e3e T</ @L Process for rendering an ash inert, artificial
pozzﬁm mwm d by nmeans of the said process 5 The invention relates to
renderrng inert ash originating fromthe incineration of
nunrcrpaFW%%ste The incinerators used to destroy nunicipal waste 10
(donestic waste and hospital waste) produce generally large volunes of ash
both in the formRﬁodﬁssﬂ@ﬁr|ﬁbﬂd§rmﬂgnanwéﬁh(Mhénﬁruﬂxﬁﬁfﬂﬁhém fly ash
entrained in the Ekg.lg . Eron.of thrs ash does
not vary by veryPRée WHateve i ' O
general ly encountered therern although in proportrons mhrch can vary by as
much as 1000, indeed even nore: alkali netal chlorides (Nal and KC1),

cal cium (usually in the form of cal cium carbonate, cal cium sul phate,

cal ci um RydrB¥¢ dEnBenDBORaFELaeRy Hoxy IMTRRES o, TPA pandedingr IEWIS um
hydr oxi de angsial i 14 it D@t eromluaiie, Mdirddad @ U MosiddicalRs, heavy
nmetals in the rretal l'ic or conbined form(in particular tin, zinc, |ead,
cadm um mertityS- copper and chromiun), chlorinated organic 25 derivatives
and noni nci ner at ed materials. The nonincinerated materials usually i ncI ude
al um ni um mef,al . EHE%Q%&%@QQ' ApRly catd O”dé’g%‘fi’o{szgrong%l Séh ‘%* &

process for rendering rnert Wwasteé originating ér SRICY gases,
accor di A§ to(@@m%ﬁtxchr yamast eaid Hpsperséd wexte)a hyddagei (gemerrc&élrly n wat er

and then fi Iraar@@l obfund3 The pLRcepstwasid Npraved Ay &6 BYinkek tifie
filtration stage, a,belt filter, which makes it possi bl e to subject the

filtration CQP(% 'ELBCéFFFéitéﬁP \ﬁé’srmaﬁg‘fs TR ﬂésrﬁ% ¥Fht ﬁ@téél%éefjrrplrrbves t he

mechani cal ptipperlLiies gases - fheamdntelielbeaicetlarw&nﬁ@slemﬂn 8g afhithe

i nerted waste reaul ting fromth rocess. gl opeifar]Er Pat ent _ EP- 883 585
ARGy &

[ Sol way (Soct# e H1VET¥r &Y et R PPS BreYendeFPn@ M ash
conpri silbhg Imaad/y tiimest afellém:ngdrartga t gehlerralllryovmmmbssedt theashin,s first

washed and fj , ve. the ter- I rial s present
t herein, dgA t}]}g&g%he%ﬁs%c% %tgl({nectvevﬁl%gor%\g?]hg‘;??ftr ti ogda}tﬂg br éated 10
Wi th phosphoWch:acrlddGredane‘aqﬂkalmiorﬁet adllpmbsphgttel Thelphodphat @asdnpri si ng

residue thusyedt atdned ls:asmmﬁﬂuqmswlq@ cinedrrad fhen a hydHAW iy bi nder
and water are added to for a hydraulic nortar.. On conglusion of this known

process, a sotf Ir?r%?ganFé $5URas SUIPR i ne‘dam‘&‘ﬁ i 8YSER&LdRti A4y inert
with reepectcabcmmmsphgdmxazghmbslaed whiiah copéﬁtrireulert he f1aidsat ds f or

toxicity by ar Toxi Chara ter C
Leachi ng Pr oﬂ %%ﬂg%s&@t a%aiggi% Qﬁ%é Eﬁr()wn éses g:prﬁﬁil d0 al |
types of ashelumipesilichtesto hé@rvfashlneta@snannngtheomertahm nermati on of
donestic or hospital washe.ifhey invQlive g%mdréyﬁec %a@er cathildh I he case

of ash originating fromt he I nCi neration nmuni ci_pal waste, an i rrproverrent
to these kndW¥ PriotesseePRas ndilbeERTPBAHE) whi chlrakested pesdatie to

di spensesw tdetheatisaul | Godrt ahowti hB9Hbrhaed ng ddeBfaisert maidire of
the treated ash., Consequent | t he ;anentr onJl rel ates a pr ocess, for

rendering i MEPH B B 0T ¢ gi ﬁ‘&? PhGEAPom TS e ne?ﬁg‘}laﬁ T Wl
wast e, accormetelto which the

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
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35 ash is subjected successively to treatnment with a water-sol uble
‘phosphate in the presence of water and to cal cination; according to the
invention, the treatnent with the phosphate is carried out under conditions
(, - 3 adjusted to whitlockite. crystatl+ze hydroxyapatite and/or In the
process according to the invention, the ash 5 conprises a clinker froma
furnace forahle tinei rersdtstemcef tuni bepetinpsiod atllé orinerfded asastbi ch was

separ at ed fE%@\ﬁ@ﬁng' %%agla?g%r 'Olr&ﬂe':gesgg fromsuch an incineration furnace.

