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Geopolymer (GP) vs. alkali activated material (AAM)

• AAM = broadest classification

• Alkali metal source
• Solid silicate powder

• GP = subset of AAMs

• Low calcium content
• Polymerization of silicates

and alumino-silicates in 
alkaline or acidic medium
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Problem statement

• Environmental impact of construction industry

• Construction and demolition waste (CDW) 

• Circular economy model

MANUFACTURE 
FOR CIRCULAR 
ECONOMY

USE LESS TO 
MINIMISE WASTE

DESIGN FOR 
CIRCULAR 
ECONOMY

LESS NATURAL 
RESOURCE USE

MAXIMIZE RECYCLING
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Material properties – precursors 
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Research methodology – overview
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• Alkaline activator preparation
Ø Preparation of NaOH solution
Ø Mixing NaOH with Na2SiO3

• Alkali activated paste & mortar
Ø 60% GGBS, 15% RCP, 25% RBP
Ø Addition of sand (0 wt.% → 60 wt.%)

• Testing
• Dry bulk density (NBN EN 12390-7)
• Consistency of fresh mortar (NBN EN 1015-3)
• Compressive/flexural strength (NBN EN 196-1)
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Methodology and testing
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Dry bulk density (NBN EN 12390-7)
Sea sand 0/2 mm CEN Standard sand

Ø Increasing sand content up to 50 wt.% → increase in bulk density

Ø At 50 wt.% = maximum bulk density is reached

Ø Sand contents exceeding 50 wt.% → decrease in bulk density

Sea sand 0/1 mm
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[5] SteinerOva, M. (2011). Mechanical properties of geopolymer mortars in relation to their porous structure. Ceramics-Silikáty, 55(4), 362-372.
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Consistency / workability (NBN EN 1015-3)

Ø Sand content ↑ → flowability ↓
Ø Finer sand particles = steeper decrease
Ø Optimal flow = 50 wt.% of CEN sand
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0/2 mm CEN
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Compressive versus flexural strength (NBN EN 196-1)

Flexural strength
Ø Influence of sand content
Ø Influence of sand type

Compressive strength
Ø No significant influence of sand content
Ø Influence of sand type
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Research conclusions & applications

Ø 50% CEN standard sand addition (in scope of this research)
Ø Rheological properties needs to be investigated
Ø Porosity (high-pressure mercury porosimetry or SEM 

microscopy images)
Ø Long-term durability aspects (freeze-thaw, carbonation, 

chemical and under water stability)

Dry bulk 
density Workability Flexural

strength
Compressive

strength

Sand ↗ (up to 50 wt.%) ↗ ↘ ↗ →
Sand ↗ (> 50 wt.%) →/↘ ↘ →/↘ →

Fineness↘ ↗ ↗ ↗ ↗
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Future research needs
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• MK addition for Tempozz (Ralf Tönnies) => real GP formulation
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