; e3e] Z924456" 6869TZ9@U Process for rendering an ash inert, artificial

pozzol ana obtai ned by neans of the said process 5 The i I tes to
.a process for rendering inert ash originating fromthe ”mwm‘wmmm’mmﬁof
muni ci pal waste. The incinerators used to destroy nunicipal waste
(donestic waste and hospital waste) produce generally |arge ‘V8f%ines of ash,
both in the form draddgkeford nrdrieringg rer aiston fayrmnaces afidiefl fly ash
entrained in the F(I)ueoggses.bTaenmdn ral ggica fcgﬂgom ti,on_of this ash does
not vary by very BB&A2IGRd, QDEeined By weans ol LUS, RAIADFQGLRE are
general ly encountered therein, although in proportions which can vary by as
much as 100k indeed even nore: alkali netal chlorides (NaC and KCl),
calcium (usually in the formof cal cium carbonate, cal cium sul phate,

cal ci um hpdr dfieleinyenbien| ERLALRFAILEXEPERGIRS forpaepfeyiag dalegitum
hydroxi de and; gl GBS Phad e)srdvarde  Viddiidd R ;i MJosinhiG g1 heavy
netals in the netallic or conbined form (in particular tin, zinc, | ead,
cadm um mer XA#SE€copper and chromiun), chlorinated organic 25 derivatives
and noni ncinerated materials. The nonincinerated materials usually include
al um ni um rret,@_lh. | nt er nat i pnal plication %\O 00/ 29095 _di scl oses __a_ 30
process for retder FRGITREPEOMESt 8565 gittat i BT Frdm | HEPASFRRSr #RTESgases,
accordi ngot o (dordstic sweasee drgl dheppitel wadted hydodute c genederd Iiyn wat er
and then filt of.f - The proces S . e i NGy - t
filtration st%ﬁ% a{’_ﬁéﬁg‘gﬁ Ira’tqfer%&?v\hi %ﬁ%;aklégpla?gpgsog?ﬁbl%zﬂ tgléég%léc?%t he
filtration caikeetdneinpeaspenndsinggesthind wadhifdy oish hentagene@pidves t he
mechani cal properkigs gases? BE hhderaibgliante ddndachidly oF thed nerted
waste resulting fromthe process, European Patent EP-883 585 [ Sol way

(Soci ete AnorFﬁ%%) flo§SpIRA dB_TH ﬂ?Voc\é%ngfB‘Pc endARYSthet £S5 aSK 1€3Rpr i si ng
heavy netgl s.affitcehd nfol botrihg kxawngpnecassy tdrecastrésedi khleradamhed and
filtered, ino%tré&gr t.0 r.emove thet]ivvater-ﬁol#ilble materials present, therein,
and the aque WH cof EHORP TS hEF TRt FRR off 1% PYedt%ed 6P width
phosphoric aci@%r andekekaléveret aorghosphisd ki Tedajhoshhat edesnmiNasilng

resi due thus ai IS e ci ned t a drayl . i nder
and water ar eag%qud fg%%%g%d?gh?éﬁggkor?gr.é&g. conc us%%l)nf% Ctl%ng known
process, a sotadxbonmtgani €a1simlss SUd PhIsttS nedcawtichn i shgdbexadei ality i nert
W th respect d0 &URSPhayEccagent srand, Wwhi Gy cConborBctPathe $hardards for
toxicity by leaching, in pc?rtl cular the TCLP gTom city Characteristic

Leachi ng Pr ocddiridgsa)and angatgiupo sulphate),  quartz, vitrified

aluminosilicates, heavy metals in the metallic or

PUJ

combined form (in particular tin, =zinc, lead, cadmium,
mercury, copper and chromium), chlorinated organic
25 derivatives and nonincinerated materials. The
nonincinerated materials wusually include aluminium

metal.

International Application WO 00/29095 discloses a

30 process for rendering inert waste originating from
incinerator flue gases, according to which this waste
is dispersed with a hydraulic binder in water and then
filtered off.

35 The process was improved by using, for the filtration
stage, a belt filter, which makes it possible to
subject the filtration cake to efficient washing. This

washing of the cake improves the mechanical properties

W
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These known processes apply to all types of ash, in particular to fly ash
originating fromthe incineration of donestic or hospital waste. They
.involve a hydraulic binder. 25 In the case of ash originating fromthe

i ncineration of nunicipal waste, an inprQvenent to these known processes
has now been found which makes it possible to dispense with the hydraulic
nortar w t houdnfargiengrebés88ntcaerto ndkedchioh tde ttheat ¢defsbd waste
Consequently, the 'nven%ion | ates to a process for rendering inert an ash
ori gi nating fF%ﬁ?%hén?n I® réﬁ?oﬁrg?eﬁﬁhicipal wast e, according to which
the 35 ash is subjected successively to treatment with a water-soluble
phosphate in th e e n o] inati @A~ acgordi t he

i nventi on, th%u??gégﬁeﬁﬁﬁﬁ?%ﬁmgﬁeé%%ogghat%%Pg} ar§$§81%3§ &%{e. é@&ditions
- 3 adj u$t edP¥eVER9St &l IRLRCESRIr 6RY| FFRdard s tperhdASR WAMRGBEGENRSE. | n
the process agegidi Rath2st NAddaH@NgOto Ll RSknSwROPPbLE8S, a teld kpf from
a furnace for the  incineration of. nunicipal waste and/or a fly ash whi ch
was separ at edi¥r Stttre “l’?%}ée%aéngrifdin]ﬁ%ﬁ]?% f+BMOLGEF arP i REMREFat h

