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Abstract: Liquid organic hydrogen carriers (LOHCs) hydrogen storage technology represents a highly
promising hydrogen storage method. The dehydrogenation process of LOHCs is limited by chemical
equilibrium and mass and heat transfer, thereby new technologies are required to promote further
development. Microwave heating technology exhibits both thermal and non-thermal effects, offering a
potential solution to the challenges encountered in dehydrogenation reactions. This technology
demonstrates selective activation characteristics in catalytic systems, necessitating the development of
highly efficient microwave-responsive catalysts to optimize energy utilization and enhance catalytic
efficiency. This article first examines the unique advantages of microwave heating technology and
optimization strategies for microwave energy absorption, systematically reviews the research progress of
several new microwave responsive catalysts, and examines the advantages and challenges of various
materials. The current progress and persistent challenges in applying microwave-responsive catalysts to
LLOHCs dehydrogenation are subsequently discussed. Secondly, the quantitative methods for the microwave
absorption performance of catalysts are summarized , providing guidance for the design and optimization of
catalyst structures in terms of absorption and energy distribution. Finally, the design direction of new
efficient microwave responsive catalysts and the development direction of microwave responsive LOHCs

dehydrogenation technology are discussed, providing theoretical basis for achieving low-temperature and



146 FHRLT A2

2026 4= 6 H

efficient LOHCs dehydrogenation and promoting the development of liquid hydrogen storage technology.

Key words: microwave heating; microwave-responsive catalyst; microwave absorption; dehydrogenation;

liquid organic hydrogen carrier; hydrogen storage
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Fig.1 Types of responsive catalysts and microwave absorption mechanisms of microwave-driven dehydrogenation of LOHCs
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Fig.4 Heat and mass transfer mechanism of catalysts

4 (d)heating curves

for different types of catalysts in quartz reaction tubes ; (e )MW -assisted alkylation reaction results with different catalysts;

(f)heat and mass transfer mechanism diagram for the 8-MnO,@zeolite catalysts with core-shell structure!™’

FRCIB i 7 A4 £ 7R £18 WA 3 4 B AN ASAR A L A AE
Rtk (A vl /RERFE ) | 308 15 1 PR 7 1 - AR S T v
Pl s DTRG0 L A5 SR K P e i i vl ) 4136
é{'ﬁ A [ﬁj zs ﬁi(ﬁg B"J Ti,C, T, MXene@ZnlIn,S, E“E\%
BERE o PRSP N RR A 5) B4 R I AL A
hy )RR HAE RN 37 1Y R 12 e A 2 It S e 22 S 4
HE 7RO EISARE . FFIERI, 2S00 n] DL fi & AT
W PEAL L VR L [ B AR H 1 A AR 1,
i R AL FE B R G RE B . R ES A AL BT R

Me] 7 25 A RN SR TR AR Ak, H ey R SR RN B A S o S T
B 3T, 52 M H p 2 U 0 5 ) A% i o (RIS, H HL A AN
A A AT B N R R T LR I A A st R
AR, DTS2 T S L 0 R AR ARG 0 AT AN 2
AL R A S T H 2500, S Jo 45 ) 79 P s MO S
PEREAS 2 T A 80 L 78 1.6 mm R, A 80
Feik# 4.8 GHz, Hb4li MXene 175 96 % o

MOF fir A= B RRIR 2L/ 25 OB 38 SR 7
T 25 R )T I e EL A 1 i B BT VG JE A% 52 B e e 8%



152 BT R

2026 4 6 H

Incident
EM wave

Tunable heterointerface . ol
wil
3
3

@

Heat energy

ln terfaclal polarization

e - M /.: N
~— T B
-
N

Interfacial Polarization Svmrnmn:iner.t Core-Sheil NI@3C.

Surface binding energy level

Space charge zone
—h—y

Zn0
022 50 0
o _[0®2®0 0
UEE L PN
OEOO.. °

Positive ions

Interfaces

Negative ions

IS MR T W oL i e ot o8

Fig.5 Schematic diagrams of microwave absorption mechanisms for two catalysts
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Fig.7 Characterization of microwave thermal response

(a)infrared thermal images during heating; (b)average heating rates (AHRs) ; (¢)relationship between surface temperatures and heating time ®?';

(d)-(f)plots of relationship between temperature and microwave heating time for different catalysts under varying input power levels' %'
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Fig.8 Electromagnetic finite element simulation: current density and corresponding sections, electromagnetic power loss

density and corresponding sections of YS-NiFe/GC@C composites'®
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