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In this study, iron-impregnated powdered activated carbon (Fe-PAC) prepared 

using chemical co-precipitation techniques was used as an adsorbent for 

methylene blue (MB) removal in a batch experiment. The analysis of transmission 

electron microscopy, scanning electron microscopy with energy dispersive 

spectroscopy showed that iron oxide particle was substantially distributed into the 

surface of the adsorbent, suggesting that Fe-PAC was successfully synthesized. 

The results showed that fast and efficient adsorption of MB by Fe-PAC was 

achieved, with a relative short contact time of 10 min and MB adsorption capacity 

of 51 mg/g. The kinetic adsorption of MB on Fe-APC adsorbent was well 

described by a pseudo-second-order model. Concurrently, the analysis of 

intraparticle diffusion model suggests that intraparticle diffusion is not the only 

rate-limiting step of MB molecules adsorption by Fe-PAC adsorbent. The 

elevated temperature conditions also improved the removal efficiency of MB. 

Thermodynamic parameters exhibited by the MB adsorption process onto         

Fe-PAC were endothermic and spontaneous. The findings of the present work 

indicate that Fe-PAC can be a potentially effective adsorbent for MB removal in 

wastewater due to its fast and efficient MB adsorption, and separation in 

wastewater treatment systems. 
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1. INTRODUCTION 

Currently, there are rising concerns of 

environmental and public health problems caused by 

hazardous pollutant of dyes due to their toxic, 

mutagenic, allergenic and carcinogenic properties. 

Many industries, such as textile, printing, and 

plastic, incorporate dyes and pigments in to their 

production processes. Consequently, colored 

wastewaters have been found in treatment processes 

because of dyes used in industrial product and 

washing processes. Dyeing industries discharge 

between 30,000 and 150,000 tons of dyes per year 

into receiving waters (Anjaneya et al., 2013). Thus, 

colored wastewater released into natural waters is 

not only aesthetically displeasing but also 

detrimental to natural water quality.  

In the past, various technologies have been 

proposed for eliminating dyes from wastewater, 

namely, adsorption (Li et al., 2018; Wong et al., 

2016; Wu et al., 2014), membrane filtration (Rashidi 

et al., 2015), ion exchange (Karcher et al., 2002) and 

biological treatment (Anjaneya et al., 2013). Among 

these, adsorption by activated carbon, such as 

powdered activated carbon (PAC), is one of the most 

effective techniques for water decontamination due 

to its operational simplicity, and high removal 

efficiency of pollutants. Nevertheless, the limitation 

of the use of PAC as an adsorbent in water and 

wastewater treatment could be the result of its 

separation due to low settling rates. Concurrently, 

membrane filtration clogging and the regeneration of 

used adsorbent are also challenges of PAC 

application. Therefore, there is a need for the 

development of a novel adsorbent for pollutant 

removal to overcome these limitations. 

Recently, the use of iron oxide particles has 

attracted considerable research attention in the field 

of water and wastewater treatment because of its 
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high adsorption capacity and fast separation using an 

external magnetic separator (Rajput et al., 2016; 

Kitkaew et al., 2018). The combination of PAC and 

iron oxide particles as iron-impregnated powdered 

activated carbon (Fe-PAC) could be thus an ideal 

adsorbent for pollutant removal from water due to 

self-settling and high adsorption capacity. In this 

study, we developed Fe-PAC as an adsorbent in 

laboratory scale employing a simple chemical co-

precipitation method and then using it to remove 

methylene blue (MB) as a model dye compound      

in aqueous solution. Batch adsorption of MB onto 

Fe-PAC was carried out as a function of adsorption 

time and equilibrium temperature conditions. MB 

removal mechanism by Fe-PAC and its adsorption 

capacity were also examined. The results from this 

study can provide useful information for the removal 

of MB from wastewater of dye industries. 

 

2. METHODOLOGY 

2.1 Preparation of Fe-PAC adsorbent 

The PAC (received from Sigma-Aldrich, 

Singapore) was washed with Milli-Q water to 

remove impurities as received-PAC. The Fe-PAC 

adsorbent was prepared by a chemical co-

precipitation method, adapted from our previous 

method of Kitkaew et al. (2018). Briefly, 18.3 g of 

FeSO4·7H2O, 33.3 g of FeCl3·6H2O, 25 g of PAC 

and 1,000 mL of Milli-Q water were combined in a 

2,000-mL beaker and mixed by magnetic stirrer. The 

mixed solution was heated to 65±2 °C and then 

cooled down to below 40 °C before adding of 5 N 

NaOH to increase the pH solution to 10-11. The 

resulting suspension was stirred constantly for 1 h 

and then rested overnight to precipitate. 

