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Abstract

Mass transfer of ozone in a jet loop reactor was investigated in this study. Different parameters such as ozone gas concen-
tration, gas flow rate, circulation flow rate, and spray nozzle diameter were examined for their effect on mass transfer. In
experiments with ozone gas concentrations ranging from 3.83 to 17.1 g/m?, the K; a values remained unchanged, with an
average of 28.7+2.2 h™!. As the ozone gas concentration increased, the saturation values of ozone in the liquid phase also
increased. Experiments were carried out with gas flow rates ranging from 50 to 250 L/h in the jet loop reactor, and increasing
gas flow rates increased the K; a value up to five times. When the effect of the liquid circulation flow rate was examined for a
spray nozzle diameter of 15.5 mm, increasing the flow rate from 40 L/min to 80 L/min increased the K; a value by approxi-
mately 41%. However, the power consumed per reactor volume for this process increased 8 times and reached 2.65 kW/m?>.
K a values in the JLR vary between 6.1 and 37.3 h™! depending on operating parameters and it has been concluded that it
performs well compared to its counterparts.

Keywords Ozone mass transfer - Jet loop reactor - Ozonation

List of symbols Introduction

C Dissolved ozone concentration mg/L

C, Saturation ozone concentration mg/L Environmental pollution problems have increased parallel
K;a Volumetric mass transfer coefficient h™! to the rapid population growth and industrialization in the
kqy The self-decomposition constant of ozone h™! world which has caused an increase in the quantity and types
E The amount of energy kW of pollutants causing environmental pollution. When these
U Velocity of the fluid m/s pollutants are not treated with appropriate purification tech-
pL Density of the fluid kg/m? nologies, it can have negative effects on the environment in
AP The pressure drop the long term. Due to their resistance and some being toxic
Q,  The liquid circulation circulation flow rate L/min even at low concentrations, it is quite difficult to completely
A/V  The specific surface area m™! purify these pollutants with conventional systems such as
A Surface area m* biological treatment. In addition to that the increasingly
v Volume m? stringent regulations, new treatment processes and strate-

gies are needed for the purification of these pollutants [1-4].
Ozonation, which is one of the effective methods in water
and wastewater treatment, is utilized as an oxidizing agent to
eliminate organic pollutants in water [5, 6]. Since ozone and
ozone-based advanced oxidation processes were first used in
drinking water and wastewater treatment applications, they
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the saturation concentration of ozone in water is particularly
important [11].

Improvement of mass transfer of ozone will enhance the
efficiency and reduce the cost of the ozonation process [12].
The transfer efficiency of ozone from the gas phase to the
liquid phase is controlled by physical parameters such as
temperature, gas flow rate, partial pressure of ozone, and
reactor geometry. In addition, chemical parameters such as
pH, ionic strength, and composition of aqueous solution
also affect ozone transfer. A partial mass transfer coefficient
can be used, to explain the effect of physical parameters on
ozone mass transfer from the gas phase to the liquid phase
[13].

Ozone is generally produced by on-site electrical dis-
charge in pure oxygen or dry air flow which is expensive to
produce and highly unstable (degrades quickly, decomposes
in water by reacting with many compounds, including itself).
Therefore, in the ozonation process, the ozone gas must be
used as it is produced [8, 9, 14]. Ozone is a highly oxida-
tive agent that reacts with organic compounds and inorganic
compounds, converting them into intermediate compounds
or CO, and H,0. Depending on the ozonation conditions,
direct reactions between pollutants and molecular ozone or
indirect reactions between pollutants and hydroxyl free radi-
cals occur [15]. Ozonation can be a potential pretreatment
process to convert refractory compounds into substances that
can be more easily removed by traditional methods (such
as biological treatment), due to its high oxidaton power [9,
14, 16]. Effective use of ozone in wastewater treatment is
essential due to its low solubility in water and high produc-
tion cost [17]. Mass transfer occurs from the gas phase to
the liquid phase, during the contact between ozone gas and
water, which the liquid film controls this transfer. The mass
transfer rate of ozone in the liquid phase depends on the
size of the bubbles formed and thus the size of the gas-lig-
uid interfacial area [18, 19]. Therefore, the use of reactors
that can enable a more effective transfer of ozone gas to
water is important. Various contactors, such as fixed beds,
bubble columns, rotating bar reactors, mechanical stirrers,
and contact towers, have been investigated for this purpose
[22-27]. However, these reactors have various disadvan-
tages that negatively affect ozone performance and bring
some complexities to their application and maintenance. In
general, these disadvantages include operating in small vol-
umes at lab-scale, requiring high energy input, needing extra
circulation, facing challenges in scaling up from laboratory
to pilot scale, having complex operating procedures, and
requiring maintenance.

