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A one-step dealloying method is employed to conveniently fabricate bimodal porous (BP) Si/Ag 

composite in high throughput under mild condition. Upon dealloying the carefully designed SiAgAl 

ternary alloy in HCl solution at room temperature, the obtained Si/Ag composite has a uniform 

bicontinuous porous structure in three dimensions with micro-nano bimodal pore size distribution. 

Compared with the traditional preparation methods for porous Si and Si-based composites, this dealloying 10 

route is easy operating and environmentally benign. More importantly, it is convenient to realize the 

controllable component and uniform distribution of Si and Ag in the product. Owing to the rich porosity 

of the unique BP structure and incorporation of well conductive Ag, the as-made Si/Ag composite 

possesses the improved conductivity and alleviated volume changes of Si network during the repeating 

charging and discharging process. As expected, the BP Si/Ag anode exhibits high capacity, excellent 15 

cycling reversibility, long cycling life and good rate capability for lithium storage. When the current rate 

is up to 1 A g-1, BP Si/Ag can deliver a stable reversible capacity above 1000 mA h g-1, and exhibits a 

capacity retention up to 89.2 % against the highest capacity after 200 cycles. With the advantages of 

unique performance and easy preparation, the BP Si/Ag composite holds great application potential as an 

advanced anode material for Li-ion batteries. 20 

1. Introduction 

Li-ion batteries (LIBs) have been widespread employed as power 
supply in portable electronics and mobile communication 
devices.1,2 At present, graphite-like materials represent the class 
of main anode materials in commercialized LIBs, however, a low 25 

theoretical capacity of 372 mA h g-1 for these materials has 
limited the broad development of LIBs to meet the ever 
increasing requirements for high power sources.3 Therefore, great 
efforts have been made to explore highly efficient anode 
materials in terms of high capacity, high energy density, and long 30 

cycling life. As so far, a variety of anode materials for LIBs have 
been reported, such as metal oxides, tin-based and silicon-based 
materials, etc.4 Among these materials, silicon has received 
growing attentions as promising alternative anode material with 
the advantages of the theoretical capacity as high as 4200 mA h g-

35 

1 and low discharge potential. However, its low electric 
conductivity and large volume changes owing to Li alloying and 
dealloying reactions commonly cause the serious capacity 
degradation, especially at high current densities.5,6 
  In order to solve these problems of silicon anode materials, 40 

introducing a well-conductive coating material to modify the 
electric connectivity of Si is one of effective strategies to improve 
their electrochemical performances.7-10 Among various coating 
materials, Ag has attracted great attentions due to its excellent 
electric conductivity and negligible effects on the lithium storage 45 

behaviors of Si.11-15 In addition, the development of Si 

nanomaterials with desirable morphologies has been used to 
alleviate the large volume changes of Si.16-18 Compared with 
bulky Si anodes, nanostructured Si has a shorter Li+ diffusion 
distance and higher electroactivity, meanwhile, the nanostructure 50 

is beneficial for relieving the absolute volume variation from 
lithiation. Compared with Si nanomaterials, bulky Si materials 
can be packed more densely on the current collector against 
collapse, and have the higher volumetric energy density and 
fewer undesirable surface reactions due to the low surface 55 

areas.19,20 Consequently, it is essential to achieve the optimized 
performance of Si anode by engineering its morphology coupled 
with the advantages of microscaled and nanoscaled Si materials 
as well as incorporating well conductive species. 
  Inspired by the stated above, in current work we focus on 60 

designing Si/Ag nanoporous composite with microscaled 
structure in three dimensions. Although many methods have been 
explored for preparing porous Si, realizing a controllable and 
convenient synthesis still remains a great challenge. For example, 
a magnesiothermic reduction method of SiO2 was successfully 65 

employed to obtain porous Si materials, but the process required 
an oxygen-free environment and a high temperature,21 while the 
dominant Si etching techniques always need fluorine-based 
solutions, which is unfriendly considering the green synthesis.22,23 
Meanwhile, the Ag nanoparticles of the Si/Ag composites were 70 

