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ABSTRACT: Sustainable development, broad production and usage all problems that humanity confronts, especially in the 

construction industry. CO2 emissions produced by the production of Portland Cement (PC) increasing concrete efficiency, may 

now be accomplished utilizing a range of with a partial replacement of new materials. This study focused on the employment of 

PC as a replacement. RHA was used as a partial substitute for PC at various replacement levels ranging from 0 percent to 5 

percent. The examined utilizing a scanning electron microscope (SEM) as well as X-ray Diffraction (XRD). Blended cement 

concrete mixes were evaluated for mechanical and durability characteristics. Concrete mixes employing a combination of ten 

percentage of RHA as well as three percentage of TiO2 Nanoparticles as a partial replacement for PC had lifetime, according to 

the results. Increases of more than 3 percent have resulted in a decrease in intensity and duration. As a consequence, the 3 percent 

nano-TiO2 replacement level may be considered the optimum replacement level. 
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1. INTRODUCTION 

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

architectural and structural engineering building in a more specific meaning. Setting and hardening are produced 

by this kind of the chemical reaction to create large. Capabilities, building cements that can in water are often 

called as hydraulic cements. Because the initial intensity obtained is lower, early assistance de-shuttering is 

feasible. Concrete is more difficult to deal with because it requires the use of finer components. The setting time 

is quicker than OPC, and the decreased alkane decreases steel reinforcing corrosion resistance. The curing 

period is important because the strength of this concrete develops slowly. Any mistakes here may result in long-

term consequences. 

Cements are widely used in mortar and construction, when they are combined with an inert substance like 

aggregate. For most applications, concrete is made of clay, ranges from 3/4 inch to a unit inch in size, wide used 

in huge bulk like dams. Utilized in building to connect bricks, columns, and stone, as well as to render surfaces. 

Concrete is utilized in a number of construction tasks. The foundation for roadways is made up of soil and PC 

mixes. Portland cement is utilized in all other extruded materials. In factories, the components are prefabricated 

and delivered to the customer ready to join. Cement is extensively manufactured, particularly in impoverished 

countries. 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 permitted overall size provides for a reduction in cement and water consumption. Where coarse 

aggregates are utilized in excess of the maximum size permitted, they may interlock and create arches or 

obstacles inside the concrete form. As a consequence, the region below becomes a hole, or at worst, simply 

filled with smaller sand and cement particles, resulting in a weaker area [1]. 

Hydraulic cements have a lengthy history going back to Greece and Rome. Lime and volcanic ash were used, 

and the two eventually came into touch. This was used to cement 2,000-year-old Roman mortars and concretes, 

as well as subsequent building work in Western Europe. The classic Roman pozzolana cement was produced 

from volcanic ash unearthed at what is now Italy, containing includes alumina-silicate minerals. To divide 

alumina-silicate that mixes form 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 be used to evaluate the uniformity of fine aggregate. However, for a more thorough assessment, you should 
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seek the assistance of specialists who are experienced with performing bulk mass, bulk era, and fundamental 

gravity tests to find the best-in-class material [2]. 

In 1756, John Smeaton developed PC as a substitute for hydraulic lime. The following innovation produced 

clayey limestone nodules. Following that, a similar piece of material was produced. These materials are 

categorized as natural cement, which is comparable to PC but is less severely burned and has an unstructured 

structure. When Joseph Aspdin of Leeds, Yorkshire, England, filed a patent on a composite made combination 

in 1824, he is credited for inventing PC. After the material's purported structural similarity, he called it "Portland 

cement". Aspdin's product item was probably developed in southern England about 1850. PC production rapidly 

expanded across Europe nineteenth century, cement manufacture developed all over the globe. By the early 

twenty-first century, India as well as China were the world leaders in cement manufacturing. 

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 technique, this 

grinding may be done wet or dry, albeit initially in cylindrical, revolving dryers. Wash mills break down soft 

materials by rapidly churning them with water, resulting in a fine slurry that is filtered to eliminate big particles. 

Plants give a rough estimate for finer monitoring, material is taken from two or three samples. Deposited in 

silos, and in the wet process, the dry materials in the silos are completely combined due to agitation and intense 

ventilation produced. During the wet phase, the slurry is periodically drained to eliminate excess water before 

being fed to the kiln. As a consequence, the quantity of fuel used for combustion is decreased [3]. 

