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It is advantageous to use highly diluted phosphoric
acid in which an 20econom ¢ source of phosphate, such
as certain phosphate ores containing P205 or residues
fromthe cal cination of animal flour, also rich in
phosphates, is dissolved. For exanple, starting from
an aci d whose concentration corresponds to 20 nil of
phosphoric acid diluted to 85%in 980 nil of water
and the addition thereto of plibsphate ores or
calcined animal flour, an acid suitable for the
25process accordi ng to the invention is obtained very
econon1cahkynufﬂwmﬁsmbé@ﬁmmbSE®®éﬁmFH&?ﬁﬁﬁﬁmﬂﬁﬁwguﬁsWhWhm
phosphat éc\%ﬂm&iﬁ ?%uﬂit iho Qoo%!ﬁ&ﬁmgéd B3wn! Mc@s slaBd QJQ}cﬁ kihidy

waste I n OXI C conpounds pres Int wast e
are Forertede smefe dun Fegodprofycts éﬁ'w%eﬁtemwég%ﬁ ety to be

st or ggily hRER, IRXkamplOPPRLNUEe eRipaeht GhntRishduat, bulleers,
Vi ro nent of the storage site. 30According to the

i‘nvefifi ‘'on, the waste subjected to the treatnent
resul ts Epoaquehiy, adok bipew, thirois ardyideda Meessseor Fegheg yaste

cont g Aahe gaw%ggmﬂggyxhgﬁﬁékémgaﬁaﬂs&QQQﬁgabypma§hﬁug

whose content Dby we] | ea
adv a@?@g@g{?g’{ey@% ‘thag Iﬂéﬁvagarsgbﬁugj ert‘,tﬁf 'S éhe %ﬁ‘,atcmﬁl gesults from the
pr ef ﬁdﬁﬁ)hytofadjiﬁe ande fightly contbmidated prigsfieaabbgtalf,iofe secondary

eav, d IS
I:Beas m%mnéémn '&¥ageousﬁpmtngg%%%%ﬁg%gﬂ°%ge éﬁﬁﬁ%°Pb
Cfi veandiZmes aldest ﬁm@mp&féﬁ@f éhﬂ spe aiptal 1B DER RSB eac h
of t he cge 'b?o%@@ilﬁ&lﬁ%sh&tapl% 11'1%4 &f tbd Wh&ffeﬁ Thaﬁlﬁ)s)z&im&lg is
he onaar St e
not %ﬁiéf%%%v?a}lﬁlﬁ’ VaRsls eulity %ﬁﬁﬁ’@ ﬁ%‘é‘{?&cﬁf’ﬁéﬁ% S PEASufiPor
mentrhospdric dtiéyo haysed depeainomthhprecion egnpdsition of the waste to be
15€COIRAYRH %)Q@&]#f&ﬂ liRasheAne hQa[vy ‘P_ﬁelﬁh@é’ tRe CORLiS

arsenic, sin cessoaccor I N e _i.nven
i s pEroupcRfisafanst 1% e b2 PHERHYTY %m’@al#aﬁ e %Faﬁ ould
SPardeiegiplaet Vit pretferall that tiehenduat @phcsphbmumcbwe lads|than

: \I;]\Ae Clgg/a\é%%oélﬁﬁs&})le§ween2 ag 6@%8?9%%1"@&& at | east

ageousl hr ee 1 five
times amds maetagp@xs é@ asm hjehie ﬁﬂwmsmh%e a@fi i w@c% #e
2uas wenoiﬁ@sd?ﬁe%vaf hicCaRh. @.@&erﬂaﬁl ﬂugﬁhﬂc@fbstcbﬁmﬁﬁl‘g@()s or

resul t he ad n of ayv t al
conf “§s %c%&% § O% }sﬁfﬁ’reagg cf%l mg%)sp t'ggaheavy
met disslvéds andensﬂ@ otdrting fﬂc@n areznid whesglogndsaivdtiog ceiresponds
dengi 4P I:vfe]?}{ nﬂ]ﬂ:?cﬁﬁtacgi Gt 1o 854 Jﬁbﬁﬁmpﬁr WeidrlaHibe addltlon

arseni c, um and -anti nony. anta OUS

sec i 9f Rhospleie ot &7 FoneganhRa) %é%ft %0
2579/ Eﬂ)c@ifs a@éo?ﬁﬁbr €o thAsventich © robﬁﬁﬂﬁwet’@’le(:(ﬁd))mcaﬂm df bas 1260

TS ek A Bl ?b%381b%§9’ e

zi nwagt@Zm)which toxiheoromnmeésmreseat i@ theowasi agewsiiad apd

Meagiis SRty bHRn GSwhdOdURhdd/ eleye G0 Féblﬁgounds do not
pl asma- ptlcal em Ssi on g&f troscopy It is

desFF4mLBate Hie YEOREE 04 %9t o' be added in a
30q uant i tfyC(@fcﬁﬂg &rtht harnidh, tredvatet ayeceudiojthddgatment results
gﬁ %tPoéf ?ongb e LEsRehef eé%!@ﬁnﬂée@ P M@wmeta@sf ofa

ry natter o e waste. IS reconmende
t ha&eC@qﬁa@ YeRhTEesE akst %welgmféa cBHOHS, ﬁﬁ?"é]fl@ﬁ%lﬁdly
40%r8ﬁfa@lypﬂhﬁifeed5ﬂﬁbﬁé 1388%ably fourThe paastlers plefeediefivd Iﬁbavy

the tre oy, di ' -

ol A arn Ot He NoF hiah 281 ANER RS, {RliRoflly tures
35" sltun@eprefasahlmﬁm‘» mgdnctmomﬁfeﬁh temee bl prban de

