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Fig.1 Cross-section image of dealloyed Au,,Ag. (at%) thin film (a); SEM image of plan view of dealloyed Au,;Ag,, (at%) (b); current density vs.
potential curves of alloys with different Ag-Au components (at%) dealloyed in 0.1 mol/L HCIO,+0.1 mol/L Ag" electrolyte (c); simulated

curves of current density vs. potential of Ag-Au alloys (d); comparison of experimental (line) and simulated (triangles) critical potentials ()"
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Fig.2 Schematic diagram of alloying-etching processing used to fabricate the NP-Ni,Al/Ni heterojunction (a); principle of liquid metal

dealloying (LMD) (b); schematic diagram of the vapor phase dealloying system and the preparation of np-Co@CoO/Ru0O, (an

enlarged view of the inner nanopore shows the interfacial atomic configuration of np-Co@CoO/Ru0,) ()™
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Fig.3 Top-view (a) and cross-section (b) SEM images of as-dealloyed MP Pt,Al/Pt ribbons (inset: distributions of pore sizes); HAADF-STEM
image of MP Pt,Al/Pt intermetallic compound (c); magnified atomic-resolution HAADF-STEM image of Pt,Al with super lattice feature (d);

atomically structural model with a (110) surface based on Fig.3d for computational simulation (e); XRD patterns of MP Pt,Al fabricated by

chemical dealloying and the simulated structure model (f)**”!
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Fig.4 Schematic diagram of illustrate fabrication procedure of lamellar nanoporous NP FeCo/CeO, N_composite electrode (a); comparisons of

current densities for self-supported NP FeCo/CeO.

X

LN, NP FeCo/Ce-O, NP FeCo, NP CeO, N, RuO,/NF, and RuO,/GC electrodes (b);

Tafel slopes comparison of different catalysts according to the Tafel slopes of OER polarization curves in Fig.4b (c)™*"!
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Fig.5 Schematic diagram of the fabrication procedure for np-Ni/NiO heterostructure catalysts and the hydrogen evolution reaction under alkaline

conditions (a); iR-corrected HER polarization curves (b); Tafel plots (c); EIS spectra collected at an overpotential of 200 mV (d)!""

filE 7 %o SR, SAE JiE S CORR) 7E PEMFC [ 4 [
B 112R 2218, UL M A% 48 ORR B AEAL TR AP 22, 7™ 5
FHAS 1 PEMFC )R RIS A e AR AL RS U™, pe ik
HEALFIME v ORR Sy R 1 4 Jd FL AL 71, Pe S FL g oK fi
WHITES B TR G T T IZ A8 SemiEiig
MR ARERE RSN 5 e B S e
W2 B SR G S o (EAZ ST A R T A PEAT) A — A
I 50, PR K BB AT B8 5 0% 0 on R A R R, AT
4% PEMFC [ 75 ™, REHE T RK¥EWE T —F L
B G K 2 LA R, B WK R L 1) Pt-Pd 72 )=
7 #1E Au I (NPG-Pd-PO (P 6a). 3 i &5 #4) 38 1o 40 Fr) R
HLAL YA (Cu-UPDO A 3 UTAIE FE ) 2%, IR IRTE AR £
L& (NPG) 2K byt B 5 2 Pd A0 PE7® 38 3k K I ) 114
FLA G B , WF 98 & K B NPG-Pd-Pt () R T 45 K B T M\
IR P-Pd & & BIXUZE 4546 CE & PR THD F 213 &)
HA2E M Pt-Pd-Au & & MEAT . B HE 5 BT B
53 (STEMD G FIAH R 0 2 1 EDS 70 2 Wit 5 640 77
HEAT 207, B 78 3 W2 21 7E 10 000 YK B ALIE IR ) » 72 2 1
AN E & PHIROUZ S5 79 5 75 30 000 WRAE 3R 5, 3E— 25 i

A5 35151 (1) Pt-Pd-Au £ 4 R 1 (K] 6b.6¢) o IX 3R I
AR T AT ORR G MERI R e M o 28 — 1 JR HE i
H AR, Pt-Pd-Au £ 4 R [ 7E ORR I F2 H BRI 17 AR B
(1) OH Hh (B4 T /K (19 E 1 B2 4k, AT #2155 7 ORR i
i . 223 30 000 VX HLA G 34 J5  NPG-Pd-Pt [f] ORR
R PE N 1.471 Amg™ (Pt), HL4s 3 19 76 W PY/C A4k 571
B 15 . FEBE— 2B 19 70 000 YRAEIR G, 3 TE AR AN
A, BRI R E . Wang 257 K T — R R NS
PEFOPE 0 256 A7, F T IR K 2 4L 4 (NPG)
PN RIS . B A S, vTLsE I EA
{111} EC{100} ShTHI T P9 R IS5 M . 1% P TR gk 2 1L
AT AP E R S R IS VA DG . @ iR
TH1 2544, T AR AL A AR R 1 B o 491 1, PN\ THT 44 4
KRLF H1 T {111} 7 T 1 AR 5 s 2 CORRO i 4 bE
A {100} % 1 79 PN 40K 77 AR i B . @i i 7
BT (SEMD VJZE it FEL T B UBE (TEMD (X 26 % L 1
HE (XPS) Z5H AR NPG A b 1) 00 245 74 AL 2 41 i adt
77 RAE. 45 R ER,Py-NPG & & {111} & 1 , M
Na,CA-NPG & 75 {100} & A1 & B /M B A7 i o A HEAL T



* 2956 ¢

W] B AELHS TR %55 %

AviRtiR

2 " 2P ™

. .

