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Abstract: Many researchers have instigated self curing properties in view of the fact that they provide an efficacious solution for saving water. The 
interpretation of the research is analyzing the self curing capability of concrete by using Zeolite as a self curing agent. The work is carried out by different 
replacement by the weight of  cement with 5%, 10%, 15% and 20%  of Soaked Calcinated Zeolite(SCZ) under different curing conditions at 7,28 and 56 
days. The concrete with 5% SCZ is having self curing properties and its compressive strength at 7, 28 and 56 days in dry and wet curing conditions are 
more than that of reference mix. SEM-EDS and FTIR analysis show the formation of clinoptilolite in the concrete, which induces self curing properties to 
the concrete. 
 
Index Terms: Self curing concrete, Calcinated Zeolite, Compressive strength, Adsorption technique, Pozzolana activity.  

——————————      —————————— 

 
1 INTRODUCTION 

elf curing concrete is a special type of concrete in which 
curing is done by itself, by incorporating  admixtures or 
pozzolana materials in concrete which have the ability to store 
or absorb water molecules. It is mainly executed in places 
where the availability of water is limited or at high temperature. 
The strength of concrete is mainly because of the presence of 
silicates and aluminates which are present in the cement. Self 
curing concrete can be developed by incorporating artificial 
admixtures and natural admixtures like Polymeric Glycol (PG), 
Poly Ethylene Glycol (PEG), Poly Vinyl Alcohol (PVA), Super 
Absorbent Polymers (SAP), Zeolite, LECA etc, which has 
ability to withhold the water molecules between its structures. 
In present study naturally available pozzolana material 
(Zeolite) available at Betamcherla town near Kurnool district is 
used which is cheaper compared to other self curing materials. 
According to ASTM C595, a pozzolana is distinguished as ‘a 
siliceous and aluminous material, which possesses little or no 
cementicious value and tends to form calcium hydroxide 
compounds when came into contact with water [1]. Zeolites 
are hydrated alumino-silicate minerals with large specific 
surface area responsible for the pozzolanicity which aids in 
improving the compressive strength as well as the durability 
characteristics of the concrete. Pozzolana reactions of the 
zeolite can be outstripped by calcinations [2], [3], [4], [5], [6]. 
Based on the chemical composition and structure, zeolites are 
classified into 50 types. Among them clinoptilolites and 
heulandites are used in wide range. These are distinguished 
by Si/Al ratio. If Si/Al >4, characterizes clinoptilolite, while 
Si/Al<4, characterizes heulandites. Calcinations of the raw 
zeolite to different temperatures exhibit different characteristics 
resulting in deformation of the crystal lattice which starts  

 
 
 
 

before 400°C and completes at approximately 500°C. 
Feldspars, mica and cristobalite contribute in minor amounts. 
On heating Zeolites, endure a series of structural and physical 
changes i.e. trapped water between structures is evaporated, 
modification of elemental dimensions and colour change of the 
material. [6].   
 
2 OBJECTIVE OF THE STUDY 
The preliminary objective of the study is to utilize calcinated 
zeolite as a self curing agent and to evaluate the mechanical 
and durability properties of the concrete at 7, 28 and 56 days 
of dry and wet curing conditions.  

 
3 MATERIALS AND MIX DESIGN 
 
In the present study to understand the mechanism of self 
curing of concrete all the materials confined to IS codes are 
used. Chemical composition of cement and zeolite are shown 
in Table-I. The mix proportions of M40 grade of concrete 
carried out by using IS 10262-2009 is shown in Table-II. 

 
TABLE- I: CHEMICAL COMPOSITION OF CEMENT AND ZEOLITE. 

 
Chemical 

composition 
Cement Zeolite 

Sio2 21.90 67.79 
Al2o3 4.86 13.66 
Fe2o3 3.3 1.44 
Cao 63.32 1.68 
Na2o 3.08 2.04 

Mgo 1.20 1.20 

L.O.I 2.34 12.23 
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TABLE- II: MIX PROPORTIONS OF CONCRETE FOR 1 CUBIC METER. 
 

