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ABSTRACT 

This work reports kinetic and equilibrium studies of Mn (II) adsorption by hematite ( - Fe2O3) nanoparticles of different 
morphologies synthesized by acid hydrolysis, transformation of ferrihydrite, sol gel methods in the laboratory. The sizes of the 
hematite samples were in the range 15.69-85.84nm with morphologies such as hexagonal, plate-like, nano-cubes, sub-rounded 
and spherical. Kinetic experiments demonstrated rapid uptake of Mn (II) reaching equilibrium at 30-90 minutes. Kinetic data 
were satisfactorily described by pseudo-second order and the sorption process has been found to be feasible in nature 
following a chemisorption process. Langmuir, Freundlich, Temkin and Dubinin Radushkevich isotherms were selected to 
analyze the experimental data. The maximum adsorption capacity of Mn (II) was found to be in the range 2.04-12.3 mgg-1

. The 
study revealed that the hematite with sub-rounded morphology gave the highest adsorption capacity. The calculated 

o o o) showed that the adsorption of Mn (II) ion was feasible, spontaneous and 
exothermic  at 300-330K. Equilibrium studies showed that Mn (II) had a high affinity in basic medium and adsorption of Mn 
(II) ion onto hematite nanoparticles was by inner sphere surface complexation. The FT-IR result of Mn (II) - loaded hematite 
also showed a strong interaction of the adsorbate on the various hematite samples. This study showed that morphologies play 
vital role in the adsorption capacities of hematite for the removal of Mn (II) from aqueous solution. 
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 1.0 INTRODUCTION 

              Manganese occurs in natural water in both its 
most reduced and soluble form, the manganese (II) ion and 
the oxidized form, MnO2 (pyrolusite).  Mn (II) ions can 
easily pass through water treatment processes, and once 
they are within the distribution system, they can gradually 
oxidize to insoluble manganese dioxide causing several 
problems such as water discolouration, a metallic taste, 
odour, turbidity, biofouling and corrosion as well as 
staining of laundry and plumbing fixtures [1]. Manganese 
enters our aquatic environment via a variety of 
applications namely, ceramics, dry battery cells, electrical 
coils, manganese containing alloys and burning of coal 
and oil [2,3]. The determination of Mn in public and 
industrial water is important for the environment and for 
human health. In drinking water sources, the secondary 
maximum contaminant level of Mn (II) must not exceed 
0.05mg/L [4]. The removal of Mn(II) from industrial 
wastewater remain an important challenge. Researchers 
have used different adsorbents such as scolecite, natural 

clay, activated carbon, fruit nut shell and manganese-
coated sand for the removal of Mn (II) from aqueous 
solution. Jimenez et al [5] observed 3.80mg/g uptake of 
Mn (II) at 60oC and pH 6, Lee et al [6] used manganese-
coated sand to adsorb 4.0mg/g of Mn (II) ion from 
aqueous solution while Eba et al [7] also observed10mg/g 
of Mn (II) adsorbed at pH 4 and the interaction of 
adsorbate and adsorbent was found to be accompanied by 
positive values of enthalpy and entropy and negative 

energy. It was observed from 
literature searches that nanoparticle hematites have not 
been used for the removal of Mn (II) from aqueous 
solution. The aim of this work is to examine Mn (II) ions 
adsorption behaviour from aqueous solution on synthetic 
nanoparticles hematites of different morphologies by batch 
method as a function of pH of solution, ionic strength, 
time, initial concentration and adsorbent dose. Adsorption 
isotherms such as Langmuir, Freundlich, Temkin and 
Dubinin Radushkevich and kinetic models were employed 
to understand the nature of sorption.  
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2.0 MATERIALS AND METHODS 

All reagents used in this work were of analytical grade. 
The hematite sample were prepared from Fe(NO3)3 
(Sigma-Aldrich, 99% ), FeCl3.4H2O (Sigma-Aldrich, 
99%), NaOH, NaHCO3, and KOH.  All glassware and 
polyethylene materials were previously treated for 24hours 
in 10% (v:v) nitric acid (HNO3, 70%) and rinsed with 
deionized water (Milli- -1 resistivity). 
 

