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1. INTRODUCTION 

Heavy metal pollution has become an environmental 

problem throughout the world because they can be 

accumulated into the food chain and caused serious 

problems, not only for ecosystems, but also for human 

health. The selective removal of industrial heavy metals 

from liquid waste is consequently the subject of 

considerable ecological and economic interest.
[1-2] 

Wastes 

containing soluble toxic heavy metals require 

concentration of the metals into a smaller volume 

followed by recovery and secure disposal. Heavy metals 

can be removed by adsorption on solid matrixes.
[3-5]

 

Mobility and bio availability of Nickel in the soil depend 

on its concentration at the liquid phase. The entry of the 

element in the food chain can be facilitated by absorption 

and translocation by the plants or by leaching to the 

underground water sheets. Its persistence in the soil and 

reduction in mobility involve the phenomena of 

adsorption, desorption, precipitation, complexion, ox-

reduction and dissolution. Although all these reactions 

can occur simultaneously, adsorption mechanisms are 

known to be determinant in the control of metal 

availability and solubility in the soil.
[6]

 Nickel is one of 

the non-biodegradable, toxic, heavy metal ions present in 

waste water and ground water. The permissible limit of 

nickel in drinking water given by U.S.Environmental 

Protection Agency (EPA) is 0.015 mg/l.
[7]

 Nickel is 

highly toxic and its permissible limit in drinking water is 

1.0 mg/l.
[8] 

Nickel compounds released by industrial 

activities into the environment will adsorb onto the 

sediment and soil particles and become immobile.
[9]

 

Concentration of Nickel in industrial waste waters ranges 

from 3.40 to 900 mg/l.
[10] 

Haematite has potential use in 

water treatment because it can be obtained at low cost in 

large quantity and of its major chemical components, 

which are alumina, silica, ferric oxide, calcium oxide, 

magnesium oxide and carbon and its physical properties 

such as porosity, particle size distribution and surface 

areas.
[11-12]

 It is necessary to follow Environmental 

regulations related to discharge of heavy metals in water 

streams and develop methods for their removal from 

waste water and water. The goal of this study was to 

investigate the extent of removal of contaminant heavy-

metal species (Ni²⁺) from aqueous solution by Haematite 

as an adsorbent. In present study, point of zero charge, 

variation of temperature to evaluate thermodynamic data, 

Kinetic Studies and adsorption isotherms are studied to 

understand the adsorption of heavy metal Nickel on 

Haematite. 

 

2. MATERIAL AND METHODS 

2.1 Preparation of Adsorbents 
The physico-chemical nature of the adsorbents 

significantly affects the rate and extent of adsorption of 
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pollutants from water and wastewaters by adsorption 

technique. The chemical constituents of various 

adsorbents vary from sample to sample depending upon 

the source of collection. Therefore, the characterization 

of adsorbents is quite essential in order to have a better 

insight into the mechanism of the adsorption process. 

 

Haematite and their Characterization 

Haematite is a mineral of iron metal. It does not swell 

with addition of water. It was collected from Noamundi 

Mine, Bihar (India). It was used as such without any 

pretreatment just after sieving through 53μm pore size 

sieve. The chemical analysis and characterization of 

Haematite is given in table:1.  

 

Table 1: Chemical analysis of Haematite as 

Adsorbent. 

Constituents 
Percentage by 

weight 
SiO₂ 4.00 
Al₂O₃ 2.10 
CaO 4.80 
Fe₂O₃ 80.80 
MnO 0.08 
P 0.05 
FeO 1.49 
TiO₂, MgO, P₂O₅ etc. 6.78 
Loss of ignition 13.47 
Particle size 53μm 
Mean Particle size diameter 48 x10

-4
 cm 

Surface Area 14.40 m²g⁻¹ 
Porosity 0.410 
Density 5.100 gcm⁻³ 

 

2.2: Principle and methods of Spectrometric 

Determination of Nickel 

Ultra-Violet and Visible Spectrophotometry is the most 

common techniqueused for Ni (II) determination and 

Dimethylglyoxime (DMG) is used for the estimation of 

Ni (II).When mix Dimethylglyoxime (DMG) with an 

alkaline solution of Nickel in presence of oxidizing agent 

such asbromine, forms a red colour complex. The 

complex absorbs at about 445nm.The intensity of colour 

varies with time and hence it isnecessary to measure the 

absorbance after a fixed timewithin 10 minutes of 

mixing.  

