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ABSTRACT
In recent decades, greenhouse gas emission and global warming are the major threat to climatic change variability. 
The quality of concrete can be enhanced by the addition of a supplementary cementitious material to portland 
cement. In this study, fly ash is utilized as a supplemental cementitious material (SCM). The purpose of this 
research is to test and study the mechanical and thermal properties of blended concrete containing ordinary 
portland cement, fly ash and zinc sulphate as well as to investigate the microstructure in order to study the influence 
of zinc sulphate on the hydration process of concrete. This research mainly focused on the changes occurring in 
the strength, retarding mechanism, setting time, mineralogy, and microstructure caused by the addition of zinc 
sulphate in concrete. Ordinary portland cement, fly ash, pulverized fly ash and zinc sulphate are used in the blended 
concrete. The varied proportions of fly ash and zinc sulphate in the mix are 15%, 30%, 45%, and 60% respectively. 
The strength characteristics can be increased by fly ash pulverization. Hence the research focuses in exploring the 
addition of fly ash, pulverized fly ash and zinc sulphate anhydride to the concrete mix.
Keywords: Fly ash, Ordinary Portland Cement, Pulverized fly ash, Zinc sulphate.

1. INTRODUCTION
An emerging building sector Plain concrete (PC) is a main potential member for enhancing the structural 
performance. The major utilization of PC in the buildings are both structural and non-structural members. It 
is a well-known fact that the concrete industry contributes to a large amount of CO2 emissions globally [1, 2]. 
In response to the rising alarm of climate changes and sustainable construction, several researchers attempted 
to partially replace sustainable waste into conventional building materials [3, 4] without compromising their 
mechanical properties and sustainability [5, 6]. Hypo sludge is a sustainable waste material produced from the 
paper mill and every year it requires a larger landfill space to dispose of [7]. Cement is one of the leading members 
for the concrete matrix and it is harmful to the environment [8]. Therefore, several studies have been investigated 
the partial replacement of hypo sludge into the portion of the cement concrete matrix with different ratios. It 
significantly increases the durability of concrete and minimizing the environmental impacts [9]. 

PC is remarkably known for high compressive strength, but is strongly prone to cracks and brittle, due 
to the tensile stress and such stress usually carried by steel reinforcement bars [10]. Traditionally, the advent 
of the addition of fibers as reinforcement into the PC can profoundly be increasing the tensile properties. Con-
crete causes up to 8% of global CO2 emissions. In comparison, aviation accounts for about 2.8 percent of total 
global emissions, according to a 2020 report from the International Energy Agency. During the cement-making 
process, materials are heated at very high temperatures, requiring large amounts of energy – mostly powered 
by fossil fuels. Concrete is used to create hard surfaces which contribute to surface runoff that may cause 
soil erosion, water pollution and flooding. The inclusion of fibers in the concrete can improve the mechanical 
properties and acts as a barrier for the structural cracks and brittle failures, also it reduces the crack width and 
increases the propagation resistance [11]. Therefore, an extensive study has been carried out to enhance proper-
ties by the fiber inclusion. Commonly used fiber types are, steel fiber, glass fiber, synthetic fiber, such as carbon, 
acrylic, polyethylene terephthalate (PET), and natural fiber, such as coconut, sugarcane bagasse, jute, wood, 
palm, sisal, and basalt. These fibers are improving the physio-chemical properties of the concrete as a result of 
incorporating the fibers by volume fraction percentage, also it reduces the structural and shrinkage cracks [12]. 
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Several researchers successfully employed adding the steel fiber in concrete to enhance the crack resistance, post 
cracking tensile strength, fire resistance, ductility, impact resistance, conductivity properties and energy absorp-
tion [13]. Chiefly, the fiber can hold the concrete matrix under the flexural loading condition even after a large 
carking width and the brittle concrete turns into a ductile matrix. However, many suggested negative sides of the 
steel fiber inclusion in the concrete. It can adversely affect the workability, compressive and flexural strength, 
and balling effects. Also, the corrosion of steel fiber can be significantly deteriorating the performance of con-
crete and much expansive than the PC [14]. On the other hand, glass fiber possesses excellent mechanical prop-
erties and it increases the tensile, flexural strengths and ductility in compression. However, it is susceptible to the 
alkaline environment of concrete and the hydration of cement destroys glass fiber [15]. Also, the higher PH level 
of concrete can cause the structures of glass fibers. Furthermore, many researchers have been attempted to study 
the inclusion of synthetic fibers into PC to enhance mechanical properties. The synthetic fibers are man-made 
products from polymers, which are harmful to the environment and it is prone to temperature effects [16, 17]. 

