5 & E A RERH R S-Se it B L OCRERL A R

BENBSFHEER
UEN

ERERKFAT £, 1iukai2019@tsinghua. edu. cn

BE: SREEBNERMEERS TRMR. BT T —KFEAENBY THERR
ML RIS TABY TSR B SRIREE S R RE RARYSL AL (DN) FLi+
HH, XY T AFAISEIUENLS], FEELY MR EBEEY . SRENCEIER
FSEE, AR T T StESBEMNSTENMEMBIRETE/IEME, flnfEmRHmz
B FEH A B MER T DURRELL | [NCMB11 2Bt 7ES. 2mA/ cn2 AR BB R BR B T A1 IN86. 5%
MAEREEHITIOORIEIR, LWL | INOBIIRREBENIN T St EREMSHE
NREE . ARED, BOENBEM—RTIFE T BEN B BRAR T RN X T
EfR. BN, M EEMRIIFESEREMRERNRITNER.

Free solvent domis

B 1. BENBEEISTEREESY

RG] I, TR TT, AR R, SRR, BRI

S IR

1. Xia Y. C; Liu K. * et al. Nature Energy, 2023, 8 934.

2. Lu Y.; Liu K. * et al. Nature Energy, 2024, accepted.

2. Zhang W.; Lu Y.; Liu K. * et al. Nature Communications, 2022, 13, 2029.

4. Zhou P.; Xia Y.Y.; Liu K. = et al. Angewandte Chemie International Edition, 2024, 63,
e202316717.

5. Zhou H. Y,; Liu K. * et al. Angewandte Chemie International Edition, 2023, 62, €202306948.

X BERFUTIREBIR, HLES

2005-2009 FHEMKZUFFBARL, 2009-2014 FHEERZUFRE L (FIF: ':.'TM !'
SKFHEAR), 2014-2019 FHBRRA R LG (A1ESIH: EloHIR), 2019 £t N~
BN, DUBITEE S Nature Energy, Nature Communications, Angew
Chem Int Ed, Advanced Materials EEFRMEZFERIFIARIBX 20 £E. AR
B8R % K #k Nature Energy 5 highlight F13Ri&E . S#3IWA LR, hi854 76,




5 & E A RERH R S-Se it B L OCRERL A R

P AL 22 B A IR Bl R S e R 45 M AL B 3R 4 S e ek R L P Tt
PR, B, OBGLE HEEE, FLATR, FRE
BRI H T B A S EAR AE RS (2600 Whkg™ ") bl B & I8 1. 4R,
B AE AR 0% S8 A SR B0 7 25 LA S T R R = 4 2 B AR 0 “ S AR AN, S 3
PRV 4 9 FH P 5 S B BESRAR Z2 35K . TR AL R DS S S JFURT LioS Al Abid
PRI ROV A B A, R S A AL R, R AR U ) R AT B

BiVO, Bi/a-Li;VO, Bi,S;/a-Li;VO,
Discharge to 1.7 V Sulfurization during charging
) )
1stcycle subsequent cycling
Discharge to 1.7 V
subsequent cycling
Li,S te VLiPS
Cop a
Se ey ;
Y
3
43 iiE
T 512 5 A
IO 2 s 39
"==,w' 3

@B OL OV OO s *Bi ‘@Bizsa
la 3T BiVOs B 555 4 S SRS SUARIE R 108 4R AL A4 28 F T AL i IE AR 8L ) e B 7w 7 T

a Bi Gp-oroital v BiTowl| b L oo T —8is, Tow| ¢ P sl d & Bi;S)
H Sp-orbital H Bitp :m;/LA'\ S porbia | '
/_/,\ [/_,\/—*\ : AT | A =
g ! H /\ — L e H o
H == e S (B = il G \
V 3d-orbital 1 LI VO, Total V 3d-orbital +—aLi,VO, Total ! ! LS & ! ! Li,S,
\ | @ N H al.. H S 3pondital
8l A i a8l A b a | B al ey R
- A A / AW AN P JAVAVAHERTAV
ms’ orbital T AV, Ve &*13?/“[ vg/ru T y < L x 2
v " —— Bi,S/a-Li,VO, Total i
V 36oranl Emn 0L T Bipodital 8 porbial | ? orbte Vo L:S@s $ 3p-orbial@Li8,! 1 LS,@8S,
/\ A~ : /\ Vi \ AAMN |, -
\ \ | '
- ‘*/: A = A/ i\ 1A Nk,
- 3 o 3 -6 -+ -2 0 2 4
Energy (eV)

Energy (eV)

Discharge
—o
i3 2

300 400
Wavelenght (nm)

400

)is 7-1st
/
Wavelenght (nm) <«
N - b R

| N & .
Charge

)
2 & .
2 5 y Ch
2 o arge
e T BilaLivo, O
Catalytic Cycle of Bi-Based
Heterojunctions for Li-S System
400 500 600 300 400 500
Wavelenght (nm) Wavelenght (nm)

1b Bi/a-Li3VO4 Fll Bi,Ss/a-LisVOs AW AL AE P4 S48 B 1R 8 S N 3l 77 2 L ER 43 By
AWFFC T I T HE AT 4540 B A X — AL S B R PR IR L 5, BT 1 4 HE 7

2



5 & E A RERH R S-Se it B L OCRERL A R

Bt TE AR R 51N B B T8 A I8 T P PR 8 A 2 AR B Sy Ak, 3 b 2
B G5 R B AE— 20 P AR mE T AL A, FREE T BiVOs [ HAL S8 Ak S B
JRAIFYEE T Bi/AFdh LisVOs (a-LisVOs) A1 BizSs/a-LizVOa 575 45 1 vl 3 {4k 3R
TR o MR ZRURR 10 53 R 8 g AR P A 27 DR 30 £ ST IR 1) B 408 R i) 2 AR
AR R ASRAE T E IO, [ p X Bi Al BiaSs SEiAAh 2 (8145 201 p-p
BB AL RES B E PR AC LioS MBI FE RG22, SRR IE AR I o RT3
WAEHA . AHRIBR IEARTE 10.3 mg em™? AR B F gk N IEER 120 IRIGERA 7.5
mAh em? [{IE g8, HABWEE 3 C RfFR FRGEMEHE 500 A, XN E
FILFEANA 0.06%/JH -

AW TR B A1 S R A A B2 RAS T ik R IE AR A 7], e Ll Re
Tt L PR AS) SRS 1T R4 A A R B

ZHF LA B T E K BARRFFESTUH  ILRE BARFEEES T H AL AR
B SR FUAA G E R TR .
1. Ao Huang,} Linglong Kong,i Bowen Zhang, Xuefan Liu, Lu Wang*, Lifang Li*, and Jing

Xu*. Electrochemical restructuring driven catalytic cycle of Bi-based heterojunctions for high

performance lithium—sulfur batteries. ACS Nano, 2024, 18, 12795-12807.



5 & E A RERH R S-Se it B L OCRERL A R

S RE RS - R AR
e, E YR
HEF AR PPRIR A 5 TR, R, 300350

N BRI 2 R S e DAL FE e, BT, 100091
Email: xpgao@nankai.edu.cn

BEAR L B IR SR RE R (2600 Whikg 53 2800 Wh/L), J&3#T
AR IR BB RSB H . AL T4 T H i, (AR RS R R -
RRLHARIPE 2 — o A TAE B ERZE LI ]2 20 - i F it = L R AT R 7906

P
R

PR RE P AR S SRS, L o A B PR Ty T iR P B e R AR AR e R

oou MISURP yg,

LOW E/S rat'\o

5

BT T =R AR e ML SRS fi ey B B P T AR R B T
AR AR T #52 m LU RE BB v B AR HE O, T ) 20 S AT ey e A T
VERT e S E BN & G 2 AR, JF LM RS B Sk, R iR
TR A IR AR, RN 2 AR T RN, ST F AR a3
R BT 2R VR B A IR B AT & A S, o3t 1 B SRR R 28 A3 AR TR
A7, AW T <5 A AR R B A et 2B A R T 1 AR, 1R T AR TE IR AR
SEVE: SRR R B 2R A S & ) 8 BE R FEU 5T, BB AR IEE InPe A =
LB T RHERBR(TEGDN)AS I %, il % th s Ve RE Bt HL ot s Wt AN R ¢
AP BRI R TR I R SRR R . e i e, R
IR L PR o ) 2 Y ey L o I 2 - L
B 30k
[1] Y. T.Liu, S. Liu, G. R. Li, X. P. Gao, Strategy of Enhancing the Volumetric Energy Density for

Lithium-Sulfur Battery, Adv. Mater., 2021, 33, 2003955.
[2] Y. Guo, J. H. Lu, Z. Q. Jin, H. R. Chen, W. K. Wang, Y. Q. Huang, A. B. Wang, InPc-modified
gel electrolyte based on in situ polymerization in practical high-loading lithium-sulfur batteries,

Chem. Eng. J., 2023, 469, 143714.



