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Abstract: Cobalt is used to link the components during integrated circuits (ICs) 

fabrication. Cobalt ion is common in chemical mechanical planarization (CMP) 

spent slurry. The role of cobalt (Co) is indispensable in the semiconductor 

industry and its presence in the wastewater is inevitable. Cobalt metal ions are 

toxic heavy metals that can cause serious health issues such as heart disease, 

nausea, vision sterility, thyroid damage, bone defects, and diarrhea. The present 

work researches the potential application of Punica granatum (pomegranate) 

peel-activated carbon (PPAC) as an adsorbent for cobalt metal ion removal by 

adsorption. This work examines the influence of initial cobalt ion concentration, 

pH, contact duration, and adsorbent dose on the removal efficiency (RE) and 

adsorption capacity (AC) of Co2+ ions, and the results of the findings are 

discussed. The Co(II) adsorption kinetic study revealed that a pseudo-2nd-order 

is best fitted with a rate constant of ~0.00358 g mg-1 min-1. The adsorbent utilized 

in this work was assessed using SEM, EDAX, FTIR, XRD, and TGA. EDX 

composition of post-adsorbent usage showed the presence of cobalt. Cobalt ion 

adsorption onto the PPAC was best fitted with the Freundlich isotherm model. 

Co(II) adsorption was found to be endothermic based on the thermodynamic 

characteristics evaluated for the carbon. At ambient temperature (~303 K) and 

neutral pH, PPAC was found to have a maximum AC of ~85 mg/g with a RE of 

~90 %. 

Keywords: semiconductor; adsorption capacity; Freundlich; pseudo-second order; 

Langmuir. 

INTRODUCTION 

Cobalt, copper, nickel, zinc, and other heavy metal ions are frequently 

detected in waste effluent from mineral extraction, tanneries, as well as from the 

electronic, electroplating, and petrochemical sectors. Since heavy metals cannot be 

broken down by nature, they often accumulate in living organisms and can cause 
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several illnesses.1 Heavy metal ion concentration in wastewater is significantly 

greater than those advised by environmental regulations. Several techniques are 

being adapted to extract these metal ions from industrial effluents before disposal. 

The semiconductor industry uses cobalt as interconnect material in the 

manufacturing of integrated circuits (IC). However, during the chemical 

mechanical planarization of cobalt, the spent slurry might contain the cobalt ions, 

which are discarded as waste.2,3 The allowable cobalt concentrations in drinking 

water, inland surface water and irrigation water are 0.01, 0.05, and 1 mg/l 

respectively.4,5 A deficit in cobalt inhibits the production of new red blood cells, 

but excessive intake into the body can be extremely dangerous.6 Cobalt poisoning 

can result in blindness, deafness, and critical illness like heart failure.6 

Environmentalists are deeply concerned with the efficient removal of heavy metals 

before their release into the environment due to toxicity even at low dosages.7  

Various treatment methods have been employed, including ion exchange 

through the membrane, filtration, adsorption, chemical precipitation, and 

coagulation-flocculation to remove the cobalt metal ion. However, the adsorption 

process has been proven to be simpler, more advantageous, and more efficient than 

other methods.8 As agricultural wastes are inexpensive and do not pollute the 

environment, agro-based adsorbents are preferred to remove heavy metals from 

aqueous solutions. 

Several adsorbents such as hazelnut1, lemon peel9, orange peel6, black tea 

waste10, rice husk 11, and eucalyptus12 - based activated carbon have been reported 

for the exclusion of cobalt ions from wastewater. However, pomegranate peel (PP) 

(Punica granatum) powder-based adsorbent has not been reported for the 

adsorption of cobalt yet. Pomegranate fruit is popular in both raw and processed 

forms and is consumed as juice, preserves, and wine. The pomegranate skin can 

make as much as 30 % of the fruit overall, yet it is frequently thrown out as a 

leftover waste. Gallic acid, ellagic acid, flavone derivatives, and hydroxycinnamic 

acids are present in PP.13 PP contains lignocellulosic waste and as a result, there 

has been an increase in research on valorization of this waste in recent years.14 

Recently, adsorbents such as polypyrrole-modified carbon nanotubes15 and 

Ca(OH)2 modified quartz rock particles16 were utilized to remove the cobalt metal 

ion from the wastewater. Those reported adsorbents were relatively expensive 

when compared with the proposed adsorbent. Nowadays, fruit peels are 

transformed into biosorbents to remove harmful pollutants, which would increase 

the economic worth of these inexpensive biowastes. The current study explores the 

possibility of using PP-activated carbon as an adsorbent to eliminate the cobalt 

metal ions from the simulated semiconductor wastewater. 
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EXPERIMENTAL 

Chemicals 

Analytical-grade chemicals were used in this work. Cobalt (II) sulphate heptahydrate 

(CoSO4∙7H2O), hydrochloric acid (HCl), and potassium hydroxide (KOH) were procured from 

LOBA CHEMIE Pvt. Ltd in India. Cobalt sulphate solution pH was maintained using HCl or 

KOH, CoSO4∙7H2O was used for the preparation of metal ion solution. 

