl the

aﬁ&brwbényecn@émw bSadtated ¢rdl pﬁbdjtycté @f wasts wat@n tr@a@ﬂ@hu 'These
chr om um copper, nercury f{é enum ni C eI

glefiesn effAnyeA H%efWél‘:‘éﬂ?é‘éC%'? eptef nhgsiate and nitrates. &%e
Qlaagéssstw Héve%mlgm oFdéﬂlcdehfbrﬁ Bay @en&% aaue bsé@%%%ular

di scl oses t he renoval heavy netal s from sl udges and
byriregen ﬁlﬂﬁ"ﬂ%t ed soils. USA patent 5178776 di scl oses

P%ﬁ PRERY %b49§7d@%cﬁé&7f25‘? B SIE 9IRS usY oS el Fdd e@wn

I'owed by a heating step to sterilize the trea
foslilizes. USA patent 5051191 treats non oxi di zed sevvage

@b\%g& JﬂBstlﬁL?va nditd S5t n(?é&c}?\ fadc8 tab%@\\/&s RS RN SalEnBer in

y acl zat| on seq ent precipitation
faridizetshand sl enhqnce,fs paticolarly foreasenia cddmium astiromils copper,

HoHARE hBhad Tt Skl e Byt SR HE B ARe F1Rfhdrentia

zZéer
220 e8é 3308 wnllrpniar/tlf@ food tihais. pr ocess by operating at

P ARED B B Lol AR HAE g eyl anc
pantamiratdd goilkcesses is that a waste streamis still
B%%dﬁja%gl%m'%?% discloses the removal of metals from sludges by acidification
followed by a heating step to sterilize the treated solids.

USA patent 5051191 treats non oxidized sewage sludge at a low solids content to
remove heavy metals by acid solubilization and subsequent precipitation from the
liguid phase to leave a decontaminated sludge that is neutralized and then used as
a soil conditioner and fertilizer.

USA application 2002/0153307 improves on this process by operating at a higher
acid pH to reduce the solubilization of fertilizing elements in the sludge.

A problem with prior art processes is that a waste stream is still produced. Also
because the value of the decontaminated sludge is not high the cost of carfying
out the process must be kept to a minimum. Some prior art processes use
expensive chemicals and require heating of the sludge all of which adds to
processing costs.
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30 because the value of the decontam nated sludge is

not high the cost of carrying out the process nust be
weepis/t6s28 M ni hum Some prior art processes UBET/AU2004/000059

expensi ve chem cals and require heating of the sludge

all of which adds to proces§| ng costs. WO 2004/ 065028

PCT/ AU2004/ 000059 2 It is an object of this invention

it & qor @ME@te}f dhipirvestion tohraovide apcasess thatevpraobestiae pfoblems of

{hE%rIBFé art. Brief description of the invention 5 To

I'S en t he present invention provides a nethod of
decont am nating heavy nmetal contam nated soil or

I treating soil or sludge with
an aC| Wﬁ# 2‘ “@Fqg“;‘%ﬁ elow 2 and at a solids
'E@tits&*ﬂhd ﬂ1eqore§erttm\ié®%n pro@idies aghethbe af tetintahmandheavy

ratln ui,d, and .sol i hases fromthe first
F%ﬁ?ﬁ@%ﬁa"'ﬁ ‘id% 'ﬁb'@ﬂ‘g%ol ids fromthe first
h} emmgt s@l@%ld/get\hlthiafﬁ aed quried al pHibelbwat agd Bih solids

bel ow, 2 ds cp ten om5 to 30%in a second
tre‘?ﬂr‘rtrgﬁ gé%gh% 'Q@pfﬁ? Hea e'?’frﬁzgq‘% quid and solid
Ea@aﬁrétﬁ@ﬁhé nguigeeadlid bﬁa‘?delgﬁfdim fﬁeﬂ’i}@t tré%a)tmbhtes?tégé‘g

E {ate in stegﬁ% om.the firs
o b e splilrer the Fist Fessrbotaas it Arkesh acd liquor at a pH
Sep@élé\hlz%d £§olms%hﬁénft ﬁbnds 15R30B8h ﬁw 5 rseéerrd%?eeltmalclpéta@é
step e) recycling uor use in
31 oRensketi thp Gayicapdiaal Seaseadion b sacond apateentslagst

te;w etr@AﬂnQQhen.é.@afelepm.h%?épeb fRim eheSkd treaﬁmégg &5@@&{16

fertilizer h) using the li'quor fromstep
ac:lléﬁe@'pltatémtalsn t he f| rst treatnment stage for 20

b esdhpalghRe Fgcucﬁf%'ted M[eta? ﬁ&lg%e @}% %F&t%g%) %d*réléa{gnng the

I'nventi on pro uces a so
be liquar fagise iy thetrdcass produce metals for use in ot her

