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Abstract. Acid hydrolysis was used for the synthesis of cellulose nanocrystal (CNC) 

from cassava peel (CP). The process was carried out at 450C for 45 min using 64% 

concentrated sulphuric acid, Pb2+ was removed from aqueous solution using the 

synthesized CNC adsorbent. Cassava peel cellulose nanocrystal (CPCNC) was 

characterised using FT-IR and X-Ray diffraction techniques. The different operational 

factors were examined to enhance the conditions for optimum adsorption of Pb2+. The 

equilibrium adsorption figures fitted well into both the Freundlich and Langmuir 

isotherm models, indicating that adsorption was due to the formation of a monolayer 

adsorption unto a homogenous surface and showed a good relationship between the 

Pb2+ and the CPCNC. The separation factor, RL, which is a dimensionless constant 

ranged between 0.02 and 0.248 and indicated that the adsorption was feasible and 

favourable. The optimum adsorption capacity was 6.4 mg Pb2+/g CNC at 25oC and pH 

6. This study revealed that this novel nanomaterial has an unlimited prospect for 

effective removal of lead ion from aqueous solution. 

  

Keywords: Adsorption, Pb2+, cellulose nanocrystal, cassava peel, aqueous 

solution, adsorption isotherm. 

 



1. Introduction 

There has been an increasing unavailability of clean, safe and potable source of water in all 

parts of the biosphere in the last few years. Research has shown that over 700 million people 

have no access to potable, clean water or satisfactory sanitation [1]. Environmental pollution, 

especially water pollution, stands as a risk to the global water supply. Examples of these 

environmental pollutants are heavy metals such as mercury, lead, chromium, arsenic, 

cadmium, copper, among others. These metals lead to environmental pollution from a number 

of origins, such as effluents from industries, discharge of metal ions from the soils into lakes 

and rivers by acid rain, weathering of sedimentary rocks etc. At low levels/concentrations, 

they pose serious threat to human health and the environment [1][2].  

In understanding the growing bid for “green” and sustainable technologies for water 

treatment, natural polymeric materials have been extensively examined as ways of 

substituting synthetic and inorganic wastewater treatment with natural polymers[3][4]. In the 

recent years, agro-wastes such as sugarcane bagasse, sweet potatoes residue, palm kernel 

shell, coconut shell, bamboo, rice straw, walnut husks, rice husks etc. which are low-cost, 

available and economically viable have been reported to be prepared into cellulose 

nanocrystals and used as adsorbents for the treatment of wastewaters [5][6][7] 

[8]. Cellulose nanocrystal, which is a grouping of biosorption, nano sizes and cellulosic 

nature, has a remarkable prospect for a novel and green part to resolve the present heavy 

metal pollution problems due to its unique properties such as high surface area, reduced 

toxicity, low cost, low density, biodegradability and biocompatibility. [8][9][10]. This is 

unlike the conventional methods such as ion exchange, chemical precipitation, solvent 

extraction, electrodialysis which are non-economical and have several limitations including 

generation of toxic sludge, incomplete removal of metal ions, high energy requirement etc[5]. 

Cassava (Manihot esculent Crantz) commonly known as Manioc is a perennial woody shrub 

grown annually. Cassava is largely produced in Brazil, Thailand, Nigeria, Zaire and 

Indonesia. They represent about 5-15% of the root. They comprise high quantities of 

cyanogenic glycosides and higher protein constituents compared to other tuber parts and are 

used as feeds for ruminants, livestock and fishes [11][12]. 

In this research, the potential of cellulose nanocrystal prepared from cassava peel for the 

removal of Pb2+ from aqueous solution was investigated. The equilibrium adsorption data of 

Pb2+ concentration unto CPCNC was studied with adsorption isotherm; Langmuir and 

Freundlich models. 

 

 

2. Materials and Methods 

 

2.1. Materials 

The Cassava peels used in this study were collected from different cassava processing plants 

at Ilaro and Owode areas in Ogun State, Nigeria. Chemicals used were toluene, ethanol, 

sodium hydroxide, sodium chlorite, acetic acid and sulphuric acid. All the reagents were of 

analytical grade and purchased from Sigma Aldrich and Merck South Africa. Ultra-pure water 

was used for dialysis.  

