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School of Chemical Engineering, Anhui University of Science and Technology, Huainan, 232001, 

P. R. China. 

 

Abstract: Fe2O3/Nb6O17 nanoscroll composite was successfully assembled by 

exfoliation-restacking method at moderate conditions. The as-prepared samples were 

characterized by X-ray powder diffraction (XRD), Laser Raman spectroscopy (LRS), Field 

emission scanning electron microscopy (FESEM), High-resolution transmission electron 

microscopy (HRTEM), N2 adsorption-desorption measurement, Thermo-gravimetric analysis, and 

UV-visible diffuse reflectance spectroscopy (UV-vis DRS). The results show that nanoscroll 

composite owns larger specific surface area (114 m2·g-1), stronger spectral response and excellent 

photodegradation activities for MB under visible light irradiation. There is an obvious interaction 

between host niobate nanoscrolls and guest oxide Fe2O3 nanoparticles. Fe2O3 nanoparticles are 

crosslinked to the niobate nanoscroll surface as proved by a blue-shifted Raman vibration at 953 

cm-1 and 897 cm-1 being associated with terminal Nb-OH groups. 

Keywords: Niobate nanoscroll; Transition metal oxide; Assembly mechanism: Interaction; 

Photodegradation 

 

1. Introduction 

Layered compound, one of new photocatalytic materials, has immense application. Since the 

unique layered structure and the exfoliated nature, it has also been widely used in construction 

composites as a well support, especially layered niobate and titanoniobate[1-6]. K4Nb6O17 (structure 

as shown in Fig.1), one of the earliest researched layered photocatalysts, is mostly employed as a 
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well support to fabricate composite photocatalyst[7-10]due to the wide band gap. Owing to the 

nature of nanosheets to form nanoscrolls[11], namely the asymmetrical top and bottom faces in 

each layer, various nanoscroll composites were fabricated. These mesoporous nanoscroll 

composites possess obvious higher photocatalytic activities than guest oxide nanoparticles or host 

layered niobates alone. Therefore, they become excellent photocatalytic functional materials for 

photodegradation of organic pollutants. Now, some guest nanoparticles are used to fabricate 

mesoporous niobate nanoscroll composites, such as Co, Ag, Rh2O3, CdTe, Fe3O4, Au-Fe3O4, CuO, 

Pt, IrOx, etc[12-19]. Less attention has been paid to investigate the assembly mechanism between 

host niobate and guest nanoparticles. Exfoliation-restacking technology, usually utilized to 

prepare composite materials with a moderate prepared conditions, is an excellent approach to 

construct new photocatalytic materials and enhance their photocatalytic efficiency via broadening 

the photoabsorption region and effectively separating photo-generated electrons and holes. Fe2O3 

is a narrow band gap semiconductor with a band-gap engery 2.2 eV and it can be used as a ideal 

guest material to prepared photocatalysts with visible light response[20]. To the authors’ knowledge, 

the performance of nanoscroll composites Fe2O3/Nb6O17 prepared by exfoliation- restacking 

method has been rarely explored. The assembly mechanism of niobate nanoscrolls with oxide 

nanoparticles has been rarely reported so far. 

 

Fig.1 Structure diagram of K4Nb6O17. 

    In the present study, the layered material K4Nb6O17 was prepared by a solid state reaction 

method, and Nb6O17
4- nanosheet sols were obtained by ion exchange, exfoliation[16]. Fe2O3 were 

employed as the guest oxide particles to fabricate niobate nanoscroll composites using 

exfoliation-restacking technology at moderate conditions, and their assembly mechanism was 
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proposed. The photocatalytic activities of the as-prepared composites Fe2O3/Nb6O17 were 

evaluated by the photodegradation of organic dye methylene blue in an aqueous solution.  

