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In this study, the adsorption of Pb

2+
 and Zn

2+
 ions from aqueous solutions onto lignin obtained from unmodified 

Sarkanda grass was analyzed. To ensure optimal process conditions, the retention of lead and zinc ions was tested at 

different experimental parameters (pH of the initial solution and adsorbent, the dose of adsorbent, the concentration of 

aqueous solutions and contact time). The experimental results have been interpreted using the classic Langmuir and 

Freundlich isotherm models, as well as two kinetic models (the Lagergren pseudo-first order and the Ho and McKay 

pseudo-second order models). Based on the analysis of the experimental data, it has been concluded that unmodified 

Sarkanda grass lignin can be recommended as an efficient alternative, considering its practical applicability, in the 

retention of Pb
2+

and Zn
2+

 ions from aqueous solutions, both in terms of the amount of adsorbate and pollutant species 

retained, as well as in terms of adsorption time. 
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INTRODUCTION 
The compounds of renewable vegetable 

resources, such as lignin, can be considered as a 

strategic resource that can provide viable 

products, qualitatively and quantitatively, to 

sectors dependent on external factors (fuel, 

chemicals, electricity), also offering numerous 

advantages for the sustainable development of 

society.1 

The literature on the reduction of 

environmental pollution has shown that a number 

of materials, which have a porous structure and a 

relatively large number of superficial functional 

groups can be used effectively to remove some 

pollutants  from  aqueous  solutions.2  Due   to  the  

 

large adsorption capacity conferred by its 

structural characteristics and its extended specific 

surface, activated coal is considered a universal 

adsorbent, used worldwide for a variety of 

applications.2 Even though the removal of heavy 

metals can be successfully achieved by adsorption 

onto activated charcoal, this procedure is 

expensive and cannot be applied on an industrial 

scale. For this reason, it is advisable to find 

adsorbents that are available in large quantities 

and inexpensive. 

The use of lignin as an adsorbent to remove 

pollutants, such as metal ions, from industrial 

wastewater can be considered a viable alternative, 
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which can be a solution both to the problem of its 

complex recovery in the context of the 

diversification of raw materials and energy 

sources, and for reducing the content of pollutants 

in industrial wastewater.1 Statistical data 

concerning the depletion of wood resources have 

increased the interest in using non-wood products, 

for example, agricultural residues.3,4 Moreover, 

there is literature evidence of the quantitative 

retention of metal ions on lignin.
5
 

The presence in its structure of numerous 

functional groups capable of forming chemical 

bonds with metal ions gives lignin a cation-

exchange capacity and provides it with the 

potential to be used as an adsorbent for the 

removal of heavy metal ions from wastewater.
6
 

The adsorbability of heavy metal ions differs 

significantly depending on the type of lignin used 

as an adsorbent. For example, lignin extracted 

from black liquor, a by-product of the pulp and 

paper industry, has been demonstrated to have 

high adsorption capacities for Pb(II) and Zn(II), 

while the maximum adsorption capacity for Pb(II) 

and Cd(II) have been reported for beech wood 

and poplar wood lignin.
7
 

Currently, the mechanisms involved in the 

adsorption of metal ions onto lignin are still under 

debate. Some studies have concluded that the ion 

exchange mechanisms8 may be responsible for the 

adsorption of metal ions onto lignin, while others 

suggested that the retention of metal ions on 

lignin by adsorption is the result of combining 

several mechanisms, such as ion exchange, 

adsorption and complexation. 
9-12 

In general, the process of adsorption is 

influenced by pH, the dose and nature of the 

adsorbent, the initial concentration of metal ions 

and contact time.
10,13

 An overview of the reported 

studies has revealed that most adsorbent materials 

in the “low-cost” category, to which lignin 

belongs as well, behave as effective adsorbents in 

a narrow pH range, weakly acidic to neutral: 4.0-

6.5.
14

 This is explained by the fact that the pH of 

the initial solution influences not only the 

speciation and solubility of polluting species 

(metallic ions), but also the degree of dissociation 

of functional groups on the surface of the 

adsorbent, considered as adsorption sites.
15

 

The study of adsorption equilibrium is very 

important to determine the retention capacity of 

the adsorbent and establish the basic physico-

chemical parameters of the adsorption process. 

