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ABSTRACT

The heavy metals found in contaminated waters are dangerous for the environment and human health, so it is

necessary to seek and apply techniques to remove these pollutants, using adsorption techniques with natural biopolymers

as cost effective biosorbent. Since large amounts of Jackfruit (Artocarpus heterophyllus fruit) waste part are abandoned

after the pulp used around Tepi areas, the possibility of developing value-added products from them is interesting

innovation. In this work, cellulose fiber was extracted from Artocarpus heterophyllus fruit waste part and modified with

Isopropyl alcohol groups to produce which were then used as Lead metal ion adsorbents. The modified cellulose was

characterized by several techniques including Fourier transform infrared spectra (FTIR), scanning electron microscope

(SEM), and thermogravimetric analysis (TGA). This modified cellulose was used as adsorbents for adsorption studies of

heavy metal ions (Pb2+) within batch adsorption systems. A solution of lead ion (Pb2+) was used as artificial wastewater

for the purpose of studying biosorption efficiencies. The biosorption efficiencies of modified cellulose were studied by

using four adsorption parameters. The optimum biosorption of modified cellulose at 25 °C, were found to be 94.2%,

76.12%, 82.54%, and 90.13%, of Pb2+ for the adsorption parameter; biosorbent dosage, contact time, Pb (II) concentration,

and pH respectively.  The biosorption kinetics behaviour of modified cellulose for Pb2+ fitted well with a pseudo-second-

order model with correlation coefficient of 0.9975. The biosorption isotherm behaviour was well described using the

Langmuir biosorption isotherm model with higher correlation coefficient of 0.9935. The reusability and desorption study

of modified cellulose shows that it can be reused 2 to 4 times and after 5th cycles the desorption was significantly

decreased. This study showed that the modified cellulosic adsorbents made from (Artocarpus heterophyllus fruit) were

able to efficiently adsorb metal ions from aqueous solution.
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1. Introduction

Water is one of the fundamental for life, in this manner, without

water this world too nothing. Any natural water contains dissolved

chemicals, a few of which are vital for human supplements whereas

others can be destructive to human wellbeing. This basic compartment

of the world can be contaminated by various human activities and

natural features, like Agricultural activities, industrialization, small and

large-scale sewage treatment processes, are among potentially

contribute to contamination of water bodies[1]. The other Sources of

water poisons broadly categorized into two; point source and non-point

source. Point source contamination can be followed to particular
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focuses of release and ascribed to a single, perceptible beginning. Non-point source contamination is from 

different scattered sources and non-point sources of contamination incorporate herbicides, insecticides, and 

fertilizer from agricultural fields, animal waste, textile industry, electroplating industries and toxic elements 

from abandoned mines[2]. Then, this contamination is carried by runoff into surface water bodies and 

groundwater. Nonpoint source contamination, which is the driving cause of water contamination within the 

world and it is ordinarily more difficult and expensive to control than point source pollution because of its low 

concentration, multiple sources, and much greater volume of water[2,3]. Among all the toxins, heavy metals 

contamination has gotten a great attention to environmental chemists due to their toxic nature. Heavy metals 

are usually present in trace amounts in natural waters but numerous of them are poisonous indeed at very low 

concentrations[4]. 

The main poisonous metals found in industrial products and wastewaters are Cr, Ni, Mn, Hg, Cd, Cu, Zn, 

and Pb. These metals are non-biodegradable and tend to accumulate in living organisms, producing various 

disorders[5]. From these heavy metal’s bioaccumulation and biomagnification lead in plant and animals causes 

for the destruction of fatal brain, kidney diseases, circulatory, nervous and reproductive systems health problem 

directly or indirectly through food chain intake[6]. Lead is recorded a priority pollutant in drinking water and 

World Health Organization has set up as greatest admissible concentration for Pb (II) the maximum value of 

0.01 mg/L in drinking water[7]. While lead poisoning can affect anyone, it’s especially dangerous in children. 

It can damage children’s nervous system, brain and other organs. Lead poisoning also lead to several health, 

and behavioral problems, including sudden brain damage and long-term intellectual deficits[8,9]. 