Ef gﬁ?agiﬁﬁﬁhe NeT ds detln g eﬁfcr tg! S&‘gsﬂ the Pﬁlrtgdaulgsg a%?e;gtﬁblsetf%% a soil

S Teuse e’'pro I 'quor
f) c¢andiimoat bryfetbizen xed with fresh acid to ensure the

B R RSP L RS R BB 050 or

anyfresht batereassof soil or sludge.

The method of this invention produces a solid heavy metal mix which may be
further treated to produce metals for use in other processes. No liquid effluent is
produced as all liquid is reused in the process. The liquor from step f) is usually
mixed with fresh acid to ensure the pH is below 2. The low pH in the treatment
stage has the additional benefit of destroying more than 99% of any pathogens
present in the sludge, which is most likely with new sludges.

The acid used may be any acid suitable for dissolving the metals and may be
selected from phosphoric, nitric, citric, acetic or sulfuric acid. Sulfuric acid
produced as an industrial by product is preferred because it is inexpensive.

The acid solution concentration is generally from 0.2% to 10% preferably 1% and
is usually used in a ratio of up to 10 parts by weight of acid solution to one part by
weight of sludge on a dry weight basis, depending on the degree of heavy metal
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wdizesesi2eg t he netal s and may be

present in the sludge, which is nost likely with new
sl udges. The acid used nay be any acid suitable for
sel ect ed fr®ar/AU2004/000059
phosphoric, nitric, citric, acetic or sulfuric acid.

Sul furic acid 30 produced as3an industrial by product

is preferred because it is inexpensive. The acid
contaniinationc Eneferabiyethe oanges's hetverenl thieef armisix p@es vbaddsslution

ref I % s usually used in a ratio of up
8”3% %g)y)(/%el faéﬁ‘é’ﬁ? of acid solution to one part by
W @dsﬂbleﬁ:owitenﬂgw pmcasdanyumemgittthdaamtaﬂ coniepeotinost stutdges or

doebr58 srhoisa e ces B oRtenita e hr ar or abl y ¢ he

Nawgesluagév?arg@@netdny dRvex el metat cpaﬂ?trTSnaIgonae\i'eis and atsinge
0O 0onhe ar
DR B e Y 5 cul el AR Becg (e nelfet Siddigse anay gpluce

frasaéduar&ls gldeefn e sen@fk gathadre c\olam ltisey May Gdue elﬁlloé Crleated at
e ev r es, al.e era I
SRR CortRnLRR aldes R bt NS RERa i Tarra haugtieng high as
|§b@@?5lﬁ§ye§’§n %dlﬂﬁgﬁélﬂémfd tréé@flmmtegtag@ mmmwr
ges nm | NCl ude | occul ant s
Fheersﬁlﬁeme g thegrgagtiona(pspelveat e ﬁ 1%@{%@6%?%? and
FRBEhES NG Snel R tdfiICeHd éihbt?gl@@veds%l trine mlxture in the vessel

contamnation is particularly high in ol

is prrigjablyagitatedi toispaale therokah m%s%a J Rble %{%&@W@F'%Hﬂuor New
é‘\f‘tfp%%g)ﬁ?ﬂr%aw% Hi n@%u%w édrﬁ@nt'a‘ﬂdtdﬂ%néﬁé%b% o‘U%S(é Ghe

tes to 12 hours and depends in
esancef hiidrogemsuifige fFaritregting ewwslwgeesvb@mferw%o use a

éf&gétd%g?ti?'ﬁ JeQS%MS %ﬁﬁﬂam t'h§ h?ﬂf%@@\ﬁ @gllﬁ)je agh ot fRie %a%é’s %enerated

or ou ge an
dleing tisd dudg@stum sten. Tizsaxleeasd $piagh ér tr@rc@@aﬂdde@mrb\rﬂssgmay

41 3 8538 B afiF <t Ui SRR 1 KA e 1o

reati ng newer es | erre
susfarous ahll stifosedcid ednidh dissolvesin dhe iquid phasd. 1 hetogone

