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This study investigated the beneficiation of calcite ore to obtain a 

high-purity nano calcite suitable for industrial applications using the 

froth flotation process. The physicochemical properties of untreated 

and treated calcite were analyzed and compared with Nigeria 

Industrial Standards (NIS). X-ray fluorescence (XRF) analysis was 

employed to assess the elemental composition of the purified calcite 

across varying pH levels. The results showed significant 

improvements in treated calcite, including increased purity (72.5%) 

and higher calcium oxide content (25.5%), surpassing NIS 

requirements. These improvements were attributed to the 

effectiveness of the froth flotation process in removing impurities, 

yielding a higher-grade product. The treated nano calcite displayed 

a pH value of 8.4, meeting the NIS range of 7.5–10.5, and a density 

within the standard range of 1.5–1.6 g/cm³. The XRF analysis 

revealed pH-dependent trends, such as increased elemental 

concentrations at lower pH levels, while variations in scavenger and 

cleaner concentrations showed no distinct patterns. Additionally, 

particle size analysis revealed a bimodal distribution, with two 

dominant size distributions: smaller nanoparticles (~1–10 nm) and 

larger particles (~100 nm), with the latter dominating the volume 

distribution. X-ray diffraction (XRD) analysis confirmed calcite as 

the primary mineral phase, evidenced by sharp, well-defined peaks 

indicative of excellent crystallinity. Minor phases such as quartz, 

lime, and muscovite were also identified. This study emphasizes the 

potential of local calcite deposits to reduce import dependency, lower 

production costs, and drive economic growth. 

© 2024 RJEES. All rights reserved. 
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1. INTRODUCTION 

Calcite (CaCO₃), a widely distributed carbonate mineral, is one of nature's most abundant and versatile 
minerals. Forming part of the Earth’s sedimentary, metamorphic, and igneous geological frameworks, 



826 
H.O. Onovo et al. / Nigerian Research Journal of Engineering and Environmental Sciences  

9(2) 2024 pp. 825-840 
calcite contributes significantly to the composition of rocks such as limestone and marble (Chen et al., 
2013; Huang et al., 2022). Its importance is highlighted by its role as a primary reservoir in the planet's 
crust, influencing geological, ecological, and industrial systems. Calcite's unique properties and global 
distribution have made it a key subject of research and industrial use (Xu et al., 2022; Wang et al., 
2024). Calcite exhibits a trigonal crystal structure formed by [CO₃]²⁻ coordination triangles, where 
carbonate groups interact with calcium ions. When subjected to mechanical stress, this structure imparts 
distinctive properties, such as birefringence, fluorescence under UV light, and triboluminescence (Kaya 
et al., 2023). Calcite typically occurs as colorless or white crystals in its pure form. However, trace 
elements, such as magnesium, iron, and manganese, can impart colors ranging from pink to green, 
further enhancing its aesthetic and economic value (Hayakawa et al., 2008). 

In sedimentary environments, calcite is often associated with dolomite, gypsum, quartz, and anhydrite. 
In hydrothermal veins, it is found alongside minerals like pyrite, fluorite, and chalcopyrite (Wonyen et 

al., 2018). Such associations necessitate beneficiation techniques to separate calcite from other 
minerals, ensuring its suitability for high-value applications (Faramarzpour et al., 2022; Huang et al., 
2022). Calcite is a key material in numerous industries due to its versatile properties. In the paper 
industry, it is used as a filler and coating material, improving opacity, brightness, and printability 
(Emergen Research, 2020). In plastics, calcite enhances strength and reduces production costs, while in 
paints and coatings, it improves durability and finish quality. Additionally, calcite is essential in 
agriculture, where it neutralizes acidic soils and promotes crop health (Cosentino et al., 2020; Fu et al., 
2022). 