Researcher uses different number of evacuation framework to remove heavy metal and textile dyes 

through; chemical precipitation, coagulation/flocculation, ion exchange, filtration, evaporation, photocatalytic 

degradation, and Adsorption are the variety of treatment approaches available typically used to remove metal 

pollutants from an aqueous solution[6]. The most disadvantage of these approaches is: their powerless 

connection of adsorbent with metallic ion, low uptake capacity, low selectivity, and the major drawback is 

creation of high amount of sludge, as well as the difficulty of adsorbent and adsorbate recaptures[10]. Residual 

slurry, sawdust, microbial biomass, metal oxides nanoparticle and polymeric material are the countless 

adsorbents used for the heavy metal removal in aqueous solution[11]. Recently research is concerned with 

deployment of eco-friendly, biocompatible, biodegradables, naturally available and renewable raw materials 

such as biopolymer like starch, chitin, cellulose and its derivatives for adsorption of heavy metal from aqueous 

solution[12]. Therefore, the development of methods for handling pollutants into the environment, and water 

body that are relatively inexpensive and effective is still an aspect of research that attracts widespread attention 

throughout the world[13]. 

Generally, Biosorption is one of the most feasible methods that are generally employed for the elimination 

of heavy metals from water sources[14,15]. Mainly agricultural waste material as biosorbent is a promising 

substitution for existing ordinary removal systems due to their high accessibility and fulfils the requirements 

of environmental sustainability. Biosorption is preferable than other heavy metal expulsion procedure by 

providing flexible design, High quality treated discharge, regeneration of adsorbent and adsorbate, eco-friendly 

with high adsorption efficiency[16]. Among the several biopolymers, cellulose has a pronounced advantage in 

heavy metal removal from wastewater because of the presence of high number of hydroxyl groups presents in 

cellulose material which obtain great attention and modification of cellulose with non-toxic organic chemicals 

effectively increases the numbers of chelating sites which aids to remove heavy metal from wastewater[17]. 

Synthesis of Cellulose from agricultural wastes Artocarpus heterophyllus serves as double purposes. One is 

for environmental purpose; it converts unwanted, surplus agricultural wastes that disposed incorrectly by 

burning it, to useful value-added adsorbents, and another for economical purpose; using agricultural by 

products saves the high preparation cost of the prepared adsorbents[18,19]. By Considering, high adsorption 

efficiency, wide availability, high disposability and efficiency, and inexpensive methodology associated with 
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modified cellulosic adsorbents prepared from modifications of cellulose with any functionalizing modification, 

the current study, therefore, using Artocarpus heterophyllus as a new source of cellulose for developing 

modified cellulosic adsorbents to use as adsorbent and examine the removal efficiency heavy metal ion (Pb2+ 

ions)[20]. A number of metal adsorption studies factor like solution pH, contact time, amount of dosage for 

adsorbent, and metal ion concentration, have been measured by using modified cellulose synthesized from 

waste Artocarpus heterophyllus part after the pulp used[21]. 

2. Materials and methods 

2.1. Chemicals 

Sodium Hydroxide (NaOH), sodium chlorite (NaClO2, 80%), Lead nitrate (Pb (NO3)2), Glacial acetic acid 

(CH3COOH, 98% AR), 1-Chloro isopropyl alcohol (C3H7ClO, 99.7% AR), Nitric acid (HNO3 69% AR), acetic 

acid (98% AR), Ethanol (C2H6O, 97% AR), and Potassium nitrate (KNO3) all Chemicals were analytical grade. 

2.2. Extraction of cellulose from Jackfruit 

The natural product Jackfruit trees (Artocarpus heterophyllus) were collected from Ethiopian research 

institutes center, Tepi branch. The crude fiber was isolated from the internal parts of Jackfruit which was 

disposed after the pulp was utilized. A short time later the fiber was dried overnight in air oven at 80 °C, then 

the dried fiber was grounded using mechanical grinder. The extraction of cellulose was conducted according 

to the study of Jalija and Yahaya [22] with slight modification and briefly through taking 50 g grounded sample 

and dissolved in 1 L of 25% sodium Hydroxide (NaOH) at 100 °C for two hours on hot plate with magnetic 

stirrer. The brown liquor was decanted and the settled mixture filtered. The filtrate was rinsed with tap water 

for several times and with distilled water until the pH of the solution being nearly neutral. Afterward the filtered 

fiber was bleached with 12 g sodium chlorite (NaClO2, 80%), 4 mL of glacial acetic acid (CH3COOH, 98%), 

and 640 mL of distilled water (at ratio of, 3:1:160) at 80 °C for one hour on hot plate with magnetic stirrer of 

stirring speed 180 rpm. After that, the fiber was filtered and rinsed with tap water then with distilled water 

until the pH nearly neutral. The fiber was dried overnight in oven to remove the moisture in synthesized 

cellulose fiber. 

