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Abstract - This study investigates the preparation of modified biochar manganese oxide for adsorption and removal 
of both arsenic As(V) and lead Pb(II) ions from groundwater.Biochar is a potential adsorbent material of thermal 
decomposition of organic material under the limited supply of oxygen (O) at temperatures between 350 and 700°C.In 
this experiment, batch adsorption experiments were conducted as a function of pH, contact time, adsorbed dose and 
initial concentration. The biosorbent was characterized before and after the adsorption processes by electron 
microscopy and Fourier spectroscopywithin two methods (XRD) which is a laboratory-based technique commonly 
used for identification of crystalline materials and analysis of unit cell dimensions, and (FTIR)to obtain an infrared 
spectrum of absorption or emission of a solid, liquid or gas. An FTIR spectrometer simultaneously collects high-
spectral-resolution data over a wide spectral range. Results showed that the best sorption conditions are perceived at 
pH interval of5–7 for both lead and arsenic ions. Equally, an important uptake decrease is caused by the rise or fall of 
pH.Biochar properties are affected by the low temperature generally has lower pH, higher water holding capacity, 
lower specific surface area, more carboxylic and phenolic hydroxyl functional groups and higher cation exchange 
capacity,The equilibrium times obtained for Lead and Arsenic werereached in a short period of contact time. For 
both pb(II) and As(V) ions;adsorption capacity increased with the increase of solution concentration. 

I. INTRODUCTION 

One of the most serious environmental issues is groundwater pollution by heavy metals. However, removing 
these heavy metals using the conventional methods like chemical precipitation, ion exchange, membrane 
evaporative processesis expensive and ineffective. Physical absorption appears as a potential alternative to the 
classic techniques. 

Industrial effluents and pollutants resulting from the intensive use of fertilizers, pesticides, sanitation, 
agricultural and pharmaceutical products are the major causes of environmental pollution. These pollutants have 
the ability to concentrate along the food chain and accumulate in certain organs of the human body. It is 
therefore essential to eliminate these toxic elements present in the various industrial effluents or to reduce their 
quantity below the acceptable thresholds defined by the standards. Therefore,removal of toxic heavy metals 
from aqueous solution via different technologies has long been recognized as an efficient and crucial 
process1,2.Numerous approaches have been proven to be the most effectivetechnologies3.  These include ion exchange, 
filtration, coagulation and adsorption). Due to the growing need for economic large-scale water treatment 
applications, it is seriously important to develop a new, cheap, stable and reliable sorbent.  

Lead Pb(II)and arsenic (AS(V)) _are ubiquitous contaminants in soil and aqueous solution environment. They 
have extensive effects on several systems in the human body; such as  they threaten the nervous, endocrine, 
renal, musculoskeletal, immunological, as well as the cardiovascular systems4,5. 

studies explored biochar application and investigated the ability of biochar to tackle heavy metals ground water 
contamination considering its wide availability and reliability of feedstock, physicochemical surface 
characteristics and lower cost6,7,8.In addition;Biochars having high surface area and pore volumes have a great 
affinity for metals. In other words, the metallic ions can be physically sorbed onto the surface of the char and 
retained within the pores9. Many biochars’ surfaces are negatively charged and are more likely to sorb positively 
charged metals by electrostatic attractions, ligands surfaces have negatively charged and can sorb metals 
positively have chargedthrough electrostatic attractions. Moreover, the surface functional groups of the biochar 
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can also interact with various heavy metals by forming solid mineral phases precipitates10.Wang et.al11showed 
that Biochar/manganosite (iMPB) and biochar/birnessite BPB) composites showed enhanced sorption for As(V) 
and Pb(II). Sorption capacities of MPB (0.59 and 4.91 g/kg) and BPB (0.91 and 47.05 g/kg) were significantly 
higher than that of the unmodified biochar (0.20 and 2.35 g/kg). 

The aim of this work was to prepare a modified biochar and investigate it’s efficiently for lead and Arsenic 
removal from groundwater. 

II. MATERIALS AND METHODS 
1.1. Materials 

The following materials have been used in the study; Biochar, Manganese(II) chloride tetrahydrate(MnCl2. 
4H2O). All chemicals were analytical reagent grade.Deionized water was used for preparing of the aqueous 
solutions. 

