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Abstract

This paper deals with the emission of heavy metals (HM) during the incineration of municipal solid waste in a fluidized bed reactor. This
study focused on the development of a general method to identify the kinetics of vaporization of heavy metals from the on-line analysis of
exhaust gas. This method is an inverse method, which requires only the time evolution of the HM concentration in exhaust gases (experimental
data) and a global bubbling bed model developed for transient conditions at the reactor scale.

First, a lab-scale fluidized bed incinerator was set-up to simulate the HM release during the thermal treatment of metal-spiked model wastes.
A specific on-line analysis system based on ICP-OES was developed to measure in real time the variation of the relative concentration of HM
in exhaust gases.

Then, a two-phase flow bubbling bed model was developed and validated to calculate the kinetics of vaporization of HM from its measured
concentration time profile in the outlet gas.

The technique was first validated with model waste (metal-spiked mineral matrices), thus enabling at each time both solid sampling for
measuring the HM vaporization kinetic and on-line analysis for measuring the HM concentration in the outlet gas. The inverse method was
then applied to realistic artificial wastes (derived from real wastes) to identify the HM vaporization kinetics from the on-line analysis results.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction only partitioned and concentrated in the various final residues
(bottom ash, filter ash, and residues from the air pollution
Municipal solid waste (MSW) incineration simultane- control devices) and in gaseous emissions, which may then
ously reduces the waste volume (about 90%) and mass (dowrnrepresent potential sources of pollution (possible leaching).
to about 30% of the original mass), and it generates power. By The HM partitioning among the various residues depends on
now, law strictly regulates the release of toxic metals, espe-the MSW composition, on the physico-chemical properties
cially in the case of MSW incineration, and the regulation of the metals and/or their compounds, and on the incinerator
may become even stricter in the future. Therefore, the treat-operating conditionfl].
ment of the solid and gaseous effluents containing metals is  The recycling or the disposal of the ultimate residues, in
an important environmental and economical issue since thiswhich HM are concentrated, is problematic. The toxicity of
procedure is spreading. Metals in wastes are introduced intothe latter depends mainly on the HM speciation (i.e. their
combustion chambers in many physical and chemical forms. physical and chemical forms), and not only on their elemental
Nevertheless, during incineration, heavy metals (HM) are composition. The final HM speciation in the residues depends
heavily on the combustion environment, which is influenced
* Corresponding author. Tel.: +33 4 68 30 77 30; fax: +33 4 68 30 29 40, DY the process operating parameters, such as temperature, gas
E-mail addressabanades@promes.cnrs.fr (S. Abanades). composition, and residence tirfie2].
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this paper is to present an inverse method for identifying the

Nomenclature kinetics of vaporization of a metal from experimental and
theoretical investigations of the incineration of model wastes
Cs concentration of metallic species inthe bubble iy a fluidized bed reactor. The method involves on-line
phase (mg Nm3) measurements of metals in the exhaust gas and a model of
Ce concentration of metallic species in the emul- fluidized bed.
sion phase (mg Nm?) In this study, a reactive fluidized bed model developed
Co(t)  concentration of metallic speciesatthebedsyr-  for unsteady state, that requires short calculation times,
face at timet (mg Nm—3) was used to identify the kinetics of vaporization of a metal
Comax maximum concentration of metallic species @t from a model waste. Batch experiments were carried out
the bed surface (mg Nn) in a high-temperature fluidized bed. They dealt with three
do particle diameter (m) metals of most concern (Cd, Pb, and Zn) that were selected
Ds diameter of bubbles (m) and investigated for several reasons. First, these metals
f(t) vaporization flux from solid partiCleS at tinte are among those most emitted in wﬂ Second, Cd, Pb,
s and their compounds in fumes are extremely hazardous to
Fs volume fraction of the bed consisting of bub-  human health. Moreover, although Cd appears at low levels
bles in MSW (5—15 ppmw) compared to Pb and Z3i, it is
H height of bed at normal fluidization (m) volatilized, mostly as CdG| and emitted as particles to a
Kee  global exchange coefficient between bubble  considerable extent; 99% of the vaporized Cd condenses on
phase and emulsion phase{s dust particle$7]. So, the ash enrichment factor is about 100,
q(t)  concentration of the metal in the solid particles  which influences the ultimate disposal of filter ash because
at timet (mg kg™*) (ppmw) of the leaching of Cd-containing species.
o initial concentration of the metal in the solig Anon-line gas analysis system, involving inductively cou-
particles (mgkg?) (ppmw) pled plasma-optical emission spectroscopy (ICP-OES), was
r() mass-flow rate of vaporizing metal fromreag-  jinked to a laboratory-scale fluidized bed incinerator. The gas
tive particles (mgs*kg™) to be analyzed was injected into an argon plasma. The ana-
t time (s) Iytic device was based on the spectroscopic detection of the
U superficial gas velocity (nT3) trace elements in the gaseous phase. This system allows con-
Umf  minimum fluidization velocity (ms?) tinuous measurement of the transient concentration of each
Ug bubble rise velocity (ms') metal inthe off-gas, after the metal was released from a spiked
matrix, which had previously been injected batch-wise in the
Greek letters hot fluidized bed. When organic matrices or real wastes are
€0 void fraction of bed at static condition burning, the concentrations of metals in the exhaust gas are
emt  Vvoid fraction of bed at minimum fluidization the only experimental information available, since the burn-
B volume fraction of solid particles dispersed ih  jng solids cannot be sampled. The kinetics of vaporization
bubbles (empirical value: 0.005) of a metal from the solid waste (at the particle level) can be
0 volume fraction of reactive metal-spiked parti-  optained by applying the inverse model developed for tran-
cles in the bed sient conditions.
psand  density of sand (kg m?)
Pp density of reactive metal-spiked particles
(kgm~3) 2. Experimental set-up and methods

