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A review of open-cell metal foams with controllable micro-nano pores in their applications of electronic
cooling and new energy
Zhongliang Shi**, Ning Jia', Tingrui Zhao', Haidong Zhang", Jerzy Szpuanr"?
1 BOEEMERL AR (L5 ABRAF
2. Department of Mechanical Engineering, University of Saskatchewan

Open-cell metal foams with micro-nano pores has both structural and functional applications, which directly
determine the development of high-tech industries. So far, it issimilar progress inall over the world. As
well-known, electroplating process is usually used to manufacture copper or nickel foam with high porosity
(95% above ) based on polyurethane sponge carrier, and powder metallurgy process is to prepare porous materials
with relatively low porosity (less than 40%). However, we have invented a series of environmentally friendly
processes to fabricate metal foams having micro-nano pores in controllable porosity and pore size, and have
conducted in-depth research and industrial services on their wider engineering applications. Nowadays, our
copper foam and nickel foam with micro-nano pores have already been applied on the core components of
electronic thermal management in a large scale and they will be large used in the field of new energy, especially in
hydrogen energy and solid state battery as well.

This review mainly summaries the applications of copper foam and nickel foam built by our process in the
fields of electronic thermal management and hydrogen energy. For example, our copper foam and nickel foam
being thermal interface materials can be used as carriers with high thermal conductivity because of their
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continuity and structural controllability. They have great advantages in the wick design and performance of
key components such as vapor chambers, heat pipesand3D vapor chambers and their
special-structure thermal components, because being wick structure they have very good capillary characteristics
and ensure the rapid and efficient circulation of the medium after gas-liquid phase change, and show extremely
high heat conduction, temperature equalization and heat dissipation characteristics. With the development of
hydrogen energy, the nickel foam including titanium foam with micro-nano pores, has five major applications,
such as hydrogen generation, hydrogen storage, hydrogen transport (catalytic conversion), hydrogen fuel cell and
hydrogen sensing. In the meantime each application requires the demonstration of high performance of open-cell
nickel foam with micro-nano pores. Therefore, the achievements of research and development of our metal foams
with controllable micro-nano pores are summarized and shared.
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Core-shell nanoporous heterostructure catalyst for large-current and pH-universal overall water splitting
Yongzheng Zhang*', Qiuyu Zhao
1. Qufu Normal University

Balancing high catalyst activity and durability poses a significant challenge due to the harsh conditions of
practical electrolytic water. Although nanoporous metals serve as high-activity self-supported catalysts, long-term
electrochemical corrosion remains a persistent challenge. Here, we develop a mild two-step dealloying strategy
that enhances the thickness of passivation layer of the noble metal (NM) during dealloying, and enables precise
control of the nanoporous surface microstructure at the atomic level by utilizing the chemical activity and atomic
enthalpy of the different metals. Consequently, a series of bicontinuous noble metal (NM)-rich core-shell
nanoporous heterostructure (NP-NMNi@NM) is constructed. Notably, NP-IrNi@Ir exhibits ultra-low
overpotentials of 256 mV and 331 mV in acidic and alkaline conditions at the current density up to 1 A cm™ for
industrial hydrogen production. Besides, NP-IrNi@Ir presents superior overall water splitting performance at the
current density of 10 mA cm™ with only 1.45 V, 1.50 V and 1.47 V in acidic, neutral and alkaline electrolytes,
respectively. The NP-IrNi@Ir catalyst coupled with a monolithic perovskite-silicon tandem solar cells, exhibits an
impressive solar to hydrogen conversion efficiency of 22.4% in the electrolysis of alkaline seawater, locating in a
world-leading level. Notably, no significant decay is observed during long-term electrolytic water stability tests at
various pH electrolytes and even seawater, which can be attributed to the Ir-rich shell acting as armor to prevent
the Ni atoms from oxidation and dissolution during long-term high-voltage operation.
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Pt-Fe-Al Trimetallic Nanoporous Catalyst for Selective Hydrogenation of a,p-Unsaturated Aldehydes
A
1. KT R

The transition-metal-catalyzed selective hydrogenation of unsaturated organic compounds, such as
a,B-unsaturated aldehydes[1], has great importance in organic synthesis. The products allyl alcohols are important
intermediates for the synthesis of bioactive natural products and pharmaceutical reagents[2-4]. Thus, developing
convenient and efficient methods for synthesizing allyl alcohols attracts considerable attention. To date, great
efforts have been made to explore efficient catalysts for the selective hydrogenation of a,B-unsaturated aldehydes
into allyl alcohols[5-6]. However, it’s more easier to reduce C=C bond than the C=0 bond by approximately 35 kJ
mol-1 from a thermodynamic perspective6, there still remains greatly challenging for hydrogenation of
a,B-unsaturated aldehydes to unsaturated alcohols.

