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Decoupling the Capacity Fading in Ni-Rich Layered Materials
during High-Temperature Cycling in the Full-Cell System

Minji Kim, Wontae Lee, Eunkang Lee, Jaeyoung Kim, Jae-Uk Kim, Seongeun Lee,
Sunhyun Hwang, Dohyung Park, Kwanghwan Cho, and Won-Sub Yoon*

The performance of commercial lithium-ion batteries (LIBs) tends to degrade
mhﬁ'bhwdﬁmhﬁaﬁu
anode, and electrolyte. To enhance performance, it is crucial to gain insights
hhﬂ“u‘d“h&m
mmmmunm&uwu
in electric vehicles. In the refresh process after a prolonged cycle, a significant
mdﬁlﬂnmm-ﬂhhm*
oﬂh““ﬂﬂnh“q&nb
nﬁyhbi&m&uﬂhﬂhhﬁhﬂm
interphase layer at the graphite anode during the cycle. Moreover, irreversible
mumuwmﬁc“mnm
in both charge and discharge regions. Structure analyses reveal that the
m—ma&ﬁwb‘hl“ﬁuﬁm
ammmwa.uma&oﬁu
salt phase on the cathode surface and increased cation disorder in the bulk.
These findings deepen the understanding of the deterioration behavior of
M“h“m“iﬂbfudﬁh

1. Introduction

Today, L1Bs have rapidly expanded in various applications rang-
ing from mobile devices to the automotive industry. Accordingly,
to meet the significant increase in the complicated market de.
mand for the performance of LIBs, there is a need to develop
electrode materials for LIBs with higher energy densities using
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lowcost and non-toxic  elements
while maintsining long-term  cycle
performance ™"l Under '.hese sustained
Nirich | d oxide cath.
odes have become ane of the promising
cathode materials for LIB systems, and
Ni-rich layered materials are commonly
used as cathodes coupled with graphite
anodes !“*1 However, the full-cell with
the above electrode materials has not
secured enough cycle performance 1o
satisfy histicated and d d:
consumers.™¥ In general, the upaaty
fading of Nirichjigraphite fullcell is
due to various deteriorations that occur
on both the cathode and anode. For
example, capacity fading occurs at the
cathode due to fa(bon such as crystal
orientation "™ c3 jon process dur-
ing syn dv.-‘mkng.l"‘" loog-nnge cation
of primary pamdes jaaasy stm:mnl re-
construction to NiO-like rock-salt phase
on the surface, ) transition metal
(TMs)  dissolution ™! state.of-charge
(SOC) heterogeneity! ™" microcrack generation "™ and pul.
verization of bulk particles. In addition, the growth of the solid
electrolyte interphase (SEI) layer!™™ " which consumes available
Li inventory (ALJ) and dissolved TMs on the anode surface, af-
fects the capacity fading of full-cell afier extensive cycling. Fur-
thermore, the deposition of excessive metallic Li and dendrite for-
mation on anode surfaces can bring the risk of internal short cir-
cuits and ﬁnhmr&""“lﬂmefadmm«hmkmmamd
erated when the batteries are exposed to
dmmandnmpmugn&tyandmuubdnyofhuemm
,' high temp (e.g. 45 and 65 °C) caused signif-
Kant increases in internal resistances (R,, &, Rygy) of the Ni-
rich||graphite-SiO, fullcell sy d to room
ture (RT, 25 °C), e.dubﬂmgpootqtkandnlep«‘ommm‘“’
For this phenomenon, it was explained that high temperatures
led to structural deterioration of the graphite anode, resulting in
capacity loss. One interesting point is that the decreased ALl of
Ni-rich in the full-cell can be recovered to a large extent when
the cycled Ni-rich is charged and discharged again in the Li half-
cell. In addition, the high-temperature and upper cut.off voltage
can affect the severe capacity loss by increased amounts of TM
dnsohmonfmmalhode maienals'"’ Extensive studies on the
cycle per e of full-cells based on Ni-rich
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NM04.10.03 =—> There must be 5 or more institutes/universities

