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ABSTRACT

A method is devaeloped for astimation of thermodynamic propertias of nultiply
substituted aromatics inclusive of chlorinated dioxins and dibenzofurans based on principles
of group additivity and non-next-nearest naighbor interactions on the aromatic ring. This
includes estimates of bond energies. entropies and heat capacitics of radical intermadiates in
pathways to chlorodioxin formation. We use thesa thermo calculations to show the feasibility
of several elemontary reaction pathways leading to dioxin formation, where the preserce of
chlorine acts to enhance or lower the Gibba free energy of the reactions.

INTRODUCTION

Chlorinataod dibenzodioxins and dibenzofurans are often obsorved in ef{luent
from oxidation or incinaration of chlorinated hydrocarbons or aromatics such as chlorinated
benzenes, biphenyls, and phenols(l}. Thesec species arc thought to bhe highly toxic, and as a
conseguenco are highly undesirable products of incomplete combustion (PIC"8). It would be of
gignificant value to have an accurate and fundamental understanding of the mechanism for their
formation, in addition to knowledge of their tharmodynamic proparties in order Assist Lf

design of stratogies to effectively control or eliminate emismions of these compounds.

Very little has been published on the thermodynamic propertics and elementary reactions
which lead to formation of dioxins and chlorinated dioxins. BRenson's qgroup method(2-4), vhen
used for the estimation af thermodynamic properties of molocules, does not account for all
interactions between functional groups or atoms on aromatics, such as chlerines, hydroxyl or
ethor linkages. To obtain correction values for these Lnteracting groups one may use the dil-
ferences between literature thermodynamic valuaa and those obtained using group additivity-
Due to the limited literaturo data, however, one must often proccad by obtaining the correc-

tions based on known properties for only a few molecules and then apply th

to more complex
species. This has beon previously demonstrated by Shaub (5,6} for chloro and oxy substituted
aromatics.

THERMODYNAKIC PROPERTY ESTIMATION
As an initial step towards understanding chlorinated dioxin formation, we have

developed a data get for groups represanting non-next-neagrast neighbor contributions fros

‘substituents on aromatic rings, such as Br, Cl, F, OH, CH30, CHy. and COyH. These non-next-

nearest naighbor corrections aro tabulated Ln Table I for the Ci and OH groups and include
enthalpy and entropies of formation {298 K) and heat capacities to C where data was avail-

able. We utilize these group values in conjunction with existing Benson Groups to calculate
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“termudynamis propercies for a number of chlcrinated dibenzodioxins, dibenzefurane, and likely
f4tical precursors to thair [ormation 1n ipciperator type reactive atmoapheres. The data in
Tarte 1 are optimized for disubstituted sinyle ring aromatics and we therefore develaped a
firwalisa ewpiricaliy for counting the nurber of interactions recquired to yield accurate
iterro esilimations of multy substituted aromatics, This formalism counts all the ortho inter-
a:ti1ons, ard only one half tho number of meta and pars interactions ueing integer valuaes only.

Ttus {.3 di- and 1,3,5 tri- chlorobentene would have and have caunted 1 and 3 meta Cl/Cl

teracticrs respectively. 1.2,3,5 Tetrachlorobenzene would have 2 ortho, 3 meta and 1 para

tut en.y have 2 ortho and 1 mata C1/Cl interactions counted. This empirical formalism results
tecasse effects cf the interactions in multi-substituted aromatica are not linearly additive.
Ky gefine multi-interactions as OcCCurring on aromatic rings that have more than one type -

Srikn, Tets ©r para interaction.

Table [I compares calcuiations of Hf}OB from literature data with those uaing Benson
Gruups w~ith interaction terms derived here, and using Benson groups alcne. There is a definite

iaprovesart. 48 one Eight expect, using the aided interaction terms.