Jet Loop Reactors (JLRs) are known for their high mass
transfer capabilities and have simple construction, low
investment, and operating costs compared to conventional
reactors. They also have advantages such as low energy con-
sumption with more circulation, high heat and mass transfer
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coefficients, excellent gas dispersion, homogeneous concen-
tration, and temperature profile. The absence of any mov-
ing parts inside the reactor reduces energy requirements and
maintenance needs. In addition to that, pilot-scale facilities
have many advantages such as easy transition from pilot to
industrial scale [20, 25-27]. Therefore, JLRs appear to be
reliable alternatives as they avoid such problems.

The literature review shows that there is no study regard-
ing the mass transfer of ozone in JLRs characterized by ease
of construction from an architectural perspective, low opera-
tional costs, low power consumption, and high mass transfer
capability. In this context, an investigation was conducted on
the determination of the volumetric mass transfer coefficient
(K, a) of ozone in JLRs, focusing on the effects of ozone gas
concentration, gas flow rate, and liquid circulation rate on
the K; a.

Experimental
Experimental Setup and Procedures

The JLR used in the experimental study is composed of two
concentric cylindrical tubes made of stainless steel (SS304).
The reactor (outer) and draft pipe (inner) have inner diam-
eters of 10 cm and 4 cm, respectively, and a wall thickness
of 2 mm for both cylindrical tubes. The wider compartment
above the reactor is called the gas uptake tank and has an
inner diameter of 20 cm. With a total height of 110 cm
(including the degassing tank). The draft pipe, located 35 cm
below the top of the gas intake tank and 10 cm above the
base of the reactor (impact plate), is aligned with the reactor
through support. The liquid, which is pressurized by a cir-
culation pump, and gas from a separate line are sprayed into
the draft pipe through a nozzle. The two-phase flow moving
inside the draft pipe moves downward and hits the reactor’s
impact plate before rising through the gap between the reac-
tor’s wall and the draft pipe. Some of the liquid-containing
gas bubbles at the level of the draft pipe are drawn back into
the draft pipe due to the pressure differential, and the cycle
continues in this way. The nozzle consists of two concentric
cylindrical tubes, with an inner diameter of 3.7 mm and an
outer diameter of 6.3 mm for the inner tube through which
ozone gas passes, and an inner diameter of 15.5 mm for the
outer cylinder through which the liquid flows. The other two
nozzles inner diameters of 8.8 mm and 10 mm with 7.5 cm
lengts. The liquid volume is in the reactor is 18 L. A sche-
matic representation of the JLR used in the experimental
studies is shown in Fig. 1.

