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ABSTRACT

Introduction: disposal of heavy metals into the water as a result of industrial development might cause a
threat Health and the environment.

aim of this study was to assess the uptake of Co?" from aqueous solutions via NiO/ y-AL,O, nano catalysts.
Method: the main variables that affect the percentage of metal removal were assessed. It took about 50
minutes to attain equilibrium for the elimination of Co ions. It was discovered that raising the adsorbate
concentration and increasing the surface weight somewhat lowered the removal of cobalt ions.

Results: the removal of cobalt ions was shown to depend on temperature, due to ecothermic natural of this
prosess increasing temperature associated with decrease the elimination.

Conclusions: the adsorption seems to be spontaneous, exothermic, and less random according to calculated
values of the thermodynamic functions (AG, AH, and AS) of the adsorption. After the data were fitted
into a number of kinetic models, including the Elovich model, pseudo-first order, pseudo-second order, and
intraparticle diffusion equations, it was discovered that the pseudo-second-order model performed the best
at describing the adsorption, with a high correlation factor (R2).

Keywords: Thermodynamics; Kinetics; Adsorption; Cobalt Il; Nio/T'-Al203 Nanoparticles.
RESUMEN

Introduccion: la eliminacion de metales pesados en el agua como resultado del desarrollo industrial puede
causar una amenaza para la salud y el medio ambiente.

El objetivo de este estudio fue evaluar la absorcion de Co2+ de soluciones acuosas a través de nanocatalizadores
de NiO/y-Al203.

Método: se evaluaron las principales variables que afectan el porcentaje de eliminacion de metales. Se tardo
aproximadamente 50 minutos en alcanzar el equilibrio para la eliminacion de iones Co+2. Se descubrio que
aumentar la concentracion de adsorbato y aumentar el peso de la superficie reducia un poco la eliminacion
de iones de cobalto.

Resultados: se demostro que la eliminacion de iones de cobalto depende de la temperatura, debido a la
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naturaleza ecotérmica de este proceso, el aumento de la temperatura se asocia con una disminucion de la
eliminacion.

Conclusiones: la adsorcion parece ser espontanea, exotérmica y menos aleatoria seglin los valores calculados
de las funciones termodinamicas (AG, AH y AS) de la adsorcion. Después de ajustar los datos a una serie de
modelos cinéticos, incluido el modelo de Elovich, el pseudo-primer orden, el pseudo-segundo orden vy las
ecuaciones de difusion intraparticula, se descubrio que el modelo pseudo-segundo orden tenia el mejor
desempenio para describir la adsorcion, con un alto factor de correlacion (R2).

Palabras clave: Termodinamica; Cinética; Adsorcion; Cobalto Il; Nanoparticulas de Nio/I-Al203.

INTRODUCTION

The biological processes produce large amounts of wastewater, which represents a serious threat to the
survival of living things in the environment since it is contaminated with cobalt and its compounds. The
compounds of cobalt are an element in an environment in its mineral structural forms like arsenicals, arsenic
hydrates, and even oxides." There is a biological toxic effect of high concentrations of cobalt compounds on
living organisms. Printing and ceramic industry working people who use cobalt dyes as paint materials, anti-
insect, and agriculture might suffer from health problems. %3 However, ways to remove cobalt ions from aqueous
media and water are done by precipitation means, electrochemical techniques, and membrane processes and
are most commonly used of adsorption and ion exchange.*>%" Basically, the surface of the nanoparticle’s
functionality might show a high surface area to increase both adsorption capacity and efficiency.®® Recently,
researchers reported various nanomaterial particles for heavy metal removal by adsorption. Therefore, heavy
metals might adsorb easily from aqueous systems using nano-size metal oxides like ferric oxides, manganese,
cerium, and aluminum oxides." In recent years, extensive and rapid technological advances have been
introduced in the field of nanotechnology. This evolution has raised a considerable demand for the production
of efficient adsorbents for removing some toxic as well as heavy metal pollutants. It is quite imperative to focus
on the principal advantages of nanoparticles adsorption technologies for removing cobalt ions from industrial
wastewater. Nickel oxide nanoparticles garnished y-aluminum oxide nanoparticles were synthesized and their
adsorption efficiency was employed to expunge poisonous cobalt metal ions from an artificial wastewater. The
nanoparticles were green synthesized via a chemical method using AICl to feed a colloidal mixture solution
acting as y-langoustine seeds and the gene principle of natural mimic the enzymatic technology was employed
to grow nickel oxide nanoparticles." The nanomaterial particles were intensively experimented with as
very active and efficient absorbents to remove many heavy metal ions.("" Cobalt removal studies employed
magnetite-based nanocomposite.? The present study aims to assess the Co2+ uptake from aqueous solutions
via ( NiO/ y-Al203 ) nano catalysts.