GHreEar oSy by SRl BREREoR %?h%‘a?'ﬁ%gg%@%@e
preredbipa baak ¢ Litramiplet dight lamps amitling veavetemgthat thatconvert
system whi ch converts the eY’dro en_sul.fid

D6 i B itk AN Ry arkzo B S e siiHplS (o e heag space

frdrAl dh @xritas QenhRorsr@iPply g EVBERE driy ollysStdzssrary tdbe fogted an
convent| onal E}éﬁ‘one generation systembut is 20

oReBrEea®l's feasitik of ultraviolet 1ight |anps emitting
WakR! 8btidlg ahb dewcaigsistor c@%t‘d@ﬁﬁhté@é@ilmmadable it may be

ngélg [gc? gltelnéi/ ltr%/ slgdgezsoer\]rged rsng arkl)c(le trgat tﬁe H::lendI ﬁllt‘llg rcteguces%ﬁle level of
contamination compared to old sludges and reduces the amount of hydrogen
sulfide compared to the newer sludges. Because in some locations both old and
new sludges are available it is preferred to blend sludges and use an optimum
plant layout of two closed vessels.

The two separation stages b) and d) may use any suitable solids liquid separation
technique including a filter press or centrifuge.

The metals are precipitated by adding to the twice used liquor from the first

treatment stage a base such as potassium hydroxide to bring the pH to a value of
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froman external generator or supply. Were only old
sludges are to be treated an open vessel is feasible.

wersmebngh ol d and new sl udges or cont am nat eBCTaIU2604/000059

are available it may be 25 viable to blend the

sl udges and soil and treat tHe blend. This reduces the
| evel of contam nation conpared to old sludges and
abalﬁc?eﬁ’otdsenuanmmrefeahd lag dneobase bexalibe itds a pigranatiiehd The

' th old
birGoT RS refialae SepdEiaLir e wial 5Pl Stpcqfnont
iMcrmithgsfiltatip@sth eoug huesfiten presp tor by mayf aruentrﬁugmtln ofdelr o

par at1,on Sﬁ

ey Tels e ERG RaiT i e M e e a A SBpRIiep ggents My Be

bagdthioghe sbidbnidt Aty stabé bi e pPosss a0k conténitidtiog@f 0.BYeto

TBigr e BrAnchiefere @ S pdaeto b egeﬁsﬁtﬁeﬁ‘rﬁweaﬁ%%‘égﬂiﬁg%gagents

elRieicetvd EEM\Q')@ porfle atia, RFimdrié (ieetAYleh® pRosHone: &id)\\O
2004/ 06502 {iﬁe Z‘ P é’mﬁ’{ot ass]| u)ml

4/ 000059
APy E Q'Sdgse@%mrﬁph?m? a0, st ;ﬂtfaﬂ%nmm»n@wrak's-
Trhahyn@h%hesmﬂirﬁdam}t ﬁéﬁarﬁétﬁyléﬁé@é@t@@bt@k@{m ethylehébl e

hysi cal se aratlon nmeans i nclud |n%
ph@%h@ﬁw@or | digthyjsneliamipensptaldsy (nagt Hee%ﬁh%m?g@ agd),

%frf}%rneto‘Pamﬁné%ﬂréde%%c@ixér{dquaﬂé‘ of the netals
sequestering and compl exi ng ?ents may be 5 added to

tHe meriptats rvsaﬁ"yawt@ﬂ%e@ lrelﬂ -a uﬁ@nwndwggh@tp hydroxide in which
e gg nﬁétél@%rﬁ%c% gft &4 ?E’r»yl%m’céﬁﬁl‘o@ bt th%%ﬁhﬁﬁ@@%,me in

eat nent st ag ese
SOE deehiveraparBh @@m@tﬂls;fr@mthie pb@ﬁnhv@ter $@tr(aﬁﬂrterm0énbate can

BRRSHR06 ehdoniat AR, PAL b S BBBISaL R o0

phmsplhz&d ly amap)sulation as constructlon fill such as dolocrete ln some cases

A e M

phgspmecowed)‘rpm ﬁepyib eneegeuheaaﬂlyrheo aatlrcaaneitare neciralized by
it t I t aj L

itgne it ki sh a5 TS RpPeetliierdar Bho UhieRBLoges
mefsadredwdt & acseptabieds aByil ameaeﬂmbnt:material araf mah@eitérided with
e bt o S S oL o
RftéHaNeSudoad étﬁl steaRiohanconpest, o feetliger. The extract ed
nmetals may be immobilized by encapsul ati on as

construction fill such as dolocrete. I n sone cases
Detailed description of the invention

A preferred embodiment of the invention is described with reference to the drawing
figure 1 which is a schematic illustration of the plant and process of this invention.
The plant is intended for use in treating both old and new sludges and
contaminated soils and some waste streams.

