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Why alternative cementitious binder?

* 4.2 Billion metric tonnes of OPC was produced globally in 2016
and steady growth is projected;

* 5% of the current global CO. production is attributed to Portland
cement production;

* Geoplymers are among the alternatives with the potential of
improving sustainability of the construction industry.

Table 1: Energy and CO2 savings of geopolymer cement; Source: (Davidovits, 2013)

Energy needs (MJ/tonne) | Calcination | Crushing | Silicate Sol. | Total | Reduction

Portland Cement 4270 430 0 4700 0
GP-cement, slag by-product 1200 390 375 1965 59%
GP-cement, slag manufacture 1950 390 375 2715 43%
CO; emissions (tonne)
Portland Cement 1.000 0.020 1.020 0
GP-cement, slag by-product 0.140 0,018 0.050 0.208 80%
GP-cement, slag manufacture 0.240 0.018 0.050 0.308 70%

Typical cement plant



Clay based Geopolymers

* Previous studies focus largely on GGBS, PFA and
Metakaolin as precursors that show promising
results;

* Long term supply of these precursors may be
hard to achieve in the future in many part of the
world;

* Lithomarge clays are extensively available across
the globe and can be viable alternative;

Utilization of SCMs; Source: Scrivener 2016



Materials

* Precursor: The flash Calcined lithomarge
clay

* Fine aggregate: finer than 4.5 mm

Oxide (% by TiO,
weight)

banahmeta 35.18 < 2%




The alkali metal source

* Na,SiO; solution; MR =
2.05

* Na,Si0,.5H,0

* NaOH



Mortar Mixes

Mass ratio of mixes

mi CC - 32SH CC — 44.1SSP

Calcined 32% NaOH Free  Calcined 44.1% Na,SiO;.5H,0 Free

clay solution water clay water
579 0 723 579 0
Group 2 Sand Calcined clay 54.5% Na,SiO, Free
(CC - 54.5SS) water

1221 297 297 84

1221 238 356 84

Mix - CC: SS N320/A|203 i N320/Si02

ratio

1 4.12 0.24 14.10
1.49 5.16 0.29 13.24




Tests



The Morphology

SEM micrograph for CC — 325H mortar SEM micrograph for CC — 44.1SSP mortar



Morphology of the Peak strength Mix

* The microstructure of the peak strength mix reveals a
compact rock mass bulk geopolymer structure which
resulted in the high strength mortar achieved by the
mix.

 The SEM image also showed some dispersed cracks

which is thought to be caused by the loading of the
sample during compression test

SEM image for CC - 54.5SS mortar



XRD Results -
CC Powder















FTIR Results for the Peak strength
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Conclusion

* Geopolymer synthesis of the calcined clay mortar showed
sensitivity to the type of chemical activator used in the system;

* utilizing hydrous Na,SiO5.5H,0 as activator precipitate low
strength non-geopolymer matrix that has unreactive residual
calcined clay which disrupt complete development of
geopolymer network;

* The peak strength mix shows a rock mass microstructure



The amount of hematite in the CC powder decrease due to
alkalination in the mortar

The 8 M NaOH solution precipitated zeolites as one of its reaction
product.






