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Due to the discharge of the effluent containing rich-nutrient matters such as phosphate into water 

bodies, some of the problems including eutrophication created that created adverse environmental 

impacts. Hence, we prepared a new Fe-doped coconut fiber coir-based biochar (Fe-CFCB) as an 

effective adsorbent for adsorbing phosphate from an aqueous solution. According to characteristics 

results, the amorphous structure besides the presence of ferrihydrite and hydroxide confirmed in the 

Fe-CFCB, enhances the phosphate adsorption. The pH and Temperature are played the main roles 

in phosphate adsorption by Fe-CFCB, according to batch experimental. the experimental data and 

before/after adsorption characteristics appeared that the electrostatic attraction, chemical 

precipitation, and complexation could be considered as main mechanisms of adsorption P by Fe-

CFCB. The newly prepared adsorbent could reveal a feasible pathway for phosphate removal from 

an aqueous solution and also could consider an effective and eco-friendly adsorbent for the removal 

of wide ranges of pollutants in the future.  

 Citation: Sanaei D, Salehi A, Molaee-Ag haee E, Shariatifar N.  Iron-doped Biochar for effective removal of dissolved 
phosphate from the aqueous phase. J food safe & hyg 2021; 7(2): 97-109.9

1. Introduction
Until now, water polluted with various types of 

pollutants has been considered as a remarkable threat 

as it causes acute/chronic health risks to all 

ecosystems (1).  

*Corresponding author. Tel.: +989384009473
E-mail address: daryoushsanaei@gmail.com. 

Phosphorus is an crucial nutrient element for all 

organisms and is essential for the functioning of 

ecosystems (2,3). The dissociation of phosphoric acid 

in aqueous phase occurred at pKa 2.15, 7.20, and 12.35 

for producing of H2PO4-, HPO42-, and PO43- (4,5). 
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 The releasing of excess P into to aqueous solution 

causes eutrophication that further leads to the creating 

more problems such as generation of toxic algal 

blooms, and loss of biodiversity in water body (6,7). 

Thus, the removal of phosphate from water bodies by 

using promising techniques is of great importance.  

Most of the research done to date on phosphate 

removal from water bodies, including electro-dialysis 

(8), electrocoagulation (9), reverse osmosis (10), 

adsorption (11,12), biological process (13,14), and 

chemical precipitation (15,16). Among the methods, 

adsorption process is considered as promising 

techniques to remove phosphate due to simple 

operation, cost-benefits, and design flexibility. The 

presence of different adsorbents, including carbon-

based materials (e.g., biochar and carbon aerogel) (17- 

19), metal-based adsorbents (e.g., zero valent iron, Fe–

Cu binary oxides, Fe–Zr binary oxide) (12,20,21), 

zeolites (22-24), synthetic polymers (e.g., polyvinyl 

alcohol) (25,26), and biomass-wastes (e.g., rice 

husk) (27,28) have been carried out for phosphate 

removal from water. However, the presence of main 

drawbacks from low adsorption capacity and weak 

chemical and mechanical stability to high cost and 

difficult handling, impeding their feasible application 

for remove of phosphate from aqueous bodies. Here, 

until recently, most of the researches still caried out to 

find out the reliable, cost-benefit, and sustainable 

materials to adsorb phosphate from water bodies and 

further achieving to enhance recovery P for improving 

food production (29). 

Biochar is the most common material to remove various 

type of organic and inorganic contaminants as an 

adsorbent that is achieved by pyrolysis process of 

various biomass. The type of feedstock and thermo-

synthesis properties are considered as main parameters 

that can significantly impact on adsorption capacity 

(30,31). Interestingly, most adsorbent, especially 

biochar matters suffer from week adsorption 

performance for anionic pollutants like phosphate due 

to the presence of not-attractive forces between 

adsorbent surfaces and phosphate ions (32,33). 

Therefore, which is more important to increase in the 

capability of the phosphate adsorption, being 

desirably modified or functional to pristine biochar. 

coconut fiber coir-based biochar (CFCB) is considered 

as an excellent feedstock to produce biochar because of 

high specific area, rich functional groups, and could be 

used as a promising adsorbent for removing of 

phosphate of aqueous solution.   

