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Abstract— This research explores the utilization of form-stable 

paraffin/nano-silica phase change materials (PCMs) to improve thermal 

energy storage in mortar. The composite PCM, comprising paraffin 

enclosed within a nano-silica framework, offers enhanced stability and 

compatibility with mortar compared to traditional PCM systems. 

Experimental investigations were conducted to assess the thermal 

performance and mechanical properties of mortar specimens incorporating 

varying concentrations of form-stable PCM. Thermal conductivity, heat 

storage capacity, and mechanical strength were analysed through thermal 

cycling tests and mechanical testing methods to understand the impact of 

PCM content. Results demonstrate that integrating form-stable paraffin and 

nano-silica PCMs enhances thermal energy storage capabilities in mortar 

while minimally affecting mechanical strength. Moreover, the nano-silica 

matrix facilitates better dispersion and adhesion of paraffin particles within 

the mortar matrix, addressing concerns related to PCM leakage and 

separation during hydration. This study underscores the viability and 

efficacy of employing form-stable paraffin and nano-silica PCMs to 

enhance thermal energy storage in mortar, offering a promising avenue for 

sustainable and energy-efficient construction materials.  

 

I. INTRODUCTION 

Paraffin hydrocarbons are saturated hydrocarbons with 

the formula CnH2n+2, where 'n' represents an integer, 'C' 

stands for carbon, and 'H' stands for hydrogen. 

Incorporating phase change materials (PCM) into building 

materials offers numerous benefits. PCM integration 

enhances energy storage in walls, ceilings, and floors, 

thereby improving a building's thermal performance. 

Additionally, PCM can increase thermal inertia and indoor 

thermal stability, promote the use of renewable energy 

sources, facilitate passive cooling strategies, and offer 

various other advantages [1,2, 3]. PCM materials come in 

diverse compositions and properties, typically classified as 

organic, inorganic, and eutectic materials [4,5,6]. Various 

methods [7], including direct application, are employed for 

integrating PCM into building materials.  

This study focuses on the mechanical and physical 

behaviour of protected phase change material (PCM) 

incorporated into Portland cement mortars. The PCM 

consists of dry dust microparticles conforming to a silica-

based matrix with a poly-nucleus of paraffin. Portland 

cement mortars were selected for this investigation due to 

their ability to accommodate paraffin particles and 

effectively interact with the silica matrix. This particular 

type of PCM offers several advantages for mortar 

applications. It enhances the mortar's heat storage capacity, 

reduces retraction, and mitigates issues related to thermal 

conductivity, thereby making it well-suited for thermal 

applications. However, a significant drawback of this PCM 

https://ijaers.com/
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is the potential for PCM leakage when employing direct 

methods for its incorporation into mortar mixtures. This 

leakage issue has been identified as a primary reason for 

the limited research studies on this type of PCM 

integration [8]. 

Numerous research studies have explored the 

incorporation of phase change materials (PCM) into 

mortar and concrete mixtures using various methods such 

as direct mixing, immersion, and impregnation in porous 

aggregates [9]. Here are some examples: PCM 

impregnation in light sands [10], PCM impregnation in 

concrete blocks [11], and the utilization of burnt clay 

aggregate to enhance the thermal properties of concrete 

panels [12]. Investigation into the impact of light sand 

impregnated with PCM on the thermal behaviour of 

concrete during setting and freeze conditions [13] has also 

been conducted. Moreover, significant advancements have 

been made in PCM technology, leading to the 

development of innovative materials like cement-based 

composite phase change materials (CCPCMs). These 

materials leverage the hydraulic properties of cement and 

the water solubility of substances like polyethylene glycol 

(PEG) [14] to enhance thermal performance. Additionally, 

PCM coatings have been developed, such as salt 

hydrate/diatomite PCM coated with polyurethane acrylate, 

which exhibit improved thermal stability [15]. 

The thermal properties of cement-based materials 

modified with phase change materials (PCM) for building 

construction have been extensively investigated both 

experimentally and numerically, as highlighted in a study 

[16]. Additionally, a recent review [17] has examined the 

potential of microencapsulated PCM for energy savings in 

buildings. Studies on the application of PCM, particularly 

those based on paraffin nuclei and polymeric shells, to 

Portland cement mortars have revealed significant changes 

in the mixtures. These changes include a decrease in 

resistance. The incorporation of PCM into cement mortars 

has been associated with a decrease in mechanical strength 

or resistance and an increase in water content. PCM 

addition often leads to an increase in the water content of 

cement mortars and a decrease in thermal conductivity. 

PCM-modified mortars typically exhibit lower thermal 

conductivity, which contributes to improved thermal 

insulation properties and an increase in heat capacity. The 

presence of PCM in cement mortars enhances their heat 

storage capacity, enabling them to absorb and release heat 

more effectively [18,19, 20,21]. The study conducted by 

Cunha et al. [22] focused on the direct addition of phase 

change material (PCM) particles to mortars, demonstrating 

that mortar mixtures exhibit favourable physical and 

mechanical characteristics. Similar positive outcomes have 

been observed when PCM is combined with other 

substances such as silica [23,24], graphite [25], or 

diatomite [26,27]. Furthermore, investigations have 

explored the impact of microencapsulated phase change 

materials (MPCM) on Portland cement concretes (PCC) 

and their microstructure [28]. The results revealed that 

increasing the amount of MPCM led to a decrease in the 

compressive strength of PCC. Recently, forest biomass 

ashes (FBA) have been studied in cement-based mortars 

[29]. The findings indicated a slight reduction in 

mechanical strength but an increase in ductility. 

Additionally, it has been suggested that the use of these 

mortars is not hindered by the addition of FBA waste. 

This study distinguishes between two types of 

phase change materials (PCM) that may be incorporated 

into Portland cement mortars: protected PCM and non-

protected PCM. Protected PCM, characterized by a stable 

shell [30], is created using a silica-based matrix with poly-

nuclei of paraffin from dry dust microparticles. However, a 

significant drawback of protected PCM is the potential for 

microparticle leakage during mixing due to the separation 

of silica and paraffin upon contact with water. Some 

authors [31] have proposed solutions to this issue by 

modifying PCM using different types of nano silica. On 

the other hand, non-protected PCM lacks such a protective 

shell. Despite the risk of filtration during mixing or 

application to porous materials, non-protected PCM offers 

advantages such as higher heat-storage capacity compared 

to inorganic PCM, attributable to the absence of a shell 

[32]. Furthermore, direct incorporation of non-

encapsulated PCM avoids the need for complicated 

incorporation techniques, leading to cost reduction. 

Consequently, direct incorporation of non-encapsulated 

PCM represents an innovative and promising approach to 

significantly enhancing the energy efficiency of buildings 

[33–34]. 

In this study, various mixtures were developed with 

different Phase Change Material (PCM) contents, water-

to-cement ratios (w/c), and two types of cement to analyse 

the impact of PCM addition to Portland cement mortars. 

Key properties such as apparent density, water absorption, 

open porosity, compressive strength, air content, and 

behaviour analysis after exposure to 35°C were 

investigated. The inclusion of compressive strengths, types 

of cement, water/cement ratios, and air content in the study 

provides valuable insights directly applicable to the mixing 

design process for Portland cement mortars. A notable 

aspect of the study was the implementation of cooling 

methods during the mixing process to prevent paraffin 

leaks. This approach differs from previous studies and 

ensures that the integrity of the PCM is maintained 

throughout the mixing process, thereby avoiding potential 

issues related to PCM leakage. 

http://www.ijaers.com/


Islam and Li                                                         International Journal of Advanced Engineering Research and Science, 11(4)-2024 

www.ijaers.com                                                                                                                                                                                Page | 3  

II. MATERIALS 

Raw Materials: 

In the study, Portland cement PO 42.5 produced 

by Taiyuan Co. Ltd., in accordance with relevant Chinese 

standards, was utilized. The polycarboxylate 

superplasticizer, with a solid content of 20%, was custom-

made by the manufacturer for the experiments. Standard 

sand meeting the Chinese ISO sand standard GB/T17671 

was sourced from Xiamen Aisio Standard Sand Co. Ltd. 

Tap water served as the primary solvent for the 

experimental procedures. 

      

Fig.1: Photograph of paraffin. 

 

III. EXPERIMENT 

Cement mortar workability test and mix ratio 

selection: 

A workability test was conducted following the 

guidelines outlined in GB/T2419-2005. The test employed 

a vibrating table to assess the consistency and workability 

of the newly formulated mortar. The content of 

polycarboxylate superplasticizer in the cement mortar was 

determined through this fluidity test, which provided 

insights into the mortar's flow characteristics and the 

effectiveness of the superplasticizer in enhancing 

workability. 

Preparation of cement mortar samples: 

Cement mortar samples containing varying 

amounts of paraffin (Fig. 1) were prepared according to 

the mixing proportions outlined in Table 1. The water-to-

cement ratio was maintained at 0.4, and the cement-to-

sand ratio was kept at 1:2 across all samples. To ensure 

consistent fluidity for each cement mortar sample, the 

dosage of the water reducer was adjusted proportionally 

with the increase in paraffin dosage. Sample M represents 

plain cement mortar without the addition of paraffin. 

The cement mortar was prepared as follows: 

1. A mixing pot was utilized, into which the paraffin-

mixed solution and cement were added. The pot was then 

positioned on a fixed frame, and the mixture was stirred at 

low speed for 30 seconds. Following the initial 30 seconds 

of mixing, standard sand was evenly introduced into the 

mixing pot via a mixing funnel. Subsequently, the mixture 

was stirred at a high speed for an additional 30 seconds. 

2. After the mixing process ceased, any material adhering 

to the sides of the mixing bowl was promptly scraped 

down into the batch. The mixer enclosure was then closed, 

or alternatively, the bowl was covered with a lid. The paste 

was allowed to stand undisturbed for a duration of 90 

seconds. 

3. Following the resting period, the mixture underwent 

further mixing for 60 seconds at high speed. 

4. The freshly prepared cement mortar was poured into 

steel molds and compacted using a standard vibrating 

table. The molds were subsequently sealed with 

polyethylene nanosheets to prevent moisture loss. After a 

curing period of 24 hours, the samples were demolded and 

subjected to further curing in a saturated lime-water bath 

maintained at 20°C for specific aging durations of 3, 7, and 

28 days. 

Table-1: Mixing proportions of paraffin/silica cement 

mortar samples 

 

 

IV. MECHANICAL TEST 

A steel mold measuring 40mm × 40mm × 160mm was 

chosen for the flexural and compressive strength tests. The 

flexural and compressive strengths of the specimens were 

assessed in accordance with the guidelines outlined in 

GB/T17671-1999 at three different aging durations: 3, 7, 

and 28 days. For each series, three specimens were 

subjected to testing to determine their strength 

characteristics. The flexural strength test was conducted 

utilizing a three-point bending test apparatus with a 

loading rate of 0.06 N/s. This test method provides insights 

into the ability of the specimens to resist bending forces. 

On the other hand, the compressive strength test involved 

subjecting the specimens to compression using a loading 

rate of 2.4 kN/s. This test evaluates the ability of the 

specimens to withstand compressive forces. 

SEM characterization of hydration products: 

In this study, the scanning electron microscope (SEM) 

model ZEISS Gemini SEM 300 was employed to directly 

http://www.ijaers.com/


Islam and Li                                                         International Journal of Advanced Engineering Research and Science, 11(4)-2024 

www.ijaers.com                                                                                                                                                                                Page | 4  

observe the microscopic morphology of the materials by 

imaging the surface properties of the sample. The working 

principle of SEM involves using an electron lens to reduce 

a single electron beam spot to a nanoscale size. 

Subsequently, a deflection system is utilized to raster scan 

the high-energy electron beam across the surface of the 

sample, exciting secondary electrons and other physical 

information. These signals are collected by detectors and 

converted into an image for display. The SEM equipment 

used in this study offers a scanning speed ranging from 20 

nanoseconds to 10 milliseconds per pixel and a 

magnification capability ranging from 1 to 1 million times. 

Figure 2 depicts the SEM equipment utilized. 

Furthermore, it is imperative that the samples for SEM 

testing are dry. Therefore, prior to SEM observation, 

cement hydration suspension treatment is necessary due to 

the continuous hydration process of cement. Suspension of 

hydration and drying can be carried out simultaneously. In 

this experiment, a combination of solvent substitution and 

vacuum drying was employed. Solvent substitution 

involves using organic solvents to displace water from the 

sample. Specifically, the samples were soaked in absolute 

ethanol for 24 hours. Subsequently, the samples were 

placed in a vacuum drying oven set at 60°C for 6 hours to 

facilitate the volatilization of absolute ethanol from the 

samples. 