The Langmuir and Freundlich models are most 

commonly used for establishing the equilibrium 

conditions in adsorption processes and are 

considered classic models of adsorption 

isotherms.
16

 The kinetics of the adsorption 

process depends both on the retention process 

itself and on the diffusion stages that lead to the 

transfer of ions from the solution to the active 

sites on the surface of the adsorbent.
17

 The most 

commonly used kinetic models applicable to the 

adsorption of pollutants from aqueous solutions 

are the pseudo-first order Lagergren kinetic 

model, the pseudo-second order Ho and McKay 

kinetic model, and the intra-particle diffusion 

model. 

In this context, the present investigation aims 

at evaluating the retention, under static 

conditions, of Pb
2+

 and Zn
2+

 ions on a chemically 

unmodified Sarkanda grass lignin substrate. 

 

EXPERIMENTAL 
Materials and methods 

Unmodified Sarkanda grass lignin (Sarkanda grass-

100SA-140), supplied by Granit Recherche 

Development S.A. Lausanne, Switzerland, was used as 

an adsorbent substrate. It was expected that, as happens 

in adsorption processes, in contact with the aqueous 

solutions of the two polluting species Zn2+ and Pb2+, 

recognized for their high toxic potential (Table 1), 

many of the functional groups present in the lignin 

structure will dissociate and interact with the metal 

ions. 

 

Table 1 

Properties of unmodified Sarkanda grass lignin
18 

 

Properties of substrate 
Unmodified Sarkanda 

grass lignin 

Lignin insoluble in acids, % 

Lignin soluble in acids, % 

Nitrogen, % 

COOH, mmol/g  

Aromatic OH, mmol/g 

Ash, % 

T (softening), °C  

87 

2 

1.2 

3.3 

1.7 

2.2 

160 
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The stock solutions of metal ions in a concentration 

of 0.001 mg/L were prepared by dissolving separately 

the salts of PbSO4 and ZnSO4 in distilled water. The 

working solutions were prepared by diluting with 

distilled water an exact volume measured from the 

stock solutions, and the concentrations of metal ions in 

aqueous solutions are shown in Table 2. 

For each metal ion studied, an appropriate 

spectrophotometric analysis method was chosen to add 

to the selectivity and accuracy of the determinations. A 

VIS Spectrophotometer V1000 SN was used to 

investigate the spectrophotometric analysis. 

 

Spectrophotometric determination of Pb(II) 

The concentration of Pb
2+

 ions in aqueous solutions 

resulting from phase separation was determined using 

a method based on the reaction between Pb(II) and RIP 

ions (4-(2-pyridilazo)-resorcinol), in a basic medium 

(pH 10, ammonia buffer), when a stable red-orange 

complex with maximum absorption at 530 nm is 

obtained. 

 

Spectrophotometric determination of Zn(II) 
The concentration of Zn(II) was determined by 

using Xylenol orange, which forms a red complex with 

Zn
2+

 ions, that can be investigated 

spectrophotometrically, with maximum absorption at 

570 nm. The choice of Xylenol orange for the 

spectrophotometric determination of Zn(II) in the 

extraction system phases is justified by the fact that the 

reaction color occurs in aqueous solutions, and the 

method is characterized by high sensitivity and 

precision. 

Quantitative determination of the metal ions 

obtained after filtration from the aqueous solutions was 

carried out by analysis of an exactly measured volume 

(2 mL) according to the experimental procedure, and 

the concentration value for each sample was calculated 

from the regression equation of the calibration curve. 

 

Adsorption experiments 

The choice of the initial concentrations of the metal 

ions, the pH of the initial solution, the doses of the 

adsorbent, the temperature and the contact times 

between the two phases were established after some 

experimental tests, which led to optimum values for 

efficient development of static adsorption. Since some 

studies in the literature have shown that temperature 

variation has a fairly small effect on the effectiveness 

of the adsorption process of metal ions onto lignin, the 

influence of this parameter has not been considered in 

experimental studies.
10

 Thus, experiments were 

performed at room temperature (20 ± 0.5 °C), using 5 

g lignin as an adsorption substrate/L of an aqueous 

solution of the two metal ions. This quantity was 

chosen as having an acceptable number of adsorption 

sites available for ion retention, given that in the case 

of lignin, the literature emphasizes a limited number of 

active sites.
10

 

The pH of the initial solution was 6.0, because, at a 

low pH, the presence of excess protons can compete 

with lead and zinc ions for lignin binding sites, and the 

level of the metal ions at higher pH values is higher 

because of the dissociation of functional groups of 

lignin. On the other hand, at a pH above 6.2, there is 

the possibility of precipitation of the two ions, which 

affects the effectiveness of adsorption.
19

 

Amounts of 20 mL of lead sulphate and zinc 

sulphate solutions were added to the lignin substrate in 

different concentrations (Table 2). Subsequently, the 

samples were left to rest, for different times (30, 60 

and 90 minutes), in order to achieve the state of 

equilibrium and to capture the optimal retention time 

of the solution, thus obtaining information on the 

mechanism of adsorption and being able to interpret 

the data from a kinetic point of view. 

