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Oil wastewater 01l wastewater includes molecular solutions and hard oxidation
Biochemical treatment coarse impurities. Therefore, wastewater purification is an
Factorial experiment plan appropriate step purification scheme. We have used a combined
Aerotank-clarifier scheme of purification, which includes removal of
Pinotank contaminants in foam layers in gas-liquid conditions. The
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METOA MATEMATUYHOIO NNAHYBAHHA
EKCNEPUMEHTY ONA BUBOPY ONTUMANbHOI
TEXHOJIOrYHOI CXEMMU BIOXIMIYMHOIO OUMLEHHA
HA®PTOBMICHMX CTIMHUX BOA
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Hayionansnuii mpancnopmmuil ynieepcumem

Hadgmoemicui  cmiuni 600U  KIIOHAIOMb MOJCKVIAPHI  PO3UUHU MA  8ANCKOOKUCHIOBANbHI
opeaniuni peuosuny. Tomy Ona ouumenna OaHux CMIMHUX 800 OOYINbHO GUKOPUCIMOBYBAMIU
cmynindacmy cxemy ouumerna. Hawu 6yna 3acmocosana KoMOIHOBAHA cxema OYUMfeHHA, 00
CKAaOy AKOT 8X00UMb GUIYVHEHHA 300PYOHEHb 8 NIHHUX WAPAX NpU 2a30-piOunHIt npomumedil i
OKUCHEHHA 300pYOHeHb aKMUGHUM MVIOM 8 PedCUMi HOBHO20 OKUCHeHHA. 30iticHeHo
MameMamuiHe NIAHY8aHHA eKCHepUMeHmy Ol eubopy ONMUMANbHOI cxemu OGioximiuno2o
ounwyenna. Ilposedeni excnepumeHmManvHi O00CHiOdCeHHA npoyecy OIOXIMINHOZO OUULCHHSA
Hagmoenichix cmiunux 00. Iloxazano nepesazit ouueHHA CIMIYHUX 800 3 SUKOPUCIMAHHAM
ONOKY GiOXIMIYHO20 OKUCHEHHA, AKUEL BKIIOUAE AePOMEHK-NPOACHIOBAY | NIHOMEHK.

Knwwuosi cnoea: nagmoemicui cmiuni 6oou, 6Gioximitune ouUUjeHHA, IAH DAKIMOPHOLO
EKCHePUMEHINY, aepPOMeHK-NPOSCHIOBaY, HIHOTHEHK.
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Processes of self-purification of open waters are based on biochemical splitting of
carbohydrates of oil origin [1].

Experiments conducted in this direction have shown the possibility of biochemical oil
splitting and allowed to use artificial oxidation of oil wastewater [2].

Results of experiments on the use of microorganisms to purify oil wastewater of river boats
confirmed the possibility of deep marine oil wastewater purification [5].

Selection of the most efficient technological modification of biochemical treatment process
is based on the standardized scale schemes that are used in the design of treatment plants of
municipal and industrial wastewater [3]. According to this scale selection of optimum scheme is
determined by the type and concentration of contaminants.

As a result of experiments and analysis of theoretical studies, oil wastewater includes
molecular solutions as well as hard oxidation coarse impurities.

Since oil industrial wastewater contains hard oxidation organic substances which are split at
a relatively low rate, a step purification scheme appears to be the most relevant one. The
proposed process flowsheet includes physico-chemical and biochemical methods.

The most rational thing will be modification of wastewater purification process, which
provides active sludge stabilization. We have used a combined scheme of purification, which
includes removal of contaminants in foam layers in gas-liquid countercurrent and oxidation of
contaminants by active sludge under full oxidation conditions.

A block of biochemical oxidation consists of two cells connected in series. In fact, none of
them is the traditional mixer or propellants.

The engineering solution for the setting’s type was found experimentally by analyzing
reaction curves related to impulse tracer input during residence time of fluid in the block. The
tracer was used as methylene blue.

‘ The concentration of tracer at the outlet of

h the setting was determined by optimal density
7}, at the turbidimeter [4].

