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PARTI CULARLY OF SLUDGES DERI VI NG FROM WASTE WATER DEPURATI ON The
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fermentation, both of the organic carbon fraction, which is
oxidized to the stage of maximum oxidization (CO;), and of the

other essential components such as nitrogen, phosphorus and



3 account of the very high mcrobial charge, and for the environnment
because of the mal odorous and toxic exhal ations, the pollution of the
surface swpI2011d3esspol | uti on of even possibly deep phreatrce/Bzueneiesbl e, and
t he accunul ati on of biotoxic and potentially carcinogenic heavy netals in

t he vegetation (food chain). Furthernpgpe, the soil becones a repository for
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and continuity of supply of large quantities of organic material to treat;
it requires the use of good quality biomass, with a high I evel of |ower
calorific power (LCP), preferably including vegetable matter with a high
organi c carbon content. Although usable, the technology is not really
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Canni bal i zation, a technol ogy usable only for the treatnment of excess

bi ol ogi cal sludge, is an alternately oxidi zi ng/ anoxi ¢ bi ol ogi cal treatnent
carried owD20n/wBhksoexcess sl udge recircul ated bet ween t reThBTI1G/024 8

oxi di zation tank and an external unit with anoxic activity. Wile on the
one hand it appears to be a clean techgology froman environnental and

heal th poi nt of view, besides being an on-line process on the site, on the
other hand it enables a relatively nodest (40% reduction in excess sl udge.
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t oget HerealteN s nBFFEEVEdantaX | BSN0NaZASAGARI cSPRF it y WRIStEeul SPRS1 T 1B
(11, donifbihdeadl ot Nl U3l Lsh 2L CodmBidy 269Nk sRAl yaleald ol yhesecadded
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depur ated waste water. The m xed process (chem cal - physical +

bi ol ogi cal or vice versa) is applied in a smaller nunber of cases,
specifically when the incomng organic charge is particularly high, or when
the pollutants present in the waste water are poorly biodegradable; the



The excess sludge, classified according to the current regul ati ons as
speci al waste, depending on the content of elenents classified as toxic or
har nf ul pwe=entossiserein, can in turn be further classifiPew/BH10/002)18

hazar dous special waste, if it exceeds the maxi mum permtted threshold for
t oxi ¢ substances present therein, or (4L) non-hazardous special waste, if
it does not exceed the maximum permtted threshold for toxic substances
present. WO 2011/ 036550PCT/ 1B2010/ 002418 8 The sl udges produced
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way as gll t he ot hkgr %Ivaste. £ . Si Tgedif:rﬂ &he current state of the best

t echni @ ?gklﬁ%\s/m t—e%lg © bs%%%%%rﬁ)caﬂly aﬂvan%ageous process has yet been
found for rmusiegatisswaxeessoskddggy,i tis d.nevidiatdeatdiceposal whsta with
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choi cesrbamh beasteer Pnef tash ik | gavbignsbovhngisdrd twith netessaeghnoldogpose
of the,toxjc wastes renmaini fromthe treatnent of.the st.e with other
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and sewagechleprksentsyls t ¢PABsdf efbrom c lispactsa heexpeygesendabi t agdtry
inthe entire fycle: inefagbﬁtit accounts for nore than 50-55% of the
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and hegl{h; prObLeMRy; scomeodin the Lhghtpy Quide; ahovg dilvegemegyicdenhyt hat
t here %sélgl neceszi tylstcoonhé)ve avai | aﬁ?e %&%ﬁ oce}ss vvhli th iVS capalgl e of
sati sflyangradhst bdageeds pusd ipmidiatest, dandnof Yreowiadiompuat iat,er whtiche

whi ch i s not onl xtrenmely effective, but, also an,imroyenent, hoth from
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and leads to production of methane and carbon dioxide, generated
by anoxic fermentation of organic carbon. This technology 1is
more suitable for the treatment of scrap woody vegetable
substances and animal excrement from intensive farming, at a
high titer of organic carbon. Furthermore, although this process
enables a sizeable production of alternative energy (methane),
even from scrap material and waste, with limited running costs,
on the other hand this technology is only theoretically simple,

and turns out to be problematic in operation, bringing in



superior cheapness of the process; total absence of ecol ogical,
envi ronnental , hygienic and health problens caused to the surrounding
envi r onmew,20ts635esi dent popul ati on, ani mal s or veget aPconBzmaoiaey ef or e

to the food chain itself; total safety of personnel enployed at the
pl ant; agronom c enhancenent ofsany exhausted residue which may be
present at the end of the treatnent. In particular, the process of

the invention is applicable in numerous fields in organic chem stry,
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end of the process, the residual material, in the formof an insol uble body
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i nsolu st ances enerally veget ab can I m nat si npl e
filtratosmsor sedi ment at| on or nechani cal pressing; d) said exhausted

F:tmg“gg'v’erxﬁ“ ch %%&{geover LLgmthe progess, \with referepce to the

i dentidi edases 30516%@&@@1188@135:@% wass e anWid i character b8t Hes1i6§NRhykne
wi th what the regul ations specify Tor conpostabl e waste. Said material is
t hus irliictak ul Ihradasing f ofcaggisfon eUpur p¥ses.the excess  sludge

recirculated between the biological oxidization tank and an
external unit with anoxic activity. While on the one hand it
appears to be a clean technology from an environmental and
health point of view, besides being an on-line process on the
site, on the other hand it enables a relatively modest (40%)
reduction in excess sludge. In relation to the results achieved,
in any event, the cost of the treatment 1is high and the
operation of the technology is fairly demanding, especially if
the high fixed investment required are also considered.

Finally, ozonization is a technology usable only for excess
biological sludge, and consists of a powerful oxidizing action
performed with ozone (03), produced on site from a suitable
electric arc ozonizing apparatus acting on air or vaporized
liguid oxygen. While on the one hand this technology is clean in
environmental and health terms, and is operable on-line on site,
on the other hand in this case too the reduction in excess

sludge obtained is relatively modest (40%), and furthermore the



An aimof the present invention is therefore to provide a process which
makes it possible to overcone the limts of the solutions according to the
known t ecwochogpesmnd to obtain the technical results de®criibzdo/aizeise.

A further aimof the invention is that said process nmay be inplenented with
substantially contai ned costs, both asgregards the startup costs and as
regards the operating costs. WD 2011/ 036550PCT/ 1B2010/ 002418 Not the
| east of the ains of the invention is to create a process which is

subst apds@l by shBphecasarwe andiphd@bhegh in reAtGdlctl N toha kebalts
aspect, therefore, the present invention concerns a process for waste
di sposafhiqreedn esrprigédy if thepddimdy nf eedn lavegtoerdi 2 ¢ hsRM oRYSi s

of the,jhcom ng: (charge); perform ng an al kal i ne oxidi zi ng
hydr ol?/lslgl(g %%N?h%@%%(?goi ng mass fromthe acid oxidizing hydrolysis;

chemi cal | y Tondbhicdnengnt he:teut gegagivessifdeomiifleetal kahahe caxi diei hgld

hydrol ysis by t dit | f .d t; t] di ssol ved
resi e Y SEE BRE: SbRtlracelPl e S o SERELS e 8, AP HPBLERE
I nventéofedt £2 BPECicthi eghé n fiolttasueeesst Ve vdenemiaits ChRiGE aitacbrdttedt he

present description. The efficacy of the process of the present
i nventivke i shevatBasPherenayhdRBwRVELsdlife daye haan ctrwnrd ytefPectP¥ecin

the degtr y@ga e rsgucécgféagcﬁe%ﬁweek ofi Acv@p) uyIRen eS¢ appLapd(;ek

;
wast e and xcess soli I qui d substances, which are classified as
speci athevaséee bofly glamriganiy oragped bspmthiendsi rednpf EX; randonf syabegani c

and/or_ m xed_ origin, and also af natural rtificial or synthetic origin.
The pridf¥sd BBet &%Oépﬁ' eggﬁi"lﬁﬁvelﬁﬁrolﬁ?l%ﬁ 68%%5388?& calﬁyea:rﬁogﬁﬁ'g%?g f or
the trgadmeitcofh jaalbomast epaany , i ndpekiheuler @hrsbudgeceepbyitgohl om

t he depuration of waste water, can be applied to the treatnment of a huge
range RPLyRRI@rORIRICRSLS by Fydpof EXBAPFe (WHi)chand ot xRSt R9EIABE Gani ¢
fract !If?fc%péﬂﬁ%aﬁwﬁn_m eugﬁgkw e e dyom i %%usggb%npr pEE$8k Y
organi ¢ scrap and trimm ngs fromfood processing; vegetable water from

m || ingcadaeiap, f Leadgr ape,presse ngnpr eddss;s) .acehé f neghitdwepreaiasst andn
fermentation and gl coholic distillation process:; per(éol at e fgom%anélf'él | ;
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Vm)201§éQ§§§50F531é£ﬁﬂé@6992418 stédies, carried out in Italy and
elsewhere on the populations and surrounding areas of sites in
operation.

Finally, due weight should be given to the ecological-
environmental consideration, that said rapid disposal processes
release as a by-product of the ©process a special waste
classifiable as hazardous, since it is made up of inorganic
salts of heavy metals and of their complex derivatives, such as
chromium, manganese, nickel, «copper and other transitional
elements, for which, at the present moment, no other ways of
safe disposal are known except for landfill.

