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ABSTRACT

Electro-chemical potentials of adsorbed hydrogen on active centers could help energy efficiency
of oxygen transport in the aerated saturated refinery wastewater to be optimized. In stationary
regime, by using of the same membrane diffuser, the true understanding of the spontaneous
fastest parallel exchange of electrons by Boltzmann collisions and slowest oxygen mass dif-
fusion transport by adsorption can be attained. This paper presents diagnostic of electrons
density in the gas bubbles in aerated saturated refinery wastewater, according to the criteria of
partial local thermodynamic equilibrium (PLTE). By the different stationary air flows, differ-
ent water tank height and different motor oil content it was obtained that water entropy driven
electrons density transport through the monolayer of the adsorbed air bubble controls energy
efficiency of oxygen transport.

Keywords: Perforated membrane air distributor; Refinery waste water; Aeration regimes; PLTE
of electrons and hydrogen ions; Saturated water; Polarized air bubbles; Electrons
densities; Aeration energy efficiency

1. Introduction

By the final result of the aeration process described
in our prior paper were shown the energy efficiencies of
oxygen transport with greater water height 2 m with-
out added motor oil content and with less air flows were
greater in comparison with greater air flows. Experi-
mental procedure and obtained results were described
in our prior paper [1].

In this paper the influence of water aeration regime
on energy efficiency of oxygen transport in water col-
umn with water height 1 m as well as 2 m, with the same
membranes diffuser was examined.

*Corresponding author.

The obtained results could be explained by Boltzmann
electrons distribution, in the two energy states by colli-
sions according to the criteria of partial local thermody-
namic equilibrium (PLTE).

2. Experimental

In various biology treatments of technological
wastewater and communal waters aeration by perfo-
rated membranes distributer fixed with a ring over disc
of material (PA GF30) with material EPDM (ethylene-
propylene-dimer) “Gummy-Jaeger” can be applied,
on water temperatures 5°C to 35°C and on air input
has to be less than 60°C [2] (Table 1, Fig. 1). The using
age of membrane of distributers is 10 y and depends of
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Table 1
Caracteristics of membranes distributors
Type Aerated Air flow Material Membrane
surface (m?) (m*h™) of disc material
HD 270 0.037 1.5-7 PP GF30 EPDM/
silicon
HD 340 0.060 2-10 PP GF30 EPDM
HD 235 0.030 1.5-7 PA GF30 EPDM
HD 325 0.059 2-10 PA GF30 EPDM
ECO21 0.045 1.5-7 PP GF30 EPDM
ECO34 0.045 2-10 PP GF30 EPDM
A
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Fig. 1. Disk-shaped membrane air distributor.

wastewater characteristics and parameters of aeration
process, but the control has to be made at least once
per year. At standard conditions air flow is regulated
in dependent of oxygen demand according to recom-
mended for the distributer type [2-5].

The greater air flow increase dimensions of the bub-
bles and decrease efficiency of oxygen transport. The
smaller air flows cause the smaller efficiency of aeration
surface of distributer.

In order to determine technical characteristics of an
aeration system with different water height 1 and 2 m
it was necessary to first determine the volume coeffi-
cient of oxygen transport in wastewater, k, a, by method
according to [1,6]: capacity, oxygen transport efficiency
and energy efficiency of oxygen transport.

Apolypropylene column with dimensions 700 x 700 x
2200 mm and accompanying connections and framework
was used for experimental work in batch conditions. The
cross-section surface of the column was defined accord-
ing to recommendations for an air distributor.

