WO 2008/095921PCT/EP2008/051390 - 1 - Process for treatiing
substances contaminated by heavy metals The invention relates to a

wpreeesssiar treating substances (solid, liquid or gaseous med@@rrlmmmgm51390

contaminated by heavy metals.  The problems posed by the impact of
heavy metals in the environment are well known. Numerous industrial
processes release liquid or gaseous effllients, Sor solid waste, that are
heavily loaded with heavy metals. The expression 'heavy metals" is

also berylliurm4FSentt utH PG decorda A
generally accepted deflnltlon (Heavy Metals in Wastewater and Sludge
Treatment Processes ;Vol I, CRC Press Inc; 1987; page 2). Lead is one
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(ultra)fnes (particles of very small size) of crude quarried limestone, solid
20particles derived from the process for manufacturing PCC (precipitated
calcium carbonate) and fine particles derived from the carhonatation of DS
liquid (residual brine from soda ash factory containing fine particles in
suspension) which are, for the time being, stored in settling basins or
ditches. These sources of Ca can be uged as is in the process according
to the invention. 25The fact that the gel can be used as is (optionally with

pr@b%glr&%gd% ive it ck its f|ltlldl'[ deflr{g eaeggaomlgf%gxggnta}g] cation
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group of the hexagonal system. This structure is compos se-

paﬂ&%‘é‘-"&hﬁ'ﬁf‘ IR GG SR EIoR O BRRE R R RIES T espFsion)
parbiid! mnrfelstiterexistegcetafthesedtimelsgivesrafiatites Thesisabrces

ProREstias KDL as is in the process according to the invention.

The fact that the gel can be used as is (optionally with prior stirring to give
it back its fhudity) is a definite economic advantage. This advantage can be
strengthened on the condition of choosing, as a source of phosphate ions,
compounds that are commercially available such as phosphate fertilizers or
phosphoric acid, for example.

Consequently, in one aspect, there is provided a process for treating
substances contaminated by heavy metals, according to which a calcium
phosphate gel is produced and is brought into contact with the contaminated
substances.

In particular, it relates to a process for treating substances contaminated by

heavy metals, according to which :
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25those of zeolites. Holes may also be created either by the departure of
anions and cations, or by the presence of cations or anions of different

. . : iy 2008/031390
which may tolerate large gaps in their composition. The hydroxyapatite
should not be confused with the tricalcium phosphate 30(TCP), which has
a similar weight composition : Ca3(1304¥2. The Ca/P ratio of the TCP is

1.5 whereas it is 1.667 for the hydroxyapatite. Industrial apatites sold as
food additives or r’r%jneral fiIIerP e, as a general ryle, variable mixtures of
TCP anid Kyadrexyapatiter ™ o Gy SAE 8 cHicidrCaHE Shé: Fftate fons
includiBgVRCPIrdo WoBhbiaitHd HameoBBpliogerties tasthaihydieiy caiatite.
Althougltvlel can@isogeact with heavy - 4 - metals, the hydroxyapatite

is mor. vantageous as it enclases the metals in the.form of
insélugfg,gg%ut e%#é’r%ar%Iiastf\%@%%g@n%a%’%ﬁ??ﬁ% §OEThE ?t Y -
"gel" i§ishHeAeb Bt bocrTEH st Risie fro Artidst iosusple b Alss Mt e
at leashnneisoliddigpensed:-imeolidal foravindheragdesbs phase,
preferably haviig e s aRibuRl AL leas! b MRS PALLIGHRIY gine o he

preferably of at least 200 cps. Thedispersed pa aQrm space lattices,
stabiTZBH By FHeahE ST O & EFUREFs fOrtuaPTAR JarTs tRbRATOpTeS thkess
to saythat dvmentit iB subjectetido Hsheapstfesdiis siscosity decreagasicular

butisgiurs 1. inilial yaluewhenihe-she %’i@i@%ﬁ%‘?@:ﬁeg hePhYSIEA! These
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property, of 10thixotropy is.more particularly def as follows ; left at rest,
e IBIORIE HORPRITD ! e LR PRGN DREH RS THE Sl HEe of a
soli@tgrmaftatvibebensy, Witmreds nhaahateanstancstreshaspbischigh
enougdioioybsedle Upnthe stiictare formeaial kest dorexample atha fuid will

be Qraken down until it is in its liquid state (low viscosity). 15The reagent
obtained by the process according to the invention, which is in the foirm of

a gel, compriSE pHidies JrReks atfmilye [inersheamrebrttvebnsy crmical
andcapatitecah Heyvaieconly parfidilyvcrystallized fiatense stirring is one
parameter that favours the rapid obtq@g}% i h?zgel according to the

