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Abstract 

Perovskite LaFeO3 hollow fibers with porous walls have been synthesized using cotton as biotemplates and lanthanum nitrate 
and ferric nitrate solution as precursors and then sintered in air at different temperatures. Effect of calcination temperatu
the catalytic and photocatalytic activity of LaFeO
Samples were characterized by X-ray powder diffraction (XRD), Transmission electron microscope (TEM), Scanning electron 
microscope (SEM) Brunauer–Emmett–
spectroscopyanalysis. XRD, SEM, and TEM proved the successful synthesis of perovskite LaFeO
crystalline size from 19.9 nm to 41nm. It is found that by increasi
activity of LaFeO3 hollow fibers increased.
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1. Introduction 

Due to the fast creation of industrial cultures, the 

level of people's life is going up quickly. 

In the meantime, the detrimental effect of humans on 

the environment is so dangerous. Thus, in the past ten 

years, the removal of organic or inorganic pollutants 

from wastewater by degradation has revealed 

extensive interest.[1–4] To overcome this problem, 

many attempts have been adopted to handle these 

contaminants, like biotechnology,[5,6] physical 

treatment for wastewater,[7] physical adsorption, [8, 

9], and so forth. these approaches are not only of poor 

efficiency but also expensive. Semiconductor 

photocatalysis based on using and converting solar 

energy into chemical energy has been planned to be a 

green and favourable way to  
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hollow fibers with porous walls have been synthesized using cotton as biotemplates and lanthanum nitrate 
and ferric nitrate solution as precursors and then sintered in air at different temperatures. Effect of calcination temperatu

hotocatalytic activity of LaFeO3 hollow fibers towards the degradation of methylene blue dye was studied. 
ray powder diffraction (XRD), Transmission electron microscope (TEM), Scanning electron 

–Teller (BET), photoluminescence spectrum (PL), Zeta potential, and UV
spectroscopyanalysis. XRD, SEM, and TEM proved the successful synthesis of perovskite LaFeO
crystalline size from 19.9 nm to 41nm. It is found that by increasing calcination temperature, the catalytic and photocatalytic 

hollow fibers increased. 

:Perovskite, fibers, LaFeO3, photocatalytic activity. 

Due to the fast creation of industrial cultures, the 

level of people's life is going up quickly. 

meantime, the detrimental effect of humans on 

the environment is so dangerous. Thus, in the past ten 

the removal of organic or inorganic pollutants 

from wastewater by degradation has revealed 

4] To overcome this problem, 

many attempts have been adopted to handle these 

contaminants, like biotechnology,[5,6] physical 

ewater,[7] physical adsorption, [8, 

9], and so forth. these approaches are not only of poor 

efficiency but also expensive. Semiconductor 

photocatalysis based on using and converting solar 

energy into chemical energy has been planned to be a 

 

solve energy shortage problems and environmental 

challenges.[10–14] In the last few decades, titanium 

dioxide(TiO2) as an n-type semiconductor has 

attracted wide concern as a photocatalyst, as it is 

available, cheap, safe, highly active, an

photochemical stable.[15] But, they found that 

titanium dioxide(TiO2) can absorb only the ultraviolet 

(UV) light which represents a small portion (<6%) of 

the solar energy because of its large band gap of 

(3.0–3.2eV), which restricts its practical 

photocatalytic applications.[16]Perovskite

semiconductors have attracted extensive interest for 

using as photocatalysts to get rid of harmful organic 

compounds by degradation. Perovskite

have a general formula of ABO3, where A represents 

the rare-earth ion and B represents the transition 

metal ion. The activity of Perovskite Lanthanum 

orthoferrite (LaFeO3) nanocrystals under visible light  

has attracted extensive interest to be used in
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progressing applications like oxide fuel cells[17], 

photocatalysts[18-21], and gas sensors[22].The 

visible-light photocatalytic behavior of LaFeO3 

depends mainly on the structure, morphology, and 

size of the catalyst, which is specified according to 

the synthesis method. A lot of studies have been 

interested in the preparation of LaFeO3 

powders[23,24], nanowires[25], and thin films[26], 

but few papers have concentrated on the synthesis 

and structural properties of LaFeO3 hollow fibers. It 

is found that controlled synthesis of homogeneous, 

high-purity and high surface area LaFeO3 

semiconductors is vital to get numerous properties 

[27] for more applications. In this work, we choose 

cotton as a biotemplate because it has low cost and it 

is a green source to prepare  LaFeO3 hollow fibers 

with high surface area and high visible-light 

photocatalytic activity. The photocatalytic activity of 

LaFeO3 hollow fibers calcinated at different 

temperatures in the decomposition of methylene blue 

(MB) aqueous solution under visible light was 

studied. 

