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Abstract 

Nanotechnology is one of the extreme active research area and development activity that has been growing explosively 

worldwide in the past few years. Nanoparticle belongs to be promising materials in the field of Civil Engineering. The main aim 

of this study is to constitute a blended mortar with high mechanical properties. The influence of nano-particle on the mechanical 

properties such as compressive strength and split tensile strength of mortar were experimentally studied. The nano-particle used 

in this study was nano-Zinc oxide (NZno) with the average particle size of 60nm. The blended cement used in this study consists 

of ordinary Portland cement (OPC) and nano-zinc oxide particle. The cement was partially substituted by NZno of 0, 1, 3 and 5% 

by weight of cement. The blended mortar was prepared using cement-sand ratio of 1:2 by weight with constant water-binder 

ratio. The compressive strength and split tensile strength of mortar at 7 and 28 days were studied. The results show that the 

mechanical strength of sample comprising 3% and 5% ZnO nanoparticles are desired than traditional mortar. As a result, it is 

possible to add nano-ZnO particles to improve the mechanical properties of cement mortar.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Nano materials have been involved growing attention in recent years and their different types has been used in concrete mixtures 

so that develop both the mechanical properties and pore structure of the concrete. The effect of these particles, frequently SiO2 

nanoparticles, has been considered by many investigators. Several investigations have studied the mechanical and durable 

properties of cement based materials containing nanoparticles. Studies done shows that adding nanoparticles to cement based 

materials increases the mechanical properties.  

Sattawat Haruehansapong et.al [3], have examined the compressive strength of cement mortar enclosing the nano silica and 

silica fume. The results show that the compressive strength of mortar containing nano-silica has improved compared than mortar 

containing silica fume.  Hui Li et.al [4], proved that addition of Fe2O3 and SiO2 nanoparticles increase the mechanical properties 

of mortar. The SEM study also explain the nano sized particles were not only acting as a filler, but also as an activator to 

promote hydration proves and to progress the microstructure of the cement paste if the nano-particles were uniformly dispersed. 

Rahmat Madandoust et.al [1], studied that the properties of self-compacting mortar consist of nano-SiO2, nanoFe2O3 and nano-

CuO particles. It was proved that the work ability increased slightly and also nano-particles can increase the mechanical and 

durability properties of SCM. The SEM micrographs explained more packed pore structure of the mortars enclosing 

nanoparticles which leads to increase in strength and durability of Self Compacting Mortar. Meral Oltulu et.al [2], have 

investigated exclusively and combined the effect of adding nanoparticles of nano-SiO2, nano-Al2O3 and nano-Fe2O3 to cement 

mortars containing silica fume. The experimental results shows that adding these nanoparticles separately origins the increase of 

compressive strength. But, the combined of nanoparticles has a negative effect on the mechanical properties of a cement mortar. 

Studies done on the effect of adding nanostructure waste materials to cement mortar shows that the nanomaterials reduce the 

amount and size of Ca(OH)2 crystals and ultimately leads to the improved mechanical properties of cement mortar [10]. In 

consideration of the above mentioned, cement mortars mixed with nano particle of ZnO have been studied by the authors to 

observe their great mechanical properties. 

This paper only reports the mechanical properties such as compressive strength and split tensile strength of the mortars mixed 

with nano-ZnO. It was found that the compressive and split tensile strengths of the cement mortars with nano-ZnO particles were 

greater than those of a traditional cement mortar. As a result, it is possible to add nano-ZnO particles to improve the mechanical 

properties of cement mortar. 

II. MATERIAL PROPERTIES AND MIX PROPORTIONS 

 Cement 

The cement used is OPC 53 grade cement. The Ordinary Portland Cement of 53 grade conforming to IS: 12269:1987 is be use. 

Tests were conducted on cement like Specific gravity, consistency tests, initial and final setting time and fineness modulus. The 

properties of cement are shown in table 1. 
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Table - 1 

Properties of Cement 

S. No. Properties Results 

1. Specific Gravity 3.15 

2. Consistency 32% 

3. Initial Setting time 30 min 

4. Final Setting time 600 min 

5. Fineness modulus 3.6 % 

 River Sand 

Those fractions from 4.75 mm to 150 micron are called as fine aggregate. The river sand is used as fine aggregate and zone II 

conforming to the requirements of IS: 383-1970. The properties of fine aggregate are given in table 2.  
Table - 2 

Properties of Fine Aggregate 

S. No. Properties Results 

1. Specific Gravity 2.8 

2. Fineness modulus 3.7 % 

3. Bulk density (g/cc) 1.843 

 Nano – ZnO 

Nano-ZnO with average particle size of 60nm was used in this study. The properties of nano particle of zinc oxide are shown in 

Table 3. 
Table - 3 

Properties of Nano-Zno 

Average particle size Specific surface area (m²/g) Density (g/cm3) Purity (%) Appearance 

60 nm 18 0.25 >99.5 White 

 Enfiiq SP-400 

Enfiiq super Plast-400 (super plasticizer water reducing admixture) is used in this project. Properties of Super Plasticizer are 

based on manufacture’s catalogue. Color: Brown; Type: liquid; Specific gravity: 1.17-1.19 @ 30˚C. 

 Mix Proportion 

A cement mortar mix 1:2 was used to prepare the test samples. Table 4 shows the design mix proportions for conventional and 

blended mortar. 