Several researchers reported that the addition of coconut fiber into the concrete can improve toughness 
while comparing to the other fibers [18]. On the other hand, Javad Torkaman et al. investigated the light-
weight concrete block by the addition of wood fiber and it has low compatibility with the concrete matrix and 
higher moisture absorption in nature [19, 20]. WANG and CHOUW [21] has analysed the behaviour of coco-
nut fibre reinforced concrete which gives better reality than the conventional result. Therefore natural fibers 
are getting major attention among the researcher due to their higher thermo physical and chemical properties 
and it is a sustainable material ALAVEZ RAMIREZ et al. [22]. Variations in fiber content, geometry, combi-
nation, distribution and orientation are all central contributors to making the structural design of Ultra High 
Performance Concrete [23]. TORKAMAN, ASORI and SADR MOMTAZI [24] determined The compressive 
strength of the concrete blocks due to the filler effect decreased with increasing cement replacement. How-
ever, the results show the effect of 25 wt% replacement of RHA and LPW with Portland cement do not exhibit 
a sudden brittle fracture even beyond the failure loads, indicates high energy absorption capacity, reduce the 
unit weight dramatically. Fibres are also one of the main reasons for the high unit cost and carbon footprint 
of Ultra High Performance Concrete. [25–27]. Consequently, increasing the knowledge on the effects of fibre 
reinforcement is an essential step towards the development of commonly accepted design codes and wide-
spread use of Ultra High Performance Concrete [28].

In particular, the selection approaches of fiber material based on its geometry, thermos-physical prop-
erties, chemical compatibility in the concrete matrix, availability and cost. In recent years, basalt fiber getting 
renewed interest as a natural fiber and it is widely accepted to enhancing the mechanical properties of concrete. 
Basalt fiber is an eco-friendly material and it is produced by melting basalt rocks at 1450 °C as it is the least 
temperature. In general, basalt fiber well-known for its superior tensile strength, high temperature, and chemical 
resistance. Studies have shown that the inclusion of basalt fiber into the concrete matrix can improve the tensile 
and flexural strength, ductility in compression and also it controls the shrinkage crack [20]. Fly ash, ground nut 
shell ash and other renewables have been studied for partially replacing cement which have been successful. 
Even though the study about the fly ash has been done the chemical nature and the effects of usage of hard 
retarding admixtures are not been studied entirely. As the fly ash become a major replacement material and so 
the pulverized fly ash will soon become a key replacement material for cement in construction industry, thus 
this study involves in understanding the hydration behaviour, strength aspects and durability aspects of blended 
concrete with hard retarding compounds.

The current study investigates the inclusion of pulverized fly ash into concrete in order to improve 
the mechanical properties and long-term durability of the concrete. Additionally, the study examines both the 
mechanical and long-term durability properties of the blended concrete consisting of OPC, fly ash and zinc 
sulphate in order to investigate microstructure and to learn more about the influence of zinc sulphate on the 
hydration process of the concrete.

