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The formation of products of Incomplete combustion (PICs) during flaioelesa thermal decomposition 
of chlorinated compounds like 1,2-dlchlorobenzcne has been Invesdgated as a function at 
temperature, oxygenrf content and residence time. For various conditions » surviy of th« 
occurring Intermediates Is given. The results obtained are showing the crucial Influence of th* 
combustion parameter Investigated. 

Introduction 

During the last years most of the Investigations perTormcd on tnclneratlon of chlorinated 

hydrocarbons have been focused on special compounds of main Interest, such as PCDD/F* (1).{2). 

As reaction pathways of chlorinated hydrocarbons are not yet completely understood. It ttems to 

be necessary to study the formation of Intermediates under well defined, reproducible conditions 

like: temperature, oxygen content and residence time. 

In this work a wide range of intermediates has been Idenilfled durlnc flamelass decomposition of 

I.2-dlchlorobonzene and their occurrance has been Investigated under various experlnentsl 

conditions for gaining a better understanding of reaction pathways. 

Experimental 

1.2-Dlchlorobenzene vapor Is mixed with the main flow of alr/nltrogone In a nlxlni chamber to 

provide a homogeneous distribution. The concentration of 1.2-dlchlorobenzcne is measured 

continuously by FID. The gas mixture then passes the decomposition chamber which is heated 

from outside. 

The sampling system consists of three Implngers filled with water to absorb th* reaction 

products HCl and HaO, followed by CaCh drying tube. Organic compounds were finally absorbed 

In n-hexane at a temperature of -70'C. 

The absorbing solution could directly be applied to measuring the concentration of several 

chlorinated compounds by GC/GCD and CC/PID. After evaporating hexane to a small volume 

reaction products were Identified by GC/HS. 

Organohalogen Compounds 3 97 

1990



Result* and Discussion 

Oaring flsmelcss thermal decomposition of 1.2-dlchlorobenzene. a wide range of chlorinated 

coapounds as well as some non-chlorlnaied substances can be identified as decomposition 

produtti of Incomplete combustion (PIC) which are listed in table 1. Three sots of data are '• 

obtalatd by systematic variation of: residence time (range: t .= 1.9-5s. standard t,=2.7s). ' 

oiygen excess (range: corresponding X = l-10. standard X =2.6) and temperature (range: T=8S0-

1020'C. standard T=»00'C). I 

Th* results achieved, which arc confirmed by Young et al. (3). are clearly showing the influence i 

of cotabusilon paraneter on the formation of PlCi: at large oxygene excess, long residence time 

• ad Mgh temperature only a few reaction products can be identified. Furthermore some PICs like j 

chlorlnand cyclopcniadlens and benzenes are only found at certain conditions ( X. =6. tY=2.7s 
and T»»00"C). 

Th* ill*tr«e of PIC formation can be described as the results of reactions which are determined 

by Interacting combustion parameter. Figure I shows the effect of temperature and oxygene 

contejil on the fomation of monochlorobenzene which was measured quantitatively by GC/FID. '. 

When th* d*ir*e of formation Is plotted against temperature, typical curves are obtained for 

lnt*m«dl*les which are characterized by substance- and temperature-specific maxima. 

0«cr*«lng oxygen* content from large excess to stochlometrlc conditions makes the formation 

dtgra* maximum of an Intermediate move to higher temperatures. Under stochlometrlc conditions 

a i*»p*r*tur» of lOOO'C is not sufficient to decompose monochlorobenzene completely, wheroas • 

with Increasing oxygene conttnt (corresponding to X=2.S and higher values) the Intermediate 

could not be neasured any more at lOOO'C. ' 

Almost th* Sam* effect shows th* variation of residence time: the formation degree maximum will i 

move towards higher temperatures with decreasing residence time. I 

For dirrer*nt chlorinated benzene intermediates (mono- to hexachlorobenzene) the formation 

degreit Is displayed as a function ot temperature in figure 2. At 850'C, residence time 2.7s and , 

X ' 2 S. formation of monochlorobenzene reaches its maximum whereas formation of tetra- . 
p«nta- and hexachlorobenzene has not yet started. 

Additionally at 1020-C monochlorobenzene is not detectable any more In the exhaust gas and the I 

hlgheir chlorinated benzenes are already degrading but still detectable. 

It Is Interesting to see. that the formation degree maxima of different Intermediates are shifted ; 

towards higher t*Bperatures with Increasing degree of chlorination (from mono- to ! 

hexachloro(Mnz*n*). This makes clear that not all of the PICs listed in table 1 can be measured 

In th* exhaust gas under any conditions Investigated, as formation of some PICs may not have 

started y . t whereas other intermediates are already completely degraded. Furthermore some of 

the lnt*rra*di*t*s reported only can be observed at flameless conditions when the concentration 

of free OH-radlcals (which act as scavengers) Is relatively low. 

The characteristic sequence of formation degree maxima at increasing temperature, observed for 

mono- to hexachlorobenzene intermediates, reflects a part of the reaction pathway. After 

dechlorination of l.2-dichlorobenzene. the chlorine-radicals formed are partially consumed by 

recombination, causing the Inhibition of CO/COj-oxldatlon (4). The rest of the free Cl-radicals 

finally react with decomposition fragments (like benzene) resulting in the formation of PICs with 
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increasing degree of chlorination. 

AS a result of this work It can be shown that for Intermediates the degree of formation depends 

on combustion conditions. On the other hand, the fundamentals of decomposition mechanism look 

like to be always the same. 
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Table 1: decomposition products of 1,2-dichlorobenzene 

C O D S U S T I O I I C O K O I T I O H S 

standard c c n U t i c i u : 
t-;=2.7!;T«900^ 

IDDffnTED D/raUOIATCS OXYCUJ EXCESS (X) 
10 5 2.5 1 

s t andud ocxiditions; 

tasnoa: TIKEISI 
l . J 2.1 S 

scandud condi t ions : 
X-2 .5 : t - / . 2 .7 i 

•n;»Bun«tt(°ci 
I W 910 970 1030 

Hexachlor butadiene 
Tetrachlorcyclopcrttadiene 
Pentachlorcyclop^ntBdicna 
Kejachlorcyclopantadiene 

Oilororbenzene 
DichlQCQbanzena 
Trichlorobertzena 
TfttracWorobeniene 
Pantachlorobenzene 
llexaclUor(4)en2e..>« 

Dicblorophaool 
TcichlQrc^ihatfll 
TatrachJorophenol 

NaphthaleiM 
Olloitnaphthajan^ 
DidUoronaphttialan* 
Trlchloronaphtbalene 
TatcacKloconaphthalutt 

Bipbanyl 
Chlorobiphenyl 
Dichlorobi phenyl 
Trichlcrobiphenyl 
Tetradilocobiptianyl 

Acenaphthena 
Anthzacena 
nuoranthena 
Pyrcna 

X 
X 
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X 
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Figure 1: formation degrees of monochlorobenzene under varied oxygen content 
( A = X 1; • = X 2.6; • = XS; • = X 10) va temperature 
conditions: tY=2.7s 
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Figure 2: formation degrees of monochlorobenzene (# ) . l ,3-dlchlo-
robenzene (O).1.2.4-lrlchlorobenzene (B) , l ,2 .3 .4- te-
trachlorobenzene (O}.pentachjorobenzene ( • ) and hexa
chlorobenzene (V) VS temperature 
conditions: X=2.5, t.=2.7s 
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