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a b s t r a c t
In the present work, an original method for the preparation of Fe-LDH composites is discussed. 
The method is based on chemical modification of layered double hydroxides (LDH). The obtained 
composites are investigated by scanning electron microscopy and energy-dispersive spectroscopy, 
X-ray photoelectron spectroscopy, and X-ray powder diffraction patterns. The results reveal that 
the surface of LDH/GO composites are uniformly assembled by needle-like a-FeOOH with length 
in the range of 150–300 nm. The loading capacity of a-FeOOH is about 564 mg-Fe/g.
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1. Introduction

Fe-based materials have been used in many areas owing 
to their interesting physical properties, electrochemical cat-
alytic activities, and feasibilities for mass production with 
low cost [1–3]. Goethite is a common Fe(Ⅲ) oxide-hydrox-
ide (a-FeOOH) in soils and sediments, which shows excellent 
performance in catalysis [1], adsorption [4], supercapac-
itor [5] and many other fields. Wang et al. demonstrated 
a-FeOOH crystal show catalytic activity superior to Fe3O4 
and Fe2O3 [6]. Granular a-FeOOH has been successfully used 
as catalyst for decomposition of aqueous ozone solution, 
which enhances the catalyst loading from 2 to 30  g/L and 
increases the percentage of ozone decomposition from 53.2% 
to 98% [7]. Iron-oxide-based nanoparticles have attracted 
attentions owing to their huge specific surface area result-
ing from their small sizes [8]. However, their small size and 
instability restrict their use in real application. In order to 
overcome these difficulties, the iron oxide nanoparticles 
have been tried to load on other substrates, such as zeolite, 
mesoporous silica, polymeric materials and so on. Hybrid 
materials composed of FeOOH have been suggested as 
catalysts for oxygen reduction reactions. Lee et al. [1] pre-
pare novel FeOOH/reduced graphene oxide hybrids, which 

show good electrochemical catalytic activity. However, the 
preparation of the hybrid materials usually requires high 
temperature treatment and complicated operation. Hybrids 
of graphene oxides (GO) and layered double hydroxides 
(LDHs) are promising materials due to their versatile prop-
erties, which are considered as a potential building block 
for new materials. There have been rare articles on the syn-
thesis and application of Fe-based LDH-GO materials.

Herein, we report a simple, effective and environ-
ment-friendly method for preparing LDH/GO@a-FeOOH 
composites by ultrasonic-assisted in situ hydrolysis of the 
precursor ferrous iron on LDH-GO sheets. To the best of 
our knowledge, it is the first time to report the synthesis of 
ultrathin LDH/GO@a-FeOOH composites via a one-pot fac-
ile hydrothermal method without the use of any adscititious 
surfactants or templates.

2. Material and methods

Purified natural graphite powder is purchased from 
Sinopharm Chemical Reagent Co., Ltd., (China). Other 
reagents are analytical grade and purchased from Sigma-
Aldrich (Shanghai) Co., Ltd., without further purification.
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GO is synthesized by Hummers methods as described 
elsewhere [9]. The LDH/GO composites are synthesized 
via co-precipitation method [10]. For fabrication of LDH/
GO@a-FeOOH, 0.5  g synthesized LDH/GO is added to 

1,000  mg/L FeCl2·4H2O solutions. The mixed solution is 
stirred for 24 h at 25°C, and then is sonicated for 1 h. The 
precipitate is centrifuged, washed with deionized water 
thoroughly with distilled water until the washings are neu-
tral. The precipitate is then vacuum dried overnight. The 
resulting powder is designated as LDH/GO@a-FeOOH. The 
a-FeOOH are uniformly self-assembled on the surface of 
LDH/GO nanosheets. The loading capacity of a-FeOOH is 
calculated to be 564 mg-Fe/g.

The images of synthesized samples are captured by a 
scanning electron microscope (SEM) (JSM-7500F, Japan). The 
X-ray powder diffraction (XRD) patterns are carried out by 
a powder diffractometer using Cu Kα radiation at a scan-
ning speed of 2°min−1 (PANalytical B.V., Holland). The X-ray 
photoelectron spectroscopy (XPS) tests are measured on an 
AXIS Ultra DLD (Shimadu, Japan) using monochromatic 
Al Ka X-ray source.

3. Results

The powder XRD patterns of the synthesized samples 
are illustrates in Fig. 1. The LDH/GO particles are princi-
pally composed of a hexagonal LDHs phase. The LDH/GO 
exhibits well-developed layer structure with narrow, sym-
metric, strong peaks at low 2θ values reflection and weaker, 
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Fig. 1. X-ray powder diffraction patterns of the synthesized 
composites.
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Fig. 2. (a) Wide scan, (b) Fe 2p and (c) O 1s X-ray photoelectron spectroscopy spectra of the synthesized composites.
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less symmetric lines at high 2θ values [11]. The main phases 
of LDH/GO@a-FeOOH are indexed as FeOOH [8,12], and 
there is no conspicuous peak attributed to the LDH/GO, 
suggesting the FeOOH totally covered and replaced the 
LDH/GO phases.

Fig. 2a shows the survey XPS spectra of LDH/GO and 
LDH/GO@a-FeOOH composites. The most significant fea-
tures in these spectrums are the Fe 2p, O 1s, and C 1s signals. 
The peaks due to Fe reveal the presence of Fe species in the 
obtained composites. The detail spectra of the Fe 2p is illus-
trated in Fig. 2b. The peaks observed at ~725 and ~711 eV can 
be assigned to Fe 2p1/2 and Fe 2p3/2, respectively, in good 
agreement with the binding energy values of Fe3+ in FeOOH 
[8,13]. In addition, the satellite peak of Fe 2p1/2 at ~733 eV 
and satellite peak of Fe 2p3/2 at ~719 eV are also seen [13]. 
The O 1s peaks (Fig. 2c) are fitted with Fe–O at 529.9  eV 
and Fe–OH at 531.5 eV for a-FeOOH.

The morphologies of the obtained samples are investi-
gated by SEM observation. SEM image of the LDH/GO (Fig. 
3a) shows that the LDH sheets arrays grow on both sides of 
the graphene oxides sheets. The inhomogenous flakes are 
smooth and flat. The GO sheets avoid the flakes stacked 
together to form agglomerates to some extent [14]. The nee-
dle-like FeOOH can be observed on the surface of LDH/
GO@a-FeOOH. Fig. 3b presents the morphology of the LDH/

GO@a-FeOOH composites, which shows a needle-like mor-
phology with homogeneous size distribution. The lengths 
of the needles are in the range of 150–300 nm.

4. Conclusions

In summary, we have developed a simple one-pot, green 
method for the synthesis of the LDH/GO@a-FeOOH compos-
ites. What is worth to mention is that the loading capacity of 
a-FeOOH on LDH/GO is large, which is about 564 mg-Fe/g. 
It is found that the needle-like a-FeOOH with lengths in 
the range of 150–300  nm are fully and homogenously coat 
with LDH/GO composites. The results of XRD and XPS con-
firm the deposition of a-FeOOH on the surface of LDH/GO. 
The results of XPS show the existence of the Fe3+ valence 
state, and the estimated amount of iron in the composite is 
12.74% (atomic%). The superiority of this system lies in the 
fact that the combination of the properties of two functional 
materials can be used to achieve a wide range of application.
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Fig. 3. Scanning electron microscope of (a) LDH/GO and 
(b) a-FeOOH/LDH/GO.
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