2.1. Fluidized bed reactor

Based on the literature survey, there exists no published The experimental set-up is representéeéim L Itinvolves
kinetic data on the release of metals during the incineration a fluidized bed (0.105m i.d., 0.4 m high cylinder topped by a
of MSW. In most studies, the heavy metal behavior (par- 0.2 m disengaging height) made in AISI 316 L stainless steel,
titioning) during incineration was either studied by direct as described in detail by Abanades e{&/9]. The fluidized
characterization of solid residugk,3], or it was predicted  bed was electrically heated by two half-cylinder radiative
by thermodynamic equilibrium analys[4,5]. Thus, HM shells 0.2 m high, and K-thermocouples measured the tem-
behavior and fate during MSW incineration cannot be perature at several bed heights, as well as at the inlet and
controlled in today’s processes because it is not yet possibleoutlet. The reactor was insulated by alumina-silica blocks
to predict at which moment, at which rate (time duration), stapled onto an aluminum shell. A data acquisition software
and to which extent HM are released during incineration. recorded every measurement ona PC. The bed was composed
Kinetic information are required to understand better the of silica sand (mean diameter: 7Qén; total mass of sand
HM behavior in addition to thermodynamics. The aim of bed: 1.62kg; initial depth of packed bed: 0.15m). Once the
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Fig. 1. Schematic of the experimental set-up.