High-Sensitivity s T PP 2 Sensing Using Suspended Graphene-PEDOT:PSS:PEQ Nanofiber Channels Abiral Repmi, Noori Na
The University of Utah,
NMO04.10.05

and Jivoung Chang nited States
Systematically Analysis of Magneto and Vertical Transport of SrRuQ3/SrTiO: Superlattices Hyeonbeom Kim'~, Seung Gyo Jeong', Sung Ju Hong?,

Dongseok Suh' and Woo Seok Choi'; 'Sungkyunkwan University, Korea (the Republic of); *Center for Integrated Nanotechnologies, Korea (the Republic
of); *Kangwon National University, Korea (the Republic of)

NM04.10.09
Physical Possibilities and Limits of DNA-Enabled Programmable 2D Self-Assembly Nicholas Tjahjono, Evgeni 8. Penev and Boris [. Yakobson; Rice
University, United States

SESSION NM04.11: Low Dimensional Nanostructures 11
Session Chairs: Seunghyun Baik, Vivek Saraswat and Ming Xu
Thursday Morning, May 12, 2022
Hawai't Convention Center, Level 3, 301A

B:30 AM NM04.11.02
Qil-Free Compact X-Ray Generator Based on Carbon Nanotube Field Emi

Jang?, Seung Bum Ryu®, Kyung-Sik Yoon', Seung Ji o
Korea (the Republic o
8:45 AM NM04.11.03

Ltd., Korea (the Republic of); *DEXCOWIN Co. Ltd

Charge Transport jj ntk SUNEEN ensional Molybdenum Chalcogenides Jessica Ortiz Rodriguez, Joseph Perryman
and Jesus Velazquefl University of California, @avi

9:00 AM NMO4.11.04

Laser-Treated T ing Jakub Wawrzyniak', Jakub Karczewski2, Emg
Katarzyna Siuzdakll 'Institute of Fluid-Flow Machinery, Moland; 2Gdansk University of Technology, Poland  Adam Mickiewicz University,
9:15 AM *NMO04.11.05

Wafer-Scale Single-Crystal Film Growth of 2D Layered Materials and Heterostructures Young Hee Lee'”; 'Sungkyunkwan University, Korea (the 2
Republic of); 2IBS Center for Integrated Nanostructure Physics, Korea (the Republic of)

EEPEEES: min Lim!, Jinho Choi!, Amar P. Gupta', Jeakyu
Kyung Hee University, Borea (the Republic of); *CAT Beam Tech. Co.

K ! and
oland




What to submit for international conference

4. The conference must host 30 or more oral/poster presentations(1)

Final Program July 2022

1:45 P'.\i NMO4.02.05
Synthesis of Templating H 1 Boron Nitride on {Non-)Catalytic Substrates for Electronic Devices Anja Swiorius. René WeiBing, Michacl
Wilelm and Sanjay Mathur; University of Cologne, Germany

2:30 PM NMD4.02.06
Quantifying (n,m) Specific SWONT Partition Conditions in Aqueons Two-Polymer Phase Extraction Christopher Sims and Jeffrey Fagan: Mational
Instimate of Standards and Technology, United States

2:30 PM BREAK

2:45 PM NMO4.02.07

Improving Geometric Uniformity of Carbon Nanotube Forests by Tuning Catalyst Formation Step in Dynamic Chemical Vapor Deposition
Golnaz Najaf Tomaraei®, Jacgeun Lee'?, Moataz Abdulhafez! and Mostafa Bedewy!; 'University of Pittsburgh, United States; *Pusan National University,
Korea (the Republic of)

3:00 PM NMDY. 10.02
Sulfur E i i Mi Carbon C ites for Hyds Storage Charles D. Brewster, Schastien Rochat, Lui Terry and
Valeska Ting: University of Bristol, United Kingdom

3:15 PM NMO4.10L01
Carhon N e Ch Coated with Hyg) pic Agueons Film for the Selecti af ysable Toxie O il
SeongWoo Lee and Chang Young Lee: Ulsan National Institute of Science and Techmology, Korea (the Rq:mblu of)

SESSION NMD4.03: Poster Session I: Nanotubes and Related Low-Dimensional Nanostructures [
Session Chairs: Alister Page and Ming Xu
Monday Afternoon, May 9. 2022
5:00 PM - T:00 PM
Hawai'i Convention Center, Level |, Kamehameha Exhibic Hall 2 & 3