5 & E A RERH R S-Se it B L OCRERL A R

&8 coF 2BISEARAYRMERA TSRS TR

R

SRILGR, BHRAE, XifE*
AR AN R 222 SRR 2 0e, Z8Tii, HE, 271000, E-mail: liuxu@sdau.edu.cn

KEE . [EASHEME, IMEVUHESR, MEIREMES, B TA COF &4 Hfft

T

B (LMBs) N B A RE B2 B s TR At AR M % i DL TG ICIC RS A 5y, T2
H AT ) oA KRRl st B Ak S R A0 o (R P 0 21 TS YR 0 1) LMBs A7 7E ™
FER AR, Wk A KRR IIBRIER RS . BSRESYHEME (SPE) Km e pii
N —AREL I ) SCREA R, B TSR (<1075 S/em) . HUAR/HALAR T S i PHATLR 5%
v R85 B ) 240 I FH o A 98 501 S s n TG LSRR D M D SHeJt 25 - A% i Rl e 5 S T ARk
HM A HAHELL(COFs) A LM Wit ARl DIRenl 47550 i {18 COFs BN H
BUAPRVITE FE B k0] . COF 2 FLAN = 45 sh PR R AU A3 L AE M B B AR il aE B 5 ek
FIAE s, HAORH LLER TR S RESR AL 0 AL B P45 A A0, Wi B A 8L 8 F 1K,
XU S COFs fEMENE T 3 B W R 1,

BT B, AR HAHE T EHUHESR (COF) iR, WEAf
A B A REIE M R GBS R A M A R R TAEF, JATEE T ae1l
COF. 3-ZJk-1- 25 HEmk S5 A1 PEGDA IR AL G KR, witil#s T —FiBHE +4¢ COF
HAETES RGBT Z AR COF MINITEFLE bR T H 5 R G YR H ),
A FL L P BT A S A [ I R S, (R R R PR RS S AR, IR T
ROFIA . BRI, 215 201 52 6 S SR A W B M B A A = ) e 2t e . R T
FETHESEAN 1X104S em”, HAEE AN 5.4V, B &0 #FR it ] DU 2 15 3R
1000 h. Jf HFr2H3E B A (LFP) L 2 A 160 m Ah g! IIVILAAR R, JFREETE 0.5C %
RAGIE 400 [Blf5 A BT IRHFF 135 mAh g, HEREFRIE 85%, RILH TR0 B1b22H
B, Nmea. KI5 B iR e SRR

O Lws ()

Y

oo MIC

~
S
S

150 4

S
8

=
cy (100%0)

¥>

2
=
-
5
3
o
=1

100 135mAhg*

Y
3

Coulombic efficien

capacity (mAh g}

3
=
8

50 4

o
3

[~

Coulombie elficicncy (100
o
3

Specific capacity (mAh g)

Speeific

2%
05C

2%
2%

=3

0

0 0
it} 15 20 25 30 35 50 100 150 200 250 300 350 400
Cycle number (n) Cycle number (n)

K (a) £ 60°CN, BRRRELEEABIbAIfERIERE; (b) fE 60 CHIHIHE 0.5C F, Wik
PR A A T RE

o

o

SE W

[1] B. Hu, J. Xu, Z. Fan, C. Xu, S. Han, J. Zhang, L. Covalent Organic Framework Based
Lithium—Sulfur Batteries: Materials, Interfaces, and Solid-State Electrolytes[J]. Advanced
Energy Materials, 2023, 13(10).

[2] G. Jiang, W. Zou, W. Zhang, Z. Ou, S. Qi, T. Ma, Z. Cui, Z. Liang, L. Du. Lithium-lon
Accelerated Regulators by Locally-Zwitterionic Covalent Organic Framework

5



5 & E A RERH R S-Se it B L OCRERL A R

Nanosheets[J]. Advanced Energy Materials, 2024, 14(12).

[3] W. Gong, Y. Ouyang, S. Guo, Y. Covalent Organic Framework with Multi-Cationic
Molecular Chains for Gate Mechanism Controlled Superionic Conduction in All-Solid-State
Batteries[J]. Angewandte Chemie International Edition, 2023, 62(25).

[4] Z. Gao, Q. Liu, G. Zhao, Y. Sun, H. Guo, J. Covalent organic frameworks for solid-state
electrolytes of lithium metal batteries [J]. Mater. Chem. A,2022, 10:7497-7516.



5 & E A RERH R S-Se it B L OCRERL A R

lonic Covalent Organic Frameworks (COFs) Solid-State Composite
Polymer Electrolyte for high-performance lithium-ion batteries
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Abstract:

Lithium metal batteries (LMBs) have emerged as the most prominent electrochemical
energy storage technology owing to their exceptional energy density, extended cycle
life, high operating voltage, and absence of memory effects. Nevertheless, conventional
liquid electrolyte-based LMBs face critical safety challenges, particularly lithium
dendrite proliferation and flammability risks. Solid polymer electrolytes (SPES) present
a promising alternative for next-generation batteries due to their inherent non-
flammability and mechanical stability. However, their practical implementation is
hindered by intrinsic limitations including suboptimal ionic conductivity (<10° S cm™)
and significant interfacial impedance at electrode/electrolyte junctions. While
traditional modification approaches (e.g., inorganic filler incorporation) have attempted
to address these issues, they often compromise interfacial compatibility while
attempting to enhance ion transport efficiency.

Covalent organic frameworks (COFs) have recently garnered substantial attention as
functional materials due to their precisely designable architectures, controllable
synthesis pathways, and tailorable physicochemical properties [3]. The unique
combination of crystallinity, permanent porosity, and high surface area in COFs offers
distinct advantages for ion conduction applications. Specifically, their ordered
nanopores can facilitate directional lithium-ion transport, while abundant surface
binding sites may enhance lithium salt dissociation and free ion concentration [4].

Therefore, this study introduces a novel composite solid polymer electrolyte (CSPE)
system leveraging the charge-regulation capability of ionic COFs to establish efficient
lithium-ion conduction pathways. We developed a cationic COF-incorporated CSPE
through in-situ thermal polymerization of allyl-functionalized COF, 3-ethyl-1-
vinylimidazolium, and poly(ethylene glycol) diacrylate (PEGDA). The synergistic
interaction between rigid COF pores bearing cationic groups and flexible polymer
chains enables dual functionality: 1) formation of ordered ion transport channels
through COF frameworks, and 2) creation of adaptive interfaces at electrode surfaces.
This architecture simultaneously promotes Li" dissociation/transport and suppresses
dendrite formation.

The optimized CSPE demonstrates remarkable electrochemical performance, achieving

a room-temperature ionic conductivity of 1 X 10* S cm™ and an electrochemical

stability window up to 5.4 V. Lithium symmetric cells employing this electrolyte

exhibit stable cycling over 1000 hours. The LFP full cells with the CSPE deliver an
7
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initial capacity of 160 m Ah g'. And the capacity can retain 135 m Ah g (85%
capacity retention) after 400 cycles at 0.5C. These results substantiate the effectiveness
of our COF-based CSPE design in addressing critical challenges for high-safety,
durable solid-state LMBs, providing both theoretical insights and practical strategies
for next-generation energy storage systems.
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Figure (a) Rate performance of lithium iron phosphate batteries at 60°C ; (b) Long-term cycling
performance of lithium iron phosphate batteries at 60°C and a current density of 0.5 C
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Joule Heating-Assisted Tailoring of Porous Biochar to Optimize the
Electronic Structure of Pt Single-Atom Sites for Enhanced Hydrogen
Evolution

Ligiong Zhang?, Zhigi Zhang?, Rui Xiao'*

'Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education,
School of Energy and Environment, Southeast University, Nanjing 210096, PR China
*Corresponding author(s): ruixiao@seu.edu.cn (R. Xiao)

ABSTRACT: Carbon based Pt single-atom catalysts are regarded as promising
for efficient hydrogen evolution reactions (HER), attributed to their unparalleled
catalytic activity and ultimate atomic utilization efficiency. However, the preparation of
carbon materials with desirable electronic structures as Pt single-atom catalyst
supports using low-cost biomass for long-term stable and efficient hydrogen production
often requires complex synthesis methods and time-consuming reduction processes.
In this work, we developed a biochar material featuring an ultrahigh surface area,
distinct worm-like lattice fringes, and a high nitrogen content, synthesized from walnut
shell precursors via a novel approach combining rapid joule heating and plasma
technology. The fabricated tailored nitrogen-doped micro-mesoporous biochar as
support for engineering the electronic structure of Pt single-atom sites via
straightforward impregnation approach eliminating the need for reducing agents,
where Pt atoms are stabilized on the biochar via initial micropore trapping and
optimized nitrogen anchoring. The resulting Pt single-atom catalysts exhibit
exceptional HER activity and remarkable stability, outperforming most of state-of-the-
art single-atom catalysts. Furthermore, the mechanisms for HER performance
enhancement were elucidated by X-ray absorption structure analysis and theoretical
simulations. Notably, the Pt single-atom catalysts supported on tailored biochar
achieved an ultralow overpotential of 8 mV at 10 mA cm™ and demonstrated
exceptional stability, exhibiting only a 5 mV increase after 20,000 CV cycles. These
results highlight the potential of biochar materials for designing high-performance,
cost-effective electrocatalysts for high hydrogen production.