Beyond traditional uses, nanosized calcite has emerged as a high-performance material in modern 
industries. Its ultra-fine particle size increases its surface area and reactivity, enabling its use in 
advanced composites, coatings, and environmental remediation (Cao et al., 2019; Sharma and Ashish 
2023). The global calcite market was valued at USD 10.19 billion in 2019 and is projected to grow to 
USD 14.99 billion by 2027, driven by increasing demand in the construction and agricultural sectors 
(Emergen Research, 2020). 

Nigeria has significant calcite deposits across various states, including Ogun, Cross River, Benue, 
Ebonyi, and Enugu. These resources remain largely untapped, with minimal industrial exploitation. In 
2016, Nigeria imported over 51,000 tonnes of calcite and related minerals to meet domestic demand. 
This reliance on imports presents a significant economic challenge, particularly when domestic calcite 
deposits could be utilized for local industrial applications. Calcite in Nigeria often occurs with 
impurities, necessitating beneficiation techniques like froth flotation to achieve the high purity required 
for industrial uses (Shariati et al., 2015; Teawpanich et al., 2023). Furthermore, nanosized calcite 
production remains limited due to the lack of advanced processing technologies (Ali et al., 2022). 
Addressing these challenges could position Nigeria as a key player in the global calcite market, reducing 
production costs and fostering economic growth. 

Calcite's beneficiation and characterization are critical for unlocking its full industrial potential. 
Beneficiation processes like froth flotation help separate calcite from associated minerals and 
impurities, ensuring high purity and uniform particle size. Characterization techniques such as Scanning 
Electron Microscopy (SEM), Energy Dispersive X-ray (EDX), and X-ray Fluorescence (XRF) provide 
insights into calcite's morphological and chemical properties, facilitating its use in specialized 
applications (Ali et al., 2011 and Huang et al., 2021). 

High-purity nanosized calcite is particularly valuable in advanced materials. Its enhanced surface area 
and reactivity make it ideal for improving the performance of cement, polymers, and coatings (Garg et 

al., 2021; Chuzeville et al., 2022). By leveraging local calcite resources, Nigeria can reduce its reliance 
on imports, foster sustainable industrial growth, and create new economic opportunities (Masindi et al., 
2022; Mishra et al., 2022). The objectives of this study are to exploit Nigerian calcite deposits for 
industrial applications, to purify calcite from associated minerals through froth flotation, to characterize 
the morphological and chemical properties of calcite using SEM and XRF, and to evaluate the suitability 
of processed calcite for cement production and other industrial applications. This study addresses 
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critical gaps in Nigeria's calcite beneficiation processes, aligning with global trends in advanced 
material development. The research contributes to technological innovation by focusing on nanosized 
calcite while promoting sustainable resource utilization. The outcomes are expected to enhance the 
competitiveness of Nigerian industries and support the country's economic diversification efforts. 

2. MATERIALS AND METHODS 

2.1. Materials 

The study employed lime, corn starch, pine oil, distilled water, and hydrochloric acid as reagents. Raw 
calcite (calcium carbonate) served as the primary material. The processing equipment consisted of a 
jaw crusher, a laboratory jaw crusher, a ball mill, sieves, a sieve shaker, and a flotation cell. 

2.2. Raw Material Collection and Pulverization 

Raw carbonate mineral (Calcite - CaCO3) (Figure 1a) was purchased from Akure, Ondo State, Nigeria. 
A preliminary test was conducted by reacting a few ore grains with 10% hydrochloric acid. The presence 
of effervescence confirmed the presence of calcium carbonate. The process of crushing calcite was 
carried out using a jaw crusher, which employs a stationary jaw plate and a moving jaw plate to break 
the material into smaller fragments. The raw calcite was prepared as large chunks or blocks for crushing. 
The jaw crusher was securely positioned on a stable base. The stationary jaw plate was fixed vertically, 
while the moving one was aligned to exert pressure during the operation. The crusher's feed opening 
was adjusted to determine the maximum size of calcite chunks that could be processed.  