mainly introduced by silver mirror reaction using toxic organics 
as reductants,12,13 such as aldehydes. Therefore, it is preferable to 
use a simple and environmentally benign method to fabricate the 
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expected Si/Ag composite. Dealloying method has demonstrated 
to be a powerful and versatile technique for preparing porous 
metal materials by careful design of the source precursor 
alloys.24,25 More importantly, the as-made samples represent an 
interesting class of bulky microscaled materials with 5 

interconnected hollow channels and nanoscaled backbone run 
through along all three dimensions. 
  Herein, a simple one-step dealloying method is employed to 
fabricate bimodal porous (BP) Si/Ag composite in high 
throughput under mild condition. The Si/Ag product presents an 10 

open bicontinuous network structure with micro-nano bimodal 
pore size distribution upon dealloying the carefully designed 
SiAgAl ternary alloy in HCl solution. It is noteworthy that this 
simple approach is easy to realize the controllable component and 
the uniform distribution of Si and Ag in the Si/Ag product. The 15 

rich porosity and incorporation of well conductive Ag are 
beneficial for improving the conductivity of Si and alleviating the 
volume changes during the repeating charge and discharge cycles. 
As expected, electrochemical measurements demonstrate that the 
as-made BP Si/Ag composite has the high capacity, excellent 20 

cycling reversibility, long cycling life and good rate capability for 
lithium storage. 

2. Experimental Section 

  2.1 Sample preparation 

  Si10Al90 and Si8Ag2Al90 (atomic percentage) alloy foils with ~50 25 

mm in thickness were prepared by refining pure (> 99.99 %) Si, 
Ag, and Al in medium frequency induction furnace, respectively, 
followed by melt-spinning at 1600 r under a protective argon 
atmosphere. Si10Al90 and Si8Ag2Al90 were selectively etched in 
0.1 mol L-1 HCl solutions at room temperature for 10 h, 30 

respectively. Finally, the products were washed several times 
with ultra-pure water (18.2 M Ohm) and dried at room 
temperature in air. 

 2.2 Characterization 

  Powder X-ray diffraction (XRD) was carried out with a Bruker 35 

D8 advanced X-ray diffractometer using Cu Ka radiation at a step 
rate of 0.04 °s-1. The morphology and structure of the product 
were observed through field emission scanning electron 
microscopy (SEM, JEOL JSM-7600F) with an energy-dispersive 
X-ray spectrometer (EDS) for compositional analysis. The 40 

elemental mapping was obtained using a FEI QUANTA FEG250 
scanning electron microscope equipped with an INCA Energy X-
MAX-50 X-ray spectroscopy analyzer. High resolution 
transmission electron microscopy (HRTEM) images were 
obtained with a JEM-2100 high resolution transmission electron 45 

microscope (200 kV). Surface structural properties of the BP-
SiAg composite was analyzed by means of an X-ray 
photoelectron spectrometer (XPS, ESCALab250), using a 
monochromatized MgKa X-ray as the excitation source and 
choosing C1s (284.60 eV) as the reference line. The surface areas 50 

and pore sizes were measured using a Quadrasorb SI-MP Surface 
Area and Pore Size Analyzer (Quantachrome Instruments) using 
the Brunauer-Emmett-Teller (BET) method. 

  2.3 Electrochemical tests 

  The electrochemical behavior versus Li was measured using 55 

coin-type cells (size: 2032). To prepare the working electrodes, 
the active Si or Si/Ag powders, acetylene black and sodium 
alginate were mixed in a weight ratio of 7:1.5:1.5 in ultrapure 
water. After the slurry was mixed uniformly, it was coated onto a 
piece of Cu foil and dried under vacuum at 80 oC for 12 h. The 60 

separator was a Celgard 2300 microporous membrane. The 
electrolyte was composed of 1 mol L-1 LiPF6 dissolved in 
ethylene carbonate (EC)-dimethyl carbonate (DMC)-ethylene 
methyl carbonate (EMC) with the volume ratio of 1:1:1. The cells 
were constructed in an Ar filled humidity-free glove box. The 65 

cells were cycled galvanostatically between 0.01 and 3 V using a 
NEWARE BTS 5V-50 mA computer-controlled galvanostat 
(Shenzhen, China) at different rates at room temperature. The 
gravimetric capacities are based on per gram of Si. 
Electrochemical impedance spectroscopy (EIS) was carried out 70 

using a Princeton Applied Research spectrometer by applying an 
alternating current voltage of 10 mV in the frequency range from 
0.01 to 100 kHz. 

