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Abstract: In the context of the current global energy structure transformation and carbon peaking and carbon neutrality goals, effective
energy storage technology has become critical. Particularly for clean energy sources such as solar and wind power, the application of

energy storage technology is the core for their efficient utilization and stable supply. Hydrogen, as a kind of energy carrier with high energy
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density and clean, renewable characteristics, has received extensive attention. However, issues such as the poor stability of hydrogen, its
tendency to leak, and the risk of combustion and explosion have limited its widespread application in energy storage and transportation.
To address these challenges, researchers have proposed various hydrogen storage technologies, including high-pressure gaseous hydrogen
storage, liquid hydrogen storage, and solid-state hydrogen storage, among others. Among these, Liquid Organic Hydrogen Carriers
(LOHC) technology has garnered particular interest due to its ability to store hydrogen long-term, on a large scale, and stably, while
effectively avoiding hydrogen diffusion losses. Additionally, LOHC technology offers advantages such as mild storage conditions and the
utilization of existing infrastructure for transportation, endowing it with significant potential in the field of hydrogen energy storage and
transportation. Based on this, this paper systematically reviews LOHC technology from three dimensions: the development of liquid
organic hydrogen carriers, the design of hydrogenation and dehydrogenation catalysts, and industrialization research, elaborating on the
latest research trends in this technology. Firstly, regarding the research progress of liquid organic hydrogen carriers, this paper introduces
in detail the physical and chemical properties of common liquid organic hydrogen carriers, the requirements of hydrogenation and
dehydrogenation reactions, as well as their advantages and limitations, and discusses newly proposed hydrogen storage systems in recent
years, including amide and ester hydrogen storage systems. Secondly, concerning the research progress in hydrogenation and
dehydrogenation catalysts, this paper explores new research directions in this field. Researchers have proposed more diversified new ideas
for the design and development of catalysts for hydrogenation reactions using crude hydrogen, wet hydrogen, and other hydrogen sources;
suggestions for optimizing the use of liquid organic hydrogen carriers and implementing reaction cascades have been made to address the
stringent conditions of dehydrogenation reactions and the slow rate of hydrogen release. Furthermore, this paper reviews the research on
industrialization, including economic analysis, reactor design, and process optimization. Economic analysis indicates that LOHC
technology has significant economic advantages over the currently most commonly used high-pressure gaseous hydrogen storage for high
hydrogen demand and long-distance transportation. In terms of process optimization, researchers have proposed methods such as
microwave radiation and mixed liquid organic hydrogen carriers to enhance the heat and mass transfer effects in LOHC hydrogenation
and dehydrogenation reactions. Finally, this paper will summarize the progress in each research direction and outlook on the future
development and application of LOHC technology, with the aim of promoting the advancement of liquid organic hydrogen carriers
technology through comprehensive discussion.
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Table 1 Physical and chemical parameters of aromatic liquid organic hydrogen carriers
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Fig.2 Hydrogenation reaction of naphthalene, benzyl toluene
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Table 2 Physical and chemical parameters of nitrogen heterocyclic aromatic liquid organic hydrogen carriers
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Table 3 Physical and chemical parameters of other liquid organic hydrogen carriers

JEs s C 5/ C W R A/
i AN b % L. JCHk
RANR wANR  REAME  wmank  (Womol)
2,5- iR (GA) 2-BHZEE (AE) 6.60 300 10 574 170 254 [65]
NN-"ZWZ —} (DAE)  Z Wk (ED) &Z[i 5.30 175 8.5% 439 118/ — [66]
-114 78
N. N- ( ZH-12-"5 ) 3 1,2- "2 ~ k&P E 5.30 719 1.6/ 274" 119%/ — (6]
(N-FEF@E ) ( BMF) -98 65
XU e ED & 1,4- T — i 6.71 2249 8.5"/ 524" 118"/ — [67]
16” 230"
IR (EU) ED & I 6.56 132 8.5"/ 359 118%/ — (68]
-98 65
LRI W 438 -84 -114 77% 78 12.5 [69-70]
y- T NHE 1L4-T 447 —42© 16" 204 230" — [71]
IR Mg W <6.50 — -13 — 195 — [72]
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Fig.7 Hydrogenation reaction of 2,5—diketopiperazine,N, N
'—diacetylethylenediamine,N, N'- (ethane—1,2-diyl) bis
(N-methylformamide), bicyclimide and