 
4 EXPERIMENTAL PROGRAMME 
The zeolite is sieved through 90µ IS sieve and calcinated in 
muffle furnace at a temperature of 500oc for 1 hour. Calcinated 
Zeolite (CZ) was soaked in water for 3 days prior to mix, for 
proper adsorption of water molecules. The work is carried out 
by replacing by the weight of cement with 5%, 10%, 15% and 
20% of CZ. For each percentage of replacement 24 cubical 
shaped moulds of size 100X100X100mm were casted and 
cured for 7, 28 and 56 days under dry and wet conditions to 
study the mechanical, durability and micro structural properties 
of self curing concrete.  
 
5 RESULTS AND DISCUSSION 
 
5.1 Compressive strength 
Compressive strength of concrete with 5% of SCZ in dry 
curing shows an 49%, 10.5% and 6% increase in strength 
compared to reference mix cured for 7, 28 and 56 days. The 
increase of strength is attributed to filling of voids by CSH gel 
and clinoptilolite. Compressive strength of concrete cured for 7 
days increased up to M3 (10%SCZ) and decreases with 
percentage increase of zeolite both in dry and wet curing 
conditions as shown in Fig 1.Compressive strength of 
concrete cured for 28 and 56 days of mix M2 has increased by 
10.5% and 6% in dry curing and has decreased by 13.5% and 
12% in wet conditions when compared with reference mix 
shown in Fig 2. and Fig 3. It is observed that dry curing has 
positive effects compared to wet curing, when SCZ used in 
optimum proportions in the concrete.  
 
6 MICRO STRUCTURAL ANALYSIS 
 
6.1 Scanning Electron Microscopy (SEM) 
From the Fig 4. and Fig 5.  Observed that the formation of 
CSH gel in the reference mix, but in mix M2 not only the 
formation of CSH gel but also the formation of clinoptilolite 
which helpsin self curing of concrete. It is evident from SEM 
images that the above formed clinoptilte are in the shape of 
coffin or rectangular shaped crystals .These are confirmed 
from the mineral composition of the materials i.e. Si/Al > 4 (Fig 
7.) characterizes clinoptilolite compounds evident from EDS. 
From Fig 5. CSH gel gets trapped between the clinoptilolite, 
this is due to adsorption of water molecules exhibited by 
zeolite. 

 

 
Fig 3. Compressive strength of concrete cured for 56 days in dry and 

wet curing conditions 

MIX 

Zeolite 

Cement Coarse Aggregate Fine Aggregate W/B SP % kg/m3 

M1 0 -------- 

 

340 kg/m3 

 

1337 kg/m3 

 

713kg/m3 

 

0.4 

 

1.7L 

M2 5 17 kg/m3 

 

323 kg/m3 

 

1337 kg/m3 

 

713kg/m3 

 

0.4 

 

1.7L 

M3 10 34 kg/m3 

 

306 kg/m3 

 

1337 kg/m3 

 

713kg/m3 

 

0.4 

 

1.7L 

M4 15 51 kg/m3 

 

289 kg/m3 

 

1337 kg/m3 

 

713kg/m3 

 

0.4 

 

1.7L 

M5 20 68 kg/m3 

 

272 kg/m3 

 

1337 kg/m3 

 

713kg/m3 

 

0.4 

 

1.7L 

Fig 1. Compressive strength of concrete cured for 7 days in dry 
and wet curing conditions 

Fig 2. Compressive strength of concrete cured for 28 days in 
dry and wet curing conditions 
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When water-cement paste gets in contact with SCZ, it starts 
deforming and results in formation of CSH gel and clinoptilte 
and thus making concrete more durable. 
 
