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Abstract— Consumer shopping behavior has undergone a profound and permanent transformation due to 

the evolution of the Internet, social networking, and the introduction of mobile devices. The current booming 

segments that are being lured by the companies are the Millennials and Generation Z because of which the 

global market is flourishing. They are considered as the most loyal consumers because of their good reach 

and connectivity. This study focuses on the buying behaviour of these millennials. 

Keywords— consumer behaviour, Generation X & Y, millennials, technology. 

 

I. INTRODUCTION 

The study discusses the impact of generational differences 

on consumer behavior, emphasizing the evolving landscape 

shaped by various factors such as technological 

advancements, societal changes, and economic shifts. The 

focus is particularly on Millennials, born between 1980 and 

2000, who are identified as a unique and influential 

consumer group. 

Generational cohorts, as proposed by Howe and Strauss, are 

seen as aggregates of individuals with shared experiences 

and beliefs due to the historical events occurring during 

their formative years. The study emphasizes the importance 

of understanding these generational dynamics in the realm 

of consumer behavior, as they influence preferences, 

attitudes, and purchasing patterns. 

The rise of Millennials is highlighted, being the largest and 

best-educated generation globally. The text points out their 

unique characteristics and the potential they present for 

businesses. However, it also notes the challenges faced by 

Millennials in developed countries, such as unemployment, 

housing issues, and student debt burdens. 

The impact of technology on Millennials is a central theme, 

emphasizing their digital engagement, particularly with 

mobile devices. Millennials' dependence on smartphones 

for various activities, including shopping, socializing, and 

media consumption, is explored. Their interactions with 

brands on social media are characterized by a quest for 

deals, coupons, and specialized information rather than 

brand loyalty. 

Moreover, the text underscores the importance of analyzing 

Millennials' digital behavior for brands to succeed in 

influencing this demographic. It highlights Millennials' 

preference for customization, and personalization, and their 

inclination to be influenced by celebrities, vloggers, and 

peers. Traditional advertising methods are considered less 

effective due to changing lifestyle patterns. 

Additionally, the discussion touches on the global 

distribution of Millennials, with significant populations in 

countries like India and China. The text suggests that while 

Millennials in developing countries may have high 

potential, their limited purchasing power affects their 

economic impact. 

In conclusion, the summary captures the essence of the text, 

emphasizing the influence of generational cohorts, 

particularly Millennials, on consumer behavior. The impact 

of technology, the challenges faced by Millennials, and their 

unique preferences in the market are key themes explored 

in the context of global consumer dynamics. 

 

II. LITERATURE REVIEW 

Each generation is endowed with unique characteristics 

shaped by Earth's events, influencing and, in turn, impacting 

the world. The global landscape is on the brink of being 

governed by a new generation, demanding our preparation. 

News has become as accessible as a mobile phone, 
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necessitating a re-evaluation of ancient norms and 

approaches to align with contemporary needs. 

From a pessimistic viewpoint, this emerging generation is 

often criticized as lazy, irresponsible, impatient, apathetic, 

vain, disrespectful, and wasteful in the millennium context. 

However, an optimistic perspective portrays them as open-

minded, social, innovative, energetic, ambitious, confident, 

motivated, and intelligent. A common thread among them is 

their affinity for consumerism. 

Consumer behaviour is the primary field and source for 

Customer Relationship Management (CRM) programs. 

Understanding the adjustments in consumption patterns 

through generational strategies is crucial. Generational 

lifestyles and cultural attitudes influence purchasing 

decisions, with demographic variables such as income, 

education, and gender playing a significant role. 

Different generations face varying personal, financial, 

technological, cultural, and life-related factors. Consumer 

motivation and buying commitment are often age-

dependent, necessitating a nuanced understanding of 

generational cohorts. These cohorts, individuals born 

during a specific era with mutually consistent lives, play a 

pivotal role in market segmentation. Cohort marketing has 

become an essential tool in understanding economies, as 

individuals within cohorts share similar beliefs and unique 

experiences influencing their preferences and purchasing 

behaviour. 

While the purchasing power of baby boomers has 

historically driven the economy, this group is aging, and a 

broader sector now receives a substantial portion of 

consumer spending. The Millennial community, or 

Generation Y, has emerged as a significant force in the 

market, surpassing Generation X and even outpacing baby 

boomers threefold. Studying the factors influencing 

Millennials, such as their future spending strength, trend-

setting abilities, adoption of new products, and 

customization preferences, has become a crucial aspect of 

consumer studies. 

Macro-level cultural, political, and economic developments 

during a cohort's pre-adult years contribute to the formation 

of a generational identity, characterized by distinct values, 

opinions, aspirations, and behaviours. These ideals persist 

throughout a family's life, providing a constant framework 

for understanding generational dynamics. 

(Howe and Strauss) introduced the generational 

hypothesis in their book "Generations: The Story of 

America's Future, 1584-2069." They propose that a social 

generation comprises individuals born within a roughly 20-

year span, sharing common cultural, social, political, and 

historical experiences throughout childhood, growth, and 

adulthood, leading to shared beliefs and actions. The term 

"economic generation," defined by (Strauss and Howe), 

represents an average duration of about 20 years, covering 

stages from infancy to old age. Specific generations, from 

their initial to final years, are identified based on certain 

criteria within this timeframe. 

Members of a generation, positioned at a specific age in 

history, undergo similar life cycles, participating in crucial 

historical developments and social trends. The enduring 

influence of leaders within a group during their formative 

years contributes to shared beliefs and behaviors, fostering 

a collective sense of membership within that generation. 

Strauss and Howe's theory asserts that historical ages are 

shaped by various generations living in different periods.  

Their research, outlined in "Generations," is recognized as 

pioneering work that comprehensively understands the 

history of generational trends, strengthens the influence of 

advertising across generations, revolutionizes modern 

thought shaped by generational differences, and aids in 

comprehending non-demographically established decades. 

The generation succeeding the Baby Boomers is termed the 

13th generation, roughly equivalent to Generation X, with 

those born after 1982 being recognized as part of the 

Millennial Generation (Generation Y). 

In a subsequent work, (Howe and Strauss) delve into the 

historical phases influencing Generation X and Generation 

Y, providing insights into America's initial encounters with 

destiny. (Erickson) contrasts the generations of India with 

the United States, elucidating how distinct social, political, 

and economic circumstances have shaped different 

generations in India during various periods. 

(Bachler) contributed to a journal with an essay focusing 

on targeting Generation X and Generation Y in America. 

Throughout the essay, Bachler discussed various 

characteristics of both generations, including their 

preferences, dislikes, and favourite places. The article 

aimed to provide insights for advertisers to tailor their 

strategies. It compared different marketing tools such as the 

internet, radio, publications, and direct mail for effectively 

reaching these target groups. 

(Richard Sayers) addressed the growing challenge for 

businesses and public sector organizations to attract and 

retain talented workers, especially among the younger and 

highly qualified workforce. Workplace readiness's 

importance and generational changes' impact on 

organizations were explored. The survey covered countries 

in East Asia, South-East Asia, and the United Kingdom, 

including China, India, Indonesia, Pakistan, Philippines, 

Singapore, Thailand, and Australia. The paper argued that 

understanding generational changes and contributing to 

professional development is vital for attracting and 

retaining talent in future academic libraries. 
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(La Toya M Robbins) conducted research on leadership 

growth in the Platteville area for both generations in 

comparison to baby boomers. The article delves into how 

traditional and modern methodologies and ideas can be 

integrated to cultivate effective leaders. 

 (Tolbiz) analyzed generational differences among 

American employees in the workplace. The research 

examined various factors, including attitudes toward the 

job, employer loyalty, respect for authority, learning and 

training preferences, and the inclination for a favourable 

work/life balance. The study identified several similarities 

and distinctions among the surveyed generations, including 

traditional, baby boomers, Generation X, and Generation Y. 

(Susana Fernandez) compared the work-related attitudes 

of Silicon Valley workers from Generation X and 

Generation Y. The research investigated potential 

differences between generations and genders concerning 

three job-related convictions: employment, teamwork, and 

career development. The findings indicated that Generation 

Y exhibits a greater interest in work compared to Generation 

X, and men tend to be more engaged and satisfied in their 

job conversations than women. 

(Gayle Elizabeth Ruddick) examined the workforce 

dynamics of traditionalists, baby boomers, Generation X, 

and Generation Y. The research highlighted diverse 

interactions, workplace values, and requirements across the 

four generations. The study revealed that Generation Y 

seeks guidance and consultation, valuing independence 

while also desiring recognition and direction. Key findings 

addressed ideal and unacceptable work qualities, effective 

and ineffective interaction, and perceptions of leadership 

communication. 

(Marketingcharts.com) explored how Generation X and 

Generation Y contribute to economic recovery. The study 

identified top spending categories for the younger 

generation, including clothes, travel/holidays, footwear, and 

theatre-based films. (Sylvia J. Jaros) examined 

intergenerational tensions among female employees, 

focusing on the forms and differences of interaction among 

different generations of women. 

(Mahalakshmi and Dr. K. Jawahar Rani) investigated the 

factors influencing the adoption and use of smartphones in 

Chennai for Generations X and Y. The study concluded that 

economic, demographic, cultural, and technological factors 

shape the actions of Generation X and Y in adopting and 

using mobile phones. The research also highlighted how 

both generations perceive mobile phones as status symbols 

that reflect their social standing and power. 

The research paper by (Kaylene C. Williams and Robert 

A.) emphasized the differences in buying behaviour, 

perceptions, perspectives, family backgrounds, attitudes, 

beliefs, and demographics across generations. The study 

covered six generations, including pre-depression, 

depression, baby boomers, Generation X, Generation Y, and 

Generation Z. The paper underscored the importance of 

understanding each generation's characteristics and 

behaviors for effective marketing strategies, particularly in 

terms of segmentation, products, services, and 

communication. 

(Ventura Institute) issued a report indicating that various 

companies are tailoring their strategies to target customers 

across different generations, including Baby Boomers, 

Generation X, Generation Y, and the emerging Generation 

Z in the United Kingdom. The study also explores how 

Generations X and Y can contribute as an active workforce. 

(Lai Man, Stella), compared Chinese Generation X and Y 

females, focusing on their preferences for luxury brands and 

values associated with luxury. The research examined 

customer preferences, service habits, and actual brand 

purchases. Generation Y exhibited differences from its 

predecessor, Generation X, particularly in attitudes and 

values related to luxury brands. This resulted in millennials 

being more eligible and willing to purchase luxury products. 

(Stacy Phillips) analyzed the interaction patterns, 

affirmation, and de-confirmation behaviors of female 

workers from Generation X and Generation Y, studying 

their impact on communication dynamics. The research 

concluded that there are differences in the interaction 

behaviour of women employees between Generation X and 

Generation Y. 

The study conducted by the (Talent Management Team) 

in New York investigated Traditionalists, Baby Boomers, 

Generation X, Generation Y, and Generation Z, working 

together. The conclusion emphasized that businesses 

prepared to bridge the gap between traditionalists and 

Generations X and Y would thrive, attracting, retaining, and 

engaging employees from these generations with the 

upcoming demographic shift. 