There are various measurement systems in the experi-
mental system to measure dissolved ozone, ozone gas, pH,
temperature, liquid flow rate, and gas flow rate. The liquid
flow rate in the system was measured with an analog inline



Investigation of Mass Transfer of Ozone in Jet Loop Reactor

1047

Fig. 1 Experimental system
schematic diagram (1) com-
presssor, (2) air dryer, (3) ozone
generator, (4) ozone analyzer,
(5) flowmeter, (6) valve, (7)
dissolved ozone sensor (8) cen-

trifuge pump, (9) temperature
electrode, (10) pH electrode,
(11) automation unit

-7
A -
i -
=

1 63 mm

flowmeter and adjusted to the desired values with manu-
ally controlled valves. The gas flow rate was adjusted to the
desired value through a flow meter located in front of the
ozone generator. Ozone gas was produced from dry air. The
air coming from a compressor (Dalgakiran, DKC-150) was
passed through an air dryer to remove moisture as much as
possible. With a moisture and dust collector (not shown in
the table) before the dryer. Then, the dry air passing through
the pressure regulator was introduced into the ozone gen-
erator (Anseros, COM AD-08) with a maximum pressure
of 1.2 bar. The ozone gas concentration was adjusted by
changing the operating capacity of the ozone generator at
a constant dry air-flow rate. The pH value of the solution
inside the reactor was measured and controlled using a pH
controller (Eutech, Alpha pH500). And the reactor tempera-
ture was kept constant at 20 °C with a heat exchanger placed
in the gas collection chamber. A PLC-based control panel
was used to record and control the produced ozone gas and
the values of pH, temperature, and dissolved ozone con-
centration in the reactor. The panel communicates with a
computer through an RS485 interface, transmitting all data
collected from the system and receiving commands from the
computer. Moreover, this system can perform all operations
without a computer through its touch screen as well.

Analysis
The measurements of dissolved ozone were carried out

using a potentiostatic dissolved ozone probe with the model
number AuAu-600-O0-2-1-PG. Before starting the ozone

\\\\15 s mm ,’/
Degassing tank
(©=20 cm, H=35 cm)

Heat exchanger

Reactor
(©=10 cm, H= 95 cm)

o| Draft tube
{ (©=4 cm. H=65 cm)

Impact plate

Flow route

absorption experiments, the accuracy of the ozone probe
measurements was tested using the iodometric method and
the concentration of ozone in the gas phase was measured
using an ozone gas analyzer (Anseros, GM-6000-OEM)
that utilizes non-dispersive ultraviolet (NDUV) absorption
technology.

Modeling of the Mass Transfer

Different mathematical models have been developed and
experimental studies have been conducted to determine the
ozone mass transfer performance of many contactors in the
literature [12, 23, 28-31]. Two film theories were used in
this study to model the ozone mass transfer. Equation 1 was
used to calculate the K; a of ozone gas. Since the spreading
power of ozone gas in the gas phase is much higher than in
the liquid phase, the resistance to mass transfer in the gas
phase is negligible. Since ozone gas is a gas with low solu-
bility in water, the gas phase resistance is neglected [32-34].
Thus, the K; a of ozone in the liquid phase can be calculated
using Eq. 1;

dC

i K a(Cs—C) — k,C (1)

where C represents the dissolved ozone concentration
(mg/L), Cq represents the saturation concentration of ozone
(mg/L), K| a represents the volumetric mass transfer coef-
ficient, and kd represents the self-decomposition constant of
ozone. The k; value can be determined based on the decrease
in dissolved ozone over time when ozone gas is introduced
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The reactor temperature was kept constant at 20 C and
the jet loop reactor was operated at a circulation flow rate
of 60 L/min during the experiments. The nozzle diam-
eter used was 15.5 mm and the dry air-flow rate sent to
the ozone generator for ozone gas production was 250
L/h. The ozone gas concentrations sent to the JLR were
obtained by operating the ozone generator at different
capacities (Fig. 2). Figure 2a shows the time evolution of
the average ozone gas concentrations obtained by oper-
ating the ozone generator at different capacities. It can
be said that the ozone gas concentration produced by the
ozone generator remained constant during the experiment
depending on the capacity of the ozone generator. The
average ozone gas concentration sent to the reactor was
obtained by taking the average of these values measured
over time (Fig. 2b). For example, the ozone gas value of
3.83 g/m? is the average value obtained by operating the
ozone generator at 10% capacity. The average ozone gas
concentrations produced by increasing the capacity of the
ozone generator to 20%, 40%, 60%, 80%, and 100% are
8.97,13.6,14.8,17.1, and 16.2 g/rn3, respectively. Increas-
ing the capacity results in an increase in the voltage used
by the generator. This results in an increase in the gas
ozone concentration [36]. Although the capacity of the
ozone generator is increased linearly, the concentration
of ozone gas produced does not increase linearly. As seen
in Fig. 2, the rate of increase slows down, especially after
40% operating capacity. This can be explained by the
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Ozone generator capacity (%)