2. Experimental  

2.1 Preparation of Samples 

The precursor K4Nb6O17 was synthesized by heating the K2CO3(AR, Sinopharm Chemical 

Reagent Co., Ltd) and Nb2O5(2.5 N, Sinopharm Chemical Reagent Co., Ltd) mixture with the 

mole ratio of 2.3:3 in air at 1100 ℃ for 24 h. The as-obtained powder was washed by deionized 

water and then dried at 80 ℃ for 10 h. The H4Nb6O17 was prepared by proton-exchanged process, 

which mixes 1 g K4Nb6O17 with 30 mL 6 mol·L-3 HNO3(AR, Sinopharm Chemical Reagent Co., 

Ltd) aqueous solution at 333 K for a week and renew the acid solution every 24 h. Niobate 

nanosheet sols were obtained via following procedure: 1 g H4Nb6O17 powder and 200 mL 

deionized water were added to beaker flask, the pH of suspension was adjusted to 9.5~10 with 

25 % tetrabutylammonium hydroxide aqueous solution(N/A, Accela ChemBio Co., Ltd.). Then 

the mixture was oscillated at 45 ℃ for 3 days. Finally, the suspension was centrifugated at 8000 

rpm to separate the nanosheets sols from the unexfoliated H4Nb6O17 powders. 

 The Fe(OH)3 sols were obtained by hydrolyzing the FeCl3(AR, Sinopharm Chemical 

Reagent Co., Ltd) aqueous solution. The FeCl3 solution was added dropwise to boiling water, 

boiled for 2-3 minutes after completion of the dropwise addition and then purified with 

semipermeable membrane(collodion membrane of artificial). Then the Fe(OH)3 sols were slowly 

droped into the niobate nanosheet sols, with the Fe/Nb mole ratio of 1:1. After that, the suspension 

was oscillated continuously at room temperature for 12 h, 0.5 mol·L-1 HNO3 was slowly added 

until precipitation was completed. After aging for 48 h, the precipitate was separated by 

centrifugation and washed with ethanol and deionized water, dried in vacuum at 60 ℃. The 

sample before calcination is assigned as B-Fe2O3/Nb6O17 and the sample after calcination in the 

resistance oven for 2 h at 400 ℃ is assigned as A-Fe2O3/Nb6O17. For comparison, pure Fe2O3 

particles were prepared by drying and calcining the Fe(OH)3 sols at 400 ℃ for 2 h , respectively. 

The nanoscroll aggregates (assigned as NS-H4Nb6O17) were obtained by dropwise adding 0.5 

mol·L-1 HNO3 to the niobate nanosheet sols, then washed with deionized water and dried at 60 ℃ 

Page 3 of 20 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 4

for 48 h. 

2.2 Characterization of Samples 

The X-ray diffraction (XRD) patterns were recorded by using a XD-3 diffractometer (Beijing 

Purkinje General Instrument Co., Ltd.) with a curved graphite-monochromatied Cu-Kα radiation 

(λ= 1.5406Å) at 40 kV and 30 mA at room temperature. The Laser Raman spectra (LRS) were 

obtained on a Confocal Raman Microscope (InVia Reflex Spectrometer System, Renishaw) with a 

785 nm wavelength of laser source. The UV–vis diffuse reflectance spectra (UV–vis DRS) were 

determined by TU-1901 UV-visible diffuse reflectance spectrometer (Beijing Purkinje General 

Instrument Co. Ltd.) equipped with an integrated sphere using BaSO4 as the reference. The 

FESEM images were obtained by a Hitachi S-4800 field emission scanning electron microscope 

(Hitachi American Ltd.) with an acceleration voltage of 25 kV. HRTEM measurement was 

performed using JEOL JEM-2100 instrument that operated at an accelerating voltage of 200 KV 

with an EDAX Genesis energy-dispersive spectroscopy (EDS) system. The TG-DTA curves were 

measured by SDT2960 Simultaneous DSC-TGA (TA instrument, America) with a heating rate of 

10 ℃·min-1 under nitrogen atmosphere. Nitrogen adsorption-desorption isotherms were obtained 

on a ASAP 2020 (Micromeritics instrument, America) at liquid-nitrogen temperature using 

nitrogen gas as the adsorbate, in which the samples were degassed at 100 ℃ for 24 h in flowing 

N2 prior to the measurements. 

2.3 Photocatalytic activity test 

The photocatalytic activities of the as-prepared samples were evaluated by the 

photodegradation of organic dye methylene blue (MB, BS, Sinopharm Chemical Reagent Co., Ltd) 

aqueous solution under the visible light irradiation. A 300 W Xe lamp with a 400 nm cut-off filter 

was used as a light source. Methylene blue aqueous solutions (10 mg·L-1) 200 mL and the 

as-prepared photocatalyst 20 mg were mixed in a quartz reactor. The mixtures were oscillated 

under dark conditions for 30 min to ensure adsorption equilibrium prior to light irradiation and 

kept under the same external conditions before and during the light irradiation. 3 mL mixtures 

were sampled at a given interval, and centrifugated to remove the photocatalyst at 9000 rpm. The 

supernatant was analyzed based on the absorption band maximum (664 nm) using a Shimadzu 

