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Abstract

The exceptional mechanical and electrical nature of grapheme makes it a via-
ble candidate for enhancing the effectiveness of electrode material. In recent
years, Graphene based SiO, nanocomposites is a research hot topic of anode
materials in lithium-ion batteries. In this paper, the amorphous SiO, nanos-
pheres/graphene composite was synthesized by hydrothermal method.
Amorphous SiO, is attached to the surface of graphene with a spherical struc-
ture and its average diameter is about 200 nm. The weight of SiO, in the na-
nospheres composite is about 43%. Electrochemical tests showed that the
amorphous SiO, nanospheres/graphene composite exhibited the first charge
and discharge capacity is respectively 329.5 mAhg™ and 444.1 mAhg™’, and
remain at 257.8 mAhg™' and 274.6 mAhg™ for 50 cycles at a current density
of 200 mAg™". The amorphous SiO, nanospheres/graphene composite struc-
ture is novelty and the results are of great significance to the preparation and
application of new anode materials.
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1. Introduction

As one kind of acidic non-metallic oxide, Silicon dioxide (SiO,) is mainly in the
form of crystalline and amorphous. The chemical properties of crystalline SiO,
are relatively stable, while the structure of amorphous SiO, is irregularly conti-
nuous network one, which has higher activity than crystalline SiO,. Due to its

low conductivity, SiO, had been considered difficult to use as electrode material.
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However, previous studies have proposed that compared with crystalline silicon
oxide, amorphous SiO, is favored in industry with respect to cycling stability [1].
And the size and crystal structure of the SiO, have a significant impact on its
electrochemical performance [2] [3]. SiO, nanoparticles were found to react with
Li in the voltage range of 0 - 1 V and the n-Si/Li system has a lower and essen-
tially constant electrochemical potential relative to Li/Li", which is advantageous
for use as anode materials in Li-based batteries [4]. In order to explore the ap-
plication of SiO, in electrode materials, graphene based SiO, nanocomposites
have recently been studied in detail for applications in lithium-ion batteries, e.g.,
SiO, nanoparticles/graphene [5] [6], SiO, nanospheres/graphene [7] [8] and
ternary composites [9] [10]

Herein, we employed the hydrothermal method to fabricate amorphous SiO,
nanospheres/grapheme (a-SiO,@G) nanocomposite for the first time, in which
the diameter of SiO, is about 200 nm. The synthesis process and the structure
character of a-SiO,@G were studied in detail. Meanwhile, the electrochemical

performance of a-SiO,@G as anode for LIBs has also been evaluated.

2. Experimental

Graphite oxide (GO) was prepared from powdered flake graphite (Qingdao Jinri
Graphite Co., Ltd, China) by the modified Hummer’s method. Sodium dodecyl
sulfate (SDS, AR), Tetraethylorthosilicate (TEOS, AR) and NaOH (AR) were
purchased from Sinopharm Chemical Reagent Co. Ltd., China. All reagents were
used without further purification. The obtained GO (30 mg) was added into dis-
tilled water (3 ml) with ethanol (30 ml) respectively, 25 mg sodium dodecyl sul-
fate was then added, followed by 1 h ultra-sonication to make a homogeneous
suspension. Then, 25 ml TEOS and 3 mg NaOH were added into the suspension
respectively. After 15 min of ultrasonic treatment, the mixture was dissolved in
the mixture under magnetic stirring at room temperature for 2 h. Finally, the
resulting solution was transferred to 100 ml Teflon-lined stainless steel autoclave
for the hydrothermal reaction. The autoclave was sealed and heated at 160°C for
12 h in an electrical oven. After heating treatment, the autoclave was cooled to
room temperature. Black products were obtained by centrifugation, washed with
distilled water 3 times prior to be dried in vacuum at 60°C for 12 h.

The products were characterized by X-ray diffraction (XRD, RigakuD/ MAX-RC,
Japan) with Cu Ka radiation (1 = 1.518 A), as well as field emission scanning
electron microscopy (FE-SEM, HITACHISU8020, Japan), and transmission
electron microscopy (TEM, JEOLJEM-2100F, Japan). Raman spectroscopy was
used to estimate the bond structure of the products (Raman, Evolution, France).
The carbon mass ratio was investigated by thermal gravimetric analysis (TGA,
STA449F3, Germany) from 25°C to 1000°C. A Nova 2200e specific surface area
tester (USA) was used to measure surface area of samples using Braunauer-Emmet-
Teller (BET,) method.

