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Project Objectives

Project Incentives

Theory and Chemistry

Conceptual Flowsheet

MSWI Residues (fly ash, bottom ash) are considered as hazardous
materials, they contain:

1. Fine Particular Matter
2. Heavy Metals (transition metals, Pb, Zn, Cd, As...)
3. Organic Compounds (Polychlorinated dibenodioxins, PCDD, Furans)

In current practice, the waste is generally stored in confined cavities in
specific hazardous waste landfills (for example, French class I and II).
However, it is of great interest to the industry to turn this waste into
useful products and valorization is an attractive alternative.

Main Advantages:
1. Hazardous waste disposal costs are minimized.
2. Less area is reserved for disposal at waste site.
3. Reduction in operating cost by replacing expensive gas cleaning and

wastewater treatment agents.

1. Development of a novel method to efficiently and inexpensively
produce a bifunctional adsorbent from MSWI waste residues for:
- SOx/NOx adsorption in flue gas cleaning; and
- Heavy Metal adsorption in wastewater treatment.

2. Full utilization of ‘in-house’ materials (solids and gases) for the
synthesis process.

3. Flowsheet design to integrate the processes in a closed loop manner
to promote sustainable material cycle (regeneration and recycling).

First Stage –Material Characterization
Progress has been made in identifying producers of suitable waste
materials, and in turn potential users of the proposed technology. Two
Flemish incineration companies have become partners in this study.
They have provided waste material such as bottom ashes and fly ashes.

The first stage of study of these materials has been chemical and mineral
characterization. Numerous analytical techniques have been used:
 X-ray Diffraction (XRD) for mineral composition;
 X-ray fluorescence (XRF) and Inductively Coupled Plasma Mass

Spectroscopy (ICP-MS) for chemical composition;
 Scanning Electron Microscopy (SEM) for particle morphology;
 Thermal Gravimetric Analysis (TGA) for LOI determination;
 Nitrogen Adsorption (BET) for surface area measurement;
 Laser Diffraction (Malvern) for particle size distribution analysis.

Second Stage – Synthesis of Sorbents from Pure Materials
The second stage involves using pure chemicals to synthesize sorbents
as a way to learn about the process conditions and chemical make-up
needed. Two routes are currently being investigated: synthesis of
zeolites and synthesis of double-layer hydroxides.

Third Stage – Leaching of Waste Materials
The third stage consists in performing leaching tests under different
process conditions (such as pH, temperature, time, additives…) to
identify the ionic compounds that are most mobile from the waste
materials and that will participate in the sorbent synthesis process. The
results will permit the development of a preliminary process strategy for
material flows and reaction steps.
Fourth Stage – Synthesis of Sorbents fromWaste Materials
The fourth stage combines the previous findings to optimize the process
for synthesis of sorbents incorporating waste materials.
Fifth Stage – Sorption Testing
The sorbents synthesized will be tested for sorption performance in
wastewater and flue gas treatment applications.
Sixth Stage – Process Integration Design / Flowsheet Modeling
To raise industrial interest, process integration is key. In cooperation with
our partners, flowsheet modeling using computer-aided process
engineering (CAPE) software will be performed.

MSW incineration waste residues have great potentials for synthesis of

low cost adsorbents due to its high Si/Al ratio, which is essential to the

formation of mesoporous materials with high ion exchange capacity, high

selectivity for polar molecules, and a large pore volume. They also

exhibit an alkaline property which is a required precursor for the sol-gel

synthesis reaction.

The adsorbent formed should have the following properties:

1. Ion exchange: inherent ion exchange selectivity for metal cations.

2. Gas adsorption: selective absorption of acidic gas molecules

(SOx/NOx/COx).

3. Water adsorption: reversible adsorption of water without chemical

desorption or physical change.

Previous experimental work have demonstrated the feasibility of these
requirements, however, more research is required to solidify the proof-of-
concept of the integrated process and identify the lowest-cost synthesis
option.

• Kasteelpark Arenberg 23 - bus 2461, 3001 Heverlee, Belgium
• YiWai.Chiang@biw.kuleuven.be
• http://smartpro2.eu
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