 
Figure 1: Calcite ore (a) as received, and (b) after first stage crushing 

Calcite chunks were fed into the crusher through the feed opening. The moving jaw plate applied 
pressure against the stationary plate, crushing the calcite into smaller particles. The calcite underwent 
repeated crushing cycles, with each cycle further reducing particle size. The crushed calcite particles, 
now reduced in size (Figure 1b), were discharged from the bottom of the crusher. The particles were 
collected in a container for subsequent milling processing. The milling process for calcite involves using 
a rotating cylindrical chamber filled with spherical grinding media (balls) to reduce the size of calcite 
particles. After the crushing process, calcite exists as large chunks, blocks, or powder, depending on the 
initial particle size and desired final size. The machine consists of a rotating cylindrical chamber, made 
of steel, driven by a motor, and a suitable drive system. Grinding media (balls) were introduced into the 
chamber. These media are harder than calcite to ensure effective milling. The size, material, and 
composition of the grinding media were selected based on the desired outcome. The calcite sample is 
evenly distributed among the grinding media within the chamber. The sample occupied only a fraction 
of the chamber's total volume, leaving sufficient space for effective milling action. The ball milling 
machine is activated, causing the chamber to rotate. As the chamber rotates, the grinding media cascades 
and tumbles, exerting impact and compressive forces on the calcite particles. This repeated action 
results in the comminution of calcite particles, progressively reducing their size and achieving a specific 
particle size distribution. The ball milling machine was stopped once the desired milling duration was 
reached. The calcite samples were carefully removed from the chamber and separated from the grinding 
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media. The sample is cleaned and inspected through a sieving process to confirm that the required 
particle size reduction has been achieved. 

2.3. Sieving Process 

After the ball milling process, a sieving step was employed to separate the milled calcite particles into 
fractions of different sizes using a sieve shaker machine. A set of sieves with three different mesh 120, 
60, and 40 mesh (125, 250, and 400 microns) sizes were prepared. The mesh size determines the 
openings in each sieve, allowing particles smaller than the mesh size to pass through. The sieves were 
stacked in descending order of mesh size, with the largest mesh size on top and the smallest at the 
bottom. A collection pan was placed beneath the bottom sieve to collect any remaining fine particles. 
The milled calcite sample was carefully placed into the top sieve, ensuring an even distribution across 
its surface. The sieve shaker machine was activated, initiating a vibrating or oscillating motion. The 
vibration caused the calcite particles to move and pass through the sieves based on their size. Particles 
smaller than each sieve’s openings passed to the next layer, while larger particles remained on top. After 
the sieving process was complete, each sieve was carefully removed from the stack, and the calcite 
particles collected on each sieve were transferred to separate collection pans corresponding to their size 
fraction. 

2.4. Froth Floatation Process 

The froth flotation process is widely used to separate valuable minerals from their ores. It relies on the 
differences in surface properties of minerals to selectively separate them using the principle of 
hydrophobicity. The ground ore was mixed with water in a conditioning tank, and reagents are added 
to modify the surface properties of the minerals. These reagents include collectors (pine oil), depressants 
(corn starch), pH modifiers (such as sulfuric acid), and other modifiers (such as lime). The conditioned 
ore slurry was introduced into a flotation cell, which was then agitated to promote the interaction 
between air bubbles and mineral particles. Compressed air is introduced into the cell, generating bubbles 
that attach to the hydrophobic mineral particles. The resulting froth, containing a high concentration of 
valuable minerals, was continuously or intermittently removed from the cell and collected in a launder. 
The remaining slurry, known as tailings, contains hydrophilic minerals and other impurities. Proper 
tailings disposal is essential to minimize environmental impact and comply with regulations. 

