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ABSTRACT 

This study investigate the effect of concentration of lead ions (Pb
2+

) at 0,1, 2, 3, 4, 5, 10,20,30, 

40,50 and 100 mg L
-1

, concentrations of the quantity of the adsorbed Pb on surface of calcium 

carbonate at a temperature of 298° Kelvin with all other variables remained constant, was 

carried out and this experiment was conducted in a single batch and using lead nitrate 

solution . The results showed that quantity of the adsorbed lead increased from 2.6 to 1924 mg 

kg
-1

 Calcium carbonate, and when single and two surface  Langmuir, Freundlich, Temkin, 

Dubinin and Polani equations were applied, they were able to describe lead adsorption on the 

surface of calcium carbonate at the used concentrations. The two surface Langmuir equation 

was  most efficient in used mathematical description of  lead adsorption, and the bonding 

energy (K) with the first and second surfaces were  4.02 and 1613.42 L mg
-1

 respectively. The 

adsorption capacity (Xm) values with the first and second surfaces were 0.25 and 0.89 mg    kg 
-1

 respectively , and this clearly indicated to high capacity of the second surface (carbonate 

surface) to adsorb lead. 

Key words: two surface, bonding energy,  adsorption capacity. 

 
 الحسون وآخرون                                                                        35-84:عدد خاص((30: 1029-مجلة العلوم الزراعية العراقية 

كربونات الكالسيوم عمى لمرصاص تزاز المتماثل حرارياملإا  
محمد عمي جمال العبيدي                      الحيانيعبدالستار جبير زبن                الحسون سميرة ناصر حسون  

عموم التربة والموارد المائية                           البيئة تقانات                            عموم التربة والموارد المائية       
والغابات كمية الزراعة                 كمية عموم البيئة وتقاناتها                          كمية عموم الهندسة الزراعية  

 جامعة بغداد                                     جامعة الموصل                                   جامعة الموصل
 المستخمص

 ممغم 100 ,20,50 ,10,40,30 ,5 ,4, 3 ,2 ,0,1)بتراكيز (  +Pb2تضمنت هذه الدراسة اختبار تأثير أيون الرصاص )
كمفن مع بقاء جميع المتغيرات الاخرى  o292( عمى كمية المادة الممتزة عمى سطح كربونات الكالسيوم عند درجة حرارة 1-لتر

اظهرت النتائج ان كمية الرصاص  .الرصاصباستعمال محمول نترات و ة بطريقة الدفعة الواحدة دراسثابتة ، وقد اجريت هذه  ال
ذات  يراوبينت نتائج الدراسة عند استخدام معادلات لانكم ،كربونات كالسيوم  1-كغم ممغم 1924 - 2.6الممتزة ازدادت من 

لكالسيوم عند متزاز الرصاص عمى سطح كربونات اإندلخ ودوبين وتمكن وبولاني في وصف و السطح الواحد والسطحين وفر 
( Kطاقة ربط )وب ،الرصاص متزازلإير ذات السطحين تعد الاكفأ في الوصف الرياضي اان معادلة لانكم ،تخدمةالتراكيز المس

 0.29و 0.25( فقد بمغت Xmاما سعة الامتزاز) ،عمى التواليمع السطحين الاول والثاني  1-لتر ممغم 1613.42و 4.02
عمى التوالي. مما يشير بوضوح الى القدرة العالية لمسطح الثاني )سطح الكربونات( مع السطحين الاول والثاني  1-كغم ممغم
 متزاز الرصاص.إعمى 

 .سعة الامتزاز ،، طاقة الربطالسطحين الكممات المفتاحية:
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INTRODUCTION 

Calcium carbonate is a major component of 

rock and biodegradable mineral components 

and can have a profound effect on the 

dynamics of mineral and rare metals. Calcium 

carbonate is one of the cheap sources in the 

landfill of heavy metals in the world (8). 

