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What’s the problem?

We are producing wastes (Construction and Demolition Waste —C&DW)
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What is the challenge?

Transforming wastes ....
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What is the challenge?

... into secondary resources
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Global context

Development of materials and
alternative techniques for buildings

Increasing insulation (energy)
performances of housing

Increase of relative weight of building
materials vs. environmental impact

Needs for developing new materials

G. Escadeillas, Métamorphoses, Liege, 2011
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Global context

Approximate value of energy
consumed at each phase

»=) Importance of material
selection for infrastructures
and housing

3R theory: Reduce, Reuse
and Recycle

Energy fraction (%)

Energy fraction (%)

Civil aircraft

Family car Applianne {refﬂgaratw]
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Multistory parking lot
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Private house Fibers (carpet)
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Ashby, 2022
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Agriculture,
forestry and
Services fishing Wholesale of
G I O ba I con text (except L waste and scrap
wholesale of Energy 1%
waste and 3%

scrap
Construction sector (/year) Househoids ‘
Construction
850 millions tons of waste 38 %
Manufacturin
1/3 world waste production 1006

30% CO, total emissions
9 billion tons of concrete
50% vol. aggregates

25% VOI. Sand Mining and
quarrying
23 %

(Eurostat, 2022)
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Global context

Market for aggregates/sand
Trend in total EU27 + UK + EFTA Tonnages (in billions of tonnes) for the production of
aggregates (UEPG 2021) - 26,000 quarries and pits, operated by 15,000 companies
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Global context

2019 aggregates production in Europe in millions of tonnes by country and type
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UEPG, 2021. European Aggregates Association — Annual Review 2020-2021, Brussels, 30 p.
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Global context

3 billion tons produced in EU27+UK+EFTA in 2019 (UEPG 2021)

Virgin Aggregates Recycled Aggregates

46.9% crushed
rock

39.7% sand &
gravel

Construction & demolition
wastes (CDW)

9.3% recycled (278
million tonnes)

Concrete

Mixed

INTERREG NEW CirMAP -

Valorisation of Recycled fine aggregates through 3D printing of customized shapes (WP1T1)
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Global context

NWE countries (BE, DE, FR, NL,

UK) are responsible for:
47% of the virgin aggregates
production (1417 Mtons)
89% of the recycled aggregates
production (248 Mtons)

Percentage of recycled aggregates in the

total aggregatesproduction [%]
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INTERREG NWE CirMAP - Valorisation of Recycled fine aggregates through 3D printing of customized shapes (WP1T1)
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Global context

In 2023, the leading
exporters of sand were
United States (563 M$),
Australia (273 M$) and
Netherlands (208 M$)

_ UNITED STATES

IN MILLIONS OF METRIC TONS

2010 2015 2020 2025€

World sand demands in millions of metric tons
(https://iveybusinessreview.ca/6580/lafargeholcim-the-plastic-solution-to-

the-global-sand-wars/graphic-2-world-sand-demand/)
https://oec.world/en/profile/hs/sand 12
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Global context

(Nedeljkovic et al., 2021)

Erosion (rivers, coasts, ...)

Extraction of sand BGs, 2023)

13
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Conditions for recycling:
requirements, barriers, applications
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Conditions for recycling

Possible applications

* (Back)Filling materials: low requirements, consumed in large quantities, for
embankments but transportable over short distances due to costs;

* Aggregates: high quality requirements to lead to finished products of quality
identical to that of traditional materials;

* Binders: very precise specifications, properties must remain constant over
time;

e Activators: small quantities, which can cause problems of collection, storage,
distribution and regularity.
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Possible restrictions/barriers

Transport
Transport price = f(quantity, distance)
Independent of the guality
Recycling interesting if
Landfill far away (if landfilling is accepted)
High dumping charge
Expensive raw materials and difficult supply
Standards

a material has not specification because it is new and not used
a material is little used because it is uncovered by specifications




Possible restrictions/barriers

Possible applications
* Technique
* Constant properties - Material quality
* Logistic et economic
e Constant production
* Environmental impact
* LCA

Use of recycled aggregates in concrete — opportunities for upscaling in Europe. J. N. Pacheco, J. de Brito, M. L. Tornaghi,

2023 (JRC Science for policy report (ISSN 1831-9424))
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Possible restrictions/barriers
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Most significant challenges for implementing circular economy in industrywide

(survey-2017)

