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1. Introduction 

 

The biggest pollutants encounter the world are heavy 

metals. Heavy metals damaged the environment and human 

health in many aspects. Since toxic metals are used in many 

fields of industry, without discharge of their release to the 

environment is also increasing. Heavy metals, which spread 

to the environment and do not degrade, reach people 

especially through the food chain and water (Ince and 

Kaplan Ince 2019a, Pala et al. 2019, Serdar et al. 2019). 

Therefore, the determination of the heavy metals amount in 

food and water samples is important issue for human health 

(Qin et al. 2012). The Ni2+ is one of these heavy metals, 

which has many harmful effects to the environment and 

human health and is used in many fields of industry 

(electroplating, mineral processing, batteries, paint, etc.) 

(Bhatnagar and Minocha 2010, Mondal et al. 2017). The Ni 

compounds lead health problems when accumulate in 

human body, including lung diseases, respiratory failure, 

cardiovascular diseases, birth defects, asthma, chronic  
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bronchitis, gastrointestinal distress, pulmonary fibrosis and 

renal edema, allergic reactions (Denkhaus and Salnikow 

2002, Boujelben et al. 2009, Hanafiah et al. 2010, Katsou et 

al. 2010, Bhatnagar and Minocha 2010). The World Health 

Organization (WHO) limited permissible concentration of 

nickel in drinking water as 0.01 mg L−1 (Kadirvelu et al. 

2001, Sharma and Singh 2013). Because of all these 

negative effects, all heavy metals, especially Ni2+, must be 

removed before discharged. For removal of these metals a 

number of techniques including ion exchange process 

(Smara et al. 2007), organic-based ligand precipitation 

(Esalah and Husein 2008), membrane and reverse osmosis 

processes (Mohsen-Nia et al. 2007, Landaburu-Aguirre et 

al. 2010) have been used. These methods are of limited use, 

due to high expense and operational costs (Pacheco et al. 

2006, Garg et al. 2008). Because of these disadvantages of 

other methods, it is preferred to use adsorption technique. 

The aim of the developed adsorption studies is to use 

materials that will not harmful to environment and to reduce 

the cost. For this reason, spontaneous and abundant 

substances are used in nature as live biomass or live 

biomass wastes (Ince 2014, Kaplan Ince et al. 2017, Ince et 

al. 2017, Ince and Kaplan Ince 2017) and clay (Kaplan Ince 

et al. 2018). With the development of technology, magnetic 

nanoparticles have been used various applications and also 
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Abstract.  In the present study, novel chitosan coated magnetic magnetite (Fe3O4) nanoparticles were successfully 

biosynthesized from mushroom, Agaricus campestris, extract. The obtained bio-nanocomposite material was used to investigate 

ultra-fast and highly efficient for removal of Ni2+ ions in a fixed-bed column. Chitosan was treated as polyelectrolyte complex 

with Fe3O4 nanoparticles and a Fungal Bio-Nanocomposite Material (FBNM) was derived. The FBNM was characterized by 

using X-Ray Diffractometer (XRD), Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy (SEM-EDS), 

Fourier Transform Infrared spectra (FTIR) and Thermogravimetric Analysis (TGA) techniques and under varied experimental 

conditions. The influence of some important operating conditions including pH, flow rate and initial Ni2+ concentration on the 

uptake of Ni2+ solution was also optimized using a synthetic water sample. A Central Composite Design (CCD) combined with 

Response Surface Modeling (RSM) was carried out to maximize Ni2+ removal using FBNM for adsorption process. A regression 

model was derived using CCD to predict the responses and analysis of variance (ANOVA) and lack of fit test was used to check 

model adequacy. It was observed that the quadratic model, which was controlled and proposed, was originated from 

experimental design data. The FBNM maximum adsorption capacity was determined as 59.8 mg g−1. Finally, developed method 

was applied to soft drinks to determine Ni2+ levels. Reusability of FBNM was tested, and the adsorption and desorption 

capacities were not affected after eight cycles. The paper suggests that the FBNM is a promising recyclable nanoadsorbent for 

the removal of Ni2+ from various soft drinks. 
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as adsorbent. Due to higher surface area, accordingly, the 

high adsorption capacity, greater active sites for interaction 

with metallic species, and can be synthesized from many 

different materials (Padmavathy et al. 2003, Mak and Chen 

2005, Lee and Harris 2006, Haddad et al. 2008, Hritcu et al. 

2009, Hepziba Suganthi and Kandasamy 2017). Besides all 

these advantages, they can be used in many application 

fields as mineral separation, magnetic storage devices, 

catalysis, magnetic refrigeration system, heat transfer 

application in drug delivery system, magnetic resonance 

imaging, cancer therapy, and magnetic cell separation (Liu 

et al. 2004, Hu et al. 2006, Zhou et al. 2007, Sharma et al. 

2009, Teja and Koh 2009, Sharma and Srivastava 2010). 

Furthermore, magnetic separation is emerging as easy and 

economical method for sorbent recovery by applying an 

external magnetic field (Wang et al. 2010, Mohan et al. 

2011). Magnetite, a ferrite compound which has a cubic 

inverse spinel structure, has been frequently carried out for 

magnetic separation due to its electric and magnetic 

properties owing to the electronic transfer in the octahedral 

sites between Fe2+ and Fe3+ (Chen et al. 2006). Also, 

magnetite is chemically stable, biocompatible, not toxic and 

hydrophilic so these nanoparticles used in biology, 

chemistry, medicine, physics and various engineerings 

(Chen et al. 2006, Gu et al. 2006, Li et al. 2008, Hu et al. 

