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Geopolymer is a term covering a class of synthetic aluminosilicate
materials with potential use in a number of areas, essentially as a
replacement for Portland cement and for advanced high-tech composites,
ceramic applications or as a form of cast stone.
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Geopolymer is a term covering a class of synthetic aluminosilicate

materials with potential use in a number of areas, essentially as a
replacement for Portland cement and for advanced high-tech composites,

ceramic applications or as a form of cast stone.

The name Geopolymer was first applied to these materials by
Joseph Davidovits[1] in the 1970s, although similar materials had been

developed in the former Soviet Union since the 1950s, originally under the

name "soil cements".[2][3] However, this name never found widespread

usage in the English language, as it is more often applied to the

description of soils which are consolidated with a small amount of Portland

cement to enhance strength and stabillity.
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Geopolymer is a term covering a class of synthetic aluminosilicate

materials with potential use in a number of areas, essentially as a
replacement for Portland cement and for advanced high-tech composites,

ceramic applications or as a form of cast stone.

The name Geopolymer was first applied to these materials by
Joseph Davidovits[1] in the 1970s, although similar materials had been

developed in the former Soviet Union since the 1950s, originally under the

name "soil cements".[2][3] However, this name never found widespread

usage in the English language, as it is more often applied to the

description of soils which are consolidated with a small amount of Portland

cement to enhance strength and stabillity.

Geopolymers are an example of the broader class of alkali-
activated binders, which also includes alkali-activated metallurgical slags

and other related materials.[4]
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Much of the drive behind research carried out in academic institutions
involves the development of geopolymers as a potential large-scale
replacement for concrete produced from Portland cement. This is due to
geopolymers’ alleged lower carbon dioxide production emissions, greater
chemical and thermal resistance and better mechanical properties at both
ambient and extreme conditions.

vendredi 20 juillet 12


http://en.wikipedia.org/wiki/Concrete
http://en.wikipedia.org/wiki/Concrete
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Carbon_dioxide

Geopolymers From Wikipedia, the free encyclopedia
Research
Much of the drive behind research carried out in academic institutions
involves the development of geopolymers as a potential large-scale

replacement | alledged: said, without proof, *d cement. This is due to
geopolymers’ alleged lower carbon dioxide production emissions, greater
chemical and thermal resistance and better mechanical properties at both
ambient and extreme conditions.

vendredi 20 juillet 12


http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Carbon_dioxide

Geopolymers From Wikipedia, the free encyclopedia
Research

Much of the drive behind research carried out in academic institutions
involves the development of geopolymers as a potential large-scale
replacement| alledged: said, without proof, *d cement. This is due to
geopolymers’ alleged lower carbon dioxide production emissions, greater
chemical and thermal resistance and better mechanical properties at both

ambient and extreme conditions.
On the other side, industry has implemented geopolymer binders in

advanced high-tech composites and ceramics for heat- and fire-resistant
applications, up to 1200 °C.
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Much of the drive behind research carried out in academic institutions
involves the development of geopolymers as a potential large-scale
replacement| alledged: said, without proof, *d cement. This is due to
geopolymers’ alleged lower carbon dioxide production emissions, greater
chemical and thermal resistance and better mechanical properties at both

ambient and extreme conditions.
On the other side, industry has implemented geopolymer binders in

advanced high-tech composites and ceramics for heat- and fire-resistant
applications, up to 1200 °C.

There is some debatelby whom?! as to whether geopolymer cement
has lower CO2 emissions compared to Portland cement. Calcination of
limestone in production of Portland cement is responsible for CO:
emissions (one ton of cement produced releases one ton of COz), while
some processes of formation of lime also release CO2. Mainly it is the ratio
of CO2 reduction that is under debate, and it is process-dependent.
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Production

Geopolymers are generally formed by reaction of an aluminosilicate
powder with an alkaline silicate solution at roughly ambient conditions.
Metakaolin is a commonly used starting material for laboratory synthesis of

geopolymers, and is generated by thermal activation of kaolinite clay.
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powder with an alkaline silicate solution at roughly ambient conditions.
Metakaolin is a commonly used starting material for laboratory synthesis of

geopolymers, and is generated by thermal activation of kaolinite clay.

