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Abstract: This work investigated the degradation of organic matter present in
synthetic dairy wastewater by the combination of ozonation (ozone (O3)/hydrogen
peroxide (H,0,)) and catalytic ozonation (ozone (O3)/manganese (Mn?™)) associated
with dispersed air flotation process. The effect of independent factors such as O3

concentration, pH and HyOj and Mn?* concentration was evaluated. For the flotation/
03/H,0 treatment, the significant variables (p < 0.05) were: O3 concentration (linear
and quadratic effect), H»O3 concentration linear and quadratic effect, pH values
(linear and quadratic effect) and interaction O3 concentration versus pH. For catalytic
ozonation, it was observed that the significant variable was the linear effect of O3
concentration. According to the desirability function, it was concluded that the optimal
condition for the treatment of flotation/O3/H»O> can be obtained in acidic solution
using O3 concentrations greater than 42.9 mg L combined with higher concentrations
of HyO; to 1071.5 mg L'L. On other hand, at pH values higher than 9.0, the addition
of O3 may be neglected when using higher concentrations than 1071.5 mg L' ofH,0,.
For flotation/ozonation catalyzed by Mn2", it was observed that metal addition did not
affect treatment, resulting in an optimum condition: 53.8 mg Ll of O3 and pH 3.6.
Keywords: advanced oxidation processes, catalytic ozonation, physico-chemical
treatment.

Resumo: Neste trabalho, estudou-se a degradacio da matéria orgnica presente no
efluente de laticinio sintético por ozonizagio combinada (oz6nio (O3)/perédxido
de hidrogénio (H,0,)) ¢ a ozonizagio catalitica (ozénio (O3)/manganés (Mn*"))
associada com o processo de flotacao por ar disperso para obter o ponto 6timo de
tratamento. Foi avaliado o efeito dos fatores independentes concentragao de O3, pH e
concentragio de H,O; e Mn?*. Para o tratamento flotagio/O3/H,0; os parimetros
significativos (p < 0,05) do modelo foram: concentragio de O3 (efeito linear e
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quadrético), concentragio de HyO» (efeito linear e quadritico), valores de pH (linear
e quadritico) e interagio concentragio de O3 versus pH. Para a ozonizagio catalitica,
observou-se que houve diferenca significativa no tratamento apenas para o efeito linear
da concentragio de O3. De acordo com a fungio de desejabilidade, concluiu-se que a
condi¢io dtima para o tratamento de flotagio/O3/H2O2 pode ser obtida em meio 4cido
utilizando concentragoes de O3 superiores a 42,9 mg L associada com concentragoes
de H2O; mais elevadas que 1071,5 mg L'!. No entanto, em valores de pH maiores
do que 9,0, a utilizagao de O3 pode ser negligenciada quando se usam concentragdes
mais elevadas do que 1071,5 mg L' de H,0,. Observou-se também que a flotagio/
ozonizacio catalisada pela adi¢io do metal Mn* ndo afetou o tratamento, obtendo-se
como condicao étima de 53,8 mg L'} O3 ¢ pH 3,6.

Palavras-chave: ozonizagio catalitica, processos oxidativos avancados, tratamento
fisico-quimico.

1. INTRODUCTION

Brazil is a major milk-producer, ranking fourth in the world, with the
production of 35 billion liters in 2013 (FAO, 2013). The generation
of wastewater from dairy products and derivatives is growing, so the
management, recycling and treatment of these effluents have become a
growing concern in Brazil and worldwide (Leal et al., 2006).

In the dairy industry, according to Matos et al. (2011), a relationship
of about 1 to 5 can be observed between volumes of wastewater and milk
processed, depending on the final product and the technological level
of the industry. The polluting organic load that these effluents present
is high, and in the case of inappropriate treatment or disposal, major
environmental impacts can be seen in the areas near this type of industry.

Because biological treatment is economically viable, it is one of the
most-used options for the removal of organic matter in dairy effluent.
However, the so-called biological reactors may present some practical
limitations. Biodegradation depends on a stable and diverse microbial
population, the interaction between the various microorganisms present
in the treatment system, pH, and temperature, among other factors,
which are not always easily controlled. Furthermore, the long treatment
time and space required for the implementation of the treatment plants
may hamper the application of biological processes. Another common
problem of this treatment is the oscillation of organic load in the
effluents of dairy products, which may affect the balance of the microbial
community present in the reactor and compromise the efficiency of
biological processes (Villa et al., 2007).