NMO4.03.01

Copper Nanowires Covered with Lattice-Rearranged 2D for Flexible T [ El ies I Kim and Youngu Lee: Dacgu
Gyeongbuk Institute of Science and Technology, Korea (the Republic of)

NMO4.03.03

Highly Conductive Direet-write El PEDOT: PSS Nanofibers Noori Ma, Abiral Reami and Jivoung Chang; University of Utah, United States
NMOA03.04

Thermal Stability of Pool Boiling Heat Transfer on Vertical Nanowire Surfaces Under Heater Skze Effect Maroosol Yun!, Wei-Ting Hsu!, Injoong
Chang', Juyeong Nam', Donghwi Lec®, Beom Seok Kim® and Hyung Hee Cho'; 'Yonsei University. Korea (the Republic of); *Chonbuk National
University, Korea (the Republic of); *Seoul National University of Science and Technology, Korea (the Republic of)

NMO4.03.05
Engineered Vertically-Aligned CNT for Plasmon-Enhanced Optical Sensing with Programmable Molecular Delivery Scong Jae King, Ji-Hun Jeong,
Sukkyung Kang and Sanla Kim; KAIST, Korea (the Republic of)

NMO4.03.06
Hygroscopic Micro/Nanolenses Along Carbon Nanotube lon Channels Yun-Tac Kim and Chang Young Lee: Ulsan National Institute of Science and
Techaology, Korca (the Republic of)

NMO4.03.07

The Influence of the CNC Contents to the Tensile Properties of Poly{ Arylene Ether Sulfone)/Cellulise Nanocrystal Compaosite Fibers Minjung
Han, Min-Jeong Kim, Hyejin Ju, Ga-Hyeun Lee, Changbeom Jeon and Han Gi Chae; Ulsan National Instinute of Science and Technology, Korea (the
Republic ofy

NMO4.03.11
T N ds §:

hesized by Hydroth | Method for Bi Cells Darizna Aguilar Rojas!, Denisse P. Murillo Sojo!, Daniela Fifiza
Rivera', Monica Carmona Cordoba Jose Joaquin Sanabria Goméz', Venkatesan Renugopalakrishnan®, Barry Bruce® and Clandia Villarreal'; 'Teenologico
de Costa Rica, Costa Rica; ‘\loﬂ]wasmn University, United States; -‘Um\'crslly of Tennessee at Kaoxville, United States

NMO4.03.12
Electrical Properties of Pt-SaO2MWONT O
Kim?® and Young Soo Yoon'; 'Gachon University,

st with Improved Catalyst Support Hycongwoo Min', Ji Hyeok Choi', Hacun Kang', Dong-Joo
Korea (the Republic of); *Aubum University, United States

SESSION NMO4.04: Nanotube Applications [
Session Chairs: Shigeo Maruyama, Ranjit Pati and Desiree Plaa
Tuesday Moming, May 10, 2022
Hawai'i Convention Center, Level 3, 301A

B30 AM *NMO4.04.01
Functionalized Alkyne Precursors for Direct PR of Hi in Carbon ¥ be Growth Desiree Plata'*; "Massachuseis Institute of

Final Program July 2022
Technology, United States: *Yale University. United States
D00 AN *NAO4.04.02
Powerful, Large Stroke Eb hemical Carbon N be Yarn Artificial Muscles Bay H. Baughman; The University of Texas at Dallas, United

States

D:30 AM NMO404.03
Building Chiral Repr (! of Carbon N be REM Spectra for Sythesis Control and Analysis Eober Waglder'™; ' Air Force Research
Labaratory, United States; *UES, Inc., United States

9:45 AM NMOL04.04
Superstructures of 0D-Magic Semiconductor Clusters—Highly Lumi and Cataly by Active by bly Woophyuk Back and Tacghwan
Hyeon; Seoul National University, Korea (the Republic of)

10:00 AM BREAK

10:30 AM NM4_04.06

Nanocomposite Based on Silicon ! Ni Alumina-Conducting Polymer for Flexible Pseudocapacitors Mare Dictrich', Pascal
Gentile! 4, Anthony Valero®3, Philippe Azais!® and Sald Sadkru' ICEA Grenoble, France; fIR1G, France: *UGASCNRS, France; UGA, France;
SLITEN, France

