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■ Abstract:

Bovine farm waste, which includes urine, is typically thrown away and 
pollutes the environment. In the current study, bovine urine has been employed 
as a primary component to create an inhibitor extract that will prevent mild steel 
from corroding and prevent livestock waste from contributing to issues in the 
community such environmental pollution and poor air and water quality. The 
corrosion rate, inhibitor efficiency, adsorption and thermodynamic study has 
been experimentally investigated using weight loss technique. The outcome 
has demonstrated that the creatinine extract is an effective mild steel corrosion 
inhibitor in 0.5 M HCl at room temperature. The creatinine extract dosage 
ranged from 0.396 to 4.420 M. The corrosion rate and inhibitor efficiency 
ranged from 23.99 to 241.38 mpy and 58.16 to 90.06 % respectively. The 
weight loss calculations showed that the corrosion rate of mild steel in HCl 
media decreases with increasing the inhibitor concentration. So, it was 
concluded that the Creatinine has excellent inhibition effect on the corrosion 
of mild steel in HCl medium. The thermodynamics parameters reveals that 
the mechanism of inhibitor adsorption was spontaneous and physisorption. 
The Creatinine inhibitor which extracted from bovine urine obeying to all 
applied adsorption isotherm models. Thus, it has a great adsorption on the 
surface of mild steel. 

● Keywords: Mild Steel, HCl Corrosion, Bovine Urine, Creatinine Extract, 
Adsorption Isotherms.
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■ المستخلص:

نفايات مزارع الأبقار، التي تشمل البول، عادة ما تُلقى في القمامة وتلوث البيئة. في هذه الدراسة، 
تم استخدام بول الأبقار كمكون أساسي لإنشاء مستخلص مثبط يمنع تآكل الفولاذ الطري ويحول دون 
مساهمة نفايات الماشية في مشاكل المجتمع مثل تلوث البيئة ورداءة جودة الهواء والماء. تم دراسة معدل 
باستخدام  والديناميكية الحرارية، تجريبيًا  الدراسة الامتزازية  إلى  المثبط، بالإضافة  التآكل وكفاءة 
تقنية الوزن المفقود. أظهرت النتائج أن مستخلص الكرياتينين هو مثبط فعال لتآكل الفولاذ الطري 
في محلول HCl 0.5 عند درجة حرارة الغرفة. تراوحت جرعة مستخلص الكرياتينين من 0.396 
إلى 4.420 م. تراوحت معدلات التآكل من 23.99 إلى 241.38 مل/سنة وكفاءة المثبط 58.16 
إلى 90.06 %. أظهرت حسابات فقدان الوزن أن معدل تآكل الفولاذ الطري في وسط HCl ينخفض 
مع زيادة تركيز المثبط. لذلك، تم الاستنتاج بأن الكرياتينين له تأثير مثبط ممتاز على تآكل الفولاذ 
الطري في وسط HCl. تكشف بارامترات الديناميكية الحرارية أن آلية امتصاص المثبط كانت تلقائية 
وامتزازا فيزيائيًا. يمتثل مثبط الكرياتينين المستخرج من بول الأبقار لجميع نماذج الإيزوثيرم الامتزازية 

المطبقة. وبالتالي، فإنه يمتلك قدرة كبيرة على الامتزاز على سطح الفولاذ الطري.

الكرياتينين،  مستخلص  البقري،  اليورين   ،HCl تآكل،  الطري،  الفولاذ  المفتاحية:  الكلمات   ●
إيزوثيرم ، الامتزاز.