(Karen Ritchie) discussed Generation X marketing in a 

paper, highlighting how the buying behaviour of Generation 

X consumers is influenced by factors such as separation, 

diversity, and rising incomes. The purchase decisions of 

Generation X are impacted by family and friends, and the 

generation tends to avoid advertising and insincere 

marketing. The paper also notes the technological 

advancements of this generation, emphasizing the 

importance of the Internet. The author further addresses the 

influential role of Generation X in shaping the choices of 

friends and family. 

(Jonathan Penny) delved into various payment services 

and options for Generation Y in his article, highlighting the 

increasing use of online payments and the role of the 
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internet in shaping Generation Y's lifestyle. (Enrique J. 

Fernandez) documented the customer preferences and 

activities of Generation Y teens in his dissertation, 

analyzing their decision-making processes in purchasing 

goods, and considering influences from family, peers, 

celebrities, and information sources. 

(Greg Maloney) explored the habits and shopping patterns 

of Generation Y consumers in his report, initially outlining 

the demographic, characteristics, and psychographic traits 

of Generation Y. The writer then delved into Generation Y's 

buying habits, noting their political and eco-friendly 

inclinations, preferences for disposable products, aversion 

to correctable items, and attraction to luxury shops and 

labels. Maloney discussed the implications of these traits for 

retailers and mall owners, emphasizing the need for 

adaptable, cross-cutting strategies sensitive to ongoing 

changes in retail. 

(Roy Farris, Frank Chong, and Darlene Danning) 

analyzed Generation Y's buying habits, emphasizing the 

significant impact of the Internet and technology on this 

generation in America. The authors foresee Generation Y 

having a substantial economic influence. 

(Alan J. Bush, Craig A. Martin, and Victoria D. Bush) 

explored the impact of sports stars and athletic icons on 

behavioural expectations in Generation Y. The study 

concluded that athlete role models play a significant role in 

spreading positive sentiments about a product or brand and 

fostering brand loyalty among Generation Y consumers. 

(Bernard Salt) produced a consultant report for KPMG 

addressing the needs and expectations of Generation Y 

customers and employees. (Megan E. Lodes) conducted a 

preliminary study on brand loyalty, customer satisfaction, 

and the influences on buying patterns of Generation Y 

(millennial) consumers in New York. The study concluded 

that there were no brand loyalties, no gender differences in 

brand loyalty, and that economic recessions did not 

significantly impact buying behaviour. 

(Riza Casidy) conducted a study investigating the 

correlation between the characteristic traits of Generation Y 

users, their tolerance for style, and their sensitivity to the 

prestige of fashion brands. The research revealed numerous 

personality traits significantly linked to the perception of 

style and prestige. It was concluded that style consciousness 

plays a mediating role in the relationship between 

personality traits and sensitivity to reputation. The study 

also found that personality characteristics play a crucial role 

in influencing individuals' attitudes towards prestigious 

fashion brands. 

(Nicolas Maria) authored a Luxe Avenue article analyzing 

luxury brands among Generation Y consumers in America. 

The conclusion highlighted the features of Generation Y 

consumers, emphasizing social pressures, analysis, and a 

lack of engagement that drive them to purchase high-

quality, well-known designer products at lower prices. (Dr. 

Parul Saxena and Mr. Rajiv Jain) published a paper on 

the strengths, principles, and professional expectations of 

Indian Generation Y. The researchers concluded that Y 

professionals prioritize brand identity and skills, seeking 

empathic bosses, good job performance, ethical business 

practices, and a competitive salary. Generation Y values 

work and social success, with a strong work ethic and quick 

adaptability being considered valuable attributes. 

(Monika Rahulan et al.) applied the concept of 

generational cohorts to compare the purchasing behaviour 

of Generation Y cohorts with that of baby boomers, 

focusing on sports compression. The study aimed to 

understand consumer behaviour regarding factors such as 

comfort, performance, technological features, and brand 

marketing methods. The conclusion highlighted that Baby 

Boomers paid more attention to value factors and fashion 

comfort, while Generation Y discussions centered more on 

the aesthetic appeal of clothing and technical information 

on packaging and labels. 

(Anders Parment) examined the purchasing behaviour and 

buying preferences for food, clothing, and vehicles among 

Swedish Generation Y. It was hypothesized that the beliefs, 

behaviors, and desires of Generation Y significantly affect 

their buying patterns. The study found that Generation Y 

customers are highly demanding, seeking personal attention 

and purchasing products that align with their lifestyle. 

(Dawn B. Valentine and Thomas L. Powers) discussed the 

online consumer search and purchase habits of Generation 

Y, including product types searched and bought on the 

internet, product type information, reasons for not buying 

online, and reasons for returning goods purchased online. 

(Shelja Jose Kuruvilla and Nishank Joshi) researched 

demographics, psychographics, shopping mall purchases, 

and store sponsorship routes in India. The study, involving 

eight cities in India, revealed that heavy shoppers 

significantly differed from others across various 

geographic, social, behavioural, shopping, and orientation 

variables in central India. 

(Robin Pentecost and Lynda Andrews) explored the 

implications of fashion transactions in generational groups, 

ages, and fashion enthusiasts. The results indicated that 

gender and clothing enthusiasm significantly influenced 

weekly and monthly spending, with women exhibiting 

higher frequency, varied annual expenses, and a preference 

for style-related purchases. Generation Y reported higher 

frequency, a penchant for fashion, distinct behaviors, and 

energetic transactions. 
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III. CONCLUSION 

The exploration of Millennials is of significant interest to 

business researchers and marketing sectors, particularly for 

products aiming to remain competitive in the market. This 

is primarily due to their widespread global population 

coverage and their ability to reshape purchasing patterns, 

challenging traditional vendors with their distinct 

consumption habits. A substantial portion of their purchases 

occurs online, prompting sellers to seek effective means of 

engaging with them, monitoring their behaviors, and 

offering products and services that align with their evolving 

preferences, irrespective of scale. Positive and meaningful 

experiences in navigating online platforms significantly 

influence attitudes toward the internet, subsequently 

impacting the inclination to make purchases. Therefore, 

ensuring consumers have satisfactory experiences is crucial, 

as favourable interactions contribute to a positive 

predisposition toward purchasing a product. 

Millennials represent the world's second-largest population, 

presenting both challenges and opportunities. While 

currently in their college or bachelor's student phase, they 

are poised to dominate the workforce in the coming years. 

Despite some scepticism and unease among current 

executives, Millennials are already exerting influence on 

industries, not just through their purchasing power but also 

by shaping the buying decisions of their relatives. To 

effectively engage with this demographic, it is crucial for 

organizations and retailers to understand their perceptions, 

behaviors, decision-making models, and actions. 

Millennials actively seek connections but value 

trustworthiness, emphasizing the need for a nuanced 

approach to engage with their complex characteristics. 

Rather than attempting to assimilate into their generation, 

establishing connections within their personal networks is 

key. Building trust within these networks allows 

organizations and retailers to influence Millennials' 

behavior based on research outcomes. By positioning 

themselves as trusted sources within Millennials' social 

circles, businesses can navigate the unique dynamics of this 

demographic. 
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Abstract— Metal-organic framework materials (MOFs) comprise organic bridges and metal centers (as 

connection points). MOFs have unique properties such as crystal structure, large specific surface area, flexible 

structural framework, and can change the size and shape of pores and diverse chemical functional groups inside 

the pores. In this study, metal-organic framework materials based on iron (Fe) and the organic ligand H3BTC 

were successfully synthesized by ultrasonic method and evaluated for their ability to remove MB dye through 

Investigate the effects of MB concentration, pH, isotherm model, and adsorption kinetics. With a size of about 

100 - 200 nm and an excitation wavelength in the ultraviolet region, the synthesized material shows potential in 

environmental treatment when the adsorption efficiency reaches over 60% after just 10 minutes and over 80% 

both processes under sunlight conditions. In addition, the synthesized material is also evaluated to have selective 

adsorption with Methylene Blue dye. 

Keywords—Metal-organic frameworks, removing dye, methylene blue, treatment wastewater. 

 

I. INTRODUCTION 

In recent years, industrial wastewater from textile 

industries containing many organic pigments has become a 

severe problem in developing countries [1]. Most organic 

colors are chemically stable, difficult to decompose, and 

can destroy the environment if not handled properly [2]. In 

particular, Methylene Blue (MB) is a popular organic 

colorant in the textile industry [3]. This type of organic 

pigment has a long-term impact on the environment due to 

its ability to block sunlight from entering the aquatic 

environment, thereby affecting living organisms. On the 

other hand, for public health, MB can cause eye burns and 

permanent damage. It produces a burning sensation if 

swallowed, leading to nausea [4]. Therefore, advanced 

technology to treat wastewater from dye production is 

exciting. Up to now, a series of wastewater treatment 

technologies have been developed, such as biodegradation 

[5], physical adsorption [6], chemical reaction [7], etc. In 

advanced oxidation processes, photocatalytic degradation 

technology is highly effective in decomposing organic 

pigments into less toxic or biodegradable molecules or 

even minerals. Transform them into less harmful 

substances such as CO2 and H2O under sunlight and have 

more economical treatment costs [8, 9].  

The current potential type of material for 

environmental treatment based on adsorption and 

photocatalysis mechanisms is organometallic framework 

materials (MOFs) [10]. Compared with traditional system 

photocatalysts, MOF materials have many advantages in 

improving photocatalytic efficiency due to their high 

topology and surface area, which are favorable for the 

rapid migration and accumulation of organic dye 

molecules [11]. In particular, iron-based metal-organic 

framework materials (Fe-MOFs), an essential branch of 

MOFs, not only have topological properties and a high 

specific surface area similar to many other MOF materials 

but are also more environmentally friendly [12]. The 

methods for synthesizing Fe-MOF materials are very 

diverse. Among those methods, the solvothermal method 

is mainly used, but ultrasound-based synthesis is preferred 

because it saves synthesis time and energy [13]. During 

ultrasound, periodic mechanical vibrations with large 

wavelengths interact with the liquid, creating sudden 

pressure fluctuations. The bubbles forming, growing, and 

collapsing inside these points lead to localized hot zones 
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with extremely high temperatures and pressures, creating 

favorable conditions for chemical reactions in a solution 

containing precursors and forming material structures [14]. 

In this study, metal-organic framework materials based on 

iron (Fe) were synthesized by direct ultrasonic method 

with green water solvent. It was evaluated for structural 

characteristics and decomposition ability with MB organic 

pigment. Among them, the organic ligand 1,3,5-benzene 

dicarboxylate (BTC), one of the most versatile ligands for 

synthesizing MOFs thanks to its different binding sites 

[15], was used to construct MOFs. Build the structural 

framework of the material. 

 

II. EXPERIMENTS 

Chemicals 

Iron (III) chloride hexahydrate (FeCl3.6H2O, 99%, Xilong, 

China); 1,3,5-benzenetricarboxylic acid (H3BTC, 98%, 

Macklin, China); Ethanol (C2H6O, 95%, Macklin, China); 

Sodium hydroxide (NaOH, 99%, Macklin, China); 

Hydrochloric acid (HCl, 37%, Xilong, China); distilled 

water. 