6.2 FOURIER-TRANSFORM INFRARED SPECTROSCOPY 
FTIR analysis was conducted in a broad region of 4000 - 400 
cm-1 showed for the mix M2 in the Fig 7. The IR bands became 
wider at 2750(F) to 1750(E) cm-1 which are  generally assigned 
to OH groups. Clinoptilolite groups tend to form at 1059 cm-1 
but in the mix M2 these are formed at 1084 cm-1 this is due to 
collapse of structure by calcinations with similar Frame work. 
CSH formations are confirmed by the peaks formed at 750(B) 
to 515(A) cm-1. 
 

 
 

Fig 4. SEM image of M1 (reference mix). 
 
7 DURABILITY PROPERTIES 
 
7.1 water absorption 
One of the most important factors affecting concrete durability is 
water absorption, This test is done by using ASTM C 642-06 
which represents the absorption and voids in hardened concrete. 
 

 
 

Fig 5. SEM image of M2 (5% SCZ) under dry curing conditions 
 
The test results of water absorption of mix M1 and M2 is shown in 
Table-III. Water absorption of mix M2 (5% SCZ) is 3.9% and mix 
M1 (reference mix) is 4.05%. M2 is more efficient because of less 
voids formed in the concrete when compared with M1. It is 
inevitable that zeolite can reduce the void content in concrete. It is 
because of the dense formation of CSH gel and clinoptilolites in 
concrete 

 
 

 
 

Fig 6. Chemical composition of concrete mix M2(5% SCZ) 

Fig 7. Spectrum obtained from FTIR analysis. 
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TABLE-III RESULTS OF WATER ABSORPTION AND VOLUME OF VOIDS 
 

MIX 
Absorption after 

immersion % 

Absorption after 
immersion and boiling 

in % 
Volume of voids, % 

M1 3.43% 4.03% 6.28% 

M2 2.54% 3.9% 6% 

 
7.2 Acid Attack And Sulphate Attack 
Behavioral of Concrete is estimated when it is exposed to 
harsh environmental conditions like acid rain and marine 
conditions. The test is done by placing samples in acid and 
sulphates for a period of 28 days, weight and compressive 
strength of the samples before and after exposure are 
noted.Under acidic and sulphatic conditions both M1 and M2 
shows negative effect, but the compression strength of the mix 
M2 is higher than reference mix. This is due to formation of 
clinoptilolites in concrete makes concrete more durable.  

 
TABLE-IV RESULTS OF ACID ATTACK 

 
 
 
 
 
 
 
 
 
 
 
 

TABLE-V RESULTS OF SULPHATE TTACK 
 
 
 
 
 
 
 
 

 
8 SUMMARY AND CONCLUSION 
 An experimental investigation on the self curing properties of 
the concrete with SCZ under different curing conditions was 
carried out and the following conclusions are drawn: 
 Soaked calcinated zeolite is able to bring forth the 

antecedent self curing mechanism due to the immanent 
adsorption technique. Aggressive pozzolana activity of 
SCZ aids in early strength of concrete under dry and wet 
curing conditions. 

 It was evident that self curing of concrete is possible with 
soaked calcinated zeolite. 

 Mechanical and durability properties of concrete increases 
up to 5% SCZ for 28 and 56 days under dry and wet 
curing conditions  

 FTIR analysis shows the significant bond between the 
CSH and clinoptilolite. 

 SEM analysis shows that formation of clinoptilolite which 
helps in the self curing of concrete. 
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Mix 

Sulphate attack 

% 
Weight 

loss 

Compressive strength in 
MPa Saturated dry weight 

Weight 
before 

exposure 

Weight 
after 

exposure 

Strength 
before 

exposure 

Strength 
after 

exposure 

M1 2.600 kg 2.566 kg 1.3 49.8 45.5 

M2 2.610 kg 2.572 kg 1.45 50.5 46.7 

Mix 

Acid attack 

% 
Weight 

loss 

Compressive strength in 
MPa 

Saturated dry weight 

Weight 
before 

exposure 

Weight 
after 

exposure 

Strength 
before 

exposure 

Strength 
after 

exposure 

M1 2.625 kg 2.050 kg 21.9 49.8 11 

M2 2.640 kg 2.054 kg 22.19 50.5 16 

 