futr]I nﬁce. 10I Tda@téﬁnﬁbir[]ﬁhnéci mltemaﬁlles'l' ipréﬁéﬂadectnerelﬁen?t eaﬁageﬁﬂ@ wast e
an ospital waste. This waste nor conprises, metal s (i.ncludi eavy
netal s and al aAFRPUTY C3&K & %%H%$i£¥38 g%ﬁboﬁhﬁgr?BEW%réFI 5§§E§4Ln

hydr oxi daGandwtehcphosphbphat @cidsadi vam 151kahpr mecand ehosphads .(iThe
particul ar sogj rj r ganj qﬂgpoun inp ' r ;

chl ori nat ed o§§§%?§Q%§ b%ﬁ%ﬁgggﬁg itg#%”ha e of@pu%stic?ﬁgégéégalIfj%ade of
pol yvi nyl chl sebdeqypenbiy Tkalcdnad' red ythenalas "hydrawl bpdbdnderdanst e
netals with aydeasi tyrat lergla el & OACNByg2RdIREr Yiidrd®yr ar sanic,
sel enium and antipony, in accordance with the generally_ accepted definition
(Heavy Metal sc?ﬁc%§¥%ﬂat%€ &hd Ss| Kagen TRERSRTR 28 Fﬁ%l:béséé’l,or\%‘ln.lq, CRC
Press I nas 1884s pbge chtaibti ambuintd ofishesupstmhaislip tiheewsh wsidd) ect ed

to the process according_to the inyvention _depends.on the origin of.the
muni of pal viastEEPFEL] EOLRHAPPEEBEL loBHoah 0 ACa B ILE SATELTEY Wl G per
100 parts by seagfards doy nmettirity bhe lasithimg,.e generathigubetwedre 3. 0
and 10 parts i . i . 1 he m R i's
general ly pre@%ﬁ?ﬁﬁ%%%ﬁggggﬁQﬁﬁﬂgﬁhgﬁg%ﬂ¥ﬁ%gﬂ%?gé%%gtg§§28d§3#fs E%ﬂ:/\eight
per 100 partssbgnderght of the ash, nore generally in an amunt of 3.0 to
5.0 partgpy weight per 100 parts by weight of the ash.

These known processes apply to all types of ash, in
particular to fly ash originating from the incineration

of domestic or hospital waste. They involve a hydraulic

binder.

25
In the case of ash originating from the incineration of
municipal waste, an improvement to these known

processes has now been found which makes it possible to
dispense with the hydraulic mortar without harming the

30 inert nature of the treated ash.

Consequently, the invention relates to a process for
rendering inert an ash originating from the
incineration of municipal waste, according to which the
35 ash is subjected successively to treatment with a
water-soluble phosphate in the presence of water and to
calcination; according to the invention, the treatment

with the phosphate 1is carried out under conditions



-4 In the process according to the invention, the watersol uble phosphate
reacts with the cal ciumof the ash, form ng cal ci um phosphate. The

_wat er - sol ubl e phosphate is generally phosphoric acid or an alkali netal 5
phosphat e, for exanple sodi um phosphat e. 30t hophosphoric acid is preferred.
In accordance with the invention, the treatnment with the phosphate is
carried out usadeistedditd orsyadjaldtied 1Rydpotylepatotet hpst@] cidnd@rosphat e
which is fornpg.tﬁ bg.{n the formof crystals of hydroxylapatite [sic]
and/ or of whiYFbek?PTe "Ry droxyl apatite [sic] is a mneral of general
formula 15 Ca5(P04)3(CH). Whitlockite is a mneral of general formula
Ca9FeXMgl_ XH(P04).x r IS I er_ or act | . aynbe et n 0
and 1. The cr%@talgao §ﬁ§3§5x ?gga%?§§8[éfg]t%%h gkgggkﬁE#deéﬁ?tg' ave the
property &f at¢mRihgesby FsdRvephifsam subsenege derofthe poalnaradiiarhei r

cal ci um at ons, pym@h 98BpR1 HE3VY HREALS. aThEyamRUN YA RRAde [ sic]
and/or of whitlockite crystallized nust conSequently be sufficient for

these 25 mi nef5P® toeabiBEnIpReCRegiafery ST6M SHEaSR 1RAETR Y& hect i ve
crystal |aticgggndde. opti mum anount of hydroxylapatite [sic] and/or of
whitlockite to be crystallized will consequently depend on the anount of
heavy netals present in the ash and it nust 30 consequently be determ ned
in each 4feciThe cetseemby“munboipaé opesakronisn tilneehndedr attor y deffoeeanount

of hydroxyl apatf | i d_ar i.t]jocki to C I 1] i) |
itself condit?%%é%%%éa%%ﬁg? 0 %&ﬂ%ﬁg&#%ﬁﬁ%%% %épEE?% wﬁ%&% ﬁ%%gggﬁ%t added
to the ash. 3comepesesng oetehe originelordirie | sheayy thwesabant pdwei ght

of wat er-sol ubl gnphospnat e LMY IHIATLd EOmbOEndBPO4 JidBa1630 vary,
for exanple, from10 to 20~ of the weight of dry matter of the ash.

