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Heavy metal ions in wastewater have negative effects on humans and the 
environment. In this paper, the adsorption of lead and copper ions by 
modified eucalyptus lignin nanosphere (ECLNPs) was studied. The 
spherical alkali-lignin particles had a diameter of 50 nm, abundant carboxyl 
groups of 0.66 mmol/g, and relatively high adsorption performance. The 
equilibrium adsorption capacities of Pb(II) and Cu(II) by ECLNPs were 
126.0 mg/g and 54.4 mg/g, respectively. Both Pb(II) and Cu(II) adsorptive 
processes fitted a pseudo-second-order kinetics model. In the 
simultaneous adsorption process of Pb(II) and Cu(II), ECLNPs had higher 
adsorptive selectivity for Pb(II) than Cu(II), and there was a competitive 
adsorption process between Pb(II) and Cu(II). This resulted from the lower 
hydration heat of Pb(II) in water, which leads to easier separation from 
water ligands. ECLNPs also showed good recyclability, with 16.6% and 
21.1% loss in Pb(II) and Cu(II) adsorption capacity, respectively, after three 
consecutive adsorption-desorption cycles, which provides a feasible 
technical direction for the utilization of biomass resources and the treatment 
of water contamination. 
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INTRODUCTION 
 

Water pollution is a societal problem that accompanies urbanization. Industrial 

activities, such as petroleum and chemical production, leather manufacturing, and battery 

manufacturing, release a large amount of inorganic metal ions and organic dye into water. 

Heavy metal ions such as copper (Cu), lead (Pb), and chromium (Cr) are poisonous, non-                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

biodegradable, and not easily removed (Şengil and Özacar 2008; Malek et al. 2016; Meena 

et al. 2016; Nonkumwong et al. 2016). Adsorption is commonly used to remove ions due 

to its relatively low cost, good performance, and good reusability. Although adsorbents 

such as activated carbon, carbon nanotubes, etc., have been commercialized, their high cost 

is the biggest factor limiting their application. This limitation has prompted research into 

new adsorbents with lower costs and better performance. 

Lignin is a natural polymer, second in abundance to cellulose. It is also a byproduct 

from the pulp and paper industry (Zong et al. 2018). When lignin is removed from fibers 

in the course of kraft pulping, most of it is incinerated as a means to generate energy and 

to recover the pulping chemicals. This is a low-value usage of the lignin. Thus, the high-

value utilization of lignin as an adsorbent has future potential. To absorb heavy metal ions, 

carboxylic functional groups are grafted to lignin. There are only a small number of 
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carboxyl groups found in native lignin, so it cannot be used as an adsorbent directly. 

However, sufficient oxygen-containing functional groups, such as hydroxyls, allow the 

possibility of obtaining various functional groups by chemical modification of the lignin. 

Carboxymethylation assisted with microwave (Yan and Li 2016; Li et al. 2018; Nguyen et 

al. 2019), a method to introduce carboxyl groups into lignin, works better than reaction 

under high temperature or high pressure. It greatly enhances carboxyl functional groups, 

resulting in a higher adsorption capacity of heavy metal ions (Li et al. 2018). Lignin 

nanosphere materials have a relatively large surface area based on their regular shape and 

small volume. They have better mass transfer behavior based on improved diffusing and 

dispersing characteristics (Ge et al. 2016). Moreover, lignin nanospheres, prepared using 

ionic liquid and antisolvent, reduce the water solubility of modified lignin (Liu et al. 2018) 

but increase the chelation between carboxyl groups and ions (Zhao et al. 2011). 

In this study, the adsorption performance of carboxyl-modified alkali-lignin 

nanospheres (ECLNPs) was inspected to broaden the high-value utilization of lignin (Celik 

and Demirbas 2005; Nonkumwong et al. 2016). The adsorption performance of ECLNPs 

was investigated in the Pb(II) solution, Cu(II), solution and simultaneous solution.  

 

 
EXPERIMENTAL 
 
Materials 

Eucalyptus alba alkali lignin (EAL) was extracted from the sulfate pulp and 

purified, based on the method described by Wang et al. (2011). Sodium monochloroacetate 

(≥ 98%) was purchased from Sigma-Aldrich (Beijing, China). Ionic liquids [EMIM][Ac] 

were synthesized based on a published method (Liu et al. 2018). Other reagents used in the 

experiment were analytical grade products. 

