cl eani ng- oo+ Sedi ments. The probl ens posed by the constantly in

amounts of sledges to be renoved, treatled and stored are well kno

sl edges have many sources. They originate, 10 for exanple, from water*59is
purification plants, fRrmasse dredgntsome|daddsp ditedf wat er cour ses or
fromvarious industries. The case of sedinents fromthe cleaning out of
wat erways -s a particular concern in the light of the anobunts concerned and
their 15 coAb&m ST by pOVEREAARSs JEHRTES hedvy fet ALEII of Yani c
matter. A si-gRidbi-gagt prapeeki onnektt heiwat gawaysudir notlbef tngEoiope is
currentlél bl ocked \s/ sI edges which interfere with the novenment of shipping
t her ei n.> ThESGiPE i ndirect econom ¢ and 2C environmental consequences
of this are very 5|gn|f|cant Furthernore, it is well known teat this
Worrying si t ey, SY, [

di sadvant agtgggok)%%ﬁl%%ﬁr g)nstg%io uti oefts(§ rgérn&ét elrr*?r%%/rn%%?l% dglg(t?%rrlgse of
cont am nat edfs|sddglsss 250 Thies HesidyEshuser eaeerhvenfestopedns forwehe renoval

of sl edges ﬁk%%st%hle%edlsﬁ_meﬁ Nhdhemby faatcad, SBRe@rok \A%f@@t/@yl ng them
by nmeans of pipelines to settl gc di sposal , sites. However, en the sl edges

are cont B0 fam FAtEWP IRy heavy Het&s Fﬁtrjd%@aet?]d?}é BL§RAPC HEtfertShich is
general ly th@e@aaagw olt thﬁ_@@filri’tjantcﬁlﬂ)rlcgﬂ na,tatngrctarmetshe ct eaficg out
wat erways), thi.s neans .i s, gbvi oungly%una cep atbl e. l.n f bef ortehbel ng

able to be Hfagéﬁ&rsgeandtlﬁgréﬁédge ave 1o Be rSﬁgéF“SEj‘ ,Ifr FA-order to
satisfy thecﬂeshsnfgorouionboxmtatteycwa'ﬁm thss aendartheuhast @Omrcxmtrt heni nerting

treat ment ubj t eaghi.ng, a ceudi ng o the  French
"TL" or ?RE Eﬁlf&ggan aﬂr t of i nalgg%nﬁé erJ'Phecael eg: at eghare t hen
anal yse3d5 anéoﬂﬁémﬂﬂééﬁpént%y oPOllllt’zmt@arfiléﬁ}S B6l | e aNAY s Me&ed St oaﬁl(émal n

bel ow thresholdsiset hy:4£0i sl ati AgdieiRadd cubddpothesg exsst tebass 1
stabilized waste" acceptance ?]t andards. 5 In order to tr%% Iarge armunts

of sludges WPCRTIRAESaith of OBEPRG abFer T9° r dove  t He 1Yt Yo

cal ci ne t heglandeko whixit hentsubsequentthy titd hmavbmdnauldfc @mmtexmﬁa ay
arid Penessi gi ne |ng ties. of sh I o Vol ,

30, Moo 5. WAYTESTa, 105 "ed7TBEE) “Sfich S HFoSfamntSFEAEE t e vel une of
t he sl utlges eandrmmegtlatl posehié equdyces r t ue fof thelsol i girfei cat Venyobt ai ned
to recover them 'féc\éﬂltue m HRYSe PRI CALT QRS Havgver rruhencifie sl udges

are contam nate eav s and in particular by lead, 15 thi's known
t r eat nent dH@§fﬁéPgal$hW%Wt§Ol§e tRMdWPEGTERYT | BYEFRTy 1Pnef21RbY them to

3ecoge har TTH@%E .tolhend gw%tau@anlt&gte@r fg;ett e@h?]@t cgyeéﬁ@msagdﬁlf@@loog@ﬁentl oned
i sadvant ag provi din r.ocess rt 20 treat t, of sludges

cont ani nat egiﬁy)éﬁ@&g?e%t %r@ §Fr&f8tg§aﬁ glrm\?/lti nﬁéld pl e and
econonizs and converts the sludges to conmpact bl ocks which exhibit good
mechani cal RROREr{] e5e A WNLCD. Saldlan SLANA dkgpd chestsdarafoapcity. 25
Consequently,"the i nvention relates to a process rendering 1 nert sludge
conpri si ng Résdgeretcalns igid drfgéhl%cwqmg Bhemi BH Pl@étslad?dgﬁsear soéubj ect ed

to a cal ci nahi of,@Rdy ¥ ed it NpYat@lanAnd st e desildd Ngo30s gt Xt Uh g |
subj ected to setti ng and curin the p rocessét?‘te’nn%&& aracterized in that

phosphori ¢ dérgopsladdcdefo W%V%ﬂge e or gfrat #6f st@ye. The
term " studgeanisattederst ondatp denetle anr aguagesod5 mt@%mrtcana:*om)ri si ng

silt, mud and,inorgani ¢ matter, )

mvent IUMMHAABNRNNL o .7 ocess' Tor Tenderit <o sl cdges i nert. PLEMM
wn

———

i

the case with the sediments
originating from the cleaning out waterways), this
means 1is obviously unacceptable. In fact, before being
able to be discharged, the sludges have to be rendered
35 inert in order to satisfy the tests for nontoxicity. To
this end, the waste from the inerting treatment is
subjected to leaching, for example according to the
French “TL” or Dutch “NEN” standards defined below. The

leachates are then analysed and their contents of




suspensi on (sand, indeed even gravel). The sedinents originating fromthe
cl eani ng out of waterways constitute an exanple of sludges to which the
invention applies. The width of the particle size distribution of - 3
the particles -n suspension ire the stulge can be very large, for exanple
fromless than 1 mcron to several hundred mi crons. The sludges often
conprise a Waghocsntrentlwfanies yndveetpareielies balow stiireguehdst hat 10 5 of
the weight gf, tbegggrgglﬁhudgﬁu §>aeemsi%q of }:H@EE' cd£ssthawing & dhamet er
of less than™5 m crons éreas the content o stones having a

di anet er ofséﬁ@aﬂéﬁe@haﬁsgﬁé mq§ﬁ@ﬁ§n§§nSn@@@ﬁfgéveral per cent.
Furthernore, the particle size h|stograns of sone 10 sIudges have t he

di stingujishing feature of being nultinod to say t they
b bi T Sevarar i e TS| S THDE rShabt et aert L as Cehch Ehey can

