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IISITRODUCTION 

Allhough iron and sleel industries are known to be importanl sources of PCDD/Fs in differeni 

countries'", most studies conceming the formation of these loxic compounds deal only wilh MWI. 

Relatively few dala are available for industrial and metallurgical processes, in particular for sinter 

plants^"". Considering the very large gas fiow volumes discharged from these industrial processes, 

the contribution ofthe dioxin pollution by these sources is important. 

PCDD/Fs emissions can, ofcourse, be controlled by means of flue gas cleaning syslems such as 

eleclroslalic precipitators, fabric fillers, activated carbon injections, etc. From a technical 

viewpoint, the concept of inhibition differs from fiue gas cleaning techniques in that inhibifion 

deals with prevention of PCDD/Fs formation, whereas flue gas cleaning removes PCDD/Fs 

already formed. Various inhibitors have been tested to reduce the PCDD/Fs formation. A first 

calegory of inhibitors is formed by basic compounds such as NH3'"' ", CaO''*, NaOH and KOH'^ . 

Another category of inhibitors includes compounds that are likely to form a complex wilh the 

transition melal ions that catalyze PCDD/Fs formation. From this category, funclionalized amines 

are very effective'^' '*. Concerning the mechanism of inhibition, an interaction (complexation) with 

the (Cu) catalyst is the most likely manner in which the funclionalized amines work. Lippert et al. 

have observed the existence of a Cu-N bond during the reaction of bromobenzene on alumina with 

Cu as catalyst and ethanolamine as an inhibitor (200 °C)' . 

In this paper, we report on inhibition experimenls carried oul wilh sinter planl fiy ash. We have 

showed"""' that this fly ash is very active in de novo formation of PCDD/Fs and we investigate 

here the possibility to prevent this formation. Two inhibitors are examined: Iriethanolamine (TEA) 

and monoelhanolamine (MEA). Differeni parameters (amounl of inhibitors, temperature and 

reaction lime), as well as the homologue and full isomer distribufions are investigated. 

EXPERIMENTAL SECTION 

Fly ash. Fly ash was collected in the electrostatic precipilalor of a Belgian sintering planl. All 

experiments were conducted with extracted fly ash. Prior to experimenls, all fly ashes were 

Soxhlet extracted wilh toluene (2 x 24 h), rinsed with hexane, and air-dried at room temperalure. 

Inhibitors. Extracted fly ash was mixed with 0.5, 1 or 2 wl % of inhibitors. The inhibitor was 

preliminary dissolved in methanol, then mixed with the fly ash and the methanol evaporated. 
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Experimental apparatus. 5g of sample was packed into a glass tube reactor with glass wool as 
plugs. The samples were healed under a flow of air (lOOmL/min). Producis evaporating from the 
fly ash were collected using two washing bottles in series (lOOmL of toluene cooled with ice). 
Each experiment was performed in duplicate or triplicate. 
Cleanup. Detailed melhod has been described previously^'. 

Analysis. All analyses were performed by HRGC/HRMS using Mal95-XL and HP 6890 Series. 
The GC conditions were optimized lo separale most of the PCDD/Fs (see previous study"'). The 
source temperature was set to 270 °C. 
Identification and quantification. Most of the T4CDD-OCDD and T4CDF-HPCDF congeners 
were analyzed. Native concentration was determined by isotopic dilution using the 2,3,7,8-Cl-
subslituted labeled PCDD/Fs lo quantify all the native isomers within homologues. The isomers 
were identified according to ref". 

RESULTS AND DISCUSSION 
The summary of the experimenls performed and the resulls obtained are presenled in Table I. 
Percentages of inhibition vvere calculated from the reference lests performed withoul inhibitors 
Figure 1 shows a part ofthe results (325 °C and 2 h). 

