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Abstract: Maghemite glass fibre nanocomposite with excellent magnetic and adsorption properties was successfully
developed from nontoxic and eco-friendly reagents by thermal decomposition approach. The developed nanocomposite was
utilized in adsorption of methylene blue which follows Freundlich adsorption isotherm. The excellent value of adsorption
capacity (51.31 mg g-1) as compared to other adsorbents recommends its potential role for adsorption phenomenon in
multiple applications. The developed nanocomposite can be recycled and reused easily. Surface and other functional
characteristics of developed nanocomposite were determined through scanning electron microscopy, X-ray diffraction, raman
spectroscopy, energy dispersive X-ray spectroscopy and vibrating sample magnetometer. The obtained results revealed that
maghemite glass nanocomposite is a potential tool that can be utilized in waste water treatments.
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Introduction

There is a vast utilization of colours in many industries

like textile, paints, cosmetics and printing. Therefore, there

are several types of synthetic dyes in wastewater discharging

from these industries [1]. As synthetic dyes are non-

biodegradable and also destroy photosynthetic activity in

water due to blockage of sunlight [2], so these dyes are

creating serious problems for aquatic environments. Moreover,

in case of human beings, known problems include skin

irritation [3], dermatitis and allergy which can cause genetic

mutations [4]. Therefore, proper treatment of wastewater to

remove dyes and pollutants before discharge is very important.

There are three main categories of methods used for the

treatment of dyes wastewater called (i) physical (adsorption

and filtration) [5-7], (ii) chemical (electrochemical, oxidation

and reduction) [8-10] and (iii) biological (aerobic and

anaerobic degradation) [11-14]. Due to capability of treating

dyes in various forms [15,16] and ease of design, the

adsorption technique is the best substitute as compared to

traditional methods of treatment of effluents containing dyes

and has been extensively used to remove contaminants from

industrial wastewater [17].

There is a dire need for the development of eco-friendly

and cheap adsorbents for the adsorption of dyes [18,19].

Recently wastewater treatment by using nanoparticles has

increased rapidly because of their reactivity and high surface

area [20-26]. Because of high adsorption capacity, activated

carbon is used in commercial systems for elimination of

different dyes [27-29], but due to high cost its usage is

limited [30,31]. Conventional and cheap adsorbents have

some drawbacks e.g. they are difficult to separate from the

solution and their recycling is not easy. Also nanoparticles

used for adsorption of dyes can aggregate during the dye

removal process.

Recently having high adsorption capacity and chemical

stability, nano adsorbents containing iron have gained much

attention [32-35] due to lower cost as compared to activated

carbon [36]. Technological applications of multifunctional

textiles have gained much interest over past decades [37-41].

Integration of magnetic nanoparticles with textiles have

produced new characteristics including electromagnetic

wave shielding and magnetism [42,43]. Intelligent textile

materials having magnetic properties can be used for

magnetic filters, bio-sensors and magneto graphic printing

[44]. Intensive work has been carried out on iron containing

nanomaterials like maghemite (γ-Fe2O3), magnetite (Fe3O4)

and hematite (α-Fe2O3). Many procedures have been reported

for their synthesis among which co precipitation and thermal

decomposition methods are considered as most suitable and

low cost [45,46]. Due to distinctive characteristics, iron

containing nanomaterials have been used in many biomedical

applications such as hyperthermia for therapy, bio-separation

and target delivery of drugs for treatment of cancer [47-50].

Application of iron containing nanomaterials on textile

materials has been limited to the coating of Fe3O4 nanoparticles

synthesised by a hydrothermal method on polyamide 6

fibres (PA 6). Immobilization of magnetite nanoparticles on

the PA 6 fabric was reported by using ferrous chloride, ferric

trichloride as the precursors and sodium dodecyl sulfate as

dispersing agent [51]. Furthermore, some fibres were

prepared by integrating magnetic nanoparticles during the

fibre manufacturing process [52,53].