Hence, in this study, a promising adsorbent for 

phosphate removal from aqueous solution was 

synthesized from coconut fiber coir-based biochar 

(CFCB) by doping Fe nanoparticles (Fe- CFCB). The Fe-

CFCB adsorbent was investigated in terms of the effects 

of temperature, pH, and retention time on the 

phosphate adsorption capacity. Also, the Scanning 

electron microscopy (SEM), Ferrier transmittance IR 

(FTIR), and BET measurements performed to 

characterize CFCB and Fe-CFCB and also determine 

mechanisms of phosphate.  
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2.Materials and methods

2.1. Materials 

KH2PO4 used as precursors to provide the stock 

solutions of Phosphate. The iron (III) chloride 

hexahydrate (FeCl3⋅6H2O, 97%), and potassium 

dihydrogen phosphate (KH2PO4, 99.5%) were 

provided from Merk company. The production of 

CFCB using pyrolysis process under the ultrahigh 

purity of nitrogen and carbon dioxide gases.  

2.2. Preparation of CFCB and Fe-CFCB 

Biochar (CFCB) was prepared from coconut fiber coil as 

precursor’s material. Coconut Fibers was separated 

from the shell of coconuts, grounded and dried at 60°C 

for 24 h at oven. Then, dried powder pyrolyzed at 800 

°C under CO2 atmosphere by rising rate of 10°C min-1 

GSL-1700X, MTI Corporation, USA). The Fe-CFCB 

prepared by immersion of CFCB in 0.5 M FeCl3 

solution at 80°C for 6 h. after that, the results mixture 

washed with DI water to achieve natural material and 

then was dried at 105°C for 12 h. the obtained sample 

was referred as Fe-CFCB. The 0.1 M HCl or NaOH was 

carried out to adjust solution pH to 7.0.  

2.3. Characterization of CFCB and Fe-CFCB 

 The surface morphology and elemental composition of 

prepared samples were determined using FE-SEM and 

EDX analysis (FE-SEM; Quanta 250 FEG). The BET 

method was performed to determine pore volume and 

specific surface area (Tris-Star II 3020 analyzer) under 

N2 adsorption-desorption. The functional groups of as-

synthesized samples were investigated by determining 

the peaks in the FTIR analysis. X-ray diffraction (XRD) 

analysis was carried out for identification of 

crystallographic structures of samples using Cu ka 

radiation at 45 kV (XRD, STOE-STADV).  

2.4. Adsorption experiments 

To evaluate the effect of pH on the phosphate 

adsorption capacity, batch experiments were carried 

out. After adsorption process, the suspension was 

filtered through a 0.45 µm membrane filter and then 

obtained solution to determine phosphate 

concentration was measured using a UV-VIS 

spectrophotometer at the 890 nm (Thermo Scientific; 

model Nicolet iS10). All the experiments were 

performed at 25°C in triplicate. 

2.5. Adsorption isotherm 

The Langmuir model used to estimate the adsorption 

performance, the formation of monolayer of dyes 

molecules on the adsorbent surface and the maximum 

adsorption capacity (Qm) homogeneous surface of 

magnetite metal oxides/CAg due to adsorption process 

that written the linear and nonlinear forms it’s as 

follows(34): 

1/qe = 1/Qm + 1/kL Qm. 1/Ce  (1) 

𝑞௘ =
ொ೘௄ಽ஼೐

ଵା௄ಽ஼೐
  (2) 

To describe heterogeneous adsorption and the behavior 

of a multilayer adsorption on the magnetite metal 

oxides/CAg surface, Freundlich isotherm was 

researched that obtained from the equation follows 

(35): 
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Linear form 

Ln qe = Ln kF + 1/n Ln Ce  (3) 

Non-linear form 

𝑞௘ = 𝑘ி𝐶௘

భ

೙                                        (4) 

KF is The Freundlich adsorption capacity and n is 
represented of adsorption heterogeneity.  

2.6. Adsorption kinetics 

The linear and Non-linear equations of pseudo- first 

order, pseudo- second-order, and Elovich were 

determined as follows (11, 36): 

Linear form 

Ln (qe – qt) = Ln (qe) – k1.t  (5) 

௧

௤೟
=  

ଵ

௤೐మ ೖమ

+
ଵ

௤೐
𝑡  (6) 

𝑞௧ =
ଵ

ఉ
ln(𝛼𝛽) +

ଵ

ఉ
𝑙𝑛𝑡  (7)                        

Non-linear form 

ௗ௤೟

ௗ௧
= 𝑘ଵ(𝑞௘ − 𝑞௧)    (8) 

ௗ௤೟

ௗ௧
= 𝑘ଶ(𝑞௘ − 𝑞௧)ଶ  (9)                        

ௗ௤೟

ௗ௧
= 𝛼𝑒ିఉ೜೟        (10)                      

Where k1, k2, and α are the constant of pseudo-first, 

pseudo-second, and Elovich models, respectively. The 

β parameter is linked to the expanded coverage of 

surface and also activation energy for chemical 

adsorption (g mg-1).  