15 al so be subjecited &bla pketremmm@nthdmrrng:mhschnbmaItwgealpanE|cles
are rennved The Hdggs %ge Emrss ?%éﬁgnégyr%ﬂg%{ |ne5(dcgalc nprise a

vari abl e anouﬁp o wat er , pen I'ng on"their sour ce. s usual” for the
sl udges to bendemdeft@eky nent tRerarpird se " Bnoaneant nby pasirgntisfs wafer of

greater thag;20ge Thijg~ amle)@ltrrraa Lmb@ﬂrl y oatween, 3qand 6096 ! {93
generall%hless than 700’ For th process according to the |nvenf|on t he

sl udgerl&hi en EGrpPide aﬁ%ﬁﬁk§-EfQMﬁﬁﬂﬁt(ﬁeQME%ﬁ 1° grebte? Phak800 are

very sui tabbeudkjewevem amﬂww§ oft greatenidan FP0 efrthd S@fre epses, 600
are to be avoid crease the cost of th process. the maj ority

d_a } 1
30 of the sP8&¢§§f€8a g° éa ey haYe &°cohteRtehy ht" of " wdt%er “Var yi ng
between 30 aadi60B, applscgenenal | yHomereeessarherei tiher Bdudd@umaaee or to

abst ract '%QR%aﬁﬂ?R%ﬁ:%h‘% BY. SAF tld 9.5 evapor At QPtlé\EP Ezﬁ%' hke). 35 The

term "heavy neta i'S understood to enote net sity at |east
equal tB55 §hénskasvieldr sadriserty|ddafmnall sehi@y Setentanpandeaderasny, in

accordance witeh Ehen&q¥erlal ot aceephed def ijadinen HaHeawsdvetals in
Wast ewat er and Sl udge eat nent - 4 Processes; Vol. I, CRC Press Inc;

1987; page 2). Lead is a particularly significant exanple thereof, given
its harnful rekf echventtba huﬂ'antahﬂﬂafte&'heatsl weges orgnder edei nebbvby t he

process according tg the 5 invention can al sg conpri se a um mpetal . The
or gani ¢t LEF “eaFCod T 1T Lt RS SRR Cnd So1I kAt e TF she
sl udge.20t caaaLmentexahpséudgeﬁpmqniammmaﬂ%ﬂ Mydheaaybmmiakﬂrphatrc or
aromatic 10,(pDno: e égﬁ&pycwﬁcg%hyggocar ons aggmgal(geﬁgﬁ sgl yents.

e

Accordi ng t6 the Invention hosphoric acid is a udge. The

anount of pRe&FR&rSc &es dStW%@Sl@@wﬁWwelaén%SoW%l ppéRiBet

conposi ti ongebdt he nad drdgel 401 be }Bf@@é@@lewt hawd W siiih to beregapitted to
a theoretical éplgnatron t he nt qr gelreves that, follow ng the
addi ti on of SHRBSAREOIE“adifd se OEr frgyr'ophosphate is fornmed during the

calcinazion 20 This pyrophosphate proves to be a scavenger for heavy

metal s. Eﬁ%%%gh'%%g g Cli 3G ATOUAL 0 a%1£98§ %@d%eé% bg, gnpl oyed

depends on t nte ese eavy netals rn the s% I'n practrce an
anount by meegﬁﬁrehgatlheast ﬁl@dgpreﬁemabnylZQO)hﬁﬁvh r@sbeéﬁ tends the

vei ght of dpyq mmtterydscd 0 bg %ﬂﬁkﬁyeghe|%lb%g%reﬁ§réﬁb§eEQédthﬁ;aHDU”t of
phosphoric acrd to be less than 15% ,Anounts of between 2 and 60 are

general |y hicaﬁp&ng&'lp&m and mixed with water, and the resulting
30 mixture is subjected to setting and curing, the process

being characterized in that phosphoric acid is added to

the sludge before the calcination stage.

The term “sludge” is understood to denote an aqueous
35 substance comprising silt, mud and inorganic matter in
suspension (sand, indeed even gravel). The sediments
originating from the cleaning out of waterways
constitute an example of sludges to which the invention

applies. The width of the particle size distribution of



30 The calcination is intended to destroy the organic matter. The
calcination is generally carried out at a tenperature of greater than 450C
in order for the organic matter to be sufficiently destroyed. It is

advi sabl e to avoid an excessive tenperature, which 35 would have the result
of vaporizing a portion of the heavy netals. In practice, the cal cination

t enper at ur et %@IH&%?%Q%%?]:@Oééﬁpﬁﬁséoﬁréfbrmﬁﬂ 2l {87 RatPPe HOrveBY t he

p{}oceggo?:ccmé@lg@g ti h@xérﬁWE@t iFeBm tihescatighmati ﬁtmcﬁ:@ﬁpetfcatélé@et§l greater
t han a

8OOC order..to be particularl fective
i destr oy RGPEREdor BLAFERfat {BR® b 4RS! SUtERz| FGTRE PR tfe Bsibossi bl o
of heavy met:ahsenltt oifs vpanyt ifdwlearday tachianst .ageouss fioredqumntcaticatnat 0on
t enper at Frf fe® QLE Jhan po0G, and 'Siﬁd&ganlzw&) ur_{)é Qg &Fe“
observe tha e cal clina |on i s advantageously“carried o er
controlled eeﬁbeeﬂaese haoimg tehi diemgleirn af spedsf i Ehenbodi merprons, the

process accQrdi-Bgst ahe-snvent i gr, s almmsphengvh s o di Zi g hi s ,
alternative forn1faC|I|tates the setting of the nortar. In this case, it is

possi bl e, 18 fSFeé%ﬁﬁpﬁéantéO@s@%%HQQQnC%%rreqq IS ResEty- to t ake

care that aeaﬂthe@m@@e ampuat  ef r&iilclies avaid abil%ﬂcﬂ;rtahk% f Wwnacesmd n
anot her, spec EfIC nent t he atgnsghere IS 28 %dUCIn Thi s, enbodi nent
g Rl t $°F

i.s in parti ngeﬁdv Sgedd¥ i nth Y &-For it i ot 019
chronlun(VImulemodaﬂatHﬂnﬂnfwsh¢cca$aYnamm¢n dependshdbitheseomrosi ti on of
the sludge f9.bg_rendered inert and on 25 the arrangement of the material
in the cal cination furnace. It rmust also be sufficient to destroy the
organic matter and to produce enough pyrophosphate. During the cal cination

stage, it V\@Eeo@gﬁfd/%thah Wréﬁd%'r@@geﬁqeﬂtﬂ Rar tdicl ar ThE9secarﬂ ch in
calcite, ¥§ e to the formation of pozzuol anic materials.. This
n

phenonéﬁ% pFGRHENAERD Wiren? tﬁ€e€§F€FW§PFoHdT%h%%r k&F@ exteeds

750C. In thnargesepatt1b$e90breeeemsae¢ to add a hydraulic binder to bring
about 35 setting and curing. In a specific enbodi nent of the invention, a
hydraulic binder is mxed with the product of the calcination. - 6 The
hydraul i ¢ bThdersliwlgmmuhliyhcartposed dfsPoyd | &nd wewbnt . 1Heweveranthe use

of bl ast fugaﬁﬁelgeag %‘aﬁehlgcg Ungi Rg netald ur@%dl%@@nw ot es the

reducti on o romu . Pozzuol anic materi al's as coal conbusti on

ash, & al §eu5eesuuifab|le WEURS rictes$Afy ©HIGERS dir i Ry tlh%nc#ﬁe@dng of the
hydraul i ¢ bhﬁ@@t wed h ddigpmrduch obmbhgtcabei naLiqit | Birendgdeko dorm t he
nortar, an anou %hﬁlXIg %ﬁer whi ch i.s suffi |ent to odugﬁﬁg plastic
past o, The GRBHRELOFNAYAPALH G016 BRHASE (3 b riptiofst hafe var i ous
paramneters, 6DRA.pattieubanepalihelbydr anbhc7bknder selected on the
conposition of the sludges and on the properties desired for the final

product of the treatment process according to the indention, in particular
its 15 ZfechBaicahespirengsh. acropdaay de, the iiniveaddmrenddd: ofhetgao enpl oy

an amount bwh%hg%r@rl@éﬂd&ﬁo@ﬁtgrwe\nei@% %"tﬁ Qfatdie Wel ghle fife d he

cal ci nati on ash. Accordlng to the invention, is desirabl e for the wei ght
of the hydr BB c3BFnd&r 5 He SUes&iRan H@@’@Vz?ﬁd PRRRES @ TexEsRt e

nre-pref erabhy¥n300s |ér aniadvanieageosss al tesnatheverd obal awse desl nagle of an
0
anount by mggght.of h%dra I|c blqger othreater thagx_S t%pd | ess .than 20% of

t he product ~of Yt RE“E&TE nati®on°® brocess majority
30 of the sludges to be treated have a content by weight

of water varying between 30 and 60%, it is generally
unnecessary either to add water or to abstract it (by

separation by settling, evaporation, and the like).

