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ABSTRACT: Sustainable development, wide production and use all issues that mankind faces, particularly in the building sector. 

CO2 emissions generated by the manufacture of Portland Cement (PC) improving concrete efficiency, may now be achieved 

using a range of with a partial substitution of new materials. This research focuses on the usage of PC as a substitute. RHA was 

utilized as a partial substitute for PC at different replacement levels ranging from 0 percent to 5 percent. The investigated using 

a scanning electron microscope (SEM) as well as X-ray Diffraction (XRD). Blended cement concrete mixtures were tested for 

mechanical and durability properties. Concrete mixes using a mixture of ten percentage of RHA as well as three percentage of 

TiO2 Nanoparticles as a partial substitute for PC had lifespan, according to the findings. Increases of more than 3 percent have 

resulted in a reduction in intensity and duration. As a result, the 3 percent nano-TiO2 replacement level may be regarded the 

optimal replacement level. 
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INTRODUCTION 

Cement refers to all adhesive substances in a general sense, but it also refers to the binding materials employed 

in architectural and structural engineering construction in a more particular meaning. Setting and hardening 

are generated by this type of the chemical reaction to build big. Capabilities, building cements that can in water 

are frequently known as hydraulic cements. Because the initial intensity achieved is lower, early aid de-

shuttering is possible. Concrete is more difficult to work with since it demands the usage of finer components. 

The setting time is faster than OPC, and the reduced alkane reduces steel reinforcing corrosion resistance. The 

curing time is essential since the strength of this concrete increases slowly. Any errors here may result in long-

term repercussions (Fig. 1). 

 

Fig. 1: Evaluation of Modified-Graphite Nanoparticles in Concrete Nanocomposite Based On Packing 

Density Principles. 

Cements are extensively utilized in mortar and building, when they are mixed with an inert material like 

aggregate. For most uses, concrete is composed of clay, ranging from 3/4 inch to a unit inch in size, broad 

utilized in large bulk like dams. Utilized in construction to join bricks, columns, and stone, as well as to render 

surfaces. Concrete is used in a variety of building activities. The foundation for roads is built out of soil and 

PC mixtures. Portland cement is used in all other extruded materials. In factories, the components are 

prefabricated and supplied to the client ready to connect. Cement is widely produced, especially in poor 

nations. The more coarse the aggregate, the more cost-effective the combination. Larger items have less 

surface area of the particles than smaller ones of the same thickness. The use of coarse aggregate with the 

maximum allowed overall size allows for a decrease in cement and water usage. Where coarse aggregates are 

used in excess of the maximum size allowed, they may interlock and produce arches or barriers within the 

concrete form. As a consequence, the region below becomes a hole, or at worst, just filled with smaller sand 

and cement particles, resulting in a weaker area [1]. 

Hydraulic cements have a long history dating back to Greece and Rome. Lime and volcanic ash were utilized, 

and the two ultimately came into contact. This was used to cement 2,000-year-old Roman mortars and 

concretes, as well as later construction work in Western Europe. The original Roman pozzolana cement was 

made from volcanic ash found at what is now Italy, which contains alumina-silicate minerals. To split alumina-

silicate that combines into cement (Cement, on the other hand, derives from the Latin term cementum, which 

refers to stone chips used in Roman mortar rather than the binding substance itself). The grading zones may 
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be used to assess the homogeneity of fine aggregate. However, for a more comprehensive evaluation, you 

should seek the help of experts who are skilled with conducting bulk mass, bulk era, and basic gravity tests to 

discover the best-in-class material [2]. 

In 1756, John Smeaton invented PC as a replacement for hydraulic lime. The next invention generated clayey 

limestone nodules. Following that, a comparable piece of material was created. These materials are classified 

as natural cement, which is similar to PC but is less badly burnt and has an unstructured structure. 

When Joseph Aspdin of Leeds, Yorkshire, England, submitted a patent on a composite manufactured 

combination in 1824, he is credited with inventing PC. After the material's apparent structural similarities, he 

named it Portland cement. Aspdin's product item was presumably created in southern England around 1850. 

