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3 Parts:

® 40th anniversary of Geopolymer Institute
1979-2019.

® Ancient Geopolymers in South-American
Monuments, Pumapunku/Tiwanaku, Lake
Titicaca, Bolivia.

® R&D: geopolymer science, technologies,

low-CO2 cement/concrete.



Celebrating the 40t anniversary
of the Institut Geopolymere

Geopolymer Institute






Plastics are
dangerous !!

Are organic
polymers

heat
resistant ??



** No! NATURE states :

% Only MINERALS provide fire and

heat resistance

* Target: mineral polymers.

% Creation of CORDI S.A.,

private research company.



CORDI SA
20 rue de la Fere
02100 Saint-Quentin

1972 - 1983



MILESTONE in Geopolymer Chemistry and Material Sciences:

Full Paper of the communication presented at
IUPAC Symposium on Long-Term Properties of
Polymers and Polymeric Materials, Stockholm 1976, Topic Il

PROGRAMME OF THE IUPAC SYMPOSIUM ON
LONG-TERM PROPERTIES OF POLYMERS AND
POLYMERIC MATERTALS

Stockholm, August 30 — September 1,1376




ORGANIZED BY
* DEPARTMENT OF POLYMER TECHNOLOGY

THE ROYAL INSTITUTE OF TECHNOLOGY
STOCKHOLM SWEDEN

WEDNESDAY, SEPTEMBER 1 1976

TOPIC Ill, NEW POLYMERS OF HIGH STABILITY

14.30 - SOLIDPHASE SYNTHESIS OF A MINERAL BLOCKPOLYMER
BY LOW TEMPERATURE POLYCONDENSATION OF
ALUMINOSILICATE POLYMERS

by J. Davidovits (Cordi S.A.,
Saint-Quentin, France

JUPAC-76.pdf > 2,360 downloads







Geopolymer Terminology
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Official Journal of the French Government

Saturday
26 May
1979



Institut Géopolymere (Geopolymer Institute)

Research Institute on geopolymers and their

applications

Mission: Advancement of knowledge concerning

geopolymers; teaching, dissemination and applications of
this knowledge in the technical and natural sciences,

humanities, arts and literature, as well as the exploitation
of the geological resources. Head office: 20 rue de la

Fere, Saint-Quentin.
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1988: |st International Geopolymer Conference, Universite de

Technologie Compiegne, France.

1999: 2nd International Geopolymer Conference, Saint-Quentin,

France.

2002: 3rd International Geopolymer Conference, Melbourne,

Australia.

2005: International Geopolymer World Congress, Saint-Quentin,

France, and Perth, Australia.

2009: /st Geopolymer CAMP, Saint-Quentin: yearly international

event.

since 2009, several “National” Geopolymer gatherings or

conferences



CIMA 2019: 25 - 28 OCTOBER 2019 HAMMAMET,

TUNISIA

https://cima-tunisie.com



| Oth anniversary of

GeopolymerCamp

2009 - 2019 : 10 videos of Keynotes
State of Geopolymer R & D



State of the Geopolymer R&D
2009 : Mass Production of GP-cement.Video > 14,450 views.
2010 :Archaeology (see later).
2011 : ( bad audio) Synthetic metakaolin (chemosynthetic)
2012 : Opposition between cement chemistry terminology and
geopolymer terminology (see later Why AAM are not
Geopolymers).
2013 : First Webinar, Space application, geopolymer/carbon fiber

composite.

McLaren Racing Ltd



State of the Geopolymer R&D
2014 :Part | of “Why AAM are not Geopolymer”,

First public building with geopolymer concrete, Brisbane,

Australia.

UNIVERSITY OF QUEENSLAND GLOBAL CHANGE INSTITUTE



State of the Geopolymer R&D
2015 : 3D-printing, Wagner’s Wellcamp Airport
(Toowomba, Brisbane), industrial applications (foundries,

grouts, etc, several videos).

v
template m—
20 mm

Turning node +
Aprons + Taxiways +
Hangars



State of the Geopolymer R&D
2016 : my visits of Brisbane building and Toowomba

airport (Australia).



