Upcycling of construction waste inwood Incinerators
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NEW BED MATERIAL

Every wood plant uses ~1000 t/y
of quartz sand as bed material.
The resulting bottom ash largely

consists of the derivates of
bed material. Quartz sand

this
pro-

duces bottom ashes that have no
reuse application. A bed material
with reuse potential for the ce-
ment production Is construction

waste (sand fraction).

Optimisation of process parameters to improve ash quality for reuse as cement additive
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Fig. 2: landfill site. deposited on landfill [1].

WOOD ENERGY PLANT Methods

Hot, circulating bed material provides robust inciner-
ating conditions. The incinerator will function as an
nstruction waste.
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Investigation of material reactions from 50 to 1000°C temperature erator. Treatment time: 2h,
T = 1000°C.
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NEW CEMENT ADDITIVE

The bottom ash may be used as a second- Fig 4: Rotary kiln (1m length).
ary raw material in cement. This replace-
ment will save primary resources and thus
decrease the carbon footprint of cement.
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Electron microscopy

Ash petrography using
the BSE and EDX-
detectors on the Zeiss
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Left—macroscopic Impression. EVO50 SEM.

Right—XRD results.

Interpretation of the heating stage diffractograms

Main reaction stages

Quartz |
Calcite

Many new minerals form during heating. Be-
cause of a lack of information on high tem-
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perature crystal structures in the database,
the following approach was used: 0-

1) Select main reaction stages graphically.

2) ldentification of the phase assemblage by
help of previous studies [2], [3].

3) Semiquantitative interpretation (Fig. 6).

Fig. 5: Selected diffractograms showing the three main phase
assemblages identified using XRD-heating stage experiments.

Semiquantitative phase analysis: reactions from 50—1000°C
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Differences between heating stage & kiln experiments

Phase ambient  rotarykiln heatingstage  Evaluation of reaction kinetics:

[wt. %] 1000°C  1000°C | | |

= - » ? Reactions without chemical exchange are fast:

Quartz 24 34 2 calcite—Ilime—portlandite

Calcite 19 1 : . : _

Sl 1 1 Reactions with chemical exchange are slow:

Portlandite 25 Formation of belite, akermanite, wollastonite

a-Belite 43

B-Belite 1 12

Akermanite 4 25 The amount of the amorphous phase decreas-

wzg:lsiizn'te 1 2 es with higher temperature. Its role in the
3 L . L

e : : > phase formation is still under investigation.

Sheet Silicates 4 1

Table 1: XRD-results of different experimental setups.
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Fig. 7. Bottom ash microscpy. A—SEM-BSE image of a quartz grain

Bottom ash microscopy

Observations on the bottom ash petrography reveals ash layer
formation arising from reactions between bed material and the
wood-derived inorganic compounds.

Quartz grain Belite-like

i L\ The reaction interface is along the grain boundaries. The inter-
; Y action rim Is approximately 15 to 20 ym thick.
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croscopy (PPL).

Extrapolation of the laboratory results to fluidised bed conditions

Heating stage

Small grain size lead to high
Interaction between grains
and a slow heating curve: Re-
sults represent equilibrium
conditions. No likely scenario.

Rotary kiln

Rotary kiln experiments
with real grain size repre-
sent movement in Incinera-
tor: Results give Indica-
tions on reaction kinetics.

Ash microscopy

Limited bed particles interac-
tion before ash coating forms.
New phases form from inter-
action of quartz sand with
wood ash components.

Implications for optimising incinerator process parameters
Heating stage experiments revealed that at T=/00°C, belite, a clinker mineral, forms. The preceding ash
coating favours its formation. Belite gives late strength to the cement.

Ca-silicate formation starts at T=/50°C, but its formation is kinetically hindered, as rotary kiln experi-
ments show. Ca-silicates give no strength to the cement.

Selecting a bed temperature of 700-750°C will thus optimise the resulting bottom ash to a phase assem-
blage most suitable for the reuse of the material as a cement additive.
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