In this study, a new type of Pt-based trimetallic catalyst, unsupported nanoporous PtFeAINPore, was
developed by a two-step chemical dealloying method. By modulating the content of Fe, the PtFeAINPore catalyst
with Pt10Fel10AI80, denoted as PtFeAINPore-2 in this work, exhibited very high activity and selectivity for the
hydrogenation reaction of a,p-unsaturated aldehydes. High yields of allyl alcohols were obtained with excellent
selectivities under relatively low H2 pressure (0.1 MPa) and low temperature (room temperature). Systematic
studies demonstrated that the suitable electronic density of Pt, nanoporous structure, Lewis acidity, and intimate
hetero-interfaces of PtFeAINPore-2 resulted in high catalytic activity and high chemoselectivity. Due to its robust
structure, PtFeAINPore-2 can be recovered by an external magnetic field and reused several times without any
activity loss. The unique features of PtFeAINPore-2 (high chemoselectivity, high stability, and no leaching)
rendered it as a promising catalyst.
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Unveiling the phase-evolution-mediated formation of cobalt ligament in vapor phase dealloying
Xinyao Wang', Yanying Li*, Pan Liu**
1. School of Materials Science and Engineering, Shanghai Jiao Tong University

Elucidating the structural and chemical evolution of ligaments from an atomic-scale perspective is critical to
controllably fabricating nanoporous structures and extending their functionalities. Without the need for liquid
etching medium, which can severely limit the increase in spatial resolution for in situ investigation, vapor phase
dealloying (VPD) provides the possibility to unveil the process of dealloying from atom to atom in transmission
electron microscope (TEM). Here, for the first time, we present an overall sub-angstrom-scale evolution from the
precursor into dealloyed products via performing VPD of the Co-Zn system inside the aberration-corrected
high-resolution/scanning TEM. Our observation reveals that a metastable transient phase (referred to as “CoZnx”)
with fewer Zn atoms and less chemically ordered structure forms from the y-CoZn precursor. The subsequent
phase transformation to a-Co from CoZnx is initiated through atom reconstruction and lattice relaxation. Unlike
the classical self-organization manner, the ligament nucleation and growth mechanism via in situ phase
transformation brings new insights into dealloying theory and sheds light on the rational design of nanoporous
structures based on VVPD.
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B L (Cunlng/Cu), TR IR — AL ik, FIMERiZLH CORR HUMEALT . JiURF ) 734 2 4L Cu 5 2R [
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ek F TGRS AN AR S, N FE /0 R IS Cu-In(OH),/Cuplng A7 s 3R 4L T8 R EE R AR, 49K
Z 4L Cunlng/Cu B & HIMRAEL FLA7 O 0.49 V IR AR 7+ (I HL AL CO2 #44k0y CO HytERE, W%
J Ei4~12.6 mA cmPgeo, R AR AR EA 92.8%. T In SR IR SEENE, B e AL A4 Cuplng
ERAEBRFRENA R Cu-In(OH), iR . Hodr, FAEAE In J5i7 232555 7*+CO Ml H*rh A /K7L Cu
Ji - R T IR B BE 45 Cugglng % CO P4 B AT 4t ey HRGE B8 1A A1 FEAE AL 75 1 « Cugg Ing R ARTIE V% 12 18 ~32.8 mA
cm?, B9k £ 7L Cu(~0.09 mA cm?)i 360 fELA . M Cunlng/Cu FasE (4 & a4k & /4 @ S it PA
Cu-In Z [A]5& (AR EAE A, S5 25400 T H S 1 Cugglng 99K Cus In JEFIRTE AL, 90K £ L Cuylng/Cu
H A HAE 240 /NI CO, HEIE I A2 R R L R AP IR oE .

D08-44
FNAE TREE L& SR 2 FUERALTIR e AL 1
R VY RIREE Y, RBER Y, BRI
1. RER
2. HARIEK#
3. ZyM-EE TR
4. P T RHIOR

JSAE T AR A VR 4EE d e O DT TR T (R AR5 s R T = A R e B e v o W <6 s e 7)1 £
TE TR — P A BORRS . 8T, BT K2 H AT 9K, s R — i R AR IE I i s 45 i Bl
e R R R T2 T, R b s B v FH AR TR T SRR AR R A TR AR R R | B BRI . 7ERE, FRATIE
HEBEXYORB A S K Z L4 (NPG) HEINZEMMAE, T NPG (172 00848 5 H L A A & B
(HER) &2 M ER R . BURGLKZ LM NPG AL AR E N A REEE, £ HER H
)y 5 mAem? I, S FIRASAL R T4 1.4, PRIETT AT S B AR GG B - R R AR E R R R .
SRS ORI, FEMEAERAR KT NPG 1 HER v&YE, M Z M A Mg 7 NPG 1) HER fEALIEE,
X5 d AR, fEEMNAN 20.704% MIVEHEN, NPG B HER Fit H A7 A 4R ez 5 n
M 7% N AR RIS R, RIFMEZE B R, & 0.1% MIMEN B SFE SRR K 2.9 meV., A
FUIE LI 15 A U FEL AR A 7V A BE I T SR R A P A I R B TR B4R, I NAK 2 AL
AT P AT 1 AR T — Pl S5 R I 7 i

D08-45
6 4 P B P20 B LA 4 B FL b o ) LA
FEug

1. LTk R

it & e CONAR Z LM R I R SRR R S M R S AT Rl ok, S e e
REVRAFE i AL AL, BB, fRIK. R 9Rs B U AR AR E MOR B E Z . 1%
Gl & A TR B AL 22, SRR 25 BRI A BRI BB e 3R, B N AR St Je ey B A N =
UELTRA 1) o A2 Dt 1 e < o PR E N JES T, — IR I, TRl AN 2R Ea 3 R B AR 1) 45 YA
i £ < U IR T, AR D SRR T ) W < SR AR TR BRI T T A o ASHIE FE R DA N R A
X2 b PR e e S P REAT TS Ub RIS R T AT RS A R B T, R TR B A IR <
PAERE T I R o ARG TR BT RATR B, NG BCE 2 AR R S

