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N, i ]=ke} 23S %38 124 (anchoring) ¥
FEN, TS, AR FHo) v A ok,
= ‘1Y% Fe, Co, Ni T+ =}o] v]al 31#]3]

< Fe3h= 4] QRIS B HojE)
9 45 Co A=) N, vl $] 8ol =

of ke HollM = FAeANE, A e
Aol A% AL Nm OhE £ 2Rel gl
AAE | F pyridine-type Co-N; 7Z(Co-N
SACum)} pyrrole-type Co-N; TZ(Co-N SACy,)
9] Ak43uk-S-(oxygen reduction reaction,

ORR) 5% Hlagk A3E AAgt [10].

02 03 04 05 06 07 08 0.

:/

H,0, Selectivity (%)

Potential (V vs. RHE)

Pyridine-type Co-N, 72Z=2} pyrrole-type Co-N, 7%

ZO| MAStRHS ZOfEME. (a) Co-N SACun2t

. (c) Zilofl wh2 THAkStA A4

5 Zvl 55 Co-Ng Wi 91 & ZARE, davt ¥
gshe spet Agke] R A g =4

) $1X17} Abolalr] miel A P 8w
& 27} T3l GekxIct. Pyridine-type
Co-N; 27432 F2 447 ORR F=22 A%
alo] 212(0)E BH0)E FAA 7= v,
pyrrole-type Co-N; &A7-& 242} ORR H =

£ A 35317] wiEol 0,5 FAeEA(HO0)E

2HY, T4 9522 w9l F(CoN)E

A <7, v RiAL S5, A RE|E 5] w4 5}

3} 9730l 4apil olegiey, neb A
o}

ol HAstE g SdddAEE A2

Aol 7fsd Ao R 7IdHTt,

It

2.3 THUIRIALZONO| 2[R

SdAEe] Su) B 4 B4 4
A AR o] B9 ol et 1 Fue Feld
22 38 @730 o3 =) AP EER, T
DA% A A|5H= A4

o
2
)
_\'g
2
D)
__>:I_|‘(

Siek. ol 2 B AAE Y o] gL 7}

IR o v T Vs s, A7shet
o] AR Zul] St EaE 2 N

VNHAEEE Rk sttt W7]skE Sl
AAAZE B3 A== A7) vhs-E 71k
A3} o] A (charge transfer)o] olU=] &

1%
o

HEO0 M, A7 R|e} 58to A
g eSS FFAIZITE mebs [zt
2&8 A 75 ek AAA Y 5
g AVAEA GRE A7)EE A28 37
St (overpotential) 43}, A7 L= 34,
NUR| B& S Foll A2H= vl F8%
SRS 1=

ARy, A A A
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=4 7+ % (agglomeration)S 5-3f Hc} oF
gk |2 dolstde Ao ATt ol st
S Ao el Bl £, hegld 3
ol e Aol 38 At Sl B4 oz

olojA|7] whizell, 2 gk v 1t =, Aj A
olE 38 U2 U} =3 53 2o Ak
&3l GAAAE AAA| ol Al LSt
= A7} Bl ol BAAXE

F2A - 51 e B, 4]

2.4 DU E 21| THAAALZOY

DAE 2y TA A} Zv)j(high-entropy
single-atom catalysts, HESAGCs)ol| thalk A=
A7 Sl Robe] 78 Q1T BFOD WA
SIck. T2 9] THlgla Zul(2e S
A=) §2 st sl Sl A
S 3 G Fvf S2Toltt HESACs

oA Qurgow thal 74 ER ol A

A} Z1) (single atom catalysts, SACs)2}

&t uj), HESACs+= (f|: Co, Fe, Ni, Mn, Cu
o =2 24 Bde

o 2 WjAFA) A==}

2~ A(sintering) S &F

Jelgitt o 140}7}, oF

§]-—o‘]—cq »A——HH g4 D1
fr2lsHA 283kt
Zeng 152 Au ©ALIA} 7]HEe] AuSA-

MnFeCoNiCu & =] AAE Hisk

P

i
22000 .
POTRIIP

LN NN X

Single-Atom Separation

» 0 reduction  #. H g
> anamy &

Co Ni Zn Fe Mn N ¢ Pdzn NSs

STt 1121, o] Zul F24% 2z} WAYZ
(adsorbate evolution mechanism, AEM) ]|
A AR} 2k~ w7l w7 Y (lattice oxygen—

mediated mechanism, LOM) 2 2 2] ¥k-8- A2

2

s jii

ASS HEAT TI, DAERT HEY
T

[>

Au TR}, )3 4

B
iih)
i
)
1o
)

