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20 Moreover removal is made of particles and gravel, and
finally organic matter, metals and nutrient salts, such
as nitrogen and phosphorus compounds. _

Normal wastewater purification in Sweden comprises
mechanical, biological and chemical purification of the

25 ~'watexr. A grating separates the coarsest impurities, after
which sand and heavier particles settle in a first settl—
ing step, referred to as a sand trap, before the chemical
and/or biological purification starts.
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30 sive biological and chemical purification. Metal salts of
aluminium or iron are used to precipitate phosphate. They
can be added before, to or after the biological purifica-

tion process (preprecipitation, simultanecus precipita-
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use has been increasingly questioned since the sludge
contains heavy metals and other undesirable substances.

25 As an alternative to depositing on landfill sites and
use as fertiliser, the digested sludge can be burnt. In
Sweden, depositing of combustible waste on landfill sites
was prohibited in .2002, and in 2005 depositing of all
organic waste on landfill sites will be prohibited.

- 30 In view of that stated above, digested sludage that‘
is to be incingrated should have as high a solids content
as possible. Alsoc in the case of another type of final
storage of the dewatered sludge than incineration, it
can be very important, above all in econoﬁical terms, to

- 35 reduce the amount of sludge by dewatering the sludge to
as high_a‘solids content as possible. Reducing the amount
of sludge by providing a high solids content of the
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less level (for instance below 10 cfu/ml sludge with a

\ solids content of 1-5%. "cfu" = colony forming units).

25 Yet another problem is-that sludge from wastewater
purification is in most cases sticky and difficult to
handle and dewater. It would imply a considerable advan-
tage if a sludge could be provided that is not sticky and
is easy to handle and dewater.

30 Different methods for treatment of sludge from
'wastewater purification are known, and as an example
mention can be made of WO 95/06004, which was published
on 2 March 1995, and WO 96/20894, which was published on
11 July 1996. These two references concern treatment of

35 sludge from wastewater purification for recovery of phos-
phorus and metal, for instance iron, from the precipitat-
ing chemical. The sludge can be tﬁeated_with acid for
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acid, which suitably is added simultaneously with the
iron(II)salt. An exothermal reaction is obtained, which
25 generates a temperature of 10-38°C of the reaction mix-
ture, without heating being required.
Cne more example of prior-art technique regarding
sludge treatment is US Patent 6,368,511 which discloses
a method for improving the dewatering of sludge. In the
30 method, the sludge is subjected to an acid oxidative pre-
conditioning at a pH below 5. Acidification occurs with
hydrochloric acid to prevent subsequent problems with
precipitation of gypsum, as would be the case in acidi-
fication using sulphuric acid. In the preconditioning,
35 divalent iron ions and hydrogen peroxidé are added,
- . thereby fdrming Fenton's reagents which cause a partial

oxidative breakdown of organic sludge components. Then
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stated that the phosphorus content of the sludge is pre-
cipitated as trivalent iron phosphate Instead it is evi-
25 dent that the dissolution of phosphorus to the aqueous
phase has increased, and also that the dissolution of
nitrogen has increased significantly.
Patent Abstracts of Japan, Vol. 006, No. 063 and
JP 57,004,299 (EBARA INFILCO CO LTD), 1982, describe a
30 method for sludge treatment, in which first .an oxidiser,
such as'hydrogen peroxide, and a metal ion dissociating
material, such as ferrosulphate, are added to the sludge.
- Subsequently the sludge is treated under acid conditions,
for instance with sulphuric acid, after which the treated
35 sludge is dewatered.
WO 03/045851, which was published on 5 June 2003,

discloses a method for treatment of sludge from waste-
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method of treating sludge, by which the sludge is sani-
tised.

A further aim of the embodiments of the invention may be to
provide a
method of treating sludge, which results in a sludge
with improved dewatering capacity, i.e. a sludge that
is easier and/or quicker to dewater. | |
Summary of the Invention

According to the disclosure, the above aim of the embodiments
may be achieved by sludge, which contains organic
matter, divalent iron and phosphorus, first being acid
treated. Then the sludge is subjected to an okidising
treatment, in which a‘precipitation of trivalent iron
phosphate occurs. Moreover the sludge is oxidised accord-
ing to Fenton's reaction for breakdown of organic matter,



tised. A further aimof the enbodi ments of the
invention may be to provide a nethod of treating
sl udge, which results in a.sludge wth inproved
dewat ering capacity, i.e. a sludge that is easier
and/ or quicker to dewater. Summary of the Invention
According to the disclosure, the above aimof the
enbodi mrents may be. achi eved by sl udge, which

contg, r a0y er, i,val.ent iron and phosphorus,
fi rté,lt@c{t%g)iélzrL am%ﬂnﬁléafsga _t‘ﬁawtelr?rihep.“?‘é‘?ﬁdljgei gxidising treat-
subfédtted the sl et ssngewateatedent, in which a
precipitatig f i v AT .phosphat.e occurs. . i
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Fent'GRT€"3%€Acti on for breakdown of organic natter, 6a
deodorisation and sanitation. After the oxidising