Subsequently, the supernatant was discarded and the 

adsorbent suspension was rinsed thrice with 1,000 

mL of Milli-Q water and twice with ethanol. The 

adsorbent suspension was then transferred into 50-

mL conical centrifuge tubes and centrifuged at 3,000 

rpm for 5 min. The pellet was harvested, dried at 70-

75 °C in an oven for 48 h and then manually ground 

and sieved to obtain a 20-50 mesh fraction which 

was kept in an air-tight container until further use. 

The surface morphology and elemental compositions 

of the adsorbent were characterized using 

transmission electron microscopy (TEM) (Hitachi-

HT7700) and scanning electron microscopy (SEM) 

coupled with an energy dispersive spectrometer 

(SEM-EDS) (Hitachi-SU3500, Japan). 

2.2 MB adsorption experiments 

Analytical grade of MB (chemical formula of 

C16H18N3ClS·2H2O) was obtained from Ajax 

Finechem. The stock of MB solution of 1,000 mg/L 

was made by dissolving an exact amount of MB in 

Milli-Q water at room temperature (25±1 °C). The 

experimental MB concentrations were thereafter 

diluted to require concentration using Milli-Q water.  

Time-dependent adsorption experiments were 

conducted using the bottle-point-technique. The pre-

weighted amount of 100-mg Mag-PAC was added 

into a 100-mL flask containing MB solution of 50 

mL to obtain a Fe-PAC dose of 2.0 g/L, with initial 

MB concentration of 100 mg/L and initial pH of 

8.13. Consequently, the mixed solution was agitated 

at 150 rpm in a horizontal shaking incubator at 25 °C 

for 120 min.  

Separately, from time-dependent adsorption 

experiments, adsorption of MB on Fe-PAC was 

performed at various equilibrium temperature 

conditions (15-65 °C) to investigate the effect of 

temperature on MB adsorption. Fe-PAC adsorbent   

of 100 mg was introduced to a series of 100-mL 

Erlenmeyer flasks. A MB solution with concen-

tration of 200 mg/L was incubated at the target 

temperature conditions for a few hours before being 

added to each flask. Thereafter, the flasks were 

completely sealed with plastic sheets to avoid water 

evaporation during adsorption at specific 

temperature conditions. Subsequently, the prepared 

flasks were transferred in an incubator shaker at a 

pre-set temperature. This experimental condition was 

carried out at an adsorbent dose of 2 g/L, initial pH 

of 6.1, initial MB concentration of 200 mg/L, 

agitation speed of 150 rpm and adsorption time of 20 

h. The use of MB concentration of 100-200 mg/L 

and Fe-PAC dose of 2 g/L in our study are within the 

ranges of dye adsorption documented in previous 

studies (Phihusut and Chantharat, 2017; Novais et 

al., 2018). At specific adsorption times, each bottle 

was opened and an aliquot sample was filtered 

through a pre-rinsed 0.45 µm membrane nylon filter. 

The MB concentration in aqueous solution before 

and after adsorption by Fe-PAC was determined by 

UV-Visible spectrophotometer (U-2700, Shimadzu) 

at 668 nm. Each adsorption experiment was carried 

out in duplicate samples under identical conditions. 

The average value was reported with standard 

deviation. The removal rates of MB (%) and its 

adsorption capacity at t time; qt (mg/g) were 
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examined following the equations of 1 and 2, 

respectively. 
  

   MB removal (%) =  
C0− Ce

Co
 ×  100                 (1) 

 

     Adsorption capacity at time (qt) =
Co− Ct 

m
× V       (2) 

 

Where Co and Ce are the initial and equilibrium MB 

concentration in the solution (mg/L), respectively, V 

is the solution volume (L) and m is the mass of Fe-

PAC adsorbent (g).  