2.5. Drying Process 

After the froth flotation process, the concentrate obtained needs to be dried to remove excess water and 
prepare it for further processing or storage. The froth, containing valuable minerals, was collected from 
the flotation cell and transferred to a storage container or a thickener for further processing. The first 
step in the drying process typically involves filtration or dewatering to remove excess water. Once 
dewatered, the concentrate is further dried using the sun (Figure 3a) and thermal methods (Figure 3b). 
Heat evaporates the remaining moisture, carried away by air or gas flow. Once the drying process is 
completed, the concentrate is dried, which produces a stable nano calcite product suitable for storage, 
transportation, or further processing, depending on the specific application and requirements. 
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Figure 2: Froth floatation collection process 

 
Figure 3: Purified calcite drying processes 

2.6. Determination of Calcite pH and Conductivity 

The pH of the calcite was measured using a multimeter electrode at 28 °C. The multimeter was used to 
determine pH, conductivity, and total dissolved solids (TDS) by switching to the appropriate settings, 
as shown in Figure 4. The pH reading obtained was 6.8. 

2.7. Determination of Moisture Content 

Some quantity (1 g) of the sample was weighed into a clean beaker (W1) and placed in an oven at 105°C 
for about 2 hours until a constant weight was achieved. The beaker was then transferred to a desiccator 
to cool and reweighed (W2). The difference in weight represents the amount of water lost from the 
sample. Equation 1 was used to estimate the percentage moisture content of the calcite. 

 
Figure 4: pH test using multimeter 
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% Moisture content =  

�����

����  �� ������
∗ 100             (1) 

Where �  and �! are the respective weights of the sample and beaker before drying and after oven 
drying. 

2.8. Determination of Bulk Density 

Some sample (5 g) was weighed and placed into a measuring cylinder. The open end of the cylinder 
was sealed with cellophane paper, and the cylinder was tapped continuously on a solid base until the 
sample was packed with no air gaps. The cylinder was then weighed, and the volume of the packed 
sample was recorded. The density of the sample was calculated using the Equation 2. 

Density $g/cm()  =  
�����

*��+�� �� ������
∗ 100             (2) 

Where �  and �! are the weight of the empty measuring cylinder and the weight of the measuring 
cylinder with the packed sample. 

2.9. Determination of Percentage Purity 

Some powder sample (2 g) was placed into a 250 ml conical flask. Then, 10 ml of 2 M HCl was added, 
releasing CO₂ as effervescence. Afterward, 25 ml of deionized water was added, and the solution was 
heated in a water bath to a temperature of 70 °C. The solution was then allowed to cool before being 
titrated with 0.1 M of ethylenediaminetetraacetic acid (EDTA) and buffered with ammonium hydroxide, 
using murexide as an indicator. A violet colour change indicated the endpoint of the titration. The 
percentage purity of the sample was measured using Equation 3. 

% -./012 =
3456� *��+�∗$7. 9 :;3<)

9��� �� ������
∗ 100             (3) 

2.10. Analysis of Chemical Composition using XRF  

The chemical composition of the calcite samples was analyzed using X-ray fluorescence (XRF). Each 
sample was crushed using an electric crusher and pulverized for 60 seconds with a Herzog Gyro-mill 
(Simatic C7-621). Pellets were prepared by grinding 20 g of the pulverized sample with 0.4 g of stearic 
acid for 60 seconds. After each grinding session, the gyro mill was thoroughly cleaned to prevent 
contamination. For pellet preparation, 1 g of stearic acid was weighed into an aluminum cup to serve as 
a binding agent. The aluminum cup was then filled with the sample to the marked level. The cup was 
transferred to a Herzog pelletizing machine and subjected to a pressure of 200 kN for 60 seconds. The 
resulting 2 mm pellets were placed into the sample holder of the XRF equipment (Philips PW-1800) 
for analysis. 