Complexity of buildings -

Fragmented supply chain §

Low value of material/products at
end of life

Unclear financial case

Lack of market mechanisms for [

r 0 Researchers and consultants

Lack of consideration for end-of-life 1 # Contractors
issues (buildings) 5
Lack of incentive to design for end |5 R
of life (products) m Overall

Sl oossisl il
rr I II I P IR YN
2]

Lack of circular economy knowledge

Limited awareness across supply

Lack of interest

10 15 20 25 30 35 4‘~0
Mean score

Tebbat Adams, K., Thorpe T., Osmani M., Thornback J., “Circular economy in construction: current awareness, challenges
and enablers”. Waste and resources management 170 (1) (2017) 15-24
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Natural Aggregates vs. Recycled
Aggregates
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Recycled aggregate production

Second crushing

Recycled aggregates Sieving Washing + air Manual separation
sorted by granulometry separation

20
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Recycled aggregate production

Construction and
Demolition Waste

FRCA (d <4 mm)

/\

Sands
(0.125 mm <d <4 mm)

Fines
(O mm <d <0.125 mm)

21
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Recycled aggregate production

Impact crusher
* allows producing very fine
fractions
* induces the biggest wear
* limited by the primary size of
waste to be treated
Jaw crusher
* to treat bulky waste like concrete
slabs
* does not allow to produce very
fine particles
* generally requires a secondary
crushing

Impact rack —— — -
)
Impact plate ———_ o —— Wall
Adjustment ——

——— Blow bar
~ Rotor

Effects of crushing method on the properties of produced recycled concrete aggregates. J. Hubert, Z. Zhao, F. Michel, L.

Courard. Buildings 2023, 13, 2217 (https://doi.org//10.3390/buildings13092217)

22
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Recycled aggregate production

Experimental program

Aggregates nature Limestone
Aggregates 2/7 mm (kg/m?3) 368.8

Aggregates 7/14 mm (kg/m?3) 345

Aggregates 14/20 mm (kg/m?3) 433.5

Sand 0/4 mm (kg/m?3) 604.9

Cement quantity (kg/m?3) 400

Cement paste volume (dm¥m3) 351

Efficient water (kg) 224.2

Superplasticizer (g/kg cement) 0

Limestone

368.8

345

433.5

604.9

CEM Il 52.5

400

358

224.2

0.56

Sandstone

368.8

345

433.5

604.9

CEM152.5

400

351

224.2

0.56

Limestone

405.1

379

476.2

664.4

CEM152.5

320

282

180.6

0.56

6.8

ame e | _cow owwi

Limestone

367.1

343.4

431.5

602.1

CEM152.5

452

351

207.1

0.46

33
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Materials processing: washing

* The flakiness index

decreases with increasing >0
| f t 45 —e— Jaw crusher - Reference
granuiar traction ——Jaw crusher - CEM I
« The jaW crusher produces 40 —A— Jaw crusher - Sandstone
. = 35 —&— Jaw crusher - Low cement
flakier aggregates —} S —e—Jaw Crusher - Low W/C
sand! a 30 —e—Impact crusher - Reference
] ,-E 25 ——Impact crusher - CEM IlI
* No influence of the concrete ﬁ —a— Impact crusher - Sandstone
composition £ 20 —=—|mpact crusher - Low cement
8 15 —e—Impact crusher - Low W/C
('8
10
5
0

4 7 10 13 16 19 22 25
Granular fraction [mm]

Effects of crushing method on the properties of produced recycled concrete aggregates. J. Hubert, Z. Zhao, F. Michel, L.
Courard. Buildings 2023, 13(9), 2217 (https./doi.org//10.3390/buildings13092217)

24
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Materials processing:
crushing

Porosity is due to the presence
of hardened cement paste and
mortar

Water absorption coefficient of
aggregates increases as coarse
particle size decreases

14,00

12,00

10,00

8,00

6,00

Water absorption [%]

4,00

2,00

0,00

W Jaw crusher Reference M Jaw crusher CEM [l M Jaw crusher Sandstone
M Jaw crusher Low Cement Jaw crusher Low W/C
6.3/8 12.5/20 20/25

Granular fraction [mm]

Effects of crushing method on the properties of produced recycled concrete aggregates. J. Hubert, Z. Zhao, F. Michel, L.
Courard. Buildings 2023, 13(9), 2217 (https://doi.org//10.3390/buildings13092217)

