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Abstract 
 

This experiment was implemented to assess the amount of Cobalt ions 

removed from synthetic wastewater using broad bean peel waste. 

Experimental work was performed in batches to explore the Cobalt ion 

adsorption on peel adsorbent. Batch unit operation results showed that the 

adsorption efficiency was decreased with increased of Cobalt initial 

concentration, while for other operation parameters, the best removal 

efficiencies (95.4, 94.0, and 97.5%) were obtained with pH of 6, contact time 

90min, and adsorbent dosage with 0.5g/50mL. In order to explain the process 

of adsorption, two simple kinetic models were used. These are the pseudo 

first and second order models where the latter describes the adsorption 

process of cobalt ion on broad bean peel more favourably, as seen by the 

kinetic results. The experimental outcome of this study illustrated that the 

broad bean peel is of benefit in handling wastewater polluted with heavy 

metals like Cobalt ions.  
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            1 Introduction   
 

Due to their toxicological, physiological, and non-biodegradable nature, 

contamination including heavy metals is a severe ecological crisis. These 

metals may collect in the atmosphere and move into organisms that are living 

all the way through the alimentary chain, as a result of which it may cause 

serious health problems by entering into the human food chain[37]. 

Therefore, the presence of heavy metals beyond limit concentrations is a 

severe wellbeing problem that leads to several illnesses in animals and 

human beings[5,25,44]. Hence, the removal of these pollutants from the 

environment is vital and has drawn the concerns of several researchers [44, 

3,46].  

Cobalt, as one of the heavy metals, is necessary for human health so is 

taking in a small amount in vitamin B12, yet it may lead to dangerous 

consequences if taken in large quantities. It can cause some health problems 

like asthma, pneumonia, weight loss, low blood pressure, skin degeneration, 

and vomiting and diarrhea. So, the allowable level of Cobalt in drinking 

water, irrigation water, internal surface water, industrial effluent and 

domestic sewer is given as 0.01, 1.0, 0.05, 0.2, 0.5 mg/l, 

respectively[16],[27],[29],[12].To eliminate excess heavy metal ions from 

wastewaters, different techniques and methods have been applied. These 

include adsorption, ion exchange, membrane filtration and chemical 

precipitation. Adsorption among these treatment processes; has gained a 

wider application because of its reduced costs of adsorbents production, the 

simplicity of design and operation, and high environmental 

friendliness[17][29]. Numerous materials were used as adsorbents, some 

were natural materials, as agricultural by-products, as potato peel[35], olive-

waste cakes[12], bamboo materials[33], cattle-manure compost[58], lemon 

peels[57],[6], Rice Husk, Nano Zeolite, dried olive stone [9]and apple pulp 

and other were synthesized materials, as activated carbon,modified, and 

functional polymers[1-58]. 

Recently, the use of agro-waste adsorbents for its availability and low 

costs has garnered special attention. Peel of many fruits is one of the 

significant agricultural wastes, which has the ability for being utilised as 

adsorbents for removing several contaminants, mainly metal ions. The main 

objective for using peels in adsorption treatment is to partly reduce the 

volume of agro-wastes, as well as, treating toxic effluents as economically as 

possible; for these reasons various fruit peals have been investigated to treat 

waste water [49][13][5] 
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Various adsorbent materials have been investigated for their ability to remove 

Co (II) from aquoues solutions, for example,carbon gels[42], solid-phase tea 

waste [28], chitosan grafted with maleic acid[58], 

“Chrysanthemumindicum” flowers biomass and their raw and biochar 

forms[53], 2-Hypnea Valentiae algae[50], dolomite, modified chitosan 

beads[59], activated carbon[27], raw and modified rice straw [49] and lemon 

peel[12]. In this research, broad bean peels, which is an alternative low-cost 

sorbent, were used for absorbing Co (II) from aqueous solutions. Fully 

mature, fresh or frozen broad beans are readily available all year round and is 

highly consumed all throughout the year, due to which large amounts of its 

peels (as waste) is produced causing a serious issue within the community. 

For the welfare of the environment, low cost sorbent such as the broad bean 

peel was the agricultural waste used to liberate aqueous solutions from any 

cobalt ions. 

