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2010: State of the Geopolymer R&D 2010    
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2012: State of the Geopolymer R&D 2012   

2013: State of the Geopolymer R&D 2013   

2014: State of the Geopolymer R&D 2014  

2015: State of the Geopolymer R&D 2015



Dear prof. J. Davidovits,

I would like to know if it possible to make a 

presentation at 8th GP-Camp of our 

collaboration with a Russian company apis-

cor, who created a compact 3D printer for 

building houses. 

Together with our Italian colleagues (with 

whom we got acquainted thanks to your 

7th GP-Camp), we developed a geopolymer 

recipe specially for the needs of the 

company apis-cor and their printers and 

would like to share our experience on this.



1) Geopolymer science 

2) Geopolymer technologies 

3) Geopolymer Cements / Concretes 

4) Geopolymer and archaeology

State of the Geopolymer R&D 2016



3 important topics

1) Part 3 of my campaign against holdup perpetuated on geopolymer 

by AAM alkali-activated-materials / RILEM:  Why Alkali-activated-

materials are not Geopolymer ?

             What scientists are now writing about this issue ! 

2) Introduction to 3D-printing for geopolymer technologies.

3) My visit to Geopolymer Concrete Airport and Geopolymer Concrete 

Building in Australia.  



1) Geopolymer science 
Why AAM are not Geopolymers: part 3 

2) Geopolymer technologies

3) Geopolymer Cements / Concretes

4) Geopolymer and archaeology

State of the Geopolymer R&D 2016
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Geopolymer WEBINAR Spring 2016 250 Registered Participants





Alkali-activated-materials

Geopolymers

Classification of Alkali-Activated-Materials AAM according to J.L. Provis / RILEM 
and the small area devoted to  Geopolymers



Why Alkali-Activated Materials (AAM)  
are not  Geopolymers ?

Aug. 2014:  GP-Inst.   > 12,470 
YouTube  >   4,000

Aug. 2015:  GP-Inst.   > 4,215 
YouTube  > 1,020



Why Alkali-Activated Materials (AAM)  
are not  Geopolymers ? 

Part 3 

What scientists are now writing about this issue !



Because 

Alkali-activated Materials are not POLYMERS. 

They cannot be called GEO-POLYMERS 
2 very different systems! 

It is a big scientific mistake to use both as synonyms.  

Alkali-activation is a wrong terminology for geopolymers.



Laboratory

Geopolymer research 1988
1st Geopolymer conference



Geopolymer research 2013



Scientific papers published per year  
peer reviewed 

keyword "geopolymer"



geopolymer

alkali-
activated

Creation
RILEM-AAM



Another interesting fact was that two Elsevier BV journals published the 
majority of ААСВ related papers. Construction and Building Materials has 
the highest number of 'geopolymer' papers while Cement and Concrete 
Research was the lead journal for alkali-activated papers.



Also it was not until the twenty-first century that the first Technical 

Committee in the area of alkali activation was formed. 

The RILEM Technical Committee on Alkali-activated Materials (ТС 224-

ААМ) was initiated in 2007 and concluded its work in 2012 and the state-

of-the-art report was published recently (J. L. Provis and J. van Deventer, 

2013-2015).

Fortunately the participants had the good sense to embrace the alkali-

activated terminology even though some had published the majority of 

their research on geopolymers (low calcium alkali-activated systems).





See Part 2 of “ AAM are not Geopolymers ”



Portland  
Cement 



Geopolymer is a 
Polymer Chemistry 

(poly-sialate) 

Portland  
Cement 



Alkali-activated-materials scientists 

substitution of Ca with Na, K

Portland cement 

CaO.SiO2.H2O Calcium Silicate Hydrate

C-S-H

Geopolymer

Na2O.2SiO2.Al2O3.H2O Sodium-Silico-aluminate-Hydrate 

N-A-S-H

K2O.2SiO2.Al2O3.H2O Potassium-Silico-aluminate-Hydrate 

K-A-S-H



According to RILEM  

“GEOPOLYMER” is a type of  

alkali-alumina-HYDRATE, a precipitate, 

N-A-S-H, K-A-S-H 

Nothing else !!! 

