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The purpose of the study was the design of an aerator-oxidizer and optimal parameters of its work
to ensure the conditions of mixing and dissolution of oxygen, in which there is no disturbance of the
state of activated sludge. The testing of the work of the aeration-oxidation setup of rotor type with the
use of a sludge mixture with different design of aerator-oxidizers and in different operating modes was
performed. The assessment of the effect of processing on the state of the activated sludge was carried
out according to standard parameters: sludge index, chemical oxygen demand. In addition, the number
and state of activated sludge organisms were evaluated. The results of qualitative and quantitative
analysis of activated sludge before and after processing in the setup are presented. The parameters in

which the activated sludge functions in satisfactory mode are revealed.
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The effectiveness of biological wastewater
treatment depends on many factors: the dose
of activated sludge, temperature, pH, daily
wastewater consumption, etc. However, the
most important and most energy-consuming is
the degree of sewage saturation with oxygen.
In the process of sewage aeration, pneumatic
systems are widely used, which provide
sufficient concentration of dissolved oxygen in
the sludge mixture and its mixing. The search
for ways to saturate the sludge mixture with
air oxygen with reduced energy consumption
remains an urgent problem [1, 2]. One of these
methods is the use of hydromechanical systems
of aeration. It is known that such aeration
systems have lower specific energy expenditure
compared with more commonly used pneumatic
systems [3, 4]. Loop reactors with jet mixing
are not widely used in biological treatment
of sewage. However, it is known that such
reactors create favorable conditions for the
effective dissolution of oxygen in water.
The induced air in the conditions of intense
mixing and turbulent flows is dispersed in the
form of microbubbles, greatly increasing the
phase separation surface, which facilitates its
dissolution [5]. However, the passage of sludge

mixture through a centrifugal pump and high
velocities of passage through pipelines can
cause mechanical damage to microorganisms
of activated sludge [6, 7]. In addition, the
sedimentation properties of activated sludge
deteriorate as a result of mechanical damage
to the activated sludge, which complicates its
further separation [8].

The purpose of the study is to search for
the design of an aerator-oxidizer and rational
parameters of its work to ensure the mild
conditions of oxygen mixing and dissolution,
in which there is no violation of the state of
activated sludge.

The objectives of the study are:

— estimation of the stability of sludge
mixture parameters at different setup modes
and aerator-oxidizer design;

— determination of the efficiency of
contaminants removing by the criteria of
chemical oxygen demand (COD).

Materials and Methods

The research was carried out on the basis
of the experimental aeration-oxidative jet-
looped setup at the Institute of Engineering
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Thermophysics of the National academy of
sciences of Ukraine (Fig. 1). Oxygen saturation
of the treated medium and its mixing takes
place in the aerator-oxidizer, which is rotary-
pulsating apparatus (RPA). The research was
carried out using two aerator-oxidizers of
different design.

The working volume of the first aerator-
oxidizer is 0.0014 m®. The main element of this
device is the rotary-pulsating knot (RPK,),
which consists of two rotors, connected in
a single rotor knot (RK), and stator. The
rotors have the following design parameters:
internal radius of a small rotor R, = 56 mm,
of a large rotor R, = 65 mm; the dimensions
of the slits a = 3 mm; height A, = 5 mm; angle
between them is 6°; number m = 60. The gap
between the rotor and the stator in the RPK
is 8 = 0.15 mm. Structural parameters of the
stator are as follows: internal radius R,, = 61
mm; the dimensions of the slits ¢ = 3 mm;
height A, = 5 mm; angle between them is 6°;
number m = 60.

The second type of aerator-oxidizer, with a
volume of 0.0014 m?, contains RPK, consisting
of one rotor and a stator. The structural
parameters of the rotor are: internal radius
R,,, = 40 mm; external radius R,,, = 70 mm.
The rotor contains 12 round holes with a
diameter d;, = 12 mm. Structural parameters

of the stator: internal radius R,,;,,= 70 mm;
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external radius R,,,,, = 75 mm. The number of
holes is 20. The gap between the rotor and the
stator is 6 = 0.3 mm.