25%91%%9&@ hégyﬁeagto@%ﬂaaemwew on. The sl udge

may be “of natura origin or my result fromthe

addition of water to a pulverul ent solid substance,

for exanple obtained by grinding Wien the sludge is

of natural origin, it advantageously contains nud,

silt and mneral matter in suspension (sand, or even

gravel ). The sludges comi ng fromthe cleaning-up of



30or from polluted soils constitute exanpl es of

~natural sludges to which the invention applies.
Moreover, the sludges resulting flora the addition of
water to incineration waste or to autonobile grindi ng
residues are exanples of artificial sludges to whic

- WRSO{7M9@A i on applies. The width of the part F’gir/angqoygagzﬂ
di stribution of the particles suspended in the sludge
may be very broad, for exanple from 35l ess than 1
mcron to several hundred mcrons, or even several
mllinmetres. The sludge often has a high content of

very f ”Blﬁ?:aora%é &h&émﬁ' the %e%oﬂdfa%%ﬁs@é dy/ndt N8ccSRRS éo'ﬂaﬁn alt the

4 - 10% dried Lélglge cansi st's of dtht:ai
parth@t’ﬁ@e?ﬁéﬁ\ﬂﬂﬁﬁw&e% THRL Y CoAR PRt 8 TrRoRygded tha
wher rasg ohd g stdrtveite cohtapaiichiz] @scehiavpigsaamtbaiegs teithe

gr eater than 50 ERY: i veral per
cent™ géwwl'?aﬁfnusgﬁpfoél e Sl rz%gﬁ%xs%%gigns of

Gert ai n Riticulpely prefore bfh@leﬂ@dt%ﬁfémdtf af dherfgavimeteliod e,
t hat sob Sndh@ WA RlalRYst 8L RidarSp¥eusB) thide dikifes, preferaﬁkyrﬁve :

L B s Std e ks B B EA sty b
t he @atebtia @ostioarthertfoiegsudie fiometie abimqmeof pl pé tmthag@ 1p¢tal
Wi gl @Is P RS e']fhec%{fé"s‘éﬁfdaﬂ' e hddQy WREAL is hitickdidod to

d th d t
ot e as & dristh AbEL S 1 B0T RGRORED T hETHE

of tsta@nﬁlﬁe@dr@ﬁmaﬁyer being left for four hours in an-
oven maintained at OOCt

v mo Ak, 00 B) B Ehll, of a3 hfhor ateust

| es20tthglhg 80ssamic (4s) @@pradm@a@, ésd)amulos 280 predsecyt abtoyﬂm

to t(@ PRI R ket (NiY; BEd/605000 Snglanb fdhpdr $CEadaloe leall (1)
70% éZlﬂ}ﬁgg{éessary in certain cases to add water so

It5hatEm hating operation can be carried out in
an opt i Mmcomame are a8Simegenusidmarseed SoUSP VS Griucttely

the o%ﬁ@%&?ﬁsrﬁ&gﬁtf&&t Q&tsEi%n*s rbdbé ﬂ:? ion, the-base

orne and S c ndar ste h
|s in sélisdesgblnfor 'iltets?ﬁ% PEsif o bg §feater tnan

t he M;Ianem@@sm;aﬁ%, pasireblall 0% \wad tﬂIDBS liua%mbiya]s%’/eby Welght of
250! Idg]é o%%e' be}g@ %stletlt ('i:fsreéo%'ﬁﬂérfdt:&;th%s cﬁ.&n does not .
rnecr manner .
or ec@ﬂm@déé%, meftl‘abifttg% m%%@%‘"@@é@ @ecor di ng to t he
i nvent i qie waiie s écttai WEe rgnesntact@ant rghe peedidnangy be of
after a/\?lchlt égeformof a foam (the term '
"t o SR °§mlfﬁ6‘bth§ an, for a given starting
pr oduct Thatesmdskides” lﬁhn@mmfﬁfmlleahaw ryeeus| syhwznce
-2Sjen%bﬁt¥1n§ﬂ§as'a{(1& B’Elﬁ%lt ﬁrshkﬂéﬁs@ﬁ %’é%tu)i e TR@bE SRMENRE or1g1n or

t bse t I he
b P et fhecatiyion a%ﬁt%w@w%%%a@é R
t hatgxaéﬂ}fﬁb ebizibes b Ageing eWhed the whidgalslof nataml/emgn,fif om 2
to ays A r
Was ta:évan Igb(‘tnﬂ[ {o%rta%w [%_llhl(f' ;193191 ﬂﬁ}ﬁs‘ﬂ mgﬂi’é’r I le?é?i R (§3B§, o)

state, . IS t Q. stand
at eeercgraval dbo slwﬁm@m&ﬁ@a %%ﬂtm&gwatpﬁﬁgah § WRIEGAYS
36 r egz FB)pollided ssmngﬁ@mmpm ofwdnes! dhkigts ofwirclsibk i d

bod that can b easi n

e o e R SRR i S S ol Bl L. Ead G e o
conimimiaiign 2861 wtto eftomabiéy srindjs reifltey a@ﬁm@pl&@% gijficial
wei 91'3&% s th- QW Aans txtvté%r{i]&?%ﬁh@do Qﬁ@ﬁvﬂﬂh bﬂh@fyﬁﬂtig elzt: BRtribution

best _consi st enci es

It

| o3 8l PRRRTISISSFRPERIRAL G T t%?%s "B@?ba?ﬂ?ﬂ 5T %‘fmm
33val lesthaf 1 Intis®ntth asved Hngred foéeradn, yr ¢ves seviershmigstgresdhe

nor

pr of AP L e PO ROV RRY Sarl AL PAGRY e oo tat
Val ues betmeen 60 and 75% are particularly
35suitable. - 5 - The waste may be foaned by any
known foam ng techni que suitable for the waste to be
treated. In general, the phosphating of the waste by
means of phosphoric acid results in sufficient gas



15i nvention. The selection of the nost appropriate
surfactant .and of the anbunt to be used will be nade
on a case-by-case basis, in a manner known per se.
Moreover, it is preferable for the waste to undergo

