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ABSTRACT
This study presents the adsorption of Pb(II) ions from aqueous solutions and describes
adsorption effectiveness of RetamaMonosperma Powder (RMP),in removing Pb(II) ions in
order  to  consider  its  application in  wastewater purification.The  batch  method  has
been  employed using  metal  concentrations  in  solution  and  the  percentage  adsorption
was  determined  for  the adsorption system as a function of adsorbate concentration.
Effects of the temperature of the Pb(II) ion solution, pH, contact time, metal concentration,
and adsorbent loading weight on the removal process were  also  investigated.  Langmuir,
Freundlich  isotherms  were  applied  to  experimental  data  and  the goodness of their fit
for adsorption was compared. Thermodynamic parameters, like enthalpy (ΔH) and the
entropy (ΔS) were also calculated.The results of the present investigation indicate that
Retama Monosperma( RMP),has high potential for the removal ofPb(II) ions from aqueous
solutions, and resultant data can serve as baseline data for designing treatment plants at
industrial scale.
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INTRODUCTION
The  pollution of  water  and  soil  with  heavy metal  cations  has  increased

and  spreading dramatically  throughout the  world  in  the  last years  as  a

consequence  of the  expansion  of industrial  activitiesa  lot  of  metals  is

considered  to  be toxic  and  dangerous  heavy metals [1,2].They can be

readily absorbed  by marine  animals  and  directly  enter the  human food

chains,  thus  presenting  a  high  health  risk to  consumers  [3]. Metals  are

among  the  main environmental concerns because of their unique
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characteristics:  unlike  organic  pollutants,  they are  non-biodegradable

and  hence  are accumulated  by  living  organisms  [4]. There  are  some

separation  techniques  used  for  the lead removal from  aqueous  solution

like  ion flotation, precipitate  flotation  and  sorptive  flotation.  The  other

commonly  used  treatment  involved in  reducing  the load of the metal is

precipitation, coagulation, adsorption, ion exchange and membrane filtration

[5,6].Adsorption  using  activated  carbon  can  remove  metals from

inorganic effluents. Even though it is  an  expensive nature, granular, it is

the most popular adsorbent and has been  used  with  great  success,  due  to

its  large  surface area, high adsorption capacity and surface reactivity. In

this study, the major focus is on the use of adsorbent for  the  wastewater

treatment,  as adsorption  has advantages  over  other  methods.  Therefore,

there  is  an urgent  need  that  all  possible  sources  of  agro-based

inexpensive  adsorbents  should  be  explored  and  their feasibility  for  the

removal  of  heavy  metals  should  be studied in detail.

EXPERIMENTAL METHODS

Adsorbent preparation

In this study, Retama Monosperma Powder (RMP), was used as an

adsorbent for the removal of Pb(II) ions. Retama Monosperma is found

mostly in Zliten city of Libya. There are sand dunes, especially plateaus and

plains, which are plants that tolerate heat and drought. To prepare

theadsorbent, a certain amount of Retama Monosperma plants were

collectedand washed with distilled water. After that the burneddried plant
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materials was placed into a porcelain crucibleat 150 ºC in a muffle furnace

for 24 h.

Before starting the experiment, Retama Monosperma Powder

(RMP),waswashed  several  times  with  hot  distilled  water  to  remove  all

impurities  like  clay  and  silt  particles.  It  was  then  grinded  to  fine

powder  and  its  mesh  size  was  determined.  The  adsorption experiments

were carried out in stirred batch mode. To perform the experiment, working

solution  of Pb(II)  was  prepared  by  dissolving the  respective  metal

nitrate  in  distilled  water  to  avoid  errors  in results. Retama Monosperma

Powder (RMP), was  used  as  adsorbent  for adsorption  of Pb(II).  The

residual  concentrations  of Pb(II)  have been  measured  by  using

complexometry  titration.  Samples  were withdrawn  at  appropriate  time

intervals  and  filtered,  and  the absorbance  of  supernant  liquid  was

determined.  The  effect  of contact time, pH, temperature, etc was studied

likewise.

RESULTS AND DISCUSSION

Effect of initial pH

The concentrating tendency of hydroxyl ion in the adsorption is sensitive to

variations in solution pH. The amount of metal adsorbed increases with

increase inpH (Table 1). At low pH, adsorption of Pb(II) is

negligiblebecause the H+ion concentration is more than the ions of metal  on

the  surface  of  the  powder  which  limits  the access  of  metal  ions  on

the  surface  of  grains  of  the adsorbent.  When  the pH  increases,  the

effect  of competition  from  H+ions  decreases,  and  the  positively charged
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ions take their places on the surface. At  pH  values  higher  than 7, Pb(II)

precipitation occurred simultaneously. This could be explained by the fact

that  at  low  pH,  more  protons  will  be  available  to protonate amine

groups to form groups –NH3+ , reducing the  number  of  binding  sites for

the  adsorption  of Pb(II), while  as  at  higher  pH,  adsorption  of Pb(II)

increases because  the  inhibitory  effect  of  H+ decreased  with  the increase

in pH.[7,8]

