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Removal of Pb (II) Ions from Aqueous Solution and 
Industrial Wastewater using Activated Carbon Prepared 
from Flax Straw

Abstract
This study aimed to prepare AC from flax straw and investigate its potential for the removal of Pb (II) ions from aqueous solution and real industrial wastewater. 
AC was prepared by chemical activation method using H3PO4 as activating agent. The effects of initial Pb (II) ion concentration, adsorbent dose, contact time and 
pH on the removal efficiency were studied by using aqueous solution prepared from Lead nitrate (Pb (NO₃)₂) on a batch mode. Response surface methodology 
was used in order to carry out experimental runs. The collected wastewater sample was characterized before and after treatment according to APHA methods. 
Activated carbon was characterized and results showed that the flax straw AC had 8.04% of moisture, 6.04% of ash, 18.615% of volatile matter, 79.421% of fixed 
carbon, 459.807 mg/g of iodine number and surface area of 489.455 m2/g. Physico-chemical characteristics showed that raw wastewater had a concentration of 
3.95 mg/L Pb (II), 158.52 mg/L BOD5, 2482 mg/L COD, and 652.667 mg/L TSS. The highest removal efficiencies of Pb (II) metal ion which was achieved from 
aqueous solution and paint wastewater were found to be 95.16% and 78.73%, respectively. The experimental data are fitted with pseudo-second order model and 
adsorption of Pb (II) on flax straw AC fits the model of Langmuir very well. The results of the study suggested that flax straw AC can be used as an adsorbent for 
the removal of Pb (II) ion from industrial wastewaters.
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Introduction

Currently there is a rapid population growth and there is also a growing 
trend of industrial sector development. Continued population growth and rapid 
industrialization are found to be the cause of wastewater discharge into the 
environment, affecting the environment, human health and the life of future 
generations. The liquid waste discharged from industries contains heavy 
metals like Pb, Cd, Cr, Cu, Ni and Zn toxic to living organisms [1]. Among 
these toxic metals; Lead is a potent poison and is harmful in even very small 
amount to humans and other living organisms because of its known toxicity [2]. 
Therefore, industries have to use treatment technologies in order to remove 
this toxic metal from wastewater. A number of advanced technologies like 
precipitation, ion exchange, coagulation and electro dialysis can be used to 
remove heavy metals from industrial effluent [3]. But; it is difficult to use some of 
these advanced technologies in all level of developing countries for industries 
to deal with heavy toxic industrial wastewater. In addition to this, these 
modern technologies have numerous drawbacks such as incomplete metal 
ion removal, high energy and reagent costs, and toxic sludge [4]. Therefore, 
the use of various adsorbents like activated carbon is of great interest due 
to environmental concerns. Adsorption technique using activated carbon 
look to be more attractive due to its simplicity, ease of use, high efficiency, 
and being economical in the removal of heavy metals from wastewater [5-7]. 
Despite the fact that activated carbon has numerous applications in various 
industries, the main challenge is obtaining the best and excess raw materials 
with the potential to produce effective activated carbon since commercial 

activated carbon is primarily coal-based activated carbon, which is more 
expensive. Consequently, it is critical to look for alternative raw materials from 
lignocellulose agricultural waste since they are renewable supply, low cost, 
easy availability, and environmental friendliness [8]. 

Conversion of lignocellulose agricultural waste to activated carbon is 
a possible and feasible approach. It can be done via physical activation or 
chemical activation method [7]. Chemical activation methods often carried 
out at lower activation temperatures and shorter activation time than 
physical activation. Chemical activation produces higher yields of activated 
carbons than physical activation because the chemical agents utilized have 
dehydrogenation capabilities, which prevent the creation of tar and limit the 
development of other volatile compounds [9].

Several researchers have adopted various low-cost adsorbents, but 
there is still a need to develop activated carbon from cheaper and readily 
available materials, which can be effective and economical for the removal 
of heavy metals from wastewater. It is known that flax straw is one of the low 
cost agricultural waste by-products [10]. Flax straw contains high carbon and 
volatile matter content and low ash percentage [11]. So, it is possible to convert 
flax straw to AC. And also, flax straw is availability most regions of Ethiopia 
since it is preferable at low soil fertility. However, flax straw is not used for 
animal feed rather it is directly discharge to the environment and pollutes the 
environment. Thus, using this biomass for production AC is very important. 
Phosphoric acid activation causes less environmental and toxicological 
contamination. considering this, this study was used H3PO4 as activating agent 
for the preparation of AC from flax straw for lead metal ions removal from 
aqueous solution and real industrial wastewater. 