25
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Material processing

Evaluation of cement paste content

Natural
aggregate

Adherent

cement
paste

N
Originel
/ aggregate

Cement paste

Quartz, Dolomite, Calcite
Not solubles in salicylic acid

C,S, C;S, Ca(OH),, C-S-H, Ettringite
__ Soluble in salicylic acid

Not soluble in salicylic acid

C,AF, AFm —> CEM |
"~ Calcite, GGBFS...— CEMII, Il

Quantification of hardened cement paste content in fine recycled concrete aggregates by means of salicylic acid dissolution. Z. Zhao, J. Xiao, D. Damidot, S. Remond, D. Bulteel, L. Courard. Materials

2022, 15, 3384. (https://doi.orq/10.3390/ma15093384)

26
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Material processing

Evaluation of cement paste content

1. Preparation of a solution of 14 g 2. Dissolution of 0.5 g (M, ground 3. Filtration of residual solid after
of salicylic acid in 80 mL of sample) for 1 hour in the prepared dissolution with a glass filter
methanol solution {pores: 10-16 pm)

J,

4. Dry the solid residue in the oven at
70 °C and measure the mass of
residual solid (M,)

a

A 4

Quantification of hardened cement paste content in fine recycled concrete aggregates by means of salicylic acid dissolution. Z. Zhao, J. Xiao, D. Damidot, S. Remond, D. Bulteel, L. Courard. Materials
2022, 15, 3384. (https://doi.org/10.3390/ma15093384) 27




Materials processing:

recycled mixed/concrete aggregates/sand

crushing 10

8,1

« Fine content (< 63uym) higher &
in mixed aggregates and c 8
significantly reduced by 2 -
washing 9 6 :
* Fine fraction higher in mixed £ ,
aggregates o
 Washed aggregates respect “E" 2 T
regulations in all considered = 0,2
countries 0

Washed Unwashed Washed mixed Unwashed
concrete 4/20 concrete 0/20 4/20 mixed 0/20

Effects of crushing method on the properties of produced recycled concrete aggregates. J. Hubert, Z. Zhao, F. Michel, L.
Courard. Buildings 2023, 13(9), 2217 (https./doi.org//10.3390/buildings13092217)
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Max. allowed

28
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Materials processing:
crushing

—
o

o]

Water absorption of the
washed RCA significantly
decreases after washing:
from 6.5 to 5% between U-
RCA and W-RCA, and from
7.9 1o 7.2% between U-RMA
and W-RMA.

= (o)}

Water absorption by immersion [%]
[\

U-RCA W-RCA U-RMA W-RMA

Effects of crushing method on the properties of produced recycled concrete aggregates. J. Hubert, Z. Zhao, F. Michel, L.
Courard. Buildings 2023, 13(9), 2217 (https://doi.org//10.3390/buildings13092217) 29
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Recycled aggregate concrete production

Influence of the recycled
sand saturation level 100

(S =Saturated and D = Dry) —de CM-0.5.5
e 80
Slump (Abrams cone) g —&—CM-0.5-D
higher for RM-D vs RM-S TE' 60 - @~ RM-0.5-S
@
Slope higher for RM-D vs € ——RM-0.5-D
RM-S @ 40 - A= RM-0.55-S
E —>¢—RM-0.55-D
< 20
== RM-0.6-S
0 —@— RM-0.6-D
0 30 60 90 120 150

Temps (mins) 30



ITZ microstructure

Saturated

100 ym

Recycled aggregate concrete production

CPS1(1)

Nouvelle
péate

.

ITZ

Ancienne
pate

")
o

N v
)

o

o / By
0 K
. K
. -~
.

Nouvelle
pate
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Circularity of Prefabricated Concrete
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CIBER project: PREFAB concrete elements

Sampling of
deconstruction
material flows

==

iy,

< -
- |
F 4 Y
- INEMIND
, I

Wallonia
& {""

Design of modular
blocks + preparation
of reference blocks

made with natural

\

Implementation of

prototypes :

A 4

construction using

modular blocks,
concrete elements

aggregates
Processing Recycled Upgrading of Formulation
of flows aggregates aggregates adjustements
Upscaling :

preparation of
aggregates from the
industrial line

—
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Comparison between natural and recycled sands

Remmo

{‘:"

Passing (%)

Dreux-Gorisse optimal curve

100
90 - = = Référence
—e—ICM2-A /
80 !
—e—ICM5 /
70 ICM5-A /I
—e—ICM6
60
50
40
30
20
10
0 L Iy L L PR A L L P P )
0,01 0,1 1 10 100

