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ABSTRACT 

The increasing industrial activity and the influx of the heavy metal contaminated water into the environment has 
become a major concern in the developing countries. This also bring along with it the concern of severe health related 
issue due to the toxicity of the heavy metal and their non-degradable nature. Moreover they can be mutagenic and 
carcinogenic and are difficult in treatment by chemical as well as biological means. Iron even though is required for 
metabolism but it in excess it is more harmful. The study is focused on the synthesis of Nano/Micro cellulose and its 
application in the removal of iron from aqueous solution. The synthesized Nano/Micro Cellulose was characterized with 
techniques such as Particle Size Analyzer (PSA), Powder X-Ray Diffraction, and Fourier Transformation Infra-Red 
Spectroscopy (FTIR). The characterization indicated that the material is crystalline in nature and that the material was 
in Nano/Micro meter range. The material was then tested for its ability to remove iron from aqueous solution and the 
Freundlich, Langmuir and Temkin isotherm model were tested. The material showed ability of iron removal of 93.8% 
and Langmuir isotherm being the most suitable in this case. 
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INTRODUCTION 
Developing countries are facing a major concern of heavy metal pollution which include discharge of 
heavy metal contaminated water. This may affect the water quality and may lead to severe health related 
issues due to their toxicity and non-degradability[1]. The high persistence, damage to the nervous system, 
mutagenic and carcinogenic due to accumulation of the heavy metals on top of the difficulty in treatment  
of the contaminated sites by chemical or biological means has drawn much attention [2-3].Considering 
the rapidly growing population, the increasing water scarcity issues and the non-degradability,  the water 
consumption pattern is needed to be reconsidered [3]. 
The presence of iron in access can be toxic even though it is required for plant metabolism. The influx of 
waste water contaminated with heavy metals in the environment with the increasing industrial activities 
has become a major issue [4]. Iron is commonly found in the effluents of many industry and techniques 
for the removal mainly include but not limited to chemical precipitation, ion exchange, electrochemical 
treatment, crystallization and membrane process [5]. More economical and ecofriendly methods using 
biomass of both plant or animal origin, waste materials, coir fiber, wooden charcoal and pine bark have 
also been investigated [6–20]. 
 
MATERIAL AND METHODS 
Synthesis of Nano/Micro Cellulose 
Nano/Micro Cellulose was synthesized through a two-step acid hydrolysis. Whattman filter paper no.1 
was used as the source of cellulose. The Whattman filter paper was first cut into small pieces and added 
to a 45% H2SO4. Upon the dispersion of the cellulose fiber into the acid solution the dispersed and 
partially hydrolyzed cellulose fibers were then again transferred to 60% H2SO4. It was seen that if the 
Whattman filter paper pieces were added to 60% H2SO4 directly then it led to the blackening of the 
cellulose indicating carbonization of the cellulose fibers. This was avoided by treatment of the of the 
cellulose material with 45% H2SO4 first followed by 60% H2SO4. The cellulose in acid solution is then 
sonicated for 1 hour and left undisturbed for 5 days. 
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Characterization 
The characterization of prepared Nano/Micro Cellulose was done at Central Instrumentation Facility of 
Jiwaji University, India. The X-Ray Diffraction analysis was done with the help of Rigaku (Modal no Mini 
Flex 600). Perkin Elmer Modal no. Spectrum Two Serial no. 105627 FT-IR was used for Fourier 
Transformation Infrared Spectroscopy done.   
Estimation of Iron 
Total iron is the sum of both the ferric and ferrous iron concentrations. The combination of the ferric ions 
with thiocyanate ions results in the formation of red coloured ferric thiocyanate which has been 
measured colorimetrically.Iron estimation was carried out by spectrophotometric method using 
thiocyanate method [21]. The absorbance of the dark red colour complex formed was studied at 490nm. 
Absorbance of known standard samples was recorded and graph of absorption versus concentration of 
iron (ppm) was plotted. 
Batch mode adsorption studies 
Batch mode adsorption studies for individual metal compounds were carried out to investigate the effect 
of different parameters such as adsorbate concentration, adsorbent dosage, agitation time and pH. The 
solution (100mL) containing adsorbate and adsorbent was taken in 250ml conical flasks and agitated in a 
mechanical shaker at predetermined time intervals. The adsorbate was separated from the adsorbent 
using filter paper. The range of different parameters studied by various adsorbents in the present work is 
given in Table 1. 
 

