
REDUCED GRAPHENE OXIDE FOR ENERGY STORAGE COMPOSITES

James G. Radich and Prashant V. Kamat
Materials Science Division
University of Notre Dame, Department of Chemical & Biomolecular Engineering, Notre Dame, IN 46556

INTRODUCTION
	
Reduced graphene oxide (RGO) has become a common substrate for use in electrochemical applications such as supercapacitors and lithium ion batteries (1).  Active materials used in these storage devices can be anchored onto the vast 2-D surface of RGO sheets via solution-based synthesis methods.  Enhancements in energy storage using a wide range of various materials are consistently realized when the materials are composited with RGO.  The enhancements are often attributed to the inherent properties of RGO such as high conductivity and surface area.  In this work we have systematically analyzed the electrochemical response of electrodes consisting of 𝛼-MnO2 nanowires composited with RGO in a lithium battery cell (2).  The composite electrodes were compared along multiple experimental facets consisting of cycling performance, voltammetric response, and potential-step response. 

EXPERIMENTAL

The synthesis of the RGO-MnO2 composite was adapted from earlier work (3).  Graphene oxide was synthesized via modified Hummers method (4).  The length of the nanowires was controlled by quenching the reaction after a given elapsed time from injection of KMnO4.  Two lengths of nanowires were used to identify inherent MnO2 characteristics and differentiate the enhancements afforded by the RGO (SNW, rSNW, LNW, rLNW).
	XRD was performed using a Bruker D-8 with Cu-K𝛼 radiation.  Electrochemical tests were performed in a machined test cell that could be assembled and disassembled.  Electrodes were formed with slurry consisting of PVDF and carbon black at 10% each with 80% active material.  A Gamry PCI4750 potentiostat was used to conduct the electrochemical tests.  Cyclic voltammetry scan rates were set to 0.1 mV/s.

RESULTS

Cyclic voltammetry (CV)  revealed an additional peak at ~3.0 V vs. Li/Li+ in the anodic scan.  Further scans in the range of 4.3 V to 2.0 V show this peak to be only a transient feature of the voltammagram.  XRD analysis of the material after 5 scans indicate a catalytic self-repair of the MnxOy impurities within the MnO2 (evidenced by XRD before scans) by RGO as shown in Figure 1.  Residual oxygens from graphene oxide that undergo reduction during initial cathodic scans are free to fill oxygen vacancies in the MnO2.
[image: ]
Figure 1: CV scans and accompanying XRD patterns

	The electrochemical response of the composite electrode was compared to neat MnO2 and to blanks consisting of additional carbon (carbon black) and a physical mixture of RGO and MnO2.  Table 1 summarizes the kinetic, diffusion, charging, and adsorption parameters.  The parameters were calculated using a linearized form of the kinetic-dominated region equation (5).  The Cotrell equation coupled with Anson plots assisted in uncovering the diffusion, capacitive, and adsorption effects of the RGO in the composite.

Table 1.  Parameters calculated from potential-step experiments.
	
	keff, f*107
(cm/s/g)
	Do*104
(cm2/s)
	Qdl
(mC/g)
	Γo*107
(mol/cm2/g)

	Electrode
	η=5 mV
	η=10 mV
	η=15 mV
	Slope
	-
	-
	-

	SNW
	1.58
	3.11
	4.57
	0.3
	8.8
	442.8
	15.3

	rSNW
	4.42
	8.61
	12.2
	0.8
	10.5
	628.3
	9.44

	LNW
	1.57
	3.01
	4.33
	0.3
	7.5
	428.8
	16.7

	rLNW
	5.49
	14.7
	23.9
	2
	9.5
	551.3
	23.4

	C+LNW
	1.41
	2.89
	4.28
	0.3
	4.6
	254.4
	6.42

	r+LNW
	1.01
	1.27
	1.89
	0.1
	2.9
	125.1
	2.77
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