METHOD
Adsorbates of Study

An adsorption process involves the surface accumulation of an adsorbate (in this case, Co*") on a porous
solid (the adsorbent, known here as nanoparticles), followed by its molecular bonding under various applied
conditions (temperature, concentration). For Co?* ions adsorption, functionality such as NiO/y-Al_20_3 or any
combination of its components was used as adsorbents in the literature so far. In this work, NiO/y-Al_20_3
nanoparticles are considered, which are practical as well as economically important adsorbents. Hydroxy
forms of Ni- and Fe-based hydrotalcite-like materials (eco-friendly synthesized ones), as well as other simple
binary-based eco-synthesized metal oxides, are also good and efficient/desirable adsorbents for Co?* removal
from wastewaters. Several kinds of metal oxides (binary, nickel foam cartridges modified with iron oxide
or magnetite) adsorbents for Co?* recovery have been described in the literature with positively received
outcomes. From the majority of this kind of literature, it is evident that there is no detailed work on the Co*
ions adsorption performed from a thermodynamics or kinetics point of view (like we have done in this work)
with synthesized NiO/y-Al_20_3 nanoparticles.

Adsorbent of Study

The adsorbent used is Nano NiO/y-AlL O, catalyst, which was prepared and characterized previously from
nickel oxide nanoparticles that were synthesized by the Arundo Donaxi Leaves Extract route and alumina
(Y-AL0,) being prepared by co-precipitation method. ")

Factors Affecting the Adsorption
In this investigation, the important factors that influenced the study were the amount of NiO/-ALO,
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adsorbent, the influence of the original concentration of Co*? ions, and the role of temperature. To study the
impact of temperature on adsorption, Co(ll) ion removal from aqueous solutions is performed in a series of
adsorption experiments at various temperatures (293, 303, 313, 323, and 333K).

Metal Removal Methods
The previously published formula was used to compute the removal percent of metal (R%)(41>,

Kinetic Adsorption of Co*? ions

At a regular interval of 5, 15, 25, 35, and 45 minutes, (0,1) g of produced NiO /y-Al203 is shaken at a speed
of 150 rpm at a temperature of 298 K to study the kinetics of cobalt ion adsorption. Once again, the experiment
was conducted using the adsorbent at temperatures (308, 313, 318, and 323) K. The concentration of eliminated
Co+2 ions was then determined using the same protocols as before. The (pseudo/first order) is one of four
kinetic models and adsorbate/adsorbent interaction, were used to assess the order of the interaction. Pseudo/
second order: intra particle diffusion: and finally, Elovich models one) described by equations (1-4).

[In(q, -9,)]= (Inq,) - (k, t) (1)

[t/q,1=1/(k, g% )+[1/(q, )]t (2)
(q, = k, t"? + (constant, C) (3)
qt=Bln (aB) + Blnt (4)
RESULTS

Adsorption of Co(ll) ions on NiO/ y-Al,O, NanoCatalyst
Effect adsorption on time of contact

The influence of contacting time on the Co(*?) ion’s adsorption on (NiO/-A ,0,) revealed that the adsorption
equilibrium time is almost (50) min. The percentage removal of Co* ions from surfaces also decreases at the
beginning of contact time before gradually increasing, with the quick initial increase in rate followed by a
slowing in rate at the later period, which may be caused by the presence of extra adsorption on the adsorbent
materials sites.*%19 According to the authors, the first high adsorption rate may have been caused by ion
exchange, which was achieved by a gradual reaction between the sample ions’ active groups as the available
empty surface positions could not be filled easily because of repulsive force.!” To do so, metal ions must
migrate much further and also deeper into the pore where it under go or encounter much greater resistance."”

