
UNIVERSIDADE ESTADUAL DE CAMPINAS
SISTEMA DE BIBLIOTECAS DA UNICAMP

REPOSITÓRIO DA PRODUÇÃO CIENTIFICA E INTELECTUAL DA UNICAMP

Versão do arquivo anexado / Version of attached file:

Versão do Editor / Published Version

Mais informações no site da editora / Further information on publisher's website:

https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-66322014000200022

DOI: 10.1590/0104-6632.20140312s00002103

Direitos autorais / Publisher's copyright statement:

©2014 by Associação Brasileira de Engenharia Química. All rights reserved.

DIRETORIA DE TRATAMENTO DA INFORMAÇÃO

Cidade Universitária Zeferino Vaz Barão Geraldo
CEP 13083-970 – Campinas SP

Fone: (19) 3521-6493

http://www.repositorio.unicamp.br

http://www.repositorio.unicamp.br/


 
 
 
 
 
 
 
 
 

  ISSN 0104-6632                         
Printed in Brazil 

www.abeq.org.br/bjche 
 
 

Vol. 31,  No. 02,  pp. 519 - 529,  April - June,  2014 
dx.doi.org/10.1590/0104-6632.20140312s00002103 

 
*To whom correspondence should be addressed  
 
 
 
 

Brazilian Journal 
of Chemical 
Engineering 

 
 

ADSORPTION OF LEAD AND COPPER IONS 
FROM AQUEOUS EFFLUENTS ON RICE HUSK 

ASH IN A DYNAMIC SYSTEM 
 

M. G. A. Vieira1*, A. F. de Almeida Neto1*, M. G. C. da Silva1,  
C. N. Carneiro2 and A. A. Melo Filho2 

 
1Department of Products and Processes Design, Phone: + (55) 19 35213895, Fax: + (55) 19 35213965,  

University of Campinas, UNICAMP, 13083-852, Campinas - SP, Brazil. 
*E-mail: melissagav@feq.unicamp.br  

*E-mail: ambrosio@feq.unicamp.br; meuris@feq.unicamp.br 
2Department of Chemistry, Federal University of Roraima, Boa Vista - RR, Brazil.  

E-mail: candicenobrega@gmail.com; antonioalvesufrr@gmail.com 
 

(Submitted: July 10, 2012 ; Revised: July 5, 2013 ; Accepted: August 8, 2013) 
 

Abstract - This study evaluated the kinetic adsorption of Pb and Cu ions using rice husk ash as adsorbent in a 
fixed bed. The maximum adsorption capacities obtained for lead and copper ions in the fixed bed were 0.0561 
and 0.0682 mmol/g (at 20 °C), respectively. The thermodynamic studies indicated that the lead adsorption 
process was exothermic and spontaneous, while the copper adsorption process was endothermic and 
spontaneous. Characterization results indicated the presence of several functional groups, amorphous silica 
and a fibrous and longitudinal structure of rice husks. Rice husk ash (RHA) from northern Brazil can be used 
as a bioadsorbent for the individual removal of Pb(II) and Cu(II) ions from metal-containing effluents. 
Keywords: Adsorption; Heavy metal removal; Rice husk ash. 

 
 
 

INTRODUCTION 
 

Agricultural residues, especially rice husk, are by-
product of the rice milling industry, being produced 
in large quantities as a waste, creating environmental 
problems. 

Rice husk is mostly used as a fuel in the boiler 
furnaces of various industries to produce energy. The 
ash generated after burning the rice husk in the boiler 
is called rice husk ash. The rice husk ash was col-
lected from the particulate collection equipment 
attached upstream to the stack of rice-fired boilers. 
The ash generated represents a severe disposal prob-
lem (Naiya et al., 2009; Srivastava et al., 2006). 

Rice husk consists mainly of crude protein (3%), 
ash (including 17% silica), lignin (20%), hemicellu-

lose (25%), and cellulose (35%), rendering it suitable 
for metallic cation fixation (Krishnani et al., 2008).  

Today, heavy metals are the most serious pollut-
ants, becoming an extreme public health problem. 
Processes such as chemical precipitation, solvent ex-
traction, ion exchange, reverse osmosis or adsorption 
are commonly carried out with the aim of removing 
heavy metals, metalloid species, and their compounds 
from aqueous solution. Among these processes, the 
adsorption process is a simple and effective tech-
nique for the removal of heavy metals from waste-
water (Ahmaruzzaman, 2010). 