2009). Metal removal from many sources has always been 

the focus of interest from past to present. Therefore, new 

techniques and adsorbents are being developed for metal 

removal. In this study, a novel reusable nano-adsorbent was 

produced and used. Magnetite nanoparticles’ surface was 

functionalised and modificated with chitosan and the 

obtained magnetic chitosan/Fe3O4 composites were used as 

nano-adsorbent to remove Ni2+ ions from soft drinks. This 

study is important in terms of the source of material that 

used to obtain nanoparticles. Magnetite nanoparticles were 

derived from a mushroom, Agaricus campestris, extract. 

Continuous-flow fixed-bed columns are more preferable 

than batch operation systems for metal removal in practical 

processes (Chu 2004). When metal solution is introduced 

into a fixed-bed column, metal ions load onto the top of 

adsorbents and flow through the packed bed. A proper 

design of fixed-bed column adsorption system is essential to 

provide basic data for many applications especially 

industrial application (Pan et al. 2005). Adsorption is 

frequently performed in a continuous fixed-bed column 

system (Volesky 2001), due to its proper size and 

mechanical strength, which is imperative for a large-scale 

treatment of industrial wastewater (Qu et al. 2019). To 

evaluate FBNM Ni2+ removal efficiency, column process 

variables need to be optimized. Conventional techniques are 

not preferred because a great number of experiments are 

needed. Instead of conventional techniques, a statistical 

experimental design approach preference is more 

advantageous. The major disadvantage of these methods is 

that the interaction between the process variables on the 

dependent variable cannot be determined. Such a problem 

can be overcome by using a statistical experimental design, 

which not only reduces the number of experiments but also 

provides an appropriate model for process optimization, 

which helps to evaluate the effects between the variables. In  

Table 1 Experimental factors and levels in the CCD 

Factors 

Levels Star point α = 2 

Low  

(−1) 

Central  

(0) 

High  

(+1) 
−α +α 

(X1) pH 3 5.5 8 0.5 10.5 

(X2) Flow rate  

(mL min-1) 
2 3 4 1 5 

(X3) Initial 

concentration (mg L−1) 
30 40 50 20 60 

Run X1 X2 X3 
mg Ni g−1 

FBNM 

1 5.5 5 40 32.44 

2 8 2 30 17.76 

3 5.5 3 20 10.57 

4 5.5 3 40 47.28 

5 10.5 3 40 0.1 

6 5.5 3 40 46.56 

7 5.5 3 60 55.8 

8 3 4 50 41.08 

9 5.5 1 40 36.4 

10 3 4 30 10.32 

11 5.5 3 40 55.84 

12 8 4 50 31.56 

13 5.5 3 40 52.3 

14 3 2 30 13.48 

15 3 2 50 38.8 

16 5.5 3 40 54.4 

17 0.5 3 40 3.24 

18 8 4 30 14.24 

19 8 2 50 33.3 

20 5.5 3 40 54.2 
 

 

 

recent years, different experimental design methods have 

been preferred for multivariate physicochemical process 

optimization (Ince and Kaplan Ince 2017, 2019a, Kaplan 

Ince et al. 2018). Especially, RSM, is a useful tool, has been 

used to understand effect of several variables influencing 

the responses by varying them simultaneously and carrying 

out a limited number of experiments. In this study, a novel 

FBNM was successfully biosynthesized and applied to soft 

drinks to investigate adsorbent efficiency for the removal of 

Ni2+ ions in a fixed-bed column. Although batch 

experiments are used to obtain equilibrium sorption 

isotherms and to evaluate the sorption capacity of sorbents 

for several metals, in the practical operation of full-scale 

biosorption processes, continuous-flow fixed-bed columns 

are often preferred (Fonseca et al. 2009). As a result, it is 

difficult to carry out a prior design and optimization of 

fixed-bed columns without a quantitative approach 

(Miralles et al. 2010). Over the last few years there are 

numerous studies about metals removal using various 

materials by batch adsorption technique. However, there is 

only limited research on the preparation of nanoparticles 
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and its column application for removing Ni2+ ions from 

various drinks. As a result, the aims of present study can be 

summarized as follows: (1) To obtain maximum adsorption 

capacity of FBNM by using a CCD optimization approach; 

(2) to investigate four independent variables effect on Ni2+ 

adsorption and their interactions for Ni2+ removal; (3) to 

verify the validity of the proposed model by using ANOVA; 

(4) to optimize column conditions; and (5) to apply the 

developed method to real samples for determination of Ni2+ 

ions’ levels. 

 

 

2. Experimental 
 

2.1 Chemicals and instruments 
 

Nickel solution, sodium hydroxide and hydrochloric 

acid were purchased from Merck company (Darmstadt, 

Germany). The FeCl2.4H2O and FeCl3.6H2O were 

purchased from Sigma-Aldrich (USA). All used chemicals 

were of commercially available analytical grade. The 

FBNM and Ni2+ loaded FBNM were characterized using 

Fourier Transform Infrared (FTIR) spectra, FTIR 

spectrophotometer with Attenuated Total Reflectance (ATR; 

67000, Japan). Surface morphology and X-ray analysis of 

FBNM and Ni2+ loaded FBNM were performed using a 

digital Scanning Electron Microscopy (SEM) coupled with 

Energy Dispersive X-Ray Spectroscopy (EDS; Hitachi 

SU3500, Japan) and X-Ray Diffractometer (XRD; Rigaku 

MiniFlex-600, Japan), respectively. The Ni2+ ions 

concentrations were measured by Flame Atomic Absorption 

Spectrometer (FAAS) (Analyst™ 800, PerkinElmer, Inc., 

Shelton, CT, USA). To optimize flow rate in column system 

a Shenchen peristaltic pump (Wertheim-Germany) was 

used. Ultrapure water was used throughout experiment 

(ELGA LabWater/VWS; UK). An EZDO bench top PL-700 

PV model pH-meter was used pH measurements for fixed-

bed column experiments. 