Furthernore, ERECFHRmatiVEFoF ARy dr dR9| apRlician sj piahatet . sogfium-

whi t | ockiltse re6mbresinde dqomsRiass of(ieal pautitnlabe @sdhuependtige)n the

anount of hydro yI%patiLe [ si.c ang/or Wpitlocki%e t$ be c%ﬁg}alliz%f, t he

iy o U T o o N S,

exanmpl e, from oc pdunfie apdghtem eneift @ itche c

alternative f i { , { L] calcium(in the nmetallic or
AR OF PE LS MekloLe8E)

conbi ned for e ash before or during the addition of
t he wat er-sol ubl e phosphate in order to 10 obtain the required anmount of

crystal s o¢f hyde oxwhapathd S SinekadBd/ ofs Of nWBhELACKIS €gehlStel fetals
advant ageousl y, made of cal ci.um carbonate, preferably avaiding,basic calcium
conmpounds, i nWpERti Bul HeRSH unfhydriGeisde. 9%83h the pro&EsT accing to

the inventi onpet{i®l Maher sohubeaiphospbaleniamaddaddt 0 ahe iadhyi,n t g

presence of water. .The water.nu be prese in an _anpunt .east,
DUTTLCrant ¢ CRETORIARTE se e ke yioxyTamer a1 ¥ 20 FSPREEna s P ton

whi tl ockite. [HeavactMeeplst il prisssrrwatemn anduntlofiggr edteatnteart 10%
(preferabley abybeasleeuabylor25%e obrihie YRLONt10k7 dryagBiipr of the ash.

In practice, it 1S not' advantageous for the ampunt of r enployed to
exceed 100 of the dry matter of 25 the ash. The values from30 to 75% are

general 'y hi ghhy sMbhabl 8f heakie nyteressimceRs dasH tapyBetkavent itgy the
calcination has a twofold function. First,, it serves(io
process according to the ‘invention epends on the
origin of the municipal waste. It is usually between
30 0.5 and 15 parts by weight per 100 parts by weight of
dry matter of the ash, more generally between 3.0 and

10 parts by weight per 100 parts by weight of the ash.

Aluminium is generally present in the ash in an amount
35 of 2.0 to 8.0 parts by weight per 100 parts by weight
of the ash, more generally in an amount of 3.0 to 5.0

parts by weight per 100 parts by weight of the ash.



30 destroy the organi c conpounds of the ash. Secondly, it brings about a
recrystallization of the hydroxylapatite [sic] and/or of the whitlockite.
.The calcination is nornmally carried out at a tenperature of greater than
400C, preferably at |east equal to 600C. alt is not 35 advantageous to
exceed a tenperature of 1 000C. The tenperatures from 600 to 950C are
especi al | y admantage@ivcestheacabedivagi 60 aate beneeatitled, othel wvaaied-nert

at nrosphere (for.exanpl under a nitrogen atpgpsphere).. It is _preferable to
carry out theSOl{labge Eglpgpgl%?feoﬁeiar?tﬁgwﬁ%sgﬁge Coaflc’)aliurn} %% gis?’et &%t ng
about the conbusting oblthemomjerspdadmypdlingsyaitrrpaprlublkamirapigdarat ed
organi ¢ conpounds ec lLzati of t hydr o ti i C]
and/ or of they%/l\hi ?Fggglggé&ha?ﬁ?ghg vant ;H&elg{us (?Igsu%‘ﬁ o?ig(t%regng%%et[rﬁng t he
i nsol ubl e SnatRresphatPese B¥hpoeHaTPile wasefdiump |PhesPhatant afadhe-
enbodi ment  of ot HELREPLESSc & CPE dhRGr&prédie i nvention, before the treatnent
of the ash with the phosphate, the ash is subjected to al kali ne aqueous
washing at a pH of greater than 8.5, for exanple from9 to 14, preferably
from9.5 to 18n leddiidanemoni tentthel Sihtienptbhs MRS Ut £datnehbe wAGILOUS
solution collgcted, fro he .washing. JThis enbqgdi nent .of .the process Js
targeted at rg VPHSSP{%%&MI& -cs‘—’iﬁlg'bﬁ% ¢ ?rp‘dﬂﬁag SPPPRELRER. al({-z’u(f}r‘ﬁdoi ts

t he addi tlilonain advdetradert hate t helashmc phiospheadef ndmdthei svashirmgdi o ound
under the opty 0 N 4.1 0NS f { Di t i i .Qf

hydr oxyl apatiﬂt)%ugcfﬁgng;%ﬁo F\Ag(irrﬁp%%:ﬁ$e%gur$¥%féﬁ$%%%%%nﬁ%vﬁ%t]h t he
wat er - sol ubl eaphoephaf evhikleglstB@r specific enbodi ment of the process
according 25 to the invention, which is especially suited to the case of an
ash conprisin hronjumip the hexaval ent state, a reducing agent i.s added
to the ash co‘l?Y‘iE?’éﬁnl?P%H’f?\e?F’llgét meht 2wiERerRd %sﬁﬁﬁ?égll YU @
enbodi nents ofcadeqnocens, theitlockive ofist he reduerad 3@ fagejndralt 0
reduce the hexaval ent chrom.umijn_grder to bring it_to_a l.ower val ency
state. Iron ?Iérf‘uf ox('cae"nge%gb‘xil{r(gﬁ“f"ﬁ’l i ngsefean c%a?boann(flor\lr@e GEnpl%€ acti ve
carbon) constfrac¢ceipnal enusder coetveen ageand. 1 The reduci ng agent is

advant ageousl y enpl oyed in an anmount 35 by wei ght substantially of between
0.3 and 1% by wei ght of the ash. The ash collected fromthe process
according to The i|nGergtaks exidts idrRRfARAIta pulsidlul edndr of 7 _
granul ar Jionorgiant CodRsce Whiredyd s ithr t wrbbekr@gPecht 0 dTeoivyg f onmnt and
at nospheric agents and which confornms to_the standardgf r toxicity by