The Biochar was prepared at the lab as follow:  

Biochar preparation   

Dates tree waste was dried at 60 C for 24 h and then cut into a particle size of 2-4 cm. The dried particles were 
then burnt in a pilot-scale pyrolysis reactor in the absence of O2 at  400 C for 4 h. The obtained biochar was 
ground and passed through 0.25 mm sieve (60 mesh). 

MBC preparation 

The biochar was dried in the oven at night at temperature of 80°C. Then squeezed and filtered to yield a uniform 
0.425–1 mm size fraction. A solution of 3.15 g of KMnO4in 50 ml of deionized water was prepared, and added 
to 5gof biochar. The resulting mixture was stirred for 2 h. Thereafter, the suspension was boiled for 20 min, and 
then 3.3 mL of concentrated HCl was added.  Next, stirring was continued for10 min. The reaction mixture 
could cool slowly to room temperatureand then filtered through 0.22 µm nylon membrane. Biochar were gently 
washed with deionized water three times, dried at 80 °C at night. 

1.2. Adsorption experiment 

Effect of pH experiment: This part of the experiment was performed to verify the effect of pH effect at 
Adsorbent dose = 0.25g ; contact time = 24hours. pH was tested for pb(II) ions and As(V) ions at pH range of 3-
9 under constant agitation at 150 rpm and room temperature. 

 

1.2.1. Effect of contact time experiment: The effect of time was investigated by agitating 0.25 g of adsorbent 
at pH 3,5,7 and 9in 50 mg/lofpb(II) and 10 mg/lof As(V) solutions over time periods of 0.5-hr,1-hr, 2-hr, 4-hr, 
8-hr, 24-hrat constant agitation speed of 150 rpm.  
 
1.2.2. Effect of initial heavy metal concentration: concentrations of 10 mg/L, 50 mg/L, 100 mg/L, and 200 
mg/L were prepared for pb(II); while concentrations of 1 mg/L, 50mg/L, 10 mg/L, and 20 mg/L were prepared 
or As(V).  0.25 g of MBC at fixed pH=7was added into 100 mL of solutions for 24h in order to assess initial 
metal concentration.  

After shaking, the samples were filtered using 0.22 µm nylon membrane then collected and dried at 80C at 
night. The adsorption capacity of pb(II) and As was calculated using thisformula:  

qe = (Ci − Ce) × V/m 

 

where qe is the equilibrium adsorption capacity, Ci (mg/l) and Ce (mg/l) arerespectively the initial metal 
concentrationand concentration at equilibrium, mis the mass of adsorbent in (g) and V is the volume of the 
solutionin(L). 

1.3. Sorbent characterization 

FT-IR spectroscopic analysis was performed for the determination of functional groups present on the surface of 
adsorbent both before and after adsorption process (Thermo Scientific™ Nicolet™ iS™10 FT-IR spectrometer). 
FT-IR spectra were recorded in the mid infrared range between 4000 and 400 cm−1. The surface morphology 
was also studied before and after adsorption by SEM-FESEM (Jeol JSM-7600F) machine.  
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III. RESULTS AND DISCUSSIONS 

 

1.4. Materials Characterization  

 

3.1.1FT-IRspectroscopic analysis 

 

FT-IR spectroscopic analysis was performed in order to identify the functional groups present on the surface of 
adsorbent both before and after adsorption of Arsenic and lead. 

The FTIR spectra (400–4000 cm−1) before and after adsorption of As(V) at different concentrations are shown in 
Figure 1. 

The bands around 3411.13 correspond to O–H stretching vibrations, 2963.56, and 2869.62 cm−1indicate 
presence of methylene –CH2– bridge deformation vibration12. The region from 1745 to 1504 cm−1suggest the 
presence of the carbonyl stretching vibration band C=O or C=Cstretching. 

Asymmetric stretching vibrations of As-O bond are confirmed by the presence of two peaks around 1580 and 
850.21 cm−1.A broadband at low-frequency range around 542.48 cm− corresponds to Mn–O vibrations13. In 
addition, Mn–O vibrations band showed a diminution with the increase in amounts of MBC after the adsorption 
of As. This potentially could be explained by the important role of Mn in MBC and the interaction between Mn–
O and As. 

