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Abstract 

 
Analyzing the Cr(III) adsorption properties of bagasse lignin (LB), bagasse lignin carbon (LBF), and 
lignin amine (LA). Variable adsorption studies were performed, including variations in mass, contact 

time, and pH. The adsorption ability test was carried out first by varying the mass of the adsorbent to 

determine the optimum mass of each adsorbent LB, LBF, and LA for the Cr(III) adsorbate. The ability 
of lignin adsorbents (LB, LBF, and LA) to adsorb Cr(III) was optimum at 0.015 g adsorbent mass 

contact time of 90 minutes, and the adsorbate solution had a pH of 6. The adsorption capacity (Qm) 
value for bagasse lignin adsorbent (LB) was 8.6050 mg/g at 30°C, bagasse carbon lignin (LBF) was 

9.8717 mg/g (30°C), and ammine lignin (LA) with the highest value is 9.9800 mg/g (35 °C).  

 

Keywords: adsorption, adsorption kinetics, lignin modification, Cr(III) ion.  

 

1 Introduction 

In recent years, low-cost and high-

performance properties of adsorbents have 

become a strong demand in adsorbent preparation. 

Progressive increases in industrial activity produce 

large amounts of toxic compounds. Many different 

types of adsorbents may be evaluated to remove 

pollutants in water especially heavy metals [1]. It 

is possible to find a large variety of pollutants in 

waters, mainly of anthropogenic origin, that 

include pharmaceuticals, toxic metals and 
metalloids, pesticides, surfactants, and dyes, 

among others [2,3]. Heavy metals and metalloids 
are a class of metals that have atomic numbers 

above 20, and densities over 5 g/cm3. Despite 

some heavy metals and metalloids are a natural 

part of the environment and fulfill a biological 

function, almost all heavy metals are toxic to 

human beings even at low concentrations [4,5]. 

These metals and metalloids include Cu, Cd, Zn, 

Cr, As, B, Co, Ti, Sr, Sn, V, Ni, Mo, Hg, Pb, etc 

[6]. For instance, the leather tanning and 

electroplating processes generate a mass of 

chromium ions including Cr(III) and Cr(VI) ions, 

which cause high concentrations of Cr(VI) in 

waters [7]. There are different treatment methods 

for the removal of toxic metals from water and 

wastewater, including chemical precipitation, 

chemical coagulation and flocculation, 

electrochemical methods, membrane filtration, ion 

exchange, bioremediation, and adsorption [8]. 

Among these treatment methods, the adsorption 

process is considered one of the most effective for 

water treatment.  
The adsorption process can occur between 

different interfaces such as liquid-solid, liquid-
liquid, and physisorption or chemisorption 

interactions is possible [9]. Adsorption has been 

the method of choice for heavy metal removal due 

to its simplicity, high efficiency, adaptability, and 

sensitivity to plenty harmful metals. Therefore, the 

design of improved sorbent materials for handling 

water containing toxic metal ions is imperative. 

Several parameters, such as high and fast sorption 

rate, regeneration, reuse, and likewise low creation 

of toxic residues after deactivation, it has to be met 

by the sorbent materials [10,11]. Various types of 
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sorbents, including activated carbon, silica gel, 

clay minerals, fly ash, and agricultural solid 

wastes, have been employed as sorbents for the 

removal of metal ions from wastewater [12]. 

Activated carbon is one of the most widely used 

adsorbents owing to its excellent adsorption 

properties that can remove a wide range of 

contaminants. However, despite the efficiency of 

activated carbons, their uses are limited due to 

their expensive nature [13,14]. In the last decades, 

biopolymers have attracted much attention as an 

eco-friendly alternative for heavy metal removal 

due to their low cost and high availability [15]. 