This work aims to determine the practicability of solid agricultural waste, 

as a cost effective sorbent to eliminate, within aqueous solutions, Cobalt 

ions. Consequently, the impact of certain operating variables including “pH”, 

“contact time”, “adsorbent dose”, “solution”, “initial concentration” of 

Cobalt were identified. Kinetics and equilibrium of the processes was carried 

out to explain the process. The process of adsorption rates and mechanism 

were determined by using different models.  

 

2 Methodology and Materials 
 

2.1 The Sorbent Preparation   
 

Broad bean peels utilized as part of this study were obtained from markets 

in Baghdad city, Iraq. In the beginning, to remove impurities from the 

collected peels, distilled water was used to wash these thrice. After which, to 

separate any fragments that may be adhering to the surface of the peels and 

soluble materials they were boiled for 10 minutes, and further washed with 

distilled water. Peels were then cut up to approximately 5 mm and placed in a 

drying oven for 48 hours at 60
o
C. Following the drying process the peels 

were crushed and passed through a sieve to acquire a particle size within 

0.25-0.5mm, finally, stored in polybags for further use. 
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2.2 The Stock Solution 
 

To ensure that the wastewater used for the experiment is free from other 

contaminations that may be present in real wastewater, a simulated synthetic 

wastewater of Co(II) solution was made. Dilutingcobalt chloride (CoCl2) 

powders, a stock solution with 1000 mg/l of concentration was made. With 

dilution of stock solution, different Co(II) solution concentrations were 

prepared as needed during the experimental work. The desired pH value was 

achieved by the insertion of 0.1M HCl or 0.1M NaOH to the solution. 

 

2.3 Adsorption Experiments  
 

For the purpose of studying the feasibility of broad bean peels to remove 

Co(II) ion from synthetic wastewater, experiments on adsorption were done. 

The outcome of different operation parameters, including initial Co(II) 

solutions concentrations (2-12 mg/l), contact times (10 - 120 min), adsorbent 

dosese (0.1–0.7 g/50 ml), and pH (2–9)were investigated. At a temperature of 

25
o
C and for desired contact times, the adsorbent material was added at 

preferred amounts into an Erlenmeyer flask and mixed at 180 rotations per 

minute.After the completion of the adsorption process, the solution 

underwent centrifugation (at 4000 rpm for 15 min) to remove the broad bean 

peels from it; afterward, the Co(II) concentrations were recorded according 

to a standard method (APHA)[19].  The amount of cobalt ion adsorbed, and 

percentage removal were calculated. 

 

3 Results and Discussion 
 

3.1 Impact of pH  
 

One major parameter which affects the process of heavy metal 

ions’adsorption is pH. In this investigation, the adsorption characteristics of 

cobalt ions sorption on broad bean peels at pH in the scale of 2 to 9 were 

checked. Figure 1a showed the results of pH effects. The investigation 

revealed a proportional relationship between the removal efficiency and pH.  

Increased pH from 2 to 6 (52% to 95%) increased removal efficiency as 

shown in Figure 1a. The best pH value was 6. At this value, the maximum 

removal of Co(II) ion was achieved. At pH valuesof 7 to 9, the removal 

percent was decreased of 87% to 77%. This phenomenon can be explained, 

as previously reported[55], there is a contest for accessible adsorption sites 

on the peel between the positive cobalt ions and +ve ions within the solution 

at low pH, thereby, there is a decrease of metal ion adsorption. On the 

contrary, at greater pH, the bonding of Co(II) with –ve solution ions 

suppresses the removal efficiency too. The results of this  
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parameter effect (pH) were in agreement with previous studies[31] ,[49], 

[16], in which the authors found that a pH level of 6-7 was optimal  and an 

increase in these values the removal percentages were decreased. 
 

 
 

Figure 1 Theoptimum Conditions on Adsorption Kinetics of Cobalt Ion by Broad 

Bean Peels: A) Ph Values, B) Reaction Time, C) Biosorbant Dosage, and D) Cobalt 

Initial Concentration. 