As a parameter characterizing the
conditions of medium processing in the RPA
and can serve for different structures of the
RPA comparison, the rate of the flow shift was
chosen, which is determined by the formula:

2K (1)
7
where o is the angular velocity of the rotor,
s!; R is the radius of rotor, m; u is the gap
thickness between the cylinders, m.

In the work, the determination of the doses
of activated sludge by dry substance a and
volume V, and sludge index I were performed.

The dose of activated sludge was calculated
by the formula:

a="27") 1000, 8 /dm?. (2)
v

Determination of the dose of activated
sludge by volume lie in gravity sedimentation
of the sludge mixture (V, = 200 cm?) for
30 min with subsequent determination of
the volume Vg, which takes the sludge after

s
sedimentation, and recalculated to 1 dm?:

v =2.1000, cm? / dm3 (3)
v

N

Fig. 1. Aaeration-oxidative jet-looped setup:
A — the chart; B — RPK 1; C — RPK 2.
1 — storage capacity with internal cylinder; 2 — aerator-oxidizer; 3 — damper; 4 — three-way valve; 5 —
recirculation pipeline; 6 — two-way valve; 7 — engine; 8 — cooling shirt; 9 — flow meter; 10 — manometer;
11 — thermometer; 12 — air flow meter; MCU is a management and control unit
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In order to determine the dose of activated
sludge a, the sludge mixture of volume V =
50 cm?® was collected, which was filtered on
a pre-dried and weighed paper filter “white
tape” of mass m; and dried to constant weight
my at 105 °C for six hours.

The sludge index is defined as the ratio of
activated sludge dose of volume V to its dose a
of dry matter:

I=K,cm3/g (4)
a

Investigation of activated sludge was
carried out using a trinocular microscope
of XSP-139TP Ulab model, equipped with
an eyepiece with an increase of x10 and
lenses with magnifications of x10, x20 and
x40. In addition, the Carl Zeiss Axio Imager
microscope was used.

To calculate the number of groups of
activated sludge organisms, the method of
“Calibrated drop” [9] was used. A sample
of 150 cm? of sludge mixture was collected,
0.1 cm? of fluid was collected from it after
preliminary mixing with a micropipette,
placed on object glass and covered with
18%x18 mm cover glass. Three such specimens
were made. In each specimen, the number of
organisms was counted in 10 fields of vision
under a microscope with an increase of x100.
The number of organisms D in 1 cm? of sludge
mixture was determined by the formula:

S-d

n-rtp

D= ,cell /em?®, (5)

where d is the number of organisms in one field
of view (the arithmetic mean of the examined
fields of view); r is radius of field of view in
mm; S is the area of cover glass in mm?; pisthe
volume of used liquid, em?.

Active sludge for research was taken
from the sludge chamber after the secondary
settling stations of Bortnitskaya aeration
station in Kyiv. It represents an association of

Fig. 2. Microphotography of activated sludge with
magnification of x200

microorganisms such as bacteria, mushrooms,
actinomycetes, diatoms, green microalgae,
as well as protozoa and some multicellular
animals (flagellates, sarcodes, infusoria,
worms, rotifers, etc.). Microphotographs of
activated sludge are shown in Fig. 2.

The studies were conducted in two
replicates. In both samples, the sludge is
moderately-laden, no filamentous bacteria,
but infusoria of the genera: Paramecium,
Vorticella, Epistylis, Euplotes; rotifers of
the genera: Habrotrocha, Epipheres, Rotaria,
Pleurotrocha are present. In the second sample,
the estimated number of organisms was
determined, where the number of infusoria
was 3 335 individuals per cm?, and the number
of rotifers — 205 individuals per cm?. The both
samples of activated sludge parameters are
presented in Table 1. For further investigation
of the purification effect by the COD
parameter, a new sample of activated sludge
was selected: the dose of sludge in volume is
880 cm?®/dm?®. Sludge index is 110 cm?/g.