Diameter (mm)

Comparison of sieving curves
100 ﬂ?l—ﬂ—n—-—n
90 ——| —=—Sable de Meuse 0/4
80 —— —=—Sablecalcaire 0/4 //_
70 ——— - RCA_LDO0/4
;\; 60 / 1
2 [
‘B 40
g Vi
o 30
20
10 ; /
o L I I
0,01 0,1 1 10 100
Diameter (mm)
Ageresates Fine content Water absorption Density
Beree (%) (%) (ke/m?)
Meuse sand 0/4 0.9 0.5 2750
Limestone sand 0/4 2 0.75 2700
RCA_LD 0/4 3.44 5.88 2296

34




Results for fresh and
hardened concrete

Resistance : C30/37
Environment : EE3

¢ LIEGE université

" ReMIND
Wallonia
(4

LSSy

Reference 2361 230 2,2
ICM 2-A 2266 245 2,8
ICM 5 2190 220 3,6
ICM 5-A 2204 210 3,1
ICM 6 2313 230 1,6

Compression strength [MPa]
8 8 &8 8 8 3

=
o

0

20,3 18,2

I 12,4 11,6

24h

12,4

7]

49,8 49,9

28]

I Reference - 100% Natural

49% -W/C: 0,50

53% -W/C: 0,50

Replacement 4/7 et 7/14

m78% -W/C:0,50

m78%-W/C:0,54

Sciences Appliquées

35



¢ LIEGE université
Sciences Appliquées

Recycling Concrete Aggregates from
industrial production waste
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RCA manufactured in laboratory

» Old concrete from block
wastes (C8/10 concrete)

» Crushing (jaw crusher in
laboratory, opening =10mm)

» Separation of RCA by
sieving (0/20mm)

* Four granular classes: 0/2 -
2/6.3 - 6.3/14 - 14/20

Use of RCA from precast blocks for the production of new concrete building blocks: an industrial scale study. Z. Zhao, L.
Courard, S. Groslambert, Th. Jehin, A. Léonard, J. Xiao. Resources, Conservation & Recycling 157 (2020) 1-13
(https://authors.elsevier.com/a/1ahbs3HVLKiAuJ)( http://hdl.handle.net/2268/246444) 37



Water absorption Wa (EN 1097-6)
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« Cement Paste Content and 16,00 -
WA of 0/2mm fraction larger 14,00 -
than three coarse fractions 12,00 -

m Cement paste content

® Water absorption

0/2 2/6.3 6.3/14
Granular fraction (mm)

14/20

Use of RCA from precast blocks for the production of new concrete building blocks: an industrial scale study. Z. Zhao, L.
Courard, S. Groslambert, Th. Jehin, A. Léonard, J. Xiao. Resources, Conservation & Recycling 157 (2020) 1-13
(https://authors.elsevier.com/a/1ahbs3HVLKiAuJ)( http://hdl.handle.net/2268/246444)

38
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Compressive strength

« Compressive strengths of

concretes with RCA are 10

slightly lower than those of = 100 I T

concrete with natural H

aggregate % 50 .
« Compressive strength of § R uRc_7d

concrete made with 100% B ap = Re_28d

RCA at 28 days is 8 MPa g

(14.4% decrease) 8

0,0 -
B_RCAO B_RCA30 B_RCA100

Use of RCA from precast blocks for the production of new concrete building blocks: an industrial scale study. Z. Zhao, L.
Courard, S. Groslambert, Th. Jehin, A. Léonard, J. Xiao. Resources, Conservation & Recycling 157 (2020) 1-13
(https://authors.elsevier.com/a/1ahbs3HVLKiAuJ)( http://hdl.handle.net/2268/246444) 39
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3D Printing with Recycled Sand
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design opportunities

environmental impact

—>

alternative binder

100% recycled sand

interreg H

North-West Europe
CIRMAP

European Regional Development Fund

THEMATIC PRIORITY:

Project objectives:
CIRMAP aims at finding new opportunities for the
valorisation of Recycled Concrete Fine Aggregate
through 3D printing of customized shapes.

ey o o
e ARMINES 0" WWW.nweurope.eu
-3 .

