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Laboratory

Geopolymer research 1988
1st Geopolymer conference



Geopolymer research 2013



Scientific papers published per year  
peer reviewed 

keyword "geopolymer"





………….The Journal of Geopolymer Science should serve 
as a focal point for scientists, engineers, academicians, 

graduate and undergraduate students, ….. …….. The 
journal will be led by the founder of geopolymer science, 

Prof. Joseph Davidovits, assisted by world’s reputed 
editors.  

It will be aimed at providing a dedicated 
editorial board, zero tolerance for 

plagiarism and high respect for publication 
ethics.

Introducing the Journal of Geopolymer Science



ELSEVIER – GEOPOLYMER INSTITUTE 
virtual  

Journal on Geopolymer Science 
  A collection of already published research papers, 

curated by us, all relating to geopolymers: 

- Divided into different themes.  

- Free resource for the first year 

- On line: June 2015 

- Hosted on Materials Today



www.materialstoday.com



www.materialstoday.com



www.materialstoday.com



WEBINARs 2013- 2014
Spring  and Fal l

The basics 
of geopolymer science

GEOPOLYMER Prof. Joseph Davidovits



Geopolymer WEBINAR 2014
Registered Participants



Applications and 
Commercializations

(V)

(VI)

Principles of alumino-
silicate geopolymer



(VII)

(VIII)

(IX)

(X)





not gel, or unknown structure 
alkaline polymerization 
acidic polymerization  

Geopolymer  
inorganic macromolecules



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

  
geopolymers = advanced knowledge  

in alumino-silicate chemistry  

Until 1999



3rd Geopolymer Conference  
GP’ 2002, Melbourne 

  
everything that is not Portland 
cement is called Geopolymer.

Since 2002



Geopolymer is not equal to AAM. 



Geopolymer is not equal to AAM. 

  

Since 2005 (Congress Geopolymer 2005, 

Saint-Quentin/France-Perth/Australia), I am 

fighting against those who use the concept 

of geopolymer as an interchangeable 

synonym for AAM. 



Geopolymer is not equal to AAM. 

  

Since 2005 (Congress Geopolymer 2005, 

Saint-Quentin/France-Perth/Australia), I am 

fighting against those who use the concept 

of geopolymer as an interchangeable 

synonym for AAM.  

This is wrong. 





Glukhovsky worked on alkali-activation; he did not 

invent the geopolymer terminology and chemistry (see 

later). 

In this paper, everything that has been implemented 

and commercialized in Western Europe and USA, is 

considered as negligible developments. 



2009 



Every  
alkali-activated waste 

=  
Geopolymer !!



STOP
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According to RILEM  

GEOPOLYMER is a type  

of CONCRETE. 

Nothing else !! 

WRONG



STOP



History on geopolymer 
science  development

Clarifying Statement



Kaolinite 
Si2O5,Al2(OH)4

Si2O5,Al2O2 

Alumino-silicate Oxide 

KANDOXI 

MK-750

- 2H2O

Metakaolin1975



1977 

1st mineral polymer resin



-Si-O-Al=O +  nSiO2  + (Na,K)OH 

MK-750            soluble silicate

mineral polymer Resin





Geopolymer Terminology

Si:Al = 1:1

Si:Al = 3:1

Si:Al = 2:1

Si:Al >3:1 Sialate link

1979



Polymers,  
 processed like  
  organic polymers 
Yet, 
 GEO- polymers 
   Fire and heat resistant

Geopolymers are



Creation of the GEOPOLYMER INSTITUTE,  

Saint-Quentin, France 

Non for profit scientific association 
❄  ❄  ❄ 

The word « geopolymer » : public domain 

PACTEC conference, Los Angeles, USA 
❄  ❄  ❄

1979



Cement applications !



Lone Star Industries 
Geopolymer cement, PYRAMENT 

(1983, 11 years after begin of research, 1972) 
❄  ❄  ❄ 

Barry University, Miami, Florida 
Institute for Applied Archaeological Sciences

U.S.A.