)

Yz AsAg-0] O 2p the] 21O 2p-band

center)e] Tl 3 oS Srdto
A, LOM A 2] FeJstd oA o] 7t

F WX 10 mA cm?oA] 213 mVEts u)-$-
o gAeks dAdEt 9L, 100 mA cm™
o] AF dLoa] 70047 25 T B4 7+
27F 6.4%° B33 gl b S B
FAh. Luo G152 Mos; % MoSe; 7|
3 glo] ThelA] Bl L TAERS @
ooz} Zu|= 3tAsl7] sk 7|g-u7) &

S Busklu) 13]. do|g< Z=Al

ox
2
£

ok
ndk

-(transition-metal dichalcogenide, TMD)

_%'i_I,
It
\

& o] @ o] FheiH) 2ba) - BAUS
Zg3to] st HolmA] Alo] 715

AN EvhA G4 A AN

Sl

UH

B o

At 53], Mo 7]¥F TMDE T43= &
Mo 27} Zuff &g sh= Tl dAt 5%
o 2 28 uj7hA A Atz o] T

=

& A%Aow /A 5 drka

ol oy
oEL >

3kaL glen, o]F B8 7]E SAC AlAHF

v olFldos ke A4 UEe 7
= H

O

Sttt He A7 152 LAERY T+
(high-entropy alloy, HEA) =2 o] ¢+
A Z2RHE Tt Aqt A A=

< AABEE L™, Mo Gzt A =&
¥ PAPNiCuzn 24 YA EE A7)}

Atk [14]. HEA 32E9] =4 B9, =
ik YA E L2222 G 94 E
(tensile strain)g 283} o] k3l pr—pPt I+

Al (dilute Pt—Pt ensembles)S- AAJ5Fc). |
ERE- 2F3} HE-2-(methanol oxidation reaction,
MOR)& 913t Zd7IststEvl A 2 7]s &
ZJ(mass activity) 24.55 A mgPt” and 11.62 A
mg(Pd+Pt! o o]2&= vl =2 FujEd=
£ 2% s, 71 7R 7 Sl E

335 97t A7) TS R eI

(o

2.5 SRRt 27121t 2040 S8

25,1 24

2 RS- (hydrogen rvolution teaction,
HER)2 &2] W7]2s)& &3l 37 ou~l
Al F4E Atk A wholt), Wi
(P2 71 oAl 4 F2 AR E 7}
Z| HER vl o] Wixn}a 2 AR o,
w2 743t 344o] 485he] YB3
o, ol 125 9s) bt AHESE Fe
o2 =0o] pr ¢t A= (Pt SAC)7| AQtE]
Aoy, 27| AF-EM = pr LAt
29h VR A5 ARG ke % 305
= o EATEAZIE7 = Aot HZoll pre]
S SEa] S8l 718t & Rallol &
FAEE 7HAE ga 7 Sl A7t
PEEQT, L 2EE b A B2 T )

o] Z2J2 £A} Atole] 7tuld P AF
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—— de-RhN,@CNT(5,5) de-RhN,@CNT(6,6)
——— de-RhN,@CNT(7,7) de-RhN,@CNT(8,8)
0.2 de-RhN,@CNT(9,9) —— de-RhN,@CNT(10,10
S
9@,
g =
O]
< 0.0
H'+e" 1/2H,
W
-0.2

Reaction coordinate

=]

| =PvC
s Ni,>NOMHC-1

1=—Ni-NOMHC-2
J=—=ni-NomHC-3

' 0
~ —_
= =

Current density (mA cm™)
&
=

-40
e Ni -NOHC
=5() o == N\HC-1
e RU/C
-60 v - v T + -
n 06 -05 -04 -03 -02 -0.1 0.0

12 6> TR} 7|3t HER 271313 S04 A%, (o) B2f2t 7]t P 2
Aol F17|5f5t 45 B2} [16]. (o) CNT 7|2 LIz ErleixiEnArio] ZA X1 ofLAR] A2t 117). [d) 2s =g
0ffl DX=! Fe, Co, Ni CHUAXEED|A K| STEM 244 [18].

