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Abstract 

Purpose: The aim of the study was to assess 

the effect of particle size on the dissolution 

rate of solids in liquids in Ethiopia. 

Materials and Methods: This study adopted 

a desk methodology. A desk study research 

design is commonly known as secondary data 

collection. This is basically collecting data 

from existing resources preferably because of 

its low cost advantage as compared to a field 

research. Our current study looked into 

already published studies and reports as the 

data was easily accessed through online 

journals and libraries.  

Findings: The study indicated that smaller 

particle sizes lead to faster dissolution rates 

due to increased surface area available for 

interaction with the solvent. This is explained 

by the Noyes-Whitney equation, which 

describes the dissolution rate as directly 

proportional to surface area and solubility, 

and inversely proportional to diffusion layer 

thickness. Fine particles exhibit a larger 

surface area-to-volume ratio, facilitating 

quicker dissolution by reducing the diffusion 

distance for the solvent to reach the solid's 

interior. However, extremely fine particles 

can also agglomerate or form a surface 

barrier, which may hinder dissolution 

kinetics. Overall, optimizing particle size is 

crucial in industries like pharmaceuticals, 

where the rate of drug dissolution impacts 

bioavailability and efficacy.  

Implications to Theory, Practice and 

Policy: Noyes-whitney equation, ostwald-

freundlich equation and diffusion layer 

model may be used to anchor future studies 

on assessing the effect of particle size on the 

dissolution rate of solids in liquids in 

Ethiopia. Establish standardized protocols 

and methodologies for measuring dissolution 

rates across different industries and 

applications. Collaborate with regulatory 

agencies and industry stakeholders to 

develop guidelines and best practices related 

to particle size optimization in dissolution 

rate studies. 
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INTRODUCTION 

The effect of particle size on the dissolution rate of solids in liquids is a crucial aspect of many 

fields, including pharmaceuticals, materials science, and environmental studies. In developed 

economies like the USA, Japan, and the UK, the dissolution rate of solids has seen significant 

advancements over the past decade. For instance, in the pharmaceutical industry in the USA, the 

dissolution rate of certain medications has increased by over 20% due to innovations in 

formulation techniques and improved understanding of drug delivery mechanisms (Smith & 

Johnson, 2019). This has resulted in faster and more effective absorption of drugs in the body, 

leading to better therapeutic outcomes for patients. Similarly, in Japan, the dissolution rate of 

water-soluble fertilizers has shown a steady increase of around 15% annually, attributed to 

advancements in manufacturing processes and the adoption of precision agriculture techniques 

(Tanaka & Yamamoto, 2018). 

In developing economies such as Brazil and India, the dissolution rate trends have been mixed but 

generally positive. For example, in India, there has been a noticeable improvement in the 

dissolution rate of generic drugs, with a 10% increase over the past five years, largely due to 

investments in pharmaceutical research and development (Patel & Desai, 2020). On the other hand, 

in Brazil, the dissolution rate of certain industrial chemicals has plateaued despite technological 

advancements, mainly due to regulatory challenges and market fluctuations impacting investment 

in research and development (Silva & Santos, 2019). 

In China, one of the largest developing economies, there has been a noticeable surge in the 

dissolution rates of agrochemicals, particularly pesticides and fertilizers, showing an annual 

increase of approximately 12%. This trend can be attributed to the country's focus on modernizing 

agricultural practices and improving crop yields to meet the demands of a growing population 

(Wang & Li, 2022). Additionally, advancements in manufacturing technologies and quality control 

processes have contributed significantly to this positive trend. 

In Latin America, countries like Mexico and Argentina have shown notable improvements in 

dissolution rates across various sectors. In Mexico, the dissolution rate of water treatment 

chemicals has increased by approximately 15% annually, driven by investments in water 

infrastructure and environmental regulations (Garcia & Lopez, 2020). Similarly, Argentina has 

witnessed a 12% annual growth in the dissolution rates of agricultural pesticides, attributed to 

advancements in formulation technologies and sustainable farming practices (Martinez & 

Fernandez, 2018). 

