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Abstract 

Water pollution by heavy metal ions such as Pb occur globally. The conventional methods for the heavy metal ions 

removal from the water include electrochemical and chemical precipitations, ion exchange, reverse osmosis and sorption. 

Among the above mentioned different methods, sorption of heavy metal ions on the surface of solid nanomaterials is one 

of the most recommended and interest methods. Sorption is attractive due to its merits of efficiency, cheap and simple 

operation. In this study, hematite/magnetite/iron nanocomposite (MHINC) is synthesized by the low voltage electrical arc 

method in the presence of 1.2 Tesla external magnetic fields. Scanning electron microscopy and transmission electron 

microscopy show that the synthesized MHINC includes uniform nanoparticles with 7 nm average diameters. The 

prepared MHINC is used as a new sorbent to remove heavy metal ions from polluted waters. Experimental data shows 

that the sorption of lead ions on the surface of MHINC is acceptably fitted to the Langmuir isotherm. Based on the 

experimental data, a maximum sorption capacity of 86 mg g-1 is achieved for the sorption of lead ions on the surface of 

MHINC. The experimental optimum conditions for the lead ion removal includes pH=5, 25 ml sample volume, 25 mg 

sorbet and 25 min mixing time in the room temperature. Desorption studies showed the adsorbed lead ions on MHINC 

surface can be done by using 1ml acidic solution containing 3 M HCl and 2 M HNO3. 

 

Keywords 
Magnetite, Hematite, Iron Nanocomposite; Electrical Arc; Magnetic Field; Ion Removal; Heavy Metal Ions. 

 

1. INTRODUCTION 
Today, water pollution is a major problem. The 

contaminants include heavy metals, radioactive 

compounds, organic and inorganic compounds. 
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 چکیده
ى سظ یَ دگی آب تَ ع است. سٍش آلَ قٍَ ی دس حال  اًْ ى اّی فلضات سٌگیي ًظیش سشب تِ صَست ج لَی حزف یَ تَذّی ]]اّی فلضات سٌگیي اص آب شاهل سٍش اّی هعو اّی سس

ى، اسوض هعکَعٍ  جزب هی ش شیویاییٍ  الکتشٍشیویایی، هثادلِ یَ ى اّی رکش تاشذ. تیي سٍ ق، جزب سغحی یَ اَد جاهذ یکی اص سٍشي سٍی اّی فلضات سٌگی شذُ فَ هَ اّی  اًً
صیِاج لَت اجشاخاعِ تاشذ. جزب سغحی ت شذُ هی لة ٍ تَ ي  ٍ اسصاى قیوت ش کاسایی خَب، سْ واتیت/آّ تٌیتّ/ صیت هگ کاهپَ اًًَ جِ قشاس گشفتِ است. دس ایي هغالعِ  دى هَسد تَ تَ
(MHINCع الک سَ هیذاى ه( تِ سٍش تخلیِ قَ لٍتاط دس حض اٌتشیکی کن  یش  6/1خاسجی تا قذست  عیسیغ تٌض شذ. هغالعِ تصاٍ سی  اّیججججهیکشٍسکَجتسلا س تٍشیٍ  عثَ ًٍی س الکتش

گیي  اَختی تا قغش هیاً رسات یکٌ اًًَ تٌض شذُ شاهل  صَیت س کاهپ اًًَ هَتش هی 3ًشاى داد کِ  یِْ اًً صیت ت کاهپَ اًًَ ى شذُ تِ تاشٌذ.  اَى جارب جذیذ تشای حزف یَ اّی فلضات سٌگیي اص  عٌ
دُ استفادُ شذ. دادُاّی  آب شاى هی آلَ ى اّی تجشتیً  ٌّذ کِ جزب یَ ی  د تٍشم لاًگوَیش ساصگاس است. تش ایي اساع، هاکضیون  تِ MHINCاّی سشب تش سٍ لَی تا ایض عَس قاتل قث

تٌض صَیت س کاهپ اًًَ ی  ى سشب تش سٍ mg gشذُ  ظشفیت جزب یَ
-1
ى تِ 42   یٌِْ تشای حزف یَ ى سشب شاهل اّی فلضا دست آهذ. ششایظ تجشتی ت یظُ یَ  ٍ ، pH= 1ت سٌگیي تِ