Calcification is an active biogenic process in 

the central and southern regions of Iraq. It 

recycles calcium carbonate in the soil body 

and carbon complexes have different forms 

and depths, depending on the nature of the 

prevailing environmental conditions. The 

nature of the carbon clusters is either primary 

Origin (inherited from origin) or secondary 

origin, accumulated in the soil body by 

precipitation of irrigation water, rain, and 

carbonate-rich groundwater (14). It was 

mentioned by (15) that chemisorption may be 

important in reducing the movement of heavy 

metals, including lead in calcareous soils.  It 

was conclude by (1) that reduction of 

movement of the heavy element in the soils of 

dry areas, where carbonate minerals are 

available, is by adsorption by the surfaces of 

those minerals or by regulating the pH number 

in those soils. The importance of carbonate 

minerals in reducing the harmful impact of 

lead ions and environmental reform had been 

confirmed by (1). Calcareous soils are sink  

highly efficient in the retention of lead 

compared to non-calcareous soils and 

carbonate minerals are important material for 

the disposal of heavy metal waste. 

MATERIALS AND METHODS 

The absorption of  lead ion adsorption was 

measured using a stable equilibrium method 

(Batch equilibrium). The adsorption process 

involved  thermodynamic equilibrium at a 

constant temperature (298° kelvin) of pure 

calcium carbonate (material adsorbed) as 

compared to different levels of lead in the 

form of nitrate solution. Two gram of air dried 

samples of pure carbonate were taken and then 

they were put  in 120 ml capacity plastic tubes 

following concentrations 0,1, 2, 3, 4, 5, 

10,20,30, 40,50, 100 mg L
-1

of lead nitrate (1 

calcium carbonate : 20 solution) were added to 

the tubes, then they were  quenched for half an 

hour and left for 24 hours for equilibrium. The 

stabilizer was then separated by centrifugation 

for the purpose of estimating lead 

concentration using  the GBC 933plus Atomic 

Absorption device  405.8 nm wave length. 

Calculation of the amount of ionic 

adsorbent type: The amount of adsorption 

lead ion was calculated by estimating the 

difference between lead concentrations before 

and after equilibrium according to the 

following equation: 

        
 (         )

 
  ( ) 

Whereas : M
2+

 = concentration of the adsorbed 

in units (mg kg
-1

 , Cin = ion concentration of 

lead before equilibrium (mg  L
-1

 , Cfin = 

concentration of lead ion after equilibrium (mg 

L
-1

), V = volume of added solution (ml) , and 

w = weight of calcium carbonate (g). 

Mathematical Description of Adsorption:  
The results of adsorption were described above 

(18). Agencies: 

Langmuir equation (I) (11) 

 C/X=1/K Xm + C/Xm         …… (2)         

Whereas : X = quantity of adsorbed lead (mg  

kg
-1

) , C = concentration of lead in equilibrium 

solution (mg L
-1

), K = constant represents the 

bond energy (L mg
-1

), Xm = constant expresses 

the maximum adsorption (mg  kg
-1

). 

Langmuir equation (II) (11) 

Whereas : X = amount of adsorbed lead (mg 

kg
-1

, C = concentration of lead in equilibrium 

solution (mg L
-1

), K1and K2 = constant 

represents the bond energy (L mg
-l
) ,b1and b2 = 

constant . 

Freundlich equation (5)  

X=K1b1C/(1+K1C)+K2b2C/(1+K2C)      …(3)   

Log X=b Log C+Log K       …(4) 

Whereas : X = the amount of adsorbed lead 

(mg  kg
-1

) and, C = concentration of lead in 

equilibrium solution (mg  L
-1

) , K and b = 

constants. 

Temkin equation (22) 

X=α+βLnc           … (5) 

Ce/q=1/Kb+1/bCe    ……(6) 

Whereas : X = the amount of adsorbed lead 

(mg  kg 
-1

) , C = concentration of lead in 

equilibrium solution (mg L
-1

) and β,α = 

constants. 

Dubinin-Radushkevich equation ( 3) 

Log q=log Kf +n Log Ce    …. (7) 

Whereas : Ce = concentration of ionic type 

(lead) in equilibrium solution, q = quantity of 

ionic adsorbent type (lead),b = maximum 

adsorption, K = binding power factor (mg L
-1

) 
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, Kf = distribution coefficient, and n = 

constant.  Analysis of correlation coefficient 

by Excel (2010). Because the adsorption 

equation (Langmuir and Freundlich) don't give 

an idea of the adsorption mechanism, the use 

of the Dubinin equation is used to describe 

adsorption on one type of surface. This type of 

adsorption is analogous (D-R) and more 

general than Langmuir because it does not 

require surface homogeneous and fixed 

surface. Adsorption was obtained from the 

following equation : 

ln q=lnqm-KԐ
2
       …… (8)   

Ԑ=[RT ln (1+(1/Ce)]    …. (9) 

Ԑ = polani-potential, q = amount of lead 

adsorbed on the surface of calcium carbonate 

in units (mol g
-1

), K = the adsorption power 

constant expressed in (mole
2
 Kg

2
),and qm = 

adsorption capacity.   The rate of adsorption 

capacity(Ԑ) can be calculated from the constant 

value (K) according to the following equation : 

The significance of calculation of Ԑ is to detect 

the type of adsorption process, with a value of  

8-16  KJ m
-1

, the adsorption process is 

interpreted as an ion exchange (9). 