 

3.2 Effect of Contact Times 
 

Figure 1b demonstrates how contact times affect adsorption of cobalt ion 

from synthetic wastewater by broad bean peels. By varying the shaking times 

in 10–120 minof range,the influence of this parameter on the process of 

adsorption was examined. Figure 1b shows that the adsorption kinetics of 

broad bean peels demonstrated two steps during metal ions removal: (1) the 

sorption of Co(II) ions by broad bean peels is extremely quick metal uptake 

stage at the initial durations (10-60 min); (2) slow Co(II) ions removal stage 

near the equilibrium (60-90 min). The equilibrium condition was to be 

reached at the 90 minute mark by the Co(II). The behavior of this adsorbent 

(broad bean peels) shows approximately the similar sorption behavior of 

different adsorbent materials used by previous studies [14][7], 
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[51]. Figure 2 suggests the possibility of a coverage of a monolayer on 

surfaces of broad bean peels by cobalt ions, evident by the smooth 

continuous single time curve of Co (II) that leads to saturation. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
Figure 2 The kinetic Plots for Adsorption of Cobalt Ion on Broad Bean Peels: A) 

Pseudo-First-Order, and B) Pseudo-Second-Order. 

 

3.3 Influence of Biosorbent Dose 
 

In the adsorption process, a huge factor is the amount of broad bean peel 

used. The evaluation of Co (II) adsorption capacity values different amount 

of broad peel doses between 0.1g to 0.7g per 50ml at optimal contact time 

conditions of Co (II) and pH were conducted. The result of biosorbent dosage 

variations on cobalt ion removal is illustrated in Figure 1c. The results 

showed an increase from 41% to 98% removal of Co (II) by increasing the 

quantity of broad bean peel 0.1g to 0.5g. At these dosages (0.5g/50ml) 

adsorption performance of broad been peel reached a maximum value (98%) 

and then plateaued despite increasing the dose to 0.7 g/50ml, as shown in 

Figure1c. This is attributable to the dose of the biosorbent, amount of free 

sites increase with the increase in dose, thus attaching more ions. Similar 

outcomes were achieved by using many types of materials as adsorbents 

[7],[39] 

 

3.4 Effect of Initial Cobalt Concentrations 
 

The concentration of the (Co(II)) ion at the initial stage plays a vital part 

in the removal process through broad been peel. Batch experiments were 

performed at different intiial concentrations of the ion (2-18 mg/l) to assess 

the scope of cobalt removal as illustrated in Figure 1d. It is apparent from the 

results (Figure 1d) that the cobalt removal percentage gradually decreases  
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with rise in the ion concentrations. Also, the results indicate when the 

concentration was between 2-12 mg/l the percentage of cobalt removed was 

in the range of 99-91%. While the removal percentage was decreased to 

about 45% when cobalt concentration was increased to 18 mg/l. This is 

attributable to the fact thata rise in initial concentration means there is a 

higher number of ions present in the solution as compared to the adsorption 

sites available[33]. This parameter’s trend is similar to previous 

studies[14,7,51], in which the removal percentage was decreased with initial 

concentration increasing. 

 

 

3.5 Cobalt Adsorption Kinetics  
 

For evaluation of variations in adsorption kinetics among adsorbents, the 

kinetics of cobalt adsorption on broad bean peels were analyzed and fitted 

using pseudo first order and pseudo second order  kinetic models to explain 

the adsorption procedure. The pseudo first order model assumes a 

proportional relationship among vacant sites with that of the occupation rates 

of the biosorption sites; defined as: 

ln(q
e
− q

t
) = lnq

e,1
− k1t          (1) 

While the secondorder model assumesthat the occupation rates of 

biosorption sites is relative to the square of the total vacant sites and is 

defined as: 

 
Table 1The Kinetic Parameters of Pseudo-First-Order and Pseudo-Second-Order 

Models. 

 

Kinetic 

parameters 

Experimental 

qe, mg/g 

Calculated qe, 

mg/g 

k1, l/min R
2
 

Pseudo-first-

order model 

1.12 2.72 0.03 0.99 

Pseudo-

second-order 

model 

1.12 0.97 0.13 0.98 

 
t

qt
=

1

k2qe,2
2 +

t

qe,2
       (2) 

where qe and qtare the amounts of the cobalt adsorbed at equilibrium and 

time, t, respectively, in mg/g, k2 is the rate constant for the second-order 

model in g/mg. min, and k1 is the rate constant for the first-order model in 

min
-1

. The kinetics parameters result of studied models are presented in Table 

1. As depicted from Figure 2, the first order model with R
2
 of 0.88 compared 

to the second order model for broad bean peels adsorbent with R
2
of 0.99, the 

second order model provides better experimental measurements data. The 

second order model’s increased applicability for the current study commonly  
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agrees  with previous studies which prove that the adsorption systems of 

cobalt ions by different adsorbents can be better illustrated by utilizing the 

second order model[14,7,51] [54][59] 

. 
 