Synthesis of Fe-BTC material  

First, 5.4 grams of FeCl3.6H2O material were wholly 

dissolved in 200 ml of distilled water, and 2.8 grams of 

H3BTC material were added and then stirred well on a 

magnetic stirrer at a speed of 400 rpm. After stirring for 30 

minutes, the solution system was sonicated with an 

operating capacity of 1440W run/rest pulse of 10 

seconds/5 seconds for 10 minutes. The product was then 

centrifuged, the solution removed, washed several times 

with ethanol, and then dried at 120 oC for 6 hours. 

Characterizations 

Scanning electron microscopy Hitachi S-4600 was 

employed to observe particle size and morphology. An 

X’Pert PRO PANalytical instrument with a radiation 

source of 0.154 nm CuKα has obtained XRD patterns for 

all samples. Fourier transform infrared spectroscopy 

(FTIR, TENSOR II, Bruker) was used to investigate the 

surface functional groups of the MOF material. The N2 

adsorption isotherm at 77 K using a BET TriStar II Plus 

377 was employed to calculate the surface area of the 

material. 

Removal of methylene blue  

The experiments were conducted with the ratio of Fe-BTC 

material to the amount of MB solution of 0.5 g per litter. 

The Fe-BTC material and the MB solution were put into a 

transparent glass tube, sealed with a tight cap, and put into 

a closed dark box to study the MB adsorption capacity of 

the material. For the experiment to evaluate the 

simultaneous adsorption-catalysis ability, the tube is put 

under simulated sunlight by Xenon lamp. After the time 

needed to survey, filter out the material from the solution 

to analyze the MB concentration by UV-Vis photometric 

method on a UV-Vis DV-8200 device (Drawell). 

The equation for the determination of MB 

concentration was built as follows: 

C = 6.2933Abs + 0.12955    (1) 

with (λ = 664 nm, R2 = 0.9983). 

Where, C is the concentration of MB in the solution, mg/L. 

Abs is the intensity of light absorption. R2 is the 

correlation coefficient of the empirically constructed 

standard curve equation. 

The formula calculated the MB removal efficiency of 

the material: 

 

  (2) 

The adsorption capacity was calculated according to 

the procedure: 

       (3) 

Where, C0, Ct are MB (mg/L) concentrations initially and 

at time t; V is the volume of MB solution (L); m is the 

mass of material Fe-BTC (g). 

 

III. RESULTS AND DISCUSTION  

Characterization of Fe-BTC  

 

Fig. 1: X-ray diffraction pattern of the Fe-BTC by 

ultrasound. 

 

The structural phase characteristics of the synthesized 

material are shown in Fig. 1. The signal intensity of the 

XRD spectrum shows that the material has poor 
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crystallization. However, the presence of H3BTC material 

at position 24.725o can be assessed initially. Besides, a 

unique diffraction peak appears at position 4.39o, 

corresponding to the (001) lattice of the monoclinic crystal 

system in the material Fe4O12C116H128 [16]. Although no 

characteristic peak exists at the angular position 5o to 15o, 

the synthesized material exhibits a broadened peak from 

16o to 22.5o. The impact on this structure may be due to 

the nano size of the material [17] or the existence of some 

α-Fe2O3 particles [18]. The 33.45o and 35.97o peaks 

correspond to the standard spectrum 96-901-4881. 

The morphology of the synthesized material is shown in 

Fig.2. The particle material was evaluated with sizes 

ranging from 100 to 200 nm. At the same time, the 

material system agglomerates together due to the influence 

of the magnetic material α-Fe2O3 [19], but this 

accumulation is not significant. 

 

 

Fig. 2: Scanning electron microscopy (SEM) images of Fe-

BTC by ultrasound. 

 

The FTIR spectrum of the synthesized material and 

H3BTC is shown in Fig. 3. In the spectrum of the Fe-BTC 

material, a broadened peak appears at the wavenumber 

position of about 3400 cm-1, representing the OH group 

vibration of the molecules. Water molecules are adsorbed 

on the surface [20]. The peaks at positions 1627 cm-1 and 

1574 cm-1 represent asymmetric stretching vibrations of 

the carboxylate group in the organic ligand BTC. In 

addition, the symmetric vibrations of this group are also 

shown at two peaks at 1376 cm-1 and 1450 cm-1. The peaks 

at wave number 710 - 757 cm-1 represent the CH bond of 

the aromatic ring. In particular, the peaks at positions 459 - 

479 cm-1 represent the Fe-O vibrations of the material [17, 

20, 21]. 

 

Fig. 3: FTIR spectra of Fe-BTC by ultrasound. 

 

N2 adsorption isotherm research is used to predict the 

adsorption capacity of Fe-BTC material. The N2 

adsorption-desorption diagram of Fe-BTC is recorded in 

Fig. 4. The BET surface area of the Fe-BTC sample was 

259.846 m2/g. 
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Fig. 4: FTIR spectra of Fe-BTC by ultrasound. 

 

 

Fig. 5: The UV-Vis spectrum of Fe-BTC by ultrasound. 

 

From the characteristic properties analyzed above, the 

research team confirmed that they have successfully 

synthesized the metal-organic framework material Fe 

using the organic ligand BTC. On the other hand, for 
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applications in the field of adsorption and photocatalysis, 

parameters related to the optical band gap of the material 

are critical to determine the optical activity of the material 

[22]. Using the Tauc method [23], the calculated width 

energy is about 3.29 eV (Fig. 5), equivalent to the 

excitation wavelength in the ultraviolet region. 

Removal of methylene blue  

The material's ability to process MB over time in dark 

conditions (adsorption) and sunlight conditions (adsorption 

- photocatalysis) with a Fe-BTC mass of 10 mg per 20 mL 

of MB solution with a concentration of 10 mg/L is shown 

in Fig. 6. In general, the efficiency of photocatalytic 

adsorption treatment is much higher than that of adsorption 

treatment, about 16 - 31% for each measurement time. For 

adsorption-photocatalytic treatment, the efficiency reaches 

61.48% after 10 minutes and reaches adsorption 

equilibrium after 60 minutes with an efficiency of about 

86%. Meanwhile, adsorption treatment got 30% after 10 

minutes and nearly 70% after 60 minutes. 

 

Fig. 6: Adsorption performance of Fe-BTC by 

ultrasound. 

 

The influence of pH on MB removal efficiency was 

evaluated in the range from 3 to 11 (adjusting the pH of 

the stock MB solution with 1 M HCl and 1 M NaOH 

solutions). The chart evaluating the influence of pH (Fig. 

7a) shows that MB treatment efficiency under light 

conditions is significantly higher than under dark 

conditions. At the same time, through analysis of Fig. 7b, 

it is found that the material achieves the highest MB 

treatment efficiency at pH = 7 in dark conditions. The 

equilibrium MB removal efficiency increases when pH 

increases from 3 to 7 because, in acidic environments, 

many H+ ions exist that can compete with harmful cations 

separated from MB, reducing adsorption performance [24]. 

On the other hand, when the pH value increases from 7 to 

11, the adsorption efficiency and capacity decrease due to 

the reaction between MB-S+Cl and NaOH in the solution 

to form a solution containing MB-S+OH and NaCl. NaCl 

salt has been shown to reduce the adsorption process of 

MB-S+OH on the surface of adsorbent materials [25]. The 

treatment efficiency is similar for lighting conditions when 

increasing pH from 3 to 7. However, when increasing the 

pH value from 7 to 9, the treatment efficiency drops 

sharply from 85.1% to about 59.0 % and then increases 

significantly to 87.67% at pH 11. It can be explained by 

the fact that in a solution of pH 9 and under solid 

illumination, the reaction between MB and NaOH occurs 

strongly, causing the adsorption efficiency to decrease. 

However, when increasing the pH to 11 and under the 

influence of solid light, MB's dimerization process occurs, 

shifting the maximum peak from 662 nm to about 610 nm 

(Fig. 7c). 

 

 

Fig. 7: Effect of pH on the ability to treat MB (a), UV-

Vis spectrum of MB solution after adsorption treatment 

(b), and adsorption - photocatalysis (c). 

 

Three isotherm equations are applied to study the 

interaction between the adsorbent and adsorbate: 

Langmuir, Freunlich, and Temkin. The correlation 

coefficient R2 values in Fig. 8 show that the adsorption 
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data of FeBTC material is in good agreement with the 

Freunlich model. Proving that the adsorption process is 

multilayer on heterogeneous surfaces [26]. In addition, the 

parameters of the models are summarized in Table 1. 

 

 

 

Fig. 8: Adsorption isotherm of the Fe-BTC toward MB. 

 

Table 1: Adsorption isotherm parameters of Fe-BTC by 

ultrasound. 

Model Equation Parameters 

Langmuir 

 

qmax = 57.30659 

(mg/g) 

KL = 1.804 (L/mg) 

RL = 0.052506 

R2 = 0.9507 

Freunlich 
lnqe = lnKF + ln C e 

n = 3,1656 

KF = 29.20452 

(mg/g) 

R2 = 0.9968 

Temkin qe = Bt lnKt + Bt lnCe 

Bt = 12 , 1745 

(J/mol) 

Kt = 14 .02186 

(L/mg) 

R2 = 0.9479 

 

The adsorption kinetics of the material were studied 

through first- and second-order kinetic models at an initial 

MB concentration of 10 mg/L. Based on the correlation 

coefficient of the two linear lines, it is found that the 

material's kinetic model is more compatible with the first-

order kinetic model than the second-order kinetic model 

(Fig. 9). 

 

 

Fig. 9: The kinetic models of Fe-BTC adsorption toward MB. 
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Fig. 10: Adsorption performance of Fe-BTC materials for 

different dyes after 60 minutes. 

 

Finally, to evaluate the adsorption selectivity, two 

solutions containing the dyes Methyl Orange (MO) and 

Rhodamine B (RhB) with the same volume of 20 mL and 

concentration of 10 mg/L were tested during the 

adsorption 60-minute period. Based on Fig. 10, it is seen 

that Fe-BTC material can adsorb dye MB more optimally 

than the others because the adsorption efficiency after 60 

minutes with RhB and MO is 47.02% and 30.22%, 

respectively. Meanwhile, under the same survey 

conditions, the MB adsorption efficiency of this material is 

69.09%. Survey results show that Fe-BTC material can 

adsorb all three families of dyes with decreasing levels in 

the order MB > RhB > MO. 

 

IV. CONCLUSION 

This research has successfully synthesized the iron-organic 

framework material with water as a green solvent by direct 

ultrasound. Fe-BCT in granular form with a size of about 

100 - 200 nm determined the excitation light wavelength 

of the material in the ultraviolet region. Experimental 

evaluation of the ability to decompose MB pigment shows 

that the material has an adsorption efficiency of up to 60% 

in 60 minutes in dark conditions and over 80% in 60 

minutes in sunlight conditions. The adsorption process of 

the determined material is better compatible with the 

Freunlich isotherm model and first-order adsorption 

kinetics. In addition, the material also shows better 

adsorption selectivity with MB than MO and RhB.  
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Abstract— Soil conditions often pose significant challenges for soil and foundation engineers engaged in 

construction projects. In response to these challenges, researchers and engineers have dedicated 

considerable efforts to developing solutions to construct on weak soil layers. The replacement layer is one 

of the most efficient and effective methods to increase the ultimate bearing capacity under foundation. There 

are many advantages for replacement layer using such as its low cost, material availability, easy 

construction, quick construction time, simple testing procedures. There is a few of studies that determine the 

actual values of the ultimate bearing capacity of replacement layers. Most research and studies focus on 

theoretical and mathematical values of the ultimate bearing capacity for foundations replacement layers. 