Generally two methods can be used to prepare magnetic

fibres which include synthesis on the surface and filling with

magnetic particles in the lumen. In lumen filling process,*Corresponding author: azeemashraf786@hotmail.com
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maghemite or magnetite nanoparticles can be inserted into

fibre’s lumen to produce the magnetic paper [54-58]. Due to

having large lumen, kenaf fibres were used to prepare

magnetic paper by co-precipitation method by using ferric

and ferrous compounds. Further, the effects of processing

parameters on particle size, magnetic properties and thermal

stability were observed [59]. In case of in situ synthesis

method magnetite nanoparticles can be synthesised with co-

precipitation by oxidation of ferrous hydroxide and deposited

into the fibre’s lumen [60-71]. However, no significant study

was reported in literature until now associated to the

manufacture of magnetic maghemite glass nanocomposite

(MGN) by thermal decomposition method. 

In this research work, thermal decomposition route was

used for the development of magnetic maghemite glass

nanocomposite. MGN was successfully synthesised by

using ferric nitrate, urea and nonwoven glass fibre mat. The

surface morphology, chemical structure and magnetic

properties were determined by different characterization

techniques. The synthesised nanocomposite was utilized to

efficiently adsorb methylene blue (MB) dye.

Experimental

Materials

Reagents used in this research work i.e. Ferric Nitrate

[Fe(NO3)3·9H2O], Urea (CH4N2O) were received from

Sigma Aldrich. No further purification of reagents was

carried out. Non-woven glass fibre mat created from E-glass

formulation having specifications [72] as listed in Table 1

was obtained from Spepat s.r.o. Roudnice nad Labem, Czech

Republic. Because the normal fabrics from natural fibres can

be degraded at higher temperatures so they cannot be used

efficiently as substrate for synthesis of iron oxide nano-

particles by thermal decomposition method. The glass fibre

mat was selected due to its thermal stability at very high

temperatures. 

Methylene blue dye of molecular weight 319.85 g mol-1

used in this research work for adsorption experiments was

obtained from Sigma Aldrich. Methylene blue dye was

selected as model pollutant as it is most widely used in

literature for adsorption experiments.

Synthesis of Nanocomposite

Maghemite glass nanocomposite was synthesised at

optimized conditions. Solutions of ferric nitrate Fe(NO3)3·

9H2O and urea CH4N2O were mixed together with molar

ratio of 1:6 and agitated for 10 min to get a uniform mixture.

This solution was poured on glass fibre mat then it was

placed in high temperature furnace and treated for 30 min at

300
 oC with 10 oC min-1 heating rate. After 30 min, samples

were cooled down at the same rate. The schematic represen-

tation for the synthesis of maghemite glass nanocomposite is

illustrated in Figure 1. 

Test Methods

Surface characteristics of maghemite glass nanocomposite

were analysed by ultra-high resolution scanning electron

microscope (SEM, Carl Zeiss Meditec AG, Germany).

Elemental analysis of samples was carried out by energy

dispersive X-ray spectrometer (EDS, JEOL Ltd., Tokyo,

Japan) for detection of maghemite nanoparticles. X-ray

diffractometer (PANanlytical BV Almelo, Netherlands) with

Cu-Kα radiation was employed for recording the XRD

patterns. Raman spectroscopy was done with Raman

Table 1. Glass fibre mat specifications

Properties Value

Surface weight (g m-2) 270

Thickness (mm) 1.6

Breaking length (m) 260

Tensile strength (N) 26.60

Figure 1. Graphical representation for synthesis of maghemite glass nanocomposite for methylene blue adsorption.
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Microscope DXR from Thermoscientific. Magnetic properties

were recorded at room temperature on vibrating sample

magnetometer (VSM, Lake Shore 7407). The magnetic

attraction of the MGN was observed with the help of a

strong magnet. 