 

Fig.2: Photograph of Scanning electron microscope 

(SEM) 

 

V. RESULT AND DISCUSSION 

Effects of the paraffin on the workability of cement 

paste: 

The fluidity (Fig. 3) of cement mortar decreases 

as the phase-change materials (PCMs)/paraffin content 

increase. Specifically, compared to cement mortar M, the 

fluidity decreases by 10.9% when the phase-change 

materials (PCMs)/paraffin content is 15% and by 18.48% 

when the phase-change materials (PCMs)/paraffin content 

is 20%. This reduction in fluidity is likely due to the 

distribution and orientation of the phase-change materials 

(PCMs)/paraffin materials within the mortar. To ensure 

consistency in fluidity values and enable the comparison of 

strengths, a water-reducing agent was added to the 

samples. This addition helps maintain consistent fluidity 

across the samples, facilitating an accurate comparison of 

their strengths. Figure 3 illustrates the observed trends in 

fluidity as the phase-change materials (PCMs)/paraffin 

content vary, providing a visual representation of the 

relationship between phase-change materials 

(PCMs)/paraffin content and fluidity in cement mortar 

samples. 

 

Fig.3: Workability test compared to Ordinary mortar and 

paraffin composite 

Flexural Strength 

 

Fig.4: Photograph of Flexural Strength 

 

Figure 4 illustrates the flexural strength of cement 

mortar mixed with varying amounts of paraffin at 3, 7, and 

28 days. Initially, the flexural strength of the cement 

mortar increases gradually with an increase in the paraffin 

content. However, beyond an optimal paraffin content, the 

flexural strength begins to decrease. The flexural strength 

of the cement mortar mixed with paraffin is highest when 

the paraffin content is 15%, 20%, 25%, or 30%. At curing 

ages of 3 days and 7 days, the flexural strength of sample 
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paraffin increases by 5%, 4.5%, 5.2%, and 5.5%, 

respectively, compared to that of plain cement mortar 

sample M. This increase in flexural strength is attributed to 

the high strength of paraffin, which enhances the 

mechanical properties of the cement mortar. 

 Compressive Strength 

 

Fig.5: Photograph of Compressive Strength 

 

 

6.A 

 

6.B 

Fig.6: Photograph of SEM image (A&B) 

 

In Figure 5, the compressive strength of cement 

mortar mixed with different amounts of paraffin at 3, 7, 

and 28 days is depicted. When the curing ages are 3, 7, and 

28 days and the paraffin content is 20% and 25%, the 

compressive strengths of the cement mortar are 10.5% and 

10.4% higher than those of the plain cement mortar, 

respectively. However, with a further increase in paraffin 

content, the compressive strength of the cement mortar 

does not increase and is lower than that of the plain cement 

mortar. This phenomenon is attributed to the uneven 

distribution of the paraffin within the mortar and the 

increased porosity. At a curing age of 28 days, the 

compressive strength of all the mixed cement mortar 

samples doped with paraffin is lower than that of the plain 

cement mortar. This could be due to the uneven dispersion 

of paraffin, which traps the flow of free water in the 

cement slurry, thereby reducing the degree of hydration. 

SEM results: From Figures 6 (a) and (b), it can be seen 

that the paraffin wax almost fills the circular sieve or long 

cylinder with a porous structure, indicating that the 

paraffin has been fully impregnated. The above 

demonstrates that this experiment successfully loaded 

paraffin into the expanded perlite using high-temperature 

and decompression adsorption methods. 

DSC Curve analysis of paraffin samples: 

 

Fig.7: Photograph of DSC Curve 

 

The determination of the latent heat of the phase 

change of the sample involved setting the experimental 

temperature range from -20°C to 100°C. Liquid nitrogen 

was used to cool the sample to -20°C initially, followed by 

increasing the temperature at a rate of 5°C/min. The 

system automatically recorded the sample's curves and 

data on heat flow versus temperature. It was observed that 

peak temperatures and the overall curve shape of the 

phase-changing process were magnified by DSC testing 
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with higher heating and cooling rates. As the rate of 

heating or cooling rises, the hysteretic reaction is also 

accentuated. The melting point of paraffin was 39°C. The 

DSC curve of solid paraffin mortar is shown in Figure 7. 

Thermal conductivity: 

 

Fig.8: Photograph of Thermal conductivity of Paraffin 

sample 

 

Figure 8 depicts that for thermal conductivity 

testing, a paraffin sample containing 20% paraffin was 

sent to the test centre. The specimen's dimensions were a 

diameter of 14.7 mm and a thickness of 2.32 mm. Data 

were collected at different temperatures. A material with 

low thermal conductivity does not easily transfer heat. 

Instead, it tends to insulate against heat flow, resisting the 

transfer of thermal energy. Materials with low thermal 

conductivity are often used as insulators to prevent heat 

loss or gain in various applications, such as building 

insulation, thermos flasks, and protective clothing. Low-

thermal conductivity materials effectively resist heat 

transfer. 

Thermal Control Effect Test: 

 

Figure-9: Photograph of Thermal Control Effect test 

As depicted in Figure 9, the temperature 

adjustment performance test involves simulating the 

behaviour of phase-change materials under various 

environmental conditions to determine their effect on a 

house. To achieve this, a house model (Six panels are 

required to build a house or box) is constructed using 

mortar boards with panel top sides, each panel measuring 

200*200*20 mm. The top side of the mortar board serves 

as the energy storage mortar board to be tested. High-

efficiency infrared lamps are utilized for heating, while a 

thermometer records the temperature in the mortar model 

room. A sensor, consisting of a thermocouple, is placed at 

the centre of the house to sense temperature changes. The 

temperature-measuring thermocouple is connected to a 

computer via an ART Data Acquisition Module, DAM-

3138, USB485/RS-422. Temperature software is used to 

control the infrared lamp heating process, and data on the 

indoor temperature control of the energy storage mortar is 

collected. Temperature data are collected every 10 minutes 

during the heating and cooling processes for graphing.  

Temperature variation with Addition of Paraffin: 

 

Fig.10: Photograph of Temperature variation with 

Addition of Paraffin 

 

Figure 10 displays the quantity of paraffin 

composite phase change materials used in mortar rooms, 

along with a diagram illustrating the effect on the internal 

temperature of the house model. The temperature 

differences between paraffin-15%, paraffin-25%, and 

paraffin-30% are 19.69°C, 18.18°C, and 16.16°C, 

respectively, in comparison to the temperature of OM, 

while the temperature inside OM is 21°C relative to the 

outside temperature of OM. 
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Temperature Difference with Addition of Paraffin: 

 

Fig.11: Photograph of Temperature Difference with 

Addition of Paraffin 

 

Figure 11 depicts the temperature difference between 

ordinary mortar (OM) and paraffin composite phase 

change materials outside the house. The temperature 

differences for paraffin content of 15%, 25%, and 30% are 

5.18°C, 7.4°C, and 9.6°C, respectively, while the 

temperature difference inside OM remains at 13.5°C. 

 

VI. CONCLUSION 

Based on the perspectives of energy saving, emission 

reduction, and building energy efficiency, this study 

examines paraffin. Its mechanical and thermal properties 

are tested, and the temperature adjustment performance 

test of the house model is determined. The effect of shape 

changes on the energy storage mortar board at room 

temperature is evaluated. 

1. A paraffin mixture consisting of 20% and 25% was 

tested by DSC. It was found that the phase transition 

temperature of the paraffin wax mixture is 39°C, with a 

latent heat of phase transition of 111.5 J/g. Workability 

tests and thermal cycle tests indicate that the paraffin wax 

mixture exhibits good thermal stability and durability, 

rendering it suitable for use in building walls.  

2. The expanded perlite, after acidification, exhibits 

numerous honeycomb pores capable of absorbing a 

significant amount of paraffin. Upon coating with calcium 

silicate powder, it demonstrates good thermal stability. 

Diatomite, after roasting and acidification treatment, 

primarily assumes a sieve-like and cylindrical shape, 

featuring high porosity and a large surface area. 

Additionally, it possesses nano-silica pores, making it an 

excellent porous adsorption material. Various porous 

materials can be utilized in the preparation of shape-fixed 

phase-change composites. 

3. SEM results indicate that the expanded perlite 

experiences significant enhancement through heating and 

vacuum adsorption, leading to increased absorption of the 

paraffin mixture. Infrared test results demonstrate that the 

adsorption process for both paraffins is purely physical, 

with no chemical reactions occurring. Upon encapsulation 

of the paraffin or expanded perlite with calcium 

terephthalate powder, a low exudation rate is observed, 

accompanied by excellent thermal stability. Additionally, 

the surface tension exhibits strong resistance to paraffin, 

preventing leakage and ensuring the binding force of the 

paraffin wax. Consequently, the prepared 

paraffin/expanded perlite and earth-set phase transition 

material exhibit stable performance, making them suitable 

for application in the field of building materials. 

4. The phase-change energy storage mortar was prepared 

using both the intercalation method and the direct mixing 

method. With increasing dosage, the compressive strength, 

dry density, and thermal conductivity of the phase-change 

mortar gradually decreased. The performance of the phase-

change energy storage mortar prepared using the 

intercalation method was superior to that of the phase-

change energy storage mortar prepared using the direct 

mixing method. Even when the content is increased to 

20%, the strength remains higher than 13.45 MPa, meeting 

the mechanical requirements for actual construction. 

Additionally, its thermal conductivity coefficient is 

extremely low, while the heat storage coefficient maintains 

a certain level, demonstrating good heat preservation and 

storage effects. Intercalation is thus identified as the 

preferred preparation process for phase-change energy 

storage mortar. 

5. For the thermal control effect test, we found that the 

temperature was significantly lower than ordinary mortar 

when using paraffin. 
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Abstract— In this contribution, the numerical analysis of the Casson 

nanofluid towards a stretching surface is studied. The stagnation flow with 

thermal radiation effects over an exponentially stretching has been 

considered. The flow problem governing partial differential equations are 

converted into the ordinary differential equations along with relevant 

boundary conditions using appropriate similarities. The resulting ODEs 

then solved numerically using the Keller box methodology, which is a well-

known technique. It can be shown from the comparison that our current 

results and the earlier ones have a good match. It has been found that the 

reduced Sherwood number, increases for increasing values of radiation 

parameter while, Nusselt number and skin friction coefficient decreases. 

Furthermore, the skin-friction coefficient increases as the inclination 

factor increases but Nusselt and Sherwood numbers decline. The 

temperature profile increases with the increasing behavior of radiation 

factor. Further the magnetic effects reduce the velocity profile. 

 

LIST OF SYMBOLS 

𝑢, 𝑣   Velocity component in x, y directions 

𝑇   Local nanofluid temperature 

𝛽  Casson fluid parameter 

∁   Local nanoparticle concentration 

𝑇𝑤   Constant disk temperature 

𝑇∞   Temperature of the ambient nanofluid's, 

𝐶∞   Ambient nanoparticle concentration 

𝑃   Nanofluid pressure 

𝑃∞  pressure of the ambient nanofluid 

𝜔  angular velocity  

 𝛼𝑓   Thermal diffusivity of base fluid 

𝐷𝐵   Brownian diffusion coefficient 

𝐷𝑇    Coefficient of thermophoretic diffusion 

𝜂  Similarity variable 

𝑀   magnetic field 

𝑅   disk of radius 

𝜏  Shear stress 

𝑃𝑟   Prandtl number 

𝑆𝑐  Schmidt number 

𝑁𝑏   Brownian motion parameter 

𝑁𝑡   thermophoresis parameter 

𝐵°   Magnetic field strength 

𝑁𝑢   Local Nusselt number 

https://ijaers.com/
https://dx.doi.org/10.22161/ijaers.114.12
http://www.ijaers.com/
mailto:(usamamathematician44@gmail.com,
mailto:m.amadsarwar26@gmail.com
mailto:sarris@uniwa.gr
https://creativecommons.org/licenses/by/4.0/


Usama et al.                                                       International Journal of Advanced Engineering Research and Science, 11(4)-2024 

www.ijaers.com                                                                                                                                                                               Page | 11  

𝐶𝑓𝑥   Skin friction coefficient 

𝑅𝑒    Reynolds number 

𝑁   Radiation parameter 

𝑣  Kinematic viscosity of the fluid 

𝜃   Dimensionless temperature  

𝜙   Dimensionless concentration 

𝜌  Density of the fluid 

𝜎  Electrical conductivity of the fluid 

𝐿  Characteristic length 

𝑘  Thermal conductivity 

 

I. INTRODUCTION 

A fluid is a substance which is capable of flowing and 

deforms continuously under the action of shearing stress. 

Fluid mechanics can be defined as the study of fluid’s 

behavior at rest and in motion. It consists of three parts 

which are fluid statistics, fluid dynamics and fluid 

kinematics which deals with the fluids at rest, fluids in 

motion and the fluids in motion where pressure energy is 

not considered respectively. If a fluid contains microscopic 

quantities of nanoparticles or nano fibers, which have a 

diameter less than 100 nm then it is termed as Nanofluid. 

Emerging energy transfer base liquids including H2O, 

toluene, and motor oil are mixed with nanoparticles or Nano 

fibers to create Nano fluids. Base fluid’s thermal 

conductivity can be increased by adding nanoparticles 

which results in increasing the nanofluid’s natural 

convection heat transfer in comparison with base fluid. 