1984

1st PYRAMENT patent



Lone Star/PYRAMENT cement

Los Angeles: a crew begins 
placing geopolymer 
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 PBC until 1997

Pyrament



1985-1986

US ARMY CORPS 
ENGINEERS 

Test of geopolymer 
cement  

PYRAMENT

Study on various  

alkali-activated 

systems, 

V. Glukosvsky

14 years after



1987

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



KIEV …These compounds are 
similar to those commonly 

found in the sediments 
and hydrothermal 

metamorphous rock-
forming minerals in the 

earth’s crust, named 
« geopolymers » by 

American scientists . 
  

Geopolymeric cement 
ressembles the alkali-

alkaline Soil-cements…. 
V.D. Glukhovsky 



KIEV
…Kiev scientists learned 

about the excellent 
durability and long-term 

properties of geopolymer 
cements, due to the 

reaction with metakaolin 
MK-750. 

They used Davidovits’ work 

on geopolymer cement to 

improve the quality of their 

alkali-activated material 

and coined it:  
Geo-cement. 



Geopolymer cements / 
concretes





Road map R&D  
presented at 2nd 

International Congress on 
Ceramics, 

Verona, Italy, 
July 4th, 2008. 



15 research topics 

#1 Polymeric character of geopolymers:

#2 Poly(siloxonate), soluble silicate (water-glass)

#3 Metakaolin MK-750-based geopolymer

#4 Calcium-based geopolymer

#5 Rock-based geopolymer

#6 Silica-based geopolymer

#7 Fly ash-based geopolymer

#8 Phosphate-based geopolymer



15 research topics 
#9 Organic-mineral geopolymer:

#10 Long-term durability

#11 Geopolymer-fiber composites:

#12 Geopolymer in ceramic processing

#13 The manufacture of geopolymer cements

#14 Geopolymer concrete

#15 Material for medicinal applications



15 research topics 

#1 Polymeric character of geopolymers: 

            geopolymer micelles or nanoparticulates  

       



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

Same dimension as organic polymers 

2003, Prof. Kriven’s team



GP-micelle 
10 nm

Colloidal  
silica  

30-40 nm
Silica Fume 
200-300 nm

Fly ash 
3-15 µ

Geopolymer = nano material 
not unknown « Gel »



15 research topics        

#2 Poly(siloxonate), soluble silicate (water-glass): 
➢study ESPCI-ParisTech,  microsilica-based (silica fume) 

➢Si speciations in Na-silicate solutions



State of the  

Geopolymer 
R&D  

2014
Joseph Davidovits



15 research topics

#3 Metakaolin MK-750-based geopolymer:

             synthetic MK-750 (3 methods)

#4 Calcium-based geopolymer

alkali-activation vs geopolymerization

See Video « Why alkali-activated materials are not 

geopolymers »



15 research topics

#5 Rock-based geopolymer

Ferro-sialate (-Fe-O-Si-O-Al-O-)

#6 Silica-based geopolymer

nano-poly(silanol)



adapted from INOTEC binding system, ASK Chemicals

Silica-based geopolymer resin (Na,K)nano-poly(silanol) 
(Chap. 11)



15 research topics

#7 Fly ash-based geopolymer

no alkali-activated fly ash (user hostile)

#8 Phosphate-based geopolymer:

             AlPO4 isomorphs

#9 Organic-mineral geopolymer:

              phenolic, water-based latex, ethyl ester silicate

silane, epoxy, 

compatibility rule: Napoli Parthenope Univ.



Epoxy resin + MK-750-based Poly(sialate-siloxo):

- good compatibility between the organic and the aqueous 

inorganic phases is obtained thanks to the numerous hydroxyl tails (-

OH)  formed during the epoxy ring opening reaction that make the 

organic phase “temporarily hydrophilic” increasing the compatibility 

with the aqueous inorganic phase.

2013



Section 8.5.1 GP-Book

epoxy group

C C C C

Napoli Parthenope Univ.