treat- nment, the sludge is dewatered. |In one aspect,
there is provided a nmethod of treating, in :-wastewater
WD 2004/ 094320 PCT/ SE2004/ 000612 7 purificati on,

sl udge containing organic nmatter, divalent iron and
phosphorus, in which the sludge is treated at 0-100C
with an acid, wherein a pHof 1-5 may be achieved,

for dissolution of divalent iron and phosphorus 5
fromthe sludge, the sludge is supplied with an

oxi di ser selected from hydrogen. peroxi de and

per conpounds, divalent iron being oxidised by

Fenton's reaction to trivalent iron, and 10 (i)
trivalent iron being precipitated as'trivalent iron
phosphate (ii) free radicals with a deodori sation and
sanita- tion effect being fornmed by Fenton's reaction,
the sludge then being dewatered.at a pH of at nost 15
7, and _



t he aqueous sol ution obtained in dewatering being

WwEO! l.at,ed to the wastewater purification,
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made to contain dis- 20 solved iron and phosphorus at
a molar ratio Fe:P of above 1:1 Further features and
advant ages of the present invention wll be evident
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Dpscription of .the Thvention .; In the nethod.
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Further features and advantages of the present

invention will be evident from the following description
and the appended claims. | |

25 Brief Pescription of the Drawing
‘The accompanying drawing shows a schematic flow dia- -
gram of a method according to the invention for sludge '
treatment using acidttreatment, bxidising treatment and
dewatering of the slutge. | |
30 . Deétailed Description of the Invention
In the method according to the invention, the sludge
is preferably a sewage sludge from municipal sewage
works, and more preferably a digested sludge, énd the
invention will therefore be described below with refe-

35 repce to treatment of a digested sludge, however, without
the invention being limited thereto. |




and oxalic acid. For cost reasons, for instance, it is
15 preferred to use sul phuric acid. The acid treatnent

WBQBOJ?@L‘%rrI ed out in one or nore reactors CoﬂEf/%EfO%MOOO(SIZ

In series. The acid treatnent occurs wthin a
- tenperature range fromOC to 100C, preferably
20-100C. Using a IOM/tenperature 8such as anbient tem

20 perat ugg, thn me hac:ldctre nent |ves t he advant age
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1OOC cau S an gncre sa nltrogen ‘content 1n t
filtrat bt 8fi8d%enitHe fswdtedrdhtm@nst ihehivatediot the

dlgesaed ShadgeslsedceoﬂhﬂsﬁddﬁﬁﬁﬁtIﬁ% dRCIFSHb AL efhe aciq
to the ue catlon i.s woul d 30 invol ve

an |nc?§g§%§ nlﬁﬁggé%b gddlﬁ%ﬂﬁ¥ Slatdswatering, as
puri FegRired-and acconpanyi ng requirenments for

10i trogen TeduRt £08. tH@'&EsﬁQHﬁfﬁggﬁthﬁﬁa“@: reatment an

purification  nore expensive e et
accofdt 1?039H@d|ﬁ?eﬁhetﬁéﬁd@§US&§uﬂJHQﬂd can be selected

i nsi gnorhl taotkgadi esahdt b@Badhi NialdiQs35 Jﬂseré STEFAS
a re% ced q@gaglnlnated nged foF'#itro Xéﬁ?%ﬁlon such
S

Wa t8P Gafi PRcRRCS o twsid® Wf%QMQFldﬁﬁﬁ@leC acid
redu%@@ evatic HﬁthOEb@QéBgﬁ PEH/sOnA004 3006kt aredheit is

guragf@pep£e&hgoaﬁg? %EESB ageagé_r(}[ot critical, but

it is preferre 4cid treated for a
peri od ofTh® ﬁ?hdtbrgahmEHheca0|betceauaedtomaus&same or more

di ssodaktt®hs OfchROELRA! §n ge?ﬁEEerTh&h%%xéﬂgﬁgggﬂeﬁ% occurs

and |r n. are dlssolved from
i r o Wi th fak e%%§§?5P§ebééﬁgﬁrérO@e@tCa§0t1003$enpreferably
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2BhosplEiLee s ShopRl Ve pm e Sl udge, T he o e
no, or only little, heating is required in the acid

treatment. A further advantage of using a low Cemperature
is that undesirable dissolution of nitrogen from organic
matter in the digested sludge is prevented. Dissolution
25 of nitrogen, which occurs in acid treatment at high
temperatures, such as above 100°C, causes an increased
nitrogen content in the filtrate obtained in the dewater-
ing of the treated digested sludge. Since the filtrate is
recirculated to the wastewater purification, this would
30 involve an increased nitrogen load in the wastewater
. purification and accompanying requirements for nitrogen
reduction, which would make the wastewater purification
more expensive. Since the method according to the inven-
tion causes no, or insignificant, dissolution of nitro-
35 gen, this means a reduced or eliminated need for nitrogen

reduction 'in the wastewater purification, which in turn
means reduced costs. '