PC manufacturing quickly grew throughout Europe nineteenth century, cement manufacture flourished all 

over the world. By the early twenty-first century, India as well as China were the global leaders in cement 

production. 

PC is made in four stages: (1) combining the components in the right proportions, (2) devastating besides 

crushing the underdone ingredients, (3) grinding the kilned result, known as "clinker," which contains around 

5 percent gypsum, and (4) kilning the prepared mix while production techniques are termed after given and 

supplied as nodules. 

All materials are crushed first, with the exception of those that are crushed in a revolving, cylindrical ball mill 

or tube mill carrying a charge of steel grinding balls. Depending on the method, this grinding may be done 

wet or dry, although originally in cylindrical, rotating dryers. Wash mills break down soft materials by quickly 

spinning them with water, resulting in a thin slurry that is filtered to remove large particles. 

Plants provide an approximate approximation for finer monitoring, material is collected from two or three 

samples. Deposited in silos, and in the wet process, the dry materials in the silos are fully mixed owing to 

agitation and strong ventilation generated. During the wet phase, the slurry is regularly drained to remove 

surplus water before being supplied to the kiln. As a result, the amount of fuel required for combustion is 

reduced [3]. 

The earliest kilns to burn cement in batches were bottle kilns. The shaft kiln is still used in some nations in a 

modified form, although the rotary kiln is the most prevalent technique of burning. Wet process kilns may be 

up to 200 meters long and six meters in diameter, whereas dry process kilns are smaller. Tar, gasoline, or 

natural gas put into a pipe will both be utilized as fuel for fire. They rotate slowly on an axis that is inclined to 

the horizontal by is introduced at the top of the kiln and gradually travels down to the bottom varies, ranging 

from about 1,350 to 1,550 °C. A heat exchanger is typically used at the kiln's rear end to exploit heat flow to 

the entering raw materials while minimalizing heat loss. As the burnt debris, small clinker nodules are 

transported [4]. 

The semidry method's movement being supplied pulled into them. Cement kilns may produce a lot of dust, 

which may be a significant annoyance in residential areas, but they are frequent and generally needed [5]. 

The combustion process in modern cement plants is regulated and managed by sophisticated monitoring. Raw 

materials are automatically sampled, robot can produce over 5,000 tons per day. Horizontal mills close 

together without separating the ground product. The feed composition is typically handled with a modest 

quantity of grinding assistance. The use of an air-entraining agent is similar to the use of air-entraining 

cements. 

Pneumatically pumped finished cement is pushed into storage silos transportation [6]. PC extensively used all 

over the globe. It was developed in England in the early 1800s from various types of hydraulic lime, and it 

typically comes from limestone. Clinkering limestone as well as the clay minerals in a kiln, grinding the 

clinker, and adding two to three percentage of gypsum resulting in a fine powder. Portland cement comes in a 

variety of forms. Kind is ordinary Portland cement (OPC), although white PC is also available. It got its name 

because it resembled Portland stone, which was produced on the Isle of Portland in Dorset, England. 

The powder contains a variety of dangerous components, including crystalline silica containing hexavalent 

chromium, and may induce inflammation or lung cancer if inhaled in large amounts. The huge energy 

consumption needed to manufacture, produce, and transport cement, as well as the associated air pollutants, 

Greenhouse gas emissions, as well as dioxin, NOx, SO2, and particulate matter, are all environmental concerns. 

About 10 percent of worldwide personal computers. By 2050, cement consumption is expected to increase by 

12 to 23 percent. To accommodate the growing global population, according to the International Energy 

Agency. Several studies are currently underway to explore whether other cementations materials may be used 

http://www.jetir.org/


© 2018 JETIR July 2018, Volume 5, Issue 7                                                                  www.jetir.org (ISSN-2349-5162) 

JETIRFJ06036 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 170 
 

to replace PC [7]. Because of the great availability of limestone, shale, and other naturally occurring minerals 

used in PC, it has been widely used throughout the last century. Concrete made from PC is one of the most 

flexible building materials on the planet. 