Among physico-chemical treatments, the flotation used as primary
treatment can be highlighted, where the separation of particles present
in the effluent occurs through their adhesion to gas bubbles. The bubble-
particle aggregate rises in the aqueous phase, thereby allowing separation
of the particle.

To complement the treatment of dairy effluent, advanced oxidation
processes (AOPs) have been a widely studied alternative because they
are less selective, have an electrophilic property, and the kinetics of the
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reaction can be controlled. These processes generate hydroxyl radicals
(eOH) that are capable of oxidizing a wide variety of organic compounds
into carbon dioxide (CO,), water (H,0O), and inorganic ions (Oliveira
and Ledo, 2009). The hydroxyl radicals originate from combinations
between oxidants, such as ozone (Oj;), hydrogen peroxide (H,O,),
and ultraviolet (UV) irradiation, with catalysts, such as metal ions or
semiconductors (Glaze et al.1987 apud Melo et al., 2009).

Among the AOPs, ozone gas has been widely used in water and
wastewater treatment. This gas is able to react with a wide range of organic
compounds, mainly due to its high oxidative potential (Eq = 2.07 V),
greater than KMnOy and Cl,. Under certain conditions,ozone leads to
the formation of hydroxyl radicals (¢OH), the oxidation potential of
which is even higher (Eg = 2.80 V) and tends to be more effective in
treating certain recalcitrant compounds (Mahmoud and Freire, 2007).

The stability of the ozone depends on several factors, especially
pH, because hydroxyl ions initiate the ozone decomposition process
(Von Gunten, 2003). In an acidic environment, ozone will react with
compounds that have specific functional groups, such as electrophilic,
nucleophilic, or dipole addition (direct reaction with O3). However, at
high pH (basic medium), ozone decomposes into radicals ¢ OH, which
react with organic compounds unselectively.

H,0O, combined with ozone gas is widely used as a good source of
radicals ¢OH, as it is easily found, highly adaptable to existing ozonation
equipment, and has the lowest cost of AOP systems based on the radical
«OH.

Another way to increase the ozonation efliciency is with the use of
catalysts. Several studies have reported the use of several metal salts in
ozonation of efluents. Hewes and Davinson (1972) showed that the
effluent ozonation in the presence of Fe?*, Mn?*, Ni**, and Co*" resulted
in an increase of total organic carbon removal efficiency compared to
conventional ozonation process (without addition of a catalyst).

This study aimed to determine the optimal conditions for the
degradation of organic matter present in synthetic dairy effluent, using
flotation concomitantly with AOP:s.

2. MATERIALS AND METHODS

Synthetic dairy wastewater (SDW) was prepared by adding 10.0 mL of
Type A supplemented whole milk to distilled water to make 1.0 L of

solution with COD concentrations close to 2000 mg L™ (Brido and
Tavares, 2007). After preparing the synthetic solution, the alkalinity of

the sample was measured, having an average value of 75.56 mg L1CaCO.:.

The ozone gas was obtained using an ozone generator (Model O&G
10.0 MRI, Ozone & Life, Sao José dos Campos, Brazil). Oxygen used
as feedstock was obtained from a hub installed on the ozone generator
body. The concentration of ozone gas in the air that was injected in
the bottle washer during treatment was quantified as recommended by
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the International Ozone Association, using the iodometric method by
indirect titration (APHA et al., 2012).

The ozonation was performed at a flow rate of 1.0 L min™ in a bottle
washer with a capacity of 1.0 L. A porous diffuser was placed inside the
bottle close to the bottom from which the gas was introduced. Based on
preliminary analysis, the ozonation period was set at 180 min.

The experimental design used was the central composite rotational
design (CCRD), because this method allows for easier, more economical,
and faster analysis of several variables (factors) with a variety of levels. The
CCRD is an evolution of factorial experiments with 2 levels and n factors
composed of three parts: Vertex points (complete or fractional factorial),
axial points (& = n"/% allows tests of significance for quadratic or cubic
curvature effects) and central points (executed with replicas allowing the
estimation of the pure error and a lack of fit test of the model).

