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ABSTRACT

Hetero-structured semiconductor composite as an ideal multifunctional photo-

catalyst has significant advantage for the improvement of photocatalytic effi-

ciency. Here, core–shell hetero-structured a-Fe2O3@Carbon (a-Fe2O3@C)

composite including of a-Fe2O3 nanoparticles (NPs) inner-core and amorphous

carbon outer-shell was successfully synthesized via a simple hydrothermal

method. The experiment results indicate that the present core–shell structure

has a remarkable impact on the interfacial synergies. The possible photocatalytic

mechanism of core–shell a-Fe2O3@C composite is investigated in detail. Thanks

to the following advantages: the core–shell structure provides more heteroge-

neous interfaces, so the incident light would be reflected multiply and enhanced

the light absorption capacity. In addition, the heterogeneous interface syner-

gistic effect between amorphous carbon and a-Fe2O3 as the bridge gives rise to a

rapid approach to transport photo-induced carriers and thus enhances the

electronic transfer capacity. It is anticipated that the core–shell nanostructure

provides a neoteric mentality for designing superior photocatalysts with out-

standing advantageous features applicable to, among others, hydrogen gener-

ation, green energy, water splitting, etc.

1 Introduction

Nowadays, water purification and reuse have been

proved to be an easy or eco-friendly fix to moderate

shortages of clean water caused by excessive use of

pesticides, organic dyes, detergents, [1, 2] et al. Pho-

tocatalysis technologies based on semiconductor

oxides have become an optional and effective

approach to reducing environmental pollution and

efficient utilization of green energy [3–6]. It is well
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known that the typical photocatalytic reaction can be

succeeded along with the generation of electrons in

the conduction band (CB) and holes in the VB (va-

lence band) under visible irradiation [7, 8]. Further-

more, the activity of photocatalytic reaction is

influenced by the light intensity, intrinsic energy gap,

absorption edge and surface structure including

defects, surface area of photocatalyst [9–12]. One of

the foremost mechanisms is the activity of photo-

electrons can affect the reaction efficiency [13, 14].

However, the high recombination rate of photoelec-

trons and holes of single semiconductor oxides limits

the photocatalytic performance and leads to low

photocatalytic efficiency [15, 16]. Numerous strate-

gies have been explored to enhance the photocatalytic

activity such as reducing the recombination rate by

forming heterojunction, optimization in conductivity

by doping with conductive material for expediting

the electronic transfer capacity [17–19]. Compared to

the single photocatalyst, core–shell hetero-structured

semiconductor oxide composite photocatalyst in

which semiconductor oxides acts as the core and

conductive material acts as the shell has attracted

extensive consideration due to their unique perfor-

mances with salient advantageous features such as

electronic transfer capacity and photoelectric syner-

gistic effect [20, 21].

In this context, a-Fe2O3 as an environmentally and

friendly n-type semiconductor has been considered

as one of promising candidates for photocatalytic

applications, drug delivery platform and bio-chemi-

cal sensors which due to its narrow energy gap and

excellent chemical stability [22–25]. However,

improving the photocatalytic efficiency of a-Fe2O3 to

fulfill practical application remains an enormous

challenge, because of low diffusion length and high

electron–hole pairs recombination led to the bottle-

neck of poor quantum yield and visible-light trap-

ping [26]. One of the keys to overcome these

conditions is lowering the recombination rate by

forming core–shell hetero-structure, enhancement in

conductivity by combining with carbonaceous mate-

rial for improving the charge transfer ability [27].

Inspired by this observation, among the most corre-

lational research of a-Fe2O3 the main focus appears to

construct a-Fe2O3-based hetero-structured materials

in different forms. Constructing a core–shell struc-

ture, which is designed based on a-Fe2O3 core and

carbonaceous materials shell, is an intentional

approach to optimize the excellence of the interface

synergistic effect. Moreover, this core–shell hetero-

structured designing mentality would minimize the

electron and hole spatial overlap [21]. The combina-

tion approach of core–shell heterojunction solves the

low diffusion length and decreases the electron–hole

recombination, and expedites the electron transfer

while enhancing photocatalytic performance and

stability.