D08-46
R RTE T ZIF-67 GIKMBURLI A B T 14 fE

Rt fraEe

1. PEdE Tk
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ZIFs PRI AL TR IR E MEAN 2 FLEHY) 2 N T4 . MR W 5 2k S 0. LS T
TP, A SR R i T A AR R 0 A AR O 2 MR RL ) OZ ANA A, B P R R A
PINE BT B R ZOR ISR T8 A 3 T I 2% 1 o JHR ZIF-67 AR BURL/E AT TEXT R, BT U &
TSR AR DK TR TSR ALE K W B PR RE AR o B 7S 8P R 75 3 7 A ) 75 i P48 1 5 B ) 5B TR
T RIS, A A A B RE P It o P15 A BE RT3 M 8D 53 Ui, 1 BT ZIF-67 9Kk X )
FHFRZ o P RV AR P T ISR Y P VAR 7 B, [ R 7 3 AR R Co® ke N 2 Tl g
FeAz, Xk T ZIF-67 SRR iz 54K, SEL T ZIF-67 ZRRRLII A0 M8, P ERAE  H LAk
PR 68.5%. JRUT4H/INH 9K IR LA BE DK bR T AR B8 22 R0 B A5z AT R 0 R 18 53 ET R PR R
XL T AN FI S T #1540 ZIF-67 DR BURIIN I FH SRS VRS, 5 IR AR EL, B A 8 2R 1 T A A
(1) ZIF-67 2R BURL IR BT R BETF 1 2 15 WA P A SR 1 21.8%.

D08-47
BiE&13%STERBIGIRFL Cu2Tisn M RTE) & & AR BR AR I I HT 5L
smgx, EE eyt
1. JHFd KA

WEHTE) (Heusler) G422 — RIVEA XoYZ Bl XYZ B BRI € fi 25K 1) 42 R AL 54, 8 i
THEIEE T B hahsd, ISR, R P HES S A 2 oo s U L a5 A A S5 Ry
R BN 122 RLE R B VTR iR RS A TR K A RE SRS 45
B TAR B/ INR ] TN, AR e i 5 < 0 R N 3 KRN i, RSP RHIEAL N ) — %
o AHTFUIEL A VA S CuTiSn il &, il e e v EAk, Bl = teRmakE
VAR RIS 72 A oK 22 FLAE A 9K 2 L Cu TiSn AR s 2614 R 3R BILH 58 (Y L AL A R 3 SR R g
FasE MEIE 100 /N o SER AR THEER W], Cu L LT 45 # 52 2 B Ti A Sn 57 AU BC AR RN T, 1
58 NOG M b, FEAICSNRE 22, Rk F Ak 2 IR ERIE IR S S BE o R REEER b, AT FUKAE S5 Wk Eh DT
AP B, NH, WIERRIE~83%, RN IR Eh AL Ja e ™ i fR it 1 — Rl 47 7 1k

D08-48
i &2 TE R EFLAKS LR KIS I3 R LR BR R
XUPGR V2, xRk, G
1 EREEBEE RSO, LRI RREE [ K 7T A
2. PEBFARARKS, MEER S TR b

SR EY) AuAL FEREE I & e 26 (BIHNBRRRIECT) N, @i Al KBS S TERALIEEE
PATHEANAZ L& HETRRNTFROELN KL &, HAPKRZAEEN SILE T AR
S s AN PR AR g, MUK ffRe. shaE A B BALS . (EBE B R E LA R
BMAENERE, 0 HARBAL R SR, HAK B ALe M B R ERL, ol EfLiE D X%,
FEECKER S RNA PR EAKRZ A eE. T EdEE, ATEETRRYI%LK,
T EALGUKRZ AL R R R LA R AR M R L RER IR N R TR R 1]
WEMZN &R RIS, MSEMARICEER R, BELSHRE 7SRRI R SR 21,
I B S HTAR S AR A A A G R . SRR, BATEE B A &R TR, & m 7o E
ORI (o3 SCEE /D) ARSF AR EALAKR AL, JFHERBIS I T EAPURZ LM, Fidai Rigdt 7
X G eI R E ALK 2 FL A H SRR AR, (BT S — D 3o RO 45 4 (R T RN 5 A2 AT D BEAT R AL AT
M, DAL SE R R R A R IR, R R IR B ELALANK 2 AL I mT 2 ) 2% S M R ) H T

DO08-49
k2L CuO/Cu20 7RSI T b 2B AL R B
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Wbk T, RO, RIREE N R
1. RERZFEMEARAS TR

THIR 62 BB A TR A 7= S5k}, AR e Ak B e e s Qe sk ad, 55 A8 AL IR
R T2 A 2 R E A B OB S5 AR AN, AT P AR BV 0 14 5 R ARE R, B M A IR Eh it 2% T2
FRBA ik A = R A B R R R . EAR TR, A Tdd i 22 A S AR KA
ZEA TR T YK Z L CuO/Cuz0 #kE. HAE 1M KOH + 0.1 M NH, ) U P B A BT I i ALys
P, BRI SIERL R 90.80%, Horb I AHIRARIE L 56 22y 46.85%, THIRIRIEH 5 4% 43.95%,
P2 24359 78.88 pmol ecm™® h % 55.74 pmol em™® ™, AHEL T 942K £ 51 CuO MRMAEREIR T & [FIRF, 1%
AL R F A AR E 1, 78 10 /NI AR e P I R BUE A J2s 28 BROCR R Z AR REAE 91% LA |
SRR K 5 — 1 S BT B AE AR B, CuO/Cu,0 7 T 2546 A FELE AL SEBRTE M E 0T, 125 0T 45 R (R AR AE A
PR EA SN (R 4 ) D SR *NH, IR E0D B ARy 7N AP IR, TS IR N RE 42 B2 T % .