| eachi ng, partTeRPERPISRheSHPER! EREHARr A d8f PREGISB0RE. tHRIL %5 ni c
mass exhi bi t satdes nobgwordtdymsandofinekpaoiyed mprteier.t y The hagimbgna pezzol anic
capability Lch _nar I f.out for_ftaorm ng_hydraulic hinders.. l.n the case
where the a\gﬂh}é ?’é%f%%atfjog%he pl[%%g S 10a3§ of di ngo'?o thé‘%lr%:\/leon k|lor'1a
conprises cal crystall phedemust wopseaneatily Bee desffapdient ofdecdomsese t he
latter. This f5nbeeaUSEsl hpbasnbeRl ARSGLVRELhAAL ol £n@n LcoNGlusiHNY ,0f the
cal cination, the ash conprises calcium sul phate, the latter has a
detrimental eFEReCREVON ERESEFHr abRtéCBPopertPes OBt 1WA a@fount of

hydroxylapatite [sic] and/or of whitlockite to be
crystallized will consequently depend on the amount of
heavy metals present in the ash and it must
30 consequently be determined in each specific case by a
routine operation in the 1laboratory. The amount of
hydroxylapatite [sic] and/or of whitlockite to be
crystallized will itself condition the amount of water-
soluble phosphate which has to be added to the ash.
35 Depending on the origin of the latter, the amount by
weight of water-soluble phosphate employed (expressed
in the H3;PO, form) can vary, for example, from 10 to 20%
of the weight of dry matter of the ash. Furthermore,

the formation of hydroxylapatite [sic] and of



To thiss end, in a specific enbodi nent of the process according to the
invention, the ash is subjected, before or after the calcination, to
washing with a 20 sol uti on of sodi um carbonate or of sodi um hydroxi de (for
exanple, at pH 13), so as to dissolve the al um nium by oxidation of the

| atter. The washing can be carried out at ambient tenperature or at a
hidgher terrpervaiiuﬂg;cﬁme e;réﬂjlﬁlﬁ&efsr 08h40 pireddise 251l nﬁampeﬁﬁeqral It\heh )
advant ageous enbodjnment .of the process accor ot i nveptiqn,, e as
o Mashed i (Thihn BEREBALRE) oh PEAR: Aol D it v eEPIVFBRAAL LR SRS
greater than dfiter debdnposkitke wal beunnsys fabl 2zedhe the wasbumyg by
advant ageousl_ y_.c i a to 1 I hi nbodi of the
i nvention, tﬁ'ée/(al t{sgpm%ﬁj?gﬁénoﬁgﬁ%%%%%og% g%?u??%n'fggﬁl)egggg%%%gmthe
washi ng. bn tfer errnlentfxemcho hee po%tobethedwséghbedf thy wasivesg of
the ash with dhe gndi ynd5 caf bepat @13 QR L ak g Canld ed outi yam, the ash
downstream of the calcination. However, it is_preferable, according to an
advant ageous &dEriRRI Y eCROFMIBf iFe tREeREE8AL1F00% heOWRSREAg TRFEN t he
aqueous sodi up£ardPNYeL saded oBot OtRe CasKi GsbMitte alord NQJUSAM thed _

time as the washing of the_ash, stream.of the treatment with_ the
wat er - sol ubl é tslg?{ét et IFﬁﬂaé“’ab eern_%%]s‘ét?okfed ac‘P?’lar”ret htP c ZESHhe 8 t he

ash 5 retoveraskdimom t beecal cigwatiired conpmosnng alafm nicysedhs, tbE |atter

has a detri f t NeleVs iI.C properti f.the resul ting
i n uncont ro%%oﬁ\%ﬁ%tn%f q%ﬁ%qm%bgpso.%_ léngﬂﬁjh&sO%ﬁldé,gi n%%%pr é’%er red
enbodi ment ofadventpEaresslyucoadd ngft ccaheiwny aadilomattehe askefiesabdlj ect ed

to oxidizing Nedi iPadldetalfi @i dbgBotRgsal Ui Bhiik FRE Al a1dkuR na.
For the inplenentation of this enbodi nent of the invention, the oxidizing
heating i s 13RI Ryeously carried out at the same tine as the

cal cinatingn, the latter then being carried out in an oxidizing atnosphere

f | e,_ai t t t . Of th 800C, f bl f 900
to’1 0000 ST EREe R BSERBL At hikith PR e tor i T IifbceERS aBRbEI NG t o
the_ i nventi orsaala:bltre_ phospdata as|l aitfed | tsi thewiashouin rtk& preskace
envi ronment (4n %EE%‘?”'ﬁ{et%ﬁ%Qu%é’@tB{a gﬂr"]zfgéls%%ré arg ‘%teér}m%ﬁ{ ggn also

be 25 recovered invalue, such as in civil engineering works, Tor exanple
in road netalkeagt asyfifiiqigptmttar i firyisvadiltizeen thead hydirbardepraBatguse of

its pozzghani ¥ pPesdd sy tHgeashheelberied. ontgonpllstepe0f the pgocess
according to the invention finds an_especially 30 advant ageous_use in the
manuf act ure ATESRRAWT AR eHBMERE ebngEgRERT gl,‘-aflhéofgn\ﬂé’ﬁ?ifﬁﬁagllyoaltel at es

to an artificiedstpoggehBnge 2b%ai BEd dhe SedljR0d |6 Ay agltB88robifgichat i ng
fromthe inci n%[ attr?n of muni ci gﬁl . wast inerti ng gr ess in
th d °¢o

accordance wi% iPVARTToR l?onﬁgdt‘?@‘d%f]%aﬂ?ﬂaar Fi &Ry Ehi s

artificial pozzobaner employed to exceed 100% of the dry matter of
25 the ash. The values from 30 to 75% are generally highly
suitable.

