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ABSTRACT
Studies on batch adsorption dynamics and equilibrium for the removal of lead (II) ions
from aqueous  solution  using  indigenously  prepared barley chaff plant (BCP)  and
commercial  activated carbons (CAC) have been carried out with an aim to obtain data for
treating effluents from metal processing and metal finishing industries. Effect of various
process parameters has been investigated by following the batch adsorption technique at 30
+1°C. Percentage removal of lead(II) ions increased with the decrease in initial
concentration and increased with increase in contact time and dose of adsorbent. Amount of
lead (II) ions adsorbed increases with the decrease in particle size of BCP. As initial pH of
the slurry increased, the percentage removal  increased,  reached  a maximum and the final
solution pH after adsorption decreases. Adsorption data were modeled with the Freundlich
and Langmuir isotherms,(1) Kinetics of adsorption is observed to be first order with intra
particle diffusion as one of the rate determining steps. Removal of lead (II) ions by barley
chaff plant BCP is found to be favorable and hence BCP could be employed as an
alternative adsorbent to commercial activated carbon (CAC) for effluent treatment,
especially for the removal of lead (II) ions.

Keywords: commercial activated Carbon(CAC) and barley chaff plant (BCP),
Lead(II) ions,adsorption isotherms, kinetic.

INTRODUCTION
The  main  sources  of  toxic  metals  are industrial  wastes  from  processes

such  as electroplating,  metal  finishing,  chemical manufacturing  and

nuclear  fuel processing.  The  increasing  levels  of  heavy metals  that  are
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discharged  to  the environment  represent  a  serious  threat to human

health,  living  resource  and ecological system(2). Lead  is  a  priority  toxic

pollutant  in  wastewater discharged  from  industries  such  as  metal

mining,  melting, planting,  batteries,  pesticides,  oil  paint,  pigments,  and

alloys (3).Activated carbon is the most common used adsorbent, however, it

is relatively expensive. In developing countries like Libya, the development

of indigenous low–cost materials for the water and wastewater  treatment  is

essentially  needed,  because  the  commercially  available  commercial

activated carbon(CAC) is highly costly, and the difficulty exists in its

procurement in developing countries like Libya. Heavy metal ions,

especially Lead (II) ions are highly toxic to the living beings, especially to

the aquatic plants and animals, and therefore to be necessarily removedfrom

water and wastewater. Although some attempts have already been made to

economize the activated carbon (AC), the scope for minimizing its cost and

development of alternative adsorbent materials to CAC by preparing IPACs

from agricultural wastes is still open. The reported results revealed that

carbons prepared from agricultural wastes exhibit a high adsorption

capacity, obeyed Langmuir and Freundlich isotherms and first order kinetic

equations towards the removal of metal ions(4-5). Carbons prepared from

these agricultural wastes are found to be porous in nature with high surface

area and hence suitable for the removal of metal ions. Based on this idea, the

present work is an attempt to indigenously prepare activated carbon from

the locally available agricultural waste viz. barley chaff plant (BCP), to

study the suitability of barley chaff plant carbon(BCPC)for the removal of

Lead (II) ions by determining the effect of various process parameters like
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initial concentration, contact time, dose, particle  size  and  initial  pH,  on

the  extent  of  removal  of Lead  (II)  ions  and  to  model  the adsorption

data with various isotherms and first order kinetic equations and to compare

the data with that of CAC.

RESULTS AND DISCUSSION

Characteristics of the adsorbent

The chemical nature and pore structure generally determines the sorption

activity. The physico chemical properties of the adsorbent are listed in

Table(1).

TABLE (1) CHARACTERISTICS OF THE ADSORBENT

BCPPropertiesSI.NO.

110 – 255Particle size (µ)1

0.022Density (g/cc)2

0.0012Moisture content (%)3

6pH of aqueous solution4

Adsorption experiments

Adsorption experiments were carried out at room temperature (30+1°C)

under batch mode. Stock solution  of  lead  (II)  nitrate  was  prepared

suitably  diluted  with  DD  water  and  estimated  by EDTA method using

xylenol orange, as indicator. Exactly 50mL of lead (II) ion solution of

known  initial  concentration  was  shaken  with  a  required  dose  of

adsorbent  (CAC=  3-5  g/L  and BCP =2- 5  g/L)  of  a  fixed  particle  size

(CAC=110  micron  and  BCP =110-255  micron)  in  a thermostatic orbit
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incubator shaker (    ) at 300 rpm after noting down the initial pH of the

solution (pH = 6.0). The initial pH was adjusted to the required pH value

(range: 2-10) by adding either 1 M HCl or 1 M NaOH solution. After

equilibration, the final concentrations (Ce) were also measured complex

metrically (6-7), the value of percentage removal and amount adsorbed (q in

mg/g) were calculated using the following relationships:

Percentage removal = 100 (Ci –Ce) / Ci...................(1)

Amount adsorbed (q) = (Ci –Ce) / m ...................... (2)

Where,  Ci and  Ce are  initial  and  equilibrium  (final)  concentration  of

lead (II)  ions (ppm), respectively and m is the mass of adsorbent, in g/L.