reactor was in thermal steady state, a given mass of particlesA special procedure was developed to make the particles of
spiked with a metal was injected in the bed. RAW with a density suitable for fluidization, and then to spike
The fluidizing gas was a mixture simulating the gaseous them with a metal. In this procedure, the waste was mixed
conditions in an incinerator and it was preheated through with the heavy metal in an aqueous solution of the metal
a series of two electrical resistances. Gas flow-rates werecompound (e.g. Cdg] PbCh, ZnCh), sand ¢, =0.5mm,
measured by mass-flow controllers and the global compo- MSW/sand weight ratio=2:1), and wallpaper glue. Then
sition of the synthetic gas supply was (vol.%) 4.8%, O the mixture was shredded, pressed into cylindrical particles
70.8% N, 8.8% CQ, 400 mg Nnt3 SOy, 15.6% HO, and (diameter: 10 mm; length: 6-12 mm; density: 600 kg?n
1000—2000 mg Nm?® HCI. Only neutral gas passed through with a hydraulic press, then dried in an oven to be solidified
the electrical resistances for preheating. Both &@d HCI and to eliminate moisture.
in aqueous solution were introduced downstream of the pre- The metal loading level of the matrices corresponded
heater to avoid corroding it. During experiments, some of roughly (same order of magnitude) to that measured in
the solids were withdrawn from the bed at given times to real MSW except for Cd (the typical concentration ranges
collect a sample for chemical analysis. The metal concentra-of Cd, Pb, and Zn in MSW are 5-12, 300-1000, and
tion in each solid sample was measured by ICP-OES, after450-2000 ppmw, respectivel{3,10]). The concentration
microwave-assisted digestion in acid. This method can bechosen for Cd was much greater than in real waste (about
implemented only in the case of mineral matrices; it pro- 500 times more) for analytical detection reasons (limits of
vides the evolution of a metal concentration versus time in detection of ICP analysis).
the model wastg(t). Then, the vaporization rate#£ dq(t)/dt)
was deduced to validate the model for vaporization in a flu- 2.3. On-line gas analysis system
idized bed.
An on-line gas analysis system based on ICP-OES tech-
2.2. Preparation of the solid waste samples nigue was developed to measure in real time the metal
concentration versus time profile in the exhaust gases. This
Model wastes were prepared by impregnating a min- system continuously measured the emission intensity (in
eral matrix (porous alumina particlesd,=1.6-2mm, counts/s) of an atomic metal spectral line. This emission
pp=1348kg nT3, initial metal concentratior). Then, a intensity is proportional to the concentration of the element
more realistic artificial waste (RAW) made from real MSW in the gas. It quantifies the emitted radiation for a given ana-
was considered (composition of the RAW from ultimate anal- lytical wavelength corresponding to the analyzed element
ysis: 69—72% volatile matter; 6—7% moisture; 23—-25% ash). (the analytical wavelengths used for detection of Cd, Pb,
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and Zn were 226.50, 220.35, and 213.85 nm, respectively).3. Set the inverse model in dimensionless form to deter-
This method coupled with a global fluid-bed model was mine the dimensionless flux of vaporizatibfs1) that is
used to determine the vaporization rate of the metals from related tor. It consists in identifying from the normal-
burning organic matrices, i.e. without sampling the fluidized ized profile of concentrationd,/Comay), Which is equal
solids. to the normalized profile of emission intensityl fax) for
The ICP spectrometer (Jobin Yvon JY 38S), classically  a given wavelength.
used for analyzing liquid samples, was adapted to allow the 4. Validate the inverse model with the results from mineral
gas injection directly into the argon plasriftg11,12] The matrix (i.e. compare the model results with the experi-
interface, consisting of two sampling stages, is schemed in  mental measurements). In the case of mineral matrices,
Fig. L The gas sample to be analyzed was aspired through a the metal vaporization rate £ dg/dt) can be determined
primary sampler (membrane pump) and transported through  experimentally by analyzing solid samples withdrawn
a 5mline (4 mm i.d.) that was heated to prevent any water  from the bed. These rates were compared with the the-
condensation. A secondary sampler (peristaltic pump) was oretical ones predicted by the inverse model from the
used to inject a low gaseous flow (100 mL/min) into the cus-  normalized intensity profilel{lnay), in order to validate
tomized ICP plasma torch. The metal species were injected the method.
into the plasma torch as gaseous or as condensed micro5. Apply the method to realistic artificial wastes spiked with
particle droplets carried by the gas stream. heavy metals to predict the rate of vaporization from the
Experimental data were obtained as profiles of relative = measured concentrations in outlet gas.
intensity, which are proportional to concentration profiles.
The intensity of metal emission was measured continuously 3.2. Direct modeling
by the ICP-OES system after a batch of reactive particles
had been injected into the fluidized bed in a steady state. A modified version of Kunii and Levenspiel’s modéB]
The intensity of the signal was proportional to the concentra- was developed to treat beds of Geldart group B patrticles in
tion of metal because both the gas composition and the flowwhich large clouds can be formed containing the main part
rate of sampling were constant. This method gave a goodof the solid. This model has been adapted here to the vapor-
gualitative indication of the transient concentration of metal ization of heavy metals from solid waste.
in the off-gas. The accuracy of concentration measurements The main assumptions of the model are the following:
depends on the plasma temperature, and the limits of detec- . ) -
tion of this method depend on the experimental conditions, e Thebedis composed qftwo phases: the pubbles containing
on the flow-rate, and on the spectrometer itself; they can be a small amc_)unt of solid, and the emulsion-clouds phase,
as low as a fewagm—3 [12]. In future work, a calibration corresponding to the rest .Of the bed.
will be required to obtain absolute concentrations of metal o Bubbles haV(_a a uniform Q|ameter. . - -
from the intensity measurements, since ICP spectroscopy is® The gas flow in the emulsion phase is at minimum fluidiza-

a comparative method tion.
P ' e The gas is in plug flow in each phase.

e There is a mass transfer between both phases, and the

. L global mass transfer coefficient is estimated from the rela-
3. Modeling of heavy metal vaporization in a tion [14]:

bubbling fluidized bed
Umt

L Kpg = 45— 1)
3.1. Objective and method Dp
o o ) e The fluidized bed is isothermal.

