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PHOTOCATALYTIC WASTEWATER TREATMENT
FROM FORMALDEHYDE

The article presents the results of studies of treatment of wastewater at woodworking companies
which is formed during manufacture and application of adhesives based on urea-formaldehyde resins.
There presented a method of wastewater purification from pollutants such as dissolved components of
urea-formaldehyde resins and free formaldehyde. This paper describes a method of pre-stabilization of
wastewater for further treatment, which is achieved by precipitation of the condensation products of
urea and formaldehyde. Stabilised wastewater is further subjected to processing by UV-radiation. In-
vestigations were carried out with the wastewater, which were selected at the wood-processing enter-
prises of Belarus and wastewater has the following composition: formaldehyde content —
1.0-5.0 g/dm’, chemical oxygen demand (COD) of the liquid phase — 15.0-60.0 g O,/dm® of compo-
nents UFR — 50.0-80.0 g/dm’.

Various treatment options of stabilized wastewater by UV-radiation are investigated. It was estab-
lished that UV-treatment of wastewater containing formaldehyde in the presence of powder composite
material comprising TiO,, at a dose of irradiation of 10.8 J/cm® and and pH value being equal to 11
to reduced the formaldehyde content to 97% formaldehyde at concentrations ranging from 10 to

150 mg/dm’.

Schematic diagram of wastewater treatment containing components UFR are proposed.
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Introduction. At the enterprises of Belarusian
woodworking industry, most adhesives used in the
production of veneer chipboard, MDF, furniture
boards, etc., are prepared from urea-formaldehyde
resins (UFR). UFR constitute about 80% of the pro-
duced amino resins [1]. For enterprises producing
and using UFR, an important issue is the treatment
of wastewater, which contain condensation products
of carbamide, formaldehyde and free formaldehyde.

Main part. Wastewater generated during the
washing process of technological equipment and
containers used for preparation and dosing of ad-
hesives from carbamide-formaldehyde resin, which
characterized by the content of the formaldehyde —
0.5-8.0 g/dm’, chemical oxygen demand gCOD) of
the liquid phase — 8.0-20.0 O, g/dm” [2, 3].
Wastewaters under consideration selected at
woodworking enterprises of the Republic of Bela-
rus, are characterized in formaldehyde content —
1.0-5.0 g/dm’, chemical oxygen demand (COD) of
the liquid phase — 15.0-60.0 g O,/dm’, content
of UFR components — 50.0-80.0 g/dm’. They are
a semi-transparent liquid without extraneous sus-
pended inclusions. The composition of the waste-
water includes the uncured resin fraction in water-
soluble form and free formaldehyde. They have the
specific smell of formaldehyde, their color changes
from light gray to dark gray, the pH is usually
in the range from 5 to 7.

Despite small amounts of wastewater, their
treatment raises a number of difficulties associated
with an unstable structure, deposition of condensa-
tion products of UFR on the walls of containers

and pipes, changing the concentration of formalde-
hyde in a wide range for a short time.

Since UFR oligomers are unstable hydrolytical-
ly, the fundamental process that influences the com-
position of the wastewater is hydrolysis of UFR
components. As a result of this process, the residual
methylol groups and ether bonds are converted into
methylene and methylene-ether bonds with the for-
mation of free formaldehyde and water [4].

Since the organization of reuse of these waters
is not possible without pretreatment, it is urgent to
find the technological solutions to ensure their re-
turn to the water rotation cycle of the enterprise.

It is known that for sewage sanitation similar
or close to composition, such purification methods
as oxidation (vapor phase, electrochemical, bio-
chemical, photochemical oxidation) and physico-
chemical (adsorption, flotation, coagulation etc.)
are used [3, 5, 6, 7, 8].

In practice, however, these methods are of lim-
ited use because of the large cost, insufficient purifi-
cation efficiency. More often waste waters do not
subject to purification and after dilution they are dis-
charged into the sewer for subsequent purification in
centralized treatment facilities of the settlement.

The aim of this work is to study the effective-
ness of the use of UV-treatment in the presence of the
catalyst for purification of formaldehyde wastewater.

The object of study — waste water selected at
the wood-processing enterprises of the Republic of
Belarus, and solutions of CFR.

Formaldehyde sulphite concentration was de-
termined by using BAT-15, the pH of solutions



Ecology

197

was determined on a pH meter pH 150, the dry
residue was found by gravimetric method, COD
was found by bichromate method [9].

Purification of investigated wastewater under
UV radiation is possible after the removal of sus-
pended particles and preventing from forming
the dispersed phase directly during the processing.

Our studies have established the parameters un-
der which the wastewater is almost completely puri-
fied from water-soluble components of urea-formal-
dehyde resin by converting them into insoluble com-
ponents and their subsequent precipitation. Thus
there is a stabilization of the wastewater composition.

It was found that when using a two-stage sepa-
ration of the residue, one may reach concentration
decay of UFR by 98.8% as well as concentration
decay of free formaldehyde in solution by 90%, as
it participates in the polycondensation reaction of
UFR components. The concentration of formalde-
hyde in water stabilized (Fig. 1) (curve 2) practi-
cally does not change for a long time in contrast to
the untreated waste water (curve 1).