For a qualitative assessment of sewage
pollution, a standard method for chemical
oxygen demand determining for 2 hours was
used — COD.

The volume of sludge mixture was
30 dm?® with a sludge concentration of
2.5 g/dm?®, which was obtained by diluting the
activated sludge with settled tap water (when
evaluating the parameters of activated sludge
in the first stage of the research) and with
sewage (in determining the degree of sewage
treatment) in the apparatus before the start
of experiments.

Results and Discussion

Table 1 shows the initial parameters of
activated sludge, which was selected for
research conducting at Bortnitskaya aeration
station.

The first 3 experiments were aimed at
rational parameters of setup work and its
design finding. The following two studies
were conducted to assess the depth of sewage
treatment by COD index.

The first study of the parameters of
activated sludge in the aeration-oxidative jet-
looped setup was carried out at a rate of flow
shift of 112:10% s, which is minimal for this
apparatus. The temperature of the sludge
mixture was 21.7 °C. The treatment time was
40 minutes. Sampling was performed every
10 minutes. An aerator-oxidizer with RPK;
was used. The results are presented in Table 2
and in Fig. 3.

59



BIOTECHNOLOGIA ACTA, V.11, No 2, 2018

Table 1. Parameters of activated sludge selected at Bortnitskaya aeration station

D f activated Dose of activated
Samples ose ot activateéd | Average dose of sludge Average dose of Sludge
Ne ,]1316 sludge, a, g/dm activated sludge, V, em®/dm? activated sludge index,
T Qyp g/dm? | em®/dm I,dm?/g
I II I II
1 8.28 8.46 8.37 925 935 930 111.11
2 7.3 8.54 7.92 950 960 955 120.58

Note: 1 and 2 are successive samples; I and II are parallel samples.

Table 2. Parameters of activated sludge after processing with a flow shift rate of 112103s7!

Samples Dose of activategl Average dose of activla)lgsg (s)lfudge Average dose of Sludge
N .]I:IB sludge, a, g/dm activated sludge, v, em® /dm3 activated3slud e indeéi,
e I I a,,, g/dmg I I V g cm”/dm I,dm"/g
C 0.8 0.74 0.77 60 65 62.5 81.17
4 0.68 0.74 0.71 60 65 62.5 88.02

Note: C — control, 4 — sample taken after 40 min of setup working; I and II are repeated experiments.

Fig. 3. Microphotography of activated sludge with
magnification of x200:
A — control; B — the 4th sample

A B

Fig. 4. Microphotography of activated sludge with
magnification of x100:
A — control; B — the 4th sample

The second study of activated sludge in
setup was carried out at a rate of flow shift
of 140-10% s™!. The temperature of the sludge
mixture was 21.7 °C. An aerator-oxidizer
with RPK; was used. Processing time was
40 minutes. Sampling was performed every
10 minutes. The results are presented in
Table 3, in Fig. 4 and Fig. 5.
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Fig. 5. Microphotography of activated sludge
with magnification of x400:
A — control; B — the 4th sample

The third study of activated sludge in the
setup was carried out at a rate of flow shift of
70-10% s 1. The temperature of sludge mixture
was 21.7 °C. An aerator-oxidizer with RPKg
was used. Processing time was 28 minutes. The
results are presented in Fig. 6 and Fig. 7.

The following studies were conducted using
an aerator-oxidizer with RPK,,.

The fourth biological wastewater treatment
experiment was conducted at a rate of flow
shift of 70-10% s™!. The temperature of the
sludge mixture was 24 °C. Processing time was
4 hours. Sampling was carried out before the
study, at the 2" hour, at the 3" hour and at its
completion. The results are presented in Table 4.