The FTIR spectra of the MBC before and after pb(II) adsorption are illustratedin Figure 2. Similarly, to the 
expected spectrum of Arsenic, bands at 3144cm−1and 1347.28 cm−1could be due to the –OH stretching and 
the more prominent peak at associated with –OH vibrations. Peaks at 2987cm-1 2883.46cm-1

,1606.23cm-1and 
1533.88cm-1 correspond to CH2 deformation vibrations, C=C, and carbonyl C=O. the low-frequency region 
around 520 cm−1 corresponds to Mn–O vibrations. The Comparison of FTIR before and after adsorption of 
pb(II) ions suggest the attachment of pb2+ to OH group and other function. Moreover, the spectrum in Figure 
2 indicates clearly the transmittance drops with variation of concentration. These results are in accord with 
those in section 3.2. 

 

 

 
Figure 1: FTIR spectra MBC before and after Arsenic adsorption at different concentration. 
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Figure 2:FTIR spectra MBC before and after lead adsorption at different concentration. 

3.1.1 SEM analysis 

 

Scanning electron microscope (SEM) has been assessed in orderto observe and evaluate changes in the 
morphologybefore and after adsorption of pb(II) and As(V) SEMas shown in Figure 3 below.The micrograph 
(a) and (b) of sorbent show nano porous with irregular surface andshape. Particle size of sorbent is an 
important factor to be considered in biosorption. In addition, theirregular surface enhanced good capacity 
for adsorption. SEM micrographs of MBC surfaces after the biosorption of Lead (II) ions and Arsenic (V) at 
different magnifications are shown in Figure 3. Images indicated that metals have filled pores and theadsorption 
process depends clearly to initial metal ions concentration. 

After Arsenic adsorption; it is clear from the Fig.3c and 3d that the surface morphology changed, and pores 
were filled in As(V) ion and new spherical particlesappeared.  

Fig1confirms results in paragraph 3.2.1 and show that the surface was filled by many well small-sized 
nanoparticles with uniform spherical shape. Similarly, surface morphology using the SEM technique showed 
distinct changes between before and after the adsorption processes accumulation of pb(II)on the surface were 
observed Fig.3e and  3f. It is clear from micrographs that after adsorption process caves and pores became filled 
with pb (II) ions this is due to the physico-chemical interaction between the lead ions and the surface functional 
groups present on MBC. 
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Fig 3: SEM images of (a,b) before adsorption of As(V) and pb(II) respectively; (c,d) after adsorption of As(V); (e,f) after adsorption of 
As(V). 

 

1.5. Adsorption of Lead and Arsenic 
1.5.1. Effect of pH 

PH is one of the most crucial parameters for adsorbing metal ions from aqueous solution. In other words,; it has 
an effect on the metal ions solubility, the concentration of the counter ions on the functional groups of the 
adsorbent and the degree of ionisation of adsorptionduring reaction. 

 
 
The effect of pH at an initial metal ions concentration of 10, 50,100 and 200ppm in 100mL solution, 
constant adsorbent dose of 0.25g and agitation period of24 hours at varying pH ranges has been 
examined. The experimental data obtained are presented in (Fig.4.)  
                        (Pb) (As) 
 

 
 
 
 
 

 

 
 

 
 
 
 
As shown in Fig. (4) the efficiency of lead ion removal was highest at pH 5-7 values.  Although, results 
show an uptake decrease by either raising or lowering pH. Similar trend for the effect of pH on 
adsorption of heavy metals (i.e adsorption decreases with increase in pH) has been reported by Hongbo 
et. al14. 

The decline of adsorption of pb (II) ions at higher pH>7 may be assigned to the formation of their 
hydroxides which build precipitate and avert further adsorption as stated by Xiao and Ju-Chang15. On 
the other hand, the lead ion uptake for pH=3 is low in this acidic medium. This can be allocated to the 
existence of H+ ions. 