~ The objective of the modeling is to determine the vapor- , The variations of the volumetric gas flow-rate due to chem-
ization rate of heavy metals from the solid matrix (at the ;5| and physical conversions are negligible. Indeed, the
particle scale), knowing only the profile of emission inten- 4\ vaporization flux is weak compared to the fluidization
sity of metallic spectral lines in the off-gas. This method is gas flow. Moreover, when dealing with organic matrices,
developed here for transient conditions. The procedure isas ho resulting combustion gas flow does not affect signif-

follows: icantly the global gas flow-rate, since the sample mass
ini i 0,
1. Develop the direct model of fluidized bed for the reac- gézcrtsgsgto the bed represents less than 1% of the total

tion system, and use the experimental vaporization rate
(r = dg/dt) measured with mineral matrices as inlet param-
eter in the direct model, in order to calculate the concen-  Hence, the internal phenomena that take place within solid

e The gas velocityl) is supposed to be constant in the bed.

tration of heavy metal in the outlet gaS). particles (heat and mass transfer, chemical reactions) have no
2. Develop an inverse model that permits the calculation, for effect on the results. This macroscopic approach uses only
any kind of matrix, of the metal vaporization ratg from the global generation flux of metallic species at the external

the metal concentration profile in the outlet g&g)( surface ofthe particles. The main advantage is that parameters
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Fig. 2. Cd concentration in the alumina particles vs. time at°€5QL30 g Time (s)

of alumina,go = 856 ppmw,Chci = 1374 mg Nn13).
Fig. 3. Simulation (direct model): Cdgtoncentration in the exhaust gas

such as the physical and chemical properties of the metallicVs- time at 850C.

pompounds or the nature of the bulrning waste are not re.quiredThe experimental rate profile (= do/dt) of Cd vaporizing

in tglsl gloggl twrc:-phase flow .fIU|d—fbed moldel. The glrect from intermittently sampled alumina particles was used as

rbnobbel pr;: lcts the ((:jo_ncintratlo? ora rlnet; Sﬂemest € inlet data in the direct model. Finally, the direct model deter-
ubble phase(s) and in the emulsion-clouds phasg:] as mined the time course of the metal species concentration in

a function of bed heightry, bY solving the following mass  the gasCo(t), as shown irFig. 3. The result of this simula-
balances for both phases (written for an elemental height Steion shows that the concentration of Cd@i the exhaust gas

[h, h+dni): increases sharply from zero to a maximum in a few seconds.
Bubble phase: Then, it decreases with time and tends to zero.
« 90CBi dCpi
—Fg (UB o T ) 3.3. Development of the inverse model
= —FeyBrop + FaKpe(Cai — Ci) The inverse model is intended to predict the rate of metal
+FayB(0opfuspiked+ Psand 1 — 6)vsand ) vaporization, knowing its concentration in the outlet gas. So,

the rate of metal vaporization can be determined for burning
matrix. On-line analysis gives the profile of emission intensity

Emulsion-clouds phase: versus time, which can be normalizdfl {ay). It is the same
dCei  CE; as that of congentratiorCG = _Co/ Comax)» since_ intensity
—(1- Fg) Umfﬁ + o and concentration are proportional. Then, the inverse model

calculates the dimensionless flux of vaporizafi¢sr 1) from
= —(1 - FB)(1 — emf)0rpp — FeKee(Cai — CEi) the relative outlet concentratio@4/Coma)-
+(1 = Fa)(1 — emf)(ppfvspiked+ psandl — 6)vsand The model e'q.uatlons (Eq(éZ).and .(3)'|n trar)5|ent state
(unsteady conditions) can be written in dimensionless form as
3) (the terms of metal uptake by the bed particles are neglected):

Cg , 1 oCg _ f  Kse

%k %
These general equations take into account the phenomenagy, ' yg ar Uiﬁ N U (€ —Ce) )
of adsorption and condensation of metals on particiged
andvsangdenote the adsorption uptake rates on reactive par- aCE 1 aCE f
ticles and sand, respectively (mglskg=1). Actually, these — —- + 77— =(1—emf)
) oh Umi ot ¥8Ums
terms are neglected because of the lack of sorption data.
Fs KBE, .4 .
+ —(Cg — CE) (5)
. L . . 1_F B E
3.2.1. Simulation in the case of an alumina matrix — FB Umt