1. Introduction 

For the processing of acid, alkali, and salt solutions, one of the main building 
materials used in the chemical and related industries is mild steel (1). HCl is 
the most challenging of the common acids to work with corrosion. Even in 
relatively diluted quantities of hydrochloric acid, the choice of materials to 
handle the acid alone must be made with extreme caution. The majority of 
popular metals and alloys are severely corroded by this acid (2). All species, 
but especially humans, depend on good health and reliable access to food. 
Both are primarily mental and bodily states, and if one is neglected, a person 
may eventually pass away (3). When it comes to environmental issues related 
to cow urine, heavy metals can move from irrigation water to agricultural 
soils, posing a risk to human health due to direct contact with the metals in 
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the soil and the translocation and bioaccumulation of metals in forages, which 
contaminates animal products and, in both cases, can cause cancer and non-
cancerous diseases (4). It is generally known that urine is a metabolic waste 
that is produced in enormous amounts and is made by the filtration of plasma 
at the renal level. Metals are thought to be a sign of contamination from long-
term exposure in this matrix (5), making them a crucial diagnostic tool. On 
the other hand, in some parts of the world, pee is utilised as a product in the 
manufacturing of food, the pharmaceutical sector, and the management of bee 
problems (6), making knowledge of urine’s level of contamination crucial. 
The analysed cows’ urine had a Pb content of 0.028 mg L⁻¹, which was lower 
than the 50–124 mg L⁻¹ range reported by Raghu (2015) (7). The excretion 
of Cd in urine is thought to represent the body load of this element because, 
on the other hand, high excretion levels indicate serious kidney impairment 
(8). Particularly during the winter, urine significantly reduces clovers’ ability 
to fix nitrogen. According to Richards & Wolton’s distribution statistics from 
1976, when dairy production is extensive (three cows per ha), urine impacts 
around 40% of the grazed area. A minimum 10% annual reduction in nitrogen 
fixing must result from such an addition (9). There have also been reports of 
using cow urine to create nanoparticles (10). The green approach is always 
necessary because organic solvents are poisonous and hazardous to the 
environment (11). Due to its pH level or acid-base potency, cow urine may one 
day be useful in other organic synthesis as a solvent or catalyst to potentiate 
a reaction or for a particular transformation (12). The economic growth of 
a poor country might be greatly aided by the use of cannabis and cow urine 
(13). Copper, silver, and palladium nanoparticles with numerous medicinal 
applications have recently been created using cow urine (14). Healthy bovine 
urine ranges in volume from 17 to 45 ml/kg/day and has a specific gravity of 
1.025 to 1.045. Seasonal changes affect its pH, which ranges from 7.4 to 8.4. 
The daily ranges for urea nitrogen and total nitrogen are 23–28 ml/kg and 
40–45 ml/kg, respectively. Protein, glucose, and haemoglobin are not present 
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in the urine of healthy cows (15). Other important constituents are given in 
Table (1) below.

Table (1) Bovine Urine Chemical Composition (15).

Ammonia Nitrogen 1-1.7ml/kg/day

Allantoin 20-60ml/kg/day

Calcium 0.1-1.4ml/kg/day

Chloride 0.1-1.1mmol/kg/day

Creatinine 15-20mg/kg/day

Magnesium 3.7mg/kg/day

Potassium 0.08-0.15mmol/kg/day

Sodium 0.2-1.1mmol/kg/day

Sulphate 3-5mg/kg/day

Uric Acid 1-4mg/kg/day

Leucocyte 15micro It<

In the urine of healthy cows, there is no protein, glucose, or haemoglobin. 
The current study’s focus, creatinine, functions as an antibacterial (15). A 
substance called creatinine is created when nonenzymatic water is removed 
from creatine phosphate, a crucial energy source for the metabolism of 
muscle tissue (16). Degradation of creatine phosphate happens naturally 
and very often. Every day, the body converts about 2% of its stored creatine 
to creatinine (17). Blood and urine both contain creatinine. However, since 
the animal is no longer using the creatinine in the blood, the kidneys filter 
and eliminate it through the urine (18). Since the balance of the creatinine 
molecule (creatine & creatinine) in vitro is largely dependent on temperature 
and pH, with creatine being favoured at basic pH and low temperature, 
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and creatinine having an increase in its concentration when there are high 
temperatures and acidic environments, the increase in relative creatinine 
concentrations in the cow urine may be linked to the excretion of creatine 
in the urine (19). The metabolism of creatine and creatinine are illustrated in 
Figure (1). Creatinine, 2-imino-1-methylimidazolidin-4-one and its tautomer, 
2-amino-1-methylimidazoline-4-one, is the anhydride of creatine, that is, a 
lactam obtained by cyclocondensation of creatine, N-methyl-N-guanylglycine 
which is present in muscular tissue of many vertebrates (20). 

Figure (1) Chemical Structure for Creatine and Creatinine (20).