PLCq IEAF HES T T2 3 A45te] =
HER Z1] &A4S Hol&= o A9 |
otk (29 6a) [15]. 1M KOH &Z+a] A

L{
rlo

111

k!

ol 10 mA cm?ol|A4] 25 mVe] e X3k 3

& YeRfigleH, ol A8 20 wi% Pr/Ce

HER 453 55 2 58 F=o|tt. Kim
P

ATIEL olF HE

oll
0

(it >& o
20
iy
[o
~
E
£
o)

=
29} 2kt A =R E 2 Wz F
T B4~ (mesoporous hollow carbon, MHC)Z-
HdshaL, 7)o @ Ni fAE agele
AAASNE Harstelrt, s Sl Ni €

A7k 270 o] sk 27He] A UAleh A

ol

CIQUIREEDH [15]. (b) BZSI0f 14 7[9F L|2 Tieixt Sofa
Il i
FeE v w9l 7= YR e =1

o] 4] 10 mA cm?ollA] 68 mve] H#I-S e}
W, 50 mV 23 AQoME 5 A mg'e] Ee
A 2AS B3tk (39 6b) [16]. Su 472
F2 CNTE &835to] Az EdA| o} HES
frdate] Ru 7 Fof A} el e Aletshs
AT A= Bastert. A4 =3 E @i A

kg

o7t Ths e Bt ST
oAl 10 mA cm?ollA] 290 mve] wj-$- e =3}

Z1ll+= 1M KOH

ALNE Yo, ol= 38 20 wi% Py/Co
HER A%< 5718l ==t} (29 6o) [171.
Gu 7358 dAv =3¢ a2 AeE
o] Fe, Co, Ni Al 7}#] Ho|g4-<S vl Az} &
B2 243 a7 292 Rusid) ol

7}
2 2o o Fae] FAE 6,78 win
E2 FARES Holal i}, ¢Ze] s
A 3 = 10 mA e ?ol|A] 77 mve] Z3}
F9E Ko, & 3 Al=ElelA 1.68 Ve

o AFS Jeh e (2" 6d) 18],

°l COE KT} 3tEa ddkels 7|4
oltt, o] Foke] WA= vk F=7} H3dste
AAE-0] Ml (selectivity) E A|o]a}7] o] ¢

1, 3 W39l 2 BAS ool Bk

e

Aojate] s o] 7]8-& o}l 7k I ol
A E= AdE AAlske A3-E Barsteldt
& AFlow cell) A|2=ElollA 577 mA cm2h
© B2 ARUEAAME 96%2] CO o]

&S Holn -1.17 V (vs, RHE)2] A ollA]

°
:

s
1

"~
S
:

~—— Ni-N-HCNs (C0,)
—_ HCNs-5h (CO,)
=== Ni-N-HCNs-5h (Ar)

&
S
1

Total Current Density (mA em?)
L , , '
3
x

b3

-1.0 0.8 -0.6 0.4 -0.2
Potential (V vs.RHE)

ZrO,/CuN,

B Fe-N-Ci CVD-Ni/Fe-N-C; | CVD-Ni-N-C

-
o
o

(-3
o
n

(=23
o
1

»
o
1

Faradaic efficiency of CO (%)
N
o

o

04 05 06 07 08 -09
Potential (V vs. RHE)

J87» (a) 53 EtA LE=TR0f L2 X T-E Z0fo)
LSV =AM [19]. (b) X} R | HIFLIZS 717l Cu
Xt Z0he| AL [20]. (c) T2UE Fe-Ni 21XQ| =
2CoMat g 211
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E°M F7| FXI2} BT A

