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Industry participants in this CRC included: Alcoa World Alumina, 
Anglo Platinum, BHP Billiton, BlueScope Steel, GHD, Newmont 
Australia, OneSteel, Orica, Rio Tinto, Rocla and Xstrata.

Research providers included ANSTO, Curtin University of 
Technology, CSIRO, Murdoch University, The University of Newcastle 
and The University of Queensland.

Australia
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Geopolymer Terminology vs Cement Terminology

Excerpt from «Geopolymer Alliance, Australia»

.......  Davidovits developed the notion of a geopolymer (a Si/
Al inorganic polymer) to better explain these chemical 
processes and the resultant material properties. 

.........To do so required a major shift in perspective, away 
from the classical crystalline hydration chemistry of 
conventional cement chemistry 

....To date this shift has not been well accepted by 
practitioners in the field of alkali activated cements who still 
tend to explain such reaction chemistry in portland cement 
terminology.
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                       CaO.SiO2.H2O Calcium Silicate Hydrate

Geopolymer: Na-S-Al-H  
    Na2O.2SiO2.Al2O3.H2O Sodium-Silico-aluminate-Hydrate 
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PC-GP

C-S-H / Portland

Na-S-Al-H / geopolymer
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-Al-O-P-O- alumino-phospho, poly(alumino-phospho)
AlPO4-based geopolymer 

Geopolymer Chemistry & Applications, Chapter 13
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-Si-O-Al-O-Si-O-Si-O- sialate-disiloxo, poly(sialate-disiloxo)
-P-O-P-O- phosphate, poly(phosphate)

-P-O-Si-O-P-O- phospho-siloxo, poly(phospho-siloxo)
-P-O-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)

-(R)-Si-O-Si-O-(R) organo-siloxo, poly-silicone
-Al-O-P-O- alumino-phospho, poly(alumino-phospho)

AlPO4-based geopolymer

Fe-O-Si-O-Al-O-Si-O-  ferro-sialate, poly(ferro-sialate)
substitution of Al with Fe

vendredi 20 juillet 12



O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

kaolinite

vendredi 20 juillet 12



O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

OH
Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

Fe

kaolinite
ferro-kaolinite

25% Fe/Al
substitution

vendredi 20 juillet 12



O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

OH
Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

Fe
750°C

kaolinite
ferro-kaolinite

25% Fe/Al
substitution

vendredi 20 juillet 12



O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

OH
Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

Fe O Si

O

O AlSi

O

O AlSi

O

Fe

O

O

O

750°C

kaolinite
ferro-kaolinite

25% Fe/Al
substitution

ferro-metakaolinite
Fe-MK-750

vendredi 20 juillet 12



O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

OH
Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

Fe O Si

O

O AlSi

O

O AlSi

O

Fe

O

O

O

750°C

kaolinite
ferro-kaolinite

25% Fe/Al
substitution

ferro-metakaolinite
Fe-MK-750

NMR spectroscopy

vendredi 20 juillet 12



O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

OH
Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

Fe O Si

O

O AlSi

O

O AlSi

O

Fe

O

O

O

750°C

kaolinite
ferro-kaolinite

25% Fe/Al
substitution

ferro-metakaolinite
Fe-MK-750

NMR spectroscopy

vendredi 20 juillet 12



O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

O 
OH

OH
Si

O

O 
OH

Al
OH

Si

O

O 
OH

Al
OH

Si

O

Fe O Si

O

O AlSi

O

O AlSi

O

Fe

O

O

O

750°C

kaolinite
ferro-kaolinite

25% Fe/Al
substitution

ferro-metakaolinite
Fe-MK-750

NMR spectroscopy Mössbauer spectroscopy

vendredi 20 juillet 12



Transformation of ferro-kaolinite into Fe-MK-750
adapted from E. Murad and U. Wagner, Hyperfine Interactions 117 (1998) 
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Mössbauer Spectroscopy  (ferro-sialate)-geopolymer
adapted from K. C. Gomes et al., Materials Science Forum (2010) 
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....The parameters such as pellet size and 

composition may in the end be tuned to obtain an 

optimal microstructure and chemical condition for a 

safe and timely release from geopolymer pellets in 

oral administration of highly potent drugs (opioids 

and the like).