Fig.2 The variation of a ozone gas concentration over time and b
average ozone gas concentrations obtained by operating an ozone
generator at different capacities

insufficient concentration of oxygen in the dry air used for
ozone production or by the formation of nitrogen oxides
due to nitrogen in the dry air. Therefore, the use of pure
oxygen is recommended for higher ozone gas concentra-
tions [36].

The changes in dissolved ozone values over time for
different concentrations of ozone gas sent to JLR are
shown in Fig. 3, where the K; a was calculated using a
non-linear method with Eq. 3, based on the time varia-
tion of dissolved ozone concentration given in Fig. 3a.
The variation of K;a values calculated with ozone gas
given to JLR at constant flow rate and different concen-
trations is given in Fig. 3b. When Fig. 3b is examined,
it is clearly seen that the ozone gas concentration does
not have an effect on the K; a value. The expected result,
which explains the dominant factor in mass transfer with
the increase in the liquid—gas interface, is that the K;a
s are 28.5, 30.0, 29.0, 32.4, 25.3, and 27.3 h™!, respec-
tively. Therefore, when the gas flow rate is constant, the
interface does not change, and the mass transfer does not
increase [23]. The equilibrium concentration of ozone in
the liquid phase increases with increasing gas ozone con-
centration. The equilibrium concentration of ozone in the
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Fig.3 In JLR, The effect of different ozone gas concentrations on a
dissolved ozone concentration, b volumetric mass transfer coeffi-
cients, and changes in saturation values

liquid phase due to increasing ozone gas concentration
is 3.1,6.9,11.2, 12.0, 11.0, and 10.7 mg/L, respectively.
According to Henry’s Law, an increase in gas phase con-
centration causes an increase in the concentration of dis-
solved ozone in the liquid phase under stable conditions.
This occurs due to the high concentration of gas phase
ozone resulting in an increase in the equilibrium con-
centration of dissolved ozone in the liquid [12, 26, 28].
Kukuzaki et al. (2010) reported that increasing gas ozone
concentrations from approximately 1 mol/m? to 4 mol/m?
raised the equilibrium concentrations in the liquid phase
from 0.1 mol/m? to 0.5 mol/m?>. Furthermore, it has been
reported that increasing ozone gas concentrations did not
change the mass transfer coefficient [23]. Al-Abduly et al.
(2014) reported that investigating ozone mass transfer in
an oscillatory bed reactor, increasing the ozone gas con-
centration from 11.3 mg/dm? to 33.3 mg/dm? resulted in
an increase in the ozone equilibrium concentration from
3.34 mg/dm? to 9.39 mg/dm>. However, they found that
the increased ozone gas concentrations did not affect K; a
and Henry’s constant [21].

the ozone generator to investigate the effect of gas flow rate
on ozone mass transfer in JLR. During the experiments, the
reactor temperature was kept constant at 20 ‘C, and the JLR
circulation flow rate was maintained at 60 L/min. The ozone
generator was operated at 20% capacity, and the diameter of
the nozzle used for the experiments was 15.5 mm. The vari-
ation in the measured average gas ozone concentrations is
shown in Fig. 4. The ozone concentrations produced at gas
flow rates of 50 and 100 L/h are approximately the same, at
12.8 and 12.7 g/m?, respectively. The ozone gas concentra-
tions produced with an increase in the input gas flow rate
to 150 and 250 L/h have decreased to 11.3 and 7.90 g/m3,
respectively. A decrease in the input gas flow rate means an
increase in the residence time of the gas in the electrical field
inside the ozone generator. This results in an increase in the
produced ozone gas concentration [36, 37].