2.3. Cellulose fiber modification 

The extracted cellulose fiber needs modification for its low adsorption efficiency, due to it less functional 

group like hydroxyl group. The cellulose modification was performed according to the study of 

Daochalermwong et al.[23] with brief modification; first the cellulose fiber was grounded and sieved using 45 

µ mesh to extend surface area of the cellulose powder. The extracted and sieved cellulose powder of 10 g was 

treated with NaOH (10% w/v) mixed with isopropyl alcohol (99.7%) employing proportion ratio of extracted 

cellulose/10% NaOH solution/isopropyl alcohol (1:4:20, w/v/v). The solution was stirred by magnetic hotplate 

stirrer for 45 minutes at 30 °C. Afterward 5 mL of sodium hypochlorite was added step wise into the solution, 

and the temperature were raised to 60 °C then left on hot plate magnetic stirrer for 1.5 hours with blending 

speed of 180 rpm. Then, the solution was neutralized by 90% of acetic acid (98% AR), and filtered. Finally, 

the modified cellulose was washed with ethanol (97%) solution (80% v/v), and kept in open dish to dry at 

room temperature until utilized as adsorbent. 

2.4. Characterization of Extracted and modified cellulose 

FTIR investigation was conducted using FTIR spectrophotometer (IR Affinity-IS, Shimaddzu, Japan). It 

gives information about the availability of organic and inorganic chemical functional groups that actively 

participate in metal ion binding. The FTIR characterization was carried out before loading of Pb (II) onto the 

neat cellulose, modified Cellulose and after biosorption of Pb (II). The spectrum was recorded on the 
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wavenumber range between 4000–400 cm−1. The thermal stability of modified and unmodified cellulose was 

investigated by using Thermogravimetric analysis. 

2.5. Preparation of stock solution 

The stock solution of Lead ion (Pb2+) of 1000 mgL−1 solution, was prepared by dissolving 1.5986 g of 

Lead nitrate (Pb (NO3)2) in 1L distilled water. The Working standard solutions of Lead ion with diverse 

concentrations were prepared by diluting the stock solution appropriate dilution with distilled water. The pH 

of Lead ion solution was regulated to desired value using 0.1 M nitric acid (HNO3) and sodium hydroxide 

(NaOH). 

2.6. Batch adsorption studies 

The biosorption of Lead ion (Pb2+) on modified cellulose were conducted by batch biosorption tests and 

performed in 500 mL Erlenmeyer flasks. Throughout the studies, impact of pH on biosorption was investigated 

between pH range of 2–10 within the adjustment of 0.1 M HNO3 and 0.1 M NaOH before the biosorption was 

conducted. The contact time optimization for biosorption with desired volume Pb2+ solution and dosage of the 

biosorbent were investigated by hot plate magnetic stirrer, stirring speed of 180 rpm with time interval between 

5–60 minutes. The starting metal concentration effect on biosorption was studied using metal ion concentration 

range 5–40 mgL−1 and effect of biosorbent dosage were examined using dosage weight 100 to 250 mgL−1. All 

the metal solutions were centrifuged after the required contact time was achieve and Pb2+ ion concentrations 

in the supernatant solution before and after biosorption, remaining in solution was determined by using a flame 

atomic absorption spectrophotometer. The amount of adsorbed Pb2+ ions per unit biosorbent (mg of metal ions 

par g of dry biosorbent) was calculated by using the following expression:  

𝑄𝑒 =
(Co − Ce)V

𝑀
 (1) 

Where; 𝑄𝑒 is the amount of heavy metal ion adsorbed on biosorbent in mg. g−1, V is the volume of solution in 

litters, Co is the initial metal ion concentration in mgL−1, Ce is the equilibrium metal ion concentration in 

mgL−1, and M is the dry weight of modified cellulose in grams. 

The percent biosorption of metal ions was calculated as follows:  

%RE =
(Co − Ce)

Co
× 100 (2) 

where Co and Ce are initial and final concentration of metal ion respectively, RE is percent of removal 

efficiency. 

2.7. Determination of pH point of zero charge (pzc) 

To determine the pHpzc of modified cellulose, was conducted according to the study of Kuncoro et al.[24]  

and Viscusi et al.[25] with slight modification salt addition method was used in which a series of 6 mL 

Erlenmeyer flasks containing 0.05 g of modified cellulose were filled with 50 mL of 0.125 M KNO3 and the 

initial pH was adjusted as 2, 4, 6, 8, 10, and 12 using 0.1 M HNO3 and 0.1 M NaOH. The Erlenmeyer flasks 

were kept at room temperature in water bath and left for 48 h on a rotary shaker at 180 rpm; afterward the 

supernatant solution was filtered, and final pH was determined using a pH meter. 