ethylene urea
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100%, EG HI7=3RH 92%. i FEFERHEALT], 7
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Fig. 8 Hydrogenation reaction of ethyl acetate, y—butyrolactone

and oligoesters
BB AR R BA R S 15 . IR X
(£ BRANE /e WO (S 211170 A L 51 N
125



2024 4E5 12

ik 4 A H K 55 30 %

filf SRR PR S, XL ) REOR AT, A I H.
Ve B B8 AR

2 IR SR R IR

AT R, B T AE & G S AR
Ji SR N ALEREA T TR ATRIT, k3 T X 3 24,
PGB, BOTIRIF & T — R 80 S e e Ay ik &
AT o LA NEC fin i & B o A Ak 70 3 55 S 4]
EBLAGON %577 5 i ik s 45 A BAs 8, My T
NEC IR I (A . WANG 25 ik — B 0F58 T
INE =90 AR ] B R AL ALEE , JF 36 T BL P B
5%, Wit T BA SRR S AR . s
P BN 2 5 K 6 NEC i i 0% B2 4R & i F 5
RASEV T H,~NEC S N LR, 8y T
SN R B R H,~NEC %) H,-NEC i
U R E AT, JREE e, KX —
PR E) H,-NEC i 200 H-NEC 1y . 2T
XL LI, ZH PARSE AR MROE R, Wit
FF& T Pt. PdFl PdCu 44" S L R rERE
AR

TIER R A SR N A HE T, BRTY
F 9% £ i A v T IF R AN RL 2% e ELPERE P 52 Ak
Flo EEXF AR A T A 28T B B S B, AR A5
AN R aa N =y & SE e s oL P ik o
K, EFxREInES B U AR RN S5 T K, B
FEE N T ML B BB, AR/ 3222
I AR 3 6 B3 A AR 9 1] o
2.1 MER LR

IR AR L v R A in &S iy Ak 705 R ¢ S
W E MR HGES 77 BRI, SEAE RN AR
O A AR 3R] (4 BIF T AT L 4 4 30 T 2 0 % BB 9T T
], BRI ARS8 SR R SR A & 0 A A
fiillifang®

WANG H1BA ™ 238 T —Fh7E & CO kL A h
RE o LA T &R A AR TR o 3 VR A SR
% W BN % T FHE Rw/TiO, & 2 W 3% M
Ni/TiO, 59t CO FALML AL A9 RuNi/TiO, fEFLF],
HAEAEE R 0.1% CO A H X HY 210 i &0 7 7
AR 187, 12.5mol/ (mol « h) o FARLEHE T
N, TEIRA COMIAMMERINH, RufE CO %
PR TS A7 05, T N S H I A R TP .
&b, RuO, 5 TiO, Ml Ni 1 2 [8] (58 ZUAH EAEH S
50N S B AL, AR A RLAR RN
RuNi/TiO, # A7 B9 & M AL T Ni/TiO,. X R
i 1 B e Ak s B B vk €O, mT LS B AL 790 %o
CO YTt &2k, DA $8 58 A1 fb 57 77 % CO ML EUm A
126

Fv PR

JORSCHICK I BA ™ iy B 5% L IE 52 T 3% — .
ZA A 2 E S SR & B, 7] DBT #2240
IRESURR, BEETRMN CO 255 Ru. Rh Al Pt fi
K AR TS . SR, 7E 270 °C K LI FRRIE T,
A ALES B Pd AEALFILE CO FEAE R R A B 1 2K
(2 S S AL AT R R A IS . BIELE &4 60%
H,, 31% CH,, 7% CO 2% CO, [ fEW IS h,
DBT WyInE &k s 78%, /S MCRBEIT 60%., 47
MrEGSRI= YR, B e fK AR e EZRnE
RlF=8r . weah, BRI R B AT . X R
B, 4% AE A IR CO AN AL 9 (1 W3 g At Ak
F, AL CO LA P RSB R