Experimental work was performed for batch work-
ing conditions and varying air flow of 2 and 10 m?* h™.
The water level in the column was 1 and 2 m high and
the total volume was 490 and 980 1. Water aeration with
waste oil content of 5 and 10 mg 1! was performed. Dis-
solved oxygen was previously removed using a chemical
method. Investigation of aeration of clean water not con-
taining dissolved oxygen was also performed to be able
to compare process parameters for air distribution in
standard investigation conditions with the ones obtained
in real conditions for wastewater with corresponding
characteristics. Average characteristic of wastewater in
Refinery in Modrica, in period of investigation were: pH
in range 7-8, temperature 15°C-25°C, oil content 13-23
mg 17!, inorganic salts 0.38-0.40 mg 1", TSS 0.5-0.7 mg 1,
HPK 80-180 mg 1! BPK, up to 0-7 mg 1!, CaO 18.5-21.5
mg I and electric conductivity 670-770 uS cm™'. Char-
acteristic of examined water are dependent of content of
added motor oil content up to zero as 5 and 10 g m™= of
the added viscous waste motor oil (SAE 15 W-40, with
132.0 mm? s viscosity index; with inflammation tem-
peratures of 231.0°C; with 3.18 mg KOH g™ TAN; as 9.73
mg KOH g™ TBN; with content of 0.039% Zn; 0.310% Ca;
13.4 ppm Fe; 4.11 ppm Cu; 0.98 ppm Cr and 44.87 ppm
Al). Densities of three examined samples of water were
in range of 992-996 kg m, viscosity in range of 0.81 x
10°-0.99 x 10 m? s™' and surface tension coefficients
were 76.2; 64.8 and 57.3 mN m™, respectively.

A defined amount of waste oil was dosed into the
water. A complete investigation regime for defining
process parameters of aeration of water with certain
characteristics started by reading the temperature of the
surrounding air and water in the column.

Then the compressor was switched on and when
the first bubbles appear, that is bubbles entered the air
distributor the over-pressure value before the distribu-
tor (p, ), and the orifice plate (pm)P was measured, that
is the pressure difference in front of and after the ori-
fice plate (Ap ). Air flow regulation is performed using
a flow regulator and relieving valve until a set value
for the adopted investigation regime is attained. When
the flow is stabilized water sampling from the column
in equal time intervals starts (At = 60 s) and the dis-
solved oxygen content is measured until the same value
is repeated three times. After one regime is investigated
the compressor is switched off and the relieving valve
opened completely. Water from the column is released
into the drains vie a draining valve. The column is then
filled with a fresh amount of water. Thus, the installa-
tion is ready for a new investigation regime, that is the
described procedure is repeated.

The described device with membrane air distributor
for the water phase was used for the measuring of the
volume coefficient of the oxygen transport, based on the
material balance according to literature [3-5].
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3. Determination of technical indicators of examined
aeration regimes

The coefficient of oxygen transport in water ka
(obtained as a product k;, and the specific surface of the
contact between air and water in the aeration process,
a) or oxygen over-pressure relaxation rate constant is a
parameter used to determine the transport intensity of
oxygen in water, that is the rate the equilibrium state is
reached. Experimentally determination by method as
prior was described [1,6] according to literature [3-5] is
based on the general equation of material balance with
complete mixing of oxygen flow through the batch
reactor:

Q~cm+VG~cu1—VL~R(T)=Q‘C+VG‘C,»Z+VL-%
T

The gas phase material balance gives:

VG(Cul—ciZ):A-KLA[c*(ciz)—c] (1a)

The total coefficient of oxygen transport in the water, K a
is dependent from the transport coefficient in the water
phase and in air bubbles. If the resistance to transport
in air can be neglected, K| is approxymatelly equal with
volume coefficient of oxygen transport in water, k;:

Kia=ka, s 2)

It can be determined from the equation:

Cul — Cip) dV, _
4= ( l* ) G , 1 (3)
Vile (ciz) — o) dn
dVG dVG dc
in T —— ul & Vi = +t——0G; + Vi —
Qe dt cut — VLRo, (1) =Qc dt c ' 1t (4)

Equilibrium mass concentration of oxygen in water
is dependent of oxygen concentration air at the output,
based on the Henry law:

¢'(¢ci,)/c=c,RT/Ha 5)

is determined by equation with modified Henry’s con-
stant, Hc:
HC:HQ/(RXTGXCL) (Sa)

that gives:

Ema=%§ ©6)