Test run 
325°C, 2h, no inhibitor 
325"C,2h,TEA0.5% 
325°C,2h, TEA 1% 
325°C. 2h, TEA 2% 
325°C, 2h, MEA 0.5% 
325°C.2h, MEA 1% 
325°C, 2h, MEA 2% 

325°C,4h. no inhibitor 
325<'C,4h,TEA0.5% 
325°C,4h,TEAl% 
325''C,4h,MEA0.5% 
325°C,4h, MEA1% 
325°C, 4h, MEA 2% 

400°C, 2h. no inhibitor 
400°C, 2h, TEA 0.5% 
400°C.2h,TEAl% 
400°C, 21), MEA1% 

IPCDD" 
175 ±24 
95 ±25 
108±18 
25 ±3 
154 ±7 
64±11 
44 ± 12 

320 ± 44 
209 ±105 
194 ±15 
78 ± 1. 
79 ±7 

48 ± 14 

\30±16 
5 9 ± l l 
63 + 5 
18±8 

ZPCDF" 
2185±431 
1918± 119 
2413 ±108 
485 ± 68 
3406 ± 2 

1817±214 
775 ±387 

4667 ±347 
2757 ±2024 
3551 ±184 
623 ± 181 
481 ±38 
459 ±4 

1552 ±384 
1384± 157 
1500 ±39 
340 ±167 

ZPCDF/IPCDD 
12.5 
20.1 
22.4 
19.7 
22.2 
28.5 
17.6 

14.6 
13.2 
18.4 
8.0 
6.1 
9.7 

15.1 
23.6 
23.8 
19.5 

% PCDD inhibition'' 

45 
38 
86 
12 
63 
75 

35 
40 
76 
75 
85 

43 
39 
83 

% PCDF inhibition' 

12 
-11 
78 
-56 
17 
65 

41 
24 
87 
90 
90 

11 
3 
78 

' Concentiations in ng/g, mean value ± range Relative to thc experiments without inhibitor under identical conditions 

Table I. Summary ofthe experimenlal condilions and resulls. 

Figure 1. Tolal amounts of PCDDs (A) and PCDFs (B) obtained in the different inhibition lests 
(temperature 325 °C, reaction time 2 h). Mean value ± range. 
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The resulls indicate that a clear reduction in both PCDDs and PCDFs concentralions occurred 

when inhibitors are used. Depending on the lemperature and the reaction lime investigated, the 

global inhibition yields are up lo 90%. The results obtained are generally betler wilh MEA than 

wilh TEA, and wilh the biggest amounl of inhibitor studied (2 wt %). 

The PCDFs/PCDDs ratios, as well as the homologue and full isomer distributions, were 

investigated. Indeed, as poinled oul by Olie et al.'* ", if only one route of formation wilh one 

catalyst exists during de novo synthesis, an inhibitor can only reduce the amounl of PCDD/Fs 

formed but nol change the PCDFs/PCDDs ratios, the congener or isomer distributions. Parallel 

formation pathways catalyzed by various species can be affected by an inhibitor in a differeni way 

and consequently such a change in ratios or pattems can occur. 

For the PCDDs/PCDFs ratios, two differeni trends can be eslablished (nol shown). Al relatively 

short reaction time (2 h), the PCDFs/PCDDs ratios rise as a result of the addition of inhibitors. 

These results are in perfecl agreement with those of Olie et al.''\ who performed inhibition tests on 

incinerator fly ash during 60 min. These resuhs suggesl that wilh a reaction time of 2 h, al 325 or 

400 °C, the inhibition is better for the PCDDs than for the PCDFs and thus that PCDDs and 

PCDFs are formed in the de novo synthesis by different pathways. Al longer reaction lime (4 h), 

the differences between the PCDFs/PCDDs ratios ofthe reference and the inhibition tests become 

smaller. With increasing reaction time, the inhibition becomes as good for PCDFs as for PCDDs. 

The homologue distributions for the different experiments performed during 2 h (not shown) seem 

not lo be affected by the presence ofthe inhibitors. The inhibition yields obtained are identical for 

the different chlorofamilies. However, the homologue distribution obtained for experiments 

performed at 325 °C but during longer reaction time (4 h), are affected by the presence of the 

inhibitors. The lower chlorinated species (lelra- and penta-) decrease in comparison with the 

reference lest, whereas the most chlorinated (OCDD) rise from 13 % in the reference tesl lo values 

between 25 and 53 % for the differeni inhibition lests. 

