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Highlights 

 Solid state combustion rout was used for copper ferrite synthesis. 

 Graphene like polysaccharide resin was synthesized using glucose and citric acid. 

 Solid state solvent free rout was used to prepare magnetic resin. 

 Dye adsorption and antimicrobial activity of magnetic resin was studied.  

 

Abstract  

Focus of this research is on employment of a green route to prepare magnetic 

CuFe2O4@polysaccharide resin for environmental remediation purpose. The method is including 

solvent free solid state synthesis of copper ferrite nanoparticles by combustion route using 

cellulose as fuel. Then polysaccharide resin as well as its magnetic composite was prepared by 

using glucose, citric acid and copper ferrite as solid raw materials. Characterization study using 

FESEM and TEM images showed that as synthesized resin possesses graphene like structure as 

ferrite nanoparticles are dispersed in the matrice of resin. Methylene blue (MB) adsorption study 

of the nanohybrid showed that maximum removal efficiency obtained at pH = 8 with very fast 
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equilibrium time of 1 min. Kinetic study confirmed pseudo – second order model is dominant 

kinetic model for dye removal. Moreover isotherm study revealed dye adsorption followed 

Freundlich model with maximum adsorption capacity of 366.6 mg g-1. Antibacterial activity of 

resin and magnetic composite was examined and result confirmed high efficiency of them in 

coping with E. coli as sample pathogen. Effect of solution pH, contact time and adsorbent dosage 

on E.coli capturing efficiency was also studied. Results showed bacteria capturing is more than 

99% within equilibrium time of 20 min and dosage of 20 mg which confirmed high efficiency of 

the nanosystem in bacteria removing.      

 

Keywords: copper ferrite, polysaccharide, solvent free, green chemistry, methylene blue, 

antimicrobial. 

 

1. Introduction 

Clean chemistry term, also known as environmentally benign or green chemistry, was submitted 

to United States scientific communities in 1991(W Wardencki, Curylo, & Namiesnik, 2005). 

This approach emphasizes on manners that reduces threats to environment and life health. In 

other words applied synthetic routes in clean chemistry should employ as well as produce 

materials with little or no toxicity to ecosystem(Tang, Smith, & Poliakoff, 2005) hence in recent 

decades solvent – less techniques, catalyst  usage as well as synthesis of biodegradable materials 

have been widely employed in material synthesis (Polshettiwar & Varma, 2010; Waldemar 

Wardencki & Namies, 2000; W. D. Zhang, Xiao, Zhu, & Fu, 2009). Based on the above concepts 

there are several reports in literature for sustainable synthesis and modification of nanomaterials. 

For example Jin et al (Yinying Jin et al., 2013) and Wu et al (Q. Wu et al., 2014) used solvent 

less method for zeolite synthesis. Dyke and Tour employed a solvent free method for carbon 

nanotube functionalization(Dyke & Tour, 2003) moreover, Siemion et al (Siemion, Kapuśniak, 

& Kozioł, 2005) used solid state route to prepare cationic starches. Despite worthiness of these 

reports, the energy efficiency was not considered by them. In other words, the reported works 

show potential environmental risks (Lu, Shen, Xie, & Zhang, 2010).   
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In recent decades increasing interests were devoted to biosorption process which employs 

biological materials in environmental remediation. In fact this process as a low price and non 

hazardous technique with ease of construction and maintenance characteristic uses biodegradable 

materials with natural abundant (Asadi, Shariatmadari, & Mirghaffari, 2008; BULUT & TEZ, 

2007; Chathuranga, Dissanayake, Priyantha, Iqbal, & Iqbal, 2014; L. Jin & Bai, 2002; Taylor, 

Chen, Ding, & Nie, 2012) as a result, it can be considered as a clean method. However, 

pretreatment and modification of biosorbents before use is the main restrict of biosorption 

system since at treatment process concentrated acid - base or other chemical reactant usage are 

inevitable (Akar, Yilmazer, Celik, Balk, & Akar, 2015; Jakóbik-Kolon, Milewski, Mitko, & Lis, 

2014; Koyuncu & Koyuncu, 2017; Sahraei, Pour, & Ghaemy, 2017; Sayğılı & Güzel, 2016). 

This weakness can be rectified by sustainable synthesis of biomaterials from initial natural 

reactants. Based on the mentioned principal of clean chemistry, in this work a sustainable solid 

state route was employed to prepare polysaccharide resin. This is the first report for 

polysaccharide resin generation by solid state route using citric acid and glucose as initial 

reactants. The resin was candidate for water treatment hence to made adsorption process easier 

and simpler, magnetic composite of resin was also prepared. Starting reagents for resin 

preparation are abundant in nature, moreover prepared polysaccharide possess biodegradability 

and low toxicity(Lotfy, Ghanem, & El-helow, 2007; Shendurse & Khedkar, 2016) which made it 

more effective for environmental remediation. The magnetic component of nanocomposite is 

inverse spinel ferrite, CuFe2O4, which was synthesized by solid state combustion rout using 

cellulose as fuel. In fact a low toxic reagent with a simple facial solid state technique was 

employed for CuFe2O4 synthesis which made the process more economic. In the ferrite structure 

octahedral sites were occupied with 8 Cu2+ ions  while  16  Fe3+ ions  are  equally distributed  

between tetrahedral  and  octahedral  sites (Agouriane et al., 2016; Jiang, Goya, & Rechenberg, 

1999). Selection of copper ferrite was based on the fact that it possesses super paramagnetic and 

antibacterial characteristic, as well as high thermal stability (Iqbal, Yaqub, Sepiol, & Ismail, 

2011).  