D08-50
HNEEEEEX 1, 4- T o Bing A R
=LA
1. REH TR

1,4- T H “EE(BYD) A sk B A ik 1,4- 7 —B(BDO) EA H B SZfr B PR, 7T 1) T 9% 246 1) 4%
— R Y M I 22, AR HR AN RBARES mis FE A v e . ASCEE A SAERE T Mo
RIKZ AL NiAl; B IALEWHELT, NAMO.3 fEfLFIEEYES BDO £ h R I, 4 N
2MPa H,, 30°C T B 1.5h ), [kl 784854k H BDO ik nl ik 99%. SZU6E BILEARZ NIAl &8 L&
Y RARTE S 2644 R, NiAly & MR Somim AR i 8. Hp Mo &L MoOx IRESAEER, 1
S1B 44 NiAl 45 Ni B AR/, Iise 7 Ni st H BIWEHAE 77, M 7 BDO ik, Hrp
NAMO.3 4k 1351k Ag A 13.9KI/mol, {%-T 7k Raney Ni #4671 19.8KI/mol. FE¥F B 8 1 & ik PE A 1%
PRI TR, AR NiAlL e R 7 E B . AU FEIT R Mo 1814 & R4 & P it
TEAEFIZZE, UM AR RIS B S A I R AR B 58 T Bkl

D08-51
FALATEGR Z TR IR CO2 R R A H B
B, %!

1 EERE TR

K EAATAE 712 (Oxide-Derived, OD)ffil & FUA8K £ fLE B AL CO2 Hufb ik 5 AR R AT P 7 Uitk
PERE. ATAERM MR 8. i RSk 5T iR %15 8) 7 OD-Ag Hitlk, JFIHTT ¥ HAEKK A
CO2 A IR (R S5 M5 AR o L7~ HIUR AT 55 (EBSDO 2 i & W, 7EHT 4 CO2 FRLAL 2738 JE B BE (R 30 min),
R WA R A K OD-Ag MR PR IR A SR AL B R o SR 25 AR WAL IS PEAT IR 1R 5
T 1) ity I PEANZHOR 2 SLES R DIAE G o I TRIEAL SO (12 h)Ji, R AS 4 A A AR, R T iy
RO, PUREHRE RN, 3 OD-Ag HIMIEVEREAR. SCRER I T — R AL RS A v i AR IO AL
HfERE T OD-Ag HIARAIE KB, I Hasd e Jid Ak AR AL A E AR SR AL B, W R 2 ALR )R
FERT AL A P AR S G, AT AE AL PE R R, SRR TR 5 i o

DO08-52
PR NG K 25 FL R ] 25 B P RETE 5T
BEA, xmdt, SiggE~
1. P EBHEEBE e R T
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2. I EBHEARR KA BB TR

i & @M T REGERAMNTHSES KR Z IR, TBIREIR R/ E 10 G0REUR ik
MR K2 L BA AR RIS R AL —RKRZILEJR BRI R &) & K2
LB EA RN, WSR2 IReRE, JEHHSRIEIRT T RIFK T B SRIERE, A TR SR
JS2FA T [ A AR AR R BOR R, R R ) IS K-Dh e — AL AR (HRAIK 2 AL 4R H Al R
Gfett, JCHAERPAE AT T, HaKNAEART 1%, JEREMORIRE] 7 HAHSC R AT AT 5. gKkek
W28 H T A B AR 2 P 25 58 PR AT m] R I AR K IR A SR PR AR B, AR SR AR A ) A BEZRAB
B, AR ZRS T IRTE0KR 2 FLE 8 P 8 SLAR T S AT I e 1 55 435 M R TE R 250 s (AR T g
FATIHE I B < R AN & S AR A B 2% TR B L K 2 fLe AR (RAIRAT ik
0.18). iZKAKZ fLE HA MR MNAR (R mlis 10%) MEBARH ISR . 204, (AR 1
AR Z FLEA R USRI O T o 6 HL v o 2 A B AR SCH LR R BE AT 75 St — D A SEBR AN 23 H, AR T
PEUIFEREAT h o TR 2 AL & K BURT DAY e Jy 22 Dhse e, B andRsl, R selHast-Thag—1k
W EE D,

D08-53
PR L FLE A AR 7o e 2= b o N R AT
EEH, bkt EF2
1. Fdb R
2. NJFH T K

A8 A A L IR AR AR R AR AR R A AR I AT H OB COERD AR SR S (ORR) ¥338 K8l /5%
ZENS L, IR AROR T RE A AR BRI S N LA ZZ AN e 22 o Sl & e R I AR 2 SLAM R R ATl
ey FERTTAR, L S (RO B AR, R LA S A AL B T IR BRI A SR T S Rl A R
AALE R A A & e A A& e S EL WU 2 LA RS Rl SR S R T 2 (0 2 FLId I
JEfEY), % OER A1 ORR L H L7 1 L AEALE PE, SRTIHNE M 3R THE M AR e oA . v 171
M E R R, HEPEPRZAMEIT BN B JTER, A G R AR B e i A 3 B )& Pt
LEFREBNZ ARG HEHRRRE KA Pt-B 8h, FIFRBIXNT)eeEEMiEEs:, simesta
FE AR FIR A IR R A A I A5 i AR T AR N ml I S AR ) ity il % S AL R R AN
BRI, A7 B HERh — by A i R AL S