[ agitation in order to facilitate t
g@éﬂﬁﬂg&ggergtion. The intensity of the aglta??gﬁmpgmﬂn37
chosen according to the particul ar operating
conditions of the process accotding to the
20i nvention. It is advantageous that the nechanica
agitation not be too intense The use of mxing screws

I's i nougenekaleid® obgridvnidde dombtd digparicles hiyvinf 4 diameter of less

prevent .t he for t| 0

r eac?‘gli‘ 2 TGRS Y gregs %8 conteﬁ%%@%%@%?gﬂ%ﬂ% ‘%eater fhen
not 5 micooss et awiouht tQtS@HeF?é e oeat Ylorpayer, BRSO
Advapttagesidsk Mertatmydoét Rav@i HEREIMANE e naftirheiad Wiadiso say
a residence time. therein of 25between 2 and 10

Secoes exbibit xRl , the mechanical agitationis
contTol | Fed tispracest ercpringot ¢hetiecntiomniasty haviop salidagontents of
the Javel y@n are'&gpfat@ﬂt eatas codtént bé‘m@ n&fiRaabihe for

the reactant causi oam ng to ed, .t

wast REREFER By eaght Pg &y ﬁs?éf%%ﬁ%‘taﬁ?ﬁdﬁ "é?-s ﬁh‘pﬁhls aﬁﬁ%ﬂﬂon

wi | 1the Etblﬁ? cakentort hpecﬂﬁe:l 13 ﬁdteﬂ‘ﬁmbchbtjr &&iulzﬂtgg tigtratonof the
use, of. .stati.c er

e e TS BN A PR A, SRR

i nt eHYPE yo th vesight aﬁsmrbsp@@@t@nbafpaﬁhtvrzsg:@é@%w Splids cqaieats o

Mat uealth B0 611 E{%rtgtﬁ lcfsel 30%%@@#&%&@3&&0%@@%1&6&1 1fahe solids

e aciOAE S S S e oSSR E G FoFD 1 M o tat
r ecohepingphhtinhaberbtien curbetchoicd ofit inhe Om!tnumammw
(geriod q]ﬁ afl g@\%ﬁgg}g v%.\‘g{nt 8Pt pPé'c,%&eJc@tﬁhﬁﬁg ke ﬁﬁ)@ﬂtﬂﬁr fhe

pref erab react ants enpl oyed to Fgﬁ
P e cameelvadth isqemeifom gludgs g dho fecon Ndsle s g o prp- &
day Sthisivarime ftﬁe Sdﬂtﬁ(ﬁbcbf&he solidGeeondary whkie afjectas basc waste

accor Pgsg&ngﬁeo L X%@ﬁff%l%tnﬂ%ﬁé inbloa%P4 Bhldld bEibnic

wastE" WAV content's usin
addimgnpes, in particul ar phosphoric acid.

2gpeci fi Qﬁ‘ﬁlryoordnﬁenﬁé@vﬁﬁﬁfbﬂﬁ)&ﬁbwﬁﬁ addoatinglo WRsitreention, the

conpri si up t o.30% of co%gte
sur p’qrqsgqq.pg Oes&efofi?lé%t W ]él\é@ Zt e m'tﬁ%fr%m tof a foam (the

of &ema‘dbant’ & dewmod tdmean, fentangvan S@ﬁﬂltgﬁodmé @ Smféhls

al o hivlﬂctfg ess%gﬁ%iﬁb a]m]%r
t he treat men ﬁ? Eef&ssecgltﬁgglr‘ wast, e e ﬂ@ﬁg ui. reog@étmn
at |meakes tb&@ultﬁeeuetﬂﬁ gang{iag of S‘sfeaﬁl%?agﬂeﬁﬂt%%l Y, e ipgators

28l subesncples etav,eaef Dabrabbperial typicd ysvanfing fem Xas ¥ days,

that ge I r |
t he a4 6 o RYH el bATRI! oY iaR FIN MafOSRL B on
as deifdsd angua @qud@QI grperatured (Bu§ Weysakeg & frmrepzipghds
whe r@:oﬁshﬁéﬁz RBpohGHes ﬁza@bﬁa mamay €t @a@rbelesdﬂymﬁmﬂai b8

gggfwﬁtg% m%tx%%ﬁﬁa‘% R O Gy Sl B Pl o
30 he lotas svardétypichldy wast 4% by wieielt)f Eerdetsity é@mStapmarq@fto
gs % ?Bgsiri LoitdabRt, MRS f@ﬁeOféBﬂ oRef 1y 18Rameh 95% of

sin es _remal n af [ u

2nd i ehieesrglsISHET HELIFH i{afes%?él S itdody Tiresty s han
ar esmﬁﬂ@d preferabigl la tiamB0tnen hivagtagbms froleebly, the
aCC%gdslln es nottg?o Yo%@gb‘% all &Q@eﬁ%@%d P& ek Shticularty
si z& tg on o waste Is firstly separated. The
3%let ewitAbitat i on of the particle size fraction to be
separ ated depends on the nature of the waste. This is
because it is preferable to separate the fraction

that is nost 20absorbent. In practice, it is often
recomended to separate a particle size fraction
corresponding to 5% preferably 10% and even nore
preferably 20% by wei ght of the particles of the
waste. When the waste is in the formof natural



coarsest particle size fraction may be achieved for
exanpl e by passing the sludge 25through fitters or
strainers. Wen the sludge is artificial sludge and
results fromthe addition of water to pul verul ent

matter, it is preferable to carry out the separati I
PE2897080H2 wat er i s added, for exanple by sc#’g"e’ﬁ%%ﬁ"g‘?’“""m
The size of the apertures of the strainer or screen

may be determined by trial ands;error, so as to obtain
the desired weight percentage of the particle size
fraction separated. 30Thanks to this prior

t 11 T
S | PR o NGB AN BF by CliRRAYoRfink RRRERORRSHIE S0

wast e under goin t r eat ment
r esuthegvatedorbe teatedd it gneils bt Igm%@&g?ﬁ]%ﬂ?ﬁ VS }g‘}e ans g
sol i ghasp@R sk réqultls ﬁﬂduﬁicb@;ﬁ gashadlution tdehioae thiedbamisg Abthe

t ZE:{:]\? i‘létg’gﬁéﬁ% 016 tc@g rf(y %@ fn gﬁ)@&%ﬂ aﬁe% %ﬂ%@l&%&?&%ﬁﬁ:aﬂx by

viar i thiddifion brehatvsnibhiionuserh sp R cEEHas e prsiraisd gpethod of
f ga ; Iﬁén%lﬂ t}éf}@adubﬁ dnQai fﬂéh&lts BRbochidiicpsultavic g