Materials and Methods 

Preparation of activated carbon 

 Flax straw was first collected from Holeta Agricultural Research Center, 
Ethiopia. Then, the straw was chopped into small pieces, washed and sun 
dried. The sun dried sample was milled to a size of 0.5 mm using cutting mill 
(Fritsch Cutting Mills Pulverisette, Germany). The sample was dried in oven 
(PRI/1501A, India) at 105°C for 24 h and 11 g of sample was impregnated with 
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30.3 ml of solution (30%, 50% and 70% H3PO4) at impregnation ratio of 2.75 
for 24 h. After that, it was dried in oven at 105°C for 24 h and carbonized in a 
muffle furnace (MV 106, Germany) at carbonization temperatures of 400, 500 
and 600°C at carbonization times of 30, 60 and 90 min [8]. The sample was 
washed with distilled water, 0.5 M HCl (37%) and 0.5 M NaOH until the effluent 
water shows neutral pH after cooling in desiccator. Lastly, sample was dried in 
an oven at 105°C for 24hrs, grinded with mortar and pestle, sieved using 125 
µm sieves and stored in plastic bottles for further analysis. 

Characterization OF activated carbon

Proximate analysis of the activated carbon (Ash content, moisture content 
and volatile matter were determined by ASTM D2866-94 (2004), ASTM D2867-
94 (2004) and ASTM D5832-98 (2014) respectively. whereas, fixed carbon 
content was determined by was subtracting the resultant of summation of 
percentage moisture, ash, and volatile matter subtracted from 100 [12]. Iodine 
number was measured by ASTM D4607-94 (2006). The surface area of flax 
straw activated carbon was determined by BET surface area analyzer (SA-
9600 Series Surface Area Analyzer, Horiba instruments, Inc.). 

The surface morphology of the flax straw activated carbon sample was 
analyzed by the Scanning Electron microscope (Model: FEI-INSPECT-F50). 
To identify the functional groups that might be involved in the binding of heavy 
metal ions on its surface, activated carbon sample was analyzed by Thermo 
Scientific FT-IR instrument (Model: SMART iTX, Thermo scientific). The XRD 
analysis was carried out by using X-Ray diffractometer (model: XRD-7000 
X-RAY Difractometre, MAXlma) under the condition of voltage 40.0 KV and 
current 30.0 mA. The scan was obtained from a range of 5.000 to 85.000 
(Bragg angle 2θ) of sampling pitch 0.02° every 0.40 (sec). 

Batch adsorption experiments 

Preparation of synthetic wastewater: The lead (II) stock solution was 
prepared by the methods of [13] with little modifications. Synthetic wastewater 
samples of 500 mg/l was prepared by dissolving 0.8 g of lead nitrate ((99% 
New Delhi, India) in 500 ml distilled water. The lead standard working solutions 
were prepared by serial dilution using equation 2.1 given below.

1 1 2 2C V C V=                                                                                               2.1            

Where: C1 is the initial concentration (mg/l), C2 is the final concentration 
(mg/l), V1 is the initial volume (ml), and V2 is the final volume (ml)

Calibration curve plot for lead metal solution: The calibration curve of 
absorbance against lead metal concentration was obtained by the method 
of [14]. The concentrations of lead metal ions in solutions were estimated by 
measuring absorbance at wavelength of 300 nm by UV-Vis Spectrophotometer 
(Model-UVD-3200, LABOMED, INC). Finally linear relationship of absorbance 
vs. concentration of lead was plotted and final concentration of lead was found 
from the equation 2.2.

intercepteAbsorbance slope C Y= ∗ + −                            2.2

Batch experiment procedures

The batch experiments were performed in accordance with the procedure 
established by [4] with little modifications. In this study, for each experimental 
run, working solutions (40-80ppm) were obtained from the stock solution by 
serial dilution and the pH was adjusted from (2-10) by adding 0.1M HCI or 0.1M 
NaOH. Then, adsorbent dose (1- 4) g was added in each 250ml Erlenmeyer 
flask containing the solution and samples were shaken on incubator shake 
(Model: Excella E24R) at room temperature, at a constant rate (250 rpm) at 
contact time of (10-120) minutes. The samples were collected at the end of 
time required for adsorptions. The supernatant liquid was filtered by qualitative 
filter paper of seize 15 cm and collected 100 ml volumetric flask and analyzed 
for lead metal ions removal percentage using UV-Vis Spectrophotometer 
(UVD-3200, LABOMED, INC.) at 300nm. The percent removal of metal ions 
was calculated by using the following formula [4]:

 removal= 100o e

o
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C
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                                                 2.3
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W
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                                         2.4

Where,

 Co (mg/l) is the initial concentration of lead metal ions and, Ce is the 
concentration of lead metal ions at equilibrium, V (L) is the volume of lead 
metal ions solution in the flask and W (g) is the mass of activated carbon used 
in the experiment.

Isotherm study

Isotherm study was performed according to the procedures developed 
by Mustapha S, et al. [15] with little modifications. Adsorption isotherms 
were investigated for (20–90) mg/l initial lead metal ion concentrations using 
4 g of flax straw activated carbon sample added to 100 ml of the metal ion 
concentrations and shaken for equilibrium time of 101 minutes at 250 rpm. 
Two isotherm models, namely Freundlich and Langmuir, were employed in 
this study.