Lignin is an amorphous biopolymer and one 

of the most abundant on the planet. It has carboxyl 

groups and phenolic units in its macromolecular 

structure, capable of interacting with metal ions. 
Lignin can be chemically and physically modified 

to obtain new materials with improved properties, 

such as lignin amination and carbonization of 

lignin [16]. Because of the need for renewable 

biodegradable resources as raw material to 

produce adsorbent polymers, lignin has emerged 

as a good alternative to natural biopolymers due to 

its great availability, stability, low cost, 

biodegradability, and CO2 neutral [17]. Owing to 

its random polymerization, lignin adopts complex 

3D structures with different types of 

functionalities that depend on their original plants 

[18]. When lignin and lignin-based polymers are 

used for heavy metal removal, a high affinity and 

removal efficiency have been demonstrated, which 

is attributed to the presence of carboxylic groups 

and phenolic units in the lignin structure. This 

makes the use of lignin an eco-friendly and 

efficient approach for metal adsorbents in water 

treatment [19]. 

There are many reviews on the obtention, 

modification, and synthesis of lignin-containing 

polymers and nanomaterials and the different uses 

of lignin and lignin-base materials. However, 

considering the importance that lignin-based 

materials have triggered in the last years, and the 

need to develop new metal sorbent materials, this 

review focuses for the first time on a 

comprehensive compilation of the current 

literature on the use of lignin and lignin-based 

polymers as sorbents for heavy metals removal on 

wastewater purification. So, the objective of this 

work has been to study the adsorption of Cr(III) by 

using lignin from bagasse, lignin carbonized, and 

lignin-amine. 

 

 

2 Methods 

2.1 Materials and Instrumentation 
Sugarcane bagasse (PT Indolampung 

Perkasa), NaOH p.a (Merck KGaA), H2SO4 p.a 

(Merck); HCl 37% (Merck), C2H4(NH2)2 (s) p.a 

(Aldrich KGaA), CH2O p.a (Merck KGaA), 

K2Cr2O7 (s) p.a (Merck KGaA), CH3OH (aq) p.a 

(Merck KGaA), and C9H6O4(s) p.a (Merck 

KGaA).  All other chemicals and reagents used in 

this study were: analytical grade and used without 

further purification. Instrumentation. A Thermo 

Scientific Genesys 10S has been used for UV-Vis 

spectroscopy, a Thermo Scientific Nicolet iS5 was 

used for FTIR in the range of 400-4000 cm-1.  

Alkali Lignin-bagasse (LB) was isolated from 

Sugarcane bagasse (PT Indolampung Perkasa) 

with base methods using 15% NaOH and H2SO4 
5N. Lignin carbon (LBF) was synthesized in the 

furnace at 500°C for 1 hour. And Lignin-amine 

was synthesized using methods of Mannich 

reaction referring to the research of Yuanyuan Ge 

et al. in 2014 [20].  

2.2 Characterization of Lignin 

All Lignin modifications characterization 

were studied using FTIR and SEM. FTIR 

spectroscopy using plat KBr. FTIR all lignin 

modifications testing was performed at 4000-400 

cm-1, while SEM lignin morphology was extended 

to 20 μm. 

2.3 Adsorption Capability  

2.3.1 Test for Mass Variation 

Each Erlenmeyer flask recently received 15 

mg, 30 mg, 45 mg, 60 mg, 75 mg, and 90 mg of 

lignin. Add Cr metal solution. Using 

an incubator shaker, stir the mixture at a speed of 

250 rpm for 30 minutes. UV-Vis spectroscopy at a 

wavelength of 440 nm to measure the solution 

after it was filtered. The optimum mass was 

established for different contact times. 

Measurement results are recorded and checked. 

2.3.2 Contact Time Variations 

Lignin is weighed according to the optimum mass 

obtained previously and put into an Erlenmeyer, 

add 10 mL of Cr metal solution. Stirred using an 

incubator shaker at 250 rpm for 15 each; 30; 45; 

60; 75, and 90 minutes. Then filtered, and the 

solution was measured using UV-Vis 

spectroscopy at a wavelength of 440nm. For pH 

variations, the optimum contact time gets reused. 

The results of the measurements are recorded and 

examined. 
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2.3.3 Variation of pH 

Chromium metal solution is adjusted to the 

pH value in the range of 1-8 by adding 0.1 M HCl 

or 0.1 M NaOH.  Cr metal solution at each pH was 

pipetted into an Erlenmeyer containing lignin. 