 Dye adsorption property and antimicrobial activity of CuFe2O4@polysaccharide resin as 

multifunctionality material was studied. This is the first report for application of synthetic 

CuFe2O4@polysaccharide resin in water treatment especially as bifunctional nanocomposite for 
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dye and bacterial capturing. Methylene blue (MB) was used as a model dye since it is most 

applied ones for industrial  applications whereas their products are not easily biodegradable and 

expose to them causes series physiological response (Hassan, Abdel-mohsen, & Fouda, 2014; 

Jian, Qingwei, Meihong, Haiqiang, & Na, 2013; Li et al., 2013; Maatar & Boufi, 2017; Parrott, 

Bartlett, & Balakrishnan, 2016; Postai et al., 2016; Wang, Cai, & Zhang, 2014; X. Wu, Shi, 

Zhong, Lin, & Chen, 2016). Antibacterial activity of resin and composite was examined with 

capturing of Escherichia coli (E.coli). The E.coli is a gram-negative bacterium that is widely 

distributed in nature (From, Pukall, Schumann, & Granum, 2005; Sadeghi-Kiakhani & Safapour, 

2015) hence elimination of it is vital in environmental safety and human health. Effective 

parameters on dye and bacteria capturing including pH, time and adsorbent dosage was studied 

and optimum levels of them were reported and discussed in details.   

2. Experimental 

2.1. Materials and instruments 

Citric acid, Glucose, cellulose, MB, Fe(NO3)3.9H2O and Cu(NO3)2.3H2O was supplied 

from Merck, (Darmstadt, Germany).  MB solution (1000 mg L-1) was prepared by dissolving it in 

desired amount of distilled water. HCl and NH3 solution (0.1 mol L-1) was used for pH 

adjustment. 

The prepared ferrite nanoparticles, resin and CuFe2O4@polysaccharide resin were 

characterized by powder X-ray diffraction analysis (XRD), Field emission scanning electron 

microscopy (FE-SEM) and transmission electron microscopy (TEM), Fourier transforms infrared 

spectra (FT-IR), elemental mapping, Raman spectroscopy, BET surface area and vibrating 

sample magnetometry (VSM). XRD was recorded with Phillips powder diffractometer, X’ Pert 

MPD, using Cu-Kα radiation at λ=1.540589 Ǻ. FESEM, elemental mapping and TEM carried 

out using SIGMA VP ZEISS and Zeiss - EM10C instruments. FT - IR was measured with 

Equinox 55 Bruker at the wavenumber of 400-4000 cm -1. VSM was recorded with Lake Shore 

Model 7400, Japan. Raman spectra were recorded with Nd: YAG laser, Takram P50C0R10 – 

Teksan.  The N2 adsorption–desorption isotherms were recorded on a Nova Station A system. A 

digital pH-meter (model 692, metrohm, Herisau, Switzerland), was used for the pH adjustment. 
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A Lambda – 25 UV – Vis spectrophotometer was used for recording the dye adsorption 

characteristic. 

2.2. Synthesis of ferrite nanoparticles, polysaccharide and nanocomposite  

A simple solid state combustion route was employed for synthesis of CuFe2O4 

nanoparticles. For this purpose 0.60 g of Cu(NO3)2.3H2O and  2.0 g Fe(NO3)3.9H2O have been 

mixed in a mortar for 2 min until a uniform pasty mixture was obtained then 1.0 g of cellulose 

was added to metal salt and mixed for 15 min followed with combustion at 150oC for 5 min. To 

remove the residual of carbon and nitrate from ferrite structure the nanoparticles were heated 

under constant air at 500 oC for 1h. To prepare polysaccharide resin 0.5 g of glucose and 0.5 g of 

citric acid was mixed in a mortar for 10 min then was heated under constant air at 155°C for 2h 

followed with annealing at 200°C for 5h. To prepare CuFe2O4@polysaccharide resin, 0.5 g of 

CuFe2O4 was added into 1.0 g of glucose - citric acid mixture (1:1) and completely mixed for 10 

min. The materials were placed in a furnace and heated at 155°C for 2h followed with annealing 

at 200°C for 5h. After cooling to room temperature, as synthesized nanohybrid was stored for 

subsequent usage.   

2.3. Dye adsorption experiment 

Batch method was used to perform MB adsorption experiments. In typical runs 10 mL of 

MB solution with initial concentration of 10 – 400 mg L-1 were used. After pH adjustment at 8.0, 

30 mg of CuFe2O4@polysaccharide resin was added and shacked for 1.0 min. After collection of 

the sorbent, MB concentration in supernatant was determined with measuring absorbance at λmax 

= 664 nm by UV- Vis spectrometer and removal percentage (%R) was calculated by the 

following equation.  