3FTH (" 7b) [20]. ©]& F3t] -500 mA
cm?9] IHF LEoA 87%2] E-2 we A4
sidle] &S IAstoH, 25413 vkg- F
o= s At} wlw|g 27t X ] 71¥k
A FH 7eS A Easkdtt Wu 1
T2 318} 713 SRS ©]83tH Ferl v|g]
=39 ZIF-8 A7Al Nig F712 =98t
4.8 wi% o] LU= Fe-Ni £ 725 H 115}
t}, o] Znl= A4 A=A 700 mA cm?9]
AR A=A 96%2] CO Aatdl gk 882
gAdslgon, $4 o] LA A =4
oAM= 600 mA ecm?oX] 95% BE&-E RISt
Ak (L F 7o) [211,

2o o s e =

NH;= 318} A7) s oM &8 =7 &2
glstEZ 2] 34 Haber-Bosch HH S o]&-
3t 4= AL vk, Haber-Bosch S &
3k NH; 9] &2 2249 dUx9 < 2065 &
el W o] §AE wiEskal Qlof, H2

rlo

BB dRY ol AikE L% A2
Hol F g Ao] wie- ALtk NH;e] 7]
slet 94 71 e A AlA g4 wEA7t
< 93k w9 S8k A Fololtth NH; A4
Hhg-o] vh-E2l No&= Abdel FH3HARE N,
o] 738k N=N A 2% (941 k] mol) 2.2 ¢l

z d Ege w2 A

o] Z Aot} o] ZR3y| ) wUY

ol
2
)
L
19
A2
~ 1
&
L

AL o] AAZARE-S-(nitrogen reduction
reaction, NRR) =uf] 7iito] H= He o
IEFE oA IF L o, BES v
g 9= Buskal )l

27} A w9 E
TZE T3l Mno| 23 JeHE AlofstaL 2

HHA Q] Mn-N; 72+ NRR &7go] 2oy, &
29} AAE = H gkl Mn YAE 143}
&) Mn-B;N, vl 9] 725 A2kt 8
Al="elA 37.15%9] =2 R o} F 2]
o] &S GBI, 71 A"l A&

'NHNH
PDS:0.75 eV
0 p=—""""\; PDS: 0.64 oV
e MN-BN,

— Mn.N4
=2 | — Mn-B,N,(Alternating path)

| asalionss ol el ssillio ssstsssesliiosvsssliin

Mz WL

Reaction Coordination

4]
o
[--)
v
ojr
k>
_h°_
_\,‘_

ol
S
=
d10
r
=
I
E’:
0|0
OH

42 DA [22]

45.66% 2] | #dlo] &-&3 87.54 ug mg'h' 2]
Yo}l B35S 298t DIT o & <
T& B3 Mn-B,N, 727} Mn9] 23 Je|&
HAsls}o o] Aeg YA BA wt
3% HERS A & k= 2 Bl
1, o] NRR Zuf Zofe] A2l vk 84
A S o M2 IS A AR 2

) O u}
A =

R

A dxps ol Al 22 AAA| Ao SAE
HE 54 9AE &4 @470 288 5
A7) Wizl 71& Wh=qiAl Zule] e A%t
o8& B =& HAE ZEHoE F
E3 e A 718k Suf) S E o
. T4 359 TF9 F&5-HEE(): M-
Ny, M-B;N,) Hl$] 3, Z18]3L o] & A|A|eh=
IAE - AH|FAEH AAA| S| AA= CORR,
HER, ORR, OER, NRR % ThoFslh uh-g-oja] &
A} MY =g DA =& F4l Qat

2 283 F2ole e 2989 AdE
29 NS =93 S ARt 24 A
I AR 72 28 58S A A=

A7 s JPHAL U §-§ SN,
T GAp Sl A|2=ElS HEROA & Pt/C
o BHsIAY o] F s7lshs 84S Kol
CORR ¥ NRROM = £ AFUE} ¢4
gt APE AYAE S8t A83) 74
< 9gFeta ot aYdE 2AAY AL

