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ABSTRACT:

Experimental studies over tha past two years in three waste
incinerator plants on the correlation of dioxin formation ta

gasphase dioxin precursars resulted in a technique to describe a
plants dioxin formation potential,

foliawing first arder parameter satti
flows and air distribution in the fu

{NTRQDUCT |ON:

Formation of chlorinated hydrocarbons
subject to extansive studies over the
conversion of a complex, not

substances into gases and ash
chemical. consideration in resp
reaction steps and kinetjc cal
products. Yet, the needs for d

in waste incineratars is
past 1Z years. Tha
defineq conglomeration of organic
15 not a procass for detailed
ect to a detailed knowledge of

Analytical methods for dioxine anal
solid samplos was strongly developed over the last years to a

stato of the art technique. Today we may have information on
dioxin contents of every imaginable mattar ranging from dary
products to toilet paper.

¥sis of gases, liquids ana

A drawback of all methods in dioxin analysis

complicated sampling, extraction and measurin
giving a too long lag of time between a dioxj
information on its production rate.

lang intergration time on the sampli
the influence of individual paramete
dioxin production capacity to time ¢

is the rather

g procedures that
n sample and the
This problem starting with a
Ny rouvtines, turn studies on
rs of an incinerator to its
ensuming and errorous
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exper iments.

The application of a newly developed mass spectrometer gas
analyzer to raw gas in-line analysis allowed the development of &
fast monitoring system to characterize dioxin formation condition

in 'ncinerators.

HMETHOD :

Halagenated aromatic hydrocarbons, especially CHC's can be seen as
dioxin precursors or tracers when determined in the hot exhaust

gases of incinerators.
incinerator plants

Experimental work on threce different waste
in Sweden and Germany could demonstrate a clear

correlation betwsen the sum of chlorinated aromatic hydrocarbons
and the sum of the dioxin cutput. (Here
characteristics of two furnaces).
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Although the corraelation
from plant to plant the

characteristic values ¢C =

70 ey

'm.

is shown correlation

is a complicated function and differing

tes[cHC]
Ic3[TCHD) / ci/fcy —> © shows

to be a reproducable and characteristic number for each plant
under study. More 3o, whenever the operating conditions of the
incineratar were found for a minimum signal of the CHC's, a
minimum lovel for the sum of dioxins was achieved. Minimum
conditions are found by stepwise variation of the main parameters
as input rates and gas flow rates, oxygen and carbon monoxide

levels, temperature and air distributions in the boiler.

with the

mathemat ical tool! of variational analysis invariable and sensitive

paramaters are worked out.

lnterest\ns enough it was found that 8 mxnjmum in_carbon monoxide

emisziony is not associated with a minimym of CHC emissions and

hence dioxin formation. See figure 4.

veriations of the amount of chlorine input of + 15 % weight to the
boiler gare increasing resp decreasing the the sbsolute CHC values
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dramatically and consoquently also the dioxin amount, but hardly
influence the operating conditions as CO, 02, furnace temperature
aetc. (See also figure 2)

XPERIMEN

A secondary ion mass spoctrometer system was usod for the CHC
monitoring. This instrument equipped with 2 soft ionization unit,
a quadropole mass selector and a sensitive detector with counting
unit is capable of a mass range to 500 a.m.u. (atomic mass units)
and a detection limit of 10 pPb. The use of the jinternal energy
(ionization potential) of an fon beam as ionizing medium gives tha
advantage of superiour sensitivity. The ionization potential is
choozen so that the major constituents of the gas Nz, CO2, Oz, H20
are not jonized but act as a inert gas in elastic eollisions. This
condition reserves all ifonizing power to molecules with ensrgies
lower than 11eV-(in our studies) i.e. all aromatic hydrocarbons., A
second important condition is the non fragmential character of the
ionization process leaving molecules with ionization potentiatls
higher than 9 eV on their M+ peak otherwise producing M-X peakes
where X is the atom with smallest bond energy to the core.