 

2.2 Preparation of mushroom extract 
 

The mushroom (Agaricus campestris) collected from the 

Pülümür region of Tunceli-Turkey and then they were 

washed and dried in a drying oven for 48 h at 40ºC before 

being used. The dried mushroom samples were floured with 

muller and then sieved. The powdered samples were stored 

in glass jars and stored in a refrigerator at +4°C. Then the 

samples were weighed (5 g) for extraction and the 

powdered mushroom samples were placed in the flask and 

100 mL of distilled water were added, followed by 

extraction for 72 hours at a stirring speed of 250 rpm at 

40°C in shaking water bath. Then filtered and centrifuged at 

6000 rpm. The supernatants were stored to check whether 

they contained iron nanoparticles. 

 

2.3 Biosynthesis of fungal Fe3O4 nanoparticles 
 

For the biosynthesis, initially a mixture solution was 

prepared by taking 0.25 M of FeCl2 and 0.5 M of FeCl3 in 

250 mL of distilled water and heated to 80ºC with stirring at 

250 rpm. After 10 minutes, 250 mL of fungal extract were 

added. After 5 minutes, 1 M NaOH was added dropwise at a 

rate of 7 mL min−1 and the reddish-brown mixture was 

converted to black suspended particles confirming the 

biosynthesis of fungal Fe3O4 nanoparticles. After 

completion of the reaction, the reaction mixture was 

allowed to cool to room temperature. Fungal magnetic 

Fe3O4 nanoparticles separated using centrifugation at 6000 

rpm for 10 min. Homogeneous magnetite particles were 

collected, dried in the oven and stored at room temperature 

for further characterization and hydrogel coatings.  

Nanoparticles synthesized by biological resources such 

as bacteria, fungus, animals and plants can be synthesized 

in laboratories in recent studies. This is called green 

synthesis. Balaz et al. (2019) synthesized silver 

nanoparticles using green approach from the Origanum 

vulgare L. plant water extract. They studied five different 

concentrations of the silver nitrate precursor and they found 

that the concentration was low, the synthesis was very fast. 

The antibacterial activity was pursued using five different 

concentrations of the silver nitrate precursor. The positive 

correlation between the grain size distribution and 

antibacterial activity was found out by them. Supraja et al. 

(2018) used aqueous extract of Sargassum muticum which 

is brown algae for synthesized silver nanoparticles (AgNPs) 

for antimicrobial and anticancer efficacy. They indicated 

that the synthesized AgNPs was a strong antimicrobial 

activity against bacteria and effective anticancer activity 

against Breast cancer cell line. Punjabi et al. (2018) 

synthesized silver nanoparticles using Pseudomonas 

hibiscicola that isolated from an electroplating industry in 

Mumbai. They emphasized that proteins in extracellular 

secretion correlated with synthesized of nanoparticles in 

this study. Malarkodi et al. (2013) synthesized cadmium 

sulfide nanoparticles (CdSNPs) as semiconductor 

nanoparticles from the reduction of cadmium sulphate 

solution, using the bacteria of Serratia nematodiphila. They 

reported that the cadmium sulfide nanoparticles exhibited 

good bactericidal activity against Bacillus subtilis, 

Klebsiella planticola. 

 

2.4 Preparation of fungal bio-nanocomposite material 
(FBNM) 

 

About 1 g of chitosan in 1% acetic acid solution was 

stirred at 750 rpm for 2 hours until homogeneous. Then, 1 g 

of fungal Fe3O4 was added and stirred for a further 4 hours 

until homogeneous. The homogeneous solution prepared by 

syringe was then added to a 1 M NaOH solution at a rate of 

2 mL min-1. Obtained FBNM beads were filtered and 

washed at least three times with ultra-pure water. After 

some of the FBNM were prepared and filled in a fixed-bed 

column for Ni2+ ions removal from some soft drinks, the 

remaining FBNM were dried and stored at room 

temperature for characterizations. Bhagawati et al. (2016) 

procreated a low cost castor oil based hyperbranched/ 

bitumen modified fly ash nanocomposite as a surface 

coating material and this study predicated that these 

nanocomposites may be used as environment friendly 

surface coating materials. 
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2.5 Preparation of the column and adsorption-
desorption studies 

 

A polyethylene column was filled with about 25 mg 

FBNM material for solid phase extraction. Firstly, 10 mL 

ultra-pure water was passed through the column in order to 

condition and clean it before use. The influence of 

important operating conditions including pH (3-8), flow rate 

(2-4 mL min−1) and initial Ni2+ ions concentration (30-50 

mg L−1) on the uptake of Ni2+ solution was identified by 

using CCD and model solution was passed through the 

prepared column at an adjusted flow rate with a peristaltic 

pump. The retained Ni2+ on the FBNM was then eluted with 

using procedure that is explained in the sample preparation 

step. Finally, the Ni2+ concentrations in this solution was 

measured by FAAS. 

 

2.6 Preparation of soft drinks 
 

Concentrated nitric acid (3 mL of concentrated nitric 

acid was used for 50 mL of sample) was added to soft drink 

samples and were degassed using an ultrasonic bath at 40ºC 

about 30 min prior to analysis (Eticha and Hymete 2014). 