Role of Amount of Adsorbent Quantity on Adsorption

The impact of adsorbent amount on the removal, Co(*?) ions on (NiO/y-Al,0,) was investigated via different
amounts quantity (0,06- 0,08- 0,1- 0,12 and 0,15)g and at 298K with the same Co*? ions concentration (100ppm),
time of contact being (50) min. For the effect of surface amount on the absorption of metal ions demonstrates
that the removal of metals increases along with the amount of NiO/y-AL O, prepared using the [Arundo Leaves
Extract method]. This increase indicates that the concentration of oxide nanoparticles increases to the
percentage of metal elimination from the surface due to an increase in surface area.

Effect of Original Adsorbate Amount on Adsorption

Co (*?) ions adsorption on NiO/y-AL O, was first investigated at optimal conditions using different initial
concentrations (50-100-150-200 and 250) ppm of the aqueous solution. The data showed that the initial
concentration rise caused a decrease in removal. Since the nanoparticles have a big surface area and are tiny
in size, they have a large number of active adsorption sites that are available for adsorption. These factors may
be the cause of the drop in removal % at higher doses.®

Temperature effect on adsorption

The temperature might affect the extent of Co(ll) ion adsorption on NiO/y-Al,0, was investigated at different
temperatures that involved 293, 303, 313, 323, and 333K with an initial concentration of (100) mg/l, (0,1g)
is the quantity of adsorbent, fixed time of contact (50min). Experimental data and Co (Il) removing shape are
presented (table 1 and figure 1).

It is obvious that the removal rate is lower with the temperature increasing. Based on these data, it can
be observed that the adsorption is an exothermic process in studied cases; the lowering of the removal by
adsorption raise by increasing temperature might be due to the weakness of the force of interaction between
adsorption surface active sites and adsorbate ions.
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Figure 1. Relation of temperature and percent removal of Co (Il) ion on NiO/ y -Al, O, nano catalyst

Kinetics Studies of Adsorption Process for Cu+2 and Co+2 ions

Utilizing the experimental circumstances of an initial concentration of 100 ppm, several temperatures (308-
313-318- and 323), 150 rpm, and time intervals (5-15-25-35- and 45) minutes, an adsorption kinetic analysis
was conducted. Ce represents the concentration of the ions followed the adsorption in (t) time (ppm), qt is the
value adsorbed at t time (ppm), ge is the adsorbed quantity at equilibrium (mg/g, ppm), ge -qt, ln(ge- qt), t
which is time (min), t1/2 square root of time (min1/2), These data were applied for four kinetic models, which
are pseudo-first order, pseudo-second order, Intraparticle diffusion, and Elovich models described by equations
2, 3, 4, and 5 with the plots shown in figures 2, and 3 in different temperatures for the four mention models
respectively.
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Figure 2. The Co+2 adsorption on NiO/y-Al203 nanocatalyst: from (A- D) pseudo-1st-order kinetic model, (E , F) pseudo-2"-
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Figure 3. Diffusion model (A) and Elovich Mode (B) of intraparticle for Co+2 adsorption on NiO/y-Al203 nanocatalyst

The values (k,: k,: k:k_ ..) and correlation coefficients of adsorption for Co(*?) on NiO/y-Al,0, adsorbents
are given in table 1. The results show that the pseudo-2"-order correlation coefficient is more than one of
pseudo-1%, intraparticle diffusion models and even Elovich model.