- % 2 "

E R E B EE RE
L E B2 B BE N B

B A 5

> o & b N

6 NPG-Pd-Pt 1 [X 51 =143 5 HAADF [E14 : 10 000 XA R A 30 000 YA I J5 NPG-Pd-Pt K [H [X 3811 75 73 HAADF |15
Fig.6 High-resolution HAADF image of surface region of NPG-Pd-Pt (a)"™; high-resolution HAADF image of surface region of NPG-Pd-Pt after

10 000 cycles (b) and 30 000 cycles (c)
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Cu-Sn based mother alloys Cu,Sn,-type intermetallic compounds
L — oo 100 150 125 &
= 40p = a0 TNON =NON bl g G E
= 80 1120 120 =
£ 30} 80 o | &
Z 60} {90 €415 E
G 60 o o S )
S 20t SN 1.5
g 40 = 240 {0 {102
= ~ —_—
S 10F /2 " L l {5 2
= 8 420 20 30 45 o
8 0 \‘\‘\*‘ O 0 O ‘0 mm
é 0 40 80 120 160 200 10 20 40 50 100 200 500 1000 Z

Time/min NO; Concentration/mmol-L "'

7 1 % 45K £ 9L Cu,Sn, % 4 & 19144 24 17 25 Bl & 75 4 45 40 mmol/L 7B h FY A J 7 , NP-(Cuy ,oNi, .Fe, ,.Coy .0 S |- 0 12 4
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Fig.7 Schematic diagram of the preparation of nanoporous CuSn,-type intermetallic compounds (a); continuous NO,RR on
NP- (Cu, ,.Ni, ,.Fe,,.Co,,:),Sn; in the electrolyte containing 40 mmol/L nitrate (b)"”; NO,RR on NP-(Cu,,Ni,.Fe,,.Co,,;),Sn; with
different nitrate concentrations at —0.30 V vs. RHE (¢c)™”
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Fig.8 Charge/discharge curves (a) and cycling profile (b) for Li-O, cell with 0.1 mol/L LiClO,-DMSO electrolyte and a NPG cathode at the
current density of 500 mAg™' (based on the mass of Au); FTIR (c) and SERS (d) spectra of a NPG cathode at the end of discharge and
charge in 0.1 mol/L LiClO,-DMSO; discharge-charge curve of Li-O, cell employing a composite carbon cathode at 70 mA-g™" (normalized
to the mass of carbon) (e); FTIR spectra at the end of discharge (f)™*"!
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Fig.9 Representative SEM image and the corresponding EDS element mappings of NP Cu/Al,Cu heterostructure electrode (a); representative
HRTEM image of NP Cu/Al,Cu heterostructure at Cu/Al,Cu interfacial region (b); FFT patterns of the selected areas at Cu/Al,Cu interfacial
region in Fig.9b (c—d); XRD patterns of NP Cu/Al,Cu and NP Cu (e); voltage-time profiles of symmetric cells based on NP Cu/Al,Cu
electrode and bulk Zn in the Zn(OTf),-H,0-DGDE electrolyte (H)***
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Applications of Nanoporous Metals in Energy and Energy Storage

Wang Ying, Zhou Zhilan, Han Gaofeng, Lang Xingyou, Jiang Qing, Han Liping, Shi Hang
(School of Materials Science and Engineering, Jilin University, Changchun 130022, China)

Abstract: Nanoporous metals, with their unique pore structure and excellent electrochemical properties, demonstrate significant application
potential in the fields of energy and energy storage. Their structural characteristics provide a large specific surface area and superior conductivity,
and their composition and structure are tunable. As a result, nanoporous metals play a crucial role in the field of energy conversion applications.
This paper reviews the synthesis methods and structural regulation of nanoporous metals, with a focus on their applications in electrocatalytic
reactions (such as oxygen evolution reaction and hydrogen evolution reaction) and energy storage devices (such as lithium-ion batteries,
potassium-ion batteries, and supercapacitors). The results indicate that nanoporous metals not only enhance catalytic efficiency but also
significantly improve battery cycle stability and energy density. However, issues such as the reproducibility of synthesis methods, long-term
stability, cost, and technical challenges in practical applications require further investigation. Future research will focus on optimizing the
microstructure and surface properties of nanoporous metals to achieve efficient and sustainable energy solutions.

Key words: nanoporous metal; electrocatalysis; energy storage device

Corresponding author: Han Liping, Ph. D., Senior Engineer, School of Materials Science and Engineering, Jilin University, Changchun 130022,
P. R. China, E-mail: Iphan@)jlu.edu.cn; Shi Hang, Ph. D., Associate Researcher, School of Materials Science and Engineering, Jilin University,
Changchun 130022, P. R. China, E-mail: shihang@jlu.edu.cn