Adsorption of Methylene Blue on Maghemite Glass

Nanocomposite

To examine methylene blue adsorption by MGN, different

solutions of MB dye in distilled water were prepared having

concentration from 50
 to 90 mg l-1. Higher concentration

levels of methylene blue dye were selected to simulate real

dyeing wastewater as the industrial dyeing wastewater

contain high amounts of dyes. To find the equilibrium point,

1.25 g l-1 adsorbent was added to MB solution at pH 8. The

solution was agitated for 150 minutes at 30 oC temperature

with agitation speed of 200 rpm. The impact of adsorbent

amount was investigated by changing adsorbent quantity

from 0.25 to 1.25 g l-1. To investigate the influence of stirring,

the agitation was changed from 50 to 200 rpm by using GFL

Analogue Orbital Shaker 3005. Solution temperatures were

adjusted to 30 oC, 40 oC and 50 oC to find the impact of

temperature on adsorption. The alteration in pH was done

from 2 to 10 to check the impact of pH. The pH of solutions

was adjusted by using suitable amounts of HCl or NaOH.

Solid addition method was used to determine the point of

zero charge as reported in literature [73]. Dye removal was

determined with assistance of UV-Visible spectrometer (UV-

1600PC Spectrophotometer, VWR International) by analysing

the solution after fixed intervals of time. 

Dye removal percentage from solution was determined

with the help of equation (1).

(1)

Adsorption capacity was calculated by equation (2) at any

time t.

(2)

where C0 (mg l-1) is initial concentration of dye in solution,

Ct (mg l-1) is dye concentration at time t (min), m (g) is

adsorbent mass and V (l) is solution volume.

Adsorption Isotherms

Langmuir and Freundlich isotherms were used to explain

the adsorption mechanism of MB by MGN. The nonlinear

form of Langmuir model [74] is expressed in equation (3). 

(3)

The Langmuir isotherm in linear form is expressed as in

equation (4).

(4)

where Ce (mg l-1) is dye concentration at equilibrium in

solution, qe (mg g-1) is the dye amount which adsorbed at

equilibrium on adsorbent, qm (mg g-1) shows maximum

adsorption capacity and KL (l mg-1) represents Langmuir

constant.

Freundlich isotherm model [75] is expressed in equation

(5).

(5)

After linearizing Freundlich equation can be written in

equation (6).

(6)

Here KF is Freundlich constant (mg g-1) (l mg-1)1/n and 1/n is

Freundlich constant expressing intensity of adsorption. 

Adsorption Kinetics

Rate constant and adsorption order can be realized with

adsorption kinetics. Pseudo first order and pseudo second

order models were used to study the adsorption kinetics of

MB on MGN.

The pseudo first order kinetics model [76] is described in

equation (7):

(7)

where K1 is rate constant for first order kinetics (min-1), qt

and qe are the dye amounts (mg g-1) adsorbed at any time t

(min) and at equilibrium respectively. 

Pseudo first order kinetics model in its linear form can be

described in equation (8).

(8)

Pseudo second order kinetics model equation [77] can be

expressed as in equation (9).

(9)

where K2 is the rate constant for pseudo second order

kinetics (g mg
-1 min-1).

The linear form of pseudo second order model [78,79] is

expressed in equation (10).

(10)

Adsorption Thermodynamics

Methylene blue adsorption thermodynamics were
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investigated by following equations.

(11)

where ΔGo (kJ mol-1) is Gibb’s free energy, R is gas constant

(8.314 J mol
-1 K-1), T is temperature (K) and Kc (Dimension-

less) is thermodynamic constant.

The relationship between the thermodynamic parameters

is described as in equation (12).

(12)

where, ΔSo (J mol-1) is entropy and ΔHo (kJ mol-1) is

enthalpy. 

By substituting equation (11) into equation (12) the Van’t

Hoff equation is obtained.

(13)

Kc is thermodynamic constant which is a dimensionless

quantity and can be obtained by multiplying Langmuir

constant (KL, l mg-1) by 106 [80,81]. Accurate determination

of equilibrium constant (Kc) is very important for correct

calculation of parameters [82].

ΔGo values were determined from equation (11) while

ΔH
o and ΔSo values were determined by the slope and

intercept of plot of lnKc against 1/T respectively (equation

(13)).

Stability and Reusability

To investigate the stability of synthesized MGN adsorbent,

the leaching of iron ions was measured by adding 250 mg

adsorbent in 200 ml water. The blend was stirred for 150

minutes at 200 rpm speed and pH was changed from 2 to 10.