The first kilns to burn cement in batches were bottle kilns. The shaft kiln is still used in certain countries in a 

modified form, but the rotary kiln is the most common method of burning. Wet process kilns may be up to 200 

meters long and six meters in diameter, while dry process kilns are smaller. Tar, gasoline, or natural gas poured 

into a pipe will both be used as fuel for firing. They spin 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 fluctuates, ranging from 

approximately 1,350 to 1,550 °C. A heat exchanger is usually utilized at the kiln's rear end to exploit heat flow 

to the incoming raw materials while minimalizing heat loss. As the burned material, tiny clinker nodules are 

carried [4]. The semidry method's moving being delivered drawn into them. Cement kilns may emit a lot of 

dust, which may be a major irritation in residential areas, yet they are common and usually required [5]. The 

combustion process in contemporary cement plants is controlled and managed by sophisticated monitoring. 

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

together without dividing the ground product. The feed composition is often handled with a small amount of 

grinding aid. The usage of an air-entraining agent is analogous to the use of air-entraining cements. 

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

across the world. It was created in England in the early 1800s from different kinds of hydraulic lime, and it 

usually originates from limestone. Clinkering limestone as well as the clay minerals in a kiln, grinding the 

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

number of forms. Kind is ordinary Portland cement (OPC), but white PC is also available. It received its name 

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

powder includes a number of hazardous components, including crystalline silica containing hexavalent 

chromium, and may cause inflammation or lung cancer if breathed in significant quantities. The enormous 

energy demand required to manufacture, produce, and transport cement, as well as the accompanying air 

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

issues. About ten percent of global personal computers. By 2050, cement usage is projected to rise by 12 to 23 

percent. To accommodate the increasing world population, according to the International Energy Agency. 

Several research are now ongoing to investigate if additional cementations materials can be utilized to replace 

PC [7]. Because of the vast availability of limestone, shale, and other naturally occurring materials utilized in 

PC, it has been extensively used over the past century. Concrete built from PC is one of the most flexible 

construction materials on the world. 
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2. LITERATURE REVIEW 

F. Franklin et al. presented in the article that Nano-materials are things with particle sizes measured in 

nanometers. Because of their tiny size, these materials are extremely effective at changing the characteristics of 

concrete at the ultrafine level. To achieve the required performance, just a tiny percentage of the cement 

proportions must be replaced. By filling the minute gaps and holes in the microstructure, these Nano-materials 

improve the strength and permeability of concrete. The usage of Nano Titanium Dioxide (TiO2) in the study 

produced good findings by improving concrete's compressive and tensile strength. In the study, author utilize 

15 nanometer (nm) Nano Titanium Dioxide (Anastasi dependent TiO2) to improve the compressive and tensile 

strength of concrete. The cement was substituted 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) (by weight of cement). 

The M25 mix configuration was utilized in the study, and the M25 concrete mix percentage was determined 

using international standard (IS) 10262:2009 and IS 456:2000. The compressive strength and break tensile 

strength of cubes and cylinders specimens were evaluated after they were cast, dried, and inspected after 28 

days. With the replacement of cement, a maximum compressive strength of 1.5 percent Titanium Dioxide (TiO2) 

is obtained (by weight of cement) (by weight of cement). Similarly, when 1.5 percent Titanium Dioxide (TiO2) 

is used instead of cement, the maximum tensile strength is obtained (by weight of cement) [8]. 

B. Ma et al. articulated in the article that SEM, XRD, as well as the mercury penetration porosimetry were 

utilized to study the impact of nano-TiO2 (NT) on the microstructures and mechanical characteristics of cement 

mortars. The 3 percent NT is able to substantially enhance tensile or flexural capabilities and promote crystal 

precipitation. The flexural and tensile strengths have a significant positive connection with the quantity of 

generated. By controlling the development of Carbon Hydrogen crystals and boosting the hydration reaction 

rate, the pores of mortars may be significantly optimized and changed to innocuous pores. The tested to evaluate 

their lifespan. The addition of 3 percent NT to cement-based materials lowers percent, indicating that 3 percent 

NT will effectively improve the compression and resilience of cement-based components [9]. 