Nanofluids have distinctive properties due to which they 

can be used in a range of heat transfer applications i.e., 

microelectronics, pharmaceutical processes, domestic 

refrigerators, coolers and fuel cells, heat exchangers and 

hybrid engines having higher thermal conductivity and 

lower convective heat transfer coefficients as compared to 

base fluids. To improve thermal conductivity of these 

fluids, nano- or micron-sized particles are added which 

allows them to transfer more heat. The time-independent 

flow of non-Newtonian liquids through tubes with fixed 

yield values has attracted more attention recently due to 

their applications in the polymer processing industry and in 

biofluid dynamics. The most common fluid is Casson fluid. 

A Casson fluid can be defined as a shear-thinning liquid 

assuming infinite viscosity at zero shear rate, no flow below 

the yield stress, and zero viscosity at infinite shear rate. 

In fluid dynamics, the term stagnation point termed as the 

point at which the local velocity of fluid is zero. When fluid 

is not in motion on the surface of an object, there is 

stagnation point in the flow field. 

Newtonian fluids are as those fluids which have shear stress 

proportional to the rate of shear strain. Those fluids which 

obey the newtons law termed as Newtonian fluids which 

include air, thin motor oil, glycerol, and water. 

Non-Newtonian fluids are those which do not obey 

Newton’s law in which shear stress and deformation rate are 

not linear. The term viscous force is the frictional force that 

prevents different fluid layers from sliding. Whereas the 

measure of resistance of the fluid relative to the fluid’s 

motion is termed as viscosity. Non-Newtonian fluids 

present special challenges to engineers, mathematicians, 

and physicists. Non-Newtonian examples are starch 

suspensions, shampoos, melted butter, etc.  

Magnetohydrodynamics (MHD) also known as 

magnetohydrodynamics, or fluid magnetism is the study of 

the magnetism and behavior of conducting fluids. Few 

examples are plasmas, brines, liquid metals, and 

electrolytes. The root of the term magnetohydrodynamics is 

magneto, which means magnetic field and hydro which 

indicates water, and dynamics, which indicates motion. 

Magnetohydrodynamics was discovered by Hannes Alfven 

for which he received the Nobel Prize in Physics in 1970. 

The idea behind magnetohydrodynamics is that a magnetic 

field can induce a current in a flowing conductive fluid, 

which polarizes the fluid, which in turn changes the 

magnetic field. The Navier-Stokes equations of 

hydrodynamics combined with the Maxwells equations of 

electromagnetism provide a set of equations that describe 

magnetohydrodynamics. These differences must be 

resolved simultaneously, both analytically and numerically. 

A nanoparticle is a very small particle that has a diameter 

between 1 and 100 nanometers. Since they are too small to 

be seen with the human eye, nanoparticles can differ 

significantly from larger materials in terms of their physical 

and chemical properties. A fluid called a nanofluid contains 

particles, also known as nanoparticles, that are smaller than 

a nanometer. Its most utilized in polymer processing, fiber 

sheets making, and in drilling etc. In current era non-

Newtonian liquid gain especial intensions of researchers 

because of the applications. Casson liquid is a type of the 

non-Newtonian liquids which has infinite viscosity against 

zero shear stress and vice versa. The famous examples of 

Casson liquid are blood, fruit, juices, ketchup etc.  In 

nanofluids, nanoparticles are frequently formed of 

oxides, carbon nanotubes, metals, or carbides. 

Due to its importance in engineering and industry, including 

the production of materials by extrusion, glass fiber 

production, hot rolling, extrusion of rubber and plastics, and 

the extrusion of polymer sheets, many researchers have 

focused on extending the tensile surface on the flow (Khan 

and Pop., 2010). Sakiadis (1961) was the first to explore 
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laminar boundary layer flow of viscous and incompressible 

fluids induced by constantly moving rigid bodies. Crane 

(1970) discussed flow towards a stretching surface based on 

the research of Sakiadis. Khan and Pop analyzed 

nanofluid’s flow onto stretching surface by incorporating 

additional properties such as Brownian motion and 

thermophoresis (2010). 

The boundary layer approximation was initially used to 

evaluate the surface stretching issue by Sakiadis. For a 

stretched sheet, Crane established a precise solution of the 

two-dimensional Navier-Stokes equations in analytical 

form. Gupta looked at the Crane's suction/injection issue at 

the wall. Prandtl (1874–1953) reported his work on the 

motion of fluids with very little friction in his paper. Prandtl 

introduced the idea of a boundary layer, which eventually 

changed how viscous flows were analyzed in the century of 

twenty.  

By presenting viscosity of fluids, Prandtl has given fluid 

mechanics a new way. Prandtl’s boundary layer idea, 

viscous forces have a substantial influence in the thin region 

to the surface of the velocity gradient, but the viscous forces 

are negligible from the surface of discovered field flow. 

Because of the viscous forces, the surface connected to the 

surface has no velocity. It’s called as "no slip" condition. 

Due to its thinness, the boundary layer plays an important 

role in fluid dynamics. It has full-grown into a useful tool 

for studying the behavior of real fluids.  

The boundary layer idea simplifies Navier-Stokes equations 

to the point that they may be utilized to investigate a vast 

range of real-world issues. Because boundary layer 

equations are parabolic, so the boundary layer theory is 

critical for solving fluid and heat transport issues. The entire 

Navier-Stokes equations, on the other hand, are elliptic in 

nature, even though they are often hyperbolic, and much 

more complicated. As a result, the boundary layer equation 

is significantly easier to solve (Schlichting et al., 1960). 

According to Newton's law of viscosity, "shear stress is 

exactly proportional to velocity gradient". 

Numerically it can be expressed as 

𝜏 ∝
𝑑𝑢

𝑑𝑦
 

(1.1) 

𝜏 = 𝜇
𝑑𝑢

𝑑𝑦
 

(1.2) 

When the temperatures of two things differ, heat is 

transferred from one to the other. The movement of internal 

energy from one substance to another that is at a different 

temperature is known as heat transfer. The following three 

strategies are used to create this heat mechanism. 

Conduction is the heat transmission mechanism that occurs 

when molecules and atoms collide directly. 

Heat is transferred by mass transfer or actual molecular 

movement. It is divided into three categories. 

Natural convection is a mass and heat transmission 

technique where fluid motion is exclusively brought about 

by changes in the fluid's density, not by any outside force 

(like a pump and fan). 

An external source is used to compel fluid molecules to flow 

in forced convection. 

Mixed convection is the most frequently used type of 

convection when natural and free convection work together 

in heat transmission. When the buoyancy and external 

forces interact, this phenomenon occurs. 

Radiation is a type of heat transmission that happens when 

electromagnetic waves are emitted and does not require a 

medium to propagate. When it comes to heat transmission 

in liquids and gases, radiation and convection are important, 

while heat transfer in solid materials is handled by 

conduction. The most common example of radiation is heat 

emitted by a fire. 

It measures the proportion of inertial to viscous forces. 

Based on their behavior, fluid flows can be categorized as 

laminar or turbulent. Mathematically it can be expressed as 

below 

𝑅𝑒 =
𝐼𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒𝑠

𝑉𝑖𝑠𝑐𝑜𝑢𝑠 𝑓𝑜𝑟𝑐𝑒𝑠
 

 

(1.5) 

𝑅𝑒 =
𝐿𝑐

𝜈
 

(1.6) 

where 𝑐  represents velocity, 𝐿  represents characteristic 

length, and 𝜈  represents kinematic viscosity. Reynolds 

number is a non-dimensionlized number. 

This study focuses on the numerical analysis of Cason 

nanofluids on stretched surfaces, inspired by the 

applications mentioned in the previous section. This flow 

behavior towards stretched surfaces has been studied by 

many researchers. Extensive surface geometries for Casson 

Nano fluids are understudied. Therefore, this study focuses 

on the mass and heat transfer of Casson Nano fluids on 

stretched surfaces.  

This research may address the relationship between the 

existing Navier-Stokes models that depict the behavior of 

boundary layer flow and Casson nanofluid models. 

Research objectives and Research Questions  

The objective of this study is the numerical development of 

mass and heat transfer in casson nanofluids flowing towards 

stretching surface in a magnetohydrodynamic boundary 

layer. The following objectives will be the focus of this 

work: 
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i. To study of stagnation point flow of Cason 

nanofluids flowing on an inclined surface.  

The numerical results of the transfer of the heat and the 

mass’s magneto hydrodynamic boundary layer flow of 

Casson nanofluid towards a stretching surface is presented 

in this study. Due to its numerous applications in industry, 

the heat, and the mass transmission MHD boundary layer 

flow across an exponentially extending surface has gotten a 

lot of attention. Furthermore, such flows have numerous 

applications in electrochemistry, chemical engineering, and 

polymer processing. 

 

II. REVIEW OF LITERATURE 

(Kouz et al., 2022) studied the rotating frame of references 

characteristics of heat transfer and three-dimensional flow 

of Non-Newtonian  Nano liquid over a stretched surface. 

(Tayebi et al., 2022) reported a numerical study in an 

inclined I-shaped enclosure with two heated cylinders, 

thermal free convection of micropolar nanofluid and the 

production of entropy. They found that the rate of heat 

exchange increased when the Rayleigh (Ra) and geometric 

aspect ratio (AR) parameters increased but decreased when 

the vertex viscosity parameter(K) increased. (Gaurav Gupta 

et al., 2022) examined the radially extended infinite gyrate-

induced 3D (three dimensional) magneto stagnation point 

flow of hybrid nanofluid. Non-Newtonian fluid’s boundary 

layer flow and heat transfer to anextending surface when the 

surface is suctioned or blown. (Manan et al., 2021) 

described the investigation of non-Newtonian fluid flow of 

the Casson type through heat & mass conduction in 

direction of stretching surface with thermophoresis and 

radiation absorption interactions with hydromagnetic effect. 

(Rafique et al., 2019) examined an inclined surface having 

Soret and Dufour effects, and impact of boundary layer flow 

of casson nanofluid. (Awais et al., 2021) investigated the 

effect of heat generation and Lorentz force reducing walls 

on MHD (magnetohydrodynamic) flow of Casson fluids 

through porous media. (Rafique et al., 2022) used a 

computational model to study the energy and mass transport 

behavior of a micro rotating flow through a Riga plate, 

considering suction or injection as well as mixed 

convection. They found that when mass transfer increased, 

heat transfer across the surface decreased by a temperature 

stratification factor. In addition, as the modified Hartmann 

number increased, the fluid velocity also increased. 

(Hussain et al., 2022) used a fluid model to undertake 

numerical analysis on time-dependent, incompressible 

electrically conducting squeezing flow of Casson liquid. 

The non-Newtonian fluid was contained between two discs, 

one stationary and the other moving up and down. Slip 

parameters were found to decrease the Nusselt and 

Sherwood numbers on both discs. (Fatunmbi et al., 2022) 

investigated hydromagnetic Casson nanofluid flow via a 

nonlinear stretchy sheet and generated entropy using Navier 

slips. The results demonstrated that when the Brownian 

motion was increased, the momentum boundary layer 

improved while the concentration distribution decreased. 

(Rafique et al., 2019) by combining the influences of 

chemical reaction and heat generation, Casson Nanofluid 

boundary layer stream over linear slanted extending sheet 

was developed. With the help of convective borders and 

thermal radiations, Brownian motion, and thermophoresis 

diffusion on Casson nanofluid boundary layer flow along a 

nonlinear inclined stretching sheet was also reported by 

(Rafique et al., 2019). Considerations are being given to 

Casson nanofluid flow over a nonlinear, titled, extended 

sheet with impacts from chemical reactions and heat 

generation/absorption by (Anwar et al., 2021). (Almakki et 

al., 2021) investigated the Casson nanofluid model 

equations for MHD fluids in the presence of entropy 

formation and chemical reactions on a stretching surface 

boundary layer. Thermal and mass transfer is detected due 

to solutal and thermal stratification, heat ratio and viscous 

dissipation. (Chand et al., 2021) explored theoretical effects 

of thermal convection in horizontal layers of micropolar 

nanofluids. (Khan et al., 2022) studied the steady, non-

Newtonian Casson fluid motion characteristics of heat and 

mass transfer over a permeable medium through a stretching 

surface impact of heat creation and thermal emission. (Atif 

et al., 20210) examined how a magneto hydrodynamic 

Casson nanofluid behaved as it was passed over a stretching 

sheet. Non-Fourier and non-Fick’s models were used in all 

the calculations. (Ramesh et al., 2021) investigated the 

incompressible and time-dependent squeezing flow of 

Casson and micropolar nano fluid. (Mustafa et al., 2011) 

explained the direction of a stretching sheet by a Casson 

fluid flow in its stagnation point area. Additionally 

examined are the parameters of heat transmission with 

viscous dissipation. Heat transfer and flow are represented 

by partial differential equations. Fazle Mehboob 

concentrated on the farming of melting heat transfer on 

magnetohydrodynamic (MHD) Casson fluid flow in a 

porous media under thermal radiation’s effect. (Xu et al., 

2022) investigated the use of a transparent nanofluid (Au) 

with high thermal conductivity to achieve better convective 

thermal management of optoelectronic devices. The heat 

conductivity of the Au nanofluid was improved by 50% 

while exhibiting stable dispersion. A statistical analysis of 

studies using artificial neural networks to predict the 

thermophysical properties of nanofluids was carried out by 

(Este et al., 2022). Investigation of all factors influencing 

the thermal conductivity of nanofluid, including base fluid 

type, nanoparticle type, particle concentration, fluid 

temperature, fluid stability, and others. Experimental 
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research was done to determine the thermal conductivity of 