2. MATERIALS AND METHODS

2.1. Material
The primary binding material used in this project is Ordinary Portland Cement (OPC) 53 grade. Fly ash (FA) 
and zinc sulphate have been used to replace the OPC, which causes further environmental difficulties owing to 
its use. The fly ash utilized in this investigation is collected from the Ennore thermal power plant. The fly ash 
(FA) is classified as Class F as per codal provision. The pulverization process reduces the particle size of the fly 
ash and enhances the strength characteristics. Various fineness tests are carried out in order to demonstrate the 
decrease in particle size which is visible after the pulverization of fly ash, and the material is referred to as fine 
fly ash (FFA). The size of fine fly ash varies from 10–100 microns. However, the chemical nature of fly ash and 
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fine fly ash should remain unchanged throughout the pulverization process. The particle size reduction affects 
the fine fly ash material reactivity. River sand passing in 4.75 mm sieve size and stone aggregate retained in  
10 mm sieve are utilized in this work [21, 22]. The fundamental properties of the fine and coarse aggregates are 
examined, and the results are in agreement with the IS 383. Zinc sulphate anhydrate is used as a retarder in the 
concrete as it is compatible with the different fly ash mixes used in the concrete. It is also used as an additive to 
concrete to act as a hardener, especially for use in floors. The properties of zinc sulphate is having the density of 
3.54 g/cm3. A trial-and-error method is used to determine the optimal zinc sulphate content with the mix percent-
ages varying between 0.3 and 0.5%, 1%, 3%, 5%, and 7%. The optimum zinc sulphate content is determined by 
the compressive strength achieved after 7 days of normal curing.

2.2. METHODS

2.2.1. Analyzing the properties
Zinc sulphate is used mainly to neutralize new cement and plaster surfaces before they are painted or treated. It 
is also used as an additive to concrete to act as a hardener, especially for use in floors. Zinc sulphate is odorless 
and has a white powder appearance. Zinc sulphate is non-combustible and soluble in water. It emits toxic fumes 
of zinc oxide and sulphur oxides during decomposition. It is widely used in the prevention and treatment of 
zinc deficiency. FFA concrete has low early age strengths above 60% cement replacements. HVFA concrete has 
a higher sulphate/acid/chloride resistance and a lower shrinkage. Higher the fineness of fly ash and additives, 
greater the reactivity and hydration. Fine fly ash should be in the size ranges from 10–100 microns. The specific 
gravity of fly ash ranges from a low value of 1.90 for a sub-bituminous ash to a high value of 2.96 for an iron-
rich bituminous ash (Figure 1).

2.2.2. Mix design and experimental program
The concrete cube specimens of the size 10 × 10 × 10 cm are casted for all the concrete mixes ranging 
between 15% to 60% fly ash and fine fly replacement in concrete. The cylinders of diameter 10 cm and height 
20 cm and prisms of size 10 × 10 × 50 cm are casted and tested. Three cube specimens are cast to assess 
strength of mix at 7, 14, 28 and 56 days correspondingly. The OPC is substituted by fly ash with 15%, 30%, 
45%, and 60% where specimens are evaluated for mechanical strength and optimal proportion of fly ash was 
identified. The addition of cement with fly ash and ZnS is done depending on its proportion to cement weight. 
The concrete specimens are prepared for a total of 24 mix combinations. The replacements are done for the 
cement by fly ash and pulverized fly ash at varying OPC 53 Grade range from 15 to 60% at the addition of 
15%. Based on the mix design calculations the summary of mix proportions for various mix concrete and mix 
proportions were optimized according to the specific gravity of the cementitious materials which are used in 

Figure 1: Methodology of the present research study.
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this study for the preparation of concrete. The M40 grade of concrete mix proportions are having the ratio is 
1:1.508:1.85, cement content is 520 kg/m3, coarse aggregate is 960.284 kg/m3, fine aggregate is 784.252 kg/m3,  
Water is 208 l/m3 are used [23].

