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Plastics are 
dangerous !!
Are organic 

polymers heat 
resistant ??

Plastics are 
dangerous !!
Are organic 
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•No ! NATURE states :

•Only MINERALS provide fire  and 

heat resistance

•Target: Inorganic polymers



Poly(siloxo) 
chain

Aluminum-hydrate
side groups

Inorganic polymer
Kaolinite Si2O5,Al2(OH)4

Inorganic polymer
Kaolinite Si2O5,Al2(OH)4



NEEDS

Low Temp. Reaction as for 
organic polymers.

Quest for information: WHO?

NEEDS

Low Temp. Reaction as for 
organic polymers.

Quest for information: WHO?



Si2O5,Al2(OH)4 + NaOH       Na(-Si-O-Al-O)n 
kaolinite                              hydrosodalite

Scientific Team:
Simone Caillère and Stéphane Henin, 
Museum of Natural History, Paris.

(1969)



1949
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β-sodalite cage 3 D network

2 D network
sheet polymer

polycondensation



U.S.S.R. Patent 1964





1934

1932



Polyconsensation 

like 

phenolic resin

Polyconsensation 

like 

phenolic resin



SILIFACE Process SILIFACE Process 



        

Silico-Aluminate facing
Na-PS

wood chips
organic glue

1 step process
heated press

at 150°C (300°F)
5-10 minutes



1975



A new polymer :
Clay !

A new polymer :
Clay !



Paris 1975

Düsseldorf 1976



clay  =  polymer

misunderstanding !!

clay  =  polymer

misunderstanding !!



Polymer terminology !Polymer terminology !



I.U.P.A.C. 
symposium
Stockholm
Sept. 1976



I.U.P.A.C. 1976I.U.P.A.C. 1976



1977-1978
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quartz

sialate

Poly(silanol)

Poly(sialate) block polymersPoly(sialate) block polymers



Fe 0.96%
Steatite 0.80%
Cermet 0.70% 
Iridium 0.50%
Mulite 0.40%
Mo 0.45%
Silicium nitrid 0.25% 

SILIFACE COR 70 0,13% 

Mean linear expansion 
20-700 deg.C

Mechanical properties: OK
Thermal properties: OK
Molding 120 deg.C: OK

post-treatement 450 deg.C: OK
H2O absorption: 0.3%: weak



Kaolinite
Si2O5,Al2(OH)4

Si2O5,Al2O2
Alumino-silicate Oxide

KANDOXI
MK-750

- 2H2O

Metakaolin
1978



[Al]VI

Kaolinite
2SiO2.Al2O3.2H2O

Si2O5,Al2(OH)4



2SiO2.Al2O3

Si2O5,Al2O2
Alumino-silicate Oxide

Poly(siloxo)-aluminum-oxide

Metakaolin   MK-750

[AlO4]
[AlO5]







1977

1st mineral polymer resin

1977

1st mineral polymer resin



-Si-O-Al=O +  nSiO2  + (Na,K)OH
MK-750            soluble silicate

mineral polymer Resinmineral polymer Resin





Geopolymer TerminologyGeopolymer Terminology

Si:Al = 1:1

Si:Al = 3:1

Si:Al = 2:1

Si:Al >3:1 Sialate link

19791979



Polymers, 
processed like 

organic polymers
Yet,

GEO- polymers
Fire and heat resistant

Geopolymers areGeopolymers are



Foundation of the GEOPOLYMER INSTITUTE, 
Saint-Quentin, France

Non for profit scientific association
d d d

The word « geopolymer » : public domain
PACTEC conference, Los Angeles, USA

d d d

Presentation of my archaeological researches at 
the 2nd International Congress of Egyptologists, 

Grenoble, France

1979



Cement applications !Cement applications !



1983

Lone Star Industries
Geopolymer cement, PYRAMENT
(11 years after begin of research, 1972)

d d d

Barry University, Miami, Florida
Institute for Applied Archaeological Sciences

U.S.A.U.S.A.



1984

1st PYRAMENT patent1st PYRAMENT patent



Lone Star/PYRAMENT cement

Los Angeles: a crew 
begins placing concrete. 
New York: a Boing 
departs

1 hour
Strong enough
to walk on

4 hours
Strong enough
to drive on

6 hours
Ready for the weight
of a commercial jet

Start March 1983 / all rights sold to Lone Star Ind. Oct. 1989

Pyrament



1985-1986

Testing of 
geopolymer 

cement  
PYRAMENT

by 
US ARMY CORPS 

ENGINEERS

Study on various  
alkali-activated 

systems,
V. Glukosvsky
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1987

1st paper on 
geopolymer 

concrete

1st paper on 
geopolymer 

concrete



Concrete International, dec. 1987



1989

Last paper by 
V.D. Glukhovsky

Title: 
Ancient, Modern 

and Future Concretes

based on 
J. Davidovits, 

Concrete International
paper, 1987

Last paper by 
V.D. Glukhovsky

Title: 
Ancient, Modern 

and Future Concretes

based on 
J. Davidovits, 

Concrete International
paper, 1987



1994

KIEV

alkali-activated 
vs

geopolymer

alkali-activated 
vs

geopolymer

metakaolin
Soil-silicate cement

Geo-cement



Geopolymer CementGeopolymer Cement

Construction

Toxic + Radioactive 

Waste Management

Global Warming

CO2 Emission Mitigation

1983

19901987



Development 
of 

alumino-silicate materials !