Stirring was carried out using an incubator shaker 

at a speed of 250 rpm during the previously 

obtained contact time. Then filtered, and the 

solution was measured using UV-Vis 

spectroscopy at a wavelength of 440 nm. The 

measurement results are recorded and analyzed. 

 

3 Result and Discussion 

3.1 Characterization of Lignin  

The method of isolating lignin from bagasse 

refers to the research by Saleh Al Arni in 2018 

[21]. Bagasse lignin yielded 3.051 g (6.10%). The 

yield percentage produced is not much different 

from the previous by Moubarik et al. in 2013 was 

6.2% [22]. This sugarcane bagasse lignin 

carbonization refers to Gustan Pari et al. in 2006 

[23]. The synthesis of amination lignin through the 

Mannich reaction with the reflux method refers to 

the research of Yuanyuan Ge et al. in 2014 [20]. 

The difference is in the source of the amine, which 

was methylamine in the prior investigation, and 

ethylenediamine in this study. The synthesis 

procedure yielded 13.4929 g (67.5 

%). Characterization of Lignin modifications 

based on FTIR spectrum analysis showed the 

presence of several sharp valleys, which are 

characteristic of their constituent functional 

groups.

Table 1. FTIR Analysis Results of Bagasse Lignin (LB), Carbonized Lignin (LBF), and Aminated 

Lignin (LA) 

Vibration 

Wave number (cm-1) 

Standard 

Alkaline 

Lignin 

Sugarcane Bagasse 

Lignin (LB) 

Carbonized 

Lignin (LB) 
Lignin-Amine (LA) 

O-H Phenol (Stretching) 3430 3450 - 3390 

N-H Amine (Strecthing) - - - 3230 

C-H Aliphatic (Stretching) 2931 2930 1114 2940 

C=C Aromatic (Stretching) 1592 1520 1595 1510 

C-N Amine (Strecthing) - - - 1270 

C-O Alcohol (Strecthing) 1135 1130 1125 1150 

C-O Eter (Strecthing) 1031 1050 - 1040 

 
Figure 1. Graph of the Relationship between Mass 

Variations of LB, LBF, and LA adsorbents with 60 

ppm Cr(III) 
 

Analyzing the adsorption ability of bagasse 

lignin (LB), bagasse lignin carbon (LBF), and 

amination lignin (LA) as an adsorbent, with 
Cr(III) solution as an adsorbed species. Different 

testing variables, such as the mass variation test, 

contact time variation, and pH variation, would be 

utilized to evaluate the adsorption ability. The 

adsorption ability test has begun with varying the 

mass of the adsorbent to determine the optimum 

mass of each adsorbent LB, LBF, and LA against 

the Cr(III) adsorbate in the Figure 1. 

Based on the experimental results seen from 

the percent removal value, it is possible to 

conclude that the absorption of Cr(III) adsorbate 

by lignin adsorbent is better by LA > LBF > LB. 

Carbonization and amination reaction in bagasse 

lignin has higher absorption than bagasse lignin 
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Isolation (LB). The carbonization process can 

open the surface pores of the lignin so that the 

surface area is larger and the absorption is higher. 

Then the presence of amination synthesis 

treatment (nitrogen group) can increase the 

adsorption capacity of metals and has good 

performance as an adsorption agent because 

nitrogen-containing bases are favored to form 

chelates with metal ions. The optimum mass for 

the three types of lignin adsorbents (LB, LBF, and 

LA) was 0.015 g as seen from the high percent 

removal. Increasing the amount of adsorbent can 

increase the effect of aggregation or the less active 

sites that can be used. The optimum mass gain of 

this adsorbent will then be used as a reference for 

testing other variations.  

After testing the mass variation and obtaining 
the optimum mass, the contact time variation with 

the optimum mass was evaluated. The purpose of 

this experiment was to determine the optimal 

contact time for the three types of lignin 

adsorbents (LB, LBF, and LA) on Cr(III) 

adsorbate absorption. The optimum contact time is 

selected from the highest percent removal rate. 