3. Result and discussion 

3.1. Characteristics of biosorbent 

3.1.1. Analysis functional groups by FTIR 

The FTIR spectroscopy strategy was utilized to better understand the nature of the functional groups that 

capable for the biosorption process. Figure 1 shows the FTIR spectra of the neat cellulose modified cellulose 
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before and after biosorption of Pb (II). Hydroxyl (–OH), carbonyl (–C=O), and carboxylic (–COOH) groups 

were found in the modified cellulose. The peak around 3433 cm−1 shifted to 3438.46 which were dominated 

by –OH stretching. The newly formed peak at 2927.41 cm−1 characterized as mainly caused by C–H stretching 

vibrations. The peaks at 1633.4 cm−1 and 1424 cm−1 were moved to 1640.16 cm−1 and 1457.92 cm−1 

respectively. This suggests the existence and increment of the corresponding –C=O and carboxylic –COOH 

groups, after modification of cellulose respectively[26,27]. 

 
Figure 1. FTIR spectra of (green) unmodified cellulose, (red) modified cellulose, (blue) lead ion loaded modified cellulose. 

The FTIR spectra changed a lot after the biosorption of Pb (II). The wide intense peak around 3438.46 

cm−1 weakened and shifted to 3433.64 cm−1, demonstrating that –OH played a role in the adsorption of Pb (II) 

by the modified cellulose. The peak of 2927.41 cm−1 clearly expanded and moved to 2924.52 cm−1, and the 

peak at 1640–1235 cm−1 meaningfully debilitated and the intensity of the peak was decreased. This appearance 

resulted from the –C=O decreasing and the corresponding –C=O increasing due to the H ions in –COOH 

replaced by Pb (II). The important decrease of peak intensity was also observed for the bands of finger print 

after adsorption. All those changes can be attributed to the engagement of some chemical groups of modified 

cellulose during the biosorption[23]. Generally the results of the FTIR spectra demonstrated that the functional 

groups responsible for the binding of Pb (II) by the Modified cellulose might chiefly consists of –OH, and –

COOH and this investigation agreeing with Kofa et al.[28]. 

3.1.2. Synthesis schematic and biosorption mechanism 

The two main types of adsorption mechanisms between adsorbent and adsorbate are chemisorption and 

physisorption.  In this study the effect of different parameter data was used to check the adsorption mechanism 

of Pb (II) onto modified cellulose from Artocarpus heterophyllus as shown on Figure 2. The result obtained 

from experimental data is in line with the finding of Kurniawan et al.[29], Jamshaid et al.[30] and Tsade et al.[31]. 

 
Figure 2. Hypothesis representation of Synthesis Schematic and biosorption mechanism of Lead (Pb2+) by modified cellulose[29–31]. 
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3.1.3. TGA analysis 

The thermal properties of modified cellulose and unmodified cellulose were investigated and the results 

were shown in Figure 3. It shown that the decomposition temperature of unmodified cellulose was around 

210 °C, and the modified cellulose samples was started the decomposition at about 185 °C, this result was due 

to the formation of cellulose esters, and may be some hydroxyl functional group, which was believed to lower 

the thermal stability of cellulose[32]. 

 
Figure 3. The thermograms of unmodified (black) and modified cellulose (red). 

There were two stages of TGA curves of the cellulose samples depending on decomposition pattern, 

especially for the samples modified cellulose sample. The first stage for the temperature of 50 °C–108 °C the 

weight was decreased to 98% this may cause by loss of some volatile and moisture on both modified and 

unmodified cellulose. This result was agreed with previously reported research[33]. The second stage for the 

temperature of 110 °C–185 °C show the stability of modified cellulose, and 110 °C–210 °C which show the 

stability unmodified cellulose. After the second stage the decomposition of modified cellulose was faster the 

unmodified cellulose this may be come from the previous detachments of cellulose for modification make 

decomposition easier than that of unmodified cellulose[34]. 

3.1.4. Analysis of scanning electron microscopy (SEM) image 

The morphology of modified cellulose Extracted from Artocarpus heterophyllus was analyzed using SEM 

with 10 μm scale and 1000 X resolution. As shown in Figure 4a, the SEM image of unmodified Cellulose 

highly aggregated, this may indicate that the existence of attachment between cellulose to cellulose and 

hemicellulose through the intermediate bond of lignin[35]. The second SEM image that shown on Figure 4b 

indicate that the reduction of size as a result of the treatment of cooking with sodium hydroxide, which remove 

the lignin that attaché the long chain of cellulose and modification of cellule was easily indicate from the wave 

number shift on FTIR. The modified cellulose structure was shown more irregular shape and change in size 

that proved the formation of modified cellulose from Artocarpus heterophyllus[15]. 