Kinetic study

Kinetic study was conducted according to the methods developed by 
Mustapha S, et al. [15] with little modification. Kinetics study was conducted 
by taking 100 ml of lead metal ions solution with initial concentration of 46.7 
mg/l in 250 ml Erlenmeyer flasks and adjusting the pH to 4.9. Then 4 g of 
flax straw activated carbon was added to each samples and the solution will 
be agitated at 250 rpm in incubator shaker at different contact time(10-80) 
minutes at room temperature. The kinetics of lead metal ions adsorption on 
flax straw activated carbon was analyzed using pseudo first-order and pseudo 
second-order kinetic models.

Experimental design

Initial Pb (II) ion concentration, adsorbent dosage, contact time and pH on 
the removal efficiency of Pb (II) ion using flax straw activated carbon over three 
levels were analyzed by Box–Behnken methods in order to understand their 
effect on adsorption of lead metal on AC. Removal efficiency was considered 
as response variable during the experiment.

Collection and characterization of industrial wastewater

Plastic bottles of 2000 ml was used to collect wastewater samples from 
KADISCO paint factory located in Addis Ababa, the sub city of Akaki Kality after 
cleaning with tap water, hydrochloric acid and distilled water and transported 
to the laboratory. Lead metal ions concentration and physicochemical 
characteristics of the wastewater sample (temperature, pH, and turbidity, 
BOD5, COD, DO, TSS and TDS) were analyzed before and after adsorption 
according to APHA (2017) method.

Result and Discussion

Characterization of flax straw activated carbon

The physicochemical properties of the prepared activated carbon were 
determined and the results are presented in Table 1. 

As it indicated in the Table 1 above, physicochemical properties of the 
prepared activated carbon were in a reasonable agreement with standards 
set by Maulina S and Iriansyah M [16]. The presence of low ash content in 
activated carbon resulted in high fixed carbon content. This is because low 
ash percentage increases the solid yield of the carbon and produce high fixed 
carbon. According to the data obtained from Ukanwa K, et al. [17], activated 
carbon derived from chemically activated agricultural wastes has a surface 
area ranging from 200 m2/g to 2000 m2/g. As a result, the result of this study 
is in reasonable agreement for its surface area. To sum up, activated carbon 
having high surface area would have better adsorption potential in heavy metal 
removing process. 
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Fourier transformer infrared spectroscopy (FTIR)  
analysis

FTIR spectroscopy was used to conduct a quantitative investigation of 
the key functional groups involved in the adsorption of lead metal ions onto 
activated flax straw. In the range of 4000 cm-1 to 400 cm-1, the FTIR spectra of 
lead metal ions loaded and unloaded activated carbon treated with phosphoric 
acid were observed. The recorded adsorption spectra before and after 
adsorption are shown in Figure 1.

Because the Pb (II) ion binds to the activated carbon's active sites, the 
FTIR spectrum of the activated carbon exhibits variances in peak frequencies, 
showing the presence of ionizable functional groups on the activated carbon 
that might interact with additional cat ions.

X-Ray diffraction analysis

The key objective of X-ray diffraction is to gather structural information on 
activated carbon crystalline solids [18]. Activated carbons can be categorized 
into two categories depending on their graphitizing capacity, on the basis 
of XRD studies [19]. Due to the formation of strong cross-linking between 
adjoining randomly oriented elementary crystallites, non-graphitizing carbons 
are hard and have a well-developed micro porosity structure. Graphitizing 
carbons, on the other hand, showed poor cross-linking and a less developed 
porous structure. The X-ray diffraction patterns of flax straw activated carbon 
prepared at optimal conditions are shown in Figure 2 below. The broad peak in 
the 2Ɵ range (20.67-30.47) O suggested that the main structures of prepared 
activated carbons are amorphous as expected which is a desirable feature for 
porous adsorbents with well-defined pores. Additionally, the lack of a distinct 
peak indicates that the majority of the activated carbon is amorphous, which is 
a favorable adsorbent characteristic [18]. This result was similar with previous 
studies on activated carbon produced from agricultural wastes [20,21].

Scanning electron microscopy

The main purpose of performing Scanning Electron Microscopy (SEM) 
technique was in order to observe the surface physical morphology of the 
flax straw activated carbon prepared by phosphoric acid as activating agent.  
Figure 3 show the SEM image with magnification of 50 μm. 

Porosity is seen on the surfaces of the prepared activated carbons caused 
by the activating agent (phosphoric acid) evaporating during the carbonization 
of the sample in a muffle furnace, leaving empty spaces. Porosity is a great 
adsorbent texture because it gives a lot of surface area for the adsorption 
process [22].