The site selected for this study was located in Al-Qalyubia Governorate. The use of replacement layers in 

this study indicated that there is an increase in the ultimate bearing capacity for the studied site. In addition 

to that, engineering properties of replacement layer and natural soil condition plays a role in the ultimate 

bearing capacity values. 

Keywords— Soil Conditions, Replacement Layer, Ultimate Bearing Capacity, Construction Solutions, 

Engineering Properties 

 

I. INTRODUCTION 

The foundation is recognized for 

transmitting the structure's weight and other loads to 

the soil beneath it. These loads must be transmitted 

in such a way that the soil's capacity to hold the 

loads is not exceeded. To put it another way, a 

scientific foundation design must be based on the 

soil's carrying capacity [4],[12],[14] [19], and [20]. 

Ashraf [1], Coduto [3], Tomlinson [16], 

and Winterkorn [18] stated that, Layers of 

replacements are usually carried out with soil 

stronger than the original soil or at least equal to it. 

It is carried out in layers whose thickness does not 

exceed 30 cm. The main purpose to use replacement 

layers in the construction works as the following: 

1. Rise the foundation level. 

2. Increasing the bearing capacity of the soil under 

foundation. 

3. Keeping away the structures from the area of 

groundwater influence or protecting foundations from 

ground water effects. 

4. Reduce the effects of elastic soil layers such as swelling 

soil layers. 

5. Reduce the effect of rigidity between foundation and 

hard soil layers such as rock soil. 

6. Reduce the vertical stresses on the original soil. 

As for the type of soil used in the 

replacement, it must be free from all the previous 

defects and have no relationship to the replacement 

soil with the original soil - meaning the replacement 

layer must be tested on that it is suitable for 

establishment [2], [4], [12], and [14]. 

Various types of foundations are used 

depending on the structure and soil encountered. 

Spread footing, mat foundation, pile foundation, 

and drilled shaft foundation are the most popular 
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types of foundations. A spread footing is essentially 

an extension of a load-bearing wall or column that 

allows the structure's load to be distributed over a 

wider area of the soil. The size of the spread 

footings needed in low-load-bearing soil is 

impractically high. in that case, constructing the 

whole structure on a concrete pad is more cost-

effective [7], [15], and [17].  

Bearing capacity is the ultimate load a soil 

layer can support before shear failure. Settlement, 

on the other hand, refers to the downward 

movement of a structure due to soil compression 

under applied loads [10], and [8]. 

The bearing capacity calculation methods are 

based on theoretical considerations developed to reflect 

experimental observations. In case of different value of 

bearing capacity, using plate load test is the ideal solution 

to identify the more realistic value of it. In case of low 

bearing capacity of the soil layer, the replacement layers 

may be suggested to improve the bearing capacity [8], and 

[9].  

 

II. THE STUDIED SITE 

The site was chosen for this study where the 

natural soil layers is cohesive soil layers for present study 

purpose. the site was investigated to determine the soil 

classification and soil physical properties by Egyptian 

Military Technical Collage. Error! Reference source not 

found. shows the location of the studied site which was 

chosen for the experimental works. the two is located in 

Qalyubia Governorate, where it contains (Silty clay soil) in 

the land of El-Awkaf - Shubra Al-Khaima - Qalyubia 

Governorate - Greater Cairo. It is 200 meters from the 

Road Ring, and in the middle is the axis of 15 May. Soil 

properties of the site determined by the soil props done by 

the Egyptian Military Technical College, was planned for 

the construction of 883 social housing units. The site was 

planned with three building models (i) Model A: 6 floors 

(ground floor + 5 floors); (ii) Model B: 8 floors (ground 

floor + 7 floors); (iii) Model C: 10 floors (ground floor + 9 

floors). 

  The physical and mechanical properties 

of the soil layers were determined to classify the soil types 

and soil stratifications. The engineering tests were carried 

out in the Soil Mechanics and Foundations Laboratory of 

the Faculty of Engineering, Military Technical Collage. 

Therefore, at the site, the Egyptian Military Technical 

College recommended that the excavation to a depth of 3 

meters and use of replacement layers with a thickness of 

1.5 meters of gravel and sand at a ratio of 1:1. So that, the 

replacement layers they are placed on layers of no more 

than 25 cm in thickness, taking into account, their 

immersion and compaction, using a masher of not less than 

15 tons. The engineering properties of the fine soil layer at 

different depths are listed in Table 1 such as natural 

density, natural water content, specific gravity, etc. It is 

clear that, the index properties of natural fine soil are 

excessively the same values. According to unified 

classification system (most common used) and by using 

plasticity chart, it is noted that, the soil up to depth 9.0m 

from ground surface can be classified as CH. Where, CH 

represents clay of high plasticity. 

Table 1: Index properties of silty clay soil 

Depth (m) 3.0 6.0 

Natural unit Weight of soil γ (t/m3) 1.66 1.68 

Natural Water Content wc (%) 28 31 

Liquid limit L.L (%) 51 53 

Plastic Limit PL (%) 28 27 

Plasticity index PI (%) 23 26 

Shrinkage limit SL (%) 16.5 17 

Specific gravity Gs 2.71 2.70 

Free swell F.S. (%) 75 100 

Degree of Saturation S (%) 95 100 

Soil Classification CH CH 

 

 

Fig. 1: Location of the site 

 

2.1 Properties of Replacement layers  

Due to the recommendation of Egyptian 

Military Technical Collage report to use 

replacement layer materials as the mixed of crushed 

stone and sand with 1:1 ratio. With the knowledge 

of the commander of the supervision staff from the 
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Engineering Authority of the Egyptian Armed 

Forces, samples of siliceous sand and crushed stone 

were provided from private quarries of the Egyptian 

Armed Forces. 

In addition to that, the sieve analysis curves of 

crushed stone and sand material are shown in 

Error! Reference source not found., and Error! 

Reference source not found.. Also, the 

engineering properties of crushed stone as the 

general visual characterization of crushed stone 

samples of various sizes is white to light brown. 

The natural water content, volumetric weight, 

specific gravity of grains, gradient coefficient, 

uniformity coefficient is recorded in 

 

Gravel Sand Silt Clay  Gravel Sand Silt Clay 

Coarse Medium Fine Coarse Coarse Medium Fine Coarse Medium   Coarse Medium Fine 

 

 

Table 2, and  

Table 3. 

 

 

Fig. 2: Granular gradient curve for the crushed stone used in the replacement layers 

 

 

Fig. 3: Granular gradient curve for the sand used in the replacement layers 
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Coarse Medium Fine Coarse Coarse Medium Fine Coarse Medium  Coarse Medium Fine 

 

 

Table 2: Geometrical properties of crushed stone samples 

wnat. Gs Gravel  Sand Fines Cu Cc 

1.10 

% 

2.67 98.0 

% 

2.0 

% 

0.0 

% 

3.03 1.61 

 

Table 3: Geometrical properties of sand samples 

wnat. Gs Gravel  Sand Fines Cu Cc 

1.72 

% 

2.68 1.5 % 98.2 

% 

0.3 

% 

2.82 0.75 

 

2.2 Compaction Test 

In the laboratory, the modified compaction test of 

the mixture of crushed stone and sand (1:1) was carried out 

using a modified Proctor device to determine the maximum 

dry density (dmax.) and the optimum moisture content 

(OMC). Fig. 4 completes the results of the tests. 

Accordingly, the compaction parameters are record as, 

𝛾𝑑𝑚𝑎𝑥 = 2.10 𝑔𝑚/𝑐𝑚3, and 𝑂𝑀𝐶 = 6.15%  

In field, Table 4 show the values of 

moisture content (%), dry density (g/cm3) and degree 

of compaction (%) for each replacement layer 

separately and for both sites, in order. 

 

Fig. 4: Lab-Modified Compaction Test Results 

 

Table 4: The average values of field compaction test, crushed stone and sand mixture (1:1) replacement layers 

Layer No. Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6 Average 

Moisture content (%) 7.10 7.24 5.66 6.75 7.04 5.80 6.60 

Dry density (gm/cm3) 2.08 2.14 2.02 2.14 2.06 2.08 2.09 

Compaction degree (%) 99 102 96 102 98 99 99.33 

 

2.3 Plate Loading Test 

The engineering tests and their measurements 

were earned out and evaluated according to Egyptian 

Code [5] or by the manner of testing as mentioned in 

soil mechanics handbooks as Bowles [2], El-Kasaby 

[6], Perkins [11], and Reznik [13]. The site contains 

many buildings. The excavation level from ground 

surface is 3m (D = -3m). It was suggested that using 
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replacement layer of 1.5m thickness. Replacement 

layer constructed as 6 layers (each one 25cm) and 

compacted, as listed in  

Table 5. 

Plate bearing tests results contain the 

applied loads Q ton. The applied loads are measured 

by the gauge of hydraulic jack. For each plate 

loading tests the obtained results are indicated by 

curve as the relation between applied load Q and 

settlement. According to the results of plate loading 

tests. The ultimate bearing capacity can be 

estimated. 

Table 5: The Conducted Plate loading tests in the Site, for each building area 

Test 

Number 

Replacement Layer 

Number 

Level from ground surface 

(m) 
Notes 

1 0 -3.00 At excavation layer 

2 1 -2.75 R.L. Thickness = 0.25m 

3 2 -2.50 R.L. Thickness = 0.50m 

4 3 -2.25 R.L. Thickness = 0.75m 

5 4 -2.00 R.L. Thickness = 1.00m 

6 5 -1.75 R.L. Thickness = 1.25m 

7 6 -1.50 R.L. Thickness = 1.50m 

 

III. RESULTS AND DISCUSSION 

3.1 Excavation Level 

 

Fig. 5: Plate loading test result at excavation level 

 

The results of plate loading tests on natural soil 

layer (at level -3m from ground surface) are shown in 

Error! Reference source not found.. It’s clear that a 

gradual decline that occurs to the natural soil. So that the 

average ultimate bearing capacity for these results is 

26.813t/m2. At test 1 the qult. = 26.313 t/m2 at Qmax = 4.184 

ton, while at test 2 the qult = 26.907 t/m2 for Qmax = 4.278 

ton, and finally the qult = 27.219 t/m2 at Qmax = 4.328 ton 

with averages of qult (average) = 26.813 t/m2. 