FERCTION PATHWAYS TO DIQXIN

Figure 1 shows an energy laevel diagram for the isomerization of a polychlorinaved
trerylecther phenoxy radical, where the oxy radical atracks the aromatic ring at a poaition of
¥ atom substitution. The figure shows the H atom being displaced in a reaction which is 19

Kcal endotherm.c, but at temperatures above %00 K it has a negative /\G (entropy driven) to

fozn the 2,13,7,8 tatrachloro dibenzodioxin. Pathways forming the a:z:atic_athe:n include
phenoxy radical additions to aromatica and chloroaromatics and oxyxgen atom addition to fused
ring groups of biphenyls. The oxy radicals can be formed by oxygen atom or hydroxyl radlical
44412103 to the ring with oxothermic displacement of H or Cl atom, or by HO, or 0, reaction
witk: phenyl radical. Note that the Cl atom meta to the cther linkage being formed enhances the

~e~ly {or~ed ether Sond by 6.26 Kcal/wole (CL/O-R Meta)

Fojure [ shows a samilar reaction prcducing the tetrachlorinated dioxin, but in this
teaction O atem .s duisplacing A chlorine atom and the process 1s thormodynamically favored
toik Tty wrkiopy and enthalpy.

CoNCLUSION

The reaction paths presented here demonstrate that dJioxin and dibenzofuran forma-
tion frem chlorinated cing systems are more favorable than formation form the analogous non-
Shlorinated systems.

There are several cegimas in &n incinerator or pyrolysis reactor where dibenzodioxins
P47 ba formed. One of these regimes is the fuel rich zone whore hydrocarbons or fuel are
inlet t> the reactor and where mixing is not complete. Temperatures in this region are high
#nough for pyrolysis reactions to occur anl molecular weight growth forms aromatic, poly-
aromatic and poly-phenyl systems. In addition, there is a significant amount, but not excess,
©f oxygen and oxy radicals presont to react with some of these aromatic compounds. A second
fajier 13 where thers are benzene, biphenyl, terphenyl etc. present with oxygen and oxy radi-
Cals &t lowver teaperatures where oxidation reactions are alow but addition reactions are
favored. This could occur at the outlat where these species formed in the combustor have not
beaen converted to CO2 and "20' The addition and diasplacement reactions, an illustrated in
figures 1 and 2 would readily occur in cooldewn sections of reactor axhaust zones for examplae.
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TABLE I GROUP CORRECTION TERMS FOR CHLORINATEDR AND HYDROXY SUBSTITUTED AROMATICS

He Sp c (o CP Cp cp
GROUP 298 298 300 S00 800 iS00 X
CB/H 3.3 11.5 3.28 5.46 7.51 8.36 9.68
ca/cl -4.11 18.55 7.17 9.16 10.34 1¢0.68 9.66
c8/0 -1.63 ~-10.04 4.2 6.54 7.07 1.09 6.96
Ccl/Ccl ORTHO 2.18 ~0.31 -0.20 -0.47 -0.44 -0.38 1.01
Cl/Cl HETA 1.34 Q.17 -0.12 ~0.42 -0.43 -0.18 1.00
Cl/Cl PARA 0.52 -0.08 ~-0.10 -0.36 -0.27 -0.238 1.01
Cl/oB ORTHO 4.53 ND ND ND ND no RD
Cl/oH META =-6.26 HD ND ND HD HD HD
Cl1/OH PARR -4.48 ND HD HD HND ND HD
CLfOH/CL 13.85 ND ND ND ND HO KD
Cl/0-Phenyl Ortho Meta and Para --- Same as corresponding C1/OH
Ht values in Kcal/mole and § and cp in cal/mole-K, ND Not Detaermined

TABLE Il COMPARISON OF H( OATA WITH LITERATURE

SPECIES v Hf(li.t_) A Hf(calc) . v Hf(ﬂdn) 4
Hexachlorobenzens -8.1 -7.04 -1.06 N 1.5
Pentachlorophenol -53.9 -52.63 -1.27 ~49. -4.%
Ortho Cresol -30.7 -30.74 0.04 ~-29.72 ~0.98
Hata Crosol ~-31.59 -31.63 0.04 -J0.29 ~1.3
2,6 Dimethylphenol ~-38.64 ~38.41 0.21 -37.14 -1.5
Hexafluorobenzene -228.49 -228.85 0,38 -226.8 -1.69

+ All data in Kecal/mole, Ht(asn) valuo calculated uping Benson groups only.
. s are differences from Litaraturse. Literature data from rafcrences 7 and 8.
+ Wae have omitted species that we used {n determining the group intecaction values.
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