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Introduction

Waste incineration is one of the main sources of polychlorinated dibenzo-p-dioxins and
dibenzofurans. The emissions due to those toxic compounds can be reduced by preventing their
formation already in the combustion chamber. Various parameters in the combustion process have
effects on PCDD/F formation. Those parameters can be e.g. temperature, turbulence, residence
time and the content of different flue gas parameters, such as O,, CO, Cl,, HCI and metal catalysts.
Fuel composition and a good combustion practice are also some additional parameters which have
an influence on PCDD/F formation. Some chemical additives have been proven to inhibit PCDD/F
formation [1]. Especially nitrogen and sulphur compounds are potential PCDD/F inhibitors,
because they can form stable complexes with metals which act as catalysts in PCDD/F formation
processes [2, 3]. In inhibitor tests of urea high reduction of PCDD/Fs in the laboratory [4] and also
in the pilot scale [3] have been reached. Urea is a non-toxic, inexpensive and easy to handle, which
makes it possible to use also in full-scale waste incineration plants. On the basis of this previous
information we wanted to simulate waste incineration and investigate the use of urea as PCDD/F
inhibitor in a pilot scale plant. Especially the influence of the concentration of urea and the
residence time on PCDD/F formation was studied.

Materials and Methods

Inhibitor tests were carried out in a 50 kW pilot plant (Fig. 1). The plant consists of a stoker burner
and a furnace from which the flue gases were passed through the delay chamber to the economizer
and to the stack. Three different residence times from five to ten seconds were investigated. The
used fuel was pelletized refuse derived fuel (RDF). The heating value of RDF was 21.7 MJ/kg and
the humidity was 2 %. The average fuel input during the tests was 12.3 kg/h. Mean temperatures
of the flue gases at different locations were T1 (910°C), T2 (725°C) and T3 (170°C). Urea was
dissolved in water and the injected amounts were adjusted to be 0.1, 0.5 and 1.0 percent of the
total fuel input. The tests of all those three different concentration of urea injection were repeated
by using the three residence times between five to ten seconds. Pure water injection tests were
used as reference tests to the inhibition tests. Tests without any additive chemical injection were
used as reference tests to the residence time tests.
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Sampling of flue gas PCDD/Fs and chlorophenols was performed isokinetically. Details of the
analysis are described elsewhere [5]. Analysis of PCDD/Fs and chlorophenols consisted of
Soxhlet extraction with toluene, chlorophenol extraction with potassium carbonate, PCDD/F
purification with concentrated sulphuric acid and separation by using aluminum oxide columns.
The particulate and gaseous phases were analyzed separately. Chlorophenols were analyzed by a
HP 5890 gas chromatograph using HP 5970 mass selective detector and PCDD/Fs by a
HRGS/HRMS (VG 70 250 SE) at a resolution of 10,000.
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Figure 1. A schema of the pilot plant used in the inhibitor tests

Results and Discussion

Measured parameters of the flue gases and total concentrations of PCDD/Fs and chlorophenols in
the longest residence time tests are presented in Table 1. Concentration of the inhibitor influenced
the inhibition in the all residence times. PCDD/F concentrations were diminished by the increase
of the amount of urea injected. The best reductions of PCDD/Fs were achieved with the longest
residence time (Fig. 2). Pure water was also observed to inhibit the PCDD/F formation compared
to the test with no water addition. This has also been noticed in previous studies [3].

Table 1. Measured flue gas parameters and concentrations of PCDD/F and chlorophenols in the
longest residence time test (10 s) with urea inhibitor (mean values).
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Test 0, CO, CO SO, NO __ PCDD/F CIPh
(%) (%) (ppm)  (ppm)  (ppm)  (ng/m’)  (ug/m’)
Reference 9.6 8.7 42 19 220 260 14
Urea, 0.1 % 93 92 73 25 210 100 7.0
Urea, 0.5 % 9.8 8.9 85 25 200 50 3.9
Urea, 1.0 % 8.7 9.5 30 38 240 41 3.6

In the shortest residence time tests (5 s) with urea no inhibition of PCDD/Fs was observed.
Increasing the residence time affected considerably to the particle phase PCDD/F reductions,
opposite to the reductions in the gas phase PCDD/Fs. In all tests the concentrations of PCDD/Fs
were higher in the particle phase compared to the gas phase.
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Figure 2. Influence of the concentration of urea on PCDD/F reductions in the longest residence
time tests (10 s).

To conclude PCDD/F levels can be reduced in waste incineration by using urea. It is also
important to adjust together both the concentration of urea injection and the residence time.
Further investigations in full-scale plants and the influence of the amount of water in flue gas and
fuel on PCDD/F formation are needed.
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