 
Figure 4. SEM image of (a) unmodified cellulose and (b) modified cellulose. 
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3.2. Effect of pH 

The solution media is one of the variables for the elimination of metal ion aqueous, based on this concept 

the effect of pH on the elimination of Pb2+ ion from solution is shown below in Figure 5a. As shown on the 

figure the highest percentage of removal for this study was obtained at pH 6 (90.13%) and the lowest 

biosorption was obtained at pH 2 (60.34%). The increasing in pH from 2 to 6 of the solution increases lead ion 

elimination to some extents because of decreasing for surface sites competition between lead metal ion and 

protons (hydrogen ion) as well as decrease in positive surface charge which results in lowering the repulsion 

between sorbent and metal ion this result closely similar with researcher [22]. 

3.3. Effect of metal ion concentration 

The effect of initial metal ion concentration on the removal of Pb (II) ions from solution is shown in 

Figure 5b from the figure it can be seen that the highest removal percentage of Pb (II) was 82.54% at 90 mg/L 

concentration and afterwards with increase in the concentration of the ions there was no significant change 

because the occurrence of more unoccupied surface binding sites on the adsorbent fully saturated that could 

be responsible for removal efficiency of metal ion. On the other hand, on increasing metal concentration, 

equilibrium between metal ions and the adsorbent’s active sites were probably established very soon thus 

efficiency may not bind to the adsorbent site due to the competitive effect of the metal ions for adsorptive 

sites[36]. 

3.4. Effect of contact time 

The contact time effect of lead ion removal was studied by varying time range 5–40 minutes. The effect 

of contact time on the disinfecting of lead ion from solution is shown on Figure 5c. As point out on the figure 

it can be seen that the maximum removal efficiency was highest at 30 minutes with 76.12% removal efficiency 

and lowest at 5 minutes with 50.06% removal efficiency. From this study, as the time increment from 5 minutes 

to 30 minutes it was increased after the maximum adsorption, the efficiency of adsorption becomes linear, 

meaning the saturation point was at 30 minutes. The main concept in adsorption the rate of adsorption and 

desorption became equal at saturation points that means there is no adsorption site on adsorbent to be occupied 

by adsorbate[37]. 

3.5. Effect of biosorbent dosage 

The biosorbent dosage impact on the removal rate was studied at equilibrium conditions as shown on 

Figure 5d Changing biosorbent measurement demonstrate that the amount of lead to adsorbed on biosorbent 

was varied, which means increasing the biosorbent dosage from 0.1–0.25 g, cause increments the biosorption 

efficiency from 72.87%–94.2% of lead ion. Increasing the amount of dosage (biosorbent) obviously increase 

the number of sites on biosorbent which leading to an increase in biosorption of lead ion modified cellulose. 

This works shows that similar trend with Jalali et al.[38] for the investigation of Copper, Cadmium and Nickel 

removal from aqueous solution using wheat stem biomass as biosorbent. 
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Figure 5. Effect of (a) pH, (b) initial ion concentration, (c) contact time, and (d) biosorbent dosage on the adsorption of Pb (II) by 
the modified cellulose. 

3.6. Analysis of pHpzc 

Obviously point of zero charge (pHpzc) is an imperative parameter to determine the net density of surface 

charge of biosorbent in solution[39]. According to the study of Rastuti et al.[40] the pHpzc was calculated from 

the plot of ΔpH Vs. pHinitial, the intersection points at which ∆pH = 0 specify by the value of pHpzc as shown in 

Figure 6. The point of zero charge was the pH at which the modified cellulose net surface charge was zero, 

the surface of the modified cellulose has a negative charge when pH > pHpzc and a positive charge at pH < 

pHpzc. As indicated in Figure 6, it is realistic to say that the modified cellulose had more net negative charge 

than solution, which can contribute to reducing positive ions in aqueous solution[39,41]. Therefore, this suggested 

that higher %R of Pb (II) ions was detected at pH > 4.76 value, because, at solution pH > 4.76, the adsorbent 

surfaces are negative and thus react electrostatically with positively charged Pb (II) ions[35]. 

 
Figure 6. Point of zero charge plot of modified cellulose. 

3.7. Adsorption isotherm study 

Adsorption is one of well-known equilibrium separation process. There is different isotherm equation 

used for modelling the adsorption equilibrium, such as Langmuir, Freundlich, and Temkin. 

3.7.1. Langmuir adsorption isotherm 

The Langmuir isotherm for the biosorption of Pb (II) by modified cellulose is shown in Figure 7a. The 

value of the coefficient of determination, R2, for the Langmuir plot was found to be 0.9868. The Pb (II) ions 

therefore, showed a good fit of their equilibrium data for the Langmuir model which indicates a monolayer 
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adsorption[42]. The Maximum biosorption capacity Qmax as calculated from the Langmuir plot was 8.92 mg/g. 