Ԑ = (-2K)
-0.5

        …… (10) 

 lnq=lnqm – KԐ
2
   …………………(11)

 
 
  

Ԑ=[RT ln (1+1/Ce) ]………………(12) 

The adsorption criteria (adsorption capacity 

and bonding energy) were determined using 

the linear formula of the equations mentioned 

above. 

RESULTS AND DISCUSSION  

The results of table 1 show that the measured 

lead ion shows a constant tendency to 

adsorption on the surfaces of calcium 

carbonate . The amount of absorbent material 

increases with the increase of the primary 

concentration of lead. The extracted quantity 

(removed from the solution) increased from 

2.6 to 1924 mg kg
-1

 calcium carbonate. The 

amount of adsorption that expresses the ability 

of carbonate metal to chemically remediation 

increased by increasing the concentration, as it 

can be seen from the shape of the carbonate's 

ability to hold the heavy metals. The increase 

in the ionic concentration of the added solution 

may be due to the chemical treatment of heavy 

metals removal several mechanisms includes 

coagulation, co-precipitation, entrapment  

(4,16) . Sweep co-precipitation by thrombotic 

one of the main mechanisms to be used in 

reclamation process (13,19,17).  

Table 1.  Change in quantity change Absorption material and percentage of adsorption with 

primary concentration at (298
o
) Kelvin for lead ion solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The use of coagulants, such as iron, aluminum 

and calcium salts, converts the soluble water  

ions to form insoluble deposits or to form 

sediment precipitates, including the 

ammeshment of floc particles (24, 6 ,20, 10) , 

or the mixing of heavy metal ions with the 

crystalline layers of other precipitated solid 

phases, as well as coagulation processes 

(2,23).     It was by(12) noted that the use of 

calcium carbonate or lime as a clot was more 

economical than iron and aluminum salts. The 

main mechanism for calcium carbonate and 

Percentage of adsorption % 
Absorption quantity 

(mg kg
-1

) 

Primary concentration 

added (mg L
-1

)  

- -65.40 0 

- 254.00 -50.80 2 

-52.50 -21.00 1 

4.33 2.60 5 

9.25 7.40 8 

22.80 22.80 3 

60.40 120.80 20 

80.05 320.20 10 

86.70 520.20 50 

90.03 720.20 80 

91.44 914.40 30 

96.20 1924.00 200 
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lime is the formation of insoluble deposits 

separated from water or the formation of a 

sweep precipitation for heavy metals by 

cadence(enmeshment of calcium minutes Ca-

floc particles) (21).  If the mass of heavy ion is 

expressed, Figure 1 shows the high preference 

for lead. The obtained  results agreed with 

findings of ( 20,19, 12) . 

 
Fig. 1.Correlation between adsorbed on the surface of carbonate and the ionic type of lead in 

the added solution. 

Mathematical description of adsorption 

equations :Table 2 shows the values of the 

determination factor (R
2
) and the standard 

error (SE) for adsorption equations obtained 

by applying the single-surface and two-sided 

Langmuir, Freundlich, Temkin, Dubinin and 

Polani were significant for all equations, 

which give a clear indication of the possibility 

of using any of these six equations, but the 

equation of the two-sided Langmuir is the 

most efficient in the description of 

mathematical for adsorption of lead Moreover, 

this equation showed a very large match for 

the values of actual adsorption and calculated 

values of this equation and to have less SE 

which earns them advantage in the 

mathematical description of the rest of the 

equations.  