B T2 e Al, ARG A BT LU
M7 AR T AL RN T2 R BT 52 6 )7 . FAN 25
RIBE T Ru@TiO, /TiO, M4k 75 s u A H: Al HL AT 53
e A7 B BE P ML BESS N-24 I35 ke i3 oy Stk v & 1
R E AR AT I RO . AR
FEL s bR g g oy Z R A IR I, ROl E Wy Rk
2%, Ru@TiO, /TiO, LI PR R AL 6 P . It
A, Ru@TiO, /TiO, 7E M sk A fb il f v 2= /0 6 A4~
6 3 P9 Ak 35 M G IH B Ik . DFT I3 &,
Ru@TiO,.,/TiO, Ak 7 X B Wy 25 7% B 4% AR S+ i bt
PR [ T AR 2 1Bl P B Ru X 2% I3 8 R RE 22 11
PR XTRFFT A, 18 o 1 Ak ) 2 1 4 R 4R
R PR SN W B RE £, R B TR BT AR T
A RO

X LA K A ) TR R B A 1)
55, JORSCHICK H1BA"™ #F5¢ T 7k %t DBT i 2
A ARSE AL | Pt. PA. Rh Al Ru PERERI 520 LA
ST PR Al R SN B T AT o At e ) R
FEE RN A E, FEEARE R R TR S
TR E S RN R AR = . BB, bR
EY Ak, A AR A 520 R A R, X T BE 2
B A I B2 1 H ] PR CO 45 4 34 Ak 3 1 35 o v
Ly, FEAEFIEA KO ISR . K
FEER I T S PR R . REKNFTE
FE( Rh, Pt Ml Pd BRI~ H38 M T 10% ~ 50%, {H
Ru AL Fp S AR R e ke S 3 n 17 7 fi5 . #FSEIE
St BMgifEAE R K, DBT W] LU 5 52 Ak,
FUNBARTVER LOHC &) RIAFER . X ARFi
AR PR R AR HHE R LOHC A4, LHRAS
T, WE T TFEAT AT .
2.2 BERMENT

B X MO S I I 2% A T B i A R G 4 1Y )
L, AT T BRI R AU A 2 A i i



AR A A LS i S AR DTk

2024 4E55 12 4

A, AR OL A0 B Hh A FH A it S A RN St
N IR T

JORSCHICK A1 pA ™ 47 45 7 -+ — &0 % 3k H1 2
(H,,~BT) F1 H,;~DBT i & ¥ 1 it &0 b 45 23 o
e, TREIX 2 # LOHC 7 LLTEAR-5: 2815 R s
TS o iy [ e i 25 B AR B . E 260 °C R, SN
20% H,~BT i) H,s~DBT [ 4l H;s-DBT 42 & T
12% ~ 16% MY AR . X P = v RBJE T I
N g AR BRI (T Hy,-BT MY ZE 7R E
B LUK 2 Fh LOHC Z A YR S ki . 54k
H,g-DBT ML, XFRA LOHC A EARAELE
BRI EGH R, A BN

TEXT it SRR A TR AN, BT B R
I F&AR LOHC bt SR R RS . SIEVI 2™ iy T —
T B AR k) R Y ABE S, RETE 200 C LR KR
H,s-DBT 45 G A mBe. Ak, @
7E 150 ~ 190 °C #Y i T4 Hyg-DBT. N FIfEfL
Ffik, #ESL T — B, B R 2-TH
B, 25, 7 85~ 90 °C Y T 38 e R R i itb
(PEMFC) " B4 2-NEEE NIRRT
i 2 2— N WS A Y ME— T RGN =4, AT LK IRl
BRI A, B, 2- IR Y R 5
TENARBR A RS, MG LOHC 45 6ma, H
T A R R T A A2 AT . X R O I ST DLt
H,s~DBT i &R N FEARZE 200 °C LUK, 1 Hix
ARG HIRE KT 50%, T w6 S5 8 i
PEMFC ¥ AL (29 44% ) .