To evaluate the electrochemical performance of the composites, the samples
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were mixed with acetylene black (Lion Co., Japan) and polyvinylidene fluoride
(PVDF, Defulong anti-corrosion equipment Co. Ltd., China) in a weight ratio of
7:2:1 in N-methylpyrrolidinone (NMP, Maigi Technology Co. Ltd., China) sol-
vent. Then, the slurry was uniformly cast on a copper foil and dried at 90°C un-
der vacuum for 12 h. The coin cells were assembled inside an argon-filled glo-
vebox using lithium metal foil as the counter electrode and the polypropylene as
the separator. The electrolyte was 1 M LiPF, dissolved in ethylene carbonate and
dimethyl carbonate (LiPF/EC + DEC, Huarong New Chemical Materials Co.,
China) solvent (1:1 volume ratio). Finally, galvostatical charge/discharge were
carried out at a current rate of 200 mAg™, in a potential range of 0.01 V - 3.00 V
(vs. Li*/Li) on a Land CT2001A system (Neware Technology Co. Ltd. China)

3. Results and Discussion

Morphological investigations have been carried out to understand the shape and
structure of a-SiO,@G composites. Figure 1(a) illustrates that the prepared SiO,
shows spherical shape, monodispersed nanospheres with the diameter about 200
nm. The TEM image of graphene is displayed inset of Figure 1(a) and it can be
seen that the graphene in the nanocomposite structure is an obvious lamellar
structure with many folds on its surface. The semi-transparent graphene sheets
with anchored SiO, nanospheres are clearly visible in Figure 1(b), thereby con-
firming the attachment of SiO, nanospheres to the surface of grapheme.

The crystalline of prepared samples is analyzed in the range of 5° - 80° as de-
picted in. From the natural graphite XRD pattern of graph (Figure 2(a)), it is
easy to distinguish the characteristic diffraction peaks of natural graphite, and
the Bragg diffraction angles 26 are located at 26.4° and 43.3°, respectively, cor-
responding to (002) and (100) two characteristic peaks. It can be seen that GO
exhibits the typical (002) reflection at 26 = 10.9°. According to Prague’s law
(2dsin@ =nA), the corresponding interlayer distance is calculated to be 0.8117
nm, which is bigger than the previous works [11]. We think that a large amount
of oxygen-containing groups are interposed between the carbon layers during
the oxidation of the natural graphite, resulting in an increase in the interlayer
spacing of the graphite. The diffraction angle of the diffraction peak in the XRD
pattern shifted from 11.54° to 10.9°. It is further explained that the oxidation of

Figure 1. The FE-SEM (a) and TEM (b) images of a-SiO,@G composites.
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Figure 2. The XRD patterns (a) of graphite, GO, a-SiO,@G composites and the Raman
spectra of GO, a-Si0,@G composites.

graphite prepared by the improved Hummers method is highly oxidized. The
XRD pattern of the a-SiO,@G composites has a broading peak between 26 = 15°
and 30°. The broad XRD peak at 26 = 22.5° matches well with that of the SiO,
spheres [7] and indicates that the structure is amorphous.

The structure of GO and a-$i0,@G composites was further studied by Raman
spectra in Figure 2(b). Both Raman spectra of GO and a-SiO,@G composites
exhibit two obvious peaks corresponded to the disordered D band G band of
carbon. The GO has the D-band and G-band located at 1323 cm'and 1586 cm™
respectively. The a-5i0,@G composites have the D-sband and G-band located at
1343 cm™" and 1584 cm™ respectively. As we known, the D peak is caused by de-
fects of sp? carbon atom structure rGO, while G peak is related to the in-plane
vibration of sp” carbon atom [12]. We can see that the intensity ratio of the D to
the G band (I¢/Ip) of a-SiO,@G composites (1.044) is lower than 1.309 of GO,
indicating that the defect of graphene in a-SiO,@G composites was significantly
reduced compared with that of GO. The band at 2893 cm™' corresponding to the
2D peak indicates the multilayer structure of rGO in the a-SiO,@G composites
[13]. According to the empirical formula:

W =1581.6+11/(1+n*)

where w;; is the value of G peak(1584),we can get that n = 2.2. It also means that
the graphene in a-SiO,@G composite structure has fewer layers and higher qual-
ity.

