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Abstract: A novel low cost adsorbent based on rice husks was obtained by slow pyrolysis at temperature 350°C and was characterized by 
means of SEM, Hg-porosimetry and N2-adsorption. The adsorption properties of the investigated material towards Fe(III), Pb(II), Cr(III) 
and Cu(II) ions in multi-component aqueous solutions with different concentrations and acidity were studied in a batch system. The 
adsorption of metals is significantly affected by the pH value.  Equilibrium experimental data were fitted to linear Langmuir and Freundlich 
model and maximum adsorption capacities were calculated. Kinetic of adsorption in multi-component solutions was also investigated.  
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1. Introduction 
During recent years, many researchers have focused their 

interest on heavy metals due to their known toxicity and 
carcinogenicity as they are discharged in small quantities by 
numerous activities such as rapid industrialization, urbanization and 
anthropogenic sources into the environment [1]. Numerous 
techniques and treatment technologies have been developed for the 
clean-up of waters contaminated with metal ions. Traditional 
methods for water purification such as chemical precipitation, 
coagulation, ion-exchange and membrane processes are either too 
expensive or do not allow one to reduce their content to levels 
dictated by increasingly stringent regulations. Methods based on 
physical and chemical adsorption have recently found wide 
application and most studies are concentrated on searching more 
effective and low cost adsorbents [2]. 

Rice husks, a by-product from the rice milling industry, are 
produced in bulk as a waste [3]. The granular structure of the husks 
and their phase composition, chemical stability, water insolubility, 
and high mechanical strength render them suitable for preparing 
valuable materials with different carbon/SiO2 ratios. A possible 
application of the husks is as biosorbents for various pollutants from 
aqueous media, directly or after activation. 

The use of biosorbents from numerous lignocellulosic 
agrowastes is a very constructive approach and has received much 
attention in sorption of heavy metals, because they are inexpensive 
and have high adsorption properties resulted from their ion 
exchange capabilities [4, 5] 

Since industrial effluents contain several metals a practical 
consideration to the problem reveals that most of the effluent 
solutions represent a case of multi-metal situation rather than mono-
metal one. In such a scenario it becomes essential to study the 
effects of the presence of co-cations on the adsorption capacity of a 
sorbent for a particle contaminant [6]. 

The aim of the present investigation is to study the 
possibilities for simultaneous removal of some heavy metal ions 
(Fe(III), Pb(II), Cr(III) and Cu(II)) from multi-component solution 
by hybrid material, obtained from rice husks. 

2. Experimental  
The rice husks were subjected to slow pyrolysis at temperature 

350°C. The hybrid material structure was characterized by scanning 
electron microscopy (SEM), infrared spectroscopy (IR), intrusion 
Hg-porosimetry and by low-temperature N2 adsorption. Before 
nitrogen adsorption, the samples were degassed at 250◦C for 3 h. 

The carbon/ash ratio in the solid pyrolysis residues was 
determined gravimetrically by thermal analysis. The morphology of 
the investigated material has been studied using scanning electron 
microscopy.  

 

Adsorption experiments were carried out at room temperature 
(20oC) in the batch mode [7-9]. 20 mL aqueous solutions containing 
Cu(II), Fe(III), Pb(II), and Cr(III) ions were sequentially treated 
with 0.2 g of the investigated material. The variables studied were 
agitation time interval, pH and concentration of corresponding 
metal ions. After the desired time of treatment, the samples were 
filtered to remove the adsorbent, the metal ion concentration in the 
filtrate was determined by flame AAS. The values of the degree of 
adsorption i.e. the amount of adsorbed metal ions Qe were 
calculated as described in [7,9]. 

3. Results and discussion 
3.1. Material characterization  

The porous structure of hybrid material was investigated by 
SEM and IR spectroscopy, intrusion Hg-porosimetry as well as low-
temperature adsorption of N2. The structural characteristics and the 
morphology of the investigated material are presented on Figures 1, 
2, 3 and 4 and Table 1.  