  

2.2 Isolation of Chemically Purified Cellulose  

The sample was air-dried for several days, milled and sieved with a 30 mesh sieve. The 

purified cellulose (CPC) from cassava peel was isolated with minor modifications as 



described by [13][14][15][16]. The cassava peel (30 g) was extracted with toluene to ethanol 

mixture of 2:1v/v for 6 h and then oven-dried at 60°C for 16 h. The dewaxed sample was 

soaked in 50 g/L of 5% sodium hydroxide solution to sample at 25oC for 24 h followed by 

heating at 90oC for 2 h to remove hemicellulose and silica. This was washed with plentiful 

amount of distilled water until neutral pH was achieved, followed by drying at 50oC for 16 h. 

The residual alkaline treated sample was then delignified using 2.5 % w/v of acidified sodium 

chlorite with fibre to solution part of 1:20 for 4 h at 100oC.The delignified cellulose was, 

thereafter, washed with water, oven-dried at 50oC for 16 h. Finally, the product (chemically 

purified cellulose) was collected. 

 

2.3 Synthesis of Cellulose Nanocrystals  

Chemically purified cellulose (α-cellulose) produced from peel of cassava was synthesised 

into cellulose nanocrystal by acid-hydrolysis, according to the method adopted 

[17][14][16][13] with little modifications. The cellulose isolated from cassava peel was 

hydrolysed with 64 wt.% sulphuric acid at a 10 mL/g at a temperature of 45oC for 45 min with 

vigorous stirring. Hydrolysis reaction was quenched by diluting with 10-times chilled water. 

The resultant cellulose nanocrystal gel was centrifuged at 45000 rpm for 30 min to 

concentrate the cellulose nanocrystal and to eliminate extra aqueous acid, the filtrate was then 

decanted. The resultant precipitate was dialysed with cellulose dialysis tube (Sigma –Aldrich, 

South Africa) against ultra-pure water until attaining neutral pH (pH 6-7). The suspension was 

sonicated at an amplitude of 40% in an ice bath to disrupt solid aggregates and avoid 

overheating. The resultant CNC suspension was freeze-dried (–47oC, 0.2 mbar). The dried 

sample was preserved in a sealed container for characterisation. 

 

 

2.4. Characterisation 

  

2.4.1. Fourier Transform Infra-Red Spectroscopy (FT-IR)   

FT-IR was used to determine the functional groups of the molecules. The PerkinElmer 

spectrum 400 FT-IR spectrometer was programmed at a resolution of 2.0 cm-1 to scan 60 

times.  

 

2.4.2. X-Ray Diffraction (XRD) Spectroscopy 

X-ray diffraction was carried out using Philips X-pert MPD X-ray diffractometer with Cu-K 

radiation operating at 40 kV and 40 Ma, to identify the crystallinity nature of a material. The 

sample was scanned over a range of 5o to 70o 2θ with the count step size programmed at 0.5 

seconds per step/0.05 step size. The maximum intensity of the principle peak of 200 (I002, 2θ= 

22.9°) was calculated from crystallinity index (CI) and the intensity of diffraction of 110 

peaks (Iam, 2θ=16°) using the Seagal method [18] [19].  

 

       

I002 represent crystalline material, whereas Iam represent the amorphous material. 

 

 



2.5. Adsorption of Lead Ion 

The adsorption experiment of Pb2+ unto cassava peel nanocrystal (CPCNC) was carried out in 

batch and in duplicate on a shaker at 200 rpm at 25oC using 150 mL shaker flasks. The effects 

of pH, adsorbent dosage, initial concentration, contact time and temperature using the 

synthesised cellulose nanocrystal was studied on the adsorption process. The pH was attuned 

at a maximum pH of 7 to avoid formation of insoluble lead hydroxide. The Pb2+ was analysed 

using ICP-OES Varian Radial, Varian 710-ES technique, the adsorption capacity (qe) and 

percentage removal were calculated as described in equations 2 and 3b respectively. 

 

 

 

   

 

 

Where, is the equilibrium capacity one gramme of the adsorbent (mg/g), Co is the 

concentration of the Pb2+ (mg/L), Ce is equilibrium concentration of Pb2+ (mg/L), W is the 

dry weight of the nano-adsorbent (g), V = solution volume (L), R is heavy metal 

removed/adsorbed, R% is percentage of heavy metal removed/adsorbed. 

