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Abstract 

In the present study, Chaff was used as an adsorbent for removing Pb(II) and Cr(III) ions from 

aqueous solutions. The amounts of adsorbed ions were estimated were carried out by using flame 

atomic absorption spectrophotometer. The effects of initial metal ions concentration, pH, existing salt 

and temperature were studies. 

 The adsorption isotherms are of L-curve type according to Giles classification and the 

experimental data were best fitted to Langmuir and Freundlich isotherm models. 

The adsorption phenomenon was examined as a function of temperature (25, 40 and 55oC) and various 

thermodynamic parameters (Ho, So and Go) have been calculated. The thermodynamic parameters 

of metal ion-chaff systems indicated the adsorption processes is a non-spontaneous. 

The results indicated that the adsorption extent of metal ions onto chaff increased with 

increasing the pH of solution and it was decreased with increasing ionic strength of solution.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Water pollution is serious problem of the environment. The increasing in the use of major 20 

heavy metals from over the past few decades has inevitably resulted an increasing flux of metallic 

substances in natural source of water (1). The presence of toxic heavy metal ions in industrial 

wastewater has generated considerable concern in recent years. Heavy metal contamination exists in 

aqueous waste streams of many industries, such as metal plating facilities, mining operations and 

tanneries (2). Among the toxic heavy metal ions which present potential danger to human health are 

copper, lead, cadmium, chromium and mercury(3). These heavy metals are not biodegradable and tend 

to accumulate in living organisms, causing various diseases and disorders (4). All lead compounds are 
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considered cumulative poisons. Acute lead poisoning can affect nervous system and gastrointestinal 

track(5). Chromium has been considered as one of the top 16th. toxic pollutants and because of its 

carcinogenic and teratogenic characteristics on the public, it has become a serious health concern(6). 

A number of methods for the removal of heavy metals from aqueous solutions are available, 

including a reduction process, ferrous chloride treatment, biological treatment, biosorption and ion 

exchange followed by chelating resin(7). Adsorption technique is quite popular due to its simplicity 

as well as the availability of a wide range of adsorbents. Despite its extensive use in the water and 

wastewater treatment industries, activated carbon remains an expensive material, the use of low-cost 

adsorbents is more suitable. A large number of low-cost adsorbents such as bentonite clay(8,9), mango 

peel waste(10), wheat bran(11,12), waste of olive-oil production(13), rice husk(14-18), oil palm shell(19), 

have been treated for heavy metals removal. 

The aim of this work in to investigate the capability of locally available chaff for the removal 

lead and chromium ions from aqueous solution in different conditions of temperature, pH and ionic 

strength and to calculate the thermodynamic functions at equilibrium conditions. 

 

Materials and Methods 

Instruments:  

1- Atomic Absorption spectrophotometer, Shimadzu. AA-6300, Japan. 

2- Shaker water bath, K&K Scientific, Korea. 

3- Centrifuge, CL008, Belgium. 

4- Electronic Balance, Sartorius Lab. L420 B, +0.0001g. 

5- pH-Meter, HM-73, TDA Electronic Ltd. 

6- Vortex, Hook and Tuker, Mst.Ltd., Gallenkamp. 

 

Materials: 
Hydrochloric acid and sodium chloride were supplied by Fluka, lead nitrate and chromium 

nitrate were supplied by BDH. Chaff was obtained from "Al- diwaniyah Grain silo". 
 

Methodology  

 Chaff in powder forms was washed with excessive amounts of distilled water; several 

washings were performed to remove dust and soluble materials. The powder was then dried under 

sunlight and then in an oven at 120oC for a period of 1.5 hour and kept in airtight containers. Chaff 

surface was ground and sieved to a particle size of 150µm. 
 

Adsorption Isotherm 

Solutions of metal ions (10 ml) of known concentrations (50-500ppm) were added to 

stoppered flasks containing 0.2g of chaff. The flasks were shaken in a thermostatically controlled 

water bath at a speed of 150 rpm. till equilibrium is attained (60min for Pb(II) and 90 min for Cr(III)). 

These times are sufficient for the adsorption process to reach equilibrium in each case. After the 

equilibrium time elapsed, the suspensions were centrifuged at 3000 rpm for 20 min. The clear 

supernatants were assayed for metal, after appropriate dilution, spectrophotometrically by using 

Atomic Absorption spectrophotometer. Equilibrium concentrations were obtained by comparing the 

experimental data with the calibration curve. 

The quantity of metal adsorbed was calculated according to the following equation (20):- 
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x eo )( 
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Where:  

Qe: sorption capacity (mg/g). 

x : the quantity adsorbed (mg). 

m : weight of adsorbent (g). 

Co : initial concentration (mg/L). 

Ce : equilibrium concentration (mg/ L). 

V : volume of solution (L). 