Table no.1. Range of different parameters investigated for the adsorbents 
Parameters  Values Investigated 
Agitation time (min) 30, 45, 60,75 and 90 
Adsorbent dosage, (gm) 0.07, 0.14, 0.21, 0.28, 0.35, 0.42 and 0.56 
Initial concentration, CI, mg/L 15, 20, 25, 30, 50, 70, 100, 130 

The effect of change in pH could not be studied as precipitation kept forming whenever attempts were 
made to adjust the pH for the study. 
 
RESULTS 
PSA 
The Particle Size Analysis of the material indicated that the size of the material ranged from 147 
nanometer to 1781.5 micrometer (Fig. 1). The particle size analyzer considers particle agglomeration as a 
single particle and the size of the material is given in diameters. So the particle size analyzer cannot give 
an exact value of the size but only an estimate of the size. 
XRD 
The Powder X-Ray Diffraction analysis of the material showed that the peaks prominent at angles 2θ= 17˚, 
21.88˚, 33.62˚ and 45.44(Fig 2). The calculated of the crystallite size was done using the Scherrer’s 
formula and was found to be 0.79 nm[22]. 

Scherrer’s formula,τ꞊ ௄ఒ
β஼௢௦௾

 
Where τ is the crystallite size, K is a crystallite shape factor, λ is the wavelength of X-ray, β is the full width 
at half maximum of the X-ray diffraction peak and θ is the Bragg angle. 
FTIR 
FTIR was performed to determine functional groups of the synthesized Nano/Micro Cellulose. The FTIR 
spectra synthesized Nano/Micro Cellulose(Fig. 3) indicated peaks at 3400, 2909, 2138, 1643 and 1430 
are associated with the adsorbent. The peak at 3400 cm-1, is due to O‒Hstretching and 2909 cm-1 is due to 
C‒H stretching and 2138 cm-1 is due to C≡C Stretch and 1643 cm-1 is due alkene stretch. 

 
Fig 1. PSA of the synthesized Nano/Micro Cellulose 
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Fig 2. Powder XRD of the synthesized Nano/Micro Cellulose 

 
Fig 3. FTIR of the synthesized Nano/Micro Cellulose 

 
Effect of Contact time 
The adsorption of iron onto Nano/Micro Cellulose as a function of contact time is shown in Fig 4. The 
experiments were carried out at different contact times varying from 30 to 90 min, with adsorbent dose 
(0.14g), initial concentration (10mg/L ) at a pH 2 and 100 ml contact solution. The percentage removal of 
iron is depicted in Fig 4. As the contact time was changed from 30 to 90 minutes, removal gradually 
increased from 30 to 60 minutes and then it starts decreasing. The maximum removal of 22.5% was 
obtained at 60 minutes and afterwards removal efficiency decreased. It may be noted that initially, the 
adsorption is more and it slows down with time and reaches a steady state after a certain time and the 
removal efficiency almost remains constant. This is due to the fact that initially, more number of active 
sites are available for the fruitful adsorption of Iron, and as the sites are progressively used up with time, 
the rate of adsorption is slow down. As the contact time increased the active sites on the sorbent were 
filled. Furthermore, by increasing the contact time after attaining the equilibrium may result in 
detachment of iron from adsorbent and hence results in decrease in removal percentage[23]. 
Effect of Concentration 
This parameter provides an important aspect to overcome all mass transfer resistance of the metal 
between aqueous solution and adsorbent phase. The experiments were done with variable iron 
concentration varying from 15ppm to 130ppm, and the other parameters like dose, contact time and pH 
were taken as constant. It is evident from the Fig. 5 that by increasing initial iron concentration; removal 
efficiency was also increased and remained nearly constant after equilibrium time. The maximum 
removal percentage of 83.8% was achieved at 50 ppm. It can be seen from the figure no. 33 that the 
percentage removal decreases with the increase in metal ion concentration. At lower initial metal ion 
concentrations, a lot of adsorption sites are available for adsorption of the heavy metals ions. Though, at 
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high concentration the available sites of adsorption become fewer and hence the removal percentage of 
heavy metal is dependent upon the metal ion concentration [23]. 
Effect of Dose 
It is an important parameter as it determines the capacity of adsorbent to remove metal from the 
solution. The dependence of Iron sorption on dose was studied by varying the amount of adsorbents of 
Nano/Micro Cellulose from 0.07g to 0.63g, while keeping other parameters contact time, metal ion 
concentration constant. The results for removal of iron with respect to adsorbent dose are shown in Fig. 
6. It is shown that there is a sharp increase in percentage removal with increasing adsorbent dose. The 
highest uptake was obtained at bioadsorbent concentration of 0.49g with the removal of 93.8%. The 
removal of metal ions increased with the increase in biosorbent concentration and equilibrium was 
attained after 0.49g of adsorbent dosage for the Iron ions. This is attributed due to availability of more 
biosorbent sites as well as enhanced surface area [23]. The decrease in the rate of Iron uptake at 
adsorbent dose greater than 0.49g may be due to competition of the metal ion for the sites available.  