WRONG



What scientists are now writing about 

this issue !



Time: Jun 30 –Jul 1, 2016 
Location: Shenzhen, P.R.China



ABSTRACT
This paper addresses the question of whether the main product of low calcium fly ash-based 
geopolymer is a hydrate, namely, sodium aluminosilicate hydrate (N-A-S-H). The 
answer to this question is important for understanding geopolymer characteristics……

2016



“ Contrary to Davidovits’ perception about geopolymer not being a hydrate, some 
researchers since 2005 (Fernández-Jiménez, Palomo, etc…), have claimed that Na- 
geopolymer is sodium aluminosilicate hydrate (N-A-S-H)…[i.e. alkali-activated-material]
….together with K-A-S-H (potassium aluminosilicate hydrate) or similar gels……

The concepts “N-A-S-H”, “K-A-S-H” were widely accepted in the description of 
geopolymers (J.L. Provis, J. van Deventer, 2011)… [adopted by the RILEM-AAM Committee]

Davidovits (2012), however, has clearly pointed out that a geopolymer is not a hydrate and 
the term N-A-S-H is not correct to define a Na-geopolymer. Moreover, he called for an 
effort to be made to stop giving “bad” definition to geopolymers with non-proven facts.

Conclusion: The evidence obtained from IR is not adequate to prove the existence of 
structural water, and assumption that the main product of Na-geopolymer is N-A-S-H is 
not favoured.”



Alkali-activated-materials

Geopolymers

Classification of Alkali-Activated-Materials AAM according to J.L. Provis / RILEM 
and the small area devoted to  Geopolymers



Prof.  Waltraud M. Kriven
University of Illinois 

at Urbana-Champaign, USA



Relationship between 
Alkali Activated Cements 

and Geopolymers

Prof.  Waltraud M. Kriven
University of Illinois 

at Urbana-Champaign, USA

Alkali-activated
-materials



"On a separate note, I have observed in the last 4-5 years of learning about geopolymers (mainly 

from your book) that there is some competition in the research publication world about who gets 

to define on what is a "geopolymer". 

         Although you coined this name in the 70s and make clear the chemical and performance 

difference between Portland based alkali-activated materials and geopolymers (very clearly 

described in the Webinars) as you know, some editors and reviewers are exclusively relying on the 

RILEM Technical Committees definitions of alkali-activated cements and alkali-activated materials.

         This leads some reviewers to reject papers based on the genuine geopolymer 

terminology and chemical mechanisms. As such, people wanting to be published, 

eventually end up adapting the "recommended" terminology. I give this as 

feedback." 

e-mail:



RILEM/ Technical Committee Alkali-Activated-Materials, 
2014 Report, J. L. Provis and al.



Geopolymer is a 
Polymer Chemistry 
(poly-sialate)  

and NOT a Calcium 
Hydrate alternative.



Alkali-activated Materials are not POLYMERS. 

They cannot be called GEO-POLYMERS 
2 very different systems! 

It is a big scientific mistake to use both as synonyms.  

Alkali-activation is a wrong terminology for geopolymers.



Geopolymer Terminology1979



These oligomers are named by 

some geopolymer chemists as 

''sialates'' following the scheme 

developed by Davidovits, although 

this terminology is not universally 

accepted within the research 

community 

However, for J. L. Provis:  



due in part to confusion with the earlier (1952) use of the same 
word to refer to the salts of the important biomolecule sialic 
acid, that was derived from an ancient Greek word meaning 
’saliva’. 

—————————————————————-



January, 2016



Geopolymer terminology based on Geology; for >100 

years term ’SIALIC’ :  “sialic metamorphic rocks”, 

example:  

the oceanic crust is mostly basaltic and the continental 

crust is mostly sialic, meaning the rocks, such as 

granite, contain high amounts of aluminum and silica.