L a van a GOUS un one naturatt on,
F ee nPhogTe apH: Th ToraxpoRp St Rps ki IR Y sas
-t hefo(ﬂﬁﬁmrﬁt pstab:smect thet HSr gws ‘teolitén during gleosphaging i nnproves the
undeg t'I'E@ a@&ﬁgdj&t thO BleginBe 8 S%I‘ﬁiﬁﬁnt& ﬂﬁt stabﬂlze

foam as een Thi's sarl

{00 o o frvsvibien FLLRESTO o B p

densmfryic asidé in B¢ s1edge re-:@ﬂp:ggs%m theicleagingeplof hmmle Waterways
tec ni for.th sk

gh %&3? émEaQLe %feg{ a% O]cj)‘lfing ; %%Irl}lfs Lot character.
s u chDengingen thwemasés tfqatedeé @éﬂa PREYEY f‘c%‘?’?%lblsift”c?c"rsﬁafy toadd
sto rée&gt mtstltﬁae@ﬁﬁé & Jﬁb% t@?mtgm ﬂé&hlth@ﬁng B dﬁﬁhir a@brdmg io the
air, at external anbie era

R e S S e e SR
degrizdsedndl béwaadd opi chst-haicadetbasisrin aunm@nftrdmb@n ipéﬁﬁ@v ed
by peLealat i ret%fa%fér fd} pg Wt'a@tettg‘ LuSdeP® adamibal ag1tat1on in order
|nplenen tin e |.nhvention, the use ?ﬁg%gﬁﬂ gug}
si mitpdecikitgtet @GW&%{HW&O‘F &hed?tﬁ“ﬁté 8 €1%Fge
contRtaidRg t6 ﬂ@amrt(butmbpﬁaung @wéttiomor{-theprrenss adsbuling to the

2 U::‘ t; ?{ ent1ﬂfaf '}915 @Sﬁsathgthdﬁﬁ aiﬂ.fC(ajIS §ﬁ0q| Il%t e too intense.

I eve ents
‘eco riEimusa |of WXHIE@YW gyg@é’ﬁ’étﬂﬁﬁ ﬁivalﬁie asr Fg Vﬁ@’s%l{%lpéeveﬂt
subsgg Hﬁﬁh&m&ﬁéﬁbﬁkﬁt Tlﬂﬂls@ fof tube rda0mpe, which ansegments bijubes that

reduced. The d f.oam ' simlar
to %%%é??yn@ot é’ E1 oss? ’Ilge%t%g%%ﬂfeﬁm nat e

t he Adlaoiapatusiynthsy ers dmgnmmé sel g0t dresigencelyigae therem of
gr gad%h?eeﬂ@tin 1 0RERRY g4 e;!tc'ﬁ s, ftﬂe%&:ﬁimcal agztahﬁn tsh@ntrolled so

escrl tl on, he t " : g% s
i S0 DEMKRIGH SerERE o R Mg Basrih sirey
Si Migréferable fEOMP eGiiangeaukig ﬂrﬂagfoaingng hgbe added etbt wasts upstream

t f fficient )
S ° rqg dtg pgsga%rtglr%ﬁl \%'g %ﬂalgfr?] ?vglrl] ghﬁ@ HoRf thE h@sﬁé@hfeﬁhin% ]

act iaghatisn. Fhawdetaf. staAc BEXATHEIEP elsp ga a%‘@n%??gl% ?Mﬁ%ﬁh@
3four, nhfﬁnﬁ%@&ﬁﬁﬂﬁb/a 1tE’dic§1f1ﬁfeﬁ§1tyy the drying lasts at

Ieas Qur s, re

appear 3%111‘8 ﬁtgﬁ 3@‘%3 3o nﬁ’ e lg@%gc%ﬁ&&%e%dl Trr%ﬂfséls |

bet weemsothe reavdon vxbthmlafs vatcbethv ﬁhgsp%mctaa@l aél OAény other

explaj. e houe, ce%ﬁlnalﬁdﬁﬁt ¥EEhe 1i § rdcBmbiRedddanmind duiiatlon of

foam t ryi ng aS| ctlve

o Bhscaasmion @eﬁ% i Qe S G S R ey PGty
38l | 988 ditthe feuttknt amgloyad)todavs reaattdrid eaeridst p@od of 2 days,
machi d I |l ows the foamto be turned
oveﬁwﬁggbﬁ%(hgﬁggg%?ﬁg¥a lis allows the desired

solids contents to be achieved nore rapidly. In

a recommend variant of this method of inplenentation,
the drying is 30carried 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 met’hod of
i npl enenting the process according to the invention,
s placed on a l|ayer of sand. 35Int =
'k@%%ﬁéﬁgﬂ%ﬂ nmpl ement ati on, the sand | ayer itsel F?M%Mﬂub7
preferably placed on a water-inpernmeabl e menbrane so
as to prevent the ground froméeing - 8 -
contam nated by the heavy netals and to allow the
wat er com ng fromthe phosphated sludge during
conp OSt | MEE procde a&o@ﬁﬁﬁ!@b@l@k m?dﬁﬁoﬂﬁﬁd‘s&f@&smhdﬁtreﬁt waste

