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ABSTRACT

The use of nanomaterials in cement mortar can increase its mechanical qualities and performance. Previously, the only materials utilized in construction
were cement and sand with aggregates. Compressive strength and modulus of elasticity are often high in cementitious components, whereas tensile
strength, toughness, and ductility are low. Additional strengthening chemicals are employed to compensate for this. It all started with the use of
plasticizers, and as research progressed, we moved on to the use of nanomaterials as a strength gain alternative. Because of their binding capabilities
and amazing strength, nanomaterials such as carbon nanotubes (CNTSs) have been discovered to be suitable reinforcing agents. CNTs, on the other
hand, are not thought to be safe for humans or the environment. It's due to their toxicological potential. Halloysite, a nanomaterial, has emerged as a
safe option as the study of nano composites has progressed. Halloysite is a low-cost, naturally occurring nanomaterial that is environmentally
beneficial. It's also safe for humans and the environment. It has become the next excellent material for nano cement paste due to its increased aspect
ratio, simple dispersibility in polymer matrices, and most importantly, its abundant availability. Experiments on nanomaterials, namely halloysite nano
clay and carbon nano tubes with cement mortar, are highlighted in this work.
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1. INTRODUCTION

Because of its ease of binding, Portland cement has been the most widely used cement in the construction industry in civil engineering for centuries.
The hydration process, which makes cement bind and hard to give mechanical strength to the concrete or cement mortar, is formed by mixing cement
with water. There are several properties that are responsible for the strength of the cement mortar or concrete, such as water-cement ratio, porosity,
bonding between cement and aggregates, and so on, but mainly the chemical reactions.As a result, boosting the structure's strength necessitates altering
the cement's composition. If some kind of nanoscale bonding can be developed between CSH and nano sized material, then the strength of the cement
concrete can be increased from the new nano composites. Nanotechnology is the new fashion for almost all industries. When it comes to construction,
what matters is improving the structure's strength, thus incorporating nanotechnology in the field of construction.

Although high prices for nanomaterials currently restrict the use of nanomaterials for development, the price of nanomaterials is likely to decline in
the near future. The advent of novel nano-sized fibres, such as carbon nanotubes (CNTs), has opened up a new arena for nano-sized concrete
reinforcement. Self-aggregation of nano [articles due to van der Waals forces, which increase particle size and un-reacted pockets, which reduces the
benefits of nanomaterials, is one of the major drawbacks of incorporating nanomaterials in concrete. These carbon nano tubes CNTs are defined as
tubular structures made of one or two layers of graphite sheets.

Cement is a introduction material commonly used due to its low cost and high compressive strength. Contemporary ~ Civil  engineering  is
absolutely putting new conditions concerning the quality of engineering materials. Advanced technological factors name for higher performing cement-
based materials with stepped forward strength and sturdiness for use in civil engineering projects. Cementitious materials are normally characterized as
quasibrittle materials, with low strength and low strain capacity, and long-term durability of structures depends on cementitious materials. Addition
of Halloysite nano clay (HNC) in the cementitious materials may additionally moreover provide extraordinary strength increase as well as controlling
cracks.

CNTs have a high aspect ratio ranging from 1,000: 1 to 2,500,000: 1 and very small diameters, which helps to bridge cracks between compounds and
prevents them from spreading further, resulting in the creation of next generation crack-free structures. The effects of NS (Nano Silica) particles on
cement paste were investigated, and it was discovered that NS affected the cement paste by filling voids in the cement matrix, reducing the porosity of
the cement matrix, and increasing the strength of the cement concrete. It was also discovered that adding NS to the cement increased the hydration
process. The first uniform dispersion of carbon nanotubes in a cement matrix, which is extremely difficult due to the forces involved (van der Waals
force).Individual members tend to move out when subjected to load due to poor bonding of CNTs with the cement matrix. As a result of the vibration
energy breaking the nano tube chunks and pushing them apart, the sonication technique has become a common means to distribute the nano tubes in
the cement matrix. According to Stokes law, the carbon nano tubes will settle in the liquid after some time. After sonication, some form of agent is
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required to maintain the CNTs distributed. To promote better bonding between CNTs and cement components, ethanol and methyl cellulose have been
routinely employed as dispersants.

The compressive and tensile strength properties of cement paste reinforced with HNC were examined in this work. Few researchers have demonstrated
the improvement in mechanical characteristics of singly reinforced nano composites in recent studies. Molds were prepared based on the size, and the
cement mortar was prepared with the foreign material, i.e. HNC or CNTs, with different compositions and for different curing times.

After the curing time, the moulds were removed, and the specimens were ready to be tested for mechanical strength. After the test, the broken
specimens were taken for the study of morphology of the hardened concrete or hardened cement mortar. SEM scanning electron microscopy is used for
this.

2. PRELIMINARY TESTS

2.1 Cement

Ordinary Portland cement of grade 53 was used for the whole project. The physical standards of the cement was evaluated according to IS: 12269-1987.

SL. No Property Value
1 Specific gravity 3.08
2 Fineness of cement 4.23%

2.2 Fine aggregates

The M sand which are used for the experimental analysis comprise of three batches. First the sand which passes through 2mm and retained on 1mm.
Secondly, which passes through Imm and retained on 500 microns. Thirdly, the sand which passes through 500 microns and retained on 60 microns.

SL. No Property Value
1 Specific gravity 2.55
2 Bulk density 1.9 g/cm?
3. METHODOLOGY

In this project, the compression strength test was carried out with a 70mmX70mmX70mm cube, whereas the tensile strength test was carried out
with briquettes moulds. The examples were cast using OPC 53 grade cement and sand passing through 2.0mm and retaining at 90 micron Is sieve.
HNC was added to the specimens in doses of 0.5 wt%, 0.75 wt%, 1 wt%, and 1.25 wt% of the cement weight. The W/C ratio was set at 4.5 at random.
After that, the moulds were left to air dry for 24 hours. For both compression and tensile strength testing, the moulds were removed and maintained

under the boxes for water curing for 7, 4, and 28 days.