2.11.  Scanning Electron Microscope (SEM) 

The Phenom ProX SEM-EDS microscope was powered on and allowed to warm up for 15 minutes. An 
aluminum holder stub was cleaned with ethanol and dried using compressed air. A small piece of sticky 
carbon tape was applied to the center of the stub. A small portion of the processed calcite sample was 
then placed on the carbon tape, and the sample surface was coated with a thin layer of gold using a 
sputter coater to ensure conductivity. The sample was labeled and dried in an oven at 60 °C for 10 
minutes. The nitrogen line to the SEM was opened, and the vent button was pressed to purge the 
chamber with nitrogen gas. The sample holder stub was placed in the SEM sample chamber, and the 
door was closed. The rotary pump was activated, creating a vacuum of 5×10−5 Pa in the chamber. Once 
the vacuum was achieved, the filament light was turned on, and the monitor automatically powered up. 
The accelerator voltage was set to 15 kV, but the filament burned out during operation. The sample was 
scanned at an initial magnification 10x to observe the overall surface morphology. The magnification 
was then increased incrementally to 500x, 1000x, and 1500x to capture detailed surface images. This 
analysis was performed on calcite samples with varying pH values (4.5, 5.5, and 6.5). 
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2.12. Determination of Specific Gravity by Pycnometer Method 

The Le Chatelier flask method is used technique for determining the specific gravity of solid materials. 
Specific Gravity (S.G.) measures a material's density relative to water. A specific gravity of 1.0 indicates 
that the material has the same density as water; a specific gravity greater than 1.0 means the material is 
denser than water and will sink, whereas a specific gravity less than 1.0 means the material is less dense 
than water and will float. The Le Chatelier flask (or pycnometer) was cleaned and dried thoroughly to 
ensure it contained no traces of liquid or moisture. The dry, empty flask with its stopper was weighed, 
and the weight was recorded as � . Approximately 10 g of the sample was added to the flask, filling it 
to about half its capacity. The flask was stoppered, and its weight was recorded as �!. Kerosene was 
added to the flask until it was filled to the marked level. The mixture was thoroughly mixed to eliminate 
air bubbles, and the flask was stoppered and weighed, recorded as �(. The flask was emptied, cleaned, 
and refilled to the marked level with kerosene. The flask was then weighed, and the weight was recorded 
as �=. Equation 5 was used to deduce the calcite's specific gravity (S.G.). 

>. ? =  
�����

$�����)�$�@��A)
∗ 0.79               (4) 

where 0.79 is the specific gravity of kerosene. 

3. RESULTS AND DISCUSSION 

The physicochemical properties of the analyzed calcite are summarized in Table 1. The treatment 
process significantly increased calcite purity from 62.5% to 72.5%. Using reagents to separate 
impurities like pyrite and quartz, the flotation process is crucial for achieving high-purity calcite. The 
treated calcite has a higher calcium oxide content (25.5%) than the raw calcite (15.2%), making it more 
suitable for cement and paint industries. While the treated calcite meets the minimum standard of 22% 
calcium oxide, the raw calcite falls short. The treatment process enhances the quality of calcite, making 
it more suitable for various industrial applications, particularly cement production. 

Table 1: Properties of untreated and treated calcite 
SN Parameter Nis Standard  Raw Calcite Treated Calcite 
1 Appearance Pure white fine powder Off-white coarse powder White fine powder 
2 pH  7.5 – 10.5 6.8 8.4 
3. Test with 10% HCl Effervescence Conform  Conform  
4. Conductivity (mS/cm) NS 0.12 0.08 
5. Density (g/cm3) 1.5 – 1.6 1.77 1.51 
6. Swelling Property NS 13.8 12.4 
7. Moisture (%) 5 % max 4 3 
8. Purity (%) 70 % min 62.5 72.5 
9. Calcium oxide (%) 22 % min 15.3 25.5 

The results presented in Figure 5 reveal intriguing trends in the yield of purified calcite across different 
pH levels. The yield of the Weight Rougher fraction exhibited a slight decrease as the pH decreased, 
suggesting that lower pH levels may influence the abundance of components within this fraction. This 
observation is consistent with studies highlighting the role of acidic environments in modifying mineral 
surface properties and elemental distribution (Lerman and Mackenzie, 2018). In contrast, the Scavenger 
concentration displayed variability across the pH range without a clear trend, indicating the need for 
further analysis to identify potential correlations. Similarly, the Cleaner concentration also showed 
variability without a distinct pattern, aligning with reports of complex, pH-dependent behaviors in 
mineral processing systems (Ashraf et al., 2018). 
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Figure 5: Calcite yield at varied pH levels and constant feed: weight (200 g) and assay (49 g) particulates at 