UV-2550 spectrometer. 
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3 Results and discussion 

3.1 Thermal analysis of composites 

Thermal analysis technology was used to investigate the thermal stability of the as-prepared 

materials. The TG-DTA curves of B-Fe2O3/Nb6O17 are showed in Fig.2. The total weight loss of 

B-Fe2O3/Nb6O17 nanocomposite is 12.5%. The weight loss below 200 ℃ is ca. 9% with a 

endothermic peak at 132 ℃, which is attributed to the removal of the physically adsorbed water. 

The DTA curve exists a obvious endothermic peak at 316 ℃ which may be caused by the removal 

of bound water of interlayer. Taking into consideration that no obvious fluctuation was observed 

at 400-500 ℃ in the DTA-curve, dehydroxylation and dehydration of Fe(OH)3 sols and the 

removal of crystal water or constitution water of the support nanoscrolls may be occurred 

meanwhile. Beyond 600 ℃, it appears no distinct weight loss. An exothermic peak around 700 ℃ 

may have arisen from the structure collapse. So the calcination temperature for preparing the 

Fe2O3/Nb6O17 composite is determined at 400 ℃ for 2 h with a low heating rate of 2 ℃·min-1.  
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Fig.2 TG-DTA curves of composites before calcinations. 

3.2 Structure and morphology characteristics of as-prepared samples 

Fig.3 show the XRD patterns of as-prepared samples. For reference, K4Nb6O17 and 

H4Nb6O17 were characterized by XRD. The XRD pattern of K4Nb6O17 sample is well matched 

with the standard spectra of K4Nb6O17 (JCPDS 76-0799). As-prepared K4Nb6O17 sample 

possesses a well-ordered layered orthorhombic phase structure. The diffraction peaks of 2θ = 

5.33° and 10.66° belong to the (020) and (040) crystal plane, respectively. The d-spacing of (040) 

crystal plane is 0.83 nm using the Bragg equaption λ = 2dsinθ. After ion-exchanging, due to the 
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existence of H3O
+ in the interlayer, the (020) plane and (040) plane are shifted towards 4.67° and 

9.33° from 5.33° and 10.66°, respectively. After exfoliation, the crystallinity of NS-H4Nb6O17 

descends evidently with the peak weaken and broaden, the peaks of (020) plane and (040) plane 

are disappeared, indicating that the layered structure is absent. The stronger peaks at 23.4° and 

27.6° belong to (220) plane and (260) plane. From B-Fe2O3/Nb6O17 pattern, one can find the 

diffraction peaks at 2θ = 32.6° and 35.34°, which are the characteristic peaks of α-Fe2O3 

(PDF:33-0664), indicate that the as-prepared Fe(OH)3 sols have been partially crystallized into 

Fe2O3 crystal in the composite before it is calcinated. After B-Fe2O3/Nb6O17 was calcinated, the 

intensities of characteristic peaks of Fe2O3 are obviously enhanced, and the corresponding peak 

positions are shifted towards 32.9° and 35.74°, respectively. The average particle size of Fe2O3 

before and after calcinations are 2.17 nm and 4.44 nm, respectively, using the Debye-Scherrer 

equation D = kλ/Bcosθ. Considering the linear broadening caused by the instrument, the actual 

particle size of Fe2O3 is larger than the calculated value.  
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Fig.3 X-ray diffraction patterns of the as-prepared samples 

 

The morphology of as-prepared samples was studied by FESEM and HRTEM technology, 

and the results are shown in Fig.4 and Fig.5. Some spherical particles randomly attached on the 

surface of nanoscrolls are clearly seen in the HRTEM images. It is well known that nanosheets 

have hydroxyl groups exposed at their surface. So the Fe(OH)3 sols can react with hydroxyl 

groups on the surface of nanoscrolls to form Fe2O3 nanoparticles and attach to the surface of 

nanoscrolls. After calcination, Fe2O3 nanoparticles grew further, corresponding to the obtained 

result of the XRD patterns. The prepared nanoscroll composite stacks open before calcinations, 

and it becomes compact via calcinations, seen in Fig.4(supporting information). From Fig.5a and 

