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Band reactor for toxic and recalcitrant water contaminants
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This paper deals with the problem of the photocatalytic reactor construction. The supported TiO, on
v- AL,O, modified with Mo or V addition was used as the photocatalyst, whereas phenol and formaldehyde
were chosen as the model pollutants. The counter — current contact of reagents and catalysts is the main
advantage of the construction and enables a significant COD reduction of the highly concentrated wastewaters.
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INTRODUCTION

Traditional oxygen processes in biological treatment are
not sufficient enough for the removal of industrial
wastewaters' pollutants because the chemicals present in
wastes are toxic for the activated sludge and the biological
membrane of the bed. The biological methods are useful
only for the pre-treatment of some types of wastewaters
e.g. from knitting or food industry, because beyond the
non-biodegradable compounds they consist of the sub-
stances yielding to enzymatic decomposition. These proc-
esses, however, are long - lasting and cause the BOD
reduction but do not change the other water factors e.g.
COD, TOC.

Heterogeneous photocatalysis with suspended semicon-
ductors: TiO,, ZnO, SnO,, WO, CdS, ZnS, CdSe, CdTe is
a method recently gaining more interest in the organic and
inorganic pollutants' removal from the air and water?~>. The
main advantage of this method is that most organic and
some inorganic pollutants can be destroyed into CO, and
H,O and inorganic acids or transformed into less toxic
products working only at room temperature and pres-
sure®.

Many factors exert influence on photodegradation: the
type of the semiconductor, its surface, light intensity,
dissolvent, temperature, pH and the substances present in
the solution. Catalysis is applied for the decomposition of
the organic compounds containing halogens, nitrogen and
sulphur e.g. polychlorinated biphenyls (PCB), pesticides,
dioxins, alcohols, aldehydes, ketones, carboxylic acids,
ethers, amines, thioethers, merkaptans’ -8,

As the catalysts of the mineralization of all organics
TiO, is chosen, but when used in the form of powder
causes a lot of problems with separation after the process.
Phenol and formaldehyde are common industrial
wastewaters contaminants, therefore, they were chosen as
the representatives for the photocatalytic oxidation.

In all the photocatalytic processes two main types of
reactors are used:

—with the catalyst immobilized on stationary elements:
e.g. nylon fiber net or the reactor walls

— with the catalyst dispersed in the reactor!.

The first manner is connected with the replacement of
the parts of the apparatus when the catalyst is changed,
whis is not only time-consuming but also expensive. There-

fore, the great attention is paid to the reactors having
suspended catalysts.

The reactors in the form of tubes, ring and spiral reac-
tors, made out of glass, quartz or plexiglass were used for
the photocatalytic oxidation®. The lamp is placed inside,
at the top', aside' or at the bottom?.

EXPERIMENTAL

The experiments of the photocatalytic degradation of
organics in wastewaters were conducted in the band reac-
tor of our construction (Fig. 1.). Into the reactor the
mixture of oxygen (3dm?h) and nitrogen (37dm?h) was
pumped because the aeration is usually used to prevent or
hinder the charge carriers' recombination’.

In the counter — current the sample of the wastewaters
with the COD value of about 3000 mgO,/dm? was pumped
in with the peristaltic pomp. This COD value is typical
for the real wastewaters and simultaneously exceeds the
norms, which may indicate highly concentrated (accord-
ing to the COD) wastewaters. The TiO,/Al,O, catalysts
modified with Mo or V were prepared with the procedure
described in'®. A catalyst ca. 8g/h, which corresponds to
0.43g TiO,/h, was placed inside the reactor.

As the oxidizing agents oxygen (from air) and H,O,
were selected. The effectiveness was measured in a few
configurations: TiO,/UV/O,/H,0,, TiO,/O,/H,0,, TiO,/
UV/0O,, TiO,/O,. The TiO,/Al,0; modified with differ-
ent metals: Co, Mo, were used as the catalysts. Phenol and
formaldehyde are widely used in industry and are com-
mon in industrial wastewaters. Phenol is also a typical
model pollutant studied in photocatalytic oxidation.

The measurements were conducted at room tempera-
ture. The sample was taken back after 115 minutes assum-
ing that by the volumetric flow 1.3 dm’h, the whole
sample would be pumped out. The system with a single
run or two hours' time is used very often!!. The next stage
was the analysis of organic compound concentration using
the COD method with the dichromate method'?, which is
a standard water analysis.