The values of the separation factors, RL, presented in Table 1 (i.e., 0 < RL < 1) indicate that the adsorption 

process was a favourable one[22]. This isotherm is often used to estimate the maximum adsorption capacity 

corresponding to complete monolayer coverage on the adsorbent surface. It is expressed by the equation below. 

Ce

qe
=

1

KLQo
+

Ce

Qo
 (3) 

where KL (L/g) is a constant correlated to the adsorption/desorption energy, Qmax (mg/g) is the maximum 

biosorption upon fully saturation of the adsorption, biosorbent surface[36]. KL was obtained from the graph of 

1/qe against 1/Ce as a slope of the graph and Qmax (mg/g) as the intercept. 

To calculate the separation factor (RL: dimensionless constant) was also calculated to test the favourability 

of biosorption. RL is calculated as the following using equation:  

RL =
1

1 + KLCo
 (4) 

where KL is Langmuir isotherm constant and Co is the initial concentration of metal ion (mgL-1). The value of 

RL shows the type of isotherm involved. Whereas: RL > 1 Unfavourable; RL = 1 Linear; 0 < RL < 1 Favourable; 

RL = 0 Irreversible.  

Table 1. Isothermal parameters obtained from the Langmuir and Freundlich models for the adsorption of Pb (II) onto the modified 
cellulose. 

Langmuir isotherm model Freundlich isotherm model Temkin isotherm model 

Parameter Value Parameter Value Parameter Value 

Qmax 8.9198109 1/n 2.423 BT 40.54 

KL 0.05195088 Kf 0.000870563 KT 0.1604571 

RL 0.17619347 R2 0.91039 

R2 0.99352 
  

R2 0.62684 

3.7.2. Freundlich adsorption isotherm model 

The Freundlich isotherm plot for the biosorption reaction was displayed in Figure 7b as shown below. 

The coefficient value of R2 was found to be 0.91039 which shows that the biosorption of Pb (II) ions onto the 

modified cellulose had a good fit for Freundlich isotherms since the values are close to unit. The value of 1/n 

was calculated from the slope of the Freundlich plot between lnqe and lnCe. The value of n was 0.413 Lmg-1, 

this value of n doesn’t lies between 1 and 10 and this indicates that the biosorption of modified cellulose was 

not advantageous adsorption for Freundlich isotherm model[23]. The Freundlich isotherm was also used to 

correlate the adsorption equilibrium data by using linearized form of the Freundlich equation as following: 

lnqe = lnKf + 
1

n
 lnCe (5) 

where “Kf” and “n” are Freundlich constants, 1/n and Kf demonstrate the adsorption intensity and adsorption 

capacity separately. The affinity of adsorbate and adsorbent will be more in case of 1/n is higher and the surface 

will be more heterogeneous. The values of 1/n represent the relative distribution of energy sites and it depends 

on the nature of adsorption process. Linear plots were obtained by plotting lnqe Vs lnCe with slope 1/n (Figure 

7b) at different Pb (II) ions concentrations. The n and Kf (Lmg−1) (adsorption capacity) were calculated from 

(Figure 7b). The “1/n” values show that the adsorbent is effective; surface is heterogeneous and possesses 

great affinity for metal ions and formation of monolayer biosorption[43]. The values of Kf, n and R2 are 

presented in Table 1. 
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3.7.3. Temkin adsorption isotherm model 

Temkin isotherm model was used to determine the interaction between adsorbent and the adsorbate. The 

way that we can validate whether the isotherm is chemisorption or physisorption process, we have to consider 

the value of BT from Temkin isotherm[34]. The Temkin isotherm was also used to correlate the adsorption 

equilibrium data by using linearized form of the Temkin equation as following: 

Qe = (
R. T

BT
LnAT) + (

R. T

BT
LnCe) (6) 

This equation can also express in the other forms as shown in the follows equation: 

Qe = B1. lnKt + B1. lnCe (7) 

where Kt = AT and B1 = RT/BT. The slope of Qe versus lnCe shown on Figure 7c was used to determine the 

value of Kt (Temkin suitable equilibrium constant (Lmol-1) for maximum energy bond) and the intercept was 

used to determine B1 (B1 was related to the adsorption part itself). Ce was the concentration of solution at 

equilibrium (mgL−1) and Qe represents the amount of adsorption equilibrium (mgg-1). 