Table 1. Co+2 ions’ adsorption kinetics constants on a NiO/y-Al203 nano catalyst

T(K) ) q ( Pseudo 1t order Pseudo-2"¢ order Intra particle- Elovich-model
diffusion
K,in 1/min (R)? K,in g/ (R)? K,in mg/g. (R)? K. ovicn N (R)?
mg.min min-' (mg/g.s)

308,0 48,9450 -0,0370 0,9577 0,0252 0,9995 0,7059 0,9512 73132 0,8704
313,0 47,5515 -0,0378 0,9847 0,0220 0,9992 0,8494 0,9673 74733 0,8982
318,0 46,6895 -0,0342 0,9422 0,0243 0,9991 0,7385 0,9339 32029 0,8527
323,0 46,2300 -0,0344 0,9023 0,02433 0,9991 0,6955 0,9029 27612 0,7959

Thermodynamic study of adsorption for NiO/y-Al,0, nanocatalyst

The impact of temperature on the removal of Co™ ions from NiO/y-A,0, at different temperatures that
included 293, 303, 313, 323, and 333 K was tested and used to evaluate the change in the thermodynamic basis
function of the free-energy; [AG], enthalpy; [AH] and also the entropy; [AS] of adsorption. The equilibrium
constant [K] is well-thermodynamically explained using the equation of Van 't Hoff (figure 4). The value of
equilibrium constants[K] was computed at any studied temperature by ?. The Gibes-free-energy change [AG°]
has been evaluated according to the previously reported equation ?¥. Finally, values of (AH) and (AS) were
calculated from both slope & intercept by plotting (Ink) vs (1/T).

6 -
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R2 = 0.7494
-
£ 3
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0 T T T T T T T T 1
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Figure 4. Plot of Van-"t Hoff adsorption plot of Co (Il) by NiO/yAL O, catalyst
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Table 2 illustrates the variations in [(AG);(AH); and (AS)], where the negative AG values validate the
appropriateness and spontaneous nature of the adsorption process. 2 While negative [AS] implies a decrease
in randomness at the (solid-solution) interface due to ion adsorption by NiO/yAl203 catalysts, negative AH
suggests that the adsorption of ions onto NiO/yAl203 catalysts was an exothermic process.

Table 2. Values of the general thermodynamic function of the adsorption for Co (II) on
NiO/y-ALO, nanocatalysts under various temperatures

lons Temperature in,(K) AG,(KJ/mol)  AH,(KJ/mol)  AS,(KJ/mol.K)
Co*? 293 -13565,851 -83428,87 -243,0282
303 -7609,3203
313 -5483,2684
323 -4711,0358
333 -3923,3292

DISCUSSION
Thermodynamic Insights into Co(ll) Adsorption

The thermodynamic assessment of Co(ll) ion adsorption onto NiO/y-Al203 nanoparticles reveals significant
insights into the nature and feasibility of the process. The negative values of Gibbs free energy change (AG)
across all studied temperatures confirm the spontaneous nature of the adsorption process. The increasingly
negative AG with decreasing temperature suggests that lower temperatures favor adsorption, reinforcing the
exothermic nature of the reaction as indicated by the negative enthalpy change (AH = -83428,87 KJ/mol).
This exothermic behavior implies that the adsorption process releases heat, making it less efficient at higher
temperatures where thermal agitation may disrupt the interaction between adsorbent and adsorbate.?"2?

Additionally, the entropy change (AS = -243,0282 KJ/mol.K) is negative, indicating a decrease in randomness
at the solid-liquid interface during adsorption. This can be attributed to the structured arrangement of Co(ll)
ions on the nanoparticle surface, reducing the system’s overall disorder. The negative AS further suggests that
the adsorption involves a more ordered process, possibly due to the specific interaction between Co(ll) ions and
active sites on the NiO/y-Al203 nanoparticles. >2425)

Kinetic Modeling and Adsorption Mechanism

The kinetic analysis of Co(ll) adsorption demonstrates that the process follows a pseudo-second-order
kinetic model more accurately than pseudo-first-order, intraparticle diffusion, and Elovich models. The high
correlation factor (R?) for the pseudo-second-order model indicates that the rate-limiting step may involve
chemisorption, where the adsorption rate is proportional to the square of the number of unoccupied sites. This
suggests that the adsorption mechanism is likely dominated by chemical interactions between Co(ll) ions and
the active sites on the NiO/y-Al203 nanoparticles. 22

The kinetic parameters obtained from the pseudo-second-order model further support the chemisorption
mechanism, as they provide a better fit to the experimental data compared to other models. The intraparticle
diffusion model, while useful, shows that diffusion is not the sole rate-limiting step, indicating that the overall
adsorption process involves multiple stages, including surface adsorption and pore diffusion.®