State of the Geopolymer R&D

2017 : London’s fire :
Chapter 22

Fire and Heat resistant

Geopolymer Foam

Trolit® 1987

Too expensive !!



June 14,2017

30 years later
London Grenfell Tower

80 people died ! Is

it too expensive !



State of the Geopolymer R&

1) Geopolymer science

2) Geopolymer technologies

3) Geopolymer Cements / Concretes

4) Geopolymer and archaeology



M.I.T.

Zahi Hawass, head of Egypt's Supreme
Council of Antiquities, minced no
words in assailing the concrete idea.
« |t's highly stupid, » he said via a
spokesman. « The pyramids are made
from solid blocks of quarried
l[imestone. To suggest otherwise is
idiotic and insulting ».




Oldest geopolymer artifact
25 000 years old !

Brno Anthropology Museum# ==

The Venus from Dolni
Vestonice (CZ)






State of the Geopolymer R&D



State of the Geopolymer R&D

|) Geopolymer science

2) Geopolymer technologies

3) Geopolymer Cements / Concretes

4) Geopolymer and archaeology



State of the Geopolymer R&D 2019

|) Geopolymer and archaeology

2) Geopolymer technologies

3) Geopolymer science

4) Geopolymer Cements / Concretes



State of the Geopolymer R&D 2019

|) Geopolymer and archaeology

2) Geopolymer technologies
3) Geopolymer science

4) Geopolymer Cements / Concretes



° Ancient Geopolymer in South-
9252018

GeoroymerCave - American Monuments, 600 AD

Joint research program between Geopolymer Institute
and Universidad Catolica San Pablo, Arequipa, Peru.

2017-2018
First results for Tiwanaku / Pumapunku, Bolivia.

Universidad Catolica

San Pablo




~Andesite (volcanic)

Red sandstone
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Two different methods:

|) For red sandstone megaliths:
Geopolymer in alkaline-
medium.

2) For grey andesite structures:

Geopolymer in acidic-medium.



Method nr. |

Pumapunku

red
sahdstone

megaliths



online 8 october 2018



Geological
site Marka

Pumapunku
monument



Method nr. 2

Andesite (volcanic)
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Stuble-Uhle (18

92)

H structures, | meter high andesite stone,

Mohs hardness ca. 6-7 (7=quartz),
density d=2.58 kg/I.



Ceramics International, 45 (2019) 7385-7389

online 04 January 2019



Fe-Si

100 pm

Point 4



Organic matter (binder ?) in a volcanic rock

Point 4

10 pm



www.geopolymer.org



>130,500 views



> 268,300 views



> 268,300 views






State of the Geopolymer R&D 2019
|) Geopolymer and archaeology

2) Geopolymer technologies

3) Geopolymer science

4) Geopolymer Cements / Concretes



Geopolymer binder / resin
paint / coating / grout
Geopolymer foam
Geopolymer cement
Geopolymer concrete
Geopolymer carbon/composite

Geopolymer ceramics
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BASH

Germany

PCI-GEOFUG® ,
geopolymer grout and
binder

WWW.pcl-augsburg.de



Milliken
Infrastructures
USA

Geopolymer mortar
systems and grouts for
use in rehabilitation

infrastructure.milliken.
com



ASK
Chemicals
(Ashland)

Germany

INOTEC Inorganic
Binder System,
geopolymer binder for
foundries

www.ask-chemicals.com



Wagners

Australia

Earth Friendly
Concrete: fly ash / slag
geopolymer concrete
for infrastructures

www.wagner.com.au



Pyromeral
Systems
France

High-tech high-
temperature structural
geopolymer composite

materials for automotive,
aircraft industries

WwWWw.pyromeral.com



Fire
Composites
Ireland

MechTool®: Heated
geopolymer composite
tooling for manufacture of
large composites structures
(aerospace, wind mill

energy)