 

2.3 Preparation of Adsorbate Stock Solution: 
Standard Cadmium stock solution (1000 mg/L) was 

prepared by dissolving 0.673 g of pure ammonium 

Nickel (II) sulphate (NH₄)₂SO₄.NiSO₄.6H₂O in 

deionized water then diluted to 1000 ml. pH adjustment 

of solution was made with dilute NaOH and HCl 

solutions.  

 

2.4 Procedure for Batch Adsorption Studies 

Batch adsorption experiments were carried out at room 

temperature to be representative of environmentally 

relevant condition. The effects of various parameters on 

the rate ofadsorption process were observed by varying 

initial Nickel(II) concentration, amount of adsorbent, 

particle size, pH of solution and temperature of the 

solution. The solution volume (V) was kept constant. 

The concentrations of Nickel (II) at different time 

adsorbed on Haematite were calculated. 

 

The adsorption capacity, qe, was calculated as.
[13]

 

qe =   V                                     (1) 

 

Where Co and Ce are the initial and equilibrium 

adsorbate concentrations in solution (mg/L), 

respectively, V is a known volume of synthetic 

wastewater (L), and mis a known mass of dry adsorbent 

(g). 

 

3. Point of Zero Charge 

Electrical charge on the interface is also determined by 

zero point charge (pHzpc), of the adsorbent species. It is 

understood that below pHzpc, the adsorbent acquires 

positive charge and, above it, the surface of the adsorbent 

remains negatively charged.
[14] 

The pH at the potential of 

zero charge of the Haematite (pHzpc) was measured 

using the pH drift method. The pH of the solution was 

adjusted by using 0.01 M NaOH or 0.01 M HCl acid. 

Nitrogen was bubbled through the solution at 25⁰C to 

remove the dissolved carbon dioxide.0.5g Haematite was 

added to 100 mL of the solution. After stabilization, the 

final pH was recorded. The graphs of final pH vs initial 

pH used to determine the zero point charge of the 

adsorbent. The experiment to determine the point of zero 

charge (pHzpc) of the Haematite was carried out as 

described by ph drift method and the adsorbent had zero 

point charge (pHzpc) at 6.2. 

 

4. RESULTS AND DISCUSSION 

4.1 Effect of temperature 

The effect of temperature on the adsorption of Nickel (II) 

shows in Figure:1. It is apparent that increase in 

temperature from 30⁰C to 50⁰C, the amount of 

percentage adsorption increase. From the results, it is 

evident that there is gradual increase in the percentage 

removal. The above results also showed that the 

adsorption was endothermic in nature. Since adsorbent is 

porous in nature and possibilities of diffusion of 

adsorbate cannot be ruled out therefore, increase in the 

adsorption with the rise of temperature may be diffusion 

controlled which is endothermic process, i.e. the rise of 

temperatures favors the adsorbate transport within the 

pores of adsorbent.
[15]
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Figure 1: Percentage removal of Ni (II) with different 

temperatures, [Concentration of Ni (II) = 8mg/L; 

Amount of adsorbent= 1.0 g; pH= 7.0]. 

 

4.2 Determination of Thermodynamic Parameter 

(ΔG⁰, ΔS⁰ and ΔH⁰) 
The thermodynamic parameters could be calculated by 

the following Van't Hoff equation
[16-18]

: 

lnKc =  +                                     (2) 

Where, R is universal gas constant (8.314 J/(mol.K)), T 

(K)is the absolute temperature in kelvin and Kc is the 

linear adsorption distribution coefficient defined as: Kc = 

Co/Ce in which Co and Ce (mg/L) are the initial 

adsorbate concentrations and adsorbate concentrations 

remained in the liquid phase at equilibrium respectively, 

ΔG° is the free energy of adsorption, ΔH° (kJ/mol) is the 

enthalpy change and ΔS° (J/(mol.K)) is the entropy 

change. 

