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Abstract 

Rechargeable batteries have wide applications in portable electronics, and hybrid electric 
vehicles where there is always a demand for higher capacity and longer lifetime. Metal anodes 
(Sb, Sn, Si, Ge, etc.) can offer high sp. capacity and are amenable for room temperature Na-ion 
batteries. However, large volume expansion/contraction of metal anodes during alloying/de-
alloying reactions with sodium is an impediment for their commercialization and growth. The 
present work try to tackle the above problems by developing reduced graphene oxide (rGO) 
decorated antimony nanoparticles-based (SbNPs) anode using SbCl3, graphene oxide, and 
sodium borohydride. It is hypothesized that rGO coating on SbNPs will act as a buffer and will 
prevent the large volumetric shrinkage thereby improving the rate capability and capacity fade 
with cycles. Crystallinity, microstructure, morphology of as-synthesized Sb/rGO composite was 
characterized by XRD, FESEM, TEM, FTIR and BET surface analysis show the formation 
mesoporous rGO decorated SbNPs (~140 nm). Preliminary electrochemical results demonstrate 
that Sb/rGO can deliver a decent discharge and charge capacity of ~383 mAhg-1 and ~406 mAhg-

1 respectively, at a constant current density of ~50 mAg-1 for first cycle.  
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Rechargeable batteries have wide applications in portable electronics, and hybrid electric vehicles, where there is always a demand for higher capacity and longer lifetime. Metal anodes (Sb, Sn, Si, Ge, etc.) can offer high sp. capacity and are amenable for room
temperature Na-ion batteries. However, large volume expansion/contraction of metal anodes during alloying/de-alloying reactions with sodium is an impediment for their commercialization and growth. The present work try to tackle the above problems by
developing reduced graphene oxide (rGO) decorated antimony nanoparticles-based (SbNPs) anode using SbCl3, graphene oxide (GO), and sodium borohydride. It is hypothesized that rGO coating on SbNPs will act as a buffer and will prevent the large volumetric
shrinkage thereby improving the rate capability and capacity fade with cycles. Crystallinity, microstructure, morphology of as-synthesized Sb@rGO composite was characterized by XRD, FESEM, TEM, FTIR and BET surface analysis show the formation mesoporous rGO
decorated SbNPs (~140 nm). Preliminary electrochemical results demonstrate that Sb@rGO can deliver a decent discharge and charge capacity of ~383 mAhg-1 and ~406 mAhg-1 respectively, at a constant current density of ~50 mAg-1 for first cycle.

Critical need for Na-ion Batteries

Experimental Procedure

 Graphite Oxide (GO) was synthesized by Hummers method.

 Sb/rGO was prepared by Hydrothermal route.

Synthesis process of Sb and Sb/rGO composite

1st 2nd and 3rd cycle: 

 Discharge (sodiation) capacity ~383, ~177 and  

~101 mAhg-1

 Charge (de-sodiation) capacity ~406,~305 and 

~75 mAhg-1.

Thermogravimetric analysis BET Surface Area and Pore Size Distribution Analysis

EDS Analysis

 Present technology is not satisfying the large-scale demand of Lithium ion batteries (LIBs) for electrical energy storage (EES)

applications such as automobiles, including electric vehicles and hybrid vehicles because inherent safety, high manufacturing cost.

 One-fourth of the worldwide production of lithium- precursor materials

(Li2CO3) is consumed by LIB production industry that continuously rising the

price of lithium precursor.

 Sodium-ion batteries (SIBs) appears as a possible alternative over the LIBs due to

• Low cost and wide availability

• Similar electrochemistry

• 30-40 times cheaper than lithium precursor

 Antimony based composite anode materials can deliver high capacity for sodium

storage as well as stable cycle performance through alloy-based reaction in SIBs

 Pure Sb can offer theoretical specific capacity ~660 mAhg-1 with the formation of

NaSb, and Na3Sb alloy phases during sodiation.

 However, formation of Na3Sb leads to volume expansion of ~293% which can

pulverize the active material

 Introducing inactive matrix of rGO or Carbon restrict volume change during

sodiation/de-sodiation reaction and enhances the electrical conductivity resulting

in a better cyclic capacity

Why antimony based electrodes ? 