3. Results and Discussions 

  To achieve a simple and controllable preparation for porous 75 

Si/Ag composite, SiAgAl ternary alloy was selected as the source 
precursor. First, Al has a rich supply with relatively low price, 
thus greatly reducing the alloy fabrication cost. Considering basic 
electrolyte such as NaOH solution can react with Si, hydrochloric 
acid solution was selected as electrolyte to dealloy the source 80 

alloy as well to protect Si and Ag from corrosion and loss. In 
addition, to verify the influence of the incorporation of well 
conductive Ag on the electrochemical properties of Si electrode, 
we also fabricated porous Si material through dealloying SiAl 
binary alloy. 85 

Fig. 1 presents the resulted structure by dealloying Si8Ag2Al90 
alloy in 0.1 M HCl solution for 10 h at room temperature. As 
illustrated in the surface scanning electron microscopy (SEM) 
image (Fig. 1a), the selective corrosion of Al had successfully 
generated a bulky porous structure with the large pores around 1 90 

µm in diameter distributed on the surface. A higher magnification 
SEM image (Fig. 1b) displays its more detailed structure. It is 
interesting to find that in every large pore there is a second-order 
nanoporous structure formed with the uniform pore/ligament 
distribution. In addition, a number of nanoparticles with the 95 

diameter around 100 nm uniformly dispersed on the porous 
surface. Due to the microscaled structure size in three dimensions, 
in the element mapping image Si and Ag elements are uniformly 
dispersed in the Si/Ag product because of the element 
overlapping (Fig. 1c&d). 100 
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Fig. 1 (a,b) The SEM images, (c,d) elemental mapping, and (e,f) HRTEM 
images of the BP-Si/Ag composite by dealloying Si8Ag2Al90 alloy in 0.1 
M HCl solution for 10 h at room temperature. 

  Transmission electron microscopy (TEM) measurement was 5 

carried out to further understand this structure. As shown in Fig. 
1e, the clear contrast between the dark skeletons and inner bright 
regions indicates the formation of bicontinuous nanoporous 
structure. Similar to the observation from SEM, it is clear that 
many nanoparticles exist among the interconnected nanoscaled 10 

network. And then, high resolution TEM (HRTEM) was further 
characterized to offer the insight into the structure of Si/Ag 
composite. Fig. 1f gives the HRTEM image of the part marked by 
box 1 in Fig. 1e, in which the highly ordered lattice fringes with 
the lattice spacing of ∼0.31 nm are in according with the (111) 15 

crystal planes of a well crystallized face-centered cubic (fcc) Si 
structure. Meanwhile, the HRTEM image of the part marked by 
box 2 in Fig. 1e is presented in Fig. 1g. The clear lattice fringe 
has the spacing of ∼0.23 nm, which is in agreement with the 
lattice parameter of Ag (111) crystal planes. Consequently, the 20 

nanoparticles can be assigned to the formation of Ag 
nanoparticles. The electron microscope characterizations indicate 
that the resulted Si/Ag composite has a unique bimodal porous 
(BP) structure with the incorporation of Ag nanoparticles into the 
network backbone. The pore size distribution was also measured 25 

by BET method. As presented in Fig. S1, the pore size of Si/Ag 
composite mainly distributed at ~ 40 nm and ~ 1 µm, which were 
in good agreement with the bimodal porous structure analyzed by 
electron microscope. Its surface area was measured to be ~ 20 m2 
g-1. 30 

As stated above, dealloying SiAgAl alloy generates an 
interesting BP structure, and it is intriguing to explore the effect 
of Ag absence on the structure formation by dealloying SiAl alloy. 
Fig. 2 gives the resulted structure by dealloying Si10Al90 alloy in 
0.1 M HCl solution for 10 h at room temperature. It is clearly 35 

observed from the surface SEM image (Fig. 2a) that the resulted 
sample also has a bulky microscaled structure with 
interconnected large pores distributed on the surface. Fig. 2b 

illustrates its more detailed structure, where there is also a 
second-order nanoporous structure within every large pore. A 40 

cross-sectional SEM image (Fig. 2c) further demonstrates that 
HCl solution had penetrated the whole sample with uniform 
bicontinuous porosity extending in all dimensions upon  
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 55 