 

Preparation of Modified Lignin Nanospheres 
Modified eucalyptus lignin nanospheres (ECLNPs) were synthesized in two steps 

(Liu et al. 2019). First, carboxyl-modified EAL (ECAL) was prepared in an aqueous phase. 

In the second step, ECLNPs were obtained by adding anti-solvent in the ionic system.  

 

Adsorption Experiments 
The experiments were conducted in 150 mL conical flasks with 50 mL of lead (or 

copper) nitrate solution and ECLNPs. The mixtures were reacted in an air-bath orbital 

shaker with a shaking speed of 150 rpm for 3 h at 30 °C. The factors studied were the initial 

concentration of lead (or copper) nitrate solution from 25 to 200 ppm and contact time from 

0 to 3 h. The optimum conditions were determined, and the performance of EAL and 

ECLNPs was studied under optimum conditions. The Pb(II) and Cu(II) adsorbed by 

ECLNPs in separate and simultaneous adsorption was tested. All adsorption experiments 

were operated two times to avoid any occasional mistakes. Adsorption capacity was 

calculated according to Eq.1, 

                                (1) 

where Qe (mg/g) is the adsorbing capacity, C0 (mg/mL) and Ce (mg/mL) are the initial 

concentrations and the equalized concentrations of copper (or lead) nitrate solution, 

respectively, V (mL) is the volume of solution, and m (g) is the mass of ECLNPs. 
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Regeneration Experiment 
To test the recyclability of ECLNPs, three desorption-reabsorption cycles were 

carried out for Pb(II) and Cu(II). Metal ion-loading ECLNPs were mixed with HNO3 at pH 

2 for 2 h before washing and drying. The regenerated ECLNPs were used to re-adsorb 

metal ions.  

 
31P-NMR Analysis 

31P-NMR was carried out using a Bruker AVANCE 600 NMR spectrometer 

(Karlsruhe, Germany) to measure the content of the carboxyl groups in lignin-based 

materials. Twenty-five milligrams of sample was dissolved in 500 μL of anhydrous 

pyridine and deuterated chloroform (1.6:1, v/v) under stirring. Next, 100 μL of 

cyclohexanol and chromium(III) acetylacetonate solution (10.85 mg/mL and 5 mg/mL, 

respectively, in anhydrous pyridine and deuterated chloroform 1.6:1, v/v) was added as an 

internal standard and relaxation reagent. Finally, the mixture was reacted with 100 μL of 

2-chloro-1,3,2-dioxaphospholane (TMDP) for 10 min. 

 

XPS Analysis 
The nanospheres sample before and after adsorption of Pb(II) and Cu(II) ions were 

analyzed using XPS (D8 ADVANCE, Bruker). All binding energies were referenced to the 

neutral C1s peak at 284.6 eV to compensate for surface charging effects. 

 

 

RESULTS AND DISCUSSION 
 
Characterization 

The morphology of ECLNPs is shown in Fig. 1, as observed by SEM. The ECLNPs 

were nearly spherical in shape with a slight aggregation. The mean diameter was 

approximately 50 nm. According to specific surface area theory, the spherical particle 

offers larger superficial area than the irregular one, which is beneficial to adsorption. 

 

 
 
Fig. 1. SEM micrograph of ECLNPs 

 
31P-NMR analysis measures the content of the carboxyl groups in lignin-based 

materials (Granata and Argyropoulos 1995). The quantitative results of functional groups 

are tabulated in Table 1. The amount of carboxyl groups of ECLNPs was 0.66 mmol/g, 

almost 2 times that of the EAL (0.31 mmol/g), which means that the carboxyl group content 

increased after the experiment. The aliphatic hydroxyl group contents doubled. This result 
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might indicate that more aliphatic hydroxyl groups were exposed in loose lignin molecules 

after reaction with the sodium monochloroacetate (Li et al. 2018). 

 

Table 1. The Contents of Functional Groups in EAL and ECLNPS 

Adsorbents 
Aliphatic OH 
(150-145.7 

ppm) 

Condensed 
phenolic OH 
(145-140.7 

ppm) 

Guaiacyl and 
catechol OH 

(140-137.6 ppm) 

Total 
phenolic 

OH 

Carboxyl 
(136-133.8 

ppm) 

 (mmol/g) (mmol/g) (mmol/g) (mmol/g) (mmol/g) 

EAL 1.77 1.28 0.45 1.73 0.31 

ECLNPs 2.95 1.29 0.57 1.86 0.66 

 