The adsorption isotherms were specified at pH 6.0 for (BCP) and CAC.

Absorption data obtained from the effect of initial concentration and contact

time  were  employed  in  testing  the  applicability  of  isotherms  and

kinetic  equations, respectively.

Effect of Initial concentration

The adsorption experiments were carried out under batch mode at different

experimental conditions (Table 2) and the results obtained are discussed

below. The results on the extent of removal (% removal and q) of lead (II)

ions under various experimental conditions are given in Table 2.The effect

of initial concentration is shown in Figure(1).
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TABLE 2: EFFECT OF INITIAL CONCENTRATION FOR THE EXTENT OF
REMOVAL OF LEAD (II) IONS BY CAC AND (BCP) AT 30°C.

Effects Range Percentage of Removal

CAC BPC

Initial pH 2-12 49 – 96 31 - 83

Particle size (µ) 100 – 250 - - - 45 - 20

Dose of adsorbent 3 - 6 (CAC)

1.5 - 4.5 (BCP)

35 - 75 5 - 45

Contact time (min.) 10-110 32 - 86 5 - 62

Initial conc. (ppm) 10-110 85 - 45 73 - 25

The percentage removal decreased with the increase in initial concentration

of lead (II) ions.  This  may  probably  be  due  to  the  limited  number  of

available  active  sites  on  the  surface  of CAC  and  BPC  to  accommodate

higher  concentration of lead  (II)  ions(8-9). The  optimum  initial

concentration of lead (II) ions is fixed as 70 ppm for CAC and BPC.

Adsorption Isotherms

Adsorption  data  were  modeled  with  the  help  of  Freundlich  and

Langmuir  isotherms(5).The adsorption data were fitted with these

isotherms (a) by plotting the values of (i) log qe vs log Ce and (ii) (Ce/qe)

vs Ce and (b) by carrying out correlation analysis between the values of (i)

log qe and log ce and (ii) (Ce/qe) and Ce (Table 2).

Freundlich isotherm: log q = log K + (1/n) log Ce..... .... ....... (3)

Langmuir isotherm : (Ce/q) = (1/Qob) + (Ce/Qo) ..... ........(4)
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TABLE 2 : ADSORPTION ISOTHERM DATA FOR REMOVAL OF LEAD (II)
IONS BY CAC AND BPC AT 30°C.

Parameter Sorbent

Langmuir isotherm CAC BPC

Slope (1/Qo) 1.621 0.973

Intercept (1/Qob) 3.120 3.331

Correlation coefficient (r) 0.980 0.983

b (L/mg) 0.296 0.174

Qo(mg/g) 0.552 1.312

RL 0.056 0.078

Freundlich isotherm

Slope (1/Qo) 0.451 0.492

Intercept (1/Qob) 0.244 1.121

Correlation coefficient (r) 0.889 0.910

Where, K and 1/n  are  the  measures  of  adsorption  capacity  and  intensity

of adsorption, respectively  ;  q  is  the  amount  adsorbed per  unit  mass  of

adsorbent (in  mg/g);  Qo and b  are Langmuir constants, which are the

measures of monolayer adsorption capacity (in mg/g) and surface energy

(mg/L), respectively. The results of correlation analysis along with the

isotherm parameters are given in Table 2. The observed linear relationships

are statistically significant as evidenced from the  correlation  coefficients

(r-values)  close  to  unity,  which  indicate  the  applicability  of  these  two

adsorption isotherms and the monolayer coverage of lead species on the

carbon surface. The monolayer  adsorption  capacity,  Qo value  (Table  2)

indicates  that (BCP) is  a  better  adsorbent  for lead (II) ions.
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Figure 1: Effect of Initial concentration on the removal of lead (II) ions by BPC and CAC.

Further,  the  essential  characteristics  of  the  Langmuir  isotherm  can  be

described  by  a separation factor, RL, which is defined by the following

equation.

RL= 1 / (1+ bCi) ......................................................... (5)

The separation factor, RL, indicate the shape of the isotherm and the nature

of the adsorption process as given below:

TABLE 3 : ADSORPTION ISOTHERM DATA FOR SEPARATION FACTOR, RL
VALUE.