The investigated material is composed of cellulose, hemi-
cellulose and lignin. It contains many functional groups such as 
hydroxyl, carbonyl, and carboxyl with characteristic chemical 
structures. In order to explore the qualitative adsorption 
characteristic of surface functional groups, the IR spectrum in the 
range of 4000–400 cm−1 is shown on Figure 2. 
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Fig. 1. Macropore size distribution determined by Hg-porosimetry 
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Fig. 2. IR spectrum of of the investigated material 

 

 
Fig. 3. Scanning electron micrographs of the surface of the 
investigated material 

 
Fig. 4. Nitrogen adsorption-desorption isotherms and the mesopore 
size distribution of the investigated material 

 

It is also obvious that the porous structure of the obtained 
material in the present study can be defined as multiporous. 

Table 1. Structural characteristics of the investigated material 

Characteristics Value 
Total pore area, m2.g-1 0.82 
Average pore diameter 
Intrusion data, μm 

0.51 

Average pore diameter  
N2 adsorption, nm 

9.7 

Bilk density, g.cm -3 0.64 
Porosity, % 52.04 
B.E.T. spec. surface area, m2.g-1 196 
Vt,cm3.g-1 7.522 x10-2 
pH 6.7 
Ratio C:SiO2 1.08 
 

3.2. Adsorption studies 

3.2.1. Effect of contact time 

The effect of contact time on the amount of adsorbed Fe(III), 
Pb(II), Cr(III) and Cu(II) ions in multi-component solutions are 
presented on Figure 5. The adsorption on the investigated material 
was found to increase with increasing contact time and reached a 
maximum value within two hours for Fe(III); about one hour for 
Cr(III) and Pb(II) and less than 30 min for Cu(II) ions. 
Nevertheless, all further experiments were performed at a contact 
time of 12 h. 
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Fig. 5. Effect of contact time on amount of adsorbed Fe(III), Pb(II), 
Cr(III) and Cu(II) ions on the investigated material (Co 50 mg L-1 
at pH 4.5) 

 

In order to understand the adsorption mechnism, three kinetic 
models have been applied to the experimental data, namely: pseudo-
first-order; pseudo-second-order and intraparticle diffusion as 
described in [8-10]. 

The model kinetic parameters and corresponding correlation 
coefficients are presented in Table 2. The theoretical values 
obtained from the pseudo-second-order kinetic model are very close 
to the experimental Qe values. Therefore, the adsorption of all 
investigated ions can be described by the pseudo-second-order 
kinetic mechanism. On the other hand, the correlation coefficients 
for the pseudo-second-order kinetic model show the highest values. 
The obtained results confirmed that the pseudo-second-order 
mechanism is predominant for the simultaneous adsorption of 
Cu(II), Fe(III), Cr(III) and Pb(II) onto the investigated material. 

The high applicability of the pseudo-second-order rate 
equation to fit the present kinetic data was generally in agreement 
with other researchers’ results [11].  
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3.2.2. Effect of pH 

The adsorption efficiency of the studied material as a function 
of pH of initial solutions is presented on Figure 6. As expected, the 
adsorption of all target metal ions strongly depends on acidity of the 
initial solutions. Upon increasing the pH values the amounts of 
adsorbed ions increased and the optimum pH range was found to be 
about 5.0. Most affected by pH changes is the adsorption of Fe(III). 
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Fig. 6. Effect of pH on metal adsorption onto the investigated 
material 

 

3.2.3. Adsorption isotherms 

Experimental adsorption isotherms for multi-component 
solutions are presented on Figure 7. In all cases an increase of 
adsorption upon increasing of the corresponding ion concentration 
in the solution is observed. These results indicated that the 
energetically less favourable sites also became involved with the 
increase of ion concentrations [10]. 
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Fig. 7. Adsorption isotherms for multi-component solution 

 

The equilibrium isotherms are very important in designing 
adsorption systems. The adsorption isotherm describes the 
distribution of the adsorbed molecules/ions between the liquid and 
solid phases at equilibrium state. The concentration variation 
method was used to calculate the adsorption characteristic of both 
adsorbent and process. The elucidation of isotherm data by fitting 
them to different isotherm models is a substantial step in the 
adsorption study. There are several isotherm equations available for 
evaluation of experimental adsorption equilibrium data. In the 
present study the equilibrium adsorption data are analyzed using 
Langmuir and Freundlich isotherm models [3-6].  