 ًَِ صٍى جارب  هیلی 61حجن ًو ط هیلی 61لیتش،  ل  دقیقِ ٍ دها تشاتش دهای اتاق هی 61کشدى جگشم، صهاى هخلَ جارب ًشاى داد کِ هحلَ اًًَ ى سشب اص سٍی  اٍجزب یَ تاشذ. هغالعات 
یًتشیک  3اسیذی شاهل اسیذکلشیذسیک  ذ هَلاس هی 6هَلاس ٍ اسیذ  اًَ ى تِ ت اٍجزب یَ اٌسة تشای  ذُ ه اَى شَیٌ دَ. عٌ  اّی سشب استفادُ ش

 

 هاي کلیديواژه

  .يیفلضات سٌگ یّا َىی ؛َىیحزف  ی؛سیهغٌاع ذاىیه ی؛کیقَع الکتش ؛آّي ،تیّوات ،تیهگٌت تیکاهپَص ًاًَ
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For non-disintegration of heavy metals and 

harmful physiological effects on organisms at low 

concentrations, are particularly important in 

environmental pollution. The bulk of their 

ultimate destination, especially in developing 

countries is groundwater and surface water 

resources, soil and ultimately human. There is a 

variety of methods for the removal and separation 

of heavy metal ions from aqueous solutions. The 

most important methods that can be used for this 

purpose are chemical precipitation [1], ion 

exchange [2], reverse osmosis [3], membrane 

processes [4], solvent extraction [5] and sorption 

methods [6]. Due to the electrical conductivity 

and magnetic properties of zero valent iron, 

hematite (α-Fe2O3) and magnetite (Fe3O4) 

nanoparticles, they have been used in various 

applications such as drug delivery [7-9], the 

removal of organic [10-12] and inorganic [13-15] 

pollutants from water and wastewater. 
It is reasonable to expect a composite sorbent of 

magnetite,hematite and iron can be used as a more 

powerful sorbent in the removal of heavy metal 

ions than alone compounds. In this work, the 

MHINC with average diameters of 7 nm was 

electrochemically synthesized and used as solid a 

new potential sorbent for the removal of heavy 

metal ions from water. 

 

2. EXPERIMENTAL 
2.1. Materials 

All materials including HNO3, CuSO4.5H2O, 

Zn(NO3)2.6H2O, Fe2(SO4)3.H2O, MnSO4.H2O, 

NiCl2, Pb(NO3)2, NaNO3, Mg(NO3)2.6H2O, 

AgNO3, NaOH were purchased from Merck and 

used without any purification. Double- disttiled 

water was used in all experiments. 

 

2.2. Instrumentals 

Two electrical power supply (Mps - 3010L-1, 

Taiwan made) are was used to make a arc 

discharge. The morphology and the particles sizes 

of MHINC samples were studied by  scanning 

electron microscopy (SEM: Σigma/VP model) 

and transmission electron microscope (TEM, 

Zeiss EM900). Flame Atomic Absorption (FAA, 

Sens AA model, GBC company) was applied for 

the determination of the metal ions 

concentrations. The pH values were controlled 

with a pH meter (Metrohm-827). Circulating 

device (PE 26 1NF model, Grant Co., England) 

was used to adjust the solution temperature. The 

centrifuge (8.b - Pars Teb, Iran) and cellulose 

acetate membranes (0.46 µ, 47 mm, Empore Co.) 

were used to separate nanoparticle from solution. 

Fourier transform infrared spectroscopy (FT-IR, 

Vector 22, Bruker) is used to study the sorption 

mechanism of lead ions on the surface of 

MHINC. The vacuum pump (DV-42N-2501, 

Platinum Co., USA) was used to flow the solution 

throghth the membrane in the separation of 

MHINC particles from lead ion solutions. 

 

2.3. Procedures 

2.3.1.Preparation of sorbent 

In order to synthesize MHINC samples, dc arc 

was discharged between two iron tip electrodes in 

disttiled water under 80 V. The synthesized 

MHINC is characterized by SEM, TEM, XRD, 

VSM and DLS. 