After each resting period, phase separations by 

filtration were performed in order to determine the 

concentration of polluting species, using 

spectrophotometric methods, due to their high 

selectivity and sensitivity, relatively short working 

time, simple apparatus and possibility to be used 

successfully for quantitative analysis of metal ions. 

 

Isotherm models 
The starting point in the modeling the adsorption 

equilibrium is to obtain experimentally adsorption 

isotherms, which are then analyzed using mathematical 

models.  

The adsorption efficiency of Pb2+ and Zn2+ was 

evaluated by determining the amounts of metal ion 

retained per unit mass of the adsorbent (q, mg/g) with 

the help of Equation (1):
19

 

q = (Ci-Ce)V/m, (mg/g)               (1) 

where Ci – initial concentration (mg/mL); Ce – 

equilibrium concentration (mg/L); V – volume of 

metal ion solution (L); m – mass of adsorbent (g). 

Mathematical models have been used to shape the 

adsorption isotherms to clearly determine the 

adsorption mechanism. The Langmuir model describes 

monolayer adsorption onto homogeneous surfaces, 

while the Freundlich model considers that the 

adsorption process takes place on relatively non-

homogeneous surfaces. The choice of the most 

appropriate model to describe the experimental data 

was made on the basis of the correlation coefficients 

(R
2
) obtained for the linear representation of each 

model. 

The Langmuir isotherm is expressed using 

Equation (2):19 

qe = q max (kL·  ce/1+ kL·  ce)               (2) 

where KL = Langmuir constant related to free energy 

adsorption (L/mg); qmax = maximum amount of metal 

ion retained on the absorbent after complete saturation; 
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(mg/g); qe = amount of metallic ions adsorbed per unit 

of weight of adsorbent (mg/g) at equilibrium; ce = 

equilibrium concentration (mg/L).  

Freundlich isotherm uses the empirical relationship 

(3):
19

 

qe=kF·  ce
1/n

                 (3) 

where kF = Freundich constant, indicating adsorption 

capacity; n = constant characterizing the affinity of 

metal ions to sorbent; qe = the amount of metallic ions 

adsorbed per unit of weight of adsorbent (mg/g) at 

equilibrium; ce = concentration at equilibrium of metal 

ions in solution (mg/L). 

 

Kinetic models 

With the help of the kinetic models of Lagergren 

and Ho & McKay, the kinetic parameters of the 

adsorption process of Zn(II) and Pb (II) ions onto 

lignin can be determined from the slopes and the 

orderly intercept of linear dependencies lg (qe-qt) and t, 

respectively, t/qt and t. 

The equation for the Lagergren model for 

adsorption in a liquid-solid system is shown as 

follows:
20

 

lg(qe-qt) = lg qe-(k1/2,303) t (linear shape)
  

           (4)
 

The equation of the Ho & McKay model reflects 

the adsorption capacity of the solid phase and is 

expressed through the following relationship:
20

 

t/qt=(1/k2·qe
2
) + t/qe (linear shape)               (5) 

where k1, k2 = constant adsorption rates for model 1 

and 2; respectively; qe, qt = adsorption capacity at 

equilibrium and at time t, respectively. 

 

RESULTS AND DISCUSSION 

Effects of experimental parameters on Pb(II) 

and Zn(II) removal by adsorption on lignin 
Taking into account the nature of the 

functional groups present on the surface of lignin 

and its structural peculiarities, it follows the 

possibility of forming coordinative bonds, due to 

its good affinity with metal ions, such as Pb2+and 

Zn
2+

. 

During the optimization of the experimental 

conditions of Pb2+ and Zn2+ adsorption, it was 

aimed to use a lower dose of lignin, which is 

especially advantageous from an economic point 

of view. Literature data recommend a dose of 

lignocellulosic adsorbent in the range of 4-40 

g/L.
13

 The experimental tests have established 

that, at 5 g lignin/L aqueous solution of metal 

ions, the most efficient retention of the pollutant 

species studied is recorded. 