The values of Langmuir and Freundlich parameters and 
corresponding correlation coefficients are presented in Table 3. 

It is obvious from Table 3 that the highest monolayer adsorption 
capacities (Q0) were obtained for Fe(III) ions - 7.83 mg g-1 (for 
multi-component solution). 

 
 

Table 2. Kinetic parameters for the adsorption of Fe(III), Pb(II), Cr(III), and Cu(II) ions from multi-component aqueous solutions onto 
the investigated material 

 
Metal 
ions 

Pseudo-first  
order constants 

   Qe       k1          r2 
(mg/g)  (1/h) 

Pseudo-second order 
constants 

Qe           k2             r2 
(mg/g) (g/mg h)     

Intraparticle diffusion 
constants 

    kid         C            r2 
(mg/g.h1/2) (mg/g)  

 
Qe, exp 
(mg/g) 

 
Fe(III) 
Pb(II) 
Cr(III) 
Cu(II) 

 
1.59    0.061   0.9501 
1.65    0.005   0.9932 
1.25    0.004   0.9189 
0.49    0.004   0.8965 

 
3.45     0.550       0.9888 
1.80     0.101       0.9996 
1.42     0.092       0.9994 
0.79     0.085       0.9998 

 
0.25        0.309     0.9391 
0.28        0.154     0.8924 
0.10        0.411     0.8941 
0.23        0.066     0.8429 

 
3.32 
1.75 
1.38 
0.79 

 

Table 3. Isotherm constants for multu-component adsorption 
   of metal ions onto the investigated material 
 

Metal ions 

Langmuir parameters 
   Q0           KL                 r2  
(mg/g)     (L/mg)     

Freundlich parameters 
    kF                         n                   r2 
(mg1 Ln g-1)   (L/mg) 

 
Fe(III) 
Pb(II) 
Cr(III) 
Cu(II) 

 
7.83       0.024      0.9976 
4.00       0.031      0.9952 
1.88       0.025      0.9803 
1.30       0.030      0.9934 

  
  1.07            2.42     0.9789 
  0.46            2.55     0.9483 
  0.21            2.14     0.9910 
  0.20            2.78     0.8853 
 

 

 

According to the correlation coefficients r2 (values from 
0.9803 to 0.9976, Table 3) the fit to this model is excellent. 

Therefore, the equilibrium adsorption data can be appropriately 
presented by Langmuir model in the studied concentration range. 

The fit of Freundlich model is also very good (correlation 
coefficients r2 values from 0.8853 to 0.9910, Table 3), but not as 
good as the fit of the Langmuir model, especially for Cu(II) and 
Pb(II). The constants kF and n calculated for all investigated ions 
are presented in Table 3. Higher values for kF indicate higher 
affinity for adsorption. In our study n-values are in the range of 2.14 
to 2.48 (Table 3). Larger value of n (smaller value of 1/n) implies 
stronger interaction between adsorbent and heavy metal and 
favourable adsorption onto the obtained hybrid materials [12,13]. 

However, from data listed in Table 3 it can be concluded that 
the adsorption isotherms of the ions Cu(II) and Pb(II) exhibit 
mainly Langmuir behaviour, while for Cr(III) and Fe(III) the 
mechanism cannot be directly attributed to the Langmuir or 
Freundlich models (the r2 values imply that both isotherm models 
provide good correlations for the adsorption). 
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4. Conclusions 
The present study deals with the adsorption properties of a 

hybrid material, obtained by slow pyrolysis at temperature 350°C 
from rice husks, as an effective sorbent with respect to Fe(III), 
Pb(II), Cr(III) and Cu(II) ions from multi-component solutions.  