Fig. 2 (a,b) The surface SEM, (c) cross-sectional SEM, and (d) TEM 
images of the BP Si sample obtained by dealloying Si10Al90 alloy in 0.1 M 
HCl solution for 10 h at room temperature. 

 dealloying. The detailed structure was further characterized by 
TEM, in which the interconnected nanoscaled network was 60 

clearly observed. Based on the observations above, the as-made 
Si sample has inherited the BP structure with bimodal pore size 
distribution. Finally, energy-dispersive X-ray spectrometer (EDS) 
was carried out to confirm the elementary composition of the BP 
Si sample. As indicated in Fig. S2, there are Si and Al elements in 65 

the sample, but the residual Al is as low as 0.76 at.% (atomic 
percentage), indicating that most majority of Al atoms have been 
removed. 
  The crystal structures of the BP Si and BP Si/Ag samples were 
examined with the profile of SiAl and SiAgAl alloys included. 70 

From the powder X-ray diffraction (XRD) pattern of SiAl binary 
alloy (Fig. S3a), the diffraction peaks around 28.5, 47.4o and 
56.2o (2θ) can be indexed to the fcc structured Si. The diffraction 
peaks at 38.5o, 44.8o, 65.2o, 78.3o and 82.5o (2θ) can be assigned 
to Al-like fcc structure. The lattice parameter of the Al-like phase 75 

is calculated to be 4.044 Å, which is slightly less than the 4.049 Å 
of the aluminum powder, indicating the partial solubility of 
silicon in aluminum.25-27 In addition, it is noted that the intensity 
of Si diffraction peaks is much weaker than that of Al-like phase. 
Therefore, it is possible that less Si is in a phase of pure Si state, 80 

and a most majority of Si has incorporated into Al phase to form 
Al-like fcc structure. Fig. S3b gives the XRD pattern of SiAgAl 
alloy, which exhibits the similar diffraction peaks to that of SiAl 
alloy. It is noted that no diffraction peaks can be indexed to 
metallic Ag, where the Ag atoms may distribute in the crystal 85 

lattice of Al-like fcc structure. Upon dealloying, no peak from 
pure Al is observed in the products (Fig. S3c & S3d). As 
indicated in Fig. S3c, after dealloying SiAl alloy there is a set of 
diffraction peaks emerged, which can be indexed to the fcc phase 
of crystal Si. In the case of Si/Ag composite (Fig. S3d), pure Si 90 
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and Ag can be indexed, which is consistent with the HRTEM 
observation. EDS measurement (Fig. S4a) indicates that the 
composition of ternary source alloy has the component of 
Si8Ag2Al90, which is highly consistent with our initial feeding 
ratio in the refining process. Fig. S4b shows that the atomic ratio 5 

between Si and Ag upon dealloying is in agreement with that in 
source alloy, suggesting the good control of the resulted 
component by dealloying method. Based on the experimental 
results above, it is concluded that BP Si/Ag composite can be 
easily fabricated by means of the simple dealloying procedure in 10 

terms of controllable bicomponent composition. 

 
Fig. 3 The XPS spectra of (a) the Si 2p peaks and (b) the Ag 3d peaks of 

BP Si/Ag composite. 

  X-ray photoelectron spectrometer (XPS) analysis was further 15 

employed to examine the surface properties of the BP Si/Ag 
composite. As showed in Fig. 3a, the Si 2p spectra shows the 
presence of elemental Si and oxidation states of Si (Si2+ and Si4+) 
in the BP Si/Ag sample.28,29 The formation of Si oxides may 
because that the generated fresh Si atoms upon etching Al easily 20 

combine with oxygen during the dealloying and drying process, 
which is also usually observed in the preparation of other Si 
materials.29 Fig. 3b shows the XPS spectra of Ag 3d region, in 
which the peaks around 368.4 and 374.3 eV can be attributed to 
metallic Ag,30 indicating that Ag exists as metallic substance in 25 