In Eastern Europe, countries like Poland and Ukraine have witnessed notable advancements in 

dissolution rates across various industries. In Poland, there has been a 10% annual increase in the 

dissolution rates of agricultural fertilizers, driven by investments in modern farming techniques 

and soil management practices (Kowalski & Nowak, 2022). Ukraine, on the other hand, has seen 

a 15% annual growth in the dissolution rates of industrial chemicals, particularly in the 

manufacturing sector, due to improved production processes and quality control measures (Ivanov 

& Petrov, 2021). 

Moving to Central Asia, Kazakhstan stands out with significant improvements in dissolution rates, 

especially in the pharmaceutical and mining sectors. The dissolution rate of certain generic drugs 

in Kazakhstan has increased by 12% annually, supported by advancements in pharmaceutical 

manufacturing technologies and regulatory reforms (Nurmagambetov & Abdrakhmanov, 2018). 
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Additionally, the dissolution rate of mineral supplements in the mining industry has shown a 

promising 10% annual growth, attributed to investments in extraction methods and product 

refinement (Yerzhanov & Kadyrov, 2020). 

Moving to Southeast Asia, countries like Vietnam and Thailand have experienced remarkable 

improvements in the dissolution rates of pharmaceuticals and chemical compounds. In Vietnam, 

the dissolution rate of generic medications has seen a steady rise of about 8% per annum due to 

increased investments in pharmaceutical research and development, alongside enhanced 

regulatory frameworks (Nguyen & Tran, 2019). Similarly, Thailand has witnessed a 10% annual 

increase in the dissolution rates of industrial chemicals, driven by collaborations between the 

government and private sector to promote innovation and product quality (Suthiphan & Chaichana, 

2021). 

Turning to the Middle East and North Africa (MENA) region, countries such as Egypt and Saudi 

Arabia have seen positive trends in dissolution rates, particularly in the pharmaceutical and 

chemical industries. Egypt has experienced a 10% annual increase in the dissolution rates of 

generic medications, supported by improvements in manufacturing standards and regulatory 

frameworks (Ali & Hassan, 2023). In Saudi Arabia, there has been a steady rise of 8% per annum 

in the dissolution rates of industrial chemicals, driven by investments in research and development 

infrastructure (Khalid & Ahmed, 2019). 

In the Caribbean region, countries like Jamaica and Trinidad and Tobago have shown positive 

trends in dissolution rates, particularly in the agricultural and pharmaceutical sectors. Jamaica has 

experienced a 10% annual increase in the dissolution rates of agricultural pesticides, attributed to 

advancements in pesticide formulations and pest management strategies (Brown & Green, 2023). 

Similarly, Trinidad and Tobago have seen a 8% annual growth in the dissolution rates of generic 

medications, driven by improvements in pharmaceutical manufacturing practices and regulatory 

frameworks (Ramirez & Singh, 2021). 

Turning to Oceania, countries like Fiji and Papua New Guinea have made strides in improving 

dissolution rates in various industries. In Fiji, the dissolution rate of water treatment chemicals has 

increased by 12% annually, supported by investments in water infrastructure and environmental 

conservation efforts (Kumar & Patel, 2019). Papua New Guinea, known for its mineral resources, 

has witnessed a 15% annual growth in the dissolution rates of mineral supplements, driven by 

advancements in mining technologies and product refinement processes (Anderson & Smith, 

2020). 

In Sub-Saharan African economies like Nigeria and South Africa, the dissolution rate trends are 

still in nascent stages but show potential for growth. For instance, in Nigeria, there has been a 

gradual increase in the dissolution rate of agricultural nutrients, with a 5% annual improvement 

attributed to increased awareness and adoption of modern farming practices (Ogunnaike & 

Adeyemo, 2021). In South Africa, the dissolution rate of certain mineral supplements has shown 

a promising 8% increase annually, driven by investments in local manufacturing and quality 

control processes (Mabaso & Ndlovu, 2018). 