2. Experimental procedure 

Materials  

Lanthanum nitrate La (NO3)3·6H2O and ferric nitrate 

Fe(NO3)3·9H2O were obtained from Sigma Aldrich 

Company(Germany). Absorbent medical cotton from 

chemical and medical instruments company(Egypt). 

Procedure 

Lanthanum nitrate (La(NO3)3·6H2O) and ferric nitrate 

(Fe(NO3)3·9H2O) were used as startingmaterials. 

0.43301 gm of La(NO3)3.6H2O and 0.404 gm of  

Fe(NO3), 3.9H2O were first dissolved in 10 ml of  

distilled water and stirred with a magnetic stirrer at 

(330 rpm) for half an hour. Then, 1 gm of dried and 

loose cotton fibres were penetrated with the solution 

above. After drying at 80° C for 22 hour, it was then 

placed in a crucible, and burnt in the air at 600° C, 

700° C, 800° C, and 900° C for 3 hr, respectively. 

Due to this sintering technique, the cotton templates 

were eliminated, and LaFeO3 hollow fibres were 

synthesized, finally, the product was grinded with 

mortar to get fine fibres.[22] 

3. characterization 

XRD analysis 

By an X-ray powder diffraction (XRD) patterns using 

Cu Kα radiation with wavelength 0.154 cm−1 at 

voltage of acceleration 40 kV, a scan angle range of 

5−80°,a current of 35 mA, and a scan step of 0.02°at 

faculty of postgraduate studies for advanced science, 

The crystalline phase in the samples was 

characterized. 

 

Morphological analysis 

Morphological properties of samples were studied by 

scanning electron microscopy (SEM Model Quanta 

250 FEG) MEITECH K550X sputter coater made in  

England at housing and building national research 

centre. The high-resolution transmission electron 

microscopy (HR-TEM) images were obtained using 

FEI Tecnai (G2 F20) operating at 200 kV at the 

Egyptian petroleum research institute.   

 

Photoluminescence (PL)spectroscopy 

Spectrofluorometer was used to obtain 

Photoluminescence(PL) spectroscopy, Model Jasco 

FP-6500, made in Japan and Light source was Xenon 

arc lamp 150 watt) at the national research centre. 

 

BET surface area and Zeta potential 

Micromeritics ASAP 2010M+C system at the 

Egyptian petroleum research institute was used for 

The adsorption and desorption isotherm studies with 

liquid nitrogen. A single point Brunauer–Emmett–

Teller (BET) method was used to investigate the 

precise surface area. Pore size distribution was 

measured from the isotherm of nitrogen adsorption, 

using (Barrett–Joyner–Halenda) method. The 

Brunauer-Emmett-Teller (BET) surface areas were 

estimated from nitrogen adsorption-desorption 

isotherms technique at the Egyptian petroleum 

research institute. All the samples were degassed at 

150o C overnight prior to the adsorption 

measurements. 

Zeta potential was measured for all samples using A 

Zetasizer 2000 analyzer (Malvern Co., UK) at the 

faculty of postgraduate studies for advanced science. 
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4. Photocatalytic activity testing 

The photocatalytic activity of the LaFeO3 calcinated 

at different temperatures (600o C, 700o C, 800o C, and 

900o C)was estimated by measuring the 

photocatalytic degradation of MB alone and with four 

samples at room temperature under solar-simulated 

light Sol 1A (a xenon reactor equipped with a cooling 

system with 150 watt power) at a wavelength of 

300−800 nm at  neutral pH 7 . 

The experiments were performed by adding (50mg) 

LaFeO3 to a 20 mL (2ppm) MB aqueous solution, 

and before illumination, each suspension was stirred  

using magnetic stirrer in the dark for 90 min to get 

the adsorption-desorption equilibrium, followed by 

exposing to visible-light irradiation. After a specified 

time interval (each 15mint) during the visible-light 

irradiation, the suspension was centrifuged at 10000 

rpm for 2 min, and the top clear solution was 

measured in the range 400-800 nm using the UV- 

visible absorption spectrophotometer. The residual 

MB concentration was measured by absorbance at 

665 nm [18]. 

