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Geopolymerization in alkaline milieu

1.  alkalination: alumino-silicates + alkali
2.  Depolymerisation of silicates into oligomers (oligo-sialates, 

oligo-siloxo)
3. Inter-reaction of oligo-sialates/oligo-siloxo

4. Polycondensation into poly(sialates)

5. Reticulation, networking

6. Geopolymer solidification 



Blast furnace slag



Slag + KOH

29Si NMR

Q0



Alkalination

gehlenite



Alkalination

CSH

akermanite



Si  Q2 unit



Si  Q2 unit



Si  Q2 unit



gehlenite akermanite



gehlenite akermanite



gehlenite akermanite



gehlenite akermanite



1) MK-750 / slag - based 

2) Rock / slag-based

3) Fly ash / slag-based 



Geopolymerization
MK-750  + slag

(1)









8 day strength / % MK-750

Room temperature
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q high strength with bad physico-

chemical properties

q medium strength with high 

durability 

The Choice 
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atomic ratios
Si:Al  1.65
K:Al  0.48   Si:K 3.43
Ca:Al  0.65   Si:Ca 2.53
electronic micro beam analysis
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Ca:Al  0.679 (0.388 to 0.870)   Si:Ca 2.43
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geopolymeric matrix may be a solid solution of 
ü- 1.67[K-poly(sialate)], kalsilite, hydrate 
               + 0.41[Ca-poly(di-sialate)], anorthite hydrate;
ü - 0.33[K-poly(sialate-disiloxo)], orthoclase hydrate, 
           + 0.08[Ca-poly(di-sialate)], anorthite hydrate;
ü- 0.5[Ca-di-siloxonate] (CSH) + CAH … 

atomic ratios
Si:Al  1.65
K:Al  0.48   Si:K 3.43
Ca:Al  0.65   Si:Ca 2.53
electronic micro beam analysis
Si:Al  1.655 (1.317 to 1.832)
K:Al  0.442 (0.192 to 0.614)   Si:K 3.73
Ca:Al  0.679 (0.388 to 0.870)   Si:Ca 2.43







MK-750 / slag-based 
geopolymer cement

Practical experience





  Basic MK-750/slag mix:
a) calcined kaolinitic clay…..……80 
b) slag (15-25 microns) …………20
c) K silicate sol. 
  (MR = 1,40), H2O:53%.........20
d) water…………………………….2

Ambient temperature hardening 
45 MPa at 7 days

70 MPa at 28 days. 



Rock / slag - based 
geopolymer cement

(2)
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Si:Al = 3:1
Poly(sialate-disiloxo) geopolymeric cement 

Based on geological raw-materials 

Compressive Strength at 28 days (room temperature 
hardening) : 

✦  European raw materials:    up to 140 MPa

✦  Qatari raw materials:               up to 150 MPa
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-  25% plagioclase (feldspar), 
-  30% quartz, 
-  10% amphibole, 
-  27% kaolinite, 
-  3-5% coal and 
-  6% of other elements. 

calcined at 750°C for 3 hours, 
ground to 15-25 microns.

Remains of coal supply part of needed 
energy



Coal-waste tailing  mixture:
a) coal-mining waste ……………80 
b) slag (15-25 microns) …………20
c) K silicate sol. 
  (MR = 1,40), H2O:53%.........20
d) water…………………………….20   

       
Ambient temperature hardening 

30 MPa at 7 days
75 MPa at 28 days. 



Special coal-mining 

tailings
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Patent filed in 2004, granted and issued in 2010; pilot 
plant funding through European Union 

30% limestone reduction

25 % CO2 reduction
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« ...... However, when the production of fly ashes 
and granulated blast furnace slags is taken into 
account,.... it appears that geopolymer concrete has 
a similar impact on global warming than standard 
concrete. »
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solutions: 

- 1)  the use of industrial waste that is not recyclable within 
other industries (?????)

-2) on the production of geopolymer concrete using a mix of 
blast furnace slag and activated clays. 

It is only by adopting these directions that geopolymer 
concrete could allow us to achieve the current objectives for a 

long term reduction of CO2 emissions. »

They are re-inventing the 
wheel !! 

For whom? LAFARGE.
How ?







