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ABSTRACT 

 

Eucalyptus Stem  was use to prepare activated carbon through chemical activation method with 0.5M NAOH 

and under temperature  of  500 0C  for 45min. Activated carbon is one of the most important industrial 

products due to its versatile applications. In this work, efficient activated carbon was produced and utilized for 

adsorption of lead (II) from  simulated  wastewater  under  varying  operational parameters.  The  raw  material  

(Eucalyptus)  has  been  chemically  modified  by  sodium hydroxide to  improve  its  surface  reactivity  and  

enhance  its  adsorption capacity . The adsorbent was characterized by the FTIR analysis. The experimental 

data were analyzed by adsorption isotherms and kinetic models.  Langmuir  equation  proved  to be  suitable  to  

explain  the  adsorption  process  and  the  experimental  results  fit  well with  the  pseudo- second- order  model 

.The  performance  of  the  prepared  Eucalyptus - based  activated  carbon suggests  it can  be  used  as  low 

coast  or  cheap  adsorbent  for  the  treatment of  water  and removal of heavy  metal  ions  from  industrial  

effluents. 
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1. INTRODUCTION 

 

The contamination of water by heavy metal ions has increased over the last few decades due to industrial processes 

such as petroleum refinery process and the development of new technology in refining of petroleum. Heavy  metals  are 

continuously discharged  into  the  aquatic  surroundings from  natural  processes  like volcanic activity and  weathering  

of  rocks. Additionally, industrial processes such  as  electro  planting,  metal  finishing,  metallurgical,  chemical 

industrialization and mining industries have also contributed to an increase in the concentration of heavy  metal  in  the 

water (1). Ions of heavy metals including: copper, lead, zinc, cadmium, nickel, mercury and chromium have significant 

impacts on the environment.  They form very toxic ions and compounds forms; they are soluble in water and may be 

readily absorbed into living organisms (2).  Also, toxic metals have adverse effect on the health of human, when they 

penetrated through the human organ and tissue as well as the entire systems. Lead in any concentrated can caused 

kidney damage and toxicity symptoms include impaired kidney function, poor reproductive capacity, hypertension, 
tumors, etc. (2) Furthermore, Metallic  toxicant  may  find  their  way  into  the  body, where  they  act  through  one  or  

more  of  the  following possible  mechanisms.  This  include  (a)  Inhibition  of enzymatic  activities,  (b)  Attacks  on  

cell  membrane  and receptor, or (c) Interference with metabolic cations. In the later  case,  heavy  metals  can  increase  

the  acidity  of  the blood  which  forces  the  body  draw  Ca  from  the  bones  to help  restore  blood  pH.  High 

concentration  of  Ca  in  the blood  results  in  hardening  of  the  artery  walls  and  its progressive  blockage  of  the  

arteries  which  leads  to osteoporosis(3). 

 

Nowadays many researchers are concentrate on the uptake of these metals in aqueous solutions using cheapest 

materials such as activated carbon, which is on the other hand, are prepared from a variety of local raw materials of 

vegetable origin, such as wood and peat.  The  by-products  include  soft lignocellulosics such as rice straw, soybean 

hull,  sugarcane bagasse,  peanut  shell  and  harder  materials  such  as  pecan and walnut shells (4),( 5). Some in place 
treatment technologies available for the removal of heavy metal ions from aqueous solutions are chemical precipitation, 

ion exchange, coagulation, and bioremediation and sorption/adsorption, Adsorption  technique  is  excellent,  easy  and  

economic  method  for  the  removal  of toxic  pollutants  from  the  aqueous  solutions.  Adsorption  is  a  surface  phen 

omenon which  involves  the  attraction  of  adsorbate  particles  towards  the  surface  of  an adsorbent  until  

equilibrium   is  attained  between   adsorbed  particles  and  those  freely distributed  in  the  bulk  gas  or  liquid(6). 
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Figure 1.1: Eucalyptus stems plant 

 
Eucalyptus shown in (Figure 1.1) is a native plant of Kurdistan region and can be used to prepare charcoal with the 

potential to treat wastewater containing pollutants (5). A high surface area activated carbon with great potential for 

heavy metal removal can be obtained by chemical modification of charcoal with sodium hydroxide. This work is aimed 

at  producing  effective and low- cost activated carbon  from eucalyptus  biomass  for  wastewater  treatment  under  

various operational  parameters.  