various forms of nanoparticles in nano fluids by (Cui et al., 

2022). (Lund et al., 2020) emphasized the heat transport 

features of a convective micropolar nanofluid on a 

permeable shrinking stretching inclined surface. Over a 

moving surface, (Khan et al., 2020) described a magnetized 

Casson nanofluid and motile microorganism with changing 

heat conductivity. A second-grade fluid model and a refined 

variant of the Casson fluid model were used to develop the 

mathematical modeling. (Cui et al., 2022) explored whether 

introducing Janus particles would improve the thermal 

conductivity of nanofluid. (Ullah et al., 2021) explored for 

the numerical treatment of Maxwell nanofluid thin film 

flow on a stretched and rotating surface, intelligent 

computer networks are designed. Using the Buongiorno 

model, the thermophoretic and Brownian motion 

characteristics of nanofluid were found. By slandering the 

surface (Hayat et al., 2018) research was done on MHD 

stratified nanofluid flow. They found that modifying 

thermal conductivity and the Hartmann number enhances 

temperature dispersion. According to a paper, Arrhenius 

activation energy and heat radiation have an impact on how 

entropy is produced in nonlinear mixed convective nano 

fluid flow in porous space by (Alsaadi et al., 2020). In the 

early 1900s, German scientist Ludwig Prandtl presented the 

hypothesis that defines boundary layer effects studied by 

(Anderson et al., 2005). (Rehman et al., 2022) conducted a 

thermal case study for radial stagnation point flow to 

examine heat transmission factors. For the positive iteration 

in torsional rate., it was observed that the temperature 

gradient awed very minor fluctuation. (Gbadeyan et al., 

2020) explores the impact of combination variable viscosity 

and thermal conductivity, nonlinear radiations. With higher 

values of variable thermal conductivity and viscosity, it was 

discovered that velocity rises while temperature and the 

volume fraction of nanoparticles fall. (Jamshed et al., 2022) 

studied the energy transfer and entropy of a non-Newtonian 

Casson fluid flow that was unstable. By exposing the 

nanofluid to a slippery surface that is convectively heated, 

its flow and heat transport characteristics were examined. 

They adopted a numerical technique named as Keller box 

technique.  (Alwawi et al., 2020) examine how a magnetic 

field affects the free convection of an ethylene glycol based 

on Casson fluid as it revolves around a circular cylinder. 

The magnetohydrodynamic free convective flow of Casson 

nanofluid was examined using Tiwari & Das's nanofluid 

model. (Jamshed et al., 2021) examined the heat transport 

and entropy of a non-Newtonian Casson nanofluid in 

unsteady flow. The model equations for casson nanofluid 

flow and heat transfer are compressed using boundary layer 

flow and the Roseland approximation. (Alwawi et al., 2020) 

investigated the MHD free convective flow of sodium 

alginate nanofluid over solid spheres with specified wall 

temperatures. The Nano fluid model developed by Tiwari 

and Das was used to examine how a magnetic field and 

nanoparticles affected a naturally occurring convective 

flow.  

 

III. RESEARCH METHODOLOGY 

The movement of a Casson nanofluid toward an exponential 

stretching surface is covered in this chapter. This section's 

primary goal is to explore the flow behavior of a Casson 

nanofluid approaching a sheet that is stretching 

exponentially. By using boundary layer approach, the 

mathematical formulation is obtained. By applying an 

appropriate transformation, the relevant boundary layer 

equations are reduced into the coupled nonlinear ODE’s. A 

detailed study is accomplished to approach the impacts of 

interesting parameters on non-dimensional velocity, 

temperature distribution and concentration. The coefficient 

of  𝐶𝑓, Nu, and Sh are also computed numerically. 

Problem Formulation 

 We examine a Casson nanofluid's two-dimensional 

stagnation-point flow toward a slanted exponentially 

stretching sheet.  The free stream and stretching velocities 

are taken to have the formulas 𝑢 = 𝑢𝑤(𝑥) = 𝑎𝑒
𝑥

𝑙 ⁄ and 𝑢 →

𝑢∞(𝑥) = 𝑏𝑒
𝑥

𝑙 ⁄ where x is the location taken along the 

stretching surface, a and b are constants. Along with 

nanoparticles, the base fluid also contains rotating Casson 

finite-sized particles. The fluid molecules in the Casson 

nanofluid have more room to move before colliding into one 

another, This results in gyration effects due to the 

molecules' rotation in the fluid continuum. At the wall, T 

and C remain constant and are denoted by the letters 𝑇𝑤  and 

𝐶𝑤 , where T stands for temperature and C for the 

nanoparticle fraction. Furthermore, figure (3.1) shows that 

the ambient values when y goes to infinity are C∞ and T∞. 

http://www.ijaers.com/


Usama et al.                                                       International Journal of Advanced Engineering Research and Science, 11(4)-2024 

www.ijaers.com                                                                                                                                                                               Page | 15  

 

Fig.3.1. Coordinate System and Physical Model 

 

The governing equations into the following forms: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0, 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= 𝑢∞

𝑑𝑢∞

𝑑𝑥
+ 𝑣 (1 +

1

𝛽
)

𝜕2𝑢

𝜕𝑦2 +
𝜎𝐵2

𝜌
(𝑢∞ − 𝑢) + 𝑔[𝐵𝑡(𝑇 − 𝑇∞) + 𝐵𝑐(𝐶 − 𝐶∞)]𝐶𝑜𝑠𝜔,                                                                                                                                                                     

(3.1) 

 

 

 

 

(3.2) 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼

𝜕2𝑇

𝜕𝑦2
−

1

(𝜌𝑐)𝑓

𝜕𝑞𝑟

𝜕𝑦
+ 𝜏 [𝐷𝐵

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝐷𝑇

𝑇∞

(
𝜕𝑇

𝜕𝑦
)

2

], 
(3.3) 

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
= 𝐷𝐵

𝜕2𝐶

𝜕𝑦2
+

𝐷𝑇

𝑇∞

𝜕2𝑇

𝜕𝑦2
. 

(3.4) 

Simplify (3.3), which reduces the radiative heat flux to: 

𝑞𝑟 =
−4𝜎∗

3𝑘∗

𝜕𝑇4

𝜕𝑦
 

where the mean absorption coefficient and the Stefan-Boltzmann constant, respectively, are 

denoted by k*and σ*. Without considering higher-order terms, In a Taylor series concerning 

T∞, expanding T4 yields: 

        𝑇4 = 4𝑇∞
3𝑇 − 3𝑇∞

4  

(3.5) 

Thus, simplified form of equation (3.3) is  

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼 (1 +

4𝑁

3
)

𝜕2𝑇

𝜕𝑦2
+ 𝜏 [𝐷𝐵

𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝐷𝑇

𝑇∞

(
𝜕𝑇

𝜕𝑦
)

2

], 
(3.6) 

where the velocity components in the x and y directions are both v and u, respectively, 𝜌 is the base fluid’s density, 𝜇 is the 

viscosity, 𝜎 is the electrical conductivity,  𝛼 =
𝑘

(𝜌𝑐)𝑓
 is the thermal diffusivity parameter where (𝜌𝑐)𝑓 is the base fluid’s heat 

capacity and 𝑘  is known as thermal conductivity, N represents radiation parameter, 𝜏 =
(𝜌𝑐)𝑝

(𝜌𝑐)𝑓
 is the relation between 

nanoparticle’s effective heat capacity and heat capacity of liquid, furthermore, 𝐷𝑇  stands for thermophoresis diffusion 

coefficient and 𝐷𝐵 stands for Brownian motion. 

Boundary conditions that are imposed are listed below. 

𝑢 = 𝑢𝑤(𝑥) = 𝑎𝑒
𝑥

𝑙⁄ , 𝑣 = 0, , 𝑇 = 𝑇𝑤(𝑥), 𝐶 = 𝐶𝑤(𝑥) 𝑎𝑡 (𝑦 = 0)  
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𝑢 → 𝑢∞ = 𝑏𝑒
𝑥

𝑙⁄ , 𝑣 → 0, 𝑇 → 𝑇𝑤 , 𝐶 → 𝐶𝑤  𝑎𝑠 𝑦 → ∞. (3.7) 

In order to convert the nonlinear PDE into nonlinear ODE, a similarity transformation is defined. Where, the stream function 

is  𝜓 = 𝜓(𝑥, 𝑦).  

𝑢 =
𝜕𝜓

𝜕𝑦
, 𝑣 = −

𝜕𝜓

𝜕𝑥
. 

(3.8) 

The exponentially stretching sheet velocity is used to define the similarity transformation as follows: 

   𝜓 = √2𝑙𝜈𝑎𝑒
𝑥
2𝑙𝑓(𝜂), 𝜃(𝜂) =

𝑇 − 𝑇∞

𝑇𝑤 − 𝑇∞

, 𝜙(𝜂) =
𝐶 − 𝐶∞

𝐶𝑤 − 𝐶∞

, 

           Where, 

           𝑇𝑤(𝑥) = 𝑇∞ + 𝑇0𝑒
2𝑥

𝑙 , 𝐶𝑤 = 𝐶∞ + 𝐶0𝑒
2𝑥

𝑙 . 

(3.9) 

Eqs. (3.2 - 3.4) are reduced to nonlinear ODE when Eq. (3.9) is substitute 

(1 +
1

𝛽
) 𝑓′′′ + 𝑓𝑓′′ − 2𝑓′2

+ 2𝛾2 + 𝑀(𝛾 − 𝑓′) + (𝜆𝜃 + 𝛿𝜙)𝐶𝑜𝑠𝜔 = 0, 
(3.10) 

(1 +
4

3
𝑁) 𝜃′′ + (𝜃′𝑓 − 𝜃𝑓′ + 𝑁𝑏𝜃′𝜙′ + 𝑁𝑡𝜃′2

)𝑃𝑟 = 0, 
(3.11) 

𝜙′′ + 𝐿𝑒(𝜙′𝑓 − 𝜙𝑓′) +
𝑁𝑡

𝑁𝑏
𝜃′′ = 0, 

Where  

(3.12) 

𝛾 =
𝑏

𝑎
, 𝑃𝑟 =

𝜈

𝛼
, 𝐿𝑒 =

𝜈

𝐷𝐵
, 𝑀 =

2𝑙𝜎𝐵2

𝑎𝜌
, 𝐾 =

𝑘1
∗

𝜇
, 𝑁𝑏 =

𝐷𝐵𝜏(𝐶𝑤−𝐶∞)

𝜈
 , 𝑁𝑡 =

𝜏𝐷𝑇(𝑇𝑤−𝑇∞)

𝜈𝑇∞
, 𝑁𝑡𝑏 =

𝑁𝑡

𝑁𝑏
, 𝜆 =

𝐺𝑟

𝑅𝑒𝑥
2 , 𝐺𝑟 =

2𝑔𝐵𝑡(𝑇𝑤−𝑇∞)𝑙3

𝜈2 , 𝛿 =
𝐺𝐶

𝑅𝑒𝑥
2 , 𝐺𝑐 =

2𝑔𝐵𝑐(𝐶𝑤−𝐶∞)𝑙3

𝜈2 , 𝐿𝑒 =
𝜈

𝐷𝐵
, 𝑁 =

4𝜎𝑇∞
3

𝑘𝑘∗ . 

 

 

(3.13) 

Here, prime stands for derivative w.r.t   𝜂, M is the magnetic parameter known as the Hartmann number, Pr (Prandtl number), 

K is the dimensionless vortex viscosity, 𝛾 is the velocity ratio parameter, N is the radiation parameter, 𝜈 is the kinematic 

viscosity of the fluid, Le is the Lewis number, 𝑁𝑡𝑏=
𝑁𝑡

𝑁𝑏
 where 𝑁𝑡 is the thermophoresis parameter and Nb is the Brownian 

motion parameter, 𝜆 is the buoyancy parameter, 𝐺𝑟  is the local Grashof number, 𝛿 is the solutal buoyancy parameter, 𝐺𝐶 is the 

local solutal Grashof number, 𝑆𝑐 is the Schmidt number. 

The imposed boundary conditions (3.7) are transformed to 

𝑓(𝜂) = 0, 𝑓′(𝜂) = 1, 𝜃(𝜂) = 1, 𝜙(𝜂) = 1 𝑎𝑡 𝑦 = 𝜂, 

𝑓′(𝜂) → 𝛾, 𝜃(𝜂) → 0, 𝜙(𝜂) → 0  𝑎𝑠 𝑦 → ∞. 