 

There is a direct relation between the change in Gibbs 

free energy upon adsorption ΔG° (kJ/mol) and both of 

the entropy change (ΔS°) and heat of adsorption (ΔH°) 

which can be calculated by the equation
[19]

: 

ΔG° = ΔH° − T. ΔS°                                         (3) 

 

The estimation of standard Gibb's free energy of 

adsorption at different temperature,  it is clear that the 

values of ΔG⁰ were found to be -1.43, -1.57 and -1.71 

kJ/mol for the temperature 30⁰C, 40⁰C, and 50⁰C 

respectively. From the Figure:2 the value of lnKc was 

found to decrease linearly with increase in value of 1/T. 

The data of line was found to fit satisfactory as 

coefficient of determination (R²) was 0.999. The slope of 

line and intercept was used in Van't Hoff equation to 

calculate ΔH⁰ and ΔS⁰. The positive values of ΔH⁰ show 

the endothermic nature ofadsorption and it governs the 

possibility of physical adsorption. Because in the case of 

physical adsorption, while increasing the temperature of 

the system, the extent of metal ion adsorption increases, 

this rules out the possibility of chemisorptions. However, 

the very low ΔH⁰ value depicts Nickel ion is physisorbed 

onto adsorbent.
[20-22]

 

 

The negative values of ΔG⁰ shows the adsorption is 

highly favorable for Nickel ion. However, it indicates 

that the metal ion adsorption was spontaneous. The 

positive value of ΔS⁰ show the increased disorder and 

randomness at the solid solution interface with adsorbent 

Haematite.
[23]

 

 

 
Figure 2: Plot of lnKc vs. 1/T for Ni (II) adsorption 

onto Haematite. 

 

4.3 Adsorption Isotherms 

The adsorption isotherm is a primary tool for 

understanding the surface nature of the adsorbent. 

However, selecting the right suitable adsorption equation 

for different concentration ranges presents a clear picture 

of the surface. For determining the adsorption system, 

the data were fitted for applying different models
[24]

 such 

as Langmuir and Freundlich isotherms. 

 

The Freundlich isotherm gives the relationship between 

equilibrium liquid and solid phase capacity consisting of 

heterogeneous surface of the adsorbent or surface 

supporting sites of diverse affinities
[25-27]

 and this 

isotherm is applicable to multilayer sorption.
[28]

 The 

logarithmic form of Freundlich
[29] 

is represented by the 

following Equation: 

qe = Kf.                                        (4) 

 

Where, qe (mg/g) is the equilibrium adsorption capacity 

of ions on the adsorbent, Ce (mg/L) is the equilibrium 

ion concentration in solution, while Kf is the Freundlich 

adsorption constant representing the adsorption capacity, 

n is the empirical parameter relating the adsorption 

intensity of the solid adsorbent which varies with the 

heterogeneity of material. The magnitude of n gives a 

measure of the favorability of adsorption. If the value of 

n between 1 and 10(1/n is lower than 1), this represents 

that the surface of the adsorbent was heterogeneous and 

adsorption occurred easily. Langmuir isotherm is based 

on the assumption that point of valence exists on the 

surface of the adsorbent and that each of these sites is 

capable of adsorbing one molecule. Thus the adsorbed 

layer will be one molecule thick. Furthermore, it is 

assumed that all the adsorption sites have equal affinities 

for molecules of the adsorbate and that the presence of 
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adsorbed molecule at one site will not affect the 

adsorption of molecules at an adjacent site.
[30] 

 

The Langmuir isotherm represented by the following 

equation
[31]

: 

qe =                                          (5) 

 

Where, qe (mg/g) is the equilibrium adsorption capacity 

ofions on the adsorbent, Ce (mg/L) is the equilibrium ion 

concentration in solution, qmax (mg/g) is the maximum 

capacity of the adsorbent, which represents mono layer 

coverage of adsorbent with adsorbate, b (L/mg) is the 

Langmuir adsorption constant. qmax and b are Langmuir 

constants related to adsorption efficiency and energy of 

adsorption respectively.
[32]

 As shown in Figure 3, the 

linear plot of Ce/qe vs Ce suggests the applicability of 

the Langmuir isotherm. 