After acidification and degassing process, to prevent 

contamination, samples were placed into 250 mL glass 

beakers and covered with watch glasses in order. Then, the 

optimized method was applied to each sample. All samples 

were passed the column. Then, column filler material was 

treated with 1 mL 0.1 M of hydrochloric acid. Analytical 

blanks were prepared in a similar manner. All samples and 

blanks were analyzed for Ni2+ concentration using FAAS 

equipped with deuterium arc background corrector. All the 

samples were analyzed in triplicate. 

 

2.7 Analytical method 
 

An experiment process that is ultra-fast and highly 

efficient was performed to achieve Ni2+ ions from soft 

drinks. Using Ni standard solutions with known 

concentrations from 0.1 to 2 mg L−1 a calibration curve was 

created to calculate adsorbed Ni2+ before the real samples’ 

concentrations were determined. About 25 mg FBNM was 

filled the column and 50 mL of Ni2+ solutions of initial 

concentrations (20-40 mg L−1) pH (range from 3 to 7) was 

adjusted with (0.01-0.1 N) HCl and (0.01-0.1 N) NaOH. 

Solutions were passed the column using a peristaltic pump. 

After the end of the working, the column filling material 

was desorbed by 1 mL 0.1 M of hydrochloric acid and they 

were measured by FAAS. Adsorbed Ni2+ amount by the unit 

mass of bio-nanocomposite material was calculated using 

the following Eq. (1) 

 

𝑞 =
(𝐶𝑜 − 𝐶𝑒) 𝑉

𝑚
 (1) 

 

where q (mg g−1), Ce and C0 represent amount adsorbed per 

gram of bio-nanocomposite material, equilibrium 

concentrations and Ni2+ solution initial concentration (mg 

L−1), respectively. Similarly, m represents used bio-

nanocomposite material mass and V (L) refers to the initial 

concentration of Ni2+ solution. 

 

2.8 Experimental design and process optimization 
 

The RSM is a collection of statistical and mathematical 

techniques useful for analyzing the effects of several 

independent variables on the response. This method is 

known as regression analysis and is used to obtain data, 

estimate parameters and establish relationships between test 

indexes and continuous variables (Ince and Kaplan Ince 

2019b). 

The use of design of experiments has boomed over the 

past decade. Indeed, their application covers all areas: food 

industry, chemicals, pharmaceuticals, etc. The goal is to 

study the effect of two or more parameters (called factors) 

on one (or more) response that we would to optimize with a 

high precision. This must be conducted with minimal 

testing to optimize time and resources required (Kaplan 

Ince et al. 2018, Pala et al. 2019). 

In this respect, experimental designs are techniques to 

study the effects of different factors and optimize them in 

the experimental defined domain. It allows determining the 

statistically significant parameters that affects the responses 

studied. A series of tests is then achieved by varying the 

factors to obtain optimal response with respect to the 

criteria determined by the researchers (Bakraouy et al. 

2017, Alp et al. 2019). 

In this study, three factors with five-levels CCD was 

chosen to study and optimize the influence of process 

variables. Because the CCD experimental design basically 

involves three major steps, performing the statistically 

designed experiments, estimating the coefficients in a 

mathematical model, and predicting the response and 

checking the adequacy of the model. To measure the 

influence of each independent variables including pH (X1), 

flow rate (X2) and initial concentration (X3) on Ni2+ 

adsorption by FBNM a CCD experimental design (Table 1) 

was chosen. 

The levels of variables were defined as low, medium 

and high with coded values of −1, 0 and +1, respectively. 

For each set of experiments, the star points of +2 and −2 

were defined corresponding to α and −α, respectively. By 

using this design, the main, interaction and quadratic effects 

of variables are modeled. This experimental design was 

conducted to minimize the effects of uncontrolled 

parameters and based on controllable factors. To optimize 

process variables and their interactions may be estimated by 

performing a minimum number of experiments but with an 

experimental design created with CCD. Also, optimization 

procedure ensures some advantages such as checking of 

model adequacy, response predicting besides mathematical 

model coefficients estimation (Ince and Kaplan Ince 

2019b). This model determines both to examine the 

response to the maximum area of all variables and to 

identify the optimum value region. According to 

preliminary experiment studies, three critical parameters 

affecting Ni2+ adsorption were selected as independent 

variables, adsorption of Ni2+ ions on FBNM (Y) was 

considered as the dependent variable. In addition, to express 

the relationship between independent variables and  
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Table 2 Analysis of variance (ANOVA) for response 

surface quadratic model 

Source 
Sum of 

squares 
df 

Mean 

square 
F value 

p-value 

Prob > F 

Model 80.50 9 8.94 96.55 < 0.0001 significant 

A-pH 0.61 1 0.61 6.54 0.0285  

B-flow rate 0.15 1 0.15 1.62 0.2325  

C-initial 

concentration 
19.34 1 19.34 208.82 < 0.0001  

AB 0.012 1 0.012 0.13 0.7222  

AC 0.69 1 0.69 7.48 0.0210  

BC 0.11 1 0.11 1.16 0.3067  

A2 59.13 1 59.13 638.35 < 0.0001  

B2 2.77 1 2.77 29.92 0.0003  

C2 5.27 1 5.27 56.93 < 0.0001  

Residual 0.93 10 0.093    

Lack of fit 0.55 5 0.11 1.45 0.3476 
not 

significant 

Pure error 0.38 5 0.076    

Cor total 81.42 19     

R-squared 0.9886      

Adj  

R-squared 
0.9784      

Pred  

R-squared 
0.9373      

Adeq 

precision 
32.018      

 