 

(3.14) 

The (Sh) for Sherwood number , (Nu) for Nusselt number and (𝐶𝑓) for skin friction are defined as below:  

𝑆ℎ =
𝑥𝑞𝑚

𝐷𝐵(𝐶𝑤 − 𝐶∞)
 , 𝑁𝑢 =

𝑥𝑞𝑤

𝑘(𝑇𝑤 − 𝑇∞)

 , 𝐶𝑓 =
𝜏𝑤

𝜌𝑢𝑤
2

. (3.15) 

Where 𝜏𝑤 = (𝜇+𝑘1
∗)

𝜕𝑢

𝜕𝑦
+ 𝑘1

∗𝑁∗, 𝑞𝑚 = −𝐷𝐵
𝜕𝐶

𝜕𝑦
 𝑎𝑛𝑑 𝑞𝑤 = −𝑘

𝜕𝑇

𝜕𝑦
 𝑎𝑡 𝑦 = 0 are the mass and heat fluxes and shear stress at the 

surface, respectively. The reduced Sherwood number −𝜙′(0) , reduced Nusselt number −𝜙′(0), and skin friction coefficient 

𝐶𝑓𝑥(0) = (1 +
1

𝛽
) 𝑓′′(0)  are linked expressions that are defined as follows: 

𝐶𝑓𝑥(0) = 𝐶𝑓√𝑅𝑒𝑥 , −𝜙′(0) =
𝑆ℎ

√𝑅𝑒𝑥

, −𝜃′(0) =
𝑁𝑢

√𝑅𝑒𝑥

. 
(3.16) 

Here 𝑅𝑒𝑥 =
𝑎𝑥𝑒

𝑥
𝐿⁄

𝜈
 is the Local Reynolds number. 

 

IV. RESULTS AND DISCUSSION 

The Keller-box approach is used in chapter 3 to solve the 

transformed nonlinear ODE’s (3.10–3.12) that are subjected 

to BC’s (3.14). The results for the relevant physical 

parameters, such as Nb, Pr, M, N,𝝎, 𝛿, Nt, Le, 𝛽, 𝜆, and 𝛾 

are presented in tabular form by using table 4.1 and 4.2. 
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When 𝛿, Nt, 𝛽, 𝛾, Nb, 𝜆, and Le are equal to zero and ω =

900 . Table 4.1 compares the current findings for the 

reduced Nusselt number 𝜃′(0)  to the findings from Bidin 

and Nazar (2009) and Ishak (2011). To illustrate how 𝜃′(0), 

𝜙′(0), and 𝐶𝑓𝑥 vary for various values of N, M, 𝛿, 𝜔, Nt, 

Le, Nb, 𝛽, Pr,  𝜆 and 𝛾, Table 4.2 is constructed. It has been 

found that when Nb, Le, N, Nt, M and  𝜔 are increased, 

𝜃′(0) grows, whereas Pr, 𝜆, 𝛾, 𝛽 and 𝛿 are increased, 𝜃′(0) 

lowers. The table, however, clearly demonstrates that the 

local Sherwood number 𝜙′(0) is decreasing while rising, 

𝜔, Le, and M. While rising with increasing values of  Pr, N, 

𝛾, 𝛽, Nt, Nb,  𝛿, Le, 𝜆. Additionally, it has been discovered 

that the skin friction coefficient 𝐶𝑓𝑥(0) decreases as Nt, 𝜆, 

𝛾, N, 𝛿 and increases when Nb, Le, 𝜔, Pr, M, and 𝛽 values 

rise. The negative values of 𝐶𝑓𝑥(0)  signify a drag force 

being applied to the motions of the micropolar nanofluid by 

the stretching sheets. This is not unexpected considering 

that stretching is the only factor responsible for the 

boundary layer's development. It can be seen from this table 

that the increasing value of 𝛾. 

Table 4.1: Comparison of −𝜃′(0) (local Nusselt number) when Nb, Pr, 𝛾, 𝛽, Nt, Le, σ=0 and ω=90o 

Pr M N Bidin and Nazar (2009) 

−𝜃′(0) 

Ishak (2011) 

−𝜃′(0) 

Present Results 

−𝜃′(0) 

1 0 0 0.9548 0.9548 0.9548 

2 0 0 1.4714 1.4714 1.4714 

3 0 0 1.8691 1.8691 1.8691 

1 0 1.0 0.5315 0.5312 0.5312 

1 1.0 0 - 0.8611 0.8611 

1 1.0 0 - 0.4505 0.4505 

 

Table 4.2: Value of −𝜃′(0), −𝜙′(0) and Cfx (0). 

Nb Nt Pr Le M 𝛽 N Λ σ 𝛾 ω −𝜃′(0) −𝜙′(0) −𝜃′(0) 

0.1 0.1 6.5 5.0 0.1 1.0 1.0 0.1 0.1 0.5 45o 0.9884 2.5395 1.1921 

0.3 0.1 6.5 5.0 0.1 1.0 1.0 0.1 0.1 0.5 45o 0.6511 2.5684 1.1927 

0.1 0.3 6.5 5.0 0.1 1.0 1.0 0.1 0.1 0.5 45o 0.6916 2.5810 1.1757 

0.1 0.1 10.0 5.0 0.1 1.0 1.0 0.1 0.1 0.5 45o 1.1002 2.5403 1.1926 

0.1 0.1 6.5 10.0 0.1 1.0 1.0 0.1 0.1 0.5 45o 0.7970 3.1801 1.1930 

0.1 0.1 6.5 5.0 0.5 1.0 1.0 0.1 0.1 0.5 45o 0.8835 2.5411 1.2113 

0.1 0.1 6.5 5.0 0.1 3.0 1.0 0.1 0.1 0.5 45o 1.1188 2.5531 1.2193 

0.1 0.1 6.5 5.0 0.1 1.0 0.5 0.1 0.1 0.5 45o 0.5908 2.5555 1.1675 

0.1 0.1 6.5 5.0 0.1 1.0 1.0 0.5 0.1 0.5 45o 0.9930 2.5491 1.0894 

0.1 0.1 6.5 5.0 0.1 1.0 1.0 0.1 1.0 0.5 45o 0.9951 2.5538 1.1230 

0.1 0.1 6.5 5.0 0.1 1.0 1.0 0.1 0.1 1.5 45o 1.0413 2.6750 1.7531 

0.1 0.1 6.5 5.0 0.1 1.0 1.0 0.1 0.1 0.5 60o 0.9278 2.5280 1.2057 

 

Graphically Analysis 

Velocity profile 

 For more information on how the magnetic field (M) 

affects the velocity outline for 𝛾 < 1and 𝛾 > 1,  refer to 

Figure 4.1. It designates that as the magnetic field intensity 

is increased, 𝑓′(𝜂)  (a dimensionless velocity profile) 

decreases for 𝛾 < 1 and grows for  𝛾 > 1. Furthermore, for 

both  𝛾 < 1  and 𝛾 > 1, as illustrated in Figure 4.2, 𝑓′(𝜂) 

improves with the development of 𝛾. Due to the formation 

of a boundary layer in the flow when 𝛾 > 1, or the free 

stream velocity, exceeds the stretching velocity, this is the 

case. Physically, the fluid motion rises close to the 

stagnation point, which causes the external stream's 

acceleration to rise. In turn, the thickness of the boundary 

layer decreases as 𝛾 increases. On the other hand, a reversed 

boundary layer forms when the stream velocity is smaller 
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than the stretching velocity, or < 1  . When 𝛾 = 1   , 

however, both velocities are equal and no boundary layer 

forms.  

Temperature profile 

Figure 4.3 shows how the temperature profile behaves when 

compared to the radiation parameter N. The temperature 

profile rises as the radiation parameter improves; the flow 

field generates heat as a result, increasing the temperature 

of the thermal boundary layer. See Figure 4.4 for the 

Brownian motion factor's impact on the temperature profile 

created for 𝛾 < 1   and 𝛾 > 1   values. Due to Brownian 

motion (Nb), which is the particles' erratic motion, the 

temperature profile rises in response to increasing values of 

(Nb), as the boundary layer warms up and the fluid 

temperature rises as a result. Explains the thermophoretic 

effects on the temperature profile against 𝛾 < 1  and 𝛾 > 1. 

Because changes in the wall and reference temperatures had 

a positive impact on the advancement of the thermophoretic 

factor, the thermophoresis effect exhibits a direct 

relationship with the temperature field.  how a rise in Pr 

causes a fall in temperature and a corresponding decrease in 

boundary layer thickness. Physically speaking, the larger Pr 

indicates that the momentum diffusivity is greater than the 

thermal diffusivity. The temperature decreased as a result of 

the decrease in thermal diffusivity. 

Concentration profile 

By taking 𝛾 < 1    and 𝛾 > 1    into account, Figure 4.5 

describes the thermophoretic effect on  𝜙(𝜂) . From the 

sketch, it can be inferred that the concentration is reduced 

for changed values of Nt. The concentration profile is 

decreased as a result of the boundary layer's thickness 

decreasing due to an increase in Nb against 𝛾 < 1 and 𝛾 >

1  (see Figure 4.6). Figure 4.7 demonstrates how the 

concentration profile drops off as Le increases. The Lewis 

number decreases the thickness of the boundary layer. 

 

 

 

 

Fig.4.1. Impacts of Magnetic parameter (𝑀) on 𝑓′ (𝜂). 
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Fig.4.2. Impacts of Buoyancy parameter (𝜆) on 𝑓′(𝜂). 

 

Fig.4.3. Impacts of Brownian motion parameter (𝑁𝑏) on (𝜂). 
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Fig.4.4. Impacts of Thermophoresis parameter (𝑁𝑡) on (𝜂).  . 

 

Fig.4.5. Impacts of Brownian motion parameter (𝑁𝑏) on 𝜙 (𝜂). 
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V. CONCLUSION 

In the current study, the stagnation-point flow of a Casson 

nanofluid towards a stretched sheet is numerically explored 

by using magnetohydrodynamic (MHD) theory. The 

impacts of the Le, Nt,  M, Nb 𝛽, Pr,and the velocity ratio 

parameter 𝛾  are  included in the model of nanofluid. 

Mathematical equations are converted to nonlinear ODE. 

Then, we using a common numerical technique known as 

the Keller-Box technique, mathematically solved 

transformed equations. After that, analyze the problem with 

tabular and graphic data. Concentration profile, 

Fig.4.6. Impacts of Thermophoresis parameter (𝑁𝑡) on 𝜙 (𝜂). 

 

Fig.4.7. Impacts of Lewis number (𝐿𝑒) on (𝜂). 
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temperature, velocity, Sherwood number, and are all 

employed for various flow parameters. 

The numerical results are established using Bidin and Nazar 

(2009) and Ishak (2011), previously published work and a 

respectable settlement is acknowledged. The following are 

the key findings of this research: 

•   when 𝑁𝑏, 𝑁, 𝑁𝑡, 𝑀  and 𝜔 are increased, 𝜃′(0) lowers, 

whereas 𝑃𝑟, 𝛾, 𝜆, 𝛽 , and 𝛿 are increased, 𝜃′(0) grows.  

•  - 𝜃′(0)   is decreasing while rising 𝜔 and M.  While, 

rising with higher values of          𝛽, 𝛿, 𝛾, 𝜆, 𝑃𝑟, 𝑁𝑡, 𝑁, 𝑁𝑏,  

and Le. 

•   𝐶𝑓𝑥(0) decreases as Nt, 𝜆, N and 𝛿 increases, when Nb, 

Le, 𝛽, 𝑀, 𝜔 and Pr increases values rise. 

•   - 𝜃′(0)  increases for increasing values of (N) while - 

𝜃′(0)   and 𝐶𝑓𝑥(0)   decreases. 

•    𝐶𝑓𝑥(0)  increases as the inclination factor ( 𝜔) 

increases, but - 𝜃′(0)  and - 𝜃′(0)   decreases. 
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Abstract— Reuse of greywater has become one of the proposed 

solutions worldwide to support water resources; that are subject to 

depletion in desert areas such as Saudi Arabia, where rainfall is scarce, 

suffering growing water demand for municipal and agricultural 

purposes, and the sustainability of groundwater resources on the other. 

In Saudi Arabia greywater represents nearly 55-74% of the water 

consumed in the buildings; so this study aimed to answer the following 

question: According to ministerial order No. 228 of 29 August 1426 

AH, which stipulates that greywater should be reused and that two 

wastewater recycling systems should be implemented in the development 

of specifications and plans for the construction of new installations in 

the sectors concerned; Are there any indicators which prove the 

implementation of this ministerial decision? What is the evidence for 

this application? The reuse of treated greywater depends on the natural, 

chemical, and physical characteristics of the amount of biological 

consumption of oxygen (BOD5), total suspended solids (TSS), and the 

chemical oxygen demand (COD). The study concluded that some of the 

general natural characteristics of water are similar in value to those of 

high-income and low-income countries. The results show a continuous 

increase in water consumed through the study period within the urban 

and agricultural sectors, of Saudi Arabia into global support for the 

conservation of natural resources. 

 

I. INTRODUCTION 

Daily demand for freshwater in the civil, industrial, 

agricultural, and other sectors increases yearly. This 

demand corresponds to many factors such as the annual 

growth of the world's population, on the one hand, and to 

the disparity in their living standards, on the other [1]. 