D08-54
It AEM BB ISR ST & Ras SR TR
e, W
L R KRR 5 TR

DLH 1 A2 e i e /K ) S e R R S 75 i AIRRAS /7 SR 51, 8 Je v i) S L J5L 1AL 771 (SACs)
HAEERE S AR, M FOCAEE DL RRE I @ (D) 8= 4 @3 SACs 1A AU % . 385, SACs
LR T T S B TR A AR SR AT AR P R By s A, UKL = 3 BERBUD Y d e L7 Xk BLDG i
Prax . (2) ShZ THle)®a& SACs A ST . RENEh AW 7T REYS T4 Hh i) ) <)
SR KRR G TP AR R AL o A1 O RDE,  FRATIE L A RS R P25k, A3 I
FNAKZ A BB B GRS SACs M@ TETT %, M &R 8510 sOURe Y f 1 FIEC A7 4544
FHHIEN], TSR ARE S ARSI S SRR R . R R AL AR R 4
a2 B RS D0 ) LT RIS S5 AT A U S L TR e TR A ROk A A SR AL, B iR
THEAR B 5 AU TE AL S NEALER, S i34 7 R AT 2L SACs I BETH I HEST REIR 23 1F 782
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D08-55
ETHRZ AR EMEGHART 2T SBIYSIER
B, R
1 BRI

AR 2 I RN AT OGN, R4 T F B0 5 MO 3 5 WU R 37 5 055 7R UL 9
Wbk, ABIICRAG M, IS T ST L IL AR R NS4, LR O S Rt
FEZ AR E o T TCIET A R — UM 32 T 1 V7 25 B Ty 2R B . A e L
5 5% ) S RS S R (L2 3 O 25 43 A5 L 5 LI F R LA UM S . At
ISR K 2 T R T I A AR, JF BT SR it — BT

D08-56
In-Situ Formation of Topologically-Close-Packed High Entropy Oxide Nanoparticles for Ultra-efficient and
Ampere-Level Hydrogen Production
=8
I N

Electrochemical water electrolysis holds great promise for advancing our sustainable economy. However, its
progress has been impeded by the lack of cost-effective and durable catalysts. In this study, we present a novel
approach to fabricate a porous intermetallic C15 structure with a topologically close atomic packing through
electrochemical dealloying of a eutectic multi-principal element alloy. We conducted a comprehensive
investigation of the thermodynamics and Kkinetics involved in the electrochemical dealloying process, resulting in
the controlled formation of a three-dimensional bi-continuous porous framework. The subsequent cyclic
voltammetry activation enables the in-situ formation of oxide nanoparticles on the resulting ultrafine porous
structure, which exhibit remarkable catalytic activity in electrochemical hydrogen evolution (HER) reactions in
1M KOH, surpassing various catalysts reported in the literature. Significantly, our porous intermetallic structure
demonstrates exceptional stability during HER, owing to its C15 structure’s chemical stability and the mechanical
support provided by its self-support architecture. These findings shed light on the advancement of next-generation
high entropy oxide nanoparticle catalysts for energy applications.

D08-57
R ILRESKRE AL EHEGRTH
i st
1. P EREBEE B T

A 4 SR A B LR R TL & TR AE TR )% E LA T2 RN R . AT, 4TLBRH
565 %LA LY, 40K FLA I F N A LR T W AN, FARROIS IR . s e B0 ATT
2, BT AT 00 %Ak £ AL A L4, A L1, FUTBRIGEILIE AR R, W & 4
A ARSI, R T Au-Cu-Ni TUHTRTEY & AL 2 2 B T £ o O P A P
i, 5 RN A K S 1L, FEREIUR WK, — LB R o~ 4 nm, JLBRR A i
03.1 9. T{ERE MR ML R BT, M RPK S GRS RS (LIRS . BARIR B 7E 6.9 963
22 %2 [AAEL, VAIRHURBETI Gibson-Ashby b T FEHIMISRIC (. B IRHRIE AT 1L 0k 2
S AR FLARRY 61 HORE AR G — MO SR s BB T L & b R, IS R
SERI B RHRAE T — /T8

KEEiA]: BEfLRAE, Pk2 e, K417 N

21



R E MR K S 2024 B8 R AR R K S D08. #kZIL&mM Kl

D08-58
ZH % F. RUAIIRU 7 5HH PR Li-CO2 Hth % M g2
S et
1. BFrd K&

Li-CO2 Hijth =4 Li2CO3 WIm# i g2, MR mnl i BkaR. £ RB90oRMRLE —2a
S IEAEALT], (HIERRK Li2CO3 i Ji2Eae 22 U5, HABA iGN A IR o ASCEETBE &1 71
BT M =2 FL RUAIRU 577 45 (NP-RUAI/RUY), 3RTSEZER T Ru BUALEMEAL i AT A% . DFT 22
WHEALR Y, 1985 T RuAl &8 AL SRS AR YE XS Ru BRI A A E/EH, RuAl/Ru 7
J5R ST AT 5525 A% CO2 Mt i S B HH AR AR B AH G R [P e 22 B E B4R R M 2 B2 L 23Rt T
F= 5 P YERL sy L AL T AN 5 FIEE AN 7 2 I TBOR =R ). )£ 1) NP-RUAI/Ru fEAL 7,
£ 200 mA g-1 A RFEERSE HIJEFR 1400 /N, FFRILH~1.25V AR BCR R 2 . R 2k T it & S0t
BUAH 5 450 ()20 AL SRS, PR RE Li-CO2 H RN At BE YR AR 5 N2 F A A 7 e 3R 43 138 SR s
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D08-P0O1
Ak ST % 4 TE 8 R AL A YIS A S T AT R B
LY E A
L B PPRIRR S TR

