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Abstract 

Pelletized refuse derived fuel (RDF, Ecobric) was comtxisted in a floldtzed bed pilot plant under 
diffefem temperatwe, air flow and rtrofsture conditions. WhHe ttie moisture content of ttie fuel <5-
25 % HgO) had fittle inflt;ence on PCDD/F emissions, the variation of bed temperature and 
freeboard temperature resulted in variaSon of PCDD/F ixjncentrations by a factor of 46. For 
oxygen concentration an optimum value of lambda "== 1.4 was fourxl. Lower air flow rates led to a 
sfi^ in the distritxjtion pattern of PCOO/F congeners to lower cMorinated isomers. For 
minimizalion of PCDD(F ttie CO contoit of tt« flue gas and the particulate cartMn content of the 
fly ash should be < SOmg/m^arxl < 1 %, respecthrety. 

bitrDduction 

A nukfized bed ptot plant was used to study the <nfluerK» of temperature, air How rate and 
moisture content of fuel on PCDD/F concentrations in the tiue gas. Related studies on larger 
technical plants have tieen reported [1]. We used a pilot plant for a better control of incineration 
parameters. 

The investigalions presented herein were part of a project sportsored by BMFT (Bundes
ministerium fur Forschung und Technologie). For details see the related reseanii report [2]. 

Experimental 

PeHetized refuse derived fuel (ROF, Ecotiric) with an average chlorine content of 0.9 % was used 
as fuel. The average C, H, and S concentration of the RDF were 39.5%, 5.2%, and 0.4%, 
respectively. Tfie water content amounted to atxxjt 5 %. 
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A general scheme of the indnerator which was used in this study is shown In Rgure 1. The air flow 

rate was descritied using lambda = 21/(21 - O^ concentration of the flue gas in %). The general 

burning conditions were as follows: 40 kg RDF (Ecotxic) were burned per hour yielding 300-4C0 

m^ of stack gases, which contained about 5 kg of particulate material. The particulate material was 

separated and collected in two fly ash fractions: 

I. Coarse fly ash (FA-1) with an average particle diameter of 100 /im, separated by mass, about 

4 kg/h, 

II. Rne fly ash (FA-2) with an average particle diameter of 10 (im, separated by a special fabric 

filter, about 1 kg/h. 

These two fly ash fractions were sampled. Corx^ntrations of PCDD/F in the flue gas were 

calculated ffom those determined for the fly ash. The determination of PCDD/F in the flue gas and 

stack gas t>y direct sampling can be found in reference 2. Identification and quantification of 

PCDD/F were performed by standard procedures using appropriate clean-up methods and 

GC/MS. For details see reference 2. Before sampling two days of burning under constant 

conditkxis were performed to equilibrate the incinerator. 
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Figure 1: Scheme of the Ruidized Bed Reactor 

Results and Discussion 

In general, PCDD/F concentratxins of fine fly ash FA-2 were about 8 times larger than those ol 

coarse fly ash FA-1. Since the mass of FA-2 was one fourth that of FA-1, the contributkjn of FA-2 

to the PCDD/F concentration of the flue gas was approximately two times larger than the 

contribution of FA-1. 
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The reprodudbility of the PCDD/F measurements under controlled txmditions was tested liy 
repeating one of the experiments 4 times. A reprodudbility of ± 10 % was obtained for the fly ash 
samples (Bgure 2). It was also shown ttralt tlie PCOD/F concardiations of tlie ^8uents correlated 
linearly with the sampling time. 
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Figure 2: PCDD/F Concentration in Fly Ash Fractions FA-1 and FA-2 of the Fluegas under 
Constant Burning Condilions 

1. Effect of Fluidized Bed Temperature and Freetxiard Temperature 

In 27 experiments from 6 cfifferent txjming periods RDF (Ecolxic) was bumed wittiout adcfitives 
wtiile ttie temperature of the bed and tfie freeijoard was varied [2]. Some of tfiese experiments are 
desciftjed in Tatile 1. 

PCDD/F concentrations varied firom 1.5 itg/rrP to 73 lig/m^. Increasing fhe flukfized bed 
temperature increased the PCDD/F formation, while increasing the freeboard temperature 
decreased PCDD/F formation due to a more complete burning. Ttie optimal temperatures for 
PCOD/F minimtzatk>n in ttie Investigated pilot plant can tie derived from Itiese studies. A 
temperature of about 810 °C for the fluidized bed and a temperature of 940-950 °C for the 
freeboard gave the lowest PCOD/F concentrations (Table 1). 

