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MERCURY PROBLEM AIMS OF THE STUDY

Development of a model using a kinetic approach to describe the mercury adsorption process on
activated carbon based on data from a full-scale solid waste incineration plant equipped with a dry
flue gas treatment line. Previous literature on mercury removal with activated carbon was studied
and critical points in modelling to go beyond the state-of-the-art were identified and implemented in
the present study.
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RESULTS
O The model has undergone calibration and subsequent validation using datasets particularly chosen
including high and low Hg concentrations (19’500 five-minute average data points)
O When employing consistent Langmuir constants (i.e., Qma.. K k;) across different inlet Hg
concentrations, the calculated Hg removal efficiency seemed to be underestimated, particularly for

MERCURY ADSORPTION ON ACTIVATED CARBON IN A FABRIC FILTER
Hypothesis

Growing filter
cake

Activated carbon (AC) particles all spherical, uniform in
size, uniformly dispersed in the gas phase, and uniformly
distributed within the packed bed.
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MODELLING

The model is based on the pore diffusion mechanism and Langmuir theory for the equilibrium between the gas
phase and the surface of activated carbon particles. It neglects in-duct adsorption and focuses on Hg
adsorption solely within the growing bed deposited on the fabric filter surface.
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Figure2. First calibration and validation results: for Hg inlet concentration under 20 ug/Nm? (blue
curve) the model tends to underestimate the removal efficiency.

Adsorption on activated carbon 3—(: = Kky,m(Amaxm — 4)C —kzmq

Q As a result, the model was recalibrated independently for inlet Hg concentrations above and below
the abovementioned threshold. The outcome notably improved.

Q Overall, the model demonstrated the capability to estimate Hg removal efficiency in the FF unit with
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Calibration parameter Optimization range

1%t optimized 2nd optimized value
value

<20 pgMm? >20 pg/?

ac da%2C 2acC 5 _5-10-1 10+ 10+ 10+
g b _ _ Amaxact (Kg/kg) 105-5-10 4.88 - 10 4.95-10 4.81-10
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2ac1 (S —10° .63 - 10 .85 - 10 .69 - 10-
Amaxace (Kg/kg) 10°-5-10" 6.09 - 102 5.17 - 102
ey po—— . o Kqacz (m®/kgs) 10'-5-10% 1.01- 103 1.11 - 103
=HgClI2 concentration in the gas phase of the k -1 108— 10 5.44 - 102 5.48 - 102
q(z 1t =0) = q(z,1,ti_; = tp) internal pore (kg of HgCl2/m3 2ac2 (57 e & 1ns = &
Cp =HgCI2 concentration in the bulk gas phase of dpac1 (m) 9= 8.27 - 10 9.31-10
" - Clzrt=0) =Czr,tiy = tp) 2 o gasp dpacz (m) 5-1010-5-10¢ 205 10® 203 10°
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Cp(z 1 t; =0) = Cp(z 1, ti-y = tp) D, = effective pore diffusion coefficient ky, (m/mbar s) 1070 —10% 9.64 - 108 8.49 - 108
2 /g
L(t; = 0) = Lo o) N oo 510065 10" 5.00 - 100 521100
k; = Adsorption rate constant (m"3 kg"\(-1) s"(-1)) Tyacz 5-10°—65 - 10" 8.16 - 100 8.01 - 100
—Lo=cp ba = Desorpon e consart 1)
Cg(z=1L,t) =Cy§ k, = Gas-phase mass-transfer coefficient (m/s) Mean absolute percentage error (MAPE 1.32% 0.87%
qz=Lnrt)=0 k, = bed constant (m/mbar s) o
Cz=Lrt)=0 L = Filter cake thickness (m) 1st validation results 2nd validation results
Qac = Sorbent loading in the flue gas (kg/m?) 100 - 100
9Cp -0 Qbie = Bicarbonate loading i the flue gas (kg/m?) 2% Error 5 2% Ermoe
9z - q = Hg adsorbed on the sorbent (kguy/kgac) - 3% Error - 5 o8 3% Ermor
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99 -0 » I C) & 5
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tot = total # an
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The coordinate transformation technique and finite difference approximation was applied to make the system of
differential equations (i.e., Langmuir equation, Hg mass balance along the bed and inside the AC particle) more
tractable and solvable with an adaptive step size Runge-Kutta solver. With respect to previous studies which
considered static operating conditions, the model developed in the present study takes into consideration the
Hg concentration variability at the FF inlet and the simultaneous injection of two different types of activated

carbon

RESOLUTION (AS R-K)
IC and BC implementation
Finite Difference Approximation (FDA)

System of equations resolution (AS R-K)

Figure 3. Validation comparison of the recalibrated model: (left panel: 15t model - 328 validation data
points outside 3% error band; right panel: recalibrated model - only 59 data points outside 3% error band)

CONCLUSIONS
Q0 The model performance indicators confirmed the effectiveness of the applied methodology but
there is potential for further improvement.
Q A critical review of the initial hypotheses could amplify the complexity of the phenomenon's
description.
Q This could involve incorporating elemental mercury, currently overlooked, and accounting for
the packing phenomenon in the filter cake.
0 Additionally, investigating the delay between flue gas entry and exit from the FF presents
another point for exploration.
Q Further refinement of the model includes optimizing the algorithm employing more robust
resolution techniques, enhancing the accuracy and minimizing the computation time.

INPUT
* 2AC properties (Rp, dp, Pp, Pb, €p» €p Gmaxs K1, k2,Tp)
« Bicarbonate properties (py, pp. €p, €5)

« Mercury info (MW, Dyy)

« Plantinfo (As, tr)

« Plant operating conditions (C£", Qac, Qpic. T, u, dpgr)

(Auto-updated)
PARAMETERS ESTIMATION
Adsorption parameters (Dicn, De, Sh, kg)
Mixed properties (. prot. €5,cot)
Deposition velocity (i)
Bed length at each 5-min interval (kp, Lo, Lr)

STORE RESULTS (5-min)
Store AS RK results (5-min)
Return to dimensional values

Extract conditions in the last instant
of the 5-min interval i (FC)

NORMALIZATION AND DISCRETIZATION OUTPUT FUTURE DEVELOPMENTS
Hg concentration in AC and Bulk (C, Cy) Hg concentration in AC and Bulk (€, C5) . . . . P .
AC capacity (q) AC capacity (q) - QO The model was developed with the intention of integrating it into phenomenological models for the
s 2=0, : h e T
. Bed ,eng‘f'1 min interval (1) s ) Removal efficiency (Wrem(l) =1- C:(Fm) creation of virtual sensors, specifically for mercury monitoring in Waste-to-Energy plants. These

virtual sensors serve as backups in the event of stack mercury analyzer failures, bridging the

* Parameters oplimized in the calibration phase

monitoring gap until the physical analyzers are reinstated.

MODELLING APPROACH REFERENCES Q The model has also the potential to play a key role in a data-driven activated carbon feed control
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strategy, thereby contributing to increased economic and environmental sustainability in WtE
plants.
Related paper: Speroni et al., 2024. Mercury adsorption on activated carbon in Waste-to-
Energy: model development and validation on real plant data. Waste Management 184:72-81.