FH ARS8 5 R B A RE U5 26 114 FE BB DR ) 1) AL 24 K o) ) 2 LM RE AL 4B . BT
IR SEM RS, MRS Y FR A AR S B Ak 2 7K o R RS fl S 1 D e o R v i b A
MU T R GE 32 IR T KRB0 B8, DR, (o] - A A ek [ et 2 1 7 At 8 R0 St A, e i) 4 P e/ e Bt
RES1, RHGENTEUR N B M R B . A TAEUSE SN & &, fIIsEmR T 2 ne)Rrk s
) Mo(NiFeCo), 48K Bk £ i AE % 7L Ni F2%(Mo(NiFeCo)4/Ni). 1, Fe il Co JR FHENLEUC & @ ML &
) MoNi, T —382> Ni i1, MRS NiFeCo YU 5% . (ERPENT E R Mt f2H, Mo F1 NiFeCo 4
TCAT A FITFIR B *H F*OH Hrlaifk, (EdbKMes kA 1 NiFeCo T Hfaf S HTHEAR 1M LA & H 1*H
IR BN BRE, A R T*H BB 45 &4 AR . SUE SRk 2 L Ni 48 R R 3t s T35 R A H
WAL, RHE I Mo(NiFeCo), FE A7 s 80 E 76 1 M KOH HLAEIR  , 1242 & B b 1) Tafel 212644 35 mV/dec,
R E 200 mV it HUAL sk AESEEIL 2.3 Alom?® 2233 2 I I s LR A6 3, FF FLZE S L7 80 mV TTHE4E 500 h 4iHE
£ 430 mA/em?, B K IR P B

D08-P02
RUCU MR T SR RCE A R
g, e

1. R R

IS HBEAT N R HAE C-N RIS N A P2 m BOIME A WL, R — s ik oo 55
YR AN B AR I AT R R R s o 7RG, FRATHR G —FIEIR B 264 R RuCu 5 )5 75 S fEAL K
CO Fl NO; i (FE ik 45.65 £0.76%) 3N HIE 1 b= #2 . 56 X SRRSOk, J5A7
P2 O M B Y B B T A R MHARIY Ru-Cu XUE RN S AT LA KRS *CO Ml *NH, thjafx,
SEROCHE) C-N AR, AT S IR I i 1) v 1k R F B Bl X I AR A 264 Ml #E 4 CO
NO, S = B INAE B IR FE A BRTF e T — 25848, B S b i B INMEL Ak 2 77 B 36 77— ol I A8

D08-P03
3D Metal Aerogels: Materials Synthesis Design
Beibei Weng®, Ran Du**
1. Beijing Institute of Technology

Metal aerogels (MAs) are a new class of materials composed entirely of nanostructured metals with
high-speed mass transfer, high electrical conductivity, self-supporting properties, and distinctive optical properties,
thus exhibiting excellent performance in electrocatalysis and sensing. However, the differences from classical gel
systems in the reactant properties and sol-gel principles limit the on-target design and hinder the diversity and
application studies of MAs. To achieve controlled synthesis and performance modulation of a wide range of MAs,
we investigated the mechanism of the sol-gel process of various noble metals (Au, Ag, Pd, Pt, Ru, Rh, and Os)
from the perspectives of precursors, ligands, reductants, initiators, and external fields, and developed various
synthesis strategies. Various MAs with adjustable single/alloy composition, ligament size, and morphology were
prepared by activating specific ionic effects, ligand modulation strategies, excess reductant directed gelation

23



T E M ELR 2 2024 A m i FUMRL R 22 D08. 49K Z fLa @ik
strategies, disturbance strategies, and freeze-thawing strategies, respectively, showing excellent electrocatalytic
performance. We hope that these efforts can serve as a source of inspiration for enhancing the performance of
MA:s.

D08-P04
R - FBSL R GIOR SR Bk b AR
WL 2, k2, Sl
1. HERFEBE S BT AT
2. VEBAMPRHR A E S 7 O

F ARSI I A A i AR R R LR — SRR, R AIAEGRAT R, IX A 2R AE vT Ao 9
BORIAFA 50 X HAERAEAEA AT ZALIE R, Gk S AR A = S F 2 (R T 2R N KE
X S I A A e FLAA S WA B RIT FE 0D o S AR ZH (RO SR B i SR 3 A 58 T 1l ) 2 T - s S S e i) 144
KR RRIENEAT N A T BRI . fERLERA b, A TTARERE— PR, R IH - 5 S B e AR S M 40K &y
PREHEAENE ST oSBT FLANOR SN 2 FLE AR A 9K 2 LB I T i 422 A T DR A8 7 A ) AR AR A
S T AR -dh PR L MRS . AHSCER SRR, R 5 AR A ) R T R e B R T
RIMAL R TSR PR, I LB A5 RS )y, O R0 A 3 i s AR B S i 5 K. JRATTHIBIE e
TR - iy TS ZNS G A RS2 AN RS BR T3 - L B A 2B AR, S S e B LR E o, R BEFRAT
A S L AE AR RS AT AT D v (4 FH HE L 220