35 The term “heavy metals” is understood to denocte metals
with a density at least equal to 5 g/cm®, as well as
beryllium, arsenic, selenium and antimony, in
accordance with the generally accepted definition

(Heavy Metals 1in Wastewater and Sludge Treatment



25 The formof the solid mass obtained on conclusion of the curing, which
can | ast several days, is that under which the nortar has been shaped. It
can conprise, for exanple, briquettes or spherical or prismshaped 30

bl ocks. It is conpact and substantialdy devoid of gas inclusions and, for
this reason, exhibits gpod mechani cal properties, in particular_a
sufficient RaPERE§SSan Q%suﬁﬁ|%$%nfr?§ﬁaé®“%tré%@?h G948 10w i €D be
handl ed and;gt of eg W*tﬂ&(&u'far{ilyfféﬁyﬂllfe§am35 ek | dnhandogonpacteass i s
substantlall i nert anh r $ect to a heri c Eggnts nd COﬁ grns to the
toxicity sté Bar 4B ¢ r%gg.% td”teé%ﬁ%t m%ﬂr &d actbr d?ng“¢oe°
stringent preanedueds, isuntt asbyhoske mefdawed byctbedidy” dio " NENE

st andar The F nch triplke | i.ng "TL" & scribed in the French
standarg§xpk gfn Bn The %? oggﬁg5$gFhékgmégzpmc%ﬁggsts in mlling the
material 1 so as to be able to pass it through a 4 mmsieve. This mlled

material | Sgﬁlébb?g}%ﬁ_dtct Qtattrt'eﬁ}l %a're%‘éh'ﬁg tMd N dgmdesali 2 et Wal efpei n a

liquid/solid ratio equal constant s |rr|ng On conclu3|on of
each | eachi f8; lﬂhesiétéonﬂént hﬁ tﬁéuﬂ§§h|nd3 i i off%he WA lPetal s

fromthe pow@ﬁprssej ecdgsh o t hgdt@@tarban@easwq%aﬂte Butt chr SINENE  t est
consi st.s

Its part, fin mlli the sanple (under 125 u and in
addi ng Mt e?m‘fﬁgot o Pt i ﬁogf\ﬁé(t solrtvdﬂ%aﬁci %)O@fs SOmC%t %%I?%@ﬁa# nt ai ned
at pH 7 forstvhresthours and then at pH 4 (which is the m nimum pl pH "' _ of
rain water), also for three hours. Adjustnent of the pHis carried out
continuously using a 1IN solution of nitric acid 20 (nonconpl exi ng acid).
The cont ent Apaorfdenyi §ai dhphaseeot ibaav phestdios lics adigh idetatdghetd by

analysis. |ppa p@ﬁhﬁ%@'arbﬁead%%Bh%geo%%‘MﬁhoéﬂH%ﬁﬁgtidEh&”mtéheb&uring of
the nortar are carrled cut at its final 25 storage site. This site wll be,

for exdmpl eSMEYOHAageBRRPYS a Wt sUSEd FE&CLFPS aCPQRéséFlaﬁy 2hvi t8F which it
i's desired soufigkl ton.bd f ttbeteavi W*dhs;umntiﬂhirygf thl ed Wwédhmivateq, it

wi |l not be_necessary tq .o Ietel tract e latter the setting and the
30 curing oforr. MAES AT S Ry Tipedtd byttt RF coRube Y Swat or

D sused gquathaes aﬁel@awfm@ulaﬂky wedidli suon edotfo e sstharEge ofcide sl udges
rendered ingLt @Mmtgg RggﬁgoggcqrdE %ﬂﬁ1tJﬁ% ﬂ&ﬂ%ﬁé(%hléﬁké¥{6¥dlng to a

partlcularlé advant I ment o € process accordlng to
i nvent i%h htédwr@@h@@m@t@e RECTetofpokdt edl FAAVABIAT Xihey v@@@vy By way

of exanpl e, mél@h§sad@'oh|s\é@1u%@ﬂ&l@e seleched-{ 58MmbhaR, JANgGNgSEri&on(ll)
conpounds, manganese(l1) redu0|nq sal'ts of alkal

metals. In 28RS éifbo Fmﬁﬁp%ﬁyﬁ edﬁpﬁgggs‘”thé Pedtitt iy taglht #%eRided in
an anount byeweisghie tafl sbetrweene 0s1uane . 1%rof p t &et et ghtnofandnyn tre § er

present in the _# gge _@ i%%?chgf?&;e %kﬁggpq§4vewggém(ﬁ JJH@

enbodi nment , “The u0|ng a ulpﬁlt He app T cation
of the 2F0 i hentioight hefsodrre itltdle is to be employed. It is

preferable for the amount of phosphoric acid to be less
than 15%. Amounts of between 2 and 6% are generally

highly suitable.

30 The calcinatior 1is intended to destroy the organic
matter. The calcination is generally carried out at a
temperature of greater than 450°C in order for the
organic matter to be sufficiently destroyed. It 1is
advisable to avoid an excessive temperature, which

35 would have the result of vaporizing a portion of the
heavy metals. In practice, the calcination temperature
is less than 1 000°C. In a preferred alternative form
of the process according to the invention, the

calcination temperature is greater than 500°C and less



The' process can, for exanple, to the sludges resulting settling of

wast ewat er of process according to the sludges is not critical be applied:
fromthe separation by industrial or nunicipal origin, 15 to the sedinents
originating fromthe dredging or cleaning out of rivers, ponds, wells or
sewers, to the sedinents originating fromthe cleaning out of waterways
(e. g. port&hanalddd’G.i vErs ogidegankPspPe 20 Howewbrr 1y hefifpgéAticonil s

partlcularlae§ﬂk59gn501ih£ skydges gepasedaah Sﬁﬂ'ﬁ@@b&l@&hgh@atéﬁg from
t he cleanlngéout of wat erways. The invention_is |Ilustrated

t
fol | ow-ng desEF!p- a§599%5+b%ﬁt?ﬁr%?%V%n@@tF6sthé aﬁﬁbﬁﬁﬁi%ﬁ%&ﬁ%ﬁ% Fi gure
1 representsdvhetdiyagnam 6bra phantcebploythgna spesétacuesbod mene of the