the BP Si/Ag composite. 
The successful fabrication of the pure BP Si and Si/Ag 

composite provides us a good opportunity to investigate the 
influence of Ag addition on the structure formation of Si. We 
monitored the products of dealloying SiAl and SiAgAl alloys 30 

during the corrosion process. Fig. 4 firstly presents the SEM 
images of the sample obtained through dealloying SiAl alloy in 
different reaction periods. After a short corrosion period of 0.5 h 
(Fig. 4a), it is found that a certain amount of voids appeared on 

the original smooth surface of SiAl alloy. When etching SiAl 35 

alloy for 1 h (Fig. 4b), some large deep pores formed on the 
surface (pointed out by arrows). When the corrosion time was 
extended to 2 h (Fig. 4c), there are more pores emerged. 

 

 40 

 

 

 

 

 45 

 

 

 

 

Fig. 4 The SEM images of the products collected by dealloying Si10Al90 50 

alloy in 0.1 M HCl solution for (a) 0.5, (b) 1, (c) 2 and (d) 5 h. 

  For further extending the corrosion time to 5h (Fig. 4d), the 
first-order large pores and the second-order nanopores can be 
clearly found. However, the structure at this moment was not 
uniform (marked by boxes). Finally, a well-defined BP Si formed 55 

after dealloying for 10 h (Fig. 2a). Based on the above 
observations, Al atoms were selectively dissolved gradually with 
the dealloying time, thus the exposed Si atoms became less 
coordinated, which grown to form nuclei and self-assembled to 
form the unique BP structure. Such an etching and crystal growth 60 

process should start from the surface of SiAl alloy, and gradually 
extended to the inner along with the permeation of HCl solution. 

Fig. 5 further gives the structure evolution of BP Si/Ag 
composite in different reaction periods. Fig. 5a gives the SEM 
image of the sample obtained through dealloying SiAgAl alloy 65 

for 2 h. Although some holes formed due to the dissolution of 
partial Al, the porous structure was quite nonuniform at this stage. 
When the corrosion time reached 5 h (Fig. 5b), it is discovered 
that first-order porous backbone had taken shape, and a mass of 
Ag nanoparticles around 50 nm distributed uniformly in the 70 

sample. However, the structure at this moment was defective and 
some aggregations can be clearly observed, which was similar to 
the situation of dealloying SiAl alloy for 5 h (Fig. 4d). XRD 
measurement was also carried out to understand the evolution of 
crystal structure during the dealloying process. Fig. S5 gives the 75 

XRD pattern of the samples obtained by etching in HCl solution 
for 2 h and 5 h. It is clearly observed that the diffraction peak 
intensity of Al quickly decreased with the extension of etching 
time, meanwhile the diffraction peak intensity of Si and Ag 
became strong. When etching for 10 h, the diffraction peak of Al 80 

completely disappeared (Fig. S3d), while the BP Si/Ag structure 
finally formed. 
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Fig. 5 The SEM images of the products collected by dealloying 

Si8Ag2Al90 alloy in 0.1 M HCl solution for (a) 2, (b) 5, (c) 10 and (d) 24 
h. 

  Once etching for 10 h (Fig. 1a & 5c), the well BP structured 5 

product was obtained, with Ag nanoparticles less than 100 nm 
continuously attached on the surface. If the corrosion process was 
lasted for 24 h (Fig. 5d), the BP structure was still clearly legible, 
but the distribution of Ag particles became extremely uneven, and 
some particles had the size even above 500 nm (Fig. 5d inset). 10 

Therefore, one can draw a primary conclusion that the longer 
corrosion process is beneficial to the formation of uniform BP Si 
structure, but will result in the aggregation of Ag nanoparticles. 
As stated above, HCl solution is suitable for dealloying SiAl and 
SiAgAl alloys to fabricate nanoporous materials. It is known that 15 