After separation of the oligomeric products of
UFR, wastewater represents transparent stable
composition liquid with a formaldehyde content
not more than 100 mg/dm’.

Waste water obtained after the separation of oli-
gomeric products was used in experiments on
wastewater treatment from formaldehyde. The paper
deals with UV treatment of waste water using a
catalyst containing TiO,, which was introduced into
the reactor as an aqueous suspension. The source of
ultraviolet radiation was a mercury-quartz lamp
DRT-400, emitting in the range 240-320 nm and
the power of the radiant energy of 36 watts. Dose of
irradiation (J/cm®) was calculated as a product

of radiation intensity / (mWt/cm?) and exposure
time ¢ (s). As a catalyst the composite core
Si0, was used — shell TiO, (catalyst composition
in recalculation terms on oxides (wt %): SiO, —
68, TiO, — 29, H,O — 3. Specific surface is
150 m*/g [10].
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Fig. 1. Changing the formaldehyde content
depending on the storage time

Purification from formaldehyde was carried
out at 20°C, pH value from 4 to 11, as it is known
that, depending on their choice oxidation can pro-
ceed to the formation of carbon dioxide and water,
or lead to the formation of formic acid. Their pro-
cessing was carried out on the installation for ul-
traviolet treatment of water shown in Fig. 2.

The reactor of installation is a vertical stainless
steel cylinder having inside a quartz cover intended
to protect the ultraviolet lamp from contact with
water in which an ultraviolet lamp DRT-400 is
installed.

The radiation dose ranged from 0.15-
10.8 J/em®. The decisive influence for the initial
velocity of the formaldehyde degradation is pH index.
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Fig. 2. Installation for UV neutralization of polluted water
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It is known that the initial stage of the
oxidation of aqueous formaldehyde solution occurs
via a radical mechanism. Changing the pH value to
11 results in a significant increase in the initial rate
of formaldehyde oxidation, mainly due to the
increase in the concentration of hydroxyl radicals
in an alkaline environment. At the same time the
residual formaldehyde concentration decreases.

Fig. 3 shows the results of wastewater treatment
by UV without using a catalyst at different pH values.
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Fig. 3. Changing of the formaldehyde concentration
in the wastewater depending on pH

With increasing pH in the solution the oxida-
tion rate of formaldehyde is increased, but the de-
gree of wastewater treatment remains insignificant.

In the presence of a catalyst, there are two basic
ways of formaldehyde oxidation i.e. adsorption on
the catalyst with further oxidation by hydroxyl
radical or the generation of hydroxyl radicals in the
reaction of water with the catalyst with subsequent
oxidation of the organic substrate [11]. At the core
of the catalyst photoactivation is formation of active
particles, significantly accelerating the formation
of hydroxyl radicals OH- due to the reactions:

TiOy + hv = h* +e; )
H,O (ads.)=OH +H; (2)
OH + 4" = OH-. 3)

The consequence of the presence of the
catalyst in the wastewater is increase in the
concentration of OH- radicals. The influence of the
photocatalyst on the formaldehyde oxidation
process is shown in Fig. 4.

In the process of wastewater treatment initial pH
value decreased (Table), which indicates on the for-
mation of the intermediate product namely formic acid.

Changing the pH in waste water treatment
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Fig. 4. Changing of the formaldehyde concentration
in the wastewater in the presence of catalyst
depending on pH

This is confirmed by the available data [12],
according to which the photocatalytic oxidation of
formaldehyde takes place with the participation of
radicals OH-, interacting with adsorbed HCHO
molecule by the following reactions:

HCHO + OH: = HCO- + H,0; )
HCO- + OH- = HCOOH; 5)
HCOOH + 24" = CO, + 2H". (6)

As it can be seen from Fig. 4, the concentration
of formaldehyde in the effluent at UV treatment
decreases with increasing treatment time in
the presence of a catalyst. While to the greatest ex-
tent it occurs when the pH value = 11. While the
treatment of wastewater for 60 min (Fig. 5), which
corresponds to a radiation dose of 10.8 J/cm?, the
degree of purification from formaldehyde was 97%.
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Fig. 5. Effect of catalyst on the concentration on for-
maldehyde in the wastewater at pH = 11

Conclusion. Thus, the UV treatment of waste
water, from which water-soluble components of
UFR are removed beforehand in the presence of
a catalyst, containing TiO,, provides a high de-
gree of purification (by 97%) from formaldehyde.

It is found that in the conditions studied,
maximum rate of formaldehyde oxidation
is achieved in an alkaline environment in
the presence of photocatalyst. It was shown that



Ecology 199

the degradation of an aqueous solution of  factors. The results of the work indicate the
formaldehyde is a complex multistage process reasonability for using this method for waste
running on radical mechanism. The rate of for- water purification from formaldehyde at the
maldehyde degradation is dependent on external enterprises of the Republic of Belarus.
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