D08-P05
SREP RV &R SRS T
FRR Y, REEENL Y, By

1 REERE

SRR EARENES ARG EBN T e % Rt k. SR B TR A KA ]
5, A4 R AR SERR R TS AT i S A AE e A . VR 2 SR R A v R T AR 1 = 4 22 FLAE AR )
RS A P 2 o (R X 38 T 1) = 4 22 FLES M TE V8 5| S 4 SR A SR T AR RSSO AT 7 A << T g 2
WEFLE I, g ELAT SRR P ) =4 22 FLAE AL 2% 2 1) 7 A B A A A RH 4 v R 22 A 1 T OB 42
BRI, ARSCH g T B O R S A ik BRI FLAR I AR FE I OUBR FE Y Cu JRB & SR AR AR, TEXUBEFEIIPER T
GG 0 AR S O I i g =Rt = I T e 11 2 PO = & =7 it N e S =1 F S s S O 5 i
JEE R R . R B R R AR 7T R B, ZEXTRREEI A, ImA em-2 [ RIS B R A3
1800 /F,  HA R G PERE -

D08-P06
Interface engineering of the NiO/CeO2@NF heterostructure to boost the electro-oxidation of
5-hydroxymethylfurfural
Xiu He!
1. Tianjin University of Technology

The synthesis of furan-based platform chemicals from abundant and renewable biomass-based hexosesplays
an important role in the development and utilization of biomass energy. The
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electrochemical5-hydroxymethylfurfural oxidation reaction (HMFOR) represents a promising route for
synthesizing the2,5-furandicarboxylic acid (FDCA) product which is a high value-added biomass-based
monomer.Interface engineering is an effective strategy to adjust the electronic structure, optimize the adsorption
ofintermediates, and expose more active sites, thus attracting extensive attention for designing efficientHMFOR
electrocatalysts. Herein, a NiO/CeO2@NF heterostructure with an abundant interface is designedfor boosting the
HMFOR performance under alkaline conditions. At 1.475 V vs. RHE, the conversion ofHMF is nearly 100%, the
selectivity of FDCA is 99.0%, and the faradaic efficiency is as high as 98.96%. TheNiO/CeO2@NF
electrocatalyst also exhibits robust stability for HMFOR for 10 cycles. When coupled withthe cathode hydrogen
evolution reaction (HER) in alkaline medium, the yields of FDCA and hydrogen production are 197.92 and 600
umol cm—2 h—1, respectively. The NiO/CeO2@NF catalyst is also suitable forthe electrocatalytic oxidation of
other biomass-derived platform compounds. The abundant interfacebetween NiO and CeO2, which can regulate
the electronic properties of Ce and Ni atoms, improve theoxidation state of Ni species, regulate intermediate
adsorption, and promote electron/charge transfer,makes the most contribution to high HMFOR performance. This
work will provide a simple route for thedesign of heterostructured materials and reveal the application prospect of
interface engineering for promoting the upgrading of biomass derivatives.
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D08-P13
Self-limited formation of nanoporous nickel heterostructure catalyst for electrochemical hydrogen
production
Kaiyue Zhang', Jiuhui Han**
1. Tianjin University of Technology

Nickel has risen as a viable and cost-effective substitute to noble metal catalysts in electrochemical hydrogen
production, yet developing air-stable and highly efficient nanostructured nickel-based catalysts remains a
significant challenge. Here a facile method for creating nanoporous Ni/NiO heterostructure catalysts for
electrocatalytic hydrogen production is reported. The protocol employs chemical dealloying to establish a 3D
bicontinuous nanoporous structure, followed by a controlled oxidation process to in situ generate uniform NiO
surface layers atop the metallic nickel matrix in a self-limiting manner. This approach not only yields highly
active nickel-based catalysts through a simple and controlled procedure but also effectively mitigates the
auto-ignition issue inherent in nanosized Ni, thereby enhancing air stability. By leveraging the synergistic
interaction between Ni-NiO co-catalysis and improved access to intensified active sites, the electrocatalysts
exhibit superior performance in the hydrogen evolution reaction, markedly outperforming noble Pt/C catalysts,
and high stability in alkaline environments. The exploration of self-limiting oxidation in nanostructured transition
metals opens new avenues for developing advanced metal/oxide heterostructure catalysts for diverse energy
applications.

27



R E MR K S 2024 B8 R AR R K S D08. #kZIL&mM Kl

D08-P14
BHESEEA I ERTELTITR
M, EEY, BRAY AT
1. REFET K

FEGE A B 1 FE R B FL R % FE AR, M DL 2 % Ry R B 2 FE v H s K R ok . Bk, JF
R E A AR S E TR E R, hREE TR A R, R, RECHE
RO R B AN SR BEAS X Lo 75 s AR SE bR R A, nl 78 A B 7 F AR s AT i FE R, Al R ]
PRI JZ, HR S HARR TR R AR AN T R B S R, 38 R R A AN AT i O, 2 I R s YRk ) 32
JRR o AW SCHRH —MiE S RN E R (LFO) 1 B A T Ak 5 vk, B TR £
LiNi0.8C00.1Mn0.102 (NCM811) HajthHr B0k o 12 SR IS A R M T WIAA 96 P 0] vl PR A 2%, I
Gef 7 IERARR R LN JRHERAS nI g5 i 284k, ATTCEDB PR A2 o R AR B & R IE AR EE 1 . AT
N AME TS PR R RN 5 ] 78 FEA B T B A RS PR T — A R R T &