The following Figure 2 is the result of the 

adsorption ability test using variations in contact 

time on the three types of lignin samples. 

 

Figure 2. Graph of the Relationship of Contact Time 

Variations on LB, LBF, and LA adsorbents with 60 

ppm Cr(III).  

 

Based on the picture above, the optimum 

contact time for the three types of lignin (LB, LBF, 

and LA) was at a contact time of 90 minutes. This 

shows that the longer the contact time used, the 

greater the percent removal value. According to 

research published in 2011 by Isna Syauqiah et al. 

the longer the contact time employed, the longer 

the interaction between the adsorbate and the 

adsorbent, resulting in increased adsorbent 

absorption or adsorption [24]. In addition, for the 

three types of adsorbents, the increase in percent 

removal along with the increase in contact time 

continued to increase from a predetermined 

contact time of 90 minutes. This is because the 

active sites in the three types of lignin (LB, LBF, 

and LA) have not reached saturation at 90 minutes. 

In the pH variation test, the mass of the 

adsorbent and the optimum contact duration 

achieved in the previous test was employed. This 

pH variation test was conducted to determine the 

optimum pH of the adsorbate or Cr(III) solution 

because the pH value plays an essential role in the 

adsorption of heavy metal ions. The following 

Figure 3 is the result of the adsorption ability test 

using variations in the pH of the Cr(III) adsorbate 

on the three types of lignin samples. 

 

Figure 3. Graph of the Relationship of Variations in 

pH to Adsorbents LB (ash), LBF (red), and LA (blue) 

with 60 ppm Cr(III).  

 

The absorption efficiency of heavy metal 

Cr(III) was performed in the pH range of 1 to 8. 

Based on the figure above, it can be seen that for 

the three types of adsorbents at pH 1 to 5, the 

percent removal continued to increase, and the 

peak was completed at pH 6. So that at pH 6, it 

was stated as the optimum pH for Cr(III) 
adsorbate. Then, at neutral and alkaline pH, the 

percent removal value decreased again. This is 

because at low pH H3O+ ions with higher 

concentrations will compete with heavy metal 

Cr(III)  to occupy the active site in the adsorption 

process. In an acidic pH solution, there will be an 

excess of protons which causes a rejection 

between the surface of the adsorbent and heavy 

metal ions (adsorbate), so that the absorption or 

adsorption will decrease [25,26]. In addition, at 

neutral pH (pH 7) the absorption efficiency will 

tend to decrease. That is because, at neutral pH, 

the ions undergo a hydrolysis reaction, which 
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makes the situation unstable and reduces 

absorption. Then at alkaline pH, metal ions can 

form metal hydroxide deposits so that the 

absorption is difficult to determine [27]. 

3.2 Adsorption Kinetics 
Adsorption kinetics describes an adsorption 

binding rate to changes in contact time from the 

reaction equation. Adsorption kinetics can define 

the efficiency of the adsorption process. The 

adsorption kinetics is influenced by the absorption 

reaction that occurs between the adsorbent and the 

adsorbate and the transfer of ions to the active 

adsorption site contained in the adsorbent. The 

adsorption kinetics in this study used two kinetic 

models, namely the first-order pseudo-kinetic 

model and the second-order pseudo-kinetic model. 

The first-order pseudo-kinetic model describes a 

reversible equilibrium between the liquid phase in 

the adsorbate and the solid phase in the adsorbent. 

Meanwhile, pseudo-second-order is a limiting 

adsorption rate by considering a chemical reaction 

that occurs, such as electrostatic interactions, 

complex formation, and chelation formation [27]. 

The determination of the adsorption kinetics 

model can be seen from the value of R2. The value 

of R2 is obtained from the linear straight-line 

equation plotted between log (Qe-Qt) against time 

(t) in the first-order pseudo-kinetic model. 