The changes in calculated K| a values and dissolved ozone
concentrations at different gas flow rates are shown in Fig. 5a
shows that higher gas flow rates decrease the time required
to reach the equilibrium concentration of dissolved ozone
in JLR. As the gas flow rate increases, the concentration of
ozone in the gas phase decreases (Fig. 4), which also affects
the equilibrium concentrations in the liquid phase. Fig-
ure 5b clearly shows that increasing the input gas flow rate
increases the K a values. When the gas flow rate is increased
from 50 L/h to 250 L/h, the K; a values increase from 6.1 h!
to 30.0 h™!. The increase in gas flow rate increases tur-
bulence in both gas and liquid phases, which leads to an
increase in interfacial area and consequently an increase in
mass transfer [18, 30, 33, 38-40]. In the literature, studies
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Fig.5 In JLR, The effect of inlet gas flow rate a on dissolved ozone
concentration b variation of volumetric mass transfer coefficients and
saturation values

investigating ozone mass transfer have reported an increase
in mass transfer coefficients with an increase in ozone gas
flow rates. Graca et al. (2020) investigated ozone mass
transfer with an oscillatory flow reactor and reported that
when the gas flow rate was increased from 60 Ncms/min to
150 Ncmsy/min, the K| a value increased by 4.07 min~' [30].
Gao et al. (2022) conducted experiments with varying reac-
tor configurations for ozone mass transfer using a rotating
bar reactor. In each configuration, increasing gas flow rates
(20-100 L/h) increased K| a values (0.001-0.0045 sTH[22].
The saturation concentrations of ozone in the liquid phase
are calculated to be 9.2, 9.3, 8.5, and 6.9 mg/L at gas flow
rates of 50, 100, 150, and 250 L/h, respectively. Decreasing
the input gas flow rate increases the concentration of ozone
in the gas phase, which leads to an increase in the saturation
ozone values [12, 23, 39].

The Effect of Circulation Flow Rate and Nozzle
Diameter on Mass Transfer Coefficient

Liquid drawn from the upper gas collection chamber of

the JLR is sprayed into a draft tube through a nozzle at a
predetermined flow rate from the main circulation line. As
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Liquid circulation flowrate (L/min)

Fig.6 In JLR, the effect of liquid circulation rate a on dissolved
ozone concentration b variation of volumetric mass transfer coeffi-
cients and saturation values