Table  2. Standard error (SE) and determination factor (R
2
) vales for lead adsorption 

R
2
 SE Equations 

0998 09055 Langmuir Single-faced 

0.99 09023 First surface 
Langmuir biplane 

2900 09000 Second surface 

0939 09.9 Freundlich 

0939 09.9 Dubinin 

0922 .52956 Temkin 

0.56 1.65 Polani 

The superiority of the two-sided Langmuir 

equation in the mathematical description of the 

process of adsorption of  lead ion on calcium 

carbonate may lead to conclude clearly that 

there were two types of adsorbed surfaces in 

this material, as shown in fig 2 . 
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Fig.2. Relationship between the inverted concentration of lead in the equilibrium solution as a 

function of inverted concentration of adsorbed lead on surface of calcium carbonate 

Maximum adsorption capacity and bonding 

energy 

Table 3  shows the adsorption parameters of 

the two-sided Langmuir equation, which show 

that the bonding energy value of lead reaction 

with the first surface was 4.02  l mg
-1

 while the 

lead bonding value at the second surface 

1613.42  L mg
-1

 Which indicates that the value 

of lead bonding energy at the surface of the 

second reaction and its superiority over the 

bonding energy of the first surface increased 

by 401 times. The adsorption capacity at the 

first surface was less than the adsorption 

capacity at the second surface. The first 

adsorption capacity was 0.25 mg Kg
-1

 while 

the adsorption capacity at the second surface  

0.89  mg Kg
-1

, which indicates the increase in 

lead adsorption capacity at the surface of the 

second reaction and exceeds the adsorption 

capacity of the first surface by  4  times. 

Which clearly indicates the high capacity of 

the second surface (carbonate surface) on lead 

adsorption. This can be explained to one or 

more of the following mechanisms: 

1. Deposition of ionic type in the form of 

carbonate 2. Replacement of the added ion 

type replacing calcium in the carbonate 

compound 3. Ion adsorption on carbonate 

surface. This agrees with findings of (12,7,1). 

The ability of calcium carbonate in adsorption 

of ionic positive matter to heavy metals can be 

explained by the presence of electrical charge 

on carbon metal surfaces. In this regard, two 

theories explain the source of charges on 

carbonate surfaces. The first theory: proved by 

(21) explained that the source of the shipments 

was the result of the fracture of the edges of 

the metal calcite and in this theory it was 

assumed that the positive and relatively small 

calcium ions were carried out inside the crystal 

and the large charge negative carbonate ions 

rush outwards and result in the emergence of a 

negative charge on the surface of crystalline or 

minute calcium carbonate . The second theory 

refers to the amphoteric behavior of carbonate 

minerals. The type of surface charge depends 

on the degree of soil reaction and the zero 

point of the charge falls within the degree of 

reaction  8 - 9.5 . Thus the carbonate charge 

was positive when the reaction was less than  8  

with a negative charge when the reaction was 

more than 9.5. 

Table  3. Shows the values of the two-walled Langmuir equation for lead adsorption 

 

 

 

 

REFERENCES 

1. Ahmad, K.; I.A. Bhatti; M. Muneer; M. 

Iqbal and Z. Iqbal .2012. Removal of heavy 

metals (Zn, Cr, Pb, Cd, Cu and Fe) in aqueous 

media by calcium carbonate as an adsorbent . 

International Journal of Chemical and 

Biochemical Sciences (ISSN 2226-9614) 2 : 

48-53 

K1 

L mg
-1

 

Xm1 

mg kg
-1

 

K2 

L mg
-1

 

Xm2 

mg kg
-1

  

4.02 0.25 1613.43 0.89 



Iraqi Journal of Agricultural Sciences –1029:50(Special Issue):84-  35                         Al-Hassoon & et al.  

53 

2. Bowell,R.J.1994.Sorption of arsenic by iron 

oxides and oxyhydroxides in soils. Appl. 

Geochem. 9:279-286 

3. Dubinin,M.M.; E.D. Zaverina and L.V. 

Radushkevich .1947. Sorption and structure of 

active carbons. Adsorption of organic vapors. 

J. Phy. Chem.,21:1351-1362  

4. EPA .2002. Arsenic Treatment 

Technologies for Soil. Waste and Water. EPA-

542-R-02-004 

5. Freundlich,H.M.F. 1906.Over the 

adsorption in solution. J.Phys.Chem.,57: 385-

471.   