Egs. (5) and (6) give the expression for calculating the
output mass concentration of oxygen in air controlled
with the constant outer air pressure in dependence of
temperature:

_ Ha(Vigey + Vkpac)
VGHﬂ + VLkLﬂRTGCL (7)

iz

Time dependence of dissolved oxygen concentra-
tion is presented by the following equation:

Y =mX ®)
where

pulMOZ _ Ha c
Y =1In R TG R TRCL (9)

Pu]]\/Io2 _ Ha C('C)

R TG R TRCL

m = slope coefficient of the equilibrium curve:

RI’I__‘Ia kLﬂ

RCL _
m=—p Ro, (1) (10)
+ — kLa
RTRCL VG

X=1 (11)

The value of Y is given for each value of c(t) deter-
mined by experiments for defined time intervals. The
previous equations result in the formulae for determin-
ing the coefficient of oxygen in wastewater as:

Hﬂ(m + ROZ (T))VG

(12)
VGHQ - (m + R02 )VLRTRCL

kLa =

Based on the known value for the coefficient of oxy-
gen transport (k a) actual capacity of oxygen (OC) was
determined as technical parameters in dependence of
examined aeration regimes [6]:

(kLa)y,
(kua)s =z s (13)
OC = (kua), -cs- W, (14)
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Standard capacity, OC corresponds to velocity of
oxygen dissolution after the total surface between the air
and water is achieved. Based on the known value for the
coefficient of oxygen transport (k a)_ actual capacity of
oxygen introduction OC’, as the product of the standard
capacity of oxygen introduction and corresponding cor-
rection factors that convert standard investigation con-
ditions to real ones are defined [3]:

OC,=(X'OC' B~Ch*_ Co .e(foZU), kg hfl

c (15)

The actual efficiency of the transport system repre-
sents the ratio between the real capacity of oxygen intro-
duction, OC’and GOz’ the total oxygen introduced by the
aeration:

o 0C _ oC

Go, (Va), Pc- Yo,

-100, % (16)

The values obtained for oxygen pressure relaxation
rate constant (k a), were used to determine the values

of real capacity of oxygen introduction,OC’ real oxygen
transport efficiency, E’.

Real energy efficiency of oxygen transport E_is based
on the sum of engaged power of all electromotor (for
aerator, pump, blower etc. drive).

._ocC

E, ZHI

i

kg kWh! 17)

The experimental results (Fig. 2) obtained point
out that the technical indicators of the aeration process
efficiency for a liquid height of 2 m in the presence of
5 mg 1™ of oil in water and air flow of 10 m® h™" are sig-
nificantly improved compared to the ones obtained for
flows of 2 and 6 m® h™!, while for the same liquid height
and oil presence of 10 mg 1! the air flow value does not
have a significant influence on technical indicators of
the aeration process. For the same concentration of oil in
water and the same air flow and water height of 1 m the
volume coefficient of oxygen transport is for 25%—40%
greater than for aeration with a water height of 2 m and
energy efficiency lower [6].

—— Content of oil in water 5 mg/l - water level 1 m —— Content of oil in water 10 mg/l - water level 1 m
—&— Content of oil in water 5 mg/l - water level 2 m —#— Content of oil in water 10 mg/l - water level 2 m
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Fig. 2. Technical aeration parameters in dependence of aeration regimes according to Ref. [6] (a) k, a

and (b) real capacity of oxygen introduction OC".
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The effects of aeration regimes on experimentally mea-
sured volume coefficients of oxygen transport and satura-
tion time were in agreement with theoretically obtained
passive rate constant (of diffusion and adsorption pro-
cess) that controll the solubility degree of oxygen [1].

The intention in present paper is to develope ther-
modynamic method for diagnostic of electrons con-
centration in gas bubbles in aerated saturated water in
equilibrium with chemisorbed oxygen, as well diagnos-
tic of surface electrons density in PLTE with hydrogen
ions enabling stationary surface energy by the change
of partially volume of gas bubbles. The best correlation
coefficients of determined surface electrons densities
with indicators of electrons PLTE could help in under-
standing the resistances to oxygen transport in gas and
liquid phase in dependence of aeration regimes.