%R = (C0 – Ce) × 100/C0     (1) 

At this equation C0 (mg L-1) and Ce (mg L-1) represent initial and remained dye concentration in 

the solution, respectively.  
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2.4. Antibacterial activity 

To evaluate antibacterial activity of as synthesized resin and CuFe2O4@polysaccharide 

resin, Gram-negative strain, E.coli (supplied from Institute Pastor, Tehran, Iran) was used as a 

model pathogen. 100 mL of Luria Broth (LB; consisting of 5 g L-1 bacto-yeast extract, 15 g L-1 

tryptone and 5 g L-1 NaCl) was used as growth medium to cultivate E.coli. After shack the 

strains in an incubator at 30°C for 32 h, cells were then separated by centrifugation (4000g for 10 

min at 4°C). After washing the bacterial pellets with 0.9% of NaCl at pH 7.0 they were re-

suspended in the physiological saline to obtain cell density of 1.5 ×108 Colony Forming Unit per 

milliliter (CFU mL-1).    Sterilized physiological saline was applied as bacterial capture medium 

with the aid of batch method. For this purpose 20 mg of resin or CuFe2O4@polysaccharide resin 

was added in the 20 mL bacteria solutions with concentration of 1.5 ×108 CFU mL-1. The 

mixture was incubated for 20 min then the particles were separated from the suspension. In the 

following 1.0 mL of supernatant was collected and analyzed for bacterial concentration via 

colony counting method. Bacteria capture efficiency was determined by counting of colonies 

before and after capturing experiment.   

3. Results and discussion 

3.1. Characterization  

The TEM image of resin at Fig.1a and 1b proves that resin possesses lamellar graphene like slim 

sheets. Moreover, according to the TEM image of the CuFe2O4@polysaccharide resin at Fig.1c 

and 1d magnetic nanoparticles are dispersed as dark spots in composite structure. Formation of 

layer structure is owed to crosslinking between citric acid and hydroxyl functional groups of 

glucose through esterification reaction. In other words structure of citric acid and glucose 

contains several carboxylic acid and hydroxyl groups which condense with each other at various 

directions. Tang et al deduced that carbohydrates with C, H and O in the ratio of 1: 2: 1 can be 

used as carbon sources to prepare graphene like structures (Libin Tang, Xueming Li, Rongbin Ji, 

Kar Seng Teng, Guoan Tai, Jing Ye, 2012). In fact hydrogen and oxygen in the forms of 

hydroxyl, carboxyl or carbonyl generate graphene like structure under dehydrate reaction. 

Heating of glucose and citric acid causes removal of water and polymerization into high 

molecular weight compounds. Moreover, citric acid induces hydroxymethylfurfural formation 
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from glucose which consists of a furan ring (Yuriy Roma´n-Leshkov, Juben N. Chheda, 2006) 

which can also participate in polymerization process. Generation of stacked layers is as a result 

of van der Waals force between individual layers (Alijani & Shariatinia, 2017) owe to the 

interaction between methylene groups as well as hydrogen bonding of oxygen-containing 

functional groups (C–O, C=O, and−OH) at the structure of polysaccharide resin.  

The interaction between glucose and citric acid for synthesis of resin was further studied with FT 

– IR study. The spectrum of glucose, citric acid and resin at the wavenumber of 600 – 3500 cm-1 

is shown at Fig.2. The spectrum of glucose show vibration of aggregated –OH due to hydrogen 

bonding, vibration of CH and stretching of C–OH groups at 3264, 2944 and 1000 -1500 cm-1, 

respectively. At the spectrum of citric acid vibration of C=O as the main characteristic of 

carboxylic acid appeared at 1712 cm-1.  The spectrum of resin showed some changes relative to 

glucose and citric acid. At first look can be seen that the vibration of OH at 3000 – 3500 cm-1 

divided to two distinct peaks corresponding to aggregated OH at 3272 cm-1 and free OH group at 

3490 cm-1. This change can be owed to the breaking of hydrogen bonding between hydroxyl 

groups as a result of new structure generation. Other main change is transfer of C=O stretching 

from 1712 cm-1 to 1743 cm-1 owing to change in carbonyl vibration source from carboxylic acid 

to ester structure.  The intensity of C=C at 1690 cm-1 also increased which can be assigned to 

aromatic backbone of furfural ring. Increase in the peak intensity at 650 – 900 cm-1 can also be 

assigned to CH deformation in aromatic ring. Moreover, the sharp peak at 1136 cm-1 can be 

assigned to C – O vibration in ester structure.  All mentioned evidence proves condensation 

reaction between hydroxyl/carboxyl groups of glucose and citric acid.  

The N2 adsorption–desorption isotherm for resin and CuFe2O4@polysaccharide resin as well as 

corresponding Barrett, Joyner and Halenda (BJH) pore-size distribution curve is shown at Fig. 3. 

As can be seen the curve for resin show type II isotherm with a minor hysteresis loop as a result 

of filling and emptying of the mesopores by capillary condensation(Bayat, Beyki, & Shemirani, 

2015). This type of isotherm illustrates slit shape pores with parallel walls. The curve for 

CuFe2O4@polysaccharide resin show type IV isotherm that illustrates tapered slit pore.   
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Table 1 shows the BET characteristics of the materials. As can be seen, the pore diameter of the 

material are in the range of 3 – 6 nm and pore size decreased from resin to composite. According 

to the pore-size distribution the materials are classified as mesopores compounds (Dabrowski, 

2001). Moreover it can be seen that the total pore volume of composite was less than resin 

because of pore occupation by the ferrite nanoparticles. 

3.2. Dye adsorption 

3.2.1 Effect of pH on dye adsorption  

In adsorption process solution pH is a main factor which affects the efficiency of sorbent 

for adsorption of target analyte. In other words pH can impress both adsorbate and adsorbent 

functional groups resulting to increase or decrease adsorption efficiency hence effect of pH on 

dye adsorption was studied in the range between 2 to 9. To evaluate the effect of this parameter, 

10 mL of MB solution with initial concentration of 10 mg L-1 was employed. Amount of sorbent 

and shacking time were fixed in 30 mg and 10 min, respectively. After equilibrium the sorbent 

was collected with external magnetic field and concentration of MB in supernatant was 

determined and removal percentage was calculated. Results for effect of pH on MB adsorption 

are shown at Fig. 4a.  