The resident concentration divided by the influent concentration or
relative concentration of COD, denoted by COD (C/Cy), was used as the
dependent variable, applied at the startup of the batch, determined by the
colorimetric method (APHA et al., 2012). The “C” represents the COD
of the samples measured at the end of the treatment and “Cy” the COD of
the samples at the start. The C/Cy parameter was chosen for its capacity
to represent treatment efficiency and due to its mathematical advantages
during statistical analysis. COD removal (%) = (1 - C/Cy) x 100.

The independent variables were the concentration of ozone gas (O3),

the concentration of catalyst (i.e. H,O, or Mn**) and the initial pH of
SDW.
Tables 1 and 2 present the level values used in the CCRD for the

ozonation experiments with H,O, and Mn?, respectively.

Table 1.
Values used in the CCRD to three factors, using H,O, as an aide to the ozonation.
. . Levels
Variables TUnits
-0 =-]1.68 -1 0 +1 a=+1.68
O3 (Xy) mg L! 0.0 10.9 26.9 42.9 53.8
H,0,(X;) mg L1 0.0 2721 673.5 1071.5 1343.6
pH (X3) - 3.6 5.0 7.0 0.0 10.4
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Table 2.
Values used in the CCRD to three factors, using Mn?* as catalyst in the ozonation.
_ | Levels
Variables  Unats
-0 =-1.68 -1 0 +1 og=+]1.68
05 (X)) mgL! 0.0 10,9 269 429 53.8
Mn* (X2) mgL?! 0.0 0.008 0.020 0.032 0.040

PH (X3)

3.0 5.0 7.0 9.0 10.4

The variation ranges between the lower limit and the top of each
independent variable were assumed based on literature (Assalin et al.,
2006; Mahmoud and Freire, 2007) and preliminary tests.

The hydrogen peroxide solutions were prepared using H,O, solution
with 30% w/w, [HO,] = 9.007 mol L' and density of 1.1 g
mL. The manganese source was the monohydrate manganese sulphate
(MnSO4H,O).

Interference caused by H,O, in COD analysis was eliminated by
determining its concentration in the sample by the iodometric method

and subsequent determination of its COD according to Equation 1
(Oliveira and Ledo, 2009):

(1)

To calculate the main effects of the factor, their interactions on the
response variable (C/Cy), as well as to obtain data relating to the analysis
of variance (ANOVA), Statistica 10 (StatSoft, Inc., Tulsa, USA) and
Minitab 17 (Minitab Inc., State College, PA, USA) software were used.

3. RESULTS AND DISCUSSION

Tables 3 and 4 present, for H,O, and Mn?* respectively, the values of
COD removal and the C/C, obtained for each trial suggested by the
CCRD design.

It was noticed that among all the tests, the best results were in trial
number 13 (Tables 3 and 4), where the ozone central points and the
catalyst/auxiliary -o were used with -& pH of 3.6, obtaining close values for
the relative concentration of COD (C/Cy) independent of the catalyst/

auxiliary used.
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Table 3.
Array of values to the concentrations of ozone, H,O, and

the pH of the samples in the delineation of the CCRD.

Trial O3 H202 pH COD Removal (%) (C/Co)

1 109 2721 5.0 62.5 0.37
2 10.9 2721 9.0 15.2 0.85
3 109 10715 5.0 65.3 0.35
4 109 10715 9.0 249 0.75
5 429 2721 5.0 59.6 0.40
6 429 2721 90 433 0.57
7 429 10715 5.0 62.7 0.37
8 429 10715 90 64.5 0.35
9 00 6735 7.0 6.5 0.93
10 538 6735 7.0 43.9 0.56
11 269 00 7.0 15.5 0.84
12 269 13436 7.0 50.5 0.49
13 269 6735 36 74.4 0.26
14 269 6735 104 23.7 0.76
15 269 6735 7.0 124 0.88
16 269 6735 7.0 17.1 0.83
17 269 6735 7.0 12.1 0.88
18 269 6735 7.0 14.6 0.85
19 269 6735 7.0 7.6 0.92

20 269 6735 7.0 13.3 0.87
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Table 4.

Array of values to the concentrations of ozone, Mn?* and

the pH of the samples in the delineation of the CCRD.