4. Determination of electron densities in gas bubbles
enabling aeration of refinery wastewater in depen-
dence of aeration regimes

In examined regimes, average liquid temperature
of water, 14.1°C was constant inside relative dispersion
less than 11% and for examined aeration regimes was
defined with Gibbs energy of superoxide anions and
dissolution entropy:

AGG(OZ_)G/L =31.84 k] mol']

AS®(057 )61 =110.9 ] mol K

Table 2

AG(OZ /027 )aq

=287.1K (18)

T =
1)
) AadsSe(OZ)G/aq

In examined regimes the monolayer adsorption
equilibrium constant to Langmuir, K, were deter-
mined on the base measured oxygen contents in
saturated water and temperature. It was obtained
that oxygen transport by monolayer adsorption and
desorption is water entropy driven process coupled
with hydride generation entropy, AS® (H") aq =59 ]
mol™* K7, for maximal air flow and water height 2 m
is determined with liquid water entropy AS*(H,O), =
69.9 mol!' K™

—R1n Ki4(Oy)p/6 = 69.9] mol™' K™ (19)

Electrons concentration in monolayer in gas phase
in equilibrium with chemisorbed oxygen are deter-
mined on the base equilibrium adsorption constant to
Langmuir, K, and measured difference in equilibrium
and stationary oxygen concentration, in dependence
of examined aeration regimes, at approximately same
water temperature (Table 2):

[02] &([02] =[O ]g) +[e]

The gas phase temperature, T.; monolayer volume, A V® | (acc to Eq. (23a)), volume electrons concentrations determined to

Langmuir isotherm, [e] , = [e] ,, equal concentration of hydrogen ions in coupled process, [e]cmlple = [H*,e]muple
c-h-q T (K) [e] ,, (mol m™) Acoup]eV(H+,e), (m?) [e]muple (mol m?)
Eq. (20) Eq. (23a) Eq. (25)
0-2-2 288.5 8.67E5 14.7E-6 1E9
0-2-6 290.6 8.38E5 14.7E-6 1E9
0-2-10 291.7 9.44E5 14.7E-6 0.88E9
5-2-2 286.5 1.1E6 —7.04E-6 1.19E9
5-2-6 287.3 1.1E6 —7.04E-6 1.2E9
5-2-10 286.4 1.27E6 —7.04E-6 1.07E9
10-2-2 289.2 1.3E6 -3.4E-6 1.37E9
10-2-6 290.4 1.25E6 -3.4E-6 1.33E9
10-2-10 288.5 1.53E6 -34E-6 1.24E9
5-1-2 2879 1.63E7 —7.04E-6 1.2E9
5-1-6 288.6 1.78E7 —7.04E-6 1.12E9
5-1-10 288.8 1.7E7 —7.04E-6 1.14E9
10-1-2 2879 14E7 -34E-6 1.36E9
10-1-6 287.8 147E7 -34E-6 1.31E9
10-1-10 2879 144 E7 -34E-6 1.33E9
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K= [Oz ]* (20)
le],., = Kig W 10°mol m=3, K <0
2
_ [0.] 5 3
[e]m.]. =Kig (0.1~ [0 ]s) 10°molm™, Ki 20
(20a)

From electron transfer studies between O, ions gen-
erated in alkaline water for dynamic standard potential
of the O,/0," couple, —0.33 V has chosen (on dropping
mercury cathode —0.284 V), corresponding to electrons
Gibbs energy 31.84 k] mol™.

Ionization equilibrium of chemisorbed intermediate
state in aerated saturated water after unstable hydro-
peroxyl as product of ozonide ions decay, polarize con-
tact surface with hydrogen ions (HO,—O,” + H*, pK =
4.8) determine hydrogen positive ions concentration.

