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Abstract. The mechanical properties and microstructure of modified mortar and concrete using
Carbon NanoTubes (CNT) are experimentally studied at 7, 14, 28 and 90 curing days. Part of the
formulation, CNT are dispersed in a liquid solution. Different concentrations ranging from 0.01% to
0.06% and 0.003% up to 0.01% are used for mortar and concrete, respectively. Mechanical testing
of the modified materials reveals that maximum compressive strength is obtained for CNT
concentrations close to 0.01%wt and 0.003%wt for mortar and concrete, respectively. The
microstructural characterisation of the modified materials suggests that CNT act as bridges between
pores and cracks leading to a reduction in porosity and in turn an increase of compressive strength.

Introduction

Most crystalline solids are composed of a collection of many small crystals or grains; termed
polycrystalline. The term of nanomaterials or nanocrystalline materials (also known as
nanostructured or nanophase materials) is used to describe those materials that have a majority of
grain size in the typical range from ~1 to 60 nm. Whether it can be called a revolution or simply
evolution, the nanomaterials have received much attention as advanced engineering materials with
unique physical, chemical and mechanical properties. Generally nanomaterials have exceptional
properties in comparison than to those of coarse-grained ones [1-5]. Since invented by lijima [6] in
1991, carbon nanotubes have been widely used in a wide spectrum of applications such as in
electronics technology, biomaterials design, chemical compounding and multifunctional
composites. Carbon nanotubes (CNT) are allotropes of carbon with a cylindrical nanostructure and
members of the fullerene structural family [7-8]. One of the most important properties achieved by
CNT, in civil engineering applications, is their capability to confer a mechanical reinforcement to
cement based structural materials [9-10]. The aim of this work is to study the effect of addition of
different amounts of CNT varying from 0.01% to 0.06% and from 0.003% to 0.01% on the
compressive strength and microstructure of mortar and concrete respectively

Materials and methods

The ordinary Portland cement used in our work is CEMII 32.5R from Colas company and classified
in NF P15-301 norm. The carbon nanotubes are delivered by Arkema Company as a liquid solution.
The scientific name is Graphistrength CL1-020. Carbon nanotubes multiwall developed by Arkema
is an allotrope of carbon and appear as small concentric cylinders of graphite. Table.1 summarizes
CNT properties. Different concentrations namely 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06% for
mortar and 0.003%, 0.004%, 0.006%, 0.01% for concrete are prepared and added to the standard



formulation like mixing water. The procedure of mortar preparation follows the classified European
Standard EN 169-1. The mixed mortar is poured into molds to form prisms of typical dimensions
4x4x16 cm. The mixed concrete is poured into molds to form cylindrical samples with a height of
11 cm and diameter of 22 cm. The cylinderical concrete samples are finished to have a smooth
surface before mechanical testing. Table.2 summarizes the selected concrete formulation used.
Compressive testing for the strength at the 7th, 28th and 90th days is performed using a mechanical
testing system (MTS) under constant speed for mortar and hydraulic mechanical testing system
(3R) under load control for concrete. Mortar and concrete samples are characterized by Scanning
electron microscopy (SEM) (stereo scan 120, Leo 120), with IDIFIX program coupled with energy
dispersive spectrometer (EDS).

Table.1 Properties of carbon nanotubes (CNT).

Electric conductivity 10 10" [s/cm]
PH 11
Density 1000-1100 [kg/m’]
Liquid solution concentration 2%wt of CNT
Liquid solution color at 20°C Black
Liquid solution odor Slight
Liquid solution Solubility in other solvents

Table.2 Modified Concrete formulations used with CNT.

Constituents Aggregates Formulation
Percentage (en kg/m3)
0/4 (Sand) 38 % 704.90
4/8 17 % 315.35
8/16 40 % 742.00
16/20 5% 92.75
Total Aggregates 100 % 1855
Cement 310
Water 1600

Results and discussions

In order to find an optimal concentration of CNT which exhibits the maximum improvement in
compressive strength, different weight percentages of CNT are used. For mortar, test conditions are:
0.01wt%, 0.02%, 0.03%, 0.06% whereas for concrete we use rather 0.003%, 0.006%, 0.01%.

Figure.la shows the evolution of the mortar compressive strength as function CNT percentage for
90 days. It is observed that the largest compressive strength is found when adding 0.01% of CNT.
Also, it is remarked that the compressive strength for the optimal CNT percentage is 21.2% higher
than the reference mortar. However, further increasing of CNT degrades the compressive strength
of mortar.

At 90 days of concrete curing time, the effect of CNT percentage on compressive strength is shown
in Figure.1b. Again, the observed maximum compressive strength is reached for a CNT percentage
0f 0.003%. The gain in compressive strength is 17.65% with regards to the reference condition. We
observe the same trend of strength degradation using a larger amount of CNT.
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Fig.1 Evolution of the compressive strength as function CNT percentages for
90 days for (a) mortar, (b) concrete
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In order to understand the microstructural implications of the observed mechanical behaviour we
carried out a morphology analysis using SEM on 90 days concrete samples as presented in Figure 2
(a, b). Figure.2 (a) shows the SEM micrographs of reference concrete for 90 curing days. The
microstructure corresponding to the reference condition well highlights the existence of
microcrystalline and nearly amorphous phases. The presences of calcium silicate hydrates (C-S-H),
calcium hydroxide (C-H) crystals, voids between the hydrated phases are all evidenced. The
calcium silicate hydrates (C-S-H) exist in the form of stand-alone clusters, lapped and joined
together by many needle-like hydrates. Furthermore, CaOH, crystals are distributed among the
cement paste. The morphology of concrete with optimal concentration (0.003%) of CNT for 90
curing days is shown in Figure.2 (b). We qualitatively observe particular positioning of assemblies
of CNT around pores and micro-crackes in a way to provide solid bridges. As the mechanical
behaviour is negatively affected by the pore content, we suggest that improvement of strength is due
to a reduction of the porosity role. Porosity and mostly microcracks act as preferential sites for
stress localisation. Thus, the bridging provided here by CNT increases locally the intrinsic strength
of the material as these handle more stress than the matrix.
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Fig.2 Morphology analysis by scanning electronic microscopy is performed for concrete
samples aged of 90 days: (a) reference concrete, (b) concrete + 0.003% CNT



Summary

The aim of the present research work is to study the mechanical properties and microstructure of
different CNT concentrations 0.01%, 0.02%, 0.03%, 0.06% for mortar and.003%, 0.004%, and
0.006% for concrete. The following main results are obtained:

1) Optimal concentrations of CNT which give the best compressive strength improvement is
0.01%wt and 0.003%wt for mortar and concrete, respectively.

2) The factor of compressive strength improvement is 1.2 for mortar and 1.17 for concrete
compared to the reference condition free of CNT.
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