 

 
Fig. 1 X-ray diffraction patterns of La FeO3 at different calcination 

temperatures 

 

 

5. Results and discussion 

Fig.(1)shows the crystalline phases of the cotton-

templated LaFeO3 hollow fibres calcinated at 600o  C, 

700o C, 800o C, and 900o C obtained from XRD 

analysis. It can be observed that all samples have 

displayed the same diffraction peaks around 2θ= 

22.6°, 32.14°, 39.7°, 46.06°,52.2°, 57.5°,67.4°,76.5o 

correspond to the characteristic crystal planes  (101), 

(121), (220), (202), (141), (240), (242) and (204) of 

orthorhombic LaFeO3 perovskite (JCPDS file no. 37–

1493)[28], and no other peaks were detected. 

Also, there are no carbonaceous materials peaks were 

detected which confirms the complete combustion 

and removal of the used cotton.[22]  Results revealed 

that by increasing annealing temperature the XRD 

peaks become narrower and more intense referring to 

improvement in crystallization, and increasing 

crystallite size. The mean crystallite size for different 

calcination temperatures LaFeO3( D )  have been 

estimated by using  the Debye-Scherer equation:[29] 

D = Kλ / (β cosθ) 

Where K is the factor of crystallite shape, λ the 

wavelength of  X-ray, θ is the diffraction angle and β 

is the diffraction peak width. The average crystallite 

size of LaFeO3 samples increased by increasing 

calcination temperature to be  19.9 nm, 26.7nm,  

30.2nm, and 41nm for 600o C, 700o C, 800o C, and 

900o C  respectively. Figure(2) and (4) displays the 

SEM images of the as-prepared hollow fibres 

calcinated at 700o C and 800o C. These fibres have 

the same morphology of the original cotton fibres 

template, with the removal of the cotton tissues. As 

seen in fig(2) and (4) the LaFeO3 fibres are hollow, 

long, and have an inner diameter of about 4.2 μm. 

Fig(3) and (5) shows the high magnification SEM 

images of single biomorphic LaFeO3 fibres calcinated 

at 700o C and 800o C . These fibres are hollow and 

their walls consist of numerous amounts of 

interconnected LaFeO3 nanoparticles with a number 

of pores between them. That proved the porosity of 

the walls of  LaFeO3 hollow fibres so that the 

reactants can diffuse into the catalyst easily. It is clear 

also that morphology didn’t change by increasing 

calcination temperature. 

The microstructure of LaFeO3 hollow fibers 

calcinated at 700o C. has been checked by TEM and 

HRTEM. As shown in fig.(6) and (7) fibers consist of 

many LaFeO3 grains with a grain size of 25-33 nm, 

which confirms the XRD results. 
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Fig.2SEM images of LaFeO3 hollow fiberssintered at 700
different magnifications. 

 
Fig.4SEM images of LaFeO3 hollow fibers sintered at 800

Fig.5Highly magnified SEM images of biomorphic 
 

 
 
                                                         Fig.6 TEM images of the LaFeO

                                                                                                   A.H. Zaki et al. 
_____________________________________________________________________________________________________________

________________________________________________ 

hollow fiberssintered at 700o C with 

 
 

Fig.3 Highly magnified SEM images of biomorphic LaFeO
hollow fiber calcinated at 700

SEM images of LaFeO3 hollow fibers sintered at 800o C with different magnifications.

Highly magnified SEM images of biomorphic LaFeO3 hollow fibers calcinated at 800
 

 
 

TEM images of the LaFeO3 hollow fibers calcinated at 700o c nanofibers.

_____________________________________________________________________________________________________________ 

Highly magnified SEM images of biomorphic LaFeO3 
hollow fiber calcinated at 700o C. 

different magnifications. 

 

hollow fibers calcinated at 800o C. 

c nanofibers. 
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Fig.7 HRTEM images of the LaFeO3 hollow fibers calcinated at 700o C nanofibers 

 
 
 
 

 
 

 

Fig. (8) represents nitrogen adsorption-desorption 

isotherms of cotton-templated LaFeO3 hollow fibres 

calcinated at  600o
 C, 700o

C,  800o
 C, and 900o

C. 