LITERATURE REVIEW 

F. Franklin et al. stated in the paper that Nano-materials are objects with particle sizes measured in nanometers. 

Because of their small size, these materials are very effective in changing the properties of concrete at the 

ultrafine level. To obtain the necessary performance, only a small fraction of the cement proportions must be 

changed. By filling the minute gaps and flaws in the microstructure, these Nano-materials enhance the strength 

and permeability of concrete. The use of Nano Titanium Dioxide (TiO2) in the research provided excellent 

results by increasing concrete's compressive and tensile strength. In the research, author use 15 nanometer 

(nm) Nano Titanium Dioxide (Anastasi dependent TiO2) to enhance the compressive and tensile strength of 

concrete. The cement was replaced with Nano titanium dioxide at concentrations of 0.5 percent, 1 percent, 1.5 

percent, and 2 percent in an experimental sample (by weight of cement). The M25 mix configuration was used 

in the research, and the M25 concrete mix % was calculated using international standard (IS) 10262:2009 and 

IS 456:2000. The compressive strength and break tensile strength of cubes and cylinders specimens were tested 

after they were cast, dried, and inspected after 28 days. With the substitution of cement, a maximum 

compressive strength of 1.5 percent Titanium Dioxide (TiO2) is achieved (by weight of cement). Similarly, 

when 1.5 percent Titanium Dioxide (TiO2) is used instead of cement, the highest tensile strength is achieved 

(by weight of cement) [8]. 

B. Ma et al. stated in the paper that SEM, XRD, as well as the mercury penetration porosimetry were used to 

investigate the effect of nano-TiO2 (NT) on the microstructures and mechanical properties of cement mortars. 

The 3 percent NT is able to significantly improve tensile or flexural properties and induce crystal precipitation. 

The flexural and tensile strengths have a strong positive relationship with the amount of produced. By 

regulating the formation of Carbon Hydrogen crystals and increasing the hydration reaction rate, the pores of 

mortars may be substantially optimized and transformed to harmless pores. The tests to assess their lifetime. 

The addition of 3 percent NT to cement-based materials reduces percent, suggesting that 3 percent NT will 

effectively enhance the compression and durability of cement-based components [9]. 

S. Amin noted the study's goal was to investigate how impacted people were. White CSC produced constituted 

80 percent of the modified CSC utilized. Portland-limestone cement and bismuth oxide (20 wt. percent) were 

employed as a radio pacifier. The particles were injected at a rate of zero percentage (CSC group), one percent 

(CSC group) plus one percentage (TiO2 group), three percentage (CSC group) plus three percentage (TiO2 

group), and five percentage (CSC group) plus five percentage (TiO2 group). Cylindrical specimens having a 

diameter of 4 mm and a height of 6 mm were created in broken Teflon molds for each category. Specimens 

were allowed to set for 7 days in wet circumstances. An Intron measuring equipment was then used to conduct 

compressive strength testing. For pair-wise comparisons, the Tukey post hoc test was employed in conjunction 

with the ANalysis Of VAriance (ANOVA). The statistical significance level (α) was chosen at 0.05. Between 

the four classes, there was no statistically significant variance power. Under the study's circumstances, the 

extra component [10]. 

DISCUSSION 

Hydraulic dams, marine buildings, erecting along the shore, dam construction, and so on all use this material. 

Pre-stressed and post-tensioned concrete members contain this material. It's used in plastering and masonry 

mortars. It is used in decorative and art systems because it offers a higher surface quality. Precast sewage pipes 

are made using this material. Under severe concreting conditions, this chemical is used. 

The initial intensity obtained is lower, resulting in early assistance de-shuttering. Concrete is more difficult to 

handle because it requires more fine material. As opposed to OPC, the setting period is shorter, and the 

reduction in alkane reduces steel reinforcing corrosion resistance. Since the strength of this concrete grows 

slowly, the curing period is important. Any errors here may lead to long-term problems. 

Fine aggregate, which is made comprised of real sand or crushed stone, is an important component of concrete. 