the flow rate increases (due to an increase in liquid veloc-
ity through the nozzle), it is known that mass transfer also
increases. This is caused by the kinetic energy of the liquid,
which creates smaller bubbles of gas from the same source,
leading to an increase in gas—liquid interfacial area. Thus,
the transfer surface area increases, increasing mass transfer
coefficients. In addition, the increased liquid velocities will
induce the formation of a turbulent regime in the fluid flow,
further enhancing mass transfer coefficients [30]. However,
increasing the liquid circulation rate is not always desirable
because it also means an increase in the power transferred
per unit volume of the reactor [20, 25-27]. Therefore, exper-
iments were conducted at JLR to determine the effect of lig-
uid circulation flow rate on the mass transfer coefficient and
equilibrium concentration of dissolved ozone (Fig. 6). The
nozzle diameter used in the experiments was 15.5 mm. Dur-
ing the experiments, the reactor temperature was 20 ‘C, the
dry air-flow rate sent to the ozone generator for ozone gas
production was 250 L/h, and the ozone generator operated at
20% of its capacity. In Fig. 6a, the change in dissolved ozone
concentration over time is shown for experiments conducted
at different liquid circulation rates in the JLR. As seen in
Fig. 6a, increasing liquid circulation rates increased K;a
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values of 26.5, 30.0, and 37.3 h™!, respectively. Increasing
liquid circulation rates create strong turbulence, leading to
an increase in interfacial area and K; a [40]. The equilib-
rium dissolved ozone concentration values also increased
with increasing circulation rates, reaching 6.6, 6.9, and
7.3 mg/L, respectively. As noted by Fadavi and Chisti, co-
injection of gas and liquid enhances turbulence and reduces
bubble size [41]. Therefore, higher liquid circulation rates
indicate that more power is delivered to the gas by mix-
ing and resulting in smaller bubble sizes. According to the
Young-Laplace equation, the internal pressure of a smaller
bubble will be higher. As a result, an increase in the internal
pressure of a bubble improves the equilibrium concentration
of ozone in the liquid phase according to Henry’s law [39,
42]. In studies examining ozone mass transfer in the litera-
ture, an increase in liquid circulation has been reported to
increase mass transfer coefficients. Gao et al. (2022) inves-
tigated ozone mass transfer using a rotating bar reactor, was
reported that increasing liquid circulation rates (20-50 L/h)
also led to an increase in K| a values. They reported that
an increase in liquid flow rate has influenced the degree of
liquid turbulence in the reactor, thereby increasing surface
renewal efficiency, enhancing the driving force, and reducing
mass transfer resistance [18]. Graca et al. (2020) study to
determine the mass transfer coefficient of ozone, and con-
ducted experiments for liquid flow rates ranging from 60 to
180 mL/min. They reported an increase in liquid flow rate
to 180 mL/min resulting in an increase in K a values from
0.20 to 0.35 min~"! for the packed bed column and from 0.11
to 0.22 min~"! for the bubble column [30].

The amount of energy (E) transferred to the JLR system
is measured as the kinetic energy of the liquid velocity at the
nozzle’s type and calculated using Eq. 4 [43]:

U2
E=Q,AP=0Q, <PL7> 4

where U is the velocity of the fluid passing through the noz-
zle, p, is the density of the fluid, AP is the pressure drop
in the nozzle (converted into kinetic energy), and Q; is the
liquid circulation flow rate.

According to Eq. 4, increasing the liquid circulation
velocity leads to an increase in the power transferred to the
reactor per unit volume. The highest achievable liquid veloc-
ity using a nozzle with a diameter of 15.5 mm is 8.46 m/s. To
achieve higher liquid velocities, it is necessary to decrease
the nozzle diameter. To this end, experiments were carried
out using two nozzles with diameters of 10 mm and 8.8 mm.
The maximum circulation flow rates that can be achieved
with the two different nozzles, as well as the changes in noz-
zle liquid velocities, calculated power transferred per unit
volume, and K; a values are given in Table 1. It can be seen
from Table 1 that the power consumption per unit volume

Table 1 The liquid velocities were obtained with different nozzle
diameters and the calculated power consumptions

Nozzle Q. (L/min) U (m/s) E/V (kW/m?)  Ka(h™)
diameter
(mm)
155 40 423 033 26.5
60 635  LI12 30.0
80 8.46 265 37.3
10.0 40 1407 3.66 323
8.8 38 2136 801 29.9

increases with an increase in nozzle velocities. However,
when examining the K| a values, it can be observed that there
is no increase in K; a values after a power consumption of
2.65 kW/m?; rather, they decrease. The decrease in K| a val-
ues is thought to be due to changes in the flow regime, the
coalescence of ozone gas bubbles due to high kinetic energy,
and a decrease in circulation around the draft tube due to
high velocity. The decrease in the number of ozone gas bub-
bles entering the draft tube due to the increased liquid jet
velocity also leads to a decrease in K a values. Therefore,
increasing the liquid circulation velocity does not always
lead to a desirable situation, as it results in an increase in the
power transferred per unit volume to the reactor.