 

In this work, the adsorption isotherm, Kinetic and thermodynamic of heavy metal ions onto eucalyptus based activated 

carbon were studied. 

 

Adsorption isotherm is a functional expression that correlates the amount of solute adsorbed per unit weight of the 

adsorbent and the concentration of adsorb ate in bulk solution at a given temperature under equilibrium conditions. It is 

important to establish the most appropriate correlations for the batch equilibrium data using empirical or theoretical 
equations as it plays a functional role in predictive modeling procedures for analysis and design for adsorption systems. 

 

2 MATERIALS AND METHODS 

 

No Chemicals Company 

1 Sodium hydroxide with purity 97% Aldrich  – Germany 

2 Hydrochloric  Acid  with purity 37% Riedal  – deHean  / Germany 

3 Lead(II)nitrate with purity 99% Merck 

4 Pre- treated eucalyptus biomass  

 

2.1 Chemical Activation  

 

2.1.1 Carbonization  
 

The carbonization  of the materials  was done  at  500oC   for  two  45 minutes  and  allowed  to  cool  at room  

temperature according to the  method of  Ekpete. and Horsfal (10).  

 

2.1.2 Preparation of Activated Carbon from Eucalyptus 

 

A pre- washed and dried of eucalyptus stem was used as a starting material (see figure 3.1 a). The dried  biomass  was  

converted  to  charcoal  in  furnace  at  500°C  in  the absence  of  oxygen  over  period  of   2hr.  After  the  sample  

cooled  at  room  temperature, it  was  chemically  treated  in  order  achieve  chemical  activation.  Briefly, 250 ml of 

NaOH (30% W/V) was added to 5.0 g of charcoal in beaker and heated at 60°C under constant stirring for 24 hrs.  The  

treated  charcoal  was separated from the solution,  cooled  and  washed  with  de- ionized  water, The  materials  were  

washed  again  with  hot distilled water and finally cold  distilled water.  Then, the material was heated at (80 °C) for 10 

hrs to remove the moisture content.  The obtained eucalyptus based activated carbon thus obtained was stored in 

desiccators for later use.  

 

2.2 Preparation of standard solution 

 

The stock solution of 1000mg/L of Pb2+ was prepared by dissolving by 1.3357g of pbCl2 in 1000 ml volumetric flask 

and fill up to the mark with distilled water. And then a certain volume 10 ml of oil has been added to above solution 

with efficient agitation. 
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2.3. Adsorption Properties  

 

2.3.1. Dosage of Adsorbents  

 

Different  doses  of  the  adsorbent  were  mixed  with  the metal  ion and  the mixture was agitated  in a mechanical 

shaker.  The percentage of different adsorption doses was determined by keeping all other factors constant.  

 

2.3.2. Initial Concentration  

 

In  order  to  determine  the  rate  of  adsorption,  different initial concentrations of metal ion ranging from 0.1-1gram 

were used. All other factors are kept constant.  

 

2.3.3. Contact Time  

 

The effect of period of contact linking the adsorbent and adsorbate on the removal of the metal ion in a single cycle was 

determined by keeping initial concentration, particle size, pH, dosage, and temperature constant. 

 

2.3.5. Temperature  

 

The adsorption experiments were carried out at constant temperatures, 30 ºC in a thermostated shaker 

machine. The constancy of the temperature was maintained with an accuracy of ± 0.5º C. 

 

2.3.4. pH  

 

Adsorption  experiments  were  carried  out  at  a  range  of pH  1-10.The  acidic  and  alkaline  pH  of  the  medium  

has been  maintained  by  adding  the  necessary  amounts  of hydrochloric acid and sodium hydroxide solutions.  

 

2.3.6. Equilibrium Adsorption Isotherms  

 
The adsorption data was evaluated using Freundlich model.  The  fitting  parameter  and  calculated  constants  as well  

as  graphical  representation  was  obtained  by  linear regression analysis  .The  Freundlich  model  is  represented by 

the following equation(12) 

qe = Kf Ce1/n  

qe = quantity adsorbed per gram of carbons in (mg/g), Kf = adsorption capacity, 1/n =adsorption intensity. The  

Pb2+concentration  retained  in  the  adsorbent  phase was calculated according to equation(12) 

qe= (Ci-Cf) V/W 

Where Ci and Ce are the initial and equilibrium concentrations (mg/L) of Pb2+solution respectively; V is the volume 

(L); and W is the mass (g) of the adsorbent. 