3.6 Cobalt Adsorption Isotherms 
 

Common models such as the Freundlich models and Langmuir models, 

were used to study the cobalt adsorption isotherm. The linearised forms of 

these models can be defined using the following equations: 
Ce

qe
=

1

qmKL
+

Ce

qm
                             (3) 

lnqe =
1

n
lnCe + lnKF                   (4) 

where qm is the maximum amount of metal adsorbed per unit weight of 

adsorbent in mg/g, KL represents the affinity constant in l/mg,KF is 

Freundlich constant, which describes the sorption capacity, in l/mg, and n is 

the Freundlich constant, which is an indicator of the heterogeneity of the 

sorbent surface. The results of these two models were illustrated in Table 2. It 

is evident from Figure 3, that the Langmuir equation provided a better fitting 

in terms of R
2
of 0.99 than Freundlich (R

2
 of 0.72). Several other studies have 

provided satisfactory results on using the Langmuir model to fit the 

adsorption of cobalt ions on various adsorbents. 

 

 
 

Figure 3 The Adsorption Isotherms for Adsorption of Mercury Ion on Bentonire 

Using: A) The Langmuir Model, and B) The Freundlich Model. 

 
Table 2Adsorption Isotherm Parameters for Co (II) Adsorption by Broad Bean Peel. 

 
Isotherm 

constants 

R
2 

qm
 

KL KF 1/n 

Langmuir  0.99 0.92 99.66 - - 

Freundlich  0.72 - - 1.08 32.15 
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3.7 Fourier-Transform Infrared Analysis (FTIR) 
 

A detailed analysis on functional groups and their nature that exist on 

broad bean peels can be studied using the FTIR spectroscopy. Several 

chemical functional groups have been identified on the broad bean peel to 

have potential adsorbent sites for cobalt ions to be adsorbed. A change in the 

spectrum of the loaded Co (II) was seen as opposed to the unloaded Co (II) 

which result from the adsorption process. Figure 4 represents the functional 

groups that are accountable for the process of adsorption found using the 

FTIR spectra of loaded (Co
2+

) broad bean in the range of 400–4000 cm
-1

. 

In Figure 4, the unloaded broad bean peel shows as the number of 

sorption peaks, revealing the complexity of the peels. Changes occurred in 

the spectrum pattern of loaded biosorbent as compared to the unloaded which 

is caused by sorption process. 

 

 
 

(a) 

 

 
 

(b) 
Figure 4 The FT-IR of Broad Beans Peels Biosorbent a) Before, and b) After 

Loaded of Co (II). 
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Table 3 sums up the important roles of each of the functional groups in 

this study. 
Table 3 Iraqi Bentonite’s Chemical Composition. 

 
Wave 

number(cm
-1

) 

Assignment Groups After adsorption of Co 

(II)
 

3332 Carboxylic, Amides, 

Amine 

3421 

1616 Amides 1620 

1527 Carboxylic acid 1529 

768 Aromatic 899 

600 alkynes 638 

528 Alkyl halides 563 

461 Alkyl halides 463 

 

4 Conclusions 
 

It was evident from this study, to remove cobalt ions from aqueous 

solution, utilization of broad bean peel was beneficial and an effective 

biosorbent. Also, the results show that the adsorption efficiency of the Co(II) 

reduced with increases in the preliminary ion concentrations, while the 

optimal contact time, dosage of biosorbent and pH were 90 minutes, 

0.5g/50mL, and 6 respectively. Kinetic results suggested that adsorption 

procedure is better explained with the use of a pseudo second order model. 

Isotherm studies show that the Langmuir model provided a better agreement 

in terms of R
2
of 0.99 than Freundlich for R

2
of 0.72. 
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