Xt H, g~ DBT 1PN R 520 AL 153 m)
B, ZAKGEYM % JF % 7 —Ff 1] 708 /] H,4~DBT
A Shy W — VR X DAY i a2 A 7 5 B AR AR (P
Si0,) o MR HE T il AL 3 4 S
B BARA R P fEAIEIASLIZ . SiO, It Pt
AR AFAE—E MR, (HREA S s X —
FER N . #F— 5 & B, Pt(NH;)4(OH),
AIRRUE A B A O AT, R Pt AR L X
BB AR FLAR XTI R R A W ) AR N G
B, OFRALAR N R 6 nm, DA/ XHE BRI
FISIR, 4EFF H g-DBT 7EMEALAT S IR, FHIESR
SRR, BRI B4 A R b )

TE H,g-DBT FINE Iz 4F, AR AR
T A 1 B 2 1% . SCHRODER 1 B % 31,
T\ LOHC Bt H, ) 5t 4 @ AL 1 5 T8
NO, FEALFIAREL, PHUEHE DR NO, BB Al A i
fE #f% LOHC, H 4 LOHC H 1y 45 & A b J7
NO, L% . 50 & T Pd/C. Pt/C Hl Pt/ALO;
=REfbR, &I PA/C AE 230 C N HA RAER

B (90% ) FIN, B (96% ) . AL, H5EE
PEAT T R SR S O, B NO, RS A Ak
KNG, AHEEE O, FIAFTEXT LA N, BRI A
FlfRZm . SRS, WFFCUER] T H LOHC 1
JEEXT NO, HATFERE AL T AT, TR SRS
T B AL A LOHC/NO, Hfl,

3 FEALERER

LOHC # AR R T 4F ok X4 i BV A e itz 4+
A, ENICHRE—EHAREG, HAjELA T Tk
FRHET BB BE . B RTEEAT 207 Ak R S B B 1) it
AR R N TR TF It E 8k, AT
AR B A TOL/MCH R 5 | fl[E HT A 7 FFR
FHI%) DBT/H,g~DBT A& & A3 [ 11 & 7 6E IR 5 FH 1)
RAB AT IRIAME AR R
3.1 ZFESHh

Z | X e ED O RN R U T S S
) . HURSKAINEN 45 ™) g1 ¢ T — /N3 R 4 6 4
R, HAST LOHC 5 4 A AE I s i sl A 7 1
HItkg (1#9) o X LOHC # %8 AR i AN
P, SRAT 2 PR A BAE S, S35 SCik b i (i 1k
S b BRAEAN T BRAE ™7 M R, W T REFR
MKz, LOHC HAEHEHiH, XEH
b LOHC MY 2E A5 A 3228 &0 TiA e, 1
FEZ5 SR B8 B AR 7 LR, (AR K B 3
HOR G

M H., AR5 s PR U2 LOHC H2AR (9 G5
NSRRI 7= SRl JE T SR N Y REVR TR R, #
BEHIASFE" . i, DBT/H,—DBT Bl A
K&k 65 KJ/mol, G EEKE 279% IR PV A", R
PSR RT, LOHC £ ARTE T 100 km 912
R LA SE AR, MBI
ARRIFIEATE A, T P A SR ROR, (il
LOHC i} A e I 7 ™7 o R R ARG L
TN K ) R 2 R 5 I s A A T DRI 3 35 43
SURHITEFE, S LOHC HiARMZ T, 1ok,
FEAEARRAS i SRRy, ELREFR A i i LA 5%
497,