In addition, the results of MB adsorption by 

Fe-PAC were fitted with pseudo-first-order, pseudo-

second-order and intraparticle diffusion models, 

which are expressed in equations of 3 (Lagergren, 

1898), 4 (Ho et al., 2000), and 5 (Weber and Morris, 

1963), respectively.    
 

ln(qe − qt)  =  ln qe − k1t                   (3) 

 
t

qt
 =  

1

k2qe
2  +  

t

qe
     (4) 

 

  qt =  kdiff  ×  t0.5 +  C    (5) 

 

Where qe and qt are the adsorption amounts of MB 

(mg/g) at equilibrium and time t (min), respectively, 

and k1 (1/min), k2 (g/mg.min) and kdiff (mg/g.t0.5) are 

the rate constants of the pseudo-first-order, pseudo-

second-order adsorption, and intraparticle diffusion 

respectively. C is a constant (mg/g). 

The effect of temperature (288, 298, 308, 318, 

328, and 338 K) on thermodynamic parameters for 

MB adsorption onto Fe-PAC was also investigated 

in this work. The calculation of Gibbs free energy 

(ΔG0), enthalpy (ΔH0) and entropy (ΔS0) were 

determined from the following equations; 
 

Kc =  
(Co− Ct)

C
 ×  

V

W
    (6) 

 

∆Go = −RT ln Kc     (7) 

 

ln Kc =  
∆So

R
 −  

∆Ho

RT
    (8) 

 

Where KC is equilibrium constant of MB adsorption 

onto Fe-PAC. R is the universal gas constant (8.314 

J/ mol·K), while T is the absolute temperature (K) of 

adsorption system. 

 

3. RESULTS AND DISCUSSION 

3.1 Characterization of Fe-PAC adsorbent 

The structural analysis of Fe-PAC was studied 

at high magnification using TEM as shown in Figure 

1. The images of Fe-PAC adsorbent, synthesized by 

chemical co-precipitation method, clearly showed 

that iron oxide particles are embedded into the 

activated carbon powder pores. This corresponded 

with morphological observation using SEM (Figure 

2) with iron oxide particles well dispersed covering 

the PAC matrix. However, the result was also 

consistent with EDS results as seen in Table 1, 

showing elemental composition of the adsorbent at 

36.2% of carbon, followed by 33.3% of oxygen, 

29.4% iron, and 1.1% sodium. This phenomenon can 

be hypostasized that reduction of specific surface 

area of the adsorbent after iron impregnation may 

result in pore blockage of iron oxide particles onto 

PAC pores (Han et al., 2015; Mohan et al., 2011; 

Shang et al., 2016). In addition, this magnetizing 

process can also lead to decreased pH value at the 

point of zero charge (pHpzc) of Fe-PAC. Normally, 

pHpzc of PAC adsorbent was higher than 8.7       

(Han et al., 2015; Punyapalakul and Takizawa,  

2006; Suriyanon et al., 2015), whereas pHpzc of iron 

oxide adsorbent was ranged from 5.0 to 7.4 

(Lohwacharin et al., 2014; Rajput et al., 2016). Thus, 

it can be implied that pHpzc of Fe-PAC could be 

reduced as compared with PAC adsorbent. This is 

because the surface of PAC was oxidized by adding 

iron precursors during the process of impregnation 

(Borah et al., 2009). 

 
 

Table 1. Elemental composition of the Fe-PAC adsorbent 

 

Element Line Weight (%) Atomic (%) 

Carbon K Serie 36.2 53.2 

Oxygen K Serie 33.3 36.7 

Iron L Serie 29.4 9.3 

Sodium K Serie 1.1 0.8 
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Figure 2. SEM images of Fe-PAC at (a) ×2,000 and (b) ×5,000 magnification. 

 

3.2 Effect of adsorption time  

Equilibrium adsorption time is an important 

factor in designing a wastewater treatment unit. The 

plot of MB removal and its adsorption capacity as a 

function of adsorption time is shown in Figure 3. It 

is noteworthy that the removal rate of MB and its 

adsorption capacity have been affected by adsorbent 

dose. In this study, the adsorbent dose of 2 g/L was 

selected to remove MB in aqueous solution. This 

applied dosage was similar to adsorption dosage 

used in other studies (Naeem et al., 2017; Novais et 

al., 2018). It can be observed that MB removal and 

its adsorption capacity was improved with elevated 

adsorption time. A fast uptake of the adsorbed 

amount of MB had been found at an 89% removal 

rate within a few minutes of adsorption time. This is 

because adsorption sites are more available during 

the initial state of adsorption (Fu et al., 2015). 