A number of materials have been widely investi-
gated as adsorbent in water pollution control. Some 
of the important ones include zeolites (Wang and 
Peng, 2009; Okolo et al., 2000), activated carbon
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(Wahby et al., 2011; Moreno-Piraján et al., 2011; Attia 
et al., 2010; Giraldo and Moreno-Piraján, 2008), rub-
ber ash (Mousavi et al., 2010), clay (Galindo et al., 
2013; Almeida Neto et al., 2012; Vieira et al., 2010a; 
Vieira et al., 2010b), expanded perlite (Torab-Mostaedi 
et al., 2010), vermiculite (Nishikawa et al., 2012), algae 
(Vieira et al., 2008; Vijayaranghavan et al., 2005; 
Silva et al., 2003), bacteria (Yilmaz et al., 2010), coir 
pith (Parab et al., 2006), sugarcane bagasse (Lv et al., 
2008; Gupta and Ali, 2004), olive stone (Calero et al., 
2009) and rice husks (Vieira et al., 2012; Vieira et al., 
2011; Senthil Kumar et al., 2010; Naiya et al., 2009; 
Srivastava et al., 2006; Ye et al., 2010; Nakbanpote 
et al., 2007; Tarley and Arruda, 2004; Tarley et al., 
2004). 

In this context, adsorption of copper and lead 
from aqueous solution were evaluated using this po-
tential material, through kinetic and thermodynamic 
studies in batch and fixed bed. Mathematical models 
were used to investigate the adsorption kinetics in 
batch and fixed bed. Langmuir and Freundlich’s 
isotherm equations were applied to the experimental 
data. The adsorbent was characterized before and 
after the lead and cooper adsorption process. 
 
 

MATERIALS AND METHODS 
 
Adsorption 
 

Samples of Oryza sativa L. rice husks from the 
North region of Brazil were used for adsorption. The 
rice husks were triturated in a food processor and 
calcined at 500 °C in a muffle furnace for one hour. 
 
Metal Adsorbate and Chemical Speciation 
 

The adsorption experiments were conducted 
using an aqueous solutions of Cu(NO3)2.3H2O and 
Pb(NO3)2 at a fixed concentration. The Cu(II) and 
Pb(II) solution pH was maintained at a level below 
minimal precipitation in order to assure the exclusive 
occurrence of the adsorption process and no chemi-
cal precipitation of copper and lead ions in the oxide 
and hydroxide forms (CuO and Pb(OH)2), respec-
tively. The effect of pH was estimated with HYDRA 
(Puigdomenech, 2004). The chemical precipitation of 
copper and lead in aqueous solution as oxide and 
hydroxide (CuO and Pb(OH)2), respectively, occurs 
in the pH range of 5.0-12.0. Thus, the pH of the ad-
sorbate solution was kept to 4.5 to ensure minimal 
precipitation on the adsorbent surface, thus making 
the adsorption of charged metal ions more favorable. 
The pH of the metal adsorbate solution was meas-

ured with a pH-meter with automatic temperature 
compensation, and maintained it at the proper value 
using nitric acid and ammonium hydroxide. 
 
Column Sorption Procedure 
 

Copper and lead adsorption runs in the dynamic 
system were performed in a glass column with inter-
nal diameter of 1.4 cm and 14.0 cm in height. The 
bed height used in the experiments was 14.0 cm. Be-
fore the runs, the rice husk ashes were deposited in-
side the column and put in contact with deionized 
water for 2 hours. 

The solutions containing the metal species were 
fed at the base of the column through a peristaltic 
pump (Masterflex) at a constant flow rate defined by 
preliminary tests in which the mass transfer zone 
(MTZ) for lead was obtained. Column effluent sam-
ples were collected at time intervals pre-set by a 
FC203 fraction collector (Gilson). 

The amounts of metal retained in the bed from the 
point of rupture (qu) until saturation (q) were ob-
tained by mass balance using column saturation data 
from the breakthrough curves. The area under the 
curve (1-C/C0) to the breaking point is proportional 
to qu and to exhaustion of the bed is proportional to 
q. The amounts retained were calculated from Eqs. 
(1 – 2), respectively. 
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The MTZ can then be calculated based on the qu/q 

ratio according to Eq. (3) (Geankoplis, 1993): 
 

MTZ 1 Ht⎛ ⎞
= − ⋅⎜ ⎟
⎝ ⎠

uq
q

            (3) 

 
The MTZ has a maximum value which corre-

sponds to the bed height (Ht). As the efficacy of 
mass transfer increases, this value decreases until 
reaching the ideal condition where the MTZ is zero 
and the breakthrough curve is a step function. 