NIERMANN %) i — 3B BF5E T 75 B i AL 17
1, LOHC ({1 H . DBT. NEC. TOL) HyH A
MAGFIERE, ISR E T T . of
SR, R LOHC 1A fiy JE AR SC BT AN AT AL
J5 R A R, B BB S R T iR
AN LA . N, 4 B R S A A
{H A B R B 3G LT, WA S A Sk A R
ETOREAE, (HEE R H AR, Hit

127



2024 445 12 3] ik 4 4 H K 5530 %
2.5 2.5
o0 2.0 F Top 2.0
-~

LOHC LOHC GH2 GH2

PR PR (20 MPa)(35 MPa)

HNBR L ER HRBR
() 1247 50 km

K9 10MW &A%

AN AR 7% [0 R gt DR i (5 H o

BeAh, T LOHC fh2f i ik A MR 3R ss
ISR . EWEAN 2 1A 8 N KB, nIfEs|
AT AN MEZEAE, M TOL #4025 A nl fe ik A 4
BEPERYERE 2 KW, REAR . RO . TOL FH 3%
HCOIEWAR R, RPN IAH 2T
PE . MRS GHS (4 ER AL 2 5 55— 43 25 A o 2 il
J£) , NECH) K Ol LDgy (R B &) N
5000 mg/kg, VAN Lk R MES S 5 (FfK2k
B P AR Tt R, s
Sb PRI AV B YR R G 05, skAT it — 2w
UL B L ETOR . NOREEERA .
32 REIZHE

SEAR AN G A E AR, LOHC AR
—FRsE i E . ik, BRI T LW
F5¢ F B P RN AT T Ak
32.1 R B #EIT

76 SR 2% ) 8377 1, JORSCHICK %™ %3t
T —FRRRIR N IR S YV #§ oneReactor, S1E 45T
AL F S N g5 4H ., oneReactor #2431t T 5 i
AR SR T S s . B REAE LA P i i
HEE 1 58 UMM =R W %28, 3 5 B oneReactor
HARIE T LOHC 1EH e ik . 51550 [ IR
Wi & S #sAH b, oneReactor 7E 405 h i547. 134>
PEFR TR T AR e I A, R T A
NI PERE AR RN B AA A SR ) T . XIS T AE N
SR AR TR SR R R BE AL R AL RS
PEOL R, PRFE T AR AR I S 1 o X — 4
M oneReactor $ A A ST I J5 5 AR B AL I i 1k
N, B R

I 4h, PEREZ-GIL %™ 7£ 10° Pa J2 i JE 77 .
400 C S MIIREER 2 h SR &, RN
4 mm [ 2 38 &N A8 EAT T MCH B K
360 min XM i, MCH $44b%tB1d 96%, TOL #hff
PEIK 100%, TCEI =P8R E B HEAS R E Y,
128

s 15} 8 15}

=10} = 10} : —

2 ost 2 o0shH ! <
0 0

LOHC LOHC GH2 GH2
AT PEARSE (20 MPa)(35 MPa)

(b) 2% 150 km

LOHC LOHC GH2 GH2
PUASE BUASZ (20 MPa)(35 MPa)
HURRR H RRR

(c) 1247 300 km

B AU THRASH AU TISHEA m i% @ REFASO o REIBMERA n RET RS 0 RSP FE

R E M vy 20 R A g
Fig. 9 Detailed cost breakdowns for 10 MW hydrogen demand cases'™

]