10 nic matter to, inter alia, carbon dioxide which
escapes in gaseous form .At a low pH and/or at a

wolb8hdisigperature al so sone di ssol ution of orgapkglsesnsosiz
phosphorus can take place. One condition in the

invention is that the digested 15 sludge contains
i ron and phosphorus. This usually nmeans that the

di gest ed_sl udge has been obtai ned b urifica- tion of .,
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i npoutant fieapueéeafrethehatventd arludyeanliso ddied notesited for
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after oxidation to,trivalent for [ eci rcul at to

't he L0ST PTG PROSRRCIH rioe sl T il PO e STuage. 1n the
pr escpdt &meatieatc diMeewt a0fsa rarcurs tdenai gestedsion of orga-—
lu e sl reat ' ' r t
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. ent irof or 1S conver sane | n
conhBcHRGROZG Worh -t Bd acilb rdhtangfor \iera defghgt eperature

oXi di 881" sofieV & sls@tu il d 6 &zﬁﬂm@dpﬁ&s;mw@ efin take
lron_which is oxi- dised fromdivalent to trival ent
st aPé3F&-used on the one hand to precipitate the

content oOhedicendivednphios iy ushvdnt idre isd ugget ashe digested
n_the 35 q%ﬁfr hand

1$fivﬂh n% Ekp%aph%sghateigqg, ﬁ ry usu llinmeans
enton s r &3 I&H,II¥%MM ¢h &?V%ﬁ%ﬂﬁ Y$on M OXIar séd
by &habxitdiesetigesiel aulunak dyen Ipeeoxdlieained by purifica-
tri l.ent.d [ | 5 S o) .
W0 2357 534355 R A, S oRSaY S §838s s (WEECK Y tant s
r ad P8a Pk ePeEEeTd @§Qﬁyqﬁu9feﬁﬁﬁi%ﬂWem%%%%I%§FEb§°+th@ molar

2+ r%tﬁ%gtg*ig%n'td%?h&%ﬁﬁb&@%cfﬁftﬁgt@P%%géxégtéﬁddissolu~
e ot an e 2+ can be reclrcu- e 0) e er
25 ARt O pr o o e asoh (e Studge "Sholld be sut-

ficient for precipitation of the content of dissolved
phosphorus in the sludge and also sufficient for Fenton's
reaction when adding an oxidiser to the sludge ﬁreated
with acid. Moreover it might be desirable to have an

25 excess of iron which after oxidation to trivalent form
is recirculated to the water purification process for use
as a precipitant. The content of iron in the digested
sludge fed to the sludge treatment is mainly present as
divalent iron or is converted to the same in connection

30 with the acid treatment. When adding an oxidiser, diva-
lent iron is oxidised to trivalent. Iron which is oxi-
dised from divalent to trivalent state is used on the one
hand to precipitate the content of dissolved phbsphorus
in the sludge as trivalent iron phosphate and, on the

35 other hand, in Fenton's reaction, in which divalent iron
is oxidised by an oxidiser, such as hydrogen peroxide, to

trivalent iron during simultaneous release of hydroxyl



cipitant. The above neans that the nolar ratio of
di ssolved 10 Fe to P in the nethod according to the

W?g?(m%*’?@ must be above 1:1, such as at leampc}%ﬁ%mmowu

stance about 2:1. Preferably, the nol ar

Fe:P is fromabove 1:1 to 2:1, preferably from above
1:1 to 1.5:1. This results in am excess of trivalent
iron for recirculation to the 15 water purification
prode8s. apg boreepiloraditdn ishe crttidhin of toxt i seeaahiion
oxi garmizn@n of divalent iron to trivalent, the content
of dis- solved phosphorus in the sludge is

precipitated as tri- valent iron phosphate. The

. phosphor ug,@ont ere?* i » tie™*f or on20+ afud ron phosphate

avll be included in the finally treated sludge. If

the iron content of the original sludge is insuf- '

fi chait exgesar f dutth ioxiatidiad dfe’f oapde€kpi teatri dre ofecircu-

they 5¢ie8s ebV e PRRIRNOTIS GO BN Of £ D18 $4 UG, ,8LSYs 5 pre-

"Fenton's 75 reaction and possibly al'so forman exces$s
of FABALEBLE- recirculation to the water purification |,

process, TaedabovicO@lanis’ @haaan ke ddad taideos! 409801 ved

{n the_acid.treat- nt and/ or the addi ng of oxidjser.
1orh; ES28RT P dialthe gt chg” FEBEHRNY LRI P ieRhi @Rt must be

i roapofrer li:Ast aned iasort ¢l phatel, Ther oxsli $€Ee about
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nydEadin Fas S i S N i e £ £Dnt 58F abpre 102
oxi 8Psdblle pulsficanddy fforom airogdn pere bxhde. Thie results
speghf haaklkie s 04 disfle S 1%&?%@1? id m@@%ation to the
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SAUSRISSOLLh bR OISR AL 22 SERLEP" 18 b somn
2Qnoght isPnagdedrhatd sdrlli e included in the finally treated
sludge. ' '