  

2.5.1. Langmuir Isotherm 

In Langmuir model all adsorbed ions meets the surface layer of the adsorbent with a 

determinate number of similar sites. There is no drifting of adsorbate in the plane of the 

surface and there is regular pattern vigour of adsorption onto the surface [20]. The straight 

pattern of Langmuir shows: 

 

          

  

 

Where, 

Quantity of lead ion adsorbed per gramme of the adsorbent (mg/L) 

 = Maximum cover volume of the adsorbent (mg/g) 

               = Langmuir isotherm constant (L mg-1) 

  = Equilibrium concentration of the adsorbate (mg/L) 

The values of  and b were evaluated from the slope and intercept of the Langmuir plot of 

the    against . The Langmuir isotherm was stated as a constant ( , an equilibrium 

parameter. 

 



 

Where,   =   initial concentration of the adsorbate (mg/L) 

               

 

2.5.2.  Freundlich Isotherm  

This explains the features of a mixed surface and was ascertained by using the computation 

below [21]: 

 

 
Where,  

 = Amount of the heavy metal that had been adsorbed at equilibrium (mg/g)   

= Freundlich isotherm constant (mg/g) 

            n   = Adsorption intensity 

  = Equilibrium concentration of the adsorbate (mg/L) 

 = the function of the strength of the adsorption  

 

The linear equation of the equ.6 will be given as:  

 
 

3. Results and Discussion 

3.1. FT-IR Analysis   

The functional groups present in the cassava peel samples were examined using the FT-IR 

technique. (CP). Figure 1 shows the FTIR spectra of CP, CPCPC and CPCNC, the 

characteristic intense peaks that occur at 3333 cm−1 and 3272 cm-1 for CNC, CPC and CP 

respectively, that is associated to the O-H groups linked with water in the fibre. CNC, CPC 

and CP show a stretching frequency at 2892 cm−1, 2906 cm-1 and 2920 cm-1 respectively and 

are ascribed to the C-H symmetric vibrations and 1640 cm−1 and 1625 cm-1 emanating from 

the absorbed water.  Peaks at 1320 and 1427 cm−1 of SP, SPCPC and SPCNC are attributed to 

the bending of CH and CH2 which indicates polysaccharides while 1163 and 1149 cm−1 of 

CNC, CPC and CP are due to (C=O=C) asymmetric vibrations [17][22]. The characteristic 

bands of cellulose are obvious at frequencies 1035 and 1007 cm−1 of CNC, CPC and CP 

respectively, conforming to C=O=C pyranose ring of all the spectra [23][24]. The peak at 765 

cm-1 in the raw sample disappeared in the treated sample indicating the removal of silica. The 

peaks between 1398 and 1177 cm-1 of the nanocellulose is indicative of sulphonates in 

nanocellulose sample [25]. 
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Figure 1: FT-IR spectra of raw cassava peel (RSP), cellulose fibre (SPCPC), cellulose 

nanocrystal (CPCNC) 

 

 

3.2. X-Ray Diffraction  

The crystalline structure and phase purity of cassava peel (CP, CPCPC and CPCNC) were 

analysed by X-ray diffraction analysis as display in Figure 2. The distinctive peaks for the raw 

sample absorbed at 2θ= 17.65o, 15.02o and 34.19o which correspond to 110 and 400 lattice 

planes of cellulose structure respectively, indicating the presence of lignin and 

hemicellulose[24][13]. Also, the peaks at 2θ= 12.39o and 22.91o respectively for CPCPC, 

which correspond to lattice planes of 110 and 200, indicating cellulose and the disappearance 

of the peak at 400 indicates the partial removal of amorphous region [26][27]. The decreased 

intense peak at 2θ=12.0o of the CPCNC indicates the complete elimination of the amorphous 

domain. The broad peak of the CPCNC indicates the disruption of the non-crystalline domain 

which results in increased degree of crystallinity, leading to broader surface area and higher 

specific strength of the CPCNC. The X-ray diffractograms show a main intensity peak which 

is situated at 2θ value of about 22.71° indicating the crystallinity configuration of cellulose, 

while the less intensity peak at a 2θ value of about 12° -14o is considered as non-crystalline 

domain [14]. The crystallinity index of CP, CPCPC and CPCNC was calculated to be 60.70%, 

