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Abstract

Purpose: Biochemical purification of wastewater containing refined petroleum products takes place due to the
oxidation of pollutants by active sludge organisms. As a result of this process the intense consumption of pollutants by
active sludge and its growth occurs. Therefore, the possibility to use active sludge containing refined petroleum
products after wastewater treatment requires its stabilization. Methods: In this work the oxidation by a 30% hydrogen
peroxide solution was studied for its use as a stabilizer. Chemical oxidizers, including hydrogen peroxide destroy
organic polymers retaining free water thus promoting water release from the structure of sludge particles. On the other
hand remains of fine structured oxidized biopolymers can lead to filter clogging, that is, reduce moisture exchange of
sludge. Results: The experiment was carried out to find out the correlation between the doses of hydrogen peroxide and
the resistivity value of sludge filtration. Discussion: Stabilized active sludge can be used as a fuel for boiler rooms,

which in its turn will reduce natural gas consumption for the enterprise needs.
Keywords: active sludge; chemical stabilization; hydrogen peroxide; resistivity of sludge filtration

1. Formulation of the problem

Classical biological treatment at the wastewater
treatment plants cannot work without active sludge.
During biological treatment of the wastewaters the
biochemical oxidation of organic matter by sludge
organisms takes place. Organic matter from
wastewater feeds the active sludge, causing its
growth and producing the excessive active sludge
that should be removed from treatment facilities and
recycled [1, 3].

The active sludge is a biomass of microorganisms
and macroorganisms, mainly of heterotrophic
species that biochemically oxidizes soluble organic
matter by oxygen. In the end result carbon dioxide
and water are formed. Exactly in the course of this
process the fertility of the land is lost, degradation of
the biosphere occurs and carbon dioxide emissions
increase, so, the active sludge should be recycled.

2. Analysis of the research and publications

The sludge has humidity of 98%, so it is necessary
to concentrate this sludge before further treatment.
Several methods such as flotation concentration,
pressure flotation, electric flotation, ultrasound

treatment, filtration, cavitation and others are used
for this purpose [2, 4].

Along with the heat and reagent treatments the
methods, such as the addition of mineral ashes after
burning, including those obtained from the
combustion of sludge itself, can be used for active
sludge and sediments air conditioning of primary
clarifiers and intensifying the process of
concentration.

Chemical stabilization of sludge sediment is
carried out to enhance its water loss during
dehydration. The lime is widely used to intensify the
treatment process of active sludge. 10% of dry
matter by weight (for fermented — 12%) is
recommended to add to raw sludge.

The anaerobic digestion can be used to stabilize
the active sludge. Increased temperature (to 55 °C)
intensifies this process accelerating fermentation
twofold and more and slightly reducing water loss of
sludge. The period of drying of fermented sediments
increases by 1.5 times. The active sludge sediment
yield increases by 20% during mixing. By rising the
temperatures of the process and mixing active sludge
sediment the basis for technologies with use of
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methane fermentation was formed. Capacity of
facilities with such treatment was increased by 2
times.

Sterilization of sediment before fermentation for
15 — 20 minutes at 100 — 120°C reduces its
processing time by 30%. Pasteurization of sediment
for several hours at the temperature of 85 — 95 °C
increases a processing speed by 14.8%.

Ultrasound treatment of active sludge provides
dispersion of active sludge sediment surface and its
uniform distribution in the reactor.

For active sludge treatment the aerobic
stabilization can be used. By this way the sludge is
compacted to the concentration of 10 — 15 g/l by dry
matter then heated to the temperature of 50 — 55 °C
for 2 — 2.5 hours while maintaining aerobic
conditions. Then aerobic active sludge is subjected
to stabilization to achieve a specific resistance of the
filter at 10 — 40x10"° cm/h. The processing time was
reduced from 4 days to 6 — 7 hours under the aerobic
conditions comparing with the conventional
stabilization [5, 6, and 9].

Aeration or oxygenation of the sludge sediment
before its sealing improves sludge sedimentation
properties and water loss. Fermented active sludge
before sealing is saturated with oxygen by aeration,
mixing with oxidizing agents or chemical treatment.
As chemical oxidants peroxide or permanganate
solutions are used.

The effect of stabilization of active sludge can be
obtained in different ways — biological, chemical,
physical, and their combination [9]. The feasibility
of the use of any method of stabilization is
determined by several conditions, the majority of
which is the type of an active sludge, its quantity,
the possibility and conditions of further use,
availability of site for its disposal.

During the treatment of wastewater containing
refined petroleum products the active sludge adsorbs
petroleum and other organic matter that is why a
strong oxidizer is required for its stabilization.

The sludge treatment by a chemical oxidant such
as hydrogen peroxide, without a doubt, will have an
effect on the properties of sludge that must be
considered during the next mechanical dehydration.
Thus, making arrangements for sludge air
conditioning before mechanical dewatering the
change in moisture exchange of sludge after its
treatment by oxidants must be taken into account.