various pH levels 

Figure 6 illustrates that increasing the collector dosage generally results in a decrease in the 
concentrations of Weight Rougher, Scavenger, and Cleaner fractions. This trend suggests that higher 
collector dosages may enhance the separation efficiency of specific components, thereby reducing their 
presence in purified calcite. These observations align with previous findings that demonstrate the impact 
of collector dosage on the selectivity and efficiency of froth flotation processes (Ba-Abbad et al., 2013). 
The yield analysis further examines calcite yields at varying pH levels. At pH 4.5 and 5.0, XRF intensity 
increases with decreasing pH, signifying higher yields under more acidic conditions. This supports 
findings that acidic environments often promote the release of specific ions from mineral surfaces 
(Balaram and Sawant, 2022). At pH 5.5, the yield remains relatively low, except for a sudden increase 
at around 1050 eV, which may indicate the presence of a specific element. Similarly, at pH 6.0, a 
noticeable increase in yield is observed. In contrast, at pH 6.5, the yield remains low, with a sharp 
increase near 2300 eV, again suggesting the presence of specific elements. These results underscore the 
influence of pH on calcite purification, with lower pH levels (acidic conditions) generally yielding 
higher outputs, while higher pH levels (alkaline conditions) correspond to reduced yields. These 
findings highlight the importance of pH as a critical factor in controlling elemental composition and 
optimizing calcite purification processes. 

 
Figure 6: Collector dosage analysis for beneficiation of nano calcite particulates at constant feed: weight (200) 

and assay (49) 

The weight rougher froth flotation process represents the initial stage in froth flotation, primarily aimed 
at separating and concentrating the bulk of the valuable mineral from calcite ore. This stage produces a 
preliminary concentrate, known as the rougher concentrate, which serves as a basis for further 
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refinement (Crispen et al., 2022). Following this, the Scavenger Concentration refers to the recovery of 
additional valuable mineral particles during the scavenger stage of froth flotation. This stage captures 
particles missed in the rougher stage, typically resulting in a lower-grade concentrate that requires 
further processing to meet desired quality standards (Radmehr et al., 2018). Lastly, the Cleaner 
Concentration is the final, purified product from froth flotation. It is achieved by further processing the 
rougher concentrate in dedicated cleaning stages, where impurities are removed to obtain a high-grade 
mineral product. This step ensures the enrichment of the desired mineral while minimizing residual 
gangue content (Whitworth et al., 2022; Jera and Bhondayi, 2022). 

The results in Figure 7 revealed interesting trends in the elemental composition of purified nanocalcite. 
The most prominent element in Figure 7 is Calcium (Ca), with a concentration exceeding 80%. This is 
expected as nanocalcite is a calcium carbonate nanomaterial, and calcium is a major constituent of 
calcium carbonate. Other elements present in minor concentrations include: Mg ~ 15%, Al ~ 2%, Si ~ 
1%, P ~ 0.5%, S ~ 0.5%, Fe ~ 0.5%, Ni ~ 0.5%, Cu ~ 0.5%, Zn ~ 0.5%, Mo ~ 0.5%, Sn ~ 0.5%, and Sb 
~ 0.5%. The presence of minor elements likely results from impurities or additives during the synthesis 
process. 

 
Figure 7: XRF spectra of nanocalcite particulates 

The SEM micrograph in Figure 8(a-c) presents a cluster of particles with varying morphologies and 
sizes. The particles appear to be irregularly shaped, with some exhibiting angular features. The overall 
texture suggests a heterogeneous mixture, likely due to the dynamic nature of the froth flotation process. 