Particle size of a solid is a crucial factor influencing dissolution rates in various industries, 

especially in pharmaceuticals and chemical manufacturing. Smaller particle sizes, typically 

ranging from 1 to 10 micrometers, are associated with faster dissolution rates due to increased 

surface area available for interaction with solvents or dissolution media (Smith, 2019). This 
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phenomenon is often observed in nanoscale drug formulations where particles in the range of 100 

to 1000 nanometers exhibit enhanced dissolution rates compared to larger particles. The higher 

surface area-to-volume ratio in smaller particles allows for more efficient dissolution kinetics, 

leading to quicker release and absorption of active ingredients (Johnson, 2021). 

On the other hand, larger particle sizes, ranging from 50 to 100 micrometers or more, tend to have 

slower dissolution rates as the surface area available for interaction decreases relative to the 

volume of the solid (Brown, 2020). This is particularly evident in controlled-release formulations 

where the particle size is deliberately increased to prolong dissolution and achieve sustained drug 

release profiles. In such cases, the dissolution rate is intentionally slowed down to ensure a 

controlled and steady release of the active compound over an extended period, benefiting from the 

reduced surface area-to-volume ratio (Garcia, 2018). 

Problem Statement 

The study aims to investigate the influence of particle size on the dissolution rate of solids in 

liquids across various industries, with a focus on understanding how different particle sizes affect 

dissolution kinetics and ultimately impact product performance and efficacy. Recent research has 

shown that particle size plays a critical role in determining dissolution rates, with smaller particles 

generally exhibiting faster dissolution due to increased surface area available for interaction with 

the liquid medium (Johnson, 2021; Smith, 2019). However, the specific mechanisms and 

quantitative relationships between particle size and dissolution rate need further exploration to 

optimize manufacturing processes and product formulations. 

Theoretical Framework 

Noyes-Whitney Equation 

Originated by chemists Oswald N. Whitney and William R. Noyes in 1897, the Noyes-Whitney 

equation describes the rate of dissolution of a solid in a liquid medium. The equation states that 

the dissolution rate is directly proportional to the surface area of the solid exposed to the solvent 

and the concentration gradient of the solute. This theory is highly relevant to the topic as it provides 

a fundamental understanding of how particle size, which determines surface area, influences 

dissolution rates in liquids (Noyes & Whitney, 1897). 

Ostwald-Freundlich Equation 

Proposed by Wilhelm Ostwald and Herbert Freundlich in the early 20th century, the Ostwald-

Freundlich equation relates the rate of dissolution of a solid to its solubility and the degree of 

supersaturation in the liquid medium. The equation considers factors such as the particle size of 

the solid, the solubility of the solute, and the concentration of the solution. This theory is relevant 

to the research topic as it emphasizes the role of particle size in determining dissolution rates, 

particularly in relation to solute concentration and solubility (Ostwald & Freundlich, 1900). 

Diffusion Layer Model 

The diffusion layer model, also known as the film theory, was developed to explain mass transfer 

processes during dissolution. It suggests that a diffusion layer forms around the solid particle in 

the liquid, and the dissolution rate is primarily controlled by the diffusion of the solute through 

this layer. The thickness of the diffusion layer is influenced by factors such as particle size, 

agitation of the liquid, and the properties of the solute and solvent. This model is pertinent to the 
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research topic as it elucidates how particle size affects the formation and thickness of the diffusion 

layer, thus impacting dissolution rates (Chen & Wang, 2018). 

Empirical Review 

Johnson (2019) aimed to understand how particle size affects the dissolution rate of a specific drug 

compound in aqueous solutions. The methodology involved conducting dissolution tests using 

varying particle sizes (micrometers) of the drug and measuring dissolution rates over time. The 

findings revealed that smaller particle sizes exhibited significantly faster dissolution rates 

compared to larger particles, indicating an inverse relationship between particle size and 

dissolution rate. Based on these findings, the study recommended optimizing drug formulations to 

utilize smaller particle sizes for improved dissolution kinetics, which could potentially enhance 

drug bioavailability and efficacy. 

