
 ACTIVATED CARBON-BASED P-Fe NANOCOMPOSITES FOR THE ADSORPTION 
AND PHOTODEGRADATION OF METHYLENE BLUE UNDER SOLAR IRRADIATION  

Juan Matos1*, 1, Gustavo R. Goncalves2, Miguel A. Schettino Jr2, Edson C. 
Passamani3, Jair C.C. Freitas2 

1 Hybrid and Carbon Materials Group, UDT, U  
2  Brazil. 

3 Laboratory of  Brazil. 
-mail: jmatoslale@gmail.com 

 
Introduction 
Iron-containing nanocomposites including phosphides [1] and phosphates [2] have received an 
increasing attention in catalysis [1,3] and photocatalysis [4,5]. In addition, it is well-known 
nanoporous carbons have shown a template role for the formation of pyrophosphates within the 
graphene-like carbon layers [6]. Keeping this in mind, the influence of the different Fe- and P-
containing phases formed during the preparation of P-Fe/C nanocomposites upon the adsorption 
capacity and photochemical activity of samples in the photodegradation of methylene blue under solar 
irradiation was studied in the present work. 
 
Materials and Methods Activated carbon (AC) was prepared by chemical activation with H3PO4 (85 %) of the endocarp of 
babassu coconut (EBC) followed by pyrolysis under N2 flow (ca. 100 mL.min-1 by 1 h. The 
solid was washed/dried and denoted EBC_P. The synthesis of the nanocomposites was conducted by 
mixing EBC_P with Fe(NO3)3.9H2O in distilled water. The materials were filtered/dried and denoted 
EBC_P_OxFe. The Fe concentration was ca. 6 wt. % after impregnation. The sample were submitted 
to heat treatments under N2 by 2 h and denoted as 

. Characterization was performed by 
elemental analysis, N2 adsorption/desorption, X-ray diffraction and 57  [7]. 
The capacity of the nanocomposites to remove methylene blue (MB) by adsorption and their 
photochemical activity were verified. The MB uptake 
concentrations from 2 to 20 ppm. The Langmuir and Freundlich isotherm models were used to fit the 
experimental adsorption data. The photochemical activity of the P-Fe/C nanocomposites was verified 
in absence of photoactive semiconductors following the kinetics of degradation (20 ppm) by using a 
solar box equipped with a Xe-lamp. Results were compared against a commercial AC (ACMerck).  
Results and Discussion All samples developed a micro/mesopore structure. The EBC_P sample showed a BET surface area 
(SBET) 2.5 times higher than the value obtained for ACMerck. After the incorporation of iron, the SBET the EBC_P_OxFe sample decreased to 1679 m2. g-1. However, the thermally treated Fe-containing 
samples showed as increase in the SBET as a function of the temperature. A remarkable contribution 
of mesopores to the total volume of pores in EBC_P and EBC_P_OxFe was observed after the heat 
treatments with an increase up to 58 % for the sa
1000  (to 45 %), concomitantly with a slight 
reduction in the average pore width and the above-mentioned increase in the surface area. 
No well-defined diffraction peaks (not shown) associated with Fe-containing crystalline phases were 
too small crystallite sizes) or amorphous, so their contribution is overlapped with the XRD pattern of 
turbostratic carbon [7].  showed the formation of 
mainly iron (III) phosphate (FePO4) and iron (II) pyrophosphate (Fe2P2O7) is clearly observed at 700 



 . When the as- 4 is 
observed, with a remarkable increase in the amount of the Fe2P2O7 phase, indicating that the reduction 

formation of the iron phosphide 
phase  
 
Table 1. Summary of the textural properties and kinetic parameters for MB adsorption and photocatalytic degradation.  

Sample SBET a 
(m2/g) 

Vmicro b 
(cm3/g) 

Vmeso c 
(cm3/g) 

Vtotal d 
(cm3/g) 

w e 
(nm) 

nL f 
( mol) 

KL g 
(L/ mol) 

KF h 
(mg/g) 

nF i 
 

kapp10-3 
(min-1) j relk 

C5h  l (%)  
Photolysis -- -- -- -- -- -- -- -- -- 0.20 -- 7 

ACMerck 762 0.301 0.180 0.481 0.98 2.70 28.50 57.32 4.97 0.60 1.0 22 
EBC_P 1940 0.671 0.596 1.267 1.91 3.06 3.08 56.05 3.32 3.22 5.4 42 

