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Abstract— Concrete plays the key role and a large quantum 

of concrete is being utilized in every construction activity the 

history of cementing material is as old as the history of 

engineering construction. Some kind of cementing material 

was used by Egyptians, Romans, and Indians in their ancient 

construction. Pozzolans and supplementary cementitious 

materials (SCMs), either natural or artificial, are often used 

as a cement replacement or as an enhancement in concrete. 

There is a need of cost effective alternative and innovative 

green material. Study on the use of natural zeolite as 

supplementary cementious material (SCM) in concrete has 

been carried out in China and in other countries since early 

1980 in this research; natural zeolite has been used as SCM 

to Portland cement (OPC) in concrete. The presence of silicon 

dioxide in natural zeolite expected to increase the concrete 

strength through reaction with the calcium hydroxide from 

the hydration of OPC. 
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I. INTRODUCTION 

There is an era of industrial explosion. So, it may lead to 

increasing Demand of natural resources. The cost of natural 

resources is also increased. They have forced to focus on 

recovery, reuse of natural resources and find other 

alternatives. Since ancient times, lime based binders such as 

high calcium lime; lime with pozzolana and hydraulic lime 

have been successfully used in construction and have proven 

their long-term durability. Towards the end of the 19th 

century, development in the building industry and increase in 

the construction needs encouraged the search for stronger 

mortars with more rapid hardening. This eventually induced 

the development of the Portland cement which became a 

dominant binder in the construction industry after that period. 

This has inevitably led to the replacement of lime based 

binders with the cement in conservation practices, which has 

resulted in serious damaging mechanisms related to the 

incompatibility of cement in chemical, physical and 

mechanical properties when used together with ancient 

building materials. 

An experimental investigation was carried out to 

evaluate the mechanical and durability properties of concrete 

mixtures containing natural zeolite (NZ), Natural zeolite is a 

crystalline hydrated aluminosilicate and alkaline earth cations 

having an infinite, open and three dimensional structures. 

This low-cost natural mineral is generally easily mined by the 

surface methods. Huge beds of zeolite-rich sediments were 

discovered in the United States, China and in many other 

parts of the world since the late 1950s. In concrete industry, 

natural zeolites have been used as lightweight aggregate, 

mineral admixture and partial replacement for cement 

through pozzolanic reaction. Expanded zeolitic tuff is widely 

used as Lightweight insulating materials or lightweight 

aggregates in concrete in many countries. 

A. Properties of Zeolite: 

Zeolite is a rock composed of aluminium, silicon, and 

oxygen. It occurs naturally in several regions of the world 

where prehistoric volcanic activity has happened near water, 

or the water has been present for millennia since the eruption. 

In 1756, the Swedish mineralogist Baron Axel Fredrick 

Cronstedt discovered zeolite. One account has his dog 

digging up the stone and him naming it zeolite from a word 

which means “dog” in Swedish. In another account, he found 

that when the zeolite (it was actually Stibnite) was heated it 

gave off steam. Zeolite means “boiling stone” in Greek. Since 

I do not know either Swedish or Greek, you will have to judge 

whether either or both of these stories are correct. We do 

know for sure that zeolite was discovered. Zeolite has a 

natural porosity because it has a crystal structure with 

windows, cages, and super cages. The natural zeolites are 

limited in their window size (“pore size”) and are all 

hydrophilic (having an affinity for water). Some synthetic 

zeolites are similar to an absorbent carbon, since both can be 

considered hydrophobic (having an affinity for organics, with 

lack of or a decreased affinity for water), and can absorb 

organic vapours with molecules smaller than their “pore 

size.” With both carbon and zeolite you can absorb water and 

organic molecules; however, that for which it has affinity will 

displace the other molecules. Zeolite has a uniform “pore 

size” which leads to it being referred to as a “molecular 

sieve,” while carbons appear to have pores leading to smaller 

pores leading to still smaller pores ad infinitum. 

II. PROPERTIES OF CONCRETE INGREDIENT 

The material used for carrying out the experimental work of 

project is as, Cement (Grade 53), Coarse Aggregate, Fine 

Aggregate, Natural zeolite. The chemical and physical 

properties of concrete ingredient as follows, 

A. Chemical Properties 

Sr. No. 
Chemical  

Composition 

Cement 

(53 grade) 
Zeolite 

1 SiO2 + Al2O + Fe2O3 --- --- 

2 CaO (Lime) 60-67 4.50 

3 SiO2 (Silica) 17-25 81.10 

4 Al2O3 (Alumina) 3-8 4.15 

5 Fe2O3 (Iron oxide) 0.5-6 2.10 

6 MgO (Magnesia) 0.1-4 1.60 

7 Alkalies 0.4-1.3 --- 

8 Sulphur 1-3 --- 

Table 1: Chemical properties of Cement and Zeolite 

B. Physical Properties 

Material Test Result 

Sand 
Specific gravity 2.6 

Fines modules 2.51 
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Zone II 

Coarse 

Aggregate 

Specific gravity 2.65 

Fineness modulus 7.238 

Max. Size Aggregate (MAS) 20 

Table 2: Physical properties of concrete ingredient 

III. MIX PROPORTION 

Mix proportion for M25 grade concrete mix (IS10262:2009) 

Sr. 

No. 
Material Quantity Proportion 

1 Cement 359.09 kg/m3 1 

2 Sand 697.45 kg/m3 1.94 

3 Coarse aggregate 1210.38 kg/m3 3.37 

4 Water ---- 0.44 

5 Super plasticizer 1% ---- 

6 Slump 75 - 100 ---- 

Table 3: Mix proportion for M25 grade concrete 

IV. COMBINATION OF MATERIAL 

In this experimentation, cement was partially replaced by 

zeolite, Test was started with control concrete of M25 grade. 