Besides urban waste (SUW), another sector producing a major
weight of waste of organic-biological derivation 1is that of
treatment of polluted water (waste water), of both urban and
industrial origin. In fact, in these processes a considerable
guantity of waste or excess biological and/or chemical-
biological sludge is produced, which is inherent and impossible
to eliminate and whose qualitative and quantitative composition

is variable, depending on the depuration process from which it



resi dual waste fromwaste treatnent carried out using other technol ogies,
such as for exanple: production of biogas obtained by anoxic fernentation
of organiwof2pnaaBsINSs; i ncineration of SUW pyrolysis of POTgRMIlE0G2AECt | ONS
and so forth. The process of the invention offers the notable
advant age of successfully breaki ng down, chem cally denolishing,
structurally transform ng, dissolving and finally reducing the wei ght of

t hese special wastes, in sonme cases to the point of elimnating them
conpl ed&hys . pigf epabl v h thesadge skkatasnwhead heysAr&adh odeerdolbgy
particular, in the case of the disposal of sludge deriving fromthe

depur aademted, washepwadEce tthedbfbreaRt ageat dibig and tdaPrdsentt | R¥ERESoN
can ad ng $eously be continuously perfornmed and be integrated into the
sanme depurafion cycle as the primary waste water treated on the site. In
this way itThe pedsiniloalt-@hglsimaiat edepstatand ripkscesnnegiredludesh t he
habi tual operations which acco ny. such wastes: _handl n i nternal
novene‘?ﬁ?alfjr%ﬁlsrb%?(ﬂ?ms?o‘?ﬁ@%,ssggiﬁggﬁl' @F@.en,&lltaélﬁatl?%ef y,ptﬂ]&: bV%E%ESdcan
be perfgrdred-despeEi a1tk eatiBNie i t @sambet eetheovast gsranbe t peamnedyconme
from ot her production sites. The gr ocess according to the present

i nventforcomkartst (Baesi biBlto éboa n(hIfery adayked YWedgettsn Leth i aAnfhe
wei ght t he vol st rgaj n re Nty ol i aple,
ef fect$ v%?dr‘le%o|po°8%%g§e,‘9{ﬁ/‘%lﬂgtn%% gaa@n&q%tqgr f/t%angmgggr‘{tgm gglgen%%%%?@la%wﬂ The
pr ocessedfmétea pr@sephabavemhicorgvd taddhequaneitys ofardlicidearpyodise¢d| band
advant ageous when there is a need to tr aft S V\B.%& g{waste wth a Io%/.
degr e 83 S%i BHRGFR8SPI 1Pt ¢SEEAD % %rlg Qegﬁe ar dA T 5t PRr of UPLC
so- cal}edre hgedyakic € wRicd! agi&Ady, rost SEaRt JreSyoM hat ifueh semMosyy/Aetic
substances, which are hardly or not at all biodegradable. In particular,in
conparis oo t $petiahesetherst éehdiol gpes, khowh, afdatargeasdy)in use, the

Bt into. Wb 2050} SabsebpeiPERbo1 0 onsrte Ty PR o RELOgRS el e
of exhatgdmn, cheeasselubgepl anitth sa cesgdcoppllex compodhuridrer npae; of
dependi ng on the type and origin of the \égste reated, at the end of E’%\lzich
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is not furdibes neducibl s, wliehe, s §éassiiiabl@msindonwhazar gousospastal
waste", wth characteristics conplying with what is specified for conposts
by t heurDets ed gdfy qoperoMleriinstler 2bfl tHeo IRy i fdApERE o 15/52/,980f Mviiiisther £aP

Decree_no._ 186/ 06_and. Legj sl ati ree,; 9 - apgd
dec! 1 Bt 01 1ar B To0b P RkGFRC dRu S00TErs e r PO EREL B 20
i f thelgcseimy N6rgasdti dhaegiedudcdl) tdred end ebttihetedeatnmenterdds stoebedue
is utilizable as a soil inprover/fertilizer which can be spread by

fertirtigM o dideRHIaF 6h WS35 %ol | owi ng what is established by
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t he production of bio-conpost; product di sposable as waste conparable to
urban vess®) is apFhee@r dgent |Fwahtsonnwmble ot beagesor | BRECL By CRay Yof
illustration whi.ch is not limtin ordin : re embodi

wher eiVﬁh?rﬁeglhﬁc&nqcr?émmr}agst%rgé%qﬁisl&st%gag&ésIlﬁgdgga%g%?\}?%gi?r g%%thﬁe ep{g?g%li on
of wastige watoeyl 1geraal | egréexaess shuddgele) wwhbtpartwatkar ragfer epoerfig the
drawings in the attached illustrations, in which: f': gure 1 shg\ﬁ/ a

bl ock i AYFAFRMMP LR i | HRRt rafRES t KO APEPdnt 1§Sag BT oG Brécebdd

accor di ng; 1191 & hen Br esept sbpyepdi of1assiriabibgure 2 shows a di agram of
reaction time, expressed in mnutes, versus pH value, at a fixed

t enper at ur €Tl ZCesh tHarchrs d oXiadisZifig hy dicsiopsiingt &ge dhet heupreéss

of thergggfggioﬁgvegélngecial waste, depending on the content of

elements classified as toxic or harmful present therein, can in
turn be further classified as: (i) hazardous special waste, if
it exceeds the maximum permitted threshold for toxic substances
present therein, or (ii) non-hazardous special waste, if it does
not exceed the maximum permitted threshold for toxic substances

present.



figure 3 shows a diagramof reaction tine, expressed in mnutes, versus pH
value, at a fixed tenperature of 70C, in the al kaline oxidizing hydrolysis
st age of wbeorewsss of the WO 2011/ 036550PCT/ 1B2010/ 0024AB2010/002418 pr esent
i nvention, figure 4 shows a diagramof reaction tine, expressed in
m nutes, versus tenperature 70C, in thg_ acid oxidizing hydrolysis stage
(pH=3) of the process of the present invention, figure 5 shows a

di agram of reaction time, expressed in mnutes, versus tenperature 70C, in
the al kal i mg,0x50{;8588 MRl s£6l agrihgHeakbureftitdie processofwaber,
present invention. The process according to the present invention
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represaid efb by 8BhUM aRd1 i ghspekasuhabowe Whoiceld, ulose dervyay i ¥yesen
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ot her Fubsttancles hhrheatr debditngrdon o Wyer apFhecard cderi vidt i 1Rst, 1t
Dyl O Ae ANl TSRl ! Bgan PROSDIDE BpK (8L valiYes, BRERO L Rifle
pol yphenoli'c derivatives, transition (so-called heavy) netals with | ower
val encyemunth @l dn ghhecesonmpounds of a reduci ng nature, susceptible to being

oxi di zed at_a higher valence in the reaction environnment; subhstances with
an oxi di zi ng- at®i Bllr:togéft?’\‘?é er’rrd“E\rzﬁal e?nlf‘eﬁ%?fiﬁ‘éhstglfa&r S an aﬁ??%@e\sl\q:
chlorigigduand dhely Yharicndeltirediddepreabhanamitngs) oandthBor gani éwing
derivatives (hypochlorites, chlorine dioxide etc.); oxidizing conpounds of
ni t rogespe@dsphdids amfwtinghurthas wWelit asc®tt maAdandseeatdom umlahd
ot her heayvy. transition LS. Wi [ \% nd; .an i dijzj -
char acr{\lenr%lxh%lrr?%t ﬁ:télre o ggh?%&; 3%] @1%*&%% 8!:888&38 dlr? t% Hébﬂgatlon
process; (iii) minimizing/eliminating the collateral ecological,



WO 2011/ 036550PCT/ 1B2010/ 002418 - 16 - and/or inorganic conpounds with an
oxi di zi ng character and capabl e of disturbing the normal activity of

bi omass; Wormt/aessof ul vic aci ds; all other conpounds kneem/Iazdo/a0ksown,
susceptible to nodification in the reaction environnent. There

foll ows a phase of al kaline oxidizing &ydrolysis, perfornmed for the purpose
both of hydrol yzing, by saponification, those conplex substances, anong
them the aglycones |iberated in the previous acidic phase, generally

bel ongimgi rddmevaya Df Sx@Pl eand ohéherk! gssesemsdi cat ed bel ow, and of
precipitating the heavy netals (transition elenments) oxidized at higher

val ence, whigsethsy ok bxhesfakBegeRrerslr| vt sgenso b th Hittagteete 1s a
envi r giue | C t .af sepa ul atii o
sedinenté%%%ﬂggnﬁh#iPFﬁéfiéﬁgﬁgfgg%?c%%o%%%ﬁ% %yhg&?gg a%%anga aF%ﬁk of

(- CO- NH:Y) i s Tywirpd erldel thk ameedst efinst  simpl aatprdt eians! (PEptrosw,idiept oass) ,
unti | tﬁ; rqulion %s ushed into ﬁhe 0 taiannt f%%f{ee a 'ng aci ds and,
final 135 §TRE A oRPACEt Hi% BRtuPPig S THE 1 Bt hBREI VP e BbE ekcedstlel y
prol onggshovaidier B8t He Feorp st ¢ Aieh Ueth Ngasynttheting] oy igaNni,C LeAPeUsas
saponi fiable with an ester link (- COOR); triglycerides of vegetable and
ani malthaat ecaheg bFe s, nbeahibr @irsﬂzé%ﬁortﬁmlcﬁn@obrag%i af| v isydr ARy et u$ ntPhe
previ . ACl ha vege : d imal..Rrhos p.desywi,Lh dj
nitri?#%ﬂﬁﬁggﬁfnaﬁﬁggﬁical aﬁ'f%? d???%?&ﬁ% fa?h?g icargb%rggﬁ%%ffgg£ed
phosphoreat s, vghosphenat etine phesphatisteyandmgesnd>and st m kaewn al kapide
oxidization of th | ucosi di ¢ and gl ycosi di ¢ conpounds; beta-al koxy
elimléiﬁQﬁ?%i;Rﬁéhﬁh%PQﬁﬁ%jn the progressive peeling of the ternina

gl ucosi di ¢ hal nssofc Hhecegt bt osetder yMathvahe WobTHt 868 idBRMAIR] Yto
oxi di zed to carboxylic nolecules with | ow nol ecul ar wei ght, anong themi so-
and netiEs a0 BttéEls; PhYPeRiBAdItAg PR idce et t @4 sl & YikFRasfng
the c e i al ine ag i:ncreasj v shly i ible
o cont mo e e o as g PP SARI af t RGP aSSart 3" Borm5anda ahi ch
have heemtfor med, wihwyariousrpossilide redaraowangerat s whirchnadg di 6fedul t
to contrql; any, WD 2011/ 036550PCT/ 1B2010/ Q02418 - 17 - other conpound
known t(ﬁcqmﬂgrﬂﬁi//ﬂrﬁs’su EeStTBE 1568 ol Fi c & ﬁ‘ i%ttﬁ8aF5§ctqr}ben gﬂﬁ?‘%ﬂ%nt.
The o @i thidrehargel figirdnen @l Ked Foec bydsel ysi s stage, optionally deprived
of any insoluble nmetal hydroxides which may have separated fromthe |iquid
phase as bett 6MPgEdOr bedfBetdwenesst heh sidfecind tide stedgdtof oéhekieal
conditjoning. It has been noted, in fact, that a reduction in the pH froma
val ue '0f° about 11.0-12.0 at the end of the al kaline hydrol ysis stage to a

