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ABSTRACT

Starting from literature data on the laboratory simulation of PCDD and PCOF formation in alr
and their distructlon, under nitrogen atmosphere, {n fly ash from MSW iIncinerators, the
formation of PCDD and PCDF congeners was inlerpreted as independent simultaneous reactions of
the pseudo-first order and the kinetlc constants were calculated. Furthermore the data of the
snnealing reaction in nitrogen stream were interpolated using a general kinetlc equation.
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INTRODUCTION

One of the three general pathways hypothesized to account for the presence of polychlorinated
dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs} in the gaseous and solid emissions of
municipal inclnerators is the de novo synthesis from organic compounds and sources of
chlorine. This pathway was supported by both theoretical (Shaub, 1883) and laboratory
(Elceman, 1982: Vopg, 1986, 1987; Stieglitz, 1987; Dickson, 1987 Nestrick, 1987; Hagenmaier,
1987) studies on the catalytic role of ly ash. The nechanism requires the presence of oxygen
and metal lons In the rcaction system as well as sitill not clearly identified organic carbon
and chlorine scurces. Moreover, a decrease of the PCDD and PCOF quantities was observed by
thermal treatment in a nitrogen atmosphere (Vogg and Stieglltz, 198?).

The aim of the present work is the forma) klnetlc interpretation of thls phenosenon to try to
answer the question: are the kinetic constants of thesc processes such as to Justifly the
formation of significant amounts of PCDDs and PCDFs in the gascous and solid eflluents of

combustion and post combustion wilhin the residence times Lyplcal for MSW tncinerators?
EXPERIMENTAL

At present our investigation is belng carrled out only on data concernlng laboratory studies
conducted at constant temperature, in alr or inert gas fiow and on untreated fly ash from MSV
incinerators. The literature data used to calculate the kinetic paraselers for the formation

(in air) and destructlon (in nitrogen) reactions are reported in Tables 1 and 2.
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Table 1| Corsentratlons to? umol /kg) of PCDD and PCODF congeners for the formation

reaction in alr at 300°C (Stieglitz, 1987)

g _l— h .__l"-i h _—DS -DT D8 1— F4 FS 133 F7 F8 -}

! e ———— o — — —_— e —
'__B_] -Sféig__ 1-3 15 14 59 15.76  22.85 39.22 38.19 16.27 10.75 2.93
: j 14 23 S58.95 104 34 115 25 651.12 104.59 108.60 74.69 63.52 27.04
! 122 H 8 42 145 95 263 €3 258 73 194.0_4 451.02 370.13 250.75 171.02 38.231
1 240 P57 43 234 G0 422 32 461.01 221.93 382.33 716.76 530.85 381.13 72.11
2 30 74 S8 2689.47 473 51 $22.17 252.38 509.85 940.02 669.57 459.31 B81.12

Tre hypothesis was aade that the process takes place as if the reactjons were of the

poeuis-{irst c:der in hewogeneous (solid) phase, i.e.., of R + P type, at least as far as the

rate determining step is ccncerned If the PCDD (indicated for simplicity D4 - D8) and
PCDF (F4 ~ F8} congeners were
YaLkle 2 Joncentrallons (10° umc) /kg) of PCDD and formed from the same reactant R,
PCOF congeners for the destruction reaction recactions could be more or less
in nitrogen at 300°C (Stieglitz, 1987) simultaneous but independent. The
07 T kinetic equation 1s Eq. (1)
ac =c_-¢' = clc = c°fl-exp(-k )l
) 1.76  1.09 PP R R R
i 0.94 0.87 Parameters c; and kr were
246 o 62 1 96 1 sa 0.71 0.65 determined by a non 1inear
e m i s o e e e regression.