According to the International Union of Pure and 

Applied Chemistry classification, the isotherms in 

Fig.8 are classified into type-IV nature. Based on the 

type of isotherms, all samples can be considered as 

mesoporous LaFeO3 hollow fibres. Because of the 

capillary condensation within the pores phenomenon, 

the formation of hysteresis loops in the isotherms was 

noticed in all samples.[30] The porosity of samples 

confirms SEM results. As seen in table1 by 

increasing calcination temperature, the average pore 

size diameter increases from 27.25nm for 600o
 C  

sample to 44.19 nm for 900o
C sample. It can be also 

observed in a table (1) that the BET surface areas of 

LaFeO3 hollow fibbers decrease by increasing 

calcination temperature to be 19.6, 10.4, 9.3, and 7.01 

m2/g for 600o
C, 700o

C,  800o
 C, and 900o

 C samples 

respectively. This agrees with the crystallite size 

variation in XRD results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.8 N2 adsorption-desorption isotherms for LaFeO3 hollow fibers calcinated at different temperatures 
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Table.1crystallite size, surface area, pore-volume, and pore diameter for LaFeO3 hollow fibers calcinated at different temperature

 

Mean pore 

diameter[nm] 

 

Total pore 

volume[cm3g-1] 

 

 

as(BET)[m
2 g-1] 

 

Crystallite 

Size [nm] 

 

LaFeO3 hollow 
fibbers 

 

27.25 0.13 19.6 19.9 600° C 

47.45 0.12 10.4 26.7 700° C 

45.26 0.11 9.3 30.2 800° c 

44.19 0.08 7.01 41.0 900° c 

 

 

Table2 shows the Zeta potential value of LaFeO3 

hollow fibres calcinated at different temperatures. 

The Zeta potential increased From (-7.22 to -1.70) 

when calcination temperature increased from 600° C 

to 900° C. This indicated that by increasing 

calcinations temperature, the surface potential 

increased, and its adsorption capacity towards 

cationic dye such as MB increased also. Identically, 

other adsorbents including Beta zeolite [31], GO-

zeolite [32], and wheat straw [33] had also the same 

negative surface potential. 

 
Table2 zeta potential values for LaFeO3 hollow fibers calcinated at 
different temperatures 

 

 
 

 

The PL spectroscopy is a valuable method for 

studying the optical, electric structure, and 

photoelectric properties of semiconductor 

nanomaterials.  Fig.9 displays the photoluminescence 

spectra of  LaFeO3 hollow fibres calcinated at  

 

 

 

Fig.9 PL spectra of LaFeO3 hollow fibers calcinated at different 

temperatures 
 

 

different temperatures with an excitation wavelength 

of 750 nm. All samples show clear  PL  signals at the 

wavelength range from 800 to 860 nm . all LaFeO3 

fibres samples display the main PL signal at 

wavelength 825nm. Electronic transitions from the 

conduction band to the valence band are basically 

responsible for these PL signals (band-band PL)[34]. 

It can be seen in fig.9 that by increasing calcination 

temperature, the PL spectrum intensity decreases. 

From XRD result by increasing calcination 

temperature, the crystallite size increase so 

 
LaFeO3 
hollow fibers 
 

 
600° C 

 
700° C 

 
800° C 

 
900° C 

 
Zeta 
potential(mv)  
 

 
-7.22 

 
-6.26 

 
-3.63 

 
-1.70 
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crystallinity of LaFeO3 hollow fibres increases, the 

separation rate of photo-induced charge carriers 

increases and so photocatalytic activity increases 

According to the band–band PL spectrum of 

semiconductor materials. [35] these results display 

that 800° Cand 900° Csamples have the same 

photocatalytic activity more than 600° Cand 700° 

Csamples. 
 