In this work, we report a sample and effective

strategy to solve the aforementioned bottleneck of

single a-Fe2O3 in the photocatalytic field. The core–

shell structure of amorphous carbon-encapsulated a-
Fe2O3 composite was synthesized via a one-step

hydrothermal method. The experiments prove that

this core–shell structured a-Fe2O3@C nanocomposite

is the superior photocatalyst for photocatalytic

degradation of rhodamine B (RhB). The possible

photocatalytic mechanism of as-synthesized a-Fe2-
O3@C composite was investigated in detail. The

interface synergistic effects of core–shell structure

between amorphous carbon and a-Fe2O3 are likely to

enhance the electronic transfer capacity and the

photocatalytic activity. Our findings provide a neo-

teric mentality for designing a novel photocatalyst

and enrich a potential application in the photoelectric

energy conversion.

2 Experimental

2.1 Synthesis of the a-Fe2O3 NPs precursor

The a-Fe2O3 NPs precursor were synthesized via a

simple hydrothermal method. In the specific experi-

mental process: 0.6 g of ferric chloride and 1 g of

sodium acetate were dissolved in 120 mL of deion-

ized water. And the mixed solution was stirred until

dissolved to form a stable solution. After dissolving

completely, the stirred suspension was poured into

an autoclave with a capacity of 120 mL and heated at

250 �C for 5 h. After the completion of the reaction

and allowed cool to room temperature. Finally, the

reaction products were centrifuged and separated

from the black precipitation with deionized water

and anhydrous ethanol.
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2.2 Generation of core–shell structured a-
Fe2O3@C nanocomposite

0.25 g of the as-prepared a-Fe2O3 NPs was dispersed

in 60 mL of ethanol solution. Then, 0.26 g ferric

chloride and 0.16 g terephthalic acid were added to

the above-mentioned ethanol solution and the dis-

persion was uniform by ultrasonic for 10 min. The

mixed solution was poured into a beaker and stirred

in a water bath at 70 �C for 30 min. The precipitates

were separated by centrifugation and washed with

deionized water and anhydrous ethanol, respec-

tively. 0.12 g of mentioned above a-Fe2O3 dispersed

into 50 mL of deionized water, and glucose (C6H12-

O6�H2O, 0.1 mol, 0.2 mol, 0.3 mol) with different

mole ratios of a-Fe2O3were added into the mixed

solution. After uniform ultrasonic dispersion, the

products were transferred to autoclave with a

capacity and heated at 220 �C for 12 h. The precipi-

tate was separated by centrifugation and washed

three times with deionized water and anhydrous

ethanol. The products generated with different mole

ratios glucose (0.1 mol, 0.2 mol, 0.3 mol) were deno-

ted hereinafter as S1, S2 and S3, respectively.

2.3 Characterization techniques

The structural characterization of samples was char-

acterized by the X-ray diffraction (XRD) configura-

tion using a powder diffractometer (Bruker AXS,

Karlsruhe, Germany). The morphology and micro-

structural of as-prepared samples were examined

using scanning electron microscopy (SEM, JSM-

7001F, JEOL, Japan) and transmission electron

microscopy (TEM, 2100F; JEOL, Japan), separately.

UV–VIS spectra were tested by the spectrophotome-

ter (3100 UV–VIS-NIR, Shimadzu, Kyoto, Japan). The

Raman spectrum was recorded by a spectrometer

(Raman-11, Nanophoton Corporation, Japan) at room

temperature.

2.4 Photoelectrochemical measurements
and photocatalytic activity

The photoelectrochemical (PEC) is tested via using an

electrochemical workstation (IM6, Zahner, Karlsruhe,

Germany) and the 500 W Xe light was used as the

source of visible light. First, 1 mg as-prepared sam-

ples were mixed with 10 mL Nafion and 10 mL

ethanol, the mixed was smeared on 1 cm2 square FTO

glass and then the samples were dried at 60 �C for

3 h in air. The above dried glass was used as the

working electrode, Ag/AgCl electrode and a Pt wire

were employed as the reference electrodes and

counter, respectively. Then, Na2SO4 solution

(0.2 mol/L) was employed as the electrolyte. The

photocurrent property of the photoanode was carried

out in each 60 s respectively.