These are the key variables that explain the annual increase 

in the amount of clean water consumed worldwide. On-

demand for clean water: More than three billion people are 

expected to live by 2025 under the current 0.8 billion 

water stress threshold conditions [2]. They also pointed out 

that globally, the total volume of directly exploitable 

freshwater is only 1/100 of 3% of complete freshwater 

resources, which is well below the total human demand 

(Ibid). Of course, the percentage of greywater discharged 

from the residential sector varies at the regional level. The 

reason for this discrepancy depends on the primary use of 

water in the dwellings and the efficiency of the service of 

such water [3]. The reuse of treated water is mentioned in 

many kinds of literature and was advised by many global 

environmental agencies, including the United States 

Environmental Protection Agency EPA [4], to gain the 

ecological dimension of the sustainable development 

goals. Reusing greywater has recently become an essential 

strategic solution to secure water scarcity in Saudi Arabia's 
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agricultural and industrial sectors [5]. Alternative water 

management strategies have been set up in dry territories 

because of the absence of freshwater [6]. This consecutive 

demand for fresh was associated with some geographical 

locations such as Saudi Arabia, Scarcity of supply of such 

water for different geographical reasons, Extremism in 

prevailing climatic conditions and its impact on the 

scarcity and occasional scarcity of rainfall, as in the desert 

regions, or one of the reasons for this scarcity may be poor 

consumption or mismanagement of available water 

resources. No doubt: It was accompanied by increased 

water consumption in various areas, an Increase in the 

amount of water used, and discharge to the public 

sewerage network [7]. Greywater was defined as water 

used by the State to meet the continuing demand for it for 

various civilian purposes, for example, in the residential 

sector for multiple purposes including bathing, washing 

clothes, kitchen, etc. [8]. There is also a similar definition 

of greywater: “Greywater is defined as a domestic 

wastewater that is uncontaminated by direct contact with 

human excreta [9]. Greywater was defined as water used 

for washing machines, baths, kitchen laundry, and laundry 

[10],[11], and greywater is any household wastewater 

produced except for sewage or black water [12]. "Reuse of 

treated greywater has become a demand, especially in 

those countries with natural and economic challenges in 

accessing safe water." The proportion of greywater 

discharged from the residential sector is up to 75% [13]. In 

Jordan, it is between 50 and 80% of the sewage for the 

residential sector ([14]. Since there is a rise in water use, 

the amount of wastewater discharged into public sewage 

systems is expected to increase. Thus, at the outset, it must 

be considered that greywater is one of the main sections of 

wastewater [15]. Some believe that greywater discharged 

from the residential sector, such as bathing water, and 

without purification, can be used for certain uses, such as 

irrigating crops in comparison to black water [16]. Of 

course, As the demand for water increases in various 

sectors in any of them, so does the amount of greywater. 

The relationship between the amount of demand for clean 

water and the amount of used water discharged is an 

evolutionary one. What's bad is that the increase in the 

amount of greywater that will undoubtedly flow into the 

public sewage system if it's not treated before, so that it 

becomes reusable in the sectors that consume it. Globally, 

it's estimated that 50-80% of sewage comes from 

greywater (Aljayyosi, op.cit.) explained that a case study 

was presented on the reuse of greywater in Jordan to shed 

some light on its role in sustainable water management. To 

operationalize this concept, water is seen as an economic 

commodity and a limited resource that should be evaluated 

and managed rationally. Notwithstanding the importance 

of the reuse of greywater in alleviating the demand for 

freshwater sources and protecting them from depletion; 

this is not without the technical and economic challenges 

that societies in low-income countries will face. Statistical 

data shows that the percentage of wastewater from the 

residential sector treated safely varied globally between 

developing and developed countries; and between 

countries with higher and lower incomes in 2020 (figure 

1). Many countries were green color, which means a high 

percentage of safely treated wastewater flows from 

households. The darkest green color means > 90% as in 

the United States, France, Japan, Sewed, Finland, and 

other countries with high economies. Otherwise, the rest of 

the countries which appeared in a disparity of light green 

color, including Saudi Arabia, Algeria, Norway, Spain, 

Australia, New Zealand, Turkey, and other countries with 

the same rates of treatment are under 90% and up by 25%. 

The important notice matter wasn’t in the groups of 

countries with other colors; but in the rest of the countries 

that appeared in grey color as no data, and the more 

dangerous thing of the countries which not yet begun the 

reuse of greywater, and both of that two groups classified 

of low economy and poor countries. 

 

Fig.1: Estimated proportions wastewater safely treated 

(2020), Source: [17].  

 

Using treated greywater is expected to reduce the demand 

for freshwater use within residential, governmental, and 

service sectors. If specific treatment policies are 

implemented, the greywater will be recycled to meet the 

increasing demand. When deciding to treat greywater for 

reuse, it should be known that this water differs in terms of 

whether it is a high load or low load, as shown in (Figure 

2); Water discharged from hand-washing and fast bathing 

basins is classified as "light water," while water discharged 

from the kitchen basin and dishwasher is "heavy water." In 

Saudi Arabia the greywater removed from the washbasins 

in mosques is the purest compared to the previous 

greywater sources. It, therefore, requires only simple and 

economically inexpensive purification (General 

Administration of Sanitation, op.cit.) 
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Fig.2: Classification of greywater by payload. 

Source: this diagram was designed by the researcher. 

 

     Although the process of greywater reuse includes 

several natural, economic, and social benefits in the sense 

that it would achieve the globally recognized triad of 

sustainable development; the success of this operation 

depends on the type of pollutants that may be present in 

such water, according to sources (Allen, op.cit). BOD5 is 

the acronym for Biochemical Oxygen Demand and is 

widely used for cxin biological wastewater treatment. It is 

known as a standardized unit for measuring organic water 

pollution. Through BOD5, the mass of molecular oxygen 

consumed by micro-organisms in five days in one Liter of 

water at 20οC in the dark [18].  

     In a country such as Saudi Arabia, which is within the 

arid tropical desert climate region, the attendant scarcity 

and sudden rainfall on its territory, which, although 

covering a land area of approximately 2 million km2, is 

devoid of permanent inland water bodies, such as lakes, 

rivers, and waterfalls. Otherwise, temporary waterways, 

such as the stream of valleys, appear after the winter rains 

in all areas of the Kingdom of Saudi Arabia and after the 

summer rains fall exclusively on the mountain’s lands of 

the southwest of the Kingdom of Saudi Arabia. 

 

II. STUDY AREA 

     Saudi Arabia lies between 16° and 32° north of the 

equator (Figure 3). As a result of the astronomical nature 

of this site, extreme climatic characteristics prevail 

throughout the year. The study area has no permanent 

water bodies, such as lakes or rivers. Apart from this, there 

are hundreds of dry valleys in which water flows at 

varying intervals immediately after the rains fall. Meeting 

the increasing water demand depends on several traditional 

sources, namely deep and surface groundwater, and salt-

water desalination plants, located directly to the Red Sea 

and Arabian Gulf. The decision-makers valued the 

importance of preserving groundwater, therefore, issued 

ministerial order No. 228 of 29 August 1426AH. Under 

the terms of the Act on the Reuse of Greywater, two water-

recycling systems must be implemented in the formulation 

of specifications and plans for the construction of new 

installations in the sectors [19], as well as the 

promulgation of several programs and initiatives dealing 

with freshwater consumption regulations; however, with 

the successive annual increase in the population of the 

Kingdom of Saudi Arabia, which reached 32,175,224 

people in 2022 [20]. Hence, the increased demand for 

water for the agricultural sector, which meets the 

requirements of producing various plant and animal foods, 

increases the amount of greywater discharged from 

farming and other sectors.   

 

Fig.3: Map of the study area 

Source: the researcher. 

 

III. METHODOLOGY 

     Statistical data of freshwater consumption in the 

municipal, industrial, and agricultural sectors, other data 

on the source of that freshwater, as well as data on the 

amount of wastewater, and the amount of what was 

treated during the study period 2009-2020 in the 

Kingdom of Saudi Arabia; that issued in the statistical 

yearbook, and the annual reports of the Ministry of 

Environment, Water, and Agriculture. Information was 

also collected from the statistical yearbook of the General 

Authority for Statistics. Graphs were drawn that showed 

the nature of freshwater consumption within the urban 

and agricultural sectors and the change in the amount of 

treated water reused during the study period. 

 

IV. ANALYSIS AND DISCUSSION 

     Tracking freshwater demand in any population area 

proves to be subject to constant change. The quantity of 
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freshwater demand in the Kingdom of Saudi Arabia 

changed during the study period 2010-2020, as this 

demand increased from 17447 million m3 in 2010 to 

25992 million m3 in 2018. In 2019, the consumption 

decreased significantly to 15393 million m3, but it 

increased slightly to 15979 million m3 in 2020 Table (1). 

It noted that just as there was a variation in the amount of 

water demand during the study period, the data in the 

same Table also shows a disparity in the amount of water 

consumption within the three municipal, industrial, and 

agricultural sectors. Water consumption within the 

municipal sector, as well as the industrial sector, has been 

characterized by continuous increases. Data in Table (1) 

shows that the volume of water consumption within the 

municipal sector increased from 2.2 million m3 in 2010 to 

3.6 million m3 in 2020. This leading sector includes all 

sub-sectors, mainly residential, health, educational, and 

services. This increase reflects the impact of key 

variables within these sectors. The growth in population 

size and the consequent diverse water requirements play 

primarily within the residential sector, which includes 

drinking, cooking, bathing, washing clothes and kitchen 

utensils, as well as other uses such as garden irrigation 

and yard washing. The percentage of water demand in the 

urban sector reached 23% in 2020. Although water 

consumption in the industrial sector was characterized by 

a continuous increase during the years of study from 753 

million m3 to 1680 million m3, this amount represented 

only 10% of the total amount of water demand in the 

Kingdom of Saudi Arabia in 2020. Finally, the water 

demand reached the highest in the agricultural sector, 

becoming the dominant sector in the total water demand 

during the study period by 82.5% in 2010 and 66.7% in 

2020. The percentage of this dominance over the total 

amount of water consumption during the study period 

was 82.5% in 2010 and 81.5% in 2018 (Table 1). The 

decline in the amount of water demand in the agricultural 

sector (Figure 4) and (Figure 5) reflects the efforts of the 

Ministry of Environment, Water and Resources to adopt 

the water demand management approach and not meet it 

to keep pace with the global trend in this important matter 

[21]. By applying this policy, Saudi Arabia engages the 

global a crucial role in sustaining its rare water resource. 

Table 1: Amount of freshwater consumption 2010-2020 

(million m3/year) 

 2010 2012 2014 2016 2018 2020 

Municipal  2284 2527 2874 3130 3428 3629 

Industrial 573 843 930 1015 1400 1680 

Agricultur

al 

(non-

renewable 

water) 

1441

0 

1751

4 

1961

2 

1978

9 

1900

0 

1067

0 

Total 1726

7 

2088

4 

2341

6 

2393

4 

2382

8 

1597

9 

% For 

consumpti

on of the 

agricultur

al sector 

83.4 83.8 83.7 82.6 79.7 66.7 

Source: Ministry of Environment, Water and 

Agriculture (2020). Statistical Yearbook: 1441-1442 

AH. 

 

Fig.4 Sectoral distribution of freshwater consumed in 

Source: prepared by the researcher. 

 

 

Fig.5: Amount of freshwater consumption in all sectors 

from 2010 to 2020 (million m3/year). Source: prepared by 

the researcher. 

 

Conventional and non-conventional sources have played 

essential roles in meeting the growing annual demand for 

water in the municipal, agricultural, and industrial sectors. 

Data collected from the General Authority for Statistics 
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showed that the non-renewable groundwater sector is the 

primary source of the freshwater demand, as it plays an 

important role compared to other sources in terms of the 

amount of water it provides to meet the increasing 

domestic demand for fresh water from various sectors 

during the study period (Figure 6).  

0
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20000

25000

30000

2008 2010 2012 2014 2016 2018 2020

M
il

li
o

n
 M

3

Total of all resources

Non-renewable groundwater

Fig.6: The predominance of non-renewable groundwater 

over total. Source: The researcher. 

 

     Due to the scarcity of rainfall at times and the limited 

amount of rain at other times due to the nature of the 

prevailing climate, which is the direct source that feeds 

surface and deep groundwater, and due to the continuously 

increasing demand for freshwater, the attention of 

decision-makers has once again focused on the reuse of 

greywater. Every increase in clean water consumption will 

be offset by an increase in the amount of greywater 

discharged into sewage channels, so the greywater reuse 

initiative has been activated.  

Data in (Table 2) show that government decisions have 

played a crucial role in dealing with wastewater in a more 

beneficial way that ensures the sustainability of 

groundwater resources. What is noticeable about these data 

are two things: the growth of the quantities of that treated 

water, and finally, the % reused water quantity of the total 

processed fluid through the years from 2018 to 2020. 

There are many advantages of reusing greywater; one 

represented 55-74% of the water used in building. It is also 

easy to deal with the low pollution from organic matter, 

nitrogen, germs, and microbes during purification stages 

(Ministry of Environment Water and Agriculture, op. cit). 