91.72%, and 99.86%, similar to the data obtained by [28]. The crystallinity index increased 

progressively from the raw to the CNC, showing a similar trend to the results earlier reported 

[29] [14]. The high crystallinity index indicates the presence of high CPCNC crystallites. The 

progressive increase of the crystallinity index from raw to CNC implies the removal of lignin, 

hemicellulose and extractives [30][31][32]. The XRD crystallite particle size for cassava peel 

showed a trend from untreated to CNC to be 25.39, 24.10 and 5.56 nm respectively. 
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Figure 2: X-ray diffraction of raw cassava peel (RCP), cellulose (CPCPC), cellulose 

nanocrystal (CPCNC) 

 

 

3.3. Adsorption Analysis of Lead Ion onto CPCNC 

  

3.3.1. Effect of Solution pH 

Figure 3a presents the amount of Pb2+ adsorbed and the percentage Pb2+ removed on CPCNC 

at various pH. The data revealed that the adsorption bulk was high as the pH enhanced from 2 

to 6, and then decreased after pH 6. The results revealed that CPCNC adsorbents was reliant 

on the pH of the lead ion aqueous solution. At the acidic medium (low pH), the adsorbent 

active sites were scanty for Pb2+, because of the presence of protons on the active sites 

possessing high hydrogen ion concentration [33]. Conversely, as the concentration of 

hydrogen ion declined the degree of proton on the functional group surface decreased due to 

electrostatic attraction, which enhanced the adsorption capacity of the adsorbent. The 

adsorption characteristic was observed to be dependent on pH, and the optimum adsorption 

was seen to be near neutrality, pH 6; the adsorption was considerably lesser in acidic pH 

conditions, as hydrogen ion competed with Pb2+ for the sulphate functional groups on the 

cellulose nanocrystal superficial [34]. Moreso, when there is an increase in pH, the 

concentration of hydrogen ion reduces and the amount of proton on the surface functional 

groups reduces, thus enhancing the adsorption bulk of the CPCNC adsorbent. The optimum 

adsorption capacity for Pb2+ (6.4 mg/g or 86.02%) was attained at pH 6, similar to the result 

reported by [35]. The adsorption capacity reduced at pH 7 to 1.92 mg/g or 51.06%.  

 

 

3.3.2. Effect of Initial Concentration of Lead Ion 

Figure 3b presents the amount of Pb2+ adsorbed and the percentage of Pb2+ removed on 

CPCNC at various initial concentrations. The result revealed that the capacity of Pb2+ 

adsorbed increased as the initial concentration enhanced from 5 ppm to 30 ppm. The amount 

of Pb2+ adsorbed on the CPCNC decreased from 40 ppm. This could be attributed to the 

realisation that at low concentration, there are additional adsorption sites present for the 

uptake of Pb2+ and at higher concentration there are less adsorption sites [33]. However, the 



percentage removal of Pb2+ initially increased with no significant difference from 5-20 ppm 

and gradually decreased significantly with increase in the initial Pb2+ concentration. As the 

concentration of Pb2+ increased the adsorption sites of the adsorbent became completely 

occupied because of the presence of more Pb2+ concentration and could no longer adsorb Pb2+ 

from the solution hence, the adsorption capacity reduced. 

  

3.3.3. Effect of Contact Time 

A fast contact time to attain optimisation indicates a quick transferal of the metal ions from 

the solution to the heterogeneity of the adsorbent (CPCNC). The quantity of Pb2+ adsorbed 

and percentage of Pb2+ removed are presented in Figure 3c. The level of removal was 

somewhat steady from contact time between 15 to180 min, after 180 min the quantity of Pb2+ 

adsorbed decreased, indicating that the adsorbent site was saturated with Pb2+ at a longer time; 

this end result is similar to that stated by [36]. The optimum time was fast at 30 min (14.43 

mg/g and 99.93%) for quantity of Pb2+ adsorbed and percentage of Pb2+ removed respectively. 