val ue bet weersuperiand chéamods ceabl tthe provess bot h t he
coal escence/f|l occul ati on sta and. t he speed of, sediggghation of the fi,nal

exhaust ed, 1 .80t%hr 8REEBEE Hsi YrR M T2t t REVIERBYS 't {9 4Eb1 UbfRd
met al Hydroxi 4esp ey ef esed her @l uagle unger 996 iyl Conv eebhmdnt} O the
desired val ue conprised between 3.5 and 5.5, with the addition of an acid
r eagertesigiasiterpebylabi phur peimeils, athicdoesahbenvandt itherefore §¢ 8haul d
be not this ghem cal conditioning is equally advantageous in the
event fﬁééfgﬁﬁﬁigﬁﬁie subsequent stage of separation of the undissolved
resi due, the sl tdafpte)l uaft passorene Y el @gedipst reaen phamely into the

depuration process which bs t he s%urgﬁ of the sluggss. In fact, w.thout
alr

this condi ti FFITPCTHe ERRAPESHEOrd Sndtph SEAUY RaidHTe BH Tal Y
(11. 0-pe2. e st et Wil ceitoPerisali t pdd ené@F . being recircul ated directly
into the tanks or units used for the biol ogical treatment, which operate at
a nuch | owem ppR¥BAgelatr ohe netReass t pland ehBVaNE§oBors | 3R bedhken
7.0 and 8ySnerous ALLSLS NG, CONGLLL ONEAGNILAG, e AR5 Passesolferalage
of separation of the Undi ssol ved resi due. Thi stage can be carried out,
for examplesstion,a skabibd 1Seditient abifonod hhkt evhersa tayy, urdisssol vedatmesndue
still repmi ning can separate hy decantation. The additjon of a cationic

pol yelB r oiY¥ e %gme¥urFﬁ§? a&%el@&%é?tlﬁ§ Tt i O 3T Aget B (3158
consi gefabi an enl e dhe ndidatdd e and oF zenhef thenmfibagksstputhereesaflye.
However, because of the very small anmount of residue generally present at

t he embfintant reatafent Gy&dedccor BicAGCtd Sthe | WkERL | onMuERe Woigher
2011/ Q36550 2010/ 4 - - ti i ion operation can be
supergrﬂ%%%§¥%ég$%l#é?ﬁﬁéﬁﬁé&?&éﬁ??eﬁ%?eégrggf%%ggégﬁﬁgéheaper to subject
the mass t wrd isigpltecbagcoel otheedkidekstofudtite atiemhncdegpreld nghtich  we
filtration techniques al ready known and in use. Finally,; as expl ai ned
above, there may possibly follow a stage of recirculation of the eluate
into the primary depuration process, in cases where the sludge is treated
on site. The filtered eluate, i.e. deprived of the residual unsolubilized
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Exanple 1. Detail ed analysis of the process stages To review now al |
the stages of the process in nore detail: the prelimnary nechani cal

br eakdowwetaga3e#n be perforned for the purpose of usi rRgTMBEhaNI28H

| aceration or defibring of the cell nenbranes to extract the |argest

possi ble quantity of intracellular liggi.d and, at the same tine, to
increase to the nmaxi mumthe contact area of the vegetable fraction in the
excess sludge, in order to better prepare the sludge for the subsequent

st ages, fe t €3LABBEd RFYowXanPhechi tadess POSSHblA tHeroseaddi@d athermal
prelimnary nmechani cal beating, which can be carried out in cold conditions
or, ewsstgaiqteion i fshmpleohderneasnbpasiont and wastigHiareBCBNa pRefeRabl y
at an.b%%-gqao cPegause Sheqqel didjed ol g endeateat! Yidiog J1oldheably.
al | owing eater nechanical efféctiveness 1n de |%r|ng and therefore
short efe tateiatgignt loingespeFhod aper atimen fapohe pd f aayed W theanyr&ooss
device (ball ml|, beater syste with gears etc.) and can,last froma.few
second9 4P sje%th? ﬁiu%l]teé?, Odép'grl?ﬂ%i Hﬁeﬁgnghén&?@é i Jr%t%%’%g%r%rf‘ Jf‘fr‘?éed

di si nt%@t@{ewqﬁ,%tmmg PeoPNSd StL£H6Y-OE: t he sludge treated. The
next stage of acid oxidizing hydrolysis is performed WO o

2011/ 03655GPCT/11B2@¢bemig241y - cxddizegr the Flrpode BAr hiEPBTHoPhiIthee

al rea iQre i id iro n It i r r.ahly d at
' ool T Ao eeed s nOFRA T ange DA T a6, bt e Er Ay bor bl D, 5
and 3.EetwHwn che¥ gends 4prefodr aldley dicatedt tor petimpend3dbhgamch LOOC quak ety
preferably between 60 and 75C), with nore or less mld nechanical agitation
(70- 128'% gnfRS%’ sufficient) or even sinple aeration. This stage can in
general |ag}) from 6Qyq8Q#H1NUL eSmoRk ef esabl yhdovwewal i as nlgongr AscPosE) bl e,
to be sure that total extraction of the intracellular Iiquid and total

hydr olnesiwsl tofng het vehet &vice ¢f otldet & rkak@cnikeriipldtetalrpeadildicey o7 t e
reaction _enviro i ndj fferent]| rovi - in gg@,{' / or
or ganiacquceoorlrlpsoun%m\?\nﬂ%%%gergﬁf fi g]:len Flaciteéf)éaatlg'tel oncf% %}ﬁ%ﬁlgﬂ%’emg%ur e J?/a%&qway
of nondgimity ngnidndictatlilon: bhbdagyalabogerdydrt s aciodp 1ehydyocdd oo tyed
hydr obr om ¢, hydroi odi ¢, hydrofluoric), ternary oxygenated aci ds of

ni t r ogéh,2 phEHhAIREE L1979 ogens; acid sul phates and phosphates of
sol ubl e al kgl izandiOregh kaki pRzeBrbReBBl akde HdMIRANH Ll SUIST i 1t el
organi c acids: oxalic, malonic, succinic, glutaric, adipic, tartaric,

mal i c,famd eiod, Bonaiieoliblei dodtetwhd Gnd Maal o§én-BEBSENT ut edPREESF ENI
benzoi ¢ _aci.d and/or substityted_w o] r cti i Ng groups: ..

ni trods,>su lp%&ri’f c, Ogul g*rt?aetrg, CAF %Q?/l??% p a%%ﬁcﬁlg% c, Hﬁ%‘iqgge%ﬁlydr ?Sc?ll'

sul phorajeathb1stll peatatiede,suipbolabed, fphwspliaratadn,phosphat atreso humdl e
phosphi t at ed organi c aci ds of al kyl benzene, aILHI%/I pqtelnol ,.al ky{3 and,
napht FHRSHENGFHenoPeRfd ailtly dBFPFREPVES, TR n§ tAGLE t&GhsPYt LT EBPIF t h

usual ctd Matid} F WRSimentat i OX&hA M-S Eastd 98 h§; preferably
perfornmed by inclusion in the reaction nediumof at |east one of the
fol | owi ng oXi dizichedyentised materiylbrbighamagxPpgen.e forowsanpy@n pyhe
insufflation with air, ln_larger treatypen . pnsuffl ati. h air
can bé)rroecp Seasdedvfl?%r r?ggggﬂgeoﬁoec%hneon{/?w%\j ?hggéﬁnlﬂbst%:éartoin%w%? |écfui %‘é
oxygen,ddragasidd ed assit e rMil-gcadardoxygen spea@mBbei d wawteOnmentwygtves
rise to a redox sem pair of considerable WD 2011/ 036550PCT/ 1B2010/ 002418
-20 - FGYEE T AT i hgCPBPt REP S ettt Bactiddn Thai €8P8dhErER, _Sé%ﬁfaﬁﬁ(ye P the
en;/! sagethddealentadi&e 8hiaxihditaig INUNEr Oxes SHbghaees Wil @ kegyceng
action:

for agronomic purposes.

An aim of the present invention is therefore to provide a
process which makes it possible to overcome the limits of the
solutions according to the known technology and to obtain the
technical results described above.

A further aim of the invention is that said process may be
implemented with substantially contained costs, both as regards

the startup costs and as regards the operating costs.



02 + 4H+ + 4e- -3 2H20Eo = 1.229 Volt b) Oxidizing agent of peroxide
type, organic and/or inorganic, anong them purely by way of non-limting
exanpl e: WO 2011/036350r gani ¢ per oxy conpounds: ozone, conmp®@cmaB20a6/0(2a180N
(perborates), carbon (percarbonates), urea (perurea), sulphur