 

3.2 First Replacement Layer Level 

In the first replacement layer at level D = -2.75m, 

the curve in Error! Reference source not found. appears 

almost in the same shape as the curve of the natural soil, the 

ultimate bearing capacity (qult.) increases by 13.7 % with in 

perspective to the excavation level. At test 1 the qult. = 

29.108 t/m2 at Qmax = 4.628 ton, while at test 2 the qult = 

28.357 t/m2 for Qmax = 4.509 ton, and finally the qult = 

32.041 t/m2 at Qmax = 5.413 ton with averages of qult 

(average) = 29.835 t/m2. 
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Fig. 6: Plate loading test result at first R.L. level No. (1) 

 

3.3 Second Replacement Layer Level 

 

Fig. 7: Plate loading test result at second R.L. level No. (2) 

 

After placing the second replacement layer and 

reached to (D = -2.5m). It is noted in 

Error! Reference source not found. that the average 

ultimate bearing capacity for these results increases 15.6% 

than that obtained from the result of excavation level. At test 

1 the qult. = 29.401 t/m2 at Qmax = 4.675 ton, while at test 2 

the qult = 28.918 t/m2 for Qmax = 4.598 ton, and finally the 

qult = 34.687 t/m2 at Qmax = 5.515 ton with averages of qult 

(average) = 31.002 t/m2. 

 

3.4 Third Replacement Layer Level 

As illustrated in Error! Reference source not 

found., The value of the average ultimate bearing capacity 

after placing the third replacement layer (D = -2.25m) has 

increased 20%. Knowing that the percentages of increasing 

and decreasing are proportional to the excavation level. At 

test 1 the qult. = 31.664 t/m2 at Qmax = 5.035 ton, while at test 

2 the qult = 32.179 t/m2 for Qmax = 5.116 ton, and finally the 

qult = 32.649 t/m2 at Qmax = 5.114 ton with averages of qult 

(average) = 32.164 t/m2. 
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Fig. 8: Plate loading test result at Third R.L. level No. (3) 
 

 

Fig. 9: Plate loading test result at Fourth R.L. level No. (4) 

 

3.5 Fourth Replacement Layer Level 

After placing the fourth replacement layer and 

reached to (D = -2.00m). It was noted in 

Error! Reference source not found., the average ultimate 

bearing capacity increases 23%, then the excavation level. 

At test 1 the qult. = 32.755 t/m2 at Qmax = 5.208 ton, while at 

test 2 the qult = 31.908 t/m2 for Qmax = 5.073 ton, and finally 

the qult = 34.256 t/m2 at Qmax = 5.447 ton with averages of 

qult (average) = 32.973 t/m2. 

3.6 Fifth Replacement Layer Level 

 

Fig. 10: Plate loading test result at Fifth R.L. level No. (5) 
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As illustrated in Error! Reference source not found.. 

After placing the fifth replacement layer and reached to 

(D = -1.75m). It was noted that the value of the average 

ultimate bearing capacity increases by 23.9%, proportional 

to the excavation level. At test 1 the qult. = 32.964 t/m2 at 

Qmax = 5.241 ton, while at test 2 the qult = 33.014 t/m2 for 

Qmax = 5.249 ton, and finally the qult = 33.292 t/m2 at Qmax = 

5.293 ton with averages of qult (average) = 33.090 t/m2. 

3.7 Sixth Replacement Layer Level 

 

Fig. 11: Plate loading test result at Sixth R.L. level No. (6) 

 

After placing the sixth replacement layer and 

reached to (D = -1.50m). The average of ultimate bearing 

capacity increases by 23.77% than that obtained from the 

result of excavation level. At test 1 the qult. = 32.924 t/m2 at 

Qmax = 5.235 ton, while at test 2 the qult = 33.017 t/m2 for 

Qmax = 5.250 ton, and finally the qult = 33.620 t/m2 at Qmax = 

5.346 ton with averages of qult (average) = 33.187 t/m2, 

Error! Reference source not found.. 

3.8 Averages of Ultimate bearing Capacity  

 

Fig. 12: Average (qult.) result at each layer 

 

The ultimate bearing capacity increases by 11.3%, 

15.6% and 20.0% after constructing the first, second and 

third replacement layer respectively. And 23.0% for the 

fourth replacement layer. Finally, a staidly increase is 

observed in the fifth and the sixth replacement layer 

recording 23.4% and 23.8% respectively, all these 

percentage were estimated from the natural soil as listed in 

Table 6, Error! Reference source not found.. 

 

 

Table 6: Average (qult.) result at each layer 
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Soil 

Layers 

AV. qult. 

(t/m) 

qult. Increase 

(%) 

Natural Soil 26.813 - 

First 29.835 11.3 

Second 31.002 15.6 

Third 32.164 20.0 

Fourth 32.973 23.0 

Fifth 33.09 23.4 

Sixth 33.187 23.8 

 

IV. CONCLUSION 

This research is using plate loading test to 

investigate the effect of replacement layers on the 

ultimate bearing capacity (qult.). These studies would 

help to better understand the relationship between 

replacement layer thickness and ultimate bearing 

capacity, and could lead to the development of 

improved design guidelines for replacement layer 

thickness. 

According to the results obtained from plate 

loading tests at variant thickness of replacement 

layer, the following conclusion can be drawn the 

ultimate bearing capacity (qult) increased with the 

increasing of replacement layers thickness. 

The results of this study have shown that 

the effect of replacement layer thickness on ultimate 

bearing capacity slightly after the fourth layer. in 

addition to that increasing replacement layer 

thickness beyond the fourth layer may be limited. 

The replacement layers lead to the 

development of improve the design guide lines for 

constructions of foundation. 
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Abstract— Comprehend and forecasting the engineering characteristics of fine-grained soils is crucial for 

the practice of geotechnical engineering. Fine-grained soil contamination occurs on a daily basis as a 

result of industrial development and pipeline or reservoir leaks. Due to the influence of the surrounding 

condition, substantial damage occurs in the foundations of buildings. The presence of industrial 

wastewater in the soil contributes to a change in its physical, chemical and mechanical properties, and 

then negatively affects the foundations of various facilities. In addition to environmental issues such as 

groundwater contamination, the changing of the geotechnical qualities of polluted soil is a concern. As a 

result of the concentrations of pollutants resulting from the industrial businesses such as dairy products 

industry, spinning and weaving factories, paper factories and leather wastewater are extremely high in 

developing countries. Disposal of untreated industrial waste water is a common problem in these 

countries. This paper describes an experimental investigation that was conducted to explore the effect of 

four types of industrial wastewater; dairy (DW), textile (TW), leather (LW) and paper (PW) on the 

deformational behavior of fine-grained soil. Fine-grained soil was exposed to DW, TW, LW and PW for 2, 

4, 6, 8, 12, and 16 months. Four remolded soil groups of samples are generated for this investigation and 

combined with the four types of industrial wastewater of constant moisture content (70%). The Atterberg 

limits, plasticity index, specific gravity, free swelling, optimal moisture content (OMC), and maximum dry 

density (γdmax) of each mixture were calculated after 0, 2, 4, 6, 8, 12, and 16 months of mixing soil with 

industrial waste water. Comparisons were made between the results of four groups of samples. 

Keywords— Fine-grained soil. Contaminated soil. Industrial waste water. Geotechnical properties. 

 
I. INTRODUCTION 

Soil pollution stemming from a variety of industrial 

wastewater byproducts stands as a significant geo-

environmental concern, adversely affecting soil quality, 

groundwater, and the atmosphere. The acceleration of 

industrialization and urbanization has generated substantial 

quantities of both solid and liquid waste, consequently 

leading to extensive alterations in the geotechnical 

characteristics of soil due to the disposal of wastewater 

into the ground, as noted in reference [1-2-3]. Incidents of 

foundation and structural failures attributed to soil 

contamination and chemical spills have been documented 

in several reports [1, 2, 3, 4]. Extensive research has 

shown that various geotechnical properties of fine-grained 

soils can be influenced by both inorganic and organic 

contaminants typically present in industrial effluents [5, 6, 

7]. To address the needs of diverse engineering 

applications, it is essential to thoroughly investigate and 

comprehend the interactions between soil and pollutants, 

as well as the repercussions of pollutants and industrial 

effluents on various geotechnical characteristics. 

 A comprehensive examination of the existing body 

of literature reveals that, to date, the primary emphasis has 

been on comprehending how pure chemicals affect 

commercial soils such as kaolinite and bentonite. There is 

comparatively limited research available regarding the 
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effects of industrial effluents, especially on natural soils 

[8,9]. 

Industrial wastewater can contain hazardous 

substances that are relatively water-soluble, with examples 

including those originating from textile, dairy, and leather 

waste. The contamination of industrial wastewater poses 

significant risks to wildlife, including the poisoning of 

apex predators that consume organisms with accumulated 

wastewater in their tissues. This contamination can disrupt 

breeding patterns by making animals ill and unable to 

reproduce.  

Despite comprehensive research on the 

geotechnical attributes of polluted fine-grained soils, there 

has been limited investigation into the impact of 

wastewater pollution on the geotechnical properties of 

such soils [11, 13]. 

Khan et al. (2017), Stalin et al. (2010), and Easa et 

al. (2002) have all conducted laboratory testing programs 

aimed at assessing the influence of wastewater 

contamination and its time effect on the geotechnical 

properties and behavior of fine-grained soil [1,6,8]. In 

Easa et al.'s (2010) study, samples of naturally 

contaminated groundwater sourced from household 

wastewater were obtained at the groundwater pumping 

level. The assessment involved the use of X-ray and 

conventional chemical testing to determine the 

concentration of toxins present in the groundwater [14]. 

The research findings suggest that residential wastewater 

is considered the predominant source of groundwater 

pollution due to its extremely hazardous and toxic 

chemical composition [15,16]. This contamination poses a 

substantial threat to public health. Additionally, a separate 

study highlighted the capacity of clay to expand as a result 

of fluctuations in water content, which can be induced by 

groundwater, leading to upward pressure on foundations. 

The expansion of clay and the resulting swelling pressure 

can result in substantial damage, including the cracking of 

walls, beams, and columns, particularly when the soil's 

swelling pressure exceeds the foundation load [17,18,19]. 

The thorough prediction of soil geotechnical 

parameters is a critical practice in geotechnical 

engineering, particularly in the presence of contamination 

[20]. Soil characteristics are altered as a result of ground 

pollution, Soil property changes cause a variety of 

geotechnical issues such as structural cracks, ground 

settlement, heaving of structures, slope instability, 

depletion of strength and deformation characteristics, 

changes in compaction characteristics, and so on. 

Previously, the adequate attention of construction 

damages was attributed to many factors such as inadequate 

construction material, differential settlement, the 

destructive role of expansive and collapsing soil, etc. 

While, the effect of waste water on soils was taken as 

second or third reason of building and construction 

problems [8]. 

Recently, progressive increasing of constructions 

damage caused due to effect of waste water on soil was 

reported by engineers and investigations [21-24] So, 

engineers are concerned about the amount of damage 

caused by waste water to buildings, foundations, and soils. 

On the other hand, if the chemical composition of 

the water in the pores of the clay is changed, the physical 

and mechanical properties of the clay are expected to 

change. Thus, the pore fluid type and composition strongly 

affect the engineering behaviour of most soils especially 

clayey soils [25-27]. 