The iron ions leached in water were analysed with Inductively

Coupled Plasma (ICP-AES) analysis.

Recycling and reusability of the developed MGN adsorbent

was evaluated by ten consecutive cycles of adsorption and

desorption. For desorption, dye loaded adsorbent was

dispersed in 200 ml water at pH 2 and shaken for 60

minutes. After desorption, magnetic MGN was recovered by

magnetic separation from solution and dried for 60 minutes

at 90
oC.

Results and Discussion 

SEM Analysis

High magnification images from SEM of the synthesised

MGN are presented in Figure 2(a-d). The maghemite nano-

particles were incorporated into the glass structure. Average

size of maghemite nanoparticles observed to be nearly

20 nm. The resultant nanoparticles are mostly spherical and

evenly distributed.

Energy Dispersive Spectroscopy (EDS) Analysis

Successful synthesis of iron oxide (maghemite) nanoparticles

on maghemite glass nanocomposite was confirmed by EDS
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Figure 2. SEM images of maghemite glass nanocomposite; (a) magnification 5 K, (b) magnification 25 K, (c) magnification 75 K, and

(d) magnification 100 K.
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analysis. The results in Figure 3 show peaks of Fe, Si and O. 

XRD Analysis

The XRD diffraction patterns acquired by using PANanlytical

BV Almelo, Netherlands X-ray diffractometer are presented

in Figure 4. The XRD diffraction peaks (220), (311), (400),

(422), (511) and (440) indexed to the cubic spinel structure

(JCPDS No. 39-1346) shows the formation of pure maghemite

[83-85]. The strong XRD peaks revealed the well crystalized

structure of maghemite [86].

The crystal size of maghemite nanoparticles was found to

be 20 nm by using Scherer’s equation (14).

(14)

The smaller size of maghemite nanoparticles may be due

to attachment of particles with surface of the glass which

obstruct the progression of as synthesised nanoparticles.

Raman Spectroscopy

To further verify the formation of pure maghemite, Raman

spectroscopy was utilized. Raman spectra of as synthesized

nanocomposite is presented in Figure 5. Broad bands around

350, 500, 670 and 1330 cm
-1 confirms the formation of pure

maghemite. These bands are characteristic of maghemite

and not present in spectrum of other iron oxides [87,88].

Magnetic Properties

The graphical representation of magnetic hysteresis loop

of MGN measured by using VSM is presented in Figure 6.

The magnetic saturation of MGN found to be 60 emu g
-1

with 7 emu g-1 remanent magnetization. The saturation

magnetization is lower than that of bulk maghemite crystallite

(i.e., 73.5 emu/g). This difference has also been reported by

other investigators [89,90], and it is probably due to the

surface spin canting effects [91]. The magnetic properties of

ferromagnetic materials depends on their nature and surface

morphology. The sensitivity of MGN was confirmed by

attraction towards a magnet. 

Adsorption of Methylene Blue by Maghemite Glass

Nanocomposite

Effect of Dye Concentration

The amount of MB dye was varied from 50 mg l
-1 to

90 mg l-1 to study the effect of dye initial concentration on

adsorption behaviour of MB on MGN while other process

conditions were fixed at pH 8, adsorbent dosage 1.25 g l-1,

agitation speed 200 rpm and temperature 30 oC. It was

D
Kλ

bcosθ( )
-------------------=

Figure 4. XRD pattern of maghemite glass nanocomposite.

Figure 5. Raman spectra of maghemite glass nanocomposite.

Figure 6. Magnetization hysteresis curves of maghemite glass

nanocomposite.

Figure 3. EDS spectra of maghemite glass nanocomposite.
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observed that by increasing dye concentration, removal

percentage decreased and maximum removal percentage of

99 % was observed with 50 mg l
-1. The decrease in removal

percentage may be due to the saturation of adoption sites at

higher dye concentration levels. By increasing dye concen-

tration it took more time to attain the equilibrium point as

shown in Figure 7. The availability of relative higher

number of adsorption sites at low concentration of dye may

cause the lower equilibrium time. Equilibrium was attained

in 90 minutes for 50 mg l
-1 while it took 130 minutes to

attain equilibrium for 90 mg l-1. 