Impact of Adsorption Variables

The study identifies several key factors affecting Co(ll) adsorption efficiency, including contact time,
adsorbent dosage, initial ion concentration, and temperature. The equilibrium time for maximum adsorption
is approximately 50 minutes, after which no significant increase in adsorption is observed. This rapid initial
adsorption rate followed by a plateau suggests that the process is initially driven by the availability of active
sites, which become saturated over time. #8230

The adsorbent dosage positively influences Co(ll) removal efficiency, with higher amounts of NiO/y-Al203
leading to increased adsorption due to the greater availability of active sites. However, at very high dosages, the
removal efficiency plateaus, possibly due to overlapping of adsorption sites and agglomeration of nanoparticles,
which reduces the effective surface area as in chen study.®"

The initial concentration of Co(ll) ions shows an inverse relationship with removal efficiency, where higher
concentrations result in lower percentage removal. This can be attributed to the saturation of available
adsorption sites at higher concentrations, indicating that the adsorbent’s capacity is finite and can be
overwhelmed by excessive amounts of adsorbate. (32:33,34.35

Temperature variations significantly impact the adsorption process, with higher temperatures leading to
decreased removal efficiency. This reinforces the exothermic nature of the adsorption, where increased kinetic
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energy at higher temperatures may hinder the stable interaction between Co(ll) ions and the adsorbent surface.

CONCLUSION

It has been concluded from the present investigation that adsorption needs 50 minutes till removal of all
Co+2 and get equilibrium. It also seems that raising the adsorbate concentration and increasing the surface
weight somewhat decreased the removal of cobalt ions. It was discovered that the elimination of cobalt ions was
temperature-dependent, and that the process was exothermic as the temperature was raised. The estimated
values of the thermodynamic functions (AH and AS) of the adsorption are -83428,87 KJ/mole and -243,0282 KJ/
mole for AH and AS, respectively. These values suggest that the adsorption is spontaneous, exothermic, and less
random. Fitting the data into many kinetic model equations such as pseudo-first order / pseudo-second order
/ intraparticle diffusion and finally Elovich model demonstrated that pseudo-second-order describes adsorption
with high correlation factor (R2) and is better than other kinetic models.

REFERENCES
1. Weber B. Coordination Chemistry: Basics and Current Trends. Springer Nature; 2023 Mar 27.

2. Czuprynski P, Ptotka M, Glamowski P, Zukowski W, Bajda T. An assessment of an ion exchange resin system
for the removal and recovery of Ni, Hg, and Cr from wet flue gas desulphurization wastewater—a pilot study.
RSC advances. 2022;12(9):5145-56.

3. Elomaa H, Rintala L, Aromaa J, Lundstrom M. Process simulation based life cycle assessment of cyanide-
free refractory gold concentrate processing-Case study: Cupric chloride leaching. Minerals Engineering.
2020;157:106559.

4. Jack F, Bostock J, Tito D, Harrison B, Brosnan J. Electrocoagulation for the removal of copper from
distillery waste streams. J. Inst. Brew. 2014;120(1):60-4.

5. Li J, Wang X, Wang H, Wang S, Hayat T, Alsaedi A, Wang X. Functionalization of biomass carbonaceous
aerogels and their application as electrode materials for electro-enhanced recovery of metal ions. Environ. Sci
Nano. 2017;4(5):1114-23.

6. Tran A.T.K. et al.,. RO concentrate treatment by a hybrid system consisting of a pellet reactor and
electrodialysis. Chem. Eng. Sci., 2012; (79): 228-238.

7. Edebali S. and Pehlivan E. Evaluation of chelate and cation exchange resins to remove copper ions.
Powder Technology, 2016; (30): 520-525.

8. Prakash N, Vendan SA. Biodegradable polymer based ternary blends for removal of trace metals from
simulated industrial wastewater. Int. J. Bio. Macromolecules. 2016;83:198-208.

9. Al-Saydeh SA, El-Naas MH, Zaidi SJ. Copper removal from industrial wastewater: A comprehensive review.
J. Ind. Eng. Chem. 2017 ;56:35-44.