The conventional mortar specimens were prepared of natural river sand, cement and water. Series Nano cement mortar 

specimens were prepared with different contents of nano particles of ZnO with average particle size of 60nm. The blends were 

prepared with the cement replacement of 0%, 1.0%, 3.0% and 5.0% by weight. The water to binder (Cement + Nano-ZnO) ratio 

for all mixtures was fixed at 0.35. 

 Testing Procedure 

The cement mortar was prepared in a laboratory mortar mixer. Nano-particles are not easy to diffuse equally due to their high 

surface energy. For that reason, mixing was done as follows: The nano-ZnO particles and super plasticizers were added with 

water thoroughly at high speed for 1 min. The cement was added to the mixture and mixed at medium speed. Mixing at medium 

Speed, the sand was added progressively. The mixture was allowed to rest for 90 s and then mixed again for 1 min at high speed. 

The mixed mortar was poured into moulds to form the cube of size 7.6 × 7.6 × 7.6 cm and cylinder of size 10 x 20 cm. For each 

mixture, six cubic specimens and cylinder specimens were made to test for compressive strength and split tensile strength 

respectively. 

After being demoulded at the age of one day, all specimens were cured in water for 7 and 28 days. Compressive tests were 

carried out according to the ASTM C109 [13] and split tensile tests were carried out according to the ASTM C496 [14]. 
Table - 4 

Design Mix Proportions for Mortar 

Sample label Description of mortar 
Mix proportion for mortar (1:2) 

W/B Ratio Cement Sand NP SP % of     cement 

CM Conventionl mortar 

0.35 

1 

2 

- - 

NZ1 1% cement replacement by Nano ZnO 0.9 0.1 

1 NZ3 3% cement replacement by Nano ZnO 0.7 0.3 

NZ5 5% cement replacement by Nano ZnO 0.5 0.5 

CM - Conventional mortar, W/B ratio – Water /Binder (Cement + Nano ZnO) ratio, NP – Nano particle, SP – Super plasticizer 



Effect of Zinc Oxide Nanoparticle on Strength of Cement Mortar  
(IJSTE/ Volume 3 / Issue 05 / 025) 

 

 All rights reserved by www.ijste.org 
 

125 

 
Fig. 1: Compressive Strength on Mortar Cube 

 
Fig. 2: After Testing 

III. EXPERIMENTAL RESULTS AND DISCUSSIONS 

The results achieved through the present study on the utilization of Nano-ZnO as cement replacement on the mechanical 

properties of mortars, can be summarized as follows. Six specimens were casted for each strength test and the average results 

were tabulated.  

The mechanical properties such as compressive strength and split tensile strength results of series CM, NZ1, NZ3 and NZ5 

mixtures at 28th day shown in Table 5.  

Cement mortar containing 1% (NZ1) of nano particle slightly increase the mechanical properties of specimen compared than 

plain mortar. 

Evaluation of the results from the 7 and 28 days samples illustrate that the mechanical properties increases with nano-ZnO 

particles up to 3% replacement (NZ3) and then it decreases, while the results of 5% replacement (NZ5) is still greater than that of 

the traditional mortar (CM). 

It was exposed that the use of 5% ZnO nano particles declines the mechanical properties to a value which is adjacent to the 

conventional mortar. 

This may be due to the fact that the amount of nano-particles present in the mix is higher than the amount required to combine 

with the unconventional lime during the process of hydration thus prominent to excess silica leaching out and causing a 

deficiency in strength as it replaces part of the cementitious material but does not contribute to strength [12]. Also, it may be due 

to the faults generated in distribution of nanoparticles that causes weak zones.  
Table -5 

Compressive & Split Tensile Strength of Samples 

Sample label 
Compressive Strength (MPa) 28th  Day Split Tensile Strength (MPa) 28th  Day 

Target % of enhancement Target % of enhancement 

CM 41.12 - 2.07 - 

NZ1 48.15 17.09 3.10 49.75 

NZ3 50.63 23.12 3.34 61.35 

NZ5 49.65 20.74 3.26 57.48 
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 Compressive Strength 

Fig. 1 shows the compressive strength of mortars (at 7 and 28 days of hydration); apparent development in compressive strength 

compared to the control mortar specimen is described. The compressive strength increases by increasing the nano-ZnO up to 3%, 

after which it slightly declines. Added 3% of nanoparticle of ZnO which can increase the compressive strength up to 23.12% 

than plain mortar. 

 
Fig. 3: Compressive Strength of Samples at 7 and 28 Days of Curing 

 Split Tensile Strength 

Fig. 2 shows the split tensile strength of conventional mortar and mortar incorporated with nanoparticle after 28 days of 

hydration. The split tensile strength of mortar behaves similarly to the compressive strength of mortar. The addition of 3% of 

nano sized ZnO particle to the cementitious mortar can improve the 61.35% of split tensile strength of mortar than conventional 

mortar. 

 
Fig. 4: Split Tensile Strength of Samples at 7 and 28 Days of Curing 

IV. CONCLUSION 

The following conclusions may be drawn from the found experimental data: 

 Based on the experimental result, the nano-ZnO particles blended mortar had prominently higher mechanical properties 

compared to that of the traditional mortar. It is found that the cement could be beneficially replaced with ZnO nano 

particles up to maximum limit of 3% with average particle sizes of 60 nm. With the increase of ZnO nanoparticle from 3%, 

the mechanical properties of mortar are slightly decreased. Nano-ZnO particles added to the binding material is declined 

workability of mortar, consequently the use of super plasticizer is essential. According to the experimental results, it is 

possible to add nano-Zinc Oxide particles to improve the compressive and split tensile properties of cement mortar. 
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