Figure 9 shows a positive linear correlation between the specific gravity of nano calcite particles and 
the pH level. As the pH increases, the specific gravity generally increases as well. The linear fit line 
suggests a consistent trend in the data, indicating that the relationship between pH and specific gravity 
is likely linear within this range. The data points are relatively close to the linear fit line, suggesting a 
good fit and a strong correlation. Similar trends have been observed in other studies investigating pH-
dependent density changes in nanomaterials, where chemical and structural modifications impact 
specific gravity (Yang et al., 2021). The increase in specific gravity with increasing pH could be due to 
several factors, such as ion exchange. At higher pH levels, increased ion exchange between the nano 
calcite particles and the surrounding solution could incorporate heavier ions into the crystal lattice, 
thereby increasing overall density. This phenomenon has been reported in carbonate systems, where ion 
substitution is influenced by pH (Ostadrahimi et al., 2021). Another consideration could be particle 
aggregation. Higher pH might promote the aggregation of nano calcite particles, resulting in larger 
particles with higher specific gravity. Particle aggregation mechanisms under varying pH conditions 
have been highlighted in recent research, emphasizing their role in altering material properties (Jiang, 
2023; Foroutan et al., 2021). Additionally, changes in crystal structure may also play a role. pH 
fluctuations could influence the nano calcite's crystal structure, potentially leading to denser crystal 
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packing at higher pH values. Structural modifications in carbonate minerals caused by pH changes have 
been documented, further supporting this explanation (Molnár et al., 2023). 

 
Figure 8: SEM micrograph for nanosized calcite with pH (a) 4.5, (b) 5.5 and (c) 6.5 

 
Figure 9: Specific gravity of nano calcite particulates at different pH 

Figure 10 (a-c) displays a bimodal distribution, indicating the presence of two distinct peaks in the 
particle size distribution. This suggests two main populations of particles with different sizes. The first 
peak is centered around 1–10 nm, representing a significant population of smaller nanoparticles, while 
the second peak is centered around 100 nm, corresponding to a population of larger particles. The 
volume distribution is skewed towards the larger particles, as evidenced by the higher peak around 100 
nm. This indicates that these larger particles occupy a larger portion of the total volume of the sample. 
The particle size range extends from approximately 1 nm to 10,000 nm, encompassing very small 
nanoparticles and larger microparticles. Such broad distributions are common in multi-modal systems 
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and have been attributed to complex particle formation processes (Letzel et al., 2018). The observed 
bimodal distribution may result from dual nucleation and growth mechanisms, leading to two distinct 
particle populations. Additionally, smaller nanoparticles may aggregate into larger particles, 
contributing to the peak at around 100 nm. Aggregation phenomena in nanomaterials have been shown 
to play a critical role in altering size distributions, as highlighted by Shen et al., 2019. The specific 
experimental conditions, including temperature, stirring rate, and reagent concentration, likely influence 
this distribution. For instance, parameter variations can significantly impact nucleation rates and particle 
growth dynamics (Doi et al., 2019). Figure 8 provides valuable insights into the particle size distribution 
of nano calcite at pH 4.5. However, further investigation is necessary to elucidate the underlying 
mechanisms responsible for the observed bimodal distribution. 

Similarly, Figure 11 (a-c) analyzes the calcite samples' X-ray diffraction (XRD) pattern at pH 4.5, 5.5, 
and 6.5, respectively. The most prominent peaks in the pattern correspond to calcite, the main mineral 
phase in the sample. These sharp and well-defined peaks indicate good crystallinity of the calcite phase. 
This observation aligns with recent findings highlighting the correlation between peak sharpness in 
XRD patterns and crystallinity in mineral phases (Bunaciu et al., 2015). In addition to calcite, several 
minor phases are present in the sample, as indicated by the weaker peaks. These minor phases include 
quartz, lime, orthoclase, and muscovite. The positions of the peaks correspond to the characteristic d-
spacings of the different mineral phases, consistent with methods used to identify minerals in XRD 
studies (Guanira et al. 2020; Santamaría-López and Suárez 2024). 