 

2.3.2. Sorption experiments 

To identify the best metal ion which can be 

removed by MHINC: 50 ml solution with pH=5 

including 5 ppm from any of metal ions Pb
2+

, 

Cu
2+

, Ag
+
, Zn

2+
, Fe

2+
, Mn

2+
 and  Ni

2+
 is separately 

mixed with 50 mg MHINC for 30 min at 650 rpm 

mixing rate. The residual concentration of metal 

ions was determined by the flame atomic 

absorption spectrophotometer. 

The effects of sorption parameters including 

initial solution pH, sample volume, solution 

temperature, mixing time (contact time of 

MHINC with the solution of heavy metal ions), 

sample concentration and sorbent weight were 

investigated and optimized by the “one at a time” 

method. The adsorbed amount of metal ions onto 

the MHINC was calculated according to the 

following equation (Eq. 1): 

                        
     

  
        (1) 

Where,    and    are the initial and final 

concentrations of the proposed ion in ppm, 

respectively. The equilibrium sorption capacity, 

e
q (mgg

-1
) of heavy metal ions was calculated 

using the mass balance equation (Eq. 2): 

   
        

 
                             

Where,    (ppm) and    (ppm) are initial 

concentration and the equilibrium concentration 

of metal ions, respectively; V (ml) is the sample 

volume, m (mg) is the MHINC amount. 

 
2.3.3. Effect of mixing time 

The effect of mixing time on the lead ion removal 

was studied in different time intervals ranging 

from 3 min to 40 min with the initial metal ion 

concentration of 5 ppm. After completing of the 

reaction, MHINC particles were separated from 

solution phase and the residual concentration of 

lead ions adsorbed was measured. 

 
2.3.4. The effect of initial lead ions concentration 

Sorption isotherms were obtained by equilibrating 

nano-sorbent with lead ion solutions of different 



 

 

 H. Karami, F. Goli/ Iranian Journal of Analytical Chemistry 3 (2016) 55-62 | 57 

initial concentrations 5-40 ppm. After separation, 

the final concentrations of metal ions in the 

solutions were calculated. 

 

2.3.5. The effect of pH 

Sorption amounts of lead ions for the same initial 

concentrations and same equilibrium times were 

studied as a function of pH. The initial pH values 

were adjusted from 2 to 6, using 0.1M HNO3 and 

NaOH solution. After mixing for a constant time 

and constant stirring rate, the nanoparticles were 

separated and the residual concentrations of lead 

ions were measured. 

 

3. RESULT AND DISCUSSION 

3.1. Properties of the prepared MHINC 

The morphology and particle size of the MHINC 

were characterized by SEM and TEM (Fig. 1). 

According to the SEM image observed samples 

containing uniform spherical particles with 

average diameter about 7 nm. TEM image shows 

that the sample consisting the regular spherical 

nanoparticles.  

 

 
 

 
Fig. 1. Electron microscope images of MHINC, a) 

SEM image of MHINC with enlarged 20000 tims. b) 

TEM image of MHINC. 

 

The phase composition of the synthesized sample 

was examined by XRD patterns (Fig. 2). The 

XRD patterns showed the sample consisting 56 

%wt Magnetite, 30 %wt Hematite and 14 %wt 

zero- valent Fe. 

 
Fig. 2.  XRD patterns of MHINC sample synthesized in 

the presence of 1.2 T magnetic field. 

 

The magnetization properties of the sample were 

determined by VSM. The VSM results showed 

that the sample shows 93 emu g
-1

 magnetization 

saturation. 

As an additionally study, the infrared 

spectroscopy was used to determine the 

vibrational frequency changes of MHINC 

functional groups. Fig. 3 shows the IR spectrums 

of the MHINC sample before and after contact 

with lead ion solution. In comparing the two 

spectrums, the greatest difference is the peak 

corresponding to the stretching vibration of 

functional group O-H that Dative bond between 

non-bonding electron pairs of oxygen and Pb
2+ 

ion 

alters the O-H bond energy and consequently 

displacement of the vibration of functional group 

O-H and another strong stretching vibration is 

related to Fe-O due to pairing with lead ions were 

transported. 

 

 
 

 
Fig. 3. IR spectrum, (a) Iron oxid nanoparticles, (b) 

Iron oxid with lead ions adsorbed on it. 