PP-activated carbon preparation 

PP was gathered from the fruit market in Raipur, Chhattisgarh. Before the treatment, PPs 

were cleaned using DIW and dehydrated the peel in a hot air oven at 80 °C for 48 h. The 

dehydrated peels were finely powdered with the help of a mixer grinder and sieved through 355-

micron mesh. PP dried powder was thermally activated at 300˚C for 30 min. Eventually, the 

powder was washed with 0.1 N HCl solution several times until the pH reached 7. Finally, the 

thermally triggered carbon powder was dehydrated in a hot air oven for 30 min at 70 °C. 

Characterization  

The surface morphology of PP, PP-activated carbon (PPAC) (pre-adsorption), and PPAC 

post-adsorption of Co (PPACC) were analyzed with ZEISS EVO-18 model scanning electron 

microscopy (SEM). Oxford, INCA 250 model EDS was deployed for the elemental analysis. 

Bruker alpha model FTIR was employed to reveal the surface functional group of PP, PPAC, 

and PPACC and the surface area was examined using a Smart Sorb 92/93 model Brunauer-

Emmett-Teller (BET) analyzer. Hitachi Nexta HTA 300 TGA was employed to understand the 

thermal performance of the adsorbent. The crystalline nature of the sample was determined 

using XRD of PAN Analytical 3kW X’pert, which emits Cu-Kα radiation source (λ=0.015418 

Å/nm) with 2θ in the range between 20 and 90˚ (3.5˚/min scan rate). The point of zero charge 

(PZC) experimental procedure reported in the literature was adapted in this work.6 Thermally 

activated PP powder was used in this study. 

Batch adsorption  

Unless mentioned otherwise, all the adsorption batch experiments were executed at 25 °C, 

with 0.5 g adsorbent dosage in 100 ml metal ion solution of 500 ppm at pH 7 for 90 min contact 

duration. The effect of initial concentration (10 - 1000 ppm), pH (2 - 11), adsorbent dose (0.1 – 

1 g), and contact time (15 – 150 min) on the AC and RE were studied. Metal ion solution with 

adsorbent was kept in a shaker for 90 min at a rate of 300 rpm. After filtration of the sample, 

the amount of the cobalt ion in the filtrate was measured using atomic absorption spectroscopy 

(AAS) of ECIL AAS4141 at 241 nm wavelength. All the trials were performed in triplicate, and 

the average AC was stated with the standard deviation. The equation used for the calculation of 

AC and RE is presented in Eq. S-1 and S-2 (Supplementary Material). 

RESULTS AND DISCUSSION 

Characterization  

TGA / DSC / DTA analysis  

The thermal response of PP powder was explored employing differential 

thermogravimetry (DTG), differential scanning calorimetry (DSC), and 

thermogravimetry (TG) analyses in an N2 environment from atmospheric 

temperature to 1000 °C with a warming rate of 10 °C/min, and the findings are 

presented in Fig. 1a. TG outcome reveals that the powder underwent significant 
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weight loss in the first 500 °C and remains almost constant thereafter. The initial 

stage of weight loss of ~8.6 % (i.e., up to 100 °C) is ascribed to the exclusion of 

moisture content, while the later phase of weight loss of ~60.4 % is owing to the 

breakdown of hemicellulose, and lignin.17 The DSC peak shows that the thermal 

decomposition of hemicellulose, and lignin in PP powder is an exothermic process.  

FTIR analysis  

Fig. 1b illustrates the FTIR spectra of PP, PPAC, and PPACC used in this 

study. Cobalt ions adhere to the adsorbent surface through the active sites. 