The process of reusing treated water for living 

requirements depends on crucial things, the first of which 

is acceptance from members of society. Otherwise, the 

reuse of greywater is such a sensitive thing. The reuse of 

treated greywater depends on the natural, chemical, and 

biological characteristics of the amount of physical 

consumption of oxygen (BOD5), total suspended solids 

(TSS), and the chemical oxygen demand (COD). The 

study concluded that only some of the general natural 

characteristics of water in Saudi Arabia are similar in 

value to those of high-income and low-income countries 

(Table 3). The importance of greywater reuse in 

groundwater sustainability in the Kingdom of Saudi 

Arabia requires new analytical studies to fill in the gaps in 

some parameters of the characteristics mentioned in this 

table. 

Table 2: quantities of treated wastewater 

 Quantity of 

treated 

wastewater 

(M3 /year) 

Average 

amount of 

treated 

wastewate

r 

 (M3 /day) 

Averag

e 

amount 

of water 

reused  

(M3 

/day) 

% of 

reused 

water 

quantity 

of the 

total 

processe

d fluid 

201

8 

166505919

0 

4561806 862140 18.11 

201

9 

180187355

1 

4936640 852307 17.26 

202

0 

186857383

8 

5105431 929252 18.20 

     

     

Source: Preparation by the researcher based on the 

Ministry of Agriculture, Water and Environment, 

Statistical Yearbook from 2018 to 2020 

Table 3: Physicochemical characteristic of greywater s in 

low- and high-income countries 

Saudi 

Arabia b 

High-

income 

countries a 

Low-

income 

countries a 

Parameter 

- 7.17 6.7 pH 

- 41.35 35.2 Turbidity (NTU) 

- 48.0 285.8 TSS (mg/L) 

- 171.0 337.5 TDS (mg/L) 

- 80.6 206.0 BOD5 (mg/L) 

- 204.8 819.5 COD (mg/L) 

- - - TOC (mg/L) 

- - 7.0 Oil and grease 

(mg/L) 

-   3.9 49.3 Nitrate (mg/L) 

Source: Preparation by the researcher. 

a Peprah, Acheampong and deVries, 2018. 

b Ministry of Water and Electricity, General Department of 

Sanitation. Greywater Reuse Guide. Second edition, 

(1429h). 
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V. CONCLUSION 

    Reusing greywater is play an important role in 

sustaining water resources in the arid areas. The ability of 

using treated greywater depend on the Physicochemical 

characteristic BOD5, TOD, SST. Grow in freshwater 

consumption in dry areas will lead to an increase in 

continuous demand, and hence surface pressure and deep 

groundwater sources. Find other sources to support 

traditional water sources in these areas and adopt them as 

permanent sources to meet water demand, such as 

seawater desalination or reuse of greywater and 

wastewater after treatment. It is necessary to conduct 

applied analytical studies to reveal the values of the 

parameters of the natural characteristics of greywater in 

the study area to decide on its suitability for reuse, and to 

make the outputs of these research available for 

comparison with the results of international studies.  
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Abstract— This paper explores the electronics and optical gain 

characteristics of an InGaAs/GaAsSb single quantum well structure 

designed on a GaAs substrate at room temperature (300 K). The findings 

indicate that this structure can emit radiation at 1550 nm with a 

significantly higher gain of approximately 6300/cm, rendering it suitable 

for optical fiber communication and optics applications such as 

WDM/DWDM for long-haul fiber transmission. This work contributes to 

advancing the field of optoelectronics by providing a promising solution 

for efficient NIR wavelength emission with substantial optical gain. 

 

I. INTRODUCTION 

Optoelectronic devices utilizing compound semiconductors 

have revolutionized modern technology, enabling the 

development of high-performance systems for various 

applications, including telecommunications, data 

transmission, and sensing [1-3]. At the heart of these 

devices lies the intricate design of heterostructures, where 

different semiconductor materials with tailored properties 

are intricately combined to achieve specific functionalities 

[4]. The synergistic integration of various materials within 

heterostructures offers unparalleled opportunities to 

manipulate electronic and optical properties, paving the 

way for the creation of novel optoelectronic devices with 

enhanced performance characteristics. Compound 

semiconductors, such as InGaAs, GaAsSb, and related 

alloys, are particularly favored for optoelectronic 

applications due to their unique optical and electrical 

properties, including direct bandgaps, high electron 

mobilities, and compatibility with lattice-matched 

substrates [5-9]. These materials serve as the building 

blocks for the construction of heterostructures, where 

precise control over layer thickness, composition, and 

doping profiles is crucial to tailor the device's optical and 

electronic properties. The design of heterostructures for 

optoelectronic devices involves intricate considerations, 

including band alignment engineering, carrier confinement, 

and optical gain optimization [10]. By judiciously selecting 

materials and layer configurations, researchers can tailor the 

band structure to achieve desired electronic and optical 

characteristics, such as efficient carrier transport, enhanced 

light-matter interaction, and high optical gain. Advanced 

simulation tools, such as density functional theory (DFT), 

empirical pseudopotential method (EPM), and finite 

element methods (FEM), play a crucial role in predicting 

and optimizing the performance of heterostructures prior to 

fabrication [11]. In this context, this paper presents a 

comprehensive overview of the design and simulation of 

heterostructures for optoelectronic devices using compound 
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semiconductors. We delve into the fundamental principles 

governing the electronic band structure, carrier transport 

mechanisms, and optical gain characteristics of 

heterostructures, highlighting the latest advancements and 

challenges in this rapidly evolving field. Through a detailed 

examination of the design considerations and simulation 

methodologies, we aim to provide valuable insights into the 

development of next-generation optoelectronic devices with 

enhanced performance and functionality. 

 

II. DESIGN SPECIFICATIONS AND 

STRUCTURAL INFORMATION 

In this study, we focus on designing and modeling a 

nanoscale structure composed of layers of materials 

InGaAs/GaAsSb to analyze the computation of energy 

wave functions and optical gain. Understanding the lasing 

characteristics of the proposed heterostructure necessitates 

a thorough understanding of bulk materials, which serve as 

the foundation for studying nanoscale structures. Figures 1 

and 2 depict the band structure diagrams of the ternary 

materials InGaAs and GaAsSb, respectively, at room 

temperature (300 K). The valence band of these materials 

comprises three bands: the heavy-hole band (HHB), 

thelight-hole band (LHB), and the split-off sub-band (SOB), 

distinguished based on their effective mass. 

.

 

Fig.1. Band constructions of ternary compound InGaAs / 

GaAs 

 

The heavy hole sub-band exhibits a higher effective mass 

compared to the light hole sub-band, while the light hole 

bands demonstrate a steeper energy slope than the heavy 

hole bands. The split-off band, positioned considerably 

below the conduction band, holds minimal significance due 

to its negligible energy. A prevalent challenge in 

semiconductor lasers lies in the elevated effective mass of 

the valence band. This issue is particularly common in 

group III-V semiconductors, stemming from a notable 

imbalance in the effective masses of charge carriers 

between the valence and conduction bands. 

 

Fig. 2. Band constructions of ternary compound GaAsSb0 

/GaAs 

The focal structure under examination comprises a p-type 

InGaAs layer sandwiched between n-type layers of GaAsSb 

material. With its symmetric energy bandgap, the InGaAs 

material functions as a quantum well, while the GaAsSb 

material serves as the barrier layer for charge carriers. The 

quantum well layer (InGaAs) measures 2 nm in width, while 

the barrier layer (GaAsSb) spans 4 nm. The entire structure 

is analyzed on a GaAs substrate at room temperature (300 

K). Figure 3 illustrates the energy band diagram for the 

designed heterostructure. 

 

Fig. 3. Energy band diagram of the designed 

heterostructure 

 

In the process of designing heterostructures tailored for 

specific applications, the selection of materials and the 

thickness of layers are pivotal factors influencing the 

emitted wavelength or radiated energy at the nanoscale 

level. In this study, the width or thickness of layers (denoted 

as Z) is meticulously determined through multiple 

calculations to optimize carrier confinement and effective 
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recombination of charge carriers. This optimization strategy 

aims to enhance optical gain at the desired 1550 nm 

wavelength. 

 

Fig 4. The energy wave function of the designed 

heterostructure 

 

Analysis of energy wavefunction and band dispersion  

The primary objective of this study is to develop a nanoscale 

heterostructure capable of emitting radiation at a 

wavelength of 1550 nm with a high optical gain, crucial for 

enhancing output power. Calculating optical gain 

necessitates understanding carrier confinement and their 

distributions. To ascertain carrier localizations, electronic 

wavefunctions for conduction band electrons and valence 

band holes are computed. Figure 4 illustrates the calculated 

wavefunctions for electrons (e_total) and holes (h_total), 

along with the electron Fermi energy levels. 

In determining the confinement of charge carriers within the 

barrier and well regions, a 6 × 6 Luttinger-Kohn 

Hamiltonian with effective mass approximation has been 

employed. This Hamiltonian accounts for the six-band 

energy levels of split-off, light, and heavy hole bands, 

including spin up and down states. Figure 4 elucidates that 

electrons are predominantly confined within the quantum 

well material, while holes are confined within the barrier 

material. Consequently, there is an increase in electron 

density within the well region, resulting in heightened 

charge carrier recombination and greater optical gain. Table 

1 outlines key parameters of compound semiconductors 

utilized in this study, including constants γ1, γ2, and γ3, 

which are Luttinger parameters associated with the effective 

mass of valence subbands. 

Table 1. Compound semiconductor key material parameters at 0 K [12] 

Material Lattice Constant (A) Band Gap (eV) Effective 

mass(me/m0) 

γ1 γ2 γ3 

GaAs 5.653 1.51 0.067 6.98 2.06 2.93 

InAs 6.058 0.41 0.026 20 8.5 9.2 

AlAs 5.661 3.09 0.15 3.76 0.82 1.42 

AlSb 6.135 2.38 0.14 5.18 1.19 1.97 

GaSb 6.095 0.81 0.039 13.4 4.7 6 

 

Analysis of optical gain characteristics 

To evaluate the performance of the designed heterostructure 

in terms of amplification, the optical gain is calculated. 

Figure 5 illustrates the behavior of the computed optical 

gain with respect to emitted energy. At a temperature of 300 

K, the designed heterostructure demonstrates an optical 

gain of approximately 6000/cm at a radiation energy of 0.8 

Ev. This energy corresponds to a wavelength of 1550 nm 

when converted from energy to wavelength. Consequently, 

the analyzed results affirm that the proposed design yields 

a higher optical gain compared to recently designed 

heterostructures. 
 

Fig 5: Optical gain characteristics of designed 

heterostructure 
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III. RESULTS AND CONCLUSION 

this research presents a comprehensive investigation into 

the design and performance evaluation of a nanoscale 

heterostructure aimed at emitting radiation with a 

wavelength of 1550 nm and achieving high optical gain. 

Through meticulous calculations and analysis, the study 

demonstrates that the designed heterostructure, consisting 

of ternary compound materials, exhibits promising 

characteristics for optoelectronic applications. By 

employing a 6 × 6 Luttinger-Kohn Hamiltonian and 

considering carrier confinement, the study reveals favorable 

carrier distributions, particularly with electrons confined in 

the quantum well material and holes within the barrier 

material. This confinement leads to increased carrier 

recombination and enhanced optical gain, as validated by 

the calculated energy dispersion profile and optical gain 

behavior. 
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Abstract— Congo red (CR) was broken down by a heterogeneous Fenton 

oxidation process using a catalyst that concurrently contained cerium 

dioxide and ferromagnetic oxide on a silicon dioxide substrate 

(Fe3O4.CeO2/SiO2). CeO2 was prepared from Ce(NO3)3.6H2O with a 

carrier SiO2 generated from rice husks; Fe3O4 catalyst was prepared 

from FeCl3.6H2O and FeCl2.4H2O. X-ray diffraction (XRD), scanning 

electron microscopy (SEM-EDX), specific surface area (BET), and 

Fourier transform infrared (FTIR) spectroscopy were used to investigate 

the catalyst's characteristics. The oxidation of Congo red was used to 

measure the catalytic activity. Other factors examined included the 

amount of catalyst, the pH, the H2O2 ratio, and the decomposition 

duration. 

 

I. INTRODUCTION 

The textile dyeing industry is one of many traditional 

industries and has a long development history. According to 

statistics, the entire textile industry releases an average of 

about 70 million m3 of wastewater into the environment per 

year [1]. Typical pollutants are vital dyes, organic 

substances, or inorganic salts [2]. The Fenton system is 

considered the most effective in treating dyes, aromatic 

amines, etc. In particular, the heterogeneous Fenton reaction 

uses iron catalysts or combined iron catalysts on different 

support substrates. At the same time, other multivalent 

metals have been researched and developed strongly in 

recent years. 

Cerium is a typical rare earth metal with a redox cycle 

between 3+ and 4+ oxidation states, providing high oxygen 

storage capacity [3]. Accordingly, Juan Liu et al. [3] 

reported that Fe3O4-CeO2/activated carbon (AC) can 

remove ofloxacin and total organic carbon (TOC) with 

efficiencies of 95% and 54%, respectively. Aniruddha and 

colleagues [4] synthesized Fe3O4-CeO2 that can help 

decompose 89.2% of catechol in the catalytic system. SiO2 

material has long been known for many applications, such 

as catalytic materials, dielectric materials, gas adsorbents, 

heavy metal ion adsorbents, and inorganic carriers [5]. SiO2 

in amorphous form has inert properties, high durability, and 

a large specific surface area > 100 m2/g [6]. With these 

properties, SiO2 helps increase the durability of catalytic 

materials and the efficiency of organic matter treatment, 

especially colored organic substances. 