pl as {, of hexagg &?1 CB %&Qﬁadﬁftwg Ven O%a?{ &Ia}fﬁﬁé’sphonc

o suit & carri ed
open acad rSpeaifitalyoitdas ‘Wﬁu hbmveé it divasic soraPHERs wiHe 30% of
act i Qnoffary #hdle ﬂ{&? sfngiyl bé’@é’aﬁeﬂtdsﬁxﬁihd dime proportions of

t emrper at ur'e, _pr.o te gr at
oV B U aptent &y B PUBE BED 1§ 08 LR Hec
dryi sgosdast enste, sﬂmreaameareetmmmﬁthms}cmﬁanewast@ém requires at
corrpféggtl 40 I%Hﬁrbt%hﬁtit?e'égp‘@? dpskKnown in the field of

i ndustri a nt o er msnt abI e an| C
Advant aglébtisilsp, beep gbseryed it fhspattishn @ évaéfa@f%g%vﬁthe
Wi t NiagHebt dArdteth @iayanelssg@t@@b iRansttAysisedrior fierfoaming

Il ect t
S8, A S50 SRS S4B MR
pr ef praditsare porove preapnapichl fdis oe kums) gr eraEmleepuERg Fom the
bi of él!eéﬁ?;%taﬁé ai’ rﬁkrﬁﬁ&?&f di%iﬁﬂcrﬁbr@s Eﬂtﬁﬁ% ﬁrtﬁmlaﬂy the case when
cal ci nat i-on refera r the.co
© i SeRe iRl T SYRnGH Vel lp TSR Tgh e bR ground
wat eveforaipernsadal the ﬁimsb reamadn afief krinding tha desithie agd thes

| Irgeth,%g %erétmg?g%%% anof the invention, especi ally

|ns a Iarqe anmount - of or

subst andB$ resomipriyed Fedied RAPPIsBTRIaE flici RIPAEHY 3 gording to the
decanrpasies, @@rmam@smayﬂmngmd frectibn efthe cvavia s ferstly separated. The

pr ef & 3}%{% he fm%{ {yme ﬁqggl&dwfbg%@araiga &g&ﬁi' %ﬁghe nature

The e or
in tqféhfsmata; Tbtsas éecamlt @mfp}ﬂ@e tq sppyrajedle Eepn thapls most

2@ pol akorBuf! r]ﬁ%%c@t@@ Siisofed fel@&ﬁﬁlbﬁ?de@ fto ﬁp@ﬁ&td particle size fraction

(nonoc cI| I C|IC ocar bon
hat 63 21 TP SXTHE R SRR RrsRiiy pna ey et
is to@ﬂrqutttcdr;s dfhbeswasber gani ¢ substances. The .~

cal ci natQn ¢ h%wggtg & 3 lhroRALE hﬁﬂ*apélﬁdg%t ﬂlé‘separahon of the

~tenperature-above 450C, so t ;
sub@ﬁﬁ@égmaﬁlé ST RTREY %Fgé“t"?‘gg}é el By passigg g shudge
~2%e n‘[ﬂl&bﬂg}ﬂﬁﬁe@ bottHhdpe melthteﬂudgmg atifivieldhdlgh ambresids from

B N e e

pra enper at 'S be
Pr efsqraaajioy bpfvee thel vedterds adsied tfengrepmlaivescresnigg ohhe sBootth

:JUt osn &!t &Q@&a.trdlﬁbr?f Q&fenfr@z[y Ed‘&t@lﬁlﬁ%ﬂ{b? 5l B&d @B as 1o
o estr.oye articu n 0 a
R R L T A T T

3@5 p hhads|ty (st sspeetis), tﬂwt:onolmac cHiicisiemaef thnprocess is
I%(féﬁ VRS, tﬁg LEE nde? {Plg tr%@tgﬁnt Bk fRashbegiition of

obser ed that the calcina on i s. advant ag%%usliéletsme

car ASRWIEHY Wagiean duntong Petsdo (Bl paes waste
pur p@eatstioh s RBR41AY tarded aut mmm;:btasftakemsdmmy ing the

process ,acc ng 91% S&ahﬁgedu@ \(/%;ﬁﬂt BPihe Vet Bl %P&@érs

IS an oxXl 'S vari ant aC|I|tates
3% heinsbudes m@a@ﬂng Bep sa@éét@cfa@ﬁtobﬁé}% afiee hirpng adyantageousty
desgrdpetic 3oRehavs, i friddiySedastes titnilhSoRESHbNE. The rest of
exanpl e to use the anbient air. It is then necessary
to ensure that there is sufficient air available in
the furnace. - 9 -. I n anot her particul ar nethod
of inplenmentation, the atnosphere is a reducing
at nosphere. This nmethod of inplenentation is
particul arly advantageous in that it inhibits the



In one particular nethod of inplenenting the process
according to the invention, the product resulting
fromthe calcination step is mxed with water,
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The process according to the invention may for
exanpl e apply: to waste resulting fromthe settling
of wastewater of industrial or nunicipal wastewater;
to waste resulting fromthe decontanination of soils,

7?05 %ose of certain 30industrial sites; pcI/EP2007/050257
to autonobile grinding residues or to incineration

ash; to sedinments resulting fromthe dredging or

cl eaning-up of rivers, |akes-wells or drains; and

to the sedinments resulting fromthe cleaning-up of
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21 riifKer indhepph %F@examp e ey thay comprise apolar hydrécarbons,

20  aliphatic or aromatic (monocyclic or polycyclic) hydrocarbons and halogenated
- solvents. The purpose of the calcination is to destroy these organic substances.
The calcination is generally carried out at a temperature-above 450°C, so that the
organic substances are sufficiently destroyed. An excessive temperature should .
" be avoided, which would have the result of vaporizing some of the heavy metals.
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
orgamic substances to be destroyed particulatly well and to volatilize the heavy
rnetals 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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530 ng/ kg Cu 14000 no/ kg Pb 13000 ng/ kg Zn 14000

my/ kg Hy 3 ngy/ kg Ni 410 ng/ kg 20 These contents were
measured in the follow ng manner: added to the '
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acid and 3 m of 37%ultrapure hydrochloric agid tt}g -
WOREG80hen bei ng subjected to m crowave raEFylEF%?W S0257
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mneralize it (i.e. 25to destrgy the (hydr o) car bon
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containing the analytes). - 12 - This solution, to
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15 ad%ed in an amount by weight between 0.1 and 1% of the weight of dry matter

contained in the shudge. 7 _

During the calcination step, certain sludges, in particular those rich in
calcite, give rise to the formation of pozzolanic materials. In this case, it is
ummecessary to add a hydraulic binder in order to cause sefting and hardening.