Keywords: Pt single-atom catalysts; biochar; rapid joule heating; micropore

trapping; hydrogen evolution reactions
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Engineering Lattice Distortion and grain size in o-V.0s for
Enhanced Zinc Storage: Correlating Structural Evolution with
Three-Stage Electrochemical Behavior in Zinc-lon Batteries

ABSTRACT

The correlation between structural evolution and electrochemical performance of electrode
materials remains a critical challenge in developing high-performance energy storage devices.
Using V205 as a model cathode, we report a facile mechanical grinding approach to prepare
G-V:0s with engineered lattice distortion and refined crystal grains. Specifically, we
demonstrate that V.0Os and G-V:0s show surprising differences in their three-stage cycling
behavior (initial capacity increase-stabilization-decay) of V.Os-based zinc-ion batteries (ZIBs),
as revealed through comprehensive ex-situ SEM and XRD analyses. To understand the
mechanistic origins of these differences, we systematically investigated their kinetic evolution
pathways. Our findings reveal that both materials undergo a distinct transformation: V.Os—
Ho3V20s — Amorphous — Zns(OH).V.:07-2H.O. Notably, the synergistic effect of lattice
distortion and grain refinement in G-V:0s significantly enhances the kinetic transformation
process, resulting in superior electrochemical performance. As a result, G-V:0s electrode
delivers a maximum reversible capacity of 273 mAh g™ at 2 A g™, maintaining 263 and 199
mAh g~ after 500 and 2000 cycles, respectively. This work demonstrates, for the first time,
that mechanical grinding alone can achieve both lattice distortion and grain refinement in
V.0Os, challenging the conventional reliance on chemical modification strategies. These
insights into kinetic evolution mechanisms provide new perspectives for rational design of
high-performance V:0s-based electrodes and expand their potential applications in energy

storage systems.
keywords: Vanadium pentoxide, Zinc-ion batteries, Lattice distortion, Grain size, Structural
evolution
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[1] G. Zubi, R. Dufo-Ldpez, M. Carvalho, et al. Renew. Sustainable Energ. Rev., 2018, 89, 292-
308.

[2] H. Dong, J. Li, J. Guo, et al. Adv. Mater., 2021, 33 (20), €2007548.

[3] S. M. Morozova, A. Gevorkian, E. Kumacheva, et al. Chem. Soc. Rev., 2023, 52 (15), 5317-
5339.

[4] P. Shen, Y. Hu, S. Ji, et al. Surface. A, 2022, 647, 129195.

Design of MS-PAM composite asymmetric hydrogel electrolyte

and its zinc storage performance study

Luan Yuhan, Yang Kai’
(College of Chemistry and Material Science, Shandong Agricultural University, Tai'an,
Shandong, 271018)
Yangkai, E-mail: yangkai@sdau.edu.cn
Abstract: Aqueous zinc-ion batteries (AZIBs) have emerged as one of the most attractive
alternative systems due to their low redox potential (-0.76 V vs. SHE), high theoretical capacity
(820 mAh g™), and abundant natural zinc resources, holding great promise for future energy
applications. However, the instability of zinc metal, stemming from issues such as zinc dendrite
growth, hydrogen evolution, and surface passivation, leads to low Coulombic efficiency and

inadequate cycle life, hindering the practical application of AZIBs™

. Hydrogel electrolytes, with their
high ion conductivity and good interfacial stability, can meet the demand for deformation
durability of energy storage devices in complex application scenarios, making them a focal point
of research in the field of aqueous energy storage®”. Nevertheless, traditional organic hydrogel
electrolytes suffer from insufficient mechanical properties and slow ion conduction kinetics,
significantly limiting the overall performance of the batteries. By incorporating inorganic
nanofillers into covalently cross-linked hydrogels, the mechanical properties of the gels can be
significantly enhanced, effectively resisting the random growth of zinc dendrites, repeated physical
deformations, and unpredictable external stresses, thereby greatly improving the electrochemical
stability of the batteries™”. Therefore, composite hydrogels are ideal electrolyte materials for
flexible energy storage devices.

Based on this, a composite asymmetric hydrogel electrolyte (G-MS-PAM) based on
polyacrylamide (PAM), plasticized with sodium-type mesoporous molecular sieves (MS) and
ZnSO4 electrolyte salt, was prepared in this study. A uniform and dense molecular sieve layer on
the negative electrode side enables uniform transport of zinc ions, inhibiting the dendrite issue
caused by uneven zinc deposition”. Simultaneously, with an appropriate pore size (about 0.5 nm),
it is also possible to suppress side reactions by regulating the solvation structure and inhibiting
the activity of water molecules in the electrolyte. Owing to the rigid structure and abundant
hydrophilic functional groups of MS, as well as the high concentration of ZnSO4, the prepared G-
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MS-PAM hydrogel electrolyte exhibits significantly enhanced mechanical properties (tensile
strength of 0.72 MPa and elongation at break of 906%) and a high Zn*" conductivity of 19.8 mS
cm™ . With excellent mechanical properties, electrochemical stability, and uniform ion transport
behavior, the Zn//Zn symmetric battery assembled using the G-MS-PAM hydrogel electrolyte
achieved stable cycling for 5800 hours at room temperature under a current density of 1 mA cm™
and an areal capacity of 1 mAh cm™.

Key words: Zinc-ion batteries (ZIBs); hydrogel electrolyte; molecular sieve; dendrite-free
deposition; asymmetric structure.
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Synthesis of organic inorganic hybrid cathode material PANI-MnV11 and
its application in aqueous zinc-ion batteries
Wang Yingxue, Yang Kai*
College of Chemistry and Material Science, Shandong Agricultural University ,
Tai’an, 271018

*E-mail: yangkai@sdau.edu.cn

Abstract: Aqueous zinc-ion batteries have become one of the most advantageous
candidates in the energy storage system due to their advantages such as low cost,
high safety, and high theoretical capacity. However, the instability of the cathode
material structure has greatly affected the practical application of aqueous zinc-ion
batteries. Polyoxometalates are a class of inorganic single molecule nanomaterials
with remarkable structural characteristics, formed by high valent transition metal ions
(such as Mo, W, V, Nb, Ta, etc.) connected through oxygen atoms. Among them, V has
attracted extensive attention in the field of energy storage due to its flexible oxidation
states between +2 and +5. In this work, the polyoxometalate KsMnV11032 (MnV11) was
synthesized by a simple solvothermal method. After being dissolved, it was combined
with polyaniline (PANI). The positively charged sites generated during the aniline
polymerization process were used for doping to form the organic inorganic hybrid
cathode material PANI-MnV11. Through PANI, the active sites in MnV1 were doped into
its polymer chains, which alleviated the defect that MnV1 itself was easy to dissolve,
showed good structural and electrochemical stabilityy, and achieved good
electrochemical performance. Through the synergistic effect of these two organic-
inorganic materials, the PANI-MnV 1 material exhibits a high specific capacity of 429.95
mAh g™ at 0.2 A g™, and a specific capacity of 293.48 mAh g™ at 3 A g™". After 1000
cycles, the capacity retention rate is 90.1%, showing good cycling performance.
Moreover, the material exhibits excellent rate performance under different current
charge discharge conditions. In addition, this cathode material can still operate stably
at low temperatures. At -30°C, it still maintains a relatively high specific capacity of

174.48 mAh g™, and after 500 cycles, the capacity retention rate is 92.2%.
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storage methods proposed so far did not
consider many influence factors which
can cause equipment damage or
operation interruption, such as: the
hazardous effect of under-water current
and internal wave, method to control the
horizontal position of floating vassal,
under-water position locating of weight,
prevention of the entanglement of wires
and cables. As a result, deep-sea gravity
energy storage is still a very preliminary
idea. To make this concept more practical,
this paper investigated the potential
problems limiting the application of this
method, and proposed potential
solutions, including: position control of
the floating vessel, uninterrupted
operation in stormy sea, weight storage
method under floating vessel, weight
transportation between storage place
and hoisting system, position
measurement of weight in deep sea,
entanglement prevention of wires and
cables, corrosion protection, selection of
suitable sea areas for gravity energy
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Investigation of the Preparation and Thermal Conductivity of
High-Thermal-Conductivity Barocaloric Refrigerants Using

Neopentyl Glycol

Plastic crystal neopentyl glycol (NPG) demonstrates notable barocaloric effects and high
entropy changes. However, its application is constrained by low thermal conductivity,
substantial undercooling, and poor rebound performance. In this study, carbon materials with
ultra-high thermal conductivity, including expanded graphite (EG) and carbon fiber (CF), were
utilized to improve NPG's thermal conductivity. The optimal mixing ratio of NPG with EG and
CF was found to be 20 wth. Measurements revealed that the composite material's thermal
conductivity was 100 times greater than that of pure NPG, greatly reducing heat exchange
time during the barocaloric refrigeration cycle. This study presents a straightforward and
effective method to improve the thermal conductivity of plastic crystals with notable
barocaloric effects, potentially accelerating their use in solid-state refrigeration technology.

