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Enhancing the alternative and circular industrial ecosystem for

aluminosilicate-based construction materials
18th Geopolymer Camp — July 8-10, 2026 | Saint-Quentin, France
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Introduction R

Interreg programme priority 2
Strengthening the resilience and adaptation of territories to risks related to climate change

Specific objective 2.4

Promoting adaptation to climate change, disaster risk prevention and resilience, taking into
account ecosystem-based approaches.

Project proposed solution

Recovery and valorization of untapped local and/or circular resources in the Interreg FWVL area
for the formulation of demonstrators aimed at fostering the industrial uptake of alternative binders
such as geopolymers and alkali-activated binders in the construction sector.

Target sector

« Construction sector

* Quarrying sector

* Recycling sector
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Definition Key properties
Fine particles, < 2 pm Plasticity
Hydrated phyllosilicates High specific surface area (SSA)

lon-exchange capacity

Stacked nanometric layers (~1 nm)
Swelling / shrinkage

Applications Limits — activation
Construction: cement, bricks, concrete Many clays show low chemical reactivity
Industry: ceramics, paper, paint Limited performance in the raw state
Environment: depollution, water retention Activation is required to use them

Activation modifies the structure to boost reactivity, performance and added value.

Mouhamadou Amar —
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= Chemistry - structure - surface - size Al2SiBuild
Clay reactivity is governed by four coupled factors (Dan Meng et al., 2026): IMT Nord Europe =
https://doi.org/10.1016/j.mattod.2025.11.024 e e e
Chemistry — Si/Al ratio Structure Reactivity
Lower Si/Al (=2) - greater reactive potential
TO Low Simple Higher
Crystalline structure ToT High Complex .
Layer type (1:1 vs 2:1) sets the framework

Different chemistries = different behaviours.

Specific surface area (SSA)
Higher SSA - more reactive sites

Particle size (PSD)

Finer particles - faster dissolution

The more complex the structure, the higher the reactivity — larger SSA and finer particles accelerate dissolution
and reaction.

Mouhamadou Amar — mouhamadou.amar@imt-nord-europe.fr
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il Energy - cost - time - trade-offs

Principle Time Advantages Limitations
Thermal — classic | Heating 600-900 °C - High / High min—h Mature, industrial; high Energy-intensive;
dehydroxylation & reactivity recrystallization risk
amorphization
Thermal — flash Ultra-fast (~0.1-1 s) gas- Medium / ~0.1-1s Very high reactivity More complex; precise
suspension heating opt. (~80%) control
Mechanical — Intensive grinding > Low / Low medium Simple & eco-friendly; Lower reactivity alone
MCA structural disorder low cost
Chemical — Reagents modify the Variable / medium Boosts reactivity; Reagent cost;
acid/alkaline structure High combinable environmental impact
Combined Several techniques combined High / High variable Maximum, tunable Industrial complexity;
reactivity high cost

— Flash calcination is the activation route adopted in Al2SiBuild: very high reactivity at a low energy footprint.

Mouhamadou Amar —
mouhamadou.amar@imt-nord-europe.fr 7
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Materials preparation & activation Flash calcination principle
Principle Advantages m’ el
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Burner source QUiCkness
The processtakes aboutls
* Goodflow rate (abouta
minimum Q= 10 kg/h)
Cost
* Low-energy consumption
* No post-processing needed
v
Snlid_input
Activation
* Pozzolanic activation of materials
Output - Treated = Airinjection * Removgl of organic matter
product Gae of burmer m * Reduction of pollutant content
Particle motion Adaptable to different types of materials (clay, Adaptablllty
sludge, soil, etc.)
+ Different energy sources (gas, electricity, PV)
Simple process
(Amaretal., 2017)
Mouhamadou AMAR- 9

Output
mouhamadou.amar@imt-nord-europe.fr



r
Medegefinancierd door
de Europese Unie

&1 WP2 : Thermal activation (calcination):a three-step mechanism - ¢ ,° <
Al2SiBuild
400-1100 °C VY e

IMT Nord Europe
Ecole Mines-Télécom
IMT-Université de Lille

iiteireg
[ ]

=

Step | — Dehydration
Endothermic - ~120-250 °C

Step Il — Recrystallization
Exothermic

Release of free & interlayer water Nucleation & crystal growth

»

A positively charged diffusion New, stable crystalline phases

layer forms Reactivity drops (over-firing)

€& Flash calcination windows =

Excessive temperature triggers recrystallization and a performance loss — flash calcination targets the optimal
window.