In this study, a catalyst containing combined Fe3O4 and 

CeO2 carried on SiO2 was synthesized and used for the 

Fenton process to decompose Congo Red dye. Influential 

factors for Congo red oxidation were studied, such as 

catalyst amount, H2O2 amount, pH, and time. 

 

II. EXPERIMENTS 

2.1. Chemical 

FeCl3.6H2O ≥98.5%, FeCl2.4H2O ≥98.5%, 

Ce(NO3)3.6H2O ≥98%, HCl 36%, H2O2 30%, HNO3 68%, 
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NH3 25%, Congo red (3,3′-([1,1′-biphenyl]-4,4′-diyl)bis(4-

aminonaphthalene-1-sulfonic acid)) received from Macklin 

(China). 

2.2. Preparation of SiO2 from rice husk 

SiO2 is prepared from rice husk using the sol-gel method 

according to the following process [7]: 

The rice husk is collected, washed with water, and 

allowed to dry naturally. Rice husks continue to be 

pretreated with a precisely measured 1 M HCl solution for 

a scientifically determined 2 hours at a controlled 

temperature of 105 oC. They are then washed with HCl acid 

and dried at 105 oC for 4 hours. The calcination process is 

carried out in an air environment at a scientifically 

determined temperature of 600 oC to altogether remove 

organic compounds. The ivory-white solid obtained after 

calcination is called rice husk ash, a scientifically proven 

precursor for SiO2 preparation. 

Weigh 10 g of rice husk ash into a 250 ml flask. Add 

200 ml of 1 M NaOH solution and heat the mixture to 110 
oC for 2 hours. At the end of the reaction, the mixture was 

allowed to cool to room temperature, the residue was 

removed, and the remaining liquid was collected. Add 200 

ml of distilled water to the rice husk ash extract and stir well 

under stable temperature conditions of 30 oC. Adjust the 

solution pH to pH = 6 with 1M HCl to form a gel. The gel 

was aged 24 hours and washed with water until all Cl- ions 

were gone. The gel was dried at 60 oC for 24 hours and 

calcined at 600 oC for 5 hours in an ambient atmosphere. 

The resulting SiO2 is white and porous at the end of the 

process. 

2.3. Preparation of Fe3O4.CeO2/SiO2 catalyst 

Fe3O4.CeO2/SiO2 catalyst is prepared by co-

precipitation method as follows: 

Dissolve 0.6487g of FeCl3.6H2O in 20 mL of distilled 

water with 2 mL of 36% HCl solution (solution A). Do the 

same with 0.2386g FeCl2.4H2O (solution B). Continue to 

dissolve 0.6210g of Ce(NO3)3.6H2O and 1 mL of 68% 

HNO3 solution in 20 mL of distilled water (solution C). 

4g of SiO2 derived from rice husks was evenly dispersed 

in 150 mL of distilled water. The prepared solutions A, B, 

and C were added to the SiO2 suspension under circular 

stirring for 30 minutes. Next, 2 M NH3 solution was added 

to the suspension until the pH reached ~ 7. The mixture 

continued to be stirred for 60 minutes and filtered to collect 

the residue. The solid was washed with distilled water 

several times (3 to 5 times) and dried at 105 oC for 24 hours. 

Finally, the solid was calcined at 400 oC for 5 hours and 

reddish brown Fe3O4.CeO2/SiO2 was obtained. 

2.4. Characterization of materials 

The phase structure of the sample was examined by X-

ray diffraction (XRD PANalytical X′ Pert Powder, 

Netherlands) using Cu Kα radiation. The scanning electron 

microscope characterized the microstructure and 

morphology (SEM HITACHI S-4800). The chemical states 

and compositions of the sample were performed by energy 

dispersive X-ray spectroscopy with mapping (EDX, 

HITACHI S-4800). The Brunauer–Emmett–Teller (BET) 

specific surface area and porosity of the samples were 

determined by nitrogen adsorption-desorption 

(NOVATouch LX2, QUANTACHROME, USA) at 77 K. 

Thermal gravimetric analysis (TGA/DTG NETZSCH STA 

409 PC/PG, Germani) investigated the sample's 

thermodynamic property. 

2.5. Congo Red catalytic oxidation 

The Fenton oxidation of CR in solution by the 

Fe3O4.CeO2/SiO2 catalyst is meticulously conducted at 

room temperature. The substances are carefully placed into 

a 250 mL glass beaker containing 100mL of CR solution 

with a concentration of 100mg/L. The reaction time is 

precisely measured from the moment of H2O2 addition. We 

thoroughly investigate influential factors, including: 

Catalyst amount 0.05-0.25 g/100mL; pH 2-10; the volume 

of H2O2 (30%) 0.5-2.5/100 (V/V); Processing time is 

performed to determine the appropriate conditions for CR 

decomposition, samples are taken at 5-180 minute intervals 

then the optical density of the solution is measured on a 

G10S UV-Vis Spectrophotometer. 

Efficiency (H %) of CR decomposition according to the 

formula: 

H(%) =
C0 − 𝐶𝑡
C0

× 100% 

C0 and Ct are the initial and remaining CR 

concentrations after time t (mg/L), respectively. 

 

III. RESULT AND DISCUSSION  

3.1. Characteristics of Cu-BTC 

The results of the XRD spectrum of SiO2 and the catalyst 

sample are presented in Fig. 1a. The results show that the 

XRD pattern of SiO2 has only one diffraction peak with a 

reasonably broad base at about 23-26 o and no cristobalite 

or tridymite crystalline phase peak. Thus, SiO2 has the 

structure of amorphous silica material. In addition, on the 

XRD chart of the catalyst, peaks appear at positions 

corresponding to the scanning angle 2θ including 30.2, 35.6, 

57.1, and 62.8o, characterizing the existence of Fe3O4, 

similar to the study of Guaqiang Gan and colleagues [8]. 

Peaks at 28.6, 33.1, 47.5, and 56.4o, which are characteristic 

of CeO2, were also obtained on the diffraction pattern and 

are consistent with the research of Keyan Li and colleagues 
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[9]. The existence of Fe3O4 and CeO2 on SiO2 has been 

confirmed through these results. 

The FTIR spectrum (Fig. 1b) shows a peak at 544 cm-1 

assigned to the stretching vibration of Fe-O in Fe3O4. The 

appearance of a leading band in the region below 500 cm-1 

is indicated for the stretching vibrations of Ce-O, similar to 

the study of D. Channei and colleagues [10]. The presence 

of SiO2 is observed through two characteristic bands of the 

Si-O-Si bond (1086 and 795 cm-1) and of Si-OH (984 cm-1) 

[11]. 

 

Fig .1: XRD patterns (a) and FTIR spectrum (b) of SiO2 

and prepared Fe3O4.CeO2/SiO2 

 

From Fig. 2a,b, Fe3O4.CeO/SiO2 catalyst is spherical 

particles clustered together, with a uniform particle size 

<250 nm and an average size of 150 nm. The EDX diagram 

with the elemental composition of the Fe3O4.CeO2/SiO2 

catalyst is shown in Figure 2c. The catalyst was mainly 

silicon, ferromagnetic, and cesium oxides mixture. The Fe 

content is about 7.48% by mass (corresponding to 2.84% of 

the element). Meanwhile, the Ce content is about 5.71% by 

mass (corresponding to 0.86% element). The remaining 

SiO2 accounts for 32.88% of the mass (corresponding to 

24.33% of the component). Analysis results also show that 

the material is free of other impurities. 

 

 

Fig .2: SEM images (a, b) and EDX spectra (c) of SiO2 

and prepared Fe3O4.CeO2/SiO2. 

 

Surface characteristics of the SiO2 substrate (Figure 3a) 

show that it is a porous material with a specific surface area 

of 368.615 m2/g and a large pore volume from 0.291 – 0.334 

cm3/g. Therefore, adding metal oxides Fe3O4 and CeO2 to 

SiO2 does not change the material’s pore structure and 

capillary size (Figure 3b). The pore volume value of the 

catalyst ranges from 0.276 – 0.317 cm3/g. However, the 

specific surface area of the catalyst decreased compared to 

the SiO2 support from 368.615 m2/g of SiO2 to 299.68 m2/g 

of the catalyst. The reason may be that Fe3O4 and CeO2 

particles, when placed on the SiO2 substrate, will displace 

some of the SiO2 pores, leading to a decrease in the specific 

surface area of the catalyst. The isothermal adsorption-

desorption diagram of SiO2 and catalyst (Figure 2a) shows 

that a hysteresis loop appears at the relative pressure range 

p/p0 from 0.4 to 1.0 and is characteristic of medium 

capillary material. The pore sizes of SiO2 and the catalyst 

are 3,505-4,208 nm and 4,216 – 4,642 nm, respectively. 
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Fig .2: BET diagram of SiO2 (a) and prepared 

Fe3O4.CeO2/SiO2 (b). 

 

3.2. Congo Red catalytic oxidation 

 

Fig .2: The effect of time on Congo red removal efficiency 

with Fe3O4.CeO2/SiO2. 

 

Figure 3 presents the effect of time on Congo red 

removal efficiency of Fe3O4.CeO2/SiO2. The process 

efficiency increased rapidly from about 73.19% after 5 

minutes to about 90.22% after 120 minutes of reaction. At 

this time, the Congo red catalytic oxidation process 

occurred almost wholly. Thus, under the conditions and 

scope of the survey, the appropriate reaction time was 120 

minutes. 

 

Fig .3: The effect of catalyst’s weight on Congo red 

removal efficiency with Fe3O4.CeO2/SiO2. 

 

The results of the influence of the amount of 

Fe3O4.CeO2/SiO2 catalysts are shown in Figure 3. The 

results show that increasing the amount of catalyst increases 

Congo red treatment efficiency, as demonstrated by the 

practical value. The H% yield increased and reached the 

highest catalytic ratio at 0.15 g/100 mL, reaching 90.22 %. 

However, when adding a catalyst, the processing efficiency 

does not increase. A slight decrease to 90.04 % corresponds 

to a catalyst amount of 0.2 g/100 mL. The cause may be due 

to the reaction of *HO and Fe2+ produced during the 

reaction [12]. From there, the most appropriate catalyst 

content ratio is 0.15 g/100 mL. 

Fe3++ H2O2 ⇌ Fe2+ + H+ + *HO2 

Fe2++ H2O2 ⇌ Fe3+ + *HO + OH- 

Fe2++ *OH ⇌ Fe3+ + OH- 

 

Fig .4: The effect of H2O2’s volume on Congo red removal 

efficiency with Fe3O4.CeO2/SiO2. 

The results of studying the influence of H2O2 amount on 

Congo red oxidation efficiency are shown in Figure 4. The 
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results show that when the proportion of H2O2 (30%) 

increases, the decomposition efficiency increases. 

Specifically, when the H2O2 ratio is 0.5 mL/100 mL at 120 

min, and the amount of catalyst added is 0.15g, the Congo 

red treatment efficiency reaches about 94.90%. Then, it 

increased and reached the highest efficiency of 96.79% at 

the ratio of 1 mL/100 mL. The reason is that an increase in 

H2O2 concentration leads to an increase in *OH free radicals 

and increases the efficiency of the Congo red decomposition 

process [13]. However, when the amount of H2O2 is in 

excess, it will create *OOH radical according to the 

reaction: 

H2O2 + *OH → H2O + HOO* 

The oxidation property of *OOH radical is weaker than 

that of *OH radical, leading to a slight decrease in Congo 

red oxidation efficiency. Thus, the appropriate H2O2 ratio is 

1 mL/100 mL. 

 

Fig .6: The effect of pH on Congo red removal efficiency 

with Fe3O4.CeO2/SiO2. 

 

The results of studying the influence of pH on the Congo 

red decomposition process are presented in Figure 6. The 

results show that at pH range 2-3, the Congo red 

decomposition efficiency has a stable value of 95 ~ 97% and 

reaches the highest efficiency at pH = 3. However, at pH>3, 

Congo red decomposition efficiency drops sharply. In an 

acidic environment, the catalytic reaction with H2O2 creates 

high oxidation properties, and hydroxyl radicals have the 

effect of quickly decomposing organic pollutants [4]. 

Therefore, the pH value chosen is 3. 

 

IV. CONCLUSION 

The materials Fe3O4.CeO2/SiO2 was synthesized by the 

co-precipitation method from FeCl3.6H2O, FeCl2.4H2O, 

Ce(NO3)3.6H2O with atomic ratio 5%Fe: 4%Ce on support 

of SiO2 (from rice husk ash). The specific surface area of 

the material reaches 299.68 m2/g, with an average pore size. 

The material was used as a catalyst for the Fenton process 

to degrade Congo red with appropriate conditions: catalyst 

amount 0.15g/100ml Congo red solution; pH = 3; volume 

ratio H2O2 30%/100ml Congo red solution = 1mL; 

Decomposition time was 120 minutes with efficiency 

reaching 96.79%. 
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