Effects of individual factors on Pb (II) ion removal  
efficiency

Effects of pH: At low pH values, there is excessive protonation of the 
flax straw activated carbon surface thereby preventing the metal ions from 
approaching the binding sites of the surface resulting in a low removal 
efficiency of Pb (II) ions as it indicated in Figure 4A. This is consistent with the 
results obtained by Boudrahem F, et al. [23]. When the pH value is increased 
from 3 to 3.66, the number of H+ ions decrease and the surface of the activated 
carbon is negatively charged, therefore, the metal ions get the opportunity to 
be adsorbed on the surface of activated carbon and, as a result of this, the 
removal efficiency increased from 63.2 to 65.6%. The decrease in competition 
between protons (H+) and positively charged metal ions at the surface sites can 
explain the increase in metal removal when pH rises [7,14]. Further increase of 
pH value above 4.53 causes the removal efficiency to decrease since at high 

pH, there are more hydroxyl ions (OH–) in the solution which react with the Pb 
ions to form their insoluble hydroxides. Thus, precipitation takes place and it 
will clog the active site of the carbon which reduces the rate of adsorption [24]. 

Effect of adsorbent dose: Adsorbent dosage is another important 
parameter because it determines the capacity of the adsorbent for a given 
Lead metal ions concentration and also determines the sorbent– sorbate 
equilibrium of the system. The removal of Pb (II) ions was increased while 
the adsorbent dose was increased from 1 to 4 g, as shown in Figure 4B since 
increasing the adsorbent dosage results in a larger adsorption surface area 
[23]. A similar result was reported in the elimination of Pb (II) ion from paint 
industry wastewater using Activated Carbon Derived from African Arrowroot 
(Canna indica) Stem [7]. Furthermore, the study that was done previously 
by Wamb EW, et al. [25], show that in the initial stages, the amount of lead 
adsorbed increased linearly with respect to the adsorbent mass showing that 
the increase in mass of adsorbent increased the amount of available adsorbent 
sites at which Pb (II) ions could adsorb.

Effects of initial Pb (II) ions concentration: It is known that the initial 
concentration provides a good driving force to overcome all mass transfer 

Independent Variables Unit
Levels

Minimum Maximum
Adsorbent dose g 1 4

pH of the solution - 2 10
Initial lead metal concentration 

Contact time Mg/l minutes 40
10

100
120

Table 1. Independent variables and their levels for adsorption experiment.

 

Figure 1. FTIR spectra of flax straw activated carbon.

Figure 2. XRD patterns of the flax straw activated carbon.

Figure 3. SEM images of the flax straw AC treated with phosphoric acid as activating 
agent.
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resistance of lead ions between the aqueous solution and solid phase of 
activated carbon. In this study, with the increase in concentration from 40.3 
to 61.1 mg/l, the removal of Pb (II) ion was found to be small as it indicated 
in Figure 5A. This is due to the reason that at low concentrations, the number 
of lead ions available in the solution is less compared to the available binding 
sites on the surface of activated carbon. As a result, all of the lead ions have 
the potential to interact with the active site [24,26].

In contrast, higher initial concentrations resulted in more lead ions being 
linked to the adsorbent surface, causing the active site to become insufficient 
and adsorbent saturation, resulting in a drop in removal efficiency [24].

Effect of contact time: Contact time is a very important parameter in 
adsorption processes. It determines the equilibrium time of the adsorption 
process. The characteristics of activated carbon and its available adsorption 
sites affects the time needed to reach equilibrium [26]. As it indicates in  
Figure 5B, there was an increase in percentage removal of lead metal ions 
as contact time increased from 10 to 101 minutes until equilibrium was 
reached. Because there were more unoccupied spaces on the surface of the 
activated carbon at the beginning, and metal ion uptake was higher, there was 
a continuous increase in adsorption capacity by expanding the time slot from 

the start (10 minutes in this case) to 101 minutes. However, further increases 
contact time beyond 101 minutes would not be sufficient to create a sufficient 
change in metal adsorption because unoccupied areas have already been 
filled, and equilibrium has been reached [27]. Apparently, the adsorption of 
most metal ions by activated carbon generally reaches equilibrium within 120 
min [26]. Therefore, based on the result of this study 101 minutes was found to 
be the equilibrium time for other experiments.

Interaction effect of adsorption process parameters: As shown in the 
Figure 6A, increase in the contact time provided more Pb (II) adsorbed on its 
surface of the adsorbent. And also, as the pH of the solution increases, the 
adsorption efficiency of flax straw activated carbon increases. Thus, maximum 
adsorption occurs at around 101 minutes and pH of 4.9.

The combined effects of adsorbent dose and initial concentration on the 
adsorption efficiency of Pb (II) are depicted in Figure 6B as a 3D plot. Increase 
in the adsorbent dose provided more surface area or increased available 
adsorptions sites which increased the amount of Pb (II) adsorbed on its surface. 
As shown in the Figure 6C, the removal efficiency of activated carbon was low 
at maximum values of contact time and initial lead metal concentration.