Relaxation of surface energy to stationary sum of
liquid surface tension and chemical potential of che-
misorbed ions, atoms or molecules (AG + nu = const),
enable surface concentration change (c* — c) to Gibbs
adsorption isotherm dependent on surface tension
change AG in comparison to distilled water:

= 21
r = (21)
Ac
r=—7 22)
AGA® =(c* = c)RT (22a)

Molar or specific contact surface, can to be calculated
after stationary surface energy is achieved, based on
measured wastewater surface tension difference, AG in
comparison with distilled water and temperature:

A=A
¢ -c
A _RT
c-c Ao (22b)

The monolayer reaction volume AV [e, H*], define
average monolayer electrons distance from oxygen
chemisorbed molecules between the two collisions to
Perrine (determined by absolute temperature, water
viscosity, N and oxygen diffusion coefficient in ions pair
with heavy metals, D = 10®¥ m?s™):

kT
D= 23
L s—, (23)
A
AV =—— 1
ml o ¢ n,D (23&1)

According to data in Table 2 in examined regime
without added motor increased surface monolayer vol-
ume is adsorbed in liquid phase but in the other exam-
ined aeration regimes increased volume is adsorbed in
gas phase.

Contributed factor of irreversibility of O,/OH" pair
is faster electron transfer enabling mechanical equilib-
rium of active volume oxygen transport with passive
(diffusion and oxygen adsorption affinity) than the rate
of oxygen molecules dissociation. Gas oxygen molecules
as a stable intermediate with H ad-atom make possible
coupled reaction of electron produced by superoxide
oxydation in PLTE and hydrogen ion (Table 2) with
equilibrium constant, K, of coupled process, after
PLTE is achieved:

E® = -0.33V
E® =-0.12V(pK = 4.8)

O, +e=0,"
Oz_ +H+ :H02

Oz +e+ Hf = HOZ AGcouple = AG] + AG,

T Ay® =+ 0.46V

Calculated equal electrons and hydrogen ions con-
centrations in coupled process catalyzed by stationary
adsorbed superoxide ion can be calculated to Eq. (25):

[e]couple = [e]G = |:H+ :|G

[0:] -[0:]))

Keouple = m (24)
- 02 JE rOZ .
o -
[e]upte = L[OOL]) (25)

[0,] 107025
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Oxygen chemisorbed to Langmuir as superoxide
ion is catalyst of coupled process which enable PLTE of
electrons distributed by thermal collisions between to
energy levels [1]:

e Between chemisorbed electrons (with concentration
defined to Eq. (20))
¢ Hydrogen ions (with concentration defined to Eq. (25)).

Polarization potential is indicator of gas hydrogen
ions PLTE, E, , achieved by equal oxygen chemical
potential change with electric hydrogen potential change
after hydrogen pressure with oxygen over-pressure on
air input achieve thermal equilibrium:

~Ap®(0,/OH") = FAE(H* + ¢/1/2H,)g = FEng
RTG In [e]couple
JAp(Hy)

(26)
Eind

The change of surface reaction volume of electrons
and hydrogen ions in PLTE with Eq. (27) can be defined:

AV(H*,

A-r r
e)=——>[H" e )

c - ]cnuple

Table 3
Absolute temperature of hydrated electrons, T,

PLTE of chemisorbed electrons concentration to
Langmuir is achieved by catalytic surface electrons den-
sity change, dependent on aeration regime:

Afe] =Lk
' ACoupleV(I_IJrr e)

(28)
where is in the end point:

A[e]ch. = A[e]m.l. = [e]e

el

- AcoupleV(I_I+ ’ e)

q.