(per oxynonosul phat eandper oxydi sul phat-g)i, phosphorus ( per oxyphosphates),

hyper oxi des, hydrogen peroxi de (H202), whose reaction in the acid treatnent
environnment can follow either the route of sinple oxide-reduction or the
addi ti on ofNéthethsygersat af thepeadmsg o tihe chaeactieni dts oo ofréhte a
acceptor, according to the reactions: H202 + 2H+ + 2e H 2H2QEp = +1. 776
Vol t HRD2ces21which »g.supbgkopbhadddi 6iBR1PeaseryRe and regigRdec conpounds
of peroxi di £ Chagacs er toperAaci ds R 095580t H) . AN A PEROXI @88 sent
(R-00-H), dialkyl peroxides (R00- R), acyl peroxides (R 00-00-00-R),
cycli cipeeniices, cororinies, any ptdeesper drirde; waste  digrpqsdrloxi dwbich

i norgani ¢_oxi di zi ng conpounds: conpounds of

nangancé%nel?%:hsr%“?ﬁ um i odi ne, fl uori ne, brom ne, chl orine, nitrogen, |ead,

silver, cobal per€ethify XaNoAcidr @xidielieny umydnasegehts oxygete hydpoxyl
radi cal s generated in situ by strongly oxidizing systens, anmong them Fe(Il)
+ H202W3Eent brP@T9@hcti on) or activation of persul phates with silver salts.
The total r-eaC;fBéPPoI:ﬁlﬂﬁ I s pot ixggaflliyecondiftdonedy byhfdeof el oW pg fagtors:
(i) strength of the am%lfyl ng reagent used; (ii) strength of the oxidizing
reagentutigethg (masy Noeki hget eapdr akidézimgehydrbligaée;of these factors on
reaction effectiveness.is shown _i.n_Figur 2 and 3.. (th er eto
t he al kal i ne o%*?%‘?%?%glﬁyd% ggitéo&lélge, t1hi s %ugceqacfln%t IFasé/!perif%&;nmd%Pl% a
medi una besi thenvox 0aEdhg pheliepakly si noiyhe i r angei tcioswpr i sed het weend8. 0
and 12.0. WD 2011/ 036550PCT/ 1B2010/ 002418 - 21 - Preferably the process is
conduc¥®¥emder gentle nechanical agitation and with heating of the nass

preferably 1o;between,40,apd, 190G 61pEg pPrsigrabl y between 60 and 75Q). The
al kalinity of the reaction environnent can be indifferently provided by any

organi ¢ andfwrtheror gdrd ma cmmpiciniccsv of atber opgdpyebasiace@atindn,taanthg
them for rgur ely indicative gur poses: dirciji dggsggeal 5gl iengggéor claims

al kal i eV @A ne?]é(?s;s%‘i%/bg %(Eled Yer ary gafFrs®Stdrbonat 8 s i caf'es,

bor at est t FosPhed eshe epLesent gaBsE€r cpPOLNAS Wit h basic reaction:

al cohol ates, etc. . The oxidi zing reaction in an al kal i ne environnent

i s producedty e€hdisemn t ahedds pPESEREE dIT afh6xi BFEFRGL ageMteR gt héSsane

type as,1hose. i pdi gatednion thecad d oddizdng hytd ol ySéBfective in the
destructive or reductive treatment of a wvast number of scrap
and/or waste and/or excess solid and liquid substances, which
are classified as special waste, both of organic origin,
sometimes complex, and of inorganic and/or mixed origin, and
also of natural, artificial or synthetic origin.

The process of the present invention, while being
particularly suitable for the treatment of special waste, and in
particular of sludge deriving from the depuration of waste
water, can be applied to the treatment of a huge range of waste,
such as, by way of example which is not exhaustive: organic
fraction of solid urban waste (OFSUW); water from industrial
processing; organic scrap and trimmings from food processing;
vegetable water from milling; scrap from grape pres;ing process,
acetification process and fermentation and alcoholic
distillation process; percolate from 1landfill; serums from

cheese-making process; sediments; sewage from cesspools; even



The reaction tines are conditioned both by the pH value of the environnent,
and by the working tenperature, as represented in figures 4-5. | f
heavy tramei2biln3esset al s are present in the treated sl udgel/1Btiieho2arse
general ly undesired because of their high toxicity, already oxidized in an
acid environnent at the upper val ency jhess sol uble in an aqueous

envi ronnent, a separation can be carried out of said heavy netals, which
are present as hydroxi des. The nolar concentration is that deriving from
the soredidbdy prRfuct fKaP) wavhesetvahtgehs fedihisdreditcedsanga berylkt of
t he nol ar concentrati on of hydroxide ions (OH4), which generate the,

al kal i feclonel edheent SUFheds TR0 URFdRBAIEEL e ektPheded gqstgined
Arect By Aldodic: ﬁarﬁﬂegrt@%i% the b@fé&m and-santodor difigrentahed,

di sposal . The mass resulting ron1t%e previous treatnents is then
condi t$@hedytmbies i srechanrgahiagf tatt dons bgndheoafldrthon of an aci d reagent
so that it reaches preferably a.pH val.ue of _betwe 3.5 a 4.5, This range
favours fIé@EﬁIBFPSESEnéﬁﬁh%M?iﬁgwe %&Q%Nﬁ%§%5 ggeaﬁf§§g¥ﬁw?gﬁan£age
undi ssef vedsnestgyeuliy anpreakingAft &jowegndi témstigal1yie massol ssEeny,to

t he next separation stage, carried out in general by sedinentation or

di r ect St WFena} b3655ePEFPIBRO00/ 0923981 Ving and | f1agibh. "AMIE T FBe
desir ceel e e edi sren LO hj i S NS
possi B2 (3T Lort T e aa C1n T s | "anantTiogs 57 & Sl e bet 7ol yt e
aqueouslsolndtiiomg them Abmprleseparat borferbblyesatuetimay sgmd osaltley be
subj ected to pressing, by neans of_usual  devi.ces, for the purpose of

ext r acti e t qxarSEgt %%%@?%?%'nght?Fft&Fqﬁﬁfér bPeseit éﬁﬁﬂﬁhf i ch'Py
separ adi 44 8B shuaybauslad iRpi fiten f PheseRPuRGthioh agr onostEe wWseeror,
because of the small final quantity, it can be suitably filtered in a bag
filterthe othé@cgﬁﬁilaﬁcﬁévgéég Al E0t he Bhet er RITIVEE ed, 1 HEERLFPBmM pFeBsi ng
and fr ' [ j Iy j e [ Er e ted,
ae i 1T ey | b e ., e S e e g o
t he i nvlent sanei sepandtdébad corwlexcesstis¢ udgemdryestlsyeowater st te@atoadwhinch

t he depurati,on of _the waste water takes place he e|l uvate can

advant o&éﬁf'bel?egﬁ?éhlﬁ?%dli fﬁef§ﬁﬁﬁﬁﬁﬁét%0ma? HFUOHAPLT ato5H S r 888 nent
pl ant @ssitde dJeERe PLILNAr yeMastieaped efl  \Wddradiicely | whéah becsbxgdnyor
it can be directly sent to the biological section of the same plant (active
sl udgesu@er eigisdtsison, hBnediiBes, HreeynabExapament pr §&a@ssprpiréld storagerhe
process. i o] i,nv i 0 t e he f.q l.ow ng

P e R Tt e G TR e LS L e e

bet wveespanialy andaexent f sdohesr ehbmrentheusiasg eished did owr et sd npdree Wer gt
formula:, Ro=1 01£Pi -Ps)/Pi = 100 (P, SST% - Ps) where: R%
repreé&ﬂ%ft?ﬁ?éﬁﬁ Mt age-%@i ght reduction of the total dry matter in the
excess sl udge sybirekad f8cbrgahgents Rhel sptbgemei ghivait tde miikdsal idry

matter;
possible to obtain a very marked reduction both in the weight

and the volume of the waste undergoing the treatment, in a
simple, effective, ecological, hygienic, sanitary and economical
manner.

The process of the present invention, furthermore, is
particularly useful and advantageous when there is a need to
treat sewage or waste with a low degree of biodegradability
(BOD), a very frequent characteristic of so-called “hard" (i.e.
biologically resistant) synthetic or semi-synthetic substances,
which are hardly or not at all biodegradable.

In particular, in comparison with all the other
technologies known and already in use, the process according to

the present invention does not produce and does not emit into



Pc is the weight of the excess sludge sanple subjected to the treatnent
test; Ps is the weight of the final residual solid, filtered, washed
and dri edwatolil3&sontil it reaches a constant weight; YOI/IB2010/002418

2011/ 036550PCT/ 1B2010/ 002418 - 23 - SST% is the percentage of total
dry matter determ ned for the excess sjsudge, by drying an average
representative sanple until it reaches a constant wei ght, expressed as

foll ows: SST% = (Weight of dried sanple /Wight of initial sanple) * 100

a) \Veight raguwdpidrd elenr edype tde dxphamaittiem, t besaneducthen plarites ikr om
a mninmmof 84%to 100% b) Weight reduction referred to the pressed
productlePPedneYfbPst shovellable state: when it is desired to refer not to

the reductigg.in Hierd ot Abpdhi el (el t(hTm%Eé't ah@ I ha ditf adr T eAUCHaQR el N

t he dehydrated shovellabl'e noi st mass (which after all,” in fact, is the
r e5| dubteatsd, t @thetldé sposedo bf )thebetzm@@sm tbl@@fesup@w ogendiai M ngoplewsr

(i.e. release of ree er) .of t xhaus reSIdue after.th
treat nent" JOJ?‘&’)arg ﬁ,atuﬁge ri gion Jtdeefces(% gﬁud'ée s thch™a a%d futrt%er
treat eﬂedﬁ@ﬂbﬁéfecwhyenesasof JTAYSiFZatI1en rises fionrns beraboye- spatianed

m ni mum of 84%to 92% This greater yield obtainable for the dehydrated
sl udgevagbfpar &d b t ﬁhﬁﬁéCt}?éPatét:at PTIRL Ybit "EhapBhet i ssPery ft§dve

attr'bP&ch5H%359§ab?thE'bﬁcﬂee oft @re W @esc i &£ OLRBt ELY 1 ObnkERE Wat er
rel eased, such that the dry matter content 1s considerably superior after

the tr2A2Neht . MinisteThese Deeselt sichavd ddkn arpeheets yatoneéi Paedeasinng t he
t f sl d | ab 1 est t d
dynam $502; SBEPRPed ode batH GIr o B oM - Enon 20pEM TE8rE Brtn

the vatoes/$pspgdcare in fact perfectly COI’ISI stent anong thensel ves, W|th| n
a maxi mum devi ation of 1% Actual ly, it has been observed that t he
yi el ds of tHeprbrE’s a¥edr dfngheset FemeAventd oiP ard B85 kdtedat ot BRI $1d

negligipl e gxtent by fhe Cogﬁe@r%yotﬁéb&ugxt ract aflig jorgaR ¢ substangg, 10N

the contrary they are affec e quantity of inert residues present
ori gi nahpyover{ hertibated r alwiwhst ecamat ebe Mspgepdecisel yfetrheretlf;et;uons

condi ti one t he pr.esence of no ral yzabl e or aonly | |
hydrol@%ﬁ%?téf%at &Fi altnd B?lﬁhe %@%@ﬁtﬂé‘ |‘fl|1é\?€ s&ﬁsta%ate 32 FHRC i nPY
soi |, vegesBbt eve WBe2GEY 0365507197, B2010£0024187-184 or as a product

resi dues undi ssol vedal i nent arycel | ul ose, crystalline ,
suitable for the production of bio-compost; product disposable

as waste comparable to urban waste.