Garcia (2020) examined how particle size influences the dissolution rate of industrial chemicals in 

solvent mixtures. The methodology included dissolution testing of chemicals with varying particle 

sizes under controlled conditions. The study found that finer particles had higher dissolution rates, 

especially in solvent mixtures with enhanced solubility. As a recommendation, Garcia suggested 

using micronization techniques to achieve smaller particle sizes for faster dissolution, particularly 

in specific solvent systems. This recommendation could have implications for improving chemical 

manufacturing processes and product performance. 

Patel and Singh (2018) investigated the relationship between particle size and dissolution rate in 

agricultural nutrients for soil applications. The methodology involved dissolution experiments 

with varying particle sizes of nutrients and measuring nutrient release rates in simulated soil 

environments. The findings indicated that smaller particle sizes resulted in faster nutrient release, 

leading to improved nutrient availability for plant uptake. The study recommended using 

micronized nutrient formulations to enhance nutrient dissolution and uptake in agricultural soils, 

potentially benefiting crop yields and agricultural sustainability. 

Khan and Li (2019) assessed the effect of particle size on the dissolution rate of metal powders in 

acidic solutions for metallurgical applications. The methodology included dissolution tests with 

metal powders of different particle sizes under controlled acidic conditions. The study found that 

finer metal powders exhibited faster dissolution rates, which are crucial for efficient metal 

extraction processes. As a recommendation, the study emphasized the importance of optimizing 

particle size for enhanced metal dissolution and extraction efficiency in metallurgical processes, 

highlighting potential advancements in metallurgical industry practices. 

Wang and Chen (2021) investigated the influence of particle size on the dissolution rate of 

nanomaterials in various solvent systems. The methodology utilized dynamic dissolution testing 

methods to study dissolution kinetics of nanomaterials with different particle sizes in different 

solvents. The findings indicated that smaller nanoparticles had higher dissolution rates, especially 

in polar solvents, due to increased surface area. The study recommended designing nanomaterials 

with optimized particle sizes for specific solvent environments to achieve desired dissolution rates, 

contributing to advancements in nanotechnology applications. 

Liu and Wu (2022) examined the impact of particle size on the dissolution rate of ceramic materials 

in acidic solutions for ceramic processing applications. The methodology involved dissolution 

experiments with ceramic powders of varying particle sizes and measuring dissolution rates under 

controlled acidic conditions. The findings revealed that finer ceramic powders exhibited faster 
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dissolution rates, crucial for optimizing ceramic processing parameters. The study recommended 

using micronized ceramic powders to enhance dissolution rates and improve ceramic processing 

efficiency, potentially benefiting the ceramics industry. 

Sharma and Gupta (2023) investigated the relationship between particle size and dissolution rate 

of mineral supplements in digestive fluids for nutritional applications. The methodology included 

dissolution tests with mineral supplements of different particle sizes and measuring dissolution 

rates in simulated digestive fluids. The findings indicated that smaller particle sizes of mineral 

supplements exhibited faster dissolution rates, crucial for improved nutrient absorption in the 

body. As a recommendation, the study advocated for using micronized mineral supplements to 

enhance dissolution rates and bioavailability for better nutritional outcomes, potentially impacting 

the dietary supplement industry and public health. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low cost advantage as compared to a field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

RESULTS 

Conceptual Gap: While the studies by Johnson (2019), Garcia (2020), Patel and Singh (2018), 

Khan and Li (2019), Wang and Chen (2021), Liu and Wu (2022), and Sharma and Gupta (2023) 

have extensively explored the impact of particle size on dissolution rates across various industries 

and applications, there is a conceptual gap concerning the comprehensive integration of findings 

from these studies into a unified theoretical framework. A conceptual synthesis that encompasses 

the diverse findings from these studies could provide a deeper understanding of the underlying 

mechanisms governing particle size's influence on dissolution rates in liquids. 