 

Initial concentration of Pb
2+

and Zn
2+

 
In order to obtain the most conclusive 

information about the adsorption efficiency, the 

quantity of Pb2+ and Zn2+ retained on the unit of 

mass of lignin (q, mg/g) was calculated. 

As expected, the increase in the initial 

concentration of metal ions and the contact time 

between the two phases causes an increase in the 

adsorption capacity of lignin until most functional 

groups of lignin are fully occupied. At this point, 

the diffusion to the unreacted functional groups 

(free), which are found inside lignin particles, will 

most likely be hampered. 

 

Initial solution pH 
With the increase in the pH of the initial 

solution, there occurs the deprotonation of the 

functional carboxyl and hydroxyl groups on the 

surface of lignin, and they become negatively 

charged, binding Pb
2+

 and Zn
2+

 from the aqueous 

solution.  

 

 

Table 2 

Quantity of Pb2+ and Zn2+ retained per unit mass of lignin (q, mg/g)  

 

q Pb
2+

 (mg/g) q Zn
2+

 (mg/g) 

Time (minutes) Time (minutes) 

 CPb2+ 

(mg/L) 

30 60 90 

 CZn2+ 

(mg/L) 

30 60 90 

20.72 2.7374 2.7453 2.7463 6.538 0.8513 0.8543 0.8558 

41.44 5.4539 5.4808 5.4843 13.076 1.6942 1.6992 1.7022 

62.16 8.1724 8.1980 8.2068 19.614 2.5206 2.5334 2.5403 

82.88 10.8873 10.9198 10.9312 26.152 3.3348 3.3696 3.3832 

103.6 13.6089 13.6383 13.6430 32,69 4.1434 4.1911 4.2119 

124.32 16.3244 16.3576 16.3646 39.228 4.9440 5.0212 5.0390 

145.04 19.0078 19.0697 19.0773 45.766 5.7567 5.8275 5.8471 

165.76 21.7170 21.7609 21.7641 52.304 6.5589 6.6069 6.6270 

186.48 24.4041 24.4547 24.4604 58.842 7.3489 7.4212 7.4605 

207.2 27.0849 27.1693 27.1772 65.38 8.1155 8.1953 8.2411 
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However, considering that, at an alkaline pH, the 

ions studied can precipitate in the form of 

hydroxides, and the process of adsorption can be 

thus stopped or attenuated, a pH of 6 was chosen 

as the optimum – a value at which lead and zinc 

exist in the form of divalent ions, and is 

recommended by the literature.21 

 

Contact time 
The contact time between the two phases, 

necessary to achieve the equilibrium state, is 

another important parameter of the adsorption 

process that needs to be optimized. Given the 

complexity of the lignin structure, the migration 

of the two metal ions to the internal functional 

groups may require a variable contact time to 

achieve the adsorption equilibrium, which is why 

the adsorption ability of lignin has been tested for 

three different contact times: 30, 60, 90 minutes. 

The increase in the contact time between the 

two phases of the adsorption system leads to an 

increase in the amount of metal ions retained on 

the lignin, in the case of both Pb(II) ions and 

Zn(II) ions. This increase is more pronounced in 

the initial stage, for both metal ions studied, then 

the process becomes slower, reaching a maximum 

after 60 minutes. At this point, saturation is 

probably reached and thus, the adsorption process 

respects Le Châtelier’s principle of mobile 

equilibrium. Under these circumstances, the 

contact time of 60 minutes can be considered as 

the optimal value, as it is sufficient to achieve 

equilibrium in the retention of Pb(II) and Zn(II) 

ions from aqueous solutions onto the unmodified 

Sarkanda grass lignin. 

 

Adsorption isotherms 

By using adsorption isotherms, we can see the 

two phases of the adsorption system and the 

distribution profile of the two metal ions studied. 

Following the graphical representation q (mg/g) 

according to the values of the equilibrium 

concentration of the metal ions in the aqueous 

solution (c, mg/L), the isotherms obtained 

experimentally for the adsorption of Pb(II) and 

Zn(II) ions onto the lignin are nonlinear in the 

range of concentration studied, exhibiting a 

typical behaviour. For their modeling, the 

classical Freundlich and Langmuir models were 

used, to obtain an insight into the way the two 

ions are fixed on the surface of lignin – through 

mono- or multi-layer adsorption. Subsequently, 

linear dependencies corresponding to the 

Freundlich and Langmuir models were obtained, 

and the values of the characteristic parameters for 

each model were calculated from the regression 

equations, together with the values of the 

correlation coefficients obtained.  