The percentage of total removal (%Rem) during 
adsorption was obtained by considering the metal 
fraction in solution retained in the adsorbent solid, 
from the total effluent used in the adsorption process 
until bed saturation. The amount of adsorbed metal 
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was calculated by considering the curve area 
(1−C/C0) versus t. The integral of the metal adsorp-
tion curves was determined with the software Origin® 
version 6.0. 
 
Adsorption Thermodynamics 
 

The adsorption experiments were performed 
using aqueous solutions of Cu(NO3)2 and Pb(NO3)2 
of fixed concentrations in batch mode, at room tem-
perature and under constant stirring of 225 rpm. At 
equilibrium times of 1000 and 600 min for removal 
of lead and copper, respectively (Vieira et al., 2012), 
4 mL-aliquots of the metal ion solutions were 
removed and centrifuged. The supernatant liquid was 
diluted and its concentration was determined by 
atomic absorption spectrometry (Perkin Elmer AA 
Analyst 100 with air-acetylene oxidizing flame). Re-
moval capacity in the solid phase (q) at each time 
was obtained by Eq. (4): 
 

( )0( ) ( )= −
Vq t C C t
m

            (4) 

 
The pH of the solutions defined by metallic speci-

ation was 4.0 for Pb and 4.5 for Cu. The pH of the 
solutions was adjusted using 0.2 M HNO3 or 0.25 M 
NH4OH. Thermodynamic parameters for the adsorp-
tion process (ΔH (kJ/mol), ΔS (J/mol.K) and ΔG 
(kJ/mol)) were evaluated using the thermodynamic 
Eqs. (5) - (6). 
 
ΔG = -RT.lnKd                (5) 
 
ln(Kd) = -ΔG/RT = ΔS/R - ΔH/RT          (6) 
 

The graph of ln(Kd) versus 1/T must be linear with 
slope (-ΔH/R) and intercept on the y axis of (ΔS/R), 
providing the ΔH and ΔS values. The Gibbs Free 
Energy variation (ΔG) is the fundamental criterion of 
process spontaneity. A given process occurs sponta-
neously at a given temperature if ΔG < 0. 
 
Mathematical Model of the Adsorption Column 
 

Bohart and Adams (1920) developed one of the 
simplest models to represent the breakthrough curve. 
This model assumes that the adsorption rate is pro-
portional to the residual capacity for adsorption and 
concentration of the adsorbed species, and does not 
consider it to be important to stress the axial disper-
sion. In this case the intraparticle diffusion is negligi-
ble. The mass transfer rates satisfy Eqs. (7) and (8): 

0∂ ρ ∂ ∂
+ + ν =

∂ ε ∂ ∂
LC q C

t t z
           (7) 
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= −

∂ s
q kC q q
t

             (8) 

 
where z is the height of the bed, v the flow velocity, 
ε is the porosity of the bed, ρL is the density of the 
bed, t is the process time and the parameters k, repre-
sent the constant removal rate. 

The choice of this model is due to the fact that it 
assumes that the removal capacity is constant and that 
the isotherms obtained for the adsorbents show irre-
versible behavior. Thus, for a better representation of 
this study we used the sorption capacity of the 
adsorbent as the amount of metal removed when the 
system is in equilibrium. The initial boundary condi-
tions are represented by Eqs. (9) and (10): 
 
C(0,z) = 0 and q(0,z) = 0           (9) 
 

{ 0

0 0( ,0) 0
⇔ == ⇔ >
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The analytical solution of the model of Adams 

and Bohart is given by Eq. (11), as shown by Ruthven 
(1984): 
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where: 
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0 1− ε⎛ ⎞ξ = ⎜ ⎟ε⎝ ⎠
kq z

v
           (13) 

 
and q0 represents the quasichemical concentration of 
metal in the solid state at time zero of the elution. 
 
Adsorbent Characterization 
 

The physical–chemical characterization of rice 
husk included morphological analysis by scanning 
electron microscopy (SEM) with EDX and Fourier-
transform infrared spectroscopy (FTIR). The above 
mentioned analyses were performed for samples of 
rice husks in natura, calcined and after metal ion 
adsorption. Table 1 shows the analyses and their 
respective equipment. 