If the iron content of the original sludge is insuf-
ficient to carry out, in addition to precipitation of the
dissolved phosphorus content of the sludge, also Fenton's

25 reaction and possibly also form an excess of iron for
recirculation to the water purification process, addi-
tional iron can be added to the sludge in the acid treat-
ment and/or the adding of oxidiéer. This additional iron
is preferably added as divalent iron, for instance iron

30 sulphate.

The oxidiser which is added in the invention is
selected from hydrogen peroxide and compounds which in
contact with oxidisable substances form hydrogen per-
oxXide. More specifically, the oxidiser is selected from

35 hydrogen peroxide and percompounds. Examples of preferred
percompounds are sodium percarbonate and peracetic acid.
Alsd-combinations of two or more oxidisers can be used.



5 not critical but should be such: as to be effective
to perform Fenton's reaction and oxi di se the sludge

. woatsk;@ise deodorise and sanitise it. \Wien usi BET/SE2004/000612
hydr ogen peroxi de as oxidiser; this means that

preferably 10-100 kg is add- ed, nore preferably 30-60
kg hydr ogen peroxide per tonne 1D of sludge dry

substance the h r oxi bei n al- cul ate
10d% Y eE PR D BEE O e e 8Ty 0 Bt be T o3 ae,
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PHdoddei $¢ uglge abhetisel dt. ZWhEhGQEHﬁ@thYHrbgen peroxide

dur ati on, f the eatne h OXId

T urLac s o thS iR ks khRs ket arhy PR AR 4o ada-
t o éd h.mdhe predemehliywdfh60xkdi bydrbgemhe@eroxide per tonne

pre r c S e a f. : _
10P{ Rf  ARdEPaLID o Bbs AL T TRAE YR et 3RSl being cal

addﬁ%l@he@oaéxi@ﬁﬁlbﬁd§P9GPv§ﬁeﬁﬁlﬁﬁon to tri- valent

i ron, tiﬁbf?@ﬁﬂ?g°fo°?h@'§FBV§35§§%rbe@a@%?tﬂﬁfs reac—
OrganIC matter O, InNn r allaq, caropon : Xl de |1 C %ﬁde is

escabRR: | ihgaBeas FBFMO Rbr d598r T8 e
t heeghlidgbats bhtaimedsbyrelferaed ao Maﬁdﬂ@rh)ﬂk@e}d of
1 30 r ?lcals formed .in Fentgge§

reqet iy«
dediOPT LAt RS TPEL8Fr 4O Fa 5854 1 c%ﬁ%eggglgﬁtdgm%ﬂf ratio
snmeltonsorediiced ier fuhirclabiostpiladtli:daltcy et flro'lm more

mf%&f&@ag gg Bﬁl a%%%t oAVt yental  advant ages.

over t oxi di ser causes sanitation of
the sl udBee tﬁeaé@?nfceaaéhsexllﬁigw@rr SAGGALHM o the inven-

pat@Q@ﬁaneEé@a%'llyaoc&ufr@taf’ﬁ:efth%d\gﬂmcﬁga:r{é dhedge after acid
invention is th % good f||te lity of the slque in
204ovit &7 RN CTha Do SU5A SNE™2 G s 2 o et with oxiliser is

PCTH BE2004b090GEdm Ebauk nNotmiquitce Icledr, butrev preferably
proggghyS RED?QQ'HF%P &%éiy%eatment with oxidiser further

preferably occurs at the temperature of the sludge after

(&)

acid treatment, for instance 10-40°C.
25 . In addition-to oxidation of divalent iron to tri-
valent iron, the adding of oxidiser causes oxidation
of organic matter to, inter alia, carbon dioxide which
escapes in gaseous form. Moreover a deodorisation of
- the sludge is obtained by the action of the hydroxyl
30 radicals formed in Fenton's reaction. This deodorisation
is effective and causes a sludge whose smell is reduced
or which is practically free from smell, which means
great environmental advantages. Moreover the adding of '
oxidiser causes sanitation of the sludge, thereby reduc-
35 ing or eliminating pathogenic bacteria.
. A further advantage of the invention is the good
filterability of the sludge in dewatering. The reason



effect of the acid treatnment and the oxidi sing
treatnment of the sludge, also be due to a favourable

w6 hifehe9) the trivalent iron phosphate precipj _
In oxidation. It 5 is assuned for excellent r?gﬁg&@gmmﬂﬂz

that the precipitated trivalent iron phosphate ow ng
toits particle size and structl2e has a favourable

ef f jLierd ald.in.-dewatering. Thus, .i.n_.the
Phu e 2 LA 08 ol Dy RPN, TR g o ene
sl udRfef &l cif i shexaebdetyedtfien® Bhdukhet oxdewatiey treatment

accailivyge t EOr - teghni,qu i IS
easyt}#lpva(illev\gltjg(?é?'s %%%)?/iggdaggcgfbd?ngg%gg%ﬁg@ gheede of the
e

i nv Corhf oy BRpEPYRERI BREC1RGRatecky prodattion. It
@hi e cavsersd | JobeedgeBleBY +E88bhsi RnaPbLRA! pAkLipitated
After fhe treal ment Wt hhan oxi di ser, the sludge is™