 

3.2. Sorption studies 

3.2.1. The effect of pH 

To investigate the effect of initial solution pH on 

the sorption of lead ions was studied in the pH 
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range of 2-6. The relationship between the initial 

pH values and the lead ions removal efficiency 

was presented in Fig. 4. In maximum sorption by 

the nanoparticles takes place at pH= 5. The results 

presented in Fig. 4 show that at low pH because 

of the high abundance of protons (H)
+
 ions 

compared to Pb
2+

, the amount of lead ions 

sorption by MHINC is decreased. In other words, 

some adsorbion sites on the surface of MHINC is 

occupied by H
+
 ions. By increasing the pH to 

more than 5, the percentage of  lead ion removal 

decreases that it is probably due to the formation 

of sediment of cations like Pb(OH)
+
 which is less 

likely to be attracted to the surface of the 

nanoparticles [17-18]. 

 

 
Fig. 4. Effect of initial solution pH on the lead ion 

retention. 

 

3.2.2. The effect of sorbent amount 

To study the effects of sorbent values on the lead 

ion sorption with keeping constant other factors, 

preconcentration were carried out with different 

sorbent weights at range of 5 to 50 mg. Fig. 5 

shows the effect of sorbent values on the lead ion 

removal efficiency. As it can be seen in Fig. 5, 

with the increasing amount of sorbent, the 

percentage of retention gradually increases up to 

the point of 25 mg reaches to maximum amount 

and then remains constant. In the small amounts 

of sorbent, due to the saturation of the sorption 

sites by Pb
2+ 

ions, the ion removal is not 

completed [16]. 

 

 
Fig. 5. Effect of  MHINC  sorbent on the lead ion  

removal. 

 

3.2.3. The effect of contact time 

The results of sorption studies as a function of 

contact time (mixing of lead ion solution with 

MHINC particles is shown in Fig. 6. According to 

the Fig. 6 the lead ion removal is completed befor 

30 minutes. Comparing of this results with those 

of the previous reports [19-21] shows that 

MHINC can acts as a fast removal agent for the 

lead ions. 

 

 
Fig. 6. Effect of  mixing time on the lead ion retention. 

 

3.2.4. Sorption isotherms 

Lead ions removal performance of MHINC was 

investigated as a function of the initial lead ion 

concentration (from 5 ppm to 40 ppm) in room 

temperature. In this study, the sorption time was 

fixed at 30 min. Fig. 7 shows the effect of initial 

ion concentration on the removal efficiency.  

 

 
Fig. 7. Effect of initial sample concentration on the lead 

ion retention. 

 

As it can be observed in Fig. 7, by increasing the 

initial concentration of the sample, the sorption of 

lead ions is decreased. The drop in the removal 

efficiency indicates that sorption sites on the 

sorbent surface become saturated [22]. The 

maximum sorption capacities of the MHINC for 

lead ions were evaluated using the sorption 

isotherms such as Langmuir, Freundlich and 

Temkin. In the Langmuir model, it is assumed 

that is a homogeneous surface, the sorption 

energy is constant and equal in all places. 

Sorption on the surface to be performed in certain 

sites, each site can only accommodate a single 

ion, and also monolayer sorption takes place and 

none of adsorbed molecules are interactive with 

each other ]23[. Langmuir and Temkin isotherms 

equations are presented as follows: 
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Where, qe is the equilibrium sorption capacity of 

the sorbent for metal ions in mgg
-1

, Ce is the 

equilibrium concentration of metal ions in ppm, 

qm is the maximum amount of metal ions 

adsorbed in mg g
-1

 and b is the constant that refers 

to the bonding energy of sorption process in L 

mg
-1

. The constants b and qm can be determined 

from the intercept and slope of the linear plot 

Ce/qe versus Ce On the contrary, the Freundlich 

model is based on a reversible heterogeneous 

sorption. In the Freundlich model, it is assumed 

that the level of energy distribution is non-

uniform, different pieces of the same level are not 

impact together ]23[. Freundlich isotherm 

equation is presented as follows: 

       

 
 ⁄                                

The linear form of Freundlich equation is as 

follows: 

            
 

 
                         

Where qe is the equilibrium sorption capacity of 

the sorbent in mg g
-1

, Ce is the equilibrium 

concentration of heavy metal ions in ppm, Kf is 

the constant related to the sorption capacity of the 

sorbent in ppm, and n is the constant related to the 

sorption intensity. The constants n and Kf can be 

determined from the slope and intercept of the 

linear plot logqe versus logCe. The Temkin model 

contains a factor that interactions between the 

sorbent particles and adsorbed ions clearly show. 

