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ROLE OF TEMPERATURE IN FORMATION AND EMISSION OF FCDO/F
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ABSTRACT

The de-novo synthesis of ICDD/F at about 300°C in the incineratiaon facilities
involves a Deacon type catalytic reaction.

The unimolecular rate theories can give an interesting insjght into FCDD/F forma-
tion, while the phase changes play an important role in formatior/emission. The
PCDD/F emissions are a function of exit gas temperature. PCDO/F aarosol formation
through nucleation can be a prablem.

DEACON PROCESS

Until a couple of years ago PCDD/F formation was thought to take place in the
cambustion zone and remadial actions revolved around the three T's of combustion.
In the recant years a number of researchers demonstrated that the formation of
FCDD/F takes place through de-novo synthesis at about 300°C through the catalytic
action of copper & la Deacon process.

The Deacon process for the catalytic cxidation of HCl to Cl Pproceads under cata-
lytic activity of o.\clz/cmcl In the vapor phase the three mlax.hs Qx:l

and a, co~exist in equilibrium governed by the constant which is a rlqomus
function of the temperature. It is essential that all cuprious ions are present in
the melt ard the vapor, while the cupric ions are present in the liquid, solid ard
vapor phases.

Of special importance is that the formation of C12 is enhanced by alkali halids as
shown by Sachtler and Helle (1970). Vogg et al. (1989) found a significantly high
correlation ecefficient between PCDD/F and ¢, €1, Cu* and ci™ in flue gas from cre
MSW incineration facility.

Since metalloenzyme catalysis plays an important role in the biological reactions,
itmldbeintemstimto)cwmemermeoopperplaysmmle in the fate of
FCDD/F in the human body.

FCDO/F FORMATION/DESTRUCTION BQUILIBRIA

The formation of FCDO/F from carbon, chlorine, oxygen and hydrogen under coppar
catalytic action can be considared in the terms of unimolecular gas-phase reaction
theory visualized in Figure 1.
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As shoun by Weber and Harti (1986) unimolecular reaction rate theories can be
applied to the chlorimated dioxins and related campounds, In these theories the
emctml.eculesminvolvedi.napmca;suhjdlmaybemgardedasofthmestags:
energization, transition to an activated camplex and decay of this camplex into the
product. )
In &XIO/T formation m*, at ions plays an essential part in the chlorination step
and are possibly involved in the formation of an activated complex At The energy E'
of an activated orplex is distributed among all jts internal degrees of freedom.
The enarjy wells in Figure 1 can illustrate the energy levels of A", A* ard B for
the FCOO/F formation. The large amount of the internal energy E* is distriouted
acng the vibrational and rotational degrees of freedom. A small remaining part X is
the enargy in the reaction coordinates. This part X gives rise to the transition of
t.heactivatadawlexeiﬂaerinﬂndlrectimtowaxdsmepmductorbadctome
educt molecules.

“eber and Marti (1986) reported that a linear mechanical model along the longest
axis consisting of five rigid groups for 2, 3, 7, 8 TCDD has been solved. They
report frequency factor of dechlorination of 108'99 1/s.

As in sinilar reactions the formation rate equation for FCDD/F = P # z # e &/FC
vhere P = probability factor, z = collision frequency, E = activation enargy, R =
qas constant, and T = terperature.

PHASE CHANGE AND NUCLEATION

The reaction of FCDO/F formation may irvolve both gas and condensed phase reaction.
laidler (1970) developed the equations describing the reaction rates in the vapor
amd cordensed phase:

K e (5/m) + e (RN

vhere T = tezperature, X, h, R = Boltzmann, Planck, universal gas constants and S,
E = entropy and energy of activation. The only difference between gas and condensed
phase reaction rate constants is the e is squared in the gas phase expression. The
thermodynamic of FCDO/F phase charges was studied by Rordorf (1986).

Vogg and Stieglitz (1986) studied the effect of thermal treatment of fly ash on the
behaviour of PCOD/F in the temperature range between 120‘and 600°C. While at 300°C
practically all of PCDO/F were on the fly ash, at 400°C most of them were in the gas
phase.

K=e
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FCDD/F's present in a4 gas phase can upon temperature reduction either condense on
the fly ash or undergo hamogenaus micleation. The expression for the critical drop
size a" for a hamogenous nucleation at a given saturation ratio SR, and temperature
was glven by Reist {1984):
* 4

d =—=—
ERT 1n (SR}
where Y = surface tension, M = molecular weight, p = density.

Since the aerosols formed through the hamgencus mucleation of PCDO/F would be in
the subtmicron range they would be very difficult to collect in the particulate
control equipment. The PCDO/F ocondensed on the fly ash are readily collected in the
particulate control equipment ard can be subsequently destroyed through the thermal
treatment.

DEPENDENCY OF PCOD/F EMISSION ON TEMPERATURE

The Danish Ministry of Enviromment study, Miljestyrelsen (1969) on PCIO/F emission
from MW incineration showed a clear correlation between the emission and exit gas
temperature (Figure 2). The correlation indicates that the exit gas temperature can
serve as a surrogate for PCDO/F emissions with the several advantages including
simplicity and the real time measurement,

The dependency of the emissions on the flue qas temparature is supported by the
above theoretical considerations since PCDD/F formation/emission is a complex
function of copper catalytic activity, formation/destruction, and evaporation/con-
densation equilibria all governed by the temperature.
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FIGURE 1 ENERGY UISTRIBUTION IN ACTIVATED COMPLEX

FIGURE 2

CORRELATION BETWEEN PCDD/F
EMISSION AND EXIT GAS
TEMPERATURE
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