Trial Oz HO; pH COD Removal (%) (C/Co)

1 109 0.008 5.0 12.9 0.89
2 10,9 0.008 9.0 14.7 0.87
3 10,9 0.032 5.0 4.3 0.98
B 109 0.032 90 17.9 0.84
5 429 0008 5.0 28.7 0.73
6 429 0.008 9.0 39.9 0.61
7 429 0032 50 459 0.55
8 429 0032 90 434 0.58
9 0.0 0020 7.0 0.7 1.00
10 538 0.020 7.0 49.0 0.52
11 269 0000 7.0 26.5 0.75
12 269 0040 7.0 26.3 0.75
13 269 0.020 3.6 73.9 0.27
14 269 0020 104 17.9 0.84
15 269 0020 7.0 33. 0.68
16 269 0.020 7.0 30.3 0.71
17 269 0020 7.0 26.5 0.75
18 269 0020 7.0 30.3 0.71
19 269 0.020 7.0 30.1 0.71
20 269 0.020 7.0 274 0.74

3.1. COD degradation of the synthetic dairy wastewater by the flotation
process/ozonation combined with H2 O 2

Figure 1 shows the Pareto chart for the regression performed, which
presents the statistical significance of each term of the equation for a levels
equal to 5 to 10%.
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Figure 1.
Pareto chart of the regression performed for COD degradation in the synthetic
dairy effluent, using the flotation/ozonation combined with H,O,. “L” is the linear
coeflicient part of the model and “S” is the square coefficient part of the model.

As can be seen in Figure 1, just the linear model coefhicients for the
interaction of H,O, with ozone and pH was not significant for an a of
5% or 10%, indicating that in the treatment process the three factors
had an significant effect and there was a significant interaction between
ozone and pH at the range of values tested. The removal of the least-
significant term (peroxide-ozone interaction) did not cause changes in
the model-fitting. Thus, it was decided to withdraw these two terms
from the modeling (peroxide-ozone interaction and interaction peroxide
- pH).

Table 5 shows the coeflicients values used to evaluate the quality of the
model fits to the data, also considering the raw data and transformed data
(Box-Cox transformation considering’d = 0.5). The two regressions were
significant at the 5% level.

Table 5
Model-fitting results.

Model/Statistic Model with namral response  Model with transformed response
R* (%) 092.14 92.58

R* adjusted (%5) 87.55 88.25

Feate/Feg (regression) 5.15 746

Feae/Fea (lack of fit) 2.94 341

S (standard error of regression) 0.0836 0.0533

Based on the values obtained (Table 5), it was decided to use the
transformed response model. This choice was based on slightly better
adjustment values and the fact that the response (C/Cy)*> does not
allow for obtaining negative values of the dependent variable, which is
physically more suited to the present study.

Based on data presented in Table 5, the model for the COD removal

from the dairy effluent using flotation and combined ozonation Os/
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H,0, was significant, with a 95% confidence level, because for the
regression the Feyculaeed is greater than that of F il However, the lack
of fit was also significant (Fealculated/ Feritical > 1), although ideally Fajculaced
should be a smaller value than the Feiciccal, i-¢. not significant. However,
since the averages of the means were very close and the pure error was very
small (0.0003), the model was considered valid for predictive purposes
(Barros Neto et al., 2007). The mean square experimental error was
very small; thus, the significance tests for the lack of fit may be deemed
irrelevant (Waszczynsky and Nelsen, 1996).

The regression coeficient (R?) indicates that 92.58% of the variation
observed in the data could be explained by the model (Table 5).
According to Barros Neto et al. (2007), R* measures the proportion of
the total variation of the response that is explained by the model. Thus,
the closer to 1 the R? value is, the smaller the error and better the model
will be. According to these authors, models with R? < 0.60 should be used
only as trend indicators, never for predictive purposes.

With the obtained results, it was possible to determine the regression
coefficients and to present the model with variables not coded. The
empirical mathematical model, uncoded and in 2 order, was found to
represent the root of the relative concentration of COD in terms of ozone
concentrations, H,O,, and solution pH with their respective statistical
cocfhicients (Equation 2).

(2)

Maintaining the pH in the fixed central point (pH 7) and varying the
concentrations of ozone and H,O,, the contour plot for the dependent
variable (i.e. COD (C/Cy)) is shown in Figure 2 (A). Figure 2 (B)
displays the contour plot, keeping the concentration of H,O, fixed at the
midpoint (i.e. 673.5 mg L) and varying the ozone concentration and the
pH of the effluent.

According to Figure 2 (A), in a neutral solution (pH 7) the relative
concentration of COD (C/C,) decreased with increasing concentrations
of both ozone and H,O,. This is consistent with the positive values of the
regression coeflicients obtained for the O3 and H,O, (Equation 2).
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Figure 2.