10 The term *“muniCi ded to denote donmestic waste and
hospital waste. This waste normally conprises netals (including heavy

metals and gl,upLabEMpa€ @l lﬂ?—%@@&% n?s&@%&‘“”@%c(ﬁéed@rﬂhbﬁyﬁ ‘17' um

hydr oxi de and cal ci um sul phate), sodium 15 conprising ¢ oun
particul@ar B&AVERFShidr PH@Yeﬁﬁd f@r@aﬁ?’&d%Bh’ib%uﬁa@r(tl rﬁfﬁhr FP@BFbPlng

ch: ori nalt edm@&@@gm‘et@qrzgéoTtm@oﬁ@ﬂngt €8s tmi@e m‘ow qﬁﬁdé‘esﬁsg@@é ahky made of
pol yvi nyl chl oride met.al s" i s_intended to denote
netals wth'g drlelrf's%‘%y waghe asatncgqgétlfg /l@nﬁor%%’a Er yi SRR gggeni c,

sel eni um andaaetr-soiypblien acabedaats WIIJIf'EEIEhﬁ: genheaéhy, accept edtHefinition

(Heavy Met a i S t l,u t rocesse CRC
Press Inc., g%&@%}l\é\ga%a?%) Sg+zggg%ug€fe Q%C?Qlt al éotﬁn %e§5§%@subj ected
to t he Iff ocwishacdosgihey itd adkiedi aveani @rll@elpemta)]n phesphrigen Bhet he

nuni ci pal Waﬁb%phbtte'—%oﬂt%%' linpet wegnidhe0. 5 ands 15 R@fks play vei ght per
100 parts by weig of dry matter of the ash, nore general|y between 3.0

and 10 part§uB§e\%€F&ﬁtlYpeqa]1W%r g8dp\Fhas g%t thFirtaI’ﬁlélésl'PerQﬁn APdm i s

general ly pwagemt larret heada@éul ntan dapunt =35 fdFallie® Snérparlis by wei ght

per 100 parts b a}nﬁ nor e ﬁeneral I% i h.an, appunt _of 3.0 to
h

o} gf r he e 1d "inojga
B0 part o by oRELEHE Sher oS00 bEs ¢ LAY ePBHESSE 1 1 S 593 RS he
pI’OCGSS]-@CCDBdISnngO @h’ealneéntwlmnq:ht hies westudrsg@initiled Iphospleartte weaht s wth

e eal o TraL ke 3o . 21U PNARPIOL o0 TR, VBLGL PRI LRLE

phosphate i s general osphoric ac or an al
exanpl e sodﬁﬁﬁfﬂéﬁéﬁiﬁhaﬁ@ CPrh6pRYSsFibrieaakidgi s ipr fasrkiedilam Bkeor dance

W th the inyenpi ofodite dy eehARAE LWt Bt Be 1RRQSARRL epFSc&@krd edugnl under
condi tions adj usted 10 in order for the cal ci um phosphate whi this forned

to be in th&PBPALEF crystals of hydroxyapatite and/or of whitl ockite.
Hydroxyspatite is a m neral of general formula 15 Ca5(P04)3(COH).

Wi tl ockiteqnis_ a I eral Q Ca9Fe 1 PQ4 7V\/nereX|s
an integer gir'l%fsreag%lp%ﬁrgl pro %é%%gg tg’nd ?f % crys%al ss)hdf
hydr oxyapat begtactdlefr wa tﬂhckafere cbn:axx@lQ@tm@ propethy ohcahkowaingn by

i sonor phi sm, eSWRGlIHUld QY 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 1is 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 1s carried out under conditions



of a«portion of their calciumatons by atons of heavy netals. The anount of
‘hydr oxyapatite and/or of whitlockite crystallized nust consequently be
sufficient for these mnerals to absorb the heavy 25 netals of the ash in
their respective crystal |atices. The- gpt+mum anount of hydroxyapatite
and/or of whitlockite to be crystallized will consequently depend on the
anount of headysteidal s poesentryatdliei ash anydrioxnasiattarsequantl/yrbe
determ ned in ch specific case 30 by a routine operation in the