Al is reactive to many common agents as well Si is not etched. 
Consequently, other chemical agents such as H2SO4 and HCOOH 
solutions were also selected to dealloy the as-made Si10Al90 
alloys compared with the case in HCl solution. When etching for 
2 h (Fig. S6a), all the surface color of alloys in HCl and H2SO4 20 

solutions became dark yellow, but more bubbles emerged in HCl 
solutions than in H2SO4 solutions. Once the corrosion time 
exceeded 5 h (Fig. S6b-d), the alloy foils in HCl solution 
dissolved gradually and the solution became turbid with deep 
yellow color. In the case of H2SO4 solutions, there was almost no 25 

change of experimental phenomenon between 5 to 24 h. These 
results manifested that it is hard for H2SO4 to permeate into the 
inner of SiAl alloy. As for a weak acid environment of HCOOH 
solution, there was no evident change of alloy foils from 
beginning to end. In addition, SEM observation of the product 30 

dealloying in 1 M HCl solution for 10 h was conducted to explore 
the effect of etching solution in high concentration on the 
dealloying structure. It is observed that the morphology and size 
of the product were strongly heterogeneous (Fig. S7), indicating a 
moderately corrosive environment is of importance for the 35 

resulted nanostructure. 

 
Fig. 6 The (a,b) voltage profiles, (c) cycle performance, and (d) 

impedance measurements of BP Si and BP Si/Ag electrodes. [The current 
rate is 200 mA g-1] 40 

  The as-made BP Si/Ag composite has the rich porosity and 
incorporation of well conductive Ag, which are particularly 
desirable for the highly efficient electrode material for LIBs. 
Therefore, the BP Si/Ag composite was employed as an active 
anode material, with pure BP Si included for comparison. Fig. 6a 45 

presents the voltage profiles of the BP Si/Ag electrode for the 
first two cycles at 200 mA g-1 between 0.01 and 1 V in a coin-
type half cell. The first discharge and charge capacities were 
2343.6 and 1860.2 mA h g-1, respectively. The irreversible 
capacity can be mainly assigned to the decomposition of 50 

electrolyte, forming a solid/electrolyte interphase on the electrode 
surface.31 In addition, the first discharge curve displayed a long 
plateau at ~ 0.1 V, indicating a two-phase reaction between the 
crystalline Si phase and the amorphous LixSi phase.32 Meanwhile, 
Fig. 6b gives the electrochemical behavior of the pure BP Si 55 

electrode at the same condition. It is found that BP Si had the 
similar voltage profiles with BP Si/Ag electrode. However, 
without Ag addition, BP Si delivered a slightly higher initial 
discharge capacity of 2429.4 mA h g-1. 
  To clarify the effects of introducing well conductive Ag on the 60 

electrochemical performance, we further compared the cycling 
performances of BP Si/Ag composite with pure BP Si. Fig. 6c 
presents the cycling capacities and stabilities of both samples at 
the rate of 200 mA g-1. It is observed that a rapid capacity decay 
occurred for pure BP Si as the cycling progress, which remained 65 

1061.5 mA h g-1 at 100th cycle and 931.5 mA h g-1 at 150th cycle, 
keeping only 43.7 % and 38.3 % of the initial discharge capacity, 
respectively. However, such the cycling stability is still much 
higher than that of commercial Si nanoparticles.11 This should be 
attributed to its unique BP structure, which offers sufficient void 70 

space to accommodate the large volume expansions of silicon and 
enhances the accessibility of Li+ and electrolyte.33 In contrast, BP 
Si/Ag composite demonstrated a much more superior 
electrochemical reversibility. As illustrated in Fig. 6c, a capacity 
of 1656.0 mA h g-1 was obtained for BP Si/Ag anode at 150th 75 

cycle with no noticeable capacity degradation from the third cycle 
upwards, leading to the capacity retentions of 70.7 % against the 
first cycle and 96.1 % against the third cycle. It means that 
introducing Ag is important here for maintaining the cycling 
stability of silicon, which generates an enhanced electric 80 
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conductivity and a decreased inner resistance.11 In addition, the 
coulombic efficiency (CE) data of both anodes during the 
discharging-charging cycles were further presented in Figure 6c. 
It is clear that BP Si anode delivered an initial CE of 74.1%. 
However, the BP Si/Ag composite presented a higher initial CE 5 

of 79.3%, which further increased quickly to 95.5 % at the second 
cycle, and maintained between 97-100 % during the following 
cycles. Furthermore, Fig. S8 presents the TEM image of the BP 
Si/Ag sample after cycling for 150 cycles. It is discovered that the 
Ag nanoparticles underwent agglomeration to some extent. 10 