In the process according to the invention, the
calcination has a twofold function. First, it serves to
30 destroy the organic compounds of the ash. Secondly, it
brings about a recrystallization of the hydroxylapatite
{sic] and/or of the whitlockite. The calcination 1is
normally carried out at a temperature of greater than
400°C, preferably at least equal to 600°C. It is not
35 advantageous to exceed a temperature of 1 000°C. The
temperatures from 600 to 950°C are especially
advantageous. The calcination can be carried out in an
inert atmosphere (for example, under a nitrogen

atmosphere) . It 1is preferable to carry out the



5.10 15 20 25 30 35 The invention is illustrated by the foll ow ng
description of the single figure of the appended draw ng, which represents
the diagram of a plant enploying a specific enbodi nent of the process
according to the invention. The plant represented in the figure conprises a
furnace 1 in which nunicipal waste 2 is incinerated. A clinker 3, on the
one hand, andcaléimtetgm 4n Oﬁhéhq;mdmmé]aod ate, cald earsedtcﬁrmritntge
furnace 1. Th fltye con%o den Wi t }}/e ash and |n addlotuln 1

cont am nat ed HYtoxi ¢ gaseousu co%rbun s, partl cHHT dnlp gén th (}rn de and
vol atile heavgaxmicahbarIhal@gématsedtcvmaredcwpmpmmﬂs separ at or 5 (for

exanpl e, an electrostatic precipitator), where the fly ash 6 is separated
therefrom The dedusted flue gas 7 is subsequently treated in a

puri ficatPon Hewi ceegrykbohhipetice, PR ofbler hydsrevaepathéeef rigmcthe

acidic gaseo%&%ﬂgodﬁd%hé‘ﬂﬁhibfcﬂckitéShg'sscﬂf}?é 988vhAthgeo68l may1¥ The
clinker 3 and the fIy ash 6 are nalnly conposed of inorgani c_conpounds and

of chl ori nat e or G&FEEIEERGHRIds, Lha parr%%q,lmbalre di BREHE®andP¥ ur 5€The
clinker is treahesunds ainiwatds. and the mlled clinker 11 is subsequently
introduced with the fly ash 6 into a m xing chanber 23. An ash 24 is
collected fromthe chanber 23 and is sent to a washing chanber 12. The ash
24 i s di 4per skd, annatitentagieong cmndtemel, oM the apoonesef avaoedih
suffictent fo.gl shal ¥AvEHRSLAN! bllsbkethd Ne dBLAL:S 0 HbLAoCaTROYAs,

present in t he” as f1°6n, sodi um car bonat e Intended to react
with the cal ctien Ruppiplaee of th@easbhisostbiartadoltabkd kedigeuma@oysnat e

and sodi um sulphat €y a@lghpﬁa§§e§réawrsehahl gns I $olrNehaduaed sildho of he
chanmber 12. The EH in the g medi um of t he charrber 12 settles at

appr oxi mat el ytQ 218, ndionte5 i% chr| EBEEd SFPORAMEE twashi ng
chanmber amd iehérgateds mea%Qredmmdl ghel wiecud | sdbBlit1én AdldGdeds

solution 17, on the: one _h and[\ an ag S caEe 1@ an t he ot her .hand,
are separated FPOmT e ‘P’?‘fg]f”el?g ?gﬁéngn Fi ses MOSTC o th‘g heavy
netal s, i naddi tavyetedtae demzvnsganbet wWetfuransubdf thepouwhgs. o &ddi tion,
|t comprises g3 Ci Y CIRLBL Lol il & dPIvIIn 42! by byc okhdle aad caelum

carbonate) a I n accordance w 101 nventi on,

| npr egnat e
itis mtrod&@hlwﬁegafreacmlw WY 19swHenadoryndpiho§BRoORE iFed 20,
extra waber 2@omddcidsedfilidygs %@taﬁalagdedtheer ed 18y s L PADSTRON | & F

aci d20reacts with the cal ciumco and t he wat ertocr}ést allize

hydr oxyl apat i P¥ITR 2R 6 BARE O@R‘l /é’rl IF’dH:‘P?]Bht%f BReNEr &R i 1 i ngs

26 is to reducetdehenxtavial €mt tiod rwat ein sdulsbd ﬂio@ﬂﬁ@t[éSl ng

crystal sof hydroxyl apatite [sic] and/or of whitlockiteiscollected fromthe
reaction chanmber 19. Itistransferred to a cal cination chanber 22, where

i ti s20heat ed Wt anoehper sperefdé epprdiinenteb§ 8B6Cprocessr esencdiog air

for a ting suldiGhentshoefleroaposaliiadi oxl nauand J1rans, taaoK i 1dl he

al um ni um net or m of umna and to recrystallizethehydroxyl apatite
[sic] and/or €&eewRilt |FEkREE. FRNBEISHND efhFeRt uadsid 2¥hahiberavaliendrt and

WEI ch Iex_hl bi taﬁé@@%prape*e%ei%%f a?gneﬁ}:_tiél laaatedplctﬂ%la?aasﬁ @dllleette@froP
the cal cinati on cha e arti | Cl al pozzo can advant ousy
be used int heﬁ’é‘?fﬁf atfre ‘iﬁeaﬁrzﬁ;ﬁm i‘ﬁlB%‘ndE?‘? ae%@anplg |bed
bel ow wi || resmladbdihenadvintageppbcehs, i nzenfuontibn blfesheexmmloesl,g afly

o no rRa"e ABRer 8t koh Alsude AHPULLIRLS, YBRrERAh ol blaR,! b 25

havi ng the c oS tion whi ppears i n §rS=Earti ed out
by X-ray fl uodpeseendd). to ialiower valency state. Iron metal {(for

example iron filings) and carbon (for example active
carbon) constitute preferred reducing agents. The
reducing agent is advantageously employed in an amount