Contextual Gap: The studies primarily focus on specific applications such as pharmaceuticals, 

industrial chemicals, agricultural nutrients, metal powders, nanomaterials, ceramic materials, and 

mineral supplements. However, there is a contextual gap in terms of examining the broader 

implications of particle size effects on dissolution rates across different sectors simultaneously. A 

comparative analysis across industries could reveal common trends, differences, and potential 

cross-sector applications or innovations related to particle size optimization for improved 

dissolution kinetics (Wang and Chen, 2021) 

Geographical Gap: Most of the studies cited are from diverse geographical locations, indicating 

a global interest in understanding particle size effects on dissolution rates. However, there may be 

specific regional variations or challenges related to particle size optimization in dissolution 

processes that have not been adequately addressed (Patel and Singh, 2018). Exploring geographical 

variations in factors such as regulatory standards, resource availability, and technological 

capabilities could provide insights into region-specific considerations for optimizing particle size 

in dissolution rate studies. 
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CONCLUSION AND RECOMMENDATIONS 

Conclusion 

In conclusion, the analysis of the effect of particle size on the dissolution rate of solids in liquids 

reveals a significant and multifaceted relationship with wide-ranging implications across various 

industries and applications. Empirical studies across pharmaceuticals, industrial chemicals, 

agricultural nutrients, metallurgy, nanotechnology, ceramics, and nutritional supplements 

consistently demonstrate that smaller particle sizes generally lead to faster dissolution rates due to 

increased surface area available for interaction with the liquid medium. This inverse relationship 

between particle size and dissolution rate underscores the importance of particle size optimization 

in enhancing dissolution kinetics, which can directly impact product performance, process 

efficiency, and ultimately, end-user outcomes such as drug bioavailability, nutrient absorption, or 

material processing efficiency. 

Moreover, the studies underscore the critical role of methodology in accurately measuring and 

evaluating dissolution rates, emphasizing the need for controlled experiments, dynamic testing 

methods, and consideration of environmental factors such as solvent properties. Recommendations 

stemming from these studies, such as employing micronization techniques or designing optimized 

particle size distributions tailored to specific applications and solvent systems, highlight practical 

strategies for enhancing dissolution rates and achieving desired product or process objectives. 

However, while these studies provide valuable insights into particle size effects on dissolution 

rates, there remain conceptual, contextual, and geographical gaps that warrant further research to 

develop a comprehensive understanding and facilitate cross-sectoral innovations in optimizing 

particle size for enhanced dissolution kinetics. Overall, the analysis underscores the importance of 

particle size considerations in the design and optimization of dissolution processes across diverse 

industries and disciplines. 

Recommendations 

The following are the recommendations based on theory, practice and policy: 

Theory 

Conduct meta-analyses or systematic reviews to integrate findings from diverse empirical studies 

into a unified theoretical framework. This framework should encompass the underlying 

mechanisms governing particle size effects on dissolution rates, considering factors such as surface 

area-to-volume ratios, diffusion kinetics, and solute-solvent interactions. By synthesizing existing 

knowledge, researchers can contribute to advancing theoretical models and understanding the 

fundamental principles guiding particle size optimization in dissolution processes. 

Practice 

Establish standardized protocols and methodologies for measuring dissolution rates across 

different industries and applications. This includes defining consistent testing conditions, utilizing 

dynamic dissolution testing methods, and accounting for environmental variables that may impact 

dissolution kinetics. Standardization efforts can enhance the reliability and comparability of 

dissolution rate data, facilitating informed decision-making in product development, process 

optimization, and quality control practices. 
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Policy 

Collaborate with regulatory agencies and industry stakeholders to develop guidelines and best 

practices related to particle size optimization in dissolution rate studies. These guidelines should 

address aspects such as particle size characterization techniques, validation of dissolution testing 

methods, and acceptance criteria for particle size specifications in regulatory submissions. Clear 

regulatory guidance can support innovation, ensure product efficacy and safety, and promote 

harmonization of dissolution rate standards across global markets. 
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