The full PCDD/Fs isomer distributions (not shown) are not influenced by the addilion the 

inhibitors whatever is the temperalure or reaction time investigated. The inhibitors appear not to be 

able to alter the isomer distribution wilhin homologues. These resulls are consistent with earlier 

observations that isomer distributions of PCDD/Fs formed on fly ash do not depend on the 

experimental condilions (temperature and reaction time) and appear lo be thermodynamically 

controlled^'''"'. The inhibitors are able lo reduce the global amounts of PCDD/Fs bul nol to 

suppress the formation ofthe loxic 2,3,7,8-substiluled isomers selectively. 

Inhibition as a function ofthe temperature. 
Figure 2 presents the percentages of inhibition obtained for some experiments as a function ofthe 
temperature of reaction. Il can be observed that, for the TEA, the temperature of reaction has no 

ORGANOHALOGEN COMPOUNDS 
Vol. 54 (2001) 125 



DIOXIN REDUCTION-POSTER 

effect on the perceniage of inhibifion obtained. For the MEA, il seems that the inhibition is better 

at 400 °C than at 325 °C. The same trend was observed for the PCDFs (not shown). 

[_B325^DVOO" I 

Inil 
I 2h D 4h 

:_Ji --J=L in 
Figure 2. Inhibition yield for the PCDDs as 
a function ofthe temperature, reaction lime 

2h. 

Figure 3. Perceniage of inhibition for the 
PCDFs as a function ofthe reaction time, 

temperature 325 °C. 

These results are quite surprising since we could think that a higher temperature of reaction will 
induce a partial vaporization or destruction ofthe inhibitors and thus, a decrease in the inhibition. 
Nevertheless, these resulls are very encouraging relating lo the sinter plant itself Aclually, the 
sintering process presents a large range of temperalure along the strand and in the wind boxes. The 
resulls suggesl that the greal variation of temperature along the process will no affecl the abilily of 
the inhibitors and that the inhibition can remain effective al different temperatures. 

Inhibition as a function ofthe reaction time. 
Figure 3 presents the percentages of inhibition obtained for some experiments as a function ofthe 
reaction time. Excepi for the PCDDs wilh TEA (nol shown) for which the reaction lime seems to 
have no influence, longer reaction time (4 h instead of 2 h) gives betler inhibition resulls. The 
difference of percentages of inhibition obtained al 2 and 4 h is particularly importanl when the 
inhibition at 2 h is weak (for example with TEA or wilh weak amounl of inhibitors). Longer 
reaction times do not involve loss of inhibitory activity Ihrough evaporation or destruction ofthe 
inhibitor, which is an advantage for the use ofthis technique in industrial process, where various 
reaction conditions may exist, nolably for the residence lime. 

Inhibition tests performed in a real sintering process. 
In parallel to these laboralory experimenls, inhibition lests were performed in an sinter planl. The 
same inhibitors were tested: TEA and MEA. The way of introduction of the inhibitors was 
however different: the inhibitors were dissolved in water and introduced in the process by the way 
of spraying nozzles placed in wind boxes located below the strand. Reference tests were performed 
without inhibitor and compared lo inhibition experiments in which the inhibitor was injected 
continuously and measurements carried out after differeni limes. The results obtained are in good 
agreement wilh the laboratory experiments. TEA and MEA were bolh effective in preventing the 
PCDD/Fs formarion in the industrial process. MEA gives better resulls with inhibition yields up lo 
90 %o (calculated on the basis of TEQ). Better resulls were obtained for longer limes between the 
beginning ofthe inhibitor injection and the sampling. This latency is not surprising since time is 
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necessary lo obtain a good spreading ofthe inhibitors in the process and especially on the walls 
where adsorbed fly ash can produce greal amounts of PCDD/Fs by de novo synthesis. 
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