 
 
 
 

522        M. G. A. Vieira, A. F. de Almeida Neto, M. G. C. da Silva, C. N. Carneiro and A. A. Melo Filho 
 

 
Brazilian Journal of Chemical Engineering 

 
 
 
 

Table 1: Characterization analysis of rice husk. 
 

Analysis Equipment Parameters/observations 
Fourier-
transform 
infrared 
spectroscopy 
(FTIR) 

Spectrum 
One—FT-IR, 
PerkinElmer 

IR adsorption spect ra  
were obtained in KBr  
disks in the 4000–400 cm−1 
region 

Scanning 
electron 
microscopy 
(SEM) 

SEM, model 
LEO 440i 

Vacuum drying (12 h); 
metallization of samples 
with gold, utilizing 1V 
voltage and 3 nA current  
for 180 s, in an argon 
atmosphere 

 
 

RESULTS AND DISCUSSION 
 
Determination of the Operating Flow Rate for Fixed 
Bed Adsorption 
 

The determination of the operating flow rate was 
based on the Mass Transfer Zone (MTZ). The concen-
tration of adsorbate metal solution was kept constant at 
0.48 mmol/L and 1.57 mmol/L for lead and copper, 
respectively, while the feed flow rate varied from 2, 
3, 4 and 5 mL/min. Figure 1 shows the breakthrough 
curves at different flow rates in the adsorption of 

lead and copper. The experimental data were fit by 
the quasichemical solution function.  

From Figure 1, it appears that the breakthrough 
curves present different behaviors, indicating the in-
fluence of diffusional resistances. The adsorption 
process has a strong resistance to the saturation of 
the bed in the entire flow range investigated, as evi-
denced by the more elongated breakthrough curves 
and the large areas of the mass transfer zone. 

According to Geankoplis (1993), the mass transfer 
zone (MTZ) represented by the curve delineates a 
rupture length of the bed in which the concentration 
is given from the breaking point until the point of 
exhaustion. The shorter the length of the MTZ, the 
closer the system is to ideality, indicating a low dif-
fusional resistance, and hence a more favorable ad-
sorption process. 

In the fixed bed adsorption process, when the 
flow rate is increased, the resistance to mass transfer 
in the liquid film outside is reduced; consequently, the 
mass transfer zone (MTZ) is reduced, as observed by 
Vijayaranghavan et al. (2005). However, using higher 
flow rates, the MTZ is increased, because the fluid 
does not have a residence time sufficient for the 
adsorption to occur. Table 2 shows the values of 
MTZ, qu, q and percentage removal (%Rem) of lead 
and copper in RHA. 

 

  
Figure 1: Breakthrough curves for the system: (a) Pb2+/RHA, (b) Cu2+/RHA at different flow rates,     
0.48 mmol / L of lead and 1.57 mmol / L copper in solution, adjusted by the function quasichemical. 

 
Table 2: Values of the MTZ, qu and q for the adsorption removal of lead and copper by RHA. 

 
System Flow (mL/min) MTZ (cm) qu (mmol/g) q (mmol/g) %Rem 

2 9.08 0.0227 0.0575 33.33 
3 10.64 0.0185 0.0636 31.33 
4 8.22 0.0239 0.0529 33.05 Pb2+/RHA 

5 12.35 0.01 0.0561 23.23 
3 9.12 0.0166 0.0423 17.08 Cu2+/RHA 4 11.18 0.0137 0.0682 22.22 
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Table 2 shows that the lowest values of MTZ and 
satisfactory values of useful (qu) and total amount of 
metal adsorbed (q) and percentage of total removal 
(%Rem) were obtained at a flow rate of 4 mL/min for 
both ions. The values of q0 and k are presented in 
Table 3. The parameter q0 was only little influenced 
by changes in the flow rate. This can be attributed to the 
constant number of sites used by lead or copper during 
the adsorption process. The parameter k varies with the 
increase of the operating flow rate. For each operating 
flow rate, a new breakthrough curve is established. 
 