*p < 0.01 highly significant; 0.01 < p < 0.05 significant;  

p > 0.05 not significant 

 

 

responses, experimental data were fitted to a second-order 

polynomial mathematical equation (Eq. (2)) and presented 

as below 

 

𝑌(mgNi /gFBNM) = −0.73 + 0.64𝑋1 − 6.73𝑋2

+ 0.09𝑋3 + 0.04𝑋4 − 3.45𝑋1𝑋2 − 3.26𝑋1𝑋3 − 1.05𝐸
− 0.03𝑋1𝑋4 −  5.19𝐸 − 0.04𝑋2𝑋3 − 5.53𝑋2𝑋4

+ 1.14𝐸 − 0.03𝑋3𝑋4 − 0.02𝑋1
2 + 2.36𝑋2

2 − 1.01𝑋3
2

− 2.24𝐸 − 0.04𝑋4
2 

(2) 

 

In the optimization of Ni2+ ions adsorption on FBNM 

process to determine the optimum point and achieve highest 

treatment performance the best method is layout of the 

surface plot. Under predicted optimal conditions by using 

experiments that are identify by CCD, optimization results 

were verified. Predicted values of model that confirms RSM 

efficiency were strictly similar to results of corresponding 

experiments. According to obtained data from CCD 

experimental design, it can be said that CCD is the ideal 

approach to optimize the experimental variables when it 

used for Ni2+ ions removal from some soft drinks by 

FBNM. It is a good evidence that the difference between 

the experimental and predicted results can be ignored both 

proposed quadratic models' efficiency and in predicting the 

optimum conditions. For optimum Ni2+ ions adsorption 

numerical optimization values were obtained as 5.5 for pH, 

2.5 mL min-1 for flow rate and 49.5 mg L−1 for Ni2+ ions 

initial concentration. Independent variables experimental 

range and their levels for Ni2+ ions adsorption on FBNM 

were showed in Table 1. Using the Design Expert software 

program (Design Expert Version 10, Stat-Ease, USA) a 

regression model was derived and proposed. Used 

parameters such as variable conditions, experimental 

values, and predicted values were presented in Table 2. 

Diagnostic checking tests provided by ANOVA were used 

for proposed model adequacy. In addition, chosen factors by 

quadratic models can be simply related to responses. 

Determination coefficient of R2 characterizes the 

appropriate polynomial model. Because R2 values, in the 

observed response values, provide a measure of how 

variability can be clarified by experimental factors and their 

interactions (Ince and Kaplan Ince 2017). Fisher’s ‘F’-test 

and p-value perform these analyzes.  

 

 

3. Results and discussion 
 

In literature, nanoparticles were produced by various 

techniques, materials and functionalized with various 

chemicals as, by bounding N-sodium acrylate-O-

carboxymethyl chitosan [CMCH-g-PAA(Na)] on Fe3O4 

nanoparticles (Asgari et al. 2014), functionalizing chitosan 

composite with EDTA (Chen et al. 2019), crosslinking 

hydrogel and chitosan on carboxymethyl-β-cyclodextrin 

(CM-β-CD) polymer modified Fe3O4 (Ding et al. 2015), 

functionalizing magnetic gold nanoparticles (Fe3O4 Au 

NPs) with thiol-terminated polyethylene glycol (Elbialy et 

al. 2014), by compositing graphene sheet with ferro ferric 

oxide and prepared graphene magnetic material (Guo et al. 

2014), by bounding chitosan on magnetic Fe3O4 (Li et al. 

2008, Yuwei and Jianlong 2011), xanthated Fe3O4-chitosan 

grafted onto graphene oxide (Liu et al. 2016), coating Fe3O4 

by polymerized-chitosan (Ding et al. 2015), coating Fe3O4 

by carboxymethyl chitosan (Zinadini et al. 2014), coating 

Fe3O4 with chitosan and functionalized with folate-

poly(ethylene glycol)-COOH (Zhou et al. 2014), coating 

Fe3O4 nanoparticles with fucanpolysaccharides (Silva et al. 

2013). 

 

3.1 Characterization of bio-nanocomposite material 
 

3.1.1 FTIR analysis 
Spectra of the pretreated FBNM and Ni2+ ions loaded 

FBNM were compared (Fig. 1) by using FTIR. The spectra 

were recorded in the frequency range of 4000-500 cm−1. 

Fig. 1 shows the changes and shifts in the FTIR bands 

during Ni2+ ions adsorption on the FBNM. Major changes 

because of a strong band were observed in the region 3352-

3289 cm−1 corresponds to N-H and O-H stretching, as well 

as the intramolecular hydrogen bonds. Other changes and 

shifts can be summarized as follows: The absorption bands 

at around 2921 cm−1 and 2868 cm−1 can be attributed to C-

H symmetric and asymmetric stretching, respectively. The 

presence of residual N-acetyl groups was confirmed by the  
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bands at around 1648 cm−1 (C=O stretching of amide I) and 

1318 cm−1 (C-N stretching of amide III), respectively. A 

band at 1588 cm−1 corresponds to the N-H bending of the 

primary amine. The CH2 bending and CH3 symmetrical 

deformations were confirmed by the presence of bands at 

around 1416 cm−1 and 1375 cm−1, respectively. The 

absorption band at 1148 cm−1 can be attributed to 

asymmetric stretching of the C-O-C bridge. The bands at 

1059 cm−1 and 1023 cm−1 correspond to C-O stretching. The 

signal at 889 cm−1 corresponds to the CH bending out of the 

plane of the ring of monosaccharides. The biosynthesized 

FBNM sample showed lower intensity peaks compared 

with the Ni2+ ions loaded FBNM sample, suggesting a 

disruption of some of these groups during treatment.  