FERMIVEPEVE AR AR AT o X R I T S N AN R
Ak MCH it U0 o
322 REIZEMM

g fLis . L sh et T T i
AL B OCHE B, MR E AT — R 7 ik R
LOHC M &R H AL #AL TR

REAR A S 2 A 1) 286 3 1 KBS TR S
T LRSI I S0 B A TRASCR: . SHUANG 2™
KIN, H 40% 1) 2—HI M| | 36% (1) N—Py B g
M1 24% () NEC RS, HIES R 25 C, fi
AN 5.64% . X HAEE BRGNS R =R
B, [RIBF R FRE S AE 5.5% Ll . LOHC IRGWA
Bt BT LOHC RG0MEUSCRA AR IR X
TR 325 A IR S AR A i e o i S kAR
INIFEA, oL S b i i, 51545
I 2 A RS BARMI L, S =2
PRI | BB E ORI i, 33 WY
P T FATFE 2 min K MCH B B 28 THR =
180 °C, i 139 W FY i % Fn #4257 35 ~ 40 min""’,
£ LOHC TN FfH AR, mr i 4 i &
J R RE AR

TR IR, ENZIETF LOHC HA
ZEPRPECHE . 7E LOHC &GS e, [k # i
FroRBRE I ST A, TR ek . XA
ok AR e =R S EISAIE 1 otiw = NN =
. FIRHESE =B R P T L, DL
Ak i B P A G B [ O T A TS AR
AU L RS B, BRI (WHR ) REHS
BE 25 TR Tk SR 3 0 i SR ORI R
21.7%, LSRR LI 2R G B ik S EE RCR R R 2
40.8%. BLAL, B AR R 5 R AR S A R e
(SOFC) A AT, W& — A ROk .
SOFC F 4t ;= A= iy #4450 nT 1 R B & s g i 44
Brakci, M2 & i AR G0 BE R 0% .
PREUSTER %™ #i4 LOHC Jii 5 £ 4: 5 SOFC ifT



AR A A LS i S AR DTk

2024 4E55 12 4

ARG, ISR RGN, HHR G RS RIK
ROER 45%., Mz, HERIRIEXHER LOHC R4t
RER A ARCREREE, L HIETE LOHC #i R KM
B A E LT o

4 BREHRE

S —FE . SREE N TR, BB
BHRERAARE, ALk, SR, &S
fitiiz J& S B N FH Y BBk R, LOHC H AR M fig K
WLORHEL . RUEMAESR, RIR R SR,
B R A, R R, &2 KTE
ARICEAET LOHC FAR BT IR

TR, SR BUIRNIR R C MEGE R
IR T RGN, T B HE S FEe2
AP HAL, ARG R R BRI &
VE I hit A 2 AR 34T LOHC 5% . TEIN SR fiAk 1)
IRFFE G, BB T8O FHEMSA . &
PEREMEAL RIS, B4 H TE LU E . BENE
DRI REIAR N FH 3 50 T EALRITF 2 87, B e
bR AR R Rt N Y AN N TR 2310 =W VA £}
YGRS B ar 20 U g, B
T ERAEAEF BT T RN, IR AR e
JCAEREAR R N B, I3 o e R . 5 H A
JR N IR AT SRR S X — H AR . 38 3% LOHC &
BT T, R IR AU b8 RS AL 2y S0
(1) 9% FZRZ I LOHC REUEA I FEH R, A
BRI i AR T LOHC RS2 55 EA 43
KHERYREM . RN T Bty i, BT R R
FHIR G AR . (s R AL 44 . R
T TE S0 s R SO ) S R A SN (A SR

LOHC FARME N —Fpi Al a =X, I Tk
= LOHC $iAR 2 SRR 2 i g, dk—4E 0
TAE AL Rt S AR A . SRR S iz
e A AR L BRI BUAS I A A T R e SRR
J AR S D R A9, XS LOHC AR &
JRISCHE, Ak, BEFTHL UM AR SRS T 1%
LIS, XA ARTE FHE FELAn 8K
YR BORE B Ja, XTI E R A Bk
T RO T AP = b A AR ] A

S %2 3 HK ( References ) :