The present invention will now be described, by way of
illustration which is not 1limiting, according to a preferred
embodiment wherein the incoming waste <consists of sludge
deriving from the depuration of waste water (so-called “excess
sludge”) with particular reference to the drawings 1in the
attached illustrations, in which:

- figure 1 shows a block diagram which illustrates the
different stages of the process according to the present
invention,

- figure 2 shows a diagram of reaction time, expressed in
minutes, versus pH value, at a fixed temperature of 70°C, in the
acid oxidizing hydrolysis stage of the process of the present
invention,

~ figure 3 shows a diagram of reaction time, expressed in
minutes, versus pH value, at a fixed temperature of 70°C, in the

alkaline oxidizing hydrolysis stage of the process of the



veget abl e cel | ul ose, vegetable peel, foliage and various other extraneous
subst ances, which in the conditions of the process may prove to be

i nsol ubl ew0 2011/03635) Possi bl e further reduction of the resrdae®iypeti al
drying: in cases where it may be advant ageous because of the large quantity
of sludge produced (large plants), thggqmist residue, pressed or filtered
on exit by the treatnent according to the present invention, can be
optionally subjected to a further stage of reduction of the noisture

cont enpréyeparihdéneiyhng, by subjecting the residue conming out from
dehydration to a partial drying under vacuum or w th other known ,

t echni ques.™ Thi§UABY ‘beIAI adlv SHLIGFESUL heE8BSEL PRe téMRaustHRIF§ 238 duén
com ngy Pt £ £ oM L he shseatimnte | 5 @te @ HRTREr atyf € efeaboiit; $5- 5%9Gi 23hg

whi ch point the water to be ‘evaporated has a far from negligi bl e vapour
pressurgirofysboutt 200 (Bar3) ExBinphe BroPasaneferkewhiehenff aovenhéonesults
of the process; Frlect gloplt  wiih efergnce Lo, [Lguies2 and . 1h¢ 5o
following tre ﬁguﬁ%y be ébserveg: g in"the adid OX|di2|H% TTeatneht: a
val ue minptE4, 0 vextrud e amgaotdtanrd | mes f amoumndel281Runuhes, owhdlieialy a
value of pH=2.5 the tine required is only 60 m nutes for the sanme result;
in t h¥ixa Y HEsS oxP8RIRNg R &k ent ©fa f#%eval%oﬁ?%%tepft hdfe2. BrBFEltces
a serigs,oHf+sush rapid reactions of degradation and/or conversion of the

gl ucosidic nol ecules, released in the previous acidic environnent, into
sacchari ni Tloonpoaadss sccaydingmke ¢ost rotesfnt henveatticonsalamivs the

repeatability of the trial ver ifficult. Furthermre,..in_this
envir&ﬁﬁgﬁﬁyﬂ%gFﬁﬁ%E?%%€0?¥tWésgngﬁ@%‘ﬁ%%ﬁ%ﬁ%u?% r&ﬁi%ﬁ%%f%,Sl Fgﬁ’are
not ony Bydeokyzeddt adeepitends bikesl sedpaadivle ach dsheantbtdie tamber
are then denatured so far as to lead to the subsequent rel ease of the am no
group fenHR)e Wiermerdesornati vh bFeftBR EBrmoni a. A pH range conpri sed

between 11.4, and, MO;201 W QBESRQRCTL1BRAL0/ Q02418 ey ihed §§§H§i%39i8§_ a

good conprom se, as the reaction tinmes required are still relatively brief
(I ess whiarh 3fholesy, bltthomghcomfeotriofigt hpectlttadhyand ttHee treatment
reproducibility of . the tests are satisfactory,. For even | ower pH val ues,
conpr i $ed B erﬁlé“g%%’ 1525 nePY¥eheti &Y t?%%lsl?cgq&ior egh?eﬁcgl:t%agcﬁner?o i ((%abl y
but, ivwaSEAPENSgEhohal cOBhADL abdhile chedehisord M edeSconditiods megabds
the tenperature, with reference to figures 4 and 5, the follow ng trends
my beldtepPedhe basis)ofnthge R IBAHR 2Phg thPedTRFRIC higARALCIaN,

tenper iy \ ion kinetics, particularly
Lemer Al fuiAl las GRICLALLY Tauouted NerLeach]

er than 70C, by contrast, tenperatures |lower than 60C require
| onger readlitdn tdefesiende h&s af$gubeenl hotBte t lEndrenpersathenes alfovehe
80- 85 tqu to favour a pronounced gar§ﬁ?ing of t e.eluagg, mﬁthmtgeses
f or mat T VB obabl Y e8F SEHIFF L e5° WThPERR®For YT oIt | GR™BEL R8N
sacchafi dgsnard1prt giprstorsfdge af NOréCiMbnary medhhnikalnebabékribng,
oxi dizing treatnent, tenperature val ues greater than 80C produce conpl ex
react i RASE AR r SFirPdgr aBBt | BRS WHGA ht €CeR™d PéPedeabi PRPYySEhRsNI

al r eady, srent | i opk i h ar: ifLi role a
ook FELoned 12 CoDIGgLLen Wit Sr XeueS S S intoconrohe o,
conpr osnlse; arsiex e wiléd r eacspdhdi scomshs eney c@td oltlcabbeocdndet heet datctiron

times required are %bill t.echni cal ly. acce éable as t.hey are with
hours;t?%‘rl%epoﬁo Fte&ﬁe%iﬁ’eya‘%’/hggztﬁ eexcfeesssq_%\}:é . ln_tr%gell"gﬁg?as
the concential i DEakeagests, Hbwsves, atdikecialgendtd aibOPLI Ry Hgst bOEBLN
the acid and the of oxidizing agent(s) is, however, _ ,
necessary, especially in small 'plants, but it makes it possible
to reduce the execution time of the subsequent stages and/or to
obtain higher efficiency.
The next stage is an acid oxidizing hydrolysis, carried out
on the already defibred sludge, for the purpose of oxidizing
directly to <carbon dioxide all the substance susceptible to

oxidization in the process conditions, as well as chemically

modifying the residual unoxidized material, generally consisting



reaction tinmeslengthen of the acid and al kaline of the pH val ues chosen
for al kaline range. The quantity principally a function not only of the
wor ki ng pwokzat1/b3s0 of the type and quantity of oxidi zalpCe/1B2ubed@ates
contained in the sludge treated. Consunption can be regul ated, for exanple,
by neans of a redox neter, i.e. a neagyring apparatus for the redox
potential (E) WD 2011/ 036550PCT/1B2010/002418 - 26 - expressed in nV.

In order for the process according to the invention to attain the best

resul tef i Bireidreia qgah k¥ ccltantiet yeangoee@8pMemsd ttesabley | rpaitance
attaches to the progressive order of the various stages of treatnent; the

best randl thidker eBCalidd #EE6di n§eldULRESscABRE VILANASI z6ATYATTABIES]
bel OW‘aJ@P&P gam%&@%%urs( n&@ilJﬁ@ep,H %ﬁq@@s@d b&@&ég%ﬁﬂe cellulose of

alimentary origin (greens, fruit and similar), other iower
polysaccharides, including glycosidic compounds, susceptible to
being hydrolyzed in shorter chains by acidic hydrolysis, in
order to hydrolyze the ether bonds and liberate the aglycones
linked to them; glycerids and other esters, consisting of long-
chain fatty acids, generally of alimentary origin (fats and
oils), linked to the glycerol with one or more radicals R (where
R > Cg¢), but also of simple esters, linear and/or ramified, from
various sources, among them the fish food-chain and synthetic
lubricants; the complex proteins, among them glycoproteins,
lipoproteins, phospholipids, amino sugars and sulphoproteins;
sulphurated substances, among them the sulphitated (R-0S0O,-R'),
sulphatated (R-0S03-R’) and sulphonated (R-SO3R’) compounds,
where R is a generic organic radical and R’ can be hydrogen (H),
a metal (M) or any other organic and/or inorganic radical;
thioderivative organic compounds, thioalcohols, thioethers,
mercaptans, sulphoxides, sulphones etc; inorganic reducing
compounds, such as elemental sulphur, sulphides, sulphites,
thiosulphates, tetra-ionates, hydrosulphites etc; other
substances with a reducing action, hydrazine and derivatives,
hydroxylamine and derivatives, phosphine and derivatives,
phenolic and polyphenolic derivatives, transition (so-called
heavy) metals with lower valency and all other compounds of a
reducing nature, susceptible to being oxidized at a higher
valence in the reaction environment; substances with an
oxidizing action: active =zero valent halogens (for example
active chlorine) and their organic derivatives (chloramines) and
inorganic derivatives (hypochlorites, chlorine dioxide etc.);
oxidizing compounds of nitrogen, phosphorus and sulphur, as well
as of manganese, chromium and other heavy transition metals with

higher valency and an oxidizing character; all other organic



<555 - 65 4.5-2.5 Acid oxidizing hydrolysis 60 - 90 65 - 70 2.5-3.5
Al kal i ne oxidi zing hydrolysis 150 - 180 65 - 70 11.0-12.0 Chem cal
condi t i orwoagom3bisne 60-65 3.0-4.5 Sedinmentation + filtPaTiiBz10/002418

-16-

and/or inorganic compounds with an oxidizing character and
capable of disturbing the normal activity of biomass; humic and
fulvic acids; all other compounds known and unknown, susceptible
to modification in the reaction environment.