Beeing a portabel analyzer the instrument was mourited as nsar as
possible to the extraction filter for the gas sample. The gases
under study were transported in Teflon lines heated up to 180 °C
and dustfiltered by a 2 micron filter unit. A absolute pressure
controlied inlet systom {s transferring sampie gas from the bypass
stream at a flow rate of 0,2 em3/min STP to the ionization
chamber.

Molacules under study are selected from a library where a!!
controlling parameters like atomic mass, resclution of the
spectrometer, isotopic factors and the sensivity range are
defined, Isotopic pattern recognition is appived to identify the
individual chlorocaromatic compounds in the gas. See figure 1.
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FIGURE 1

Correlation factors couple the sensivity ratios of chlorobenzenes
to chlorophenols to a single calibration molecule. i1n our
experiments 0'60T8 was choosen. Using a syntetic air bottle and
the intensity of the 015078 c¢opcentration the instrument zeroces
and calibrates the whole number of selected molecules fast and
accurate.
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BESULTS AND DISCUSSIONS:
The response diagram:

Raw gas is extraxted and feed to the analyzer via a bypass stream.
The analyzer iz zet to & response time (T30 time) =5 sec and a
sensitivity in the low ppb range.

in figure 2 the trend analysis or time dependence for the gas phase
concentrations of 10 individual chlorinated compounds is shown.
Time interval A shows a situation of standard waste input with
normal operation of the boiler as seen by tne “normal” signals. At
point B one ton of risk materials carrying a higher chlorine
content was substituted continously in 30 minutes, i.e. to the
normal waste. Gasphases of measured CHC* show immidiate response
to the additional chlorine input.
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Intercrossings of the signals reflect the shift in the ppm
distribution of Cly to Cle aromatic compoeunds:

Time interval A Time interval B
rel.% rel.%
CeHsCl 3,8 3,2
CeHaClz 1,4 5,3
CeH3Cly 8,4 8,4
CeH2C 14 23,8 14,7
CeMHCls 10,8 13,9
CeCle 24,5 20,9
CeHaOC12 9,7 4,4
CegHaOC1a 7,3 9,1
CeH20Cla 4,6 7,3
CgHOC 15 5,7 12,2

This fact was used to control for steady input conditions before
an optimization procedure was started.
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THE OPT N AGRAMS :

Starting from a constant input condition a step to step variation
of the main furnace parameters ig carried out. Concentrational
changes of the measured compounds towards lower levels guidag the
direction of variations. Time scale for this optimizing process is
determined by the inertia of the boiler to parameter variations.
tt was found that & boiler is optimized for minimum CHC output in
about 20 hours. The optimizing procedure show reduction of CHC
ranging from [ to Il and finally to 111. See figure 3.

13 AR ortinising Prosren '
Blpck &

R dix i
AN

’ v 7312 ’ 1 ppe
\ CRHOC 16 / 1 pp=
llk . CHZOCI - 1 ppa
A CEHINCIY . 1 ppm
coHéoCIZ s 1 ppm

CHIK1S ’ 1 ppm

N CBHZC L4 - L ppm

(737 14 F IR QY

\& CLHCI2 ’ 1 rmm

> CRHEC) s 1w

i

I 11 It
OPERATING SITUATION o, Primary alr Sakundary sir  sum of CHC *)
1 5,51 230 500 al/a 13008 02/h 28,7 wgral
n 10,71 29 000 wsn 14 000 s}/p 1403 varal
1t 12,1 ¢ 30 000 &/ ey o5 vy/a
9 ey of ch and en
PIGURE 3

The elaborated minimas of CHC concentrations faor three diffarent
boilers are in figure 4 shown as a function of 02. Minims in CHC
as well as the function [>CHC] f(0z2) is different for every

boiler.
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Furnace ¢

Agﬂfﬂ, the carbon monoxide minimum js Dot congruent with the cHc
minimum and carnot be used for a minimum CHC output.

SoNCLYSIoNg .

Direct Coupling of TCOD
characterstic of w
coupling factors s
further investigations have to support this conciution. Relations
of chliorobenzens and chlorophenols to two and trialemic species
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rsérs in the gasphase is 3 versatile
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