 

3. RESULT AND DISCUSSION 

 

3.1 FT-IR characterization of eucalyptus activated carbon 

 

One of the most important parameters that influence and determine the adsorption of metal ions from  aqueous 

solutions by activated carbon are the carbon-oxygen functional groups present on the carbon surface FTIR 

spectroscopy  is  made  for  sample  eucalyptus activated carbon, and those responsible for the adsorption  of Pb2+.  

FTIR spectra for (a) eucalyptus biomass, (b) eucalyptus activated carbon (c) Pb2+ loaded eucalyptus activated carbon, 

are presented in (Figure 3.1). The  spectrum  of  raw  eucalyptus  has  a  broad  band  at  3341.8  cm-1due  to stretching 

vibration  of  the  hydrogen  bonded  hydroxyl  groups  (- OH    from  carboxyls,  phenols  or alcohols)  stretching  

vibration .  The  band  at the 2923.5cm-1 is  due  to  aliphatic  C- H stretching   either  in   aromatic  methoxyl  group  

or  in  methyl  and  methylene  side chains). The adsorption band in the range 1595.6–1426.7 cm-1correspond t C- C 

stretch, the peak at the 1242.5cm-1indicate  C - O  group  stretch ,  the  long  band  at  1027.6  cm-1 refers to C- N  
group.   

 

The weak band at the 1733.8 cm-1refer to the H- C=O  stretching vibration  of  olefins.  The  peak  of  around  1385  

cm-1is  due  to  –C- H  bending.  The adsorption  band  in  the  range  (1100- 1200  cm-1)  is related to stretching 

vibration of CO group in alcohol,  ether, acid  and/or  ester. For  the  spectrum  of  eucalyptus activated carbon,  a  

reduction  in  hydroxyl  group  and  –C- H  group  was observed  and   increased  stretching  at  1568.7  cm-1which  

refers  to  C=C  group  was also  noticed.  The two peaks at 1426.7cm-1and 1242.5cm-1were reduced. Additionally,  the  

spectrum  of  eucalyptus activated carbon  show  new  three  small  peak  at  the  877.92  cm-1, 816.5  cm-1(C- H),  

751.27  cm-1which  may  be  due to  lead chloride  modification and dueto C- Cl  stretch  in  alkyl halide. The spectrum   

of  Pb2+loaded- eucalyptus activated carbon in comparison with  eucalyptus activated carbon, show decrease in   the  
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bands  at  1576.4 cm-1and 1158 cm-1,  and  a  new peak appeared at 1257.9cm-1(C- O), this  confirms  the  adsorption  of 

Pb2+ onto  eucalyptus activated carbon. 

 
 

Figure 3.1.1: FT- IR analysis of (a) raw material (eucalyptus),  (b)  eucalyptus activated carbon  (c) Pb2+loaded-

eucalyptus activated carbon 

 

In  this  study  NaOH  activation creates  carbon  surface  rich  in  oxygen  functional  groups, The  effectiveness  of  

NaOH activation relative to either physical activation methods or activation by other chemical agents  can  be attributed  

to the  ability of  Na to form intercalation compounds with carbon easily. , formation of such  functional  group  

enhance  the  adsorption  capacity(16) XRD analysis is made  to  identify  the  crystallographic structure  of  the  

samples (Figure3.2),The  literature  of carbon  materials  repeatedly  refers  to  the  crystallite and  to the  crystallite  

size,  with  its  graphitic  connotations,  in analyses of structure within activated carbon based on XRD data. The XRD 

diagrams of activated carbon prepared from eucalyptus tree indicate the intense main peak shows the  presence  of  
highly organized crystalline structure of Carbon  with crystalline structure  Rhombohedral  and carbon  supplied  with  

crystalline  structure  Orthorhombic were  detected,  this  crystalline  structure  increase the adsorption of metals on to 

prepared activated carbon ,where the  metals  adsorbed   on  the  upper  layer  of  the  crystalline structure of the carbon 

surface by means of physisorption . 