The phenomena governing the retention (or release) or mobility of a 
chemical from aqueous porous media or aquatic habitats to a solid phase at a 
constant temperature and pH is generally described by an adsorption isotherm, 
which is a valuable curve (21). When an adsorbate-containing phase has been 
in contact with the adsorbent for enough time for its adsorbate concentration in 
the bulk solution to be in a dynamic balance with the interface concentration, 
adsorption equilibrium (the ratio between the adsorbed amount with the 
remaining in the solution) is established (22).  The mathematical correlation, 
which is typically shown visually by plotting the solid-phase against its 
residual concentration, plays a significant part in the modelling analysis, 
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operational design, and practical application of adsorption systems (23). Its 
physicochemical features and the underlying thermodynamic presumptions 
shed light on the adsorption mechanism, surface characteristics, and level of 
adsorbent affinities (24).

Over the years, a wide variety of Models of equilibrium isotherms include 
those by Langmuir, Temkin, Frumkin, Freundlich, Flory-Huggins, Adejo 
Ekwenchi, El-Awadi, Hill Deboer, Fowler-Guggenheim, etc (25). The aim 
of the present research work is to evaluate the corrosion of mild steel in the 
absence and the presence of creatinine extracted from bovine urine in 0.5 M 
HCl. The corrosion inhibition is studied firstly by weight loss method and then 
thermodynamics parameters including; adsorption constant () and adsorption 
free energy (). Finally, the adsorption of the inhibitor on the surface of mild 
steel using various isotherm models was discussed.

2. Research Methodology

2.1 Bovine Urine Sample Collection

A one liter of bovine sample was collected from Cow farm at FedEx 
in Tamiya Al-Fayoum Governorate – Egypt. During spontaneous bovine 
urinating, samples were taken. In accordance with Chen and Gomes’ 
instructions, the urine samples were diluted in 160 mL of distilled water 
to prevent uric acid precipitation and had their pH values lowered to levels 
below 3 to prevent microbial destruction of purine and creatinine derivatives 
(26). Immediately after sampling, dilution, the bovine urine was kept in a 
refrigerator at a temperature of -20 to -40 degrees Celsius to prevent any 
change in the concentration of creatinine (27). 

2.2 Creatinine Extraction from Bovine Urine

 (a) A creatine solution was introduced to the diluted bovine urine to test 
the creatine to creatinine conservation. The urine pH was adjusted to a value 
lower than 3 using sulfuric acid drops; (b) In order to assess the preservation 
of creatine to creatinine, a creatine solution was added to the diluted bovine 
urine. After 30 days of storage under refrigeration (4 °C), the presence of 
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creatine in the urine results in an increase in the creatinine content (27). Six 
different creatinine concentrations were prepared in order to investigate their 
effects on the corrosion of mild steel in 0.5 M of hydrochloric acid solution. 
The different inhibitor concentrations were (0.396, 0.884, 1.768, 2.652, 3.536 
and 4.420 M). 

2.3 Mild Steel Samples Preparation

A mild steel sheet was cut in order to prepare 14 metal coupons. The 
dimension of mild steel coupons was (4x2x0.2cm). The composition of mild 
steel material used in the current research is showing in Table (2)

Table (2) Chemical Composition of Mild Steel.

Constitute Mn Cu Si C Ni Cr S P Mo

)%( 0.37 0.27 0.27 0.21 0.039 0.08 0.03 0.02 0.01

2.4 Weight Loss Measurements

In a double glass cell, gravimetric measurements were conducted. The 
testing took place in aerated solutions for 6 hours at 25°C. The samples were 
meticulously cleaned after each test, and then weighed. In each instance, 
duplicate trials were run, and the average weight reduction was recorded. 
Losing weight made it possible to calculate the mean corrosion rate in mpy. 
The corrosion rate (CR) with and without creatinine inhibitor different 
concentrations in 0.5 M HCl, the inhibitor efficiency (IE%) and inhibitor 
surface coverage (θ) were calculated as the follows (28):

Where, 534 is the unit’s conversion,  is the mild steel coupon weight (mg), 
D is the mild steel density (g/cm³), A is the area of the mild steel coupon (in²), 
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T is the exposer time (hour),  is the weight of mild steel coupon after exposer 
(mg),  is the weight of mild steel coupon before exposer (mg).   