Multiphase clays: each mineral phase has its own optimal temperature, so the process must be optimized batch by batch.

Mouhamadou Amar —
mouhamadou.amar@imt-nord-europe.fr 10
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Kaolin from Heidelberg (Transinne)
* (Calcination on traditionnal hoven 60 minutes
» Reactivity test (Davidovitz et al.)
* Grinding and thieving at 100 um

Drying Disagglomeration Grinding Sieving Quartering

120°C - 16h 2 min / 2kg at 100 um 4x5kg 1st grinding Particle size (um)
dip | dsg | dop

White kaolin 1,92 | 8,11 | 30,6

Yellow kaolin 1,93 | 7,92 | 43,2

Red kaolin 1,99 | 8,31 | 38,9

Black Clay Quenast | 3,91 | 28,7 | 96,1

Grey Clay Antoing 11,7 | 55,1 | 106

- . . . ™
White kaolin (<100um) : 4x5 ke 3 x 10 kg for flash calcination

3 x 10 kg for calcination CWOBKN
CRIBC 4 CRIBC

Geoffroy BISTER - g.bister@bcrc.be 11

* Red kaolin (<100um) : 4x5 kg

| / IMT-NE
* Yellow kaolin (<100um) : 4x5 kg » \
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P 2 - Adaptation of raw materials to AAM/GP technologies

Calcined Kaolin from Heidelberg (Transinne)

Calcination on traditionnal hoven 60 minutes

Reactivity test (Davidovitz et al.)

| Yellow 700°C = 15-90 min

==soustraction YEMEF00-15min
=——soustraction YEMEF0D-30min
Soustraction YEMEFOD-A5min
soustraction YEMEF00-80min
——goustiaction YEMKP00-90min
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Time (min)
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Al2SiBuild

_L White kaolin (<100um) : best activity for 750 °C — 15 min + 15
Yellow kaolin (<100um) : best activity for 700 °C — 15/30 min + 15
Red kaolin (<100um) : best activity at 700 °C — 45 min + 15

Red 700°C — 15-90 min

Licrise

Belgian Ceramic Research Centra

—soustiaction RDMK?00-15min
=——=snustraction AOMK?00-30min
soustraction ADMK?00-45min
soustraction ADMKF00-G0min
—soustraction ADMKZ00-90min

T T T T T
20 40 60 &0 100
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Geoffroy BISTER - g.bister@bcrc.be 12
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Benchmark tests UGent - IMT Nord Europe
solution (SSS) or potassium silicate solution (PSS)
» characterisation MK =
 theoretical calculations pastes
 tests on paste:
« water stability
* heat development
« MIP
 FTIR
« NMR
 tests on mortars:
« workability Hagerman cone
(minimum of 14 cm: draft Buildwise)
» strength/density on 7/28 days
» setting time Vicat
» scaling up to concrete

P 3 - Formulation of alternative (complete/partial) binders

tests on 2 commercially available metakaolin (MK) i.c.m. with sodium silicate

Jllldllbg -Ldegoé‘i. LHM

France - Wallonie - Vlaanderen ® P ® 9
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SK51

SK59

™ 750 um

SK53

SK61

750 pm

SK55

[ 750 um

SK57

%
=
-750um

Veerle Boel — Leo Van Cauter - Mouhamadou AMAR
- mouhamadou.amar@imt-nord-europe.fr 13
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Benchmark tests UGent - IMT Nord Europe

tests on commercially available metakaolin (MK) i.c.m. with sodium silicate solution

(SSS) or potassium silicate solution (PSS)

tests on mortars:

« workability Hagerman cone
(minimum of 14 cm based on draft Buildwise)
» strength/density on 7/28 days

* setting time Vicat

Flexural strength

Compressive strength

P 3 - Formulation of alternative (complete/partial) binders

[MPa] [MPa] [%0]
7,6 67,6 11,3
9,5 o7,5 16,5
10,2 55,3 18,4
8,6 52,5 16,3
9,4 53,4 17,6
8,7 61,8 14,1

scaling up to concrete
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Intensity (a.u)
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Precursor (Geo S): Three Al coordination
environments detected by 27Al MAS NMR: VI (-0
ppm), V (=30 ppm), and IV (~55-60 ppm).

After geopolymerization: Spectra are dominated
by a single IV resonance (~60 ppm), indicating
precursor dissolution and Al incorporation into the

aluminosilicate network.

Key finding: The sharp AllV peak indicates a
highly polymerized, chemically homogeneous
geopolymer gel, confirming successful

geopolymerization for all formulations.