skl o 72 kA, A7 W3
ez - i 9, 2Efa AR da Al
gte] T 52 3] sfdsfor & A
2 ol Sl FF AR = 7= Ao A,
operando &4, AR - Hlo[E] 7]¥E AAE A
5% A7 Eddod, gdddAS=
4S9 289 187 oA - shet 34
TEE % A Ve AuAE A=
71 et GdLdAS ) Al="le] A7 JAL
7F AR a3, A AAH oz g dAE <]
< A% A AFH o R JYH
I e v e Al Yol 9l Ao A8
3} 7|&S Rk vidtt, Yol g2 &
Aok Qo] A&7sd W dE -A?'SHH, &
o] QIF7F AWt oy=, g
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° Electrodes for electrochemical ° Evaluation of the practical feasibility
e- H, production & utilization of electrochemical devices
v’ Interface & shape-controlled catalysts v Cell design for electrochemical
@ e © 2 ” o, energy conversion reactions
Electrochemical )=
@ Reactions

Hydrogen Utilization for
Sustainable Energy

v MEA fabrication v Cell evaluation
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Limited electron transport

PEM through Tio. ~ TiOx  PTL PEM
b —

Conventional IrOx anode
with 0.43 mg cm? of Pt coating

[F-aL 3laL o] A

I}, Ti PTLY] Pt ZH {lo|= <=3k
At A7 TS FHE 7 3L
Ao, B 7]Eo] PEM 73] ol A]

oA B A 7S 93 AlgAel A

Only 0.05 mg, cm™* TiO
A <_X> PTL

A
P
HA-I rOl'
) ¢

Pt-coating-free anode
with DL-CL structure

0|55 7X0| £S5 £ QO Z H|H EM0| SkAL =l PEM 2716l = 712t &7 (J. Mater. Chem. A, 2025, 13, 39748-39758).

A A GAol

(J. Mater. Chem. A, 2025,13, 19717)
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A7) e 3

AG (eV)

overpotential (mV)
N &~ 2]
S S S
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L, Ao A o] S=4 @AY ¥kS-(hydrogen evolution reaction, HER
FIAA S22kl HER A& 2 7Rdeio &=
shE o Sl o] &g - 384 dsbrt oA
1B B AT B HEROA] HE 45 3 1)

T B F2A AAA o] A7 AR FZulf A 25-S ARSI, o

F72 WollA] Co2t Mo,C Aol 2] Ha} )
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& 3l vk Ex1s)
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|Water Dissociation Energy|

H0 %\
H--OH v

- Co \
== Mo,C ———

— Co-Mo,C *H +*OH

Reaction Coordinate

-
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Durability test

W Bubble blocking

W Catalytic degradation
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Abstract

The growing demand for thinner, lighter, and more
energy-efficient electronic systems has driven the
development of acoustic technologies toward compact
and flexible sound generation platforms. Despite
significant progress, conventional electromagnetic
speakers remain limited by bulky structures, energy
losses, and poor compatibility with modern ultrathin
devices, In this review, recent advancements
in piezoelectric acoustic systems are presented,
demonstrating a new generation of speakers capable
of producing high-fidelity sound from ultra-slim,
lightweight, and mechanically compliant designs.
Through refined structural configurations and efficient
electromechanical coupling, these piezoelectric exciters
achieve strong acoustic output, fast response, and
wide frequency operation while drastically reducing
component thickness, These exciters also show their
suitability for seamless integration into flexible displays,
wearable devices, and automotive panels, offering
enhanced spatial audio practicality and multifunctional
operation, including demonstrative output and
sensing. This advancement marks a step toward
the convergence of acoustic, haptic, and interactive
technologies, for the realization of sustainable and
immersive human-machine interfaces in future

electronic and automotive systems,
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Ao |0}

FEHS 93t
OIEEALME
£0 G755

oo

IeAED ST e
NEZEHHT

TXRIZ0| SS5H1 7|045t01 ZHHE|AYE.