3. Results and Discussion

3.1 Corrosion Rate, Inhibitor Efficiency and Inhibitor Surface Coverage 

Table (3) showing the results of the corrosion tests for mild steel coupons 
in 0.5 M HCl with and without creatinine corrosion inhibitor. According to the 
results, it can be noticed that the corrosion rate (CR) of the mild steel coupons 
decreases with gradually increasing the creatinine inhibitor concentration, 
the maximum (CR) was 241 mpy at the un-treated mild steel coupon, while 
the minimum (CR) was 23.99 mpy at creatinine inhibitor concentration () 
4.420 M. This  was the first indication that the creatinine inhibitor which 
extracted from the bovine urine was effective in protecting the mild steel 
surface against corrosion. In other hand, the efficiency of the inhibitor (IE%) 
increases with with gradually increasing the creatinine inhibitor concentration, 
the maximum (IE%) was about 90% at inhibitor concentration () 4.420 M, 
while the minimum (IE%) was about 58% at () 0.884 M. The increasing 
of () from 0.884 M to 4.420 M, causing decreasing in corrosion rate (CR) 
with about 77% and that’s causes increasing in inhibitor efficiency (IE%) 
with about 35%. The high inhibitor efficiency (IE%) about 90% was another 
premovement that the creatinine inhibitor is fit in decreasing the corrosion of 
mild steel materials in HCl medium. 

3.2 Adsorption Thermodynamic Parameters 

In order to understand the inhibitive process, thermodynamic factors are 
crucial. It was determined that the free energy of adsorption, , which can 
describe the interaction between adsorbed molecules and metal surfaces, 
is equal to RTln (55.5 x ). Where,  is the adsorption equilibrium constant; 
R is the gas constant (8.314 J. K⁻¹. mol⁻¹), T is the absolute temperature in 
Kelvin, and 55.5 is the water content in solution reported in mol. L⁻¹ (29). The 
equilibrium constant of adsorption, , and the free energy of adsorption can be 
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determined using the following equation (4):               (4)

	 Whether the sorption process follows physisorption or chemisorption 
is determined by the thermodynamic behaviour of the sorption of inhibitor 
ions onto adsorbents from aqueous solution. In physisorption, a surface and 
adsorbate (metal ion) exhibit a weak Van der Waals attraction. Chemisorption, 
on the other hand, took place when chemical bonds were formed between the 
surfaces of the solid (adsorbent) and the metal ion. Because it is difficult to 
get the heavy metal out of the adsorbent in this situation, chemisorption is 
irreversible (30). Table (4) provides the thermodynamic parameters for the 
adsorption of creatinine inhibitor on the surface of mild steel material in HCl 
aqueous media. The stability of the absorbed layer on the electrode surface is 
ensured by the negative value of.  In general, the values of  up to -20 KJ/mol 
are constant with the electrostatic interaction between the charged molecules 
and charged metal (physisorption), whereas those negative values higher than 
-40 KJ/mol involve sharing or transfer of electrons from the inhibitors to the 
metal surface to form a covalent type of bond (31). The predicted value of  was 
discovered to be negative less than -40 KJ. mol⁻¹ based on the experimental 
data shown in Table (4). Creatinine’s values range from -12.499 KJ. mol⁻¹ 
to -10.930 KJ. mol⁻¹, which shows that a powerful physisorption process is 
taking place to adsorb the components to the metal surface. 

Its significant corrosion IE% is explained by the relatively large and negative 
free energy value, which shows a strong and spontaneous adsorption of the 
creatinine components on the metal surface. As a result, physisorption is most 
likely the basis for the mechanism that will be suggested for the creatinine 
inhibitor system. In general, the inclusion of hetero atoms, such as N, O, and 
S atoms with a lone pair of electrons, in the inhibitor molecules may increase 
the adsorption, causing the inhibitor to become electrostatically adsorbed on 
the metal surface, producing insoluble stable coatings and reducing metal 
dissolution (32).
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Table (3) Corrosion Rate, Inhibitor Efficiency and Inhibitor Surface Coverage Calculations.

3.3.1 Introduction 

The kind, quantity of active sites on the metal surface, charge density, 
molecule size, interactions between the metal and the inhibitor, and creation 
of metallic complexes all affect how effective the inhibition is. Adsorption 
isotherms provide details on the interactions between metal inhibitors (33). 
The surface coverage measurements were theoretically fitted into various 
adsorption isotherms in order to obtain insight into the manner of inhibitor 
adsorption on carbon steel surfaces, and the values of correlation coefficient 
(R²) were utilised to select the best – fit   isotherm (33).   The most often   
utilised adsorption isotherms are those of Lungmir, Temkin, Frendlich, Adejo 
Ekwenchi, El-Awady and etc.