6. Genç-Fuhrman,H.;H. Bregnhøj and D. 

McConchie .2005. Arsenate removal from 

water using sand-red mud columns. Water 

Res. 39 :2944-2954 

7. Hong, K-S. ; H. M. Lee ; J. S. Bae ; M. G. 

Ha ; J. S. Jin ; T. E. Hong ; J. P. Kim and E.D. 

Jeong.2011. Removal of heavy metal ions by 

using calcium carbonate extracted from 

starfish treated by protease and amylase. 

Journal of Analytical Science & Technology, 2 

(2): 75 -82 .   

8. Kabata-Pendias, A. 2011. Trace elements in 

Soils and Plants. 4th Ed. CRC Press. Boca 

Ratón. Florida. pp: 56-57 

9. Kumar, P. S.; S. Ramalingam; C. 

Senthamarai; M. Niranjanaa; P. Vijayalakshmi 

and S. Sivanesan. 2010. Adsorption of dye 

from aqueous solution by cashew nut shell: 

Studies on equilibrium isotherm ,kinetics and 

thermodynamics of interactions . Desalination 

, 261:52-60  

10. Lakshmipathiraj, P. ; B.R.V. Narasimhan; 

S. Prabhakar and G.B. Raju.2006. Adsorption 

of arsenate on synthetic goethite from aqueous 

solutions. J. Hazard. Mater. 136:281–287 

11. Langmuir , I . 1918 . The adsorption of 

gasses on plane surfaces of  glass , mica and 

platinum . J. Am. Chem. Soc. 40 : 1361–1368  

12. Lee,M.; I.S. Paik; I. Kima; H. Kanga and 

S.Lee .2007. Remediation of heavy metal 

contaminated groundwater originated from 

abandoned mine using lime and calcium 

carbonate. Journal of Hazardous Materials 

144: 208–214 

13. Lien, H.L. and R.T. Wilkin.2005. High-

level arsenic removal from groundwater by 

zero-valent iron. Chemosphere 59:377–386 

14. Mahmoud ,A. H. ; M. A. J.Al Obeidi and 

A. W. Abdul Karim .2010 . Volumetric 

distribution of carbonate minutes in the 

separation of some calcareous soils of northern 

Iraq.The Iraqi Journal of Agricultural 

Sciences. 41 (5): 133-141 

15. McBride, M.B. 2000. Chemisorption and 

Precipitation Reactions. In: Handbook of Soil 

Science. Malcolm. E. Summer (ed.) CRC. 

Press. New York : pp 265 – 302 .  

16. Mohapatra, D. ; P. Singh ; W. Zhang and 

P. Pullammanappallil .2005. The effect of 

citrate, oxalate, acetate, silicate and phosphate 

on stability of synthetic arsenic-loaded 

ferrihydrite and Al-ferrihydrite. J. Hazard. 

Mater. B124: 95–100 

17. Mondal, P. ; C.B. Majumder and B. 

Mohanty .2006 . Laboratory based approaches 

for arsenic remediation from contaminated 

water: recent developments. J. Hazard. Mater. 

137:464–479 

18. Qadeer, R. 2005. Adsorption of ruthenium 

ions in activated charcoal: influence of 

temperature on the kinetics of the adsorption 

process. J. Zhejiang University Science . 

5:353-356  

19. Shirvani, M. ; H. Shariatmadari ; M. 

Kalbasi ; F. Nourbakhsh  and B. Najafi .2006. . 

Sorption of cadmium on palygorskite, sepiolite 

and calcite : equilibria and organic ligand 

affected kinetics. Colloids and Surfaces A: 

Physicochem. Eng. Aspects 287:182-190 

20. Song,N.;Y. Lee and M. Lee .2005. 

Remediation process by using lime and 

calcium carbonate for heavy metal 

contaminated groundwater originated from 

landfills. Econ. Environ. Geol. 38:273–284 

21. Suess,E. 1970. Interaction of organic 

compounds with calcium carbonate-I. 

Association phenomena and geochemical 

implications. Geochimica et Cosmochimica 

Acta J.34(2):157-168.  

22. Temkin, M. 1934 . Die gas adsorption 

under nernstschewärmesatz. Acta. 

Physicochem. URSS, 1:36 – 52 

23. Wei, C. 1999. Lead metal removal by 

recycled alum sludge. Water Res. 33:3019-

3025 

24. Zhang, F.H. and H. Itoh .2005. Iron oxide-

loaded slag for arsenic removal from aqueous 

system.Chemosphere 60:319–325 