Geopolymers can also be made from sources of pozzolanic

materials, such as lava or fly ash[5] from coal. Most studies on
geopolymers have been carried out using natural or industrial waste
sources of metakaolin and other aluminosilicates.
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Production

Geopolymers are generally formed by reaction of an aluminosilicate
powder with an alkaline silicate solution at roughly ambient conditions.
Metakaolin is a commonly used starting material for laboratory synthesis of

geopolymers, and is generated by thermal activation of kaolinite clay.

Geopolymers can also be made from sources of pozzolanic

materials, such as lava or fly ash[5] from coal. Most studies on
geopolymers have been carried out using natural or industrial waste
sources of metakaolin and other aluminosilicates.

Industrial and high-tech applications rely on more expensive and
sophisticated siliceous raw materials.
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proposed in 1978 that a single aluminium and silicon-containing compound,
most likely geological in origin, could react in a polymerization process with
an alkaline solution. The binders created were termed "geopolymers”
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similar to zeolitic materials but exist as amorphous solids, rather than

having a crystalline microstructure.
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Theory

The majority of the Earth’s crust is made up of Si-Al compounds. Davidovits
proposed in 1978 that a single aluminium and silicon-containing compound,

most likely geological in origin, could react in a polymerization process with

an alkaline solution. The binders created were termed "geopolymers”

but, now, the majority of aluminosilicate sources are by-products
from organic combustion, such as fly ash from coal burning.

These inorganic polymers have a chemical composition somewhat

similar to zeolitic materials but exist as amorphous solids, rather than

having a crystalline microstructure.

Some have alleged that ancient "Roman cement" is a geopolymer,
but in reality this material is chemically unlike alkali activated geopolymers
because it is made using lime and forms calcium-silicate-hydrates, making
it much closer to Portland cement from a chemical standpoint.
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1.Dissolution of Si and Al atoms from the source material due to hydroxide

lons in solution,
2.Reorientation of precursor ions in solution, and

3.Setting via polycondensation reactions into an inorganic

"polymer” (actually a crystalline-like lattice).
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Structure

The chemical reaction that takes place to form geopolymers follows a multi-

step process:

1.Dissolution of Si and Al atoms from the source material due to hydroxide

lons in solution,
2.Reorientation of precursor ions in solution, and

3.Setting via polycondensation reactions into an inorganic

"polymer” (actually a crystalline-like lattice).

The inorganic polymer network is in general a highly-coordinated 3-
dimensional aluminosilicate gel, with the negative charges on tetrahedral

Al(Ill) sites charge-balanced by alkali metal cations.
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Davidovits has proposed that some of the major pyramids, rather than being

blocks of solid limestone hauled into position, are composed of

geopolymers, cast in their final positions in the structure.
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He also considers that Roman cement and the small artifacts,

previously thought to be stone, of the Tiwanaku civilisation were made using

knowledge of geopolymer technigues.
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History

Davidovits has proposed that some of the major pyramids, rather than being

blocks of solid limestone hauled into position, are composed of

geopolymers, cast in their final positions in the structure.

He also considers that Roman cement and the small artifacts,

previously thought to be stone, of the Tiwanaku civilisation were made using

knowledge of geopolymer technigues.

However, because Roman cement forms calcium-silicate-hydrates,
and requires calcined limestone as a reactant/precursor, it is more similar to
Portland cement than alkali-activated "geopolymer cements" such as

Pyrament cement of LoneStar.[6][7]
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dissolution in water.

W. Kriven, University of lllinois, USA:

......... Geopolymers are a class of totally inorganic, alumino-silicate based
ceramics that are charge balanced by group | oxides. They are rigid gels,
which are made under relatively ambient conditions of temperature and
pressure into near-net dimension bodies, and which can subsequently be
converted to crystalline or glass-ceramic materials.
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.............. Geopolymers consist of a polymeric Si—O-Al framework, similar to
zeolites. The main difference to zeolite is geolymers are amorphous instead
of crystalline. The microstructure of geopolymers on a nanometer scale
observed by TEM comprises small aluminosilicate clusters with pores

dispersed within a highly porous network. The clusters sizes are between 5
and 10 nm.....
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dispersed within a highly porous network. The clusters sizes are between 5
and 10 nm.....