Figure 4. The effect of initial metal concentration (A) and contact time (B) on removal efficiency.

Figure 5. The interaction effect of contact time and initial concentration.



J Civil Environ Eng, Volume 12:4, 2022Mindahun T.

Page 5 of 7

Adsorption isotherm study

Figure 7 below shows Langmuir (A) and Freuindlich Plot of lead metal 
ions adsorption at room temperature, pH of 4.9, activated carbon of dosage of 
4 g and contact time of 101 minutes and for different initial lead metal solution 
concentrations and Table 2 shows the parameters of these isotherm models.

From the Table 3 above, the correlation coefficients (R2) of Langmuir 
and Freundlich isotherms models were found to be 0.9704 and 0.9587, 
respectively. Therefore, from this result we can say that the adsorption of Pb 
(II) on flax straw activated carbon fits the model of Langmuir very well. 

Adsorption kinetic study 

Kinetic models (pseudo-first order and pseudo-second order) were 

 

Figure 6. Langmuir adsorption isotherm plot for adsorption of Pb2+ on flax straw AC.

 

Figure 7. Freundlich adsorption Isotherm model plot.

 

Figure 8. Pseudo-first-order kinetics model plot.

investigated at optimum conditions (adsorbent dosage of 4 g, initial lead 
solution concentration of 46.7 mg/l and pH of 4.9). Both kinetic models were 
based on the assumption that the rate of occupation of adsorption sites is 
proportional to the number of unoccupied sites. The best fit model was selected 
based on the linear regression correlation coefficient (R2).

Pseudo-first order kinetic model

 Figures 8 and 9 below indicate the plots pseudo-first order and pseudo 
second order kinetic model and Table 4 summarized the constant values for 
these kinetic models. According to the values of correlation coefficient, R2 as 
indicated in the Table 5 below, pseudo-second order model showed a higher 
(R2 =0.9903) value which indicate that the kinetics of adsorption of lead metal 
adsorption by flax straw activated carbon could be better described by pseudo-
second order model.

Flax straw AC performance for lead removal from real 
wastewater

Table 6 given below show the characteristics of untreated and treated 
wastewater. Except for temperature, the concentrations of most parameters 
in untreated wastewater exceeded the EEPA standard [28]. The concentration 
of Pb (II) ions, in particular, was found to be much greater than the standard, 
indicating that it must be removed to avoid environmental vulnerabilities. The 
results indicate that highly polluted effluent of the Pb (II) value was 3.95 mg/L 
as against the maximum limited Pb (II) which is 0.50 mg/L as stated by UNIDO 
EPA [28]. 

Parameters Result
Ash content (%) 6.04

Moisture (%) 8.004
Fixed carbon (%) 79.421
Volatile matter (%) 18.615
Surface area (m2/g) 489.4545

Iodine number (mg/g) 459.807

Table 2. Physicochemical properties of activated carbon.

FTIR peaks
Band Wave Number (cm−1)

Assigned Functional Groups Compound ClassBefore  Adsorption After Adsorption Shift Difference
1 614.26 615.181 0.921 Strong C-Br stretching Halo compound
2 1117.546 1110.797 6.749 Strong C-O stretching Secondary alcohol
3 1379.818 1390.424 10.606 Medium C-H bending Aldehyde
4 1633.412 1634.375 0.963 Medium C= C stretching Alkene
5 2082.744 2081.780 0.964 Strong N= C= S stretching Isothiocyanate
6 3439.421 3444.242 4.821 Strong O-H stretching bond Alcohol

Table 3. FTIR spectral characteristics of flax straw AC before and after Pb (II) ion adsorption.

 

Figure 9. Pseudo-second-order kinetics plot.
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Isotherm Model Parameters Values

Langmuir
 (mg/g) 1.29

KL (L/g) 0.09
R2 0.9704

Freundlich
KF (mg/g) 0.26

nF 2.727
R2 0.9587

Table 4. Values of Langmuir and Freundlich adsorption isotherm parameters.

Kinetic Models Pseudo-first Order Model Pseudo-second Order Model

Parameters K1(min-1) Qe (mg/g) R2 K2(min-1) Qe (mg/g) R2

Values 0.01 0.688 0.8814 0.087 0.572 0.9903

Table 5. Kinetics model parameters and correlation coefficient for adsorption kinetics study.

Parameters Untreated Wastewater Treated Wastewater Max Permissible Limit
Lead (Pb), mg/L 3.95 0.84 0.5
Turbidity, NTU 3394 20.55                   25

pH 4.5 6.9 6 - 8.5
BOD5,mg/L 158.52 31.97 50
COD, mg/L 2482 162.4 150
DO, mg/L 0.152 7.25 5 - 20
TSS, mg/L 652.667 145 50
TDS, mg/L 604.444 144.444 -

Temperature(°C) 20.2 20.1 Ambient temperature ± 3

Table 6. Physiochemical analysis of the treated paint effluent.