 
 

Fig 4. Effect of Contact Time                         Fig 5. Effect of Concentration 
 

 
Fig 6. Effect of Dose Time        Fig.7 Effect of different parameters 

 
Effect of Different Parameters 
The effect of different parameters have been compared by plotting a box plot of the changes in the 
concentration after optimization of each parameter (Fig. 7). The graph showed that change in the metal 
concentration has the highest effect in the study, followed by dose of the adsorbent and then the contact 
time. This indicates that the concentration of the metal ions plays a major role in optimum and effective 
removal of the metal ions from the aqueous solution. 
Isotherms 
The data of equilibrium for the adsorption are commonly known as adsorption isotherms. It is essential 
to know them so as to compare the effectiveness of different adsorbent materials under different 
operational conditions and also to design and optimize an adsorption system.  Heavy metal adsorption is 
usually modelled by the classical adsorption isotherms. In this study, three isotherms models were used, 
Langmuir, Freundlich and Temkin isotherms[24-26]. 
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The homogeneity of the surface, the energy of the active sites and the active site distribution and the 
enthalpy change logarithmically forms the basis of Freundlich isotherm model.  
The equation of Freundlich isotherm is: 

qe = KFCe1/n 
Where qe= amount of dye degraded per unit mass of nanomaterials (mg/g), Ce= equilibrium 
concentration (mg/L), KF and n are freundlich equilibrium constants. 
The Langmuir Isotherm is widely used and has been applied in degradation and adsorption processed. 
The equation of the Langmuir isotherm is: 

܍ܙ =
܍۱ۺ۹ ܕܙ
૚ + ܍۱ ۺ۹

 

Where Ce= equilibrium concentration, KL = the relative energy of degradation (L/mg) and qm= Langmuir 
constants related to maximum degradation capacity (mg/g). 
The Temkin Isotherm model assumes a linear decrease in the heat of adsorption of all molecules in the 
layer with the consideration of adsorbent-adsorbate interaction.  
The equation of the Temkin isotherm is 

qe = B ln AT + B ln Ce 

Where B =Constant related to heat of sorption (J/mol) and AT= Temkin isotherm equilibrium binding 
constant (L/g). 
For Freundlich isotherm a graph of log Ce was plotted against log qe (Fig. 8), Ce/qe against Ce for 
Landmuir isotherm (Fig. 9) and qe against ln Ce for Temkin isotherm (Fig. 10). The isotherm data has 
been given below in Table 2. 
The calculated values of correlation coefficient (R2), n and Kf for the Freundlich isotherm are0.718, 
4.34783 and 7.8886 (mg/g) respectively, for Langmuir isotherm the value of R2, qm and KLare 0.923, 
20.8333 (mg/g) and 0.18321 (L/mg) respectively and for Temkin isotherm the value of R2, B and ATare 
0.698, 3.211 (J/mol) and 6.991 (L/g) respectively. The correlation coefficient value R2 of the three 
isotherm indicates that Langmuir isotherm model is best suited in this study. 
 

 
Table 2. Isotherm constants 

Freundlich Isotherm 
Kf n R2 

7.8886 4.34783 0.718 
Langmuir Isotherm 

KL qm R2 
0.18321 20.8333 0.923 

Temkin Isotherm 
AT B R2 

6.991 3.211 0.698 
 

 
Fig 8. Fruendlich Isotherm 
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Fig 9.  Langmuir Isotherm 
Fig 10. Temkin Isotherm 

CONCLUSION 
Cellulose is one of the most abundant materials. It is environmentally friendly and has the viability for 
becoming a widely used biopolymer material. The study explores environmental application of 
Nano/Micro Cellulose through its use in removal of iron from aqueous solution. The different parameters 
effecting the removal of iron from aqueous solution were studies and optimized to analyze the maximum 
removal potential. pH as a parameter could not be studied with the same method as the precipitate 
formation was seen whenever the pH was adjusted. The study revealed that Nano/ Micro Cellulose is a 
viable material for the removal of iron and has the potential of above 93% removal of iron from solution. 
The application of this ecofriendly material can be explored for various other applications.     
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