35 Dby weight substantially of between 0.3 and 1% by weight
of the ash.

The ash collected from the process according to the

invention exists in the form of a pulverulent or



Tabl e 1 Constituent Content (ng/kg)Al27 209Ba2 864Br913Cal31l 055Cd494C1170
814Cr 636Cul 430Fel2 688K90 251Myl0 447Mh701Mb576Nall 894Nb1O0Ni 101P3 246Pbl1l
226Rb121S50 698Sb1 020Si 44 950Snl1 502Sr516Ti 8 224V107Zn18 123 Exanple 1 5
100 g of ash were withdrawn and were subjected to a washi ng operation. To
this end, the ash was dispersed in an aqueous sol ution conposed of 1 1 of
dem ner al i zedymeatwerac oimporgamic Slagsofvhiadh um caréaxonayethngdetspecaqeous

suspensi on ¢ N, ObLALNE e SULACT LG IR mderata L i 1LLAG L1 hours

at anbi ent terrper ure aqueous suspenst on was subsequentl
filtered, theccmﬁqml &9 chke \@tsarm‘aleijs afert heounyltmketmvaéea@mngd 78. 2

9. 570 g of & &@iéﬁ We L \Mﬂd’tdr%rﬁmd/ver ECLed 0 t\?ﬁ‘ isnerting

process. To th| S end of water and 7 g of hos oric acid

corresponés R L IR oWaEﬁo%hlct%cF]aepé‘Pq@gvoéfﬂm ya%%ke‘fle\?@ﬁé’ted

successi vel Y_Igﬂdﬁ%i:thp bt ﬁadlhbear %ﬁiﬂztdlr!ﬁurﬂ Xéé!;ﬁ@oﬂ\@ﬁt alyak BRAmatk-kE0 750C
for 1 hour. he d coII n ncI sion of the cal cination was

subj ected to & s‘? Jtré%t ral Feaching. To carry out this
test, 30 g of the powder were wi t hdrawn and were subjected to three

successive t chltnl%s g\géh ﬁ%erm 9{,@15 &em nel ﬁ%lc e%d g\gt et}ﬁ ngoggggﬁe

| eachi ng sol uti ons weré coll'ect “ed“dfid T xe e conpos
m xture 6P trecdaatinggtsoltbei anyertiich i conpukssedt adhetumasudpakysed. The

result of th S n bel 0 |
Consti tuents%ot%t e%\)%/sb?OQrgp% *oé Nad@bkEnEePed V&ecomsz’g 1RR! §a2ter.

sol uti on) A19.ByisD. 024529@0@@&@ 6&8<0has Cokeen4 s e vithed: 2é&f0. 09Pe<0. 02H

g0. 03My0. 3M”I<ébr£l:11|‘41£31c§4Nl &6. 08Re<0.c33RAnbAIvH). 025Hd. 2d680. @bkpe13¥s0. 03Zn~
0. 05 Exarrple S .The te t. of Exag}éph]cﬁt_rls r}elgeated under the foll ow ng

conditions: R st Ppaﬁe,p L detrimental effect
15 on the hydraulic properties of the ash.

To this end, in a specific embodiment of the process
according to the invention, the ash is subjected,
before or after the calcination, to washing with a
20 solution of sodium carbonate or of sodium hydroxide
(for example, at pH 13), so as to dissolve the
aluminium by oxidation of the latter. The washing can
be carried out at ambient temperature or at a higher
temperature, for example from 40 to 75°C.
25
In an especially advantageous embodiment of the process
according to the invention, the ash is washed with an
aqueous alkali metal carbonate solution at a pH of
greater than 10 to decompose the calcium sulphate. The
30 washing is advantageously carried out at a pH of 12 to
13. In this embodiment of the invention, the pH 1is
measured on the aqueous solution collected from the
washing. In the embodiment which has just been
described, the washing of the ash with the sodium
35 carbonate solution can be carried out on the ash
downstream of the calcination. However, it is
preferable, according to an advantageous alternative
form of the invention, for the washing with the aqueous

sodium carbonate solution to be carried out at the same



Calcination: 1 1 of demneralized water, as such, w thout sodium carbonate,
4.5 g (which corresponds to 0.1 kg/kg of dry cake), 750C for 1 hour. - 14
The results of the test of toxicity by |eaching are recorded in Table 3

bel ow. Table 3 ConstituentsContents (ng/kg-of

sol ution) A116As<0. 01Ba0. 2Ca778Cdc0. 01Co<0. 03Cr 2. 4Cr (VI ) 0. 65Cu0. 02Fe<0. 01HgO
. 005My2. 5Mh<0c 304 Mogs 8Nk . GRS O0SD. GlHen<G b Sr Rupf¥kirean0 2 BI<0.t5@V<0. 03Z

n 5 Bxarple 3lo.ofder Lo depasirale Lhe,pozzglagiganature of the treated

ash, the followng corrpara}gl ve test was carri u 75 g of road
hydraul i ¢ bi nder "ARC 3" (conposed of 780 slag, 11o quicklinme and 5%

clinker) wereriiixad Wddh 28pdedloAStAd€atad GaeordLag hizAdechay g on..
The resulting m xture_was mxed wth water and subjected to _ - 15 setting
and curin§. TRCOERTRGI cHIOHr dhd t i%s BMaAtHEhp AP T3 IA% e @ L& I8as ur ed

according to fdea EN k8 1 18iargar agndaZeder soA0€ 8T Vdtfedde 4 Opeld i es of
a nortar obtained starting from 1000 of ro;a}g}hydragglic 5 bipder "ARC 3".
a

Ter nFl exur al GARFLLRR Vst PEIRRESEREngt REd MPEFEMPa) ADEH bi tfer "ARC
3"60 d7.432. Orheoioedl haberswdRG B 0Btk .25y treated ash The
substitution of 25% of binder by treated ash does not reduce the nechani cal
properties of the nortar, 10 which shows the pozzolanic nature of the
treated adh. Thethiecedidng iexaapbeefehvedt makgpobdeatsi 10 ytheé phecmsscess

according to fhe, i aMent ikdn tRe! GRHRMAIG LHE hAdYY ERtals;aledd Y cash.

oxidizing heating 1in order to oxidize the aluminium
metal to alumina. For the implementation of this
embodiment of the invention, the oxidizing heating 1is

15 advantageously carried out at the same time as the
calcination, the latter then being carried out in an
oxidizing atmosphere (for example, air) at a
temperature of greater than 800°C, preferably of 900 to
1 000°c.