3.Results

3.1. Characterization of the CFCB and Fe-CFCB 

The elemental composition of as-prepared samples is 

brought out in Table 1. The Fe content in the Fe-CFCB 

significantly increased in comparison of CFCB, while 

the other elemental content such as Al, Ca, and Mg 

decreased. As shown in Fig.1(a) and (b), The Fe-CFCB 

contained mainly metallic element distributions than 

that of CFCB.  

The CFCB and Fe-CFCB appeared relatively higher 

specific surface area by measuring N2 adsorption-

desorption that were 745 and 521 m2 g-1, respectively 

(Fig. 2b, 2c and Table 2). The FTIR spectra of Fe-CFCB 

before and after adsorption process were depicted in 

Fig.3.  

3.2.Adsorption isotherms 

The experimental data were fitted by Langmuir, and 

Freundlich isotherms (Fig.4), and the ascribing 

parameters were reported in Table 3.  

3.3. Sorption kinetics 

Three kinetic profiles of adsorption by the CFCB and 

Fe-CFCB are depicted in Fig.5 and the obtained 

parameters were provided in Table 4.  

3.4. Effects of pH  

One of the most critical parameters affecting the 

adsorption process is pH value. As shown in Fig. 6, the 

adsorption of phosphate by CFCB and Fe-CFCB was 

highly pH-dependent.  
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Table 1. Chemical composition of CFCB and Fe-CFCB 

Figure1. FE-SEM and EDX images of the CFCB (a) and Fe-CFCB (b). 

Samples Fe 

(mg g-1) 

Ca 

(mg g-1) 

Mg 

(mg g-1) 

Al 

(mg g-1) 

C (%) N 

(%) 

H (%) O (%) O/C 

CFCB 1.61 5.1 2.65 2.36 84.31 0.48 1.54 13.54 0.16 

Fe-CFCB 106.6 3.44 0.86 0.78 28.89 0.42 5.28 32.18 1.11 
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Figure.2 (a) XRD spectra of as prepared samples; Adsorption-desorption isotherms of (b) CFCB and (c) Fe-CFCB; and pore size distribution 
  of (d) CFCB and (e) Fe-CFCB 

Table 2. Physicochemical characteristics of CFCB and Fe-CFCB 

Items CFCB Fe-CFCB 

pH 6.7 7.9 

BET (m2 g-1) 745 521 

Surface area of micropore (m2 g-1) 584 334 

Surface area of mesopore (m2 g-1) 161 187 

Average pore diameter (nm) 2.3 2.8 

Total pore volume (cm3 g-1) 0.44 0.36 
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Figure3. FTIR spectra of Fe-CFCB before /after adsorption. 

Figure 4. Adsorption isotherms and modeling of as-prepared samples at different temperatures. 
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Table 3. Isotherm parameters for adsorption of phosphate by CFCB and Fe-CFCB 

 a maximum adsorption capacity 
b Langmuir constant 
c error analysis 

 d Freundlich constant 
e heterogenicity of adsorbent surface  

Figure 5. Kinetic modeling for P adsorption onto CFCB and Fe-CFCB. 

parameters CFCB Fe-CFCB 

Langmuir 298 K 308 K 318 K 298 K 308 K 318 K 

Qma 10.25 17.22 21.23 15.01 27.56 37.23 

KLb 0.018 0.005 0.017 0.057 0.141 0.148 

R2 0.998 0.996 0.98 0.974 0.954 0.923 

RMSEc 0.075 0.067 0.47 0.62 1.052 1.322 

Freundlich 

KFd 0.017 0.004 0.011 0.038 0.045 0.0421 

ne 0.884 0.952 0.912 0.572 0.441 0.435 

R2 0.99 0.999 0.995 0.995 0.982 0.987 

RSME 0.037 0.057 0.256 0.311 0.595 0.60 
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Table 4. Kinetic parameters of adsorption P by as-prepared samples 

Figure 6. The initial pH influenced by adsorption of phosphate on the as-prepared adsorbents 

Adsorbent Model Parameters R2 RMSE 

CFCB 

1st order K1=2.242 0.951 0.109 

2nd order K2 =1.512 0.961 0.106 

Elovich b =4.011 0.892 0.228 

Fe-CFCB 

1st order K1=1.787 0.875 0.512 

2nd order K2 =0.623 0.863 0.395 

Elovich b =2.021 0.977 0.247 
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4.Discussion