Adsorption capacity enhanced by increasing dye concen-

tration as shown in Figure 8. This behaviour is because of

the availability of more molecules of dye per unit quantity of

adsorbent. Dye initial concentration would deliver a driving

force to overtake the mass transfer resistance so the adsorption

capacity enhanced by increasing dye initial concentration.

These outcomes are according to the findings of previous

investigators [92-94] who reported that MB removal percentage

increased by decreasing dye initial concentration while

adsorption capacity decreased which shows that dye removal

efficiency depends on concentration.

Effect of Adsorbent Dosage

The quantity of MGN adsorbent was changed from

0.25 g l-1 to 1.25 g l-1 to investigate the impact of adsorbent

amount on removal percentage and capacity. MB concentration

was 50 mg l-1, temperature 30 oC, pH 8, contact time

150 min and agitation speed 200 rpm. An increasing trend in

dye removal percentage and a decreasing trend in adsorption

capacity can be noted by increasing adsorbent dosage as

illustrated in Figure 9. 

With adsorbent 0.25 g l
-1 the dye removal efficiency was

54 % which increased to 81 %, 88.2 %, 92 % and 99 % with

increase of the adsorbent amount to 0.50 g l
-1, 0.75 g l-1, 1 g l-1

and 1.25 g l-1 respectively. By increasing adsorbent amount,

the availability of higher number of adsorption sites results

in the increase in removal percentage of dye. Removal

percentage was increased by increasing the amount of

adsorbent but adsorption capacity decreased at the same

time. This happened due to aggregation or unsaturation of

the adsorbent active sites at higher amounts of adsorbent

[95].

Effect of pH

The pH shows very significant effect for MB adsorption

by MGN. The effect of pH was determined by varying pH

from 2 to 10 at dye initial concentration 50 mg l
-1, adsorbent

dosage 1.25 g l
-1, agitation speed 200 rpm and temperature

30 oC. It is clear from Figure 10 that by increasing pH, both

removal percentage and adsorption capacity increased due to

the increased negative charge on adsorbent surface. On the

other hand by decrease in the pH, there is a growth of

Figure 8. Effect of dye initial concentration on adsorption

capacity. 

Figure 9. Effect of adsorbent dosage on dye adsorption. 

Figure 7. Effect of dye initial concentration on removal

percentage. 
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positive charge on the surface of adsorbent as a number of

positive (H
+) ions gathered on the adsorbent from bulk

solution. Consequently, dye removal efficiency decreased by

decreasing the pH from point of zero charge. The build-up of

H
+ ions on nanocomposite surface makes the interaction of

positively charged dye molecules more difficult. Dye

removal was negligible at lower pH value of 2. Removal

percentage increased significantly by increasing the pH

above the zero charge point. Highest results for dye removal

were obtained at pH of 8 because of the increased attraction

between negatively charged nanocomposite and positively

charged dye molecules.

Effect of Agitation Speed

Agitation impact was investigated by changing the speed

from 50 rpm to 200 rpm by keeping other parameters at

1.25 g l
-1 adsorbent dosage, pH 8, temperature 30 oC and dye

concentration of 50 mg l
-1. One sample was investigated

without any agitation for reference. It can be observed from

the Figure 11 that only 28 % dye from solution was removed

without agitation however, dye removal efficiency was

50 %, 72 %, 85 % and 99 % at 50, 100, 150 and 200 rpm

respectively. With the increase of agitation speed a rise in

adsorption capacity was noted. This happened because

agitation increases the interactions between adsorbent and

methylene blue dye.

Effect of Temperature

Solution temperatures were adjusted from 30 to 50 oC to

explore temperature impact on removal of dye by MGN

while keeping other parameters at adsorbent dosage 1.25 g l
-1,

dye initial concentration 50 mg l-1, pH 8 and agitation speed

of 200 rpm.

By increasing solution temperature there is a small decrease

in dye removal efficiency as shown in Figure 12. This drop

in dye removal indicates that MB adsorption on MGN is less

favourable at higher temperatures. Mobility of dye molecules

increased by increasing temperature which may cause the

escape of adsorbed dye molecules from the adsorbent to

solution. Therefore, the adsorption capacity decreased by

increasing temperature. 