Chemical functional groups viz., amine, hydroxyl, carbonyl, and amide group are 

liable for the adsorption. FTIR spectra of PP show a robust peak at 677 cm-1, 944 

cm-1
, 1523 cm-1, 2326 cm-1

, and 3733 cm-1 that represents the O-H stretching of the 

phenolic group18, symmetrical stretching of N-C=O group19, symmetric stretch of 

–COO group20, O=C=O stretching of the carbon dioxide group21, and OH group22 

respectively. However, those peaks disappear in the PPAC sample due to the 

thermal treatment of PP. But there exist two peaks, viz., 1706 cm-1 and 2928 cm-1 

corresponding to the ketonic group23 and -C-H of CH2 (asymmetrical stretching) 

group24 respectively in the PPAC sample which is responsible for the cobalt metal 

ion adsorption. Those peaks get suppressed in the PPACC sample due to the 

adsorption of the cobalt metal ion. A new peak at 2353 cm-1 ascribed to C-O of 

carboxylic acids, alcohols, esters, and ethers is formed for the PPACC sample.25  

 
Fig. 1. (a) TGA, DSC, and DTG curve of PP (b) FTIR spectra of PP, PPAC, and PPACC (c) 

X-ray diffraction spectra of PP, PPAC, and PPACC.  
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XRD analysis  

Fig. 1c shows the XRD spectra of PP, PPAC, and PPACC. PP showed a broad 

peak at near 25° with lower intensity. However, the same peak becomes relatively 

less broad (i.e., sharper) and slightly shifted toward the lower diffraction angle for 

the PPACC sample. All the XRD spectrum reveals the presence of non-cellulosic 

viz., hemicellulose and lignin in the PP and the absence of sharp diffraction peaks 

of crystalline cellulosic material.17 PPACC samples showed peaks of cobalt 

sulfate, which matches well with the reported literature.26 

BET surface area  

The AC is found to escalate with a rise in the surface area, which plays a 

crucial role. PP, PPAC, and PPACC samples were used to evaluate the surface 

area. PP sample claimed the least surface area of 0.298 m2 g-1, while PPAC 

exhibited 4.056 m2 g-1. The thermal activation method has increased almost 15 

times the surface area when compared with the adsorbent before activation.27,28 

SEM and EDX 

The surface morphology and the elemental composition of PP, PPAC, and 

PPACC samples were probed using SEM and EDX respectively and the images 

and composition are presented in Fig. 2(a-c). Literature suggests that the PP sample 

contains lignin, crude fiber, and other fluid substances, and the fibers are stuck 

together.29 PPACC samples exhibited the presence of cobalt, which confirmed the 

adsorption of cobalt on the adsorbent.  

Point of zero charge (PZC) 

The pH dependence on the adsorption process can also be elucidated with the 

aid of the PZC result, which is presented in Fig. S1. PZC for PPAC was ~6, which 

indicates that the surface charge is negative for pH < 6 and is positive for pH > 6. 

In the acidic pH, the surface gets protonated by OH, COOH, and NH2 groups, while 

in the basic pH, those functional groups get deprotonated form and render a 

negative charge to the surface.27 The negative outer charge of the adsorbent 

enhances the electrostatic attraction of the positive cobalt ion.   

Effect of concentration  

The impact of cobalt ion concentration on AC and RE is depicted in Fig. 3a. 

It was observed that the AC escalated steadily with a rise in the metal ion 

concentration and reached ~150 mg/g and the highest RE of ~98 % was recorded 

at 10 mg/L. However, the RE was found to decline continuously with a rise in the 

metal ion strength. An analogous trend was described in the literature for the 

removal of chromium ions using PP as an absorbent.30 This could be accredited to 

the saturation of the active sites available on the adsorbent surface with cobalt ions, 

which limits the removal and hence reduces the overall removal efficiency.30,31 As 

the molar ratio between the cobalt metal ion and the adsorbent active sites is 

moderate at a lower initial concentration, the adsorption process happens quickly. 
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If the molar ratio increases, the adsorption rate becomes lower, which ultimately 

reduces the RE i.e., leading to the exhaustion of the adsorbent active sites. Šoštarić 

et al. proposed the electrostatic repulsive force between the adsorbent and the 

adsorbate might also cause a decrease in the RE.32 

 
Fig. 2. SEM micrographs with EDAX analysis of (a) PP (b) PPAC and (c) PPACC.  

Effect of adsorbent dose  

Fig. 3b shows the impact of PPAC dose on AC and RE. Cobalt RE increases 

from ~55 % to ~90 % with a rise in the adsorbent dosage and then gets saturated. 

However, the AC decreases continuously with an escalation in the adsorbent dose. 