 

 
Figure 3: Ce/qe vs Ce plot for adsorption of Ni (II),Ni 

(II)]=6,8,10,12mg/L, 

Adsorbent=1.0g;temperature=30⁰C;pH=7. 

 

The adsorption isotherms of Ni (II) exhibit Langmuir 

behavior, which indicates a monolayer adsorption and 

the applicability of adsorption process, can be identified 

by dimensionless constant separation factor (RL)
[33]

, 

which is shown below: 

RL =1/[1 + bCi]                                                   (6) 

 

Where, Ci is the initial concentration of Ni (II). The RL 

value indicates whether the adsorption is: Unfavorable: 

RL > 1; Linear: RL = 1; Favorable: 0 < RL < 1; 

Irreversible: RL= 0. But, the value of separation factor 

(RL) lies in between 0 and 1. This suggested the 

favorable adsorption of Ni (II) onto Haematite adsorbent. 

 

4.4 Adsorption Kinetics 
The numbers of kinetic model have been tested to 

investigate the adsorption mechanism of Ni (II) onto 

Haematite. Experiments were also performed in order to 

understand the kinetics of Nickel removal by Haematite 

as an adsorbent. It is clear that the adsorption of Ni (II) 

from aqueous system follows first-order kinetics and 

intra particle diffusion model. 

 

 

4.4.1 First Order Kinetic Model 

To correlate the rate of reaction a simple first order 

modelwere used.
[34]

 The first order rate constant was 

calculated using the Equation: 

ln(Co – Ct) = a –bt                                        (7) 

 

The first order plot was drawn between ln (Co – Ct) and 

t. The correlation coefficients for first order kinetic 

model are higher than all other kinetic models. This 

suggests that the present system can be represented better 

by the first order model. 

 

4.4.2 Intra particle Diffusion Model 

Kinetic data was further analyzed using the intra particle 

diffusion model based on the theory proposed by Weber 

and Morris.
[35]

 The rate parameters for intra particle 

diffusion (Kid) for Ni (II) removal were determined by 

using the following equation: 

qt = kid.  + C                                           (8) 

 

Where, Kid is the rate constant of intra particle diffusion 

parameter and C is the intercept. The values of Kid and 

C can be determined from the slope and intercept of the 

plot qtvs . Values of C give an idea about the 

thickness ofboundary layer, i.e. the larger the intercept, 

the greater thecontribution of the surface sorption in the 

rate controllingstep.
[36]

 

 

The coefficient of determination (R²) for intra particle 

diffusion is in between 0.967 to 0.973 and the standard 

error of estimation (σ) is in between 0.168 to 0.253. So, 

on the basis of standard error of estimation (σ), intra 

particle diffusion model also best suited for the present 

system. 

 

 
Figure4: ln (Co – Ct) vs t plot for different initial 

concentration of Ni (II)=6, 8, 10, 12 mg/L, 

Haematite=1.0 g; pH=7; temperature=30⁰C. 
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Figure5: qt vs  plot for different initial 

concentration of Ni(II) = 6,8,10,12 mg/L, Haematite= 

1,0 g; pH= 7; temperature = 30⁰C. 

 

5. CONCLUSIONS 

The experimental data correlated well by the Langmuir 

and Freundlich adsorption isotherms and the isotherms 

parameters were also calculated. The amount of 

adsorption of Ni (II) ions increases with increase of 

temperature. Langmuir isotherm model indicates the best 

correlation between experimental and theoretical results 

for the formation of monolayer. The adsorption process 

complies well with first order kinetic model and intra-

particle diffusion model. The R² values showed that the 

adsorption is favorable. Thermodynamic parameters 

indicating Ni (II) adsorption to be feasible, endothermic 

and occurring with decreased randomness. This study 

provides a cost effective and useful design of wastewater 

treatment plants for the removal of nickel that uses waste 

as a resource and helps to get rid of waste disposal 

expenses. 

 

REFERENCES 

1. Wan Ngah W S, Endud C S and Mayanar E R. 

Removal of copper(II) ions from aqueous solution 

ontochitosan and cross-linked chitosan beads. React. 

Funct. Polym, 2002; 50: 181-190. 

