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Abstract
The present research examines the efficiency achieved by the implementation of two collectors of ultraviolet
radiation in an annular batch type photochemical reactor. The first geometry corresponds to a concentric cylinder with
the source of radiation, which consists in a media mercury lamp with 1000 watts of power. The second dispositive
is constitute by the implementation of two compound parabolic collectors, opposed in their aperture areas, with a
concentration factor equal to one and an acceptance angle of 90°. The obtained results shows the capacity of both
geometries to increase the efficiency of the system during the Blue Erionyl A-R acid dye degradation, dissolved
in aqueous media, by the application of Advanced Oxidation Processes, in an homogeneous phase of ultraviolet
radiation and H2O2 catalyst application.
By the use of 0.05 mL per liter of hydrogen peroxide at 50% as a ●OH radicals source, and a colorant concentration
of 50 ppm, the collectors allows the 98.4 and 100% of the dye photochemical degradation into a experimental time of
5 minutes, So the experiments registering a system efficiency increasing around of 3.4 and 5.5% respectively. Unlike
the original system, and of the cylindrical collector application, the opposite compound parabolic concentrators
showed a better capacity to degrade the intermediate products, that are been produced during the mineralization
process of the textile compound and absorbs light radiation at wavelengths included between 230 and 480 nm. This
promotes a water treatment process time decrement and an electrical energy savings.

Keywords: Advanced oxidation processes; Compound parabolic
concentrators; Photochemical batch system

Introduction
The Advanced Oxidation Processes (AOP’s) have been widely used
for the degradation or pre-treatment of diverse chemical pollutants that
could hardly be treated by other physical or biological methods [1].
Regardless of whether they are performed in liquid or gaseous
phase, their operation are based on the generation of potent oxidant
species that are highly reactive and unselective (hydroxyl radicals:
●OH) from the photolysis and reaction of some kind of catalyst (such as
H2O2, O3, TiO2, Fe2+, etc.) with the medium in which they are dissolved.
Once produced, the ●OH radicals reacts in a chain form with the
different pollutants and changing its molecular structure, promotes
their mineralization process with the only generation of water, carbon
dioxide or mineral salts residues, in the best of the cases.
Usually developed under ultraviolet (UV) radiation, the AOP’s have
reported the chemical products removal like anilines [2] textile dyes
[3] sulphurous species [4] bio-recalcitrant pesticides [5] herbicides,
fungicides [6], phenols [7] pharmaceutical formulations [8] among
other compounds [9] in a successfully form. Therefore, the AOP’s can be
considered as a destructive sink of these undesirable compounds in the
environment, and can be scaled or automated for both the increment
of the water volume treatment and of the efficiency of the operation.
The artificial radiation UV sources employed in the AOP’s are
commonly formed by the low (LP-UV) and medium (MP-UV) steam
pressure mercury lamps, or by the use of arc Xenon pulsed lamps [10].
One of its possible physical configurations is showed in Figure 1. It
displays a batch type system, whose MP-UV source is located on the
photo-reactor axe (annular configuration). Concentric and external to
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it, there are two quartz tubes with a transmission of 99% in the UV
region. The smallest of them (in diameter) allows the circulation of
the coolant liquid (consisting of demineralized water), for the lamp
temperature control. The second contains both the liquid to be treated
and a magnetic stirrer (at the bottom of the container) to facilitate the
turbulence of the photo-reaction system during the AOP’s development.
In this configuration, the emitted UV radiation, ideally radial,
promotes the ●OH radicals generation from the catalyst employed
(H2O2, O3, etc.) inside the liquid to is going to be treated (whit the
consequent appearance of the AOP’s described above) while it leaves
the system. That amount of not retained energy thus increase the time
required to degrade the chemical undesired compounds, decreasing
the efficiency of the AOP’s (because its electric power consume) and
therefore, elevating its operating costs.
One way to reduce these losses is to incorporate collectors which
have the ability to concentrate again all the emitted radiation into the
liquid in treatment, many time as it can be possible. For this purpose, the
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present research examines the application of two potential UV collectors
whit a different geometries with the objective to raise the AOP’s efficiency.

Cylindrical collector (C.C.)
The first geometry consists in a cylindrical collector (Figure 2)
and is based on the high symmetry that it keeps with the batch system
described before (Figure 1). Figure 2 shows that the CC is concentric
with the UV source, so all the radiation emitted by the MP-UV lamp,
ideally is going to incide normally to the surface of the CC and will be
reflected (on the same road) onto the liquid, crossing it at least twice
before its interaction with the radiation source (Figure 3).

Compound parabolic concentrator (CPC)
The second dispositive is formed by the implementation of two
compound parabolic collectors opposite onto its aperture area (Figure
4). Since its invention, the CPC have been widely used in AOP’s when
the operation needs requires the concentration of diffuse UV light. Due
to their capacity to concentrate all the radiation that reach its surface
onto the circular area of the photo reactor, for which they have been
calculated, after one or more reflections [1] these devices do not require
of tracking systems and makes more easy the prototypes construction.
The pair of CPC is expected to refocus the beams leaving the system at
different angle than those found in CC (Figure 5a).

Figure 3: Ray tracing of the CC and the UV source interaction.

Figure 4: Diagram of annular batch photo-reactor and two opposite complex
parabolic concentrators.

Figure 1: Annular batch photo-reactor diagram, for the AOP’S use with UV
lamps.