 

3.1.2 SEM analysis 
To character ize the surface morphology and 

fundamental physical properties of the nano-adsorbent 

surfaces SEM micrographs has been a primary tool. They 

are useful to observe appropriate size distribution, porosity 

and particle shape of adsorbent. By using SEM, the  

 

 

 

 

morphological differences between the bio-nanocomposite 

material that called as FBNM and Ni2+ ions loaded FBNM 

were evidenced for observing the appropriate size 

distribution, porosity and particle shape of adsorbents. 

These micrographs indicated that surface alterations in the 

FBNM morphology before and after Ni2+ ions loading, and 

UV-Vis peak of Fe3O4 nanoparticles was presented in Fig. 

2.  

After being pretreated with Ni2+ ions, surface of FBNM 

became rougher; this may be due to the Ni2+ ions sorption 

onto FBNM. Based on these results it can be said that 

FBNM is a good adsorbent for adsorption of Ni2+ ions. In 

addition, mineralogical composition of FBNM and Ni2+ ions 

loaded FBNM were determined using EDS and shown at 

Fig. 3. 

 

3.1.3 TGA analysis 
Thermogravimetric Analysis (TGA) of FBNM and Ni2+ 

ions loaded FBNM were recorded in the temperature range 

of 30°C-800°C. It is observed that chitosan decomposition 

takes place in the temperature range of 242.1°C-300°C. On  

 

Fig. 1 FTIR spectra of FBNM and Ni2+ ions-loaded FBNM 

 

Fig. 2 SEM images of FBNM: (a) before adsorption of Ni2+ ions; (b) after adsorption of Ni2+ ions;  

(c) UV-Vis peaks Fe3O4 nanoparticles 
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the other hand, Ni2+ ions decomposition takes place in the 

temperature range of 300°C-681.2°C. From this analysis, it 

is observed that Ni2+ ions loaded FBNM shows very similar 

degradation to FBNM. From TGA analysis, it is found that 

Ni loaded FBNM has a high thermal stability. Also based on 

TGA analysis it is very clear that no significant change was 

observed in the decomposition temperature of Ni2+ ions and 

Ni2+ ions loaded FBNM. 

 

3.1.4 XRD analysis 
Fig. 4 presents the XRD of FBNM and Ni2+ ions loaded 

FBNM, respectively. Since the XRD pattern is short-range, 

two chitosan signals are not expected since only two broad 

and weak reflections can be attributed to the amorphous 

structure. Six characteristic peaks for magnetite (2θ = 

30.12°, 35.65°, 43.55°, 53.82°, 57.43° and 63.12°) and 

where the densest line is present in the XRD model (35, 

67°) which were assigned to crystal planes of (220), (311), 

(400), (422), (511) and (440) planes of the iron oxide,  

 

 

 

 

respectively. The XRD showed peak around 20.5° in 

chitosan, which corresponded to 110 reflections 

(Shanmugapriya et al. 2011). Ni2+ ions loaded magnetic 

particles show some variation in peak sharpness, and two 

different peaks were also seen in 31.68° and 45.47°. 

The crystallite sizes of the nanocomposite are calculated 

using Debye-Scherrer formula (Eq. (3)) 
 

D = K λ/β cos (3) 

 

where D is the mean diameter of bio-nanoparticles, λ is the 

X-ray wavelength (λ = 1.54 nm), K = 0.94 is the shape 

factor, θ is Bragg’s angle, β is the full width at half-

maximum value of the respective XRD diffraction peak 

(Tsega and Dejene 2017). The average crystallite size of 

bio-nanocomposites was found to be in 8.02 nm and 7.27 

nm. These results clearly revealed that the bio-

nanocomposite size increased the radius of the crystal 

slightly by the effect of nickel. 

 

Fig. 3 EDS diagrams of FBNM: (a) before adsorption of Ni2+ ions; (b) after adsorption of Ni2+ ions 

 

Fig. 4 EDS diagrams of FBNM: (a) before adsorption of Ni2+ ions; (b) after adsorption of Ni2+ ions 
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3.2 Second-order polynomial model 
 

Test results of ANOVA that contain suggested second-

order equation coefficients and model terms and a CCD 

 

 

 

 

 

 

programme for Ni2+ ions adsorption on FBNM conditions 

are illustrated in Tables 1 and 2, respectively. As the Fisher 

test shows that the larger F-values and the smaller p-values 

indicate more meaningful the proposed model terms, it was 

 

Fig. 5 All diagnostic plots of optimization Ni2+ ions adsorption process using CCD: (a) actual and predicted; 

(b) normality; (c) studentized residuals and predicted; (d) studentized residuals and run values of Ni2+ ions 

 

Fig. 6 Interactive effect of flow rate and pH 

 

Fig. 7 Interactive effect of initial concentration and pH 
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Fig. 10 Adsorption-desorption cycles of FBNM 

 