Adsorption performance of EAL and ECLNPs 

 The adsorption performance between the original lignin and ECLNPs is shown in 

Fig. 2. The saturated adsorption capacity of Pb(II) for ECLNPs was 126.0 mg/g, which is 

almost ten times that of EAL (approximately 10 mg/g). The capacity of Cu(II) was 54.4 

mg/g, five-fold higher than the original value. The adsorption performance was greatly 

enhanced after chemical modification, and the increase in carboxyl groups contents 

appeared to play an important role. The introduction of carboxyl groups to the lignin 

surface improved the hydrophilicity of lignin, and regular nanospheres provided a large 

specific surface. It is proposed that these changes were responsible for the increases in the 

maximum lead and copper uptake. The maximum adsorption capacity was higher than that 

of other adsorbents, as illustrated in Table 2, including polycarboxylic microspheres, 

modified cellulose, lignin microspheres, nanometer-sized ZrO2. 

 
Fig. 2. The Pb(II) and Cu(II) absorbing capacity by EAL and ECLNPs 

 

The XPS method has been used to analyze the metal-loaded ECLNPs and confirm 

the interaction mechanism. Figure 3 shows the XPS spectra of ECLNPs before and after 

Pb(II) and Cu(II) adsorption. The Pb4f peak (139.4 eV) and Cu2p peak (934.6 eV) were 

detected on the ECLNPs surface after adsorption, indicating that ECLNPs were 

successfully adsorbed Pb(II) and Cu(II). 
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Table 2. Comparison of Adsorption Capacity of Different Adsorbents Towards 
Pb(II) and Cu(II)  

Ions Adsorbents Qe (mg/g) Ref. 

Pb(II) 
 

Polycarboxylic microspheres 20.1 Dakova et al. (2009)  

Modified cellulose 28.3 Aoki et al. (1999)  

Lignin microspheres 33.9 Ge et al. (2016)  

EAL 8.55 This study 

ECLNPs  125.95 This study  

Cu(II) Polycarboxylic microspheres 1.9 Dakova et al. (2009) 

Nanometer-sized ZrO2 1.3 Dakova et al. (2009)  

EAL 9.85 This study 

ECLNPs 54.45 This study 

Note: Qe is the experimental value. 

 

 
Fig. 3. XPS spectra of EAL and ECLNPs before (A) and after(B) adsorption of Pb(II) and Cu(II) 

 

Isothermal Adsorption Study 
The adsorptions of Pb(II) and Cu(II) were conducted under their optimum 

conditions and the initial concentration of 25, 50, 75, 100, 150, and 200 mg/L (Table 3). 
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Table 3. Optimum Experimental Conditions of Pb(II) and Cu(II) Adsorption 

 pH Temperature (°C) Dosage (mg/50 mL) Time (min) 

Pb2+ 6.0 30 20 180 

Cu2+ 5.5 30 20 180 

 
 

Fig. 4. Langmuir adsorption isotherms of Pb(II) and Cu(II) by ECLNPs  

 

Figure 4 shows the Langmuir adsorption isotherms, representing the relationship 

between the concentration of heavy metal ions on the ECLNPs and the equilibrium 

concentration of metal ions in the solution. With the increase of Pb(II) concentration and 

Cu(II) concentration, the absorbing capacity of ECLNPs to Pb(II) and Cu(II) increased 

rapidly. When the concentration continued to increase, the adsorption capacity tended to 

be stable. The Langmuir and Freundlich isotherm models are two commonly used 

theoretical models to describe adsorption. The Langmuir isothermal model assumes that 

the adsorption of heavy metal ions is a monolayer adsorption and that the non-interacting 

adsorption sites have the same adsorption energy (González et al. 2015). The Freundlich 

isothermal model is commonly employed to describe heterogeneous adsorption systems 

(Brdar et al. 2012). Equations 2 and 3 display the Langmuir and Freundlich models, 

respectively, 

𝐶𝑒

𝑄𝑒
=

𝐶𝑒

𝑄𝑚𝑎𝑥
+

1

𝑄𝑚𝑎𝑥𝐾𝐿
                              (2) 

 𝑙𝑜𝑔𝑄𝑒 = 𝑙𝑜𝑔𝐾𝐹 +
1

𝑛
𝑙𝑜𝑔𝐶𝑒                         (3) 

where Ce (mg/L) is the equalized concentration of metal ions in solution, Qe (mg/g) is the 

equalized absorbing quantity of metal ions, Qmax (mg/g) is the theoretical saturated 

absorbing capacity, KL (L/mg) is a Langmuir constant, and KF (mg/g)(L/mg)^(1/n) and n are 

the Freundlich constants.  