Coal-Fly ashes are commonly classified into 3 entities 
for >90 years 

calcic-,  
ferric- and  
sialic-groups; 

  
the sialic component results from the %weight of 
(SiO2 + Al2O3 + TiO2). 



The geopolymeric ‘SIALATE’ proceeds from the same scientific 
logic (it is the salt of the silico-aluminic acid, sialic rocks).

In fact, for geopolymer molecules, we write (sialate-siloxo), 
(sialate-disiloxo), poly(sialate), poly(sialate-siloxo), 
poly(sialate-disiloxo), never used in biochemistry.

The well known term ‘SIALON’,  for high temperature 
refractory materials, acronym of silicon-aluminum-oxo-
nitride, i.e. a scientific logical terminology. 



What is a geopolymer ?

Chains or networks of  
mineral molecules  

linked with co-valent bonds



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

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



What is a geopolymer ?
not  alkali-activated compound 

no AAMK 
no AAFA 
no AAS 

no AAxxxx 
Geopolymerization 

in alkaline or acidic medium



Alkali-activated Materials are not POLYMERS. 

They cannot be called GEO-POLYMERS 
2 very different systems! 

It is a big scientific mistake to use both as synonyms.  

Alkali-activation is a wrong terminology for geopolymers.

Geopolymers  

high molecular, macromolecules, polymers



AAC  

alkali-activated concrete 



AAFA  

alkali-activated fly ash 



AAFAC  

alkali-activated fly ash concrete 



“Are there some other activators  
instead of NaOH ?” 

First: there is no geopolymer “activator”.  
There is a “reagent” (reactive ingredient) or “hardener”;  

alkalis (NaOH, KOH, LiOH), Na-silicates, K-silicates 

Second: there is NOTHING to activate.  
Metakaolin MK-750 is by nature super-reactive;   

glass in fly ash is easy to depolymerize, etc.



Alkali-activation  
first step of geopolymerization? 

1. alkali-activation (alkalination) 
2. Depolymerization of silicates 
3. Gel formation of oligo-sialates 
4. Polycondensation 
5. Reticulation, networking 
6. Geopolymer solidification 



Alkalination,  i.e. chemical reaction between 
alkali and other reagents,  

is a well known process going back to Antiquity

QUIZ 
GAME



AAPF  
alkali-activated phenol / formaldehyde 



BAKELITE, polycondensation, phenoplast 

300 kg NaOH / 1 t. of plastic.



AAS  
alkali-activated silicate



synthetic ZEOLITE



AAC 

alkali-activated cellulose



VISCOSE - RAYON artificial fibers 

500 kg NaOH / 1 t. fiber.



AAB 

alkali-activated bauxite



ALUMINUM production 

200 kg NaOH / 1 t. aluminum.



AAG 

alkali-activated glycerin / oil



SOAP, saponification,  

250 kg NaOH / 1 t. soap.



For many cement scientists:  

Alkalination = Alkali Activation 

Wrong 

All the previous examples would have been called AAxx by 

today’s Portland cement scientists, especially by those who 

are simply replacing Ca++ by Na+ and, like for C-S-H, call it 

N-A-S-H.



Whereas, they are actually named:  

• Bakelite (poly-phenol),  

• Zeolite (poly-silicoaluminate),  

• Viscose (poly-cellulose),  

• Aluminum, 

• Soap (Na-glycerol).



To sum up:   



First: there is no geopolymer “activator”.  

There is a “reagent” (reactive ingredient) or “hardener”;  
soluble silicates: Na-silicates, K-silicates, etc. 

Second: there is NOTHING to activate.  

Metakaolin MK-750 is by nature super-reactive;   
glass in fly ash is easy to depolymerize, etc.



Alkali-activated Materials are not POLYMERS. 

They cannot be called GEO-POLYMERS 
2 very different systems! 

It is a big scientific mistake to use both as synonyms.  

Alkali-activation is a wrong terminology for geopolymers.