15 research topics

#10 Long-term durability

              Roman cement: sialate link

#11 Geopolymer-fiber composites:

              high-temperature up to 1300°C, flax fiber

#12 Geopolymer in ceramic processing

             high temperature ceramics (Cs, Li, Ga, Ge)



#13 The manufacture of geopolymer cements

              reduction of K-silicate amount

(K-Ca) geopolymer cements

 Evolution since 1983-85. 

K-silicate % by weight of geopolymeric formulation

Pyrament
(1985)

Geopolymite 
50 

(1987)

Rock-
based
(1997) 

100 MPa

Rock-
based
(2002) 
50 MPa

Fly Ash-
based
(2006) 

100 MPa

Fly Ash-
based
(2006) 
40 MPa

50 % 50 % 20 % 17 % 14 % 10 %



76

#14 Geopolymer concrete

First structural geopolymer concrete (Brisbane, Wagners)

28 Sept. 2014



RISET developed this material after its attention was drawn to 
the cation exchange capacity (CEC) of geopolymer. Noting the 
material’s CEC level, the researchers decided to make use of 
this feature. Catenaccio PA is expected to make a significant 
contribution towards improved safety not only through its use 
in the treatment of contaminated water from nuclear power 
plants.

New decontamination tool – Catenacio PA 
expected to help Fukushima clean up

15 Jan. 2015

#15 Radioactive and nuclear waste



Fig. 1: Structural pattern of geopolymer-based adsorbents
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Abstract  

Geopolymeric components with high controlled porosity were 
designed and produced by means of CAD/CAM and FDM (Fused 
Deposition Modeling) techniques. PLA (Poly-lactic-acid) sacrificial 
structures with different patterns were 3D printed with high 
accuracy and a geopolymeric slurry was used to produce close 
inverse replicas……



81

PLA 
template

MK-750-
based 
geopolymer 
pieces

20 mm



82

The external shape of the final lattice was a cube with 15-mm sides; molds 
were designed to have open interconnected channels of (WxH) 3x3 mm 
or1.5x3mm…

PLA sacrificial templates impregnated with MK-750/Fly ash-based 
geopolymer slurry. Sealed, hardening at RT for 72 hours.  After hardening, the 
sacrificial PLA templates is removed:  directly immersed in KOH 15M at a 
temperature of 72 °C for 24 h, nucleophilic attack of the polymer chain links, 
partial hydrolysis. 

Samples were then washed with hot water to extract the PLA. Subsequently, 
the samples were heat-treated at 330 °C for 24 h in a tube furnace under an 
air flux.: complete PLA removal and retention of the geopolymer integrity. 

Method 

Fused Deposition Modeling (FDM) 3D printer…A Poly(Lactic Acid) (PLA) 
filament (3 mm diameter) was used to print the molds with a resolution of 
0.1mm in the Z direction (which determines the height of each layer) and of 
0.35 mm in the X, Y directions, corresponding to the nozzle diameter. 



83

MK-750-based 
geopolymer 
cubes15-mm 
sides
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GEOPOL® 
The technology of mould and core production with 

geopolymer binder system  
Practical using in foundry industry 

 Ing. Zdeneǩ Krahula  

Geopolymer Camp 2014 Keynote
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1) Geopolymer science 

2) Geopolymer technologies 

3) Geopolymer Cements /  
          Concretes 

4) Geopolymer and archaeology

State of the Geopolymer R&D 2014





Brisbane



UNIVERSITY OF QUEENSLAND GLOBAL CHANGE INSTITUTE 

Global Change Institute ($32 million building designed by 
HASSELL) ... zero-energy and carbon neutral workplace.
The University of Queensland’s Global Change Institute (GCI), designed by HASSELL 
in conjunction with Bligh Tanner and Wagners, 

2013

                                                      is the world’s first building to 
successfully use geopolymer concrete for structural purposes. 



