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is therefore essential that the heavy metals be immobilized in the purification
residue.
Described in Application FR 2739793, is a process for treating dust or flue
25  gas purification residues according to which an aqueous extraction of the waste
is carried out by phosphoric acid or an acidic calcium phosphate followed by the
formation of a calcium phosphate gel having a neutral or basic pH. This gel is
converted to a solid by drying and/or calcining. This process has the drawback
that the gel must be formed in the presence of the waste, which hampers the
30  separate industrial production of the reagent. It also has the drawback of
requiring a drying and/or calcining operation. Lastly, it requires the use of

corrosive reagents (limewater and phosphoric acid), the storage and handling of
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phodjshathengdgn thp icorgigorpef choosing, as a source of phosphate ions,
compounds that are commercially available such as phosphate fertilizers or

phosphoric acid, for example.

30 Consequently, the invention relates to 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 :



phosphoric acid, for exanple. Consequently, the
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The existence of these tunnels gives apatites chemical properties akin to
25  those 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 valency.
Apatites therefore appear to be particularly stable structures 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(P04),. 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 mineral fillers are, as a general rule, variable mixtures of
TCP and hydroxyapatite.
Other salts of calcium and phosphate, including TCP, do not have the same

35  properties as the hydroxyapatite. Although TCP can also react with heavy
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amount of water present during the reaction, it may be that an aqueous phase is

exuded by the gel, which can easily be removed by settling. However,
preferably, the amount of water will be adapted to prevent the formation of such
an aqueous phase.

In one preferred variant of the process according to the invention, when the
source of phosphate ions is a fertilizer, the stirring is controlled so as to obtain, in
less than 60 minutes, a gel whose particles are apatite precursors. The viscosity
increase, signature of the conversion of the aqueous suspension to a gel,
therefore indicates the fact that the reaction effectively takes place. The crystal

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



stirring time and intensity will be adapted
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And when starting from phosphoric acid, it changes from pH 2 to pH 8
(approximately).

30 In the process according to the invention, a source of calcium carbonate is
used. The expression "source of calcium carbonate" is understood to mean a
composition containing substantial amounts of calcium carbonate,
advantageously at least 10 % by weight. The source of calcium carbonate may
be mainly composed of calcium carbonate. Advantageous sources are natural

35  minerals that are abundantly available and rich in CaCOj such as chalk, marble

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



critical parameter of the invention (depending on the
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The gel obtained by the process according to the invention generally
comprises at least 15 % by weight of solids (without which this would no longer
be a gel in fact, but an aqueous suspension). It is recommended that it does not

30  comprise more than 33 %, in order that it remains easy to pump, does not
consume too much energy on stirring and does not overly hamper the gelling
process.

This gel comprises fine, apatite precursor, calcium phosphate particles
which have turned out to have a great capacity to absorb heavy metals and an

35  excellent potential for evolving to apatite, whose properties ensure a good

stability over time and that the metals are effectively rendered inert. The
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25  to the invention, the temperature of the flue gases is advantageously between 120
and 350°C, preferably between 150 and 250°C. After a sufficicent contact time
of the flue gas with the suspension or gel, preferably between 1 and 10 seconds,
the flue gas is subjected to a dedusting operation. The residue collected at the
end of the dedusting operation is then highly loaded with heavy metals, absorbed

30 inthe 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 invention, in particular when the flue gases contain acid
compounds, the aqueous suspension of calcium phosphate is injected in the

35  presence of an alkaline reagent, such as lime, sodium carbonate, sodium

bicarbonate or trona. Sodium-based reagents are advantageous.
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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
35  low shear conditions), which makes it possible to obtain columns, the

concentration and effectiveness of which is maintained over time. On the other
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measured.
The concentration of the target elements in the measurement solution was
30  obtained after calibrating the instrument with solutions of known concentrations
of cach 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
35 204 g of KH,PO,4 was introduced into a receptacle containing 0.750 1 of
water at an ambient temperature of 20°C. After gentle stirring, 250g of CaCOs
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25  replaced by 1 ml of supra- pure HNO3, 3 ml of supra-pure HCI and 1 ml of

10

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, 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/ 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 supernatant liquor.
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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. It

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
is given in Table 3, was an amount of 2 kg of PVC. The mixture was calcined at
15  atemperature 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 filtered by means of a cyclone, then
cooled to around 180°C. The lead and cadmium contents of the ash recovered in

the cyclone were analysed. The results are given in Table 3. The filtered flue
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Tabl e 3, was an anount of 2 k{dabfe4VC. The m xture was
cal %a@r‘?lﬁe é}tgcﬁfégﬁgg[aﬁlgri&egpo EOOOC for one hour. The
ca e cal ci ned product were
measur ete praecdueseli xantpdt digvagifallawadrexTers itieat 3n amieantfdfue
1598SAR) g}lﬁfb? bt oBhiddd®ythé fioialsia@Bortib 8o te ih&ren Rere

means of ~a cyc|one, then’ . , ,
sprayed into the flue gases in addition to the bicarbonate. The results are given

<
ey
N

in Tables 3 and 4. An increase is observed in the amount of Cd and PD 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.



cool ed to around 1800C. The |ead and cadm um contents

of the ash recovered in the cyclone were anal ysed. The
wo easlob®2are given in Table 3. The filtered fl|pPeDaB®®s/051390

were then subjected to a purification treatnment in

whi ch sodi um bi carbonate was introduced into the

cool ed flue gas which was theh3filtered a second tine.