inventiori ha beepﬁ bserved tngt when thiééstjrring is very intense, i
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makes it BOLSIBIE TS Soobiai e §ei RisTe A iy 2 kb ta @i didnd X04 o
redEtiGhcTvhRS te el npB€ars At Wisoosiyveliiesiguedls suspension

increases: guhstaiiainate reachkaalue aananadlyphanleastdftcos, e

pre ly of at least 200 cps, In practice, the stirring time and intensjty
o S R e e RS
whidss beretivisryasnaifeech.of K hagrasspetmofozivananss Wigeslic!
flows)nwilen the stirring is stopped. Such a gel has an apatite precursor

type strugfure,;haying,a &5%@%&&9@}&%{% &&%ﬁb%%&%‘fgg%t%%f@@%ﬁ 0

oné&e}sﬁa ount.of water present durirg reaction, It may an
aqliés sgf)ﬁ USE eXOEHY theCHa CRAicA edhee Bxi b ecremiBeRf Byions
settlidgaHowseve bypiteferablycthel amountoofwiater ofili feradiaptia ¢0.
prevgaitiadoraaion 246 30aRIMBUSBNAS crurlR ORGRTGIR S ratc
variant of tk{l;ei Process accoirt'gllng to the invention, when the source of
phosgﬁé’fi@ions IS a%%rﬁﬁﬁser,%‘e stirring is controlled so as to obtain, in
less thar BohhiEiteap e itebivhidd e gdrt sl wred apighit proctirsens phtwhate
ViSCOSIty, intienses aigmﬂumﬁghed@@ﬁyﬁﬁ@m :Qt&&gy@gg;%§ w%ﬁ%
to re ica ct.that the reaction ctively takes
pla%lg ql T%ée%gg'sata sgtlf%%:guﬂ% régiiéﬁz %)garrh}cﬁgg Cgk())@l[ ﬁ%%}llgﬁ 'tﬁ%%%‘ﬁ%gf’ al%elnes sold
detelope MiGHE YapfIrins i\ FRlers that Brapenne] auls rateabincnigepencs,
in paiticaldhyoncthetenperature at which they will be heated. In

another greipued yadanRkwhen %Wﬁ?iﬁ&@aﬁﬁ? pig i9p ﬁ(;%é}%ve the same

hosphoric acid, it is possible.to er reduce thestirring time (for
gxgxﬁ% gzeg as 8‘[6 thyd?oxyapaﬁte. Af’s ,ou.g% %CP can also ra«?act with heavy



5even to less than a minute).  In one advantageous embodiment of this
variant, the stirring is carried out by means of a blade rotating in the
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least 2500 rpm, advantageously at least 5000 rpm and preferably at least
7500 rpm. 10The reaction advantageously takes place at atmospheric
pressure and/or at ambient temperature4 The use of hydrothermal bombs

is therefore not necessary. During the reaction, in one advantageous
embodiment, the temperature is kept between 15 and 80C, preferably .

ot S o S RS RHGHE [ AHADRs B 50 MR SO T el i the
variantiotithe wredels. gosoiitireiae tiséatinantion . Isdigpossibility of
carrying gufiheiseastion aldemperaiires.alaseto ambirahiemperatiye
Condsci]&%leig ?u%gaeq}%%%%r&%ln?q}/sang%a%%ast g: %nt{r) 1Id.0<{ithg Eel_c! gnugo t1 S ﬁn‘m n
essential steps of the reaction may consﬁ]tu ea critical parameter Of the
invaRiBRUEIEH SRARS g IBF TS M EHIBELHT IRtFOdiIFiAG thisFedd8nsy. Dafing
thefartinalioly of therseiggent; thaytdinust behkepipaetvwesn % Reaothlthace
preferally DameRn 8 aRdA0 AVRKRRLRIMEER,0.0,800 0O RISIBIAL Yhat

between 7 and 8, Control of the pH Is achieved by a n of suita
amBURtSS B SR DRSS CEGF R PRAFOEESST IS raceRmiveiRee s uss!
phasphiosit atidnar dlkalimetanphosphatescAlterpatiVely pitis o ssiglerto of
mixpfremdhe stat-dheiatal.AmouRLel 2o18astants and: allgwthepk iy

ch naturally as the reaction takes place. When starti rom. . .
o R RS TR o Dy R fafend [rmise s
at tHeSeat widhesrcantion wraspHielosbigh utkieteridosk thie theagtiorure