15 devarerel: DevatRR9 e prer QFEBeytecetiFsPartifdesaiee and

- pH @&t rudtatrofhahea sfadgerabléheffeeat aBNh Wit Bering aid in

oXi S beds - 5, Lopal Ly, .a certain .

adj ust rretnpf]%lo'fg'th%uf) o%n%eé gﬁ%églggnlgegﬁﬁdgeﬁﬁ noted

or déhaty ridiakedd sef 2 stiekytoludbeuwhpeh7isbaktaemely dif-
1spedialuidd kad i d@ed SRt IBAL r QI n & NEG 2 dge. | [

to a kaclgiﬁne it is, not rraderac%%rg?n F?%H ??15 Qec%ﬂ?que, 2
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1pr efrnallardd. pdeehan g2l ering deyjce, such

: 1 %;5¥§9§Mf§ éfg%r§h%£ffﬁglsame pH as

as a centrlfuge or a I'O_t r Screen.
dewdt @t (f (M cHLuABe cbhsthe uteeathentnvytieoridisag, i.e.

i f predesat @ﬁﬁﬁgadﬁ@(,cléid@&)téﬁn@dfﬁ& L€abf the pH of the
devv%tl%rdgg. 'I;)hg%eil naciﬁd,evvaterl ng preferably occurs Pr

a centrifugé YT e Oxdehbe? Penterlpsesst.ot.e. to
bandbfoultt @ predsat lan dpeecidaventk®iné PASatment of the

ne dl. d,that the treated sluydge can .
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Dewatering can take place in a single step, but is
25 preferably dividéd,into predeﬁatering and final dewater-
ing. Predewatering occurs preferably in a mechanical
predewatering device, such as a centrifuge or a rotary
screen. Also the final dewatering (which may constitute
the only dewatering if predewatering is excluded) is
30  mechanical dewatering. The final dewatering preferably
occurs in a centrifuge, screw press, chamber filter press
or band filter press.
In the invention it has unexpectedly been found
that the treated sludge can be dewatered by mechanical
35 dewatering to a high solids content, such as at least 30%
by weight, preferably at least 35% by weight, more pre-
ferably 40-60% by weight, especially 40-50% by weight.
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dewat eri ng occurs, as nentioned above, for instance

wol2004%08£0t i fuge, screw press or band filter pEess2004/000612
nore preferably in a screw press or band filter

press. It must be considered sur ri sing that such
sinple 5 means make it possibl elfo provide dewatering
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pr e%‘évval@brwﬁggbt t heefledadd vi §tefi|fe@<$tted356f dy 2&igwedcan be
1s5by ddeide@l dewatering, which preferably occurs in a
screw press or _band filter press. The invention wll.

now be fiftPERSE| bei fafddikats ther Bleshicaicak iewatering and
accosmaayi hy ﬁbﬁéﬂBgfeé$1$%ahﬁﬂJﬁbQW%féﬂEé&q&hH@ déwéterlng

schematic, fl ow dia- t had ac di
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2, uri- fication of the st
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If a dewatering aid is used, it is preferably added
before dewatering, such as before predewatering. Subse-
quently the predewatering of the sludge is effected, fol-
25 lowed by the final dewatering, which preferably occurs in
a screw press or band filter press. '
The invention will now be further elucidated with
reference to the accompanying drawing.

As stated above, the Figure is a schematic flow dia-

- 30 gram of a method according to the invention.

As indicated by arrow 1 at the extreme left in
Fig. 1, wastewater is fed to a treatment plant, such as
a municipal wastewater treatment plant 2, in which puri-
fication of the wastewater occurs in the manner described
35 above. In purification, the produced sludge is fed to a
digestion chamber (not shown) for digesting the sludge.
From the digestion chamber the digested sludge 3 is fed



occurs in the manner described 35 above. In
purification the produced sludge is fed to a
est | on chanber (not shown) for digesting the

ngz‘gjd OFrom t he di gestion chanber the di gestR&d/SE2004/000612
sl udge 3 is fed WD 2004/ 094320 PCT/ SE2004/ 000612 14
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eXt% g%l e%f'%%sphorué“céﬁ%%ﬁ%“of the sludge trivalent iron
phosphate that is precipitated. In the oxidising treat-
ment the oxidiser reacts with divalent iron in the sludge
according to the above-described Fenton's reaétion. If
25 the sludge should contain an insufficient amount of diva-
lent iron, additional divalent iron can be added (not
shown} in connection with the oxidising treatment in the
reactor 5.
The oxidising treatment in the reactor 5 is prefer-
30 ably performed without external heating, i.e. at ambient
temperature. Since Fenton's réagtion is 'exothermal, this
means that the temperature of the reaction mixture gene-
.rally is in the range of about 10-40°C. The duration of
the oxidising treatment may vary, but is preferably from
35 about 1 min to 1.5 h, more preferably from 5 min to 1 h.
Aftef the treatment with the oxidiser, in which the