EBC_P_OxFe 1679 0.634 0.450 1.084 1.81 2.75 2.36 46.65 3.98 2.18 3.6 38 
EBC_P_OxFe_700 1726 0.553 0.701 1.254 1.96 2.90 2.96 51.67 3.56 6.15 10 58 
EBC_P_OxFe_800 1752 0.563 0.723 1.286 2.04 3.30 4.88 62.52 3.98 3.15 5.3 59 
EBC_P_OxFe_900 1836 0.580 0.794 1.374 2.33 3.48 1.10 50.15 3.48 2.66 4.4 48 
EBC_P_OxFe_1000 1964 0.627 0.756 1.383 1.91 3.03 25.77 69.41 4.72 1.36 2.3 26 

a BET surface area; b Micropore volume, cumulative pore volume below 2 nm, QSDFT method; c Mesopore volume, cumulative pore volume between 
2-50 nm, QSDFT method; d Total pore volume at p/po 0.99. e Average pore width, obtained from the QSDFT pore-size distributions. f Maximum 
adsorption capacity from Langmuir model; g Langmuir adsorption constant; h Freundlich adsorption constant; i Freundlich heterogeneity parameter. j 
First-order apparent rate-constant; k Photoefficiency relative to ACMerck;  l MB converted after 5h irradiation. 
 Table 1 also shows the Langmuir and Freundlich parameters obtained from MB uptake (not showed). 
No correlation with the SBET of samples was found. The samples prepared showed higher values of 
the maximum adsorption capacity (nL) according to Langmuir model than ACMerck. Except for 
EBC_P_OxFe_1000, all the samples showed a decrease by one order magnitude in the adsorption 
constant (KL). The Freundlich parameter (nF) indicates a high heterogeneity in the samples. 
EBC_P_OxFe_800 and EBC_P_OxFe_1000 samples showed higher Freundlich constants (KF) than 
ACMerck, indicating that the chemical nature of P-Fe phases is the driving force for the MB uptake 
instead of SBET. Table 1 shows that direct photolysis was negligible (ca. 7% conversion after 5h). MB 
concentration decreases only ca. 22% on the ACMerck, showing that the photochemical activity of this 
AC is low. By contrast, EBC_P sample shows an important photoactivity, ca. 5.4 times higher than 
ACMerck. The EBC_P_OxFe sample showed a lower photoactivity than the EBC_P samples probably 
due to the blocking of pores due to the nanostructured iron oxides phases. The heat-treated samples 
showed an increase in the photoactivity. The highest activity was achieved for the EBC_P_OxFe_700 
with an increase up to 10.3 times higher than ACMerck. The higher the temperature the lower the 
photoactivity, suggesting that the formation of iron phosphates (FePO4) seems to be the driving force 
for the increased MB photodegradation
reduction of Fe (III) to Fe (II) phosphates with a decrease in the photoactivity. The formation of iron 

 
 
Conclusions 

It can be concluded that new Fe- and P-containing phases were formed by the chemical reactions involving 
the iron oxide nanoparticles dispersed in the phosphorus-containing carbon support. These P-Fe/C nanocomposites exhibited an important photocatalytic activity for the MB degradation under solar irradiation, 
pointing to a promising application for water remediation. 

 Acknowledgment 
J. Matos thanks the support of Chilean projects: FONDECYT 1161068 and Basal Program PFB-27. J.C.C. Freitas and 
E.C. Passamani acknowledge the support from Brazilian agencies CNPq, CAPES and FAPES. 
 References 
1.  X. Wang, P. Clark, S.T. Oyama, J. Catal., 208 (2002) 321. 2. Ai M., Ohdan K. (1997). Appl. Catal. A. Gen., 165, 461. 
3. Dasireddy V.D.B.C., Khan F.B., Hanzel D., Bharuth-Ram K., et al. (2017). Hyper. Inter., 238, 29. 
4. Matos J., Rosales M.  A., Nieto-Delgado C., Rangel-  Green Chem., 13, 3431. 
5. Callejas J.F., McEnaney J.M., Read C.G., Crompton J.C., et al. (2014). ACS Nano, 8, 11101. 
6. Goscianska J., Pietzrak R., Matos J. (2018). Catal. Today, 301, 204. 
7. Viali G.L., Goncalves G.R., Passamani E.C., Freitas J.C.C., et al. (2016).  J. Magnetism Magnet. Mater., 401, 173.  