(1] ARG, BB, M8, 5. AR R B PR DTSk R 2 i
FIGE: ). fERERLESHA, 2024, 13(2): 643-651.
XING Chengzhi, ZHAO Ming, SHANG Chao, et al. Research
progress and application scenarios of storage and transportation

technology with liquid organic hydrogen carrier[J]. Energy Stor-

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

age Science and Technology, 2024, 13(2): 643-651.
R, WRSGI, XU, 4. [ SR T ot e R B (7). B
LT, 2024, 44(3): 74-78.
QIAN Xin, CHEN Yiwu, LIU Chao, et al. Research progress and
prospects of solid hydrogen storage materials[J]. Modern Chemi-
cal Industry, 2024, 44(3): 74-78.
T2, BRBCE, R0 s BoR KBRS 2 (7], RFHEE
24412, 2024, 45(1): 500-514.
WANG Xin, CHEN Shuping, ZHU Ming. Development status and
prospect of liquid hydrogen storage and transportation technol-
ogyl[J]. Acta Energiae Solaris Sinica, 2024, 45(1): 500-514.
LI J, CHAI X Z, GU Y P, et al. Small-scale high-pressure hydro-
gen storage vessels: A review[J]. Materials, 2024, 17(3): 721.
JEIRHE, EF5HK, Bedb ik, 5. @ A A AT ST (7). fif
R SR, 2023, 12(8): 2668-2679.
ZHOU Shuhui, WANG Xiulin, DUAN Pinjia, et al. Analysis of
high-pressure gaseous hydrogen storage technology[J]. Energy
Storage Science and Technology, 2023, 12(8): 2668—2679.
ZHOU M J, MIAO Y L, GU Y W, et al. Recent advances in
reversible liquid organic hydrogen carrier systems: from hydrogen
carriers to catalysts[J]. Advanced Materials, 2024, 36(37):
€2311355.
LIN A, BAGNATO G. Revolutionising energy storage: The Latest
Breakthrough in liquid organic hydrogen carriers[J]. International
Journal of Hydrogen Energy, 2024, 63: 315-329.
ALHUMAIDAN F, CRESSWELL D, GARFORTH A. Hydrogen
storage in liquid organic hydride: Producing hydrogen catalyti-
cally from methylcyclohexane[]]. Energy & Fuels, 2011, 25(10):
4217-4234.
ZHANG C, LIANG X Q, LIU S X. Hydrogen production by
catalytic dehydrogenation of methylcyclohexane over Pt catalysts
supported on pyrolytic waste tire char([J]. International Journal of
Hydrogen Energy, 2011, 36(15): 8902-8907.
AAKKO-SAKSA P T, COOK C, KIVIAHO J, et al. Liquid organic
hydrogen carriers for transportation and storing of renewable
energy—-Review and discussion[]]. Journal of Power Sources, 2018,
396: 803-823.
NIERMANN M, BECKENDORFF A, KALTSCHMITT M, et al.
Liquid Organic Hydrogen Carrier (LOHC)-Assessment based on
chemical and economic properties[J]. International Journal of
Hydrogen Energy, 2019, 44(13): 6631-6654.
KONNOVA M E, VOSTRIKOV S V, PIMERZIN A A, et al. Ther-
modynamic analysis of hydrogen storage: Biphenyl as affordable
liquid organic hydrogen carrier (LOHC)[J]. The Journal of Chem-
ical Thermodynamics, 2021, 159: 106455.
SULTANOVA M U, SAMOILOV V O, BORISOV R S, et al.
Hydrogen storage with a naphthenic liquid organic hydrogen
carrier (LOHC) obtained from coal tar[J]. International Journal of
Hydrogen Energy, 2024, 68: 1251-1260.
PEYROVI M H, TOOSI M R. Study of benzene hydrogenation
catalyzed by nickel supported on alumina in a fixed bed reactor(J].
Reaction Kinetics and Catalysis Letters, 2008, 94(1):115-119.
FORTOG, W, B4, S AR S T M O AR ik AL A i
129