 

tested by using ANOVA. While p-values less than 0.05, it 

was indicated a significant regression in 95% confidence 

level, in addition, F value is 95.55, indicating that the model 

is important. As “Prob > F” values less than 0.05 indicate 

model terms are significant as statistically. In this case X1, 

X3, X1X3, X1
2, X2

2 and X3
2 values, are significant model terms 

but X2, X1X2, X2X3 and values greater than 0.05 indicate the 

model terms are not significant. The “Lack-of-fit p-values” 

imply the “Lack-of-fit” is not significant relating to the pure 

error, it measures the fitness of the model (p > 0.05). In 

 

 

 

 

addition, number of experiments was enough to determine 

the effects of the independent variables for Ni2+ ions 

adsorption on FBNM. This model goodness-of-fit was 

evaluated using determination coefficients (R2) and 

determination adjusted coefficients (adj R2). Since it defines 

the percentage of variability in the response, it is desirable 

to have a high R2 value of the proposed model and this 

value should be greater than 0.75 for validity of the model 

(Ince and Kaplan Ince 2017). According to R2 and adj R2 

values for the previously mentioned models were 

satisfactory. Because the model R2 was obtained as 0.9886, 

it can be said that 98.86% of the model-predicted values 

matched the experimental adsorbed Ni2+ ions values on 

FBNM. In addition, when the normal probability plot (Fig. 

5) is examined, it can be said that residuals distribution is 

normal, and the model satisfies the assumptions of the 

ANOVA. They are reasonably compatible because the 

difference between the “Pred R-squared: 0.9373” and “Adj 

R-Squared: 0.9784” is less than 0.2. “Adeq precision” 

measures the signal to noise ratio and this ratio greater than 

4 is desirable. The signal-to-noise ratio should be greater 

than 4 and it is measure by “Adeq precision”. This value 

 

Fig. 8 Interactive effect of initial concentration and flow rate 

 

Fig. 9 Diagnostic plots: Box-Cox plot and perturbation plot for Ni2+ ions removal, at the optimal conditions:  

(A) solution pH 5.5; (B) 2.5 mL min-1 flow rate; (C) 49.5 mg L−1 Ni2+ ions initial concentration 
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obtained as 130.626 and it is indicating an adequate signal. 

Based on study results, used statistical model was adequate 

to predict of Ni2+ ions levels and was fitted to second-order 

polynomial equation.  

 

3.3 RSM analysis 
 

Each parameter effect on Ni2+ ions adsorption on FBNM 

and their interaction were presented in Figs. 6-8. Three-

dimensional (3D) response surface graphs and two-

dimensional (2D) contour plots are useful to determine 

response points including the maximum, middle and 

minimum and they were created according to quadratic 

model. Fig. 6 shows the 3D response surface and 2D 

contour plots of the influence of flow rate-pH on the 

adsorption efficiency of Ni2+ ions on bio-nano adsorbent. 

While, it is evident that the Ni2+ ions adsorption amount 

increased when pH increases until 5.5 (p < 0.01), after 

which an increase in metal uptake was observed. However, 

it was observed that Ni2+ ions adsorption did not show a 

statistically significant increase or decrease tendency with 

flow rate change. These Fig. 6, 3D and 2D, showed that 

removal of Ni2+ ions from the aqueous medium was 

strongly influenced by the pH. Solution pH influences the 

adsorbent surface charge, solubility of metal and 

protonation degree because of these properties solution pH 

significantly affects the metal ions adsorption on the 

adsorbents (Alizadeh et al. 2018). 

On the other hand, it is clear that the amount of 

adsorbed Ni2+ ions were increased when initial 

concentration (p < 0.0001) was increased up to 50 mg L−1 

(Fig. 7), when pH increases until 5.5 (p < 0.01). Based on 

ANOVA table, it was confirmed that these two variables 

had a significant effect on Ni2+ ions adsorption on FBNM 

and the interaction of these two variables was statistically 

significant (p < 0.05).  

Fig. 8 represents combined effect of initial concentration 

and flow rate on Ni2+ ions removal at constant pH, 

adsorption of Ni2+ ions increase with initial concentration 

increase, it was observed that increasing the flow rate was 

not have a significant effect on Ni2+ ions adsorption on 

FBNM.  

Panneerselvam et al. (2011), optimized some parameters 

as adsorbent dosage, pH, contact time, temperature and 

initial concentration for Ni2+ ions removal by magnetic 

nanoparticle. It was determined that adsorption capacity 

was increased by the increasing of adsorbent dosage. This 

situation is available for contact time up to the saturation 

point. At the obtained optimum conditions adsorption 

capacity was calculated as 38.30 mg g−1. 

Ahmed and Fekry (2013) prepared nanoparticle, which 

coated with chitosan and used this nanoparticle to determine 

the heavy metals concentration in aqueous solutions. For 

identify the pH effect to Ni2+ ions pH was studied in the 

range of 2-13. Up to pH 11, Ni2+ ions current on the 

nanoparticles was increased. 

Magnetic graphenes composite material was 

functionalized with amino and carried out to remove Ni2+ 

ions from contaminated water. Batch adsorption technique 

was applied. Ni2+ ions adsorption was increased by the pH 

increasing. Maximum adsorption was obtained at pH 6-7 

and adsorption capacity was 22.07 mg g−1 (Guo et al. 2014). 

Co-precipitation method was used to obtain Fe3O4 

nanoparticles at various sizes and by these nanoparticles 

heavy metals purified from waste water. Batch adsorption 

technique performed for purification. The parameters, 

which influenced the adsorption, were studied. The removal 

capacity was reached up to 99.9% with the 7 g of adsorbent 

dosage. For determination the optimum contact time from 2 

h to 28 h were experimented and Ni2+ ions adsorption was 

highly dependent on longer contact time. For determination 

the optimum temperature, in the range of 10-80ºC was 

studied and it was found that the adsorption of Ni2+ ions 

were increased up to 50ºC. At pH 4 adsorption percentages 

of Ni2+ ions were calculated as 88.5. At these optimum 

conditions Ni2+ ions removal from waste water was 

calculated as 41.86 mg L−1 (Shen et al. 2009). 