2.2.3. Concrete specimen preparation and testing
In accordance with IS 4031 standards, the physical and chemical characteristics of materials are evaluated and 
characterized. The concrete cube specimens are casted in a 100 mm and tested in accordance with IS 516. Tests 
on the compressive strength of concrete specimens are carried out after 7, 14, 28 and 56 days using the SERVO 
FCT-EC-1000 compression testing machine (CTM). Specimens of 100 mm × 200 mm are casted and tested in 
CTM for the purpose of determining the tensile strength of the concrete mix. During the application of load, the 
cylinder is put along its length and then the load is delivered across the length of the cylinder. The flexural strength 
of the concrete mix is determined by testing prism with the following dimension: 100 mm × 100 mm × 500 mm in 
accordance to ASTM standard [24].

2.2.4. Fineness of cementitious particles
The fineness of fine powder materials is assessed by specific surface area and retained weight sieve. Fineness 
is determined using Particle size analyzer, Blaine fineness and Sieve residue. The particle size distribution is 
determined for the material under various pulverization conditions ranging from 15 minutes to 120 hours. The 
particle size is measured using the CilasEcosizer Dry Equipment in accordance to ASTME 2651-13 standard. 
When particles are placed in a row, the Blaine value is an indicator of the particular surface area that is defined 
by the dispersion of particles across the region and the value is expressed in terms of m2/kg. Finding of fineness 
modulus through sieve residue follows a very simple and standard procedure in which the cement material is 
sieved on IS sieve and the retained weight in the 90-micron IS sieve is calculated which provides the approxi-
mate identity for the residue [25]. 

2.2.5. Microstructural analysis
The powdered samples are subjected to SEM, EDS, XRD and FTIR analysis as part of the microstructural 
investigation of the concrete. FEI QUANTA 200, a high-resolution field emission scanning electron microscope 
is used to produce the SEM picture of the concrete specimen which produces the thickness of the concrete 
structure. In addition, the EDS data is collected using an EDAX 102 mm Octane Prime EDS Detector. During 
the bombardment of electrons with the sample, the Energy Dispersive X-Ray Spectroscopy (EDS) method is 
used to collect information about the chemical composition and the structural integrity. In order to determine the 
phase of the crystalline components X-Ray Powder Diffraction is utilized in which a 3-dimensional diffraction 
grating is produced by directing X-ray at the specimen. In order to get the diffraction pattern of the samples an 
X’ Pert Powder XRD system with a 2θ range of 0–150° and Cu-K radiation is used to test the material. There is 
a variance in the peaks of the samples as a result of various mix combinations being used [26]. 

It is necessary to do an FTIR analysis in order to acquire a more thorough bond characteristic. There is 
a total of 500–7500 cm–1 of wavelength range covered by the equipment utilized for this test, which is a Bruker 
Alpha T. Radiation testing is performed on the samples using incident Kapton radiation ranging from 115 to 150 A.  
A Differential Scanning Calorimeter (Netzsch - Germany) with the following specifications is used to test the 
powdered concrete sample: heating and cooling rates ranging from 0.001 °Celsius per minute to 500 °Celsius 
per minute, and temperature accuracy of 0.1 °Celsius per minute. The test is performed at a medium heating rate 
of 10 °Celsius per minute and an operating temperature of –20 °C to 120 °C. Individual sample specific heat 
capacities must be finalized by making necessary adjustments to the reference sample (sapphire). 

3. RESULTS AND DISCUSSION 

3.1. Chemical composition of materials
The chemical composition of the materials as shown in Table 1 reveals that the availability of CaO is high in 
cement while the SiO2 content is high in the fly ash which infers that the formation of CSH will be more in the 
fly ash mix specimen. It is inferred that pulverizing fly ash reduces the size of particle but does not affect its 
chemical properties. In addition to the CSH structure the other crystalline structure that increases the specimen 
strength is mullite, the composition indicates that the amount of Al2O3 is also high in fly ash, thus there will be 
more mullite in concrete [27].