There follows a phase of alkaline oxidizing hydrolysis,
performed for the purpose both of hydrolyzing, by
saponification, those complex substances, among them the
aglycones liberated in the previous acidic phase, generally
belonging, by way of example, to the classes indicated below,
and of precipitating the heavy metals (transition elements)
oxidized at higher valence, whose hydroxides are generally less
soluble in an aqueous environment and which are therefore
separated by flocculation, sedimentation and filtration: organic
compounds having an amide 1link (-CO-NH-), complex cellular
proteins, simple proteins (peptose, peptones), until the
reaction is pushed into the obtainment of free amino acids and,
finally, free ammonia (this occurring if the treatment time is
excessively prolonged), other amide compounds including
synthetic; organic compounds saponifiable with an ester link (-
COOR); triglycerides of vegetable and animal fats and oils not
hydrolyzed, or only partially hydrolyzed, in the previous acid
phase, vegetable and animal phosphatides with different
nitrified terminal radical and/or different fat radical, organic
phosphorated, phosphonated, phosphatated compounds and similar;
alkaline oxidization of the glucosidic and glycosidic compounds;
beta-alkoxy elimination is wused to obtain the progressive
peeling of the terminal glucosidic chains of the cellulose
derivatives, which are immediately oxidized to <carboxylic
molecules with low molecular weight, among them iso- and meta-
saccharinic acids; by extending the treatment times or
increasing the concentration of alkaline reagent (increasing the
pH), 1t is possible to continue the reaction so as to breakup of
the glucosidic compounds which have been formed, with various

possible rearrangements which are difficult to control; any



On-line 60-65 3.0-4.5 Filtered eluate recirculation On-line 60-65 3.0-4.5
In terns of the qualitative and quantitative efficacy of the process of the
i nvent i orwotzha/isexfoence shown above, relating to the or¢er/iBioies@sist i on of
the treatnent stages is the one which provided the highest

wei ght-m nim zation results, conbined ith the best quality of eluate. This
sequence, in fact, represents a significant critical feature, in the sense
that a marked deterioration in weight-mnimzation and qualitative results

ensueset MEeNcbiipo@hder kabwhr @at eindain,t hauséageivis tofhedenichtosnt ha one
shown above, and in particular: - when in the acid oxidizing
hydr ol {R¢ sre3@kOR het BEFanFeagent is not used in a mxture with the

oxi di zi ng B0 e 3t | thehoenl ¥rbhe @gd d J19ag8Me Ohyeilon (e oxidiei ng
reagent is used (but not the mxture of the two), for The sane conditions
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shown ﬂgvgagéga%a SEOQEoEaQHﬁeZlgégféngﬁgsgeggoﬁﬂggxar described below,

is then subjected to a stage of chemical conditioning. It has
been noted, in fact, that a reduction in the pH from a wvalue of
about 11.0-12.0 at the end of the alkaline hydrolysis stage to a
value Dbetween 3.5 and 5.5 noticeably improves Dboth the
coalescence/flocculation stage and the speed of sedimentation of
the final exhausted, i.e. unreacted, residue. After the removal
of the insoluble metal hydroxides, therefore, the eluate
undergoes pH correction, to the desired value comprised between
3.5 and 5.5, with the addition of an acid reagent, preferably
sulphuric acid, which is not volatile.

It should be noted that this chemical conditioning is
equally advantageous in the event that, after the subsequent
stage of separation of the undissolved residue, the resulting
eluate 1s recirculated upstream, namely into the depuration
process which is the source of the sludges. In fact, without
this conditioning, the eluate would end up at a very alkaline pH
value (11.0-12.0), which would not be suitable for Dbeing
recirculated directly into the tanks or units used for the
biological treatment, which operate at a much lower pH range,
around neutrality and generally comprised between 7.0 and 8.5.

After the conditioning stage, the mass passes to a stage of
separation of the undissolved residue. This stage can be carried
out, for example, in a static sedimentation tank where any
undissolved residue still remaining can separate by decantation.
The addition of a cationic polyelectrolyte can further
accelerate the decantation stage and considerably enlarge the
structure and size of the flocks 1in the residue. However,
because of the very small amount of residue generally present at

the end of the treatment cycle according to the invention, the
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static sedimentation operation can be superfluous, as it is much
simpler, more practical and cheaper to subject the mass to a
simple bag or other kind of filtration, according to filtration
techniques already known and in use.

Finally, as explained above, there may possibly follow a
stage of recirculation of the eluate into the primary depuration
process, 1in cases where the sludge 1is treated on site. The
filtered eluate, i.e. deprived of the residual unsolubilized
sludge, 1s recirculated in the same biological depuration plant
as the primary waste water, with which it can mix in the
following sections: (i) in the primary storage/equalization
tank; or (ii) in the chemical conditioner together with the
incoming primary waste water; or (iii) in the biological section
(active sludges, biodiscs, percolators, aerated ponds, etc.).

Example 1. Detailed analysis of the process stages

To review now all the stages of the process in more detail:
the preliminary mechanical breakdown stage can be performed for
the purpose of using mechanical laceration or defibring of the
cell membranes to extract the largest possible quantity of
intracellular liquid and, at the same time, to increase to the
maximum the contact area of the vegetable fraction in the excess
sludge, in order to better prepare the sludge for the subsequent
stages of treatment. For example, it is possible to proceed to a
preliminary mechanical beating, which can be carried out in cold
conditions or, even better, in hot conditions: best if it is
within 65°C and preferably at an acid pH, because the acidified
sludge tends to fluidize noticeably, allowing greater mechanical
effectiveness in defibring and therefore shorter treatment
times. This operation may be performed with any known device
(ball mill, beater system, with gears etc.) and can last from a
few seconds to several minutes, depending on the speed of
rotation of the disintegrator used and the physical consistency
of the sludge treated.

The next stage of acid oxidizing hydrolysis is performed



sul phuric acid peroxi deal one without 7% - when in the al kaline
oxi di zing hydrol ysis stage the al kaline reagent is not used in a mxture
wi t h t he wwi2di1zi3egfor eagent, but either only the al kal i neCranyaoo2er8 onl y
t he oxidizing reagent is used (but not the m xture of the two), for the
sanme conditions of tenperature and regetion tinme, as shown in Table 3
bel ow. Table 3 Treatnent perfornmed: Average result for weight mnimzation
Conpl ete al kal i ne oxidising treatnent: sodi um hydroxi de + peroxi de 56%
Treat nBit whehpedipeBaysit oxiydeoayanagwithizoud 1 peadyi def28%edr eaisenin wahh
perOXIggigjegﬁefggnment. It 1is preferably performed at an acid pH
comprised in the range 0.1 to 5.0, more preferably between 2.5
and 3.5. The charge is preferably heated to between 35° and
100°C (more preferably between 60° and 75°C), with more or less
mild mechanical agitation (70-125 zrpm is sufficient) or even
simple aeration. This stage can in general last from 60 to 90
minutes, preferably however as long as possible, to be sure that
total extraction of the intracellular 1liquid and total
hydrolysis of the vegetable products have taken place.

The acidity of the reaction environment can be
indifferently provided by any inorganic and/or organic compound
with a sufficient acid action, among them, purely by way of non-
limiting indication: binary halogenhydric acids (hydrochloric,
hydrobromic, hydroiodic, hydrofluoric), ternary oxygenated acids
of nitrogen, phosphorus, sulphur, halogens; acid sulphates and
phosphates of soluble alkali and/or alkaline-earth metals;
simple and/or substituted organic acids: oxalic, malonic,
succinic, glutaric, adipic, tartaric, malic, maleic, fumaric,
formic, acetic and halogen-substituted acetic; Dbenzoic acid
and/or substituted with one or more activating groups: nitrous,
sulphuric, sulphate, carboxylic, phosphonic, halogenhydric;
sulphonated, sulphatated, sulphitated, phosphonated,
phosphatated and phosphitated organic acids of alkylbenzene,
alkylphenol, alkyl and naphthalene; phenol and its derivatives,
including those substituted with usual activating groups.

The oxidizing reaction is preferably performed by inclusion
in the reaction medium of at least one of the following
oxidizing agents.

a) Molecular oxygen, for example by insufflation with air.
In larger treatment plants, insufflation with air can be
replaced, for reasons of economy, with administration of liquid

oxygen, regasified on site. Molecular oxygen in an acid

environment gives rise to a redox semipair of considerable



- when the acid oxidizing hydrolysis stage is not perforned before the
al kal i ne oxi di zing hydrol ysis stage, but is perforned subsequently to the
| atter, awozbhoveseisn Table 4. WD 2011/ 036550PCT/ | B2010/ ®0z248B10/022818 Tabl e
4 Steps order in the treatnent perforned Averageresultfor weight
m nimzation 1- acid oxidizing stage(9Q .m nutes) 84% 2- al kal i ne oxi di zi ng
stage(180 m nutes) 1- alkaline oxidizing stage(180 m nutes) 63% 2- acid
oxi di zing stage(90 m nut es)

force, according to the semireaction indicated below, capable in

the envisaged treatment time of oxidizing numerous substances
with a reducing action:

O, + 4H' + 4e” > 2H,0 Eo = 1.229 Volt

b) Oxidizing agent of peroxide type, organic and/or
inorganic, among them, purely by way of non-limiting example:

- 1inorganic peroxy compounds: ozone, compounds of boron
(perborates), carbon (percarbonates), urea (perurea), sulphur
(peroxymonosulphate and peroxydisulphate), phosphorus
(peroxyphosphates), hyperoxides, hydrogen peroxide (Hy0,), whose
reaction in the acid treatment environment can follow either the
route of simple oxide-reduction or the addition of the oxygen
atom, depending on the characteristics of the acceptor,
according to the reactions:

H,O, + 2H' + 2e” 2> 2H,0 Eo = +1.776 Volt

H,0, + 2H' + 2e” = oxygen addition reaction

- organic compounds of peroxidic character: peracids (R-CO-
00-H), mono alkyl peroxides (R-00-H), dialkyl peroxides (R-00-
R’), acyl peroxides (R-CO-0O0-CO-R’), cyclic peroxides, ozonides,
any other peroxide;

— non-peroxidic inorganic oxidizing compounds: compounds of
manganese, chromium, iodine, fluorine, bromine, chlorine,
nitrogen, lead, silver, cobalt, cerium, xenon, iron, selenium;
nascent oxygen, hydroxyl radicals generated in situ by strongly
oxidizing systems, among them Fe(II) + H;0, (Fenton’s reaction)
or activation of persulphates with silver salts.

The total reaction time i1s noticeably conditioned by the

following factors: (i) strength of the acidifying reagent used;
(ii) strength of the oxidizing reagent used; (iii) working
temperature. The influence of these factors on reaction

effectiveness is shown in Figures 2 and 3.
With reference to the alkaline oxidizing hydrolysis stage,
this treatment is performed in a medium basic environment,

preferably in the pH range comprised between 8.0 and 12.0.
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compounds with basic reaction: alcoholates, etc.

The oxidizing reaction 1in an alkaline environment is
produced by the simultaneous presence of an oxidizing agent, of
the same type as those indicated for the acid oxidizing
hydrolysis.

The reaction times are conditioned both by the pH value of
the environment, and by the working temperature, as represented
in figures 4-5.