Mondal et al. (2015) prepared air stable nanoparticles 

from cobalt sulphate using tetra butyl ammonium bromide 

as surfactant and sodium borohydride as reductant at room 

temperature. They indicated that the cobalt nanoparticles in 

aqueous sollutions were found to be effective catalysts for 

the degradation of toxic organic dyes such as methylene 

blue and rhodamine-B. Also, they found that recovered 

nanoparticles after removed toxic dyes could be recycled 

several times without loss of catalytic activity. 

 

3.4 Desorption procedure and FBNM reuse studies 
 

To recover the adsorbate after the use in any adsorption 

system and reuse is desirable situation because it reduces 

the cost and proves to be a qualified adsorbent. Bio-nano 

adsorbents can be damaged because of their sensitive 

structure during the process of desorption and reuse can 

destroy the bio-nanocomposite material. Reuse and 

desorption studies help to clarify the nature of the 

adsorption process. Some experimental studies were carried 

out to test used nano adsorbent, to understand whether 

desorption process is damaging. Firstly, about 25 mg of the 

bio-nanocomposite material was treated with Ni2+ solution 

(40 µg L−1, 50 mL) in a fixed-bed coloumn under optimum 

conditions that was determined using CCD. To elution of 

Ni2+ ions from surface of FBNM, 0.1 mol L−1 hydrochloric 

acid solution was used for desorption step. Separated 

elution solvent was measured to understand whether they 

contain Ni2+ ions. It was observed that desorption solvents 

eluted 99% of the adsorbed Ni2+ ions from the FBNM 

surface. After desorption, the Ni2+ ions were adsorbed again 

on the FBNM surface based on previous optimum 

conditions. This procedure was repeated at least 8 times and 

the percentage of desorption was found to be greater than 

98% (Fig. 10). The potential for repeated use of FBNM 

were found to be good. As highlighted, the FBNM good 

regenerate and reuse ability has considerably an advantage 

for application to removal of Ni2+ ions from soft drinks. 

 

3.5 Application to real samples 
 

The applicability of the methodologies developed in this 

study has been tested for the real samples (Table 3). Under 
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Table 3 Removal of Ni2+ ions using FBNM from various 

soft drinks 

Sample 
Ni (µg L−1) 

SA Found Removal (%) 

Mineral water 1 

0.0 4.8 ± 0.12  

20 24.7 ± 1.4 99 

40 45.0 ± 2.2 100 

Mineral water 2 

0.0 2.5 ± 0.2  

20 22.3 ± 2.6 98.0 

40 43.1 ± 2.3 100 

Mineral water 3 - 4.6 ± 0.4  

Mineral water 4 - 7.2 ± 0.2  

Mineral water 5 - 3.1 ± 0.2  

Fruit juice 1 - 2.2 ± 0.1  

Fruit juice 2 - 1.8 ± 0.1  

Fruit juice 3 - 1.7 ± 0.2  

Fruit juice 4 - 1.7 ± 0.2  

Fruit juice 5 - 2.7 ± 0.3  
 

*SA: Standard Addition 

 

 

optimized conditions, experiments were performed with 

soft drink samples and samples spiked by Ni2+ with various 

quantities (20 and 40 µg L−1) were treated under the general 

procedure in optimized condition. The results revealed that 

acceptable removal percentage confirming the excellent 

performance of bio-nanocomposite material proposed for 

real samples. 

 

 

4. Conclusions 
 
It has been researched whether biosynthesized FBNM, 

which is an effective and reusable bionanomaterial, can 

eliminate Ni2+ ions from the soft drink samples. In addition 

to the reusability potential of this bionanomaterial, 

experimental study design and multi-parameter 

optimization were carried out and the following results were 

obtained: 

• To reach possible global optimal solution for 

maximizing the Ni2+ ions removal from some soft drinks 

using biosynthesized FBNM with CCD optimization 

procedure was performed. To find out a suitable model 

leading to optimum outcome conditions (5.5 pH, 2.5 mL 

min−1 flow rate and 49.5 mg L−1 Ni2+ ions initial 

concentration) a CCD method was identified to yield 

maximum Ni2+ ions removal of 100%. 

• The proposed mathematical model also provided a 

critical analysis for selected independent variables’ 

interactive influences on Ni2+ ions adsorption process. 

• Obtained R2 (0.9886) and adj R2 (0.9784) values from 

the ANOVA were satisfactory. It can be said that 98.86% of 

the model-predicted values matched the experimental 

adsorbed Ni2+ values on biosynthesized FBNM. 

• Based on response surface plots (3D and 2D), Ni2+ ions 

removal percentage from some soft drink samples were 

observed to increase with increasing pH up to 5.5. 

• The maximum adsorption capacity of FBNM for Ni2+ 

ions were calculated as 59.8 mg g−1, in the experimental 

range of the variables. 

• Data which obtained proposed three-factor CCD 

clearly confirmed that optimization is an effective approach 

for modeling the sorption process of Ni2+ ions to understand 

the relationships among the independent and response 

variables and to maximize the process efficiency. 

Conclusively, biosynthesized and used FBNM is a good 

candidate for removing the other pollutants because of 

adsorption capacity and reuse potential. 
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