The specific gravity of cement is 3.13 g/cc, 2.88 g/cc for fly ash, 2.98 g/cc for fine fly ash which indicates 
that the cement possesses higher specific gravity value than other materials and so it can be inferred that cement 
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has higher density, while compared to all other materials. Besides the finer cementitious particles, the sand and 
coarse aggregates are also tested for specific gravity and the specific gravity value is obtained as 2.61 g/cc and 
2.95 g/cc respectively [28, 29]. Fineness Modulus of the fine aggregate is 2.256 mm and most of the particles of 
aggregates are fine and retained between the sieve sizes of 0.6 to 0.15. The fineness modulus of coarse aggregate 
is 6.04 and it can be observed that most of the aggregate lies between 12.5 mm and 10 mm sieve. 

3.2. Particle size analysis
The particle size analyzer result represented in Figure 2 indicates that the particle size of pulverized fly ash 
ranges from micro to Nano in its particle distribution and the percentage of finer particle increases with grind-
ing time. By considering the economical and optimistic pulverization time 120 minutes ball milled fly ash is 
used for the concrete preparation and further tests [30, 31]. The Blaine fineness value of the fine raw cementi-
tious materials indicates that the fineness value 331 m2/kg of OPC is higher than the fly ash fineness value of  
264 m2/kg and fine fly ash has the highest Blaine fineness value of 608.44 m2/kg. The sieve residue is a simple 
yet an effective way to indicate the fineness of the cementitious particles. This test proves that the fine fly ash 
particles are very fine with fineness modulus of 1.8% whereas OPC and fly ash have 5% and 5.39% fineness 
modulus respectively [32]. 

3.3. Basic properties of materials 
The quantity of water required to achieve the desired consistency increases as the amount of fly ash in cement 
mix grows according to the consistency test result. A normal consistency of 27% is attained for ordinary Portland 
cement mix. Fine fly ash when used as a substitute material reduces the amount of water required compared to 
the fly ash mix [33]. The initial and final setting time for varied amounts of ZnS is depicted in Figure 3. It can 
be observed that the rise in the quantity of ZnS increases the setting time correspondingly. The setting time of 
the specimen is enhanced 50% on the addition of ZnS to the concrete mix which demonstrates that zinc sulphate 
may be utilized as a concrete retarder [34]. The retarding impact of ZnS in concrete may be minimized by 
lowering the proportion of ZnS in the concrete.

The formation of a transient compound in the concrete, which is caused by the addition of ZnS, is the root 
cause of the concrete’s retarding action. Because of the good retarding effect of zinc sulphate in concrete and 
other construction materials, further research into the strength and other aspects of zinc sulphate blended con-
crete composites is needed. The results of this study show that zinc sulphate can be used as a possible retarder 

Figure 2: Particle size analyzer of grinded fly ash materials.

Table 1: Comparison of chemical composition.

Materials SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O SO3 LOI
OPC 23.31 6.54 4.37 58.32 1.23 0 0 2.13 1.55
FA 55.9 24.90 7.84 2.12 1.64 1.35 1.06 0.69 2.27

FFA 55.31 25.13 7.46 2.59 1.58 1.37 1.04 0.7 2.14
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in concrete and other construction materials. The crushing value of aggregate is 8.53%, the maximum crushing 
value of aggregate should be less 30% according to IS 2386 – Part 4. This is evident that the tested aggregate 
is very good in withstanding the crushing load. The aggregate impact value is 14.2% which is good according 
to IS 2386 – Part 4. Thus, these results show that the aggregates are very much qualified and strong enough to 
withstand higher load [35]. 

3.4. Compressive strength of fly ash blended concrete
The compressive strength of specimen is shown in Figure 4 and Figure 5. From the result it can be inferred 
that the strength of concrete specimen containing fine fly ash is significantly high than the strength of concrete 
specimen without fly ash. In this research much strength is produced by the concrete specimen with 60% fine 
fly ash replacement which is closer to the 30% fly ash replacement which infers that pulverization increases the 
strength characteristics [36, 37]. There is no significant impact on the strength of the concrete containing fly ash 

Figure 4: Compressive strength of blended concrete without ZnS.