&‘_glm OPFA Rl kst }»-AF . (s
nancen ) == Q O~ sme AT
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CIRMAP
3D printing
Porosity
Capillary absorption tests NBN EN13057 o Influence of the printing process (casted samples
o Influence of the printing process (casted vs printed samples)
samples vs printed samples)
o Water absorption [kg/m?] and absorption 24
coefficient [mm/h©-3]
22 21,1 2.2 20,4 20,7 -
1,0 20 '
88 8,3 8,2
S 08 18 74
5 X
o [2)
= —
.g 0,6 é_ 16
S 8 14
& 04 5
2 12
8 0.
g 10
= 00
; 2d 7d 28 d 56d 91d
0 5 10 15 20 95 ays ays ays ays ays
—oCasted —e—Printed Time [h] ™ Casted M Printed

Use of recycled fine aggregates in high added value applications. J. Hubert, Y. Muy, L. Courard. International
Conference on Advances in Engineering and Technology for Sustainable Development. Hanoi University of Civil

42
Engineering, Hanoi, Vietnam, Nov 2-3, 2023 (https.//hdl.handle.net/2268/308792)
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miterreg H
North-West Europe
CIRMAP

T — )

3D printing

Three points bending and Casted samples (4x4x16 cm  Printed samples (4x4x16 cm prismatic samples
compressive strength prismatic samples) extracted from S shaped printed elements)
o Influence of the type of sand
(natural crushed limestone sand vs 100
concrete RFA) _ %0
o Compressive strength (moulded § 80
samples) g
o Water curing (20°C and 95£5% g gg
relative humidity) v
2 40
S 30
§ 20
10
0

2 days 7 days 28 days 56 days 91 days

B Tradecowall RFA W Limestone sand 43



3D printing
Compressive strength
o Comparison printed vs casted : lower resistance

o Influence of the orientation of the layers: anisotropy of properties Rc (0z) < Rc (0x)

(0z) § (0x)

Cg | o

Orientation | Orientation Il

100
90
80
70
60
50
40
30
20
10

0

Compressive strength [MPa]
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miterreg @
North-West Europe
CIRMAP

s B Devsimesd Fot

Printed samples (0z)

Printed samples (ox)

Casted samples

7 jours

28 jours

44
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miterreg H
North-West Europe

CIRMAP

s B Devsimesd Fot

3D printing

Influence of curing conditions

o Casted samples with RFA -
4x4x16 cm

o Curing in « ambiant » conditions
(60% H.R.) for simulation on site
conditions

o Water curing (20°C and 95+5%
relative humidity)

45
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T IRMAD
3D printing Houring a1 95% IR
100 ' mcuring at 60% HR|
90 |
-E-':- 80 | |
Influence of curing conditions % 20 |
o Casted samples with RFA - < |
4x4x16 cm 2 60 |
(]
o Curing in « ambiant » conditions % 50 |
(60% H.R.) for simulation on site 2
conditions @ 40 | f
]
o Water curing (20°C and 95+5% ‘g‘. 30 | .;
relative humidity) o
© 20 | |
10 | {
o' '

2 jours 7 jours 28 jours 56 jours

46



¢ LIEGE université

Sciences Appliquées
3D printing inierreg W
North-West Europe
Adhesion between layers via direct tensile strength (NBN B15-211) CIRMAP
2,92 £ 0,06

2,51+0,20 2,69+0,31 2,25+0,13

2,03+0,11

5cm

B
L

i .

S5cm

Schéma de rupture
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miterreg H
North-West Europe
CIRMAP

s B Devsimesd Fot

3D printing: student contest




3D printing
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miterreg @
North-West Europe
CIRMAP

st e et P
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Rammed Concrete
with Recycled Fine Aggregates
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Rammed earth (« pisé »)
with recycled fine aggregates

T

Peter Zumthor’s Secular
Retreat (Walsh, 2018)

Rammed concrete for one-storey
private house (Astbury, 2019)

The chapel, by Thomas von Arx

51



Rammed earth (« pisé »)
with recycled fine aggregates

= |ow maintenance, low-tech construction process and
economical to build il

&, # LIEGE université

Sciences Appliquées
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Recycled fine aggregates

» Composition
* Granulometry 0/4

wood . fick (Rb)
pl.aster, (X)

m Rc: concrete, mortar (37%) |
® Ru: natural stone (26%) |
m Rb: brick (8%)

m Rg: glass (0.34%)

W X: other; wood, rubber,
plastic, ... (29%)