10. Singh S, Anil AG, Khasnabis S, Kumar V, Nath B, Adiga V, Naik TS, Subramanian S, Kumar V, Singh J,
Ramamurthy PC. Sustainable removal of Cr (VI) using graphene oxide-zinc oxide nanohybrid: Adsorption kinetics,
isotherms and thermodynamics. Environ. Res. 2022 ;(203): 11189.

11. Prochaska C, Gallios G. Nano-adsorbents for cobalt removal from wastewater: a bibliometric analysis of
research articles indexed in the Scopus database. Processes. 2021 ;9(7):1177.

12.Tizro S, Baseri H. Removal of cobalt ions from contaminated water using magnetite based nanocomposites:
effects of various parameters on the removal efficiency. J. Water Environ. Nanotechnol. 2017;2(3):174-85

13. Jawad Nawras and Hassan Karim. Structural Characterization of NiO Nanoparticles Prepared by Green
Chemistry Synthesis Using Arundo donaxi Leaves Extract, Iraqi Academics Syndicate International Conference
for Pure and Applied Sciences Journal of Physics: Conference Series 2021;1818.

14. Ahmed MS, Reyadh AR, Shareef BQ, Ali AR, Hany AH, Meena AN. Increasing Prevalence of Congenital
Hypothyroidism in children with Down Syndrome who have a family history of Thyroid disease. Research Journal

https://doi.org/10.56294/sctconf20251167



9 Hassan KH, et al
of Pharmacy and Technology. 2023;16(3):1327-32.

15. Saeed A, Akhter MW, Igbal M. Removal and recovery of heavy metals from aqueous solution using papaya
wood as a new biosorbent. Sep. Puri. Tech, 45(1):25-31.

16. Al-Hussaniy HA, Almajidi YQ, Oraibi Al, Alkarawi AH. Nanoemulsions as medicinal components in insoluble
medicines. Pharmacia. 2023;70(3):537-47.

17. Alfa YM, Hassan H, Nda-Umar Ul. Agricultural waste materials as potential adsorbent for removal of
heavy metals from aqueous solutions. Inter. J. Chem. Res. 2012;2(2):01-13.

18. Claude V, Mahy JG, Micheli F, Geens J, Lambert SD. Sol-gel Ni/y-Al203 material as secondary catalyst
for toluene reforming: Tailoring the y-Al203 substrate with stearic acid. Microporous and Mesoporous Materials.
2020 Jan 1;291:109681.

19. Deutz S, Bardow A. Life-cycle assessment of an industrial direct air capture process based on temperature-
vacuum swing adsorption. Nature Energy. 2021;6(2):203-13.

20. Ni H, Jia X, Yu L, LiY, Li P. Promotion Effect of H2S at High Concentrations on Catalytic Dry Reforming of
Methane in Sour Natural Gas. Catalysts. 2024 Jun;14(6):352.

21. Srivastava VC, Mall ID, Mishra IM. Equilibrium modelling of single and binary adsorption of cadmium and
nickel onto bagasse fly ash. Chem. Eng. J. 2006 ;117(1):79-91.

22. Chen H, Wu H, Khan NS, Peng X, Qiu F, Zhang T. Converting wastes to resource: Preparation of NiO@
Y-Al203 sludge composite from aluminum-containing sludge for cadmium removal from wastewater. Journal of
Cleaner Production. 2023 Mar 15;392:136335. DOI: 10.1016/j.jclepro.2023.136335

23. Onundi YB, Mamun AA, Khatib MA, Ahmed YM. Adsorption of copper, nickel and lead ions from synthetic
semiconductor industrial wastewater by palm shell activated carbon. Int.J. Envir. Sci & Tech. 2010; 7(4):751-
758.1

24. Sheela T, Nayaka YA, Viswanatha R, Basavanna S, Venkatesha TG. Kinetics and thermodynamics studies
on the adsorption of Zn (ll), Cd (ll) and Hg (Il) from aqueous solution using zinc oxide nanoparticles. Powder
Technology. 2012;217:163-70.