RL value Nature of the process

RL> 1 Unfavourable

RL= 1 Linear

0 > RL > 1 Favorable

RL= 0 Irreversible
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In the  present  study,  the  computed  values  of  RL ( Table 3 ) are  found

to  be  fraction  in  the range of 0-1, indicating that the adsorption process is

favorable for these adsorbents for the removal of lead (II) ions.

Effect of pH:

The effect of initial pH on the extent of removal of lead (II) ions by

adsorption on BCP and CAC at 30°C is given in Figure 2. The adsorptions

of lead (II) ions on the adsorbents are found  to  be  highly  pH  dependent.

As  pH  increases, the extent of removal increases, reaches a maximum

value and then decreases further increased up to optimum pH. The  optimum

pH  for removal of lead ions is fixed as 6.0 for both CAC and BCP. The

near neutral pH is found to be favorable. The pH value slightly decreases

and change in pH (ΔpH = initial pH -final pH) values after adsorption are

found to decrease in the order of 0.3-0.5 units (10-11). This suggests that

during the adsorption of lead  species, protons are released from the surface

functional groups like phenolic, carboxylic and enolic groups present on the

carbons.These adsorption data suggest that BCP could be used as adsorbent

alternative to CAC for the cost effective treatment of effluents, especially

for the removal of lead (II) ions.
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Figure 2: Effect of pH on the removal of lead (II) ions by BCP.

Effect of Contact time

The percentage removal increased with increase in contact time and reached

a constant value. This may be due to the attainment of equilibrium condition

at 40 min., of contact time for CAC and 30 min. of contact time for BCP ,

which are fixed as the optimum contact time. The effect of contact time is

shown in Figure 3. At the initial stage, the rate of removal of lead (II) ions

was higher, due to the availability of more than required number of active

sites on the surface of carbons and became slower at the later stages of

contact time, due to the decreased or lesser  number  of  active  sites.

Similar  results  have  been  reported  in  literature  for  the  removal  of

Dyes, organic acids and metal ions by various adsorbents (13-12).
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Figure 3: Effect of contact time on the removal of lead (II) ions by BPC and CAC .

Effect of Dose:

The effect of dose of adsorbent on the percentage removal of lead ions was

studied. The percentage removal increased with increase in dose of

adsorbent (Table 2; Figure 4). This may be due to the rapid increase in

surface area and number of available active sites for the adsorption of lead

(II) ions, or due to conglomeration of carbons at higher doses. The relative

increase in the percentage removal of lead ions is found to be insignificant

after a dose of 3 g/L of CAC and 2 g/L of lead, which is fixed as the

optimum dose. The values of log (% removal) are also found to be linearly

correlated with log (dose) values. The values of log q are found to be
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linearly correlated to log(dose) with correlation coefficients, which are

almost unity (r=values: CAC = 0.980; lead = 0.983). This is in accordance

with the fractional power term of the dose as:

q = [dose] -n+ c........... ........................ (10)

This suggests that the adsorbed lead (II) ions may either block the access to

the internal pores of carbons or may cause particles to aggregate and thereby

minimizing the availability of active sites for adsorption(15-14).

Figure 4: Effect of dose variation on the removal of lead (II) ions by BCP and CAC.
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Effect of Particle size of BCP

The effect of particle size on the % removal of lead (II) ions adsorbed

(range) is given in the Table 2 (Figure 5). The effect of particle size on the

% removal of lead (II) ions adsorbed was studied only by varying the

particle size of BCP as 100, 150, 200, 250 and 260 micron; CAC was not

used, since its particle size is uniform and constant at 100 micron. The value

of correlation coefficient is close to unity (r = 0.991). The amount of lead

(II) ions adsorbed increases with the decrease in particle size of the

adsorbent ( 17-16 ). This is due to the increase in the availability surface

area with the decrease in particle size.

Figure 5: Effect of particle size on the removal of lead (II) ions by BCP.
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Relative adsorption capacity

The values of relative adsorption capacity of commercial activated carbon

and barley chaff plant (CAC and BCP ) are calculated from the Qo values,

obtained from Langmuir isotherm, which are given in Table 2. The

increasing order of relative adsorption capacity of CAC and BCP are:

CAC>BCP.

CONCLUSION
This study showed that agood adsorbent for removal of Pb(II) from aqueuos

solution can be obtained from activated carbon prepared from barley chaff

plant (BCP)  and  commercial  activated carbons (CAC) are suitable  for

adsorption  of lead from  heavy  metal  waste.Batch experiments were

conducted and showed that the Adsorbate species are found to adsorb

strongly on the surface of commercial activated carbon and barley chaff

plant (CAC and BCP). The faster adsorption kinetic data may be useful for

environmental technologists in designing lead (II) containing wastewater.

The adsorption process is found to be first.
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