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Hemp-Derived Carbon Materials for High-Performance
Supercapacitors and Batteries

Donghyuk Choi*, Siwan Nam*, Jinhoon Kim*, Hyunmin Jeong*, Hui Yun Hwang**'

ABSTRACT: This paper investigates the manufacturing process, structural characteristics, and energy storage
applications of porous carbon materials utilizing hemp, an eco-friendly biomass. It analyzes the correlation between
pore size control based on pretreatment and activation conditions and electrochemical performance and presents
future research directions for its potential as a supercapacitor and next-generation battery cathode material, as well as
for commercialization.
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Fig. 1. Hierarchical representation of hemp stems; (a) cross-section
model of hemp stem, (b) elementary hemp fiber struc-
ture, (c) section of primary cell wall composition

Table 1. Compositions of hemp bast fibers and hurds and their
effect on carbonization behavior

Composition Bast Hurd Effects on Carbonization
P fiber Behavior

Formation of crystalline domains,

Cellulose | 55-75% | 40-50% . . .
rapid pyrolysis and gasification
. Decomposition at low
Hemi- .
10-15% | 20-30% | temperatures, contributes to
cellulose

initial pore formation

High thermal stability, primary
20-30% | contributor to char yield and
solid carbon skeleton formation

Lignin 3-5%
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Table 2. Characteristics comparison of ion-batteries

Characteristic Comparison| Lithium-ion (LIB) Sodium-ion (SIB) Potassium-ion (PIB)
Storage Mechanism Intercalation and adsorption Pore Filling and defect adsorption Adsorption and intercalation
Ion Radius 0.76 A 1.02 A 138 A
Excellent Limited Feasible
Graphite Applicabili
raphite Applicabriity (Commercialization standard) | (feasible with ether-based electrolytes) | (Subject to severe volume expansion)
~495-756 mAh/g
H HCC i ~280-345 mAh ~260-361 mAh
emp apacity (at low rate) mAh/g mAh/g
Structural Requirements | Conductivity, layered structure | Closed pores, low specific surface area | Wide interlayer spacing, defect control

o2 =P Aol gkeha] A2 Hal wiE e &

FgA1E 4= qletel].

Table 2014 % % 915o), ZHAY) vjelel 7FEE 1t
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7 e, 91 442 oot o7l % CO.E ot

HAE R o2, 7] H7)(Life cycle assessment) 04
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