Photocatalytic activities 
 
The photocatalytic activity of LaFeO3 hollow fibres 

calcinated at different temperatures was estimated by 

decomposition of MB dye solution under visible light 

irradiation. Fig(10) illustrates the rate of MB 

degradation of the photocatalytic reaction under 

visible light and adsorption in dark using  LaFeO3 

hollow fibres calcinated at different temperatures as a 

catalyst. As known that  MB shows good stability in 

the dark and under visible light as shown in 

fig(10).[36]  Results show that for all samples by 

increasing adsorption time, the MB concentration 

decreases till reaches equilibrium within 90mint for 

all samples, because of  MB adsorption on their 

surfaces. Equilibrium value for MB adsorption with  

600° C, 700° C, 800° C, and  900° C samples was 

15%, 20%, 63%, and 62 % respectively, so the 

adsorption capacity for samples increases by 

increasing calcinating temperature, due to increasing 

the surface potential which confirms Zeta potential 

results. After that, the effect of visible light 

irradiation on photocatalytic degradation of MB 

(2ppm) using LaFeO3 hollow fibres calcinated at 

different temperatures was studied during 135 min. 

The visible-light absorption of LaFeO3 hollow fibres 

is basically responsible for its visible-light 

photocatalytic activity. In particular, visible-light 

irradiation can excite LaFeO3, resulting in effective 

electron-hole pair separation, which participates in 

the oxidation decomposition of MB.[36]Perovskite  

oxides, that own great lattice distortion, have high 

photocatalytic activities due to the presence of extra 

routes of holes trapping which increase the separation 

rate of electron-hole pairs.[37]It can be observed that 

by increasing calcinating temperature, the catalytic 

and photocatalytic activity of LaFeO3 hollow fibres 

gradually increases to reach to total MB removal of  

45%, 51%, 79% and 78 % for 600° C, 700° C, 800° C, 

and 900° C samples respectively, so samples 

calcinating at 800° C and 900° C show the best 

photocatalytic activity. It could be due to that, by 

increasing calcinating temperature the crystallinity of 

LaFeO3 hollow fibres increases which nourishes the 

photoinduced charge separation[38]and these results 

confirm PL results, also increasing the adsorbed O2 

on the LaFeO3 surface promotes superoxide radicals. 

[39]It can be also observed that increasing 

temperature after 800° C did not show a significant 

difference. When LaFeO3hollow fibres were exposed 

to visible light illumination with photon energy equal 

to or greater than the energy of band gap, holes, and 

electrons were found in valence and conduction 

bands. The excited electron was transported to the 

LaFeO3 surface, where it reacted with adsorbed 

O2and OH–/H2O to form O2
• – and •OH radicals. 

These radicals participated in the degradation of  MB 

molecules into CO2 and H2O. The reaction 

mechanism is occurring as follows:[38] 

 

LaFeO3 + hν                  LaFeO3 + e –
CB + h +

VB     [1] 

 

    e –
CB + O2O2

• –                  [2] 

 

O2
• –  + H2O                   HO2

•+OH     [3] 

 

  HO2
• + H2O                  H2O2 + OH•   [4] 

 

      H2O2
•2OH•                         [5] 

 

  h + + OH-                          OH•   [6] 

 

OH• + MB(dye)               CO2 + H2O    [7] 

 

h + + MB(dye)                   CO2 + H2O  [8] 

 

e –
CB + h +

VB                        hν + recombination [9] 
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Fig 10. MB adsorption and Photocatalytic activity of LaFeO3 hollow fibers calcinated at different temperatures. 

 

6. Conclusions 
 
In conclusion, we have synthesized orthorhombic 

perovskite LaFeO3 hollow fibbers by an easy and 

cheap method using cotton as a template. Comparison 

has been made between samples calcinated in the air 

at four different temperatures. XRD data proved that 

all samples have an orthorhombic structure with a 

single-phase, and The average crystallite size of 

LaFeO3 samples increased by increasing calcination 

temperature to be  19.9 nm, 26.7nm,  30.2nm, and 

41nm for  600o C, 700o C, 800o C, and 900o C 

respectively. SEM images demonstrated the 

successful synthesis of  LaFeO3 hollow fibres with 

porous walls, which promotes the active surface area. 

It is found that by increasing calcinating temperature, 

catalytic and photocatalytic activity increases. 

Sample calcinated at 800o C considered to have the 

best catalytic and photocatalytic activity due to the 

best crystallinity of it which promotes the 

photoinduced charge separation and these results 

confirm PL results, also increasing the adsorbed O2 

on the LaFeO3 surface promotes superoxide radicals, 

But it is noticed that raising temperature more than 

this degree doesn’t have a great effect on activity.  
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