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generally the case with sediments arising from the cleaning-up of navigable

waterways), this means is obviously unacceptable. This is because, before the

waste can be stored, it must be treated so as to pass the non-toxicity tests. It is

also important to be able to dry it effectively and economically, so as to make it
25  easier to handle and store it.

To treat large quantities of waste, it is known to mix it with phosphoric
acid and subject the mixture to a foaming operation, so as to render the heavy
metals inert (SOLVAY WO 2004/035490). However, the use of this known
process has the drawback in certain cases of being relatively expensive,

30  especially because of the quantity of additives that have to be added to the waste
in order to obtain sufficient inerting, in particular when the heavy metal content

of the waste is high.
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nmetal content of the waste is high. The aimof the
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observed that the waste phosphating operation makes it possible to obtain a

waste in which toxic compounds present in the waste are inerted and

consequently, when the waste is stored, these toxic compounds do not

contaminate the environment of the storage site.

30 According to the invention, the waste subjected to the treatment results
from the addition, to a base waste lightly contaminated with heavy metals, of a
secondary waste whose content by weight of at least one, advantageously two,
preferably three, or more preferably four and particularly preferably five heavy
metals As, Cd, Cr, Cu, Hg, Ni, Pb and Zn is at least twice, advantageously three

35  times, preferably five times and more preferably ten times that of each of the

corresponding heavy metals of the base waste.



contam nate the environnent of the storage site.
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25  containing solid matter in suspension. The sludge may be of natural origin or
may result from the addition of water to a pulverulent solid substance, for
example obtained by grinding. When the sludge is of natural origin, it
advantageously contains mud, silt and mineral matter in suspension (sand, or
even gravel). The sludges coming from the cleaning-up of navigable waterways
30  or from polluted soils constitute examples of natural sludges to which the
invention applies. Moreover, the sludges resulting from the addition of water to
incineration waste or to automobile grinding residues are examples of artificial
sludges to which the invention applies. The width of the particle size distribution
of the particles suspended in the sludge may be very broad, for example from
35 less than 1 micron to several hundred microns, or even several millimetres. The

sludge often has a high content of very fine particles. It is frequently the case that
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consistency approaches that of a solid body that can be easily handled by
worksite machines, such as shovel loaders or bulldozers, while still containing a

30 lot of water (typically up to 40% by weight). Low-density foams appeared to
provide the best consistencies. The density of the foam must be less than 95% of
that of the waste before treatment. Values of less than 90%, preferably less than
85% and more preferably less than 80% are advantageous. Preferably, the
density does not drop below 30%. Values between 60 and 75% are particularly

35 suitable.
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preferable for the reactant causmg the foammg to be added to the waste upstream

of its passage through a pump, which will bring about the desired mechanical
agitation. The use of static mixers may also be advantageous for obtaining the
30  optimum mechanical agitation intensity.

The foaming step advantageously includes a maturation period. This is
because the reaction of the waste with the phosphoric acid and/or any other
reactant requires a certain amount of time. It is recommended that the duration of
the maturation period be sufficient for 80%, preferably 90% and more preferably

35  95% of the reactants employed to have reacted. In general, a period of 2 days,
preferably 3 days, is very suitable.
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Moreover, it is preferable for the waste to undergo

mechani cal agitation in order to facilitate the

foam ng operation. The intensiéty of the agitation is
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conditions of the process according to the_invention.
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separation before the Water is added, for example by screening. The size of the

apertures of the strainer or screen may be determined by trial and error, so as to
obtain the desired weight percentage of the particle size fraction separated.

30  Thanks to this prior separation, the economic efficiency of the process is
improved. When the waste undergoing the treatment results from the addition of
a secondary waste in the solid state to a liquid base waste, the particle size
separation is preferably carried out on the wastes taken separately.

According to an advantageous variant of the invention, the process
35  includes a foaming step, and the foam obtained, after having advantageously

undergone maturation, is dried by techniques similar to composting. In the rest of
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allows the foam to be turned over during composting. This allows the desired
solids contents to be achieved more rapidly.

In a recommend variant of this method of implementation, the drying is

30 carried out under conditions such that, after 12 days of drying, the dried foam
reaches a solids content exceeding 65%, preferably 70%.

The drying may be carried out directly on the ground. However in an
advantageous method of implementing the process according to the invention,
the foam is placed on a layer of sand.

35 In this method of implementation, the sand layer itself is preferably placed

on a water-impermeable membrane so as to prevent the ground from being
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25  Inpractice, the calcination temperature is below 1000°C. Preferably the
calcination temperature is above 500°C but below 800°C. In order for the
organic substances to be destroyed particularly well and to volatilize the heavy
metals as little as possible, it is especially advantageous that the calcination
temperature be between 550°C and 750°C.