Keyweords: barocaloric refrigeration, neopentyl glycol, EG, CF, thermal

conductivity
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Performance optimization of multi-cycle low-temperature cold storage

packed bed

SHE Xiaohul', ZHANG Ziao' WANG Xingyu' HAN Peng” Wang Chen'
(‘Shijiazhuang Tiedao University, Shijiazhuang 050047, Hebei, China)

Abstract: Large-scale long-duration energy storage technology is one of the important paths to achieve the
dual-carbon goal. Among them, liquid air energy storage (LAES) has attracted much attention due to the
advantages of high energy density, no geographical limitation, long lifetime and environmental friendliness.
The cryogenic storage and cooling bed is the key component of LAES, however, it has the problem of low
cycling efficiency, and most of the previous researches focus on the performance of single-cycle cryogenic
storage and cooling bed, and there are fewer researches on the stabilized multi-cycle. In this study, we
analyzed the cryogenic storage and cooling packed bed under the stable multi-cycle condition, and analyzed
and discussed its height-to-diameter ratio, volume, and inlet flow rate of the charge and release cold.

Key words: Packed bed; Multi-cycle; Exergy efficiency
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BIBRKER/N. FRILLH r*/RT EREHSE A 1.42 W/(mK)HIGRIET R E B R
AU T HRE. HEREMELIREFHRSEA 142 W/(m-K)F1 284 W/(m-K)BF BN AR AESUE
AR, FIARNEESHSEHNEETR.

2) EMEISRERSHNRIRT, AR ARIET RN T LR/, B8
BINASESZEARAEBENRKERFERNGZEZWT, BEREFHERARA 131
MI/(m*K) Bt

3) YEREMEIEEEEHRSE Y 1.42 W/(m-K)FLEEEHEIRAA X 1.31 MI/(m°K)
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Figure 1 Laser/plasma modification of hard carbon materials for sodium ion batteries.
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Highlights

All-solid-state lithium batteries (ASSLBs)
are strongly considered as the next-generation
energy storage devices for their high energy
density and intrinsic safety. The solid-solid
contact between lithium metal and solid
electrolyte (SE) plays a vital role in the
performance of working ASSLBs, which is
challenging to investigate quantitatively by
experimental approach. This work proposed a
quantitative model based on the finite element
method (FEM) for electrochemical impedance
spectroscopy (EIS) simulation of different
solid-solid contact states in ASSLBs. With the
assistance of an equivalent circuit model and
distribution of relaxation times, it is discovered
that as the number of voids increase, the contact
resistance R. grows and ultimately dominates
the battery impedance. Through accurate fitting,
inverse proportional relations between contact
resistance R. and (1 — porosity) was disclosed.
This contribution affords a fresh insight into
clarifying solid-solid contact states in ASSLBs.
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Fig. 1 Scheme of the correlation between solid-solid

contact states and EIS simulation in ASSLBs.
Results and discussions

The full-cell EIS of the typical ASSLB
Li|LigPSsCINCM811 was simulated through
FEM (Fig. 2a) and compared with the
experimentally measured EIS (Fig. 2b). Both
the Nyquist plots of simulation and experiment
comprise three parts: a small semicircle at high-
frequency region that corresponds to the
semicircle at
that
corresponds to the charge transfer process, and

interfacial contact, a large

medium and low-frequency region
a low-frequency region line that corresponds to
the diffusion process. The simulated and
experimental Nyquist plots are in good
agreement, especially at the high-frequency
region.

a - : b = c

Fig. 2 The finite element method model of
electrochemical impedance spectroscopy for all-solid-
state lithium batteries. (a) The scheme of the
constituent and boundary state of the model; (b) the
Nyquist plot of simulated and experimental results; (c)
ECM fitting of the bulk resistance, contact resistance,
and charge transfer resistance for simulated and

experimental EIS.
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The resistances of bulk, contact, and
charge transfer for simulation and experiment
are contrasted in Fig. 2c. The R}, values are both
in the range of 20-25 Q cm?, R, in the range of
55-85 Q cm?, and R in the range of 240-270
Q cm? for simulation and experiment. The three
resistance values of simulation and experiment
exhibit good match, which confirms that the
model can accurately reflect the impedance of
Li|LigPSsCINCMS811 and can be applied to
explore the relationship between solid-solid
contact states and EIS.

The EIS of different void porosities was
simulated by the model. As the lithium void
porosity increases, the semicircle representing
the contact in EIS Nyquist plots is enlarged and
the contact resistance R, is increased (Fig. 3a).
Furthermore, the DRT analysis of porosity
between 0% and 100% was performed. As the
porosity increases, the peaks of Ry and Raiffusion
show no significant change but the peak of R.
increases remarkably especially when the
>60% (Fig. 3b).

b c d

porosity is

Fig. 3 The simulation of EIS and the related DRT and
ECM analyses for different void porosities. (a—d)
Schemes and Nyquist plots of four typical scenarios at
Li|SE interface: full contact (porosity = 0%), a few
voids (porosity = 20%), numerous voids (porosity =
50%), and point contact (porosity = 100%); (¢) the DRT
plots of different porosities ranging from 0% to 100%;
(f) the relationship between contact resistance R. and
porosity. The inset represents the result of the inverse

proportion function fitting.

Additionally, ECM

conducted. When the extreme case point of

fittings  were

porosity=100% is removed, and the R? of

fitting reaches R. exhibits an inverse
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proportional function with (1—porosity) 0.998.
The empirical fitting expression can be
expressed as R. = 1.69x10%/(1 — porosity) —
1.64x10° (Fig. 3c¢).

Conclusions

A 2D simulating model based on the finite
element method for EIS simulation of different
solid-solid contact states in ASSLBs has been
proposed. We simulated the EIS of
Li|LisPSsCINCMS811 ASSLB, which
corresponds well with the experimental results.
Based on this model, EIS of different solid-
solid contact states can be reproduced through
simulation. With the aid of ECM and DRT,
correspondence between contact states at the
Li|SE interface and EIS was established. A
relationship between R: and (1 — porosity)
obeys the inverse proportional relation after
fitting. This contribution affords a fresh
approach to clarifying solid-solid contact states
in ASSLBs. With these proposed quantitative
rules, researchers can infer and diagnose the
actual solid-solid contact states in ASSLBs
from their EIS results. It is expected to inspire
more attempts using simulation and
computational tools to investigate interfacial
problems of ASSLBs and give helpful guidance
to design advanced ASSLBs with expected
performance.

* Supplementary materials can be available

from the authors.
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Figure 1 State of Health Estimation for Lithium-ion Batteries and Modules Based on Bidirectional

Long Short-Term Memory Networks.
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MHNAE. AFSIEBFTHBEF Z BN ER IR ERAERF P A M SELHCEE
RRERREN . TEiZEMT, S8 -AFAKEWHNIESTECHRBER ZBER— 1 REE,
FEAEER-BFAREMNPEX BN EXEEEENESNERERRE. S5, &
FIFIEBFUBRBRFIFROAED T UH— N =TAEE SRR, 5 -37. @8-BEFE
F-HREF Z B A EE AR ERE 7 LHCERY B L &

KEREMRAFEATHENREXE (BFRRFRE, CMC) FRETLHCEMLEHN

SR, 21, BHANHEF ZBOEEERKRBTEE, FE—XSEARMNHCEEEZET
HEEFRIEENESEAEESNEMERIRE.
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Fig. 1 Micelle-like structures in localized high-concentration electrolytes (LHCE)

teoh, YEER TLCE, HCEMLHCEEBIRFREFL BB NE (EDL) MR EIEAE
fEESTE (SERE) ERmMENE, HRAM, FHRN—HSternNEEER (ARKMNHEET
ERHBF. BRNNBBEAAERNY BZ) REEHBALHCENRRMFE. LHCERESR
KR REMAENBEABURE, TR ABL E-AFEAHEX MR AHEFXE,
ERIENE EABBEFXBENBEAMEEL EL, EELHCEEREFIZXETER
Bl XZMATFTFEOEARIAE ik A= B RN A B A T TR, MR
BREHNILXERPEFCESZ. BREFAXEL WERSNEEZEETTDHE, EATFEO
NTEESLEZENRRTHEHRANER. B, NEEHL'HNESERSIRSTFEOMER
B, XRETHFENBELEWISEFBNEEZ WM. KA TEMUIERTXEEERNA
B, it ATeE T e Bt BHCER T EitiIES.
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Fig. 2 Schematics of EDL structures in LCE (a), HCE (b), and LHCE (c) near the negatively charged electrode.