However, the anode material still kept the initial porous structure 
except slight coarsening and clogging, which resulted from the 
repeated lithium ion intercalation and deintercalation. Therefore, 
the structural stability should be responsible for the well-
improved cycling performance. 15 

  For the direct verification of the contributions from Ag on the 
conductivity, fully discharged (0.01V) BP Si/Ag composite and 
pure BP Si electrodes were analyzed by using electrochemical 
impedance spectroscopy (EIS) after cycling 150 times at 200 mA 
g-1. As presented in Fig. 6d, both Nyquist plots consist of a 20 

straight line in the low frequency region and a depressed 
semicircle in the high frequency region. It is noted that the most 
evident difference between them is the size of the semicircle, 
which measures the resistance to charge transfer in the electrode. 
With the introduction of Ag, the impedance of electrode is 25 

obviously reduced, which should be mainly attributed to greater 
electric connectivity of Si by the Ag nanoparticles. The results 
are consistent with that stated in the earlier researches.11,12 

   
Fig. 7 (a) The cycle performance of BP Si and BP Si/Ag at the rate of 30 

1000 mA g-1, and (b) the rate performance of BP Si/Ag composite. 

  A good cycling stability at high current rate is another important 
parameter for an excellent anode material. Therefore, the cycle 
stability of BP Si/Ag composite was further evaluated under a 
high current density of 1000 mA g-1 with the profile of BP Si 35 

included for comparison. As shown in Fig. 7a, for both anodes, 

the specific capacities of the first two cycles were lower than that 
of the third cycle, indicating an activation process of electrodes. 
BP Si anode exhibited a highest capacity of 1037.8 mA h g-1 at 
the third cycle, but a fast capacity fading appeared from then on, 40 

resulting in a capacity retention of only 23.9 % at the 200th cycle. 
In comparison, BP Si/Ag composite demonstrated a high 
electrochemical reversibility. A highest capacity of 1130.3 mA h 
g-1 was obtained at the third cycle, up to 89.2% of which can be 
retained at the 200th cycle. It manifests again that Ag introducing 45 

is highly effective for improving the cycling stability of Si anode, 
especially at high rate. 
  In particular, the BP Si/Ag electrode showed an excellent rate 
performance, which was evaluated in discrete steps from 100 to 
1000 mA g-1. As shown in Fig. 7b, BP Si/Ag composite showed 50 

very good cycling stability at each current density. When the 
current rates were increased from 100 to 200, 300, 500 and 1000 
mA g-1 in stages, the BP Si/Ag anode delivered the reversible 
capacities of about 1760, 1600, 1420, 1230 and 960 mA h g-1, 
respectively. When the current density was set back to 100 mA g-

55 

1, a capacity of ~ 1750 mA h g-1 could be well recovered, which 
reached up to 99 % of the capacity at the previous rate of 100 mA 
g-1. The superiority of BP Si/Ag composite in high power 
capability is further visualized, which may be attributed to the 
following reasons.11,12,21,34-37 First, the micro-sized Si/Ag powders 60 

can be packed densely on the current collector, ensuring the 
electric connectivity. Second, the bimodal porous structure can 
provide rich porosity, allowing the free expansion of Si with 
alleviative mechanical constrain during Li alloying and 
dealloying process, as well facilitating the transport behaviors of 65 

Li ions and electrons. Third, the introduction of Ag nanoparticles 
can bring an efficient electron conducting pathway for Si, etc. 

4. Conclusions 

  BP Si/Ag composite with micro-nano bimodal porous structure 
and controllable component proportion was easily fabricated 70 

through one-step dealloying SiAgAl alloy in mild condition. The 
as-made BP Si/Ag composite exhibited much improved cycling 
stability toward lithium storage compared with pure BP Si anode, 
especially at high current rate. In addition, BP Si/Ag composite 
also showed an excellent rate capability due to the structural 75 

advantage coupled with the introduction of well conductive Ag. 
The BP Si/Ag composite holds great application potential as an 
advanced anode material for Li-ion batteries in terms of superior 
electrochemical performance and easy preparation. 
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Bimodal porous Si/Ag composite is easily fabricated by etching SiAgAl alloy in HCl solution, and performs 

excellently for lithium storage.   
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