Andoethen stastingfeaanphosabaricaeial, i-cdhargesdwenm et 2 19 BH8liquid

(ap%%(i(rlr&%;q}ys)c G%Q[Iq the process according to the invention, a source o
calcium carbonate i ‘used. The expression "source of calcium carbonate"

is underdiBoEETREANAERBCBRIBI eBHBIAMTG R EBR tRG AN aRtiotntshash 1s in
caltiarfooarbbnate, advantageatislicatleast $0.%0uby waightnddiesouireeef
calgigm gorbpnate rmay,be MaiRly 6eMRCSEYR SAICUMSRIPADAS: is one
Advanta%eou%s u‘urces‘g[g rlg%tlaqag%mmerﬁlg thait are abundantly”
avATRBTE EAAVIEAHPRAENS PRI A BRANC MaTtsIE’ 8P RSO, 1hCtHly Tud
whrbathecsp wleenbC 4B OB coritaingitamgei anronntscote; B makpuritiesobic to
othesumingkal susianegriitheaqreens susRarsion ARARe Y. theppears, the
progessiacearding fo e invention vl contain hydroxyapatite dispersed in
one OF MOTe other SUPSLANCas, WHICh May be an advantage in é‘.ri‘am H
casE8cEiany, B desidiNg thonecpanity @g@t AenvaRtiyasuspiHaRealfeady
menticingdiabome] thebagurct bé edligiwa carthondiei comprases atlasts) in
ONSESs AAdELIPM A RA0R AN RE Wiyl 2 @%V%&t%%ggyggaéh%%%nd
source of ca%cmm Carbonate be in the form o% a powder having a fine
panﬂsf@fﬁ%. 6P & PERIRTEHERIY AIARE VS0 Gr S8l A Sfst bF fhigeursor
pattiplesioicthe: powder isciess thaarB30cnmaadvantageals|ptesadifthamn the

20Q @ndpefeahiysiessithan H0:mc1he avRrags %mtgqﬁﬁ;&gﬂf}%ﬁgﬁ@@ is

is the D50, that is to say the diameter such that 50 % by weig ]
AR ST S teD RRLSHN CaJAILES I ot ERel e
limisisre ke {wnieH havetaneNkbage aithéarelsse the Gotmann hisuch
may, iny@deaspsigiseilling in order to achieve the desired particle size. 15It

s ossiedo-yaeehashalnIongaf MR A0g,D PAICHIALAIAIMAL, 1.
from fish or mammal bones. ﬁe_ ) 8sp%a e deposi ores} mined for o
exﬁ%{fﬁﬁ@%ﬁ’b‘éﬁ}#&%&lwd%é@@%ﬁ@mF})%éﬁé}ﬁﬁﬁéﬁ@ﬁaﬂi@@@m&iﬁiﬁ@m» in
numm_msz ietallicieapupities hheparptiosphatesteiginatestom Deneiscosity
dewg%a%gﬁﬂg%g%%%%}p&%éAmﬁ%ﬁgmy{a@iéﬁ%-ég&,

re¢ mp}gende , gowe%/eg, to gﬁse 705)“hotsphq?fc atcldlo Vl\éateri-SQ]uTF- "
ph 06?13{&% & WF(S & gﬁ'\} {&Bee grstion cticctively takes place. The crysta

structure of the particies obtained in this variant then develops more rapidly




embodiment, the source of phosphate ions comprends a monoanionic
phosphate salt, such as ammonium hydrogen phosphate (NH4H2PO4) or

wPaigsgdegsn,or sodium hydrogen phosphate (ICH2PO4 or Na|-g,g|§@@m,@5me

Sodium or potassium hydrogen phosphates are preferred as they are
available in the form of 25commercial fertilizers that are relatively
inexpensive and that do not generate a stream of agueous ammonia (that
it would then be necessary to treat). The gel obtained by the process

accordln the nvention gener 0 rls sat least 5%) b ht of
solids tith gt out Svhlgﬁt{ﬁsa%uﬁ noy%gg%g & JePiite bﬁ?%@éa‘ﬁ%{?éuw
susBensighjieis tB dsnigsértded that it does not BOcomprlse more than 33
%, in ord@rdhlahiirrﬁfﬁ@@éde@%}af@, msmaaﬁmmﬁmm@@mmueh
eOSHapR AN 30l doeaot ONEKlYIRRE H1e SN0 HIOCesS, il
gel‘comprises finé, apatite recursor calcium phospha par &shich
haV& firiegse (h48 haHYreat capacity to absorb heavy metals and an
35excellémtpoteiaktdge@salribgdinapatifeh whasemrapestiesmgnsuiarded out

goad stability oyertime.anal dhatihe metals areaffectively.sendared iner o,

The -7 inventqrs con der thgt these advantageous properties are

oo oTRLE B SRS DR S chiel) i the DOk AR Bhichadp0 Tom
favendthsrppest-tase 60Aumerous microparticle nucleation seeds.