LAFARGE vient de signer un contrat-cadre avec le Laboratoire 
Navier, unité de recherche dans le domaine de la mécanique et 
de la physique des matériaux, des structures et des 
géomatériaux, qui rassemble des chercheurs de haut niveau de 
l’École des Ponts ParisTech, du CNRS et de l’IFSTTAR. Dans le 
cadre de cette collaboration, le Laboratoire Navier contribuera 
aux recherches sur les propriétés de mise en œuvre, les 
performances mécaniques et la durabilité des nouveaux bétons 
développés par Lafarge pour une construction à faible empreinte 
carbone. 
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Navier, unité de recherche dans le domaine de la mécanique et 
de la physique des matériaux, des structures et des 
géomatériaux, qui rassemble des chercheurs de haut niveau de 
l’École des Ponts ParisTech, du CNRS et de l’IFSTTAR. Dans le 
cadre de cette collaboration, le Laboratoire Navier contribuera 
aux recherches sur les propriétés de mise en œuvre, les 
performances mécaniques et la durabilité des nouveaux bétons 
développés par Lafarge pour une construction à faible empreinte 
carbone. 

R&D on the new cements/concretes developed 
by Lafarge targeting low-carbon footprint.
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This study sponsored by LAFARGE to denigrate 
geopolymer cements, ignores deliberately the 
geopolymer cements industrialized, namely:

-PYRAMENT, patented 1984 by Lone Star Ind. (USA)
-TECTO-cements patented (1994) by Holderbank (CH)
-CARBUNCULUS-cements patented (1997) by Cordi-
Géopolymère, France
-several patents filed by Czech scientists since 1990
-Poly(sialate-siloxo) ROCK-BASED cements (2003) by 
Cordi-Géopolymère, France 
-E-CRETE Geopolymer Concrete developed by Zeobond 
Australia (2007)
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CO2 reduction for 
Rock-based GP-cement

(1) by-products (waste)

(2) all ingredients 
manufactured 



Slag as by-product (waste) and with 
K-silicate solution



Processing Portland 
Cement

GP-cement 
uncalcined

GP-cement 
calcined

calcination 1,000 0,035 0,140

crushing 0,020 0,018 0,018

K-silicate 0 0,050 0,050

Slag waste 0 0 0

total 1,020 0,103 0,208

reduction 0 90 % 80 %

Slag as by-product (waste) and with 
K-silicate solution
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GP-cement 
calcined

calcination 1,000 0,035 0,140

crushing 0,020 0,018 0,018

K-silicate 0 0,050 0,050

Slag manuf. 0 0,100 0,100

total 1,020 0,203 0,308

reduction 0 80 % 70 %

Slag manufactured and with 
K-silicate solution
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GP-cement 
uncalcined

GP-cement 
calcined

calcination 1,000 0,035 0,140

crushing 0,020 0,018 0,018

GP-LAVA 0 0,100 0,100

Slag waste 0 0 0

total 1,020 0,153 0,258

reduction 0 85 % 75 %

Slag as by-product (waste) and with 
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Processing Portland 
Cement

GP-cement 
uncalcined

GP-cement 
calcined

calcination 1,000 0,035 0,140

crushing 0,020 0,018 0,018

GP-LAVA 0 0,100 0,100

Slag manuf. 0 0,100 0,100

total 1,020 0,253 0,358

reduction 0 75 % 65 %

Slag manufactured and with 
GP-LAVA
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CO2 reduction
Lafarge Portland cement 

best case: 25%

Rock-based Geopolymer cement
worse case: 65%
best case: 90 %



Fly ash / slag - based 
geopolymer cement

(3)



GEOASH





Combustion technologies 
and operating temperatures

Technology Temperature

fluidized-bed 850°C
pulverized coal combustion 1 1250°C

pulverized coal combustion 2 1500°C

Coal gasification IGCC 1800°C
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Hardening at Room-Temperature
Based on 

(K,Ca)-poly(sialate-siloxo) matrix
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 - 0.3-0.4 L/kg, NaOH 12M, 

  - 24h room temperature ageing, 

 - curing at 80oC for 48h.

User-hostile
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Geopolymeric method:

room temperature hardening 
polycondensation 

    - fly ash………….…………………..50 to 85  
    - K-silicate solution SiO2:K2O >1.4….....10  
    - blast furnace slag…………………….....15
    - water……………………………………….5 

User-friendly. 



28 day 
compressive 

strength 
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Ca-based geopolymer fly ash matrix composition

4SiO2·Al2O3·CaO·0.3K2O
poly(sialate-siloxo), 

(Ca,K)-(Si-O-Al-O-Si-O-) 
with Si:Al = 2



 



 



From Low-Tech 

to High-Tech Development

 of USER-FRIENDLY systems
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Corrosive and irritant chemicals

     Hostile Friendly
CaO (quick lime) Ca(OH)2

NaOH Portland cement

KOH Iron slag

Sodium metasilicate
SiO2:Na2O = 1

Slurry soluble silicate/
kaolin

MR 1.25<SiO2:M2O<1.45

Any soluble silicate
MR SiO2:M2O <1.45

Any soluble silicate
MR SiO2:M2O >1.45