Meanwhile, the pseudo-second-order kinetic 

model is obtained from the linear straight-line 

equation between t/Qt against time (t). From the 

two plots of the linear straight-line equation, the 

coefficient of determination R2 will be obtained. 

The following is a summary of the results of the 

adsorption kinetics test in Table 2. 

Table 2. Summary of Adsorption Kinetics Test 

Results 

 LB LBF LA 

Orde 1 R2 = 0.9345 R2 = 0.8664 R2 = 0.9773 

Orde 2 R2 = 0.3301 R2 = 0.6533 R2 = 0.2920 

 

The adsorption mechanism of Cr(III) on the 

three types of lignin adsorbents (LB, LBF, and 

LA) based on the image of the adsorption kinetics 

model and the summary of the R2 values above, 

shows that all three follow the pseudo-first-order 

adsorption kinetics model. This is because the 

Cr(III) will stick to the active site of the adsorbent 

and will form an active complex compound. In the 

pseudo-first-order adsorption kinetics model, it is 

also explained that the reaction rate will depend on 

one of the reacting substances. 

3.2.1 Adsorption Isotherm 
The equation of the adsorption isotherm, which is 

a distribution process that occurs between a solid-

phase adsorbent and a liquid-phase adsorbate, 

defines the adsorption process. The Freundlich 

adsorption isotherm and the Langmuir adsorption 

isotherm are the two most often utilized 

adsorption isotherms [28]. The following is a table 

of several adsorption isotherm parameters in Table 

3.

 

Table 3. Parameter of Adsorption Isotherm of each Adsorbent 

Adsorbent 
Temperature 

(°C) 

Langmuir  Freundlich 

Qm (mg/g) KL (L/mg) R2 1/n KF R2 

Lignin 

Bagasse 

25 0.5509 289.31 0.8747 2.9232 1.67x10-5 0.9202 

30 8.6050 2.25 0.8010 1.4359 1.49x10-2 0.9313 

35 0.8181 144.39 0.7816 2.2922 1.74x10-4 0.9908 

40 1.1507 68.34 0.8633 2.5766 1.04x10-4 0.9361 

Lignin 

Bagasse 

Furnace 

25 1.1922 60.76 0.8696 2.7160 7.53x10-5 0.9526 

30 9.8717 1.48 0.9070 1.5178 1.55x10-2 0.9490 

35 2.2242 19.77 0.9159 2.1633 7.00x10-4 0.9874 

40 3.0921 10.11 0.9347 2.1616 1.00x10-3 0.9300 

Lignin 

Aminasi 

25 4.2900 3.67 0.7694 2.7253 4.49x10-4 0.9862 

30 7.1684 1.53 0.8884 2.2740 2.35x10-3 0.9840 

35 9.9800 0.94 0.7364 1.9177 7.93x10-3 0.9847 

40 1.4568 27.56 0.6035 3.7459 1.02x10-5 0.9482 
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Based on the research data summarized in 

Table 3, shows the R2 value for the three types of 

adsorbents which have a value closer to 1, namely 

the Freundlich isotherm equation model. The 

Freundlich isotherm model of the adsorption of 

Cr(III) on the three types of lignin adsorbents (LB, 

LBF, and LA) shows that the adsorption occurs in 

multilayer and the surface is heterogeneous or 

each active group on the surface of the adsorbent 

has different binding energy. The Freundlich 

adsorption isotherm equation in this test also 

allows the adsorbate to move freely so that the 

adsorption process that takes place occurs in many 

adsorption layers [29]. 

3.2.2 Adsorption Thermodynamics 
The adsorption thermodynamics was carried 

out by testing the lignin adsorbent against Cr(III) 