| aboratory. MFﬁ gr%u%t ‘of hydroxyapatite and/or of whitlockite to be
crystallized wll itself condition the anmobunt of water-sol uble phosphate
whi ch has tg,be d e aqﬁﬁn ng t of e l@tter,

t he anmount by vaﬁg eﬂréé’%%é"v\&%gbr g h%@gha#g"&%%ﬂle t(hte‘{| ressed in
t he H3POZ f@lOFFPrc,léﬁSv@r e lifrdrere)xfigm & W&@hﬁ@@ f@r2©beo#nﬂh@eﬁéﬁgﬁﬂ of dry

matter of the ashidWdiherd®e addynd of net§ oas@fwnyeﬁowapabpfa@a%@@ of
whitlockite re uires the presence of calciumin the ash endi ng on the

- 5 anount %P H‘Foﬁé}?atqacse Oa'ﬁcHJd’raWQI%’é%Ptéu% Be &P?% SFR388, the
anount by weughiacef. cal ci um (expressed in the Ca0 form can vary, for
exanple, from10 to 350 of the weight of dry matter of the ash. In an 5
alternative form if required, additional calcium(in the netallic or
conbi net0 f ofTie hdenm benwdidadalo twests’h bes or enbendedi ngot heleagdiet i on of
the water- sellse PosaNal eahd) A6ABEche Gl Ui d eyl ednagnunh yof

crystal s of hydroxyapatite and/or of whitlockit | s_advant ageously
nmade of cal &%réaﬁeéonat%etfﬂf%ferébP?lHQépal ng r}?’o?éiyc caTF%’Fﬁ%‘?conﬁélﬁlnds in

particul ar caelhﬁuu;mquroxcsl@cmﬂ £BBpPE OERES &ﬁ‘cﬁ@dﬂlﬂtﬂsto (gRaeciravent i on,

t he vvaterlSsIubIep ahat ﬁ%gﬂedt?the ashl eprese ce of water.
The wat er P& r eB¥ nt CALCLBSst TR act_ree)nrt tS grlif’?tal lize
t he hydlbxyaqmatplmfsmgd/ oomphamﬂ/el t Kmkiﬁae:t:lq:ulm:actsomﬂumt chdoprieleént in an
anount of - gr.g BRiL o0 JRBlAAP! Y ah | Gl R0 faual L9250k g the
wei ght of dry ma t hé ash n pré iC tt 1S Tot advan ageous for

t he anmount @frg\ﬁ@tléT om}ﬂqwéiﬁ tancbxicteers 1@@@eo¢>fthéaatyCr;ratets@uecafalthe ash.
The val ues 110 3F R 14AQida generaldss )highly suitable. 25 In the process
according to the invention, "the calci natl on has a twofold function. First,
it serves to destroy the organic conmpounds of the ash. Secondly, it brings
about azpecimyst atétmatthes vef Iﬁekmmfdrdsyamttért@ecsownouwoté maeals
whi t | ocki te. }6]8 cal ci,nat i, gn i's {dor Sg carrlal d out a% a %gperat ure of
greater t hatt'™ C, prgFélFa P’y & | east quglqut 600C. tg(§ not

advant ageouderyleXcwad a amsgperat ur eseiterlllﬁmoc afifie t enpématyres fimom 600
Lo 990C are apadlaldy v anha0cqiaectha ral ge@?w& CRRAR 3L ed, out
in an inert atnosphere (for exa n|tro en at nosphere is
preferabl e t@e@amty I‘Qﬁﬁa]t%e tal c ﬁéﬂileé)’ﬁtleﬁ th?é“bre treee of Télelatm%tas to
bring 28 - fhoctkews,t ke 1conusiRcorrfsd heor gamer cqompunds, in particul ar
hal ogenat ed organic corrpounds The recrystallization of the hydroxyapatite
and/or of 5 the whitlockite has the advantageous result of strengthening

t he i nsol ublhenamuountofof hiesevgompoeands inn tied eash | sulaneatdedntagebes

enbodi nent r rdisng t l.nventi efare

t r eat ment o% t%%aégh%v%n%?%@% %os ﬁét%e qtnhljeé%gs%%\ﬁl stdsg)%nd%t egrnt ottlial'll kal i ne
aqueous waslomgia af pHhef Igilé?e@mal haasges, For 1éxaw@llrmbegwe@n14
preferaphy fg gmshd 19 pdrthn e ﬁyp%@fn&oot frf‘alr&'é 15y TRasyhedgen the