The hardened properties of concrete are significantly influenced by the fine aggregate density and 

homogeneity. Fine aggregate that is selected based on grading region, particle shape and surface texture, 

abrasion and skid resistance, absorption and surface moisture, and abrasion and skid resistance is more stable, 

heavier, and less costly. 

http://www.jetir.org/


© 2018 JETIR July 2018, Volume 5, Issue 7                                                                  www.jetir.org (ISSN-2349-5162) 

JETIRFJ06036 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 171 
 

The majority of the thickness is made up of concrete mix formulas. The structure, has a major quality. The 

following is an outline of fine aggregate's role: The quantities of the mixture and its hardening capabilities are 

affected by the homogeneity of small particles. Fine aggregate characteristics have a significant influence on 

how much concrete shrinks. 

A few factors must be considered when selecting suitable aggregate for use in a specific concrete mix, 

including: 

Content that is not present: The final outcome would be determined by. Exploit empty material while greater 

grading reduces it. Texture and form: The size and shape of the concrete mix have a significant impact on its 

consistency. For a low-cost concrete mix Workable concrete, on the other hand, requires less water. 

The good concrete mix requires clean, firm, solid particles. Because failing to identify these features may 

cause concrete to deteriorate, regulatory agencies have created fine aggregate grading zones, each of which 

stipulates the proportion of fine aggregate that passes through a 600 micron sieve: 

 Region i: 14.9 percent to 33.8 percent 

 Region ii: 33.7 percent to 58.6 percent 

 Region iii: 59.5 percent to 78.4 percent 

 Region iv: 79.3 percent to 99.2 percent 

The grading zones may be used to assess the homogeneity of fine aggregate. However, for a more 

comprehensive evaluation, you should seek the help of experts who are skilled with conducting bulk mass, 

bulk era, and basic gravity tests to identify the best-in-class material. 

Coarse aggregates are particles bigger than 0.2 inch in diameter, however maximum aggregates are between 

0.3 and 1.4 inches. A sieve with 4.75 mm pores cannot pass coarse-grained particles. Coarse aggregate refers 

to particles that are primarily retained on a 4.75 mm sieve that can pass through a 3-inch screen. The more 

coarse the aggregate, the more cost-effective the combination. Larger items have less surface area of the 

particles than smaller ones of the same thickness. The use of coarse aggregate with the maximum allowed 

overall size allows for a decrease in cement and water usage. Where coarse aggregates are used in excess of 

the maximum size allowed, they may interlock and produce arches or barriers within the concrete form. As a 

consequence, the region below becomes a hole, or at best, just fills with smaller sand and cement particles, 

resulting in a weaker area. 

CONCLUSION 

The excessive exploitation and use of non-renewable natural resources is one of humanity's most significant 

issues today, particularly in the building industry. Reduced use of carbon dioxide emissions generated by the 

manufacture of PC clinker, and better concrete quality products with a partial substitution of new materials. 

This study investigated the usage of TiO2 Nanoparticles volume of 9.9 percent, with TiO2 nanoparticles serving 

as a partial substitute for PC. SEM and XRD were used to investigate the morphological as well as the 

mineralogical characteristics of TiO2 Nanoparticles. Mechanical and toughness blends were evaluated for 

compressive, flexural, and fracture tensile characteristics, acid resistance, and chloride penetration. According 

to the findings, concrete mixes incorporating PC had the greatest strengths and durability. 

Because the initial intensity achieved is lower, early aid de-shuttering is possible. Concrete is more difficult 

to work with since it demands the usage of finer components. The setting time is faster than OPC, and the 

reduced alkane reduces steel reinforcing corrosion resistance. The curing time is essential since the strength 

of this concrete increases slowly. Any errors here may result in long-term repercussions. 

This material is used in hydraulic dams, marine constructions, constructing along the beach, dam construction, 

and other applications. This material is found in pre-stressed and post-tensioned concrete members. Plastering 

and masonry mortars include it. Because of its high surface polish, it is utilized in ornamental and art systems. 

This material is used to construct precast sewage pipes. This material is utilized in tough concreting situations. 
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