Fig.5c, it can be considered from the side that the calcination make the composite become tight 

and the nanoscroll owns well thermal stability. The HRTEM images of NS-H4Nb6O17 indicate that 

tube-like structure is successfully prepared with the diameter of about 13~24 nm and the length of 

about 290~500 nm (Fig.5a). The lateral section of NS-H4Nb6O17 (Fig.5b) possesses dark and 

bright field, suggesting the tube-like NS-H4Nb6O17 owns the nanoscroll structure with the wall of 

varying thicknesses. When composited with Fe2O3 nanoparticles, typically spherical-shaped 

nanoparticles decorated on nanoscrolls are seen in Fig.5, and the Fe2O3 nanoparticles in these 

systems are distributed on the inside and outside walls of the nanoscrolls with different sizes in 

Fig.5d and Fig.5e. Fig.6 shows EDS spectra of NS-H4Nb6O17 and A-Fe2O3/Nb6O17. From the 

Page 7 of 20 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 8

Fig.6a, one can find that the K+ was completely removed from NS-H4Nb6O17, and the mole ratio 

of Nb:O is about 1:4.2, the excess oxygen may be duo to the adsorbed H2O. The EDS spectrum 

reveals that the A-Fe2O3/Nb6O17 nanoscroll composite contains iron. It is revealed that the 

composited nanoparticles belong to Fe2O3 based on the results of XRD. The mole ratio of 

Fe:Nb:O is about 1:1.6:4.8. It is clearly seen that the Fe element is partially lost in the prepared 

process, and the lower mount of oxygen may be owing to the chemical reaction between Fe(OH)3 

sols and nanoscrolls, and Nb-O-Fe may be formed. 
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   Fig.5 HRTEM images of the as-prepared samples(a and b. NS-H4Nb6O17; c, d and e. A-Fe2O3/Nb6O17).  
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Fig.6 EDS spectra of NS-H4Nb6O17 and A-Fe2O3/Nb6O17. 

3.3 N2 adsorption-desorption isotherms of as-prepared samples 

N2 adsorption-desorption isotherms of as-prepared samples are shown in Fig.7. The 

isotherms of the as-prepared samples exhibit a type IV isotherm due to the mesoporosity. As it can 

be seen, adsorbtion saturation is not reached in the range of higher relative pressure, all of them 

exhibit an IUPAC type H3 hysteresis loop in the range of 0.4~1.0, it may be ascribed to the 

existence of tube-shaped mesopores. From the Table 1, the BET specific surface area of the 

A-Fe2O3/Nb6O17 is 114 m2·g-1, and ~2 times larger than that of NS-H4Nb6O17 (64 m2·g-1
). The total 

pore volume of composites (0.41 cm3·g-1) is larger than that of NS-H4Nb6O17 (0.32 cm3·g-1). This 

may be originated from assembling nanoscroll with oxide nanoparticles.  

As it can be seen from the pore size distribution curves, both of them are consistent with 

mesoporous materials. The NS-H4Nb6O17 shows two pore size distribution peaks with pore 
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diameter of ca. 3.7 nm and 13.2 nm. A mesoporous structure with the pore diameter of 3.7 nm, is 

still retained in composites. This may be the well-known artificial peak attribute to tensile strength 

effect[21 ,22 ], which is disappeared for pore size distribution curve calculated by adsorption 

branches. And a broad peak with the pore diameter of 13.2 nm in the NS-H4Nb6O17 may be 

attributed to diameter of nanoscroll structure, corresponding to the HRTEM of NS-H4Nb6O17. 

After compositing with Fe2O3 nanoparticles, this broad peak with the pore diameter of 13.2 nm 

shifted to 8.5 nm may be derived from assembling nanoscroll with oxide nanoparticles, fractional 

nanoparticles are decorated on the inside surfaces of the nanoscrolls according to the HRTEM of 

A-Fe2O3/Nb6O17. 
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Fig.7: N2 adsorption-desorption isotherm of NS-H4Nb6O17(a) and A-Fe2O3/Nb6O17(b). The inset indicates the pore 

size distribution curves. 

  
Table 1 Parameters obtained from N2 desorption measurements 

Sample Surface areaa(m2·g-1) Pore volumeb(cm3·g-1) 

NS-H4Nb6O17 64 0.32 

A-Fe2O3/Nb6O17 114 0.41 

a BET specific surface area calculated from the linear part of BET plot.  

b Total pore volume taken from the volume of N2 adsorbed at p/p0 = 0.99.  