According to the study of Neolaka et al.[44] the indication of whether the adsorption is via ion exchange 

or not, can determine by calculating the value of BT of Temkin isotherm; where the value was between 8 and 

16 kJmol-1 the biosorption was happened through ion exchange. If the value is less than −40 kJmol-1, the 

biosorption follows physisorption process. From the Table 1 that the value of BT on modified cellulose was 

indicated that the process was happened via chemisorption process because the value of BT was not less than 

−40 kJmol−1[45]. 

 
Figure 7. Isotherm plots of (a) Langmuir isotherm, (b) Freundlich isotherm and (c) Temkin isotherm model. 

3.8. Biosorption kinetic studies 

The forecast of biosorption rate is one of the most key factors for a biosorption since adsorption kinetics 

depends on the physical and chemical properties of the adsorbent, which affects the adsorption mechanism[46]. 

The investigation of adsorption mechanism of the biosorption constants of lead ion was measured using the 

pseudo-first-order kinetic model, and pseudo-second-order kinetic model equation[38]. Therefore; in order to 

evaluate the kinetic mechanism that controls the biosorption process, the pseudo-first-order and pseudo-

second-order models were applied to experimental data obtained from FAAS. 

3.8.1. Pseudo-first-order 

The pseudo-first-order kinetic model undertakes that the number of sites that solutes can occupy is 

proportional to the rate of adsorption[47] as indicated in Figure 8a. The pseudo-first-order kinetic model 

articulated below in equation (8): 
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ln(qe − qt) = lnqe − K1t (8) 

where qt and qe are adsorption capacities at time t and equilibrium (mgg−1), t is contact time (min) and K1 is 

pseudo-first-order rate constant (min−1). The constants qe and K1 K1 can be calculated from the y-interception 

and slope of the straight line between ln (qe − qt) versus t, respectively. 

3.8.2. Pseudo-second-order 

The pseudo-second-order kinetic model includes chemisorption, where the removal of adsorbate from 

bulk liquid is due to the physiochemical interaction between adsorbent and adsorbate. The adsorption amount 

is also related to the availability of active sites on the adsorbent[24]. The pseudo-second-order kinetic model 

assumes that chemical adsorption can be the rate limiting stage involving valence forces through sharing or 

exchange of electrons between adsorbent and adsorbate[48]. The pseudo-second-order kinetic equation is 

expressed as in Equation (9). 

t

qt
=

1

K2qe2
+

t

qe
 (9) 

where K2 (gmg−1 min) is the rate constant of the second-order equation, 𝑞𝑡 (mgg−1) is the amount of biosorption 

at a time (min), and 𝑞𝑒 is the amount of biosorption equilibrium (mgg−1). Results show that the pseudo-second-

order model was more appropriate for the adsorption of Pb (II) as justified from the correlation coefficient of 

adsorption using modified cellulose for pseudo-second-order kinetic model is closer to unity than for the 

pseudo-first-order kinetic model as shown in Table 2. 

The linear plots of t/qe against 𝑡 for the pseudo-second-order model for the biosorption of Pb (II) ion onto 

modified cellulose is shown in Figure 8b. The rate constants (K2) and the R2 and the 𝑞𝑒 values are given in 

Table 2. As shown on table the value indicates that pseudo-second order model fit biosorption lead metal on 

modified cellulose extracted from Artocarpus heterophyllus. 

Table 2. Kinetic parameters of pseudo first order and pseudo second order model for adsorption of Pb (II) onto the modified 
cellulose. 

Pseudo-first-order Pseudo-second-order Intraparticle diffusion 

parameter Value parameter Value Parameter Value 

K1 −0.0008175 K2 0.03445437 Kid 0.5768 

qe (mg/g) 3.57852248 qe (mg/g) 7.18752246 Cid 3.1758 

R2  0.90189 qe2  51.6604791 R2 0.9289 
  

R2  0.9975   

3.8.3. Intraparticle diffusion model 

Diffusion mechanism from the solid/liquid interface to the interior of the solid particles plays an important 

role in shaping the metal ions adsorption overall rate[42]. During a solid/liquid adsorption process, the adsorbate 

passage from the bulk solution phase to the internal active sites on the modified cellulose and transfer is usually 

controlled by liquid phase external mass transfer (boundary-layer diffusion)[18]. To validate the diffusion 

process, the experimental data of lead ion biosorption by modified cellulose were studied using the intra-

particle diffusion model represented by following Equation (10) shown below[38,18]:  

qt = Kid√t + Cid (10) 

where qt was the amount of adsorbate adsorbed on biosorbent at a given time t (min), Cid represent the intercept, 

and Kid (mg/g min1/2) the value of intraparticle diffusion rate constant. The values of Kid and Cid were 

determined from the plot of qt vs. √t as shown on Figure 8c.  
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As shown on the Figure 8c the intraparticle diffusion model, have low correlation coefficient (R2 = 0.7701) 

suggests that the adsorption process was not controlled by intraparticle diffusion. Due to the relatively smooth 

surface morphology of the prepared bio-adsorbents, it is possible to conclude that the intraparticle diffusion of 

lead into the adsorbent was unlikely[42]. 