Chemical sludge air conditioning before
mechanical dehydration is usually performed by
coagulation using ferric chloride and lime. The

doses of these agents are normalized only for
concentrated sludge. For non-concentrated sludge
contaminated by petroleum products containing
wastewater that was removed from the block of
biochemical oxidation with the intensified process
the empirically chosen coagulant doses were: ferric
chloride — 10% and lime — 25% of the dry sludge
residue.

When processing a non — stabilized sludge by
coagulants a sludge resistivity decreased from 438 x
10" cmv/h to 38.66 x 10™ cm/h, i. e. by more than 10
times.

Sludge resistivity that is measured by pressure
loss at its initial constant value per a filter surface
unit with the help of filtering a unit of mass sludge
physically and numerically expresses the ability of
sludge to moisture exchange, in particular the degree
of suitability for dehydration on filters. The value of
resistivity to filtering, often called "an index of
filtration capacity" describes the structure of the
sludge and is dependent on removal of free water by
the most efficient way [7, 8].

Chemical  oxidizers, including hydrogen
peroxide, destroy organic polymers that keep free
water, that is promote its release out of the structure
of sludge particles. On the other hand remains of
damaged (oxidized) biopolymers with fine structure
can lead to clogging of filter media, that is, to
reducing the moisture exchange of sludge [10].

3. Purpose of the study

The purpose of the experiment was the selection of
the optimal dose of hydrogen peroxide which is
necessary in order to stabilize the active sludge after
treatment of wastewater contaminated by petroleum
products.

4. Study results

In order to find the optimal dose of hydrogen
peroxide with which the oxidation of water-keeping
biopolymers is sufficiently ensured but relatively
few adverse oxidation products are formed the
measurements of the resistivity of sludge filtration
upon different doses of hydrogen peroxide were
made The sludge, which was previously air
conditioned by coagulants with the mentioned above
doses was subjected to processing by hydrogen
peroxide.

During the experiment 30% aqueous solution of
hydrogen peroxide was used. The measurement
results are shown in Table 1.
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Table 1. Dependence of sludge filtration resistivity (r)
from hydrogen peroxide doses (D

D, r D, r D, r
0 38.66 15 11.81 60 15.05
1 17.70 20 11.54 70 15.39
3 13.36 25 11.57 80 14.30
5 12.01 30 10.13 90 18.64
7 12.15 40 10.53 100 24.78
10 11.21 50 14.01

Due to shortcomings of the standard method for
determining the resistivity of sludge filtration a
slight deviation of the data was observed (Fig.1).
However, the correlation coefficient of these data
appeared to be rather high, indicating the presence of
correlation between the above parameters:
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Fig. 1. The dependence of the resistivity of sludge
filtration (r) from the doses of 30% hydrogen
peroxide (D)

Some data, deviations of which seemed most
significant, were tested by the criterion of cases
according to standard methods and their reliability
was confirmed. In particular, for the value with
coordinates D , = 15 mg/dm?, r = 27.81 x 10" cm/h
the criterion of cases with M , = 17.3 and 6 , = 19.32
equal:

T 27.81-17.3 _054 @)
19.32
which is smaller than the tabular value TS, = 2.4 (for
n = 17). All calculations were performed by the
conventional method.

Doses presented in Fig. 1 shows a sharp decrease
of the curve even at low doses of hydrogen peroxide,
but then an increase of the resistivity of sludge at
doses of hydrogen peroxide with 50 — 100 ml/dm?®.
The extreme area of the curve indicates the optimal
dose of hydrogen peroxide with 20 — 30 ml/dm®
(30% solution).

The sludge treatment by hydrogen peroxide dose
of 22 ml/dm?® will allow oxidize chemically volatile
organic compounds, stabilize the sludge, and reduce
resistivity of its filtration by 8 times.