20 When a hydraulic binder is necessary to ensure setting and hardening, its
precise constitution is not very critical. Commonly, it consists of Portland
cement. Pozzolanic materials such as ash from the combustion of carbon may
also be suitable. It is also necessary to add, when mixing the hydraulic binder
with the calcination product intended to form a mortar, a sufficient amount of

25  mixing Wat‘e: to obtain a plastic paste. The amount of hydraulic binder to be used
depends on vyarious parameters, in .p'a,rt‘icula:r on the hydraulic binder selected, on
the compésitidn of the shidge 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 nvention, an
amount by weight of hydraulic binder greater than 2% and less than 20% of the

35  calcination product is used.



the various preparation steps. Added to the
wast'e (which had a bul k density of 0.98 kg/dnB) was
50% of water. The resulting mxture, having a density
of 1.1 kg/dnB, to which 3.5% (by weight of dry

75% phosphoric acid was added, wa <0
gﬁ?b@@ﬁ%@d into a 20tube reactor, after. whi CE’CTﬁgZUOTf%OZE

mxture was in the formof a foam havi ng a density of
0.74 kg/dnB8. The waste was thep-cal cined for two
hours at 650C. After the calcination, the specinens
were subjected to the NEN | eaching test defined
above, iTheWain@bf theksiit xaasis obtairdA a6k ldrdeaing pwhith @y liEhe

results (in K t I _
s asverebAss Pl oy HEgoBE e f%ﬁﬁgbfﬂn%@ #6t hample
0. 00dn1Bise SpheTical 8 plisvaatio bocks phbriquakeseltds sagpeanded

' nvegﬁﬁ)kt%ﬂ)aﬂ% free of gaseodsPndRAimRla8d 3@ns§@ﬁﬁﬂl§%%o@d machamcal

oL R S gk anel Bt A S E 3838 g o
t er ni toofe hiahgledrmndstped hithawitagy idsfigiligen in Tabl e 3
bel ow. ‘The compact solid mass obtained after the hardening meets the toxicity
standards on extracted leachates using stringent procedures, such as those
- defined by the TL or NEN standards. '

10 The French triple leaching or TL test is described in French standard -
XPX 31 —210. The protocol of the test corisists in grinding the material so as to
be able to pass it through a4 mm screen. This ground material is subjected to
triple leaching with demineralized water, in a liquid/solid ratio equal to 10, with
constant stirring, After each leaChing, the content of heavy metals of the liquid is

15  measured. _

The Dutch test NEN consists in finely grinding the specimen (below
4 mm) and adding water to it in a water/solid ratio of 10. It is then kept for three
hours at pH 7, then also three hours at pH 4 (which is the minimum pH of
rainwater). The pH is adjusted continuously using a 1IN solution of nitric acid (a

20  non-complexing ac1d) The heavy metal content of the liquid phase is then

determined by analysis.
~ According to the United States test TCLP {toxicity characteristic leaching
procedure), 100 g of solid matter are taken and passed through a 9.5 mm screen
and the specimen is brought into contact for 18 hours with 2000 ml of 2 5.7 g/l
25 CH>COOH solution.
4 ~ 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 iﬁcineration ash;
= to sediments resulting from the dredgiﬁg or cleaning-up of rivers, lakes, wells

or drains; and
= {0 the sediments resulting from the cleaning-up of navigable waterways (e.g.

35 ports, lakes, rivers, canals).



- 13 - Table 3 Constituents Wight content (weight

of dry matter) As 11 rag/kg Cd 6 ng/kg C 270 ny/ kg

Cu 170 ng/ kg N 320 ng/ kg Pb 310 ng/ kg Zn 6400 ny/ kg

Hg 3 no/ kg The sludge had a density of 1.2

kg/ dnB. Added to the sludge was 3.0% (by 5weight of
WO2MHIPEP) of phosphoric acid. The phosphat & TR &oges02s7
whi ch had a density of 0.75, was then calcined for 2
hours at 650C. “After the galcination, the

speci mens were subjected to the NEN | eaching test
defined above, in a liquid/solid ratio of 10. The

rlg'sl';lblt : i{{ dhe %a{ulfa%)eoﬁfmétﬂfd Jf‘?ﬁf)leﬁ&ﬁjngitﬁ/eeﬂioée@s dRBldehgo the
invention, the secondary waste comprises automobile grinding residues or
incinerator fly ash. The term “fly ash™ is understood to mean combustion ash that
. has been.entrained by the combustion flue gases. This waste, rich 1 heavy
5 metals, is very effectively treated by the process according to the mvention.

- In a preferred variant of this method of implemenﬁltion, the waste
comprises automobile grinding residues. In this variant, it is recommended to
separate, from the waste, the parﬁclés retained on the 4 mm screen, preferably
the 3 mm screen and even more preferably the 2 mm screen.