10:45 AM NMO4.04.07
Facile Fabrication of Bimetallic Ag-Bi High Dense Nanospheres on Carbon Nanotubes for High Performance Supercapacitor Electrodes Tacwon
Kim and Wonjoon Choi: Korea University, Korea (the Republic of)

11:00 AM NMO4.04.08

Highly Stretchable Thermoelectric Fabrics Woven from Carbon Nanotube-Coated Polymeric Fibers for Wearable Energy Harvesters Doojoon
Jang', Kyung Tae Park', Sang-Soo Lee' and Heesuk Kim'=; "Korea Institute of Science and Technology, Korea (the Republic of): *University of Scicace
and Technology. Korea (the Republic of)

SESSION NMOM.05: Nanotube Applications 11
Sesgion Chairs: Ray Baughman, Don Futaba and Ming Xu
Tuesday Afternoon, May 10, 2022
Hawai'i Convention Center, Level 3, 301A

12300 PM *NMO4.05.00

Low-Valtage Operahle, Flexible Analog/Digital Mived-Signal I d Circuoits Based on Carbon Nanotubes Yutaka Ohno: Nagoya University,
Japan

2:00 PM NMO4.05.02
Fiber-type All Carbon Thermoelectric Devices Developed Using Wet-Spinning of Semiconducting Single-Walled Carbon Nanotubes Yong Kim,
Woong-Ryeol Yu. Hyunfoon Yang and YongMin Kim; Seoul Mational University, Korca (the Republic of)

1 I‘ PM NMO4.05.03
Carbon for the Next G ion of Energy Storage, EMS, Sensors and Memory Applications Paolo Bondavalli; Thales
Rmmh and Technology, France

2:300 PM NMO405.04

Morphology and Dynamic Viscosity of Novel Phase-Change Svstems with Plasma-Functionalized Graph. Nanoflakes for Emerging Methane
Storage Technologies Adam McElligott. Jean-Luc Meunier and Phillip Servie: MeGill University, Cmada

J 15 PM NMO4.05.08
ional Chrysotile N bes for Photod: ic Therapy Yaleria Secchi', Irene Villa®, Chiara Villa®, Anna Vedda', Yvan Torrente’ and Angelo
Monguzzi!; Wniversita Bicocea, Tialy; Mnstitute of Physics, anhn Fniversith degli Studi di Milano, Ttaly

3:00 PM BREAK

3:30 PM NMO410.10
Photodegradation of Rhodamine Mobeties by Ce Porphyrin-N hon Aggl tes with R Non-Linear Quenching
Properties Michael Spencer: University of Surrey, United Kingdom

SESSION NMO04.06: Nanotube Applications III
Session Clairs: Don Futaba, Ming Xu and Takeo Yamada
Wednesday Morning, May 11, 2022
Hawai'i Convention Center, Level 3, 301A

B30 AM *NMO406.001

Emerging Applications of Boron Nitride Nanotubes for Advanced Electronics and Blomedicine Yoke Khin Yap: Michigan Technological University,
United States
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D00 AN NMO406.03
Water-Repelling Properties of Low-Dimensional Carbon Nanostructures Makenns Parkinson, Weston Miller and Albert Dato; Harvey Mudd College.
United States

9:30 AM BREAK

SESSION NM04.0T: Theory & Simulation |
Session Chairs: Alister Page and Yoke Khin Yap
Wednesday Moming. May 11, 2022
Hawai'i Convention Center, Level 3, 301A

10:30 AM NMO4.07.02
in Sty SEM Synthesis and 3D Simulation of Carbon N be Forests Ramakrishna Surya, Gordon Koerner, Filiz Bunyak, Prasad Calyam,
Kannappan Palaniappan and Matthew Maschmann, University of Missouri, United States

1045 AM NMO407.03
Effect of the N; be Chirality on Mechanical Properties of Thin Films Composed of Covalently Cross-Linked Carbon Nanotubes Eevin W
Kayang and Alexey N. Volkov, University of Alabama, United States