Furthermore, several investigations have shown 

that, the pollution of soil has important influence on the 

physical and mechanical properties of clay [28, 29]. 

Hence, modern building necessitates not only a 

prior examination of the foundation material, but also a 

complete understanding of the processes that cause the 

changing of soil qualities over the life of the structures 

supported by it.  

Kirov (1989) observed the influence of wastewater 

on deformation behavior of clayey soil, He found that soils 

interacting with a solution of detergents undergo a large 

amount of deformation. Srivastava et al. (1992) observed 

increase in consistency limit, permeability and coefficient 

of compression and decrease in shear strength and bearing 

capacity of a soil specimen permeated with fertilizer plant 

effluent[29,30].This is due to decrease in cation content 

and increase in hardness of leaching water after interaction 

Decrease of liquid limit and plasticity index of 

montmorillonite soil due to addition of pharmaceutical 

effluent to the soil has been found due to decrease of 

dielectric constant by contamination. Yaji et al. (1996) 

have investigated the influence of sugar mill liquid wastes 

on the behavior of shedi soil. At large percentages of sugar 

mill liquid wastes, shear strength decreases [31]. 

Generally, industrial wastes contain acids, alkalis, 

sulphates, salts, urea (amides), and oil pollutants, which 

cause changes in the physicochemical, mechanical and 

geotechnical properties of the soil. Several case studies of 

soil contamination with industrial pollutants and their 

impact on soil geotechnical behavior are presented below. 

El-Kasaby, A., Easa, A.F (2023) and El-Kasaby, A., Easa, 

E.M (2023). 

The Problem Scope 

The danger arises from industrial wastewater, 

which poses a real threat to the soil, groundwater, and the 
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mechanical behavior of fine-grained soil. The effect of 

industrial spread throughout Egypt on fine-grained soil has 

not been studied, engh, the researchers try to identify the 

properties of contaminated soil to avoid potential risks and 

also to use contaminated soil beneficially in civil 

engineering projects.  

 

II. EXPERIMENTAL STUDY 

According to a comprehensive review of the 

literature, studies on the influence of industrial wastewater 

of dairy, textile, leather and paper effluent on natural soils 

are infrequent or scarce. The wastewater used in this case 

originated from four separate sources. The first originated 

from Dairy factory in Minya Governorate, the second from 

Textile factory in Obour City, Qalyubia Governorate. The 

third came from tanneries in Ain Al-Sirah, Cairo, and 

finally from a paper factory, Islamic company in Quesna, 

Menoufia Governorate       These potentially hazardous 

wastewaters, whose environmental consequences 

necessitate continuing monitoring, were collected after 

solids deposition but before treatment. According to a 

critical review of the literature, considering the foregoing, 

the four types of industrial wastewaters; dairy, textile, 

leather and paper wastewater, which are referred to as 

DW, TW, LW, and PW respectively, were chosen for the 

current investigation. Natural fine-grained soil used in this 

research was obtained in a natural phase from a soil 

excavation site for the construction of a residential 

building in the village of El-Kom Al-Ahmar, Shibin El-

Qanater, Qalyubia governorate, Egypt, Fig. (1). 

The various effluents in "as collected form" as well 

as the outflow from the experimental setup, i.e., pH, 

alkalinity, total solids, total dissolved solids (TDS), total 

volatile solids (TVS), chloride, and biochemical oxygen 

demand (BOD) were estimated to be characterized by the 

effluent parameters. The metrics are complete and 

adequate for describing the effluent and understanding its 

impact on the specified soils. The parameter analysis 

method was carried out in accordance with Standard 

Methods. The properties of dairy (DW), textile (TW), 

leather tanneries (LW) and paper (PW) effluent are listed 

in Tables (1), (2), (3) and (4). Representative soil samples 

from the chosen regions were collected in 150 kilograms 

airtight polythene bags, transported to the lab, and stored 

in airtight containers under normal conditions and keep at 

laboratory temperature until usage.  

 

 

 

Fig.1: Site of soil sample 

 

Table. 1: Physical properties of wastewater (DW, TW, LW and PW) 

Properties 
Value 

DW  TW LW PW 

Color light yellow greenish grey translucent grey 

Temperature (C) 22 24 21 23 

PH (Value) 10.3 11.80 9.9 11.4 

Total Suspended Solids (TSS), (mg/liter) 2772 2684 1913 2314 
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Table. (2). Organic properties of wastewater (DW, TW, LW and PW) 

Properties 
Value (mg/liter) 

DW  TW LW PW 

Volatile Suspended Solids (VSS) 985 1217 1683 1122 

Biological Oxygen Demand (BOD) 686 912 821 1308 

Total organic carbon (TOD) 284 448 336 677 

Chemical Oxygen Demand (COD) 4513 3876 2757 6881 

Oil &Grease 174 266 378 125 

Phenol 8.5 9.7 11.5 9.2 

Detergents 17.5 22.4 11.7 25,7 

Pesticides 2.4 7.5 9.2 6.4 

 

Table. (3). Chemical properties of wastewater (DW, TW, LW and PW) 

Properties 
Value (mg/liter) 

DW  TW LW PW 

Chloride (Cl-) 2942 1968 3764 1997 

Sulfate (SO42-) 757 3827 2843 1719 

Alkalinity (CaCO3) 176 868 473 574 

Ammonia (NH3-N) 65 162 267 157 

Phosphate (SO43-) 4.5 17.7 10.2 19.5 

 

Table. (4). Chemical minerals of the samples (DW, TW, LW and PW). 

Properties 
Value (mg/liter) 

DW  TW LW PW 

Aluminum 0.20 0.40 0.25 0.15 

Chromium 1.05 1.80 1.55 2.15 

Copper   0.05 1.70 2.4 1.8 

Iron 2.45 0.55 1.65 1.4 

Lead   0.11 1.25 3.65 0.75 

Manganese 1.80 7.2 11.6 9.1 

Nickel 0.02 2.73 6.80 4.55 

Borne 0.06 4.82 2.80 2.76 

Selenium 0.12 0.58 0.57 0.75 

Fluoride 10.85 8.73 4.65 12.52 

Zinc 0.00 3.70 5.60 7.25 

Arsenic 0.07 0.11 0.17 0.08 

Cyanide 0.01 1.87 2.10 2.23 

Mercury 0.001 0.057 0.057 0.068 

Cadmium 0.03 0.063 0.088 0.075 
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III.  EXPERIMENTAL SET-UP AND SOIL 

SAMPLE PREPARATION 

Experimental program includes four groups, each 

with six contaminated soils (TW or DW or LW or PW) in 

addition to natural soil for comparison. These groups were 

constructed after mixing and according to the timeline. 

Each set of soils under consideration was generated and 

used for the following purposes: 

1. Samples were collected from the site and stored in the 

laboratory. 

2. Since each effluent was utilized to investigate how 

industrial waste materials affected the mechanical and 

geometric qualities of natural soil at different ages. As 

a result, only four sets of polluted soils were used for 

research purposes. Soil tests were conducted 2, 4, 6, 8, 

12, and 16 months after the date the contaminant was 

added to the soil. 

3. Total of 25 samples were used to study the influence 

of four effluents (TW, DW, LW and PW) on natural 

soil (S1). A 10-kilogram soil sample is manually 

mixed with effluents at their water content (70%) 

before being transported. 

Scanning electron microscopes (SEM) and X-ray 

diffraction (XRD) were also utilized to examine the 

mineral compositions of natural and polluted samples 

[DW6, TW6, LW6 and PW6] that was, 16 months after the 

date of adding the pollutant. These techniques are 

available at Egyptian Mineral Resources Authority's 

Central Laboratories Sector's. The experimental program 

was developed in order to determine the swelling behavior 

of the tested soils in addition to tests for liquid limit (L.L), 

plastic limit (P.L), shrinkage limit (S.L), specific gravity 

(GS), and finally the standard Proctor test.  

 

IV. RESULTS AND DISCUSSION 

4.1 Physical Properties 

4.1.1   Atterberg's limits 

Atterberg's limits contains of liquid limit (L.L), 

plastic limit (P.L) and shrinkage limit (S.L). The obtained 

results of L.L, P.L and S.L, Fig. (5), (6) and (7), plasticity 

index (PI=LL-PL) Fig. (8), in addition to that Table (5) 

contains results of Atterberg’s limits and specific gravity 

(GS) Fig. (9). According to these findings and the unified 

soil classification system (USCS) as listed in Table 5. 

Based on the liquid limit results: 

• Values of the liquid limit (for all contaminated soils) 

decrease as the duration of the contamination effect 

increases. But soil exposed to industrial wastewater 

from paper is more affected than soils exposed to 

other pollutants. 

• There was a disturbance in the liquid limit (L.L) 

values, with the increase of contamination effect 

period for soil that had been contaminated by textile 

wastewater. 

• The natural soil's plastic limit (PL) value was 33%. 

While the relative levels of contamination (PL) of soil 

with textile wastewater (TW) are ranged from 34.5% 

to 33%. The PL of soil contaminated with dairy 

effluent (DW) ranged from 32% to 27%, the PL of 

soil contaminated with leather wastewater (LW) 

ranged from 33% to 29% but the PL of soil 

contaminated paper wastewater (PW) ranged from 

35% to 41%. 

According to the plastic limit results: 

• For soil that had been contaminated by Dairy (DW) 

and leather wastewater (LW), the plastic limit values 

were decrease with the increase of contamination 

effect period. 

• There was a disturbance in the Plastic limit (P.L) 

values, with the increase of contamination effect 

period for soil that had been contaminated by textile 

wastewater. 

• The soil that had been contaminated by paper 

wastewater (PW), the plastic limit values were 

increase with the increase of contamination effect 

period. 

• The shrinkage limit (SL) of natural soil was 18%. 

While the (SL) values of soil that has been 

contaminated with textile wastewater (TW) range 

from 19.2% to 20.5%. The (SL) results of soil 

contaminated with dairy effluent (DW) were 19% to 

21%, respectively. the SL of soil contaminated with 

leather wastewater (LW) ranged from 19% to 25% but 

the SL of soil contaminated paper wastewater (PW) 

ranged from 21% to 26%. 

Related to the shrinkage limit (SL) results: 

• the shrinkage limit (S.L) values increase with the 

increase in the duration of the pollution effect until 6 

months have passed, then at effect period 8, 12 and 16 

months, the samples were broken, for soil that had 

been contaminated by Dairy (DW) and textile 

wastewater (TW). 

• For soil that had been contaminated by leather waste 

water (LW), the shrinkage limit (S.L) values increase 

with the increase in the duration of the pollution Up to 

16 months. 

• the shrinkage limit (S.L) values increase with the 

increase in the duration of the pollution effect until 8 
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months have passed, then at effect period 12 and 16 

months, the samples were broken. 

• The plasticity index (PI) of natural soil was 41%. 

While the (PI) values of soil that has been 

contaminated with textile wastewater (TW) range 

from 27.5% to 30%. The (PI) results of soil 

contaminated with dairy effluent (DW) were 36.5% to 

35%. The PI of soil contaminated with leather 

wastewater (LW) ranged from 38% to 33% but the PI 

of soil contaminated paper wastewater (PW) ranged 

from 29% to 16%. 