Mouhamadou AMAR — Youssef Ettahiri
mouhamadou.amar@imt-nord-europe.fr 15
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Roadmap & Next Steps (2026—2028) werres B s

* Period 1 (Jan—Jun 2026): Raw material prospecting & characterization (WP1) | Flash calcination optimization (WP2) |
Benchmark GP binders MK+SSS/PSS (WP3)

* Period 2 (Jul 2026—-Dec 2027): Activation of local clays (flash & conventional) | Full binder formulations with local
precursors | Scaling to mortar & concrete (WP3-4)

» Period 3 (Jan—-Dec 2028): Demonstrators (bricks, precast, urban furniture) | Normative testing & LCA (WP5-6) |

Ecosystem map & dissemination (WP7-8)

« |IMT Nord Europe next steps: calcination trials on Heidelberg kaolinites (600-750°C) and other

materials | reactivity index (SiK test) | geopolymer concrete mix design

Mouhamadou AMAR - — Youssef Ettahiri
mouhamadou.amar@imt-nord-europe.fr
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e E-mail :
mouhamadou.amar@imt-nord-europe.fr
amar.mouhamadou@gmail.com
* Téléphone : (+0033) 7.60.53.86.64

25 euros
(papier)
10 euros
(numérique)

Tome |

Livret technique de génie civil: Tome | : Formulation du Béton ik

Dr. Mouhamadou AMAR
Paperback - 26 Dec. 2025

by Dr. Mouhamadou Amar (Author)

5.0 dkdddk v (1) See all formats and editions
Livret -5% & FREE shipping at eligible pickup points, to be selected at checkout. Details »
- Explorez en profondeur la composition, les propriétés et les méthodes de formulation des bétons a travers un ouvrage
tECh l'llq ue clair, structuré et orienté vers la pratique.
d r . Destiné aux étudiants, techniciens, jeunes chercheurs, professionnels et ingénieurs du génie civil, des matériaux ou de
e gen e I'architecture, cet ouvrage constitue une référence compléete pour acquérir une compréhension solide du matériau béton

et de ses évolutions contemporaines. La NF EN 206+A2/CN:2025 y est également traitée.

Vous y découvrirez :

« Les différents constituants des bétons (liants, granulats, additions, adjuvants, etc.), leur origine, leur réle et leur
comportement physico-chimique;

« Les propriétés du béton a l'état frais et durci, avec un focus sur la rhéologie, le retrait, le fluage, la porosité et la

civil

Tome | : Formulation résistance mécanique;
du Béton » Les principales méthodes de formulation des bétons (Féret, Bolomey, Abrams, Dreux—Gorisse, MEC...) accompagnées de
démarches pas a pas et de comparatifs clairs;
1 as tarkhnalamiace svancraacs Ao Batan (BHD PAD aamsnalvrmarae hatame rasvrel ae Y at lae arianiy Aa dioeabili+é4
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LIVRET TECHMNIQUE DE GENIE CIVIL

Tome Il :
Résistance des matériaux (RDM)

DR MOUHAMATOL AMAR

AUTHOR + E-mail

mouhamadou.amar@imt-nord-europe.fr
amar.mouhamadou@gmail.com
 Téléphone : (+0033) 7.60.53.86.64

25 euros

(papier)
10 euros

Livret technique de génie civil: Tome Il : Résistance des matériaux

(RDM) Paperback — 8 Mar. 2026

by Dr Mouhamadou Amar (Author)
See all formats and editions

-5% & FREE shipping at eligible pickup points, to be selected at checkout. Details »

Maitrisez les fondamentaux de la Résistance des Matériaux (RDM) a travers un ouvrage clair, structuré et orienté vers la
pratique.

Ce livre s'adresse aux étudiants en génie civil, en mécanique ou en architecture qui souhaitent acquérir une
compréhension solide des principes de la RDM appliquée. Il couvre les notions essentielles de calcul des efforts internes,
I'étude des poutres continues et hyperstatiques, ainsi que l'analyse des sections sollicitées.

L'ensemble est accompagné des schémas explicatifs et des méthodes de résolution étape par étape.

Chaque chapitre est accompagné d'exercices d'application adaptés et entierement corrigés, permettant au lecteur de
s'autoévaluer et de progresser en toute autonomie.

P Report an issue with this product

Print length Language Publication date Dimensions ISBN-13
i ® C L]
221 pages French 8 Mar. 2026 16.99x1.27 x 979-8273698987
24.41 cm

See all details
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