The linear representation of the Freundlich 

model for the adsorption of Pb(II) and Zn(II) ions 

from aqueous solutions onto unmodified 

Sarkanda grass lignin, under optimal experimental 

conditions (temperature: 20 ± 0.5 °C, contact time: 

60 min, pH 6), is shown in Figure 1 (a and b). The 

characteristic parameters of the Freundlich model 

obtained for the adsorption of Pb(II) and Zn(II) 

ions from aqueous solution onto unmodified 

lignin at 20 °C and for different contact times are 

shown in Table 3. 

From the analysis of the experimental data 

(Table 3), it follows that the values of the 

correlation coefficients obtained for the 

Freundlich model, for both metal ions, are around 

0.99, which means that there are no significant 

differences between the correlation factors for the 

two polluting species. Also, the contact time of 60 

minutes seems to be the optimal time of 

adsorption in the case of both ions. The adsorbent 

seems to have reached saturation, lowering the 

concentration gradient and leading to a decrease 

in the rate of adsorption, which can be explained 

considering that adsorption is a surface process. 

The linear representation of the Langmuir 

model for the adsorption of Pb(II) and Zn(II) in 

aqueous solutions onto unmodified lignin under 

optimal experimental conditions is presented in 

Figure 2 (a and b). The characteristic parameters 

of the adsorption process of Pb(II) and Zn(II) ions 

from aqueous solution on unmodified Sarkanda 

grass lignin at 20 °C, for different contact times, 

are shown in Table 4. 

In the case of the Langmuir model, the values 

of the correlation coefficients obtained R
2
 ϵ (0.98-

0.99), but are closer to the upper limit 0.99, 

similarly to the case of the Freundlich model. 

Also, R
2
 has slightly higher values for the 

adsorption of Zn
2+

, compared to those for Pb
2+

. 

Analyzing the correlation coefficients obtained 

for both models, it is not possible to determine 

with certainty whether the adsorption is physical 

or chemical, which will, most likely, be clarified 

with the help of kinetic models. 
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Figure 1: Freundlich model for adsorption of Pb(II) (a) and Zn(II) (b) onto unmodified Sarkanda grass 

lignin for 60 minutes 

  
Figure 2: Langmuir model for adsorption of Pb(II) (a) and Zn(II) (b) onto unmodified Sarkanda grass 

lignin for 60 minutes 

 

Table 3 

Characteristic parameters of the Freundlich model 

 

Pollutant Time (min) R
2
 1/n kF 

30 0.9971 0.9028 2.1586 

60 0.9987 0.9595 2.0070 Pb
2+

 

90 0.9990 0.9694 1.9776 

30 0.9982 0.5506 1.9286 

60 0.9966 0.6061 1.9466 Zn
2+

 

90 0.9952 0.6341 1.9460 

 

Table 4 

Characteristic parameters of the Langmuir model 

 

Pollutant Time (min) R
2
 qmax.(mg/g) KL 

30 0.9822 13.0208 0.0651 

60 0.9868 13.1233 0.0759 Zn
2+

 

90 0.9899 13.2100 0.0754 

30 0.9926 12.5470 0.0786 

60 0.9917 13.1061 0.0754 Pb
2+

 

90 0.9910 13.1926 0.0750 

 

 

The optimal contact time can be considered 

that of 60 minutes, as during this contact time, the 

amount of adsorbed polluting species retained per 

unit mass of the adsorbent recorded the maximum 

value.  

It also results from the Langmuir model that 

the surface of lignin can be considered 

homogeneous, the adsorption of the ions 

occurring until the formation of a monolayer 

covering the solid particles. The maximum 

adsorption capacity (qmax, mg/g), calculated from 

the Langmuir model, reached values between 

13.02 mg/g and 13.21 mg/g for Pb(II), and 

between 12.54 mg/g and 13.19 mg/g for Zn(II). 
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These values are comparable to those reported for 

other types of low-cost materials in the 

literature.
13

 Analyzing the behavior of both ions, 

it can be inferred that both Zn
2+

and Pb
2+

 show a 

good ability to bind with lignin, with a “plus” for 

lead, probably due to more intense complexing 

interactions.  