Surface electrons density, [e] , mol m™ achieved after
transition of chemisorbed electrons in the surface reaction
oxygen volume at stationary electric permittivity, € enable
depolarization after equilibrium between hydrated and
dehydrated electrons kinetic energy is achieved at depo-
larization oxygen potential,  to Eq. (28b):

kpT(eaq) _ ksT(e)aa
£ £

(28a)

o dehydrated electrons T, relative electric permittivity of € which enable

equilibrium between kinetic energy of hydrated and dehydrated, gas electrons at oxygen depolarization potentlal X

c-hg Ty, o0 (€) Eq. (29) T ..., (K) Eq. (30) LT
T(€)aa
0-2-2 284.2 87 3.26 0.081
0-2-6 284.2 78 3.515 0.088
0-2-10 284 50 5.68 0.142
303 503 0.6 0.015
5-2-2 289.5 68.5 4.22 0.105
5-2-6 286.1 41 6.97 0.174
5-2-10 286.1 5.1E4 0.0053 1.32E-4
339 1E6 0.00034 8E-6
10-2-2 293.6 318 0.92 0.025
10-2-6 293.6 294 1 0.025
10-2-10 291 129 2.2 0.057
311 798 0.39 0.01
5-1-2 289 79.3 3.64 0.09
5-1-6 289 23.2 124 0.311
5-1-10 293.3 191.5 1.53 0.038
10-1-2 294.7 284 1.03 0.026
10-1-6 294.7 116.9 2.52 0.063
10-1-10 294.7 284 1.04 0.026
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Table 4
Over pressure measured on air input, Ap

airin,

energy efficiency of oxygen transport, E , hydrogen polarization potential in gas

phase E,_ and electrons density after transition in the coupled reaction monolayer volume at stationary surface energy [e],

c-h-q Ap,.... measured [6] E’ g kWh, Eq. (17) E, .V Eq. (26a) [e], mol m~® Eq. (27)
0-2-2 2127 351 0.41 59
0-2-6 2.392 15.0 0.412 57
0-2-10 3.332 14.8 0.406 73
522 218 284 0.412 132
5-2-6 2473 11.5 0.411 130
5-2-10 0.032 13 0.46 102
10-2-2 2.313 24.5 0419 278
10-2-6 2.631 10.7 0417 278
10-2-10 3.215 73 0411 360
5-1-2 1.355 184 0.420 1925
5-1-6 1.701 9.8 0.417 2100
5-1-10 2444 7.06 0.413 2083
10-1-2 1.355 15 0.423 3111
10-1-6 1.674 8.09 0.420 3270
10-1-10 2444 5.8 0.416 3185
T(eaq) T, On the base the best found correlation coefficients
& = T(e) and x =g, T(e) (28b)  between examined parameters, for water column height
ad ad

Temperature of electrons enabling oxygen depolar-
ization and partial local equilibrium, PLTE between elec-
trons and heavy particles to be achieved (T ., = T(e),, =
T(e)MHZO) are calculated based on the air pressure on
membrane which enable water entropy driven aeration
T(e), of depolarized oxygen by electrons hydration

(Eq. (29)) and dehydration (Eq. (30):

_ RTLln C (02_)L

T(e)aq - Se (Hzo )L (29)
Cy1(T(€)aq — Ti
T(e)m.n,0 = &;L) (30)
R.1n Fo
n n.

Figs. 3 and 4 presents found functionally dependence
between surface electrons density change obtained with
the best correlation coefficients, R* > 0.7, by variation of
air flow: g = 2, 6, and 10 m® h™* with the next examined
parameters:

* Depolarization surface potential of hydrated electron
in liquid phase, ¥

e Active polarization potential of dehydrated electrons
in PLTE with hydrogen ions, E,_,

* Energy efficiency of oxygen transport, E_

2 m it can be concluded:

1. In the aeration regimes: 10-2-q, R*> = 0.6653; 10-1-g,
R?=0.8677; and 5-1-q, R* = 0.8729, according to found
direct functionally dependence:

* Energy efficiency of oxygen transport, E_increase
with increased polarization potential of indicator
of PLTE, E_,.

In regime: 5-1-g, R* = 0.8999, energy efficiency of oxy-
gen transport, E_ decrease with increased electrons
surface density change.

2. In aeration regimes 0-2-g, 5-2-qg and 10-2-q, according
to found direct functionally dependence increased
electrons density change [e] with air flow:

® Decrease active polarization of indicator of PLTE
(R*=0.953, R*=0.994, and R* = 0.9423, respectively)

¢ Increase oxygen depolarization surface potential
of hydrated surface electron in liquid phase, % (R* =
0.9524, R* =0.7991 and R* = 1, respectively), also in
aeration regime 10-1-g, R*> = 0.7837.