Subsequently, the MB removal rate was further 

increased to 99% at 10 min and then reached a 

plateau, indicating a reduction of accessible vacant 

adsorption sites. The trend of MB adsorption 

capacity was similar to the removal rate of MB, 

reaching an equilibrium adsorption state at 10 min of 

contact time, with MB adsorption capacity of 51 

mg/g. This suggests that equilibrium achieved with 

Fe-PAC for MB adsorption is within 10 min, which 

is substantially faster than those reported in 

published research studies (Naeem et al., 2017; 

Phihusut and Chantharat, 2017; Wong et al., 2016). 

  
  

Figure 1. TEM images of Fe-PAC at (a) ×20,000 and (b) ×70,000 magnification 

(a) (b) 

(a) (b) 



82                                     Phetrak A et al. / Environment and Natural Resources Journal 2019; 17(4): 78-86 

 

This may be the main novelty of this work. 

Moreover, Fe-PAC adsorbent has benefits of more 

various functional groups compared to PAC 

adsorbent, resulting in enhanced pollutant removal 

possibly due to the dispersed iron oxide coated on 

PAC (Park et al., 2015). In addition, simple and 

quick separation from treatment processes may be 

achieved from Fe-PAC adsorbent by introducing an 

external magnetic field. Obtained results of rapid 

adsorption time under these experimental conditions 

indicate that Fe-PAC has high removal efficiency 

with MB molecules in aqueous solution. 
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Figure 3. Influence of adsorption time on the removal efficiency of MB by Fe-PAC. 

 

3.3 Kinetic adsorption of MB 

To further investigate the kinetic rate constant 

of MB adsorption onto Fe-PAC and its removal 

mechanism, the adsorption data was applied to 

kinetic adsorption models; namely, pseudo-first 

order model, pseudo-second order model and 

intraparticle diffusion mode. The results of kinetic 

parameters of MB adsorption onto Fe-PAC 

adsorbent are presented in Table 2. It can be 

observed from Figure 4(a)-(b) that the correlation 

coefficient (R2) of pseudo-second order model       

(R2 closed to 1.000) is higher than that of pseudo-

first order model (R2=0.908). Additionally, the 

theoretical value of adsorption capacity for pseudo-

second order model (qe= 51.282 mg/g) was similar to 

that of the experimental equilibrium adsorption 

capacity (qe=51.183 mg/g) (Table 2). Data indicates 

that the adsorption of MB onto Fe-PAC was       

fitted well with the pseudo-second-order-model, 

confirming that chemisorption, involving electro-

static interaction between MB molecules and Fe-

PAC, is a rate-limiting step (Abuzerr et al., 2018; 

Phihusut and Chantharat, 2017).  

In this study, the intraparticle diffusion model 

was also employed to further describe contributions 

of the sorption mechanism of MB molecules onto 

Fe-PAC with results summarized in Figure 4(c) and 

Table 2. As found in Figure 4(c), the plot between   

qt and adsorption time (t0.5) displayed two straight 

lines, which did not pass through the origin, 

suggesting that intraparticle diffusion was not the 

only rate-controlling step. Multiple steps of diffusion 

mechanisms are included in MB adsorption onto   

Fe-PAC which is consistent with findings by others 

(Li et al., 2018; Pathania et al., 2017). Considering 

the Figure 4(c), the slope of the first straight line 

(kdiff-1=6.555 mg/g·min0.5) was considerably higher 

than that of the slope of the second straight line  

(kdiff-1=0.041 mg/g·min0.5). This suggests that 

sorption rate of external mass transfer was relatively 

faster than the rate of intraparticle diffusion. 
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              (a) Pseudo-first-order model               (b) Pseudo-second-order model 

  

                                                                (c) Intraparticle diffusion model 

 
  

Figure 4. Kinetic adsorption models of MB by Fe-PAC (a) pseudo-first-order-model, (b) pseudo-second-order-model, and 

(c) intraparticle diffusion model. 

 

Table 2. The parameters of kinetic adsorption of MB on Fe-PAC. 