2.1 Preparation and Characterization of Hematite 
Samples 

       Five samples of hematite of different morphologies 
were prepared in the laboratory using different methods. 
The samples were tagged Ade 1, Ade 2, Ade 3, Ade 4 and 
Ade 5. 

        Sample Ade 1 was synthesized by a method similar 
to the acid hydrolysis method of Schwertmann and Cornell 
[8]. This was prepared by heating 2L of 0.002M HNO3 
and 16.6g of Fe (NO3)3.9H2O (0.02M Fe) at 98oC with 
vigorous stirring for 20 minutes. The mixture was then 
aged for seven days at 98oC. Sample Ade 2 was 
synthesized by a modified method of Raming et al [9] the 
particles were obtained by vigorously mixing FeCl3.6H2O 
in 2L of 0.002M HCl at 98oC for 15 minutes on a hot plate 
and later placed in the oven at 98oC for 48 hours. Sample 
Ade 3 was prepared by sol- gel method; this was prepared 
by employing the method of Sugimoto et al. The particle 
was prepared by adding 100ml of 2.0M FeCl3 slowly into a 
well stirred 100 ml of 5.4 M NaOH  aqueous solution in a 
250ml pyrex flask. The mixture was stirred for 15 minutes 
and the flask containing a red mixture was placed in an 
oven at 100oC for 8 days. Sample Ade 4 was prepared by 
transformation of ferrihydrite method.; this was carried out 
by using the method of Schwertmann and Cornell [8]. 

Acid hydrolysis using base addition was employed for the 
preparation of sample Ade 5. The precipitate was washed 
several times with milli-Q water (  by 
dialysis in order to remove the nitrate and chloride ions, 
filtered by millipore glass membrane vacuum filtration 
system and then oven dried at 40oC.  
The synthesized samples were characterized by physico-
chemical methods such as bulk density, pH, point of zero 
charge, micropore volume and surface area. Surface area 
of samples were determined using TRISTAR 3000 
Surface area analyzer. The synthesized hematite samples 
were further characterized using spectroscopic and 
diffractometric techniques. X-ray Fluorescence was used 
for determining the elemental composition, using a 
PAnalytical XPert Pro MPD X- ray Fluorescence. A Leo 
1430VP and FEI Nova NanoSEM 230 Scanning Electron 
Microscope were used in inspecting the morphology of the 
samples and the TEM images were taken with a Technai 
G220 high resolution transmission electron microscope.  
 

2.2 Determination of Adsorption Capacity, Kinetics 
and Equilibrium 

A 20ml volume Mn (II) solution with concentrations 
ranging from 1 to 100mg/L was measured in eight conical 
flasks containing 20mg of hematite samples (Ade 1to Ade 
5) separately. The pH was adjusted to 6.0 and equilibrated 
on an orbital shaker (GEFRAN 600 model) for 
240minutes at 298K. The hematites were separated by 
filtration and the filtrates were analyzed for the residual 
Mn (II) ion concentration by an Atomic Absorption 
Spectrophotometer (Perkin Elmer 3300) at a wavelength 
of 279.5nm and a slit width of 0.20nm. The kinetics study 
was carried out at different time intervals (15- 240 
minutes). Adsorption isotherms (Langmuir, Freundlich, 
Temkin and Dubinin Radushkevich) were used to describe 
the experimental data. 

 

3.0 RESULTS AND DISCUSSION 

The   physicochemical properties of the nanoparticle hematites are shown in table 1 below. 

