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Superior carbon black: High-performance anode and conducting additive
for rechargeable Li- and Na-ion batteries
Ki-Hun Nam, Keun Hwa Chae, Jeong-Hee Choi, Ki-Joon Jeon, Cheol-Min Park*

Carbon black (CB) is an inexpensive and widely used carbonaceous material. However, the reversibility
between CB and Li or Na is very poor, and the initial coulombic efficiency (ICE) is so low that it cannot be
used as an electrode material for rechargeable batteries. In this study, we successfully designed superior CB
as a high-performance conducting additive for Li-ion batteries (LIBs) and Na-ion batteries (NIBs) using a
simple two-step strategy: amorphization and pre-lithiation/sodiation. The Li- and Na-reversible capacities of
amorphized CB increased significantly from 213 to 564 mAh g−1 for LIB and from 92 to 209 mAh g−1 for
NIB; however, the corresponding ICEs of 61.5% for LIB and 33.5% for NIB are poor. The poor ICEs are
supplemented via pre-lithiation/sodiation in the amorphized CB, which show over 100% ICEs with high Liand Na-reversible capacities. Specifically, the modified CB has highly reversible capacities (>500 mAh g−1 for
LIB, >300 mAh g−1 for NIB) with exceptionally high ICEs (133% ICE for LIB, 160% ICE for NIB), stable
reversible capacities for over 100 cycles (470 mAh g−1 for LIB, 278 mAh g−1 for NIB), fast rate capabilities
with highly reversible capacities at a 3C rate (~330 mAh g−1 for LIB, ~190 mAh g−1 for NIB), and excellent
cycling behavior for over 300 cycles at a 1C rate. When used as a conducting additive, this CB contributes
to high electrical conductivity and increase of ICE and the reversible capacity for LIB and NIB anode
materials. These results are expected to have a significant impact on LIBs and NIBs.
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Sb-based intermetallics and nanocomposites as stable and fast Na-ion
battery anodes
Dong-Keun Yu, Cheol-Min Park*

To achieve high-performance Sb-based anodes for Na-ion battery (NIB), various approaches for obtaining
amorphous C-containing Sb composite (Sb@C), Sb-based intermetallic compounds (TiSb2 and NbSb2), and
Na-inactive metal carbide and amorphous C-containing Sb composites (Sb@TiC@C and Sb@NbC@C) have
been introduced. First, Sb@C was prepared using a simple solid-state ball-milling, and then its potential as a
NIB anode material was investigated. The electrochemical phase change mechanism of Sb during the
sodiation/desodiation of Sb@C was investigated using various ex situ analytical techniques. Sb was found to
sequentially transform into NaSb and Na3Sb during sodiation and NaSb and Sb during desodiation. Second,
as another trial to further improve the electrochemical performance of Sb, Sb-based intermetallic
compounds of TiSb2 and NbSb2 were synthesized by alloying reaction via a simple solid state heat-treatment
and their potential as NIB anode materials was investigated. Lastly, the Sb@TiC@C and Sb@NbC@C
nanocomposites comprising tiny (~3–5 nm) Sb nanocrystallites and Na-inactive metal carbide (TiC/NbC)
matrix embedded in buffering amorphous C were synthesized by alloying and dealloying reaction. The
Sb@TiC@C and Sb@NbC@C demonstrated highly reversible, stable capacity (Sb@TiC@C: 746 mAh cm−3,
Sb/NbC/C: 726 mAh cm−3 after 100 cycles) and fast rate capability with exceptional capacity retentions after
400 cycles (Sb@TiC@C: ~710 mAh cm−3 at 2 C rate, Sb@NbC@C: ~680 mAh cm−3 at 2 C rate). Therefore, the
Sb-based nanocomposites synthesized by alloying and dealloying are considered to be possible new anode
materials for use in high-performance NIBs.
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High-performance carbon by amorphization and prepotassiation for
potassium-ion battery anodes
Ki-Hun Nam, Vinoth Ganesan, Keun Hwa Chae, Cheol-Min Park*

Rechargeable K-ion batteries (KIBs) have attracted tremendous attention as a replacement for Li-ion
batteries because potassium is earth-abundant and inexpensive. Although the formation of K-ion
intercalated graphite compounds gives graphite a reasonable capacity, its capacity is insufficient, and
its initial Coulombic efficiency (ICE) is low because of the slow kinetics of the large K ion. In this
study, to address the shortcomings of graphite anodes for KIBs, we obtained a high-performance
C-based anode by a simple, scalable two-step approach of amorphization and prepotassiation of
carbon black (CB). CB was amorphized to provide numerous K-ion insertion sites and thus improve
the K storage properties. However, the ICE and reversible capacity (RC) remained low. Therefore, to
enhance the electrochemical performance, the amorphized CB (a-CB) was prepotassiated. The
prepotassiated/amorphized CB showed a high RC (>300 mAh g−1) with an extraordinarily high ICE
(>100%), high rate capability (255 mAh g−1 at 1C, 210 mAh g−1 at 2C), and remarkable cycling
stability after 300 cycles at a high rate of 1C. Its electrochemical performance is among the best
reported for C-based anode materials for KIBs, which suggests that it is a promising material for
next-generation KIB anodes.

- 3 -

KIT Energy News / Vol. 3 / 2021.07.15.