The XRD spectra exhibited that the CFCB was 

contained mainly cellulose crystal plane that found out 

at a broad peak of 23.0° (Fig.2a). by doping Fe 

nanoparticles into CFCB, beside diffraction peaks of 26 

°, 43.5°, and 44.1° that ascribed to caron, three new 

peaks revealed that are located at 30.5°, 36°, and 57.7°, 

matching well with Fe3O4 and Fe2O3 structures 

(Fig.2a).  Because of incorporation of Fe nanoparticles 

into micro-mesoporous structures of CFCB, some of 

porous channels of CFCB are blocked and thereby 

reduced partially BET surface area. Interestingly, the 

CFCB and Fe-CFCB have zeta potentials of -39.2 mV 

and 24.4 mV, respectively. 

The content of the iron hydroxide and oxygen-

containing groups on the surface of Fe-CFCB caused a 

changing in the zeta potential. The Fig. 2d, and Fig. 2e 

showed the pore size of CFCB and Fe-CFCB, indicating 

a partial increasing of pore diameter from 2.7 nm for 

CFCB to 3.2 nm for Fe-CFCB. 

The observing of three new peaks at 625, 535, and 451 

cm-1 in Fe-CFCB after phosphate adsorption that was 

corresponding to the Fe-O/Fe-N stretching, confirming 

the main roles of the Fe-O or Fe-N bonds in phosphate 

adsorption(37). Moreover, the vibration peaks of 960, 

1055, and 1150 cm-1 in Fe-CFCB after adsorption of P, 

ascribing to the P-O bonds and firmly adsorbed on the 

surface of the Fe-CFCB.  

It is clearly seen that the obtained data from adsorption 

P by adsorbents were fitted well with Freundlich model 

due to estimated higher R2 and lower RMSE values. 

These results indicates that the phosphate adsorption of 

behavior by CFCB and Fe-CFCB could more precisely 

explained by Freundlich model. This observation 

concluded that the heterogenicity of surface and 

multilayer adsorbed phosphate could be considered as 

dominant mechanisms of adsorption. The maximum 

adsorption capacity (Qmax) for Fe-CFCB calculated from 

model was about 65.32 mg g-1. 

The lower RMSE and higher R2 values showed a better 

fitting of the experimental data with Elovich model. It 

is concluded that the adsorption of P onto Fe-CFCB 

might be controlled by more sorption mechanisms (38-

40). 

For CFCB, the adsorption capacity decreased further by 

increasing of pH from 3 to 12. While the adsorption 

capacity partially decreased by increasing of pH from 3 

to 12 than that of CFCB. The monovalent H2PO4- and 

divalent HPO42- were dominant species in the pH 

ranges of 3-7 and 7-9, respectively. The pHzpc of Fe-

CFCB was 7.6 that protonated at low pH. In turn, the 

positive charge of surface Fe-CFCB might be adsorbed 

the negatively charged P anions. the strong attraction at 

lower pH is considered as main reason in the higher 

adsorption capacity of Fe-CFCB. While the higher pH 

caused the more negative charges maintained on the 

surface of Fe-CFCB and CFCB, generating a strong 

repulsive between main phosphate species and surface 

of CFCB and Fe-CFCB. 

5.Conclusion

In this work, Fe-doped coconut fiber coir-based biochar 

(Fe-CFCB) were successfully prepared and investigated 

for phosphate removal from aqueous solution. The 

clear distinguish of CFCB by doping Fe are observed by 

performing FE-SEM, EDX, and BET analysis. Fe-CFCB 

revealed a greater phosphate adsorption capacity than 

that of CFCB. The maximum phosphate adsorption 

capacity (Qmax) of Fe-CFCB was 65.32 mg P g-1, 
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confirming that Fe-CFCB had enhanced phosphate 

removal, compared to pure CFCB.  The experimental 

data were fitted well by Freundlich model and Elovich 

kinetic. The adsorption capacity of Fe-CFCB was 

remarkably influenced by the pH and decreased as pH 

increased from 3 to 12. It was demonstrated that the 

adsorption process is an exothermic process, and the 

phosphate adsorption increased as the temperature 

increased. This could be related to increase activity of 

adsorbent sites on the Fe-CFCB. it is important to note 

that the Phosphate adsorption on Fe-CFCB is also 

influenced by time that revealed is the fast at first 4 h 

and then reached levelly until the plateau of adsorption 

was achieved.   

The results demonstrated that Fe-CFCB could have a 

great potential of being eco-environmental adsorbent 

for phosphate removal and possible potential for other 

organic and/or inorganic in the future from aqueous 

solution.   
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