The concentration variation of RhB solution was

displayed from the spectrum strength of the absorp-

tion for the UV–Vis light irradiation. 100 mL of the

RhB solution, with an initial concentration of 10 mg/

L was deposited in a container. The mixed liquor was

stirred in a dark environment for 10 min to ensure

equilibrium of adsorption desorption. The maximum

absorbance of extracting solution was analyzed by

the spectrophotometer, while the variations of the

absorption maximum at different intervals was tes-

ted. The concentration of RhB aqueous was decided

by measuring intensity of the maximum absorbance

wavelength of the suspension liquid. The degrada-

tion percentage (g) of the solutions could be calcu-

lated by follows [28]:

g ¼ C0 � Ct

C0
� 100

The rate of dye degradation is quantified with the

first order exponential fit. Where the Co is the initial

RhB dye concentration, Ct the dye concentration after

an illumination time t (min). The variation of the RhB

relative concentrations (Ct/C0, and -Ln (Ct/C0)) as a

function of irradiation time.

3 Results and discussions

The morphology and micro-structure of a-Fe2O3 and

the as-prepared a-Fe2O3@C samples (S1-S3) were

conducted through SEM and TEM. As shown in

Fig. 1a, a-Fe2O3 has a spherical shape with a uniform

diameter of around 20 nm, and the appearance of the

single a-Fe2O3 consists in the state of particle aggre-

gation. The results show that with the increase of

content of glucose, the diameter of a-Fe2O3 @C sam-

ple was increased. When the a-Fe2O3 @C sample

generated with the mole ratios of glucose of 0.2 mol

and 0.3 mol, and that leads to the aggregation per-

formance degradation of a-Fe2O3 @C nanocompos-

ites. This is mainly due to the small pore size of

amorphous carbon material, and the carbon shell
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inhibits the agglomeration of a-Fe2O3@C NPs [29, 30].

In order to investigate the specific micro-structure of

a-Fe2O3@C NPs, the TEM and HRTEM images of S2

(as shown in Fig. 1e, f) prove that core–shell like

structure composites with obvious contrast between

the black and gray parts can be observed, demon-

strating that the shell is amorphous carbon material.

As displayed in Fig. 1f, the HRTEM of a-Fe2O3@C S2

indicates the changes in diameter were from 20 nm

for core spheres to 24 nm for core–shell composite. It

can be proved that the amorphous carbon is suc-

cessfully coated on the surface of a-Fe2O3 NPs with

the thicknesses of about 4 nm. The HRTEM also

shows lattice spacing of core is about 0.35 nm, which

corresponds to the (012) plane of a-Fe2O3. It can also

find that the outer carbon shell exhibits amorphous

nature. Based on the above results, the as-prepared a-
Fe2O3@C nanocomposites are the core shell structure

with a-Fe2O3 NPs packaged with amorphous carbon,

obviously.

Figure 2 displays the XRD patterns and Raman

spectra of a-Fe2O3 and as-prepared a-Fe2O3@C sam-

ples (S1-S3). It can be found that the XRD patterns

centered at 24.14�, 33.14�, 35.62�, 40.84�, 49.46 o, 54.04
o, 57.56 o, 62.44 o, 63.95 o, 71.85� and 75.39 o are

assigned as (012), (104), (110), (113), (024), (116), (018),

(214), (300), (101) and (200) crystal planes of typical

rhombohedral a-Fe2O3 (JCPDS card No. 33-0664),

respectively. Moreover, the diffraction peaks of both

a-Fe2O3@C samples (S1-S3) are indexed by the

rhombohedral a-Fe2O3 phase without any obvious

peaks of other phases. Dramatically, no distinct

diffraction peaks of amorphous carbon phase are

observed in the a-Fe2O3@C nanocomposites. The

peaks corresponding to amorphous carbon could be

Fig. 1 SEM images of a-Fe2O3 NPs (a), a-Fe2O3@C S1-S3 (b–d), TEM and HRTEM images of a-Fe2O3@C S2 (e–f)

Fig. 2 XRD patterns of a-Fe2O3 NPs and a-Fe2O3@C S1-S3
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too weak to be clearly observed [31]. Researchers

were able to use Raman spectroscopy to look at the

change of the vibrational energy of the bond and then

characterize the variety rules of the structure of car-

bon materials [32, 33].