3. In regime without added motor oil, at least electrons
density after transition in the monolayer reaction vol-
ume in liquid phase maximal energy efficiency was
achieved, at the least air flow, by thermal distribution
between two energy levels.
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Fig. 3. Functional dependence found in aeration regimes with water column height 2 m with the best correlation coefficients
between examined parameters.
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Fig. 4. Functional dependence between examined param-
eters in aeration regime s with water column height 1 m,
found with the best correlation coefficient between exam-
ined parameters.

5. Conclusions

Method of diagnostic of surface electrons density
change in the gas bubbles in aerated saturated refinery
wastewater, according to monolayer chemisorptions law

and the criteria of partial local thermodynamic equilib-
rium (PLTE) enable the true understanding of the resis-
tance to oxygen transport in examined aeration regimes,
by using the same membrane diffuser.

The experimental results obtained point out that
decreased energy efficiency of oxygen transport show
functionally dependence with increased surface elec-
trons density change after transition in the monolayer
volume with coupled reaction by superoxide ion as cat-
alyst of achieving stationary surface energy:

* Which decreased active oxygen and hydrogen polar-
ization potential in gas bubbles

* Which increased oxygen depolarization potential in
monolayer in liquid (or gas) phase

By detailed understanding influence of surface elec-
trons density change in coupled oxygen depolarization
and hydrogen polarization the aeration kinetic of ther-
mal or diffusion oxygen mass transport (or the both)
could be improved by choosing of optimized aeration
regimes.

Symbols

Q —  water flow (for batch process condi-
tions Q =0) (m3*s™)

- — mass concentration of oxygen in the
influent (kg m™)

Ro,(1) —  specific oxygen consumption during
biological treatment (kg m= s™)

c — equilibrium mass concentration of
oxygen in dependence on the mass
concentration of oxygen in air at the
output (g m~)

c — mass concentration of oxygen in the
influent and effluent (g m™)

C — mass concentration of oxygen in air at
the input (kg m™)

. — mass concentration of oxygen in air at
the output (g m™)

a —  specific surface of contact between air
and water (m? m™2)

gorV, — air flow (m®s™)

vV, —  water volume (m?®)

A=aV,  — total contact surface between air and
water (m? kg m™)

a —  specific surface of contact between air
and water (m? m™2)

Coi — added oil content (g m™)

h —  water column height (m)

k.a —  volume coefficient of oxygen transport
(h)

o — actual capacity (g h™)



154

~ =

(ki)

L

6 = 1024
c *

2P
e],,,

[e]couple

M.M. gevaljevic’ et al. / Desalination and Water Treatment 42 (2012) 144-154

technical efficiency (%)

energy efficiency of oxygen transport
(g kWh'!)

Pa-kmol (O, + L)/kmol O, — Henry’s
constant in oxygen distribution coef-
ficient between air and water

the universal gas constant (J kmol™-K™)
absolute air temperature (K)

molar concentration of water (kmol
m)

oxygen transport coefficient obtained
experimentally

water temperature (°C)

temperature correction factor OC, kg
h™ standard capacity of oxygen intro-
duction into wastewater

equilibrium mass concentration of dis-
solved oxygen in clean water, for nor-
mal conditions (kg m)

sum of engaged power of all electro-
motor (for aerator, pump, blower etc.
drive)

concentration of chemisorbed elec-
trons determined to Langmuir iso-
therm (mol m=3)

concentration of electrons enabling
coupled process and PLTE between
electrons and hydrogen ions (mol m)

AV(H*",e) — the change of surface reaction vol-
ume of electrons and hydrogen ions in
PLTE (m°)

Ale], — surface electrons density change
(mol m~°)

E_, —  hydrogen polarization potential, indi-
cator of PLTE (V)

X — oxygen depolarization potential (V)
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