3.3.2 Langmuir Adsorption Isotherm	

The Langmuir isotherm compares and measures the adsorptive capacities 
of various adsorbents and describes gas-solid phase adsorption (34).

 =        (5) 
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The above equation is how the Langmuir isotherm, which represents the 
relationship between surface coverage and inhibitory concentration of a material, 
is stated. Figure (2) illustrates a linear relationship between (log /θ) and (log .).

Table (4) Adsorption Parameters for Adsorption of Creatinine on the Mild Steel Surface.

The parameters of Langmuir isotherm are presented in Table (4). The R² 
value of 0.9994 indicate strong adherence to Langmuir adsorption isotherm 
(34). The application of Langmuir isotherm to the adsorption of Expired 
Esomeprazole on surface of mild steel indicated that there is no interaction 
between the adsorbate and adsorbent (35). Lungmir, Temkin, Frumkin, 
Frendlich, Adejo Ekwenchi, and El-Awady, etc.

Figure (2) Langmuir Isotherm for Adsorption of Creatinine on the Mild Steel Surface.
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3.3.3 Temkin Adsorption Isotherm  

This isotherm has a component that explicitly accounts for the interactions 
between the adsorbent and adsorbate. The model makes the assumption that 
the heat of adsorption (function of temperature) of all molecules in the layer 
will drop linearly rather than logarithmically with coverage by disregarding 
the extremely low and high concentration values (35). According to equation 
(6), the Temkin adsorption isotherm  shows  a   relationship   between   inhibitor 
concentration () and surface coverage (θ) (36):

Plots of θ against log (), as presented in Figure (2). The  value is 0.9890. 
Since the value of  0.9 and it close to unity, that indicating the experimental 
data is fit well into the Temkin adsorption isotherm (37). The Temkin is a little 
bit obeying comparing with Langmuir adsorption isotherm.

Table (5) Temkin Parameters for Adsorption of Creatinine on the Mild Steel Surface.

 log 
)(

Logarithm

Surface

)( Coverage

)( log

Coupon

.No

--1
0.14303 -0.71940 -0.23538 -2
0.36343 -0.43308 -0.15627 -3
0.52476 -0.29870 -0.11351 -4
0.65006 -0.22384 -0.08772 -5
0.72244 -0.18948 -0.07536 -6
0.95715 -0.11037 -0.04547 -7

3.3.4 Frendlich Adsorption Isotherm

The Frendlich adsorption isotherm model has been selected as the third 
option for assessing the absornant solution’s adsorption potential. The 
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following equation (7) yields the Frendlich isotherm (38):

	 logθ + log + nlog           (7)

Where, n is the parameter for the interaction. Table (5) displays the 
Frendlich isotherm’s parameters. Figure (3)’s plot of log (θ) vs. log reveals a 
linear relationship with a R² value of 0.9861, demonstrating that adsorption 
of creatinine on the  mild  steel  outer surface is highly compatible with the 
Frendlich isotherm adsorption model, since R² value is > 0.90.

3.3.5 Adejo Ekwenchi Adsorption Isotherm

The Adejo Ekwenchi isotherm establishes an inverse relationship between 
the amount of adsorbate uptake from the bulk concentration and the difference 
between the total amount of surface area on the adsorbent surface and the 
fraction that is covered by the adsorbate at a specific temperature, prior to 
reaching the maximum value of surface cover (39). 

Figure (3) Temkin Isotherm for Adsorption of Creatinine on the Mild Steel Surface.

It is given by the equation:

The mechanism of adsorption of an inhibitor on the metal surface 
is identified by the b parameter in this case. Table (5) displays the Adejo 
Ekwenchi isotherm’s parameters. A plot of log (1/ (1 - θ)) vs. (log) as shown 



148

AL-JAMEAI -Issue 41 - Spring  2025

in Figure (5) which gives a linear relation with value 0.9510 which indicated 
that the adsorption of creatinine inhibitor on the outer surface of mild steel is 
highly obeying to the Adejo Ekwenchi isotherm model.

3.3.6 El-Awady Adsorption Isotherm     

The El-Awady adsorption  isotherm model was fitted to  the  experimental  
data.  The  equation  (8)  below represents the model’s characteristic (39):

  

Where, y represents the number of active sites. If the 1/y is less  than  
one  indicates multilayer adsorption, if 1/y greater than one implies inhibitor 
occupies more than one active site. El-Awady isotherm parameters are given 
in Table (4). A plot of log (θ /1- θ) vs. (log).