The fitting curves and parameters are shown in Fig. 5 and Table 4. For Pb(II) 

adsorption, the adsorptive process fitted well to the Langmuir model (R2 = 0.9917) rather 

than the Freundlich model (R2 = 0.9483), and the calculated saturated absorbing capacity 

(Qmax = 125.9 mg/g) was close to experimental value (116.8 mg/g). As for Cu(II) adsorption, 

the results were similar to Pb(II) adsorption. Both sets of experimental data fit well with 

the Langmuir isotherm model, indicating that the two adsorption processes are based on 
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the monolayer adsorption pattern (Brdar et al. 2012). These findings imply that the 

distribution of adsorption sites on ECLNPs is homogeneous, and this is attributed to the 

use of the uniform, nanoscale particles.  The maximum absorbing capacity of Pb(II) 

(125.94 mg/g) exceeded that of Cu(II) (60.1 mg/g). The KL value of ECLNPs to Pb(II) 

(0.0888 L/mg) was greater than the one of ECLNPs to Cu(II) (0.0674 L/mg), which 

indicated that the affinity of Pb(II) and ECLNPs was stronger than that of Cu(II) and 

ECLNPs. Thus, the Pb(II) adsorption process was more efficient. 

 

 
 

 
 

Fig. 5. Fits to the Langmuir and Freundlich isotherm models of Pb(II) (a) and Cu(II) (b) by 
ECLNPs 

 

Table 4. Isotherm Parameter of ECLNPs with Pb(II) and Cu(II)  

 Langmuir Freundlich 

 
Pb(II) 

KL/L/mg 0.0888 KF/mg/g 4.7721 

Qmax/mg/g 125.94 n 4.09 

R2 0.99169 R2 0.94834 

 
Cu(II) 

KL/L/mg 0.0674 KF/mg/g 3.0920 

Qmax/mg/g 60.13 n 3.40 

R2 0.99421 R2 0.78978 
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Adsorption Kinetics Study 
Adsorption time is a crucial factor for an adsorbent. The effect of contact time is 

shown in Fig. 2. In Pb(II) and Cu(II) adsorption, the adsorption amount increased sharply 

from 0 to 30 min, and then it gradually stabilized, reflecting saturation. At the beginning 

of the reaction, effective active sites were numerous for the combination of metal ions and 

ECLNPs, resulting in a high adsorption capacity. Gradually the sites on the surface were 

almost fully occupied. The electrostatic repulsion between ion-loaded ECLNPs and metal 

ions strengthened as the concentration of ion-loaded ECLNPs increased. Thus, the 

adsorption rate slowed down (Engil and Zacar 2008).  

The pseudo-first-order and pseudo-second-order models (Simonin 2016) were used 

to investigate the adsorption kinetics. In the pseudo-first-order kinetic reaction, the binding 

of adsorbates from the solution to the adsorbent surface is mainly affected by diffusion, 

and there is only one kind of binding site on the adsorbent surface. The pseudo-first-order 

and pseudo-second-order models are displayed in Eqs. 4 and 5, respectively, 

log(𝑄𝑒 − 𝑄𝑡) = 𝑙𝑜𝑔𝑄𝑒 − (
𝐾1𝑡

2.303
)                   (4) 

𝑡

𝑄𝑡
=

1

𝐾2𝑄𝑒
2 +

𝑡

𝑄𝑒
                             (5) 

where Qt (mg/g) is the absorbing quantity at time t (min), and K1 (1/min) and K2 

(g/(mg·min)) are rate constants.  

The calculated parameters and correlation coefficients of the two models are shown 

in Table 5. In the pseudo-first-order model of Pb(II) adsorption, the calculated Qe did not 

match the experimental one, with a low R2 value (0.7535). This result indicated that the 

first-order model cannot account well for the adsorption kinetics. For the pseudo-second-

order model, the experimental adsorption amount was close to the calculated value of Qe 

(128.2 mg/g), with a higher R2 value (0.9999), which means the adsorption process 

accorded with pseudo-second-order kinetics. Cu(II) adsorption showed a similar result. It 

is noteworthy that the good fit adsorption data to the PSO model likely is due to a diffusion-

limited mechanism, based on a review of the literature (Hubbe et al. 2019). On the one 

hand, the metal ions were adsorbed onto ECLNPs through chelation, the reactive steps are 

relatively rapid and unlikely to be the rate-determining factor. And much typical cases have 

considered that the rate-limiting step is controlled by the diffusion-based mechanism. On 

the other hand, the metal ions are positively charged and ECLNPs with -COOH are 

negatively charged, so the affinity between metal ions and ECLNPs might slow down the 

progress of diffusion. In addition, the ultimate attachment of metal ions to adsorption sites 

might be the rate-limiting step. However, the adsorption data in this article are not sufficient 

to support and verify the either of two assumptions. So more works are needed in the future 

to confirm the adsorption mechanisms to reveal the rate-limiting process. 