Orexo AB

Upsala University
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(57) Abstract : The invention relates to a matrix for 
thermostructural fibrous composite materials, obtained by 
geopolymer synthesis based on nanocrystalline 
cristobalite  ... The nanocrystalline cristobalite results from 
the crystallization of geopolymer micelles .... by a thermal 
treatment at a temperature ... between 600°C and 800°C.....
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ELECTRICALLY-HEATED CERAMIC COMPOSITE 
TOOLING FOR OUT-OF-AUTOCLAVE MANUFACTURING 
OF LARGE COMPOSITE STRUCTURES
Conchúr M. Ó Brádaigh, Adrian Doyle, Derrick Doyle, P.J. 
Feerick
ÉireComposites Teo., An Choill Rua, Indreabhán, Co. 
Galway, IRELAND
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(57) Abstract: A simultaneous interpenetrating polymer 
network - geopolymer epoxy-composition : 

- first ...a waterborne epoxy curing agent, an aluminosilicate 
source,amorphous silica,...
- second: epoxy resin + alkaline silicate solution. The two 
components are mixed to produce a SIN-GE composition 
that cures at ambient temperatures....

 
The compositions may be used as coatings, adhesives, 
mortars, casting materials, and the like.
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Australia's only manufacturer of Rockwool 
insulation has found a way to capture, recycle 
and re-use tonnes of waste generated from the 
manufacturing process.

dec. 2011  Australia

Rockwool Waste Briquette plantRockwool Waste Briquette plant
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Rockwool is made from various rocks, such as basalt, 
limestone and iron slag. The rocks are melted in a furnace to 

form lava that can be spun into fibres ... generates 450kg 

of waste for 1 tonn manufactured. 
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Rockwool is made from various rocks, such as basalt, 
limestone and iron slag. The rocks are melted in a furnace to 

form lava that can be spun into fibres ... generates 450kg 

of waste for 1 tonn manufactured. 

The $1.714 million project is using a geopolymer to bind 
the waste together. The geopolymer was developed with the 
assistance of chemical manufacturer, PQ Australia.

The first of its type in the world, the plant was operational by 
March 2007.  Using its own unique geopolymer, the waste 
is bound and formed into little 100mm x 90mm x 60mm 
bricks. The briquettes are fed back into the furnace and 
made into fibres for Rockwool insulation.
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Nu-Core®  Australia

2011

Geopolymer
A new standard in 
Fire rated façade materials
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PCI-Geofug ®
http://www.pci-augsburg.eu/en/

Feb. 2011
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Dear Prof. Davidovits, ...... I would like to share the commercial 
success of our geopolymer technology for Paving blocks & 
Tiles from Steel slag, fly ash and GBFS combination. The 
technology has been developed, transferred and commercial 
production started.....has produced around 0.5 million bricks 
and got  first purchase order of USD 30,000,000 and supplying. 
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Dear Prof. Davidovits, ...... I would like to share the commercial 
success of our geopolymer technology for Paving blocks & 
Tiles from Steel slag, fly ash and GBFS combination. The 
technology has been developed, transferred and commercial 
production started.....has produced around 0.5 million bricks 
and got  first purchase order of USD 30,000,000 and supplying. 

............... Finally we are planning to have 10 commercial 
installations in India in coming 5 years.....

Dr. Sanjay Kumar, Principal Scientist Resource, Energy & 
Environment, National Metallurgical Laboratory, Council of 
Scientific & Industrial Research, Jamshedpur - 831 007, India
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A cement free process
Uses eco-friendly geopolymerisation 
process
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2012   Rio de Janeiro
world Eco-summit
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My 1992 CO2 emission forecast for Portland Cement
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Australia: Curtin U. + U. Queensland
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2011

.....examination of the lifecycle cost and carbon 
impacts of Ordinary Portland Cement (OPC) and 
geopolymers in an Australian context, with an 
identification of some key challenges for 
geopolymer development.