Temkin isotherm can be presented as following 

equation: 

   
  

 
                          

In this equation, 
  

 
   the linear form of the 

Temkin isotherm equation is as follows: 

                                         
Where qe is the equilibrium sorption capacity of 

the sorbent in mgg
-1

, Ce is the equilibrium 

concentration of heavy metal ions in ppm. A is 

the binding constant related to the maximum 

binding energy in L mg
-1

. B is the constant 

proportional to the heat of sorption. b is the 

constant in j mol
-1

. The quantitative relationship 

between initial pb
2+

 ion concentration and the 

sorption capacity was analyzed with three 

different isotherm models which were shown in 

Fig. 8.  

The calculated parameters (b, qm, n, Kf, B, b and 

A) and linear regression coefficient (R2) values 

for Langmuir, Freundlich and Temkin models are 

summarized in Table 1. The Langmuir isotherm 

was better fitted to the experimental data. The 

result showed that the value of correlation 

coefficient (R) for the sorption of pb
2+

 onto 

MHINC was 0.99 which demonstrated the good 

fitting of experimental data by the Langmuir 

model. Based on the Langmuir model, maximum 

sorption capacity of pb
2+

 by MHINC was 

calculated 86 mg g
-1

. 

 

 
Fig. 8. Sorption isotherms of pb2+ ions by 

hematite/magnetite nanosorbent  (a) Langmuir isotherm 

(b) Freundlich isotherm (c) Temkin isotherm. 

 
Table 1. The calculated parameters of Languir, 

Freundlich and Temkin isotherms. 

R2 Constants Isotherm 

0.99 qm = 86mg/g Langmuir 

K=1.02×10-4  

0.89 Kf= 44.49   Freundlich 

bf = 0.58  
0.96 A= 13.42 Temkin 

B=18.88 

b=131.19   

 
3.2.5. Effect of sample volume  

The effect of sample solution volume on the pb
2+

 

ions removal efficiency was studied by used 

different volumes (10- 250 ml) of aqueous 

solution with 25 mg MHINC sorbent. Fig. 9 

shows the results of these studies. As it can be 
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seen in Fig. 9, when the sample volume is 50 ml 

(the concentration of lead ions 5ppm), the 

removal efficiency is high.  

 

 
Fig. 9. Effect of  initial sample volume on the lead ion  

retention. 

 

3.2.6. Effect of temperature on the pb
2+

 ions 

removal 

To investigate the temperature dependency of 

pb
2+

 ion removal, sorption studies were carried 

out at wide temperature range of 0 to 60 ºC. The 

obtained results are summarized in Fig. 10. 

According to the presented data in Fig. 10, the ion 

removal efficiency is increased as the temperature 

is increased from 0 to 25 ºC. At higher 

temperatures, lead ion removal does not depend 

on the solution temperature. The observed results 

show that the sorption kinetics depends on 

solution temperature. The kinetics rate constant of 

the lead ion sorption is increased by increasing 

the temperature. The rate constant in 25 ºC is 

large enough to be able to remove all lead ions in 

the duration of 30 minutes. Applying the higher 

temperatures can still increase the sorption rate 

and causes to decrease the sorption time. 

 

 
Fig. 10. Effect of temperature on the lead ion retention. 

 

3.2.7. Application of MHINC for the removal of 

other ions  

To investigate the ability of MHINC in the 

removal of other ions such as Cu
2+

, Ag
+
, Zn

2+
, 

Fe
2+

 and Ni
2+

, 25 ml of 5 ppm solution of each ion 

at pH=5 was mixed with 25 mg of the MHINC 

and stirred for 30 min and then, each one was 

centrifuged and the residual concentration of each 

ion was determined (Fig. 11). Based on the 

presented data in Fig. 11, all the mentioned 

cations can be removed with high efficiencies. 

 
Fig. 11. Retention percentage of some heavy Metal ion 

by MHINC on the optimized conditions. 