Figure 3 illustrates the Raman spectra of a-Fe2O3

and a-Fe2O3@C samples (S1-S3). Obviously, it can

find that the different typical Raman spectrum of as-

prepared a-Fe2O3@C samples S1-S3. The peaks cor-

responding to samples (S1-S3) at around 1341 cm-1

and 1595 cm-1 corresponds to the D band and G

band, respectively. It can see that the D band and G

band relate to the disorder induced in the carbon

structure and the vibration of sp2 carbon vibration,

respectively. On the contrary, no characteristic peaks

of carbon were detected in a-Fe2O3. The Raman

results indicate amorphization of graphite including

more topological defects, disorders and vacancies in

the carbon shell of the a-Fe2O3@C sample [34]. On the

basis of above analysis, the a-Fe2O3@C nanocom-

posite with core–shell structure is an ordered

assembly system in which a-Fe2O3 NPs are covered

with carbon materials via chemical bonds or other

interactions [35], and the outer carbon shell also

retained amorphous nature.

Photocurrent measurement normally is used for

inquiring the separation efficiency of photo-induced

carriers (electrons or holes) [36, 37]. Photocurrents of

the as-prepared single a-Fe2O3 and a-Fe2O3@C sam-

ples (S1-S3) were gauged for studying the electronic

interaction between a-Fe2O3 and carbon materials,

and the current density versus potential curves were

recorded via circularly turn on and off the light

irradiation, as shown in Fig. 4. Dramatically, all a-
Fe2O3@C samples exhibit higher transient

photocurrent when compared with single a-Fe2O3,

and the photocurrent of the a-Fe2O3@C S2 reached

0.25 mA/cm2 and was about two times as high as

that of single a-Fe2O3. It evidences that the core–shell

complex structure could effectively restrain current

carrier recombination. Moreover, outer shell carbon

as a protective material could inhibits the photo-

corrosion of a-Fe2O3 under visible-light illumination.

In addition, it can be found that the transient pho-

tocurrent value of a-Fe2O3@C displays a rising and

falling variation trend, which meant that the additive

amount of glucose in a-Fe2O3@C samples is closely

related to surface carrier concentration. Notably,

compared to the other samples, the a-Fe2O3@C S2

also presents higher photocurrents owing to optimal

additive amount of glucose or the layer thickness of

outer carbon shell. Here, the core–shell structure

offers a large interface between the a-Fe2O3 core and

the carbon shell. The core–shell structure contains

many heterojunction interfaces and the surface states

raised by the larger core–shell interface [38]. It creates

the good possibility for leaping into the conduction

band edge [39]. Thus, the balance of synergistic and

the charge separation leads to enhanced transient

photocurrent efficiency.

In order to study the photo absorption ability and

optical properties of as-prepared a-Fe2O3 and a-Fe2-
O3@C, Fig. 5 illustrates the light absorption of pure a-
Fe2O3 and a-Fe2O3@C S2 nanocomposite. The

absorption peak of a-Fe2O3@C S2 is 460 nm, which is

similar to the single a-Fe2O3 except for about 15 nm

red shift. The construction of a-Fe2O3@C core–shell

structure may leads to a red-shift, which is conduc-

tive to the light utilization and photoelectric conver-

sion efficiency [40]. This phenomenon could be

Fig. 3 Raman spectra of a-Fe2O3 NPs and a-Fe2O3@C S1-S3

Fig. 4 Photocurrent density of a-Fe2O3 NPs and a-Fe2O3@C S1-

S3 under visible light on–off cycles

J Mater Sci: Mater Electron (2022) 33:22549–22559 22553



attributed to the following reasons: the synergistic

effect for light absorption was generated in the a-
Fe2O3@C core–shell structure. In other words, when a