 

 

Effect of Temperature 

Adsorption experiment was repeated in the same manner at different temperatures 25, 40 

and 55 oC to estimate the basic thermodynamic functions of the process. 
 

Effect of pH 

Adsorption experiment was carried out as mentioned previously as a function of pH using a 

fixed concentration of metals ions. Hydrochloric acid and sodium hydroxide were used to adjust the 

pH in the range from 2.7 to 6.8. The pH of the suspensions at the commencement o f the adsorption 

was measured as well as at the end of experiment using pH-meter. 
 

Effect of Ionic Strength 

The effect of the addition (0.1-0.3g) of sodium chloride to solutions containing fixed 

concentration of metal ions equilibrated with 0.2 g of chaff were investigated under the same 

experimental conditions described before.  
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Results and Discussion 
The equilibrium uptake for metal ions Pb(II) and Cr(III) onto chaff are shown in Figure (1) 

as a function of the initial ion concentration at 25oC. Figure (1) shows adsorption capacity (Qe) 

versus equilibrium concentration (Ce). An increase in the concentration increased the adsorption 

capacity. 

 

 

 

 

 

 

 

 

 

 

Figure (1) Adsorption isotherms of Metals ions on Chaff at 25oC 
 

The shapes of metal ions isotherms can be considered as L-type according to Giles 

classification(21). The L-type indicates that the interaction of sorbate-sorbent is much stronger than 

solvent-sorbent at the adsorption sites. The cell wall of chaff has carboxyl, hydroxyl and amidogen, 

which may be responsible for binding metal ions. When biosorption occurs, ion-exchange occurs in 

the same time, hydrogen ions in these groups were replaced by metal ions(22). 

The removal of metals ions can be mathematically expressed in terms of adsorption 

isotherm. The Langmuir and Freundlich models are the most frequently employed models to describe 

the experimental data of adsorption isotherms. 
 

The Langmuir isotherm can be expressed as follows(23):  
 

                                                                                                  ………………… (2) 
 

Where 

Qe: amount adsorbed per unit weight of adsorbent at equilibrium (mg/g). 

Ce: equilibrium concentration of adsorbate in solution after adsorption (mg/L). 

qm (mg/g) and KL (L/mg) are the Langmuir isotherm constants. 

The Langmuir isotherm constants are evaluated through linearization of Eq.(2). 
                                           

                                                                                                  ………………… (3) 

 

The linear plot of Ce / qe against Ce shows that the adsorption of two ions onto chaff seems to 

follow the Langmuir model (Figure (2) and Table (1)). 
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Figure (2) Linearized Langmuir isotherms of Metal ions adsorption onto chaff at 25oC 

The Freundlich adsorption isotherm (24) was also applied for the removal of Cr(III) onto 

chaff. 

n

ee kCQ /1                                          ................................................. (4) 

Where eQ is the quantity adsorbed in mg/g, Ce is the equilibrium concentration in mg/L, n and 

k are constants for the given adsorbent and solute. 

The applicability of Freundlich isotherm is indicated by using the linear from of Freundlich 

equation: 

ee C
n

kQ log
1

loglog                     ........................................................... (5) 

A plot of log Ce versus log Qe (Figure (3)) shows that the adsorption of Cr (III) seems to follow 

the Freundlich isotherm model as well as Langmuir isotherm. The value of Freundlich constants and 

correlation coefficient are presented in Table (1). The fact that the adsorption of Cr(III) onto chaff 

seems to follow both the Langmuir and Freundlich isotherm models indicates that a monolayer 

coverage is formed on the surface of the adsorbent(7). The magnitude of n (n=2.106) shows favorable 

adsorption of Cr (III) onto chaff. As indicated from the value of correlation coefficient in Table (1), 

the adsorption of Pb(II) onto chaff was not follow the Freundlich isotherm.  

 

 

 

 

 

 

 
 

 

Figure (3) Linearized Freundlich isotherm of chromium ions adsorption onto Chaff at 25oC 
 

Table (1) Freundlich and Langmuir isotherm constants for metals ions uptake by chaff 

Freundlich equation Langmuir equation  

Metal ion  2R
 n FK 2R
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0.9333 2.106 0.597 0.9953 15.432 0.084 +3Cr 

 

 

The general shapes of metal ions adsorption isotherms at three different temperatures 

are given in Figure (4). 

 
 

 

 

 

 
 

 

 

-a-                                                                    -b- 

Figure (4) Adsorption isotherms of metal ions: a- Lead Ions  b- Chromium ions onto chaff at 

25oC 

The results showed a decrease in the amount of Pb(II) adsorbed onto chaff with increasing 

temperature; hence the adsorption process appeared exothermic. Whereas the adsorption extant of 

Cr(III) onto chaff increase with increasing temperature; this suggests endothermic reaction. 