1100 AM NMO4.10.06

Tailoring Morphology in Tiania Nanotube Arrays by Implantation—Experiments and Modelling on Designed Pore Size - and beyond Astrid
Kupferer, Michael Mensing'*, Jan Lehnert!, Stephan Mindl' and Stefan G. Mayr'?; 'Leibniz Institute of Surface Engincering, Germany; *Universitit
Leipzig, Germany; *Fraunhofer Institute for Silicon Technology, Germany

SESSION NMO4.08: Theory & Simulation 11
Session Chairs: Alister Page and Ranjit Pati
Wednesday Afiemoon, May 11, 2022
Hawai'i Convention Center, Level 3, 3014

1:30 PM NMO4.08.02

Rapid Thermochemical Pretreatment for Three-Fold Enhancement of Catalytic Lifetime and Four-Fold Tunability of Density in Chemical Vapor
Depasition of Carbon N bes Golraz Majaf T i', Jaegeun Lee'. Moataz Abdulhafez' and Mostafs Bedewy': University of Pittsburgh. United
States; 2Pusan National University, Korea {the Republic of)

2:15 PM BREAK

SESSIOMN NM04.09: Low Dimensional Manestructures |
Session Clairs: Don Futaba and Ming Xu
Wednesday Aficmoon, May 11, 2022
Hawai'i Convention Center, Level 3, 3014

3:30 PM *NMM.09.01
The Contrasting Strategies to Enhance Electrical and Thermal Condue tivity in ™ i Direct Contact versus Quantum Tunneling
Scunohyun Baik: Sungkyunkwan University, Korea (the Republic of)

4:00 PM NMO4.00.02

Chemical Modification of Double-Walled Carbon Nanotubes to Optimize Their Inclusion in Copper Matrix Composites Maurigio Pavia', Mélanie
Emo', Fahad Alnjiman', Emmanue] Flahaw®, Brigitic Vigolo! and Ewa Kazimicrska®; "Université de Lorraine, CNRS, Institat Jean Lamour, France;
ACIRIMAT, Université de Toulouse, CNRS, France; *Swansea University, Encrgy Safety Research Instinute (ESRI), United Kingdom

A:15 PM NMO40.03
Molecular Doping of Few-Walled Carbon Nanotubes with lonic Liquid for High-Performance Flexible Thermoelectric Generators Jacmin Jung,
Jong Gyu Oh, Sung Hoon Neh, Han Sol Yang and Jacyoung Jang; Hanyang University, Kerea (the Republic of)

4:30 PM NMO400.04
Self-Catalytic Growth of 18 Materials Within Dislocations in Gold Lotan Portal. Iryna Polishchuk, Maria Koifman Khristosov, Alexander Katsman
and Boaz Pokroy: Technion—1 | Institute of Technology. Isracl

4:45 PM NMO4.00.05
Multicolour Graphene Quantum Dots a5 a Non-Cytotoxic Platform for Cell Guidance Inmaculada J. Gomez Pérez, Anna Doleckovd, Jirina Medalova
and Lenka Zajitkovi; Masarvk University, Czechia

SESSION NMO4.10: Poster Sessicn 1I: Manotubes and Related Low-Dimensional Nanostructures 1
Session Clairs: Don Futaba and Ranjin Pati
Wednesday Aficmoon, May 11, 2022
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500 PM - T:00 PM
Hawai'i Convention Center, Level |, Kamehamela Exhibit Hall 2 & 3

NMO4.10.03
High-Sensitivity and Ultra-Fast Recovery H2 Sensing Using Suspended Graphene-PEDOT:PSS:PEOQ Nanofiber Channels Abiral Regmi, Noori Na
and Jiyoung Chang; The University of Utah, United States

NMO4.10.05

Systematically Analysis of Magneto and Vertical Transport of SrRuOu/SrTiOs Superlattices im"?, Seung Gyukong', Sung Ju Hong)‘
Dongseok Sub' and Woo Seok Choi's 'Sungkyunkwan University, Korea (the Republic of); *Center for Integrated Nanotechnologies, Korea (the Republic
of); *Kangwon National University, Korea (the Republic of)

NMO4.10.09
sical Possibilities and Limits of DNA-Enabled Progr 2D Self- bly Kicholas Tiahjono, Evgeni 5. Penev and Boris . Yakobson: Rice
University, United States