Www.eirecomposites.com



AIrbus
France

Alircraft conduit in
geopolymer carbon
composite
Patent: US
20090197031 A1
FR2007051747

%

AIRBUS



Schlumberger

France

Patent: WO/
2008/017414
Pumpable geopolymer
formulation for oilfield
application



RockwooOl
Australia

Geopolymer rockwool
brickettes used to
recycle unused fibers




Commissariat

a Energle
Atomique
France
Patent WO/ CQa
2009/050196 —

Method of preparing a
controlled porosity
geopolymer for
catalysis and filtration




Skoberne
Germany

Skobifix 30
Fireproof condensing
chimney for hot gas
exhaust made of
geopolymer foam.

WWwWW.skoberne.de



Mataki
Panels
Singapore

Patent WO/
2009/025620
Precast geopolymer
panels

www.matakiipanels.com



NU-Core
A2FR
China

Geopolymer Fireproof
Composite Panels

WWW.NuU-core.com.cn




Renca
Russia

3D Printer for buildings.
Development with Apis-
Cor of a 3D printer with
a fast setting
geopolymer concrete

www.renca.com



Corning
USA

Patent US 7745363
Geopolymer ceramic
composites for high

temperature

WwWw.corning.com

CORNING




Dow

Chemical
USA

Patent WO/2010/138351
Geopolymer coating for
organic polymer
substrates

WwWwW.dow.com



Orexo AB
Sweden

Patent WO/2010/128300
Composition for
sustained drug delivery
comprising
geopolymeric binder

WWW.0rexo.com



INOMAT
Germany

Ino-Flamm®
Patent WO/2011/029444
Fire resistant
geopolymer paint

www.lnomat.de



Sinotec
Germany

Sinocoat®
Very resistant and acid-proof
rigid anti-corrosive
geopolymer coating for the
protection of surfaces on
metallic and mineral basis

WWwWWw.Sinnotec.eu

SINNO

FUTURE MATERIALS



GeoPol
Czech Rep.

Geopolymer sand
binder for cores in
foundries

Wwww.geopol-info.com



Nova
Lignum
Netherlands

Ceranex™
Geopolymer
composite sidings and
facade claddings

www.novalignum.n|

EsCero



NanoVoltal
CS Inc.

USA

Nanoporous geopolymer
(npGEO™) composites
for use in water treatment
as an adsorbent for the
removal of arsenic.

www.nanovoltaics.com



Allled Foam
Tech Corp.
USA

GeoFoam: geopolymer
foam cement, for
lightweight and fireproof
applications

www.alliedfoamtech.co
m



Woellner
Germany

GEOSIL®
Ready to use alkali
silicates for Geopolymers

www.woellner.de



Vodnis Klo

Czech Rep.

Desil AI™
Geopolymer binder
system for foundries

www.vodnisklo.cz

\({vodni sklo



PolyRap
Canada

Econcrete: geopolymer
concrete made out of
mine tailings

WWW.polyrap.net



Argio
Belgium

ArgioBricks: LTGS
bricks (low
femperature
geopolymer setting)

www.argio.com



Reinforced
Concrete
Plpes
Australia

eCP: geopolymer
concrete pipes

WWw.rcpa.com.au



Watershed
Materials

USA

high strength masonry with a
low carbon footprint using
natural mineral based
geopolymers.

www.watershedmaterials.com



Bowers

Industrial
USA ,
BowerslIndustrial

A200 to AcQ0 COATINGS & LININGS
geopolymer concrete
(quartzite fillers) for acid
resistant applications

www.pbowersindustrial.c
om



Aguaminerals
Finlands

Solutions for water
purification with
patented geopolymer
nitrogen removal
adsorbents

www.aguaminerals.fi

w £ o
AQUAMINERALS



Amec Foster
Wheeler
United Kingdom

SIAL® matrix, a
specialized geopolymer
technique for
encapsulating various
radioactive waste streams.