. A block of biochemical treatment is a com-
9 % : bined setting whose scheme is shown in Fig. 1_.

o Wastewater enters through the tube (1) into
i A t}_le upper part of pmoMnk ), m the_same area

‘ circulating sludge is carried, which s pumped
2 : from the area of clarifying. In pinotank the air
‘ passes through the perforated plates (3) to form
on their surface foam layers of sludge-water
mixture which later through the steering column
(4) enters the zone of aeration (5). In the zone of
aeration there are aerators (6), through which
compressed air is fed from the compressor with
the receiver. Areas of aeration, degassing,
clarification in airborme layer, thin-layer
sedimentation zone and protective zone form
together oxidant of the aerotank-clarifier type.

Fig. 1. Scheme of biochemical From the protective zone (7) purified clarified
purification of oil wastewater: water is collected by trays (8) and carried away
1 — tube, 2 — pinotank, 3 — perforated plates.  from the setting. Reprocessed air is removed from
4 — steering column, 5 — aeration zone, 6 — the pinotank through pipe ). Releasing of the

aerators, 7 — protection zone, 8 — prefabricated

a8, O pipe, 10— wystom of holes setting is made through holes system (10) by

pipelines. During intensified  biochemical
purification of oil wastewater the following
technological parameters were determined: rate of contaminants oxidation (removal), absolute, specific
and relative increase in sludge, rate oxidation and sludge growth constants, its self-oxidation, oxygen
consumption and sludge age. The data obtained during conventional non-intensified wastewater
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treatment were considered as controlling. Interdependence between these indicators allows to develop a
method for calculating the process of intensified oil wastewater purification and equipment for its
efficient implementation.

An indicator of the efficiency of wastewater treatment at the setting may be the rate and
completeness of oil products removal. With a relatively stable value of the input oil
concentration in the wastewater (C, = 80 mg/dm”) the effect of their removal (R) determines the
quality of treated water, which is normalized by the residual oil concentration (Cy).

The primary factors that determine the value of wastewater treatment optimization, are time and
active sludge concentration. Residence time is regulated by wastewater volume that enters the setting
and the concentration of sludge by the cost of excess sludge. These parameters determine the intensity of
purification in industrial environment, as they are independent from each other.

Optimal conditions for the block operatlon of biochemical wastewater oxidation were
planned according to factorial experiment plan 2*[4].

Elght experiments were conducted to establish the levels of factorst; =6 h, t,=1h, C;=
g/dm® and C, = 4.8 g/dm’, four of them were conducted at the setting aerotank-clarifier and the
rest (also four) — at the block of biochemical oxidation (aerotank-clarifier — pinotank).

Levels of factors can be expressed in dimensionless form by encoding them through the scheme:

upper value-zero/ variation interval = +1

In the first series of experiments the upper levels of factors have the form of:

t = 1-35_ =-1; S, _MZH; (D
2,5 1,07
lower levels —
6-3.5 2.5-3,54
t, = —=+]1; S, =27 =-1. 2
25 : 1,07 @

The results of these experiments can be presented by the incomplete quadratic regression equation
R=b+ bll + b2C + blzc,
where the empirical coefficients (b and ¥) for data R, obtained experimentally, regarding signs,
equal to:

=%(Y1 +Y7,+, +1),

by :%(_Yl +Y, =Y +1),

1
:Z(Yl _Yz_Ys +Y4):

1
12 zz(—Yl_Yz"'Ys"'th)-

from the system of equations data we obtain the regression equation for the two series of
experiments:

R=9783-0,123¢+0,023:C +0,123C, 3
R=98,01+0,0375¢+0,2775C + 0,11C. )

Statistical analysis of regression equations data has shown that all factors are important and
equations are equal to linear model.

Analysis and interpretation of the coefficients in the regression models allow to make a
number of conclusions. First, measure of linear effects exposure of residence time at the setting
to the depth of wastewater purification in two experiments differ both in magnitude and sign. In
the first series of experiments (at aerotank-clarifier) the increase of residence time of wastewater
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in the setting reduces the efficiency of its oil wastewater treatment. This is because the silt is
gradually ground, self-oxidized and loses its sorption capacity, thus desorption of oil products
happens. The coefficients b; and b,, coincide but are with opposite sign. With increasing the
concentration of active sludge the removal effect of oil increases. This is due to an increase in
the total adsorption capacity of sludge. Measure of linear interaction of factors expressed by
coefficient b;,, 1s much less than linear effects measure.