As the metal ions to the adsorbent active site ratio decreases with an increase in 

the dosage, the AC gets suppressed. However, the sites increase substantially with 

the adsorbent dose. As the active site number increases, the probability of the metal 

ion getting adsorbed on the surface increases, hence, the RE increases and finally 
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gets saturated due to the limitation of the ions in the solution.30 A similar trend was 

also reported by Anita et al., and explained the trend based on the accomplishment 

of the equilibrium.33 

Effect of contact time  

Fig. 3c presents the influence of contact duration between the adsorbent and 

the cobalt metal ion on AC and RE. Both showed an increasing trend up to 90 min 

of contact time and then stabilized out. The AC enhanced from ~75 mg/g to ~85 

mg/g with an increase in the contact duration from 15 min to 150 min. The RE 

increased from ~75 % to ~85 % with the contact duration from 15 min to 150 min. 

The adsorption of the cobalt metal ion on PPAC was found to be much faster in 

the initial stage and then gets saturated after the equilibrium time of 90 min is 

reached. The reason is that the Co(II) ions get adhered on the adsorbent surface 

immediately, as the active sites are more in number in the initial stages and get 

exhausted at the later stage.30,34,35 

Effect of pH  

Fig. 3d elucidates the influence of pH on qe and R using PPAC as an adsorbent. 

AC and RE are found to be higher on the alkaline side than on the acidic side. 

There is a steep rise in the value of both parameters from pH 5 to pH 9. In the lower 

pH, the H+ ions compete with the adsorbate for the active sites present on the 

adsorbent surface. However, the cobalt ion has relatively fewer chances to occupy 

the active sites when compared to the H+ ions.13 AC and RE tend to increase with 

an increase in the pH13 and were found to be higher near the neutral pH.36 Beyond 

pH 8, the cobalt solution tends to precipitate out due to the formation of cobalt 

hydroxide.1 This was established by the color change in the solution from pink to 

blue.   

Effect of temperature 

The influence of temperature on the AC and RE of cobalt was found to be 

similar in magnitude and the results are shown in Fig. 3e. AC increases 

continuously with the temperature from ~85 to ~89 mg g-1. This dismisses the 

possibility of the physisorption of metal ions. Lower AC at low temperatures might 

be due to challenges for the diffusion of metal ions into the pores. However, at the 

elevated temperature due to rapid collision, the ions are forced to enter the pores 

of the adsorbent.37,38  

Adsorption isotherms  

Adsorption equilibrium isotherms provide insight relationship between qe and 

equilibrium concentration (Ce). The aqueous phase adsorption process may be 

ascertained using a range of isotherms. Langmuir, Freundlich, and Temkin 

isotherm models are very commonly used for adsorption studies6 and Eq. S-3 to S-

8 (Supplementary Material) represents the linear and non-linear forms of isotherm. 

Langmuir adsorption is valid for homogeneous monolayer adsorption, while 
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Freundlich isotherm is applicable for heterogeneous multilayer adsorption.39 

Temkin isotherm considers the heat of adsorption of all the molecules drops 

steadily with adsorption. Langmuir, Freundlich, and Temkin adsorption isotherms 

are presented in Fig. 4 i (a-c) respectively for the linear forms and in Fig. 4 ii (a-c) 

for the non-linear forms. Fitting parameters of various isotherms for both linear 

and non-linear equations are tabulated in Table I. The best fit was obtained for the 

Freundlich isotherm, as the correlation coefficient value was found to be greater 

than the other two isotherms for both the linear and non-linear cases. This confirms 

that the adherence of metal ions on the adsorbent surface is heterogeneous with 

multilayer adsorption. Adsorption of the cobalt ion on the surface of the adsorbent 

is viable and favorable, as Langmuir separation factor (RL) < 1 and 1/n < 1 in 

Freundlich isotherm.  

 
Fig. 3. Effect of (a) initial concentration (b) adsorbent dosage (c) contact duration (d) pH (e) 

temperature on the adsorption capacity (qe) and cobalt ion removal efficiency using PPAC, Ci 

- 10 to 1000mg/L, pH – 2 to 11, time – 15 to 150 min, T = 298 – 328 K, dosage – 0.1 - 1.0 g.  
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Fig. 4. (i) Linearized plot and (ii) non-linear plots of (a) Langmuir isotherm (b) Freundlich 

isotherm (c) Temkin adsorption isotherm models.  

TABLE I. Parameters of various isotherms of Co(II) ion adsorption on PPAC.  