aqueous solution collected 15 washi ng S enbodlnent of t he
process is tHYgateteE PEmbPiengithe MRFer ISELEBL Y RFIOIRRIS of Ot B@dash. It

exhi bits theagdittisongt wadvant age titat gadre- ALYy cmiged ese falom ddte, washi ng
is found under the optinmmconditions for obtaining the crystallization of
20 hydroxyapatite and/or of whitlockite during the treatnent with the

wat er - sol ubl2Ad ypHospimatiss deneanot herpspeenti dnerfhediasnt inf anhempuodess

accordigg todhe ¢ Vgnkl gNp MAICIL Y S, E808E1 BELY 198 18I L9 bhCweignt
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.



25 case of an ash conprising chromumin the hexaval ent state, a reducing
‘agent is added to the ash collected fromthe treatnent with the phosphate.
In this enbodi ment of the process, the function of the reducing agent is to
reduce the hexaval ent chromumin orderst-0 30 bring it to a | ower val ency
state. lron netal (for exanple iron filings) and carbon (for exanple active
cgr bon) Con$|hi ttuteel pregess eaccedddingg tageﬂhehiﬂihenlt&dnci rtlguleage?lt%irs

advant ageou ed i,n.an a i,ght ant i 0 tween 0.3
and to by \A%Péﬁﬁ@S%ost%heataesh?g%géagﬁt ol 1'ect %Pﬁ%i %1 P%e %}%eocaeglg’

accor di ng t dotrheénignvenltdiom eghssshahet h&hkowatefr-e puibier upeospbatgr anul ar

| norgani ¢ Mass Wik dis ) NS0 WAL 18SPECLAt 0o  LhE enLpTeRLLand

at nospheri c agents and which confornms to the standards for toxicity by

| eachi ng® pRPOEPHRAEKY t RRT TLEXIMRMRIar e IhedPABEPE2thi s PRBRGaNi ¢ nass
exhi bits thghBebaweiithycadd ignerpeetedd? property of having a pozzol anic
capability which marks it out tor formng hydraulic binders. In the case
where the ash subjected to the process according to the invention conprises
cal ci um sul phatagcdfdatcerawihoviché o iheretddionabl €hé o tdeadmeose wheh! atter.
This is bec e it s .been_o t jf, on, conclusion_of
calcination?ﬂgh€%ﬁ§¥%§§%wiée§§§%¥§$u%pgm4§%%ﬂaCéﬁé?#%éﬁ%raﬁigéggd

det ri nelft al ief fassteronfeohe thedrcaildismprppesphase ovhibk dsh.fdBned this end,
in a specifihe anbodidrepd el oEherPLeGesS o3 R/, 4 e I Vgt i ope the ash
is subjected, before or after the calcination, to washing with a solution
of sodi um cHPBEARCELEE -of sodi um hydroxi de 20 (for exanple, at pH 13), so
as to dissolve the alum nium by oxidation of the latter. The washi ng can be
carried out .at, angbient .tenperature or.at_a,hi gher tenperatur f or _exanpl e
from40 to I?Igef:ofé’apﬁttér?eespﬁi ald y I&WSHF%ge%ﬂg ef0di fent g{f’mpﬁéapr ocess
accordilfg t 6athROi)nVEmt) i.on Whilid ogdi ties vieshed wiirewmml aquEougenékali net al
carbonate s [ at..a f g er than.J0 todec o] cal.gi um
sul phate. T élf\%[\lgg% nEa?geE’,g[ é’hfg(aEgjgg)ﬁ’sly carerli exél 6%% ggpaigﬁgggruggo 30 13.
In this enmbédepgsirnell prabesysetiveen OhangHli.s neasured on the aqueous
solution collected fromthe washing. In the enbodi nent which has just been
descri bed, the washing of the ash with the sodi um carpbonate, soluti on can be
carried out T8f tHe B HoMSF PREAPBFE L Re 208 GhaAtF bt ook efavet s
preferal e, taecrbpwrtiyy af advantageols; ald@idaihiven f osubstitheibnventi on,
for the washizn i qQu sodium. car e, sol ytiq rried
out at the ggngiWbéPEE?St?%e%%%gf%ég%ggﬁﬁﬁggggg%hg§é§ﬁ%mﬁgs%$e§§$g§ t he
treat ment wineliatlise waTke- scndingt phofpharedroxyapast been evgkiored ofat in
the case whgrechbeiash S recoveredibeam t hg,oal ci Rabis@eueamay i nge
alumniumnetal, the latter has a detrinental effect on the pozzol anic
properties SHITREILSK Ao3ul thR§Si nMiREBALFol Fabl BPEREP! | RBSof PEABY DIt ar s.
10 To tid s eedalish ¢ pred easrdiamhodiirente HedtherProcpssanceatderg.to the