Xugim): M, REAeSRELEER WEE, BEERE®ESTE, £RERN
SE 30

[1] Corey Efaw, Qisheng Wu, Ningshengjie Gao, et al. Nat. Mater. 2023, 22: 1531.
[2] Qisheng Wu, Matthew T. McDowell, Yue Qi. J. Am. Chem. Soc. 2023, 145(4): 2473.
[3] Qisheng Wu and Yue Qi. Energy Environ. Sci. 2025, under revision.
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Qiang Zhang*
Beijing Key Laboratory of Complex Solid State Batteries,
Tsinghua Center for Green Chemical Engineering Electrification (CCEE),
Department of Chemical Engineering, Tsinghua University, Beijing 100084, China
zhang-qiang@mails.tsinghua.edu.cn

Lithium bonds, analogous to hydrogen bonds, exhibit unique properties due to lithium’s
weak metallic nature, offering exciting potential for lithium battery applications. This
talk will delve into the concept of lithium bonds, exploring their underlying chemistry
and how they can be harnessed to design new battery material combing with emerging
artificial intelligence and further improve battery performances. Specifically, solid
electrolytes combined with high-voltage Li-rich Mn-based cathodes and anode-free cell
designs hold significant promise for high-energy-density and high-safety systems.
However, challenges such as interfacial oxygen escape and unstable anode morphology
continue to hinder their widespread applications. To address these issues, we have
developed a fluoropolyether-based solid polymer electrolyte featuring a novel anion-
rich solvation structure, which stabilizes the interface and enhances cycling stability.
The resulting pouch cell demonstrates an ultra-high energy density (604 Wh/kg, 1027
Wh/L) and excellent safety under a nail penetration at a full charge condition, advancing
solid-state battery technology and paving the way for safer, higher-energy systems.

Prof. Qiang Zhang is a full professor at Tsinghua University. He held the Newton
Advanced Fellowship from Royal Society, UK and the National Science Fund for
Distinguished Young Scholars. He is the dean of Department of Chemical Engineering,
Tsinghua University. He is selected as highly cited researchers at 2017-2024 by
Clarivate Analytics. His current research interests are advanced energy materials and
energy chemistry, including dendrite-free lithium metal anode, lithium sulfur batteries,
and electrolyte, especially the structure design and full demonstration of advanced
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energy materials in working devices. His h-index is 166 now. He is the Editor-in-Chief
of EES Batteries, Advisor Editor of Angew. Chem., Associate Editor of J] Energy Chem.
He is sitting on the advisory board of Joule, Chem Soc Rev, Matter, Adv Funct Mater,
ChemSusChem, J Mater Chem A, Chem Commun, Energy & Fuels, and so on. He is
the deputy head of the expert group on energy storage and smart grid of the national
key research and development plan. He has won the first prize of Natural Science of
the Ministry of Education, the first prize of Fundamental Science of the Chemical
Engineering Society.
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BE: ARAHNESERIMAEEENSHERE. SReBATHEEERMNIGFENA. 50T
MEEVESHBRGEFEAREME. EUFREVNZNBT T SERMFENROER, Fi, #R
SEMENTIRESHENE TSN TRITHEBRSEBRAMAEXER, BUXBRFERIME# T
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RAEHEPRNEMNK BTRsHIIE RETHRTRAEREENENESBA KK R, K
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[1] Hou, T.% Xu, W.}; Pei, X.; Jiang, L.; Yaghi, O. M.*; Persson, K. A.* lonic Conduction Mechanism and Design of Metal—

Organic Frameworks Based Quasi-Solid-State Electrolytes. J. Am. Chem. Soc. 2022, 144, 13446-13450.
[2] Guo, S.%; Tan, S.*; Ma, J.; Chen, L.; Yang, K.; Zhu, Q.; Ma, Y.; Shi, P.; Wei, Y.; An, X.; Ren, Q.; Huang, Y.; Zhu, Y.; Cheng,
Y.; Lv, W.; Hou, T.*; Liu, M.*; He, Y.*; Yang, Q.; Kang, F.* Dissociation mechanism of lithium salt by BaTiO3 with

spontaneous polarization. Energy Environ. Sci. 2024, 17, 3797-3806.
[3]1 Zhu, Y %; Lao, Z.*; Zhang, M.%; Hou, T.*; Xiao, X.; Piao, Z.; Lu, G.; Han, Z.; Gao, R.; Nie, L.; Wu, X.; Song, Y.; Ji, C.;

Wang, J.; Zhou, G.* A locally solvent-tethered polymer electrolyte for ultra-long-life lithium metal batteries. Nat.

Commun. 2024, 15, 3914.
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X. Chen, N. Yao, B.-S. Zeng, Q. Zhang, Fundam. Res. 2021, 1, 393 - 398.
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2] N.Yao, S.-Y. Sun, X. Chen, X.-Q. Zhang, X. Shen, Z.-H. Fu, R. Zhang, Q. Zhang, Angew. Chem. Int. Ed. 2022,
61,¢202210859.

[3] N. Yao, L. Yu, Z.-H. Fu, X. Shen, T.-Z. Hou, X. Liu, Y.-C. Gao, R. Zhang, C.-Z. Zhao, X. Chen, Q. Zhang,

Angew. Chem. Int. Ed. 2023, 62, €202305331.
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! Tsinghua Center for Green Chemical Engineering Electrification (CCEE), Beijing
Key Laboratory of Green Chemical Reaction Engineering and Technology,
Department of Chemical Engineering, Tsinghua University, Beijing, China.

2 Huairou Laboratory, Beijing, China.
% School of Materials Science and Engineering, Beijing Institute of Technology,
Beijing, China.
4 Advanced Research Institute of Multidisciplinary Science, Beijing Institute of
Technology, Beijing, China.
®> Tanwei College, Tsinghua University, Beijing, China.

Bifl¥E#E: zhang-giang@mails.tsinghua.edu.cn

(a) (b)

)
[ ] Hello!l would like to design a solid-state electrolyte (in this case
e bicomponent SEI) that contains LiF and Li2O
The molar proportion of LiF is 0.5, and that of Li2Qis 0.5, t00. The
diffusion coefficient of LiFis 3.5e-20 m2/s; the diffusion
coefficient of Li2Ois 1.6e-20 m2/s; the diffusion coefficient of
theirinterphaseis 1e-17 m2/s; the width of the diffusive interface is »
600 nm =
The size of the model should be set as 10 um; 27 Monte Carlo LLM .
crystallization points should be set inside the model; the number mumber_of_grids s 30
of grids should be set as 50 (Deepseek) | )
{
oefficient”: 3.5e-20,
c £ 50%A_27.50 600 2025-2-18 ¢ + = G =
LIF it RIE  5E &
0.9
0.8 % A 3-D Voronoi diagram available for SSE simulation |
& by Jun-Dong Zhang. Ver 5.0. Copyright 2025.
0.7 B % Time when this model was produced: 2025-2-18_
08-49-37
0.6 % Edge length of the cubic unit: 10 um
% Proportion of Monte Carlo points representing
0.5 <} pseudo-material A: 0.5
04 % Number of Monte Carlo random points: 27
% Number of intervals on each axis: 50
0. CO MSO L % Width of the diffusive interface: 600 nm
. Multiphysi Ft
49 49 01 1
02 ulupnysics 49 49 03 1
0.1 49 -49 05 1
49 49 07 1
0 . -49 -49 09 1
LI20 49 49 11 1

=
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T—EZRE. BYE. BaTEIAR, ZIREEMTSMIR, M7 5%
BITREHE %I&*l%%ﬁ%ﬁﬁ’]?ﬁ%l?ﬁﬁo MAZIAE, ﬁﬁﬁi%Tu}}\ﬁﬁﬁﬁ,m

ERRMRITHRE R, EFHTNAEESBRARTNMNE BERKESEE. it
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A Multimodal Computational Toolkit
for Efficient Design of High-Performance Solid-State Electrolytes

Jun-Dong Zhang?, Rui Zhang?, Ling-Xuan Li* 4, Jin-Liang Li* %, Dong-Ying Lan?,
Xiang Chen?, Chen-Zi Zhao!, Jia-Qi Huang® 4, Qiang Zhang" !

! Tsinghua Center for Green Chemical Engineering Electrification (CCEE), Beijing
Key Laboratory of Green Chemical Reaction Engineering and Technology,
Department of Chemical Engineering, Tsinghua University, Beijing, China.

2 Huairou Laboratory, Beijing, China.
% School of Materials Science and Engineering, Beijing Institute of Technology,
Beijing, China.
4 Advanced Research Institute of Multidisciplinary Science, Beijing Institute of
Technology, Beijing, China.
® Tanwei College, Tsinghua University, Beijing, China.