The effects of contact time, acidity of initial solutions and 
metal ion concentrations were followed. Contact time of 2 h was 
sufficient to reach equilibrium. The optimum pH value was found to 
be about 5.0 

The results confirmed that the pseudo-second-order 
mechanism is predominant for the adsorption of all investigated 
ions onto the obtained material. 

Equilibrium modeling data were fitted to linear Langmuir 
and Freundlich models. It was established that the adsorption 
isotherms of the ions Cu(II) and Pb(II) exhibit mainly Langmuir 
behaviour, while for Cr(III) and Fe(III) the mechanism cannot be 
directly attributed to the Langmuir or Freundlich models. . The 
maximum adsorption capacities for multi-component adsorption 
were calculated. Highest adsorption capacity was achieved again for 
Fe(II) ions. It was proved that the new hybrid material could be 
used as effective, low-cost adsorbent for simultaneous removal of 
Cr(III), Fe(III), Pb(II) and Cu(II) from wastewaters.  

 

Acknowledgements: This work is supported by the Bulgarian 
Ministry of Education and Science under the National Research 
Programme "Healthy Foods for a Strong Bio-Economy and Quality 
of Life" approved by DCM # 577 / 17.08.2018". 

 

5. References 
1. Krishnani K., X. Meng, C. Christodoulatos , V. Boddu, 

Biosorption mechanism of nine different heavy metals 
onto biomatrix from rice husk, J. Hazard. Mater. 153, 
2008, 1222–1234. 

2. Dubey S.P., K. Gopal, Adsorption of chromium (VI) on 
low cost adsorbents derived from agricultural waste 
material: A comparative study. J. Hazard. Mater., 145, 
2007, 465-470. 

3. Srivastava V., I. Mall, I. Mishra, Characterization of 
mesoporous rice husk ash (RHA) and adsorption kinetics 
of metal ions from aqueous solution onto RHA. J. 
Hazard. Mater. B134, 2006, 257-267. 

4. Krishnani V. Parimala, X. Meng, Detoxification of 
hexavalent chromium from coastal water using 
lignocellulosic waste, Water SA 30 , 2004, 541–545. 

5. Ngah W., M. Hanafiah, Removal of heavy metal ions 
from wastewater by chemically modified plant wastes as 
adsorbents: a review, Bioresource Technol. 99, 2008, 
3935-3948. 

6. Hanzlik J., Jehlicka J., Sebek O., Weishauptova Z., 
Machovic V.: Multi-component adsorption of Ag(I), 
Cd(II) and Cu(II) by natural carbonaceous materials. 
Water Research, 2004, 38, 2178–2184 

7. Vassileva P., A. Detcheva, Adsorption of Some 
Transition Metals (Cu(II), Fe(III), Cr(III) and Au(III)) 
Onto Lignite-Based Activated Carbons Modified by 
Oxidation, Adsorption Science and Technology, 28, 2010, 
229-242. 

8. Vassileva P., D. Voykova, Removal of Mn(II), Fe(III) 
and Cr(III) from aqueous solutions using Bulgarian 
clinoptilolite, Bulg. Chem. Commun. 44(2), 2012, 180 – 
187. 

9. Vassileva P., A. Detcheva, L. Ivanova, S. Evtimova, 
Biosorption of Cd2+ ions using Mentha spicata L. and 
Ruta graveolens L., Comptes Rendus de L’Academie 
Bulgare des Sciences, 70(4), 2017, 497-504. 

10. Vassileva, P. A. Detcheva, Removal of toxic ions from 
aqueous solutions using lignite-coal-based activated 
carbons modified by oxidation, Int. J. Coal Prep. Util., 
31, 2011, 242-257. 

11. El-Shafey, E. (2010) Removal of Zn(II) and Hg(II) from 
aqueous solution on a carbonaceous sorbent chemically 
prepared from rice husk, J. Hazard. Mater., 175, 319–
327. 