large interface contact area existed between carbon

materials and a-Fe2O3 NPs, the interfacial scattering

effect of visible light was enhanced. As a result, the

transmission of the visible photon in the a-Fe2O3@C

nanocomposite was increased via longer optical path

length [41], which leaded to a significantly enhanced

light absorption in the visible region. Meanwhile,

these interface and surface states of the a-Fe2O3@C

core–shell structure accompanied with carbon defect

states would result in the composites obvious to the

visible light [42]. The results indicate that a-Fe2O3@C

exhibits a semiconductor character with an indirect

band gap. Band-gap energies (Eg) are evaluated from

the absorption edges of the reflectance spectra, as

shown in the insets of Fig. 5. It is observed that band

gap of a-Fe2O3@C (2.25 eV) is smaller than that of a-
Fe2O3 (2.36 eV). The observed narrowing of the band

gap in a-Fe2O3@C nanocomposite can be considered

to be attributable to the increased hybridization of the

energy levels by the surface defects formed of

amorphous carbon materials, shifting the valence and

conduction bands and subsequently decreasing the

band gap [43]. It can also be considered to attribuat-

able to oxygen vacancies leading to lowered about

0.11 eV. Therefore, the core–shell heterojunction of a-
Fe2O3@C boosted the separation and utilization of

photo-induced carriers and improved the photocat-

alytic performance [44].

To study the photocatalytic activity of as-prepared

a-Fe2O3 and a-Fe2O3@C NPs, the degradation

experiment for RhB solution was carried out as

shown in Fig. 6. For comparison, the control experi-

ment was carried out under in dark environment and

without photocatalyst under the UV–vis light irradi-

ation, respectively. As shown in Fig. 6a, it can be

found that RhB reaches the adsorption desorption

equilibrium under dark conditions within 10 min. In

the absence of photocatalyst, there is no appreciable

degradation of RhB, significantly. The degradation

curves of RhB under the UV–vis light irradiation are

shown in Fig. 6b. It can be found that crystal core-

amorphous shell structured a-Fe2O3@C samples

exhibit excellent photocatalytic degradation perfor-

mance, leading to the significant improved perfor-

mance compared to pure a-Fe2O3. After 80 min of

reaction, the degradation of RhB rates reach 38%,

81%, 99.8% and 67% for a-Fe2O3 and a-Fe2O3@C (S1-

S3), respectively. Obviously, the photocatalytic per-

formance of the a-Fe2O3@C S2 nanocomposite is the

most optimal. The experimental results are similar to

that of photocurrent measurement.

According to Fig. 7a, the photocatalytic activity of

a-Fe2O3@C is much higher than that of single a-
Fe2O3, and the distinct rate constant (k, min-1) of a-
Fe2O3@C S2 reaches the maximum of 0.024 min-1.

Notably, the order of rate constant is S2[ S1[
S3[ a-Fe2O3. Moreover, the degradation stability

performance is also a key factor for the a-Fe2O3@C.

The degradation curves of RhB for three cycles is

shown in Fig. 7b, it can be seen that the photocat-

alytic performance of the a-Fe2O3@C S2 nanocom-

posite remained almost unchanged. The circulation

experiments proved that core–shell a-Fe2O3@C

structure provide a pathway to have the most effi-

cient photocatalytic stability and reproducibility. The

photocatalytic performances of as-prepared samples

were evaluated by the degradation of different kinds

of dyes Phenol, Methylbenzene (MB), Methyl Orange

(MO), and Congo Red (CR) as shown in Fig. 7c.

Moreover, compared with several common core–

shell photocatalysts for 80 min degradation of RhB as

shown in Table 1, it’s obvious to observe that a-Fe2-
O3@C has an excellent photocatalytic performance in

the cationic dyes. From Fig. 7d, the signals of DMPO-

•OH were readily detected with the a-Fe2O3 and a-
Fe2O3@C system, confirming the formation of •OH

radicals.

Based on the above analysis, the schematic dia-

gram of proposed photocatalytic mechanism of a-
Fe2O3@C nanocomposite is illustrated in Fig. 8. First,

the core–shell structured composite formed when
Fig. 5 UV–VIS absorption spectra for a-Fe2O3 NPs and a-
Fe2O3@C S2
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amorphous carbon materials are coated on the sur-

face of a-Fe2O3 NPs. Under irradiation, more path-

ways provided a faster interfacial charge carrier

transfer attributed to reasonable core–shell structure

[48, 49]. Second, when the a-Fe2O3 absorbs energy to

produce photogenerated electron–hole pair, the free

Fig. 6 Degradation profiles of RhB in the presence of photocatalysts in dark and in the absence of photocatalysts with light irradiation (a),

degradation profiles of RhB photocatalytic degradation (b)