Figure (4) gives a linear relation with value 0.9320 which indicated that the adsorption 

of creatinine inhibitor on the mild steel surface is highly obeying to El-Awady adsorption 

isotherm model.
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Figure (5) Adejo Ekwenchi Isotherm for Adsorption of Creatinine on the Mild Steel Surface.

4. Conclusions

In this paper, regards the environmental pollution of the bovine urine, 
an investigation of the corrosion inhibition of creatinine compound which 
extracted from the bovine urine was carried out on the surface of mild steel 
in HCl aqueous solution at 25 ºC, the corrosion rate of the different creatinine 
inhibitor concentration was evaluated using the weight loss method. The 
results reveal that the corrosion rate decreases with increasing the inhibitor 
concentration, the maximum inhibitor efficiency was found about 90%. In 
order to investigate the mechanism of creatinine inhibitor adsorption on the 
surface of mild steel, the adsorption thermodynamic parameters including 
the free adsorption energies were calculated, the results showed that the 
mechanism was spontaneous and physisorption. Five adsorption isotherm 
models were studied. The adorption data fitted into Langmuir, Temkin, 
Freundlich, Adejo Ekwenchi and El-Awady isotherms out of which Langmuir 
Adsorption model was found to be have the highest regression value and 
hence the best fit. It could be concluded that creatinine extracted from the 
bovine urine is a potential and active biosorbent for inhibition of the mild 
steel corrosion in HCl medium.



150

AL-JAMEAI -Issue 41 - Spring  2025

5.References
(1) S. D. Shetty, P. Shetty and H. V. S. Nayak, J. Serb (2006). Chem. Soc., 71 (10) 

1073. 

(2) M. G. Fontana (1987). Corrosion Engineering, 3rd Ed., McGraw-Hill Book 
Company, New York, 346. 

(3) Friel, S., Ford, L., (2015). Systems, food security and human health. Food 
Security, 7, 437-451.

(4) Mohammadi MJ, Yari AR, Saghazadeh M, Sobhanardakani S, Geravandi S, 
Afkar A, Salehi SZ, Valipour A, Biglari H, Hosseini SA (2017). A Health Risk 
Assessment of Heavy Metals in People Consuming Sohan in Qom, Iran. Toxin 
Rev 37:278–286.

(5) Tirado-Amador, L.R., Gonz alez-Martínez, F.D., Martínez-Hern andez, L.J., 
Wilches Vergara, L.A., Celedon-Suarez, J.N., (2015). Heavy Metal levels in 
Biological Samples and their Importance in Health. Rev. Nac. Odontol.11, 83 
–98.

(6) Mandavgane, S.A., Kulkarni, B.D., (2020). Valorization of Cow Urine and 
Dung: A Model Biorefinery, pp. 1191–1204. (7) Raghu, V., (2015). Study 
of Dung, Urine, and Milk of Selected Grazing Animals as Bioindicators in 
Environmental Geoscience—a Case Study from Mangampeta Barite Mining 
area, Kadapa District, Andhra Pradesh, India. Environ. Monit. Assess. 187.

(8) Nordberg, G.F., Nogawa, K., Nordberg, M., (2015). Chapter 32 – cadmium, 
fourth edi. In: Handbook on the Toxicology of Metals. Elsevier. 

(9) Richards, I. R.; Wolton, K.  M.  (1976).  The Special Distribution of Excreta 
under Intensive Cattle Grazing. Journal of the British Grassland Society J 1: 
89--92. 

(10) St. John LE, Lisk DJ (1968). Determination of Hydrolytic Metabolites of 
Organophosphorus Insecticides in Cow Urine Using an Improved Thermionic 
Detector. Journal of Agricultural and Food Chemistry. 16(1):48-9 PhD 
dissertation, University of Canterbury, Christchurch, New Zealand. of N-(1, 
1-Dimethylpropynyl)-3, 5-Dichlorobenzamide in Rat and Cow Urine and Rat 
Feces. Journal of agricultural and food chemistry. 19(2):314-9.

(12) Ladewig J, Hart B (1981). Demonstration of Estrus-Related Odors in Cow 
Urine by Operant Conditioning of Rats. Biology of Reproduction. 24(5):1165-
9. 



