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ABSTRACT 

Starting from literature data on the laboratory slMulatlon of PCDO and PCDF fonallor\ In air 
and their dlstructlon, under nitrogen atmosphere, In fly ash fron •6U Incinerators, the 
rormation of PCDD and PCDF congeners was interpreted as Independent slaultaneous reactions of 
the pseudo-first order and the kinetic constants were calculated. FurtherBor* th# data of the 
annealing reaction In nitrogen stream were Interpolated using a general kinetic equation. 
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INTRODUCTION 

One of the three general pathways hypothesized to account for the presence of polychlorlrtated 

dlbenzo'p-dloxlns (PCDDs) and dibenzofurans (PCDFs) In the gaseous and solid eaissions of 

mun i cI pa1 1ncInerators Is the de novo synt hes t s fro* organ[c coHpounds and sources of 

chlorine. This pathway was supported by both theoretical (Shaub. 1983) and laboratory 

(Eiceman, 1982; Vogfl. 19B6. 1987; Stieglltz, 1387; Dickson, 1987; Nestrick, 1987; Has*nuler. 

1987) studies on the catalytic role of fly ash. The nechanls* requires the pres«ncc of oMygen 

and metal ions in the reaction system as well as still not clearly Identified organic carbon 

and chlorine sources. Moreover, a decrease of the PCDD and PCDF quantities was observed by 

thermal treatment In a nitrogen atmosphere (Vogg and Stieglltz, 198?). 

The aim of the present work is the forma) kinetic Interpretation of this pherwBenon to try to 

answer the question: are the kinetic constants of these processes such as to Just ify the 

formation of significant amounts of PCDDs and PCDFs in the gaseous and solid effluents of 

combustion and post combustion within the residence ti«s typical for MSW Incinerators? 

EXPERIMENTAL 

At present our investigation Is being carried out only on data concerning laboratory studies 

conducted at constant temperature. In air or Irwrt gas flow and on untreated fly ash froa ^ u 

Incinerators. The literature data used to calculate the kinetic paraaeters for the formation 

(in air) and destruction (In nitrogen) reactions are reported In Tables 1 and 2. 
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Tat.]* 1 Corioenlrat I oris (10 (jmol /kg) of PCDD and PCDF congeners Tor t h e formai ion 

r e a c t i o n In a i r a l j O o ' c ( S t l e g l i l z . 1987) 
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t-'-r(-i;--r I r s t c ; d e r In hcsogeneous ( s o l i d ) fil^^se, i . e . . of R -* P type , a l l e a s t .-is f a r as the 

t-»le d*'.eriilr.;ng s t e p Is conce rned If the PCDD l l n d l c a t e d for s i m p l i c i t y D4 - D8) and 

PCDF (F4 - F8) congeners were 

^aLle 2 CorKrentrat Ions (10 ^mol / k g ) of PCDD and 

PCDF congencr-s for t h e d e s l r u c t l o h r e a c t i o n 

In n i t r o g e n a l 3 (M' t ( S t i e g l l t z . 19871 
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formed from the sane r e a c t a n t B. 

r e a c t i o n s cou ld t>o more or l e s s 

s imul taneous but Independent . The 

k i n e t i c e q u a t i o n I s Eq. 11) 
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Vr»e da ta for t he d e s t r u c t i o n r e a c t i o n were f i t t e d by the general Eq. (21 (Moore, 1981) 

Xrir parameters n e k were d c t c r i i l n e d us ing the SIMPLEX method (Sober-, 1989). Al the moment, 

Tq (2) was ysed on ly for t h e f i t wi thout any k i n e t i c I n t e r p r e t a t i o n . 

t a b l e 3 r e p o r t s the l i t e r a t u r e d a t a for a run In which a format ion r e a c t i o n , followed by 

tJeslrocl lon. was observed (Vogg. 1987). 

l a b l e 3 Ccricrntrat Ions (10 p<v>\ /kg) of PCDD and PCDF congeners for t h e fo rmat ion and 

d e s t r u c t i o n r e a c t i o n in a i r a t 3 0 o ' c 
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1121.4 2040.7 1336.5 888.57 77.97 

216.3G 245.58 244.08 171.02 32.22 
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llESW-TU AND UlSCUi^SION 