에너지저장
Nanomaterials
Volume 11, June 2021, p1557 (Impact Factor : 5.076)

Synergistic Effects of Fe2O3 Nanotube/Polyaniline
Composites for an Electrochemical Supercapacitor with
Enhanced Capacitance
Farkhod Azimov, Jihee Kim, Seong Min Choi, Hyun Min Jung*

-Fe2O3, which is an attractive material for supercapacitor electrodes, has been studied to address the
issue of low capacitance through structural development and complexation to maximize the use of
surface pseudocapacitance. In this study, the limited performance of -Fe2O3 was greatly improved by
optimizing the nanotube structure of -Fe2O3 and its combination with polyaniline (PANI). -Fe2O3
nanotubes (-NT) were fabricated in a form in which the thickness and inner diameter of the tube
were controlled by Fe(CO)5 vapor deposition using anodized aluminum oxide as a template. PANI was
combined with the prepared -NT in two forms: PANI@-NT-a enclosed inside and outside with PANI
and PANI@-NT-b containing PANI only on the inside. In contrast to -NT, which showed a very low
specific capacitance, these two composites showed significantly improved capacitances of 185 Fg�1
for PANI@-NT-a and 62 Fg�1 for PANI@-NT-b. In the electrochemical impedance spectroscopy
analysis, it was observed that the resistance of charge transfer was minimized in PANI@-NT-a, and
the pseudocapacitance on the entire surface of the –Fe2O3 nanotubes was utilized with high efficiency
through binding and conductivity improvements by PANI. PANI@-NT-a exhibited a capacitance
retention of 36% even when the current density was increased 10-fold, and showed excellent stability
of 90.1% over 3000 charge–discharge cycles. This approach of incorporating conducting polymers
through well-controlled nanostructures suggests a solution to overcome the limitations of -Fe2O3
electrode materials and improve performance.
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Pd Nanocluster/Monolayer MoS2 Heterojunctions for Light-Induced
Room-Temperature Hydrogen Sensing
Hien Duy Mai, Sangmin Jeong, Tri Khoa Nguyen, Jong-Sang Youn, Seungbae Ahn, Ki-Joon
Jeon*, Cheol-Min Park*

Developing sensing approaches that can exploit visible light for the detection of low-concentration
hydrogen at room temperatures has become increasingly important for the safe use of hydrogen in
many applications. In this study, heterostructures composed of monolayer MoS2 and Pd nanoclusters
(Pd/MoS2) acting as photo- and hydrogen-sensitizers are successfully fabricated in a facile and
scalable manner. The uniform deposition of morphologically isotropic Pd nanoclusters (11.5 ± 2.2
nm) on monolayer MoS2 produces a plethora of active heterojunctions, effectively suppressing charge
carrier

recombination

under

light

illumination.

The

dual

photo-

and

hydrogen-sensitizing

functionality of Pd/MoS2 can enable its use as an active sensing layer in optoelectronic hydrogen
sensors. Gas-sensing examinations reveal that the sensing performance of Pd/MoS2 is enhanced
three-fold under visible light illumination (17% for 140 ppm of H2) in comparison with dark light (5%
for 140 ppm of H2). Photoactivation is also found to enable excellent sensing reversibility and
reproducibility in the obtained sensor. As a proof-of-concept, the integration of Pd nanoclusters and
monolayer

MoS2 can open a

new avenue for light-induced hydrogen gas sensing at room

temperature.
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Hole injection of quantum dot light-emitting diodes facilitated by
multilayered hole transport layer
Jeong Ha Hwang, Junmo Kim, Byong Jae Kim, Myeongjin Park, Yong Woo Kwon, Myungchan
An, Dong Yeol Shin, Jae Min Jeon, Jun Young Kim, Wonho Lee, Jaehoon Lim, Donggu Lee*

We report a multilayered hole transport layer (HTL) structure to improve the efficiencies and
lifetimes of quantum dot light-emitting diodes (QD-LEDs). The HTL structure was constructed by
inserting molybdenum trioxide (MoO3) into an organic monolayer to enhance its hole conductivity.
We then investigated the effects of the multilayered HTL on the performance and operating lifetimes
of QD-LEDs. QD-LEDs with optimal HTL exhibit power efficiency, external quantum efficiency, and
lifetime (T80) of 10.19 lm/W, 9.66%, and 336 h, respectively. Compared to the monolayer structure,
the lifetime of the multilayered HTL was enhanced by a factor of 15. This novel architecture for
QD-LEDs with multilayered HTL offers a new design strategy for next-generation high-efficiency
QLED displays and solid-state lighting technologies.
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Determination of diffusion coefficient in high temperature molten salt using
cyclic voltammetry on microwire electrode: Its validity and limitation
Chan Mi Kim, Sung Pil Yoon, Sung Ki Cho*

In this study, we developed a method for the determination of the diffusion coefficient (D) of
electroactive species in high temperature molten salt without the knowledge of its concentration, via
cyclic voltammetry at a simple unshielded microwire electrode. This method is based on the
assessment of the ratio of the peak current (ip) of the cyclic voltammogram for its electrochemically
reversible reaction at the microwire electrode, with ip at the macrowire electrode. The scan rate
(ν)-dependent contribution of radial diffusion to ip at the microwire electrode provides a linear
relationship between the ip ratio and ν-0.425, where its slope includes information on D. The
theoretical

evaluation

with

numerical

simulation

on

this

method

revealed

that

possible

underestimation in D determination could occur because of the minor contribution of radial diffusion
at the macrowire electrode used in this study. D determination in the molten salt was experimentally
verified with Eu3+ in 450℃ LiCl-KCl and O22- in 580℃ Li2CO3-Na2CO3. For both cases, the determined
D values were similar to the reported values, and they were further cross-validated by calculating
their concentrations from the D values. However, the accurate determination is limited for
electrochemically

reversible

reaction

as

D

is

overestimated

irreversible reactions.
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