Figure 1. Cube moulds Figure 2. Briguet moulds
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Figure 1. Compression testing machine
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Figure 2. Briquet machine

4. RESULTS

4.1. Tensile stress in N/'mm?2 (7 Dayas)

Tensile strength in MPa

Percentage of HNC Tensile Strength
NM 1.84
0.5 1.12
0.75 1.44
1 2.32
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Figure 3. Percentage of HNC vs Tensile stress
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4.2. Tensile stress in N/mm2 (14 Days)
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Figure 4. Tensile strength vs Percentage of HNC

4.3. Compressive stress in N/'mm2 (14 Days)

Percentage of HNC Compressive stress
0 14.99
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0.75 16.48
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5. CONCLUSSIONS

1. After 7 days of curing composite with 1wt% HNC showed 28.9 % increase in Tensile strength.

2. After 14 days of curing composite with 0.75% HNC showed only 1.04% increase in Tensile strength.
3. After 14 days of curing composite with 1wt% HNC showed 68% increase in compression strength.
4. Hence, the composite with HNC showed increased mechanical strength compared to nominal mix.



International Journal of Research Publication and Reviews, Vol 3, no 4, pp 426-430, June 2022 430

References:

[1] Ghazala Anjum, Dr. N S Kumar, Experimental investigation on influence of carbon nanotubes & halloysite nanoclay on strength of cement
mortar,” MTech thesis submitted to VTU in 2016.

[2] J. Zapata-Staweta, The effect of meta-halloysite on alkali—aggregate reaction in concrete Materials and Structures (2017) 50:217 DOI
10.1617/s11527-017-1084-9.

[3] Simone Musso, Jean-Marc Tulliani, Giuseppe Ferro, Alberto Tagliaferro- Influence of carbon nanotubes structure on the mechanical
behaviour of cement composites Composites Science and Technology 69 (2009) 1985-1990 elsevier.

[4] Brian M Tyson, ArdavanYazdanbakhsh, and Zachary Grasley, carbon nanotubes and carbon nanofibers for enhancing the mechanical
properties of nanocomposite cementitious materials 0.1061/ (asce) mt.1943-5533.0000266. Journal of materials in civil engineering © asce /
july 2011.

[5] Anand Hunashyal, Nagaraj Banapurmath, Akshay Jain, Sayed Quadri, Ashok Shettar Experimental investigation on the effect of
multiwalled carbon nanotubes and nano-SiO2 addition on mechanical properties of hardened cement paste Advances in Materials 2014;
3(5): 45-51 Published online October 30, 2014 (http://www.sciencepublishinggroup.com/j/am) doi: 10.11648/j.am.20140305.13 ISSN:
2327-2503 (Print); ISSN: 2327-252X (Online).

[6] Rashid K. Abu Al-Rub, Bryan M. Tyson, ArdavanYazdanbakhsh, and Zachary Grasley. ‘carbon nanotubes and carbon nanofibers for
enhancing the mechanical properties of nanocomposite cementitious materials.” DOI: 0.1061/(ASCE)MT.1943- 5533.0000266. © 2011
American Society of Civil Engineers

[7] Ali Nazari, ShadiRiahi, Shirin Riahi, Seyedeh Fatemeh Shamekhi and A. Khademno, Mechanical properties of cement mortar with Al203
nanoparticles. Journal of American Science 2010;6(4):94- 97]. (ISSN: 1545-1003).

[8] Ghazala Anjum, N. S. Kumar, Investigation on Influence of Halloysite Nanoclay and Carbon Nanotubes on Cement Nano Composites A
Critical Review; International Journal of Materials Engineering 2018, 8(4): 76-84 DOI: 10.5923/j.ijme.20180804.04.

[9] Sanjeev Kumar, F.ASCE; Prabir Kolay, M.ASCE; Sunil Malla; and Sanjay Mishra Effect of multiwalled carbon nanotubes on mechanical
strength of cement paste. DOIL: 10.1061/(ASCE)MT.1943- 5533.0000350. © 2012 American Society of Civil Engineers.

[10] Tanvir Manzur, Nur Yazdani, and Md. Abul Bashar Emon, Potential of carbon nanotube reinforced cement composites as concrete repair
material Hindawi Publishing Corporation, Journal of Nanomaterials Volume 2016, Article ID 1421959, 10 pages
http://dx.doi.org/10.1155/2016/1421959.

[11]Ravindra Kamble, Manasi Ghag, Sheetal Gaikawad, Bijoy Kumar Panda. ‘Halloysite nanotubes and applications: a review’ Journal of
Advanced Scientific Research, Ravindra Kamble et al, ] Adv Scient Res, 2012, 3(2): 25-29.

[12] Bjorn Birgisson Anal K. Mukhopadhyay Georgene Geary Mohammad Khan Konstantin Sobolev, Nanotechnology in Concrete Materials.

[13] A. Maghsoudi, M. J. Soheil, A. Darbhenz: Effect of the nano particles in the new generation of concretes, SCC Int. J. Nanosci.
Nanotechnology, Vol. 6, No. 3, Sept. 2010, pp. 137-143.

[14] Deepak Rawtani and Y.K. Agrawal. ‘Multifarious applications of halloysite nanotubes: a review.” @2012 Advanced Study Centre Co. Ltd,
Rev.Adv.Mater.Sci. 30(2012) 282-295.

[15] Zivica V. Effects of the very low water/cement ratio. Const Build Mater 2009; 23(8): 2846-2850.