The bi carbonate used was BlI CAR(r) TEC 50 sodi um

bi carbonate sold by SOLVAY, mlled to an average

particle size of around 10CAkAIMSa rate of 4 kg/ hour.

The cadm um and | ead content of the ash recovered in

the second filter were then neasured, the results

bei ng gi.veRrotds Tc&bfeenﬁ sﬁis’fh@bés)bonfahﬁnﬁ@djﬁy uéavylrﬁadls and

zinc c ntent es \er e reasur.e

2 aesp el rr'ﬂrle:lgr PR B e R LS e i
AFN@R&NPWNhSh@GMﬂMBmamdaﬂﬁnmwhe per cent age abat enent
was deduced fromthe ratio of the contents before and

safter pyri E@&E b rdlﬁg?o {h%?%ctcgmgrcfﬁuﬂ' é’cﬁﬁ? .F]sﬂlg-rtﬂ@ kSidving

Table 3 Ta con
i NVERRSi‘on) The procedure of Exanple 6 was foll owed
except that an anount of 100 g/h of apatite ge

obt.aiweds Rydé ba ww@ee&s;aem cgtbBghté Ond Heouréw/ehoGphate ions
wer e spra¥ed int.o the

d|t|on o,t he
b car BTN kit oy that'S B0 o8 b2 GTR il
An i Noteesel .4 sndbSer ved i n the amount of Cd and Pb
filtered out by the bag filter, indicating an

10! MPY OME RBREn| %rfacﬁﬁﬁ@ R 0 ﬁ?s&ﬁﬁﬁfe%ﬁs Q‘ASJH Bethign 2

flue gas purl catl on process acco

i nvendtidol. andwigh gonfgoled stirpipg degiye frige ta ¢ eael@mmg)hosphate gel;
substances contami nated by heavy netals, according to
whi chthay gelsUroiphp s phab&@ vaied the ssommdmeelduaﬁdndeg

brought 1 nto contact with the contanrnated subst ances.
2. Process,accordi ced

corpr | <t g Pres Porr e R ReBsERE Lo i Bhifl s et b »

souvis@sty otal leist®d&epsbonat e and a source of phosphat e
ions in water in a weight ratio that is controlled so

1588 to opt quBCé%S g@c/o?dlﬁgtd Qlaﬁﬁ@’@%ﬂ mlwﬂlcﬁ'ﬁl% Slfl‘I‘I%'lg timtRRd

cal cium carbagnate is reacted wth the hate 1 ons
at RIPHHEERERHCDINATECrT Ojten %vg@lﬁfvtéelherse ilrhé&d d¢hep thegirring
to gisippeéd.se to a cal ci um phosphate ge

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

20 to its natural value.

6. Process according to any one of Claims 2 to 5, in which the source of
calcium 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

25  calcium carbonate comprises waste from a 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 um.



- this gel is brought into contact with the

contam nat ed substances. 3. Process according to the
w@e@sediong claim in which the gel has a vi SCOBCT/EPBING/051390

at least 100 cps. 4. Process according to Claim?2 or

3, in which the stirring tine and |nten3|ty are

adapted in order to obtain a-d#¢F which is solidified

when the stirring is stopped. 5. Process according to

any one of Clainms 2 to 4, in which all the reactants

are mx&d Rreewss eerording fa aryfonernd Gaimsy2 tag. anwhichéheyiquras of

al | ohRphAOionl dNERaskRni &Ssoﬂﬁﬁiyﬁ?dro%’ ﬁl%sptﬁi{e ior Eﬁ&?ﬁorlc acid.

according to any one of Clains 2 in mhlc

source alciumc nate i s nat yr a

ot i A A e Ry Tt %d PR e fdtum

cal ghogphatagd andispdrsed/in e @aes st acmgretitag abovah§o Qneheof
source of cal ci um

caﬁ%%ﬁgﬁ hﬁmﬁﬁ?hgégggéht&%?ron1a soda ash factory. 8.

Process accordlng to any one of Clains 2 to 7, in

whi ch t He Rregass eccordipatcinymnsafi§duiase . perording fowhich the

of t%e raszmﬁl Ppﬁtﬁ;}éhaﬁg g@lNs ﬁﬂ%daiﬁea IRfd éﬁh@mqblamfﬁ&eﬂed&mon 50
0oCcess accaor

30
8, ‘ihﬁ P%‘ﬁluflhlého%lﬁﬁt%%bs(%bsg‘ﬁ %??Ff&tnéet?ﬂ%ﬁ%‘{ the %{ua%ls?. Cﬁﬁﬂﬁed
or inaaddtm bmiw@e Hqpidalsq riapmﬁe@lrofmbmprhaﬁlscbnaﬁe One Adhd, and

Proc ST ool one of

10 e TG s o EINRY ger R e orcBevith e
gasepaateda t enper at ure above 1000C, the resul ting

m xture then being filtered. 11. Process according to

any onejofpglak mscogdﬂl togan (H'f‘@lﬁﬁlstpto‘w i BhicRehd &fcium

cal ci um phosphat e xed in a id effluent

f orPhesRlis gclilefmicc laftol aowhééeqlmortlwe il i vieinity of heavy
phogspfagt € absorbs the heavy netals and the m xture is
clarified in order to produce a liquid that is

purified of heavy netals on the one hand, and cal ci um
phosphate | oaded with heavy netals on the other hand,

whi ch are separated. 12. Process according to any one

of Clains 2 to 9, in which the cal cium phosphate ge

is injected into a solid residue or into a soil in the
vicinity of heavy netals.