10 Next, water and phosphoric acid are added to the remaining waste, which
is then foamed and dried. The separated particles are then preferably mixed with
the dried sludge, for possible calcination. In this variant, the foam is particularly
'k easy to obtain even without surfactant additives. .
The examples described below bring out the benefit of the invention. |
15 Example 1 (not according to the invention)
In Example 1 waste resxﬂﬁng from automobile grinding residues having the

~ following composition is treated:

Tablel
Constituents |  Weight content
_ (weight of dry matter)

Cd : 21 mg/kg

As aE 41 mg/kg
Cr 530 me/kg
Cu 1 14000 meke

‘Pb . 13000 mg/ke

Zn : | 14000 mg/kg
Hg : 3 mgﬂ{g
Ni. 410 mg/kg

20

' 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 contamer, s0 2s to mineralize it (i.e.

25 1o destroy the (hydro)carbon matrix in order to obtain a mineral residue

containing the analytes).



As Cd C Cu Hg Ni Pb Zn 0.05 0.004 29 0.05. 0, 0005

0.05 0.05 0.1 Exanple 3 (according to the invention)
The procedure was as in Exanple 2 except that 17.5%

by wei ght of dryl5matter of the water-diluted waste

w0 eeresp1ih Exanpl e 1 was added to the sl udge PEEEBRAE7/050257
bei ng phosphated. The NEN | eaching test gave the
following results: Table 5 ﬁCdCr Cu

This solution, to which an internal standard (scandiﬁm) was added, was made up
to a vohume of 50 ml with ultrapure water.

The solution to be analyzed was then filtered if necessary (0.45) and
injected in the form of an aerosol into an argon plasma sustained by inductive

5  coupling. At temperatures of 6000 to 8000 K, the atoms and ions formed from
the specimen were excited and returned to the ground state emitting radiation
~ with wavelengths cbaracteristic 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 _

10 - grating having a large number of lines and the intensity of the selected lines was
measured. :
The concentration of element in the measurement solution was obtained

“after calibrating the instrument with solutions of known concentrations of each

: of the elements sought. The concentration of these elements in the starfing -~
15  specimen was then calculated taking mto account the dilution performed during
the various preparatlon steps.

Added to the waste (which had a bulk density of 0.98 kg/dm®) was 50% of
water, The resulting mixture, having a density of 1.1 kg/dm’, to which 3.5% (by
weight of dry matter) of 75 % phosphoric acid was added, was introduced into a

20  tube reactor, after which the mixture was in the form of a foam having a density
of 0.74 kg/dm”. The waste was then calcined for two hours at 650°C.

. After the calcination, the speciﬁlens were subj ected 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 | ca | He | mNi | Pb | 7n
005 | 011 | 22 |022 {00014 | o005 | 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:



Hg Nt Pb Zn 0.05 0.004 25 0.05 0,0005 0.05 0.05 0.4

- 14 - .. Conparing Exanples 1 and 3 shows that the
addi tion of only 3.5% phosphoric acid to a waste

m xture according to the invention makes it possible

WO 2608 ye greater cadnmi um copper, nercury, AoFab2engsezs7

zinc inerting than that obtained with the initial
secondary waste taken in isolation. Mreover, 5
conparing Exanpl es 2 and 3 shd$s that the addition to
the base waste lightly contanminated with heavy metal s

of large quantities by weight of a secondary waste
hi ghly contam nated with heavyﬁhﬁéals has little or
no effect, or even inproves the inerting of the

l'i ght|yJcontar Ste. EXanplé accordin 0
the invention) Sﬁ%@? npl e 4, sp'em%féht % y agh
resultipng fromthe filtration ¢f th@lgiltg’édrmawétsr)fron'
a househol d waste iypci nerator pere trept S base
wast e. e C"“’Agol tH-ormrby—pwetght ?lllﬁg/éigl ty—ash
-in termg_of i

bel ow. 15Tabl
of dry }IullCI

ts mafA pollutants js giveémdke Table 6
e 6 @pnst i tuent s|Vei ght 2g0mteant (Wwei ght
—A .

AS 83 Mg kg —Cd 170 me/ke
< NI 320 mg/kg
Pb 310 mgkg
7n ) _ 6400 mg/kg
Hg - Imgkg

The sludge had a density of 1.2 kg/dm’. Added to the sludge was 3.0% (by

5 weight of dry matter) of phosphoric acid. The phosphated waste, which had a
density of 0.75, was then calcined for 2 hours at 650°C.
 Afterthe caicma‘aon the specimens were subjected to the NEN leaching
test defined above, in 2 liquid/solid ratio of 10. The results (in mg/kg) of the test
are given in Table 4: ' ' ' :
10 ' Table 4
As Cd Cr Cu Hg Ni Pb Zn
0.05 | 0.004 | 29 | 0.05 ]0,0005]0.05 | 0.05 | 0.1
Exam p_le (according to the invention)
The procedure was as in Exampie 2 except that 17.5% by weight of dry
15  matter of the water-dituted 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

20

0.05 0.004 25 0.05 | 0,0005 | 0.05 0.05 0.4




190 ng/ kg C 315 ng/ kg Cu 760 ng/ kg Hg N 61 ng/ kg

Pb 3900 ng/ kg Zn 9200 ny/ kg The fly ash had a

bul k density of 0.56 kg/dn8. 50% of water was added
thereto, in order to forma sludge having a bul k
weneroyoied 1.43 kg/ dnB. 3.5% of 20 phosphor i @CamEPR07/650257
(by weight of dry natter) was added to the sl udge.

The phosphated waste, which hig a bul k density of
approximately 1.27 kg/dnB, was“then cal cined for 2

hours at 650C. After the calci nati on t he

spec eng oL sublact PO, L0 A A GaELIg oL

r es uphiosphiorin aag/t«g)vasté mikteretaeectrdmgm the gm\xceﬁnon ma.EEa blpessible

71 o adhdeve g-l;é‘ﬁérecagnmﬁi c%epmmem and%inc merting than that
obtained with the initial secondary waste taken in isolation. Moreover,

5  comparing Examples 2 and 3 shows that the addition to the base waste lightly
contaminated with heavy metals of large quantities by weight of a secondary
waste highly contaminated with heavy metals has little or no effect, or even
improves the merting of the lighﬂy contaminated waste.