20
The ash collected on conclusion of the process
according to the invention can be stored in a landfill
site without risk to the environment (in particular to
ground water and surface water). It can also be

25 recovered in value, such as in civil engineering works,
for example in road metals or as filling material in
bitumen road surfaces. Because of its ©pozzolanic
properties, the ash collected on conclusion of the
process according to the invention finds an especially

30 advantageous use in the manufacture of hydraulic

cements.

Consequently, the invention also relates to an
artificial pozzolana, obtained by subjecting an ash
35 originating from the incineration of municipal waste to
an i1nerting process in accordance with the invention,
and to hydraulic binders comprising this artificial

pozzolana.



15 Conparison of Exanple 2 r incorporating wash the fly 20 netals, in
chromumVl)), the results of Exanple 1 with those of eveals in addition

. the advantage of sodium carbonate in the water used to ash, as regards
rendering inert toxic particular chromugm {especially alumnium nolybdenum
and strontium - 16 CLAIMS 1. Process for rendering inert an ash
originating freen t Hewvientiiner at ien oilbusteapad wasy e, tdocor dioidowdng whi ch
the ash is subj ed .successi v tQ. t i th r- I
phosphate in C?%Sgcclfol gksleolr%%e c?) V\gljtlée/r %#c‘ié?% gg?%}l%%t [ 8%, Wgh%r a%?’géi?lﬁigg in

t hat the trealrmmnaM t whieh phosphesents chhei edisgranndef cendipliconts

adj usted to tystaliigze gydrgﬁé((lﬁgpia&l t @nlsyBlnedd/ 0510 whd t ! %glfalctegs 2.
Process accordingto Caim1, characterized in that, before the treatnent
wi th the PhosRTdinheasHe sS(M}ek@ed to al kal i ne washing at a pH of
greater 15 than 8.5. 3. Process according to Caim2, characterized in that

t he washi ng i@f carried out at a BH gf 9.5 tqQ 13._20 4. Process according to
any one of O BIFRE 3 TERLPSEPEPHzed™ n Hifat B FERiIci RGTBELRESI s2added
to the ash. Sumiawess accwhdchgmuaiaipadneraafte2® char ancenezadedn phat, in

t he conpri ses_ .cal.ci sul phate, 1t _a us _al kali tal __carponate greater
than 10. d aicnlﬁlré]%%%naMePgl %‘l}eo Jﬂlﬁetﬁéggw alnsd(\/\%sﬁggevm R alg’ S(S)l uttlggn at a
pH of 3016. Rrduesshawmdordragcpdlecsed SroohatectBriracke i h. t Bhe tthaewashi ng
of the ash widhy the aldaliadg alycar DaGl e o0l ulbon b cauehed put sat a pH
of 12 to 13. /. Process according to any one of ains 1 to 6, 35

char act eri zedF-amgtated, PHe RS WHBFEOHRe YW AHIT i sPETELGRLATdM net al |

it is subjectigthitsyen t r@algde f ahdoxidakt@NeOfhedey Sqhat A 4 mitumiget al .

first treated in a dust separator 5 (for example, an

15 electrostatic precipitator), where the fly ash 6 is
separated therefrom. The dedusted flue gas 7 1is
subsequently treated in a purification device 8, known
per se, in order to extract therefrom the acidic
gaseous compounds, and then it is discharged to the

20 chimney 9.

The clinker 3 and the fly ash 6 are mainly composed of
inorganic compounds and of chlorinated organic
compounds, in particular dioxins and furans.

25
The clinker is treated in a mill 10 and the milled
clinker 11 is subsequently introduced with the fly
ash 6 into a mixing chamber 23. An ash 24 is collected
from the chamber 23 and is sent to a washing chamber

30 12. The ash 24 is dispersed, in the washing chamber 12,
in an amount of water 13 sufficient to dissolve
substantially all the water-soluble compounds present
in the ash. In addition, sodium carbonate 14, intended
to react with the calcium sulphate of the ash to form

35 insoluble calcium carbonate and sodium sulphate, which
passes into solution, is introduced into the chamber
12. The pH in the washing medium of the chamber 12
settles at approximately 12.5. An agqueous suspension 15

is collected from the washing chamber and is treated



-.17 8. Process according to Caim7, characterized in that the treatnent
for oxidation of the alum niumnetal conprises an oxidizing heating of the
~ash. 5 9. Process according to Claim8, characterized in that) to carry out
t he oxi di zing heating of the ash, the calgcination is carried out at a
tenperature of 900 to 1 000C. 10 10. Artificial pozzolana, obtained by

subj ecting animasédiatefiynadnng Euamemhaaluﬁnuﬁqmé@msoéomuﬁnohpaﬂ wast e to

an inerting or e on

CAE AV, Al AR |%§FYQ2\ o %ﬂ E?V%‘ Rtk AN HE{nY {8e° REher
Y.A(Y)ah@IUpZEand are separated from the filter 16.
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100 08 ()1 LUIONORRA) - cnbofith™ s ahn 19T Rdds A FIYTE{ Al of
hydroxylapatite [sic] and/or of whitlockite is
collected from the reaction chamber 19. It 1is
transferred to a calcination chamber 22, where it is
20 heated at a temperature of approximately 950°C in the
presence of air for a time sufficient to decompose the
dioxins and furans, to oxidize the aluminium metal to
the form of alumina and to recrystallize the
hydroxylapatite [sic] and/or the whitlockite. A dry
25 pulverulent mass 27 which is inert and which exhibits
the properties of an artificial pozzolana 1is collected
from the calcination chamber 22. The artificial
pozzolana 27 can advantageously be wused in the
manufacture of hydraulic binders.
30
The examples described below will reveal the advantage

of the invention.