Table 1:   Physicochemical - Characteristics of Iron Oxides and Bamboo  

Samples   Colour  pH Bulk density (g/cm3)  
 

PZC Texture  % yield   Surface area (m2/g) 

Ade 1 Reddish brown 6.75 0.840 7.63 Fine 62.4 52.3  ± 0.4 
Ade 2 Reddish brown 6.65 1.184 7.30 Fine 83.1 31.0  ± 0.2 
Ade 3 Red 7.47 1.857 7.50 Fine 91.7 36.6  ± 0.1 
Ade 4 Reddish brown 9.06 1.417 9.35 Fine 81.3 45.3  ± 0.3 
Ade 5 Reddish 

 brown 
7.32 1.201 7.20 Fine 98.3 26.69  ± 0.1 
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The surface area of the nanoparticle hematites range from 26.69 to 52.0m2/g  with sample Ade 1 having the highest value 

TEM micrographs 

The TEM micrographs of samples Ade 1 to Ade 5 are shown in fig 1a to 1e, this showed particle sizes in the range 15.69 to 
85.84nm. 

                                        

(a)  Ade1                (b) Ade 2                         (c)   Ade 3               (d)  Ade 4                    (e)   Ade 5 

The adsorption isotherms constants for the adsorption of 

Mn (II) on all hematite samples are shown in Table 2. The 

experimental data fitted the Langmuir isotherm, best 

suggesting the adsorption to be a monolayer type.  

Table 2: Constant parameters and correlation coefficients for Langmuir, Freundlich and Temkin Adsorption isotherms 

Adsorbents KL 

(L/mg) 

qm  

(mg/g) 

R2 KF  

(mg/g) 

N R2 KT 

(L/mg) 

b(J/Mol) R2 

Ade 1 1.49 2.04 0.579 2.27 1.83 0.819 1.597 1.12 0.707 

Ade 2 0.043      12.3 0.767               
1.54 

2.03 0.507 - - 0.185 

Ade 3 - - 0.046 - - 0.016 1.781 1.27 0.821 

Ade 4 0.532 3.39 0.885 1.04 1.83 0.879 2.191 7.85 0.636 

Ade 5 0.152 9.35 0.656 - - 0.265 3.40 1.00 0.611 

 

Table 3: Thermodynamic Parameters for the adsorption of Mn (II) onto hematites             

Sample   Kjmol-1  Kjmol-1K-1  Kjmol-1                

Ade 1 -5.5 -0.0191  0.192 

Ade 2 -10.2 -0.0441  2.94 

Ade 3 -5.55 -0.0264  2.31 

Ade 4  -2.51 -0.0041 -1.28 

           

The negative values of enthalpy change ( ) and entropy 

change ( ) in Table 3 show that the adsorption process 

is exothermic in nature from which it can be stated that 

adsorption type is likely to be chemisorption. 
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The kinetic adsorption data for both Mn(II) on iron oxides 

describes the pseudo-second order model best (0.855 

< < 0.998) while the pseudo-first order does not fit the 

kinetic data  for samples.  Other models tested describe the 

kinetic data fairly. The simple Elovich equation explained 

the kinetic data fairly with correlation coefficient ( ) for 

Mn (II) in the range 0.500 to 0.824 for initial Mn (II) load 

of 10mg/L. The power function kinetic model equation 

describes the kinetic data fairly with correlation 

coefficient in the range 0.523 to 0.777 for Mn (II) ion on 

the synthetic iron oxides. This suggests that this sorption 

system is a pseudo-second order model which is based on 

the assumption that the rate-limiting step may be chemical 

sorption. 

CONCLUSION 

 The result of Mn (II) adsorption on the five synthetic 

hematites under our experimental condition revealed that 

maximum adsorption was attained at pH 6.0 and hematite 

with spherical shape had the highest adsorption capacity of 

12.3 mgg-1. The result of adsorption studies also showed 

that the process is an inner-sphere surface complexation. 

Based on these results, nanoparticle hematites can be used 

for the treatment of manganese (II)-laden industrial 

effluents. 
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