Figure 3: Setting time of blended mix proportions.
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upon the addition of zinc sulphate but when used in proportions greater than 60% it deters the setting of concrete 
specimen. From the compressive strength it can be inferred that 15% fly ash and 45% fine fly ash addition is the 
optimal mix and the chemical properties of the concrete can be studied.

3.5. Split tensile strength of fly ash blended concrete
The comparison of split tensile strength of the concrete specimens are explained. It demonstrates that the con-
crete tensile strength is significantly lower than its compressive strength. The test is carried out in accordance 
with IS 5816. It demonstrates that the 60% substitution of fly ash resulted in a significantly lower tensile strength 
in comparison to the whole mix. While 60% replacement of fine fly ash indicates a strength that is very close to 
the 45% replacement of fly ash, the 45% replacement of fly ash indicates a strength that is far lower. The strength 
of 45% fine fly ash replacement was also found to be much greater in this case. It can be observed in Figure 6 
that the cylinder splits along the diameter of the concrete specimen, which is consistent with previous findings. 
By taking the maximum load that is delivered to the specimen and dividing it into equal halves, the specimen 
is divided in half. According to the preceding discussion, using the load value in the equation converts the load 
into split tensile strength of concrete [38].

3.6. Flexural strength of fly ash blended concrete
The specimen tested during the flexural strength test reveals that the failure of the specimen occurred in the 
centre of the specimen throughout its length. A minor loss in flexural strength is noticed with an increase in the 
replacement of fly ash in concrete, which is consistent with previous findings. The findings reveal that the addi-
tion of fly ash to the concrete at a rate of 15% has boosted the flexural strength of the mixture [39].

With reference to Table 2 which depicts the changes in flexural strength, it can be concluded that the fine 
fly ash has supplied significantly better flexural strength. Concrete’s strength increased by 6.25% when 45% 
FFA was substituted for cement in the mix, which represents a significant improvement in terms of both strength 
gain and replacement of cement. The addition of 15% FFA to the mix has raised the compressive strength of the 
concrete by 25% compared to the original OPC mix. Furthermore, the strength characteristics of the specimens 
followed a very similar pattern to those of the compressive strength of the specimens. 

3.7. Modulus of elasticity
Based on the compressive and split tensile strengths of the fly ash blended concrete, the optimal fly ash replace-
ments for cement in concrete are determined to be 15% fly ash and 45% fine fly ash replacements for cement in 
concrete, respectively. The modulus of elasticity of the specimens is computed based on the values of stress and 
strain in the specimens. The E value of a specimen is computed by taking the slope of stress and strain at the 
point where elasticity terminates and dividing it by the number of stresses and strains. This modulus of elasticity 
reveals the capacity of concrete to tolerate strain and stress when subjected to different loads. Figure 7 compares 
the E value of the fly ash blends and indicates that the value is higher for the 45% FFA replaced concrete. 

Figure 5: Compressive strength of blended concrete with ZnS.
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Table 2: Comparison of flexural strength of concrete.

MIX COMBINATION ULTIMATE LOAD (KN) FLEXURAL STRENGTH (MPa)

OPC 16 8
OPC + 15% FA 18 9
OPC + 30% FA 16 8
OPC + 45% FA 15 7.5
OPC + 60% FA 11 5.5

OPC + 15% FFA 20 10
OPC + 30% FFA 19 9.5
OPC + 45% FFA 17 8.5
OPC + 60% FFA 14 7

Figure 6: Split tensile strength comparison for different mix.