Corresponding author;
keon-han.kim@pknu.ac.kr

Abstract

This review systematically examines the structural
characteristics, compositional design strategies, and
recent research trends of layered double hydroxides
(LDHs), which are recognized as promising
electrocatalyst materials in electrochemical nitrate-to-
ammonia conversion, Despite the rapid growth in related
research, achieving simultaneous high selectivity and
efficiency remains a significant technical challenge due
to the complex mechanisms of the nitrate reduction
reaction (NitRR) and its inherent competition with the
hydrogen evolution reaction (HER), In this study, we
analyzed the structural contributions of LDH catalysts
for maximizing nitrate reduction efficiency and
systematically established key catalyst design indicators
required to ensure optimal performance. Specifically, we
provide a detailed investigation of the physicochemical
mechanisms for enhancing NH, production by
precisely regulating the adsorption energies of reaction
intermediates and maximizing charge transfer efficiency
through compositional control and defect engineering.
Furthermore, we discuss advanced structural design
strategies, such as core-shell tandem structures, MOF-
derived architectures, and interlayer anion control, as
effective methods for enhancing catalytic performance
and optimizing mass transport processes, These insights
offer a strategic roadmap for designing high-performance
LDH catalysts and represent a critical step toward the
practical implementation of sustainable green ammonia
production systems, particularly for integration into
high-efficiency membrane electrode assembly (MEA)

technologies,
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Corning Ribbon
Ceramic

: A Roll-to-Roll,
Continuous
Sintering Platform
for Ultra-Thin
Technical Ceramics
and Applications

Corresponding author;
jaehyunhan@conring.com

Abstract

This review introduces Corning’s Ribbon Ceramic
process and the broader idea of ribbon ceramics—
continuous, ultra-thin ceramic sheets made by tape
or slot-die casting and fast, continuous sintering—
covering key materials such as Al,Os, YSZ/ScSZ, PZT,
LLZO, and LCO, Motivated by the need for scalable,
energy-efficient ceramic components for electrification
(green-hydrogen SOECs), next-generation Li-metal
batteries, and compact piezo devices, we summarize
capabilities and use cases using only publicly available
information. Our main contribution is a clear platform
view: continuous roll-to-roll conveyance with
minutes-scale firing produces fully dense, fine-grained,
high-purity ceramics at ~10-100 um thickness with
smooth native surfaces and controlled shapes,
delivered as long rolls (up to ~300 ft), panels (~100 mm
wide), or narrow strips (~0.5 mm), Illustrative results
include 20-40 um 3YSZ electrolytes for SOECs (high
oxygen-ion conductance, ~1 GPa bend strength), LLZO
garnet separators that cycle at 25°C with interlayers,
and free-standing LCO cathode ribbons tunable from
dense to ~30% porous, For piezo acoustics, 60-80 wm
PZT sheets (ds; ~300 pC/N) enable fine metallization
and on-screen speakers, while fast firing reduces
volatile loss and yields smaller grains, Together,
these advances point to high-volume, lower-footprint
manufacturing and faster adoption of novel ceramic
membranes and substrates in SOEC/green-hydrogen
systems, solid-state or hybrid lithium batteries, RF/

power electronics, and piezo applications,

Recent Progress
on Transition
Metal-Based
Oxygen Evolution
Reaction
Electrocatalysts
in Alkaline
Medium

Hgul e, ke ra
A, FHu

TRAIS0| S5 7|0foto] HY=|AS.

Corresponding author;
gpark@kitech.re.kr

Abstract

Electrochemical water splitting has emerged as a pivotal
technology for green hydrogen production, offering
a viable pathway toward a sustainable energy future,
Among various electrolysis systems, Anion exchange
membrane water electrolysis is particularly noteworthy
as a cost-effective solution capable of operating under
the fluctuating power inputs typical of renewable
energy sources, However, the overall efficiency of
water splitting is fundamentally limited by the oxygen
evolution reaction, which exhibits sluggish kinetics
compared to the hydrogen evolution reaction, While
IrO, and RuO, serve as current benchmarks, their
scarcity and high cost necessitate the development
of earth-abundant alternatives. This review provides
a comprehensive overview of fundamental OER
mechanisms including the adsorbate evolution
mechanism, lattice oxygen mechanism, and oxide path
mechanism while highlighting how new pathways can
circumvent traditional scaling relations, We discuss recent
advancements in transition metal-based electrocatalysts,
encompassing oxides, hydroxides, chalcogenides,
phosphides, nitrides, and carbides, with a focus on
innovative design strategies such as defect engineering,
heteroatom doping, and heterostructure construction,
This paper concludes by addressing current challenges
and offering perspectives on future directions for the
development of highly efficient and economically
viable oxygen evolution electrocatalysts for large-scale

applications,
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