5. Conclusions

Study results allowed us to find out the optimal dose
30% hydrogen peroxide solution equal 22 ml/dm3
required to stabilize the active sludge. Upon such
treatment the resistivity of sludge filtration was
reduced by 8 times. The stabilized active sludge,
obtained from oxidation of containing refined
petroleum products wastewater, can be used as a fuel
for boiler rooms which in its turn will reduce natural
gas consumption for the enterprise needs.
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AKTHBHOTO MYJIY IicJIsl OYMIeHHS CTIYHMX BOJ 3a0pyIHeHUX HAQTONMPOTyKTaMH.
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Mera: bioxiMiyHe OYMIIEHHS CTIYHHX BOJ, IO MICTATH MPOAYKTH IepepoOKw Ha(TH, BiOOYBA€THCS 32 pPaxyHOK
OKHMCHEHHS 3a0pYyAHIOBAIFHUX PEYOBHH OpPraHi3MaMy aKTHBHOT'O MYJy KHCHEM IOBITps.. ¥ pe3ynbTaTi IOTO MpoLecy
BiZIOYBA€THCS IHTCHCHBHE CIIOXHMBAaHHA 3a0pyAHIOBAILHUX PEYOBHH aKTHBHHM MYJIOM, a TakoX Horo pict. Tomy y
MoJambuIoMy, 100 OyJIo MOXIMBE BHKOPHCTaHHS AaKTHBHOTO MYJy IICNISi OYMIIECHHS CTIYHHX BOJ, IIO MICTSTh
MPOAYKTH TepepoOkn HadpTH, Horo HeoOXimHO crabimizyBatu. Metoam: Y Hamiid poOOTI MU JOCHIAWIN, B SIKOCTI
crabinizatopa — okucHeHHs 30% pO34YMHOM NepeKucy BOAHIO. XiMi4HI OKHCHIOBaYi, 30KpeMa, IIEPEKUC BOJHIO, pYyHHYE
OpraHiuHi HoJiMepH, SIKI yTPUMYIOTh BUIBHY BOAY, TOOTO CIPHUSIIOTH Il BUBUIBHEHHIO i3 CTPYKTYpH YacTOK Myiy. 3
IHIIOrO OOKY, 3QJIMIIKK OKMCHEHHX Oi0mojiiMepiB MaroTh JApiOHY CTPYKTYpPY 1 MOXYTh HPHU3BECTH 10 3aKyINOPKU
¢buIBTPYIOUYMX MaTepialiB, TOOTO 10 3MEHILEHHs BOJIOTOBiAnaul Myiy. PesyasTraTn: ¥V xoxi po6oTu OyB mocTaBieHuit
eKCIIEPUMEHT 31 3MIHOI /03U MEepPEeKHCY BOJHIO 1 BU3HAYCHHSM BEJIMYMHHM MUTOMOTO Omopy Myiy dinbrparii.
Oo6roBopennsi: Ctabini3oBaHMi aKTUBHUI MyJI MOXKe OYTH BUKOPUCTAaHHI B SKOCTI MaJMBa Ha KOTEJbHI, 110, B CBOIO
4Yepry, 3SMEHIIUTH BUTPATH IIPUPOIHOTO ra3y Ha IOTPEOH MiANPHEMCTBA.
Kuro4uoBi ciioBa: akTHBHUH MYIT; IEpEKUC BOAHIO; MTUTOMUI Omip Myiy QibTpallii; XiMidHa CTa01Ti3amis.
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Henb: bruoxumuyeckas OYMCTKA CTOYHBIX BOJ, COJACPKAIIUX MPOAYKTHI MEPEepabOTKU HEPTH, MPOUCXOIMUT 32 CUET
OKMCJICHHS 3arps3HSIOLIMX BEIIECTB OpPraHM3MaMM aKTHUBHOTO HJIa KUCIOpPOJOM Bo3ayxa. B pesynbraTe 3TOrO
mpoliecca MPOUCXOJAUT WHTEHCHUBHOE MOTpEOJIeHHE 3arps3HSIONIMX BEIIECTB AKTUBHBIM HJIOM, a TaKXe €ro pocCT.
[MosTomMy B manpHeWIIeM, 4TOOBI OBLIO BO3MOXKHO HCIOJIB30BAHHEC AKTUBHOTO HJIA IMOCIE OYUCTKH CTOYHBIX BOJ,
collepKaluX MPOAYKTHl MepepaboTku HedTH, ero HeoOxomumo crabmimm3npoBaTh. MeTonbl: B Hamieir pabore MBI
HCCIICIOBANIA, B KadecTBe cTabmim3atopa — okucieHne 30% pacTBOPOM MEPEeKHCH BOJAOPOAa. XHUMHUYECKUE
OKHUCITUTENHN, B YaCTHOCTH, IIEPEKKUCH BOJIOPOJIA, Pa3pyIIaeT OPraHMISCKHUE MMOTUMEPBI, COJIEpIKAIUE CBOOOTHYIO BOAY,
TO €CTh CIIOCOOCTBYIOT €€ BBICBOOOXICHHIO M3 CTPYKTYpHI YacTuil wia. C Opyroil CTOPOHBI, OCTATKH OKUCIICHHBIX
OHOIIOIMMEPOB MMEIOT MEJKYIO CTPYKTYPY W MOTYT MPHUBECTH K 3aKyINOpKe (MIBTPYIOMIAX MAaTepHaliOB, TO €CTh K
YMEHBIICHUIO BJIarooTAa4yu wia. Pe3yabrarhl: B xoae paGoThl ObLI MOCTABIEH HKCIEPUMEHT ¢ U3MEHEHHEM JI03bI
MIEPEKUCH BOJIOPOJIa ¥ OTPEJCIICHHEM BEJMYUHBI YJIENBHOTO COMPOTUBIEHUS wuna QuiasTpanmuu. OQOcyxkaeHue:
Crabmim3upoBaHHBIA aKTUBHBIN HJI MOXKET OBITh MCIIOB30BAH B KAU€CTBE TOILTMBA HA KOTEILHOM, YTO B CBOIO OUYEPEIlh
YMEHBIINUT PACXObI IPUPOJAHOTO ra3a Ha HyXKIbl IPEATIPUATHS.
KiiloueBble cj10Ba: aKTUBHBIN WJI; MIEPEKUCHh BOJIOBOJIA; YAETHHOE COMPOTHBIICHHE Wia (DHILTpAINU;
crabunm3anus.
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