4th edition



1) Geopolymer science

2) Geopolymer technologies 

3) Geopolymer Cements / Concretes

4) Geopolymer and archaeology

State of the Geopolymer R&D 2016



2016

Tuesday, July 5, 2016 

Focused session 

3D-printing



K-poly(sialate-siloxo)  
geopolymer ceramic

Organic photopolymer mold  
3D-print

cm











News

May 31 2016



www.materialstoday.com

31 May 2016



Geopolymer-fiber-composites: 
heat and fire resistance 



Fiber-reinforced geopolymers 



K-poly(sialate-
siloxo) geopolymer

+ 
carbon short fibers
2mm, 7mm, 12mm 

length



Journal of the European Ceramic Society 36 (2016) 2601–2609 



Homogeneously dispersed graphene reinforced geopolymer castables were easily and 
simply prepared through in-situ reduction of graphene oxide (GO) in the alkaline silicate 
solutions. The in-situ graphene oxide reduction occurs at 60 °C for 72 h.  The as-obtained 
graphene is uniformly dispersed and added to metakaolin, ultrasonically mixed and 
polycondensed at 60 °C. 

The final amorphous geopolymer matrix is of the type K-poly(sialate-siloxo).  …. The 
flexural strength at room-temperature for the 1 wt% graphene - K-poly(sialate-siloxo) 
geopolymer composite is in the range of 10-15 Mpa.  

After heat - treatment at 950 °C for 30 minutes, flexural strength reaches 75 Mpa.  Yet, it 
is not stable at this temperature. For longer heat-treatment time, the strength decreases 
due to the oxidation of the graphene nano-sheets. 





The photoluminescent crystals (pigment NGX-19) were 
obtained from DayGlo Color Corp. USA. It was determined 
by XRD and SEM that those crystals were Sr2MgSi2O7: Eu2+ 

Dy3+ with an average particle size of 2.8 μm. 

The photoluminescent geopolymer after sun exposure shows 
that those optical properties are real and can be expanded if 
applications are chosen to be performed at wavelengths lower 
than 570 nm.   It lasts 8-12 hours.

Jose-Carlos Rubio-Avalos, Ph.D.

Sialato S.A. de C.V.

www.sialato.mx



1) Geopolymer science

2) Geopolymer technologies

3) Geopolymer Cements / Concretes 

4) Geopolymer and archaeology

State of the Geopolymer R&D 2016



First structural geopolymer concrete (Wagners, 2013)

Global Change Institute, Univ. Queensland, Brisbane, Australia





Toowoomba-Brisbane-West Wellcamp Airport, by WAGNERS,  Australia

October 2015

100,000 tonnes 
Slag/fly ash-based geopolymer concrete EFC (Earth Friendly Concrete)







India

2nd world-largest alkali-silicates manufacturer





www.materialstoday.com





2011



They claimed that, in terms of CO2 emission, geopolymer cement was not 

better than Portland cement, and worse for other parameters. 

One of their studies involved a mix design containing metakaolin MK-750 

and Na-silicate and, because of the high amount of alkali silicate needed in 

the formulation, they claimed that geopolymer cement emitted twice the 

amount of Portland cement. This statement was taken for granted by other 

scientists without any further consideration. 

The CO2 emissions and environmental impacts calculated in Habert et 

al. paper are wrong and must be roughly divided by 2.6 (260% too 

high).



The release of the new Ecoinvent version 3 ……. pushes to recalculate previous data that 

were calculated with a too high value for the sodium silicate solution, as Davidovits 

mentioned in his recent review [19]. 

The updated results, with a sodium silicate solution impacts divided by nearly 3 ……. 

improve the comparison with cementitious materials. In particular MK-based geopolymer 

have now similar GWP [CO2] as blended cement based concrete. 

April 2016



(K-Ca) geopolymer cements

 Evolution since 1983-85. 

MK-750 / Slag / 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

MK-750 40 % 40 %
rock 60 % 
(MK=20) 

rock 60 % 
(MK=20) 

K-silicate 30 % 30 % 20-22% 17 % 14 % 10 %

MK-750-based 

GP-Book: Chapter 9
GP-Book: Chapter 10

Chapter 24
GP-Book: Chapter 12
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