It was found experimentally that the metallic chloride The dimensionless flux of vaporizatidn(s~1), which is

CdCh vaporized rapidly in the first moments. Then, the |q|ated to the mass-flow rate of vaporizatiqmg kg1 1),
binary oxide (CdQAI,O3) was formed, which inhibited Cd ;g expressed as:

vaporization, and the final percentage of Cd vaporization was
about 55%fFig. 2represents the Cd concentration versustime ¢ _ v8O rop (6)
profileq(t) in alumina particles determined by solid sampling. Comax/ FB
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The outlet metal concentration is given by:

1-—F
( B)CE

Cs =
(0] FB

B+ ()

h=H
where the dimensionless concentratiofis and Cg are
defined as:

" Ce " Cs
E= +T—=> CB =
Comax/FB ComaX/FB

As boundary conditions7g andCy are nil at the distributor
level (h=0). At initial time {=0), Cg andC§ are nil too in
the whole bed, as well as the rate of vaporizati¢a dg/dt).

The relative concentration at the outl€t is known from
experiment and the aim of the inverse method is to deduce
the flux of vaporizationf] from burning waste at each time
t. A temporal discretization in Eq#4) and (5)eads to a sys-
tem of two ordinary first-order differential equations, which

C (8)

rdous Materials A124 (2005) 19-26
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Fig. 4. Experimental Cd vaporization ratg {rom alumina, and emission
intensity of its wavelength vs. time.

can be solved by Runge—Kutta—Fehlberg’s method using the

unsettled step techniq{&5]. An iterative process ofis used
at each time; after initializingf, C¢ andC§ are calculated
for each height by solving Eq$4) and (5) and thenCj is
deduced from Eq(7). If the value of the calculated is
different from the real value (which is known from experi-
ment), therf is incremented and? is calculated again until

4.1.2. Inverse method

From the fit of the normalized intensity profil&/I{ax)
of Cd spectral linel(shown inFig. 4), the flux of vaporiza-
tion of Cd (from porous alumina particles) was determined
by applying the inverse moddtig. 5 plots the comparison
between this calculated flux of vaporization and the experi-

the real value is reached. The same iterative process is useghantal values obtained from the analysis of solid samples.

for each time. Thus, with this inverse method, the time evo-
lution of the flux of vaporizatiorf can be determined from
the concentration profile(§;) measured at the outlet of the
process.

4. Rate of metal vaporization from on-line
measurements

4.1. Method validation: case of alumina matrix

4.1.1. Experimental results

The net emission intensity, (i.e. after withdrawing the
background intensity) of spectral lines of metal was measured
on-line versus time. Whatever the matrix, the metal concen-
tration in gas exhibited a peak almost instantaneously after
the reacting sample was injected into the fluidized [$&d

Fig. 4 plots the kinetics of Cd vaporization relative to
alumina particles r(=dg/dt) and to the gas phase. These
plots were obtained independently from the curves of the
metal concentration in alumingt) (shown inFig. 2), and
of the emission intensity of a given characteristic peak of Cd
(emission wavelength at 226.50 nm). On-line analysis of the

gas was performed every 2 min. ICP measurement showed e S 0,011

sharp increase in the metal concentration in gas (right ordi-
nate) when the Cd rate of vaporization (left ordinate) was
maximal, with a 3—4 min lag due to both the ICP measure-
ment technique and to the length of the sampling line. At
times over about 16 min, Cd in the gas was not detected any

The theoretical profile of flux of vaporization is clearly
consistent with the experimental results. The discrepancy
between the calculated flux and the experimental flux is about
11% in the first moments, and it decreases with time. This
statement can be explained if an important point is reminded:
an uncertainty on the experimental metal concentration pro-
file in aluminaq(t) exists in the first moments because: (1)
q(t) decreases sharply in the first moments; (2) the rate of
vaporizationr (=dg/dt) is nil at initial time. To calculate the
experimental vaporization flufs the concentration of metal
in the solidq(t) was measured first (by solid sampling), and

0,05
—e— Vaporization flux deduced by
applying the inverse model

=~ 0,044 —=— Experimental vaporization flux
' from solid sample analysis

-

S

; Alumina-CdClp; Synthetic gas;
= 0,03 )

"E qo =856 ppm;

o Cyicr = 1374 mg/Nm®

§

‘= 0,02

(=]

Q.