10 Itis alsopessiblgisa dilvigtheael yﬂéﬂéé%zi@c;@,{%ﬁoﬁﬁﬂ@%%ﬂé@%and/oz at

15

20

30

35

5sus ension. Ont e ot rhand SSIb| 0 e, suspension
pre?ggr)!aibﬂl by &f perraggx ryll:r%%1 i or eh galn %Wéer‘ ‘“’éﬁg‘ﬁ? not fiecessary.
preleurds i%@%ﬁ%&@ﬂa@m@m%h@ma@m@m@mw kept

havets bighl Spedificsuriaceatsa b@t@%@rlbmdﬁ@m%@ﬁﬁﬁ@[@ﬂ@y
th%%Té&%ruaa%oﬁéhMIP%a@% 5% SdQeqard, that fhe fact of o

vaporizing the get by the process accor 1 the invention in a gaseous -’
eff@&ﬁ%ﬂm&af&f&&wa%ﬁflfd@m?mﬁ@tawe%%@ﬁ%@aomb@nﬁs
purifyingr aictionofsantke Hluahtiispartidutaryseffective in view of the

advantagepus narticls, sizg distrikution obteined &%Mt}&&%%%w}&m 2
to the invention or an %ueoussu%pffnsm ands |IarI er N
obEEE PR he-Ga RAVE RS e RD ARG EREHEld G tr
enviaseeht [yipagtiba arforttraating dicrigeot. gaspbus effloe kit $oiivoren 2
wasie qonf@mmgdwﬂ%b@avaﬁmﬂ?al& R inertion ﬂﬂaﬁgf%@k@q}mfm ably
relples L0, APIoeeoT PRI e gase containing, N eI mouns
acco to which a alcitim phosp ate gar isperse

theOf&éf & bsestIz gﬁ“ség‘ﬁémﬁ -4t & fenypemnauieddecve tboahe acid
resuitihicpimixtusethespiveisg filtered. It is recommended that the aqueous

SuSpensiahe Gom ,%%mé foa!ﬁmret&?mga %ng%a"a% gas :

process accor in Ee II’]VGH?IOI’] Th ege may either be ISEGI’SG
<

i SFEHRTG GRS B BB IS B R T BB HE for trddiry HUs”

gasestaecordingipsibateiimibntion;thpHampezatare!lof then flee fgasesyisl

advgpitageoustydaiveanikdQaction to a pH close to 8 at the end of the reaction,
And when starting from phosphoric acid, it changes from pH 2 to pH 8
(approximately}.

In the process according to the invention, a source of calcium carbonate 1is

used. The expression "source of calcium carbonate” is understood to mean a
composition containing substantial amounts of caleium carbonate,
advantageously at feast 10 % by weight. The source of calcium carbonate may
be mainly composed of calcium carbonate. Advantageous sources are natural
minerals that are abundantly available and rich in CaCOs such as chalk, marble

or dolomite. In the case where the source of CaCQ; contains large amounts of



and 350C, preferably between 150 and 250C. After a sufficicent contact
time of the flue gas with the suspension or gel, preferably between | and

wolEheeeands, the flue gas is subjected to a dedusting operation,

5

residue collected at the end of the dedusting operation is then ﬁ%%?ﬁ/zoemsmw
loaded with heavy metals, absorbed 30in the apatite precursor. During
storage of the residue, the precursor is-éonverted to actual apatite, which
is then very resistant to leaching. In one recommended variant of the
prog:ﬁeissi_f].%rs('Ereigslti&l flue ga?e:s according to the invention, in particular
whén the fiie°gases CoRtAih bé“é)l%a%ﬁ?p SRS SRS caensbvobe
cal@inPepheashidkes &oitfecragitianevib prasendey of cuy mikalindi spergehin one
;uods_r a@ﬁ%b&@@ﬁ%@%ﬁ%@?@ﬁiﬁi sodign i %@ﬁ%%@gt@ Tiﬁhrc‘éf{%%- cases. lFinaH.}q
odium- nts are, advantageous. - 8 - invention also
re|§i§§‘{“§’%§?%é%§%e?§%‘%%s%& SRS it sl Ry the
accHidhify b RS L EReTHA PHBBPREE JeRsheRgTRFSdifR bt dinedelspda
thegshoessaccording to the invention, is mixed in the effluent, and this for

P ’ - . th
f‘nZt‘ag?;%:&ﬁ#é@%%g%%‘%%é?%%ﬁ%%%%@%%@?%%%?& b of

purfti BEDS bR S BH U Ghe HaoRf SHATATPEERAse B AMridingverage
caldigmephiosplhateaiatisd:ivith headyrmictals hartiébther fivediaybichianess