In these examples, a fly ash from the incineration of
35 domestic waste was treated, this fly ash having the
composition which appears in Table 1 below (analysis

carried out by X-ray fluorescence).
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Cr 636
Cu 1 430
Fe 12 688
K 90 251
Mg 10 447
Mn 701
Mo 576
Na 11 894
Nb 10
Ni 101
P 3 246
Pb 11 226
Rb 121
s 50 698
Sb 1 020
Si 44 950
Sn 1 502
Sr 516
Ti 8 224
\4 107
Zn 18 123

Example 1

5 100 g of ash were withdrawn and were subjected to a
washing operation. To this end, the ash was dispersed
in an agqueous solution composed of 1 1 of demineralized
water comprising 50 g of sodium carbonate and the
agqueous suspension thus obtained was subjected to

10 moderate stirring for 2 hours at ambient temperature.
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4 &109Q & () ‘collected and mixed and the composition of the mixture
of the leaching solutions which is thus obtained was
analysed. The result of the analysis appears in Table 2

below.
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0310% & () - - [ GYOMGK G| GBEEKS74 ¢ H10%Q & ()-(- G ¢ HI0% & ()-(c
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HLO%Q & ()-( Gc HLO0%Q & ()- (¢ HLO%Q & ya( -Gc HL0%Q & () - ( GOGEEEEKX@
HLO%Q & ()-(c HLO%Q & ()-( Gc HLO0%Q & () - (c HLO%Q & () - ( GOGGEEEEGIX<4 ¢

H109%62 & () - ( Table 2
Constituents Contents (mg/kg of
solution)
Al 9.5
As 0.024
Ba 0.2
Ca 5.6
cd <0.01
Co <0.04
Cr 0.42
Cr (VI) <0.2
Cu 0.01
Fe <0.02
Hg 0.03
Mg 0.3
Mn <0.01
Mo 0.84
Ni <0.03
Pb <0.3
Sb 0.17
Sn <0.02
Sr 0.2
Ti <0.01
T1 0.3
\Y% <0.03
Zn 0.05
Example 2

5 The test of Example 1 is repeated under the following

conditions:
Washing solution: 11 of demineralized water, as
such, without sodium carbonate,
Phosphoric acid: 4.5 g (which corresponds to
10 0.1 kg/kg of dry cake),

Calcination: 750°C for 1 hour.

Gec



Gc HL0%Q & ()-(c HL0%) & ()-( Gc HL0%) & ()-(c HLO0%Q & () - ( GCCECCECEs W4 ¢
HLO%Q & ()-(c HLO%Q & ()-( Gc HL0%Q & ()-(c HL0%Q & ()-( Ge
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H10%Q & ()-( GGGHHHHHHPX<4 ¢ H10%Q & () -1a Gc HL0%Q & ()-(c

The results of the test of toxicity by leaching are
recorded in Table 3 below.

Table 3
Constituents Contents (mg/kg of
solution)
Al 16
As <0.01
Ba 0.2
Ca 778
cd <0.01
Co <0.03
Cr 2.4
Cr (VI) 0.65
Cu 0.02
Fe <0.01
Hg 0.005
Mg 2.5
Mn <0.001
Mo 2.8
Ni <0.03
Pb <0.50
Sb 0.01
Sn <0.05
Sr 3.9
Ti <0.02
T1 <0.50
\4 <0.03
Zn

Example 3

In order to demonstrate the pozzolanic nature of the
treated ash, the following comparative test was carried
10 out. 75 g of road hydraulic binder “ARC 3” (composed of
78% slag, 11% quicklime and 5% clinker) were mixed with
25 g of ash treated according to the invention. The

resulting mixture was mixed with water and subjected to
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setting and curing. The mechanical properties of the

mortar obtained were measured according to the EN 196-1

standard and were compared with the properties of a

mortar obtained starting from 100% of road hydraulic
5 binder “ARC 3”.

Term Flexural | Compressive

strength strength

(days) (MPa) (MPa)
100% Road binder “ARC 3~ 60 d 7.4 32.0
75% Road binder “ARC 3”7 +| 60 d 7.3 33.2

25% treated ash

The substitution of 25% of binder by treated ash does
not reduce the mechanical properties of the mortar,

10 which shows the pozzolanic nature of the treated ash.

The preceding examples show the good ability of the
process according to the invention to render inert the

heavy metals of fly ash.

15
Comparison of the results of Example 1 with those of
Example 2 reveals in addition the advantage of
incorporating sodium carbonate in the water used to
wash the fly ash, as regards rendering inert toxic
20 metals, in particular chromium (especially

chromium(VvI)), aluminium, molybdenum and strontium.
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30 6. Process according to Claim 5, characterized in
that the washing of the ash with the alkali metal

carbonate solution is carried out at a pH of 12 to 13.

7. Process according to any one of Claims 1 to 6,
35 characterized in that, 1in the case where the ash
comprises aluminium metal, it is subjected to a

treatment for oxidation of the said aluminium metal.
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10 10. Artificial pozzolana, obtained by subjecting an
ash originating from the incineration of municipal
waste to an inerting process in accordance with any one
of Claims 1 to 9.