www.amecfw.com




Lucideon
United
Kingdom

MIDAR: encapsulation,
immobilisation of high
hazard nuclear and
chemical wastes

www.lucideon.com



Wincrete
Brazll

Decorative architectural
geopolymer binder
panels for inside and
outside

www.winblok.com.br



Néoterre

France

Geobiology
applications

Wwww.neoterre.com




State of the Geopolymer R&D 2019

|) Geopolymer and archaeology

2) Geopolymer technologies

3) Geopolymer science

4) Geopolymer Cements / Concretes












Road map R&D
presented at
2nd International
Congress on Ceramics,

Verona, Italy,

July 4th, 2008.



16 research topics

#| Polymeric character of geopolymers

#2 Poly(siloxonate), soluble silicate (water-glass)
H#3 Metakaolin MK-750-based geopolymer

#4 Calcium-based geopolymer

#5 Rock-based geopolymer

#6 Silica-based geopolymer

#/ Fly ash-based geopolymer

#8 Phosphate-based geopolymer



16 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 Radioactive waste, Particules and gaz

pollution.

# 16 3D printing.



#| Polymeric character of
geopolymers

Chapter 2



Available for free download at

www.geopolymer.org
° 3 |0 Videos: State of the Geopolymer R&D
GEOPO._YM?RZ(;O:NG,P |5 Videos: Special Keynotes

|2 Videos: Lectures Spring 2014 and
Spring 2016

4 Videos: Why Alkali Activated Materials
are NOT Geopolymers?

GP-Institute > 17,100
YouTube > 9,500






Available for free download at www.geopolymer.org

Technical papers

26 pdf

Archaeological

papers

9 pdf



#3 Metakaolin
MK-750-based

geopolymer

Chapter 8









Exothermic
polycondensation of
MK-750-based
geopolymer binder

K-PSS at different

curing temperatures

T°C
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#10 Long-term durability,
archaeological analogues.

Chapter 17



H#15 Material for

Radioactive waste,
Particules and gaz
pollution.

Chapter 17



In this study, geopolymer was applied to convert ion exchange resins
contaminated with radionuclides into a solid waste form.
Geopolymer has superior properties to enable the encapsulation of

spent resins.
(...... ) The International Atomic Energy Agency has reported that

geopolymer can be used for the stabilization of radioactive waste
with a geopolymer cement matrix and provides excellent leach
resistance (IAEA, 2013). Therefore, slag-based geopolymers were

studied for the purpose of spent resin solidification in this study.



Existing technology does not meet the urgent need for a cheap
and efficient carbon particulate matter (PM) (particle sizes below

|0-2.5 nm) removal filter.

A porous gradient geopolymer-based tube membrane was

successfully prepared using one-step molding.

Many diseases and conditions have been reported to be associated
with PM pollution, including lung cancer, asthma, morbidity and
mortality. Recently, people in developing countries such as China
have suffered from serious PM.



The innovative porous gradient tube membrane for PM removal
was fabricated by metakaolin based geopolymers with a 70uym
porous membrane body and 0.l ym or100 nm nanoporous surface
(Figure). The porous gradient geopolymer-based tube membrane

has a compressive strength of 3.9MPa and a pressure drop of 0.01
MPa.

In PM filtration the
removal efficiency reached
98.5% to 99.3%, showing
great potential for

geopolymer in PM removal

filtration. 0.1pm or 100nm




State of the Geopolymer R&D 2019

|) Geopolymer and archaeology
2) Geopolymer technologies

3) Geopolymer science

4) Geopolymer Cements /
Concretes






1984

Slag / MK-based
geopolymer cement

1997

Slag / Rock-based
geopolymer cement

2006

Slag / FA-based
geopolymer cement

2010

Slag / Ferro-based
geopolymer cement



Low-energy cement
Mega Joule / | tonne

rock

fly ash

L
Portland Geopolymer
4700 M| 1960 to 775 M|,

reduction 60 to 84%



Low-CO2 cement
CO2 emission / 1 tonne

Geopolymer
Portland 0,1to 0,15
0.85 tonne tonne

mmm reduction
80-90%



False CO2 Emission values
for
Geopolymer cements /
concretes

published in Scientific Papers






(K-Ca) geopolymer cements.
Evolution since 1983-85.
K-silicate % by weight

Pyrament
(1984)