'sludge is deodorised and sanitised and organic matter is



tenperature'. Since Fenton's reaction is exothermal,
this neans that the tenperature of the reaction

' gene- rally is in the range of about ; -
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Is preferably from35 about 1 min to 1.5 h, nore
preferably from5 mnto 1 h. ABter the treatnent
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Example 1
Digested sludge was treated according to the inven-
tion by acid treatment, treatment with an oxidiser
25 {hydrogen peroxide) and dewatering. The treatment took
place ét different temperatures. Then the contents of
the following bacteria were determined: a) coliform 37°C,
b) thermotolerant coliform, c| presumptive Escherichia
coli, d) Clostridium perifringens,'and e} salmonella.
30 In parallel the same determination was made on a
~sample ‘of the same digested sludge that had not been
treated according to the invention, but only heated to
~ 70°C for 30 min at pH 6.85. Moreover the bacterial con-
tent was determined in a blank of the digested sludge,
35 i.e. a sample that had not been subjected to any treat-
ment at all. The results are stated in Table 1. The Table
states the sample marking kg 100% hydrogen peroxide/temp,



b) thernotol erant coliform c) presunptive Escherichia
coli, d) dostridiumperifringens, and e) sal nonell a.
all el the same determ nation was mad
Wg%d‘i%m{’ t he sane digested sludge that had n%gﬂ%@ﬂ“mo“u
treat ed according to the invention, but only heated to
70C for 30 min at pH 6 85. Moreower the bacterial con-
‘ tent(yas determ ne blank of the digested sludge,
35 i.%¥. PxatplerR ‘# h% enBe.BeeniBubhecTelleo radpte to the

treamumhentoﬁtcﬁ&bny?ﬁermﬁm@lM&l%%epﬁﬁﬁﬁﬁﬂjdﬂ1é@ﬂ&éé:hav1ng a
The rklng kg 100% hydr ogen
pero§?g£§?eégg%§%t2§g4ﬁog§3§6 B&FLdE2004/ 000612 16 C,

for 30 min/pH The values in tﬂ%lTagl e relate to the

nunber of colony-form ng un|t of sludge having
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Pos tbve* 0/6. 85 <|10 < 10 < 10 516000 Nedatt+v
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10 I /6.86 22 GcO@oNe;at i ¥e10100f 3043. b 510LlQep 10 i\]egative
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from all samples according to the invention.
Example 2
The solids content (TS = dry solids) from two
dewatering devices is compared on the one hand after
15 treatment accordihg to the invention by acid treatment
and treatment with an oxidiser (hydrogen peroxide) and,
on the other hand, without treatment according to the
invention.
The sludge (digestéd sludge) contains at the inlet
20 to the acid treatment and at the inlet to the dewatering
devices 3% TS flocculated with polymer. The dewatering
devices comprise a centrifuge, in which the sludge has a
retention time of less than 1 min, and after that a screw
press which is preceded by a dewatering drum. The screw
25 press applies a pressure of 50 bar and the retention time
of the sludge in the screw press is 15-30 min. In the
dewatering drum, the sludge is dewatered to a TS content
of 10-15% and is then fed to the screw press, the TS con-




i nvention. The sludge (digested sludge) contains at
the inlet 20 to the acid treatnment and at the inlet
‘vogarkggngematerlng devices 3% TS fl occul at ed yetRE2004/000612

The dewatering devices conprise a .
centrlfuge in which the sludge has a retention tine
of less than 1 mn, and after tlat a screw press
whi ch i s preceded by a, dewat eri ng_drum TEe scre iS d i
pr 68 tasiiings fd”btr}é"‘s%ulr%c%‘?a%%dba?hﬁn’d"e% Leefft PhRTED 11
ti mp1ef sthe sludge in the screw press is 15-30 mn.
In the dewatering drum the sludge is dewatered to a
TS content of 10-15% and i sTebée f2ed to the screw
press, the TS con WD 2004/ 094320 PCT/ SE2004/ 000612 17
tgnt RQeing furthg&xgﬂ%é d. The resblts age s§abedss