 

            3.3.4. Effect of Temperature 

            Figure 3d presents the amount of Pb2+ adsorbed on CPCNC at different temperatures. The 

result shows that as the temperature increased both the percentage removal and the amount of 

Pb2+ adsorbed decreased. This could be attributed to the reduction in activity of the surface, 

signifying that adsorption amid Pb2+ and the adsorbent (CPCNC) exhibited an exothermic 

reaction [37]. The decrease in removal of Pb2+ as temperature increased could be that at high 

temperature the active sites of the adsorbent decreased while the border cover of the adsorbent 

with temperature increased in thickness, hence the resistance of the adsorbate in the border 

layer increased [36]. The maximum percentage removal and amount of Pb2+ adsorbed 

occurred at 25oC. 

a   

 



b  

 

c    



d  

Figure 3: Effect of (a) pH (b) initial Pb2+ concentration (c) contact time and (d) temperature 

on the adsorption of Pb2+ unto CPCNC 

 

3.4. Adsorption Isotherms  

 

3.4.1. Langmuir and Freundlich isotherms for adsorption of Lead ion onto CPCNC 

 Adsorption isotherms were determined using Langmuir and Freundlich models, following 

equations 4 and 7 respectively. Adsorption isotherms interpret interaction between adsorbates 

and adsorbents. The optimum adsorption capacity can be achieved from the isotherms. This 

study covers Langmuir and Freundlich isotherms. The linear form of the Langmuir model is 

shown in equation 4. The Freundlich isotherm provides an information encircling the 

heterogeneous surface [36]. The linearised form of Freundlich equation is shown in equation 

7.  

Figures 4a and 5 show the Langmuir and Freundlich plot for adsorption of Pb2+ onto 

CPCNC. The factors and the correlation coefficients (R2) are indicated in Table 1. With 

reference to correlation coefficients, the experimental data were properly fitted into Langmuir 

and Freundlich having both R2 value to be 1, thus R2 value for both models are 1. The 

Langmuir isotherm proposes that adsorption was due to the formation of Pb2+ in contact with 

the surface of CPCNC while the Freundlich isotherm expresses a good surface heterogeneity 

of the active sites. The equilibrium parameter, RL, is a vital part of the Langmuir isotherm 

(Figure 4b) which is denoted as a separation factor and is a dimensionless constant [36]. The 

RL value indicates a favourable or unfavourable adsorption process. If RL˃1, it unfavourable; 

if RL= 0, it is irreversible; if RL=1, it is linear; if 0˂RL˂1 it is favourable and feasible. In the 

adsorption of Pb2+ onto CPCNC, the values of RL ranged between 0.02 to 0.248 which is less 

1, indicating that the adsorption was favourable. 

The Freundlich adsorption plot for Pb2+ onto CPCNC showed that the constants n and 

Kf were derived from the plot of Lnqe against LnCe; n is 1 which is far lower than 10, 



depicting that the adsorption was favourable. It also indicates a good affinity of the sorbent 

towards the uptake of the Pb2+ and 1/n indicates the function of the strength of the adsorption 

[36][33][38]. 
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Figure 4a: (a) Langmuir isotherm (b) separation factor on the adsorption of Pb2+ onto 

CPCNC 

 



                                 
Figure 5: Freundlich model for adsorption of Pb2+ onto CPCNC 

  

Table 1: Langmuir and Freundlich constant on adsorption of lead ion onto CPCNC 

Isotherm models Parameters R2 

Freundlich n= 1, 1/n = 1, Kf = 1.999,  1 

Langmuir Qm= 0, b = 0.5, RL = 0.024-0.248 1 

 

4. Conclusion 

This research has effectively studied the preparation, characterisation and use of cellulose 

nanocrystal from cassava peel for the adsorption of Pb2+ from wastewater. The results indicate 

that the uptake of Pb2+ hinge on all the optimisation factors. The equilibrium adsorption data 

fitted well into both the Langmuir and Freundlich isotherm models, indicating a good 

adsorption process between the Pb2+ and the CPCNC. Hence, cellulose nanocrystal from 

cassava peel is a likely low-cost alternative nano-adsorbent material for the adsorption of Pb2+ 

from wastewater. 
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