process accordi the gv ntiqgn Eigure 2 o@ histogram of the particle
si ze 30 dlng?%ggFoﬁn slgdﬁg suﬁjgcﬁéan 85?hg'process according to the

invention; Figure 3 is analogous to Figure 2, in the case of another

sl udge. Theqpl any g epiesent eg, diagrammat el | Hidh thefiguiesis 35,1 ntended

for the treatnent of cleaning-out sedinents 1, conprising heavy netal s and
organi ¢ mat&@vantedeenpltVses Carrédgct i oW hanyedes | n awhi ckPREBEF¢ i ent
anount of phesphphkeecacid 2 and optionally, if necessary, of water 3 is
added to the cl eani ng-out o] J sedinent 1 to form by mxing, a punp
able mdds 5. The punpable mass 5 is withdrawn fromthe reacti on chanber 4
and is |ntdeu¢®d9rﬁmna.anQinapecmfﬂurmmhmdimdmﬂeoftths mﬁﬁéﬁbﬁt a

tenperature_in ;ggﬁgogggion %f 650G LN %er,prgﬁgﬂge gEm§I h r a t%ne

sufficient 6 d he "0rgani ¢ ma Thé cal cI ne
extracted foohidihénfurnddel s i slteanstéveed form nﬁﬁpn@léhéﬁber Uﬁﬁwhere

wat er 8 a”ds@tPXHQaQﬂ(%ﬁéngﬁ&t%ﬁﬂft@dQEQSt%dée'”1@”?@“§b§§3 wisd ed 10 in
order to form by mxing with thé calcined materi'al 7, ‘a hydraulic nortar

11. Théﬁnwf%? f?aﬂ§lﬁumﬁﬁjF?%nﬁ@ﬁée%BUQﬁfch%%béﬁ fheand eonveed vi a

pi pes 12 tota disusedcguarrynhd8, anteuphi€heht isnpoutedof Theiporiar 11 is
t hen subjected.iobagtting ang 15 curing at the same site of its storage to
forma stabf/7#zed hast?® t3° FTHE'&%&npl es described bel ow will reveal the
advantage of the invention. 20 First series of tests In Exanples 1 to 4,

descri bed b$$ Pﬁng?udgE%QQ%%% f%%ﬂd%'%%%?l\Myﬁétré¥ﬁﬁ%%%§-e cqu03|t|on

by wei ght o i's givenint ol l owmn he' particle
si ze d|2§tr|b@@u©hn@f Théssknbge limenit] Imtmmﬁwﬁmr@i@nﬁwww t he

scale of the,apggisspeiigPHee8Ntact RBrAbanBhesrobnt-BRiNANGLes, the scale
of the left-hand ordinates represents the particle size 30 distribution in

relative units and the scale of the right-hand ordinates represents the
cumul ati ve thact idonstdbont heo fli sthiebutd=0rsiras i%rby sepghdisof otry tred t er .

composition of the sludge to be rendered inert and on
25 the arrangement of the material in the calcination
furnace. It must also be sufficient to destroy the

organic matter and to produce enough pyrophosphate.

During the calcination stage, it was observed that some
30 sludges, in particular those rich in calcite, give rise
to  the formation of pozzuolanic materials. This
phenomenon 1s more pronounced when the calcination
temperature exceeds 750°C. In this case, it is not
necessary to add a hydraulic binder to bring about

35 setting and curing.

In a specific embodiment of the invention, a hydraulic

binder is mixed with the product of the calcination.



- 10 Table 1 ConstituentsContent by weight (by weight of d-ry matter) Cd14
ng/ kgCol19 ny/ kgCr 200 ng/ kgCul70 ng/ kgNi 190 ny/ kgPb950 ng/ kgOrgani ¢
mat t er 157 g/ kgCaC03l 18 g/ kgwWater1l kg/ kg Exanple 1 (not in accordance with
the invention) 5 Portions of sl udges ‘co?r‘espondi ng to 1 kg of dry matter

(i.e. 2 kg of crude sl udgeé,were pl aced in terracotta containers arid
cal ci ned for'RPE NRYAratlact OdpErat ure 6PMBOBEY ( SCAPOSHE Uy nAEECL6PE, rai sed

to 600C overcehdht. | 8OvoFepy dithar YuRoré f apd ageneirndcee. s 12g9 cehnel@® cenent
per 108 g of, cal ci.ned sl udge wer e sybszgu ntlaty added to the cal cination
t Renni Xéd™ W
)

product . The'SE™aMBY JFE15bl Y kre T 5ot Frdieht dmount  of

water to praeducehaopliast(Ve)past®szianapprexieratelsy 5Suah, amdcwerde run
i nto pol ypr iﬁ;‘ﬂ“%ﬂ}*gﬁmag”%%%ow%@ %ul@aﬁ%@@t of gxéc'%@sa'%f- er 28

days, the soliditi cores were renoved fromt nmoul ds  and conpressive
test speci ngiss addh @uhbpghthef mMaginm &ipridyd nul T3 et el prédiced thher ef rom

wWth a di ampgd Sgwodﬁ&eroﬂr%%i neathendaces and iddangrat NomMBkhe
tenperature for 20 two days, e densjties of t S rrpjlngsﬁ\égre measur ed.

th he .
Finally, th&@difires®therBO80hj &ct 4 ¥0°7 hdateE Y i £ -§efPhed
above. The resubtsdatet he deéasicty measts endnle amdoofitt ket | Bgdhbngitest are
given in. Tabl.e 2: - .11 Table nsi "TL" Triple leaching (kg/dnB) 1st
Tnd 3r ol pREdET io PnetE i RS A v e By e NG F B S ner ) 1. 30
11.6 0.26 | ba5tO.ddall. 4n0. 006 Exahpivd iZ (bandetorskaheetadlt h arhe thevent i on)

51 EXATD] 616 SATe pF 0CGELI e ARy SATTLRS 0L ABnLn PYBEDIE ik sexcept

that, in accordance with the invention, 85% by wei ght phosphoric
acid per 1 lgsofredt yfvattlee hereladdeducs tHe ey HatdERrenfhprocess

horogeni zat izreiingy prewi dednby aihandi@sf ar i XeparkQclher esykks of the
mechani fgl and | eachi.ng tests are given in Table 3: Table 3 Density ~ "TL"
Triple F8acHS a4 dnS) - "E8¢“Ond 3Pd PHCINE) prr v ¥ SHRIBFROUET (ngl 1)
(my/ 1) (nmo/ Dftker24tdl. 6mP1028 4h. Sarlo@d?2 Idy 4 Wweildhtd -oF Thenskar podecr ease

in contam nation hy VI) ol erv e.thir i anmount s
are rot det @:teaal%le% 1(%éfgr\rt1 a%rf’ng)tf?génnser W‘Sig%gl{‘gayj}ar%ﬁungejtg(;%?%%?%mb;ta/‘g?’hi s test
(< 50 ug/ 1) Ao EXaepl €03 ot ihmeatéondankle wist hdeherapventiaon) tTke sane

procedure was icars ied opt A%qLALEXamBligqd byl ieplacingthe 504" hest with
the " NElz\r(; test . This nore Stringent test nakes it possible to denonstrate

= [0}
.

not to exceed, vreiferably, 30%

In an advantageous alternative form, use 1s made of an
amount by weight cf hydraulic binder of greater than 2%
and less than 20% of the product of the calcination.