i nvention, ES e ash l:s subj ected .to oxidizi heating 1 n order to oxidize
the al umi ni dieet 3PTEBYE| uATE For Ofhe %‘Eﬁg%’ﬁ%?ﬁ%‘f N o1 HiI% enBbdi nent
of the invewhitdodkideoiadild nor et linized Wbl hdvans ageensly dapenhdd out at
the same ti t i_naty] t t i C i out in an
oxi di zi ng agﬁogg‘ﬁegglo?@otf dgiaﬂeo%‘@f nka]kecr P_gatr?%e%t%ﬁ@pe{r)lgtﬂt?% %%ﬁgfgg%t g% t han
800C, pref efdlisity SInDPPIERE 4y 0beC AR ITHA S5 hik oPRERt P SHL ElohcFaskon of

t htehpr ?@SSE%%O{J:EJMI{Q dﬂlﬁ:dﬂ\t(ﬁ{‘tiirpntkfénlzli}?oﬁ%‘&ﬁﬁﬁ. i@r&@ Lasght! ngi tfe
without ris 0 e environnen in particular to ground water_and surface
water). 1t CYRTEFYGPRE13S raé\:fjc/\Pé:rébf i‘%‘*/@l%@flg%c%gagei RT¥PVRELAGneer i ng
wor ks, for exanpl ddgelrfoactdreiialisoror tdse fidhoumg: mederi abktep-bblubts road
surfaces. Becaus f it.ss, pozzol ani c.propertie the ash coll ected on
concl usi on & Oﬁﬁga%reocvve% &éc 8F di-ig h{)eo ?ﬁ%eﬁi n\%/gnttihoen t5 dsb5998§638i ally 30
advant ageousnusthé norhgimamf acher éastenydrind i gneentnby. WGohseyuefitly, the
| nvention ale eeliien 1 gHb ity ity RURE o B AT RPCLAY 9180, eCti Ng

‘ form) can wvary, for example, from 10 to 20% of the
weight of dry matter of the ash. Furthermore, the
formation of hydroxyapatite and of whitlockite requires

the presence of calcium in the ash. Depending on the



35 originating fromthe incineration of nunicipal waste to an inerting
‘process in accordance with the invention, and to hydraulic binders
conprising this artificial pozzol ana. g _ 510 15 20 25 30 35 The
invention is illustrated by the foll owimg description of the single figure
of the appended draw ng, which represents the diagram of a plant enploying

a specific anbaditmewrtt ofhyidiepracasitaccHdisag twhibeodyveati es. dbe pl ant
represented in i

he.f.iqgure c rises a furnace 1 i.n i ch _nmunicipal _waste 2
IS incineraF€§§%ﬂﬁéﬂF%%ér 3?H§n t #&°%he h , éﬁﬂ4%ﬂ$lu8fgasc3?géﬁmthe
ot her hand, (axepreeiskectied theoathefdumnacan lvaifhe foueegampllej sfragen with
fly ash and inniaddicti IS, cont-am i e ound
particularl%bh§§r§55n9@%ﬁ%¥i3§¥%ﬁgp3%$gF$¥éﬂﬁggiiéﬁgtg#g.g?ﬁ?igﬂfﬁPst
treated ¥ n aligsrasdysr sfioms (forrexbmr@d, adddréerpdst@iciBrediipitator),

where the flyecastthiiissepar abgeihbar efdram Hie dedust edidddiergagné is
subsequentl¥éhr i on devi.ce 8 order to
r