RESULTS AND DISCUSSION

Before the planning of the reactor there was a problem
with a proper form of the catalysts. In the suspended form,
TiO,, needs to be mixed adequately and separated after



the process. The supported TiO, could be a solution.
Sakhtivel et al.!” indicated that the high effectiveness of
Acid Brown 14 oxidation over TiO,/Al,O; is ascribed to
the adsorption properties of the Al,O; support. In order
to prevent recombination or to decrease the rate of re-
combination the factor close to the catalysts surface can
be applied. This incorporates the more effective adsorp-
tion places, located close to the catalysts' surface. Gener-
ated by oxidants ("OH) in this way h* can reach them
before the intermediate products would yield to further
reaction that takes place in the presence of strong
adsorbents.

The reactor was designed from the organic glass trans-
parent and resistant to the UV light. Two tubes were
placed below the UV lamp (254 nm, 50 Hz). The inten-
sity of the UV light was measured by the VLX254 Radi-
ometer (Vilber Lourmat, 254 nm) (Fig.1a and b).
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Figure 1a. A scheme of an apparatus for the photooxidation
of organic compounds in the water
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Figure 1b. The reactor for the photocatalytic wastewater
treatment

In the reactor the bands are the main mixing system and
enable the counter-current contact of reagents.

The obtained catalysts contain 5.34% of TiO2 in the
form of anatase and 2.35 — 3.51% of Mo with the total
surface area in the range 59.3 — 70.3 m?/g or 3.14 — 4.82%
of V with the total surface area in the range 59.4 — 71.3
m?/g (Table 1). The most active catalysts in phenol and
formaldehyde removal were V-TiO,/Al,O, (Fig.2) and

Table 1. The physicochemical properties of the catalysts
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enable at least 75% COD reduction in the photocatalytic
oxidation. The best results for wastewater treatment were
obtained using the H,0O, addition with the UV irradiation
but the results were close to those obtained for the oxida-
tion with only H,0,, which may indicate that these cata-
lysts are more sensitive to the presence of H,O, than the
UV light.

A significant decrease in the efficiency of the photocata-
lytic methods in the HCHO removal was observed over
V catalysts; Mo addition has a various effect. During the
photocatalytic oxidation of HCHO H,0O, causes deeper
COD reduction, especially in the case of the V-TiO,/
Al,O; catalysts. Over the catalysts demonstrating a small
amount of V the oxidation proceeds over TiO,. Mo addi-
tion to the catalyst affects the oxidation positively. During
the aeration of the wastes the presence of Mo has a det-
rimental effect. The Mo-TiO,/Al,O; catalysts are more
sensitive to the H,O, presence than the UV. With increas-
ing the amount of V in the catalysts, the efficiency of
oxidation with H,O, is higher, but the efficiency of the
photocatalytic oxidation is decreased.

CONCLUSION

The main advantage of the reactor was the counter-
current contact of reagents and uniform access of the light
to the catalyst. The obtained min. 60% of the COD reduc-
tion of the highly concentrated wastewaters (having COD
3000 mg/dm?) is enough to sustain the law requirements.
The most active catalysts in phenol and formaldehyde
removal were V-TiO,/Al,O;. The effect of oxidant addi-
tion is dependent on the type of the catalysts, the modifier
and the pollutant. The obtained results, which may indi-
cate that the catalysts are more sensitive to the presence
of H,0, than that of the UV light.
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Catalyst TiO, content [Yowt.] Metal content [Yowt.] Total surface area, S [m%g]

Mo-1 5.34 2.35 62.6

Mo-2 5.34 2.53 59.3

Mo-TiO2/Al,03 Mo-4 5.34 3.02 63.8
Mo-8 5.34 3.38 66.1

Mo-16 5.34 3.51 70.3

V-1 5.34 3.45 69.2

V-2 5.34 3.74 66.4

V-TiO2/Al,05 V-4 5.34 4.82 59.4
V-8 5.34 4.40 71.3

V-16 5.34 3.14 65.0
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Figure 2. The COD changes of wastewaters containing formaldehyde (a and b) and phenol (c and d) over Mo- TiO,/Al,O4

(a and ¢) and V- TiO,/AL,O; (b and d)
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