S. Amin pointed the study's aim was to examine how affected individuals were. White CSC made comprised 

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

as a radio pacifier. The particles were injected at a rate of zero percentage (CSC group), one % (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) (TiO2 group). Cylindrical specimens with a diameter 

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

allowed to set for 7 days in moist conditions. An Intron measuring device was then utilized to perform 

compressive strength testing. For pair-wise comparisons, the Tukey post hoc test was used in combination with 

the ANalysis Of VAriance (ANOVA). The statistical significance threshold (α) was set at 0.05. Between the 

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

component [10]. 

PC was created utilizing natural cements produced in the United Kingdom. It derives its name from its 

resemblance to Portland stone, a type of building stone quarried on the Isle of Portland in the English county of 

Dorset. Various limestone and additives were utilized in the production of modern PC (also known as natural 

Portland cement), such as trass and pozzolanas, for the purpose of constructing Smeaton's Tower, a lighthouse. 

In the late 1800s, James Parker developed Roman cement, which he patented in 1796. The popularity of Roman 

cement increased rapidly, but by the 1850s, PC had completely replaced it. In 1826, James Frost is believed to 

have constructed a factory to manufacture artificial cement. Southwark's Edgar Dobbs invented a cement 

comparable to the one that was developed seven years later and is regarded the "main precursor" of Portland 

cement. In a directory published in 1823, the term PC is linked with a William Lockwood and Joseph Aspdin 

called discovery, on the other hand, was a precursor to current PC, which has been designated proto-PC. 

William Aspdin left Cement Company held by his father and continued to get into company for himself. By 

accident in the 1840s, William Aspdin created calcium silicates, an intermediate step in the manufacture of 

Portland cement. He subsequently moved to Germany in 1853, where he worked in the cement business. After 

refining the production process, William Aspdin developed a type of cement known as meso-Portland cement, 

which he claimed was the real parent of PC. Criteria sewage systems: the rotating kiln, developed by Frederick 

Ransome in 1885 in the United Kingdom and 1886 in the United States, allowed for a smoother functioning and 
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became a PC standard. Claimed to have 'complete control over combustion,' was put to the test in 1860, and the 

results showed that the process generated higher-quality cement. To manufacture this cement, the PC fabric 

Stern in Stettin was utilized. A standard for PC was established in 1878. Eagle PC, headquartered in Kalamazoo, 

Michigan, and manufactured the PC in the 1870s and 1880s. The first ever PC that was built in 1875 in Coplay, 

Pennsylvania. Most imported PC had been replaced by American-produced PC by the early twentieth century, 

with materials sintering at a fusion temperature of approximately 1,500 °C for modern cements clinker is 

formed. In most instances, impure limestone containing SiO2 is used. The calcium carbonate quantity of these 

limestone are possible to be as low as 80 percent. The purity of secondary raw materials is governed by the 

limestone purity. Components used when a coal-fired cement kiln is used. 

3. PORTLAND POZZOLONA CEMENT 

Portland Pozzolana Cement is a type of integrated cement made by combining OPC cement with pozzolanic 

materials in a specific ratio. PPC cement is the most common term for it. The characteristics, manufacturing, 

features, benefits, and disadvantages of Portland Pozzolana cement are described in this article. Pozzolana is a 

volcanic powder found near Mount Vesuvius in Italy. 

3.1. Manufacture of Portland Pozzolana Cement: 

Limestone (CaCO2) and clay are the primary basic materials used in cement manufacturing (SiO2, Al2O3, 

Fe2O3). Rocks are loaded onto trucks and driven to crushers, where they are compressed into fine fragments. 

Fine clay and limestone particles are fed into air-swept ball mills in the desired amounts and thoroughly 

combined before being sent to silos for storage. The mixture is then pre-heated to 800-1000°C, where the CaCO3 

is calcined to CaO. The warmed mixture is then transported into the rotating kiln, where it is heated to 1450°C. 

The modules are produced from clinker, which is a byproduct of the burning process. A rotary cooler is used to 

chill the clinker. The Portland Pozzolana Cement is produced by combining this clinker with gypsum and 

pozzolana ingredients in the appropriate quantities. 

4. USES OF PORTLAND POZZOLANA CEMENT 

Hydraulic dams, maritime structures, constructing along the beach, dam construction, and so on all utilize this 

material. Pre-stressed and post-tensioned concrete members include this substance. It's utilized in plastering and 

masonry mortars. It is utilized in ornamental and art systems because it provides a better surface quality. Precast 

sewage pipes are constructed of this material. Under tough concreting circumstances, this substance is utilized. 