The plant consists of two closed reaction vessels 11 and 13 a heavy metal
precipitation tank 16 and centrifugal decanter separators 12, 14 and 17and a solids
blending vessel 15.

Old sludge from a waste treatment deposit and new sludge from a treatment plant
are blended and introduced via line 20 into the reaction vessel 11. A sulfuric acid
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extraction of particular heavy netals by snelting may

be economcally feasible. The solids recovered from
webte/odjo2ar e generally too acidic and are neut pafriazea4/000059
by mxing with 5%to 75% by wei ght of pul verized

li mestone on a dry weight basis. 20 This product is
acceptable as a soil anendnent nmaterial and may be
dohtairdregisalutidn ofqithéiis nnh’bdmdea!lw';a BnecB5 Brdo fHedapkalite swiution at a

D 950 57 Bbbl 5% . QB B R0 Bl RO 6 o
Seuastesny desus inpyi mmﬁedtdms etagatto fHClIl'I&eAhQDB@ﬁafaﬂlc&dof -
qen?)g%gﬁse th%fstlltﬂg?la'rt ey nés's% |VfﬁJ' de%c {RHF' ﬁeﬁ\@‘%e 12 where the
s@ﬁdtsearretsepawdtédlam phdsan W litd 22 ol thatseadritl PpeaicRpsvadsel 13.

IS |ntended LﬁLtuse in

Ttl'\e . Th gl
s s ena T faBisdfe shiia paaon ani nat ed
Bxohlise thed|anie sf@ﬁeeg@‘hfaiwﬁydra'@@n Sl fiand d@mfgsﬂhéta%ldlfeatment

the Geses i B i 1 i ageebauiingane itha aa ndoa aidge and the tifra

mafzah@ génératorslm AB6atdd irpihe hral @bhéls of IhkaRgsd)E are as@lated
roma waste treatnment deposit and_new

t% P&'S&@ ﬂF? BYF?r 9¢n galfite it Waieasrlublg suifyous é@@ sglfigric acids. An

dltEFrfaWéJFoe&'oVI'd%\%DhQ Rz8fkk %éﬂé?atbhﬁh the dehy @pacy@ms inslah art
furic acid 2004/ 065028 PCT/ AU2004/ 000059

exisinal ioRPRR) 98 ratar #exide thgvassels 1handiRiaad pipedhe pﬁ@wezmto
thé‘ﬁé’a& ceafikis a%f?:isstlﬁ’é Hééd)fb r%tnoalcafﬁpélégﬁ trféqaf;n%@tor Enerators

about 25% 1s agitated for a from hal our
withirpthe dhead Spa%alﬂféglsé @Vﬁlﬁs &g@ﬂ%l@,n ﬁﬁﬁheki@maa gedengrators By the

aﬁ%ﬁcg&?\}irgnﬁ@ﬁ{ il th@h@ag EE%%%% élg’% %Edtﬂg’?%ﬁééthg?&l‘?érﬁatlve is

VI a
te enmpuoffﬁige gag frahe rtl@e berd Saseltd agaarseruéa@patomemwgrﬁhe noxious

B3 s ¥ Qa5 Rfohed B8 HHE hE SALIROL, ¥EASEL o

tre Tons I n ane a
gasssale mhvemwséfunb acidlamddegs shrictidbe geidiy af #e recycled

hydr ogen sul fide during the acid treatnment, the
t(%ﬂ'g%}qiqlﬂr and 13 are closed during the fi ] ng and

TieXiqoor sspagrted irdthelentrifiigeal2 ipalsedd viadine 2@&0 ¢hieaheay metal
ce, 0O

3 ocat ed. i.n d. s es

i, Lo R Enk Do e BRipSr N eias bdegt fapdhst the
pFDofthe golatﬂd)rf Hi® peecipidtestub fmdthle a8ehetal sa%@. al ternative
Ttl‘@ r])rov t he. otzone %Eggna or int R &Hg ce i's