Contour plot showing the effect of the concentrations of ozone and H,O, on the relative
concentration of COD (C/C,) with central point fixed at pH 7. (A). Contour plot showing

the effect of ozone concentration and pH on the relative concentration of COD (C/

Co), maintaining the fixed H,O, concentration at the midpoint (i.e. 673.5 mg L") (B).

A similar result was observed in the work of Cortez et al. (2010), when
the increase of H,O, concentration (200 - 400 mg L) - led by the use of

combined ozonation (O3/H,0,) with 112 mg L' ozone, at pH 7 for 60
min to treat landfill leachate - increased the removal efliciency of COD
by 16%.

By further analyzing the contour plot in Figure 2 (A), it can be seen that
using an ozone concentration of 26.9 mg L' (midpoint) to treat the dairy
synthetic effluent was more efficient at lower pH values, independent
of the added H,0O, concentration. A similar result was observed by
Torres-Sanchez et al. (2014) using the combination of 0zone with Fenton
(H,0,/Fe**) in acidic solution (pH 3) applied to synthetic dairy efluent.
These authors observed a reduction of up to 30% of COD in the effluent
after 25 min of treatment.

On the other hand, the treatment using ozone (26.9 mg L") in a basic
solution proved to be advantageous only for the removal of COD at
high concentrations of H,O, and high pH levels (pH > 9), presenting
a quadratic behavior, which indicates a "valley bottom" for H,O, values
close to 500 mg L.

It can be seen from Figure 2 (B) that flotation/ozonation combined
with H,O, was favored under acidic conditions (pH < 5), independent of
the concentration of ozone applied. However, the treatment was effective
only at high concentrations of ozone and higher pH. In alkaline solutions
H,O, becomes more unstable than in acidic solutions (Cavalcante,
2005). Furthermore, H,O; standard electrode potential ranges from 1.78
V t0 0.87 V when pH changes from 0 to 14, which makes the treatment
of effluents with H,O, most promising at low pH values.

It is noteworthy that the only interaction with significant effect
was ozone and pH (Equation 2), presenting a coefficient of -0.002
(negative). Since ozone and pH concentrations are positive, it appears
that the ozonation process is acting indirectly at high pH values and high



Revista Ambiente & Agua, 2018, 13(2), ISSN: 1980-993X

concentrations of ozone (via hydroxyl radicals) (Balcioglu and Otker,
2003).

During the ozonation macro- or microbubbles are formed, so the
process of flotation can also occur if the coagulation/flocculation
characteristics of the wastewater favor the adhesion of the bubbles to the
particles/flocs, producing the so-called Ozoflotation process (Edzwald
and Harrhoff, 2012). During the ozoflotation process, part of the organic
matter (i.e. suspended matter) is removed by flotation by a physical
treatment and the other part of the organic matter (i.e. dissolved matter)
is removed by the ozone oxidation in a chemical treatment.

For good coagulation, chemistry conditions, and higher flotation
efficiencies, it is expected that the flocs formed have little or no electrical
charge, so electrostatic forces are low or near zero (Edzwald, 2010).
According to Quirk and Matusky (1971), casein is the major protein
found in milk (about 80%) and has an average isoelectric point at pH 4.6,
so at this pH casein is found at its point of lowest solubility due to the
decrease of intermolecular repulsions.

Therefore, a possible explanation for the acidic solution to have
produced the best results in the removal of COD from the synthetic dairy
effluent is that it is due to the natural coagulation/flocculation of milk
proteinsin the dairy efluents in an acid medium that favored the flotation
process and enhanced the global treatment efficiency (Puget et al., 2004).

3.2. Degradation of COD in the synthetic dairy wastewater by the flotation
process/ozonation catalyzed by Mn 2+

The attempt to fit a full quadratic regression model was not successful

due to the lower R* value of the model that was equal to 42.91%
and significance was only observed for the linear term of the ozone
concentration. Thus, it was decided to withdraw most of the terms,
concurrent with the adoption of a changed response by Box-Cox
transformation, considering A = 0.5. In Figure 3, the Pareto chart
corresponding to the regression performed is shown. It is emphasized that
the terms related to variable pH were only considered significant at the
10% level.
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Figure 3.
Pareto chart corresponding to the transformed response (Box-Cox
transformation considering A = 0.5) for the degradation of COD in

synthetic dairy efluent using the flotation/ozonation catalyzed by Mn?,

Table 6 shows the results of the model fitting to the observed data.