*Corresponding author: zhang-giang@mails.tsinghua.edu.cn

Abstract

High-performance solid-state electrolytes are indispensable for overcoming the grand
challenges that hinder the practical application of solid-state batteries. In this
contribution, a multimodal, automated, and cross-platform computational toolkit which
has integrated multiple tools to form a complete workflow is presented for efficient
design of solid-state electrolytes with desired properties. Taking advantage of the
toolkit, predicted properties of different solid-state electrolyte recipes can be
conveniently acquired starting from the requirement narrated in natural language by
the researcher. With the consecutive operations of the large language model, the
computation program, and the finite-element simulation platform, the corresponding
design strategy can be successfully proposed. With rapid and profound development
of theoretical computation and artificial intelligence techniques, this toolkit is expected
to evolve continually to meet the up-to-date demands of advanced battery design.

Keywords: solid-state electrolyte, diffusion coefficient, large language model, finite-
element method, multimodal computation
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Design and fabrication of finger-like nickel-based anodes and their
application in direct carbon solid oxide fuel cells

Fangyong Yu*, Naitao Yang
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Zibo 255000, P.R. China
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Abstract

Cell preparation techniques and design parameters have significant impacts on the
electrochemical performance of direct carbon solid oxide fuel cells (DC-SOFCs). In this
work, a finger-like nickel-based anode/electrolyte has been successfully fabricated in a
single step via the tape-casting combined phase-inversion and co-sintering technique,
which simplified the preparation process and reduced the fabrication cost. The finger-like
anode/electrolyte exhibited identical microstructure and exceptional adhesion, ensuring
the absence of any cracks during the co-sintering process. As a result, the corresponding
single cell delivered a very competitive output of 436 mW cm-2 at 850 °C using activated
carbon as fuel. Moreover, it operated stably for 20.1 h under 100 mA with a high fuel
utilization of 22.5% at 850 °C. Model verification was also performed by comparative
analysis of the effects of the finger-like pore length, anode thickness, cathode thickness,
and electrolyte thickness on the cell performance using numerical simulation, which
generated the resultant two-dimensional distributions of CO molar concentration, current
density, O2 molar concentration, and temperature as well as the power output of the cell.
Simulation results verified the experimental findings that DC-SOFC performance was
enhanced with increases in the finger-like pore length and cathode thickness, and with
decreases in the anode and electrolyte thicknesses. This work provides valuable insights
into further optimizing the cell design and manufacturing process, paving the way for the
development of high-performance DC-SOFCs.

Keywords: Direct carbon solid oxide fuel cell, Finger-like anode, Electrolyte, Co-sintering,
Multi-physical field model, Design parameters
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Microscale design and preparation of highly efficient electrocatalysts
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Abstract

The development of efficient and cost-effective catalysts is essential for enhancing the
performance of new energy technologies and optimizing the production processes of
critical chemicals. Transition metal-organic-inorganic carbon materials, characterized
by high specific surface area, tunable pore structure, adjustable composition, and well-
defined architecture, demonstrate significant potential as high-performance catalytic
materials. However, their application in electrocatalytic small-molecule reactions is
limited by the poor electrical conductivity and the risk of active site encapsulation. To
address these challenges, we have developed a novel strategy of coordination micro-
environment modulation, which significantly enhances the activity and selectivity of
catalytic reactions through precise control of the active site geometry and electronic
structure. Building on the charge transfer design principle, we propose an innovative
catalytic system based on interfacial charge distribution, which substantially improves
the efficiency and rate of energy conversion in catalytic reactions. By integrating in-situ
spectroscopy and theoretical calculation, we have elucidated the origins of catalytic
activity, the intrinsic structure-efficiency relationship, and enhancement mechanisms
at atomic-level. These findings not only enable the candidate of traditional precious
metals (e.g., platinum, ruthenium, iridium) with transition metal-organic/inorganic
carbon catalysts, but also reduce energy consumption through enhancing the
selectivity and stability of electrocatalytic reactions (e.g., hydrogen/oxygen/chlorine
evolution reactions, oxygen/carbon dioxide reduction reactions, etc.).
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Abstract: Storing renewable electricity as hydrogen through water electrolysis is a pivotal
strategy for achieving global energy transitions and net-zero emissions. However, the intermittency
and fluctuation of renewable energy pose challenges on the operation of the water electrolysis
systems, underscoring the need for in-depth analysis and optimization of their dynamic performance.
This study evaluates the unsteady-state thermodynamic performance of a commercial-scale alkaline
water electrolysis (ALK) system for integration with renewable energy sources. A mechanism-based
model rooted in electrochemical principles and the laws of heat and mass transfer is firstly
developed, which predicts the voltage and temperature within maximum discrepancies of 3% and
5%, respectively. The model is then employed to evaluate the dynamic performance of ALK under
different system configurations, heat dissipation rates, startup frequencies and operation durations.
Results reveal that integrating a heat storage tank and minimizing heat dissipation can reduce ALK’s
cold start-up time by 25%, favoring the integration with renewable energy. Additionally, sustaining
a high stack temperature of 365 K boosts the overall energy efficiency by 2.4%, which can be
achieved by using the model predictive control (MPC) method. These findings highlight the
importance of thermal management and control optimization in improving the performance of large-
scale ALK systems when driven by renewable energy sources.

Keywords: Renewable hydrogen production; Alkaline water electrolysis (ALK); Unsteady-

state modeling; Thermodynamic analysis; Thermal management
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Yuanyuan Li
Institute of Zhejiang University-Quzhou

Abstract

By employing electrospinning techniques, polyimide films can be prepared and utilized as
separators in lithium-sulfur batteries. Coupling these separators with CNT/MoQO3 catalysts
effectively mitigates the shuttle effect of polysulfides, resulting in superior performance
compared to commercial separators. Moreover, employing an electrochemical exfoliation
method enables the in situ exfoliation of graphitized polyimide-based carbon materials,
forming vertically aligned graphene layers onto which MnO2 can be deposited. Subsequently,
these materials can be employed as electrode materials to achieve prolonged charge-
discharge efficiency in supercapacitors. the practical application of sodium-ion battery is
limited by a low capacity at lower voltages and severe phase transitions at higher voltage. We
report the cathode NaosNiosMnezO.—0OVs (NNMO-0Vs) with significantly slowed phase
transitions at high voltage by introducing oxygen vacancies OVs into the P2/P3 mixed phase
cathode NaosNiosMnozO2 (NNMO). Such a modification effectively broadens the Na+ diffusion
pathways and enhances anionic redox reactions (ARR). As a result, an improved capacity of
173 mAh-g " at 1C is obtained by the desirable cathode within a voltage range of 1.5—4.3 V.
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of Zhejiang University-Quzhou in 2023. Her research primarily centers on catalytic materials
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REHEE/Abstract:

Two-dimensional transition metal carbides (MXenes), especially their few-layered
nanosheets, have triggered burgeoning research attentions owing to their superiorities
including extraordinary conductivity, accessible active surface, and adjustable
processability. Molten salts etching route further achieves their controllable surface
chemistry. However, the method encounters challenges in achieving few-layer
structures due to more complex delamination behaviors. Herein, we present an efficient
strategy to fabricate Cl- or Br-terminated MXene nanoflakes with few-layers, achieved
by electrochemical intercalation of Li ions and concomitant solvent molecules in the
electrolyte solution, with gaseous scissors (propylene molecules) to break up interlayer
forces. By controlling cut-off voltages, the optimal protocol results in nanosheets with
an ultrahigh yield (~93%) and preserved surface chemistry. The resultant MXenes
dispersions were employed as lubricants to enhance tribovoltaic nanogenerators, where
Ti3C2Br2  displayed superior electrical output. These findings facilitate the
understanding of MXenes’ intrinsic physical properties and enable the nanoengineering
of advanced electronic devices.
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Designing interfaces between solid polymer electrolytes and Li metal

anodes

Chen-Zi Zhao

(Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)
zcz@mail.tsinghua.edu.cn

Solid-state polymer lithium metal batteries are an important strategy for achieving high
safety and high energy density. However, the issue of Li dendrites and inherent inferior
interface greatly restricts practical application. Herein, this study introduces tris(2,2,2-
trifluoroethyl)phosphate solvent with moderate solvation ability, which can not only complex
with Li" to promote the in-situ ring-opening polymerization of 1,3-dioxolane (DOL), but also
build solvated structure models to explore the effect of different solvation structures in the
polymer electrolyte. Therein, it is dominated by the contact ion pair solvated structure with
pDOL chain segments forming less lithium bonds, exhibiting faster kinetic process and
constructing a robust anion-derived inorganic-rich interphase, which significantly improves
the utilization rate of active Li and the high-voltage resistance of pDOL. As a result, it exhibits
stable cycling at ultra-high areal capacity of 20 mAh cm™ in half cells. Furthermore, matched
with LiNiosCosMnoesO2 cathode, the capacity retention after 60 cycles is as high as 96.8% at
N/P value of 3.33. Remarkably, 0.7 Ah Li|| LiNiosC0o0sMnoosO2 pouch cell with an energy density
of 461 Wh kg™ can be stably cycled at 100% depth of discharge.
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Study of Dynamic Corrosion Behavior of Q345r Carbon Steel in

