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Abstract The European directive RoHS (Restriction of the use of certain
Hazardous Substances) limits the use of specific toxic substances for example a
number of flame retardants. In the light of this context, this work handles with the
implementation of a methodology of deactivation by radiative exposure of
Tetrabromobisphenol A bis-(2,3-dibromopropylether) (TBBPA-DBPE), concerned
by the RoHS directive. It has been shown that the photodegradation by UV-visible
irradiation of TBBPA-DBPE in Tetrahydrofuran as organic environment generates
less brominated thus less toxic congeners. Physico-chemical analyses were realized
by means of a spectroscopic technique that allows to characterize products before
and after irradiation under UV-visible light.
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1 Introduction

A number of substances contained in the Waste of Electrical and Electronic
Equipment (WEEE), in particular brominated flame retardants, were identified as
molecules with considerable risks for the environment, and forbidden in use.
Several brominated flame retardants have proved to be highly bioaccumulative and
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bioavailable, and can be detected in animal and human tissues, explaining the
toxicity of these products. These additives would always be present in current and
future deposits, collected from the waste of former or imported products. The
concentration of brominated flame retardants in various materials can reach 5–30 %
by weight. As a consequence, the method of waste recycling of electric and elec-
tronic equipments, which contain these pollutants, remains a real challenge. Indeed,
in date, only the incineration is practiced in an industrial way with fatal conse-
quences for the environment.

Certain flame retardants, added to diverse materials, are very effective to reduce
the flammability of the finished product and specially the halogenic flame retardants
because they contain bromine. The bromine intervenes in chemical reactions which
slow down the combustion necessary for the inflammation. Among these flame
retardants, one of the most used is the Tetrabromobisphenol A bis-
(2,3-dibromopropylether) (TBBPA-DBPE) [1–3]. This product can be found
incorporated into various materials, in which it is either chemically bound, or
simply added, to confer fireproofing properties to these compounds [4, 5].

These flame retardants became common contaminants of the environment that
we could find in human and animal bodies and may cause grave and irreversible
effects on the body, like spermatogenesis and mental deficiency [6]. However, it
seems that not only the targeted molecules as troublemakers could have an impact
on the environment, but also their products of degradation stemming from pro-
cesses of treatment aiming at their elimination. The process of elimination can be
realized by the combination of several steps of treatments such as chemical and
biological oxidation [7], and adsorption.

From a chemical viewpoint, the degradation of these pollutants until the final
stage (completely debrominated molecules as well as low brominated species) can
be obtained by a radical pathway [8–11]. The ultraviolet (UV)-visible irradiation
technique seems to be a powerful method to generate with significant efficiency
highly reactive radicals in a liquid environment which can react with organic
compounds. In particular a Xenon lamp was of use to us as source of irradiation of
the UV-visible light.

The photodegradation by UV-visible irradiation in organic solutions may gen-
erate less brominated congeners. Indeed, TBBPA-DBPE is sensitive to solar and
artificial UV light because of the relatively weak dissociation energy (284 kJ/mol)
of the carbon-bromine bond (C-Br).

The objective of this work concerns the implementation of a methodology of
deactivation by irradiation of a pure brominated flame retardant (TBBPA-DBPE).
The degradation by irradiation in the UV-visible range of TBBPA-DBPE will be
followed by analytical methods, allowing the characterization of the products of
degradation. In particular, the UV-visible spectroscopic method will be applied.
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2 Experimental Part

Tetrabromobisphenol A bis-(2,3-dibromopropylether) (TBBPA-DBPE) (purity
98 %), was obtained from Albemarle corporation. Tetrahydrofuran (THF) was
purchased from Merck in HPLC quality. The TBBPA-DBPE molecule as bromi-
nated flame retardant is constituted of two phenolic cycles interconnected by an
isopropyl group, each one substituted by two bromine atoms situated in
ortho-position of the dibromopropylether groups [12]. The corresponding chemical
structure of TBBPA-DBPE is shown in Fig. 1.