Isotherm Parameters Linear Non-linear 

 

Langmuir 

qm / mg g-1 158.7 100.6 

KL / mg-1 0.0285 0.0040 

R2 0.9525 0.9871 

Freundlich 

Kf / g
-1 14.8007 8.6837 

n 2.3218 0.5011 

R2 0.992 0.999 

Temkin 

A / L g-1 86.95 0.04 

b / J g mol-1 mg-1 0.0035 116.23 

R2 0.998 0.971 

 

Kinetic study  

Kinetics studies were performed to evaluate the rate of adsorption, rate 

constant, order, and rate controlling step. The impact of contact duration on AC 

and cobalt RE data was utilized for this study. Pseudo-first order (PFO), pseudo-
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second-order (PSO), and intra-particle kinetic diffusion equations are presented in 

Eq. S-9 to Eq. S-11 (Supplementary Material). All the models were mapped with 

the data and are shown in Fig. 5 (a-c). PSO model was found to be best fitted, as 

the correlation coefficient was found to be a higher value of 0.9998.30 Kinetic 

fitting parameters were calculated using the slope and intercept from Fig. 5 (a-c) 

and are presented in Table II. The experimental and predicted value of AC is also 

reported in Table II. Experimental AC (qe,exp or qe) is found to be comparable with 

the qe,pred for the PSO system. However, there exists a significant deviation in the 

adsorption values for the pseudo-first-order system. Chemisorption is the rate-

limiting step, as the PSO system fits the data.40 

 
Fig. 5. Kinetics model: (a) PFO model (b) PSO model (c) intra-particle diffusion model for 

cobalt adsorption on PPAC. 
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Thermodynamic parameter 

Enthalpy (∆H°) and entropy (∆S°) were estimated from the Van't Hoff plot 

between ln (kc) and 1/T and the plot is presented in Fig. 6. Equations used for 

determining the thermodynamic properties are provided in Eq. S-12 to Eq. S-14 

(Supplementary Material). The positive value of (∆H°) and (∆S°) denotes the 

endothermic nature and a raise in the randomness respectively. Gibb’s free energy 

(∆G°) was estimated using the enthalpy and entropy values. The thermodynamic 

property provides a deep insight into the adsorption mechanism and the determined 

values are presented in Table III. A negative ΔG° value represents the spontaneity 

of the adsorption process.34,41,42  

 
 Fig. 6. Thermodynamic plot for the adsorption of Co(II) onto PPAC. 

TABLE III. Thermodynamics parameter for cobalt ion adsorption on PPAC at different 

temperatures.  

Ci / 

mg L-1 

∆H˚/  

kJ mol-1 

∆S˚ /  

J mol-1 K-1 

∆G˚ / kJ mol-1 

298 K 303 K 308 K 313 K 318 K 323 K 

500 11.42 39 -0.31 -0.51 -0.71 -0.91 -1.0 -1.30 

Comparative study  

The AC of PPAC towards the cobalt ion is assessed with the various 

adsorbents stated in the literature and the summary is presented in Table IV. PPAC 

showed a higher AC of 85 mg g-1 in comparison with most of the adsorbents 

reported in the literature. The proposed adsorbent follows pseudo-2nd order 

kinetics, Freundlich isotherm and the adsorption process is endothermic in nature. 

Kinetic study results reported in the present work match well with the other 

adsorbents utilized in the literature.1,6,7,9,10,11,12,38. While most of the literature 

reported the Langmuir adsorption isotherm, however few literatures have reported 

Freundlich and Dubinin-Radushkevich (D-R) model. Unlike the chemical 

activation or thermochemical activation process, the thermal activation process is 

y = -1372.6x + 4.7312
R² = 0.9458

0

0.1

0.2
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0.5

0.003 0.0031 0.0032 0.0033 0.0034

ln
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less expensive. The yield obtained in this study was ~55 %, which may be 

limitation of this study, as the continuous column study requires more adsorbent.   

TABLE IV. Assessment of adsorption capacity of various adsorbents specified in the literature 

and the pomegranate peel. 

Adsorbent 
qe / 

mg g-1 

Activatio

n meth.a 

Kinetic 

studyb Processc Isothermd Ref. 