25. Al-Hussaniy HA, Alburghaif AH, AL-Zobaidy MA, Alkuraishy HM, Mostafa-Hedeab G, Azam F, Al-Samydai
AM, Al-tameemi ZS, Naji MA. Chemotherapy-induced cardiotoxicity: a new perspective on the role of Digoxin,
ATG7 activators, Resveratrol, and herbal drugs. Journal of medicine and life. 2023;16(4):491.

27. Khalaf AS, Hasan HM. Free Vibration Analysis of Toroidal Shell Segments Reinforced by Graded Graphene
in Elastic Medium. Salud, Ciencia y Tecnologia-Serie de Conferencias. 2024 May 28;3:823-.

28. Boparai HK, Joseph M, O’Carroll DM. Kinetics and thermodynamics of cadmium ion removal by adsorption
onto nano zerovalent iron particles. Journal of hazardous materials. 2011;186(1):458-65.

29. Shakibabarough A, Valinejadshoubi M, Valinejadshoubi M. Useable and precautionary aspect of using
nanotechnology and nanomaterials in the construction industry. International Journal of Science, Engineering
and Technology Research. 2014;3(4):841-8.

30. Shabani KS, Ardejani FD, Badii K, Olya ME. Preparation and characterization of novel nano-mineral for
the removal of several heavy metals from aqueous solution: Batch and continuous systems. Arabian Journal of
Chemistry. 2017 May 1;10:53108-27.

31. Al-Akeedi M, Najdawi M, Al-Balas Q, Al-Qazzan MB, Telfah ST. Novel anthraquinone amide derivatives as
potential glyoxalase-I inhibitors. Journal of Medicine and Life. 2024;17(1):87. DOI: 10.25122/jml-2023-0257

32. Beshna E, Amir S, Swead RT, Aldoubali KA, Ashour AM, Benzaed S, Elouzi AA. Perception, knowledge and
attitude of solar radiation diseases and use of sun screen among Al Zawia Medical University Students in Libya.

https://doi.org/10.56294/sctconf20251167



Salud, Ciencia y Tecnologia - Serie de Conferencias. 2025; 4:1167 10
Medical and Pharmaceutical Journal. 2022;1(2):74-83.

33. Chen H, Wu H, Khan NS, Peng X, Qiu F, Zhang T. Converting wastes to resource: Preparation of NiO@
Y-Al203 sludge composite from aluminum-containing sludge for cadmium removal from wastewater. Journal of
Cleaner Production. 2023;392:136335.

34. Hussein MB, Mustafa AM, Abdulkareem MH. A Comparative Study on Dip Coating and Corrosion Behavior
of Ti-13Zr-13Nb and Commercially Pure Titanium Alloys Coated with YSZ by Taguchi Design. Salud, Ciencia y
Tecnologia-Serie de Conferencias. 2024 Jun 5;3:847-.

35. Fahad DK, Owaid HM. Study on the Effects on Self-Compacting Concrete Using Waste Marble Powder and
High Volume Calcined Kaolin Clay. Salud, Ciencia y Tecnologia-Serie de Conferencias. 2024 Jun 3;3:836-.

FINANCING
No financing.

CONFLICT OF INTEREST
None.

AUTHORSHIP CONTRIBUTION
Conceptualization: Karim H Hassan, Amjad Ibraim Oraibi.
Data curation: Hala Younis Zainee, Karim Al-Jashamy.
Formal analysis: Karim H Hassan.
Research: Karim H Hassan, Mohammed Bashar Al-Qazzan.
Methodology: Karim H Hassan, Hany A Al-hussaniy.
Project management: Amjad Ibraim Oraibi, Hala Younis Zainee.
Resources: Amjad lbraim Oraibi, Hany A Al-hussaniy.
Software: Karim H Hassan, Mohammed Bashar Al-Qazzan.
Supervision: Karim H Hassan,Hala Younis Zainee.
Validation: Hany A Al-hussaniy, Karim Al-Jashamy.
Display: Karim H Hassan.
Drafting - original draft: Karim H Hassan, Karim Al-Jashamy.
Writing - proofreading and editing: Hany A Al-hussaniy.

https://doi.org/10.56294/sctconf20251167



	Marcador 1