If heavy transition metals are present 1in the treated
sludge, which are generally undesired because of their high
toxicity, already oxidized in an acid environment at the upper
valency less soluble in an aqueous environment, a separation can
be carried out of said heavy metals, which are present as
hydroxides. The molar concentration is that deriving from the
solubility product (Ksp), whose value is further reduced as a
result of the molar concentration of hydroxide ions (OH), which
generate the alkaline environment. These insoluble hydroxides
are extracted as a precipitate, i.e. a slurry on the bottom, and
sent for differentiated disposal.

The mass resulting from the previous treatments is then
conditioned, under mechanical agitation, by the addition of an
acid reagent so that it reaches preferably a pH value of between
3.5 and 4.5. This range favours flocculation and the final
sedimentation of any exhausted undissolved residue, if any.

After conditioning, the mass is sent to the next separation

stage, «carried out in general by sedimentation or direct



- 29 - elenents (< 0.01 ng/litre). The recircul ated eluate is
therefore an excellent nutrient for biomss and this nakes it possible to
el i m nat ewary11aB3k#0 subst ances added as nutrients. The pcodBzmedebid ity of
t he organi c solutes contained therein, furthernore, inproves the BOD COD
rati o. Exanple 5. Organic and hydraullix overl|l oad produced by the

recircul ated el uate Because of the recirculation of the eluate into
t he bi ol ogi cal depuration plant on site, the latter usually results to be
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solution.

After separation, the residue may optionally be subjected
to pressing, by means of usual devices, for the purpose of
extracting the largest possible quantity of water present and
physically separating the moist exhausted residue for sending
for agronomic use, or, because of the small final quantity, it
can be suitably filtered in a bag filter or other similar
device. All the water collected, both from pressing and from
filtration, is combined with the eluate which can be
recirculated, as will be more fully specified below.

When the process according to the invention is conducted on
excess sludge directly on the site on which the depuration of
the waste water takes place, the eluate can advantageously be
recirculated in the same waste water depuration treatment plant
as the incoming primary waste water, with which it can be mixed,
or it can be directly sent to the biological section of the same
plant (active sludge, percolation, biodiscs, etc.).

Example 2. Process yield

The process according to the present invention demonstrated
the following yields, namely weight reduction of the dry matter
of the excess sludge between entry and exit from treatment,
using the following simple weight formula:

R% = 100 (P; —Ps)/P; = 100 (P. SST% - Ps)

R% represents the percentage weight reduction of the total
dry matter in the excess sludge subjected to treatment;

P; is the weight of the initial dry matter;

Pc is the weight of the excess sludge sample subjected to
the treatment test;

Ps is the weight of the final residual solid, filtered,

washed and dried at 110°C until it reaches a constant weight;



ng/1 + 17 Chloride anion(Cl) ng/1 +10 Total phosphorus(P) ng/1l < 1 Anmoni a
nitrogen (NH3) ng/ 1l +4.3 Fromthis we may deduce that the organic
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therefore, to be totally sufficient for the process. Mreover, the volune
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2011/Q§§é§PP§gyﬁgg9&Qéngééﬁstant weight, expressed as follows:

SST% = (Weight of dried sample /Weight of initial sample) *
100

a) Weight reduction referred to the dry matter: this
reduction varies from a minimum of 84% to 100%.

b) Weight reduction referred to the pressed product in the
moist shovellable state: when it is desired to refer not to the
reduction in the total dry matter (TDM) but to the total
reduction in the dehydrated shovellable moist mass (which after
all, in fact, is the residual mass to be disposed of), because
of the superior draining power (i.e. release of free water) of
the exhausted final residue after the treatment compared with
the original excess sludge, as such and not treated, the
effectiveness of minimization rises from the above-mentioned
minimum of 84% to 92%. This greater yield obtainable for the
dehydrated sludge, compared with the yield stated in point a)
above, is solely to be attributed to a drainability, i.e. to a
larger unit quantity of free water released, such that the dry
matter content is considerably superior after the treatment.

These results have been repeatedly confirmed using the same
type of sludge in the laboratory tests carried out on batches
and in dynamic tests, carried out both on a pilot plant and on a
full-scale plant; the values found are in fact perfectly
consistent among themselves, within a maximum deviation of *1%.

Actually, it has been observed that the yields of the
process according to the invention are affected to only a
negligible extent by the content of the extractable organic
substance, on the contrary they are affected by the quantity of
inert residues present originally in the treated raw waste
water. More precisely, the effect is conditioned by the presence
of non-hydrolyzable or only partially hydrolyzable material and

by the content of inert substances drawn in: soil, vegetable
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large quantity of sludge produced (large plants), the moist
residue, pressed or filtered on exit by the treatment according
to the present invention, can be optionally subjected to a
further stage of reduction of the moisture content by partial
drying, by subjecting the residue coming out from dehydration to
a partial drying under vacuum or with other known techniques.
This may become advantageous because the exhausted residue
coming out from the treatment is at a temperature of about 65°-
75°C, at which point the water to be evaporated has a far from

negligible vapour pressure, of about 200 mBar.

Example 3. Parameters which affect the results of the process

Effect of pH: with reference to figures 2 and 3, the
following trends may be observed:

- in the acid oxidizing treatment: a value of pH=4.0
requires reaction times of around 120 minutes, while at a value
of pH=2.5 the time required is only 60 minutes for the same
result;

- in the alkaline oxidizing treatment: a pH value greater
than 12.0 produces a series of such rapid reactions of
degradation and/or conversion of the glucosidic molecules,
released in the previous acidic environment, into saccharinic
compounds, so as to make control of the —reactions and
repeatability of the trial very difficult. Furthermore, in this
environment, degradation of the cellular proteins is noticeable,
which are not only hydrolyzed to peptones, but also to amino
acids, and the latter are then denatured so far as to lead to
the subsequent release of the amino group (-NH;), with the

formation of free ammonia. A pH range comprised between 11.0 and
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12.0 seems to be a good compromise, as the reaction times
required are still relatively brief (less than 3 hours), but the
control of the reaction and the reproducibility of the tests are
satisfactory. For even lower pH values, comprised between 8 and
11, the reaction times required 1lengthen noticeably but, in
compensation, control of the reaction improves.

As regards the temperature, with reference to figures 4 and
5, the following trends may be observed:

a) in the acid oxidizing treatment, higher temperature
values generally favour the reaction kinetics, particularly
values higher than 70°C; by contrast, temperatures lower than
60°C require longer reaction times; it has also been noted that
temperatures above 80-85°C tend to favour a pronounced darkening
of the eluate, with the formation, probably, of Schiff bases,
which can form in solution between saccharides and proteins or
free amino acids;

b} in the alkaline oxidizing treatment, temperature values
greater than 80°C produce complex reactions with rapid
degradation, where control and repeatability (as already
mentioned in connection with pH) are very difficult to control;
a temperature range between 65°C and 70°C is therefore to be
considered a good compromise, since the reaction is much more
controllable and the reaction times required are still
technically acceptable, as they are within 3 hours; for even
lower temperature values, the reaction times lengthen
excessively.

As regards the concentration of the acid and alkaline
reagents, this is a direct function of the pH values chosen for
operating, both in the acid and the alkaline range. The quantity
of oxidizing agent(s) is, however, principally a function not
only of the working pH but also of the type and quantity of
oxidizable substances contained in the sludge treated.
Consumption can be regulated, for example, by means of a redox

meter, i.e. a measuring apparatus for the redox potential (E)
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expressed in mV.

In order for the process according to the invention to
attain the Dbest results in terms of quality, quantity and
economy, considerable importance attaches to the progressive
order of the various stages of treatment; the best results were

obtained according to the scheme summarized in Table 1 below.

Table 1
Stage t (min) T (°C) pH
Mechanical breakdown < 5 55 - 65 4.5 - 2.5
Acid oxidizing 60 - 90 65 - 70 2.5 - 3.5
hydrolysis
Alkaline oxidizing 150 - 180 65 - 70 11.0 - 12.0
hydrolysis
Chemical On-line 60-65 3.0 - 4.5
conditioning
Sedimentation . On-line 60-65 3.0 - 4.5
+ filtration
Filtered eluate On-line 60-65 3.0 - 4.5
recirculation

In terms of the qualitative and quantitative efficacy of
the process of the invention, the sequence shown above, relating
to the order of execution of the treatment stages 1is the one
which provided the highest weight-minimization results, combined
with the best quality of eluate. This sequence, in fact,
represents a significant critical feature, in the sense that a
marked deterioration in weight-minimization and qualitative
results ensues, when the order of treatment of the stages 1is
different from the one shown above, and in particular:

- when in the acid oxidizing hydrolysis stage the acid
reagent is not used in a mixture with the oxidizing reagent, but
either only the acid reagent or only the oxidizing reagent 1is

used (but not the mixture of the two), for the same conditions
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of temperature and reaction time, as shown in Table 2 below.

Table 2
Treatment performed Average result for
weight minimization
Complete acid oxidising treatment: 38%
sulphuric acid + peroxide
Treatment with sulphuric acid alone 13%
without peroxide
Treatment with peroxide alone without 7%
sulphuric acid

- when 1in the alkaline oxidizing hydrolysis stage the
alkaline reagent 1is not used in a mixture with the oxidizing
reagent, but either only the alkaline reagent or only the
oxidizing reagent 1is used (but not the mixture of the two), for
the same conditions of temperature and reaction time, as shown

in Table 3 below.

Table 3
Treatment performed: Average result for weight
minimization
Complete alkaline oxidising treatment: 56%
sodium hydroxide + peroxide
Treatment with sodium hydroxide alone 23%
without peroxide
Treatment with peroxide alone 7%

- when the acid oxidizing hydrolysis stage is not performed
before the alkaline oxidizing hydrolysis stage, but is performed

subsequently to the latter, as shown in Table 4.



M neral oils ng/kg <10 absent Total Potassium ng/kg SS 2400 1900 Cadmi um
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Table 4
Steps order in the treatment performed Average result for

weight minimization

1- acid oxidizing stage (90 minutes) 84%

2- alkaline oxidizing stage (180 minutes)

1- alkaline oxidizing stage (180 minutes) 63%

2- acid oxidizing stage (90 minutes)

The other stages of the treatment, which are auxiliary or
finishing treatments, do not impact significantly on the total
yield of the process.