The results revealed that adsorption efficiencies are approximately constant in the studied pH 

range as removal percentage is 92.8% at pH of 2 which reaches to 95% at pH of 8. Some 

increase in removal efficiency with increase of pH is owe to the fact that rising solution pH 

causes deprotonation of polar functional groups on sorbent surface which generate negative 

charge on the sorbent surface. This situation is in favorite of cationic dye adsorption by 

electrostatic interaction. High adsorption efficiency at acidic solution confirmed that adsorption 

mechanism is beyond of sole electrostatic attraction. Ion exchange also can be considered as a 

mechanism since at acidic solution protons (H+) on the sorbent surface can be replaced by MB 

from solution.  Hydrophobic interaction between methylene groups of sorbent and dye is another 

mechanism [54]. Other main mechanism i.e., π-π interactions between C=O and C=C groups of 

sorbent and MB also strongly attract MB onto sorbent surface. Hydrogen bonding is another 

reason for effective adsorption of MB. In other words, the sorbent has potential H-bonding sites 

i.e., C=O, -OH groups which share H – bonding with nitrogen groups in MB structure. In brief, 
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π-π and hydrogen bonding as well as ion exchange and hydrophobic interaction along with 

electrostatic attraction are potential adsorption mechanism for dye uptake by the nanocomposite.  

3.2.2 Adsorbent dosage 

It is necessary to optimize adsorbent dose to maximize the interactions between dye and 

active sites of the adsorbent. The effect of adsorbent dosage on the removal efficiency is shown 

in Fig. 4b. It can be seen that the removal efficiencies enhanced as the dosages of sorbent 

increased from 5 to 30 mg, and then no further increase in adsorption efficiency is observed by 

increasing adsorbent dosage up to 35 mg. Consequently, 30 mg of the nanocomposite is selected 

as the optimum adsorbent amounts for the dye removal. 

3.2.3. Effect of time on dye adsorption 

Adsorption of MB by the CuFe2O4@polysaccharide resin was performed between 1 to 10 

min shacking times at initial concentration of 10 mg L-1 and adsorbent dosage of 30 mg.  

According to the result at Fig. 4c MB removal is approximately independent from shacking time 

since removal percentage is 95% at first one minute which didn’t significantly changed with 

increasing time up to 10 min. Fast adsorption equilibrium is owe to accessibility of the 

adsorption sites as well as presence of external surface adsorption in absence of diffusion 

resistance.   

3.3. Bacterial capturing  

3.3.1. Effect of pH on bacteria capturing 

Bacterial cell capture efficiency can be affected greatly with the pH of solution hence the 

influence of pH on E.coli adsorption efficiency was studied. Initial bacterial concentration was 

1.5×108 CFU mL-1 and solution pH was at three levels including 3, 5 and 8. Resin and 

CuFe2O4@polysaccharide resin dosage was 30 mg and shacking time was 30 min. The removal 

percentages (%R) were obtained by culturing 1.0 mL of diluted stock sample solution or 

supernatant (10-6 time) in LB agar plates using following equation:  

%R = 100 × (CFU0 – CFUt)/CFU0                      (2) 

where CFU0 is initial colony numbers and CFUt is the number of unabsorbed colonies in the 

supernatant (El-boubbou, Gruden, & Huang, 2007; Zhan et al., 2014).  Results in Fig. 5a, 
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showed that capturing efficiency is more than 99% at the studied pH range and is independent 

from pH. High capturing efficiency at all studied pH is owing to the presence of multiple 

mechanisms for bacteria capturing by the resin and CuFe2O4@polysaccharide resin. In other 

words the structure of resin is composed from various functional groups including methylene, 

carboxylic acid, carbonyl and hydroxyl groups. These functional groups are ready to capture 

bacteria through hydrophobic interaction, electrostatic attraction and hydrogen bonding. 

Hydrophobic interaction is the first one which attracts bacterium onto sorbent surface as a result 

of interaction between methylene groups in composite structure and lectin of bacteria. Hydrogen 

bonding  formation  between  the  methyl  side  chains/carboxyl  oxygen  of  the  bacteria cell 

membrane  and  the  hydroxyl groups present  on  the surface  of  nanocomposite also  contribute  

to capture of  bacteria (Yinjia Jin, Liu, Shan, Tong, & Hou, 2014). Moreover, ferrite 

nanoparticles at the structure of nanocomposite have potential of killing of bacteria. Electrostatic 

attraction is another mechanism in acidic solutions. In other words the cell walls of E.coli have 

negative charge with isoelectric point of pH 3.1 (Horká, Růžička, Holá, & Šlais, 2006) which 

means the functional groups on the cell surface is in deprotonated form at the studied pH range 

which can be adsorbed on the protonated surface of sorbent with electrostatic interaction. It can 

be estimated that capturing efficiency should be decreases with increasing pH since at alkali 

solution the adhesion forces between bacteria and solid surface decreases (Denis, Touhami, & 

Dufre, 2002). But according to results the capturing efficiency is also more than 99% at pH of 8. 

