Pormatlon Of Intermediates During Thermal Decomposition Of 1.2-Dichlorobenzens

M. Kluwe, B, Kalmann, K. E. Lorber,
H. Meler zu KdcKer

Technleal University of Berlin, KF 3
D - 1000 Berlin 12

Abstraet

The formatlon of products of incomplete combustion (PICs) during flameless thermal decomposition
of chlorinated compounds like 1,2-dlchlorobenzene has been Investigated as a function of
temperature, oxygan{! content and resldence tlme. For varlous canditions a survey of the
occurring Intermediates is given. The results obtained are showing the c¢rucial influence of the
combustion parameter Investigated.

Introduction

During the last ycars most of the Investigations performed on incineratlon of chlorinated
hydrocarbons have been focused on special compounds of maln Interest, such gs PCDD/Fs {1).(2).
As reaction pathways of chlorinated hydrocarbons are not yet completely understood, it seems to
be necessary to study the formatlon of intermediates under well defined. reproducible conditions
like: temperature, oxygen content and residence time.

In this work a wide range of Intermediates has been identified during flameless decomposition of
1,2-dichlorobonzene and their occurrance has been investigated under varlous experimentasl
conditions for galning a better understanding of reactlon pathways.

Experimental

1,2-Dichlorobenzene vapor is mixed with the main flow of air/nitrogene in a mixing chamber teo
provide a homogeneous distribution. The concentration of 1,2-dichlorobenzene !s measured
continuously by FID. The gas mixture then passes the decomposition chamber which s heated
from outside.

The sampling systam consists of three impingers filled with water to absorb the reaction
products HCl and Hz0, followed by CaCla drying tube. Organic compounds were finally absorbed
In n-hexane at a temperature of —70°C.

The absorbing solution could directly be applied to measurlng the concentration of severs)
chlorinated compounds by GC/ECD and GC/FID. Afier evaporating hexane 1o a small volume
reaction products were identified by GC/MS.
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Results and Discussion

Daring flameless thermal decomposition of 1,2-dlchlorobenzene, a wide range of chlorinated
compounds as well as some non-chlorinated substances can be ldentifled as decomposition
products ef incomplete combustion (PIC) which are listed In table 1. Three sots of data are
obtaized by systematic variation of: residence tlme (range: tv=1.9-5s, standard ty=2.75),
onygen excess {range: corresponding A =1-10, standard A =2.5) and temperature (range: T=850-
1020°C, standard T=900°C).

The results achleved. which are confirmed by Young et al. (3), are clearly showing the influence
of combustion parameter on the formatlon of PICs: at large oxygene excess, long residence time
and high temperature only a few reaction products can be ldentified. Furthermore some PICs like
chlorinated cyclopentadiens and benzenes are only found at certain conditlons ( A =5, tv=2.7s
and T=$00°C).

The degree of PIC formation can be described as the results of reactlons which are determined
by imteracting combustion parameter. Figure )| shows the effect of temperature and oxygene
content on the formatlon of monochlorobenzene which was measured quantitatively by GC/FID.
When the degree of formation s plotted against temperature, typical curves are obtained for
Intermadiates which are characterlzed by substance- and temperature~speclfic maxima.
Decreasing oxygene content from large excess to stochiometrie conditions makes the formatlon
degres maximum of an intermediate move to hlgher temperatures. Under stochlometric conditions
4 lemperature of 1000°C Is not sufficlent to decompose monochlorobenzene completely, wheroas
with Increasing oxygene content (corresponding to A=2.5 and higher values) the intermediate
could not be measured any more at 1000°'C.

Almoxt the same effect shows the variation of residence time: the formation degree maximum will
move lowards higher temperatures with decreasing residence time.

For different chlorinated benzene Intermedlates (mono- to hexachlorobenzene) the formation
degrew Iy dlsplayed as a function of temperature in figure 2. At 850°C, resldence time 2.7s and
A =2 5. formatlon of monochlorobenzene reaches its maximum whereas formation of tetra-.
pents~ and hexachlorobenzene has not yet started.

Additlonally at 1020°C monochlorobenzene is not detectable any more in the exhaust gas and the
highar chlorinated benzenes are already degrading but still detectable.

1t is interesting to see, that the formation degree maxima of different intermediates are shifted
towards higher temperatures with increasing degree of chlorination (from rmono- to
hexachlorobenzene). This makes clear that not all of the PICs listed in table 1 can be measured
in the exhaust gas under any conditions investigated. as formatlon of some PICs may not have
started yet whereas other intermedliates are already completely degraded. Furthermore some of
the Intermediates reported only can be observed at flameless conditions when the concentration
of free OH-radicals (which act as scavengers) Is relatively low.

The characteristic sequence of formation degree maxima at Increasing temperature, observed for
meond+ to  hexachlorobenzene intermediates, reflects a part of the reactlon pathway. After
dechlerination of 1.2-dichlorobenzene, the chlorine-radicals formed are partlally consumed by
recombination, causing the inhibition of CO/COi-oxidation (4). The rest of the free Cl-radicals
finally react with decomposition fragments {like tenzene) resulting In the formation of PICs with
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Increasing degree of chlorination.

As a result of thls work |t can be shown that for fntermediates the degree of formation depends
on combustion conditions. On the other hand, the fundamentals of decomposition mechanism jook
llke to be always the same.
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Table 1: decompositlon products of 1,2-dichlorcbenzsne

COYBUSTION CONDITIONS

standard conditions: standard conditions: standard conditions:

2. 75, Tw900°C N=2,5; Tw900%C A=2.5:0m2. 7
IDENTIFIED DTERMEDIATES OQXYGEN EXCESS Ay RESIDERKE, TIHE(s) TEFRATURE (°C)

10 5 2.5 1 19 2.1 H] 150 910 9% 1020
Rexachlorbutadiene X X x
Tetrachlorcyclopentadiane X X
Pentachlorcyclopentadizna X x
HKexachlorcyclopentadiens X x
Chlororbenzene X x X X X X X ¥ X x x
Dichlerobenzena X 4 X ox X X x X rox
Trichlorobenzena X X X X X X X X
Tetrachlorobenzene X X X X } X x X X
Pantachlorobenzene X X X X X X x
Hexachlorobenzene X X X X x x x
Dichlorophanol X X X X X X X X
Trichlorophensl X X
Tatrachlorophenol X
Naphthalena X X X X X X X X X H X
Chloranaphthalang X X X X X X x X X b3
Dichloronaphthalena X X X x X X X X X X
Trichloronaphthalens x X X X X 4 X X X X
Tatrachloronaghtialen: X X X X ) 4 X X X
Biphanyl X X b3 X X X
Chlorobiphenyl x
Dichlorobiphanyl X X X X X
Trichlorobiphanyl X X b4 X X X
Tetrachtorcbiphanyl X X X X X X
Acenaphthene X x X X X X
Anthracene X x X X X X X X X x
Fluoranthena X X X X X X X X X 3
Pyrena X X X X X ' x X %X 1 x
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Figure 1: formation degrees of monochlorobenzene under varled oxygen content
(A= X1;®@=X25 4= A5 M= A\10) vs temperature
condltlons: tv=2.7s
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Pigure 2: formation degrees of monochlorobenzene (@).1,3-dichlo-
robenzene (QO).1.2,4-trichlorobenzene (18),1,2,3,4-te-
trachlorobenzene ([J).pentachlorobenzene (W) and hexa-
chlorobenzene (V) vs temperature
conditions: ) =2.5, tv=2.7s
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