Thermodynamics of Adsorption 
 

Thermodynamic data were obtained through the 
static method in a thermostated bath with constant stir-
ring (225 rpm) at various temperatures (24 - 74 ºC). An 
increase in temperature increases the adsorption ca-
pacity, which means that the increase of energy fa-
vours adsorption on the RHA surface. Pb/RHA 

presents a negative enthalpy variation during adsorp-
tion (exothermic process). Naiya et al. (2009) ob-
tained results that indicated that the Pb removal degree 
increases with an increase in temperature for an initial 
concentration of 50 ppm, pH 5.0, and contact time of 
1 hour, using RHA as adsorbent: for 30 ºC, they ob-
tained 94.85%; for 40 ºC, 95.30%; and for 50 ºC, 
96.02% of metal removal.  

Figure 2 shows adsorption isotherms for 1g RHA/ 
100 mL of adsorbate solution. The equilibrium data 
were adjusted by Langmuir and Freundlich’s models. 
The initial concentration of Pb varied from 5 to 800 
ppm for the four temperature levels and the initial 
concentrations of Cu varied from 5 to 500 ppm for 
the three temperature levels. 

The parameters obtained from the Langmuir and 
Freundlich models and Henry’s constants are pre-
sented in Table 4. Figure 2 and Table 4 show that 
Langmuir’s model better represented the experimen-
tal data for the adsorption isotherms. 

 
Table 3: Quasichemical solution fit for breakthrough curves. 

 
System Flow (mL/min) q0 k R2 

2 52.7899 0.0289 0.9592 
3 66.2056 0.0285 0.9493 
4 53.3139 0.0918 0.9350 Pb2+/RHA 

5 52.9429 0.0633 0.8811 
3 45.7012 0.0610 0.9215 Cu2+/RHA 4 30.5621 0.1005 0.8512 
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Figure 2: Langmuir and Freundlich isotherms for (a) lead and (b) copper on RHA. 

 
Table 4: Adsorption isotherm parameters for the removal of Pb and Cu ions. 

 
Langmuir Freundlich Henry System T(K) qm (mmol/g) b (L/g) R2 A n R2 K (L/g) R2 

Pb/RHA 

297 
314 
324 
347 

0.0608 
0.0738 
0.0818 
0.1080 

19.3743 
45.1749 
27.2375 
10.3973 

0.9628 
0.9277 
0.9698 
0.9809 

0.0508 
0.0638 
0.0701 
0.0843 

0.2471 
0.2191 
0.2420 
0.2932 

0.8202 
0.7909 
0.8611 
0.8517 

0.7752 
0.5262 
0.4795 
0.3835 

0.9152 
0.9202 
0.9276 
0.9359 

297 0.0570 18.4312 0.9397 0.0465 0.2060 < 0.9 0.3875 0.9625 
315 0.0682 55.5226 0.9305 0.0596 0.1369 < 0.9 1.7405 0.9915 Cu/RHA 
327 0.0789 70.4091 0.9178 0.0686 0.1342 < 0.9 2.7481 0.9675 
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The Langmuir-Freundlich is a versatile iso-
therm expression that can represent both Langmuir 
and Freundlich behaviours. A general form of the 
Langmuir-Freundlich isotherm equation for copper and 
lead adsorption on RHA can be written as Eq. (14): 
 

( )
( ) 1

=
+

n
m a eq

n
a eq

Q K C
q

K C
           (14) 

 
where, q is the amount of metal adsorbed on the ash 
at equilibrium (mmol/g), Qm is the adsorption capac-
ity of the system (mmol of adsorbate/g adsorbent), 
Ceq is the aqueous phase concentration at equilibrium 
(mmol/ L), Ka is the affinity constant for adsorption 
(L/g) and n is the index of heterogeneity 
 The Langmuir-Freundlich isotherm was fitted to 
all isotherm datasets as shown in Figure 3. The fitted 
values of Qm, Ka and n are summarized in Table 5. 
The parameter estimation process was robust and the 
Origin solver converged to these parameter values 
for a wide range of initial conditions. The only restric-
tion used in the solver was a non-negativity con-

straint for the Ka values. The R2 values of the fitting 
were greater than 0.92. These results indicate that the 
Langmuir-Freundlich isotherm can be used to describe 
temperature effects on lead and copper adsorption. 