25
The form of the solid mass obtained on conclusion of
the curing, which can last several days, is that under
which the mortar has been shaped. It can comprise, for
example, briquettes or spherical or prism-shaped

30 blocks. It is compact and substantially devoid of gas
inclusions and, for this reason, exhibits good
mechanical properties, in particular a sufficient
hardness and a sufficient impact strength to allow it
to be handled and stored without difficulties.

35
The solid and compact mass is substantially inert with
respect to atmospheric agents and conforms to the
toxicity standards with regard to leachates extracted

according to stringent procedures, such as those



25 contam nations with |ead. The results are given in Table 4: - 12

Table 4 Cd (nmy/1)Cr (ng/1)Ni (ng/1)Pb (ng/ 1) 1N
HNGCadded(m ) 0. 070. 150. 050. 4819. 1 Exanple 4 (in accordance with the
invention) 5 The sane procedure was carfied out as in Exanple 2 but
replacing the "TL" test by the "NEN' test. Table 5 Cd (ng/1)C (ng/1) ~N
(ng/ 1) Pb (ngeI}eRAHRG3a88edlR ") 0r050EN30s660483198.-3 10 The results recorded
in Table 5 show a very sharp decrease in contamnation with | ead by virtue
of t'r_e treatnent in accordance with the inpvention, Second serjes of tests
15 I n Exanpl88 FIHRFh, ChhPeR @ dedd i bed bt $FudgsSTidRsy et f r om
anot her canghewereest¢ieatathndehel carposilt-Pan .byThei ghiotadcdlhe ol udge i s
given in the follow_ng,Table 6...The particle size distrihuti,on of,20 the
Sludge b i FFOSt FRESASTH FrodbE 39 noWhi BRCERGSCcaPe T The abset Esae
represents the rdissmetier tbfoubb pard itk esievhe Stdlse rofltde heferhand
ordinates represeplsctbe peptiekepsizedishihhut]enni naglaLllye; bpits and

the scale of the right-hand ordinates 25 représents_the cunul ative
fracti ons oFatR&:di bributidAvidsselpy weprhhe ofddRYy nhPtet0, willk Taple

"0/ KQOr 270 1o kG200 M/ KGN 150, m] KGPRS20. Mol KbOr Gant ¢ mat b1 160
ny/ kg Ni 150 ny g anic nmatter

07 koo oo 100060} kgBaGHEL 16+ 50 BRABFS S ( RO F e P e, WER ¢ he

i nvention) bhknpbhilerexahpkefrest avt ithg teem tis aespasied.on gi ven in Tabl e
6, the carried out as in Exanple 1 but ~ anount of hydraulic binder used:
cenent per 102 g of calcined sludge 10 Table 7 sludges with the sane
procedure TThasDhitkcd iMER¥asierf thensists, for its part, in finely

milling the sample (under 125 pm) and in adding water
15 to it in a water:solid ratio of ©50. It 1is then
maintained at pH 7 for three hours and then at pH 4
(which is the minimum pE of rain water), also for
three hours. Adjustment of the pH 1is carried out
continuously using a 1N solution of nitric acid
20 (noncomplexing acid). The content in the liquid phase

of heavy metals is then determined by analysis.

In a particularly advantageocus way, the setting and the
curing of the mortar are carried ocut at its firal
25 storage site. This site will  Dbe, for example,
advantageously a disused quarry, a lake or any cavity
which it is desired to £fill in. If the cavity 1is
initially filled with water, it will not be necessary
to completely extract the latter, the setting and the
30 curing of the mortar being in no way impeded by the
presence of water. Disused quarries are particularly
well suited to the storage of the sludges rendered

inert by the process according to the invention.

35 According to a particularly advantageous embodiment of
the process according to the invention, a reducing
additive is incorporated in the mixing water. By way of
example, this additive can be selected from: iron,

manganese, 1iron(II) compounds, manganese(II) compounds



18 g of Portland (i.e. 15~) . Density"TL" Triple |eaching(kg/dnB)1lst2nd3
rdpHCr (VT_ ) (ng/1)pHC (M ) (ng/ 1) pHC (VI )
(mg/1)1.2811.40.271i.30.03911. 3N. D. Exanple 6 (in accordance with the

i nvention) 15 Exanple 6 repeats the corfditions of Exanple 2 but while also
i ncreasing the anmpunt of hydraulic_binder used: 18 of Portland cenent per
102 g of caPé&i AEFUSiGdge it . casptkall mefalsyagme lt%n%‘lﬂ??/gﬁﬂl@n?ri pl e

| eachi ng( kghen Yast ZraBsap. 3the teMuchngnuaddPHCOL { Veddednoid) pAHOr (VI )

/1)1.2611, 40. 1511. 40..0211. 3N.D.. Th decr, ' tam nation b
G OVI) cont FOURE By “PHOTEr Sat " Reoardi M3 0% RE | IVeriT oh 5 15 agai

observed. ExXagphetTe(i pracseotdancéhw shutige.i nvention) In this exanple, the
cor_ditions of Exanple 6 were 10 repeated but while adding, during the
m xi ng of the calcined powder with the hydraulic binder, 0. 2511;%(by wei ght
of dry mattén ef prriedesirgdge) tefr neddiviem IUMpiii f L1 etieadignemer €hg . 15
Table 9 Densibtiycbke/ ank)l €iGY¥l ) si Bobhanf khabnkeachi ng (ng/ 1) 1. 28Not
detectable It is found that, following the addition of the reduci ng agent
(sodi um sul phite), C(VI) is no longer detectable. This confirns that the
renderi ng ofotrher120 GppVlikatient das deenpsbrengt heneded{itd r dosethes of
tests 10 invention, the source of the sludges is not critical.
The process can, for example, be applied:
¢ to the sludges resulting from the separation by
settling of wastewater of industrial or municipal
origin,
15 e to the sediments originating from the dredging or
cieaning out of rivers, ponds, wells or sewers,
¢ to the sediments originating from the cleaning out

of waterways (e.g. ports, lakes, rivers or canals).

20 However, the invention is particularly suited to the
sludges composed o0f sediments originating from the

cleaning out of waterways.

The invention is illustrated by the following descrip-

25 tion, with reference to the appended drawings.

Figure 1 represents the diagram of a plant employing a
specific embodiment of the process according to the
invention; Figure 2 is a histogram of the particle size
30 distribution of a sludge subjected to the process
according to the invention; Figure 3 1is analogous to

Figure 2, in the case of another sludge.