The fifth experiment on biological
wastewater treatment was carried out with a
reduced rate of flow shift — 56:10% s™1. The
temperature of the sludge mixture was 24 °C.
Processing time was 4 hours. Sampling was
carried out before the study, at the 2" hour, at
the 3™ hour and at its completion. The results
are presented in Table 4.
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Table 3. Parameters of activated sludge after processing with the rate of flow shift of 7010% s

-1

Samples Average dose of Average dose of Sludge index Time from the start of
p activated sludge V., activated sludge, a,,, g 3 ’ the setup working ¢,
NeNe 3 av 3 av I,dm"/g .
cm®/dm g/dm min
C 82.5 0.64 128.91 0
1 90 0.61 147.54 10
2 90 0.56 160.71 20
3 90 0.52 173.08 30
4 77.5 0.47 164.89 40

Note: see note to the Table 2.

A

Fig. 6. Microphotography of activated sludge with magnification of x400:
A — control; B is a sample

Fig. 7. Microphotography of activated sludge with increase of x400:
A — control; B is a sample

Studies performed using an aerator-
oxidizer with RPK,;, demonstrate the
constancy of activated sludge parameters at a
minimum angular rate of setup.

During the study of activated sludge
at maximal angular rate, the destruction
of activated sludge flakes and the death of
eukaryotes were detected according to the

results of microscopy (Fig. 5, B and Fig. 6, B).
Significant growth of sludge index was noticed
(Table 3).

Thus, in the third study with the usage of
aerator- oxidizer with RPK,, it was established
that the parameters of activated sludge at
maximum angular rate of the setup were
unchanged.
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Table 4. Effect of sewage treatment in the setup

Experiment Sample NoNe Processing duration, £, h COD, mg Oz/dm3
control 0 200
2 1 -
I 3 2 160
4 3 220
5 4 240
control 0 113
2 1 180
II 3 2 167
4 3 167
5 4 -

During the fourth study, the crushing
of activated sludge flakes starting from the
first hour of the experiment was observed. At
the 83T® hour of the experiment, there was a
complete destruction of activated sludge flakes
and the death of infusoria and rotifers — the
remnants of the outer shells of these organisms
are present. Further destruction of particles
in the sludge mixture has led to an increase of
pollution by the index of COD.

During the fifth study, the sludge retained
viability throughout the experiment, but still
there was a crushing of activated sludge from
the first hour of treatment, which also led to
the re-contamination of sewage.

It should be noted that secondary
contamination of sewage apparently was
the result of a fairly harsh conditions of the
experiment. Thus, when the rate of flow
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BUKOPHUCTAHHSA AEPAIITHO-
OKHNCHIOBAJIbBHOI YCTAHOBKHA
POTOPHOTI'O THIIY IJI BIOJIOTTYHOI'O
OYUNIEHHSA CTTYHUX BOJI,
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MeTo0 mocaifsKeHHA OYB IMOMIYK KOHCTPYKITi1
aepaTopa-OKHCHIOBaUa Ta ONTUMAJbHUX IIapame-
TPiB HOoT0 pobOTH HJis 3a0e3leYeHHs YMOB IIepe-
MilllyBaHHA Ta PO3UMHEHHSA KUCHIO, 38 AKUX He
BimOyBaTUMEThCS MOPYIIIEHHS CTaHy aKTHUBHOTO
MYyJIy.