The data for the destruction reaction were fitted by the general £q. (2) (Moore, 1981)
0,1-n
(c'/cr) =t - (1-n) kot

The paraseters n e kb were determined using the SIMPLEX method (Seber, 1989). AL the moment,
£q (2} wvas used onty for the fit without any kinetic Interpretation.
Table 3 repcrts the literalture data for a run in which a formation reactlion, followed by

Bestruction. vas observed {Vogg, 1887).

fable 3 Cencentrations t10? umol 7kg) of PCDD and PCOF congeners for the formation and

destruction reaction in air at 300°C

4 s 06 D7 D8 F4 ) F6 F? F8

6 22 -12.63 21.76 29.46 26.11 36.93 37.89 14.94 11.73 2.7

20 20 160 0O 419.67 235.21 139.25 165.70 461.49 334.78 251.64 49.13
245 49 416 84 899.82 701.15 235.64 1121.4 2040.7 1336.5 888.57 77.97
l 1320 42 B8 ©60.07 1680 74 183 B4 110.31 216.36 245.58 244.08 171.02 32.22
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RESULTS AND DISCUSSION

The kinetlc parameters calculated from Egs. (1) and {2) are reported in Jables & and 5, e, g,

some experimental values and calculated curves are shown in Figs. 1 and 2

Table 4. Kinctic parameters from eq.(1)

D4 DS D6 o7 Da
Cc®  (umol /kg) 1.21 £ 0.00 B11 £0.14 551 +0.38 B45:034 427 2010
A
167 " x (min™H 2.33 t 0.0] 4.81 £ 0.23 527 +0.8) 4222026 228 ¢ 022
e e e _ e el el —_
F4 Fs atl F? F8
c: (umol /kg) 8.90 £+ 1.01 22,84 £0.18 1506 + 0.24 §.78 1 035 0.97 £ 0.08
3 -1
IC” * k {min )_J 1.70 ¢ 0.00 1.44 t 0.00 .65 2 0.00 1.0 ¢+ 000 399000

tor the reaction of Eq.(1), the avallable data arc the cancentrallons of the reaction
products in the solid homogencous phase. There are no Indicatlons of the nature of the
reactants except that a) oxygen and catalytic sites are ludispensable to the formatlon of Lhe
products, provided that the reaction time is not (oo long, b) there are nu traces of tLhe

reaction products In the gas flow.

The results  indlcate that the [ormation

Table 5. Kinetic parameters from eq.(2) reactions are not  paralle]l In fact, the
- M Ds* D6 b7 DS concentration proporticns of the different

o ~ - 3.574 2.324 3.634 congeners are not constant throughout

« reactions, e.g. 4l D417a(T5) L k‘/ks.
___D __.—_ __.___ 0597 iZ_??_l_HdO Thercfore, the reacltant alhould notl be the
* The convergence was not achleved sam? in all the recactions vwhich should,

consequently. be considered as independent
simutancous reactlions.
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In the laboratory studies the concentration c, of each product starts at “zeroc time® at some
initial value c: and Increases, more and more slowly, to appreach a constant value c:

asymptotically. This could indicate that at least one of the rcactanl sources andsor the
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prrutnses where both the reactant sources and the

catalytlic sites, if any, are contlinuously

rereved (Bagnatt, 1989). As a consequence, the (inal fly ash propertlies should be somewhat

4ifferent from those resulting from laboratory studles (Pltea, 1989}

Tl aze e e 300 AN CAKV TR D ve3 107 the 104 mption 3ng
Sagiral O ewcl oy & BOOC

Rased on the kr values, (it seems realistic that

The calculated kr and kn values were used
for the interpretation of the data in Table
3. Bearing in mind that the cxperimental
data are very limlited, Lhus giving great
uncertainty to the rit (Fig. 3}, one can
observe that It is not wunrealistic to
consider that this is a potentlal model: in
spite of the oxygen flow, destruction
reactlons will start when the reactlion
sources and/or the catalytic sites are no
longer avajlable for the formation.
Needless to say, further experimental work
Is required to confirm this proposal.

the formation of “significant” amounts of

FoDDs and PCOFs In the actual plants can eventually occur only in those points where the

cuntact tims between the rav gases and the continuously reneving contact surfaces of the fly

ash i3 of the samc gorder of magnitude as the half-1ife time which is, in any case, greater

than 100 sirutes
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