Endothermic metal uptake can be attributed to the possibility, that the metal ions are well solvated in 

aqueous solutions and the adsorption process requires an appreciable energy (25). 

The basic thermodynamic quantities of adsorption of metal ions onto chaff were estimated 

through calculating Xm values at different temperatures. The heat of adsorption (ΔH) may be obtained 

from Van't Hoff equation: tcons
RT

H
X m tanln 


 , the change in free energy (ΔG) could be 

determined from equation (G  RTlnK ) and the change in entropy (ΔS) was calculated from Gibbs 

equation: ( STHG  . ). Table (2) and Figure (5) demonstrate these calculations (26). 
 
 
 
 

 
 

 

 
 

 
 

 
 

 

 
 

Table (2) Effect of temperature on the maximum adsorbed quantity for adsorption of Metal ions 

onto chaff 
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Figure (5) Plot of ln Xm against reciprocal absolute temperature for adsorption of metal ions onto 

chaff 

Table (3) shows the basic thermodynamic values of adsorption of metal ions on chaff. An 

adsorption of van der Waals type is suggested to take place as indicated by these values. 
 

Table (3) Values of thermodynamic functions of adsorption process of metal ions on chaff at 

25oC 

 

 

 

 
  

The positive value of ΔGo indicates non-spontaneous process. The negatives value of ΔSo for 

adsorption of metal ions, reveal the decrease randomness at the solid-solution interface during the 

fixation of the ions on the active sites of the adsorbent. 

The percentage of ions removal by chaff has been found to be dependent on pH of the solution 

(Figure (6)), which increased with increase in pH.  

 

 

 

 

 
 

 

 

 

 

 

Table (6) Effect o f pH on the adsorption of Metal ions onto Chaff at 25oC 
 

The behaviour of metal ions in aqueous solution is complex in the sense that it may be 

present as ions of different compositions and show different degree of activity. At low pH the 

chromium and lead exist as Pb(II) and Cr(III) ions in aqueous solution. Above pH 6.5, the ions start 

to get hydrolysis resulting in the formation of insoluble metal hydroxides such as Pb(OH)+ and 
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Cr(OH)+2 (7,8). In the acidic pH, a high concentration of H+ ions, resulting in the suppression of ions 

adsorption on the ion exchangeable sites of chaff and metal ions  adsorption decreases(8).   

 

 

The effect of ionic strength on adsorption uptake of metal ions onto chaff was studied at 

variable concentration of sodium chloride (Table (4) and Figure (7)). 

The adsorption extent of metal ions has decreased in the presence of electrolyte. Competition 

between the metal ions and the sodium cation of the medium, for site available for metal binding is 

thought to be the main reason for the observed ionic strength effects. So the adsorption will decrease 

as a result of the reduced electrostatic attraction between the metal ions and surface of adsorbent (27). 
 

Table (4) Effect o f Sodium chloride on the adsorption of dyes onto Chaff at 25oC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (7) Effect of different concentrations of sodium chloride on the adsorption of metal ions 

at 25 oC 
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On the basis of the experimental results of this investigation, the following conclusions can 

be drawn: 

1- Chaff as adsorbent can be used for the removal Pb (II) and Cr (III) ions from solution. 

2- The adsorption capacity of chaff was higher for Pb (II) than Cr (III) ions. 

3- Langmuir isotherm model adequately described the adsorption of Pb (II) than Cr (III) ions onto chaff. 

4- Thermodynamic studies confirmed that adsorption process of Pb (II) onto chaff was exothermic, while 

the adsorption of Cr (III) onto chaff was endothermic. The thermodynamic values of ΔG are positive 

for both systems, indicating a non- spontaneous process. 

5- The percentage removal of metal ions was dependent on pH solution and ionic strength of sodium 

chloride solution. 

References 
1- Kadirvelu K., Goe J., Rajagopal L., J. Hazard. Mater., 153: pp. 502-507 (2008). 

2- Ozcan A. S., Tunali S., Akar T., Ozcan A., Desalination, 244: 188-198 (2009). 

3- Bailey S. E., Olin T. J., Bricka R. M. and Adrian D. D., Water Res., 33(1): 2469-2479 (1999). 

4- Bulut Y. and Baysal Z., J. of Environ. Manag., 78: 107-113 (2006).  
5- Zhang K., Cheung W.H., Valix M.,  Chemosphere., 60: 1129-1140 (2005). 

6- Torresdey J. L. G.; Tiemann K. J.; Armendariz V., J. Hazard. Mater., 80(1-3): 175-188 (2000). 

7- Ansari M. H., Deshkar A.M., Kelhar P.S., Dharmadhikari D.M., Hasan M.Z. and Paramasivam 

R., Water Sci. Technol., 40(7): 109-116(1999). 