nt

in Tgble 2. Tabl | fuge Screw; press Untreated
HASO4: (3 t )] 9 350

B sl %5%%%%0 >34 %5%5&@{1 Ot B30 2 d;503

kg/ tolne TS q TEHP:: f@Ckgdteﬂ&% 3%29 % Not 40 ¢gg/tonne TS
pgssidle As is pungantiofdomthe results, the H,0,: 30
trieddment 5 accofding to the inventioh has a kg /tonne TS
favdyriabl e effect in particular whenfusing a scrgﬁ

priess.| Exanpl e 3| The di gested sl udge was treatedTemp: 70°C
acicod di g.,to the ényentlon by acid tigafment, |;q ¢
triea *wi th a1 oxi di ser 10 (hydrogen peroxide) and
depweét eri ng usingla screw press. The f obPBaMIMEE rdsults

were obt Al ne ne%yg%lgggge?% tcgg'pg A1y esnlabld thent

Twmﬂmﬁe r 0gén ySM|saﬂer ewaterin
according to the invention has a favourable effect

in particular when using a screw press.
Example 3
The digested sludge was treated according to the

invention by acid treatment, treatment with an oxidiser

10 (hydrogen peroxide) and dewatering using a screw press.
The following results were obtained at different tempera-

Cures.
Table 3
Temperature|Hydrogen pH bry solids after dewatering
peroxide |
(°C) (g/kg TS) (%)
25 - 100 3.6 37
30 100 |3 | 39
70 100 3.5 47

As is evident from the results, the treatment
15 according to the invention gave a clearly increased
TS content with an increased temperature.

Example 4 _
Experiments to resemble a continuous process, in

20

which batches of 20 and 60 1 were made. Digested sludge
was acid treated and the agueous phase was separated from
the solid phase. The aqueous phase had a pH of 3-4 anq



peroxide (C (g/kg TS) (% 25 100 3.6 37 30 100 3 39
70 100 3.5 47 As is evident fromthe results, the

reatment 15 according to the invention gave a
Wblzg@r’qg? Xncreased TS content with an i ncreasdtfFT/SE2004/600612
tenperature. Exanple 4 Experinents to resenble a
continuous process, in which batches of 20 and 60 1
were made. Digested sludge 20 was acid treated and

t he thguddup iphases wastsieparnetled freat¢dewsohildyphagen per-
The 0 f n 04/09432 .
PCT. /O%EE%OZE/SO %%ﬁ%fh@l clﬁqvw %mgsgﬁ%}ﬁ])t tlgcg u%éls??/ﬁegt iron

t r edined spirseduevtogure pParitaldiare $brtpkvabenoninpn phosphate.
di VlegNts 1T R tehd Tdger] etuddon(2 Atk BPSRAHENE xamined.
precipitation of tri'valent iTon phosphate. New sl udge
mnd aged sludge (2 weeks) wereagxamyned. 5 Table 4
Particle size (n) Treatnent Tiie New New Aged Aged

(h)[ sSTudge sTudge sfudge sfudge 20,1.60 1T 20.T 60 I O
4.31 9.21 7.14 7.48_0.5 5.80 6255518158285 (M) 11 26

7. 12T ddatideRt 77im@ [18. 4Q,12.39 1726 11. 7haed 204 19 aqed
16.{73 20.3§,)16.26 @ 18. 72 18§.95 20.59 21. fl 5 20.6
19.64 20.29°'19.90 |6 2bu®de2(. 19149996 26 4PI&s | s sludge
evildent fromthe rejsul2s,1the treatoent] aqcardiing tep 1

thg Tnventj,on in a gtatj gnary staLe. prqauces
trijpalent Fron-phos haéeggaum_eé_agung_gn_l&emgel_@_—_
par|- ticle0Osbze of R0 @mn80These parbekclies [r.@mote 5.35

| mproved 4 11.26 7.72 11.14 7.77
2 18.40 12.39 17.96 11.71
3 20.19 16.73 20.36 | 16.26
4 18.72 18.95 20.59 21.31
5 20.64 19. 64 20.29 19.90
6 20.61 20.12 19.96 20.43

As is evident from the results, the treatment
according to the invention in a stationary state produces
trivalent iron phosphate particles having an average par-
ticle size of 20 pum. These particles promote improved
10 dewatering by acting as an internally generated filtering
aid.

The invention has been described above with refe-
rence to preferred embodiments, but it is to be under-
stood that they are only elucidative and that the scope
15 of the invention is only limited by the appended claims.