Activated carbon hazel 

nut 
13.88 TC 2nd Endo L 1 

Orange peel 5.128 C 2nd 
Exo 

 
L 6 

Activated carbon 51 TC 2nd 
Endo 

 
L 7 

Lemon peel 22 T 2nd Exo L 9 

Black tea waste 13.77 TC 1st - L 10 

Rice husk 35 TC 2nd - L 11 

Eucalyptus 55.5 C 2nd - L 12 

Rice husk 123 TC 2nd Endo D-R 42 

Mesoporous carbon 1.59 TC 2nd Exo F 44 

Macroalgae Padina 

pavonica 
17.98 C 2nd 

Exo 

 
L 45 

Ca(OH)2 modified 

quartz rock particles 
47.112 C 2nd Exo L 16 

Sodium borohydride 26.29 C 2nd Exo L 15 

Pomegranate peel 85 T 2nd Endo F 
This 

study 
aTC – Thermochemical; C – Chemical; T – Thermal 
b1st - Pseudo 1st order; 2nd - Pseudo 2nd order 
cExo – Exothermic; Endo - Endothermic  
dL – Langmuir; D-R - D-R model, F - Freundlich 

CONCLUSIONS 

Co(II) metal ions from simulated semiconductor industry wastewater were 

removed by adsorption on PPAC. Several factors viz., inceptive metal ion 

concentration, temperature, dosage, pH, and contact duration were varied to 

determine their effect on the AC. Adsorption of Co(II) ions on PPAC shadowed 

PSO kinetics. Freundlich isotherm fitted well for the adsorption data with 

linear/non-linear correlation coefficient of 0.992 / 0.99 respectively. Maximum 

cobalt ion adsorption of ~85 mg g-1 was obtained at neutral pH without the 

formation of cobalt hydroxides. The evaluation of thermodynamic parameters for 

PPAC demonstrated that the adsorption of Co(II) ions was endothermic with a 

positive value of ΔH°, whereas the rise in degree of spontaneity is confirmed by a 

negative value of ΔG° and increase in disorder of the adsorption process is 

indicated by the positive value of ΔS°. PPAC, a low-cost adsorbent from 

agricultural waste, is proven for the exclusion of Co(II) ions from wastewater. The 
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preparation of proposed adsorbent is simpler, cheaper and environmentally benign, 

as the pomegranate peel, thrown as waste material, was utilized. The desorption 

study of the spent PPACC i.e., regeneration of adsorbent can be considered as 

future research. 

SUPPLEMENTARY MATERIAL 

Additional data are available electronically at the pages of journal website: 

https://www.shd-pub.org.rs/index.php/JSCS/article/view/12983, or from the corresponding 

author on request. 
 

И З В О Д 
 

БИОСОРПТИВНО УКЛАЊАЊЕ ЈОНА КОБАЛТА (II) ИЗ ОТПАДНИХ ВОДА 
КОРИШЋЕЊЕМ АКТИВНОГ УГЉА ОД КОРЕ НАРА КАО БИОСОРБЕНТА 

SUSHMA, AMIT KESHAV, MANIVANNAN RAMACHANDRAN 

Department of Chemical Engineering, National Institute of Technology Raipur, Chhattisgarh, India. 

Кобалт се користи за повезивање компоненти током производње интегрисаних кола 
(IC). Јони кобалта се уобичајено налазе у истрошеној суспензији хемијско механичке 
планаризације (CMP). Улога кобалта (Co) је незаменљива у индустрији полупроводника и 
његово присуство у отпадним водама је неизбежно. Јони кобалта су токсични и могу 
изазвати озбиљне здравствене проблеме као што су болести срца, мучнина, оштећење вида, 
оштећење штитне жлезде, дефекте костију и дијареју. Овај рад истражује потенцијалну 
примену активног угља добијеног од Punica granatum (нар) (PPAC) као адсорбента за 
уклањање јона кобалта. У овом раду се испитује утицај почетне концентрације јона кобалта, 
pH, трајање контакта и доза адсорбента на ефикасност уклањања (RE) и адсорпциони 
капацитет (AC) јона Co2+, и разматрају нађени резултати. Кинетичка студија адсорпције 
Co(II) показала је да се псеудо-други ред најбоље уклапа са константом брзине од ~0.00358 
g mg-1 min-1. Адсорбент који је коришћен у овом раду је процењен помоћу SEM, EDAX, FTIR, 
XRD и TGA. EDX састав узорка након адсорције показао је присуство кобалта. Адсорпција 
јона кобалта на PPAC најбоље одговара моделу Freundlich изотерме. Утврђено је да је 
адсорпција Co(II) ендотермна на основу термодинамичких карактеристика процењених за 
угљеник. На температури спољашње средине (~303 K) и неутралном pH, утврђено је да 
PPAC има максималну AC од ~85 mg/g, са RE од ~90 %. 

(Примљено 20. маја; ревидирано 13. јуна; прихваћено 27. септембра 2024.) 
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