This can be explained with the fact that at the alkaline solutions the highly ionized carboxylate 

groups on the bacteria cell surface electrostaticaly binds with positive Fe and Cu ions on the 

ferrite structure which induce the large adhesion force (Javad Malakootikhah, Ali Hossein 

Rezayana, Babak Negahdari, Simin Nasseri, 2017; Sheng, Ting, & Pehkonen, 2008). Sheet like 

structure also assist more efficient antibacterial characteristic. After bacteria deposition on the 

surface of resin nanosheets, the sharp edge of nanosheets serve as “cutters” to disrupt bacterial 

cell membranes, causing release of intracellular contents and cell death(Liu et al., 2011).  

3.3.2. Effect of time on bacteria capturing 

The effect of time on E.coli capturing efficiency was studied at initial concentration of 1.5 × 108 

CFU mL-1 with dosage of 30 mg at pH=7 in 20 mL physiological saline and the results were 

given in Fig.5b. Results showed that capture of the bacteria occur effectively within first 10 min 

with capture efficiencies more than 70% which reached to 99% after 20 min. For further works 
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the time of 20 min was selected as equilibrium time. It is known that interaction energy barrier 

and diffusivity can affect kinetic of adsorption (Gao, Lin, & Yao, 2006). In other words penetrate 

of nanomaterial on cell membrane of bacteria exert main role on bacteria capturing (Pan et al., 

2007). At this work the surface of resin and nanohybrid is covered with hydroxy functional 

groups which can easily penetrate on the bacteria cell surface moreover sheet like structure of 

nanohybrid can facilitate bacteria adhesion on the sorbent surface. Besides interaction of bacteria 

lectin with Fe and Cu cations on the composite structure induce the large adhesion force which 

overcome energy barriers for bacteria adsorption onto the sorbent surface  (W. Zhang, Rittmann, 

& Chen, 2011).  

 

3.3.3. Effect of dosage on bacteria capturing 

The effects of nanohybrid and resin dosage on E.coli capturing at initial concentration of 1.5 

×108 CFU mL-1 were examined at adsorbent dosage of 10 –30 mg. Equilibrium time and pH was 

20 min and 7, respectively. Results are depicted at Fig.5c. It can be seen that the capture 

efficiency increased from 80% at dosage of 10 mg to more than 99% at dosage of 20 mg. 

Increases in capturing efficiency with increase in dosage could be attributed to the increase in 

value of accessible functional groups at higher adsorbent dosage. At the optimum conditions of 

pH = 7, time of 20 min and dosage of 20 mg and initial bacteria concentration of 1.5 ×108 CFU 

mL-1  capturing experiment was performed and results at Fig. 6 showed that at obtained optimum 

conditions capturing efficiency is complete (100%) which confirmed the efficiency of 

nanocomposite for bacteria removal from aqueous solutions.  

3.4. Dye and bacteria adsorption from natural water samples  

 To evaluate the effect of complex matrices on bacteria capturing and dye adsorption capability 

of nanocomposite adsorption of MB and E.coli from river and sea water (Caspian Sea) sample 

was studied. For dye adsorption experiment 10 mL of MB solution with initial concentration of 

20 and 50 mg L-1 was prepared using river and sea water instead of distilled water. pH was 

adjusted to 8 and 30 mg of nanohybrid was added and after shacking for 1 min the sorbent was 

collected and dye concentration on supernatant was determined. For bacteria capturing 

experiment sea and river water samples was sterilized and 20 mL of them was employed. 20 mg 

of nanohybrid was added in the E.coli solution with concentration of 1.5 ×108 CFU mL-1 at pH 

of 7 and after incubation for 20 min 1.0 mL of supernatant was analyzed via filter membrane 
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method. Results showed that MB removal efficiency was 95% at river water and 93% at sea 

water samples at both examined initial concentration. Bacteria capturing efficiency was more 

than 99% in river and sea water samples. These results confirmed the efficiency of nanohybrid 

for water treatment purpose.  

 

4. Conclusions 

 Briefly, in this research a clean approach was employed to synthesis of CuFe2O4, 

polysaccharide resin and its magnetic composite. Sustainable solid state route was used to 

prepare graphene like resin using glucose and citric acid as green, biocompatible and nature 

abundant reactants. The applied method, employed reactants and generated compounds possess 

low toxicity to human beings and the environment. Moreover, prepared composite material was 

used for very fast adsorption of methylene blue dye with low equilibrium time of one minute and 

adsorption capacity of 366.6 mg g-1. Moreover dye adsorption followed Freundlich isotherm 

model with multilayer mechanism. Antibacterial activity of resin and nanocomposite was 

examined using E.coli as sample pathogen. Effective parameters on bacteria capturing was also 

optimized. Results showed approximately complete (> 99%) bacterial capturing efficiency by 

both materials. Based on the results it can be concluded that as prepared nanocomposite has 

potential to be employed as multifunctional material for water treatment.  

 

Acknowledgment  

The authors would like to acknowledge the Iran National Science Foundation (INSF) (Project 95006108) 

as well as Research Council of the University of Tehran for the financial support of this work.  

  



13 
 

References   

Agouriane, E., Rabi, B., Essoumhi, A., Razouk, A., Sahlaoui, M., Costa, B. F. O., & Sajieddine, 

M. (2016). Structural and magnetic properties of CuFe 2O4 ferrite nanoparticles 

synthesized by co-precipitation. J. Mater. Environ. Sci, 7(11), 4116–4120. 

http://doi.org/10.1016/j.jmmm.2008.11.004 

Akar, S. T., Yilmazer, D., Celik, S., Balk, Y. Y., & Akar, T. (2015). Effective biodecolorization 

potential of surface modified lignocellulosic industrial waste biomass. Chemical 

Engineering Journal, 259, 286–292. http://doi.org/10.1016/j.cej.2014.07.112 

Alijani, H., & Shariatinia, Z. (2017). Effective aqueous arsenic removal using zero valent iron 

doped MWCNT synthesized by in situ CVD method using natural α-Fe2O3 as a precursor. 