The constructed CPC have a concentrator factor equal of one
(CF=1, which is defined as the ratio between the calculated circular
area and the aperture area of the collector) the maximum angle through
which the incoming light can be inside (acceptance angle Ωa) on its
surface is of 90° (Figure 5b).
As is shown in Figure 5, the application of the opposed CPCs,
apparently, increase the probability that the beam passes through
the liquid to treat a greater number of times (unlike CC) before its
interaction whit the mercury lamp.
In based of all mentioned above, the next section describes the
methodology employed and the experimental results obtained during
the implementation of the mentioned collectors. The analysis was
carried out during the degradation of Erionyl Blue A-R acid textile dye
in combination whit the use of the homogeneous type AOP’s.

Materials and Methods
For the experimental development two collectors was constructed
according with the following geometries:
Figure 2: Diagram of annular batch photo-reactor and cylindrical collector
implementation.
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a)

Cylindric collector (CC)

b)

Compound parabolic concentrator (CPC)
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5 (a)

5 (b)

Taking a value of 591 nm as a wavelength reference [4] the colorant
register an initial absorption of 0.54 A.U. At the end of the experimental
time, that absorption was of 0.03 A.U. Therefore, the photo-chemical
treatment without the use of any kind of collectors has the ability to
eliminate the 94.5% of the compound during the first five minutes of
operation. In lengths comprehended between the 280 and 480 nm,
is possible to appreciate the generation and the increment of some
intermediate compounds that absorbs light at these frequencies.
Then, the same experiment was carried out whit the incorporation
of CC following the same methodology and operation conditions
mentioned above. Figure 7 describes the annular batch system operation
once the device was been implemented.
At the reference wavelength, the process obtains a final value of 0.01
A.U. So the remotion reached whit this configuration, corresponds of
a 98.4%. However, an appreciable generation increment of secondary
products inside the interval of 280 nm and 480 nm have been observed.
Unlike the previous cases, the double CPC implementation shows
a better degradation efficiency, both of the intermediate subproducts
generates as those absorbing on the reference wavelength (Figure 8). So,
this configuration removes the 100% of the contaminant after 5 minutes
of treatment.
Finally, the Figure 9 shows a comparison of the three configurations
studied in this work after the experimental time.

Both are made of standard anodized aluminum foil, 16 gauge, and
have a total perimeter of 35 cm of base (which corresponds to the length
of the two CPC calculated for the recipient that contains the liquid to be
treated, so they have a diameter of 22.28 cm) The high of the collectors
are of 26.5 cm. Therefore, both devices have a total concentration area
of 927.5 cm2.
The cylindrical concentrator was obtained by the use of an
industrial foil rolling, and the CPC was approximated by the employ of
an industrial bending, making a discrete folds on the aluminum sheet.
For the AOP’s experiments, the Acid Blue Erionyl A-R textile dye, at
50 ppm, was dissolved in one liter of distilled water. As a source of ·OH
radicals, 0.05 mL of H2O2 at 50% was added. The turbulence motion
inside the reactor was promoted by the application of a magnetic stirrer.
The total treatment operation time was of 5 minutes, extracting the
treatment samples each one minute.
The radiation source used is a MP-UV mercury lamp, Heraeus
mark, model: PUV-1022. It has 110 mm of length, 145 V, 1000 W of
power and 7.5 A of current consume.
The measurement data was obtained by the use of the equipment
listed below:

Conclusion
During the present research, two possible collectors, whit different
geometries, have been analyzed to promote the efficiency increment of
the acid Blue Erionyl A-R acid dye degradation process, during the use
of AOP’s in homogeneous phase.
The colorant concentration was of 50 ppm, dissolved in 1L of
distilled water, and the performance of the system reported a efficiency
raise of 3.4 and 5.5% (at the reference wavelength of 591 nm) when
the cylindrical and the two opposite compound parabolic collector was
incorporated respectively.
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Initially, the AOP’s degradation of the Blue erionyl A-R acid
colorant was developed on without implementation of any collector.
The evolution of the process is showed in Figure 6.
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•• Perkin Elmer UV/Vis spectrometer, model: lambda 20.

Results and Discussion

UV/V is Spectrum Blue Enionyl A -R dye degradation (50 ppm)
by homogenous Aop’s batch system without any concentrator
implementation

1.4

Absorption (A.U)

Figure 5: a) Ray trace of one source beam that interact with the twice
opposite CPCs. (b) Geometry of the CPC.

Form the Figure 9, is possible to observe a better experimental
performance of the system when a double, and opposite, CPC was used
during the AOP’s degradation of the Acid Blue Erionyl A-R textile dye,
at 50 ppm.
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Figure 6: Evolution of the Blue Erionyl A-R acid dye degradation by
homogeneous AOP’s batch system without any concentrator.
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UV/V is Spectrum Blue Enionyl A -R dye degradation (50 ppm)
by homogenous Aop’s batch system with a CC implementa
tion
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Unlike the C.C., experimentally the two opposite CPC demonstrated
a greater ability to degrade even the intermediate compounds that are
often generated during the 5 minutes of the treatment operation.
The last suggests that there exists an important interaction relation
between the UV radiation source, of the reactor, and the incoming
reflected rays that cross the liquid medium that is going to be treated.
That is traduced into a longer process time, a deficiency of the system
and, therefore, in an operation costs increments.
So, a geometry best suited for these kinds of systems would be one
that can concentrate all the light that leaves the photochemical recipe,
onto the treated aqueous medium, without the interaction between the
reflected ray interaction and the UV source diameter. Thus, if possible
all the emitted energy will be consumed in the generation of •OH
radicals (useful in the AOP’s) and showed little loss due to absorption
of the material of which one are made of collectors.
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