Schematic representation of the formation mechanism of Sb@rGO composite

 The attachment of Sb nanoparticles on the rGO can act as spacers to

prevent restacking of the rGO, which can explain the disappearance

of the rGO diffraction peak in the XRD pattern of as prepared

composites.

Alloying reaction of Sb anode for SIBs: 

Sb + Na+ + e− NaSb

Sb + 3Na+ + 3e− Na3Sb
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Formation mechanism of Sb/rGO nanocomposite

Sb (Wt %) =100
×

𝐅𝐢𝐧𝐚𝐥 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝑺𝒃

𝐈𝐧𝐢𝐭𝐢𝐚𝐥 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐒𝐛/𝒓𝑮𝑶

 The amount of Sb and rGO in the Sb/rGO

composite was determined to be ~82.5 % and

~17.5 %, respectively.

Schematic  Illustration of active anode materials for the next 

generation of SIBs

Result and discussion

Element Weight % Atomic %

Sb 81.05 32.19

C 10.49 42.24

O 8.46 8.46

FESEM and TEM Analysis

 Hydrothermally derived Sb particles have

spherical morphology and nanometer in size

(from ~60-120 nm) and anchored on to the

rGO sheet.

 SAED pattern of Sb/rGO shows broad diffuse

rings along with spot patterns due to the

presence of few layers sheets of rGO and Sb-

NPs.

 HRTEM image shows lattice fringe spacing to

be ∼0.31 nm corresponds to the inter-planar d-

spacing of (012) planes.

EDS

 In the present work, we have successfully demonstrated the facile one step hydrothermal synthesis of Sb/rGO composite anodes for

improved electrochemical Na-ion storage properties.

 XRD, FESEM, FTIR, TEM, TG, and Raman analysis confirmed formation of antimony nanoparticles on the rGO, which may be

responsible for the high capacity and capacity retention.

 Preliminary cyclic voltammetry shows that sodiation and de-sodiation reactions occurs at ~0.62V, and ~0.25V (cathodic) and ~1.12V

(anodic) peaks

 Galvanostatic cycling data shows that 1st cycle discharge and charge capacity of ~383 mAhg-1 and ~406 mAhg-1, respectively for

Sb/rGO electrodes respectively.

Conclusion
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The specific surface area of Sb and Sb@rGO composite was found to be ~11.04 m2/g 

and ~32.97 m2/g 

Mesoporous nature of the material was found from N2 adsorption reaction due to 

pore radius is 1.95nm and 1.55 nm

BET confirms that high surface area of Sb/rGO can be attributed due to presence of 

rGO in the structure

 rGO/Sb composite shows, Rct value

~250 ohm.

 Presence of clear depressed semicircle

confirms the higher electronic

conductivity of rGO/Sb composite

Sb/rGO

CV of Sb/rGO

Sb/rGO anode
Sb/rGO

Raman SpectraFTIR Analysis

Sb/rGO
Sb/rGO

Sb/rGO

 All the diffraction peaks can be indexed to

Rhombohedral structure for Sb and Sb/rGO

composite.

 The diffraction peak of GO is absent in

rGO/Sb confirms the formation of rGO.

 Restacking of the rGO restrained by

uniformly loading Sb particles on the rGO.

XRD Analysis

 G-band and D-band appeared at 1593 and 1365 cm-1

in the Raman spectrum of the Sb@rGO  composite.

 ID/IG ratio (GO) =1.02

 ID/IG ratio (rGO) =1.13

 ID/IG ratio (Sb@rGO) =1.18

 Suggests the thermal reduction of GO into rGO that

shows the decrease of the sp2 plane and a partially

oxidized crystal structure of rGO.

Wavenumber Groups Mode Functional Groups

3400 cm-1 O-H Stretching Hydroxyl

1726 cm-1 C=O Stretching Carbonyl

1598 cm-1 O-H Stretching Hydroxyl

1230 cm-1 C-OH Stretching Carbonyl

1053 cm-1 O-H Stretching Hydroxyl

1567 cm-1 C=C Stretching Skeletal vibration 

742 cm-1 Standard Sb peak

Functional groups presents in the composite

CV Analysis Charge-Discharge Analysis EIS Analysis