10 dewatering by acting as an internally generated

- filtering aid. The invention has been descri bed above
with refe- rence to preferred enbodi nents, but it is
to be under- stood that theygare only elucidative and
that the scope 15 of the invention is only Iimted by
t he appended clains. 19 CLAIMS 1. A nethod of
treating, in wastewater purification, sludge
cont ai ni ng organi c matter~:8i¥&l ent iron and
phosphorus, in which the sludge is treated at 0-100C

ith [ wh [ pH of, 1-5 i hi d, . :
B R Rt At TR eSS
s$iddge, cohéashidge icsgsuppl | ethividh, antioxalkrser iron  and
-p§85§ﬁ5§984fEgnhgxgﬁogen per oxi de and per conpounds,

Y,

ent iron being oxidised by Fenton's reaction to
tri vhRent sipdae Hdnd f¥gatedvarlent0i¥Yhlheagh an acid,

wREeekipi tat aghy as st rival ent  Adonephesphate Gikkofili@gon of
radicals . with a deodorisation and sanitation effect
dpERAG For iR BYIFBRPSRNSTHEaLtPBN thehe L8PF8ge t hen

bei nghdevalwigd dts aspppoficat wbsh ah arddikeraquedysted

| utii on obtained in dewatering bein ecircul ated to
PR a0 D BT R e, PRt Seq YeEREL | Tron
behpgs|ardigél 4t biys Hewatets | semmdd ono conttaiivalent iron,
aflyssol ved iron and phosphorus at a nolar ratio Fe:P of
above 1:1. 2. A nethod as clained in claim1, _
char &t erfiié@ iant t haent feiglqdgeersratptiedr e elrwehent
isthppHbsphaeed, formc acid or oxalic acid. 3. A

"method.as clainmed in.claiml1 or 2, char- acterised in
that?Fﬁg sl i LagEC %PreaWéEhfoﬁi10dﬁpﬁorﬂéa§lﬁﬁ and

sanitation effect being formed by Fenton's reaction,

the sludge then being dewatered at a pH of at most
 7, and
the aqueous solution obtained in dewatering being

recirculated to the wastewater purification,
| characterised in that |

the sludge that 1is treated 1is made to contain
dissolved iron and phosphorus at & molar ratio Fe:P of
above 1:1.

' 2. A method as claimed in claim 1, characterised in
that the sludge 1s acid treated with sulphuric acid,
formic acid or cxalic acid.

3. A method as claimed in claim 1 or 2, char-
acterised in that the sludge is acid treated for 10 min
to 2 h. | |

4. A method as claimed in any one of the preceding
claims, characterised in that the sludge that is treated
is made to contain iron and phosphorus at a.molar ratio
Fe:P from above 1:1 to 1.5:1. '



4. A method as clained in any one of the preceding
clains, characterised in that the sludge that is

treated is nmade to contain iron and phosphorus at a
molar ratio Fe:P fromabovgyl:1 to 1.5:1. 20 5. A

nmet hod as clained in any one of the preceding clains,
characterised in that the sludge is supplied wth
addi ti onal divalent iron before the adding of an ,
oxi df sef. TBthRdhethodlasnefailedith ang @%ehﬂetyﬁﬁcedlng
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e t ro east, one rogen pe [
Wi BB G P boraT 81BN perdee B O4d dUhg, HRchithoR® an
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oxid se d cl _
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Cé@{b@’p‘red:hmtactm/rdr&m?bnlperfd)@iuetég axidhial ses isebacted
fagRuUNt;of  1Q,100 kgmeprQSPra@#ﬂﬁfg%e@p kﬁero%@@éb sodium

hydr ogen gerOX|de per tonne of dry solids. 9. met hod
P%§C@F PRRECI ArANCHRESHBECt ABLBr ecedi ng clalnB,

charact Bringéedotnakhatlat hedsliwdga dis sUppiHethMdfisad  in

_ t 10. A net hod

tHELThER PRI GhSeBneS oRvIREORR cRBUPRE el al e
char&ctérnaeMOM1aﬁunlaiwa@lmdgelbsmpﬁedm&ﬁ&a&ﬂbrnﬂem in

tﬂ?Eeﬂhgl 9% rf% %§§§% é&rﬁfggl%édropgﬁagggo§ﬁde as an

ained in a one € prece
0%h@¥ﬁ@¥eﬂﬁs@@|¢mqwﬁﬁ ¢he 18rddfe kigs finefianabldews e @dky,

1@0%hh9d98§&ﬁ'£89§x1§§r?@&pﬁgﬁﬁ?hegaHPﬁrsEkh&gr press
nme 0 as” cl ai ne In any

ter ress
one 51 @b ot L2ty LrciacoRti 860 e 1natCeding
claemstudgera&tdem@éar@d thata t3@ idsientientspiied with

ast. 30% hy h 13., A pethod as clained in claim
21§ OrlEelitont nafalF

SWRharace etﬁgwa 51§90dge is dewatered to

- a sol@dsAcmﬁtéwd afs S5B094 bynwehghtne of the preceding
claims, characterised in that the sludge is predewatered
with a centrifuge or a rotary screen.

' 11. A method as claimed in any one of the preceding
claims, characterised 1n that the sludge is £finally
dewatered with a centrifuge, screw press, chamber filter
press or band filter press.

12. A method as claimed in any one of the preceding
claims, characterised in that the sludge is dewatered to
a solids content of at least 30% by weight.

13. A method as claimed in c¢laim 12, ° characterised
ih that the sludge is dewatered to a solids content of
35-60% by weight. | | |