 
Figure 8. Plots of (a) pseudo first-order, (b) pseudo second order, and (c) Intraparticle diffusion kinetics model. 

From Figure 8c intra-particle diffusion plot shows that the adsorption occurs in IV stage. The first, 

sharper region, fastest step, the plot is linear due to mass transfer which is attributed to the diffusion of Pb (II) 

is transported from the bulk solution to the modified cellulose surface. In this stage the rapid adsorption was 

very fast because of the strong interaction between the Pb (II) and the modified cellulose surface. On the second 

stage to third stage there was slow and reestablishments of biosorption of modified cellulose this may be caused 

by the competition between Lead ion and some other cation in solution. The fourth stage was pronounced the 

diffusion slowdown on very limited active site; followed by forming the final diffusion equilibrium of intra-

particle diffusion and become stationary, because all the active sites of modified cellulose was occupied this 

result was similar with the study of Ali et al.[18]. 

3.9. Reusability of biosorbent 

The reusability of biosorbent study is very critical parameters for real-world application of modified 

cellulose. The recovery of the modified cellulose was studied by adding 0.1 g of modified cellulose into 50 

mL of 0.125M HNO3 solution at 30 °C for 180 min. The desorption/adsorption ratios, defined as the amount 

of metal ion removed over the initial amount adsorbed, were presented in Figure 9 corresponding to the 

different numbers of cycle. Evidently as shown on Figure 9, as the numbers of cycle increased, the desorption 

ratio decreased gradually after 4th cycle. It was found that 70.8% and 68.78% of Pb (II) was desorbed in the 

5th and 6th recycle respectively. Therefore, the adsorbent modified cellulose demonstrated excellent recycling 

ability for the desorption of the Pb (II) up to the fourth cycles. 
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Figure 9. Adsorption/Desorption ratios of modified cellulose adsorbent at different cycles. 

4. Conclusions 

Successfully cellulose fiber was extracted from Artocarpus heterophyllus using alkali cooking method 

afterward the extracted cellulose was successfully modified with alcohol (Isopropyl alcohol) groups to use as 

biosorbent. The results of FT-IR showed that there was a change on the functional groups such as hydroxyl, 

carboxyl and carbonyl on the modified cellulose that enhance the adsorption effect. The SEM image was 

showed that there is significant change on structure and morphology of modified cellulose before and after 

modification which had a certain adsorption effect on heavy metal ions (Pb2+). TGA analysis showed that the 

modified cellulose had less stable than neat cellulose (unmodified cellulose). This result may be happened in 

case of change in functional group on modified cellulose. From biosorption parameter (pH effect, metal ion 

conc. effect, contact time effect, and dosage effect) it was found that the modified cellulose had maximum 

biosorption for Pb2+ within a given pH rage of 2–10 was 90.13% at the pH 6 and dosage from 0.1–0.25 g, was 

94.23% at the dosage of 0.208 g; this result relatively shows the maximum result comparing with another 

researcher investigation. However, other parameter of biosorbents also possesses good biosorption efficiencies 

when compared to other biosorbents that have the same functional group, potentially due to the differences in 

the number of active sites per weight of the adsorbents. In the study of biosorption time, it was found that for 

Pb2+ solutions the time required to reach equilibrium adsorption was shorter. In the kinetic model study, a 

pseudo-second-order model yielded a higher correlation coefficient (R2 = 0.9975) than other kinetic model; 

this describe that well fit of pseudo-second-order model for biosorption behaviour of Pb2+ onto modified 

cellulose. Additionally, the adsorption isotherm behaviour for adsorbate onto adsorbent was well described 

using the Langmuir isotherm model which shows the highest correlation coefficient (R2 = 0.9935); since the 

adsorption behaviour of adsorbents involved monolayer chemisorption in this study. The reusability study data 

shows that modified cellulose can be recycled 2 to 4 times. From the results of this investigation, there is 

countless possibility for the growth of low-cost biosorbent materials like cellulose. This study showed that the 

cellulose fiber which extracted from Artocarpus heterophyllus and can be modified and can be used as heavy 

metal ion adsorbents. 
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