Chemosphere, 171, 502–511. http://doi.org/10.1016/j.chemosphere.2016.12.106 

Asadi, F., Shariatmadari, H., & Mirghaffari, N. (2008). Modification of rice hull and sawdust 

sorptive characteristics for remove heavy metals from synthetic solutions and wastewater. 

Journal of Hazardous Materials, 154(1–3), 451–458. 

http://doi.org/10.1016/j.jhazmat.2007.10.046 

Bayat, M., Beyki, M. H., & Shemirani, F. (2015). One-step and biogenic synthesis of magnetic 

Fe3O4-Fir sawdust composite: Application for selective preconcentration and determination 

of gold ions. Journal of Industrial and Engineering Chemistry, 21, 912–919. 

http://doi.org/10.1016/j.jiec.2014.04.032 

BULUT, Y., & TEZ, Z. (2007). Removal of heavy metals from aqueous solution by sawdust 

adsorption. Journal of Environmental Sciences, 19(2), 160–166. 

http://doi.org/10.1016/S1001-0742(07)60026-6 

Chathuranga, P. K. D., Dissanayake, D. M. R. E. A., Priyantha, N., Iqbal, S. S., & Iqbal, M. C. 

M. (2014). Biosorption and Desorption of Lead(II) by Hydrilla verticillata. Bioremediation 

Journal, 18(3), 192–203. http://doi.org/10.1080/10889868.2014.910492 

Dabrowski, A. (2001). Adsorption, from theory to practice. Advances in Colloid and Interface 

Science, 93, 135–224. 

Denis, A., Touhami, A., & Dufre, Y. F. (2002). Probing Microbial Cell Surface Charges by 

Atomic Force Franc. Langmuir, 18(8), 9937–9941. http://doi.org/10.1021/la026273k 

Dyke, C. A., & Tour, J. M. (2003). Solvent-free functionalization of carbon nanotubes. Journal 

of the American Chemical Society, 125(5), 1156–1157. http://doi.org/10.1021/ja0289806 



14 
 

El-boubbou, K., Gruden, C., & Huang, X. (2007). Magnetic Glyco-nanoparticles: A Unique Tool 

for Rapid Pathogen Detection, De- contamination and Strain Differentiation Supporting 

Information Kheireddine El-Boubbou,. J. Am. Chem. Soc., 1–26. 

http://doi.org/10.1021/ja076086e 

From, C., Pukall, R., Schumann, P., & Granum, P. E. (2005). Toxin-Producing Ability 

amongBacillusspp. Outside the Bacillus cereusGroup. Applied and Environmental 

Microbiology, 71(3), 1178–1183. http://doi.org/10.1128/AEM.71.3.1178 

Gao, D., Lin, D. Q., & Yao, S. J. (2006). Protein adsorption kinetics of mixed-mode adsorbent 

with benzylamine as functional ligand. Chemical Engineering Science, 61(22), 7260–7268. 

http://doi.org/10.1016/j.ces.2006.07.013 

Hassan, A. F., Abdel-mohsen, A. M., & Fouda, M. M. G. (2014). Comparative study of calcium 

alginate , activated carbon , and their composite beads on methylene blue adsorption. 

Carbohydrate Polymers, 102, 192–198. http://doi.org/10.1016/j.carbpol.2013.10.104 

Horká, M., Růžička, F., Holá, V., & Šlais, K. (2006). Capillary isoelectric focusing of 

microorganisms in the pH range 2-5 in a dynamically modified FS capillary with UV 

detection. Analytical and Bioanalytical Chemistry, 385(5), 840–846. 

http://doi.org/10.1007/s00216-006-0508-0 

Iqbal, M. J., Yaqub, N., Sepiol, B., & Ismail, B. (2011). A study of the influence of crystallite 

size on the electrical and magnetic properties of CuFe2O4. Materials Research Bulletin, 

46(11), 1837–1842. http://doi.org/10.1016/j.materresbull.2011.07.036 

Jakóbik-Kolon, A., Milewski, A. K., Mitko, K., & Lis, A. (2014). Preparation of Pectin-Based 

Biosorbents for Cadmium and Lead Ions Removal. Separation Science and Technology, 

49(11), 1679–1688. http://doi.org/10.1080/01496395.2014.906469 

Javad Malakootikhah, Ali Hossein Rezayana, Babak Negahdari, Simin Nasseri, H. R. (2017). 

Glucose reinforced Fe3O4@cellulose mediated amino acid: Reusable magnetic 

glyconanoparticles with enhanced bacteria capture efficiency. Carbohydrate Polymers, 170, 

190–197. 

Jian, Z., Qingwei, P., Meihong, N., Haiqiang, S., & Na, L. (2013). Kinetics and equilibrium 

studies from the methylene blue adsorption on diatomite treated with sodium hydroxide. 

Applied Clay Science, 84, 12–16. http://doi.org/10.1016/j.clay.2013.08.008 

Jiang, J. Z., Goya, G. F., & Rechenberg, H. R. (1999). Magnetic properties of nanostructured 



15 
 

CuFe 2 O 4. J. Phys.: Condens. Matter, 11(DECEMBER 1998), 4063–4078. 

http://doi.org/10.1088/0953-8984/11/20/313 

Jin, L., & Bai, R. (2002). Mechanisms of lead adsorption on chitosan/PVA hydrogel beads. 