10 sepasateds [he.gel pray:bepsad asdsion be.dilviedinwatenfiist The 1 cstion

15

liquid effluent is advantageoysly water contamipated by heavy metals,

B A (e Pt oy e B B Hels B
maljae s BtamedBysilthaticisidrsirsidipteesettiny, catbidimphosphates (which
generallynhaving adiaceuating2elion. thhe, INRLIMRSICRORES AAIMANY

facg%%ra{adag?%a;eﬁ% cdgég{r@dneagi&?sgm )y case, in order to obtain sufficient

absorptign of the heavy metals in tﬁe calcium phosphate. In the case of
phosphate iR el (Gt yecrBheTRsEN g A wever offeind BrserHiklpgahisencd
be fongéisthanrisnminlitesprefeeaiily 3Oaninutesitt isrgenerady peiptessing
for ghisgmeiabe lapgendhan 60 sminueraRDe caneialNASRORIS flthiic
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immobilized therein. The process according to the invention make it
possible to treat (or rather : to prevent heavy metals from leaching into the
environment from) any solid residue, preferably stored in large amounts,

such as municipal waste disposal sites or others. The examples,
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10invention.  In these examples, the heavy metal contents of the
substances in the solid state were measured in the following manner. A

wsampieekihe substance to be analysed (around 200 mg) hats & ohePss1300

Suprapur nitric acid and 3 ml of 37 % Suprapur hydrochloric acid added to
15it, then it was subjected to microwave radiation in a hermetically-sealed
container in order to mineralize it (destchtlon of the (hydro)carbon matrix
in order to obtain a mineral residue containing the analytes).  This
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the flue gas is subjected to a dedusting operation. The residue coliected at the
end of the dedusting operation is then highly loaded with heavy metals, absorbed
1n the apatite precursor. During storage of the residue, the precursor is converted
to actual apatite, which is then very resistant to leaching.

In one recommended variant of the process for treating flue gases
according to the mvention, in particuiar when the flue gases contain acid
compounds, the aqueous suspension of caleium phosphate is injected in the
presence of an alkaline reagent, such as lime, sodium carbonate, sodium

bicarbonate or trona. Sodium-based reagents are advantageous.



20Example 3 Ash resulting from the incineration of waste rich in heavy
metals was collected. The heavy metal composition of the ash, measured

woadterastagk of the ash with hydrofluoric, hydrochloric and nitrig@gigle2008/051390
(according to the NF EN 13657 standard, but modified in a way such that

the Aqua Regia is replaced by 1 ml of supra-pure HNO3, 3 ml of
supra-pure HC1 and 1 ml of supra-pure HF) is given in Table 1. The ash is
subjected to a leaching operation in 0.5M acetic acid, in a L/S ratio of 20

for 24 h, ,yé Stll’rll’;]g eit 15{1 pm. At the end gf the I achmglc?gﬁ{atlon a
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Ilquor are found in the supernatant liquor. Metal Content ( /kg of solids)
el ot ol i s o tsoggcht
advantdgeously water contaminated by heavy metals, although other liquids can
10 be treated by the process. The clarification may be obtained by filtration or by
simple settiing, calcium phosphate generally having a flocculating action. The
mixing time depends on many factors and must be determined case by case, in
order to obtain sufficient absorption of the heavy metals in the calcium
phosphate. In the case of phosphate fertilizers, it is recommended, however, that
15 the mixing time be longer than 15 minutes, preferably 30 minutes. It is generally
pointless for this time to be longer than 60 minutes. In the case of phosphoric
acid, the stirring may be stopped carlier. As for the flue gas treatment process, it
1s advantageous to subject the treatment residue to a maturing step in order that
the apatitic structure 1s completely formed and that the residue becomes inert
20 with respect to leaching.

The invention finally relates to a process for treating solid residues or soil
contaminated by heavy metals, according to which a calcium phosphate gel,
possibly being obtained by the process according to the invention, is injected into
the residue or soil in the vicinity of contaminating heavy metals,

It 1s observed that the injection, for example inio the soil, of a calcium

-3
L

phosphate gel in the vicinity of the contaminating heavy metals has a two-fold
advantage. On the one hand, calcium phosphate gels, and in particular those
obtained by the process according to the invention, have proved to have a high
impermeability to heavy metals. The injection of barriers formed from such gels
30 therefore makes it possible to confine these polluants in the soil. The injection
may, for example, be carried out in the form of narrowly spaced columns by the
vibrated thin shell technique, commonly used to inject cement grouts into the
ground. Since the gel is thixotropic, on the one hand the calcium phosphate
barrier does not diffuse into the soil too much (owing to its high viscosity under

