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ABSTRACT

A balance was carried out on a pilot incinerator of inactive solid waste running at 4 kg/h. Various
measurements were taken in order to qualify the prcfiltration system of the incineration process
operating by pyrolysis, afterburning and calcination : determining the ventilation characteristics
of the plant (gas flow rates and residence time) and the physico-chemical characteristics of the
effluent (mass flow and granuiometric range of particles, chemical composition of gases).
Various methods of sampling and of analyzing the gases were adopted and a thermochemical
model was produced.Its results arc reasonably close to the experimental measurements. The
emission consists of submicronic particles and porous layers are the best adapted cleaning
system.

PART 1 : INTRODUCTION

The following data is required if cleaning systems for particulate gaseous effluent are to be
qualified : the process throughput, chemical composition and physico-chemical characteristic of
the constituent gases and particles of the effluent and their evolution under process conditions.

A balance was carried out using a pilot plant which processed 4 kg/h of inactivated waste in
order to qualify the prefiltration system of an incineration process based on the pyrolysis,
afterburning and calcination of technological solide waste contaminated by alpha emitters.
In this semi-industrial plant, measurements were taken under operating conditions in order to
determine the ventilation characteristics of the plant, the physico-chemical characteristics of the
gases and ehe constituent particles of the efflux and the efficiency of the cleaning system
installed.

PART II : EXPERIMENT

DESCRIPTION OF THE PLANT

Process Principle

The pre-cnished waste materials are batched by weight and fed continuously into the incinerator
unit through an argon-inert hopper.

Pyrolysis is oxidizing and carried out in a rotation tube electrically heated to about 650° C.

Calcination of the solid residue thus obtained is also carried out in a rotating fumace electrically
heated to around 900° C in pressurized oxygen-enriched air.
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The gases resulting from pyrolysis and calcination are routed to a combustion chamber at
LlO(T0C.

Gases to be cleaned after cooling by dilution with air pass through a HEPA prefiltration and
filtration system and are chemically washed before discharge through the stack.
A lay-out diagram is presented on figure 1.

Place fig. 1 here

DESCRIPTION OF INCINERATED WASTE

Waste for incineration is inactive reconstituted waste containing :

48.5 % Polyvinyl CIoride (PVC)
7.9 % Polythene (PE)
17 % Latex
17 "o Ncoprcnc
4.8 % Cotton
4.8 % Kleenex

The elemental composition of the waste is given in table 1.

Place table 1 here

The principal metals in the mineral additives and their ppm levels are given in table 2.

Place table 2 here

FACILITIES ADOPTED AND ASSOCIATED TECHNIQUES

It was possible to ascertain the ventilation characteristics of the plant (volumetric flow rate and
residence time of gases) and the characteristics of the gaseous and paniculate effluents
(composition of flue gases, mass flow rate and granulometry of dust) were determined in the
pyrolysis furnace (point 2), in the postcombustion chamber (point 3), at the diluting unit outlet
(point 4), for various configurations of the cleaning system. The following techniques were
adopted.

Determining the main ventilation characteristics

Measurements were taken by gas tracing. This technique consists of marking a volume of gas
with a tracer which can be specifically detected. Helium tracing was used in the tests. A mass
spectrometer, calibrated at mass 4, served as the detector. This device allows continuous
operation and its response is proportional to the helium concentration of the gas. Pure helium is
injected at a constant rate upstream of the pyrolyser and calcination furnace (point of fig. 1). The
helium concentration is measured continuously at the level of the various sampling points
(shown in fig. 1). A check is run on the sampling lines to ensure correct functioning by using
calibrated gas cylinders.

Determining particle characteristics

This characteristic concerns the measurement of mass concentrations upstream and downstream
of the prefiltration system and the determination of the granulometric spectrum of aerosols
upstream of the cleaning unit.
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Measuring mass concentrations

Measurements are taken on samples collected from the filter, the collected deposit is then
subjected to gravimetric analysis. Measurements are taken for a period of two hours, integrating
variations in plant operation.

Measuring granulometric distribution

An impactor (ANDERSEN MKII) is used to take measurements of granulometric distribution.
This equipment enables sampling of an aerosol into 8 granulometric classes over the range
0.35 wm to 7.5 fim.

Determining the characteristics of gaseous emission

Carbon monoxide, carbon dioxide, oxygen, hydrocarbons and hydrogen chloride are measured in
the flue gases at various points of the plant (pyrolyscr, postcombustion chamber, calcination
furnace, outlet of the diluting unit) using specific analysers and a sampling bag.

Flue gas sampling and continuous analysis were carried out in the pyrolyser using gas phase
chromatography at 130 0C to determine hydrogen, nitrogen, argon, oxygen, carbon monoxide
and carbon dioxide in the pyrolyser and postcombustion chamber with the unit being connected
to the gas stream via a temperature gradient tube in which gas temperature is stabilized and
condensates may be deposited.
Hydogen in the pyrolyser was measured by sampling into vacuum flask for subsequent analysis
by mass spectrometry.