Rcu: 63%
XRq: 29.34%

Percentage by component mass :
Rammed Concrete with Recycled Concrete Aggregates : opportunities and performances. M. Long, S. Grigoletto, R. Libert, J. Troquay,

L.Courard. Building Materials (under reviewing) >3
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Recycled fine aggregates (Makara, 2023)

« Compressive strength vs mixes (15% cement + 10% water + 75% RFA 0/4)
with different aggregates (NS = natural sand — R2 = Original RFAs — WR = Washed RFAs)

NN N W
o &~ 0 N

Compressive strength [MPa]
=

Influence of cement content

32
28
24
20
16
12

8

Compressive strength [MPa]

o &~

R2 NS

Mixes

Rammed Concrete with Recycled Concrete Aggregates :

L.Courard. Building Materials (under reviewing)

5 10 15
Cement content [%)]

WR

opportunities and performances. M. Long, S. Grigoletto, R. Libert, J. Troquay, 54
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DUN?ES FTJ project:

Fines
Sand

Cement

/ Water




%, ¢ LIEGE université
Sciences Appliquées

- TN €
el R A

DUN?ES FTJ project: composition & design

Optimal water content at 7 days (cement content = 180 kg/m?) - 10%, 20% &

30% of RFA (F)
« Until 30% F, real compressive strength at 28 days increases with RFA content
* Optimum fines content not reached yet 75

Variations between real and theoretical water contents

. . . . . © 7,0 __21,74%;6,73
» After investigation, fines behave like aggregates s or.
2 65 — 1 L et L e
g .
E 6.0 ‘e R? = 0,9967
£
Fines content (%) 07dreal (MPa) | G2g4¢p (MPa) :f 55 ot R S o
10%F 6.73 6.75 11.34 10.82 e ., S . . R -08134
20%F 6.07 6.67 9.94 11.37 g
Q.
30%F 5.59 6.91 9.16 e £ e
4,0 °
3,5
17% 18% 19% 20% 21% 22% 23% 24% 25%

Real water content [%]

©A8-F10% ®A8-F20% ®A8-F30% 56
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DUN?ES FTJ project: mechanical performances

12,00

10,00

8,00

Compression strength (MPa)
(2]
o
o

0,00

Mechanical performance of compressed bricks

Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al12 A13 Al4 Al5 Al6

EEEN Rc7 W RC28 e==—9% Ciment

14%

12%

10%

8%

6%

4%

N

%

0%

% of cement

Cement : CEM IlII/B 32.5 N

Concrete block : 15 MPa

Fire bricks : 10 MPa

Gypsum : 5-6 MPa

Compressed earth brick : 4 MPa

Stabilised Compressed Earth Brick : 6 MPa

Reuse of fines particles from concrete recycling (< 63 um) for the manufacture of compressed bricks. R. Libert, J. Troquay, F. Michel, L.
Courard. 2™ [nternational Conference on Net-Zero Built Environment: Innovations in Materials, Structures, and Management, November
05 - 07, 2025 | Cape Town, South Africa.
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Carbonated Sand from
Incinerated Municipal Solid Waste
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Carbonated IMSW

Grey colour material (200 kg/ton)
Variable granulometry
CaO content — 18 weeks maturation
Humidity content
- up to 20% by weight after extinction
*10% by weight after draining
Density

«1000 kg/m? when extracted
1100 to 1200 kg/m3 after treatment

TURBO ALTERNATEUR
RESEAU ELECTRIQUE

ATOMISEUR

OEOHESS LAIT DE CHAUX

APEUR
¥ CHAUDIERE

ANALYSE
DES FUMEES

FILTRE
A MANCHES)
CHARBON ACTIF

REFIOMS

RECUPERATION

ARRIVEE
DES DECHETS DES MACHEFERS

TOURDE  CHEMINEE
LAVAGE

granova® 0/2 granova® 2/12 granova® 0/32

/ReEmMIND
Wallonia

ReMEX GmE L -

CARBOC
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Carbonated IMSW

Parameters

= Particle sizes: 0/2 & 0/20 mm

= Exposure period: 1, 2,4, 8, 24,48 & 168 h

= Moisture content (WC): 2, 20 & 45%
Carbonation

CaO + H,0- Ca(OH),

Ca(OH), + CO,-» CaCO; + H,0O
Carbonation conditions:

= Temperature: 30 1 °C

= RH: 60 +3% FRegTIo
= CO, concentration: 12 % (vol.) -
Accelerated carbonation of municipal solid waste incineration bottom ash for alternative aggregate production. CARBOC