Figure 7: Comparison of stress strain of optimum fly ash concrete blends.
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It is discovered that 15% FA replaced concrete has a larger modulus of elasticity when compared to 
the other three mixes. This is due to the increased strength in the concrete blend used in making the 15% FA 
replaced concrete. However, when comparing peak load or peak stress, 30% FFA mixes are able to tolerate 
far more stress than any of the other blends combined and the stress strain variations of the concrete specimen 
which illustrates that all of the specimens have stress strain variations that are almost identical to one another, 
and that the specimen failure occurs sooner for the 15% fly ash substituted concrete. While compared to 15% 
and 30% replacement, 30% replaced concrete has shown stronger stress withstanding capabilities than the 
other two percentages. However, the concrete that was substituted with 30% fine fly ash was able to tolerate 
much greater stress than all other concrete specimens. FFA blended concrete has superior strain withstanding 
capability when considering strain withstanding capability when considering strain withstanding capability 
[40]. This once again demonstrates the efficiency of FFA blended concrete as a construction material. This fine 
fly ash substituted concrete, as a result, has the potential to be employed as a viable replacement material for 
cement in concrete construction. Figure 7 illustrates the failure of specimen over their whole length indicating 
that they have collapsed along their entire circumference and in addition to the failing specimen it also shows 
the deflectometer connected to it.

3.8. Microstructure studies

3.8.1. SEM and EDS
SEM and EDS images of the specimen and the SEM images at a magnification of 5 microns is compared. SEM 
images of fly ash and fine fly ash reveal size differences between the particles of fly ash and fine fly. The shape 
of fly ash particles is round whereas it is highly irregular in shape for fine fly ash and the fine fly ash is small 
in comparison to the fly ash [41, 42]. The comparison of the FA and FFA concrete reveals that the FA concrete 
contains a significant amount of un-hydrated SiO2 in the structure, which can be identified by the spherical 
structure in the SEM images, whereas the FFA concrete contains no un-hydrated compounds, demonstrating that 
pulverization increases the reactivity between the water and cementitious products, resulting in a very compact 
structural formation (Figure 8). Additionally, as compared to normal concrete specimens, the FFA concrete 
exhibits a highly compact structure. The presence of needle-like structures in the concrete can clearly be seen 
when comparing images of concrete with and without zinc sulphate indicating that ettringite has formed as a 
result of zinc sulphate exposure. Crystal formation in concrete is conceivable and the majority of the structure 
is derived from SiO2, CSH, and mullite. This also demonstrates the improvement in concrete strength that has 
occurred as a result of the inclusion of FFA [43]. According to the EDS graphs, the addition of ZnS has no effect 
on the elemental range of the concrete, which is consistent with the results of previous studies. The elemental 
analysis of FA and FFA reveals a similar pattern, indicating the presence of components of a comparable sort. 
This verifies that the chemical characteristics of fly ash were not significantly altered throughout the pulveriza-
tion process, as previously reported.

When comparing the SEM images of 60% fly ash replaced concrete and 60% fine fly ash replaced con-
crete, it can be noticed that the fine fly ash replaced concrete has a more enhanced and compact structure than 
the 60% fly ash replaced concrete. It is clear that more hydration is taking place in the concrete; additionally, the 
60% fly ash replaced concrete exhibits more un-hydrated products, which is the result of more SiO2 in its system 
and less CaO to form the hydrated compounds that are required for the formation of crystalline compounds and 
ultimately for the provision of strength.

3.8.2. XRD
Figure 9 depicts the diffraction pattern of the FA and the FFA, respectively. According to this, the presence of 
quartz and mullite in raw materials is responsible for the majority of the peaks; moreover, when comparing the 
peak at 26.6 with the peak at 26.6, the peak extends to a greater intensity for FFA, which is ascribed to quartz. 
Additionally, for FA, a tiny peak for Fe2O3 is found around 33.25 °C. There is no difference between the FFA and 
FA samples in terms of the diffraction patterns they produce, except from these modifications [44].

The primary peak of OPC and 15% FA blended concrete differs in terms of counts when compared 
to each other, indicating that the C-S-H compound is more readily accessible in 15% FA blended concrete. 
When compared to traditional concrete, this resulted in a significant improvement in the strength of the fin-
ished product. Additionally, when comparing the 45% FFA mixed concrete to the other blends, the elongation 
of the primary peak is much greater. C-S-H is responsible for the majority of the peak values in the OPC + 
45% FFA mixed concrete. Analysis using zinc sulphate discovered that ettringite was present in some of the 
peaks. Ettringite development is related to the presence of sulphate in the concrete during the curing process.  