 

Kinetic adsorption models Parameters Values 

Experimental results qexp (mg/g) 51.183 

Pseudo-first-order model qcal (mg/g) 1.938 

 k1 (L/min) 0.097 

 R2 0.908 

Pseudo-second-order model qcal (mg/g) 51.282 

 k2 (g/mg·min) 0.127 

 R2 1.000 

Intraparticle diffusion model Kdiff-1 (mg/g·min0.5) 6.555 

 R2 0.995 

 Kdiff-2 (g/mg·min0.5) 0.041 

 R2 0.547 
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3.4 Effect of temperature on MB adsorption  

Figure 5 illustrates MB removal and its 

adsorption capacity onto Fe-PAC at various 

temperature conditions. The trend of MB adsorption 

was improved with an increase in equilibrium 

temperature conditions. The average MB adsorption 

capacity was 101±3 mg/g under these experimental 

conditions. Concurrently, the removal efficiency of 

MB was 99.6% at 15 °C and slightly improved to 

99.9% in the range of equilibrium temperature 

conditions between 25 °C and 65 °C. This can be 

explained by elevated equilibrium temperature 

conditions that may result in a swelling effect of Fe-

PAC porosity, promoting a quick movement of MB 

molecules into internal pores of the adsorbent (Fu et 

al., 2015; Wu et al., 2014). 
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Figure 5. Influence of equilibrium temperature conditions on the adsorbed and removal efficiency of MB by Fe-PAC (Fe-

PAC dosage of 2 g/L, initial MB concentration of 100 mg/L at initial pH of 6.16 and adsorption time of 20 h). 

 

3.5 Adsorption thermodynamics 

To further investigate the effect of 

temperature on the MB adsorption of Fe-PAC, 

thermodynamic analysis was carried out with its 

parameters presented in Table 3. Results revealed 

that there were negative values of ΔG0 with these 

tested conditions indicating that the adsorption 

process of MB on Fe-PAC was spontaneous and 

thermodynamically feasible in nature. With the 

increase in equilibrium temperature conditions,  

more negative values of ΔG0 were further increased 

from 288 K to 338 K, suggesting more efficient 

adsorption of MB at a higher temperature 

(Lalhmunsiama et al., 2016). This was consistent 

with the positive values of enthalpy change, (ΔH0) 

which was found to be 23.28 kJ/mol, indicating the 

adsorption process was endothermic in nature and 

that higher temperature conditions also improve MB 

adsorption onto Fe-PAC. Comparatively, the 

calculated value of ΔS0 was positive, confirming 

high affinity of Fe-PAC for MB molecules and 

increasing randomness at the solid-liquid interface 

during the sorption process (Nekouei et al., 2015). 

 

Table 3. Thermodynamic parameters of MB adsorption onto Fe-PAC 

 

Temperature (K) ΔG0 (kJ/mol) ΔH0 (kJ/mol) ΔS0 (kJ/mol) 

288 -11.75 23.28 0.13 

298 -15.51 - - 

308 -17.03 - - 

318 -17.51 - - 

328 -18.29 - - 

338 -18.50 - - 
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4. CONCLUSIONS  

In the present work, the iron oxide particles 

were successfully impregnated onto PAC. The 

prepared adsorbent Fe-PAC was used for MB 

adsorption in aqueous solution. Based on 

experimental results obtained from this study, MB 

molecules could be rapidly and efficiently removed 

by Fe-PAC adsorbent within a short contact time of 

10 min at a MB adsorption capacity of 51 mg/g.  The 

adsorption process of MB with Fe-PAC was well 

fitted by the pseudo-second-order-model, suggesting 

that chemisorption between MB molecules and 

adsorbent was estimated to be a rate-limiting step. 

Thermodynamic parameters indicated that MB 

adsorption onto Fe-PAC was feasible, endothermic 

and spontaneous in nature. Therefore, application of 

Fe-PAC adsorbent for MB adsorption was attractive, 

yielding benefits for treating dye-containing 

wastewater because of the favorable performance of 

Fe-PAC with MB removal and its easy separation 

from aqueous solution. Furthermore, the role of iron 

oxide particles on PAC should be investigated in 

future studies to differentiate MB removal rates and 

their adsorption capacity. 
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