Table 6.
Model fitting results.

Model/Statistics Model Transform Response
R? (%) 61.08
R*adjusted (%) 53.78

Feale/Ferit (regression) 2.88

Feaie/Ferie (lack of fit) 9.17

S (standard error of regression) 0.0728

For the regression model, the Feculaeed divided by the Fegica, at 5%
of probability, was higher than 1, so the model was significant. Despite
the lack of adjustment showing significance (Feye/Feie > 1), the value
obtained for the mean square of the pure error was very low (0.0002), so
the model can be considered valid for predictive purposes.

The coefhicient of determination obtained (Table 6) showed that only
61.08% of the observed data could be explained and the model could be
used for predictive purposes. (Barros Neto et al., 2007).

One clearly sees that this fitting model, even after transformation of
the response variable, was inferior to the experiment used for flotation/
ozonation combined with H,O,. Another indication of the low-response
modeling was the Fe/Feie of the regression, equal to 2.88 (Table 6).
According to Barros Neto et al. (2007), good model fits have Feyie/Feric
greater than or equal to 4.
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Even considering the low value of R? obtained, it was possible to
determine the regression coefficients and present the model with variables
not coded. The empirical mathematical model was found to represent
the root of the relative concentration of COD in terms of ozone
concentrations, H,O,, and solution pH with their respective statistical
coefficients, as shown in Equation 3.

As seen in Figure 3 and Equation 3, even after the Box-Cox

transformation, the concentration of Mn?* added to catalyze the
treatment of flotation/ozonation was not significant for the removal

of COD. This contradict the work of Assalin et al. (2006), and
Mahmoud and Freire (2007) who found that the addition of Mn** in

concentrations greater than 0.5 mg L™ as a catalyst for ozonation effluent
was more cfficient in removing total organic carbon (TOC) compared to
conventional ozonation processes.

Assalin et al. (2006) also compared the TOC degradation efficiency by
conventional ozonation process and catalyzed by Mn?" ata concentration

of 1.0 mg L in an acidic solution (pH 3). The catalytic ozonation
enhanced the removal of the organic load increasing from 4% to 63%
efficiency in only seven minutes of ozonation. Also the addition of
metals to the ozonation process increases the formation of hydroxyl
radicals according to the complexation mechanism proposed by Pines and
Reckhow (2002), acting as inhibitors of certain anions (carbonates and
bicarbonates) that are capable of interfering with the oxidizing ability of
the hydroxyl radicals.

One explanation for the insignificant effect of the catalyst during the
ozonation process may be the low concentration of Mn** used in this
experiment (< 0.040 mg L), According to Xiao et al. (2012), Mn**
concentrations greater than 0.05 mg L' were effective in aiding ozone
degradation of compounds that are diflicult to degrade. On the other
hand, the same authors found that concentrations greater than 0.1 mg Lt
showed no significant increase in efficiency.

Figure 4 shows the variation of the relative concentrations (C/Cy) of
COD with pH and concentration of ozone gas.



Marta Cristina Silva Carvalho, et al. Combined use of O3/H202 and 03/Mn?* in flotation of dairy wastewater

0 10 20 30 40 50
Dzone (mg L)
Figure 4.

Contour plot showing the effect of ozone concentration
and pH on the relative concentration of COD (C/Cy).

It is observed in Figure 4 that the increased ozone concentration
positively influenced the removal of organic matter of the SDW,
indicating the action of the ozone as an oxidant (chemical treatment) in
the ozoflotation process.

Independent of the concentration of Mn** used in the experiment, it
was observed that the best efficiencies for degradation of COD in the
wastewater were achieved under acidic conditions (pH < 4), indicating
a possible better oxidation of the organic matter of the SDW through
direct action of the ozone.

Similarly to the combined treatment O3/H,O, which also showed
better results under acidic conditions, part of this result can be explained
also by the removal of organic matter due to the casein’s clotting ability
in acidic media (Puget et al., 2004). Thus, part of the COD of the SDW

was removed by flotation in the washer bottle.

3.3. Optimization of the flotation/ozonation process combined with H2 O 2
and catalyzed by Mn 2+ according to their respective independent variables
using the function desirability

The estimate of the optimal conditions for the removal of COD in the
SDW was based on the proposed statistical model and with the aid of the
simultaneous optimization technique called "desirability function".