Fig. 7 Kinetic curves of the RhB degradation (a), photocatalytic

activity of the Fe2O3@C S2 for RhB degradation with three times

cycling (b). Photocatalytic degradation of several different

pollutants with prepared photocatalysts (c). ESR spectra in the

a-Fe2O3 and a-Fe2O3@C system with DMPO- •OH (d)

J Mater Sci: Mater Electron (2022) 33:22549–22559 22555



electrons are excited from the VB of a-Fe2O3 into its

conduction band in a specific photocatalytic reaction

(see Fig. 8a). The interface transfer process contains

holes and excited electrons and its deactivation by

recombination, identifies the efficiency of the photo-

catalyst [50, 51]. In particular, the excited electrons

can transfer from a-Fe2O3 to carbon materials

through the interface between core–shell structure

more easily. Thus, both processes make for electron

separation and stabilization, hindering the electron

hole pair recombination process (Fig. 8b). In the end,

the electron–hole pairs are divided effectively, the

holes are trapped by H2O to form hydroxyl radicals

(�OH). And the reserved electrons in the CB of a-
Fe2O3 reacted with O2 to produce radical dot �O2

-,

which was involved in the degradation of organic

substrates [52]. Thus, the electrons transferred in CB

can reduce the absorbed O2 to create active �O2
- [53].

And so beyond that, the produced �O2
- liveness are

not only can degrade pollutants, but also a prove-

nience of �OH radicals and photodegradation rate is

perfected. As a consequence, the more radical �OH

radical and remaining active �O2
- are assigned to the

photodegradation of RhB pollutants rapidly [54, 55].

Therefore, the core–shell heterojunction of a-Fe2-
O3@C boosted the separation and utilization of

photo-induced carriers and improved the photocat-

alytic performance [56, 57].

4 Conclusions

To make full use of the interfacial synergies and

separation efficiency of electron–hole pair, a strategy

of core–shell structure designing is proposed to

effectively enhance the photocatalytic property. By

regulating and controlling the content of carbon, the

core–shell structured a-Fe2O3@C composite including

of inner-core a-Fe2O3 NPs and outer-shell amorphous

carbon is successfully prepared via a simple

hydrothermal method. Compared with the pure a-
Fe2O3, it can be proved that the as-prepared a-

Table 1 Comparison of several common core–shell photocatalysts for 80 min degradation of RhB

Catalyst Amount (mg) Degradation (%) Kapp/(min-1) Knor/(min-1.mg) Reference

TiO2@C 50 80 0.021 4.2 9 10–4 [45]

ZnFe2O4@C 0.05 24.4 7.26 9 10–4 0.0146 [46]

a-Fe2O3@TiO2 40 73 0.0145 3.6 9 10–4 [47]

a-Fe2O3@SnO2 10 56.08 0.0069 6.9 9 10–4 [48]

a-Fe2O3@SnO2@Cu2O 10 78.76 0.0228 2.2 9 10–3 [48]

a-Fe2O3@C-S1 10 81 0.013 1.3 9 10–3 This work

a-Fe2O3@C-S2 10 99.8 0.024 2.4 9 10–3 This work

a-Fe2O3@C-S3 10 67 0.011 1.1 9 10–3 This work

Fig. 8 Schematic for the

energy band structure and

proposed photodegradation

mechanism of a-Fe2O3@C
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Fe2O3@C nanocomposite exhibits improved and

effective photocatalytic activity for the degradation of

RhB. Owing to the core–shell structure endowing

more pathways for the charge carrier transfer and the

interfacial synergies mechanism. As a result, the

photogenerated electron–hole pairs are separated

effectively between the core–shell interface, and the

efficient separation of electron and hole is the pri-

mary motivation for enhancement of the photocat-

alytic performance. This study provides a neoteric

mentality for the fabrication of novel hetero-structure

for photocatalysis or other green energy applications.
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43. X. Lü et al., A general preparation strategy for hybrid TiO2

hierarchical spheres and their enhanced solar energy utiliza-

tion efficiency. Adv. Mater. 22(33), 3719–3722 (2010)

44. Y. Zhuang et al., Template free preparation of TiO2/C core-

shell hollow sphere for high performance photocatalysis.