UNIVERSITY OF QUEENSLAND GLOBAL CHANGE INSTITUTE 

Geopolymer concrete 
suspended floors



UNIVERSITY OF QUEENSLAND GLOBAL CHANGE INSTITUTE 



UNIVERSITY OF QUEENSLAND GLOBAL CHANGE INSTITUTE 



UNIVERSITY OF QUEENSLAND GLOBAL CHANGE INSTITUTE 

3 floors: 33 precast panels of 

slag/fly ash-based geopolymer concrete 



Runways + Taxiways + Buildings



EFC geopolymer concrete batch plant

West Brisbane Wellcamp Airport Site



Turning node + Aprons + Taxiways 

+ Hangars  
= 50,500 m2 ;  43.5 cm thick



In Australia, on September 28, 2014, the newly complete 
Brisbane West Wellcamp airport (BWWA) held a 
community open day. 



Credit: The Chronicle 29 Sept. 2014 

« The greenest airport in the world. More than 30,000 cubic 
metres of the world’s lowest carbon, cement-free geopolymer 
concrete, Wagners’ Earth Friendly Concrete (EFC), … »

28 Sept. 2014



Question : why so long ?

1983 - 2013 = 30 years



2013



The existing Portland cement standards are not 

adapted to geopolymer cements. They must be 

created by an ad hoc committee. Yet, to do so, 

requires also the presence of standard 

geopolymer cements. 

         Presently, every expert is providing his own 

recipe based on local raw materials (wastes, by-

products or extracted). 

          There is a need for selecting the right 

geopolymer cement category.      



      The 2012 State of the Geopolymer R&D, 

suggested to select two categories, namely:

•  Slag/fly ash-based geopolymer cement: fly ashes 

are available in the major emerging countries;

•  Rock-based geopolymer cement: this geological 

iron rich raw material is present in all countries 

through out the globe.



Technical data on Wagners’ 

geopolymer concrete

• First category: 

• slag/fly-ash based 

geopolymer cement



     Engineering Properties of a Proprietary 

Premixed Geopolymer Concrete

James M Aldred 
Technical Director,  AECOM

 Aldred, J., 2013, “Engineering Properties of a Proprietary Premixed 
Geopolymer Concrete”, Proceedings Concrete Institute of Australia Biennial 

Conference, Concrete 2013 – Understanding Concrete, Gold Coast, 
Australia.



Geopolymer concrete has been extensively studied by 
various universities and is starting to gain acceptance in a 
range of different applications. There are many publications 
discussing different properties of geopolymer synthesised 
from different raw materials and activators. 

Product information sheets, and even technical papers, may 
present positive data obtained from different binder 
chemistries giving the misleading impression that a specific 
proprietary material has been comprehensively tested when 
it has not. 

Alternatively papers may also focus on a particular material 
with poor performance to negatively characterise 
geopolymers   [i.e. alkali-activation].



One common concern raised by designers regarding the use of 
geopolymer concrete, is compliance with the relevant Australian 
Standards. Standards necessarily develop from the established 
construction materials and practices which can inhibit the use of 
innovative materials and procedures. 

Generally, National Standards and Codes which are more 
prescriptive in nature and explicitly limit concrete to a Portland 
cement based binder are an impediment to non-Portland based 
binders being accepted in the industry.  

a hindrance or 
obstruction in doing 

something

European concrete standard EN 206 includes an equivalent 
performance concept, but there is a restriction that potential 
binders should comply with European cement standard EN 197 and 
therefore would technically exclude geopolymers which do not 
contain Portland cement clinker.



Australian Standard for Concrete Structures (AS 

3600) does not specify Portland cement based 

concrete. The components of the Standard are 

primarily performance based. 

In USA, recent adoption of ASTM C1157, Performance 

Specification for Hydraulic Cement (the first version of 

ASTM C1157 appeared in 2000), represents an 

important development in this area.



ASTM C1157 simply requires that the cement meet 

physical performance test requirements. 

The use of ASTM C1157 is being implemented on a 

small number of projects to evaluate its effectiveness. 

The Colorado DOT has been a leader in the use of 

performance-specified cements and has used them on 

a number of highway projects. 



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)-rock-based geopolymer 
cement 

and 

one industrial hardener based on geology



(Na,K,Ca)-rock-based  
geopolymer cement 

(iron rich)



World-wide raw material for ferro-sialate geopolymer
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Geopolymer Science 

and Roman Cement

Chapter 17 

Long term durability

Archaeological analogues
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