Following table shows the percentage variations of cement, 

zeolite powder. 

Sr. 

No 
Nomenclature Cement (%) Zeolite (%) 

1 Conventional(M25) 100 0 

2 Z5 95 5 

3 Z10 90 10 

4 Z15 85 15 

5 Z20 80 20 

6 Z25 75 25 

7 Z30 70 30 

8 Z35 65 35 

Table 4: Nomenclature of samples 

V. TESTING ON CONCRETE 

A. Fresh Concrete 

The workability was tested by slump cone test on 

conventional (M25) mix and combination with zeolite 

powder and found that with the addition of zeolite decreases 

workability in concrete mix, it may be because of properties 

of zeolite. 

 
Fig. 1: Slump value of different samples 

B. Hardened Concrete 

1) Compressive Strength 

The compressive strength was measured on three cubes of 

150mm at the age of 7, 14 and 28 days and mean value were 

reported on strength. At testing age, samples were removed 

from the curing tank and weighed. The samples were 

centrally placed in a compression testing machine the 

strength development results are shown in Fig. 2 for 

reference, M25 and Z5 to Z35 mixtures.  

The early strength of zeolite based concrete is high 

as compared to conventional concrete up to Z10 mix, the 28 

days strength of zeolite based concrete is less but achieved in 

good manner up to Z10 mix after that strength of zeolite based 

concrete decrease. 

Compressive strength (N/mm2) 

Type 7 Days 14 Days 28 Days 

Conventional (M25) 17.93 20.2 29.5 

Z5 22.45 23.97 28.16 

Z10 19.65 22.01 26.01 

Z15 15.61 20.34 23.81 

Z20 13.34 19.47 22.09 

Z25 11.17 18.61 20.34 

Z30 9.61 17.87 19.11 

Z35 8.7 16.71 17.43 

Table 5: Result of Compressive strength 

 
Fig. 2: Result comparison of Compressive strength 

2) Split Tensile Strength 

The split tensile strength of concrete done on three cylinder 

having size 150×300 mm at the age 7, 14 and 28 days and by 

taking mean of three cylinder it show the split tensile strength 

which is reported on compression testing machine. The 

strength development results are shown in Fig 3 for reference, 

M25 and Z5 to Z35 

The early split tensile strength of zeolite based 

concrete was found be more up to Z20 and the 28 days 

strength of zeolite based concrete was found to be more up to 

Z15 after that strength of zeolite based concrete decreases 

drastically 

Split Tensile strength (N/mm2) 

Type 7 Days 14 Days 28 Days 

Conventional 

(M25) 
1.73 2.2 2.87 

Z5 2.21 2.63 3.09 

Z10 2.29 2.58 3 

Z15 2.42 2.44 2.86 

Z20 2.04 2.4 2.72 
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Z25 1.66 2.35 2.53 

Z30 1.28 2.19 2.25 

Z35 1.17 2.07 2.12 

Table 6: Result of Split tensile strength 

 
Fig. 3: Result comparison of split Tensile strength 

3) Flexural Strength 

The flexural strength of concrete was measured on three beam 

having size of 150×150×700 mm at the age 7, 14 and 28 days 

and mean value was reported on strength on universal testing 

machine. The strength development results are shown in Fig. 

4 for reference, M25 and CF1 to CF4 mixtures 

The early flexural strength of zeolite based concrete 

was found to be more as compare to conventional concrete in 

7 days and 14 days test up to Z20 mix. 

The 28 days flexural strength of zeolite based 

concrete was found to be less as compare to the conventional 

concrete 

Flexural strength (N/mm2) 

Type 7 Days 14 Days 28 Days 

Conventional 

(M25) 
1.03 1.53 2.16 

Z5 1.44 1.57 1.83 

Z10 1.42 1.54 1.77 

Z15 1.4 1.52 1.7 

Z20 1.24 1.44 1.64 

Z25 1.1 1.42 1.57 

Z30 1.03 1.36 1.4 

Z35 1.03 1.32 1.36 

Table 7: Result of Flexural strength 

 
Fig. 4: Result comparison of Flexural strength 

VI. CONCLUSION 

1) The incorporation of natural zeolites in concrete tends 

to reduce the slump value of fresh concrete due to its 

cubical particle shape and rough surface. Hence the 

slump value gets decreases as the quantity of natural 

zeolite increases in the concrete mix  

2) The workability of concrete is found in a permissible 

range (75mm) when zeolite is used in a quantum of 5%, 

10% and 15% for making concrete 

3) The generous effects on the durability might be 

attributed to the pozzolanic reactions Developed in the 

concrete mixtures incorporated zeolite as 

supplementary cementitious materials. 

4) Concrete mixtures with replacement level up to 10% 

with zeolite (Z10) produced blended concrete with a 

similar strength compared to reference concrete at 28 

days with a use of Portland cement. 

5) The density of zeolite is more with reference to normal 

concrete 

6) 7 days compressive strength of zeolite concrete is found 

to be 15% more when 10% cement replaced by zeolite 

in conventional concrete 

7) 14 days compressive strength of zeolite concrete is 

found to be 5% more, when 15% cement replaced by 

zeolite in conventional concrete  

8) 28 days compressive strength of concrete was found to 

be less when compared with conventional concrete 

9) The flexural strength of concrete was found to be more 

at the age of 7, 14 and 28 days when compared with 

conventional concrete 

10) The split tensile strength of zeolite concrete was found 

to be more up to 25% at the age of 28 days when 

compared with conventional concrete. 
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