Example 4 (not according to the invention)
10 In Example 4, specimens of fly ash resulting from the filtration of the flue
gases from a househiold waste incinerator were treated as base waste.
The composition by weight of the fly ash interms of its main poliutants is

given in Table 6 below:

15 : Table 6

Constituents Weight content
- | (weight of dry matter)
As 43 mg/kg
Cd 190 mg/kg

e ‘ 315 mg/kg
Cu 760 meke
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/dnt’. 50% of water was added
thereto, in order to form a siudge having a bulk density of 1.43 kg/dnr'. 3.5% of
20  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
25  are given in Table 7:



Zn 0.05 0.056 130 0.05 0.0052 0.05 0.17 1.6 Exanple
(according to the invention) The procedure was as
" in Exanple 2 except that a quantity of 11.1% by

wei ght of dry matter of the water-diluted waste

wWo 2atefiton Exanpl e 4 was added to the sl udge.pcThe2ddEdbo2s?
| eaching test gave the following results: 10Table 8

As Cd C Cu Hg Ni PbZn005?50043500500005

Table 7

As cd | o | cu | He | N | Pb | Zn
0.05 0.056 | 130 | 005 {00052 | 005 | 017 | 1.6

7 Example 5 (according to the invention)

5 _~ The procedure was as in Example 2 except that a quantity of 11.1% by
weight of dry matter of the water-diluted waste treated in Example 4 was added
to the sludge.

The NEN leaching test gave the following results:

10 ' - _ Table 8

As cd | & | o Hg Ni | Pb | Zn
005 | 0004 | 35 | 005 |o0.0005 | 005 | 005 | 01

Compaﬁng Examples 4 and 5 shows addition of only 3.5% phosphoric acid
to a waste mixture according to the invention makes it possible io achieve greater
15  cadmium, chromium, mercury, lead and zinc inerting than that obtained starting
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.



0.05 0.05 0.1 Conpari ng Exanples 4 and 5 shows
addition of only 3.5% phosphoric acid to a waste
m xture according to the invention nakes it possible
to achieve greater 15cadm um chrom um nercury, |ead
ZG%J, DGijnerting than that obtained startingoygdonrnses
éconaary waste taken in isolation. Mreover,
corrparl ng Exanples 2 and 5 confirns that the addition’
of a large quantity of waste -hieghly contam nated with
heavy nmetnls is not detrinental, for nost of the
netal s anal ysed, to the inerting of the lightly :
contam nated waste. WO 20@7L B3IMROPCT/ EP2007/ 050257
- 16 - CLAIMS . I. Process for treating waste
contai ning heavy netals, in which the heavy netal s

are i ner§ g,y ﬁahf?éa%ﬂ i, coﬁtﬁﬁﬁ%@e | %88k in v&kﬁ@ltthé R&avy

wast e under gol r eat
addi b, a1t a&eﬁeo%%ﬂ%%& FERE T RAGh Mﬁlﬁ Aot agrgpine the
5 heavzymmraéuas frofh the sdittiomg &ra/base sthec ipidyecoomimtd with

ﬁ ggﬁ%g n‘gF A 8I’ a Ee!'&? WXSJE?%?%O@%? o@% leg}c oneoﬁf thygeavy

Tt amals A6 de EanBE S, Pb and Zp 5 geae st ST Re pRe

the plegtethPBasehaks) characterized in that the
process conprises, in succession, a step of foam ng

t he wast under. . ¢
obt ai ni ng Po %Saa%cﬁgﬁ%rt&hle%gec%gﬁg %Qhé’ ?éécéé edm at}he
“{ hat DOFRCSS Rempgict ah SHRE HTst & of i oA P WIHE, p@%g:mcommned

B PeqReRRs ﬁ@%@ﬂéﬁlﬁl@gl foBmHAOnTa deEyTRSE it 90T NS of the

characteri hat ﬂs)h content of the secondary

wast Hage. ag aﬁﬁﬁgf&?% 1 °%fWe heavy netals As, Cd, Cr,

Cu, Hyg, Ni, Pb and Zn is at least five tines that of

the sare’.Peecasaceandingéo presef themsecdag claims, charapiprired 4a that

aCCO{h@'cB&sﬁt%fiﬂa%e&m&?%@& oFlafleBt tﬁ@@ftﬁ@ﬁ@w aRthld Bs, Cd, Cr,
en

ng:, El,rrﬁg ﬁﬁ@%%ds atépast éﬁe F Sse &1&{ Cﬁ%sag)ﬁ Pl Ofnstiﬁggase

_ ,]ISeastvasfta:ve times that of the base wast e.
Process according to any one of the preceding cl al ns,

charact ef |P;&gssua@cog@mg I&aﬁle? %elatnme;h&ﬁa&mawmmb €otal

ERKTE TN T o i

mat t @t o giigotth
t o and Aaf is thleaspfrecmentaicdfdharbgse shsteact eri zed i n t hat
the base waste is a sl udge. 7. Process

accor di ngpf g, d@@}fco?@ﬁ e RIF BfasitdR8ing LRInTS cha;ractenzedm
characterize

in 25t at the seconda vvast
250t SRR GBS Rty of (Rt S0 by Wight
ac caffdirypgait@ ofithe basewadie.t he precedi ng cl ai s,
characterized in that the secondary waste conprises

' nC' ner & ?foc%s)écn%?tﬂn to one onhe Q883 TIAGE hAhAG 1A in that
one O rece I.ng. cl al ) CharaCter|Zed In

t hatthﬁf base E‘faﬁtﬁﬁrays @&t e or the secondary waste
contai ns arsenic.
7. Process according to any ene of the preceding claims, charasterlzed jul

25  that the secondary waste comprises automobile grinding residues.

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

that the secondary waste comprises incinerator fly ash.

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

that the primary waste or the secondary waste contains arsenic.