V. Zivica, S. Balkovic, M.Drabik, Slovak Academy of Science, Bratislava,
Slovak Republic:

...It 1Is known that alkali-activated aluminosilicates are able to produce
alumino - silicate geopolymers. The hardening mechanism involves the
chemical reaction of geopolymeric precursors, such as alumino-silicate
oxides, with alkali polysilicates yielding polymeric Si—O—Al bonds........
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K. Pimraksaa P. Chindaprasirt, A. Rungchet, K. Sagoe-Crentsil, T. Sato,
Department of Industrial Chemistry, Chiang Mai University, Thailand,
CSIRO, Melbourne, Australia, Tohoku University, Sendai, Japan:

...The reaction produces SiO4 and AlO4, tetrahedral frameworks linked by
shared oxygens as polysialates or polysialate—siloxo or polysialate—disiloxo
depending on the SiO2/AI203 ratio in the system. The connection of the
tetrahedral frameworks is occurred via long range covalent bonds. Thus,
geopolymer structure is perceived as dense amorphous phase comprising
of semi-crystalline 3-D alumino-silicate microstructure.
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Peigang He, Dechang Jia , Meirong Wang, Yu Zhou, Harbin Institute of
Technology, Harbin, PR China:

....... Although geopolymer is generally X-ray amorphous if cured at
standard pressures and temperatures, it will convert into crystalline ceramic
phases like leucite or pollucite upon heating.

vendredi 20 juillet 12



Geopolymer definitions in the literature in 201 |

K. Pimraksaa P. Chindaprasirt, A. Rungchet, K. Sagoe-Crentsil, T. Sato,

Department of Industrial Chemistry, Chiang Mai University,
CSIRO, Melbourne, Australia, Tohoku University, Sendai,

Thailand,
Japan:

...The reaction produces SiO4 and AlO4, tetrahedral frameworks linked by
shared oxygens as polysialates or polysialate—siloxo or polysialate—disiloxo

depending on ' ection of the
tetrahedral fr Geopolymer Mate”al chemists oonds. Thus,

geopolymer structure is perceived as dense amorphous phase comprising

of semi-crystalline 3-D alumino-silicate microstructure.

Peigang He, Dechang Jia , Meirong Wang, Yu Zhou, Harbin Institute of

Technology, Harbin, PR China:

....... Althoug ' : TR . .

ured at

standard pre @€0PoOlymer Ceramic chemists

vstalline ceramic

phases like leucite or pollucite upon heating.

vendredi 20 juillet 12



vendredi 20 juillet 12



Geopolymer definition:

vendredi 20 juillet 12



Geopolymer definition:

- X-ray amorphous at low temperature

vendredi 20 juillet 12



Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C

vendredi 20 juillet 12



Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C
4

vendredi 20 juillet 12



Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C
4

2 Synthesis Routes:

vendredi 20 juillet 12



Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C
4

2 Synthesis Routes:
alkaline medium (Na, K, Ca): poly(silicates), poly(silico-

aluminates)




Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C
4

2 Synthesis Routes:
alkaline medium (Na, K, Ca): poly(silicates), poly(silico-
aluminates)
acidic medium (Phosphoric acid): poly(phospho-siloxo),
poly(alumino-phospho)




Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C
4

2 Synthesis Routes:
alkaline medium (Na, K, Ca): poly(silicates), poly(silico-
aluminates)

acidic medium (Phosphoric acid): poly(phospho-siloxo),

poly(alumino-phospho)
¢




Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C
4

2 Synthesis Routes:
alkaline medium (Na, K, Ca): poly(silicates), poly(silico-
aluminates)

acidic medium (Phosphoric acid): poly(phospho-siloxo),

poly(alumino-phospho)
¢

MK-750 alumoxyl group: Si-O-Al=0




Geopolymer definition:

- X-ray amorphous at low temperature

- X-ray crystalline at temp. >500°C
4

2 Synthesis Routes:
alkaline medium (Na, K, Ca): poly(silicates), poly(silico-
aluminates)

acidic medium (Phosphoric acid): poly(phospho-siloxo),

poly(alumino-phospho)
¢

MK-750 alumoxyl group: Si-O-Al=0

reacts in both systems.