30 It has been observed that the calcination is advantageously carried out in a
controlled atmosphere.

For this purpose, in one particular method of implementing the process
according to the invention, this atmosphere is an oxidizing atmosphere. This
variant facilitates the setting of the subsequent possible mortar, as described

35  below. In this case, it is possible for example to use the ambient air. It is then

necessary to ensure that there is sufficient air available in the furnace.
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the composition of the sludge and on the desired properties of the final product

of the treatment process according to the invention, especially its mechanical
strength. In practice, it is often recommended to employ an amount of binder by
30  weight of greater than 1% of the weight of the calcination ash. According to the
invention, it is desirable that the weight of hydraulic binder be less than 50% and
preferably not exceed 30%.
In an advantageous variant of the process according to the invention, an
amount by weight of hydraulic binder greater than 2% and less than 20% of the

35  calcination product is used.
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The process according to the invention may for example apply:
= to waste resulting from the settling of wastewater of industrial or municipal
wastewater;
= to waste resulting from the decontamination of soils, such as those of certain
30 industrial sites;
= to automobile grinding residues or to incineration ash;
= to sediments resulting from the dredging or cleaning-up of rivers, lakes, wells
or drains; and
= to the sediments resulting from the cleaning-up of navigable waterways (e.g.

35 ports, lakes, rivers, canals).
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These contents were measured in the following manner:

added to the specimen (200 mg) were 1 ml of ultrapure 65% nitric acid and 3 ml

of 37% ultrapure hydrochloric acid, the mixture then being subjected to

microwave radiation in a hermetically sealed container, so as to mineralize it (i.e.

to destroy the (hydro)carbon matrix in order to obtain a mineral residue

containing the analytes).
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822@%@6@% }Maﬁt@@ S 7§‘9 opﬁ@%%lﬁ)gfc Qid\%/éé afagd, vpgﬁn@m@l fitto a

20j nvighg regstor, @ftawh@hihe( matturgewsrid thegformn Of AéogNhaving aeynsity

I'n @Wﬁ(%dﬁf Vﬁ}%tv@as[ee@&ﬁ theM Ealéih TR 0 MBRYsla€6 Qe di ng
rest duezgfteratﬁé Qa%cmaﬂon the specimens were subjected to the NEN leaching
test defined above, in water, with a liquid/solid ratio of 10. The results (in
mg/kg) of the test are given in Table 2:

25 Table 2

As Cd Cr Cu Hg Ni Pb Zn
0.05 0.11 22 | 0.22 | 0.0014 | 0.05 87 28

Example 2 (not according to the invention)
In Example 2, specimens of a sludge taken from a canal were treated as
30  base waste.
The weight composition of the sludge in terms of its main pollutants is

given in Table 3 below:



followi ng conposition is treated: Table 1 These
contents were neasured in the foll ow ng manner: added

wo eoovigoigpeci men (200 ng) were 1m of ul trapureCcBBEP2007/050257
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15

20

nitric acid and 3 ml of 37% ul trapure hydrochloric
acid, the mxture then being subjected to m crowave
radiation in a hernetically sédted container, so as to
mneralize it (i.e. to destroy the (hydro)carbon
matrix in order to obtain a m neral residue containing
the anal ytes). This sol ution, tlgblghd ch an internal
st andard (scandlun) was added was nede up to a vol une
of 50 mi—wrth uurdpur(—) Water. [ 1he SOt gtiom to DE
anal yzéd was t fWsieREred if hecessdY§ehtGonsyt and
injectgd in the formof an aer¢sol (vidid oflGryain@Rst)

| asma [SUSTal ned by i nductive ¢ouplin
{Jerrper;turpq of 6 to 8000 K tEp a?khﬁlgg?gd ions
formed|fromthe speti nen were ¢xcited anggkgt urned tjo
the grqund state eqgitting radl(tlon\MiﬁB ﬁelengtns
charactleristic of Yhe elenent in the | \mg/&lp range
(130 nmto 800 nmMCy I CP-CES). The varlnmang@glatlon
wavel enfgt NS wer e parated Dy ]ITTraCEi% on a grati|ng
havi ng |a Iargp nu r of linesland th 21 Kglt\/ of
t he sellected |inesppvas neasure@l. The qg@qggkgatlon of
el ement[Tn the measurenment sof gti on mgi obt al ned af tjer
calibrating the | rument with sol ut PAYRME gknnwn
concentlrations of ach of the ¢l enments 3sauggpht. The
concentrarion of These efenents in the starting
speci men was then cal cul ated taking into account the
diluti O]’hepsdﬁ[cfg@mﬁéd dangityngd ltmbg/dﬁu? |Amlt&dp45 emasrhaiglemS 3.0% (by