151

Effect of Creatinine Extracted from the Bovine Urine on the Corrosion of Mild 
Steels in 0.5 M HCl (Environmental Aspect)

(13) Saunders WH (1982). Effects of Cow Urine and its Major Constituents on 
Pasture Properties. New Zealand Journal of Agricultural Research. 25(1):61-8. 

(14) MN Padvi NG Hiremath SRD Prasad AK Nayak RA Bohara Y Attrar P Sarvalkar 
(2020). Bos taurus Urine Assisted Biosynthesis of CuO Nanomaterials: A 
New Paradigm of Antimicrobial and Antineoplatic Therapy Macromolecular 
Symposia 392 https://doi.org/10.1002/masy.201900172. 

(15) Gulhane Harshad, et. al. (2017). Gomutra (Cow Urine): A Multidimensional 
Drug Review Article, Department of Kayachikitsa, MUPs Ayurved College 
& Hospital, Risod, Dist-Washim, Maharashtra, India, Int. J. Res. Ayurveda 
Pharm. 8 (5).  

(16) Harper HA, Rodwell VW, and Mayes PA (1982). Physiological Chemistry 
Manual. 5th ed. Atheneu, São Paulo, Brazil, p. 570. 

(17) Bloch K, Schoenheimer R, and Rittemberg D (1941). Rate of Formation and 
Disappearance of Body Creatinine in Normal Animals. Journal of Biology 
Chemistry, 138, 155–166. doi: 10.1016/S0021-9258(18)51421-6. 

(18) Wyss M and Kaddurah-Daouk R2000(  ).Creatine and creatinine 
metabolism.Physiology         Reviews, 2000, 80, 1107–1213. doi: 10.1152/
physrev.2000.80.3.1107. 

(19) Van Niekerk BDH, Bensadoun A, Paladines OL, and Reid JT (1963). A Study 
of the Conditions Affecting the Rate of Excretion and Stability of Creatinine in 
Sheep Urine. Journal of Nutrition, 79, 373–380 

(20) Naveen, E.; Ramnath, B.V. (2017). Elanchezhian, C.; Nazirudeen, S.S.M. 
Influence of Organic Corrosion

Inhibitors on Pickling Corrosion Behaviour of Sinter-Forged C45 Steel and 2% 
Cu Alloyed C45 steel. J. Alloys Compd, 695, 3299–3309.  

(21) G. Limousin, J.P. Gaudet, L. Charlet, S. Szenknect, V. Barthes, M. Krimissa, 
Sorption isotherms (2007). A review on Physical Bases, Modeling and 
Measurement, Appl. Geochem. 22–249–275. 

(22)  M. Ghiaci, A. Abbaspur, R. Kia, F. Seyedeyn-Azad (2004). Equilibrium 
Isotherm Studies for the Sorption 

of Benzene, Toluene, and Phenol onto Organo-Zeolites and as-Synthesized MCM-
41, Sep. Purif. Technol. 40–17–229.  

(23) M.C. Ncibi (2008). Applicability of Some Statistical Tools to Predict Optimum 
Adsorption Isotherm after Linear and Non-linear Regression Analysis, J. 



152

AL-JAMEAI -Issue 41 - Spring  2025

Hazard. Mater.153–207–212. 

(24) E. Bulut, M. Ozacar, I.A. Sengil (2008). Adsorption of Malachite Green onto 
Bentonite: Equilibrium and Kinetic Studies and Process Design, Micropor. 
Mesopor. Mater. 115–234–246. 

(25) A. Malek, S. Farooq (1996). Comparison of Isotherm Models for Hydrocarbon 
Adsorption on Activated Carbon, AIChE J. 42 (11), 3191–3201. 

(26) Chen XB and Gomes MJ (1992). Estimation of Microbial Protein Supply to 
Sheep on the Cattle Based on 

Urinary Excretion of Purine Derivates–on Overview of Technical Details. 
Buscks burnd: Rowett Research  Institute. International Feed Resources Unit, 
(Occasional publication), p. 21. 

(27) Jarbas Miguel da Silva Júnior, et. al. (2023). Creatinine Recovery from 
Bovine Urine under the Effect of  Different Times and Temperatures of Storage, 
Department of Animal Science of Sertão, Federal University of ergipe, Nossa 
Senhora da Glória, Sergipe, Brazil, PLOS ONE Journal. 