Sampling to determine organic chemical species not destroyed after passage through the
calcination fumace and postcombustion chamber was carried out by concentration adsorption on
specific columns (porapack, tenax) for subsequent analysis by gas chromatography mass
spectrometry coupled.

The gas samples which have to be taken and analyzed are at high temperatures (650 0C in the
pyrolyser, 1100 0C in the postcombustion chamber, 900 0C in The calcination furnace and 200 0C
in the diluting unit). Interpretation can be difficult because these process gases undergo physical
and chemical reactions during cooling which modify their composition. These reactions occur
mainly between the postcombustion chamber and the prefilter where the temperature drops from
1100 °C to 200 0C but also when taking gas samples. If care is not taken part of the initial flux
which condenses during sampling is lost which modifies the material balance. In order to avoid
doubt about the representativeness of a sample taken at high temperature from a complex
reactive medium, thermochemical modelling was performed.

PART III : RESULTS

The measurements described above were taken during studies run in 1989 and 1990 for various
gas treatment configurations.

Separate treatement (ST) applies to the case in which the prefiltration system treats gases from
the pyrolyser only. In combined treatement (CY), calcination fumace gases are injected at the
postcombustion stage.
Different cleaning systems have been used for paniculate removal. Two types of bag filters have
been tested (type 1 and 2). In separate treatment waste gases from the pvrolvser are cleaned bv
passage through : . . .



a iype 1 bag filter (ST configuration 1),
a cyclone and a type 1 bag filter (ST configuration 2),
a type 2 bag filter (ST configuration 3),
while the flue gases from calcination furnace are cleaned by passage through a cyclone and a
type 1 bag filter.
In combined treatement, waste gases are cleaned by passage through a type 2 bag filter.

Determining mean eas flow rates

The mean gas flow rates in Nm3/h at the various sampling points and for the various air
treatment configuration are given in table 3.

Place table 3 here

These values are pratically independent of the air treatement configuration.

Determining residence time of gases in the pvrolvser and the postcombustion chamber.

The mean gas residence time in the pyrolyscr is 16 secondes and in the postcombustion chamber
3.8 seconds.

Characterization of aerosols

Table 4 expresses the mass flow rate of dust at given points for each sampling point and each gas
treatment configuration. Flow is expressed in g/h.

Place table 4 here

A great reduction in the mass flow rate can be observed between the first and last
Sfmeasurement surveys (config. 1 to config. 3). This is attributable to modifications in the lay-
out, designed to increase plant operating stability.

Determining granulometric distribution

The granulometric distribution histograms avc given fig 2 (ST configuration 3) and fig 3 (CT).

Place fig 2 and fig 3 here

It is apparent from all the results obtained, irrespective of configuration, that more than 50 0T of
aerosol mass is borne by particle less than 0,5 urn in diameter.

Determining the mean chemical composition of the flue gases

The mean composition of the flue gases at various points of the installation, irrespective of
configuration, is given table 5.

Place table 5 here

It will be seen that the values found at a given sampling point depend upon the sampline and
measuring method. The values determined at high temperature (GPC) are greater than those
obtained at ambient temperature with a sampling bag or a vacuum flask. This demonstrates that
the effluent undergoes thermochemical transformation during cooling. In consequence, high



tcmperature sampling and analysis are necessary if a representative sample of this reactive
medium is to be obtained.

Comparaison between the theoretical and experimental concentrations of flue gases in the
pvrolvse.

Thermochemical modelling has been made on the hypothesis that all chemical reactions in the
pyrolyser are complete. The main components of the gaseous phase are found to be N2, Ai. H2,
CO. CO2, HCl, H2O.
High temperatures analysis of the flue gases by GPC gives experimental values for these
compounds.

Table 6 gives the theoretical concentrations obtained by modelling and the concentrations found
at sampling point 2 (pyrolyser).

Place table 6 here

The model gives an order of magnitude for ffie concentrations.

Flue gas composition at the postcombustion chamber outlet (point 3).

In the same way as for pyrolysis the theoretical values obtained by modelling were compared
with the experimental figures (GPC). These values are given in table 7.

Place table 7 here

The model gives an order of magnitude for the concentrations.

Characterization of organic volatile compounds.

Analysis of the pyrolysis gas reveals the presence of tars which are difficult to identify. Analysis
(if gases at the afterburner outlet reveals the presence of hydrogen chloride, chlorous organic
compounds, acid derivatives, bicyclic aromatic compounds and oxygenous derivatives. These
compounds are present solely as traces which demonstrates a high efficiency in the
postcombustion chamber. At the calcination furnace outlet, the main object of note is the
presence of traces of chlorous and oxygenous aromatic compounds.