t d i § f,
5S e‘géﬁ gdrﬁ)f aflet )5;)85) si)hgné Y4 Cthe é)&h e@'la]P %lely]abs W l%lle;lfa
havdmgltBaOﬂ%ﬁé,lways thén daldingdgiod ﬁﬁloutsatt ap°€h 3. 5% ( by
Wg'dggt Rfrerdhy ceﬂ@ﬁl&t%rp tl%fslpZér{?eHQ%MBjeEtea% ﬁle"}@EN V\%achmg

was | ntroduced react or
t helestideinpatoys. i liovid/sodidriniar obl G Jmeslts ﬁg nag/la@rfgﬁl@fytest
of fe gAck@d Walle 4The waste was then calcined for two

hours at 6500C. After the c i nation, the specinens
were subjected to the NEN | ng test defined above,
in water, with a liquid/solid ratio of 10. The results
(in As | cd o] | vHg [N | po | zn

0.05 0.004 | 29 | 0.05 [ 0,0005 ]0.05 | 0.05 (0.1

Example 3 (according to the invention)

The procedure was as in Example 2 except that 17.5% by weight of dry
matter of the water-diluted waste treated in Example 1 was added to the sludge
before being phosphated.

The NEN leaching test gave the following results:

Table 5

As Cd Cr Cu Hg Ni Pb Zn
0.05 0.004 25 0.05 | 0,0005 | 0.05 | 0.05 0.4




w@2o03pgarens of a sludge taken from a canal
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ng/ kg) of the test are given in Table 2: Table 2
Exanple 2 (not according to the invention) In Exanple

treated as base waste. The wei ght conposition of the
sludge in terns of its main pollutants is given in
Tabl e 3 bel ow Tabl e 3 The sl ude had a density of 1.2
kg/dm . Added to the sludge was 3.0% (by wei ght of dry
matter) of phosphoric acid. The Ehosphated wast e

whi ch Haemparderfsiamplest] andzsshopsdhatfamaddaion ofeal &5 %o
houstsporRRRGo AVAse! mii@cGREGHMB YD B intdi@ioR RALYR PSssible
were subjected to the NEN | eachi ng test, defined aﬁov :
in'Q aFﬁ‘& ealsT FIINYRY; GORPET. TREICHFK e?i%‘tﬂ 8¢ (CH MY, %ﬁ‘at
of dthané®with diecingiaV ssvohdury alake tdken Taoatibn EMiargohver, 3
(accordi.ngto the,inyention) The procedure . .was as i.n
e 5 £ duples o SH0 5l IR RORER Gy G R Eu Bl by
t hecontangnatdd withddaviamtialstafdage duantitiex hyrpleeght ofvasccaddid
to { e RicH n@aﬁ{iﬁe{tg%mh 'Plga\@hrﬂ%ﬂ%g G111 RGN, or even

| eachingteést gave the followng results: Table

5 CoORPPAP YO ghaaramive oF the 1iahdy sosepratedweste-he addition of
onl Fxad o PRASPERIIG t@iednitignpast e m xture according

to the i ention makes it.possible.to.achie reater
cadm arl ampls s spes Repyof Pesy resiing iR hEN et B Gk tue
t hagasabfr@n ndoduvdhivhl whee imirtcradr e ordiad ys bastveasteaken

in isolat] r . rd - lL.es. s .
shows. t it ips BRESY Riciotf STRRUML bt AR 3P g poltuants i
congizen makabtt belpwheavy netals of |arge quantities by
wei ght of a secondary waste highly contam nated with
heavy netals has little or no effect, or even inproves
the inerting of the IightIyJ@BEﬁéninated wast e.

Exanple 4 (not according to the invention) |In Exanple

o thelilue gaCeeNEERRa household wACHEANARFHer at or|
were treated as base waste. (weight of dry matter)

As 43 mg/kg

Cd 190 mg/kg

Cr 315 mg/kg

Cu 760 mg/kg

Hg 3

Ni 61 mg/kg

Pb 3900 mg/kg

Zn 9200 mg/kg

The fly ash had a bulk density of 0.56 kg/dm’. 50% of water was added
thereto, in order to form a sludge having a bulk density of 1.43 kg/dm’. 3.5% of
phosphoric acid (by weight of dry matter) was added to the sludge. The
phosphated waste, which had a bulk density of approximately 1.27 kg/dm’, was
then calcined for 2 hours at 650°C.