PCDD/F concentratk>ns can be lineariy conelated with the CO content of the flue gas (Figure 3). 
Ttie C^ content of the flue gas and ttie particulate carbon content of ttie fly ash are irKficators of 
incomplete burning which increases PCDD/F corKentrations. A CO content of the floe gas of < 50 
mg/m^ was found to minimize PCDD/F emissions. Additionally, the C concentration of the flue 
gasstioukjbe < 0.15 g/m^ which is equivalent toa Cconcentratkxi of the fly ash of < 1 %. 
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Tablei : Burning Conditions and Results of PCDD/F Measurements for Some of the 

Indneration Experiments 

Entry 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 

18 

Ruidized Bed 

Temperature 

CC) 

872 

821 

784 

717 

829 

820 

811 

819 

808 

814 

798 

831 

826 

832 

826 

807 
o-to 

822 

Freeboard 

Temperature 

fC) 

•994 

973 

917 

890 

871 

923 

975 

990 

943 

947 

935 

913 

915 

898 

898 

887 

d £ ^ 

902 

CO Content of 

the Rue (3as 

(mg/m3) 

527 
444 

829 

826 

? , f i ^ 

1,748 

3,261 

1fl24 
51 

51 

212 

15 

62 

25 

53 
14 

o i 

23 

C Concentration 

ofthe Flue Gas 

(g/m^ 

0.67 

0.58 

0.31 

0.46 

0.45 

0.85 

1.05 

0.43 

0.13 

0.16 

0.33 

0.42 

0.36 

0.30 

0.32 

0.87 

o.ai; 

0.40 

2 PCDD/F 

(/ig/m^) 

22.51 

4238 

46.25 

27.07 

39.76 

33.06 

73.37 

28.71 

1.68 

1.51 

5.33 

1.71 

6.12 

4.92 

3.07 

24.32 

2.05 

2.59 

PCDD + PCDF (pg/mS) 

r = 0.85" 
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Rgure 3: Correlathyi of PCDO/F Concentration and CX3 Content in Rue Gas from ROF 

Combustion. " * Significance at the 99.9 % Level ol Confidence 
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2. Effect of Air Row Rate on FCDD/F Ckincentrations 

Air flow rates were varied from oxygen deficiency (lambda =1.15) to excess of oxygen 

(lambda = 158). Under normal tximing conditkins an air flow rate with a lamtida value of 1.4 was 

used. The results obtained for 5 different air flow rates are presented in Figure 4. Varying the 

lambda values from 1.38 to 1.56 did not change the PCDD/F concentratkins substanfially, but a 

low air flow rate with a lamtxJa value of 1.15 (indicating oxygen defidency) had a signifKant effect 

on PCDD/F concentrations. Oxygen defkaency resulted in an Incomplete buming of the fuel with 

an irrcrease of PCDD/F concentrations Ipgure 4). More important, a change in the PCDD/F 

isomeric pattem was observed (Figure 5). The isomeric pattem -tias shifted from the higher 

chlorinated isomers to the lower chlorinated dioxins and furans, which are more toxic. 

Figure 4: Effect of Air Row Rate (Lambda Value) on PCDD/F (Doncentralion of the Rue Gas 

PCDD 

(ng/g) 

PCDF 

(ng/g) 

Figure 5: Effect of Air Row Rate on PCDD/F Concentration of Rne Fly Ash (FA-2) and 

PCDD/F Isomeric Pattem (Note Different Scales of y-Axes) 
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3. Effect of Moisture Ckintent of the Fuel on PCDD/F Oancentrations 

RDF (Ecobric) contained atiout 5 % moisture. In two experiments water vras added to tfie fuel to 

give moisture contents of 20 % and 25 %. In all 3 experiments, incineration temperatures were 

differenL No significant effect of the water content of the fuel on .PCDD/F concentrations was 

observed (Rgure 6). 
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Tiguio 5. CMet;i oi VVaier Ckintem oi Fuel p - i a %; on HGDD/F Concentration of the Rue Gas 
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