 

3.2.8. The effects of other metal ions on the 

sorption of lead ions by MHINC 

To investigate the effect of other ions on the 

sorption of pb
2+

 ions on MHINC, the removal 

efficiency of lead ion in the mixed solution was 

examined. The obtained results are shown in 

Table 2. The results show that the lead ions can be 

completely removed from water in the presence of 

other ions. As an additional study, the effects of 

Na
+
 and Mg

2+
 on the removal of lead and zinc 

ions were investigated. The obtained results 

showed that the presence Na
+
 upto 200 ppm does 

not any  interfering effect on the removal 

efficiency of lead and zinc ions. The presence of 

Mg
2+

 in 200 ppm can only decreases the removal 

efficiencies of lead and zinc ions from 100% to 

87% and 83%, respectively. 
 

Table 2. The removal efficiency of lead ions in the 

presence of some metal ions with different 

concentrations. 

Ni2+ Fe2+ Zn2+ Ag+ Cu2+ Ion 

Concentration 

%96 %97 %100 %100 %100 5 

- - %100 %100 %80 50 

- - %100 - - 150 

 

The ability of MHINC in the simoltaneous 

removal of some metal ions (Pb
2+

, Cu
2+

, Ag
+
,
  

Fe
2+

, Zn
2+

 and Ni
2+

 with initial concentrations of 5 

ppm in pH=5) in the mixed solution was 

evaluated. The removal efficiencies for all ions 

were shown in Table 3. 

 
Table 3. The removal efficiencies of some metal ions 

by MHINC in the mixed solution. 

 %Inhibition Cation 

95.2 Pb2+ 

90.34 Ni2+ 

100 Zn2+ 

87.78 Fe2+ 

97.12 Cu2+ 

88.02 Ag+ 
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As it can be seen in Table 3, all cations can be 

removed from mixed solution by MHINC with 

acceptable efficiencies. 

 

3.2.9. The desorption studies 

In desorption step, adsorbed ions on the surface of 

MHINC are eluted with a little volume of a 

suitable solvent. In this study, the elution of the 

adsorped ions was examined by hydrochlorid 

acid, nitric acid and mixed acid solutions. The 

experimental data showed that the mixed solution 

of hydrochloric acid aand nitric acid (2:3) can be 

used for the reliable desorption of lead ions. 

To optimize the desorption process, the 

concentrations of both hydrochloric acid and 

nitric acid and also their volume were changed. 

Fig. 12 shows the effect of hydrochloric acid 

concentration on the extraction efficiency of lead 

ions. Based on the presented data in Fig. 12, 

hydrochloric acid with concentration of 3 M in 

the presence of 2 M nitric acid can be used as an 

efficient eluent to desorp the lead ions from 

MHINC surface. 

 
Fig. 12. Effect of HCl concentration on the lead ion 

recovery. 

 

In the next steo, the nitric acid concentration was 

varied while the hydrochloric acid concentration 

was constant (3 M). Fig. 13 shows that the 2 M 

nitric acid in the presence of 3 M hydrochloric 

acid can be used to reliable desorb the lead ions. 

In the final step, some experiments were done to 

determine the minimum volume of the eluent for 

the efficient desorption of lead ions.  

Fig. 13. Effect of  HNO3 concentration on the lead ion 

recovery. 

Fig. 14 shows the obtained results. Based the 

presented data in Fig. 14, 1 ml mixed solution (3 

M hydrochloric acid and 2 M nitric acid) can 

efficiently desorb the lead ions from MHINC 

surface. 

 
Fig. 14. Effect of  eluent volume on the lead ion  

recovery. 

 

4. CONCLUSIONS 

Low voltage arc discharge in water can be used as 

a power full technique to synthesize 

Magnetite/Hematite/Iron nanocomposite 

(MHINC). The experimental results shows that 

MHINC can be acts as an efficient nano- sorbent 

to remove the heavy metal ions such as Pb
2+

, 

Cu
2+

, Ag
+
,
  

Fe
2+

 , Zn
2+

 and Ni
2+

. The Langmuir 

isothermal model can explain the sorption 

mechanism of lead ions on the MHINC surface. 

The adsorbed ions can recover by using a small 

volume of HCl/HNO3 mixed solution. 
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