Langmuir, 18(25), 9765–9770. http://doi.org/10.1021/la025917l 

Jin, Y., Liu, F., Shan, C., Tong, M., & Hou, Y. (2014). Efficient bacterial capture with amino 

acid modified magnetic nanoparticles. Water Research, 50, 124–134. 

http://doi.org/10.1016/j.watres.2013.11.045 

Jin, Y., Sun, Q., Qi, G., Yang, C., Xu, J., Chen, F., … Xiao, F. S. (2013). Solvent-free synthesis 

of silicoaluminophosphate zeolites. Angewandte Chemie - International Edition, 52(35), 

9172–9175. http://doi.org/10.1002/anie.201302672 

Koyuncu, F., & Koyuncu, F. (2017). Optimal oxidation with nitric acid of biochar derived from 

pyrolysis of weeds and its application in removal of hazardous dye Methylene blue from 

aqueous solution. Journal of Cleaner Production, 144, 260–265. 

http://doi.org/10.1016/j.jclepro.2017.01.029 

Li, Y., Du, Q., Liu, T., Sun, J., Wang, Y., Wu, S., … Xia, L. (2013). Methylene blue adsorption 

on graphene oxide / calcium alginate composites. Carbohydrate Polymers, 95(1), 501–507. 

http://doi.org/10.1016/j.carbpol.2013.01.094 

Libin Tang, Xueming Li, Rongbin Ji, Kar Seng Teng, Guoan Tai, Jing Ye, C. W. and S. P. L. 

(2012). Bottom-up synthesis of large-scale graphene oxide nanosheets. Journal of Materials 

Chemistry, 22, 5676–5683. http://doi.org/10.1039/c2jm15944a 

Liu, S., Zeng, T. H., Hofmann, M., Burcombe, E., Wei, J., & Jiang, R. (2011). Antibacterial 

Activity of Graphite , Graphite Oxide , Graphene Oxide , and Reduced Graphene Oxide : 

Membrane and Oxidative Stress, (9). 

Lotfy, W. A., Ghanem, K. M., & El-helow, E. R. (2007). Citric acid production by a novel 

Aspergillus niger isolate : II . Optimization of process parameters through statistical 

experimental designs. Bioresource Technology, 98, 3470–3477. 

http://doi.org/10.1016/j.biortech.2006.11.032 

Lu, W., Shen, Y., Xie, A., & Zhang, W. (2010). Green synthesis and characterization of 

superparamagnetic Fe 3 O 4 nanoparticles. Journal of Magnetism and Magnetic Materials, 

322(13), 1828–1833. http://doi.org/10.1016/j.jmmm.2009.12.035 

Maatar, W., & Boufi, S. (2017). Microporous cationic nanofibrillar cellulose aerogel as 



16 
 

promising adsorbent of acid dyes. Cellulose, 24(2), 1001–1015. 

http://doi.org/10.1007/s10570-016-1162-0 

Pan, Y., Neuss, S., Leifert, A., Fischler, M., Wen, F., Simon, U., … Jahnen-Dechent, W. (2007). 

Size-dependent cytotoxicity of gold nanoparticles. Small, 3(11), 1941–1949. 

http://doi.org/10.1002/smll.200700378 

Parrott, J. L., Bartlett, A. J., & Balakrishnan, V. K. (2016). Chronic toxicity of azo and 

anthracenedione dyes to embryo-larval fathead minnow. Environmental Pollution, 210, 40–

47. http://doi.org/10.1016/j.envpol.2015.11.037 

Polshettiwar, V., & Varma, R. S. (2010). Green chemistry by nano-catalysis. Green Chemistry, 

12(5), 743. http://doi.org/10.1039/b921171c 

Postai, D. L., Demarchi, C. A., Zanatta, F., Rodrigues, A., Caroline, D., & Melo, C. (2016). 

Adsorption of rhodamine B and methylene blue dyes using waste of seeds of Aleurites 

Moluccana , a low cost adsorbent. Alexandria Engineering Journal, 55(2), 1713–1723. 

http://doi.org/10.1016/j.aej.2016.03.017 

Sadeghi-Kiakhani, M., & Safapour, S. (2015). Improvement of dyeing and antimicrobial 

properties of nylon fabrics modified using chitosan-poly(propylene imine) dendreimer 

hybrid. Journal of Industrial and Engineering Chemistry. 

http://doi.org/10.1016/j.jiec.2015.09.034 

Sahraei, R., Pour, Z. S., & Ghaemy, M. (2017). Novel magnetic bio-sorbent hydrogel beads 

based on modified gum tragacanth/ graphene oxide: Removal of heavy metals and dyes 

from water. Journal of Cleaner Production, 142(4), 2973–2984. 

http://doi.org/10.1016/j.jclepro.2016.10.170 

Sayğılı, H., & Güzel, F. (2016). High surface area mesoporous activated carbon from tomato 

processing solid waste by zinc chloride activation: Process optimization, characterization 

and dyes adsorption. Journal of Cleaner Production, 113, 995–1004. 

http://doi.org/10.1016/j.jclepro.2015.12.055 

Shendurse, A. M., & Khedkar, C. D. (2016). Glucose : Properties and analysis. Encyclopedia of 

Food and Health, 3, 239–247. http://doi.org/10.1016/B978-0-12-384947-2.00353-6 

Sheng, X. X., Ting, Y. P., & Pehkonen, S. O. (2008). The influence of ionic strength, nutrients 

and pH on bacterial adhesion to metals. Journal of Colloid and Interface Science, 321(2), 