42
o

low shear conditions), which makes it possible to obtain columns, the

concentration and effectiveness of which is maintamed over time. On the other



Total 24898 Table 1 Liquor as is (mg/l) 5.81 all reagent 11.27 g/1
reagent 18.05 g/l reagent As 0.5 0.625 0.93 0.96 Cd 11.59 6.35 3.3 Cr

woARbdes9.1 <0.1 PCT/EP2008/051380
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hand, the flow of the gel during the actual injection is made casier {owing to its
low viscosity under high shear conditions). Finally, calcium phosphate gels, and
in particular those obtained by the process according to the invention trap heavy
metals effectively. The heavy metals which could have a tendancy to cross the
barrier find themselves permanently immobilized therein, The process according
to the invention make it possible to treat (or rather : to prevent heavy metals from
leaching into the environment from) any solid residue, preferably stored in large
amounts, such as municipal waste disposal sites or others.

The examples, the description of which follows, serve to illustrate the
invention.

In these examples, the heavy metal contents of the substances in the solid
state were measured in the following manner.

A sample of the substance to be analysed (around 200 mg) had 1 ml of
65 % Suprapur nitric acid and 3 mi of 37 % Suprapur hydrochioric acid added to
it, then it was subjected to microwave radiation in a hermetically-sealed
container 1n order to mineralize it {destruction of the (hydro)carbon matrix in
order to obtain a mineral residue containing the analytes).

This solution, with the addition of an internal standard (scandium) was
made up to volume (50 ml} with ultrapure water.

The solution to be analysed was then filtered if necessary (0.45 um) and
injected in the form of an aerosol inte an argon plasma sustained by inductive
couphng. At temperatures of 6 000 to 8 000 K, the atoms and ions formed from
the sample were excited and returned to the ground state by emitting radiation
with wavelengths characteristic of the element in the UV/visible range (130 nm
to 800 nm) (ICP OES).

The various radiation wavelengths were separated by diffraction on a
grating having a large number of lines and the mtensity of the chosen lines was
measured.

The concentration of the target elements in the measurement solution was
obtained after calibrating the instrument with solutions of known concentrations
of each of the target elements. The concentration of these elements in the
starting sample was then calculated taking into account the dilution performed
during the various preparation steps.

Example 1

204 g of KH,PO, was introduced into a receptacle containing 0.750 | of

water at an ambient temperature of 20°C. After gentle stirring, 250g of CaCOs



Cu19.511 4.7 2.75 Hg <5.0 x 10-3 <5.0 x 10-3 <5.0 x 10-3 <5.0 x 10-3 Ni
0.64 0.55 0.535 <0.5 Pb 250 5.65 1.35 0.575 Zn 565 345 160 53.5 Total

wdM@Ed348 371.95 PCT/EP2008/651390
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having an average particle size of 200 um were introduced into the receptacle.
The assembly was then stirred for 30 minutes using an Ultra Turrax machine
equipped with an 525 KV25F spindle. This spindle was equipped at its
submerged end with a rotor having an outer diameter of 18 mm, inserted into a
5 stator having an outer diameter of 25 mm. The "gap” between the rotor and the
stator was 0.5 mm. The rotor rotated at a speed of 9500 rpm. During the
stirring, the pH was stabilized at 7.5. At the end of the stirring, a calcium
phosphate gel was obtained containing 33 % of solids and whose viscosity was
300 centipoise.
10 Example Z
The gel obtained in Example 1 was dried by spray drying under a pressure
of 4 bar. The air inlet temperature was 190°C, the outlet temperature 75°C. A
calcium phosphate powder was obtained having a BET specific surface area of
130 m%g, and a Ds; diameter of 10 .
15 By way of comparison, this same gel subjected to a washing step,
filtration, then drying at 60°C {to constant weight) followed by another washing
step, drymg at 105°C (again to constant weight) and finally milling in a bal} mill
gave a calctum phosphate powder having a BET specific surface area of
120 m*/g, and a Dy, diameter of 32 um, which 1s less favourabie.
20 Example 3
Ash resulting from the incineration of waste rich in heavy metals was
collected. The heavy metal composition of the ash, measured afier attack of the
ash with hydrofluoric, hydrochloric and nitric acid (according to the
NF EN 13657 standard, but modified in & way such that the Aqua Regia is
replaced by 1 mi of supra-pure HNO3, 3 mi of supra-pure HCl and 1 ml of

A
Lh

supra-pure HF), is given in Table 1. The ash is subjected to a leaching operation
m 0.5M acetic acid, in a L/S ratio of 20 for 24 h, while stirring at 15 rpm. At the
end of the leaching operation, a liquor is obtained, of which the content of the
various heavy metals is given in Table 2 (all the results given in this table are the

30 average of two tests). Added next to the liquor was an amount of 5.81 g/l of the
reagent in the form of the gel obtained in Example 1. The assembly was mixed
for 30 min. At the end of this period, the reagent and some of the heavy metals
underwent flocculation and settling. The heavy metal composition of the
supernatant liquor was then analysed. The results are given in Table 2. It is

35 observed that only 43.5 % of the heavy metals initially present in the liquor are

found in the supematant liquor.