The thermodynamic parameters obtained are 
presented in Table 6. Pb/RHA interactions occurred 
spontaneously (ΔG<0) and the adsorption process is 
exothermic. Spontaneity increases with the rise in 
temperature, varying from -17.243 to -18.156 kJ/mol 
for the temperature range of 24 to 74 ºC. The Cu/RHA 
interactions also occurred spontaneously (ΔG<0), but 
the adsorption process is endothermic. Similar re-
sults were obtained by different authors, who also 
verified an endothermic behaviour for adsorption of 
copper ions on several clays (Bhattacharyya and 
Gupta, 2008; Eren and Afsin, 2008; Bhattacharyya 
and Gupta, 2007; Weng et al., 2007). Thus, the ad-
sorption of Cu(II) onto clays has to overcome a small 
activation energy barrier and an increase in energy 
supply makes it easier for Cu(II) to adsorb onto the 
clay surface. Such activated adsorption following an 
endothermic path has also been reported earlier 
(Futalan et al., 2011). 
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Figure 3: Langmuir-Freundlich isotherms for (a) lead and (b) copper on RHA. 

 
Table 5: Langmuir-Freudlich isotherm parameters for the removal of Pb and Cu ions. 

 
Langmuir-Freundlich  

System T (K) Qm Ka n R2 
297 0.058 787.2 1.043 0.988 
314 0.072 264.6 0.398 0.920 
324 0.082 26.37 0.008 0.965 

 
Pb/RHA 

347 0.107 11.72 0.039 0.979 
297 0.064 4.7 0.383 0.928 
315 0.065 56.5 1.591 0.952 

 
Cu/RHA 

327 0.076 15.8 1.241 0.948 
 

Table 6: Thermodynamics parameters for Pb(II) and Cu(II) adsorption on RHA. 
 

ΔG (kJ/mol) System ΔH (kJ/mol) ΔS  
(J/mol K) 297 K 314 K 324 K 347 K 

Pb/RHA -11.82 +18.26 
  

Cu/RHA +53.95 +235.05 

-17.243 
297 K 

-15.859 

-17.554 
315 K 

-20.091 

-17.736 
327 K 

-22.911 

-18.156 
-- 
-- 



 
 
 
 

Adsorption of Lead and Copper Ions from Aqueous Effluents on Rice Husk Ash in a Dynamic System                                    525 
 

 
Brazilian Journal of Chemical Engineering Vol. 31,  No. 02,  pp. 519 - 529,  April - June,  2014 

 
 
 
 

Characterization 
 
FTIR Analysis 
 

The FTIR technique is an important tool to iden-
tify characteristic functional groups. In Figure 4(a) 
and (b), note the presence of OH groups on the sample 
surface (Kamath and Proctor, 1998). This OH stretch-
ing is due to silanol groups (Si-OH). Besides, a 
methyl group has been identified. Stretches due to 
the presence of lignin (Tarley et al., 2004), aldehydes 
and ketones, aromatic rings (Tarley and Arruda, 2004) 
and siloxane (Si-O-Si) (Nakbanpote et al., 2007; Tarley 
and Arruda, 2004; Tarley et al., 2004) groups in the 
samples are also present. Table 7 shows the func-
tional groups and their respective wavelengths iden-
tified in the spectra. 
 
Scanning Electron Microscopy 
 

Figure 5 presents SEM micrographs of the rice 
husks and rice husk ash before and after adsorption. 
SEM micrographs of the rice husk ash (5b) indicated 
that the surface was highly irregular and porous in 
nature (Naiya et al., 2009). The cob-shaped cellulose 
skeleton is visible (Della et al., 2001). According to 
Della et al. (2001), the inner epidermis presents a 
pore structure resulting from removal of lignin and

cellulose during the burning process; cellulose is the 
major organic constituent of rice husks. Based on the 
mapping of metals in the micrographs performed by 
EDX it is possible to observe a uniform distribution 
of the metallic ions lead (Figure 5c) and copper 
(Figure 5d) on the RHA surface after adsorption. 

According to Tarley and Arruda (2004), the mor-
phology of the adsorbent can facilitate adsorption of 
metals in different parts of the material. Therefore, 
based on morphology and on the fact that a higher 
concentration of silica is present in the outer 
epidermis of the rice hulls, one can conclude that this 
material presents a morphological profile with the 
capability to retain metal ions. 

The semi-quantitative chemical composition ob-
tained by EDX (coupled to SEM) of the compounds 
in RHA is shown in Table 8. Ion exchange can be an 
additional process for removal of copper and lead by 
RHA, being verified by the results of chemical com-
position presented in Table 8, where the percentage 
of exchangeable potassium in the RHA drastically 
decreased after adsorption. The mechanism of ion 
exchange can be written as follows: 
 
2K+ – RHA + Cu2+→ Cu2+ – RHA + 2K+ 
 
2K+ – RHA + Pb2+→ Pb2+ – RHA + 2K+ 
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Figure 4: FTIR spectra of (a) RHA and Cu/RHA, (b) RHA and Pb/RHA. 