50 %




(K-Ca) geopolymer cements.
Evolution since 1983-85.
K-silicate % by weight

Pyrament Geopolymite
(1984) 50
(1987)

50 % 50 %




(K-Ca) geopolymer cements.
Evolution since 1983-85.
K-silicate % by weight

Pyrament Geopolymite, Rock-

(1984) 50 based
(1987) (1997)
100 MPa

50 % 50 % 20 %




(K-Ca) geopolymer cements.
Evolution since 1983-85.
K-silicate % by weight

Pyrament|Geopolymite| Rock- | Rock-
(1984) 50 based | based
(1987) (1997) | (2002)

100 MPa | 50 MPa

50 % 50 % 20 % 17 %




(K-Ca) geopolymer cements.
Evolution since 1983-85.
K-silicate % by weight

Pyrament Geopolymite| Rock- | Rock- | Fly Ash-
(1984) 50 based | based based

(1987) (1997) | (2002) (2006)

100 MPa | 50 MPa | 100 MPa

50 % 50 % 20 % 17 % 14 %




(K-Ca) geopolymer cements.
Evolution since 1983-85.
K-silicate % by weight

Pyrament Geopolymite| Rock- | Rock- | Fly Ash-
(1984) 50 based | based based
(1987) (1997) | (2002) (2006)

100 MPa | 50 MPa | 100 MPa
50 % 50 % 20 % 17 % 14 %




Poly(sialate-siloxo) geopolymer concrete

2013

UNIVERSITY OF QUEENSLAND GLOBAL CHANGE INSTITUTE
Brisbane, Australia



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

2014

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



Copyright © United Nations Environment Programme, Paris 2017 (Revised Edition)

2017

Authors:

Karen L. SCRIVENER (group co-chair)
Professor of Construction Materials
EPFL (Ecole Polytechnique Fedérale
de Lausanne), Lausanne, Switzerland

Vanderley M. JOHN (group co-chair)
Professor, Lab. Microstructure and
Eco-Efficiency

Polytechnic School, University

of Sdo Paulo, Sao Paulo, Brazil

Ellis M. GARTNER

Former Scientific Director
Lafarge France

Professor, Department Civil
Engineering, Imperial College, UK



Final remarks

Geopolymer materials produced with fly ash
and blast furnace slag have low CO2 footprint,

but their mitigation potential is dubious

[suspicious - unreliable] since they will mostly
divert slag and fly ash from Portland

cement.




Several suppliers for metakaolin MK-750

Supplier of Blast Furnace Slag
2003 - 2010

ARCELOR-MITTAL France

geopolymer precursor Blast Furnace Slag GGBS.

ECOCEM France, and other companies:
in Europe: ECOCEM lIreland, ORCEM Netherlands,

in USA ORCEM USA




Geopolymer cement/concrete

Technical parameters studied and solved

® Adjuvants, plasticizers, water reducers.
® Retarder.
® Drying-shrinkage.

® User-friendly One-part GP-cement.



Geopolymer Library download: > 4,360



The 2012 State of the Geopolymer R&D,

suggested to select two categories, namely:

* Slagl/fly ash-based geopolymer cement: fly ashes

are available in the major emerging countries;

* Ferro-sialate-based geopolymer cement (similar to
rock-based): this geological iron rich raw material

is present in all countries through out the globe.



Ferro-sialate [Fe-O-Si-O-Al-O]

geopolymerisation of geological elements
rich in iron oxides and ferro-kaolinite,

- formed in weathered acidic rocks :
sandstone, granite or gneiss,
- or in basic rocks (mafic) :

basalt and gabbro.



World-wide availability of raw material for
ferro-sialate geopolymer cement



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