ated in a purific , - kKnown r se, _i
extract the g}ﬁfﬂ{@ &t d&&rbﬁgegh@ @%&dﬁ&’s,o%n@"? h@ggFF_FQlHB%Ehar ged
to the chinppsBhathke Thi ]rcmlmyheer aod ctlrjétmnfﬂytm Peat brs@i ra!n;ommrp_oseld of
inorganic ¢ n a rinat or i u in part.icul ar
diox?ns andggggﬁﬁg% fﬂg § ﬁ% é&apg%éﬁgafgg%&ﬁga%%il %ﬁ#éﬁ%ﬁ%%b ﬁFFIed
clinkerlQl iis swlysedageions livntrasthicell edlbithechtlyonshep pnebeaabilyi ng
chanber 23. ; i a8 ch i L. to a
washi ng Chaﬁﬁ@ﬁ%?@%ﬁﬁgﬁ%@?ﬁ@%i@%ﬁ?' |%H3§ér§ggﬁ?%]é %ﬁ%ﬁ@é}“ 12, in
an anount ofY@ge&Lde3 sufficient to dissolve substantially all the

wat er - sol ubl e conpounds present in the ash. In addition, sodium carbonate

14, intendeg tg.react with the cg%piun1suk hatee of the ash to fgrnl
i nsol ubl e cafci'dtfi cBFBGRAT e 3¢ *SBRUMSu Bﬁaﬁ@YQHﬁ%ﬂ?qxi esVEHED

sol uti dnf i sollmbledydetsphdte t he chaesdertd2thdhespHim the wasbengenedi um
of the cha r tt roximat.el y ) An; .aqueo syspegsi on 15
is collecte %ff§%3%ﬁé ggéhﬁﬁﬂggﬁaﬁﬁégaéﬁé P%%Fgggtgﬁ? gg Eg%us sqﬁgtion 1~
on ot her a flelesér -sufficiepdke 1, ohvshellhned thel yhydrandanatageeous t he

one hand. edplyyem the fihielozkited %%f?f%c@?é@}Siknﬂyﬂﬁ&eéénﬁ 9nf the
heavy a ash 24 a forma | g conprises_and the furans  of_ in th The Ca ~ to

the di oxi ns@8s 2BPENEM haidies tate) thad i $08ar (PIHEL LRI Y | #TaddPESEN. 1t

conpri s2@nd ee@lagi tte NEB3 W bl kheCaleighn hydxaxkdwaiteler 10F acker eshi,on

chanber 19 _ron reqpated W, t hi nt ro%uce into 1~
SHis 3

( r . . Xtra ter_2' qui
I nventin ~Fno %:%m|ht255 éuﬂ%s Yk a%%OFﬁngf- e PR water to
where ort hoRated c¢mmltdyesd fid i agse@d aPE%asfcitia cbrpaumtise v~ovhithleocki t e
tr the G andlgredpce Wi LELEn Sd 09 Ay Sagkl Igedyir§ ~akgnhiyl i n~15
2~ rising crystals
suitable.
25
In the process according to the invention, the
calcination has a twofold function. First, it serves to
destroy the organic compounds of the ash. Secondly, it
brings about a recrystallization of the hydroxyapatite
30 and/or of the whitlockite. The calcination is normally
carried out at a temperature of greater than 400°C,
preferably at least equal to 600°C. It is not
advantageous to exceed a temperature of 1 000°C. The
temperatures from 600 to 950°C are especially
35 advantageous. The calcination can be carried out in an
inert atmosphere (for example, under a nitrogen
atmosphere) . It 1s ©preferable to carry out the

calcination in the presence of air, so as to bring



ash 21 come eCted fromfunction of the a ent chxom W~ whitlockite ~.s coll
ito hexaval tite and/or f It is transfe at d at a i 5 he hydxoxyaPa reaction
chanber 19. where it resence of the Cha~ex 22. 95po~ in the p s and of
approxi mately the dioxin cal cination degcanpose a form of 20 tenPexatua
etlme Sufficient umniumnetal t a h a and/or for al a tyt alr oxid.i~. e

the a the hyBebxy pthe WebsBuksiaRd b@ reseysbabhhzcof campbuhass~ 19 a
pul vexul ent the Properties nation ocki a lci the

2.al ~ te, R dxY
Whi and whi CRAGERED LFireDPe8 SEPEh AR gamaC CORPSER Tar t artificial Po-o
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055Cd494C1110 ¥eEere36Cul 430Fel2 688K90 251My10 447Mn701Mb576Nall
894Nb10N 101P3 246Pb11l 226Rb121S50 698Sb1l 020Si 44 950Snl1 502Sr 516Ti 8

224V107Zn18 123 Exa Ietl 5 100 @Roaiashtmere i t hdr awn_ and merﬁ.subjected
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washing at a pH of greater than 8.5, for example from 9

to 14, preferably from 9.5 to 13. In this embodiment,

the pH is measured on the aqueous solution collected

15 from the washing. This embodiment of the process is

targeted at removing the water-soluble compounds of the

ash. It exhibits the additional advantage that the ash

collected from the washing is found under the optimum

conditions for obtaining the crystallization of

20 hydroxyapatite and/or of whitlockite during the
treatment with the water-soluble phosphate.