©

>

5 L e

30 40
Time (min)

10 20

more (the emission intensity decreased to zero) because it$:ig. 5. Comparison between the Cd vaporization fiyobtained from the

rate of vaporization was too low.

inverse model and the experimental one.
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4160 ppmw), Pbdp =2980 ppmw), and Zngp = 2700 ppmw) from on-line
analysis vs. duration of treatment (10 g of RAW sample in each run; synthetic
gas without HCI; 850C).

a fit was then applied tq(t) to calculate (t) which is related
tof (by Eq.(6)). Nevertheless, the experimental results were
in good agreement with the model predictions.

25

model to the experimental data. The vaporization of Zn from
the burning waste is less rapid than that of Cd and Pb. Zn may
be stabilized as alumino-silicates compounds in the matrix,
which could inhibit its vaporizatiof].

This method leads to discretized results. The on-line anal-
ysis system, once an appropriate calibration device is imple-
mented, will permit the measurement of quantitative data on
trace elements in combustion gases. Actually, the bed of sand
may adsorb a small amount of the heavy metal vaporized.
Hence, the model will have to take into account the metal
uptake by the bed material when dealing with quantitative
data (i.e. variation of absolute concentration).

By integrating the rate of vaporization= dg/dt) obtained
from the inverse method, the time course of the HM concen-
tration in the solid wastg(t) will be assessed. The advantage
is that a kinetic law can be deduced from the relation between
the rate of vaporization(t) and the metal concentration in the
solid q(t). The inverse method that features a macroscopic
approach allows to identify global kinetics of HM release. In
future work, a particle-scale model (based for instance on a
shrinking-core model or on a decreasing particle size model)
will be developed accounting for combustion phenomena and

Thus, the results from on-line gas analysis can be used toHM vaporization. Such a model was developed previously in

estimate the rate of vaporization of heavy metals by applying
the inverse model.

4.2. Case of realistic artificial waste

For realistic artificial waste made from real MSW, thus
containing organic species, the profiles of vaporization of
metals in the exhaust gas are the only data availddie.6
represents the normalized intensity profiles (i.e. relative

the case of HM vaporization from mineral porous matrices
[16]. The intrinsic kinetics of HM release obtained with a

particle-scale model will have to be compared with the global
kinetics from the inverse method.

Finally, the on-line diagnostic technique, tested success-
fully on realistic artificial waste, will be useful for both lab-
oratory studies and industrial process control of HM release,
and whatever the type of burner or incinerator. Moreover, the
same global method can be applied in incineration processes

gaseous concentrations) of the three metals Cd, Pb, and Znto determine the rate of formation of any pollutant, from the

They were fitted for time <1.5min and time >1.5 min.
For each metal, the vaporization rates from the solid (rep-
resented inFig. 7) were obtained by applying the inverse

0.04 fou, —+—Cd
= Pb
if 4 ——1Zn
=~ il
\';:3_0'03 J:‘ ,: 7n
3 Al \
% 0.02 &
.5 -'u 3
= f \\,\\ Pb
5 ‘
o ! J/
| £
S 0.01 | Ly, sme N
% M
=
0.00 I Cd/
T T T b T T T
0 1 2 3 4 5
Time (min)

Fig. 7. Results of inverse model: time course of the vaporization flux of
metal ) from the RAW.

measurement of its concentration in off-gas.

5. Conclusion

A global method was developed to determine the rate of
vaporization of metal from the on-line analysis of exhaust gas
ofincinerator burning real wastes. Itis aninverse method, that
was developed and tested by determining the rate of vaporiza-
tion from the analysis of the exhaust gas in the case of realistic
matrices derived from real wastes. It involves an on-line sys-
tem of gas analysis, based on ICP spectrometry, which is
coupled to the gas outlet of the reactor, and an inverse model
that was developed at the reactor scale. This procedure was
first validated with model wastes, based on mineral matrices
spiked with metal. It was then applied to realistic artificial
wastes made from real wastes. Whatever the matrix and the
metal, the kinetics of metal vaporization were deduced from
the on-line analysis results by applying the inverse model.
Then, kinetic laws could be determined from these profiles
of rate of vaporization.

This inverse method, which involves only an on-line anal-
ysis of exhaust gases and a model developed at the reactor
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scale, could be implemented to incineration processes to iden- [6] CITEPA (Centre Interprofessionnel Technique d’Etudes de la pollu-

tify the kinetics of release of any pollutant.
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