SUSL 50 U PreCiRta AL aNG  Brio TS B REF SR YA B Tt

CeRBIRR)a sdaratof 11 Jvharslthel etalshee @xBactet Ak @ residue 28 and the
liquor is recycled via line 29 to the reaction vessel 13. Fresh sulfuric acid and make
up water may be added to line 29 to ensure the acidity of the solution added to
reaction vessel 13 is below pH 1. Additional make up water and acid which may be
plant waste water is introduced into the treatment vessels 11 and 13 via line 30.
The residue 28 may be sold as a zinc matte for recycling or encapsulated for use
as construction fill.
The treated slurry exits reaction chamber 13 via line 23 to the centrifugal
separator 14. The liquor separated at 14 is passed via line 25 to the first reaction

vessel 11.
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t he head space. This avoids the need to periodically
clean the | anps or generators wthin the head space
wanw4alesns avoi ds corrosion of the | anps or genecaAaRe04/000059
by the 15 acidic environnment in the head space of
vessels 11 and 13. Another afternative is to punp off
the gas fromthe head space to a gas scrubber to
Therdeeentaminaied solids 248ty the tseparafor déere pdssearl to the

BB RAR 0B S e\ CarP B RRA i Gl il St i v

a desiralslie dsiot yHo T htsrmodtetriymdyem; futtheraltlemaed lhlaqblendmgmsﬁlletmn
\412i ﬂ)uor 3 par at ed aglentr “9 ﬁ asse é a.l.
r P98 6 'EHEe RE%WmﬁECE ¥ a°harige ﬁﬂ“‘ﬁi AKHRPA LS Bifrers
J3ank 16 where potaSS|un1hydrOX|de i s added to adj ust
h h d ipitate th t
08 8 Sl 5Bl B o P B ST e
lm\}%ntlbrﬁi?rd%&@%@ eﬁvﬂro?ﬂﬁ@ﬁtaﬂyz slbtsmd method E@ﬂtréaf intPeéwage sludges or
ar.at or e_nmetals are extra
BIGR195 S0L5 WSS 2 OffPeR)gr o9crs 60 N £TeRbstzam. In

atdantbh %és@aéavbﬁfagégas@bromed LERE Mo Bbétbhgerns sdcraasisulfunc
toline 29 to ensure

ded

3&&9 BPTtay?'S'H'F‘ *%Wém%%? ami SWSB%I byestgne thad ere B?P%Vé@é’é‘l'abi%as
lhd.:ust}%h Wé/si%"érlo edidis.onal make up water and acid which

ant maste water is introduced into the
Fméﬁﬁﬁ’éﬁ? intbe st vl alpodpglizedhatithe praseniBipventihecandad due
RSV RGBS OBl AR O 1% gore
teachingsf $hauinvgnting. t s reacti on chamber 13 via line 23
to the centrifugal separator 14. The |iquor separated
at 14 is passed via line 25 to the first reaction
vessel .11. WD 2004/ 065028 PCT/ AU2004/ 000059 6 The
decont am nat ed solids 24 exiting the separator 14 are
passed to the neutralization m xer 15 where they are
bl ended with crushed |ine stone to achieve a
desirable soil pH This product may be further bl ended
in a blending installation 32, to provide a range of
commercially acceptable soil conditioners and
fertilizers 5 33. Fromthe above description those
skilled in the art will realize that the present
i nvention provides an environnental ly sound net hod of
treati ng sewage sl udges or
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contam nated soils w thout any offensive odours and
any liquid effluent stream In addition these
weadvawvssges are provided using | ow cost reagenPETAIRIN/000059
as sulfuric 10 acid, potassium hydroxi de and crushed
| i mestone that are usually aVailable as industrial
waste or by products. Those skilled in the art w ||
GlLAMIS eal i ze that the present invention can be

f
ieparrehs of kR Ealis neRa P AL R PR S0 stosige whicn
inSuy¥ 2004/ 065028 PCT/ AU2004/ 000059 7 CLAIM 1' A
05 360 el GE QUGS LR e i 2l bRl e M Rabics
sl Ildzﬁgt%nv\fréﬂﬂ@t{bw&?wéflﬁgtrtéam’(en&sﬁglebel ow 2 and at a
SOl | ds en ro (0] t t
by sgearsfing Fiioad agd e Rages domhe st vhara SB om