173.91 61.68 % heavy metals remaining 100 43.51 20.34 7.21 Table 2
Examples 4 and 5 in these examples the procedure from Example 3 was

wdalipyedeexcept that Sthe amounts of reagent in gel form WelSr1/EP2008/051390

respectively 11.27 and 18.05 g/l. The heavy metal compositions of the
supernatant liquid are also given in Table 2. it is observed that only 20.3
and 7.2 % respectively of the heavy nretdls initially present in the liquor
remain in the supematant, WhICh conflrms the effectlveness of the
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Examples 4 and 5

5

In these examples the procedure from Example 3 was followed, except that

Table 2

the amounts of reagent in gel form were respectively 11.27 and 18.05 g/l The

heavy metal compositions of the supernatant liquid are also given in Table 2. Tt

is observed that only 20.3 and 7.2 % respectively of the heavy metals initially

present in the liquor remain in the supernatant,which confirms the effectiveness

of the purification process according to the invention.

10

Example 6 (not conforming to the invention)

A charge of 200 kg of ash resulting from the incineration of waste rich in

heavy metals was collected, originating from a different source to that of the

preceding examples. Mixed with this charge, whose cadmium and lead content

1s given in Table 3, was an amount of 2 kg of PVC. The mixture was calcined at

15

a temperature of 800°C for one hour. The cadmium and lead contents of the

calcined product were measured, the results being given in Table 3. The flue

gases emitted during the calcination were filiered by means of a cyclone, then

cooled to around 180°C. The lead and cadmium contents of the ash recovered m

the cyclone were analysed. The results are given in Table 3. The filtered flue




product (g/kg) Cyclone-ash (g/kg) Second filter ash (a’/kg) Pb Cd Pb Cd
Pb Cd Pb Cd Example 6 7.694 0.334 5.890 0.457 5.642 0.520 12.932

wol HeseEx@mple 7 7.025 0.551 1.285 0.093 PCT/EP2668/051390
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gases were then subjected to a purification treatment in which sodium
bicarbonate was introduced into the cooled flue gas which was then filtered a
second time. The bicarbonate used was BICAR® TEC 50 sodium bicarbonate
sold by SOLVAY, milled to an average particle size of around 10 um, at a rate
of 4 kg/hour. The cadmium and lead content of the ash recovered in the second
fliter were then measured, the results being given in Table 3. Finally, the
cadmium, lead and zinc contents of the flue gases were measured before and
after the purification treatment according to the AFNOR XP X43-051 standard.
The percentage abatemnent was deduced from the ratio of the contents before and

after purification. The results are given in Table 4.

Charge (g/kg) Calcined Cyclone agh Second fiiter
product (g/kg) (g/ke) ash (g/kg)

Pb Cd Pb Cd Pb Cd Pb Cd
Example 6 | 7.694 | 0.334 | 5890 | 0.457 | 5642 | 0.520 | 12.932 | 1.027
Example 7 | 7.025 1 0.551 | 1.285 1 0.093 15518 | 0.360 | 22.037 | 1.353

Table 3
Pb abatement Cd abatement
Exammple 6 89.6 % 86.2 %
Example 7 50.4 % 97.8 %
Table 4

Example 7 (conforming to the invention)

The procedure of Example 6 was followed except that an amount of
100 g/h of apatite gel obtained by the process according to the invention were
sprayed mto the flue gases in addition to the bicarbonate, The results are given
m Tables 3 and 4. An increase is observed in the amount of Cd and Pb filtered
out by the bag filter, indicating an improvement in the capture of these metals

due to the flue gas purification process according to the invention.



5.518 0.360 22.037 1.353 Table 3 Pb abatement Cd abatement Example
6 89.6 A 86.2 A Example? 90.4 % 97.8 % Table 4 Example 7 (conforming

wl9dhgybiayention) The procedure of Example 6 was followed eXEQ ﬁ%gﬁ%
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amount of 15 100 g/h of apatite gel obtained by the process according to
the invention were sprayed into the flue gases in addition to the
bicarbonate. The results are given in Fables 3 and 4. An increase is
observed in the amount of Cd and Pb filtered out by the bag filter,

indicating an improvement in the cgplure of tgese metals due to the flue
gas purification process according tion. WO

2008/095921PCT/EP2008/051390 - 13 - CLAIMS 1. Process for treating
substances contaminated by heavy metals, according to which a calcium
phosphate g%F% Brod @é‘ﬁ‘%si%bﬁﬁlfﬁﬁfﬁﬁ@%ﬁ?ﬁ Withetivg metals,
corfenpidte tosubsthncesciEl Progdsscagtordingdiotiie: plecddingic aim,
CorspiatRg e #Q! WIRERSERS substances.