using temperature variations. The temperatures 

used are 25C, 30C, 35C, and 40C. The 

thermodynamic parameters to be determined in 

this study are the value of Gibbs's free energy 

(∆G°), enthalpy value (∆H°), and entropy value 

(∆S°). Meanwhile, the determination of the 

enthalpy (∆H°) and entropy (∆S°) values is carried 

out by plotting a linear curve graph between ln K 

on the y-axis to 1/T on the y-axis. x. From the 

results of plotting the graph of the linear curve, it 

will be obtained the value of the equation of a 

straight line can be used to determine the value of 

enthalpy (∆H°) and entropy (∆S°). 
Based on Table 4. the thermodynamics of 

Cr(III) adsorption by the three types of lignin 

adsorbents (LB, LBF, and LA) three have negative 

Gibbs free energy (∆G°). This value indicates that 

the reaction that occurs between the Cr(III) and the 

lignin adsorbent can run spontaneously. Then the 

enthalpy value (∆H°) for the adsorbents of bagasse 

lignin (LB) and bagasse lignin carbon (LBF) is 

positive, while amination lignin (LA) is negative. 

The difference in enthalpy value indicates the 

different strengths of the interaction between the 

metal ion Cr and each lignin adsorbent.

 

Table 4. Thermodynamic Parameters

Adsorbent Temperature (K) 
Thermodynamic Parameters 

∆𝐆° kJ/mol ∆𝐇° kJ/mol ∆S° J/molK 

Sugarcane Bagasse 

Lignin 

298 -50.90 

4.71 140.81 
303 -39.52 

308 -50.82 

313 -49.70 

Sugarcane Bagasse 

Lignin Carbon 

298 -47.03 

44.81 -2.69 
303 -38.46 

308 -45.73 

313 -44.73 

Amination Lignin 

298 -40.08 

-83.96 408.96 
303 -38.54 

308 -37.93 

313 -47.34 

 

 

Based on their enthalpy values, LB and LBF 

undergo an endothermic adsorption process with 

an adsorption mechanism by physisorption, this is 

because they have enthalpy values below 40 

kJ/mol [30]. Meanwhile, LA-based on its enthalpy 

value undergoes an exothermic adsorption process 

with a chemisorption adsorption mechanism, and 

this is because its enthalpy value is in the range of 

83-830 kJ/mol. 

The entropy value (∆S°) for bagasse lignin 

(LB) and amination lignin (LA) is positive, and 

this indicates that the level of disorder in the solid-

liquid adsorption system between adsorbent and 

adsorbate has increased. The increase in the 

entropy value can be caused by the number of 

water molecules transferred so that a lot of entropy 

is translated rather than lost by Cr(III) which 

results in increased randomness at the 

solid/solution interface. The positive entropy 

value (∆S°) also indicates that the adsorption 

process is driven by entropy rather than enthalpy 

[31]. Meanwhile, bagasse lignin carbon (LBF) has 

a negative entropy value. This indicates that 

irregularities occur during the adsorption process 

caused by Cr(III) adsorbed by bagasse lignin 
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carbon (LBF), thereby reducing the freedom or the 

system becomes orderly. 

 

4 Conclusion 

The ability of lignin adsorbents (LB, LBF, 

and LA) to adsorb Cr(III) resulted in optimum 

conditions at an adsorbent mass of 0.015 g, a 

contact time of 90 minutes, and the adsorbate 

solution had a pH of 6. The value of adsorption 

capacity (Qm) for bagasse lignin adsorbent (LB) 

was 8.6050 mg/g at 30 °C, bagasse carbon lignin 

(LBF) was 9.8717 mg/g at 30 °C, and amination 

lignin (LA) was 9.9800 mg/g at 35 °C. (aminated 

is more). The Cr(III) adsorption isotherm model 

follows the Freundlich isotherm model, which 

shows that the Cr(III) adsorption occurs in 

multilayers and the surface is heterogeneous or 
each active group on the surface of the adsorbent 

has a different binding energy. the Cr(III) 

adsorption kinetics model follows pseudo-first-

order kinetics. These findings suggest that Cr(III)  

will adhere to the adsorbent's active site, forming 

an active complex molecule. The thermodynamics 

of Cr(III) adsorption for bagasse lignin (LB) has a 

spontaneous reaction at high temperatures. 

Bagasse lignin carbon (LBF) has a spontaneous 

reaction at low temperatures. Meanwhile, 

aminated lignin (LA) has a spontaneous reaction 

at high temperatures. 
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