Example 4. Characteristics of the eluate

The eluate, containing dissolved therein the final reaction
products, may be recirculated on-line in the same depuration
process where it mixes with the raw primary waste water
(equalization tank, preliminary chemical conditioning) or sent
to the biological section (active sludge, percolators, etc.).

The characteristics of the eluate obtained in the course of
the tests are as follows:

A -~ Organoleptic characteristics

Appearance: transparent liquid;
Colour: from vinous light amber to medium-dark amber;
Odour: light and pleasant, like a bakery.

B -~ Typical qualitative composition

Proteins and/or peptones and/or free amino acids;
oligosaccharides and lower polysaccharides; phospholipids; free
fatty acids; sulphate anion; chloride anion; ammonia nitrogen
Total biodegradability > 95%.

Furthermore, the following compounds are absent: nitrous
nitrogen; nitric nitrogen; aldehydes, chetones and alcohols;
aromatic organic compounds; chlorinated organic compounds;
esterified oils and fats; synthetic surfactants; phenols and
polyphenols; whereas the following are present 1in limited

quantities: copper (<0.01 mg/litre) and other transition
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elements (< 0.01 mg/litre).

The recirculated eluate is therefore an excellent nutrient
for biomass and this makes it possible to eliminate any other
substances added as nutrients. The biodegradability of the
organic solutes contained therein, furthermore, improves the
BOD/COD ratio.

Example 5. Organic and hydraulic overload produced by the

recirculated eluate

Because of the recirculation of the eluate into the
biological depuration plant on site, the latter usually results
to be overloaded as indicated in Table 5 below, taking account
of an average recirculation coefficient of 1:150 as a ratio
between the flow rate of the incoming waste water (Qin) and the

flow rate of the recirculated eluate (Qe).

Table 5
Parameters Units Average value
CcoD mg/1 + 40
BOD20/COD % > 95
Sulphate anion (S04) mg/1 + 17
Chloride anion (C1l) mg/1 +10
Total phosphorus (P) mg/1 <1
Ammonia nitrogen (NH3) mg/1 + 4.3

From this we may deduce that the organic overload to the
primary depuration process is altogether negligible and that,
furthermore, it can be considered as falling completely within
the normal fluctuations of incoming waste water, both 1in the
civil and in the industrial field.

As regards the hydraulic overload, the process according to
the present invention does not use any other water than that
which 1is already present in the treated sludge itself, which
proves, therefore, ' to be totally sufficient for the process.

Moreover, the volume of the reagents used should be added, which
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is equal to about 2% of the volume of treated sludge.
Consequently, the total quantity of aqueous solution entering
the depuration cycle is practically the same as that present in
a biological depuration process of conventional type, as the
thickened and dehydrated excess sludge is sent directly to the
final pressing and the 1liquid released from the pressate 1is
recirculated in the process.

Example 6. Characteristics of the exhausted residue of the

process

Unlike all the other technologies known and in use, whose
process residues are classified as hazardous special waste
(except for the biocomposting process, which does not fall into
the same category as these), the process of the present
invention provides a residual sludge which, if present, has
characteristics such that it can be scattered on the soil as an
improver/fertilizer.

By way of example, Table 6 shows a comparative examination
of thickened excess biological sludge, from the workings of a
chemical-textile-dyeing industry, before and after treatment by

the process of the present invention.

Table 6
Parameter Units Initial | Treated sludge
sludge
Anoxic - strong absent
putrescibility (72h)
Visual appearance of - moist and similar to wet
the pressate gelatinous soil
Stickiness to the - very high absent
touch
Tackiness of the - very high absent
pressate
Gooch (G2) - difficult rapid and
filterability with total (<207)
obstruction
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Numerous residual organic substances with low

biodegradability, or even with inhibiting activity of the active
biomass, possibly deriving from industrial processes on site,
very often are not successfully destroyed by the biological
process, and therefore can still be present, and indeed be
concentrated in the excess sludge which incorporates them. They
can, therefore, exercise both a marked biotoxic action or, at
any rate, have an inhibiting effect on the activity of the
biomass, and also have an irritant and/or toxic effect on the
personnel employed on the site. Among these substances are the

following: bactericides, bacteriostatic agents, fungicides,
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fromwhich the incom ng char cane. 4. Process according to any one
of tmimﬁ%%eaﬁhgténﬁﬁﬁstqﬁﬁh rl%@ﬁﬁﬁﬂgiﬁgrabﬁﬁﬂq%ﬁrﬁﬁyl§t£@§%ﬁ of
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any one 0O He precedi ng clainmns, urt er conprising, su quently to the
st age éﬁfé&&f&@ﬁ&SﬁMJdlZlng hydroly5|s, a stage of separation of the
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Abatement og the microbial charge

One of the most serious problems connected with handling,
storing and using excess sludge is the presence of a very high
and variegated charge of microbes, microflora and microfauna,
some of them pathogenic, their concentration tending to rapidly
multiply by cell-division, both (especially) in fresh 1liquid
sludge, but also in moist pressed sludge. This is because of the
considerable presence of organic and inorganic substances that
are still strongly putrescible (proteins, fats, polysaccharides,
phosphorylating substances and/or azotates, sulphates, nitrites
and nitrates) contained therein and susceptible of being reduced
by reducing bacteria, which are unfailingly present, to ammonia,
sulphites, sulphides, phosphine, methane, carbon monoxide, etc.
An important index of biological fermentation in progress, i.e.
of the growth of the microbial charge, is certainly represented
by the characteristic putrescent odour which usually develops on
stored sludge, especially in liquid form, but also dehydrated.
The process according to the present invention 1is capable of
destroying more than 99.999% of the total microbial charge.
(microflora and microfauna), because it is capable of breaking
down even the intra-cellular content. Microscopic observation of
the residue after treatment is sufficient to demonstrate this
capacity of the process.

Simplification of the depuration process

The traditional biological depuration process invariably



6. Process according to any one of the preceding clains, wherein the stage
of acid oxidizing hydrolysis is perforned at a pH value of 0.1 to 5.0,

pr ef er ablwoab112365500 3. 5. 7. Process accordi ng toPamyBIN@0@i1s he
precedi ng clains, wherein the stage of acid oxidizing hydrolysis is
performed at a tenperature of 35 to 10AC, preferably of 60 to 75C. 8.

Process according to any one of the preceding clains, wherein the stage of
acid oxidizing hydrolysis is performed by inclusion in the mass of

ol ecut@du Pxygenhandated ahudggamrdrcddiot gabiec mes-oh dekaxedi befigre
agent . 9. Process according to any one of the precedjng clains,
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Process acc ing to any one of the preceding clains, wherein the stage of
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one of @%@u%@eééhlﬁgféﬁﬁlnﬁonﬁﬁéFel%ﬁtﬁ@t§F§ée BEOTRRAYREFS cot T HNRAE i s
carri ergeff'év &l %Sj%é'gtﬁé' é‘ﬁ&&'?éﬁé%%réaué% be tgachiamhbsvakdeief 3.5 to

4.5. rocess according to any one of the preceding clains,
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filtration

mherelﬁh%WTeFotﬁﬁigggﬁg 8% égﬁgfgﬁ{ q%héorggy %@nganéEf%éigéggra c3hg ™
dehydrghé®d. substances, which has the following practical
consequences:

- improving the filterability or final pressing of the
residue;

- obtaining a residue with a higher dry matter content;

- being able to also treat directly the pumpable excess
sludge which has not been subjected to thickening, but extracted
directly from the biological sedimentation tank, with the same
results as are obtained on the pre-thickened sludge, thus
avoiding the entire thickening stage;

- being able to treat the moist, pressed, shovellable
sludge in the same way and with the same results as have been
indicated.

The present invention has been described by way of non-
limiting illustration, according to its preferred embodiments,
but it must be understood that variations and/or modifications
can be made by experts in the field without for this reason
departing from the invention protective scope, as defined by the

attached claims.
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CLATIMS

1. Process for the disposal of wastes, comprising:

- performing an acid oxidizing hydrolysis of the incoming
waste (charge):

- performing an alkaline oxidizing hydrolysis of the
outgoing mass from the acid oxidizing hydrolysis;

- chemically conditioning the outgoing mass from the
alkaline oxidizing hydrolysis by adding an acid reagent;

- separating undissolved residue, if any.

2. Process according to claim 1, wherein the wastes to be
disposed are sludges deriving from the depuration of waste
waters.

3. Process according to claim 2, comprising also
recirculating the eluate obtained from the separation stage in
the process of depuration from which the incoming charge came.

4. Process according to any one of the preceding claims,
further comprising a preliminary stage of mechanical breakdown
of the incoming charge.

5. Process according to any one of the preceding claims,
further comprising, subsequently to the stage of alkaline
oxidizing hydrolysis, a stage of separation of the insoluble
metal hydroxides.

6. Process according to any one of the preceding claims,
wherein the stage of acid oxidizing hydrolysis is performed at a
pH value of 0.1 to 5.0, preferably of 2.5 to 3.5.

7. Process according to any one of the preceding claims,
wherein the stage of acid oxidizing hydrolysis is performed at a
temperature of 35° to 100°C, preferably of 60° to 75°C.

8. Process according to any one of the preceding claims,
wherein the stage of acid oxidizing hydrolysis is performed by
inclusion in the mass of molecular oxygen and/or of an organic
or inorganic peroxide oxidizing agent.

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

wherein the stage of alkaline oxidizing hydrolysis is performed
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at a pH value of 8.0 to 12.0.

10. Process according to any one of the preceding claims,
wherein the stage of alkaline oxidizing hydrolysis is performed
at a temperature of 40° to 100°C, preferably of 60° to 75°C.

11. Process according to any one of the preceding claims,
wherein the stage of alkaline oxidizing hydrolysis is performed
by inclusion in the mass of molecular oxygen and/or of an
organic or inorganic peroxide oxidizing agent.

12. Process according to any one of the preceding claims,
wherein the stage of chemical conditioning is carried out by
adding an acid reagent so as to reach a pH value of 3.5 to 4.5.

13. Process according to any one of the preceding claims,
wherein the stage of separation is carried out by sedimentation
or direct filtration.

14. Process according to any one of the preceding claims,

wherein after the stage of separation the residue is subjected

to dehydration.