Hitec Molten Salt

Wei Xuguang'?, Zhang Cancan'>*

( 1 Beijing Key Laboratory of Heat Transfer and Energy Conversion, Beijing, China 100124)
( 2 Beijing University of Technology, Beijing, China 100124)
*Emal:zcc@bjut.cn

Abstract: Nitrate-based Hitec molten salts are widely used in coupling retrofits to achieve deep peaking and
thermoelectric decoupling by weakening the rigidity of the “furnace-machine coupling” relationship due to the high
matching of the steam parameters of the thermal power units (540-560°C). However, the molten salt in the system
is highly corrosive due to the high temperature environment. The current solar thermal power generation technology
Q345R was selected as a low-temperature storage tank materials, and solar thermal power generation of low-
temperature molten salt tank molten salt temperature is generally below 290 °C, and for the corrosion of Q345R in
the 400 °C or more corrosive research is rarely reported. Therefore, in this paper, Hitec molten salt is used as the
corrosion medium to analyze the corrosion law of Q345R in molten salt at 400°C static environment. The samples
were taken at 300h, 500h, 700h and 1000h respectively, and the macroscopic analysis of the experimental specimens
was carried out by weight loss method, and the post-corrosion morphology and products were systematically
analyzed by SEM, EDS, XRD and other technological means, so as to obtain the corresponding corrosion law.

Keywords: Hitec molten salt; Q345r low alloy steel; corrosion
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Abstract

Lithium (Li) void formation at the anode/solid-state electrolyte (SSE) interface in all-
solid-state Li metal batteries (ASSLMBs) leads to interfacial degradation and battery
failure. A ternary composite anode  (LMsGso: LioosMQgoos-50 wt% graphite) is
developed to regulate Li diffusion kinetics. The LiMg alloy stabilizes Li transport
pathways, while graphite accelerates bulk Li diffusion. Material characterizations (XRD,
SEM, CT) confirmed uniform component distribution. Electrochemical tests revealed a
Li diffusion coefficient of 3.41x107"% cm?/s for LMsGso, enabling 94.2% interfacial
contact retention and a critical delithiation capacity of 14.2 mAh/cm? (85% Li utilization).
This strategy suppresses Li voids and dendrites, demonstrating durable ASSLMBs
with scalable potential.

Keywords: all-solid-state lithium metal batteries, lithium voids, ternary composite
anode, lithium diffusion

Introduction

In the all-solid-state lithium metal batteries (ASSLMBs), a stable electrochemical
interface is essential. However, due to the limited intrinsic Li diffusion rate of Li matel
anode (<107"" cm? s™"), the Li vacancies formed during Li stripping will accumulate and
transform into Li voids at the interface. With an increase in the cycle number or under
high-capacity and high-current density conditions, even a perfectly established
interfacial solid-solid contact will be degraded gradually. Therefore, anode Li diffusion
regulation is an effective strategy to suppress the growth of Li voids and improve the
stability of dynamic contact at the anodic interface during cycling.
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Experimental and Numerical Methods

Material characterizations used XRD (Bruker D8 Advanced), SEM (JSM-7401F), EDS
(Bruker XFlash 6/30), and X-ray CT (Zeiss Xradia 620 Versa). Batteries were
assembled in an Ar-filled glovebox (<0.01 ppm H>O/O2) with LiP¢SsCl electrolyte
pressed at 360 MPa. Electrochemical tests employed a LAND tester and Solartron
1470E for cycling and EIS (1 MHz-0.1 Hz).

Li diffusion coefficients (Dett) were calculated via Sand’s equation:

1 2
B —
\/E CoF ”Deff

Results and Discussion

The study developed a ternary composite anode LMsGso where the LiMg alloy
substrate established stable Li diffusion pathways, while graphite accelerated Li
diffusion rates (Figure 1). Material characterizations (XRD, SEM-EDS) confirmed
uniform graphite dispersion and B-LiMg alloy formation. Electrochemical tests revealed
a Li diffusion coefficient of 3.41x107"° cm?/s for LMsGso, significantly higher than pure
Li (4.77x107" cm?s)!"!, achieving a critical delithiation capacity of 14.2 mAh/cm? (85%
Li utilization) (Figure 2). EIS and DRT analyses demonstrated stable interfacial
impedance with 94.2% contact retention (Figure 3). Symmetric cells cycled for 1,500
hours without short circuits, while full cells retained stable capacity over 300 cycles.
Cross-sectional SEM validated minimal void formation and preserved interface
integrity, highlighting the anode’s dynamic contact stability under high current densities.

Anodic Li diffusion regulation
e®Constructing Li diffusion pathways

®Accelerating Li diffusion rates

I

Li metal anode Ternary composite anode
Li* Li*
Lir o
Interface contact loss Conformal interface

[Jui [Jrimganoy [ _|sse f;?’ Graphite
W

Figure 1: The evolution of solid-solid interfaces with different anodes during Li stripping
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Figure 2. Li diffusion rate evaluations of the lithium composite anodes
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Figure 3. Interface contact evolution of Li and LM5G50
Conclusions

The LMsGso composite anode suppresses Li void formation via a LiMg alloy framework
(stabilizing diffusion paths) and graphite-enhanced Li kinetics (diffusion coefficient:
3.41x107'° cm?s). It maintains 94.2% interfacial contact retention. This strategy
addresses dynamic interfacial degradation in all-solid-state Li metal batteries, offering
high energy density, safety, and scalability. The work provides critical insights into
anode design for durable solid-state batteries, demonstrating practical potential in
pouch-cell configurations.
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Highlights

All-solid-state lithium batteries (ASSLBs) are strongly considered as the next-generation
energy storage devices for their high energy density and intrinsic safety. The solid-solid contact
between lithium metal and solid electrolyte (SE) plays a vital role in the performance of working
ASSLBs, which is challenging to investigate quantitatively by experimental approach. This work
proposed a quantitative model based on the finite element method (FEM) for electrochemical
impedance spectroscopy (EIS) simulation of different solid-solid contact states in ASSLBs. With
the assistance of an equivalent circuit model and distribution of relaxation times, it is discovered
that as the number of voids increase, the contact resistance R. grows and ultimately dominates the
battery impedance. Through accurate fitting, inverse proportional relations between contact
resistance R. and (1 — porosity) was disclosed. This contribution affords a fresh insight into
clarifying solid-solid contact states in ASSLBs.

V4

Fig. 1 Scheme of the correlation between solid-solid contact states and EIS simulation in ASSLBs.
Results and discussions

The full-cell EIS of the typical ASSLB Li|LisPSsCINCM811 was simulated through FEM (Fig.
2a) and compared with the experimentally measured EIS (Fig. 2b). Both the Nyquist plots of
simulation and experiment comprise three parts: a small semicircle at high-frequency region that
corresponds to the interfacial contact, a large semicircle at medium and low-frequency region that
corresponds to the charge transfer process, and a low-frequency region line that corresponds to the
diffusion process. The simulated and experimental Nyquist plots are in good agreement, especially

at the high-frequency region.
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Resistance (0 o)

Fig. 2 The finite element method model of electrochemical impedance spectroscopy for all-solid-state lithium
batteries. (a) The scheme of the constituent and boundary state of the model; (b) the Nyquist plot of simulated and
experimental results; (c) ECM fitting of the bulk resistance, contact resistance, and charge transfer resistance for

simulated and experimental EIS.

The resistances of bulk, contact, and charge transfer for simulation and experiment are
contrasted in Fig. 2c. The Ry values are both in the range of 20-25 Q ¢cm?, R. in the range of 55-85
Q cm?, and R in the range of 240-270 Q cm? for simulation and experiment. The three resistance
values of simulation and experiment exhibit good match, which confirms that the model can
accurately reflect the impedance of Li|LisPSsCIINCMS811 and can be applied to explore the
relationship between solid-solid contact states and EIS.

The EIS of different void porosities was simulated by the model. As the lithium void porosity
increases, the semicircle representing the contact in EIS Nyquist plots is enlarged and the contact
resistance R. is increased (Fig. 3a). Furthermore, the DRT analysis of porosity between 0% and 100%
was performed. As the porosity increases, the peaks of Ry, and Raifrusion Show no significant change
but the peak of R. increases remarkably especially when the porosity is >60% (Fig. 3b).