 

Table 5. Adsorption Kinetic Parameters of ECLNPs towards Pb(II) and Cu(II) 

  Pseudo-first-order Pseudo-second-order 

 
Qe,exp/ 
mg/g 

K1/min-1 R2 
Qe,cal/ 
mg/g 

Qe,cal/ 
mg/g 

K2/g/(mg·min) R2 

Pb(II) 125.95 0.25193 0.7535 88.22 128.21 0.00268 0.9999 

Cu(II) 54.45 0.05041 0.8895 4.19 55.25 0.00767 0.9999 

Note: Qe,exp is the experimental value; Qe,cal is the calculated value. 
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Fig. 6. The Pseudo-first-order and pseudo-second-order kinetic models of Pb(II) (a) and Cu(II) (b) 

 

Comparison Between Pb(II) and Cu(II) Adsorption in Simultaneous 
Adsorption 

 To analyze the selectivity of Pb(II) and Cu(II) by ECLNPs, an adsorption study was 

carried out in mixed solution with the concentration of 100 mg/L by 20 mg ECLNPs at pH 

5.75. In Fig. 7, the Pb(II) adsorption quantity increased greatly in the early 15 min, while 

the Cu(II) adsorption quantity did not, which means that Pb(II) had stronger 

competitiveness for effective sites of ECLNPs than Cu(II) when the initial concentration 

was the same. After 15 min, the concentration of Pb(II) decreased and was lower than the 

concentration of Cu(II), leading to the slighter increase of Pb(II) adsorption capacity and 

the beginning of Cu(II) adsorption. At 60 min later, both the absorbing capacity of Pb(II) 

and Cu(II) were constant, resulting from the adsorption saturation of ECLNPs sites. 

Despite mass amounts differ greatly, the molar amounts for Pb(II) (0.41 mmol/L) and Cu(II) 

(0.39 mmol/L) are quite similar. It might be the numerical coincidence. In single ion 

adsorption, the absorbing capacity of Pb(II) and Cu(II) are 0.61 mmol/L and 0.86 mmol/L, 

respectively. There was a great decease in Cu(II) adsorption capacity than Pb(II), resulting 

in the weak competitiveness of Cu(II). 

Time (min) 

Time (min) 
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Fig. 7. Simultaneous adsorption kinetics curves of ECLNPs towards Pb(II) and Cu(II)  

 

 

 
Fig. 8. Pseudo-first-order and pseudo-second-order kinetic models of Pb(II) (a) and Cu(II) (b) in 
mixed solution 

 

Time (min) 

Time (min) 

Time (min) 
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Table 6. Adsorption Kinetic Model Parameters of ECLNPs Towards Pb(II) and 
Cu(II) in Mixed Solution 

  Pseudo-first-order Pseudo-second-order 

 
Qe,exp/ 
mg/g 

K1/min-1 R2 
Qe,cal/ 
mg/g 

Qe,cal/ 
mg/g 

K2/g/(mg·min) R2 

Pb(II) 85.00 0.21309 0.7535 21.0424 90.01 0.00127 0.9976 

Cu(II) 25.00 0.09866 0.8895 6.94206 37.12 0.00037 0.7484 

Note: Qe,exp is the experimental value, Qe,cal is the calculated value 
 

The kinetic parameters and correlation coefficients of ECLNPs on Pb(II) and Cu(II) 

in mixed solution are shown in Table 6 and Fig. 8. The Pb(II) adsorption process accorded 

with pseudo-second-order kinetics (R2=0.9976), but K2 (0.00127 g/(mg·min)) in the two-

ion solution was smaller than the one (0.00268 g/(mg·min)) in single ion solution. There 

was an obvious competitive adsorption process between Pb(II) and Cu(II) in solution, 

which reduced the absorbing amount of Pb(II). The adsorption rate Pb(II) by ECLNPs was 

smaller. The Cu(II) adsorption followed neither the pseudo-first-order (R2=0.8895), nor 

the pseudo-second-order (R2=0.7484). The presence of Pb(II) inhibited the adsorption of 

Cu(II), and the adsorption capacity of Cu(II) decreased by nearly 50%. This result suggests 

that the competitive adsorptive process between two metal ions lowered the adsorption 

rate, and strong competition from Pb(II) impeded Cu(II) absorption. 