The treated wastewater characteristics were below the standard set by 
WHO (2017) except for COD and TSS. Hence, further treatment is needed to 
remove the excess COD and TSS before disposing to the environment. In this 
research, it was found that the removal efficiencies of Pb (II) ion from aqueous 
solution is 95.16% and from the paint industry wastewater it was found to be 
78.73%. As the result of this research show, the performance of the flax straw 
activated carbon for the removal of Pb (II) ion in the paint industry wastewater 
was found to be much lower than the aqueous solution. The reason for this to 
happen could be paint industry wastewater contained different types of heavy 
metals like arsenic, chromium, copper, mercury, nickel, and silver, biological 
oxygen demand (BOD5), chemical oxygen demand (COD), total suspended 
solids and turbidity that affected the Pb (II) ion removal efficiency by competing 
one another in the flax straw activated carbon active site.

Conclusion 

The study has demonstrated the possibility of developing low-cost 
activated carbon from cheap and abundantly available flax straw and it’s 
potential as an effective adsorbent for the removal of Lead metal ions from 
real industrial wastewater (paint industry). The removal efficiency of flax straw 
activated carbon from aqueous or synthetic solution is 95.16% and from the 
paint industry is 78.73%. This percentage removal of lead metal ion was 
achieved by employing the optimum parameters. The removal performance 
of the flax straw activated carbon for the removal of Pb (II) ion is lower in 
the paint industry wastewater than the removal in aqueous solution due to 
the occurrence of various types of heavy metals and pollutants. To sum up, 
this research showed that, the adsorption process using flax straw activated 
carbon were inexpensive, environmental friendly and has potential to adsorb 
pollutants and toxic heavy metals from both synthetic solution and real 
industrial wastewater. Lead metal ion removal was the main interest in this 
research; therefore, future research can focus on other metals removal by flax 
straw AC from wastewater. 

References
1.	 Barakat, M.A. "New trends in removing heavy metals from industrial 

wastewater." Arab J Chem 4 (2011): 361-377. 

2.	 Okolo, B.I., E.O. Oke, Chinedu M. Agu, and O. Adeyi, et al. "Adsorption of lead 
(II) from aqueous solution using Africa elemi seed, mucuna shell and oyster shell 
as adsorbents and optimization using Box–Behnken design." Appl  Water Sci 10 
(2020): 1-23.

3.	 Song, Chengwen, Shuaihua Wu, Murong Cheng, and Ping Tao, et al. "Adsorption 
studies of coconut shell carbons prepared by KOH activation for removal of lead (II) 
from aqueous solutions." Sustainability 6 (2013): 86-98. 

4.	 Thompson, Chime O., Agu O. Ndukwe, and Christian O. Asadu. "Application of 
activated biomass waste as an adsorbent for the removal of lead (II) ion from 
wastewater." Emerg Contam 6 (2020): 259-267. 

5.	 Shrestha, Rajeshwar Man, Raja Ram Pradhananga, Margit Varga, and Imre 
Varga. "Preparation of activated carbon for the removal of Pb (II) from aqueous 
solutions." J Nepal Chem Soc 28 (2011): 94-101.

6.	 Erdem, Murat, Suat Ucar, Selhan Karagöz, and Turgay Tay. "Removal of lead (II) 
ions from aqueous solutions onto activated carbon derived from waste biomass." 
Sci World J 2013 (2013).

7.	 Tessema, Takele Sime, Amare Tiruneh Adugna, and M. Kamaraj. "Removal of Pb 
(II) from synthetic solution and paint industry wastewater using activated carbon 
derived from african arrowroot (Canna indica) stem." Adv Mater Sci Eng 2020 
(2020).

8.	 Rajamani, R., B. Vinoth Kumar, A. Sujith, and E. Karthick. "Activated carbon 
production from waste biomass." Int J Eng Technol 7 (2018): 345-348.

9.	 Pallarés, Javier, Ana González-Cencerrado, and Inmaculada Arauzo. "Production 
and characterization of activated carbon from barley straw by physical activation 
with carbon dioxide and steam." Biomass Bioenerg 115 (2018): 64-73.