In another specific embodiment of the process according
to the invention, which is especially suited to the
25 case of an ash comprising chromium in the hexavalent
state, a reducing agent is added to the ash collected
from the treatment with the phosphate. In this
embodiment of the process, the function of the reducing
agent is to reduce the hexavalent chromium in order to
30 bring it to a lower valency state. Iron metal (for
example iron filings) and carbon (for example active
carbon) constitute preferred reducing agents. The
reducing agent 1is advantageously employed in an amount
by weight substantially of between 0.3 and 1% by weight
35 of the ash.

The ash collected from the process according to the
invention exists in the form of a pulverulent or

granular inorganic mass which is inert with respect to



10 noderate stirring for 2 hours at anbient tenperature. - 12 The
aqueous suspensi on was subsequently filtered, the filtration cake was dried
and the dry cake was weighed: 78.2 g. 5 70 g of the dry cake were w t hdrawn
and were subjected to the inerting process. To this end, 70 g of water and
7 g of phosphoric acid (which corresponds to 0.1 kg of phosphoric acid per
kgI of d(rjy cahf%) 7\5%?:&#&@?@?}@ vehy a@g&@s&ﬁlv%ﬂloanfﬁ@lélﬁti esghdl ngrhlrriczqture }Nas
cal ci ned at our owder co t usion o
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and t he TonpFopardy oif thevingt ér EPQ?-TZCI Y et atyl Sbtut vBhshwhceksi s t hus
obt ai ned was taRitysed HiRP lﬂ§dfgujﬂgagyﬁﬂéggs appears in Table 2 bel ow.
- 13 Table 2 Cbnstltuentstntents (nmg/ kg of

sol ution) A19. 5As0. 024Ba0. 2Ca5. 6Cd<0. 0l Co<0. 04Cr 0. 42Cr (VI ) <0. 2Cu0. 01Fe<0. 02H
g0. 03My0. 3M1€0. Bﬁé’bO:aBélé\li “he@3PbeRe3Sh 16GM3@A2T 0t8Tit<rOe O0bEbRe3¥<0 . 03Zn
~ 0.05 5 10 Exa le 2 Th testvpf Exan1cond|t|ons % o%p ion:
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of the test toxicit 'eac are recorded in e 3 be|OM/ Tabl e 3
Cbnstltuent§9@ﬂhﬂﬂ¥9qrmﬂ g &pe calc1natlon, the ash comprises

calcium sulphate, the latter has a detrimental effect
on the hydraulic properties of the ash.

15
To this end, in a specific embodiment of the process
according to the invention, the ash 1is subjected,
before or after the calcination, to washing with a
solution of sodium carbonate or of sodium hydroxide
20 (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
washing is advantageously carried out at a pH of 12 to

30 13. In this embodiment of the invention, the pH is
measured on the aqueous solution collected from the
washing. In the embodiment which has Jjust Dbeen
described, the washing of the ash with the sodium
carbonate solution can be carried out on the ash

35 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



sol ution) Al 16As<0. 01Ba0. 2Ca778Cd<0. 01Co<0. 03Cr 2. 4Cr (VI ) 0. 65Cu0. 02Fe<0. 01HgO
.. 005My2. 5Wh<0. 001Mb2. 8Ni <0. 03Pb<0. 50Sb0. 01Sn<0. 05Sr

~3. 9Ti <0. 02T1<0. 50V<0. 03Zn 5 Exanple 3 In order to denonstrate the

pozzol anic nature of the treated ash,_tde follow ng conparative test was
carried 10 out. 75 g of road hydraulic binder "ARC 3" (conposed of 780

slag, 1llo quiiekl i g8 amrBeSowakhAker) ower ensl Xggh\ t fp2braaffl 8gh theated
according t th% i nyent,ion. . The resulting. m xture was m xed with water and
subj ect ed tgrea-mf§ Yty FCaNG teIr SR Pte PPOSRRA Y al properties of the
nortar obtained were neasured according to the EN 196-1 standard and were
conpared w t:he. p rti.e rt.ar, obtained starting fr.om 1000 of

r oad hydrauﬁ%:%%%i%%%%'éﬁé%é&?é.gﬁa% in %ﬁe ‘hsa Ahee T asg

Ter nFl exuur alk€oppreessi véstnenghhst capgihttiaps) ( MPapeVPany00e lRvadibinnder

|ARC 3"60. 0433, 0755 R0Rd: bl pdess 2 ARC e 00112333 4250 1 el edpash The

substitution of 250 of binder by treate es not ' the nechani ca
properties BPZZRAaRGCt arPTAReHRIeH sifdns The pos®l anite sty of iBhe

treated ashunthbetpoeqedilRg seeaTahes cshewet ke rgeed ability of the process
according to the invention to render inert the heavy netals of fly ash. 15