2. Gode F and Pehlivan E. Removal of chromium 

(III)from aqueous solutions using Lewatit S 100: 

Theeffect of pH, time, metal concentration, 

andtemperature. J. Hazard. Mater, 2006; 136:      

330-337 9. 

3. Xu H Y, Yang L, Wang P, Liu Y, and Peng M 

S.Kinetic research on the sorption of aqueous lead 

bysynthetic carbonate hydroxyapatite. J. Environ. 

Manage, 2008; 86: 319-328. 

4. Pacyna E G, Pacyna J M and Pirrone N. 

Atmosphericmercury emissions in Europe from 

anthropogenicsources. Atmos. Environ, 2001; 35: 

2987–2996. 

5. Mas R. H, Mas H Land Kathiresan S. The removal 

ofmethyl red from aqueous solutions using 

modifiedbanana trunk fibers arch. Appl. Sci. Res., 

2010; 2: 209-216. 

6. Sparks, D.L., Kinetics and mechanisms of 

chemicalreactions at the soil mineral/water interface. 

In Soilphysical chemistry, ed. D.L. Sparks. CRC 

Press, NewYork, 1999; 135-191. 

7. Carrasco-Martin F., A. Mueden, T. A. Centeno, 

F.Stoeckli, C. Moreno Castilla, J. Chem Soc. 

FaradayTrans., 1997; 2211-2215: 93. 

8. Indian Standard, Tolerance Limits for Industrial 

Effluents Discharged into Inland Surface water, IS, 

1963; 5: 2490. 

9. Sajwan K. S., W. H. Ornes, T. V. Youngblood, A. 

K.Alva.Wat. Air Soil Polution.A. K. Alva, Wat. Air 

Soilpollution, 1996; 91: 209-217. 

10. Patterson J., R. Passino, Metal Speciation, 

Separation, and recovery, Lewis Publishers. Inc., 

Chelsea, 1987. 

11. Cetin, S., pehlivan, The use of fly ash as a low cost 

,environmentally friendly alternative to 

activatedcarbon for the removal of heavy metals 

from aqueoussolutions., colloid Surface A., 2007; 

298: 83-87, E. 

12. Banerjee, S. Sharmab, GS. Chattopadhayayaa, MC., 

Sharma. Kinetic and equilibrium modeling for 

theadsorptive removal of methylene blue from 

aqueoussolutions on of activated fly ash. J Environ 

Chem. Eng., 2014; 2(3): 1870-1880 YC. 

13. Pehlivan E, Altun T, Cetin S, Bhangher MI. Lead 

sorption by waste biomass of hazelnut and almond 

shell. J. Hazard. Mater, 2008. 

14. Weber WJJr, Morris JC. Equilibrium and capacities 

for adsorption on carbon, J San 

EngDivProcAmerSocCivlEngr, 1964; 90(SA3):        

79-90. 

15. E.I. El-Shafey, “Behaviour of reduction-sorption 

ofchromium (VI) from an aqueous solution on 

amodified sorbent from Rice Husk”, Water air and 

soilpoll, 2005; 163: 81–102. 

16. Aregawi, B.H. and Mengistie, A.A. Removal of Ni 

(II)from Aqueous Solution Using Leaf, Bark, and 

Seed ofMoringastenopetala Adsorbents. Bulletin of 

theChemical Society of Ethiopia, 2013; 27: 35-47. 

17. Wang, Y., Wang, X., Wang, X., Liu, M., Wu, 

Z.,Yang, L., Xia, S. and Zhao, J. Adsorption of Pb 

(II)from Aqueous Solution to Ni-Doped 

BambooCharcoal. Journal of Industrial and 

EngineeringChemistry, 2013; 19: 353-359. 

18. Njoku, V.O., Islam, M.A., Asifd, M. and 

Hameed,B.H. (2014) Preparation of Mesoporous 

ActivatedCarbon from Coconut Frond for the 

Adsorption ofCarbofuran Insecticide. Journal of 

Analytical and AppliedPyrolysis, 2014; 110:       

172-180. 

19. Yao, Z.Y., Qi, J.H. and Wang, L.H. Equilibrium, 

Kinetic and Thermodynamic Studies on 

theBiosorption of Cu (II) onto Chestnut Shell. 