J. Alloy. Compd. 662, 84–88 (2016)

45. Y. Guo et al., Synthesis of magnetic core–shell carbon

dot@MFe2O4 (M= Mn, Zn and Cu) hybrid materials and their

catalytic properties. Mater. Chem. A 4(11), 4044–4055 (2016)

46. Y. Niu et al., Structures and photocatalytic activity of a-Fe2-
O3@TiO2 core-shell nanoparticles. Solid State Commun. 345,

114683 (2022)

47. Q. Tian et al., Tube-like ternary a-Fe2O3@SnO2@Cu2O

sandwich heterostructures: synthesis and enhanced photocat-

alytic properties. ACS Appl. Mater. Interfaces. 6(15),

13088–13097 (2014)

48. J. Yu et al., Photogenerated electron reservoir in hetero-p-n

CuO-ZnO nanocomposite device for visible-light-driven

photocatalytic reduction of aqueous Cr (VI). J. Mater. Chem.

A 3(3), 1199–1207 (2015)

49. N. Li et al., Precisely controlled fabrication of magnetic 3D

Fe2O3@ZnO core-shell photocatalyst with enhanced activity:

ciprofloxacin degradation and mechanism insight. Chem.

Eng. J. 308, 377–3853 (2017)

50. C. Wang et al., Controlled formation of TiO2/MoS2 core-shell

heterostructures with enhanced visible-light photocatalytic

activities. Part. Part. Syst. Charact. 33(4), 221–227 (2016)

51. S. Adhikari et al., Construction of heterojunction photoelec-

trode via atomic layer deposition of Fe2O3 on Bi2WO6 for

highly efficient photoelectrochemical sensing and degradation

of tetracycline. Appl. Catal. B: Environ. 24, 11–24 (2019)

52. T. Guo et al., A novel alpha-Fe2O3@g-C3N4 catalyst: Syn-

thesis derived from Fe-based MOF and its superior photo-

Fenton performance. Appl. Surf. Sci. 469, 331–339 (2019)

53. L. Zhu et al., Hierarchical ZnO decorated with CeO2

nanoparticles as the direct Z-Scheme heterojunction for

enhanced photocatalytic activity. ACS Appl. Mater. Interfaces

10(46), 39679–396879 (2018)

54. Y. He et al., Remarkably enhanced visible-light photocatalytic

hydrogen evolution and antibiotic degradation over g-C3N4

nanosheets decorated by using nickel phosphide and gold

nanoparticles as cocatalysts. Appl. Surf. Sci. 517, 146187

(2020)

55. X. Liu et al., Efficient Fe3O4-C3N4-Ag2MoO4 ternary pho-

tocatalyst: synthesis, outstanding light harvesting, and supe-

rior hydroxyl radical productivity for boosted photocatalytic

performance. Appl. Catal. A 568, 54–63 (2018)

56. H. Huang et al., Efficient activation of persulfate by a mag-

netic recyclable rape straw biochar catalyst for the degrada-

tion of tetracycline hydrochloride in water. Sci. Total Environ.

758, 143957 (2021)

57. T. Guo et al., Efficient persulfate activation by hematite

nanocrystals for degradation of organic pollutants under vis-

ible light irradiation: Facet-dependent catalytic performance

and degradation mechanism. Appl. Catal. B: Environ. 286,

119883 (2021)

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this

article under a publishing agreement with the author(s) or

other rightsholder(s); author self-archiving of the accepted

manuscript version of this article is solely governed by the

terms of such publishing agreement and applicable law.

J Mater Sci: Mater Electron (2022) 33:22549–22559 22559


	Construction of amorphous carbon-coated alpha-Fe2O3 core--shell nanostructure for efficient photocatalytic performance
	Abstract
	Introduction
	Experimental
	Synthesis of the alpha -Fe2O3 NPs precursor
	Generation of core--shell structured alpha -Fe2O3@C nanocomposite
	Characterization techniques
	Photoelectrochemical measurements and photocatalytic activity

	Results and discussions
	Conclusions
	Data availability
	References