To determine the amorphous carbon mass ratio in the a-SnO,@G composites,
thermogravimetric analysis(TGA)is carried out with a temperature ramp of
10°C/min and nitrogen is used as protective gas. As shown in Figure 3(a),
a-Sn0,@G composites began to lose weight even under 100°C due to the ther-
mal instability of GO, the occurrence of a weight loss of about 3% is attributed to
release of the absorbed gases or moisture on the surface of the a-SiO,@G [14].
From 100°C to 300°C, the TGA curve declines slowly because of the decomposi-
tion of a small amount of oxygen containing functional groups of graphene [15].
The weight loss at 300°C - 900°C is attributed to decomposition of graphene and
the ratio of absorbed water, rGO and the SiO, in the nanospheres composite is
~3%, ~54%, and ~43% respectively.
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Figure 3. TGA curve and nitrogen adsorption-desorption isotherm of a-SiO,@G compo-
sites.
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Figure 4. The cycle performance, columbic efficiency (a) and rate performance (b) of
a-5i0,@G composites.

Figure 3(b) shows the nitrogen adsorption-desorption curves and pore size
distribution of the a-SiO,@G composites. The N, adsorption-desorption iso-
therm for a-SiO,@G is of type IV classification with H1 hysteresis (P/P, = 0.4 -
0.90), indicating that there are a lot of mesopores existing in the composites [16].
As shown in the Figure 3(b) (inset), the narrow pore size distributions appear in
the a-Si0,@G curves with the maximum value located at 2 nm from the adsorp-
tion isotherm. The a-SiO,@G composites exhibit higher surface area (Sgr =4
80.880 m’g™") and its pore average diameter is 2.587 nm by the BET method.

The cycle performance and columbic efficiency (CE) of a-SiO,@G composites
are exhibited in Figure 4(a). It can be seen that the a-SiO,@G composite de-
monstrates a relatively high initial discharge and charge capacity of 444.1
mAhg™ and 329.5 mAhg™ respectively. The high initial CE (74.2%), which is
higher than SiO,@C composites [17] [18], is attributed to the large specific sur-
face area and porous structure of the a-SiO,@G. The cyclic performance of the
a-Si0,@G composites is relatively stable, and the efficiency of CE has risen to
96.4% in the second cycle. After 50 cycles, the irreversible capacity decreased to
257.8 mAhg™' and the CE is 93.8%. As shown in Figure 4(b), the a-SiO,@G
anode exhibits specific capacities of 329.5, 261.6, 244.5 and 239.8 mAhg™, at
rates of 200, 400, 800 and 1600 mA g~' respectively. The specific capacity well
recovers to 246 mAhg™" when the rate is decreased from 1600 mA g™' to 200 mA
g'. The higher surface area of the a-SiO,@G composites is beneficial to the full

contact with the electrolyte and the porous structure is expected to offer enough

DOI: 10.4236/msa.2017.813070

963 Materials Sciences and Applications


https://doi.org/10.4236/msa.2017.813070

Y. W. Yangetal.

open channels as passage of electrolyte for the electrochemical reactions and

suppressed the volume changes, thus accelerating the diffusion rate of lithiumions.

4. Conclusion

In summary, high surface area a-SiO,@G composite has been successfully pre-
pared by a hydrothermal technique and investigated as anode materials for LIBs.
The amorphous SiO, nanospheres with a diameter of 200 nm were embedded in
the rGO sheets, building a stable composite structure. And the graphene in
a-5i0,@G composite structure has fewer layers and higher quality. Electro-
chemical measurement displays that the improved cycling performance is attri-

buted to two main factors, such as large surface areas and porous structures.
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