• According to the results of plasticity index (PI) for 

soil that had been contaminated by Dairy (DW) it was 

decrease with the increase of contamination effect 

period until 2months have passed, then at effect period 

4, 6,8,12 and 16 months, there was stability in the 

values of the plasticity index. 

• For soil that had been contaminated by (TW) and 

(LW) the plasticity index (PI) values were decrease 

with the increase of contamination effect period until 

6months have passed, then at effect period 8,12 and 

16 months, after that they increased slightly. 

• The soil contaminated by paper waste water (PW) 

values were decrease with the increase of 

contamination effect period. 

Table. (5). The results of Atterberg’s limit for natural soil and contaminated soil with TW, DW, LW and PW at different time 

(Months). 

Effect Period 
LL 

% 

PL 

% 

PI 

% 

SL 

% 

O Si 74 33 41 18 

2 Months  

TW (%) 62 34.5 27.5 19.2 

DW (%) 66.5 32 36.5 19 

LW (%) 71 33 38 19 

PW (%) 64 35 29 21 

4 Months  

TW (%) 62 35 27 20.5 

DW (%) 65 30 35 20 

LW (%) 68 32 36 20 

PW (%) 62 36 26 23 

6 Months  

TW (%) 62.5 35.5 27 20.5 

DW (%) 64 29 35 21 

LW (%) 65 30 35 21 

PW (%) 60 37 23 25 

8 Months  

TW (%) 63 35 28 Broken 

DW (%) 63 28 35 Broken 

LW (%) 63 30 33 23 

PW (%) 59 38 21 26 

12 Months  

TW (%) 63 34 29 Broken 

DW (%) 62.5 27 35 Broken 

LW (%) 62.5 29 33.5 24 

PW (%) 58 39 19 Broken 

16 Months  

TW (%) 63 33 30 Broken 

DW (%) 62.5 27 35 Broken 

LW (%) 62.4 29 33 25 

PW (%) 57 41 16 Broken 
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Fig. (5). Comparison between the liquid Limit results with ageing of exposure for TW, DW, LW and PW. 
 

 

Fig. (6). Comparison between the plastic Limit results with ageing of exposure for TW, DW, LW and PW. 

 

 

Fig. (7). Comparison between the (SL) values with ageing of exposure for TW, DW, LW and PW. 
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Fig. (8). Comparison between the plasticity index values with ageing of exposure for TW, DW, LW and PW. 

 

According to these findings and the unified soil 

classification system (USCS) as listed in Table (6): 

• The natural soil, which is categorized as silty clay 

with high plasticity (CH-MH). 

• The contaminated soil samples for textile wastewater 

(TW) and industrial paper wastewater (PW) were 

classified as silt with high plasticity (MH) in the effect 

periods 2, 4, 6 and 8 months, but at 12 and 16 months, 

the (PW) classified as silt with low plasticity (ML) 

based on the impact of industrial wastewater as per the 

unified classification system (USCS). 

• According to the effect of dairy wastewater (DW) was 

classified as clay with high plasticity (CH), while soil 

samples contaminated with leather wastewater (LW) 

was classified as (CH-MH) in 2 months and 4 months, 

and classified as clay with high plasticity (TH) in the 

effect periods 6, 8, 12 and 16 months. 

 

Table (6). Classification of contaminated soils according to the unified soil classification system (USCS) 

Effective Period 
0 

Months (S1) 
2 months 4 months 

6 

months 

8 

months 

12 

months 

16 

months 

TW  CH-MH MH MH MH MH MH MH 

DW  CH-MH CH CH CH CH CH CH 

LW  CH-MH CH-MH CH-MH CH CH CH CH 

PW  CH-MH MH MH MH MH ML ML 

 

• The specific gravity (GS) of natural soil was 2.67. 

While the specific gravity (GS) values of soil that has 

been contaminated with textile wastewater (TW) 

range from 2.65 to 2.6, (GS) values for soil 

contaminated with dairy effluent (DW) were 2.6 to 

2.565, (GS) values for soil contaminated with leather 

wastewater (LW) range from 2.656 to 2.6 and finally 

(GS) values for soil contaminated with paper 

wastewater (PW) range from 2.65 to 2.58, Table (7). 

According to the specific gravity (GS) results: 

• For all contaminated soil with the different industrial 

waste water the (GS) values were decrease with the 

increase of contamination effect period. But soil 

exposed to industrial wastewater from dairy (DW) is 

more affected than soils exposed to other pollutants. 
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Table (7). The results of specific gravity for natural and contaminated soil with TW, DW, LW and PW at different times 

(months) 

Effective 

Period  
0   months 2 months 4 months 6 months 8 months 12 months 16 months 

GS TW  2.67 2.65 2.635 2.63 2.61 2.61 2.6 

GS DW  2.67 2.6 2.6 2.58 2.577 2.57 2.565 

GS LW  2.67 2.656 2.65 2.644 2.634 2.6 2.6 

GS PW  2.67 2.65 2.63 2.62 2.6 2.585 2.58 

 

 

Fig. (9). Comparison between the specific gravity (GS) values with ageing of exposure for TW, DW, LW and PW 

 

4.1.2   Free Swell Results 

• Based on the free swelling (F.S) results obtained from 

the soil samples under study Table (8), the results 

showed that S1 (natural soil) was (60%), for soil 

contaminated with textile wastewater (TW)  after 

(16months)  from contamination was (79.5%) ,the 

results of the Free Swell (F.S) for soil contaminated  

with dairy effluent (DW) was (78%) and the results of 

the Free Swell (F.S) for soil with paper wastewater 

(PW) was (85%), on the other hand the Free Swell 

(F.S) value for soil contaminated with leather 

wastewater (LW) after 16 months was (40%) , Fig. 

(10). 

• For the soils (DW), (TW) and (PW) the (F.S) values 

were increase with the increase of contamination 

effect period, but for soil contaminated with Leather 

tanneries wastewater (LW), the free swell (F.S) values 

were decrease with the increase of contamination 

effect period. 

• The soil exposed to industrial wastewater from paper 

is more affected than soils exposed to other pollutants. 

Table (8). The results of (F.S) for natural and contaminated soil with TW, DW, LW and PW at the effective period 

Effective  

Period  

0   

months(S1) 
2 months 4 months 6 months 8 months 12 months 16 months 

F.S TW% 60 70 72 75 76.5 77.5 79.5 

F.SDW% 60 65 72.5 75 76 78 78 

F.S LW% 60 55 50 43.5 43 40 40 

F.S PW% 60 65 70 75 80 85 85 
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Fig. (10). Comparison between the FS values with ageing of exposure for TW, DW, LW and PW. 

 

4.2 Compaction Outcomes  

The compaction parameters (γdmax) and OMC are 

estimated for the natural soil and contaminated soils at 

different dates are shown in Figs. (11) and (12). Based on 

the results of the compaction test using the standard 

proctor apparatus. It is clear from Table (9), which 

includes the compaction findings as maximum dry density 

(γdmax) and optimum moisture content (OMC), that: 

• The optimum moisture content (O.M.C.) and 

maximum dry density (γdmax) of natural soil (S1) were 

20% and 1.70 gm/cm3, respectively, while these 

values ranged from 20.5% to 22.3% and 1.65 to 1.6 

gm/cm3 for soil that had been contaminated TW. 

When soil was contaminated with DW effluent, the 

O.M.C. and dry density were, respectively, 22.5% to 

24% and 1.61 to 1.53 gm/cm3.In another hand soil 

that had been contaminated LW waste water the 

(OMC) and (γdmax) values were, respectively, 21% to 

25% and 1,65 to 1,52 gm/cm3 when soil was 

contaminated with (PW) the O.M.C. and dry density 

were, respectively, 22% to 26% and 1,63 to 1.46 

gm/cm3 

• The (γdmax) of all contaminated soils was lower than 

that of the natural soil. The (γdmax) of (PW) 

contaminated soil is the lowest, Fig. (11). 

• Optimum moisture content (OMC%) values increase 

of contamination effect period for all contaminated 

soils (TW), (DW), (LW) and (PW) 

• For all contaminated soil with the different industrial 

waste water the maximum dry density (γdmax) values 

decrease with the increase of contamination effect 

period. But soil exposed to industrial wastewater from 

paper (PW) was the most affected 

Table (9). Compaction out comes for the studied soils 

Sample No Sample No O.M.C, % γdmax., gm/cm3 

Natural Soil S1 20 1.7 

 

Contaminated soil 

with TW 

TW1 (2 month) 20.5 1.65 

TW2 (4 month) 21 1.64 

TW3 (6 month) 21.5 1.62 

TW4 (8 month) 21.75 1.61 

TW5(12 month) 22 1.6 

TW6(16 month) 22.3 1.6 

 

 

DW1 (2 month) 22.5 1.61 

DW2 (4 month) 22.75 1.6 
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Contaminated soil 

with DW 

DW3 (6 month) 23 1.58 

DW4 (8 month) 23.5 1.57 

DW5 (12 month) 24 1.54 

DW6 (16 month) 24 1.53 

 

Contaminated soil 

with LW 

LW1 (2 month) 21 1.65 

LW2 (4 month) 22.25 1.63 

LW3 (6 month) 23 1.62 

LW4 (8 month) 24 1.6 

LW5 (12 month) 24.25 1.55 

LW6 (16 month) 25 1.52 

 

      Contaminated soil 

              with PW 

PW1 (2 month) 22 1.63 

PW2 (4 month) 22.5 1.6 

PW3 (6 month) 24 1.56 

PW4 (8 month) 24.75 1.55 

PW5 (12 month) 25 1.5 

PW6 (16 month) 26 1.46 

 

 

Fig. (11). Comparison between the (γdmax) results with ageing of exposure for TW, DW, LW and PW 
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Fig. (12). Comparison between the (OMC) results with ageing of exposure for TW, DW, LW and PW 

 

4.3 Chemical Analysis 

4.3.1 Summary of Chemical Analysis of Soil 

The chemical analysis of the natural soil sample S1 

and the contaminated soils samples after 16 months from 

contamination for all contaminated soils (TW), (DW), 

(LW) and (PW) were carried out in National Research 

Center in Giza Governorate. Table (10) and Fig. (13) 

display the chemical analysis results, while     Fig. (13) 

lists the major oxides for comparison between the values 

based on the chemical analysis. 

• The presence of industrial wastewater can lead to an 

increase in certain chemical oxides. But soil exposed 

to industrial wastewater from paper (PW) was the 

most affected. It includes a high percentage of 

Alumina Oxide (Al2O3), Iron oxide (Fe2O3), and 

Titanium oxide (TiO2), in soil sample. 

• Some chemical oxides in soil samples are decreased 

due to the contamination by paper industrial 

wastewater it contains the lowest percentage of Silicon 

oxide (SiO2), in soil sample. 

• Some oxides are slightly decreased or increased. 

•  The above results of chemical oxides analysis agreed 

with the previous study by El-Kasaby, A., Easa, A.F 

(2023) and El-Kasaby, A., Easa, E.M (2023). 