The adsorption studies showed that Pb(II) was adsorbed before Cu(II). The 

absorbed Pb(II) capacity was almost the three times that of absorbed Cu(II). In aqueous 

solution, metal ions generally exist as hydrated ions. As mentioned above, the molar 

adsorbing capacity of Cu(II) and Pb(II) is almost similar. The lead atom is much heavier 

than the copper atom, which can account for its higher mass adsorption capacity. What’s 

more, the affinity of ECLNPs and metal ions related to the valence electron configuration, 

ion radius, and hydration ion radius. With a larger the effective hydration ion radius, it is 

more difficult for metal ions to exchange with hydrion (H+) on a carboxyl group (—COOH). 

In the adsorption of divalent ions Cu(II) and Pb(II), the effective radius of the hydrated ion 

(R) and the ionic radius (r) coincided with the empirical formula (𝑅 =  𝑟 +  0.1335) 

(Sverjensky and Sahai 1996); the calculated effective radius of each ion is in Table 7. For 

Pb(II), its effective hydrated ionic radius was slightly bigger than Cu(II), however, resulting 

in higher equilibrium adsorption amount, probably because its hydration heat is relatively 

small so that lead hydrate ions were easier to separate from water ligand and became bare 

Pb(II) to react with carboxyl groups. Therefore, the adsorption performance depends on 

the functional groups on the adsorbent and the space structure matching between 

adsorbents and adsorbates. Future studies should address the mechanism of simultaneous 

adsorption of a variety of metal ions. 

 

Table 7. Ionic Radius, Effective Hydration Radius and Hydration Heat of Cu(II) 
and Pb(II) 

 Cu(II) Pb(II) 

Ionic Radius (Nm） 0.073 0.132 

Effective Hydration Radius (Nm) 0.2065 0.2655 

Hydration Heat (Kj·Mol-1) 2119.3 1500.6 

 

  



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Xie et al. (2021). “Lignin nanosphere adsorbent,” BioResources 16(1), 249-262.  260 

Regeneration Study 
A series of three desorption-reabsorption cycles were conducted to investigate the 

regeneration and recyclability of ECLNPs. The copper-loaded (or lead-loaded) ECLNPs 

can be regenerated in the acid solution, by adding HNO3 solution, neutralizing with NaOH, 

and washing. Figure 9 shows that after three consecutive desorption-reabsorption cycles, 

there were less losses in Pb(II) and Cu(II) adsorption capacity (Sharma and Mishra 2010), 

calculated at 16.6% and 21.1%, respectively. ECLNPs have comparatively stable 

adsorption capacity. The results show that ECLNPs have potential application value as 

environmentally friendly and low-cost wastewater purification adsorbents. 

 
 

Fig. 9. Pb(II) and Cu(II) adsorption capacity of ECLNPs at different regeneration cycles (ECLNPs 
dosage =20 mg/50 mL, C0=100 mg/L, temperature = 30 °C, pHCu(II) = 5.5, pHPb(II) = 6.0) 
 

 

CONCLUSIONS 
 
1. In this work, a new adsorbent made from eucalyptus lignin was synthesized by two 

simple steps and was used to study the adsorption performance. The ECLNPs have a 

mean diameter of 50 nm and high content of carboxyl groups (0.66mmol/L), which 

contributed to higher adsorption capacity of Pb(II) (126.0 mg/g) and Cu(II) (54.4 mg/g) 

compared to raw eucalyptus lignin. 
 

2. The adsorption kinetics parameters and isothermal model parameters indicated that the 

adsorption process corresponded with the pseudo-second-order model and the 

Langmuir model. The simultaneous adsorption study indicated that there was a 

competitive adsorption process between Pb(II) and Cu(II) and that ECLNPs have 

higher selectivity towards Pb(II) than Cu(II) due to the lower hydration heat of Pb(II). 

ECLNPs have good recyclability, the adsorbed ECLNPs can easily be regenerated with 

high stability for several times. 

 

3. The findings show that ECLNP is a potential adsorbent for its eco-friendliness and good 

adsorption performance of removing Pb(II) and Cu(II) from wastewater. More 

attention should be paid to the reaction mechanism under the coexistence of mixed ions 

in the practical application. 
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