Development 
of 

alumino-silicate materials !



Zeolite 
SiO2, Al2(OH)3

Alkali-activation 
slag

Hydrosodalite 
kaolin

Geopolymer 
MK-750

1930 1932 : Olsen (NL) 

1940 1945: Barrer 
(GB) 

1940: Purdon  (BE) 1945 : US 
Standart (US)

1950 1956: Milton 
(US)

1953: Trief (US) 
1957: Glukhovsky 

(UKR)
Soil-silicate-concrete

1960 1963: Howell (US) 
1964: Berg, 

(USSR) 
1970 1972 : Davidovits

(FR)
Siliface

1976: Davidovits
IUPAC

1979: Davidovits
Geopolymer
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High-tech applications !High-tech applications !



Ceramic-Ceramic  composite material 
and production method.

FR 2.604.994: 14/10/1986
Nicolas Davidovits, Michel Davidovics, Joseph Davidovits

A carbon-epoxy composite (left) is burning while a Carbon-
Geopolymer Composite still resists a 1200 deg.C fire

A carbon-epoxy composite (left) is burning while a Carbon-
Geopolymer Composite still resists a 1200 deg.C fire

1986



Geopolymeric fluoro-alumino-silicate binder 
FR 2.659.320: 07/03/1990

Fire-proof geopolymeric panels for 
thermal protection 

FR 2.659.963: 20/03/1990
J. Davidovits, M. Davidovics, N. Davidovits

Method for obtaining an early high-strength geopolymeric 
matrice for the impregnation of composite materials  

FR 2.666.328: 04/09/1990

Process for obtaining a geopolymeric alumino-silicate 
FR 2.671.344: 03/01/1991

Alkaline aluminosilicate geopolymeric matrix for composite 
materials with fibre reinforcement 

EP 0. 815.064; 15/03/1995

Si:Al = 3:1
(K)-(Si-O-Al-O-Si-O-Si-O-)

(K)-poly(sialate-disiloxo)





1994-2000 Aircraft cabin safety project 1994-2000 Aircraft cabin safety project 



U.S.A.

Federal Aviation Administration, F.A.A.

Rutgers 
The State University of New Jersey

Saint-Quentin, France



Giving Survivors more time to escapeGiving Survivors more time to escape



1994-1995 F1 World Champion

Successful Niche Markets, small companies, 

patent rights sold to PYROMERAL SA.



                            

Si:Al 3:1

Si:Al >3:1

20:1
Si:Al 
35:1

-Si-O-Al-O-Si-O-

Si
O

O

Si:Al 2:1
(-Si-O-Al-O-Si-O)

Si:Al 1:1

(-Si-O-Al-O-)

-Si-O-Si-O-Si-O-Si-O-Si-O-

-Si-O-Si-O-Si-O-Si-O-Si-O-

O

O
Al

-S i-O -Al-O-Si-O -

Si
O

O

(F, SiO2)

Fire Resistant / Heat Resistant
Carbon-fiber Composites

Sealants  FOR INDUSTRY 200- 1000 deg C

Tooling For AERONAUTICS 
SPF ALUMINUM / TITANIUM 

ALUMINUM FOUNDRY EQUIPMENTS

Radioactive &Toxic Waste
ENCAPSULATION
Low CO2 CEMENTS

Foam for Heat insulation



Chemical 
and 

molecular structure !

Chemical 
and 

molecular structure !



mono

di-

Poly-

Portland 
Cement

Geopolymer

NMR1987



(Na,K)-(Si-O-Al-O-Si-O-)
(Na,K)-poly(sialate-siloxo)  (Na,K)-PSS

(Na,K)-(Si-O-Al-O-Si-O-)
(Na,K)-poly(sialate-siloxo)  (Na,K)-PSS
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17 12 3

Si:Al = 32:1

K-nano-poly(sialate)

sialate link
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sialate link

OH = OH or O--K+



not gel, 
or unknown structure 

or colloids, 

Geopolymer 
high molecular, macromolecules

Geopolymer 
high molecular, macromolecules



determination of molecular weight

poly(sialate) (Si-O-Al-O-)n
512 < n < 8000

60,000 < MW < 850,000
5 nm (50A) < d < 15 nm (150 A)

Geopolymer 
high molecular, macromolecules

Geopolymer 
high molecular, macromolecules



Individual geopolymeric micelle (particulate)
10 nm  (100 A)



2nd Geopolymer Conference, 
GP’ 99, Saint-Quentin

geopolymers = advanced knowledge 
in alumino-silicate chemistry  

Until 1999Until 1999



3rd Geopolymer Conference 
GP’ 2002, Melbourne

everything that is not Portland 
cement is called Geopolymer.