Thus, it can be concluded that lignin is a good 

alternative as an adsorbent with potential 

application in the retention of Pb(II) and Zn(II) 

ions. On the other hand, the high values obtained 

for the Langmuir (KL) constant, which can be 

correlated with the energy of binding by 

adsorption, suggest that strong interactions (ionic 

exchange or superficial complexation) occur 

between the metal ions of Pb(II) and Zn(II) from 

the aqueous solution and the functional groups on 

the surface of the lignin. 

 

Kinetic studies 
The kinetic parameters of the adsorption 

process of Zn(II) and Pb(II) ions onto lignin were 

determined using the specific kinetic models: the 

Lagergren model for adsorption in a solid-liquid 

system and the Ho & McKay kinetic model to 

reflect the adsorption capacity of the solid phase. 

Figures 3 and 4 illustrate the linear dependencies 

obtained for each kinetic model, for the 

adsorption of Pb(II) and Zn(II) ions from aqueous 

solutions on Sarkanda grass lignin, under optimal 

conditions, at the initially normalized 

concentration of 10 mg/mL. The characteristic 

kinetic parameters, calculated from the slopes and 

the orderly intercept of these dependencies, are 

presented synthetically in Tables 5 and 6. 

From the comparison of the kinetic data 

obtained experimentally and those represented 

according to the pseudo-first order Lagergren 

model, it is observed that Zn(II) ions are retained 

more intensely than Pb(II) ions from aqueous 

solutions on the lignin substrate. For Zn
2+

 

adsorption, the correlation coefficient values 

belong to the range of 0.72-0.99, while for Pb
2+

 

adsorption, these are within the range of 0.87-

0.94, which might suggest that electrostatic 

interactions probably established between the 

metal ions and the functional groups of the lignin, 

which are influenced by the nature of the metal 

ion. Compared to Zn
2+

, it seems that Pb
2+

 

participates more actively in the ion exchange 

interactions that take place on the surface of 

lignin in the early stages of adsorption.  

Given that some correlation coefficient values 

in the case of the pseudo-first order Lagergren 

kinetic model are below 0.95, it can be inferred 

that this kinetic model has limited applicability 

for the kinetic description of the adsorption of 

Pb2+and Zn2+ ions from aqueous solutions on 

lignin. Therefore, it can be stated that the pseudo-

first order kinetic model is less appropriate for 

describing the adsorption process in the present 

study, and for this reason, the Ho & McKay 

pseudo-second order model was also examined. 

The kinetic parameters of the pseudo-second 

order Ho & McKay model obtained for the 

adsorption of Pb(II) and Zn(II) ions from aqueous 

solution onto unmodified Sarkanda grass lignin 

are presented in Table 6. 

Analyzing the experimental data, it follows that 

the Ho & McKay pseudo-second order kinetic 

model best describes the adsorption of the Pb2+ 

and Zn2+ metal ions onto lignin. 

 

 
  

Figure 3: Lagergren model for adsorption of Pb(II) (a) and Zn(II) (b) ions onto unmodified Sarkanda 

grass lignin 
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Figure 4: Linear representation of the pseudo-second order Ho & McKay model for adsorption of Pb(II) 

(a) and Zn(II) (b) ions onto unmodified Sarkanda grass lignin 

 

Table 5 

Kinetic parameters of the pseudo-first order Lagergren model for adsorption of Pb(II) and Zn(II) ions 

 

Pollutant 
ci 

mg/mL 
R

2
 

qe 

mg/g 

K1 

min 
-1 

10 0.9425 1.5078 -0.0019 

20 0.9353 1.8166 -0.0017 

30 0.8893 2.2578 -0.0017 

40 0.8302 5.2677 -0.0021 

50 0.8845 3.3091 -0.0019 

60 0.9001 2.3909 -0.0017 

70 0.8598 5.0334 -0.0020 

80 0.9012 3.5948 -0.0020 

90 0.8977 3.1336 -0.0018 

Pb
2+

 

100 0.8769 4.3068 -0.0019 

10 0.8720 2.5914 -0.00019 

20 0.8249 4.9958 -0.00013 

30 0.8460 3.2245 -0.00010 

40 0.7668 10.7006 -0.00014 

50 0.7656 9.2248 -0.00012 

60 0.7696 11.0066 -0.00012 

70 0.7395 20.6910 -0.00014 

80 0.7583 11.1774 -0.00013 

90 0.7445 9.4763 -0.00011 

Zn
2+

 