4.1. Advantages: 

It is an ecologically friendly cement because the ingredients used in its manufacture are natural recycled waste. 

Since it is a very fine mortar, it is excellent for plastering. Pozzolano is composed up of silica, which is cheap 

and thus reduces the cost of cement, making it more cost-effective to utilize. Pozzolana cement is used in 

hydraulic assembly, marine edifices, and construction along the seaside, dam building, and other applications 

because of its strong resistance to sulphate assault. Pre-stressed and post-tensioned concrete participants utilize 

PPC. Which reduces the amount of carbon monoxide produced by concrete, making it more ecologically 

sustainable. Since pozzolano materials are extremely tiny, they may fill gaps between the reinforcement and 

aggregate, minimizing shrinkage, honeycomb formation, and bleeding, and thus enhancing concrete strength 

and durability. 

4.2. Disadvantages: 

The initial intensity acquired is lower, leading in early aid de-shuttering. Concrete is more difficult to handle 

since it needs more fine material. As compared to OPC, the setting time is shorter, and the reduction in alkane 

decreases steel reinforcement corrosion resistance. Since the strength of this concrete develops slowly, the 

curing process is critical. Any mistakes here may lead to long-term issues. 

5. DISCUSSION 

Fine aggregate, which is made composed of actual sand or crushed stone, is an essential component of concrete. 

The hardened characteristics of concrete are strongly affected by the fine aggregate density and uniformity. Fine 

aggregate that is chosen 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 expensive. 
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5.1. The Function of Fine Aggregate in Concrete Mixtures: 

The bulk of the thickness is made up of concrete mix formulae. The structure, has a significant quality. The 

following is an overview of fine aggregate's role: The amounts of the mixture and its hardening capacities are 

influenced by the uniformity of tiny particles. Fine aggregate properties have a major effect on how much 

concrete shrinks. 

5.2. Properties of Fine Aggregates: 

A few characteristics must be considered when choosing appropriate aggregate for use in a particular concrete 

mix, including: Content that is not present: The ultimate result would be decided by. Exploit vacant material 

while higher grading decreases it. Texture and form: The size and shape of the concrete mix have a major effect 

on its consistency. For a low-cost concrete combination Workable concrete, on the other hand, needs less water. 

5.3. Fine Aggregate Grading Zone: 

The excellent concrete mix needs clean, hard, solid particles. Because failure to recognize these characteristics 

could cause concrete to degrade, regulatory authorities have established fine aggregate grading zones, each of 

which specifies the percentage 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 evaluate the uniformity of fine aggregate. However, for a more thorough 

assessment, you should seek the assistance of specialists who are experienced with performing bulk mass, bulk 

era, and fundamental gravity tests to determine the best-in-class material. 

5.4. Coarse Aggregates: 

Coarse aggregates are pieces larger than 0.2 inch in diameter, nevertheless maximal aggregates are between 0.3 

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

particles that are mainly 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 permitted overall size 

provides for a reduction in cement and water consumption. Where coarse aggregates are utilized in excess of 

the maximum size permitted, they may interlock and create arches or obstacles inside the concrete form. As a 

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

resulting in a weaker area. 

6. CONCLUSION 

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

problems today, especially in the construction sector. Reduced usage of carbon dioxide emissions produced by 

the production of PC clinker, and improved concrete quality products with a partial replacement of new 

materials. This research examined the use of TiO2 Nanoparticles volume of 9.9 percent, with TiO2 nanoparticles 

acting as a partial replacement for PC. SEM and XRD were utilized to examine the morphological as well as 

the mineralogical properties of TiO2 Nanoparticles. Mechanical and toughness blends were tested for 

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

the results, concrete mixtures containing PC had the highest strengths and durability. 

Because the initial intensity obtained is lower, early assistance de-shuttering is feasible. Concrete is more 

difficult to deal with because it requires the use of finer components. The setting time is quicker than OPC, and 

the decreased alkane decreases steel reinforcing corrosion resistance. The curing period is important because 

the strength of this concrete develops slowly. Any mistakes here may result in long-term consequences. This 

material is utilized in hydraulic dams, marine constructions, building along the beach, dam construction, and 

other applications. This material is found in pre-stressed and post-tensioned concrete members. Plastering and 
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masonry mortars contain it. Because of its excellent surface polish, it is used in decorative and art systems. This 

material is used to build precast sewage pipes. This material is used in difficult concreting conditions. 
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