E];‘?n&lhb e Eél@@thEheSﬂréﬁﬁaa‘ﬁheﬁﬂ s?tacT[ngttHﬂ@ fieehiadi liquerat a pH
first treatnent stage with %h sh aéld | L}ﬁor at

a palovhe padiasolidd cantspl e Sde RPént & $959N8 tegtmedhsiages
E?c‘s%ﬁgra?lﬁ&ﬁ{é"rﬁﬂﬁd §ﬁ@s&uopbha§6§ﬁrbmtthe gebdif tréaticdt Q@?

p ases fromthe second treat nment sta
o ciepling heTBPT SURAESE R FRPE) TP BERStSParTgR: s (o

fir éCIéIf&ﬁ@h méizge to precipitate heavy netals f)
separa preci pitated heavy netals fromthe

ng t € !
i peprragng thepresipitated hepry: etdin omtbe ligvrraf stepre)ad i n
t h%‘eg{cﬁﬁiﬁ% |&LOF fo‘?%tsér}g h'iegv‘?oc,sé%.gI ds fromstep d) to
to a eve cceptable for a soil 15
ga) rtdaatm@ ﬂ“@rsaﬂds from $tep gpto agjusighmgHttﬁ@ level gegertakiafor a soil

c%gg%loﬁecf c%rqgrtnﬁf%rd' c liquor in the first treatment

st ag res atches of soil or sludge. 2. A
rmpatdw@ ths ligliar freenl step d)lasithe &cidie liskpcin thé érsh reatment stage for

sulfu met hod as clained in claim1l
in f(/ﬁ*? tct%ﬁé%ég\egr %%? ‘s are precipitated
2. A method as claimed in claim 1 in which the acid is sulfuric acid.

3. A method as claimed in claim 1 in which the heavy metals are precipitated
by adding a base to adjust the pH of the liquor to precipitate the metals as

salts
4. A method as claimed in claim 3 in which the base is potassium hydroxide.

5. A method as claimed in claim 1 in which the solids from step d) are blended

with crushed limestone.

6. A method as claimed in claim 1 in which the first and second treatment
stages are carried out in closed vessels containing a source of ozone in the
head space of the closed vessels.
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by adding a base to adjust the pH of the liquor to
precipitate the netals as salts 25 4. A nethod as

woleo4mesh28n cl aim 3 in which the base is potas8CumU2004/000059

hydroxide. 5. A nmethod as clained in claim1 in which
the solids fromstep d) are Blended wth crushed
limestone. 30 6. A nethod as clained in claiml in
which the first and second treatnent stages are
carried out in closed vessels containing a source of
ozone in the head space of the closed vessels. WO
2004A 06HREB oRS0oAt IR HYOEMEMinBted.sof omeluidgd waich includes

decont t.am nated soi| sl udge whi ch
i ncl %@gco ainff&r %ﬁ?gvﬂ?'% ogi 5@ deShni gh net hod
: ncl ude@t Ere@t)ng s6iabt ﬂgdgemvith an a&nldtlldger ama ng&iélc;WE @&nd aé a
i qguor a i ntent .from
o 9006 MnsalicbidoRi Jaauals ahite sPRst Los pedaingtd & Sodrce
ozone in bhezdheas tePhReRl fack et deRd weassiel . b)
separ at i ng the liquid an hases fromt

sol i d
T oot bt St atgine: e oAl BRe e 5o L Ke At Siage
step b)c)f fresfiddBeligost SEpatatsd rfep B) frdM thE GehPhdrdlstage to
heavy mst al s, separating the preC| pitated netal s
fromthe PEFRNR t%‘Feaé’tyébe ég and recycling the liquor
for reuges é;ﬁ‘aréh?% %%Sﬁ'é_lta%d He?é‘?é frBﬁh thBfqe&y df%%eaé
step b) to adj I evel acceptable for a
soi | condredys th@r“Qﬂ@’rfpf rguge in ths rgocessnet hod as
cl ai medy) ﬂeﬁ r@ ﬂ%%o\“@%efr&‘g%it%@ ttgﬁagﬂﬁea ffﬂqc?é N&el ¥cceptable

gener at I ntroduc It space.
for a soil conditioner or fertilizer

8. A method as claimed in claim 7 wherein the ozone is externally generated

and introduced into the head space.