SESSION NMO4.11: Low Dimensional Manostructures 11
Session Chairs: Scunghyun Baik, Vivek Saraswat and Ming Xu
Thursday Moming, May 12, 2022
Hawai'i Convention Center, Level 3, 3014

B:30 AM NMODA 1102

Oil-Free Compact X-Ray Generator Based on Carbon Nanotube Field Emitters Shalini Rajpoot', Jongmin Lim', Jinho Choi®, Amar P. Gupta®, Jeakyu
Jang®, Seung Bum Ryo®, Kyung-Sik Yoon', Seung Jin Park' and Jehwang Ryu'; 'Kyung Hee University, Korea (the Republic of); *CAT Beam Tech. Co.
Ltd., Korea (the Republic of); *DEXCOWIN Co. Ltd., Korea (the Republic ofy

RS AN NMO4L I}J

Charge T ics in Microwave Synthesized One-Di ional Molybdenum Chaleogenides Jessica Oriiz Rodriguez, Joscph Perryman
and Jesus Velazquez; Uni\-'crsil)' of California, Davis, United States

D:00 AM NMO411.04
Laser-Treated Transition Metal Oxides for Water Splitting ! Jakub Karczewski®, Emerson Co)J Katarzyma Grochowska' and
Katarzyna Siuzdak'; "Institute of Fluid-Flow Machinery, Poland; *Gdansk University of Technology. Poland; *Adam Mickiewicz University, Poland

D:15 AM *NMI4.11.05
Wafer-Scale Single-Crystal Film Growth of 2D Lavered Materials and Heterostructures Young Hee Lee™; 'Sunghyunkwan University, Korea (the
Republic of); 1IBS Center for Integrated Nanossructure Plysics, Korea (the Republic of)

9:45 AM BREAK

10:15 AM NMO4.1106
Hoi-Carrier Relaxation in CdSefCdS Core/Shell Nanoplatelets Matthew Pelion®, Yana Wang®. Igor Fedin®, Dmiiri V. Talapin® and
OfLeary?; 'University of Maryland Baltimore County, United States; *University of British Columbia, Canada; The University of Chicago, United States

lUJﬂ AM NMM.11.07

rie “Misfit™ N b Chemical Affinity Outwits the Entropy at High-Temperature Solid-State Reactions Sreedbara M. B', Simon
[-{d:ttlerl Ifat Kaplan -Ashiri!, Katya Rechav!, Yishay Feldman!, Andrey Enyashin®, Lothar Houben!, Raul Arcnal and Reshef Tenne!; 'Weizmana Institute
of Science, lsrel; *Universidad de Zaragora, Spain; YInssitute of Solid State Chemistry UB RAS, Russian Federation

10:45 AM NMiM.11.09
1D Transition Metal Chaleogenides: Novel van der Waals Metals for Microelectronic Applications Jing Jin, Michclle Wuorch, Thomas Empante and
Lushwig Bastels: University of California, Riverside, United States

11000 AM NMO4. 10,07
Self- bled Hybrid N dals: 1 ions of Lipid Bilayers with Metal Oxide Surfaces of Nanoscale Curvature Tatyana | Smirnova,
Maxim Voinov and Alex 1. Smirnov: North Carolina State University, United States

SESSION NM04.12: Low Dimensional Nanostructures [11
Session Chairs: Don Futaba, Young Hee Lee, Ranjit Pati and Vivek Saragwat
Thursday Afiermoon, May 12, 2022
Hawai'i Convention Center, Level 3, 3014

1:30 PM NMO4 1201

Comparative Study of Field Emission Performance of Directly Grown CNTs on Metal Alloy Using CVD and PECVD Processes for X-Ray Source
! Seung Jun Yeo!, Jacik Jung®, Jeung Sun Ahn' and Jehwang Ryu'; "Kyung Hee University, Korea {ihe Republic of): *CAT Beam Tech

Co., Lid, Korea (the Republic of)

145 PM NMO4.12.02
Effect of Electrostatic Boundary Condition and Orientation on Ferroelectric Nanotube Mojue Fhang: University of Wisconsin-Madison, United
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