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Improvement of Graphene Quality by Electrochemical Exfoliation

using Polarity Reversing Potential

Sungmook Lim*, Wonoh Lee*"

ABSTRACT: In this study, we present a straightforward yet effective enhancement to the electrochemical exfoliation
process, addressing graphene quality degradation caused by prolonged voltage application while ensuring a high yield.
To minimize oxidation and defect formation resulting from interactions with active radicals and electrolyte ions
during exfoliation, we implemented polarity-reversing potential technique with alternating voltage. This approach
effectively removed oxygen functional groups from the exfoliated graphite surface while enabling efficient ion
intercalation between graphite layers. As a result of this improved process, graphene with low defect density (I/I; =
0.29) and high purity (C/O = 12.72) was successfully produced. Additionally, the graphene exhibited a 63% larger
lateral size and 26% reduced thickness compared to conventional methods, highlighting its superior structural
properties. Electrochemical performance evaluations further demonstrated a specific capacitance of 103.5 F g™, —
representing a 40% improvement — confirming significant enhancements in electrochemical performance.
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Table 1. Conditions of electrochemical exfoliation

Name Potential Process time | Alternating time
UP-10 +10V 30 min -

UP-20 +20V 30 min -

BP-10 +10V /-10V 30 min Every 1 min
BP-20 +20V/-20V 30 min Every 1 min
ABP-10 +10V/-5V 30 min Every 1 min
ABP-20 | +20V/-10V 30 min Every 1 min
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o] 4| ¥hHS vl watelth. UPE +10 VO} +20 VE 305 %
oF, BP= +10 V/-10 V&F +20 V/-20 VE 184 HZolrlH
305-7F, ABP:= +10 V/-5 VQ} +20 V/-10 V& l—“i'—’i‘} 1?1_??]_'0]-
7h 308 &<t Q17FslSlch(Table 1).
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Fig. 1. (a) XPS survey scans results, and (b) the average C/O ratio
of exfoliated graphene sheets
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Fig. 2. (a) Raman spectra results, and (b) the average Ip//; ratio
of exfoliated graphene sheets
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Fig. 4. XRD patterns of exfoliated graphene sheets
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