 

3.4 Skeleton characteristics of as-prepared samples 

The skeleton characteristics of composites were studied by Raman spectroscopy, which is 

shown in Fig.8. The strongest characteristic band of K4Nb6O17 is around 877 cm-1, which belongs 

to the stretching vibration of shorter Nb-O terminal group. The bands in 500-700 cm-1 correspond 
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to the stretching vibrations of the longer Nb-O in NbO6 octahedra unit. The other bands in 

180-480 cm-1 belong to the bending vibrations and librational modes of NbO6 octahedra unit[23]. A 

new Raman band exists at around 940 cm-1 in the Raman spectrum of H4Nb6O17 is attributed to 

the replacing of K+ by H3O
+ after the ion-exchange reaction, the terminal Nb-O bond become the 

Nb-O…H bond and further formed Nb-OH bond[24].  

In order to further investigate the interaction between nanoscroll support and Fe2O3 

nanoparticle, the curves fitted from 1100 to 800 cm-1 and 350 to 100 cm-1 are also shown in Fig.8. 

The strong band around 881 cm-1 in the Raman spectra of NS-H4Nb6O17 is assigned to stretching 

vibration of shorter Nb-O terminal group. A shoulder band at 928 cm-1 is assigned to Nb-OH bond 

driven from hydrous shorter Nb-O terminal group. The bands at 145 cm-1 may be due to the 

contribution of translational motions of the Nb atoms. When the nanoscroll composited with 

Fe(OH)3 sols, the Nb-OH bond is blue-shifted to 935 cm-1 in B-Fe2O3/Nb6O17. The result indicates 

that the Fe(OH)3 sols have interacted with Nb-OH bonds. The bands at 268 cm-1 have disappeared 

while a new broaden band has emerged at 274 cm-1. The later band may be a merged band 

composed of the band of crystalline Fe2O3 nanoparticles and the band of NS-H4Nb6O17 at 268 

cm-1. The bands at 224 cm-1 and 295 cm-1, corresponding to the band of α-Fe2O3 in 

A-Fe2O3/Nb6O17, are blue-shifted ca. 5 cm-1 and 10 cm-1 compared to pure α-Fe2O3, respectively. 

This corresponded to an XRD-pattern which parameters have slightly changed. The Nb-OH bond 

is further blue-shifted to 953 cm-1, and the Nb-O terminal band is blue-shifted to 897 cm-1, the 

intensities of Nb-O terminal bond and Nb-OH bond are weaken obviously. Due to the higher 

electronegativity of Fe as compared to Nb, the strength of the Nb-O bond is enhanced and 

blue-shifted. So the interaction between Fe2O3 and nanoscrolls are obviously enhanced, and the 

chemical band of Nb-O-Fe may be formed. Further analysis points out that there exists a new 

broaden band at 239 cm-1 in A-Fe2O3/Nb6O17, which is also assigned to the merged band between 

the band of NS-H4Nb6O17 at 268 cm-1 and 209 cm-1. 
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Fig.8 Raman spectra and fitted curves of as-prepared samples. 

3.5 Optical characterization of as-prepared samples 

The spectral response characteristics of as-prepared samples was investigated by the method 

of UV–vis DRS, and results are shown in Fig.9. The analysed results are displayed in Table 2 

using the equation △E = 1240 / λ (nm). Obvious red shifts are observed for the B-Fe2O3/Nb6O17 

Page 13 of 20 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



 14 

and A-Fe2O3/Nb6O17 (with the band gap of 1.86 eV and 1.82 eV, respectively), indicating that the 

introduced Fe2O3 nanoparticles decline the band gap of the composites and the interaction 

between Fe2O3 nanoparticles and nanoscrolls are existed in composites. The absorption edge of 

Fe2O3/Nb6O17 composites only exhibit slight variation before and after calcinations (band gap 

from 1.86 eV to 1.82 eV). It may be explained the B-Fe2O3/Nb6O17 owns relatively stronger 

interaction and Fe(OH)3 sols were partially turned into Fe2O3 crystal, the calcination is inadequate 

to significantly adjust the band gap of samples.  
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Fig.9 UV–vis–DRS of as-prepared samples. 

 

Table 2 The absorption edge and the band gap energy of as-prepared samples. 

