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Abstract

Microbial induced calcium carbonate precipitation (MICP) is a process that shows the potential to offer a more sustainable alternative to cement the main binder of concrete. During MICP calcium carbonate
is produced through microbial activity. If the precipitation occurs in cavities between mineral particles, like silica sand, the calcium carbonate can form bridges between the particles and solidify them.
Ureolytic microorganisms like Sporosarcina pasteurii provide an easy to control way to utilize MICP for biocement production. They metabolize Urea and thereby produce ammonia and carbonate. In
the presence of soluble calcium ions, the latter is precipitated as calcium carbonate. The influence of key parameters on MICP on the strength of biocement was investigated in this study. To optimize
the strength of silica sand treated with MICP a central composite design was employed to determine the influence of the concentration of urea and calcium chloride and the volume of cell suspension
during treatment. Silica sand was treated sequential with cell suspension of S. pasteurii and a calcination solution containing urea and calcium chloride. The determined optimum conditions were urea
concentration (1492 mM), calcium chloride concentration (1391 mM) and volume of cell suspension (747 mL). Specimen treated under these conditions showed a compressive strength of 1877 + 240 kPa.
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Optimization Of MlCP Fig. 4: Response surface plots of the interactive effects of urea concentration (A) and calcium chloride
concentration (B) on the compressive strength at constant cell suspension volume of 7,5 mL
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Fig. 5: Comparison of the optimized protocol with a protocol often used in literature.
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Fig. 3: Compressive strength after each treatment cycle of MICP. OD of cell suspension 1.74.

Concentrations of Calcination Ssolution 3000 mM Urea, 1500 mM CaCI2

4

highest efficiency with 0.65 kPa per mol

Conclusion and Outlook

The response surface methodology was used to optimize the compressive strength of silica sand treated with microbial induced calcium carbonate precipitation (MICP). Urea concentration, calcium chloride
concentration and the volume of cell suspension were the independent variables tested. The results demonstrated that MICP is limited for high concentrations of calcium chloride. Furthermore, it was shown that
there is an optimum amount of calcium chloride and urea for a certain number of cells in the specimen during MICP treatment. While comparing the optimized reagent with with a protocol widely used in literature
a higher efficiency of compressive strength regarding nutrient for MICP could be achieved. Further research is necessary to optimize the conditions for MICP regarding compressive strength of consolidated sand.
Therefor the borders of the DoE will be extended. The results showed that high concentrations of calcium ions inhibit the production of calciumcarbonate. Therefore different ureolytic organisms will be screened
for their ability to produce calcium carbonate in presence of high concentrations of calcium ions.
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