Adsorption Isotherms

Adsorption isotherms study describes the interaction of an

adsorbate and adsorbent. Adsorption isotherm explains

association between quantity of dye adsorbed on adsorbent

and dye concentration in solution at equilibrium. Langmuir

isotherm considers that the adsorption is homogeneous and

monolayer due to uniform availability of sites for adsorption

having even adsorbate affinity. Freundlich isotherm consider

that the nature of adsorbent is heterogeneous with uneven

distribution of functional groups.

The Langmuir and Freundlich isotherms of nonlinear form

were drawn with the help of OriginPro 9 software from

OriginLab Corporation by plotting Ce and qe as presented in

Figure 13.

The parameters of Langmuir and Freundlich isothermFigure 11. Effect of agitation speed on dye adsorption.

Figure 12. Effect of temperature on dye removal.

Figure 10. Effect of pH on dye adsorption.
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obtained by nonlinear regression are presented in Table 2.

Maximum adsorption capacity (qmax) obtained by Langmuir

model is 51.31 mg g-1. It was observed from results that

Langmuir isotherm could not fully describe the methylene

blue adsorption. The R2 values of 0.8334 and 0.9992 were

found for Langmuir and Freundlich models respectively for

MB adsorption on MGN. The higher R
2 for Freundlich

isotherm shows the better fitness of the model as compared

to Langmuir. It may be due to morphology of MGN and

heterogeneous distribution of maghemite nanoparticles on

glass surface.

Separation factor RL is an important parameter based on

Langmuir model as described by the Hall et al. [96] and is

presented in equation (15).

(15)

where C0 is the dye initial concentration and KL is the

Langmuir constant.

RL is used to describe the feasibility of adsorption on

adsorbent. The RL value determines the type of adsorption as

follows:

linear (RL = 1),

favourable (0 < RL < 1)

unfavourable (RL > 1)

irreversible (RL = 0)

The calculated RL values were in the range of 0.0032 to

0.0017 which falls in the category of between 0 and 1 for

different initial dye concentrations which confirms that

adsorption of methylene blue on iron glass nanocomposite is

favourable. 

Adsorption Kinetics

Pseudo first order and pseudo second order models were

RL

1

1 KLC0+
--------------------=

Table 2. Langmuir and Freundlich isotherm parameters for the

adsorption of methylene blue

Langmuir Freundlich

qmax 

(mg g-1)

KL 

(l mg-1)
R2

KF 

(mg g-1)

(l mg-1)1/n
1/n R2

51.31 6.2066 0.8334 41.70 0.07 0.9992

Figure 14. Adsorption kinetics of methylene blue (a) Pseudo first

order kinetics and (b) Pseudo second order kinetics. 

Figure 13. Adsorption isotherms (a) Langmuir (b) Freundlich for

adsorption of MB on maghemite glass nanocomposite at 30 oC.

Table 3. Parameters of pseudo first order and pseudo second order

models

Kinetic model

parameters

Initial concentration (mg l-1)

50 60 70 80 90

qe, exp (mg g-1) 39.60 45.48 49.28 51.90 53.50

Pseudo first order

qe, cal (mg g-1) 39.43 45.11 48.17 50.68 51.81

K1 (min-1) 0.0481 0.0428 0.0452 0.0464 0.0541

R2 0.9700 0.9504 0.9513 0.9514 0.9598

Pseudo second order

qe, cal (mg g-1) 44.73 51.89 55.18 57.80 58.13

K2 (min-1) 0.0015 0.0011 0.0011 0.0011 0.0013

R2 0.9823 0.9791 0.9938 0.9892 0.9941
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plotted to determine kinetics of MB dye adsorption on

MGN. Time was taken on X-axis while qt was taken on Y-

axis to plot the nonlinear models as presented in Figure 14. 

The kinetic parameter of both models are presented in

Table 3 which are calculated by the nonlinear regression.