Samples Adsorption edge(λ/nm) Band gap/eV 

K4Nb6O17 400 3.10 

H4Nb6O17 390 3.18 

NS-H4Nb6O17 380 3.26 

B-Fe2O3/Nb6O17 667 1.86 

A-Fe2O3/Nb6O17 680 1.82 

 

3.6 Photocatalytic activity 

The photocatalytic activity of as-prepared samples was evaluated from the rate of 

photodegradation of MB under visible light irradiation (Fig.10). As it can be seen, the degradation 
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rates of MB over the as-prepared composites (~77% and ~85% after 240 min, respectively) are 

much higher than that over NS-H4Nb6O17 and Fe2O3(~45% and 63% after 240min, respectively). 

It may be because the composites have stronger visible light absorption capacity, larger specific 

surface areas. The rate of MB degradation over A-Fe2O3/Nb6O17 is slightly higher than that over 

B-Fe2O3/Nb6O17, which may be due to the enhanced interaction after calcinations. 
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Fig.10 The photocatalytic degradation of MB over the as-prepared samples under visible light (λ＞400 nm) 

irradiation. 

3.7 Possible assembly mechanism 

     The prepared process of composites is schematically illustrated in Fig.11. According to the 

HRTEM, the Fe2O3 nanoparticles are distributed on the inside and outside surfaces of the 

nanoscrolls. A mass of hydroxyl groups (such as Nb-OH), which is well known, are exposed at the 

surface of nanoscrolls. The hydroxyl groups Nb-OH can be formed by the hydrous terminal 

Nb-O…H2O
 groups. The “hydroxyl titration” model suppose that the surface metal oxide species 

primarily coordinate to the oxide supports by titrating the surface hydroxyls of the supports[25]. 

Previous studies[26] have shown that Nb2O5/SiO2 was prepared by cross-condensation of surface 

hydroxyl groups of the SiO2 support with the surface hydroxyl entities of Nb2O5, and the surface 

hydroxyl groups of SiO2 support with stronger activity are easier to react with niobia species. Due 

to higher acidity of niobate, cross-condensation of the hydroxyl entities of Fe2O3 with Nb6O17 is 

potentially easier. Considering the result above-mentioned in the Raman of the as-prepared 

composites that the terminal Nb-O band and terminal hydroxyl groups (Nb-OH) are obviously 
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weaken and shifted, the terminal hydroxyl groups (Nb-OH) may own stronger activity to interact 

with the oxide sols. So the terminal hydroxyl groups (Nb-OH) may become the active sites of 

dispersing oxide nanoparticles. However, the interactions between oxide sols and nanoscrolls are 

relatively weak before calcinations. When the composite is calcined, the reaction between 

hydroxyl groups of oxide sols and nanoscrolls is enhanced. At the meantime, the oxide sols 

further turned into oxide nanoparticles, and the oxide nanoparticles continued to grow. 

K4Nb6O17
Nanosheets sols

Acidification

Exfoliation

Preformed nanoscrolls

Fe(OH)3 sols

Composite

Calcination

Fe2O3/Nb6O17

 

Fig.11 Schematic diagram of assembly mechanism for composite. 

4. Conclusion 

Composites are successfully prepared via combining the nanoscrolls sols with oxide sols at 

moderate conditions. Fe2O3 nanoparticles are distributed on the inside and outside surfaces of the 

nanoscrolls with different sizes. The pore volumes and specific surface areas are increased. The 

absorption edge of the as-prepared composites exist apparent red shift compared to support 

NS-H4Nb6O17. The absorption edge of A-Fe2O3/Nb6O17 was further red-shifted compared to 

B-Fe2O3/Nb6O17 due to the enhanced interactions. It has a very promising application in the 

photocatalytic field. The work reveals that the composite own strong interactions between oxide 

and nanoscrolls via combining oxide with Nb-OH terminal band. An assembly mechanism of 

nanoscroll with oxide nanoparticles is supposed through scrolling the exfoliated Nb6O17
4- 

nanosheets sols into nanoscrolls prior to assembly. The surface hydroxyl groups of nanoscrolls 

play important role in compositing with oxide nanoparticles.  
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The inset indicates the pore size distribution curves. 

Fig.8: Raman spectra and fitted curves of as-prepared samples. 

Fig.9: UV–vis–DRS of as-prepared samples. 

Fig.10: The photocatalytic degradation of MB over the as-prepared samples under 
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Fe2O3 nanoparticles are crosslinked to the niobate nanoscroll surface by associated with terminal 

Nb-OH groups. 
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