Thus, the process of oil wastewater treatment at the aerotank-clarifier takes place more efficiently at
a shorter residence time for wastewater at the setting and greater concentration of active sludge in it. The
minimum residence time value is determined by the calculated hydraulic load on an airbome layer of
active sludge and in general for aerotanks-clarifiers it is about 1 hour. The limit for the concentration of
active sludge for an aerotank-clarifier is about 5.5 g/dm’, but regarding the growth of active sludge in the
reactor-mixer, the limit of its concentration should be slightly less.

The interaction of the residence time of wastewater and sludge concentration in the setting block of
biochemical oxidation has the impact on oil removal efficiency 4 times as great as that of the aerotank-
clarifier. This illustrates the value of the coefficients by, in the relevant equations.

Analysis of regression equations shows that the optimum conditions of the operation of the
setting aerotank-clarifier are determine by the coefficients b; and b,, and of the block aerotank-
clarifier and pinotank — by the coefficient b,.

Otimal mode in the first series of experiments were at R = 984 %, t =1 h and C =
=4.82 g/dm’. In the second series at the same values of the factors it was 99.86 %.

Therefore, we have selected structural and technological block type of biochemical
purification of oil wastewater which was fully confirmed experimentally.
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METOA MATEMATUYECKOIO NIAHUPOBAHUA
3KCNEPUMEHTA Ol BbIBOPA ONTUMAJILHOM
TEXHOJNOIMMYECKOU CXEMbl BUOXUMUUYECKOMU
OUYUCTKU HEOTECOAEPXKALLUMUX CTOUYHbIX BOA

E.N. CeménoBa, E.C. CuupnoBa, H.A. Byommenxo, T.A. [llnmodoct
Hayuonansnviii yrueepcumem nuiyessrx mexHono2uti

A.B. Byosmenko

Hayuonansnviii mpancnopmmueiil yHugepcumem

Heghmecoodepcauue cmounvie 800bl coOepicam MONEKYIAPHLIE PACMBOPbL U  MANHCENO-
oKucnieMble op2aHuyeckie eeujecmea. 110amomy, Ona oHHCIHKY OGHHBIX CINOUHbIX 800 Yeneco-
00pasHo UCNONL3060Mb CIYNEHUAMYI0 cxeMy oqucmku. Hamu 6vina ucnons306ana KoMouHupo-
BAHHAA CXeMa OHUCMKI, 8 COCHA8 KOMOPOU 6xX00Um u3eNeueHue 302PA3HEHHOCI 8 NEeHHbIX
CNOAX NpU 2030-)CUOKOCIHHOM HPOMUSOMOKE U OKUCTEHUEe 3G2PA3HEHUI QKMUSHLIM UIOM 8

86 ——— Hayxosi npayi HYXT N 49



EKOJIOI'TA TA OXOPOHA HABKOJIHIITHBOI O CEPEJJOBHIIA

pedicume nonHozo oxucinerua. Ocyujecmsneno MamemMamuieckoe niaHUposaHile SKCnepumMenma
074 8b100pa ONMUMATLHOT CXeMbl buoXUMUYECKOl ouncmKy. 1Ipoeedensl sKcnepuMeHmanbHble
uccneo0osama npoyecca GUOXUMUHECKOll OUUCMKY Hegmecodepocauux cmounsix 600. Iloxa-
3QHbL NPeUMYyUecnea OHUCKY CIMOUHBIX 800 C UCHONL308aHUEM ONOKA OUOXUMUUECKO20
OKUCTICHUA, KOTNOPYIEL GKIFOUACTN A3POMEHK-0CECTNIUMEb U NeHONEHK.

Kniwouesvte cnosa: Hequecodepomamue CHOYHbIE SOde, ouoxuMUecKas oYUCHKd, nian
qbakmopHoeo EKCnepuMerma, d3pOmeHK-0C8EeMIIIMeNb, IEHONEHK.
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