Conparison of Exanple 2 r incorporating wash the fly 20 netals, in
chrom ung VTIp, ttthes resd) t $nofa Bxeefderdd wethotihmeatofo fevelad spirncaddi ti on

the advantage af 45 u%cacrrgongﬁgehgiggemv\\?{eer a%iedjr%, ° a%ﬁiu%;geca?eof egar ds

rendering inert toxi'c particular chrom Um (especi al nium nol ybdenum
and stronti@midizings hephiMs 1in Pogdess tor owiidierd nghenepfluninash

ori gi nati ngpbh@m the, i NOIRENALT Ok MU Ci PRb1 HRSh €at 86O ENTLhsS Wwhi ch
the ash is subjected successively to treatnment w.th a water-sol uble
phosphat e i #PREPEESerfte SPewdtdedi®o Bhf cPrafiigAndceattedi 2&d in
tgat thlgstrealtvmmralg;eiouslgzhgcahﬁsehat@tts ag:ar thed s\?]lrhejuntd%ﬁe ceidi thens
adjusted to crystall.i ze ro atite and/or_10 itlockite. 2. Process
Berording. + 6 PR Fehal ity SPISRE | TP ehaPe BY GFE T HE 1 PUE: diht 2R th ¢ he
phosphat e, Phkéddglinigs sabjrespbereo allfaki neewasbilrg at adrpH oktgreater 15
than 8.5. 3¢cRpeest,Acear Ul ddr Al dho NATSCLLLL 200, 1 el Bab Be

washing is carfied out at & pH of 9.5 to 13. 2 rocess according to any
one of Cairs0P0%&-3, characterized in that a reducing agent is added to
the ashpp5. Process according to any one of

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 1its 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 o¢of municipal waste to
an inerting process in accordance with the invention,
and to hydraulic binders comprising this artificial

pozzolana.



25 characterized in that, in the conprises cal cium sul phate, it aqueous

al kali netal carbonate greater than 10. C ains case where is washed
solution at 1 to 4, the ash with an a pH of 30 6. Process according to
Claim5, characterized in that the washpng of the ash with the al kali netal
carbonate solution is carried out at a pH of 12 to 13. 7. Process according
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The clinker 1is treated in a mill 10 and the milled
clinker 11 1is 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 agueous -suspension 15
is collected from the washing chamber and is treated
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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
v 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 aqueous solution composed of 1 1 of demineralized
water comprising 50 g of sodium carbonate and the
aqueous suspension thus obtained was subjected to
10 moderate stirring for 2 hours at ambient temperature.
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10 750°C for 1  hour. The dry powder collected on

conclusion of the calcination was subjected to a

ting mlx ure was C

standardized test of toxicity by leaching. To carry out
this test, 30 g of the powder were withdrawn and were
subjected to three successive leachings with 300 ml of
15 demineralized water. The three leaching solutions were
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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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
Tl 0.3
v <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.
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Table 3
Constituents Contents (mg/kg of
solution)

Al 16
As <0.01
Ba 0.2
Ca 778
Ccd <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
Tl <0.50
Vv <0.03
in

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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mortar obtained starting from 100% of road hydraulic
5 Dbinder “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 37 + 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 1in 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(VI)), aluminium, molybdenum and strontium.
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adjusted to crystallize hydroxyapatite and/or
10 whitlockite.

2. Process according to Claim 1, characterized in

that, before the treatment with the phosphate, the ash

is subjected to alkaline washing at a pH of greater
15 than 8.5.

3. Process according to Claim 2, characterized in

that the washing is carried out at a pH of 9.5 to 13.

20 4. Process according to any one of Claims 1 to 3,
characterized in that a reducing agent is added to the
ash.

5. Process according to any one of Claims 1 to 4,
25 characterized in that, in the case where the ash
comprises calcium sulphate, it is washed with an
aqueous alkali metal carbonate solution at a pH of

greater than 10.

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, in 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.