10.	 Spugnoli, P. “Environmental assessment of flax straw production for non-wood pulp 
mills.” (2017). 

11.	 Aqsha, Aqsha, Mansour Mohammedramadan Tijani, Behdad Moghtaderi, and 
Nader Mahinpey. "Catalytic pyrolysis of straw biomasses (wheat, flax, oat and 
barley) and the comparison of their product yields." J Anal Appl Pyrolysis 125 

https://doi.org/10.1016/j.arabjc.2010.07.019.
https://doi.org/10.1016/j.arabjc.2010.07.019.
file:///D:/New%20System/Nikitha%20Team/JPMR/JPMR_Vol10.S(17)/JPMR-Vol10.S17_AI/1.%09https:/doi.org/10.1007/s13201-020-01242-y
file:///D:/New%20System/Nikitha%20Team/JPMR/JPMR_Vol10.S(17)/JPMR-Vol10.S17_AI/1.%09https:/doi.org/10.1007/s13201-020-01242-y
file:///D:/New%20System/Nikitha%20Team/JPMR/JPMR_Vol10.S(17)/JPMR-Vol10.S17_AI/1.%09https:/doi.org/10.1007/s13201-020-01242-y
https://doi.org/10.3390/su6010086
https://doi.org/10.3390/su6010086
https://doi.org/10.3390/su6010086
https://doi.org/10.1016/j.emcon.2020.07.003
https://doi.org/10.1016/j.emcon.2020.07.003
https://doi.org/10.1016/j.emcon.2020.07.003
https://www.nepjol.info/index.php/JNCS/article/view/8114
https://www.nepjol.info/index.php/JNCS/article/view/8114
https://www.hindawi.com/journals/tswj/2013/146092/
https://www.hindawi.com/journals/tswj/2013/146092/
https://doi.org/10.1155/2020/8857451
https://doi.org/10.1155/2020/8857451
https://doi.org/10.1155/2020/8857451
https://doi.org/10.14419/ijet.v7i3.34.19222
https://doi.org/10.14419/ijet.v7i3.34.19222
https://doi.org/10.1016/j.biombioe.2018.04.015.
https://doi.org/10.1016/j.biombioe.2018.04.015.
https://doi.org/10.1016/j.biombioe.2018.04.015.
https://doi.org/10.3303/CET1758132
https://doi.org/10.3303/CET1758132
https://doi.org/10.2495/EQ140942
https://doi.org/10.2495/EQ140942


J Civil Environ Eng, Volume 12:4, 2022Mindahun T.

Page 7 of 7

(2017): 201-208.

12.	 Angın, Dilek, Esra Altintig, and Tijen Ennil Köse. "Influence of process parameters 
on the surface and chemical properties of activated carbon obtained from biochar 
by chemical activation." Bioresour Technol 148 (2013): 542-549.

13.	 Suresh Jeyakumar, R.P., and V. Chandrasekaran. "Adsorption of lead (II) ions by 
activated carbons prepared from marine green algae: Equilibrium and kinetics 
studies." Int J Ind Chem 5 (2014): 1-10.  

14.	 Ketsela, Getasew, Z. Animen, and A. Talema. "Adsorption of lead (II), cobalt (II) 
and iron (II) from aqueous solution by activated carbon prepared from white lupine 
(GIBITO) HSUK." J Thermodyn Catal 11 (2020): 203.

15.	 Mustapha, S., D.T. Shuaib, M.M. Ndamitso, and M.B. Etsuyankpa, et al. "Adsorption 
isotherm, kinetic and thermodynamic studies for the removal of Pb (II), Cd (II), Zn 
(II) and Cu (II) ions from aqueous solutions using Albizia lebbeck pods." Appl Water 
Sci 9, no. 6 (2019): 1-11. 

16.	 Maulina, S., and M. Iriansyah. "Characteristics of activated carbon resulted from 
pyrolysis of the oil palm fronds powder." IOP Conf Ser Mater Sci Eng 309: 012072. 
IOP Publishing, (2018).

17.	 Ukanwa, Kalu Samuel, Kumar Patchigolla, Ruben Sakrabani, and Edward Anthony, 
et al. "A review of chemicals to produce activated carbon from agricultural waste 
biomass." Sustainability 11(2019): 6204.

18.	 Melese, Tura, Kasahun Chala, Yihune Ayele, and Mitiku Abdisa. "Preparation, 
characterization of raw corncob adsorbent for removal of heavy metal ions from 
aqueous solution using batch method." Afr J Pure Appl Chem 14 (2020): 81-90. 

19.	 Gottipati, Ramakrishna. "Preparation and characterization of microporous activated 
carbon from biomass and its application in the removal of chromium (VI) from 
aqueous phase." PhD diss., 2012.

20.	 Köseoğlu, Eda, and Canan Akmil-Başar. "Preparation, structural evaluation and 

adsorptive properties of activated carbon from agricultural waste biomass." Adv 
Powder Technol 26 (2015): 811-818. 

21.	 Bohli, Thouraya, Abdelmottaleb Ouederni, Nuria Fiol, and Isabel Villaescusa. 
"Evaluation of an activated carbon from olive stones used as an adsorbent for 
heavy metal removal from aqueous phases." C R Chim 18 (2015): 88-99.