Effect of pH on Arsenic As efficiencies was also studied in Fig. (4) at varying As (V) initial 
concentration of 1ppm, 5ppm, 10ppm and 20ppm in 100 ml solution.  
Indeed, the best sorption conditions were observed at pH interval 5–7 for As(V) when H2AsO4 is the 
predominant form in the solution then showed a decline under highly alkaline conditions. A maximum 
absorption efficiency was found at pH = 5 for 20ppm arsenic initial concentration.  

 

Ph  10 
ppm 

50 
ppm 

100 
ppm 

200 
ppm 

7 7.7 7.1 7.2 7.8 

9 9.006 9.003 9.003 9.01 

5 5.020 5.009 5.016 5.001 

3 3.00 3.01 3.006 3.011 

PH 1ppm 5ppm 10ppm 20ppm 

7 7.0 7.1 7.10 7.11 

9 9.03 9.02 9.017 9.012 

5 5.022 5.017 5.04 5.02 

3 3.013 3.006 3.010 3.006 
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1.5.2. Effect of contact time 

The effect of contact time on the removal efficiency of Lead and Arsenic metals was studied at various solution 
pH values in the range 3-5-7-9. Fig. (5.a) and Fig. (5.b). 

As shown in Fig. (5.a) and Fig. (5.b), the adsorption capacity of both Lead and Arsenic were strongly pH 
dependent. 

The equilibrium time is reached after 2 hours for pb (II) and 1 hours for As(V). The equilibrium times obtained 
for both Lead and Arsenic are short by contributions at certain times reported in the literature 16. However, the 
rapid adsorption kinetics during the first minutes of reaction can be interpreted by the fact that at the beginning 
of adsorption, the number of active sites available on the surface of the adsorbent material is much greater than 
that of the sites. remaining after a certain time 17. 
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Fig.(5.a). Effect of contact time on adsorption of pb(II) at various pH 

 

 

 

Fig.(5.b). Effect of contact time on adsorption of As(V) at various pH 

 

 

1.5.3. Effect of initial pb (II) and As(V)concentration on adsorption isotherm 
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The plot of adsorption vs. the initial concentration of pb (II) and As(V) at varying range of pH of solution are 
represented in Fig. (6.a) and Fig.(6.b). 

The results shown in Fig. (6.a) and Fig. (6.b) reveals that the adsorption begins at a low concentration,and with 
increasing metal ion concentration the amount of metal ion adsorbed increases for both pb(II) and As(V). The 
initial concentration may provide the driving force to overcome the resistance to the mass transfer of metal ions 
between adsorbed and adsorption. For this reason, the initial concentration was high and then the driving force 
was high too, and therefore the adsorption capacity would be high. 

Although the increase in pH have no effect on the adsorption of lead ion Fig (6.a), it’s clear from the plot that 
the decrease in pH causes increased adsorption of the Arsenic ions Fig (6.b). These results can be explicated by 
the decrease in the expansion of the adsorbent surface which may reduce the electrostatic attraction between the 
As(V) species and the adsorbent surface. Consequently, adsorption may occur and a resulting decrease in the 
removal proportion of As(V) is also possible. 

 

 
Fig(6.a) Effect of pH and initial concentrations on the adsorption capacity of  Pb(II) from aqueous solution. (adsorbent amount = 0.25g). 

. 

 

 
Fig(6.b) Effect of pH and initial concentrations on removal of As(V) from aqueous solution. (adsorbent amount = 0.25g). 

 

IV. CONCLUSION 
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To summarize, Manganeseoxide modified biochar (MBC) has been synthesized. Indeed, modified Biochar 
reveals a better sorption of As(V) and Pb(II) and is dependent on pH, contact time, lead-concentration and 
Arsenic. Accordingly, the results signify that the best sorption conditions are perceived at pH interval 5–7 for 
both lead and arsenic ions. Equally, important results show that there is an uptake decrease caused by the rise or 
fall of pH.Furthermore,Pb (II) and As(V) ions were rapidly recovered in a short period of contact time, thiscan 
be understood by the high removal at pH=5 and pH=7. The results also show that when the ion concentration of 
the initial metal is increased, the quantity of the metal ion adsorbed rises for pb (II) and As(V).  
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