Comparison with Other Reactors

The comparison of calculated K; a values with some reactors
in the literature are given in Table 2. For this comparison
attempted in Table 2, K| a values of all studies were cor-
rected for a 100 L reactor. This is because the transferred
liquid volume must be taken into account in the mass trans-
fer coefficient. The term “a” in K a represents the specific
surface area, expressed as A/V, defined as the gas and
liquid contact surface area per unit reactor volume. Thus,
increasing the contact surface area (A) and decreasing the
liquid volume (V) increases the K; a value. To take this into
account during comparison, this situation was attempted to
be considered. In addition, the power consumption per unit
volume must also be included in this evaluation. In mass
transfer studies, how much energy is spent per unit mass of
gas transferred to water is more important. Therefore, the
most accurate way to compare is to compare based on the
amount of gas transferred to water per unit of energy spent.
However, since energy consumption is not given in most of
the literature, the comparison could not be made from an
energy consumption perspective.

The mass transfer performance of the reactors is eval-
uated according to the amount of gas transfer per unit of
power consumption. For example, the capacity of oxygena-
tion devices is compared in terms of kgO,/kWh. The amount
of dissolved gas in the reactor per unit of energy consumed,
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Table 2 Comparison of the results obtained in JLR with some studies in the literature

V (L) K;a (h™h K; a corrected for Gas flow (L/h) O; gas concentration Reactor type References
100L (h™H (2g04/m?)
15.7 0.58-3.73 0.09-0.59 2.5-50 2.3-7.3 Ozone contactor [44]
1.08 46.2-68.4 0.50-0.74 1.2-3 36.4-32.3 In situ reactor [35]
6 10.4-22.6 0.62-1.36 30 12 Bubble columns with microbub-  [42]
ble system
3-5 19.8-123 0.59-6.15 60-180 20 Rotating foam stirred reactor [39]
30 259486 77.8-146 250450 20 Ejector [45]
2.5 54.0-101 1.35-2.52 60-100 20 Bubble column [45]
10 30-90 3.0-9.0 60-240 10 Karman contactor [33]
18 6.1-37.3 1.01-6.71 50-250 3.6-22 JLR This study

which includes volume, mass transfer coefficient, and gas
concentrations, is a term commonly used for comparison.
However, for reactors used for ozonation, the mass of ozone
gas that can be transferred per energy consumption is not
provided, so in this study, only the corrected K| a values for a
100 L volume are compared. When Table 2 is examined, the
JLR corrected K; a value for 100 L used in this study is con-
sidered to perform well, with a range of 1-6.7 h™!. In addi-
tion to its high mass transfer performance, JLR is also seen
as advantageous in ozonation processes due to its simple
architectural structure, suitability for continuous operation,
compatibility with both pilot and full-scale installations, lack
of clogging problems, no need for additional mixers, and
ease of operation.

Conclusions

The parameters such as the concentration of ozone gas, gas
flow rate, nozzle diameter, and circulation flow rate were
examined to determine the ozone mass transfer performance
of the jet loop reactor. It was determined that different ozone
gas concentrations did not affect K; a values, but dissolved
ozone saturation values increased with increasing gas con-
centration. There was a linear relationship between the gas
flow rate was sent to the JLR and K; a values. Two differ-
ent situations were studied to determine the effect of liquid
circulation flow rates in the experiments. In the first, differ-
ent liquid circulation flow rates were studied with the same
nozzle (15.5 mm), and K| a values increased from 26.5 h™!
to 37.3 h™! with liquid circulation flow rates ranging from
40 L/min to 80 L/min. In this process where the K; a value
increased by 41%, the power consumed per unit reactor vol-
ume (E/V) increased by approximately 8 times to reach a
value of 2.65 kW/m®. In the second part, the effect of dif-
ferent liquid velocities obtained with different nozzles were
examined. The K| a values decreased due to reasons such as
decreasing in the number of bubbles entering the cycle and

@ Springer

the coalescence of bubbles due to the increase in liquid and
gas velocities around the draft tube at these liquid velocities.
As aresult of comparing the obtained K| a values with other
ozonation systems in the literature, it was observed that the
Jet loop reactor showed a good performance that could be
considered as an effective tool for future ozonation studies.
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