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ABSTRACT

Nanomaterials when used together with existing construction and building
materials can be seen as a novel approach, a lot of effort has been carried out to
introduce nanoparticles into cement pastes in order to improve their properties. In this
research work, silica fume (SF) was used as cementitious materials at 10 wt% by
direct weight replacement of Portland cement, and additional materials such as multi-
walled carbon nanotubes (CNTs), titanium dioxide nanoparticles (TiO;) and zinc
oxide nanoparticles (ZnO), were used at up to 5 wt% to produce nanocomposites in

the form of cement pastes and mortars. The effects of these additives on normal
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consistency and setting time were firstly studied. Paste samples were prepared using a
water to cement (w/c) ratio of 0.5 for phase transformation and microstructure
analyses. Thermalgravimetric analysis (TGA) and scanning electron microscope
(SEM) were used to study these characteristics, respectively. Furthermore, porosity
property of pastes with CNTs is characterized using mercury intrusion porosimetry
(MIP) technique. For physical and mechanical properties investigation, mortar
samples were used. The w/c and sand to cement ratios (s/c) used are 0.5 and 2.5,
respectively. Density, water absorption, flexural strength and compressive strength
were investigated. In addition, the antimicrobial effect (algae) of the mortars
determined by chlorophyll contents on the surface of the samples was also
investigated.

The results showed that setting time of Portland cement pastes with TiO, was
similar to the control mix while the time of setting of the mixes with ZnO was found
to be longer. For density results, the mortar mixes was found to increase with
increasing nanoadditives content while water absorption of Portland cement with
nano-sized additives was found to be lower than that of PC control resulting from the
reduction of the porosity. The strength results show that increasing additional
nanoadditives (CNTs and TiO;) content, an increase in both flexural strength and the
compressive strength were observed. For ZnO composites, it can be seen that the
compressive strength at the early ages (3 days and 7 days) was decreased with
increasing ZnO content and was lower than that of the control mix. However, after 28
days, the compressive strength of ZnO mixes was found to be higher than that of
control mix. From TGA results, it was found that CNTs and TiO, did not react with

Portland cement and other hydration products while the hydration products are



noticeably less for ZnO mixes since the hydration reaction was retarded by ZnO
especially at the early age of 7 days. In addition, antimicrobial effect of Portland
cement mixes can be seen to increase with increasing nanoadditive content.
Therefore, the addition of nanomaterials blended together with Portland cement is
deemed to improve the mechanical and antimicrobial properties of Portland cement

composite.