PART IV : DETERMINING THE EFFICIENCY OF VARIOUS CLEANING SYSTEMS

Measurement of the mass concentrations taken upstream and downstream of the cleaning system
of the various air treatment configurations permits the efficiency of the cleaning process to be
determined from the following equation :
Eff% = 100(l-Cav/Cam)
where Cav and Cam are respectively the mass concentrations measured upstream and down
stream the prefiltration system.
The efficiency levels for the tested cleaning systems are given in table 8.

Place table 8 here

A difference in efficiency is noted between the cyclone and porous layer filters (type 1 and 2 bag
filters). The results demonstrated that porous layer cleaning system are well adapted to the
t:ranulomctric distribution of the effluent.
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PART V : CONCLUSIONS

The measurements taken on this semi-industrial pilot plant enabled a plant balance to be
compiled under real operating conditions.

: Sampling and measurement by high temperature GPC was found to give significantly better
j results than bag sampling and ambient temperature analysis.
;: The results of thermochemical modelling fit reasonably well with measured data.
I ] • The particles in the effluent from the pyrolysis, postcombustion and calcination have been found
; to be submicronic. Because of this particule size, porous layers (bag filters) have a good cleaning

< efficiency (98,4-99,8%), while cyclones give %ery poor results (18-22%).
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Main elements

composition
(weight (%)

C

56.46

H

7.26

N

0.13

O

10.57

CI

22.88

S

0.23

Metals

2.47

Table 1 : Elemental compositim of the waste (Wt %)
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Additives

ppm

Additives

ppm

Al

1863

Ba

131

Mn

3

Ca

2488

Na

694

Cd

375

P

81

Cr

i

Pb

119

Cu

9

Si

3928

Fe

204

Ti

164

Mg

51S

Zn

15263

Table 2 : Principal metals in the mineral additives (ppm)



Sampling points

ST configuration 3

("Nm3/h)

22,5

3
(Nm3/h)

91.7

4
(Nm3/h)

381

5
(Nm3/h)

381

A
(Nm3/h)

7,8

B
(Nm3/h)

21.2

Table 3 : Mean gas flow rate at the sampling points given for the various air treatment configurations



Mean mass Qow rate of dust

ST configuration 1

ST configuration 2

ST configuration 3

CT

Qm (g/h)
point 4

43.4

30.5

17.4

46.8

Qm (g*)
point 5

0.069

0,096

0.18

0,27

Table 4 : Mean mass flow rate of dust upstream and downstream the prefiltratim system
(points 4 and 5)

\V
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is:

Sampling point

Pyrolyser
(point 2)

i

C02 (7c)

2.5-4

6,5-11.5

3,8-5.3

CO (%)

0.9-1.3

4-10

02 (%) CH4 (%)

0.5

0,6-6.6

1,1-1.8

HCl (%)

0,4

Selected method
of measurement

sampling bag+
specific analyser

hig temperature
CPG

vacuum glass
sampler+mass
spectrometer

Postcombustion
chamber
(point 3)

"

3-4

4-10

0.02

0.006
- 0.01

15-18 0,01-0,05

0,1-0,9

0,3 sampling bag+
specific analyser

high temperature
GPC

Diluting unit
(point 4)

Calcination furnace
(point A)

0,6-0,8

7

traces

0.1

20.5 0,01

20.5 1 ppm

specific analyser

sampling bag+
specific analyser

Table 5 Range of concentrations in volume nc of the flue gases at the various sampling points

I i
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Theoretical concentration
(volume %)

N2

Ar

H2

CO

CO2

CH4

HCl

H2O

50,2

8.7

12,8

4,5

9,8

1,6

4,7

7,6

Experimental concentration
'volume "c)

N2

Ai

H2

CO

CO2

CH4

HCl

H2O

41,5-53,9

11-15

0,6 - 2,5

4 - 1 0

6.5- 11

0,6 - 6,6

not measured

2 - 3

Table 6 : Comparaison between the theoretical and experimental values, expressed in
volume %. determined by on-line GPC at sampling point 2 (pyrolyser)



Theoretical concentration
(volume)

CO2

CO

5%

1 vpm

Experimental concentration (GPC)
(volume)

C02

CO2

4 - 1 0 (%)

60 - 100 vpm

Table 7 : Comparison between the theoretical and experimental values for CO
and CO2 concentrations in the flue gas at the postcombustim chamber outlet (point 3)



Preftlter

bag filter type 1

cyclone

bag filter type 2

Efficiency Eff(%)

99,8

18 à 22

98,4 à 99,0
99,4 à 99,5

Air treatment
configuration

ST

ST

ST
CT

Table 8 : Filtration efficiency of the various prefilters in separate or combined air
treatment
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Separate treaimer

Fig. 1 Diagram of the installation



SEPARATE TREATMENT
1

<,35 0,35 0,62 1 1.75 3,1 4,5 5,8 >7,5

DIAMETER ( um )

Fig 2 Histogram seDarate treatment (cont 3 )
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COMBINED TREATMENT1

<,35 0,35 0.62 1 1,75 3,1 4,5 5.8 >7,5

DIAMETER ( um )

Fig 3 Histogram combined treatment