Australia: Curtin U. + U. Queensland
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5. Conclusions

...For “typical” Australian geopolymer product, 
there is an estimated 44-64% improvement in 
CO2 emission over OPC, while the cost of 
these geopolymers can be up to twice as high 
as OPC. 
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5. Conclusions

...For “typical” Australian geopolymer product, 
there is an estimated 44-64% improvement in 
CO2 emission over OPC, while the cost of 
these geopolymers can be up to twice as high 
as OPC. 

However, ... those benefits are only realisable 
given the most appropriate source of feedstock 
and the least cost transportation. 
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 The broad range of potential feedstock sources 
leads to a very wide range of potential impacts:

  compared with OPC, emissions from 
geopolymer cement can be 97% lower up to 

14% higher. 
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 The broad range of potential feedstock sources 
leads to a very wide range of potential impacts:

  compared with OPC, emissions from 
geopolymer cement can be 97% lower up to 

14% higher. 

Each application for geopolymers therefore 
needs to be assessed for its specific location, 
given that the impact of location on overall 
sustainability is one of the determining factors.
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ABSTRACT

This paper presents the historical background of the 20th-
century technology of geopolymers in light of a literature 
research of the 15th to 19th centuries and offers a 
hypothesis on why this historical knowledge was forgotten 
when Portland cement appeared.

vendredi 20 juillet 12



(In the first half of the 19th Century)...we are actually 
dealing with a small or very small circle of experts ..... 
mainly formed at military schools and therefore 
keeping certain “secrets” or “specific knowledge” as 
a part of the state’s important matters.
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(In the first half of the 19th Century)...we are actually 
dealing with a small or very small circle of experts ..... 
mainly formed at military schools and therefore 
keeping certain “secrets” or “specific knowledge” as 
a part of the state’s important matters.

The major obstacle: Not even the experts 
were able to tell whether local material will suit 
the constructions or not – the physical methods 
of qualifications were not sufficient as well as 
chemical behavior.... 
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The uncertainty of results, the necessity of permanent 
study of the local material used for construction, and 
the search for the proper proportions and technology 
were the main reasons of the decline of lime/clay 
combinations, when Portland cement appeared. 
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The uncertainty of results, the necessity of permanent 
study of the local material used for construction, and 
the search for the proper proportions and technology 
were the main reasons of the decline of lime/clay 
combinations, when Portland cement appeared. 

Everything .... much more sophisticated than the 
simple use of standard Portland cement in an 
admixture with pebbles and water.
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max. 2 universal  and «User-
friendly» geopolymeric processes
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one industrial hardener based on geology
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 pH

CORROSIVE IRRITANT
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User- hostile

 Systems
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Corrosive and irritant chemicals

     Hostile Friendly
CaO (quick lime) Ca(OH)2

NaOH Portland cement

KOH Iron slag

Sodium metasilicate
SiO2:Na2O = 1

Slurry soluble silicate/kaolin
MR 1.25<SiO2:M2O<1.45

Any soluble silicate
MR SiO2:M2O <1.45

Any soluble silicate
MR SiO2:M2O >1.45
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Establish standards for global economy:

max. 2 universal  and «User-friendly» 

geopolymeric processes

1) (Na,K,Ca)-fly ash-based geopolymer 
cement

2) (Na,K,Ca)-(ferro-sialate)-based geopolymer cement

and

one industrial hardener based on geology
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Third World Development means implementing the 
use of electricity and building infrastructures and 
houses; in short, electricity and concrete. The by-
product of electricity production with coal firing is 
fly-ash. 
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Third World Development means implementing the 
use of electricity and building infrastructures and 
houses; in short, electricity and concrete. The by-
product of electricity production with coal firing is 
fly-ash. 