Journal ofHazardous Materials, 2010; 174:          

137-1439. 

20. Ajmal, M., Khan, A.H., Ahmad, S. and Ahmad, 

A.Role of Sawdust in the Removal of Copper (II) 

fromIndustrial Wastes. Water Research, 1998; 32: 

3085-3091. 

http://www.ejbps.com/


Shyam et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

Vora   

 

 

www.ejbps.com        │        Vol 10, Issue 6, 2023.         │          ISO 9001:2015 Certified Journal        │ 

 
 
 

186 

21. Yao, Z.Y., Qi, J.H. and Wang, L.H. 

Equilibrium,Kinetic and Thermodynamic Studies on 

theBiosorption of Cu(II) onto Chestnut Shell. 

Journal ofHazardous Materials, 2010; 174: 137-143. 

22. Mauchauffee, S. and Meux, E. Use of 

SodiumDecanoate for Selective Precipitation of 

MetalsContained in Industrial Wastewater. 

Chemosphere, 2007; 69: 763-768. 

23. Namasivayam C, Muniasamy N, Gayathri K, Rani 

Mand Renganathan K, Biores Technol., 1996; 57: 

37. 

24. Dağdelen, S., Acemioğlu, B., Baran, E. and Kocer, 

O.Removal of Remozal Brilliant Blue R from 

AqueousSolution by Pirina Pretreated with Nitric 

Acid and Commercial Activated Carbon. Water, Air, 

& SoilPollution, 2014; 225: 1-15. 

25. El-Haddad, M. Removal of Basic Fuchsin Dye 

fromWater Using Mussel Shell Biomass Waste as 

anAdsorbent: Equilibrium, Kinetics, and 

Thermodynamics. Journal of Taibah University 

forScience, 2016; 10: 664-674. 

26. Igwe, J.C. and Abia. A.A.Adsorption Kinetics 

andIntra-Particulate Diffusivities for Bioremediation 

of Co(II), Fe (II) and Cu (II) Ions from Waste Water 

UsingModified and Unmodified Maize Cob. 

InternationalJournal of Physics-Science, 2007; 2: 

119-127. 

27. Gecgel, U., Kocabıyık, B. and Uner, 

O.AdsorptiveRemoval of Methylene Blue from 

Aqueous Solutionby the Activated Carbon Obtained 

from the Fruit ofCatalpa Bignonioides. Water , Air , 

& Soil Pollution, 2015; 226: 1-14.  

28. Meena, A.K., Kiran, C.R. and Mishra, G.K. 

Removalof Heavy Metal Ions from Aqueous 

Solutions UsingChemically (Na2S) Treated 

Granular ActivatedCarbon as an Adsorbent. Journal 

of Scientific andIndustrial Research, 2010; 69:         

449-453. 

29. Freundlich, H.M.F. Over the Adsorption in 

Solution.Journal of Physical Chemistry, 1906; 57: 

385-470. 

30. Langmuir, J. Am. Chem. Soc., 1918; 40: 1361. 

31. Langmuir, I. The Constitution and Fundamental 

Properties of Solids and Liquids. Journal of 

theAmerican Chemical Society, 1961; 38:            

2221-2295. 

32. Hema, M. and Arivoli, S. Adsorption Kinetics 

andThermodynamics of Malachite Green Dye unto 

AcidActivated Low Cost Carbon. Journal of 

AppliedSciences and Environmental Management, 

2008; 12: 43-51. 

33. Hall, K.R., Eagleton, L.C., Acrivos, A. and 

Vermeulen, T. Pore and Solid-Diffusion Kinetics 

inFixed-Bed Adsorption under Constant-

PatternConditions. Industrial & Engineering 

ChemistryResearch, 5: 212-223.  

34. N. K. Hamadia, X. D. Chen, M. M. Farid and M. G. 

Q. Lub, Chem. Eng. J., 2001; 84: 95. 

35. W. J. Weber and J. C. Morris, J. Sanitary 

Eng.Division, 1963; 89: 31. 

36. S. Arivoli, M. Hema, M. Karuppaiah and 

S.Saravanam, Journal of Chemistry, 1996; 5(4): 820, 

2008. 

http://www.ejbps.com/