8- Taher S. S. and Naseem R., Separation and Purification Technology, 53: 312-321 (2007). 

9- Shujing Z., Haobo H., Yongjie X., Appl. Clay Sci., 40: 171-178 (2008).  

10- Bello O. S. and Ahmad M. A., International Conference on Environmental Science and 

Technology, v2: 103-106 (2011). 

11- Iqbal M., Saeed A., Zafar S. I., J. of Hazardous Materials, 164: 161-171 (2009). 

12- Singh K. K., Singh A. K., Hassan S. H., Bioresource Technology, 97: 994-1001 (2006). 

13- Bulut Y., and Baysal Z., J. of Environmental Mangement, 78: 107-113 (2006). 

14- Blazq G., Cakro M., Hernaiz F., Tenorio G., Martin-Lara M. A., Chemical Engineering J., 

160: 615-622 (2010). 

15- Srinivasan K., Balasubramaniam N., and Ramakrishna T. V., Indian Journal Environmental 

Health, 30(4): 376-387 (1998). 

16- Munaf E. and Zein R., Environmental Technology, 18: 359-362 (1997).  

17- Ajmal M., Rao R. A. K., Anwar S., Ahmad J., and Ahmad R., Bioresource Technology, 86: 

147-149 (2003). 

18- Suemitsu R., Venishi R., Akashi I., and Nakano M., Journal of Applied Polymer Science, 31: 

75-83 (1986). 

19- Khan N. A., Shaaban M. G. and Hassan MH. A., Proc. UM Research Seminar 2003 organized 

by Institute of Research Management and Consultancy (IPPP), University of Malaya, Kuala 

Lumpur, (2003). 

20- Voyutsky S., Colloid Chemistry, Mir Publishers, Moscow, pp. 91-116, 154-158 (1978).  

21- Giles C.H., Macewan T.H., Nakhwa S.N. and Smith D., J. Chem. Soc. 786: 3973-3993 

(1960).  

22- Han R., Zhang J., Zou W., Xiao H., Shi J. and Liu H., J. of Hazardous Materials, B133: 262-

268 (2006). 

23- Liu H., Chen B., Lan Y. and Cheng Y., Chem. Eng. J., 97: 195–201(2004). 



AL-Qadisiya Journal For Science Vol .17 No.3  Year2012 
 

 

 113 

24- HO Y. S., Porter J. F., and McKay G., Water Air Soil Pollution, 141: 1(2002). 

25- Gerasimov Y.A.,"Physical Chemistry", Mir Publishers, London, pp. 503-516 (1974). 

26- Kipling J. J., "Adsorption from Solutions of Non-Electrolytes", Academic Press, London, pp: 

3, 101-168, 257-259 (1965).  

27- Ledin M. , Pedersen K. and Allard B., Water Air Soil Pollution, 93: 367-381 (1997). 

  



AL-Qadisiya Journal For Science Vol .17 No.3  Year2012 
 

 

 114 

قشور المائي على سطح  ان محلولهـم ( III( والكروم)IIايونات الرصاص)تزاز ـة امـدراس

 الحنطة
 
 
 

 عبدالمحسن عبدالحميد الحيدري / كلية التربية أبن الهيثم/ جامعة بغداد
 جامعة القادسية  /كلية العلوم  /ر الطويلسجى صالح جبا

 دسيةاجامعة الق  /تربيةكلية الليث سمير جاسم/ 
 

 :الخلاصة
( من III( والكروم  IIفي هذه الدراسةةةة اسةةةتشدم  لحةةةور الحمطة كسةةةطح ماا  االة ايوما  الرصةةةا     

ميا  الممتاة، كما درس تاثير تركيا ا يون محاليلها المائية. ولد تم اسةةةةةتشدام تقمية ا متصةةةةةا  الذري اللهيبي لتقدير الك
 الفلاي ودرجة الحرارة والدالة الحامضية والقوة ا يومية لمحلول ا متااا.

وان عملية ا متااا تتبع  Giles( طبقا لتصةةةةةمي  Lبيم  الدراسةةةةةة ان اياوثيرما  امتااا ا يومين هي من مو   
 اياو ثيرم  مكماير وفريمدلش.

 , 55)تم دراسةةة عملية امتااا ا يومين على سةةطح لحةةور الحمطة عمدة درجا  حرارية مشتلفة                 

)Co25, 40 كما حسةةةةةةب  الدوال الثرموديماميكية ،)oG , oS, oH(  لعملية ا متااا. ولد وجد ان عملية امتااا كلا
 ا يومين على السطح غير تلقائية.

ان كمية ايون الرصةةةا  والكروم الممتاة على هذا السةةةطح تاداد مع ايادة الدالة الحامضةةةية اظهر  المتائج        
 ومقصان القوة ا يومية للمحلول.

 