IIpoBemeno BumpoOyBaHHA PoOOTH aepalriii-
HO-OKMCHIOBAJIBbHOI YCTAHOBKU POTOPHOrO TUMY 3
BUKOPUCTAHHAM MYJIOBOI CyMiIlli 3 pisHUMU KOH-
CTPYKI[iAMU aepaTopiB-OKMCHIOBAYIB i 3a pisHUMU
pesxkumamu pobotu. OliHIOBAHHA BILIUBY O0POOKY
Ha CTaH aKTUBHOT'O MYJIy 3AiJICHEHO 3a CTaHAAPT-
HUMU IIOKa3HUKAMMU: MYJOBUH iHIeKC, XiMiuHe
CIIOYKMBAHHS KUCHIO. TaKoK oIliHeHO KiJIbKicThb
i cran opramisamiB akTuBHOrOo mMyay. HaBemeno
pes3yJibTaTu SIKiCHOrOo it KiJIbKicHOTO aHai3iB ak-
TUBHOTO MYJY O Ta IicJisg 0OPOOKU B YCTAHOBIII.
Busasieno mapamMeTpu, 3a AKUX aKTUBHUN MYJI
(QYHKITIOHY€E B 3a/I0BLIIBHOMY PEKMMi.

Knwouwosi cnosea: akTUBHUUI MyJ, CTiuHI BOAW,
aepaTop-OKUCHIOBAY, MYJOBUN iHIEKC.

HCIIOJIbSOBAHHUE A9PAITMOHHO-
OKUCJIUTEJBHOU YCTAHOBKH
POTOPHOI'O THUIIA
JIA BUOJIOTUYECKON OUYUCTKH
CTOYHBIX BOJ,

0. M. O60dosuu’
JI. A. Cabnuii®
B. B. Cudopenwo*
M. C. Kopenuyr?®

1I/IHCTI/ITyT TeXHUUECKOH TeIJIOPU3UKHI
HAH Vkpaunsl, Kues
2HanH0HaJILHLII'?I TeXHUUYECKUU YHUBEPCUTET
Yxpauusl « KueBcKuUi MOIUTeXHUUECKUH
uHCTUTYT uMeHu Mrops CUKOPCKOTO»

E-mail: tdsittf@ukr.net

ITennro uccaeqoBaHUA OBLI MONCK KOHCTPYK-
U as3paTopa-oKUCJIUTENST U ONTUMANbHBIX IIa-
pamMeTpoB ero paboThI IJIs1 00ecIeUeHUs YCIAOBUHA
IIepeMeIInBaHuAa U PACTBOPEHUA KUCJIOPOIa, TP
KOTOPBIX He OyIeT IPOUCXOAUTEL HaPYIIIeHUe CO-
CTOAHUSA aKTUBHOTO UJAa.

IIpoBeseHBl NCOBITAHUA PAOOTHI a9PAI[MOH-
HO-OKHCJIUTEJbHON YCTAHOBKYU POTOPHOTO THUIIA
C MCIIOJIb30BaHMEM UJIOBOM CMECHU C Pa3IUUYHBIMU
KOHCTPYKIIUAMU ad3PaTOPOB-OKUCIUTEJIEN U B
pasHBIX pexuMax padborsl. OIeHKY BAUAHUSA 00-
paboTKMU Ha COCTOAHNE aKTUBHOI'O UJIa OCYIIECT-
BJIAJIU IO CTAHAAPTHBIM IIOKa3aTeJsaM: UJIOBBIN
UHIEKC, XUMHUUECKOe IOTpebieHre KUCI0POoIa.
Takske OIeHUBAJIN KOJUIECTBO U COCTOAHUE OP-
raHU3MOB aKTUBHOTO uJja. [IpuBegessl pesyibTa-
ThI KAUECTBEHHOT'0 1 KOJIUYECTBEHHOT'0 aHAJIN30B
aKTUBHOTO MJIa 0 U II0cje 00paboTKHU B YCTAHOB-
Ke. BBIABIIeHBI HapaMeTpPhl, IPU KOTOPBIX aKTHUB-
HBIN 11 QYHKIMOHUPYET B YAOBJIETBOPUTEIHLHOM
pexume.

Knrouesvie cnoea: ak TUBHBIN NJI, CTOUHBIE BOJBI,
a’paToOP-OKUCIUTEIb, NJIOBBII UHIEKC.
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