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Geopolymers: New Cementing Systems



The world around us



Motivation: Where we want to be?



Multiscale Microstructural Context

Constantinides et al. Cement and Concrete Research,2004 (34) 67-80.

Cement	paste	plus sand and
aggrega-tes,	eventually with	
interfacial	transition zone

Nano-Size
- Level 0
(10-9-10-10m)

Micro-Size - Levels I	and II
(Cement paste	<	10-4m	and CSH	matrix
10-6m)

CSH	matrix plus clinker phases,	 CH	
crystals andmacroporosity
LD	and HD	CHS	phases (gel	porosity)

Macro-Size - Level III	
(Mortar,	concrete	>	10-3m)

CSH	solid phases	
with	nanoporosity	

Zhenghong et al. Journal of Wuhan University of Technology-Mater. Sci. Ed. Vol 28 (4), xx-yypp, Aug.2013



Geopolymers: Initial Motivation



Geopolymers: Current Motivation
Papers from Scopus



Geopolymers: Current Motivation
Genova	bridge	break	up



Geopolymers: Current Motivation
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Geopolymers: Current Motivation



Geopolymers: Definition
• Geopolymers are inorganic polymeros made of SiO4
and AlO4 tetraedra alternately bondend by sharing
Oxygen atoms. The negative charge of Aluminun on IV
coordination state must be balanced by positive ions,
such as Na+, K+, Ca2+, Ba2+, NH4

+, H3O+, etc
[DAVIDOVITS, 1991].

• Geopolymers are considered zeolites analogous, but its
structure is amorphous or semi-crystalline and result
from polymeric condensation of alkaline
aluminosilicates and silicates originating
tridimensional polymeric structures. [DAVIDOVITS,
1994(b)].



Cristalinity and Amorphicity
SiO2 (Quartzo) SiO2 (Glass)



Geopolymers: Composition and Structure

Si and Al sources

Geopolymer
system

Cátion



Geopolymers: Structure and Applications

Polisialatos DAVIDOVITS 
[1991;1994b]

Ligação Sialato DAVIDOVITS 
[1991;1994b]



Geopolymerization

Polisialatos de Sódio DAVIDOVITS [1991;1994b]



Geopolymerization vs Alkaline Activation

DAVIDOVITS [1991;1994b]



Geopolymerization vs Alkaline Activation

KRIVEN [2018]



Geopolymers Insumes: Precursors and Activators
Insume Precursor Alkaline Activator

Si Al Ca Alkalis Acid Salts Silicates/Aluminates

Clays (metakaolin,	
vermiculite,	 smectite,	

bentonite,	etc)

X X MOH M2CO3 M2O.nSIO3

Slag X X X M2SO3 M2O.nAl2O3

Fly	Ash X X X M3PO4 M2O.Al2O3.(2-6)SiO2

Microsilica X MF

Bioresidues ashes (Rice	
rusk,	 sugar	cane,	palm
oil,	bambu	 leaves,	etc)

X X X M	– Alkaline Metals



Geopolymers Precursors

Al2Si2O5(OH)4 à (Al2Si2O7) + H2O

• Kaolinite	calcination and reactivity



Ordinary Portland Cement (OPC): Definition
• Insumes (limestone, clay, slag, sands, etc) containing
Ca, Al, Si, Mg, Fe oxides are mixed and partially
funded from 1450°C to 1650°C, to make crystalline
Calcium silicates and aluminates, knowed as clínker.

• According to API Spec 10A [2015], OPC is a hydraulic
binder obtained from clinker Portland grind with
addition of plaster (Calcium sulfate) to control the
hydration of it components (initial setting time).

• The final product reacts with water to produce a
hydrated compound with cementing properties
TAYLOR [1998], HEWLETT [2001].



OPC: Anhydrous Phases 

Fases cristalinas do CP não 
hidratado HEWLETT [2001]

Cal (CaO) de 60% a 67%

Sílica (SiO2) de 17% a 25%

Alumina (Al2O3) de 3% a 8%

Óxido de ferro (Fe2O3) de 0,5% a 6%



OPC: Hydration Reactions

Setting evolution process 
NELSON [1990]

2 Ca3SiO5 + 8 H2O  ® 6 Ca2+ + 10 OH– + 2 H3SiO4– (dissolução)

2 Ca2+ + 2 OH– + 2 H3SiO4– ® Ca2(OH)2H4Si2O7 + H2O   (precipitação)

2 C3S + 7 H2O  ® 2 C-S-H + 4 Ca2+ + 8 OH–



OPC Classifications: ASTM, ABNT and API

Adaptado de PAIVA [2008]



OPC vs Geopolymers

DAVIDOVITS 2018



OPC: Idealized
Structres

Tobermorite

Jennite LEA´s 2008



Insumes Availability and Challenges



Limestone Calcined Clay Cement (LC3)
• Availability, purity, performance and cristalization

• Blended OPC
• Additional reaction: limestone and
metakaolin à CASH

LC3, 2018



OPC, Geopolymers and LC3
Similarities Differences

Reaction Dissolution Alkaline
Activation

Portland	
and LC3

Hydration Reaction
Monomeric Products
Micrometric Matrix
Caustic Solids
Chemical Shrinkage
Slow reaction with	controlled setting

Exothermic
Reactions

Produtos	de	
reação	
amorfo

Geopolymer Geopolymerization	 Reaction
Polymeric Products
Nanometric Matrix
Neutral	Solid
No	Chemical Shrinkage
Fast reaction and setting

Structure Cementitious
Materials

Brittle Drying
Shrinkage

More	pronounced on	geopolymer



OPC, Geopolymers and LC3
Mechanical Performance targetting Durability

Durability

Cementing System Environmental	Harshness

Materials Process Physical Chemical

Cement	Type and Content Mixture Abrasion Dissolution

Agregates Transport Erosion Lixiviation

Additives Compactation Cavitation Expansion

Dosage Cure Mechanical	Cycling Contration

Temperature Thermal Cycling Alteration



Chemical Bonds



Solubility and Molarity



Critical Factors for Geopolymer Design
- Precursor	Nature

- Chemical composition,	granulometry,	SSA,	amorphous,	
microestructure,	porosity

- Activator Alkalinity /	Acidity
- Precursor	dissolution and reaction rate

- Molar	Ratio
- SiO2/Al2O3 (mechanical	performance)
- M2O/Al2O3 (network	stability	and durability)
- H2O/M2O	(liquid/solid ratio)

- Curing Conditions
- Temperature,	pressure and environmenteffects



QAQC and Performance Techniques
- Physical

- XRF,	XRD,	granulometry,	SSA,	
picnometry,	permeability

- Chemycal
- Solubility,	FTIR,	amorficity,	cristalinity,	

- Physical-Chemical
- TG/DTA/DSC,	calorimetry,	NMR

- Mechanical
- Compression,	tension,	 flexão

- Térmicas
- Expansão/contração	térmica
- Condutividade	térmica



Geopolymers: Al amorphous structure

KRIVEN [2018] DAVIDOVITS [2018]



Geopolymer Properties



Geopolymer Properties



Geopolymer Properties



Geopolymer Properties



Geopolymer Properties



Geopolymer Properties



Geopolymer Properties



Geopolymer Properties



Independent of the Cement System!



Questions?