100 0.7246 13.7261 -0.00012 

 

Table 6 

Kinetic parameters of the pseudo-second order Ho & McKay model for adsorption 

of Pb(II) and Zn(II) ions 

 

ci 

mg/mL 

qe 

mg/g 

K2 

g/mg.min 

qe 

mg/g 

K2 

g/mg.min 

 Pb
2+

 Zn
2+

 

10 1.3257 18.473 1.3092 10.234 

20 2.6483 5.3401 2.6041 5.7375 

30 3.9619 4.4240 3.8865 2.3476 

40 5.2770 3.4529 5.1760 1.1311 

50 6.5876 4.7027 6.4474 0.6795 

60 7.8988 3.9091 7.7160 0.5136 

70 9.2081 2.3587 8.9525 0.5354 

80 10.504 3.4857 10.141 0.6895 

90 11.806 2.8696 11.415 0.4081 

100 13.123 1.7595 12.61 0.3614 
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If for the pseudo-first order Lagergren model, 

R2 had values ranging between 0.72 and 0.99, in 

the Ho & McKay model, R
2
 is uniform in the case 

of both ions, which can lead to the hypothesis 

that, in the adsorption mechanism of of Pb(II) and 

Zn(II) ions from aqueous solutions onto lignin, 

the rate-determining step is the chemical 

interaction between the metal ions and the 

functional groups in the structure of the 

adsorbent. This probability is supported by the 

other parameters obtained: qe and K2, which show 

more pronounced adsorption of Pb(II) than of Zn 

(II), which is probably explained by higher 

affinity between the lead ions and lignin. Also, by 

correlation with the parameters obtained in the 

case of the Freundlich and Langmuir models, it 

can be stated that chemo-sorption is predominant 

at the expense of physical adsorption, and the 

active centers on the lignin surface are accessible 

for the Pb(II) and Zn(II) ions from the aqueous 

solution. Therefore, the experimental data show 

that the Ho & McKay pseudo-second order 

kinetic model is the most appropriate one to 

describe the adsorption of Pb(II) and Zn(II) on 

lignin, suggesting its chemical nature, probably 

by the formation of complexes depending on the 

availability of functional groups of lignin.  

From the analysis of the obtained results, it 

follows that the adsorption of Pb(II) and Zn(II) 

ions from aqueous solutions on unmodified 

Sarkanda grass lignin probably takes place in two 

successive stages: in the first stage, adsorption is 

achieved more rapidly by ion-exchange 

interactions that occur on the surface of the lignin, 

followed by a second, much slower stage, where 

intraparticle diffusion becomes more important in 

the retention of metal ions on the functional 

groups in the pores of the lignin. Therefore, it can 

be concluded that lignin will act as a chemical 

substrate in which the functional groups are 

strongly related to the skeleton and can retain the 

polluting species from the solution through 

specific chemical interactions. This recommends 

lignin as an economically viable alternative for 

wastewater treatment, especially in Romania, 

where significant quantities of residual lignin 

result as a waste from biomass processing by 

biorefining. 

 

CONCLUSION 

In the present study, unmodified Sarkanda 

grass lignin has been demonstrated as an effective 

adsorbent under precisely established/optimal 

experimental conditions – room temperature (20 ± 

0.5 °C), low acid to neutral pH for both lignin and 

aqueous solutions of zinc and lead ions (pH 6), a 

dose of 5 g adsorbent/L pollutant solution, in the 

concentration range studied (Table 2), during a 

contact time of 60 minutes. 

Isothermal modeling of experimentally 

obtained adsorption data was done using the 

Freundlich and Langmuir models. From the 

analysis of the correlation coefficients for both 

models, it was not possible to determine with 

certainty whether the adsorption was physical or 

chemical, but it was further clarified with the help 

of kinetic models.  

From a kinetic point of view, the adsorption of 

Zn(II) and Pb(II) ions from aqueous solutions 

onto unmodified Sarkanda grass lignin was best 

described by the Ho & McKay pseudo-second 

order kinetic model, which considers that the rate-

determining step of the adsorption process 

involves the chemical interaction between zinc 

and lead ions as polluting species in aqueous 

solutions and the functional groups of Sarkanda 

grass lignin. 

Therefore, it can be concluded that Sarkanda 

grass lignin used as an adsorbent can be an 

efficient and economically viable solution for 

water pollution control, especially in countries, 

where this waste is found in significant quantities. 
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