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ABSTRACT

Oil wastewater includes molécular solutions and hard oxidation
coarse impurities. Therefore, wastewater purification is an
appropriate step purification scheme. We have used a combined
scheme of purification, which includes removal of
contaminants in foam layers in gas-liquid conditions. The
mathematical experiment planning has been made to select the
optimal scheme of biochemical purification. Experimental
research of biochemical purification of oil wastewater has been
conducted. The advantages of wastewater using a biochemical

Accepted 10.03.2013 oxidation unit, which includes an aerotank-clarifier and a
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Hayionansnut mpancnopmuutt ynigepcumem

Hagmoemicni cmiuni eodu

SKAIOYAIOMY  MONEKY/IAPHI POYUHU MQA  BANCKOOKUCHIOGANbHE

opzaniuni peuosunu. Tomy 018 ovwmyenns OaHUX cmivHux 600 OOYIRLHO EUKOPUCMOBYBamMuU
cmyninuacmy cxemy owuwenns. Hamu 6yaa 3acmocosana xombinoeana cxema ownayenna, 00
cKaady AKoI EX00umb SWIyHeHHA 3aDPYOHEHb 8 NINHUX WAPAX NPU 2aB0-PiOUHHIN npomumeyii i
OKUCHEHHA 3a6pyOHeHb GKMUBHUM MYNOM 6 DeXCUMI NOGHO20 OKUCHEHHA. 30HICHEHO
Mamemamuise NIGHYBANKA eKcnepumenmy OnR eubopy OnmumanbHOi cXemu 6Gioximiunoz2o
ovuyennn. Ilpogedeni excnepumenmaivHi OOCHIONCEHHA nNpoyeCy DIiOXIMIYHO20 oOwMWYeHHA
wagpmossichux cmivnux 600. Jlokazano nepesazu ovuuyeHNA CMIMHUX 600 3 BUKOPUCMAHHAM
60Ky BioXiMiYHOZO OKUCHEHHA, AKUIL GKAIOHAE AEPOMEHK-NPOACHIOBAY | NIHOMEHK.

Knrowosi cnoea: wnagpmoemicni cmiyni 800u, 6Gioximiune ovuwenms, nnaw haxmopHozo
eKCNEPUMERMY, GEPOMEHK-NPOACKIOEAY, NIHOMENK.
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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 experimentaily 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
the setting was determined by optimal density

7] at the turbidimeter [4].
/ e A block of biochemical treatment is a com-
9 / o bined setting whose scheme is shown in Fig. 1.

Wastewater enters through the tube (1) into
the upper part of pinotank (2), in the same area
. circulating sludge is carried, which is 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
8 : mixture which later through the steering column
7 : (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 airbome layer, thinlayer
sedimentation zone and protective zone form
together oxidant of the aerotank-clarifier type.

Fig. 1. Scheme of biochemical
purification of oil wastewater:
1 — tube, 2 — pinotank, 3 — perforated plates,
4 — steering column, 5 — aeration zone, 6 —
aerators, 7 — protection zone, 8 — prefabricated

From the protective zone (7) purified clarified
water is collected by trays (8) and carried away
from the setting. Reprocessed air is removed from
the pinotank through pipe (9). Releasing of the
setting is made through holes system (10) by

trays, 9 — pipe, 10 — system of holes pipelines. ing intensified _biochemical

purification of oil wastewater the following
technological parameters were determined: rate of contaminants oxidation (removal), absolute, specific
and relative mcrease in sludge, rate oxidation and sludge growth constants, its selfoxidation, 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 w0 developa
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 (C,).

The primary factors that determine the value of wastewater treatment optimization, are time and
active shidge 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 operation of biochemical wastewater oxidation were
planned according to factorial experiment plan 2*{4].

Eight experiments were conducted to establish the levels of factors t;, =6 h,t,= 1 h,C,= 2.3
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 faciors have the form of

1-3,5 4,64-3,57
= 2= ; m— 2T =+I; 1
25 ‘ 1,07 @
lower levels —
6-3,5 2,5-3,54
L=m— ] S, =200 ) 2
23 27,07 @
The results of these experiments can be presented by the incomplete quadratic regression equation
R=b+byt+b,C+byC, .

where the empirical coefficients (b and Y) for data R, obtained experimentally, regarding signs,
equal to:

b°=-i—(Y‘+Y2+Y3 +1,),

b= (F+ 1, -5+ 1)),

1
b2=‘4'(Y1"Y2_Y3 +Y,),

i
ba=7
from the system of equations data we obtain the regression equation for the two series of
experiments:

(F-%+Y+1,).

R=97,83 0,123+ 0,023:C +0,123C, 3)
R=98,01 +0,0375¢ + 0,2775C + 0,1:C. 4

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 by, is 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 studge in it. The
minimum residence time value is determined by the calculated hydraulic load on an airfbome 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 b,; 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 tvpe of biochemical
purification of oil wastewater which was fuily confirmed experimentally.
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METOA MATEMATUMECKOIO NNMAHUPOBAHMA
3KCMEPUMEHTA fiNA BbIEOPA ONTUMANLHOM
TEXHONOMNMYECKON CXEMbl BMUOXMMMUUECKOU
OYUCTKU HEOGTECOAEPXALLMX CTOUHLIX BO
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Hayuonansneiit mpancnopmuetii ynusepcumem

Hedmecodepocauue cmovnoie 80061 COOepiaAM MONEKYNAPHLIE DACMBOP6I U MAXEI0-
oxucanemble opzaHudeckue sewecmea. Iloamomy, Oan OuuCmKu OAHHBIX CMOYHBIX 60O Yeneco-
obpazno ucnons3ogame cmynenvamyiw cxemy oducmxu. Hamu 6sua ucnonssosana kombunupo-
6aHHAA CXeMQ OYUCMKU, 8 COCMAS KOMOPOU BXO0uUm U3Ne4eHue 3azPASHEHHOCMU 6 NEHHbIX
COAX Nnpu 2a30-ICUOKOCMHOM NPOMUEOMOKe U OKUCAEHUE 3QZDASHEHUI aKMUSHLIM WI0M 8
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pedxcume nonnozo oxucaenw. Ocyuyecmeneno Mamemamuueckoe nIAHUPOBaHue 3Xcnepurenma
014 evibopa onmumanerou cxemsl buoxusmuseckol ovucmxu. Ilpogedens: sxcnepumenmansrbie
uccred06anus npoyecca GUOXUMUNECKON OHUCMKU Hedmecodepxcauux cmounsix 800. IToxa-
3GHbI NPEUMYUIECMEA OHUCMKU CMOYHLIX 800 C UCNONL30aHuem 6noka OuoXumudecxozo
OKUCACHUA, KOMOPbLLU EKIIOHALNT A3POMEHK-0C8E MAUMENL U NEHOMEHK.

Kniouessie cnosa: uepmecodepricawue cmoumvie 600si, GUOXUMUMECKA OYUCMKG, NIAH
haxmopHo20 excnepumenma, G3pomeHK-0CEeNIUMeENs, NEHOMEHK.
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