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Fig. 1. Atmospheric CO, concentration(ppm) and world port-
land-cement production(million tonnes) for the period
1840-2000. Sources : IPCC and Cembureau.
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Fig. 2. Total national CO, emission in 1000milion tonnes(Gt.)
and ratio cement-COyftotal in percent.
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Table 1. Geopolymere| 559} 2

Category Structure - Alkali cation Utilization
Poly(sialate) o;'?‘)o;ﬂ:o K-PS Thermal ir'lsulation
StAl = 1 sig, «i/ §7 a0, Na-PS Fire-resistant
. . K-PSS Refractory
P °lyésif‘i?e_'sg°x°) odod o Lo [ NaPSS | Firomsstn
e LA K, CaPSS | Toxic wasic
. . . K-PSDS | Tooting composite
Poly(;z.\lzltefhzﬂoxw &}A?g—of;,oi;fo NaPSDS Refractory
T ¢ K, CaPSDS |  Fire-resistant
Sialate fink EaR I ;
SiAL> 3 P _S i -‘%c- Na, K Fire-resistant

o] Ealj o} HwrE-& WA SAH AEE A
EET 5 W) wjEelick

o]8} 7+o] geopolymer= 3}8}+4 © = silico-aluminates
5 7|20 2 37 9l o1 poly(sialate) 2} VFER) 7= 3
t}. Sialate = silicon-oxo-aluminate &] ¢kx}2A] o] 52 £
o -§-%5= Table 16 Jep itk

3 99%F%

=99} 735 EfololH B 7 AV EE S8 7
71Al 2R g A7 1960 dUE A== oH,
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EHR] e5t7] wjFott. o]ol Wk FHlol= A
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Z-& 7FH 3} geopolymer AJHE, geopolymer Z2)
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1. solids 2. fiuids
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Fig. 3. Starting substances and creation of geopolymers.
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3.1 Low CO, cement
Eatololi] B 721 ¥ 715-S o] 43 geopolymer:=
Low CO, cementZA] z}331ky 9T}, Poly(sialate-dis-
ilox0)= K Ca(-Si-O-Al-0-Si-0-8i-0) 8] 22 o=
APgA] Na[AlSi;04]-Ca[ALSi, 0] # A S8 0|5 K-
geopolymerol| A Z2AH23-2 A4 K[AISi;04]S A &
T A o)) %3, goepolymers H| A A 3§ 9}

A2 WA FHet 9

- Ca-poly-di-(sialate) (Ca)(Si-O-Al-O-),, Si:Al=1 (anor-
tite CaS1,ALOy)
- K-poly(sialate-disiloxo), (K)(Si-O-Al-O-Si-O-Si-O),
Si:Al=3 orthoclase K[A1Si;Og]
- K-silicate cross-linked with a sialate link, Si:Al>3
(low MgO amphibole/pyroxene)
olE E3]] xEUT AW E9} geopolymer cement <] off
WA 449} CO, B8 thg-3t 7o) vlaLE o] Frh,
T3}, Poly(sialate-disiloxo) 1} (K, Ca)-PSDSE A =3}
7] Sl TEAE AE AZHT He o 3527}
o] Zask] WEof CO= EEWUE AIHE diu] <F
80~90%7t A=5EF & A& ditelolzint
Table 2. Energy needs, MJ/tonne

Type Calcination Crushing Total
Portland cement 3200 430 3630
Geopolymer cement 600 39 990

Table 3. Greenhouse Gas Emission, CO, in tonne/tonne

Type CO, emission
Portland cement 100
Geopolymer cement 0.15 ~ 020

3.2 Geopolymer Cement
FololiH ] dvte] 433l vhe-2 E3F geopolymer
cement= A A<t FAZQ o) YT ola} =&
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Fig. 4. Microstructual aspect of mortars : (a} room tempera-
ture, (b) drying oven 100°C, (c) autoclave 200°C.

®) B ©

Fig. 5. Geopolymer reaction product in autoclave 200°C : (a)
complex crystal structure (b) sponge-like structure (c)
homogeneous matrix.
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o] o]¢] E)= Fig. SollA] HeR%o] 3712 HHiE &
g & Ut o tekd Gk S99 B H
Z730l whet oF 80~100Mpad] USFHAEE e
E2]3 BAl9] geopolymer cementE A2 4= Ut

3.3 Geopolymer concrete

AIES) Rel, AHBLS Al B2 Sl wEd

Table 4. Details of the Mixtures (kg/m?)

{/1

Q T T i ¥
Mixtie 1 Mixwe2  Mixtwe 3 Midured4  Mixiwe 3

Fig. 6. Slump valuse for Mixtures 1 to 5.
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Fig. 7. Effect of molar NayO-t0-SiO, ratio on compressive
strength.

e )\]Eﬂ_‘é ;-'—1— E]_(concrete)a} 3 o] 2 E.
ZZ3} 2|3 Bakstz sl %’—ELFJE
o] Aol 1=8kg 83t Utk o]ol met geopoly-
mer cement®] EA1E o]&
ZEA A =L Siek

Table 4= 238 E &)™ Fig. 65} Fig. 7= &
el b SHze} SHFEE Ve 1 Sodium
hydroxide(NaOH) 2] 355 ¢} Na,0-t0-Si0, H17} Z71stell
uleh Ztzh Yz gkt dEAEe| Fhel RS ¢
I om o] Q3] Na0-t0-Si0, H7} 5= &
FEE vHE w2 = Uk

3t geopolymer concrete FEgF

Mixture No. | Aggregates Fly ash Sodium silicate | Sodium hydroxide Super-plasticiser Added water Curing
1 1848 408 103 41(8M) 6 - 60C oven
2 1848 408 103 41(10M) 6 75 60°C oven
3 1848 408 103 41(12M) 6 144 60°C oven
4 1848 408 103 41(14M) 6 207 60°C oven
5 1848 408 103 41(16M) 6 265 60°C oven
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Fig. 8. Manufacture of fire-resistant wood-chip boards faced
with geopolymer(Na-Poly(sialate)).

Fig. 9. Electrical fuses made
with geopolymer.

Fig. 10. Brick made
geopolymer.

Fig. 11. Decorative items made of K-poly(sialate-siloxo)geopoly-
mer binder.

Fig. 12. Foamed geopolymer (Na, K)-poly(sialate-siloxo) resin.

Z oo 4 E |23} geopolymer concreter H% X
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4. Geopolymery %8 44

Geopolymery= 953+ 82]3 - 3}8k% EAlo H]E.
B Holoj|a 28 . g25 7 9lon AHF AZL A
At - Bo) 3= 3 ALZ = Geopolymere, RenotechOy,
Siloxoo PTY. LTD% th=2] fA71 ATk
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Fig. 13. High perfomance
cement, Pyramet®.

Fig. 14. Hazardous and
Radioactive Waste Treatment.

Fig. 15. Thermal shield made out of carbon/geopolymer com-
posite.
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