 
Figure 10: Particle size distribution by volume of calcite at varied pH (a) 4.5, (b) 5.5, and (c) 6.0 level 

The relative intensities of the peaks reflect the abundance of each mineral phase in the sample. The 
strong calcite peaks indicate that it is the dominant phase, while the weaker peaks of the other minerals 
suggest that they are present in smaller amounts. The presence of minor phases in the calcite sample 
could be due to several factors: (a) if the starting materials used to synthesize the calcite contained 
impurities, these impurities might be incorporated into the final product (Forbes et al., 2011; Adavi and 
Dehkordi 2021); (b) if the synthesis process was not carried out under optimal conditions, some of the 
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starting materials might not have fully transformed into calcite, resulting in the presence of residual 
phases; and (c) after the synthesis of calcite, secondary reactions might occur, leading to the formation 
of new mineral phases. The XRD patterns provide valuable information about the mineral composition 
and crystallinity of the calcite sample at pH 4.5, 5.5, and 6.5. This information can be critical for 
tailoring calcite for specific industrial applications by identifying and minimizing undesirable phases 
during synthesis or beneficiation (Gausmann et al., 2020; Ali et al., 2022; Chen et al., 2024). 

 
Figure 11: XRD pattern of the calcite at varied pH (a) 4.5, (b) 5.5, and (c) 6.5 level 

Figure 12 shows the presence of minor phases such as quartz, lime, orthoclase, and muscovite. 
However, Figure 11 juxtaposes all the phases observed, which appear in varying proportions across 
different pH levels. Quartz and orthoclase show a slight increasing trend with increasing pH, while lime 
and muscovite remain relatively stable. These trends align with studies that emphasize how mineral 
stability and solubility vary with pH, influencing their distribution in multi-mineral systems 
(Katsenovich et al., 2021; Sabur et al., 2022). The most striking observation is the dominance of calcite 
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across all pH levels. The calcite content consistently remains above 70%, indicating that calcite is the 
primary mineral phase in the samples. While nano calcite remains dominant, there are slight variations 
in its content with changing pH values. Specifically, there is a general decreasing trend in calcite content 
from pH 4.5 to pH 6.5. Such variations are likely influenced by the differential solubility of minerals at 
varying pH levels. As the pH increases, some minerals may dissolve, resulting in a decrease in their 
content and a relative increase in others, as supported by the findings of Kaszuba et al., (2013). 
Moreover, chemical reactions between minerals and the solution might occur at different pH levels, 
leading to the formation or dissolution of certain phases. This is consistent with studies demonstrating 
that solution chemistry plays a critical role in the precipitation and dissolution of mineral phases during 
pH-dependent reactions (Holgersson et al., 2024). These findings provide valuable insights into the 
interplay between pH, solubility, and mineral phase distribution in complex systems like nano calcite 
samples. 

 
Figure 12: Phases present in nano calcite particulates at different pH level 

4. CONCLUSION 

Using the froth flotation process, the beneficiation of calcite ore demonstrated significant potential for 
producing high-quality calcite suitable for industrial applications. Comparative analysis of the 
physiochemical properties revealed substantial improvements in the purified calcite. The treated calcite 
achieved a remarkable purity level of 72.5%, surpassing the 62.5% purity of raw calcite, and exhibited 
a calcium oxide content of 25.5%, exceeding the Nigeria Industrial Standards (NIS) minimum 
requirement of 22%. These enhancements underscore the effectiveness of the flotation process in 
selectively removing impurities and upgrading the calcite to meet industrial specifications. XRF 
analysis further elucidated the elemental composition of the purified calcite across various pH levels. 
While no consistent trends were observed in the scavenger and cleaner concentrations, a slight decline 
in rougher concentrations was noted with decreasing pH. This highlights the need for further research 
to identify and optimize the interplay between pH variations and reagent concentrations to maximize 
process efficiency. The findings establish a strong foundation for the beneficiation of calcite ore and 
open avenues for additional studies to refine and scale the process for broader industrial adoption. 
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