Effect of initial concentration

The  removal of Pb(II)  was  studied  at  diff erent  initial concentration of

Pb2+ions (4.5 to 24.1 g/L) at fixed dose of adsorbent 2g /100 ml and contact

time (180  min), it was  increasing  by  decreasing  the Pb(II)

concentration. This is  as  a result of the increase in the driving force  of the

concentration gradient, as an increase in the initial Pb(II) ion

concentrations. The  percentage  adsorption  at higher  concentration  levels

shows  a  decreasing  trend,whereas the  equilibrium  uptake  of Pb(II)

displays  an opposite  trend.  At  lower  concentrations,  all Pb(II)  ions

present  in  solution  could  interact  with  the  binding  sites and  thus,  the

percentage adsorption  was  higher  than those at higher initial Pb(II) ion

concentrations. At higher concentrations,  lower  adsorption  yield  is  due

to  the saturation  of  adsorption  sites.[7,8]

Effect of time

The data obtained from the adsorption of Pb(II) ions on Retama

Monosperma the time (Table I) and a contact time of 180  min was
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sufficient to achieve equilibrium  and  the  adsorption  did  not  change

significantly with further increase in contact time.

I:EFFECT OF PH, TEMPERATURE, DOSE, CONTACT TIME, AND
CONCENTRATION ON ADSORPTION REMOVAL .

Adsorption isotherms

The adsorbent  dosage  is  another  important  parameter, which  influences

the  extent  of  metal  uptake  from  the solution, the adsorption of Pb(II) on

adsorbent by varying the  adsorbent dose (1-6g / 100 ml). The metal uptake

was  found  to  increase  with  increase in  amount  of adsorbents  (Table 2).

The  Langmuir  isotherm  is represented by the following equation.[9,10]:= + (1)

Where  Ce  is  the  equilibrium  concentration  (mg/L),  qe  is the amount

adsorbed at equilibrium time (mg/g), and b  are  Langmuir  constants.  The
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values of  the Langmuir constants are calculated from the intercept and

slope of the plot of Ce/qe  versus Ce.

RL = 1/ ( 1+bC0 ) (2)

Where C0is the initial ion concentration (mg/L) and b is the Langmuir

constant (L/mg). The RL  values indicate the type of isotherm as  shown in(

Table 2).[11] The  Freundlich isotherm may be linearized [12,13], as:

q = (3)

A linear form of this expression is given as:

ln Ye = ln K+ lnCe                                                   (4)

Log q = Log K+nlogCe (5)

Where K is the Freundlich adsorption constant, and n is the  adsorption

intensity.  The  values  of  the  two parameters K and n are calculated from

the intercept andslope of the plots Log versus Log .The value of n isgreater

than  unity (1<  n  <  10),  that  means  favorable adsorption,[14,15].The

results show that  the adsorption of metal  follows Langmuir and Freundlich

isotherm models (Table 2).

Thermodynamics parameters

The effect  of  temperature was studied to calculate  the percentage

removal(Table II)  and  the  thermodynamicparameters, such as the enthalpy

(ΔH ) and the entropy (ΔS ) for the adsorption of Pb(II) are calculated

(Table 2) by using the following equation[16]:= ∆ − ∆ (6)
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Where T is the absolute temperature (K), R the gas constant (J mol-1 K-1),

and is distribution coefficient(cm3 g-1).The negative value of ΔH shows

the exothermic nature of adsorption.[17,18,19,20]

TABLE II: THERMODYNAMICAND ISOTHERM PARAMETERS VALUE.

Thermodynamic parameters Isotherm parameter

−∆S (J/Mol) −∆H (KJ/Mol) Langmuir
constant (RL)

Freundlich
constant (n)

- 32.322 6.909 0.897 1.12

CONCLUSION
Removal  of Pd(II)  from  aqueous  solution  was  possible using Retama

Monosperma Powder (RMP). It was seen that maximum adsorption takes

place after 120 min.  The Langmuir and Freundlich  isotherms  models

provided  the  best  fits  to predict the  adsorption for the lead onto Retama

Monosperma Powder (RMP).  Thermodynamic  study  showed  that

theadsorption  process  was  spontaneous  and  exothermic because  ΔG and

ΔH  were  both  negative. The  results confirmed that all adsorbents

illustrated higher adsorption capacities and can be used for the adsorptive

removal of Pd(II) from different aqueous solutions, and its excellent

adsorption  behaviors  for  other  metal  ions  can  be expected.
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