The desirability profiles were obtained from the Statistica 10
program through the function called "profiles for predicted values and
desirability”. This function indicates, based on the statistical analyses,
which combination of values from the tested parameters gives the best
response for the treatment being studied.

Figures 5 and 6 show the diagrams of the desirability function for
describing the optimal conditions for the relative concentration of COD
(C/Cy) after flotation/ozonation combined with H,O, and flotation/
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ozonation catalyzed by Mn?", respectively, within the value ranges stated
in the experiments.
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Figure 5.
Profiles for the predicted values and desirability for relative concentrations of COD
(C/Cy) obtained from the flotation process / ozonation combined with H,O,.
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Figure 6.

Profiles for desirability and predicted values for COD relative concentration
(C/Cy) obtained from the flotation/ozonation process catalyzed by Mn**.

Considering the confidence limit for the optimum value, the most
desirable values for the three factors of interest are shown in Figure 6. The
profile located on the right shows the range of the desirability response
(0 < D < 1). The larger the “D” value, the more convenient the system
response is; i.e., the maximum value of D is the optimal condition of the
system.
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For the second group, the dashed blue line presents optimum values
where trends are revealed only by the factors (Figures 5 and 6). The
vertical dotted lines present in the graphic corresponding to the optimum
values of the parameters studied.

The concentration of ozone (Figure 5) required to achieve the ideal
desirability response (D = 1.0) should be greater than 42.9 mg L with
H,O; concentration exceeding 1071.5 mg L™ for a high pH values of the
synthetic dairy effluent (pH > 9.0).

For flotation/ozonation catalyzed by Mn?*, the desirability graph
(Figure 6) suggests optimum values using 53.8 mg L' O3 with any
concentration of Mn** (0 to 0.04 mg L") at pH 3.6 to give better removal
efficiency of COD (D = 0.6876).

Tables 7 and 8 were obtained making use of the desirability function,
where possible solutions are presented based on optimal points found for
processes of flotation/ozonation combined with H,O, and catalyzed by

Mn?t, respectively.

Table 7.

Examples of independent variables values that resulted in a great
desirability for the process of flotation/ozonation combined with H,O,.

Solution

O3-mgL! HO-mgL! pH Desirability - D

6.4

1343.6 3.6 1.00

2 0.5 1326 .4 3.8 0.99
3 53.8 1343.6 10.4 0.98
Table 8.

Example of independent variable values that resulted in an ideal

desirability for the flotation process/ozonation catalyzed by Mn?*,

Solution O3 -mgL?' pH Desirability - D

]

53.8 3.6 0.69

It can be seen in Table 7 that there was no need for the addition
of ozone in strongly acidic medium (Solutions 1 and 2). However,
the treatment should consist of flotation combined with high ozone
concentration to achieve COD removal desirable in a basic medium
(Solution 3).

In the process of flotation/ozonation catalyzed by Mn** (Table 8),
manganese had no significant effect on the removal of the COD of
the effluent, confirming the results above. Therefore, the desirability
function presents a solution for obtaining a maximum desirability for the
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case where the optimum point would be at high ozone concentrations
and acidic conditions. Thus, it is suggested that further experiments
be conducted to evaluate the optimal conditions of treatment to the
operational and economic feasibility of the process.

4. CONCLUSIONS

For the process of flotation/ozonation combined with H,O,, the optimal
treatment point was found to be for high concentrations of O3 (more

than 42.9 mg L") and H,O, (greater than 1071.5 mg L) in acidic
solutions. However, in basic solutions (pH > 5.0) the addition of ozone
gas can be neglected.

In the process of flotation/ozonation catalyzed by Mn?*, the addition
of metal Mn?" was not efficient, so the maximum removal efficiency of
COD was obtained using concentrations of O3 equal to 53.8 mg L' inan
acidic solution (pH 3.6), independent of the concentration of Mn** used.

In general, the best COD removal efficiencies were obtained by the
process of flotation/ozonation combined with H,O, compared to the
process of flotation/ozonation catalyzed by Mn** for the synthetic
dairy effluent. An acidic environment was more efficient for both
processes (03/H,0, and O3/Mn**), due to the organic load removal
of the synthetic effluent, by the precipitation of milk casein which was
subsequently removed by flotation in the bottle gas scrubber.
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