The k i n e t i c parajnetcr-s c n l c u l n t e d fr-ora Eqs. (1) and (2) a i e r e p o r t e d in Fables 4 and 5 : e .g . 

soir.e exper-lmentai v a l u e s ajid c a l c u l a t e d cu rves a r e shown In l l R s . 1 and 2 

Tab le 4. K i n e t i c p a r a m e t e r s fro™ e q . ( l ) 
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For the r-e.-iction of E q . ( l ) , the a v a i l a b l e d a t a a r e the c o n c e n t r a t i o n s of t he r e a c t i o n 

p r o d u c t s In the s o l i d homogeneous phase . There a r e no I n d i c a t i o n s of t he n a t u r e of the 

r e a c t a n t s except t h a t a) oxygen and c a t a l y t i c s i t e s a r e I n d i s p e n s a b l e to the fo rmat ion of irw 

pro-ducts , p rovided t h a t the r e a c t i o n t ime I s not too long, d) thei-e a r e rw t r a c e s o f \.̂ ê 

r e a c l i o n p r o d u c t s In t he gas flow. 

T a b l e 5. K i n e t i c p a r a m e t e r s from eq .12) 
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The convergoncio was not achieved 

• flCI-Ofl QI PCOO 

The resul ts Indicate that the foraation 

ruactlons are not p.irall«l In fact , the 

concentration proportions of the different 

congencrb are not fonstant throughout 

reaction*;. e.g- &[WJ/alCf5] » k /k . 

Therefore, the reactani a^xjuld not t>e tbe 

ŝ tnn In all the reactions uhich should, 

consequently, be considered as Independent 

siKutaneous react ions. 

In the laboratory studios the concentration c of each product s t a r t s al "zero t l a * ' at soae 

I n i t i a l value c and Increases, more and more slowly, to approach a constant value c* 

asymptotically. This could indicate that at leant one of the reactant sources and/or the 
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f.^-::.e'sse5 whrre bo th t h e r e a c i a n t s o u r c e s arid t h e c a t a l y t i c s i t e s . If any, a r e c o n t i n u o u s l y 

r r r*wrd f a a ^ i a t l , 1383) As a consequence , t he f i n a l f l y aah p r o p e r t i e s should be somewhat 

• l i f f e r en i f r oa t h o s e r e s u l t i n g f r o « la t>oratory s t u d i e s ( P l l e a . 1989) 

The c a l c u l a t e d k and k v a l u e s were used 
r D 

: , . M . : * - - * " . 3 * ' 4 * ^ c * < v . r * : : ^ ^ , K x . ^ i o . , ^ . o n * ^ fof" <-̂ '« I n t e r p r e t a t i o n of the d a t a in Table 

->«i.-cc''»*cio-jo'«>ccc 3. Bear ing in mind t h a t the e x p e r i m e n t a l 

d a t a a r e v e r y l i m i t e d , thus g i v i n g great 

u n c e r t a i n t y t o t h e f i t (F ig . 3 ) . one can 

obse rve t ha t l l I s not u n r e a l i s t i c to 

c o n s i d e r t h a t t h i s I s a p o t e n t i a l model: in 

s p i t e of t h e oxygen flow. d e s t r u c t i o n 

r e a c t i o n s w i l l s t a r t when t h e r e a c t i o n 

s o u r c e s a n d / o r t h e c a t a l y t i c s i t e s a r c no 

longer a v a i l a b l e fo r the forrrvatlon. 
yr: • .» »gc tCV 400 ' ] M "OO 

. ^ _^ Needless l o s a y . f u r t h e r e x p e r i m e n t a l work 

Is r e q u i r e d t o con f i rm t h i s p r o p o s a l . 

B j s e j on t he k v a l u e s . I t s e e n s r e a l i s t i c t h a t the format ion of " s i g n i f i c a n t " amounts of 

PCDOs and PTOrs in t he a c t u a l p l a n t s can e v e n t u a l l y occur o n l y In those p o i n t s where the 

c^ntJict t l » t twlween the raw g a s e s and the c o n t i n u o u s l y renewing c o n t a c t s u r f a c e s of t h e f ly 

ash iS of the sa»c o r d e r o f n a g n l t u d e a s t he h a l f - l i f e tin>o which I s , In any c a s e , g r e a t e r 

: h^n 100 i t l r-ules 
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