.LE. Kanjo, J. Hubert, J.T. Tchuindjang, S. Marquis, Ph. Descamps, L. Dupont, L. Courard. 10" International
Conference on CONCcrete under SEvere Conditions — Environment and Loading 2024, Chennai, India 60
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Carbonated IMSW

= CO, uptake - 0/2 particle size

18
16
<14
212

CO2 uptake (g/kg of M
o N M O 0 O

Efficiency of processes for the carbonation of municipal solid wastes bottom ash. I. J. Kando, L. Courard, J. Hubert. 1st International
Conference on Research and Application of Carbonation Technology for Wastes and Concrete (ReACT2024), Hong-Kong, 11-13 Dec 2024
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Carbonated IMSW

= Compressive strength — 10 vs 25% IMSW - carbonated vs natural maturation

Compressive strength (MPa)

70
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Sciences Appliquées
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Sciences Appliquées
Carbonated IMSW
= Freeze-thaw cycles — 10 vs 25% IMSW — carbonated vs natural maturation
8
7 X —
X

6 10%
S X
E s =
F, B —
<
2’ ¥
o 3 ° °
n o

O
2 X ®
A A A 25%
1 e A X X X
A
0
0 7 14 21 28 35 42 49 56 63

Number of cycli (-)
@ CBA A CBC25 X CMS25 mCBC10 X CMS10
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CarboNEX

= Experimental room for accelerated carbonation (temperature, humidity and CO2 concentration)

PNRR é@
B i

Wallonia Wekori 64
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Recycled Fine Aggregates
from Bricks




Brick fines

Flow of brick waste: 1-2% of C&DW in BE/North of France
Valorization

= Reuse of bricks
= Aggregates: landfilling/recycling for backfilling
= Brick fine particles

Recycled brick fines for new alkali activated binder. A. Grellier, D. Bulteel, L. Courard. 17th International
Congress on Polymers in Concrete ICPIC 2023, Sept. 17-20th, Warsaw.
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interreg 9

UNION EUROPEENNE

France-Wallonie-Vlaanderen et oie

\A
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Brick fines miterreg

France-Wallonie-Vlaanderen (it
= Mineralogy

Oxides (%) CaO SiO2  AlOs  Fex03 KoO NaxO MgO TiO2 Total
Brick fine 1.7 62.8 104 16.3 2.1 0.6 2.2 2.4 99.3
GGBFS 429 38 10.8 0.5 0.3 - 6.5 0.7 99.5

= 3 types of grading

» B1:dsy= 3.3 um (with supplementary cyclogrinding)
» | B2 :d50=20 um
» B3 :d50=190 um

ubstitution of limestone filler by waste brick powder in self-compacting mortar: properties and durability. Z. Zhao, A.

rellier, M.E.K. Bouarroudj, F. Michel, D. Bulteel, L. Courard. Journal of Building Engineering 43, 102898 (2021)
ttps./doi.org/10.1016/j.jobe.2021.102898) (http://hdl.handle.net/2268/261528)
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Sciences Appliquées
Brick fines: alkali-activated materials wterreg B
Brick fine particles GGBFS e
B2

[ Alcali-Activating Solution

J

Soda (NaOH) b
Sodium Silicates (Na,SiO,)
(Si0,/Na,O: 1.45)

J
K Substitution \

10, 20, 30 and 50 %

Characterization at
7 and 90 days

- /
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Bricks fines: mechanical strength

= BLM: quicklier kinetics - Rc = GGBFS from 90 days

100
90
8
7
6
5
4
3
2
1

Compressive strength (MPa)
OO0 oo oo o o

I I
I
1 W
A &
1 I
= & s
1 7 28 a0
Days

BL: slower kinetics — Rc | when [brick fines] 1

Brick fines can act as a precursor

T

180

W GGBFS
W BL 10%
™ BLM 10%
BL 20%
BLM 20%
'BL 30%
¥ BLM 30%
BL 50%
BLM 50%
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interreg [

France-Wallonie-Viaanderen et vie
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Conclusions
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Natural resources vs. recycled resources for sand

;l’ MOOC

Good opportunities (quantities) LIEGE université

Preparation is important
Grading and washing
Specific treatment (fineness, shape, grading)

AGGREGATES and SAND FROM C&DW
are suitable for several applications

71