 
Table 7: Absorption bands identified in the FTIR Spectra. 

 
RHA 

Wavelength (cm-1) 
Cu/RHA 

Wavelength (cm-1) 
Pb/RHA 

Wavelength (cm-1) 
Functional Groups 

3427 3440 3433 -OH 
2920 and 2855 2927 and 2844 2920 and 2845    CH3 

1610 1609 1610 -C=O 
1425 1388 1425 Aromatic rings 
1100 1100 1100 Si-O-Si 

800 and 459 800 and 468 800 and 468 N-H 



 
 
 
 

526        M. G. A. Vieira, A. F. de Almeida Neto, M. G. C. da Silva, C. N. Carneiro and A. A. Melo Filho 
 

 
Brazilian Journal of Chemical Engineering 

 
 
 
 

  
(a) (b) 

  
(c)  (d) 

Figure 5: SEM micrographs: (a) Rice husk inner and outer epidermis with 50x 
magnification; (b) Rice husk ash inner and outer epidermis with 200X magnification; (c) 
Pb/RHA with 1000x magnification; (d) Cu/RHA with 500x magnification. 

 
Table 8: Chemical analysis of the RHA. 

 
Composition (%) Sample 

O Si K Ca Cu Pb Sum 
RHA 52.45 45.59 1.40 0.56 -- -- 100 
RHA + Cu 58.90 37.56 0.53 1.37 1.64 -- 100 
RHA + Cd 55.20 43.77 0.45 0.28 -- 0.30 100 

 
 

Similar results were obtained by Galindo et al. 
(2013) in a study of the removal of cadmium and 
lead using sodic clay. The authors reported that ion 
exchange can be an additional process for removal of 
cadmium and lead on sodic clay and that the amount 
of exchangeable cations Na+ was reduced after metal 
adsorption. 
 
 

CONCLUSIONS 
 

The study of mass transfer parameters, as well as 
the breakthrough curves, indicated that the most 
suitable operating flow rate, i.e., which minimizes 
the diffusional resistances in the bed for removal of 
lead and copper by RHA was 4 mL/min. When the 
flow rate was increased, the breaking and the 
saturation points, as well as the useful (qu) and the 
total (q) amount of metal adsorbed decreased. RHA 
from northern Brazil can be used as a bioadsorbent 
for the individual removal of Pb(II) and Cu(II) ions 

from metal-containing effluents and the maximum 
sorption found for both ions was 0.0561 and 0.0682 
mmol metal/g of RHA, respectively. The thermody-
namic study indicated that the Pb adsorption process 
was exothermic and spontaneous, while Cu adsorp-
tion was endothermic and spontaneous. Sorption 
isotherms were well-described by Langmuir’s model. 
The physical characterization of rice husks in nature, 
rice husk ash before and after adsorption of metal 
ions pointed to properties such as the presence of 
functional groups (carboxyl, silanol, hydroxyl, etc.), 
of amorphous silica and of a fibrous and longitudinal 
structure of this material.  
 
 

NOMENCLATURE 
 
a, n  Freundlich coefficients 
b, qm  Langmuir coefficients 

representing the equilibrium 
constant for the adsorbate–
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adsorbent equilibrium and 
the maximum adsorbed 
amount on the monolayer 

C  metal concentration in a 
solution in the column  
outlet  

ppm

C0  initial metal concentration  
in the liquid  

ppm

K  Henry constant 
Kd  adsorbate distribution 

coefficient 
=qeq/Ceq  L/g

Q  amount of adsorbed metal 
per unit of adsorbent mass  

mg of metal/g
of adsorbent

qu  amount of adsorbed metal 
per unit of adsorbent mass 
up to the breakthrough point 

mg of metal/g
of adsorbent

R  universal gas constant  8.314×10−3

kJ/(K mol)
T  temperature  K
tb  time until breakthrough 

point 
min

V  volumetric outflow of the 
metal solution  

cm3/min

ΔG  Gibbs free energy variation  kJ/mol
ΔH  enthalpy variation  kJ/mol
ΔS entropy variation  J/(K mol)
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