The qe calculated values for pseudo first order model are

near to the experimental values (qe, exp) while in case of

second order model the R2 values are greater than those of

pseudo first order model. Therefore, methylene blue dye

adsorption on MGN follows pseudo second order model. 

Adsorption Thermodynamics

Thermodynamics parameter for the adsorption of MB by

MGN adsorbent are listed in Table 4. The degree of

spontaneity of process can be determined by Gibb’s energy

change (ΔG
o). Adsorption process will be more spontaneous

if sign of ΔGo is negative. The negative ΔGo values shows

that MB adsorption by MGN is spontaneous. 

Negative values of ΔH
o (ΔHo<0) for adsorption of MB by

MGN shows the exothermic nature of adsorption. This

exothermic nature shows the release of energy during the

adsorption process. This implies decrease in equilibrium

constant (Kc) and adsorption capacity (qe) by increasing

temperature. 

Further the sign and magnitude of ΔS
o determine the

organization of adsorbate molecules at adsorbent interface.

The ΔS
o value is negative which shows less random

organization of dye molecules at adsorbent interface during

MB adsorption by MGN. Thermodynamic parameters shows

that MB adsorption on MGN involves physical adsorption. 

Stability of Adsorbent

As the leakage of metal ions in water from adsorbent is

unacceptable so the stability of nanocomposite was assessed

at different pH levels. The concentration of iron ions is 3 mg l-1

at pH 2, while at pH levels higher than 2 leaching of iron is

negligible as shown in Figure 15. Similar results were

reported in previous studies from iron containing composites

[97-100]. These results shows the stability of synthesized

nanocomposite at vast range of pH levels which is useful for

treating wastewater.

Recycling and Reusability

Reusability is an important characteristic of any adsorbent

to be used efficiently for dye removal. To evaluate the

reusability of MGN for dye removal ten consecutive

adsorption and desorption cycles were performed. MGN

Figure 15. Leaching of iron at different pH levels.

Figure 16. Dye removal efficiency of maghemite glass nano-

composite for 10 cycles.

Table 5. Comparison of methylene blue adsorption by various

adsorbents

Adsorbent qm (mg g-1) Reference

Activated carbon from coir 14.36 [101]

Activated carbon from ficus carica 47.62 [102]

Activated carbon from olive stone 16.12 [103]

Iron impregnated activated carbon 20.61 [104]

Activated carbon from acrylic 8.76 [105]

Carbon nanotube nanocomposite 15.87 [106]

Magnetite powder 20.74 [107]

M-MWCNTs 48.06 [73]

MnP 25.54 [108]

Maghemite glass nanocomposite 51.31 Present work

Table 4. Adsorption thermodynamic parameters 

T (K) Kc

ΔG
o
 

(kJ mol-1
)

ΔH
o
 

(kJ mol-1)

ΔS
o
 

(J mol-1)

303 6210,000 -39.40

313 2120,000 -37.92 -62.33 -76.49

323 1350,000 -37.92
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exhibits good removal efficiency of 87 % even after 10 cycles

as shown in Figure 16. This indicates good performance of

nanocomposite for dyes removal from wastewater.

Adsorption Comparison

Maximum adsorption capacity of various adsorbents to

remove MB is shown in Table 5 for comparison. The

adsorption of MGN is higher than many previously reported

adsorbents which shows its great potential for dyes adsorption

from water. 

Conclusion

In this work an economical strategy was developed for the

fabrication of maghemite glass nanocomposite. The method

described here for fabrication of MGN is eco-friendly, cost

effective and indicates potential for large scale production.

The dye adsorption efficiency of synthesised nanocomposite

was investigated by adsorption of MB. The calculated

adsorption capacity of synthesised MGN was 51.31 mg g
-1.

Further the effect of different important processing

parameters was evaluated on adsorption of MB by MGN.

The MB dye adsorption on MGN follows Freundlich

isotherm model with R2 value of 0.9992. It was observed

that MB adsorption on MGN follows pseudo second order

model. The MGN exhibited excellent stability and recycling

even after ten cycles of use which indicates that MGN

adsorbent can be employed efficiently for removal of MB

from wastewater.
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