 

 
 

Figure 3.1.2: XRD pattern of eucalyptus core activated carbon 

 

3.2 Effect of Adsorbent Dose, Contact Time and pH  

 

The  effect  of  the  adsorbent  dose  was  studied  at temperature  of   (30oC)  by varying  the  sorbent  amounts from 

0.2 to 1.2 g/L. For all these runs, initial concentration of Pb2+ were fixed  as 1 mg/L. Figure3.2.1, the result shows that 

the adsorption of Pb2+ increases rapidly with increase in the amount of activated carbon  prepared  from  eucalyptus  

tree due to greater availability of  the  surface  area  at  higher  concentration  of the adsorbent. For sample the 

significant increase in uptake was observed when the dose was increased from 0.2 to 0.8 g/L.  Any further addition of  

the  adsorbent  beyond this did not cause any significant change in the adsorption. This  may  be  due  to  overlapping  
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of  adsorption  sites  as  a result  of  overcrowding  of  adsorbent  particles(14,15) , the contact time was in the 80min 

for the sample Table 1 . For the  pH  studies, the  adsorption  decreased   as  the  pH increase,  the  optimum  pH  was  

attended  at 6 Figure3.2.2. Activated  carbon  prepared  from  eucalyptus  tree shows  very  strong  adsorption  and  

reduction  properties. 

 
 

Figure3.2.2: Effect of contact time on adsorption of PB (II)  (Temperature :30 0C, pH: 6.0, Adsorbent dose: 2g/l) 

 

 
Figure 3.2.3: Effect of pH on adsorption of PD (II)  (Temperature :30

0
C, pH: 6.0, Adsorbent dose: 2g/l) 

 

3.3 Adsorption Kinetics Models 

 

Kinetic  models  such  as  the  pseudo- first  and  pseudo- second  were  applied  to investigate  the  kinetic  mechanism  

 of  lead  adsorption  onto  Eucalyptus activated carbon  using  the  equations below.  The integral form of  pseudo- first 

- order  is represented as: 

303.2
log)log(

tK
qqq ad

ee  

 

Where  q,  qe  represent  the  amount  of Pb(II)  removed  at  time  t  (min)  and  equilibrium (mg/g)  respectively ,  and  

Kad(min-1)  is  rate constant  of  the model. 

 

 
Figure 3.3.1:  Pseudo- first - order model for Pb(II)  removal 
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The  integral  form  of  pseudo- second- order  equation   is given  as; 

 

t
qeqKq

t

e

11
2

2

  

 
Where  K2 is  the  model  rate  constant,  the  experimental  data  were  fitted  into  the  two kinetic  and  obtained  plots  

utilized  to  establish  the  various  kinetic  parameters.  The suitability  of  the  model  was  established  based  on  the  

closeness  of  the  correlation coefficient  (R2) to unity.  

 

The  linear  plots  obtained  showed  the  applicability  of  both  kinetic  equations.  But  the higher  correlation  

coefficient  (R2≈  1.0)  is  an  indication   of  the  consistency  of  the experimental  data  to  the  pseudo- second- order  

equation   compared  with   pseudo- first order  equation (R2=  0.955‒0.988).  This  can  help  us  to  conclude  that  the  

adsorption process may  be chemisorption  in  nature 

 

Table 3.1: kinetic parameters at different concentration 

 

 
 

 
 

Figure 3.3.2: Pseudo- second- order model for PD (II) removal 

 

  3.4 Adsorption Isotherms  

 

Two  widely  applied  isotherm  equations  were  applied  to  fit  the  experimental  data obtained  in  this  work.  

Freundlich  and  Langmuir  equations  were  used  and  can  be represented  as follows:                                                     

                                                    

ee C
n

Kq ln
1

lnln  

mefme qCKqq

111
  
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The Pb(II) sorption  by  eucalyptus activated carbon  obeyed  the  Langmuir  isotherm as  presented  in  (Table 3.2).  

The  values  of  KL(0.618  L/mg)and  qm  (49.02  mg/g) were obtained  from  the model  plot  and  tabulated  below.  

The  Freundlich  constants  k  and  1/n  were  calculated to be  42.220 and 0.0778, respectively,  indicating   favorable  

adsorption   by eucalyptus activated carbon 

 

 
Figure 3.4.2: Langmuir adsorption isotherm 

 

 
Figure 3.4.1: Freundlich adsorption isotherm 

 

Table 3.2: Adsorption  isotherm parameters at pH 6.0 
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CONCLUSION  

 

Activated carbon prepared from agricultural waste was done successfully .The various properties studied The present  

research  work  indicates  the  applicability  of eucalyptus stem as  an  effective  low  cost  adsorbent  for  the removal  

of  lead   ion  from  aqueous  solution.  The adsorption  process  was  highly  dependent  on  solution pH and  adsorbent  

dose,  also  the  results  showed  good adsorption capacity and intensity. 
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