The innovative step would be to produce electricity 
and low-CO2 cement (geopolymeric cement), in the 
same plant, by adapting and implementing fly-ash 
production into Geopolymeric raw-material, without 
any supplementary chemical-CO2 emission.
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World energy sources 
1996-2011
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COAL FLY-ASH 
GEOPOLYMERIZATION
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COAL FLY-ASH 
GEOPOLYMERIZATION

Hardening at Room-Temperature

Based on 

(K,Ca)-poly(sialate-siloxo) matrix
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Conventional method: alkali-activation 
dissolution and zeolite formation

 - 0.3-0.4 L/kg, NaOH 12M, or Na-silicate with 
SiO2:Na2O < 1,4 

  - 24h room temperature ageing, 

 - curing at 80oC for 48h.

User-hostile
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Geopolymeric method

room temperature hardening 
polycondensation 

    - fly ash………….…………………..50 to 85  
    - K-silicate solution SiO2:K2O >1.4….....10  
    - blast furnace slag…………………….....15
    - water……………………………………….5 

User-friendly 
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Establish standards for global economy:

max. 2 universal  and «User-friendly» 

geopolymeric processes

1) (Na,K,Ca)-fly ash-based geopolymer cement

2) (Na,K,Ca)-(ferro-sialate)-based 
geopolymer cement

and

one industrial hardener based on geology
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(57) Abstract: ...binder or cement of the ferro-aluminosilicate 
[-Fe-O-Si-O-Al-O-] geopolymer type, ...with some of the AI 
atoms substituted with Fe atoms, the whole satisfying the 
following raw formula:

 
 

with x<0.5 and 0<y<25. This geopolymer binder or cement is 
the result of the Ca-geopolymer type geopolymerization with 
ferro-metakaolin Fe-MK-750...... 
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(Na,K,Ca)-(ferro-sialate)-based 
geopolymer 

cement
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(Na,K,Ca)-(ferro-sialate)-based 
geopolymer 

cement
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(Na,K,Ca)-(ferro-sialate)-based 
geopolymer 

cement
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World-wide raw material for ferro-sialate geopolymer
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Establish standards for global economy:

max. 2 universal  and «User-friendly» 

geopolymeric processes

1) (Na,K,Ca)-fly ash-based geopolymer cement

2) (Na,K,Ca)-(ferro-sialate)-based geopolymer cement

and

one industrial hardener in powder form 
based on geology
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User-friendly powder form

molar ratio SiO2:Na2O > 1,45
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Book GP-Chemistry &Applications
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User-friendly powder form

molar ratio SiO2:Na2O > 1,45
no silicate powder + NaOH flakes 

or equivalent

See for details
Book GP-Chemistry &Applications

Chapters 19 and 24
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1) Geopolymer science

2) Geopolymer technologies

3) Geopolymer Cements / Concretes

4) Geopolymer and archaeology

State of the Geopolymer R&D 2012
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A comparison was made of 29Si, 27Al and 43Ca 
MAS NMR spectra of the outer casing stone 
from Snefru's Bent Pyramid in Dahshour, Egypt, 
with two quarry limestones from the area. 
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A comparison was made of 29Si, 27Al and 43Ca 
MAS NMR spectra of the outer casing stone 
from Snefru's Bent Pyramid in Dahshour, Egypt, 
with two quarry limestones from the area. 

The NMR results suggest that the casing stones 
consist of limestone grains from the Tura quarry, 
cemented with an amorphous calcium-silicate 
gel formed by human intervention, by the 
addition of natural reactive silica (diatomaceous 
earth from the Fayium area ?).
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On Standby

Ancient Egypt and related topics

 - ceramics (low-temp. faience tiles)

             3000 BC  (5000 years old)

 - cements (waterproof, cisterns)

              1380 BC (3390 years old)

- statues (Colosses of Memnon)

            1370 BC (3380 years old)

Megalithic stones
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