Since 2002Since 2002



Every 
alkali-activated waste

= 
Geopolymer !!

Every 
alkali-activated waste

= 
Geopolymer !!



4th Geopolymer Conference, GP’ 2005
Saint-Quentin,

separate session 
alkali-activated materials.

My decision 
No more participation 

to alkali-activation conferences.



Why ?Why ?

Alkali-activation 
wrong terminology
Alkali-activation 

wrong terminology



“The potential for alkali-reactive 

geological materials 

in Belgium”



alkali-aggregate reaction

alkali-silica-reaction



A.A.R. on Portland and GeopolymerA.A.R. on Portland and Geopolymer

 



For civil engineers

alkali  = danger 

For civil engineers

alkali  = danger 



alkali-bounded-ceramic



alkali-activated-cement



alkali-activated slag



alkali-activated-fly ash



alkali-activated inorganic polymer



Alkali-activation 
first step of geopolymerization

1) alkali-activation (alkalination)

2) Dissolution of Si(OH)4 , Al(OH)4
3) Gel formation of oligo-sialates
4) Polycondensation
5) Reticulation, networking
6) Geopolymer solidification 



Alkalination, 
a well known process 
going back to Antiquity

Alkalination, 
a well known process 
going back to Antiquity





alkali-activated phenol / formaldehyde



BAKELITE, polycondensation, phenoplast

300 kg NaOH / 1 t. of plastic.



alkali-activated silicate



synthetic ZEOLITE



alkali-activated cellulose



VISCOSE - RAYON artificial fibers
500 kg NaOH / 1 t. fiber.



alkali-activated bauxite



ALUMINUM production
200 kg NaOH / 1 t. aluminum.



alkali-activated glycerin / oil



SOAP, saponification, 
250 kg NaOH / 1 t. soap.



TerminologyTerminology
Ionic or covalent bonding ?Ionic or covalent bonding ?

1968 : A. Noll (Germany)

1982 : G.V. Gibbs (USA)

2000 : G.V. Gibbs (USA)

2000 : M.R. North & T.W. Swaddle (USA)

2004 : M.R. Rowles (Australia)

Covalent, macromolecules, polymeric terminology

Silicones and geopolymers

Covalent, macromolecules, polymeric terminology

Silicones and geopolymers



Geopolymer TerminologyGeopolymer Terminology

Si:Al = 1:1

Si:Al = 3:1

Si:Al = 2:1

Si:Al >3:1 Sialate link

19791979



What is a 
geopolymer ?

What is a 
geopolymer ?

Chains or networks of mineral molecules 
linked with co-valent bonds

-Si-O-Si-O- siloxo
-Si-O-Al-O- sialate

-P-O-P-O- phosphate
-P-O-Si-O-P-O- phospho-siloxo

-P-O-Si-O-Al-O-P-O- phospho-sialate



Geopolymers

presently 4 main classes

poly(siloxo) + derivates    

poly(sialate) + derivates

polyphosphates + derivates

organo-mineral geopolymers

Geopolymers

presently 4 main classes

poly(siloxo) + derivates    

poly(sialate) + derivates

polyphosphates + derivates

organo-mineral geopolymers



www.geopolymer.orgwww.geopolymer.org

http://www.geopolymer.org
http://www.geopolymer.org


www.geopolymere.com

Si:Al = 2:1  PSS
(Na,K)-(Si-O-Al-O-Si-O-)         (Na,K)-poly(sialate-siloxo)

pre-mixed resin, frozen storage

http://www.geopolymere.com


Si:Al = 2:1    PSS
(K,Ca)-(Si-O-Al-O-Si-O-)       (K,Ca)-poly(sialate-siloxo)

two-components room temp. geopolymer cements
Rc up to 140-150 MPa



Si:Al >>3:1  Sialate link

K-Nano-Poly(sialate),    Si:Al 20-32

pre-mixed frozen resin + hardener



www.cordi.geopolymere.com

http://www.cordi.geopolymere.com
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emission 1 t. CO2

1 t. Portland cement

8-10 t. geopolymer cement

(8-10 times more)

emission 1 t. CO2

1 t. Portland cement

8-10 t. geopolymer cement

(8-10 times more)