2. Process according to the preceding claim, comprising the following

Steps |

- use is made of a source of calcium carbonate and a source of phosphate ions
in water in 2 weight ratio that is controlled so as to obtain a Ca/P ratio
between 1.4 and 1.8;

- the calcium carbonate is reacted with the phosphate jons at a pH between 2

and 10 and with controlled stirring to give rise to a calcium phosphate gel;

- this gel is brought into contact with the contaminated substances.

-

3. Process according to the preceding claim, in which the gef has a

viscosity of at least 100 cps.

4. Process according to Claim 2 or 3, in which the stirring time and
Intensity are adapted in order 1o obtain a gel which is solidified when the stirring

is stopped.

5. Process according to any one of Clamms 2 to 4, in which all the
reactants are mixed from the start of the stirring and the pH is allowed to change

to its natural value.

6. Process according to any one of Claims 2 to 3, in which the source of
calctum carbonate is a natural mineral such as chalk, marble or dolomite; or a

PCC (precipitated calcium carbonate}.

7. Process according to any one of Claims 2 to 6, in which the source of

calcium carbonate comprises waste from & soda ash factory.

8. Process according to any one of Claims 2 to 7, in which the source of
calcium carbonate is in the form of a powder having an average particle diameter

below 300 pm.



use is made of a source of calcium carbonate and a source of phosphate
ions in water in a weight ratio that is controlled so as to obtain a Ca/P ratio
woPsiWReRL4 and 1.8; 10- the calcium carbonate is reacted With-4hepaq08/051300
phosphate ions at a pH between 2 and 10 and with controlled stirring to
give rise to a calcium phosphate gel; - this gel is brought into contact with
the contaminated substances. 3. Prddess according to the preceding
claim in which the gel has a viscosity of at least 100 cps. 154. Process
according to Clalm 2 or 3,.in which the stirr tlmg anéd intens r%/
ciaptedn oFdEF S GEL TR I SRR e s SRS v of
stoppeihhate 1058 Py petassinuording o anyrogerofi@lihas2aordokpivichacid.
all the reactants are mixed from the start of the stirring and the pH is
allowed td} clfanges?Btodtsinatorat yatueof Clairracess, acedidinghiocaiyum
one Alnlaed 10 g il Hie seuies of calgum, carhonalris-e nglural

mlnerag uch as chalk marble olomite; or a’ PCC (precipitated calcium
> carbiSRLTRS, MIXreghspded fifg to any one of Claims 2 to 6, in which
the source of calcium carbonate comprises waste from a soda ash factory.
8. Process$: aREUiRNin g EHYDINcBF Clainis A4t Ariavhiesreneisg trcehath the

caldisrmearhopateisr the f@fﬁmﬁarp@waadhﬁmﬁlafmay@taﬁa gardgleron so

diampetar obﬂﬁmﬁog% haYXQbEQI%% %%Ei?e%qrg g%ﬁ?%&%%g ?urc xjs c}aI];a fied

9. Process according an one of Claims inw he sourc

pha%aﬁ%%ﬁgﬂ@ﬁaaggmﬂ%%a% fﬂ/afd@e@mbﬂagadﬁaféﬂaom hand, and
1¢ phosphrangacighate lodOcProdebsaagcnrdingdo hnytine iofC)aims24e 9,

in Wgﬁgﬁggg calcium phosphate get is dispersed in flue gases at a

temperature above 100C, the 5resulting mixture then being f|Itered

11. Process gccording to one of CIa| 2 to 9, accordi

the calcui?n gffos;:?%at%cg c? g Fr?n?g n %qlqmé IT1¢?9)Iet(r)1t§1;’or an%gliﬁg icien @ Cmm

durhtrsrtedersst ’tﬁéﬂ%@% HIpRoYpie soh R Bohi Rrotasnaneffsavy

mixtuttelss clarified in order to produce a liquid that is purified of heavy

metals on the one hand, and 10calcium phosphate loaded with heavy

metals on the other hand, which are separated. 12. Process according

to any one of Claims 2 to 9, in which the calcium phosphate gel is injected

into a solid residue or into a soil in the vicinity of heavy metals.