(28) Joseph Tagbo Nwabanne, Vincent Nwoye Okafor (2012). Adsorption and 
Thermodynamics Study of the Inhibition of Corrosion of Mild Steel in H₂SO₄ 
Medium Using Vernonia amygdalina,Department of Chemical Engineering, 
Nnamdi Azikiwe University, Awka, Nigeria, Journal of Minerals and Materials 
Characterization and Engineering, 885-890. 

(29) Arum, C., and Alhassan, Y. A., (2005). Combined Effect of Aggregate Shape, 
Texture and Size on Concrete trength, Forthcoming in the Journal of Science, 
Engineering and Technology Vol. 13 No. 2, Chyke- Cee, Enugu. 

(30) Mohamed Nasser Sahmoune (2018). Thermodynamic Parameters Evaluation 
for Adsorption of  Heavy  Metal by Green Adsorbents, Department of Process 
Engineering, Faculty of Engineering Sciences, University of Boumerdes, 
Boumerdes, Algeria, Environmental Chemistry Letters.  (31) Kahled K.F. 
(2003). Electrochim Acta., Chemistry department, Faculty of Education, Ain 
Shams University, 48-2496. 

(32) R. Karthikaiselvi, et., al. (2014). Study of Adsorption Properties and 
Inhibition of Mild Steel Corrosion in  Hydrochloric Acid Media by Water 
Soluble Composite Poly (Vinyl Alcohol-O-Methoxy Aniline), Department 
of  Chemistry, Kumaraguru College of Technology, Coimbatore, Tamil Nadu, 
India, Journal of the Association of  Arab Universities for Basic and Applied 
Sciences, Volume 16, Pages 74-82. 



153

Effect of Creatinine Extracted from the Bovine Urine on the Corrosion of Mild 
Steels in 0.5 M HCl (Environmental Aspect)

(33) Singh A, Singh V. K., and Quraishi M. A. (2010). “Inhibition Effect of 
Environmentally Benign Kuchla  (Strychnos Nuxvomica) Seed Extract on 
Corrosion of Mild Steel in Hydrochloric Acid Solution,”Rasayan Journal of 
Chemistry, vol. 3, pp. 811–824. 

(34) T. M. Elmorsi, (2011). Equilibrium Isotherms and Kinetic Studies of Removal 
of Methylene Blue Dye by  Adsorption onto Miswak Leaves as a Natural 
Adsorbent, Journal of Environmental Protection, 2(6), 817–827. 

(35) Dada, A.O et. al. (2012). Langmuir, Freundlich, Temkin and Dubinin–
Radushkevich Isotherms Studies of  Equilibrium Sorption of Zn²⁺ Unto 
Phosphoric Acid Modified Rice Husk, Department of Physical Sciences 

(Industrial Chemistry Unit), Landmark University, Omu-Aran, Kwara, State, 
Nigeria, IOSR Journal of Applied  Chemistry (IOSR-JAC), ISSN: 2278-5736. 
Volume 3, PP 38-45. 

(36) S. Ach arya and S. N. Upadhyay (2004). “The Inhibition of Corrosion of Mild 
Steel by Some louroquinolones  in Sodiumchloride Solution,” Transactions of 
the Indian Institute of Metals, Vol. 57, No. 3, pp. 297-306. 

(37) S. Bilgic and N. Caliskan (2001). “An Investigation of Some Schiff Bases as 
Corrosion Inhibitors for 

Austenite Chromium-Nickel Steel in H₂SO₄,” Journal of Applied Electrochemistry, 
Vol. 31, No. 1, pp. 79-83. doi:10.1023/A:1004182329826. 

(38) S.  A. Umoren, I.  B.  Obot, E.  E (2008).  “Synergistic Inhibition between 
Naturally Occurring Exudate Gum and Halide Ions on the Corrosion of Mild 
Steel in Acidic Medium,” International Journal of Electrochemical Science, 
Vol. 3, No. 9, pp. 1029-1043. 

(39) William-Ebi Duduna, Osaribie Nelson Akeme, Tombiri Mark Zinipere 
(2019). Comparison Of Various Adsorption Isotherm Models For Allium Cepa 
As Corrosion Inhibitor On Austenitic Stainless Steel In Sea Water, International 
Journal of Scientific & Technology Research Volume 8