The plant represented diagrammatically in the figure is
35 intended for the treatment of cleaning-out sediments 1,
comprising heavy metals and organic matter. It com-
prises a reaction chamber 4 in which a sufficient
amount of phosphoric acid 2 and optionally, if

necessary, of water 3 1s added to the c¢leaning-out



- In this series of tests, sludges renoved froma port 25 were treated. These
sl udges conprise sea water. Their toxic and/or heavy netal conposition is
given in Table 10. - 15 Table 10 CcnstituentsContent by weight (by
~.aeight of dry matter)Cd10 ng/ kgCr26™ i/ kgCu39 ng/ kgNi 7.9 ng/ kgPb158

ng/ kgZn2 470 ng/ kgCaC03300 g/ kgOrganic matterl 30 g/ k%V\averZ 10G g/ k g
Exanpl e 8 (iSFaEEEtddnce® WP t &Y MiehittDn) @ 5PEFPRR Iehie Sk anpl é2€t he

sl udges halelﬂngpTaIBﬂeWaSm&@érl ed o awcahe&raahi OFreas Ct’:t’fébt h@-bcbhaﬁt
iven in Ta

furnace lurgic sl ag) The resu-is .of

procedur e, %L‘Ptam?t Cdr ?1| nga?aomjc%rrp&&ttrpgﬁcgﬁiem Ed i 7 TabP Ciﬁatéopn
Exanple 2 em;mtadehzﬁt winer ¢ edtomeheatm adur s abn@%‘:}@tamr@ siragthement
(conpris ng gl I us r Vi al l.eachi ng
tests ar% Tabl e nsﬁ%" L'” r?g? eEfeac Ignég(lg)gif/ dgm‘%l S Jépd?r (M)
(mg/ 1) pHCr (S‘wff)lC(lrm/tl) pHCr  Aeconpewg/ 1)the51220a00212<16 00214 9206002 15
20 (Cd 0. 003 1/nlg QHaEQrgglngflex%QaSQeQS B R <§u9§a89/¥) Exanpl e 9

(in accordance wth the invention) hi s exanpl e, the same procedure was
carri ed out t&snstestssplte sae%éb@gtﬁaﬁmbﬁé P@am%@ tEte e 2afr Ped

hydraulic binder 9 are added to it in amounts adjusted
10 in order to form, by mixing with the calcired
material 7, a hydraulic mortar 11. The mortar 11 1is
pumped from the mixing chamber 10 and conveyed via
pipes 12 to a disused quarry 13, 1into which it 1is
poured. The mortar 11 is then subjected to setting and
15 curing at the same site of 1its storage to form a

stabilized waste 14.

The examples described below will reveal the advantage
of the invention.
20

First series of tests

In Examples 1 to 4, described below, sludges removed
from a canal were treated. The composition by weight of
25 the sludge 1is given 1in the following Table 1. The
particle size distribution of the sludge is illustrated
in Figure 2, 1in which the scale of the abscissae
represents the diameter of the particles, the scale of
the left-hand ordinates represents the particle size
30 distribution in relative units and the scale of the
right-hand ordinates represents the cumulative
fractions of the distribution, as % by weight of dry

matter.



16

out with sea water,
Tabl e 12 Constituent Content by weight (ng/1l)
-18 980S042 650 5 The results of the nechani cal

given in Table 13: Table 13 Density~=T0 Triple | eachi ng(
kg/ dm ) 1st 2nd3rdpHCr (V~ ) (mg/-)pH ~Cr_ (M) (ng/ 1) pHC (V1)

(ng/ 1) 1. 251G, 8<0. 00210c0 0028 9<0. 0092Pd° (£d <0. 005 mg/ 1: Cu <0.02 ny/l:
T Sea Wat er

<0.05 ng/|;
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20

grvenim Pb 950 mg/kg
Organic matter 157 g/kg

CaCos 118 g/kg
Water 1 kg/kg

Example 1 (not in accordance with the invention)

Portions of sludges corresponding to 1 kg of dry matter

(i.e.

containers and calcined for

2 kg of crude sludge)

were placed in terracotta

1 hour at a temperature of

600°C (starting furnace cold, raised to 600°C over
1 h). 10% of ordinary Portland cement, i.e. 12 g of
cement per 108 g of calcined sludge, were subsequently
added to the calcination product. These samples of

120 g were then mixed with a sufficient amount of water

to produce a plastic paste,

i.e. approximately 55 ml,

and were run into polypropylene centrifuge tubes with a

diameter of 37 mm. After 28 days,

were removed from the

specimens with a height o

produced therefrom with a diamond saw.

the faces and dryling at
two days, the densities of
Finally, the samples were

leaching test defined above.

measurement and of the

Table 2:

moulds

leaching test

the solidified cores

and compressive test
f 40 mm approximately were
After dressing
normal temperature for
the samples were measured.
to the “IL”

The results of the density

subjected

are given in

t he conposition of which is given in Table 12.
' Nal0 560FC380Ca380Myl 270C
and |l eaching tests are

Zn

ng to

a | ake,

ter

a floc
t he
a

i s obtainedg Eagkgonp05|t|on of the



Tabl e 14 Cons~i ~uent Content by wei ght (by weight of dry matter) Cd2
g/ kgCo<3 ng/ kgCr 24 ng/ kgCus9 ny/ kgNi 11 g/ kgPb395 ng/ kgZn590 ng/ kgOr gan-c
matt er 100 g/ kgCaCOs570 g/ kgWwater1 500 a/ékg 10 15 Exanple 10 (in accordance
with the invention) In this exanple, 7t Sanme procedure was carried out as
in Exanple 8 starting from sl udge renDVfd roma | ake. The results of the
mechani cal and | eaching tests are gi@% $n“Tabl e 15: Table 15 Density"TL"
Tri pl e | eadhing(Kg/ df8) ISt Znd3r dp ngl ) pHCr (VI I'T)pHC (VI
) (ol 1_)1.C5E??e_g%£ Y00211. 2<0 nn?1r%£r%.\%égzp§8 %E‘ﬁgﬂén@és Hé”(;ngw)g .02_(
Pﬁ/l; Ni :p.Q?g¢gﬁ?h|Zn <04Q?;ng/1% - 18 2¢kxanmpl e {11 (|n:ﬁﬁ£ordanc$ mntg
e inventijon n 'S anpl . e, T heg same grocedure ~rr carri out as
in Exanpl e [2 except that™the C(ra(ivc%t’nati (?ﬁewas agﬁ)ed ouP™f or é‘ﬁgﬁrs at
775C and trat no hygkau-is bimmmMUmas added. mhﬁﬂneSUIys cf_theglbaching
test are gijven ifeg FEL@_&G Lﬁpﬁﬂﬂ shqw_%he eﬁﬁqy}entnigeﬁtln% %b6the toxic
subst ances:—TFable—16—benstty—H—Tr+pte—teachinglkgt Ist2nd3rd

Ko St=Zh
(mg/1)Pb (mg/1)pHCr (V1) (ng/l)Pb

Example 2 (in accordance with the invention)

5 In Example 2, the same procedure was carried out as in
Exanple 1 except that, in accordance with the
invention, 29.5 g of 85% by weight phosphoric acid per
1 kg of dry matter were added to the dry matter, the
homogenization being provided by a hand mortar mixer.

10 The results of the mechanical and leaching fests are

given in Table 3:

Table 3

|
Density “TL” Triple leaching j
(kg/dm®) lst 2nd 3rd '

pH Cr(VI) pH Cr(VI) pH Cr (VI)

(mg/1) (mg/1) (mg/1)

1.24 11.6 0.028 11.5 0.002 11.4 N.D.
5 The sharp decrease 1in contamination by Cr(VI) is

observed. In the third leaching, the amounts are not
detectable. Contaminations with lead are undetectable
by this test (< 50 pg/l).

