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Abstract: Rice husk ash (RHA) having a porous sructure and a high amount of amorphous silica 
nanoparticles (4 nm) decorated on the surface of carbon nanosheets is a suitable and cheap candi-
date for the use of a grout additive. In this study, neat RHA and functionalized RHA (f-RHA) with 
three different loadings were successfully incorporated into the cement-bentonite based grouts by 
adjusting the water to cement ratio. The workability of the developed grouts having RHA-based 
additives was analyzed in terms of bleeding, density, flow spread, and Marsh cone time. Addition-
ally, the thermal and prolongation of hydration performances of the cementitious grout were en-
riched by successful attachment of amino-silane functional groups on the RHA surface. The heat of 
hydration performances of RHA and functionalized RHA introduced cementitious grout composite 
were assessed by isothermal calorimetry tests, and especially the kinetics of hydration was in-
creased by the addition of RHA. The presence of amino silane groups in f-RHA intensified the heat 
adsorption by reacting with cement constituents, and thus resulted in the retardation and reduction 
in the heat flow. Therefore, using an amino-silane coupling agent increased the induction period 
and hindered the heat of hydration compared to the reference grout. On the other hand, the incor-
poration of RHA and f-RHA into the cement matrix did not affect the thermal conductivity of the 
grouts. 
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Figure S1. SEM image, EDS analysis, and Elemental mapping analysis of (a) RHA and (b) f-RHA. 
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Table S1. The properties of ordinary type I Portland cement. 

Cement Type CEM I 42.5  
Provider CIMSA, Turkey 

Chemical Composition Assay (wt%)  
SiO2 19.55 
Al2O3 4.48 
Fe2O3 2.92 
CaO 63.54 
MgO 2.41 
SO3 3.34 

Na2O 0.34 
K2O 0.86 
TiO2 0.28 

Cement Mineral Composition Assay (wt%) 
C3S 69.37 
C2S 8.76 
C3A 3.78 

C4AF 9.67 

 

Table S2. Summary of Raman peak intensities and ID/IG ratios of RHA and f-RHA. 

Samples D intensity (a.u.) G intensity (a.u.) ID/IG 
RHA 5746.9 6233.9 0.92 

f-RHA 13,273.4 14,206.3 0.93 

 

 