DO08-P15
FIEERUESE PR EEHIPPRHI ] % B 77 2k R
S, AR Y, S
1. HRHBETERH & BRI AL
2. PERFARIARKF

W JRELLANMRL S — KB E RN TSR S F R WS S G 12 1 e R R Rk (1 —Fh
PR R & T2 Hih PRSI G SR AESBIEARPEATN, RSB E R, S ECE RN
BOESEANM RS R RO EROKR R, AN EEBUH K . O 1 REWS il 25 H 254 FRUST SEINA /I RO XU 840 K 45 7
MR ATAEEEG R LA &R AT W TR I3 B & S ARSI EZE M. JF
DNV 2 P UM [ a3 NG SR 1D D = el S a3 1 e Wi A (O P SN HE A ) ANG P I i
HRSHET 200nm 1) WTa-Cula XOELEAIA KL W10 32V REINRSE R EoR, 2R S S 46 5 L T £
1.3GPa, 4R AIIE 25%. I HAZARLBAT PR e /T, SR T BN [A] 2 4h, HLE5 R RS
RAAEY GRS, Rz RHE m iR S A U8R AT TR 1T RE -

D08-P16
F TR ERESEES Li/Crs021 — Kk Bt i B AR 1 it
FAH T, AR S, w2 xlEIEY
1. REH T K%
2. HE B RHE A A J S\ AT

Li/Cr8021 — kK HLib R IS H AL B 25 F (1210Wh kg-1). EFIE LA R (642mAh g-1) AlE T/EH
JE (3.0V vs Li+/LiD) 152 2R 567 . HUARVRAEARIR MR FESE N, PHAS S I B iGEe:, SEib
AR AP EE A Y BELEG N s T vt 2 D el R PR ST AL B B SR, I Sl f e A . itk Ah, — IR
FFE% U 2 51k B A H P 77 dr R B REIR o i AR 17— ML IR AR A A AR T SR, d I A L
W) 3 Z NS A - R AR A ELAE T S LIS 80 5 e, (2R ER A A s, ST 7 48 BH B 57 T A e A 2
TR 12, MGE T IRHEIBERE RS R (-40°C~60°C) AL VERE. [FIRS, iZSRESHNH] 1
PR FRR B 53 A DA S AE vy T RIS, SEEIL T — IR BB S FF i i A7

D08-P17
-2 S A 7 2 FL AR R THS i R

28



T ERDER 2 2024 BEEE — Jm thE SRR 2 D08. 4K Z fLa @ik}

AL, Bk, waEmt EAHt, 2t uE I
1. REEH TR

A (LABS) PRI & BB e % B (3500Wh/Kg) FiiAy T — R4 B H it I 3 ) fig ik
o BRI, H RTHROE MK 2 HO SR E A IR YER R 120 (<1 mglem®) FREATI. BUA A R
J5 A A B A S PR S O R 5K, (BRI R AR A AE B TR sh B % IREL R SE M. # 2 AL
HURRER R B T APy, (et 2Ry G SRR AR 6, SRR A A I AP S ATl e
PERE. AL, AHE A IR A NG ILA, AR BOR AT ARG FL o P DTS P SEELZE AT
FLrAR % . SREY, A7 2 IUERBAR T AL, ABehA R T smAnem®, B
HUE MG 0.25V. thAh, ZFLEHMRLE 0.3mA/m*-3mAh/iem? 44 T, 1E3h ik 600h, i # HLE HURAX
79 280h. BRIk, 4772 FLHUR ORI SUAT R0 JE 8 7 i A . (b S B SR BUE 2 0R )
FAAE LR NI R T L RE -

D08-P18
Nanocatalyst with H202 Self-Supply and Glutathione Depletion Ability for Enhanced
Chemodynamic-Triggered Ferroptosis-Like Cancer Cell Death
Fenglan Li*"
1. Fujian Police College

Chemodynamic therapy (CDT) based on the Fenton/Fenton-like reactions is a potential anti-cancer strategy.
However, insufficient H202 and overexpression of glutathione (GSH) in tumor cells limit the efficacy of CDT.
Based on this, we construct a ZIF@CuO2 nanocatalytic platform with pH responsiveness, H202 self-supply and
GSH consumption capacity, which enhances ferroptosis and cell apoptosis through autophagy inhibition and CDT.
Specifically, the CuO2 component of the nanoparticles release H202 and Cu2+ in an acidic tumor environment,
Cu2+ react with local GSH for inducing GSH consumption and reducing Cu2+ to Cu+. Subsequently, abundant
hydroxyl radicals (*OH) is achieved by Cu+-mediated Fenton-like catalytic reactions. The depletion of
endogenous GSH indirectly leads to the inhibition of glutathione peroxidase 4 (GPX4), thereby increasing lipid
peroxidation (LPO) levels leading to ferroptosis. At the same time, ZIF degradation release Zn2+, which
stimulates ROS production and further consumes GSH, improving CDT and ferroptosis. It is worth noting that
CuO2 inhibit pro-survival autophagy induced by ZIF by inhibiting the production of autophagosomes and
destroying lysosomal membrane integrity to obstruct autophagy flux, thereby promoting cell apoptosis.
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