After the calcination, the specimens were subjected to the NEN leaching
test defined above, in a liquid/solid ratio of 10. The results (in mg/kg) of the test

are given in Table 7:

WBC'BEP2007/050257



The conposition by weight of the fly ash in terns of
its main pollutants is given in Table 6 bel ow. Table 6

wabm7hosoi7ash had a bul k density of 0.56 kg/ dm pCBEP2007/050257

wat er was added t hereto,
havi ng a bul k density of 1.43 kg/dnB 3. 5% of

phosphoric acid (by wei ght of
t he sl udge.

in order to forma sl udge

The phosphat ed wast e,

density of approximately 1.27 k /dnB, was then
ter the cal cination,

cal ci ned for
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5 he NEh%Ieachln test
Tabl e 8 gln

to dt*o'?ﬁe Ry, Cg,%

romu

nmercu

ry,

s added to the sludge

gre
e PR g 12 by
onl wyeights8fdon (rslp:thloasﬁ the avated-diloted weatteeattdxt Exemplecowal avgled

ntion makes it possible to achieve greater
| ead and zinc inerting

t han t the NENéﬁ?%éngéP% gavhGevipicvingeessbsondary wast e
taken in isolation.

5 confirnms that the addition

Mor e

over,

conparlng Exanpl es 2 and
| arge quantity of

a
past e hi ghly cont am nat ed m#ﬁg—ﬁ%avy nmetals is not
detrinental, for nost of the netals anal ysed, to the
i nertfng,of fThe_.lTght fonf anf nat ed paste.[C L, Al S
1. Pr r-g L for C g hﬁ aﬁ“‘a '*nrg[ i 1 “IE’
I n whj clb.oshe | heaoy qTEBﬁl 5 (0% | 0a@00ed| yophppisat i nyl

characterized in that the waste undergoi ng the
to a base waste

treat ment

results fromthe addition
[ ght | yCaopdrarg Hxangdesw drd hedmwy adeitiah ©f oolfy 3a5% ebospdariy acid

'i)ea \»%ﬁésl%gg&g %&}rgﬁlfg t {he lﬁé&tﬂﬁlﬁ rﬁ%kgg %%Bgsﬂ;lg Y %[chleve greater

15f i \ﬁétdmlmmschr@iaturmfmqrmslamdeanﬁezlm ineringHbarhthgeoMpisedstarting

with the secondary waste taken in isolation. Moreover, comparing Examples 2

and 5 confirms that the addition of a large quantity of waste highly contaminated

with heavy metals is not detrimental, for most of the metals analysed, to the

inerting of the lightly contaminated waste.




2. Process according to the preceding claim
characterized in that the process conprises, in

wGemeesEron, a step of foam ng the waste, undePCT/EP2007/050257

5

controll ed conditions for obtaining a foam having a
density of |ess than 90% of that of the waste, and a
step of drying the foam 3. Pl®cess according to one

of the preceding clainms, characterized in that the
content of the secondary waste of at |east two of the
heavy netals As, Cd, C, GLASMRK  Pb and zn is at

| east five tinmes that of the sane netals in the base
waste. 4. Process according to the preceding claim

char actePrr@eek fof treiadg Wikee Eddtiahing Boivgnhetals, inhehich the heavy

d f.the h .
i MR T o P e e v et sk Wy Fypgime the
bas‘reea&tva&tteesuﬁs fienoibe sdditiot.dp dibage wasta hght@n@r@fmilnhted with

pr etfe%gﬂl H%ta‘fé %T %ecoﬁﬁﬁg%ﬁr\b%g fcblgkeﬁtlﬁ{at g tog&‘g I'l%avy

seconda uantit

r
o as. e Congit 81, 8. hrandl gt msteﬁveamqsrtb@égéhe dhme

acceEi Mand paseR@sRE the preceding cl ai s,
characterized in that the base waste is a sludge. 7.

Process, according to a one t.he ecedi.ng, cl ai ns,
ehor oo b B M8t B SR Ee B R SRE AR Budhe
autpoobs cemprisendinngedeesod uaessep @ foRnmeekswaste,amdemngpntrolled
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Pr o‘@‘@é% aaée@teﬁlolﬁér}tﬂagﬁlﬁ)fOMe of the preceding clains,
characterized in that the primary waste or the

seconday, YryR8d £cE6RIM B bhe B §RPréeeding claims, characterized in that
the content of the secondary waste of at least two of the heavy metals As, Cd, Cr,
Cu, Hg, Ni, Pb and Zn is at least five times that of the same metals in the base

waste.

4. Process according to the preceding claim, characterized in that the total
content of the secondary waste of the heavy metals As, Cd, Cr, Cu, Hg, Ni, Pb

and Zn is at least five times that of the base waste.

5. Process according to any one of the preceding claims, characterized in
that added to the secondary waste is a quantity of between 5 and 30% by weight
of dry matter of the base waste.

6. Process according to one of the preceding claims, characterized in that
the base waste is a sludge.

7. Process according to any one of the preceding claims, characterized in

that the secondary waste comprises automobile grinding residues.

8. Process according to any one of the preceding claims, characterized in

that the secondary waste comprises incinerator fly ash.

9. Process according to any one of the preceding claims, characterized in

that the primary waste or the secondary waste contains arsenic.