12. Febrianto J., A. Kosasih, J. Sunarso, Yi-Hsu Ju, N. 
Indraswati, S. Ismadji, Equilibrium and kinetic studies in 
adsorption of heavy metals using biosorbent: A summary 
of recent studies, J. Hazard. Mater. 162, 2009, 616-645. 

13. Vassileva P., D. Voykova, I. Uzunov, S. Uzunova, 
Methylene blue adsorption by Triticum monococcum L. 
husks based materials, Comptes Rendus de L’Academie 
Bulgare des Sciences, 71(9), 2018, 1192-1199. 

 

 

 

 

 

 

 

 

 

181

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES" WEB ISSN 2603-3712; PRINT ISSN 2603-3704

YEAR LXV, ISSUE 5, P.P. 178-181 (2019)

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4MDWY3F-6&_user=839858&_coverDate=07%2F16%2F2007&_alid=749147487&_rdoc=81&_fmt=high&_orig=search&_cdi=5253&_sort=d&_st=4&_docanchor=&_ct=222&_acct=C000045400&_version=1&_urlVersion=0&_userid=839858&md5=17fa2d40269f66ccc48531165b1e4a88
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4MDWY3F-6&_user=839858&_coverDate=07%2F16%2F2007&_alid=749147487&_rdoc=81&_fmt=high&_orig=search&_cdi=5253&_sort=d&_st=4&_docanchor=&_ct=222&_acct=C000045400&_version=1&_urlVersion=0&_userid=839858&md5=17fa2d40269f66ccc48531165b1e4a88
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TGF-4MDWY3F-6&_user=839858&_coverDate=07%2F16%2F2007&_alid=749147487&_rdoc=81&_fmt=high&_orig=search&_cdi=5253&_sort=d&_st=4&_docanchor=&_ct=222&_acct=C000045400&_version=1&_urlVersion=0&_userid=839858&md5=17fa2d40269f66ccc48531165b1e4a88
http://www.scopus.com/record/display.url?eid=2-s2.0-79960532558&origin=resultslist&sort=plf-f&src=s&st1=Vassileva&st2=Paunka&nlo=1&nlr=20&nls=count-f&sid=pFsvubgqieh6W3Ka2nLGVrN%3a83&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Vassileva%2c+Paunka+St%22+6701802483%29&relpos=0&relpos=0&searchTerm=AU-ID(%5C%22Vassileva,%20Paunka%20St%5C%22%206701802483)
http://www.scopus.com/record/display.url?eid=2-s2.0-79960532558&origin=resultslist&sort=plf-f&src=s&st1=Vassileva&st2=Paunka&nlo=1&nlr=20&nls=count-f&sid=pFsvubgqieh6W3Ka2nLGVrN%3a83&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Vassileva%2c+Paunka+St%22+6701802483%29&relpos=0&relpos=0&searchTerm=AU-ID(%5C%22Vassileva,%20Paunka%20St%5C%22%206701802483)
http://www.scopus.com/record/display.url?eid=2-s2.0-79960532558&origin=resultslist&sort=plf-f&src=s&st1=Vassileva&st2=Paunka&nlo=1&nlr=20&nls=count-f&sid=pFsvubgqieh6W3Ka2nLGVrN%3a83&sot=anl&sdt=aut&sl=40&s=AU-ID%28%22Vassileva%2c+Paunka+St%22+6701802483%29&relpos=0&relpos=0&searchTerm=AU-ID(%5C%22Vassileva,%20Paunka%20St%5C%22%206701802483)
http://www.scopus.com/source/sourceInfo.url?sourceId=12400154727&origin=resultslist
http://www.sciencedirect.com/science/article/pii/S030438940800928X
http://www.sciencedirect.com/science/article/pii/S030438940800928X
http://www.sciencedirect.com/science/article/pii/S030438940800928X
http://www.sciencedirect.com/science/article/pii/S030438940800928X
http://www.sciencedirect.com/science/article/pii/S030438940800928X
http://www.sciencedirect.com/science/article/pii/S030438940800928X
http://www.sciencedirect.com/science/article/pii/S030438940800928X