 

Fig. (13). Comparison between the Major Oxides in (S1) and the studied soils (DW), (TW), (LW) and (PW). 
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Table (10). Chemical analysis results for natural soil S1and all contaminated soils DW, TW, LW, PW 

Oxide Content 

% 

Soil Samples 

Natural soil 

(S1) 

(TW) (DW) (PW) (LW) 

SiO2 46.2 44.1 43.4 39.2 45.2 

Al2O3 15.5 17.25 18.4 22.0 16.5 

Fe2O3 14.70 16.60 17.3 19.5 14.60 

CaO 5.92 5.14 5.4 5.54 5.14 

Mgo 2.64 2.84 2.94 2.74 2.84 

K2O 1.54 0.80 1.1 1.1 0.80 

Na2O 0.65 1.30 0.68 0.74 1.30 

SO3 0.19 0.45 0.55 0.53 0.18 

TiO2 2.47 3.48 3.64 7.5 2.48 

P2O5 0.26 0.14 0.13 0.15 0.27 

MnO 0.23 0.45 0.44 0.41 0.24 

SrO 0.05 0.04 0.06 0.08 0.04 

ZrO2 0.05 0.05 0.06 0.07 0.05 

Cr2O3 0.05 0.04 _ _ 0.04 

BaO 0.06 0.02 0.025 0.02 0.07 

CO3O4 - - 0.04 0.04 - 

Nb2O5 0.01 0.03 0.02 0.05 0.03 

LOi 9.35 6.32 5.39 9.3 9.49 

Cl- 0.04 0.70 0.80 0.85 0.13 

 

     Where, 

SiO2 Silicon Oxide MnO Manganese Oxide 

Al2O3 Alumina Oxide SrO Strontium Oxide 

Fe2O3 Iron Oxide ZrO2 Zirconium Oxide 

CaO Calcium Oxide Cr2O3 Chromium Oxide 

Mgo Magnesium Oxide BaO Barium Oxide 

K2O Potassium Oxide CO3O4 Cobalt Oxide 

Na2O Sodium Oxide Nb2O5 Nickel Oxide 

SO3 Sulphur tri Oxide LOi Loss of ignition  

TiO2 Titanium Oxide Cl- Chloride  

P2O5 Phosphorus Oxide   

 

4.3.2 Mineralogical Analysis of the Tested Soil 

At Giza Governorate's National Research Centre, an X-ray diffraction analysis of four soil samples natural soil sample 

s1 and contaminated soil samples TW, DW, LW and PW was carried out. By using X-ray diffraction (XRD) and X-ray 

fluorescence spectroscopy (XRF), The X-ray diffraction patterns of S1, TW, DW, LW and PW, Table (11) presents the 

calculated mineral percentages. 
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Table (11). XRD semi-quantitative percentages results. 

Sample No. Quartz Calcite Kaolinite Ellite Montmorillonite 

Natural soil 8.8 6.8 20.8 32.6 31 

TW 8.67 5.8 23.4 39.25 22.88 

DW 9.38 5.5 22.85 38.77 23.5 

LW 10.4 5.9 24.2 39.8 20 

PW 9.7 5.2 23.3 38.8 23 

 

4.3.3   Scanning Electron microscopy Investigations 

(SEM) 

The particle structure of the soils and wastewater 

was compared using scanning electron microscope (SEM) 

research. Fig. (14), (15), (16), (17) and (18) show the 

morphology of the tested soils. The primary structure of 

the current study's main structure usually contains the 

chemical elements silicon and aluminum, which are shown 

to have prominent peaks in the analysis. Figure 14, which 

displays the micrographs of natural soil devoid of 

wastewater, displays scanning electron micrographs of 

uncontaminated natural soil. The unique characteristics of 

natural soil, such as its high clay content, are highlighted 

by the stark variations in soil micrographs of natural soil 

before contamination. When comparing the micrographs in 

Fig. (15), (16) ,(17)     and (18) it is clear how Dairy, 

Textile, leather and paper wastewater affects natural soil. 

When compared to natural soil, the microstructure of the 

contaminated soil particles was looser, more porous, and 

had a different surface shape.  Sulphate activity causes 

disaggregation and the removal/washing out of 

constituents, strengthening the voids in some areas while 

causing aggregation and changes in the surface texture of 

the soil mass in other areas. The presence of clay is to 

blame for this. 

 

Fig. (14). SEM micrograph of natural soil before artificial 

contamination with wastewaters 

 

 

Fig.(15). SEM micrograph of natural soil after 16 months 

from contamination with wastewaters (DW) 

 

 

Fig. (16). SEM micrograph of natural soil after 16 months 

from contamination with wastewaters (TW) 
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Fig. (17). SEM micrograph of natural soil after 16 months 

from contamination with wastewaters (LW) 

 

 

Fig. (18). SEM micrograph of natural soil after 16 months 

from contamination with wastewaters (PW) 

 

V. CONCLUSION 

According to Laboratory studies on these soil samples, the 

following can be drawn as: 

1. It has been suggested that the geotechnical properties 

of fine-grained soil promote the degradation of dairy 

and textile products, perhaps posing threats to the 

site's current construction. 

2. Values of the liquid limit (L.L.) decrease as the 

duration of the contamination effect increases. For all 

contaminated soils but soil exposed to industrial 

wastewater from paper is more affected than soils 

exposed to other pollutants. 

3. There was a disturbance in the Plastic limit (P.L) 

values, with the increase of contamination effect 

period for soil that had been contaminated by textile 

wastewater. 

4. For soil that had been contaminated by Dairy (DW) 

and leather wastewater (LW), the plastic limit values 

were decrease with the increase of contamination 

effect period. 

5. There was a disturbance in the Plastic limit (P.L) 

values, with the increase of contamination effect 

period for soil that had been contaminated by textile 

wastewater. 

6. The soil that had been contaminated by paper 

wastewater (PW), the plastic limit values were 

increase with the increase of contamination effect 

period. 

7. the shrinkage limit (S.L) values increase with the 

increase in the duration of the pollution effect until 6 

months have passed, then at effect period 8, 12 and 16 

months, the samples were broken, for soil that had 

been contaminated by Dairy (DW) and textile 

wastewater (TW). 

8. For soil that had been contaminated by leather waste 

water (LW), the shrinkage limit (S.L) values increase 

with the increase in the duration of the pollution Up to 

16 months. 

9. The shrinkage limit (S.L) values increase with the 

increase in the duration of the pollution effect until 8 

months have passed, then at effect period 12 and 16 

months, the samples were broken. 

10. According to the results of plasticity index (PI) for 

soil that had been contaminated by Dairy (DW) it was 

decrease with the increase of contamination effect 

period until 2months have passed, then at effect period 

4, 6,8,12 and 16 months, there was stability in the 

values of the plasticity index. 

11. For soil that had been contaminated by (TW) and 

(LW) the plasticity index (PI) values were decrease 

with the increase of contamination effect period until 

6months have passed, then at effect period 8,12 and 

16 months, after that they increased slightly. 

12. The soil contaminated by paper waste water (PW), the 

(PI) values were decrease with the increase of 

contamination effect period. 
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13. The natural soil, which is categorized as silty clay 

with high plasticity (CH-MH). The contaminated soil 

samples for (TW) and (PW) were classified as Silt 

with high plasticity (MH) after the effect periods 2, 4, 

6 and 8 months, but (PW) classified as silt with low 

plasticity (ML) at effect periods 12 and 16 months, 

based on the impact of industrial waste water, as per 

the unified classification system (USCS). 

14. According to the effect of industrial paper wastewater 

(PW), and industrial dairy waste water (DW) 

classified as clay with high plasticity. On the other 

hand, industrial leather wastewater (LW) classified as 

(CH-MH) at effect periods 2 and 4 months and 

classified as (CH) at effect periods 6, 8, 12 and 16 

months 

15. For the soils (DW), (TW) and (PW) the (F.S) values 

were increase with the increase of contamination 

effect period, but for soil contaminated with Leather 

tanneries wastewater (LW)The free swell (F.S) values 

were decrease with the increase of contamination 

effect period. 

16. The (F.S) results for the soil exposed to industrial 

wastewater from paper is more affected than soils 

exposed to other pollutants. 

17. For all contaminated soil with the different industrial 

waste water the (GS) values were decrease with the 

increase of contamination effect period. But soil 

exposed to industrial wastewater from dairy (DW) is 

more affected than soils exposed to other pollutants.  

18. Optimum moisture content (OMC %) values increase 

of contamination effect period for all contaminated 

soils (DW), (TW), (LW) and (PW) 

19. For all contaminated soil with the different industrial 

waste water the maximum dry density (γdmax) values 

decrease with the increase of contamination effect 

period. But soil exposed to industrial wastewater from 

paper (PW) was the most affected. 

20. The presence of industrial wastewater can lead to an 

increase in certain chemical oxides. But soil exposed 

to industrial wastewater from paper (PW) was the 

most affected. It includes a high percentage of 

Aluminum oxide (Al2O3), Iron oxide (Fe2O3), and 

Titanium oxide (TiO2), in soil sample. 

21. Some chemical oxides in soil samples are decreased 

due to the contamination by paper industrial 

wastewater it contains the lowest percentage of 

Silicon oxide (SiO2), in soil sample, and some oxides 

are slightly decreased or increased. The above results 

of chemical oxides analysis agreed with the previous 

study by El-Kasaby, A., Easa, A.F (2023) and El-

Kasaby, A., Easa, E.M (2023). 

22. For the natural sample, the percentages of quartz, 

calcite, kaolinite, albite, and montmorillonite are 

8.8%, 6.8%, 20.8%, 32.6 and 31%, respectively. 

While these components changed with the addition of 

textile wastewater (TW). Therefore, the Quartz, 

Calcite, Kaolinite (K), Ellite (I) and montmorillonite 

percentage are changed to 8.67%, 5.8%, 23.4%, 

39.25%, and 22.88%, respectively. On the other hand, 

the components of control soil changed with the 

addition of dairy wastewater (DW). Therefore, the 

Quartz, Calcite, Kaolinite (K), albite (I) and 

montmorillonite percentage are changed to 9.38%, 

5.5%, 22.85%, 38.77 and 23.5, respectively.  

23. For the soil contaminated with leather wastewater 

(LW), the percentages of quartz, calcite, kaolinite, 

albite, and montmorillonite are 10.4%, 5.9%, 24.2%, 

39.8 and 20%, respectively. While these components 

changed with the addition of paper wastewater (PW). 

Therefore, the Quartz, Calcite, Kaolinite (K), Ellite (I) 

and montmorillonite percentage are changed to 9.7%, 

5.2%, 23.3%, 38.8%, and 23%, respectively. These 

results matched with the chemical composition of 

samples analyzed with XRF test. 

24. The microstructure of the examined soils shows that, 

in comparison to the natural samples, the industrial 

wastewater increased the morphology's porosity and 

looseness. 

25. The engineering qualities of soil, particularly free 

swelling, are severely reduced by effluent from dairy, 

textile and paper industries. Additionally, it is possible 

that the mineral particles would disintegrate, resulting 

in a loss of soil density. This loss of soil density can 

be identified as a significant Factor in the differences 

in soil parameters that were tested using SEM 

techniques. 
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