256–264. http://doi.org/10.1016/j.jcis.2008.02.038 



17 
 

Siemion, P., Kapuśniak, J., & Kozioł, J. J. (2005). Solid-state thermal reactions of starch with 

semicarbazide hydrochloride. Cationic starches of a new generation. Carbohydrate 

Polymers, 62(2), 182–186. http://doi.org/10.1016/j.carbpol.2005.07.025 

Tang, S. L. Y., Smith, R. L., & Poliakoff, M. (2005). Principles of green chemistry: 

PRODUCTIVELY. Green Chemistry, 7(11), 761–762. http://doi.org/10.1039/b513020b 

Taylor, P., Chen, Y., Ding, L., & Nie, J. (2012). Isotherm and thermodynamic studies of the 

biosorption of lead , cadmium and copper from aqueous solutions by rice bran. Desalination 

and Water Treatment, (January 2015), 37–41. 

http://doi.org/10.1080/19443994.2012.691694 

Wang, Q., Cai, J., & Zhang, L. (2014). In situ synthesis of Ag3PO4/cellulose nanocomposites 

with photocatalytic activities under sunlight. Cellulose, 21(5), 3371–3382. 

http://doi.org/10.1007/s10570-014-0340-1 

Wardencki, W., Curylo, J., & Namiesnik, J. (2005). Green chemistry-current and future issues. 

Polish Journal of Environmental Studies, 14(4), 389–395. Retrieved from 

http://www.pjoes.com/pdf/14.4/389-395.pdf 

Wardencki, W., & Namies, J. (2000). Solventless Sample Preparation Techniques in 

Environmental Analysis. Journal of High Resolution Chromatography, (4), 297–303. 

Wu, Q., Wang, X., Qi, G., Guo, Q., Pan, S., Meng, X., … Xiao, F. S. (2014). Sustainable 

synthesis of zeolites without addition of both organotemplates and solvents. Journal of the 

American Chemical Society, 136(10), 4019–4025. http://doi.org/10.1021/ja500098j 

Wu, X., Shi, Y., Zhong, S., Lin, H., & Chen, J. (2016). Facile synthesis of Fe 3 O 4 -graphene @ 

mesoporous SiO 2 nanocomposites for efficient removal of Methylene Blue. Applied 

Surface Science, 378, 80–86. http://doi.org/10.1016/j.apsusc.2016.03.226 

Yuriy Roma´n-Leshkov, Juben N. Chheda, J. A. D. (2006). Phase modifiers promote efficient 

production of hydroxymethylfurfural from fructose. Science, 312, 1933–1937. 

http://doi.org/10.1126/science.1126337 

Zhan, S., Yang, Y., Shen, Z., Shan, J., Li, Y., Yang, S., & Zhu, D. (2014). Efficient removal of 

pathogenic bacteria and viruses by multifunctional amine-modified magnetic nanoparticles. 

Journal of Hazardous Materials, 274, 115–123. 

http://doi.org/10.1016/j.jhazmat.2014.03.067 

Zhang, W. D., Xiao, H. M., Zhu, L. P., & Fu, S. Y. (2009). Template-free solvothermal synthesis 



18 
 

and magnetic properties of novel single-crystalline magnetite nanoplates. Journal of Alloys 

and Compounds, 477(1–2), 736–738. http://doi.org/10.1016/j.jallcom.2008.10.105 

Zhang, W., Rittmann, B., & Chen, Y. (2011). Size effects on adsorption of hematite 

nanoparticles on E. coli cells. Environmental Science & Technology, 45, 2172–2178. 

http://doi.org/10.1021/es103376y 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

 Figure captions 

Fig.1 TEM image of resin (a, b) and magnetic composite (c, d). 

Fig.2 FTIR spectra of glucose, citric acid and resin.  

Fig.3 The N2 adsorption – desorption isotherm and BJH curve of resin (a) and 

CuFe2O4@polysaccharide resin (b).  

Fig.4 Effect of pH on MB adsorption (a) conditions: adsorbent 30 mg; time 10 min; volume 10 

mL. Effect of time on MB adsorption (b) conditions: adsorbent 30 mg; volume 10 mL; pH = 8 

and effect of adsorbent dosage on MB adsorption (c) conditions: time 1 min; volume 10 mL; 

pH= 8. 

Fig.5 Effect of pH on bacterial capturing efficiency (a) conditions: adsorbent 30 mg; time 30 

min; volume 20 mL. Effect of time on bacterial capturing efficiency (b) conditions: pH = 7, 

dosage 30 mg, and effect of adsorbent dosage on bacterial capturing efficiency (c) conditions: 

pH = 7, time 20 min. 

Fig.6 Photographs showing the bacterial culture plates of control and after treatment with 

nanocomposite. Plates a, c are 10-6 and 10-7 time diluted control solution of bacteria with initial 

concentration of 1.5 ×108 CFU mL-1 and plates b, d are 10-6 and 10-7 time diluted solution after 

treatment with 20 mg of sorbent at pH of 7 and time of 20 min.     
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Table 1: BET analysis of resin and CuFe2O4@polysaccharide resin 

Material  
Pore diameter 

(nm) 
as, BET (m2g-1) 

Total pore volume 

(cm3g-1) 

Resin  3.92 28.17 0.027 

CuFe2O4@polysaccharide 

resin 
5.49 13.84 0.019 

 

 

 