20 Example 3 (not in accordance with the invention)

The same procedure was carried out as in Example 1 but
replacing the “TL” test with the “NEN” test. This more
stringent test makes i1t ©possible to demonstrate

25 contaminations with lead. The results are given in
Table 4:



(mg/ 1) pHCr (V1) (ng/1)Pb (ng/1)1.1412.70.0870. 1l 2.80.0230.112.80.0150.09 15
(Cd <0.005 ng/l; Cu <0.02 ng/1; Dli <0.05 ng/l; Zn <0.09 ng/1l) Furthernore,
t hese sanpl es proved to possess a high conpressive strength of 13 N mi,

despite the absence of hydraulic bindel2 20 This exanple illustrates the
formati on of pozzuol ani ¢ conmpounds during the cal cination at higher
tenperature of sludges having a hi ghT&®dhteht of calcite. - 19 I''T T
TT~TC 1. Process forTenderit_=~ WEﬁrr’siud g %1) conprioing_ﬁeavy tal s
and organi ¢ wat 8¢/ hccérdi WG7tle Wi eh(R&el5 sPBddEd/d )subj e¥t8dO10 |a
calcination (6) and mxed with water (8), and the resulting saxéare |(11) is
subjected to setting and curing, c¢haracterized in that phosphoric acid ( 2

) is added|to the sludge before the calcinatijpon stage. 10 2. Bldcess
according to Cloalory 1, char cigrl zed |?) tof%at al hydéa&lél c binder, (9) Ils m xed
with the product of the calttnation (7)."~5 3. Protess ag¢cording to |Caim
2, characterized in that the calcination tenperature is greater than 500C
and |l ess than 800C. 4. Process according to the preceding claim charac20
terized i n Examplte Lalici matdoordararmperidtiurtd g singrasdtiean)t han 550C and | ess
than 750C. 5. Process according to any one of the preceding clains,
characterized in that the calcir_ation is 25 carried out under _a controlled
nonoxi di 2~nd P§t iFEpheP EOC IR oS s CacEerdi Myt Ay oh&¥2BPLlel ai RET2 to 5,
characteri zedgdimdital tise W19 mads ofh At anOWEN by v ght of hydraul i c

bi nder of greater than 2 ar_d |l ess 30 than 200 of the product of the
calcination. 7. Process according to any one of the preceding clains,
characterized in that the setting anflalthe Guring of the m xture are carried

out at its Hnal—35—stprage—site—6—Process—according t'T the—precedi ng
claim characdefigét) i nGrhadmat/He fidal (Y6 Age PHi tledi/d )a | di SNisBdOguarry.
- 20 added
(rl)
0.05 0.13 0.06 0.13 18.3

10 The results recorded in Table 5 show a very sharp
decrease in contamination with lead by virtue of the

treatment in accocrdance with the invention.

Second series of tests

15
In Examples > and 6, which are described below, sludges
removed from another canal were treated. The
composition by weight of the sludge is given in the
following Table 6. The particle size distribution of

20 the sludge is illustrated in Figure 3, in which the
scale of the abscissae represents the diameter of the
particles, the scale of the left-hand ordinates
represents the particle size distribution in relative
units and the scale of the right-hand ordinates

25 represents the cumulative fractions of the

Q

distribution, as % by weight of dry matter.



9. Process according to any one of the preceding clains,
that a reducing additive is incorpo rated in the mxing t~, | ater

7

Process acc
reduci ng ad
of the prec

ording to the preceding cl ai

ditive ,-s sodium sul phite"

eding clains, characteriz
Fikio

5
characterized in that the

"11. Process according to a
%hat the sludge is conpose

characterized ir~

10.

ny one
d of

sedi nents origi nati ng fromthe clean of waterways. . Ay!
y. A@e. A AfAyT. +Ap. AaR A~TA Ay. A A, A A% vvvFIJ #7860 § : <
8: x}{vql gb]iX] ca] ca] ?8]‘8&&? ]Sca] cal] c™a] ca] céfca]eca g]lgafca] calfca] ca]c
a] ca] ca] ca]{ca] ca] ca] ca]c”a] ca] c: a] ca] cRal W@ weight Of dry matter)
29NONd} xsnijd_Z] ] ca] caj ca]j(aa] ca] ca] ca] caj ca] ca] ca] cgj cﬁ]p@gl ca] ca] ca] ca] ca] ca
] ca] ca] ca] "] Cﬁ] ca] L,G.J carcar L,d.rcaj m] ca EJE|L} =EFm
Y[ amm~} xsni|d_Z] ] ca] ca] caFea] ca] ca] ca] ca] ca] ca] ca] ¢ da/c&d ca] ca] ca] cla] ca] ca
] ca] ca] ca] ga] ca] ca] ca] ca]:ca] ca] ca] ca] cal\ 9%; 270, mg/ kg,
STl R/ 3ovHSkxsnidZ} fcalcalcalcalcalcalcalcajcalca] Ua]cerd]ca]caTCdjca]Ca]C
a] ca] ca] cal]lcal ca] ca] ca] cA}cal calcalcalcalcalD F \
= q#s####l $k$$$7‘M/@<@{N&X&b&d& 150 mg/kg

" (}xsni d_Z|ffcajtajtajcajcajcajcajcajcaj ¢ajcajcajcajcaj cajcajcajcajcal cal caj
ca] ca] ca] calcal ca] cal ca] 8] ca] ca] cal (& {u((((O)) PEP+IPYYXP) ) ** E*E*a*lb* | * nt @
, C,,,--}xsnid_Z]] calgahea] sakealca] ca] ca] ca] ca] ca]xa] cga/]}@ga] ca] ca] callca]ca]c
a] ca] ca] ca][caJcaJcaJca] a] cajcaJcaJcaJcal SOy 1 T(N)Yo
0000ULZ1] 1]422L344}4¢sm5§3:§_‘]_ca]-ca]—ca-]—ca] a] ca] ca
] ca] ca] ca] ga] ca] ca] ca] cajc@] ca] ca] ca] ca] ca] ca] ca] cid A+, 14A4(A44

55j 5555556
B808y8e9: : :

cal ca] ca]ca

FFFs G|

HH]mxmmAﬂd

a) ca] ca] ca]
EPPPQQQ~yt 0

*6gbr 6t 666@x 77777887/ 888zupkfal Wca] caJcaJcaJcaJ caJcaJca] ca]ca
U] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 88
ExamnlE 5 <inod<=tre a2 AGHEP@he invention)
A{ val gb] W c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

a] ca] ca] ca] ca] ca] ca!
his example, 'starting

] caU]Cc

ca] cal ca] ca

AR 2R

i Eraked

cal ca] ca
calch LT

| HHHHHHHI 1 |
&) ca] RRY c A&y

from the sludges with the

cHICa] 2Rl eq] £Ag]

AGAUA\ AAAAAKBL BnBuBBBCCVETE\ EEEEEE

&@J&a@]tpﬁlr@alﬁahﬁalﬁal eab cal ¢a] cted cakgrl cMsadsalcalgal cal cal c
léﬁnwm FKKKK&N- NSNNQ' OO0 P

calcalc

a] ca] ca] c*alavalure] calfcalioajeal ch"ca] ¢d]ncalc alieadQQVRRREST b Fe TRUs YUEMVVVVE W