22.	 Ratan, Jatinder Kumar, Manjeet Kaur, and Bharadwaj Adiraju. "Synthesis of 
activated carbon from agricultural waste using a simple method: characterization, 
parametric and isotherms study." Mater Today Proceed 5 (2018): 3334-3345. 

23.	 Boudrahem, F., F. Aissani-Benissad, and A. Soualah. "Adsorption of lead (II) from 
aqueous solution by using leaves of date trees as an adsorbent." J Chem Eng Data 
56 (2011): 1804-1812.

24.	 Ullah, Mohib, Ruqia Nazir, Muslim Khan, and Waliullah Khan, et al. "The effective 
removal of heavy metals from water by activated carbon adsorbents of Albizia 
lebbeck and Melia azedarach seed shells." Soil Water Res 15 (2019): 30-37.

25.	 Wambu, Enos W., Stephen Attahiru, Paul M. Shiundu, and John Wabomba. 
"Removal of heavy-metals from wastewater using a hydrous Alumino-silicate 
mineral from Kenya." Bull Chem Soc Ethiop 32 (2018): 39-51.

26.	 Vunain, Ephraim, Davie Kenneth, and Timothy Biswick. "Synthesis and 
characterization of low-cost activated carbon prepared from Malawian baobab 
fruit shells by H3PO4 activation for removal of Cu (II) ions: equilibrium and kinetics 
studies." Appl Water Sci 7(2017): 4301-4319.

27.	 Nyasuguta, Getuno Dorothy. "Capacity and efficiency of bagasse adsorbents at 
different experimental conditions for de-contamination of spiked water." Kahawa: 
Kenyatta University (2018). 

28.	 UNIDO EPA. "Guideline ambient environment standards for Ethiopia." 
Environmental Protection Authority of Ethiopia (EPA) and United Nations Industrial 
Development Organization. UNIDO, Addis Ababa (2003).

How to cite this article: Mindahun, Tayto. “Removal of Pb (II) Ions from Aqueous 
Solution and Industrial Wastewater using Activated Carbon Prepared from Flax 
Straw.” J Civil Environ Eng 12 (2022): 444

https://doi.org/10.1016/j.biortech.2013.08.164
https://doi.org/10.1016/j.biortech.2013.08.164
https://doi.org/10.1016/j.biortech.2013.08.164
https://doi.org/10.1007/s40090-014-0010-z
https://doi.org/10.1007/s40090-014-0010-z
https://doi.org/10.1007/s40090-014-0010-z
https://doi.org/10.4172/2157-7544.20.11.2.203
https://doi.org/10.4172/2157-7544.20.11.2.203
https://doi.org/10.4172/2157-7544.20.11.2.203
https://doi.org/10.1007/s13201-019-1021-x
https://doi.org/10.1007/s13201-019-1021-x
https://doi.org/10.1007/s13201-019-1021-x
https://doi.org/10.1088/1757-899X/309/1/012072
https://doi.org/10.1088/1757-899X/309/1/012072
https://www.mdpi.com/568262
https://www.mdpi.com/568262
https://doi.org/10.5897/AJPAC2019.0817
https://doi.org/10.5897/AJPAC2019.0817
https://doi.org/10.5897/AJPAC2019.0817
http://ethesis.nitrkl.ac.in/4468/
http://ethesis.nitrkl.ac.in/4468/
http://ethesis.nitrkl.ac.in/4468/
https://doi.org/10.1016/j.apt.2015.02.006
https://doi.org/10.1016/j.apt.2015.02.006
https://doi.org/10.1016/j.crci.2014.05.009
https://doi.org/10.1016/j.crci.2014.05.009
https://doi.org/10.1016/j.matpr.2017.11.576
https://doi.org/10.1016/j.matpr.2017.11.576
https://doi.org/10.1016/j.matpr.2017.11.576
https://pubs.acs.org/doi/abs/10.1021/je100770j
https://pubs.acs.org/doi/abs/10.1021/je100770j
https://www.agriculturejournals.cz/web/swr.htm?type=article&id=212_2018-SWR
https://www.agriculturejournals.cz/web/swr.htm?type=article&id=212_2018-SWR
https://www.agriculturejournals.cz/web/swr.htm?type=article&id=212_2018-SWR
https://www.ajol.info/index.php/bcse/article/view/169507
https://www.ajol.info/index.php/bcse/article/view/169507
https://doi.org/10.1007/s13201-017-0573-x
https://doi.org/10.1007/s13201-017-0573-x
https://doi.org/10.1007/s13201-017-0573-x
https://doi.org/10.1007/s13201-017-0573-x
https://ir-library.ku.ac.ke/bitstream/handle/123456789/18890/Capacity and Efficiency of Bagasse Adsorbents at Different.pdf?sequence=1
https://ir-library.ku.ac.ke/bitstream/handle/123456789/18890/Capacity and Efficiency of Bagasse Adsorbents at Different.pdf?sequence=1