ARCHANA, M.; VASUDEVAN, R.,  revista Matéria, v.28, n.2, 2023

Figure 8: Comparison of SEM images and EDS results of samples.
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In addition to ettringite, there is an abundance of CaZn2(OH)6.2H2O in peaks at 32.092 and the following equa-
tion describes the process by which calcium zincate is produced.

 Zn(OH)  + Ca  + H O CaZn(OH) H O + 2OH2 3 24

2 2

2 2� � �� �( )  

The addition of ZnS decreased the production of C-S-H gel but increased the production of additional 
ettringite and the uncommon CaZn2(OH)6.2H2O compound in its structure, according to XRD examination.

3.8.3. FTIR
The FTIR result of raw materials is depicted in Figure 10. The wavenumbers and their associated assignments are 
found in the literature. The broad waves for cement are present at 576–671 cm–1, 790–1060 cm–1, 1064–1196 cm–1  
and 1313–1554 cm–1 range. The FTIR result for various mix containing zinc is represented in Figure 11.  

Figure 9: XRD analysis of fly ash and fine fly ash.

Figure 10: Comparison of FTIR results of raw materials.
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The Ettringite production is noticed in the specimen containing ZnS while there is a decrease in CSH gel pro-
duction which explains lower strength in the specimen containing ZnS. The 45% FFA specimen consists more 
hydrated products which validates the XRD finding [45].

3.8.4. Specific heat capacity
The variation of specific heat capacity of the specimens with temperature is compared in Figure 12. The com-
parison is made between the specific heat capacity of OPC concrete, 15% fly ash replaced concrete, 45% fly ash 
concrete and 45% FFA concrete. As with increase in the fly ash content the heat storage ability of concrete has 
increased [46, 47]. By comparing 45% FA and FFA replacements the FFA indicate that the Cp increases with 
pulverization and the FFA concrete specimen performs poorly when compared to normal concrete.

4. CONCLUSIONS
The fly ash and fine fly ash replacement of 15% and 45% is deemed optimal. Due to compressive strength, set-
ting time and alkali silicate reaction in concrete the ZnS content is optimized as 1%. With the addition of ZnS 

Figure 11: Comparison of FTIR results of 45% FFA blended concrete with and without ZnS.

Figure 12: Specific heat capacity of specimen.
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the compressive strength of the fly ash blended concrete lowered while the initial strength of the concrete was 
increased. In addition to the strength and setting time characteristics, XRD analysis revealed that the concrete 
samples containing ZnS formed more ettringite and calcium zincate [CaZn2(OH)6.2H2O]. 

• In concrete containing ZnS the FTIR spectrum revealed decrease in formation of C-S-H and increase in 
ettringite formation which is verified by SEM images. 

• The DSC findings demonstrate that adding fly ash to concrete enhances its heat storage capacity proportion-
ately with FFA because it has a greater Cp. 

• The addition of fine fly ash to concrete inhibits the creation of voids in the concrete, which reduces chloride 
penetration. As a result, the use of fine fly ash instead of cement enhanced all of the physical and micro-
structural qualities of concrete except the thermal properties which suggests that fine fly ash can be used in 
concrete as a substitute for cement. 

• When analyzing the impacts of ZnS in concrete it has been discovered that it has an excellent concrete retard-
ing effect.

As a result, it may be utilized as a possible retarder in concrete with a maximum permissible cement con-
centration of 1%. The impact of zinc sulphate on other regularly used secondary cementitious materials such as 
silica fume and GGBFS will be the focus of future research directions. Since pulverized fly ash is still considered 
as a research area further study is required to increase pulverization efficiency and to investigate the impact of 
additional chemical additives and admixtures.
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