VW XX#Y&Y) YaYQYYZZ~yt o C ca] ] cal ca] a] ca] c"aj ca] ca] ca]
ca] ca] c"a] c% gua&] cZCa]]Eye ﬂe_%%a]%a] Cgala ecag]sga} J ] ca]ClgéaﬁC)ZOZXZZZZZ[ ["[a[[ll
IS U 1P $n Anan | wr mhb] Xj d ZU] c] ca] ca] c’\a] ca] ca] ca] ca] ca] cal] ca] ca
] ca] caU] ca] cal] ca] ca] c"a] caj ca] ca] car]gg] ca] ca] ca] ca] ca] c”a] ca] ca] ca
[ " Naaaa8hybbbcddd%e, e9egg# Ak k | wr mhb] Xj d_ZU| a] c”al ca]
ca] ca] ca] ca] sahsalgal ca] ca] Ca] ca] Ca'yJLG Trlple leaching
a] ca] ca] cal|ca] ca(]l%a] ,a] cajcajcaj ca] ca] caj ca2| cajca(C Tyt 109%& () -1y
'lO‘V(GG&'()-@}G%// 0% At 10 - @y %g,-()_@, 3rd
' 10% () - @BDFI " zX6! d) vy ) ! e |(er (VIOYR! () pliy! 10% (vI)
(mg/1) (mg/1) (mg/1)
1.28 11.4 0.27 11.3 0.039 11.3 N.D.
Example 6 (in accordance with the invention)
15 Example 6 repeats the conditions of Example 2 but while

also increasing the amount

of hydraulic binder used:

18 g of Portland cement per 102 g of calcined sludge

15%) .

(i.e.
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)1 109
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10 10'y5! 1098SEF 1Y L1 100@ () -1~ 11 M%‘HH
& ()-' 3! 1(P°/(&g(/)dm3' ~S! 100/&'](5)1: &M 10% & () Ad&M 10%p& () - t3¢D% & ()

1t 10 100.1109% ()F '~ 1109 () -
pH Cr (VI) pH r{(VI) pH Cr (VI)
(mg/1) (mg/1) (mg/1)
1.26 11.4 0.15 11.4 0.02 11.3 N.D.
The sharp decrease in contamination by Cr(VI)

contributed by the treatment according to the invention

5 is again observed.
(in accordance with the invention)

Example 7

the
while adding,

In this example, conditions
10 repeated but
calcined powder with the hydraulic binder,
weight of dry matter of the sludge)

(reducing agert) .

of Example 6

were

during the mnmixing of the
0.25%

of sodium sulphite

(by

15 Table 9
Density (kg/dm?) Cr(VI) in the first
leaching (mg/1l)
1.28 Not detectable
It is found that, following the addition of the
reducing agent (sodium sulphite), Cr(VI) is no longer
detectable. This confirms that the rendering of the
20 r(VI) inert has been strengthened.
Third series of tests
In this series of tests, sludges removed from a port
25 were treated. These sludges comprise sea water. Their
toxic and/or heavy metal composition 1s given in

Table 10.
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5 In this example, the same procedure, but starting from

0%&'() >$‘>?>@P@i?

sludges having the composition specified in Table 10,
was carried out as in Example 2 except that the
calcination was carried out for two hours at 625°C and
that Dblast furnace slag cement (comprising metal-
10 lurgical slag) was used, so as to reduce the Cr(VIi).
The resuits of the mechanical and leaching tests are

given in Table 11:

Table 11
Density “IL” Triple leaching
(kg/dm?) lst 2nd 3rd
pH Cr (VI) pH Cr(VI) pH Cr (VI)
(mg/1) (mg/1) (mg/1)
1.25 12 <0.002 12 <0.002 11.9 <0.002

15
(Cd <0.005 mg/1l; Cu <0.02 mg/l; Zn <0.05 mg/l; Pb <0.04 mg/l)

Example 9 (in accordance with the invention)

20 In this example, the same procedure was carried out as

in Example 8 except that the leaching test was carried
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separation;

¢ the resulting sludge 1is subjected to pressing
through a belt filter until a content of dry matter

5 of at least 40% is obtained.

The composition of the sludges is given in Table 14.

Table 14
Constituent Content by weight
(by weight of dry matter)

cd 2 mg/kg

Co <3 mg/kg

Cr 24 mg/kg

Cu 59 mg/kg

Ni 11 mg/kg

Pb 395 mg/kg

Zn 590 mg/kg

Organic matter 100 g/kg

CaCOs 570 g/kg

Water 1 500 g/kg
10

Example 10 (in accordance with the invention)

In this example, the same procedure was carried out as

in Example 8 starting from sludge removed from a lake.
15

The results of the mechanical and leaching tests are

given in Table 15:

Table 15
Density “TL” Triple leaching
(kg/dm?) lst 2nd 3rd
pH Cr (VI) pH Cr(VI) pH Cr (VI)
(mg/1) (mg/1) (mg/1)
1.05 11.2 | <0.002 | 11.2 <0.002 11.2 | <0.002

20 (Cd <0.005 mg/l; Cu <0.02 mg/l; Ni <0.05 mg/l; Zn <0.09 mg/l)
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Example 11 (in accordance with the invention)

In this example, the same procedure was carried out as
5 in Example 2 except that the calcination was carried

out for 2 hours at 775°C and that no hydraulic binder

was added.

The results of the leaching test are given in Table 16

10 and show the excellent inerting of the toxic sub-

stances:
Table 16
Density “IL” Triple leaching
(kg/dm?) 1st 2nd 3rd
pH |Cr (VI) Pb pH |Cr(VI) Pb pH [Cr(VI) Pb
(mg/1) |(mg/1) (mg/1) |(mg/1) (mg/1) | (mg/1)
1.14 12.7) 0.087 0.1 |12.8] 0.023 0.1 |12.8} 0,015 0.09

15 (Cd <0.005 mg/l; Cu <0.02 mg/l; Ni <0.05 mg/l; Zn <0.09 mg/l)

Furthermore, these samples proved to possess a high
compressive strength of 13 N/mm®, despite the absence
of hydraulic binder.

20
This example 1llustrates the formation of pozzuolanic

compounds during the calcination at higher temperature

of sludges having a high content of calcite.
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heavy metals and organic matter, according to which the
5 sludge is subjected to a calcination (6) and mixed with
water (8), and the resulting mixture (11) is subjected
to setting and curing, characterized in that phosphoric

acld (2) 1s added to the sludge before the calcination

stage.

10
2. Process according to Claim 1, characterized in
that a hydraulic binder (9) 1is mixed with the product
of the calcination (7).

15 3. Process according to Claim 2, characterized in

that the calcination temperature is greater than 500°C
and less than 800°C.

4, Process according to the preceding claim, charac-
20 terized in that the calcination temperature is greater
than 550°C and less than 750°C.

5. Process according to any one of the preceding
claims, characterized 1n that the calcination 1is

25 carried out under a controlled nonoxidizing atmosphere.

6. Process according to any one of Claims 2 to 5,
characterized in that use 1s made of an amount by
weight of hydraulic binder of greater than 2% and less

30 than 20% of the product of the calcination.

7. Process according to any one of the preceding
claims, characterized in that the setting and the
curing of the mixture are carried out at its final

35 storage site,

8. Process according to the preceding claim, charac-
terized in that the final storage site 1is a disused

quarry.
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