The irradiation process was carried out using standard 10 mm thick Hellma
quartz cells, and the light source was fixed through the central axis of the cell. The
distance between UV source and quartz cell was kept at 3 cm. A 150 W Xenon light
source from Hamamatsu (model LC8) was used for the irradiation experiments.

During photodegradation experiments, aliquots of solutions containing
TBBPA-DBPE were placed in the Hellma cells and submitted to UV irradiation. The
initial concentration of TBBPA-DBPE was varied between 0.13 and 0.30 mg/mL in
THF. At appropriate sampling times, the photodegradation was finished by
removing the vials from the light exposure and immediately initiating analysis.

Absorption spectra were recorded using a Varian Cary 100 UV-visible
double-beam spectrophotometer, equipped with a Peltier accessory for precise
temperature control (±0.1 °C). All UV absorption spectra were recorded with THF
for the determination of quantum yields and computed from the calibration curves
in the range 200–400 nm, using the above mentioned Hellma cells at the wave-
lengths of maximum absorption of TBBPA-DBPE and its photoproducts.

3 Results and Discussion

The radiative effect of the pollutant/solvent system was followed according to the
time of exposure to artificial radiation by means of a UV-visible source. This
allowed to optimize a number of corresponding parameters (dose of irradiation,
distance UV-sample source, temperature, intensity and power of the UV-visible

Fig. 1 Molecular structure of Tetrabromobisphenol A bis-(2,3-dibromopropylether)
(TBBPA-DBPE)
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lamp), to increase the efficiency of the photodegradation. The UV-visible spec-
troscopy was applied to characterize products before and after irradiation under
UV-visible light.

The study was realized on dissolved solutions in various organic solvents such
as Tetrahydrofuran (THF). The UV-visible light exposure of these solutions as
function of time varying from 1 to 90 min allowed to remove the characteristic
band of the product at 211 nm [13] and to obtain by-products at 245 and 290 nm,
less dangerous than the initial molecule (Fig. 2) [14–18]. It can be concluded that
the degradation of TBBPA-DBPE reveals to be very important in THF. An
exposure time of 90 min under UV-visible light allowed to degrade 98 % of
TBBPA-DBPE for a concentration of 0.05 mg/mL.

Since the pollutant concentration could be an important parameter controlling
the degradation process, the effect of the initial concentration of TBBPA-DBPE on
the photodegradation rate was investigated over the concentration range from 0.05
to 0.3 mg/mL. Absorption versus irradiation time curves for the 212 nm-band
decrease rapidly and exponentially until total disappearance of TBBPA-DBPE after
90 min. The disappearance of TBBPA-DBPE during the first 15 min of debromi-
nation can be described by first-order reaction kinetics with regards to the initial
concentrations. Figure 3 represents plots of −Ln C(t)/C0 versus exposure time
showing linear dependencies, where C0 represents the concentration of
TBBPA-DBPE at time zero and C(t) stands for its concentration at time t.
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Fig. 2 Photolysis of
TBBPA-DBPE in THF by
artificial UV-visible light
(initial concentration of
TBBPA-DBPE: 0.05 mg/mL)
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4 Conclusion

The degradation of TBBPA-DBPE in an organic solvent (THF) has been conducted
by exposure to radiation in the UV-visible wavelength range, in order to obtain less
harmful molecules for the environment. The UV-visible spectroscopy technique
was applied to monitor the photolysis as function of irradiation time. The use of a
Xenon light source allowed to reveal sequential degradation up to a total deacti-
vation of the TBBPA-DBPE molecule. Especially remarkable was the rapid
degradation efficiency shown by the irradiation device, which yields a successful
degradation of TBBPA-DBPE, forming lower brominated products. The kinetics of
formation and disappearance of intermediate species were determined to follow first
order kinetics.
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