. b c "

Fig. 3 The simulation of EIS and the related DRT and ECM analyses for different void porosities. (a—d) Schemes
and Nyquist plots of four typical scenarios at Li|SE interface: full contact (porosity = 0%), a few voids (porosity =
20%), numerous voids (porosity = 50%), and point contact (porosity = 100%); (e) the DRT plots of different
porosities ranging from 0% to 100%; (f) the relationship between contact resistance Rc and porosity. The inset

represents the result of the inverse proportion function fitting.

Additionally, ECM fittings were conducted. When the extreme case point of porosity=100% is
removed, and the R? of fitting reaches R, exhibits an inverse proportional function with (1—porosity)
0.998. The empirical fitting expression can be expressed as R, = 1.69x10%/(1 — porosity) — 1.64x103
(Fig. 3c¢).

Conclusions

A 2D simulating model based on the finite element method for EIS simulation of different
solid-solid contact states in ASSLBs has been proposed. We simulated the EIS of
Li|LisPSsCINCMS811 ASSLB, which corresponds well with the experimental results. Based on this
model, EIS of different solid-solid contact states can be reproduced through simulation. With the
aid of ECM and DRT, correspondence between contact states at the Li|SE interface and EIS was
established. A relationship between R. and (1 — porosity) obeys the inverse proportional relation
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after fitting. This contribution affords a fresh approach to clarifying solid-solid contact states in
ASSLBs. With these proposed quantitative rules, researchers can infer and diagnose the actual solid-
solid contact states in ASSLBs from their EIS results. It is expected to inspire more attempts using
simulation and computational tools to investigate interfacial problems of ASSLBs and give helpful
guidance to design advanced ASSLBs with expected performance.

* Supplementary materials can be available from the authors.
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ABSTRACT: P3-type manganese-based cathodes with high specific capacity and low cost have
attracted considerable attention. But the Mn3" with unpaired, e;* electron gives rise to the Jahn-
Teller distortion and disproportionation reaction, which further leads to the rapid capacity/voltage
decay. In this work, we design a compositionally graded P3-type manganese-based oxide, in which
the nickel content increases linearly while the manganese fraction decreases gradually from the
interior to the surface of a single particle. At the surface, the nickel/manganese solid solution phase
is formed when 1/3 of manganese ions are substituted by nickel, in which all manganese ions act as
+4, suggesting the lowered Jahn-Teller distortion and thus induced structural evolutions. The
preferable composition of this solid solution is also expected to reduce the disproportionation of
Mn?" ions. Consequently, the stability of the Mn**/Mn*" redox couple in the P3-type cathode is
significantly improved by building a compositionally graded structure. The graded P3-type
electrode shows superior cycling stability with a capacity retention of 72.9% even after 400 cycles
at 1C. These findings offer new insight into mitigating the Jahn-Teller effect and thus improving the
electrochemical properties of manganese-based cathodes for advanced sodium-ion batteries.
KEYWORDS: sodium-ion battery, P3-type cathode, Jahn-Teller distortion, structural design,

electrochemical property
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Numerical Simulation of Explosions in Battery Energy

Storage Systems Using FLACS

Yang Yunfan',Wang Jinhui',Zhou Jian?, Xiao Qiuping?
(1.College of ocean science and engineering, Shanghai Maritime University, Shanghai, 201306,China; 2. Shanghai
Research Institute of Chemical Industry, Shanghai, 200062,China)

Abstract: Battery energy storage systems (BESS) are critical infrastructure for the renewable
energy industry, yet the widespread use of lithium-ion batteries introduces significant fire and
explosion risks due to thermal runaway. This study employs FLACS to construct a numerical model,
investigating explosion characteristics through multi-ignition location simulations and coupled
leakage-diffusion-explosion analyses. Key findings reveal that while top venting effectively
mitigates flame hazards to surrounding environments, it results in significantly higher overpressure
at both ends of the container compared to the central region, creating danger zones at both ends.
Immediately after leakage cessation, localized gas concentration zones form near the leakage source,
which, if ignited, can trigger intense explosions. These findings provide critical data support for
enhancing the safety design of energy storage systems.
Keywords: Battery energy storage system, Gas explosion, Computational fluid dynamic
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Fig. 1 High thermostable, flame retardant, and electrochemical compatible solid-state electrolytes
significantly enhance the intrinsic safety of LMBs.
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HEARBAREHRR ST, METMR AR ERIRNEEN B E—, PERE
SNERRME, WEEMELR, REERNEBMOGREE" ", ARG SA@SIO/CuS HHEE
MECE SHEEMEMRES, FIR 7T AR E BRI E:, AXHETHEIE
R ARG THINERE ., IRRR T RESINREMREREX AR ERA M RENTW, &
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Performance Study of Photothermal Heat Transfer Biomimetic

Heat Exchanger Based on Phase Change Microcapsules

Meimei Zhou, Qi Li*, Huicheng Xie, Jiajun Guo, Chenglei Chen, Yuting Wu
(Institute of Mechanical and Energy Engineering, Beijing Key Laboratory of Heat Transfer
and Energy Utilization,National Energy User-side Energy Storage Innovation and Research
Development Center, Beijing University of Technology, Beijing 100124, China)

In solar thermal storage systems, photothermal energy storage materials based on phase
change materials (PCMs) exhibit limitations such as monotonous application forms, heavy
reliance on external components, complex device structures, and low systemic efficiency™ ”.
This study integrates SA@SiIO2/CuS photothermal phase-change microcapsules with a bionic
structural heat exchanger to fabricate an integrated bionic photothermal heat exchanger
combining heat storage and release, offering a novel alternative for PCM applications.
Experimental investigations were conducted to evaluate the effects of microcapsule addition
concentration and fluid velocity on the heat storage-release performance of the exchanger.
Results demonstrate that at a microcapsule concentration of 2.875wt¥%, the exchanger
exhibited a 19.7°C higher outlet water temperature than the capsule-free system after 250s
of heat release, while demonstrating a 68.37% enhancement in temperature rise compared to
conventional PCM vacuum tube solar water heating systems.

Keywords: Phase change microcapsules, Photothermal conversion; Biomimetic heat
exchanger

B
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Investigation of the Preparation and Thermal Conductivity of
High-Thermal-Conductivity Barocaloric Refrigerants Using

Neopentyl Glycol

Plastic crystal neopentyl glycol (NPG) demonstrates notable barocaloric effects and high
entropy changes. However, its application is constrained by low thermal conductivity,
substantial undercooling, and poor rebound performance. In this study, carbon materials with
ultra-high thermal conductivity, including expanded graphite (EG) and carbon fiber (CF), were
utilized to improve NPG's thermal conductivity. The optimal mixing ratio of NPG with EG and
CF was found to be 20 wth. Measurements revealed that the composite material's thermal
conductivity was 100 times greater than that of pure NPG, greatly reducing heat exchange
time during the barocaloric refrigeration cycle. This study presents a straightforward and
effective method to improve the thermal conductivity of plastic crystals with notable
barocaloric effects, potentially accelerating their use in solid-state refrigeration technology.

Keyweords: barocaloric refrigeration, neopentyl glycol, EG, CF, thermal

conductivity
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Fig. 1 Schematic illustration of the anion participating in the Li* solvation sheath and corresponding effects.
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Supercooling suppression and nucleation mechanisms of imidazolium ionic liquids as
novel phase change materials for cryogenic energy storage
Huicheng Xie, Qi Li*, Meimei Zhou, Jiajun Guo, Chenglei Chen, Yuting Wu
(Institute of Mechanical and Energy Engineering, Beijing Key Laboratory of Heat Transfer
and Energy Utilization,National Energy User-side Energy Storage Innovation and Research
Center, Beijing University of Technology, Beijing 100124, China)

lonic liquid, as a newly emerging green phase-change energy storage material in recent
years, provides more options and possibilities for the development of heat storage
technology ™. However, ionic liquid has problems such as large supercooling and easy
leakage of solid and liquid phase, which limits the large-scale application of ionic liquid . In
this study, Imidazole ionic liquids were encapsulated into microcapsules, and highly
monodisperse polyurea microcapsules with [EMIM][NTf2] as core material were prepared. It
was found that the process of nucleation with small particle size was caused by homogeneous
nucleation and heterogeneous nucleation of capsule wall, while the process of nucleation with
large particle size was dominated by heterogeneous nucleation of bulk phase and capsule
wall. In addition, the experiment also found that different nanoparticles have different effects
on the adjustment of the degree of supercooling, among which the effect of nano-graphene
is the most obvious, which reduces the degree of supercooling of ionic liquid by 26.9%, and
the thermal conductivity is increased by 15%.

Keywords: lonic liquids; microcapsules; upercooling; Low temperature energy storage

S50

[1] YeC,LiuW, ChenY, et al. Room-temperature ionic liquids: a novel versatile lubricant[J].
Chemical Communications, 2001 (21): 2244-2245.
[2] Minami I. Tonic liquids in tribology[J]. Molecules, 2009, 14(6): 2286-2305.
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