https://doi.org/10.3390/ma17030721
https://doi.org/10.1002/adma.202311355
https://doi.org/10.1016/j.ijhydene.2024.03.146
https://doi.org/10.1016/j.ijhydene.2024.03.146
https://doi.org/10.1016/j.ijhydene.2011.04.175
https://doi.org/10.1016/j.ijhydene.2011.04.175
https://doi.org/10.1016/j.jpowsour.2018.04.011
https://doi.org/10.1016/j.ijhydene.2019.01.199
https://doi.org/10.1016/j.ijhydene.2019.01.199
https://doi.org/10.1016/j.jct.2021.106455
https://doi.org/10.1016/j.jct.2021.106455
https://doi.org/10.1016/j.jct.2021.106455
https://doi.org/10.1016/j.ijhydene.2024.04.109
https://doi.org/10.1016/j.ijhydene.2024.04.109
https://doi.org/10.1007/s11144-008-5277-7

2024 4E5 12

kB H K

5304

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
130

AN IBTIE 0], 53 THEAL, 2009, 23(3): 215-221.

MU Xinyuan, HU Bin, XIA Chungu, et al. Preparation of
supported Ru-catalysts with low-concentration and catalytic
performance in hydrogenation of benzene[]J]. Journal of Molecu-
lar Catalysis, 2009, 23(3): 215-221.

KIM T W, JEONG H, BAIK ] H, et al. State-of-the-art catalysts for
hydrogen storage in liquid organic hydrogen carriers[J]. Chem-
istry Letters, 2022, 51(3): 239-255.

CHEN L N, VERMA P, HOU K P, et al. Reversible dehydrogena-
tion and rehydrogenation of cyclohexane and methylcyclohexane
by single-site platinum catalyst[]]. Nature Communications, 2022,
13(1): 1092.

SOUTHALL E, LUKASHUK L. Analysis of liquid organic hydro-
gen carrier systems[J]. Johnson Matthey Technology Review,
2022, 66(3): 271-284.

TAKASAKI M, MOTOYAMA Y, HIGASHI K, et al. Ruthenium
nanoparticles on nano-level-controlled carbon supports as highly
effective catalysts for arene hydrogenation[J]. Chemistry - An
Asian Journal, 2007, 2(12): 1524-1533.

LAN G J, TANG H D, ZHOU Y P, et al. Direct synthesis of ruthe-
nium-containing ordered mesoporous carbon with tunable
embedding degrees by using a boric acid-assisted approach[J].
ChemCatChem, 2014, 6(1): 353-360.

FANG M F, SANCHEZ-DELGADO R A. Ruthenium nanoparti-
cles supported on magnesium oxide: A versatile and recyclable
dual-site catalyst for hydrogenation of mono- and poly-cyclic
arenes, N-heteroaromatics, and S-heteroaromatics[J]. Journal of
Catalysis, 2014, 311: 357-368.

JANISZEWSKA E, KOT M, ZIELINSKI M. Modification of silica
with NH, + agents to prepare an acidic support for iridium hydro-
genation catalyst[J].
2018, 255: 94-102.
KOT M, KIDERYS A, JANISZEWSKA E, et al. Hydrogenation of

Microporous and Mesoporous Materials,

toluene over nickel nanoparticles supported on SBA-3 and AISBA-
3 materials[J]. Catalysis Today, 2020, 356: 64—72.
CUAUHTEMOC-LOPEZ I, JIMENEZ-VAZQUEZ A,
ESTUDILLO-WONG L A, et al. Naphthalene hydrogenation using
Rh/Fe,0;-TiO, magnetic catalysts[J]. Catalysis Today, 2021, 360:
176-184.

RAUTANEN P A, LYLYKANGAS M S, AITTAMAA J R, et al.
Liquid-phase hydrogenation of naphthalene and tetralin on
Ni/AlL)O;: Kinetic modeling [J]. Industrial & Engineering Chem-
istry Research, 2002, 41(24): 5966—5975.

SEBASTIAN D, BORDEJE E G, CALVILLO L, et al. Hydrogen
storage by decalin dehydrogenation/naphthalene hydrogenation
pair over platinum catalysts supported on activated carbon(J].
International Journal of Hydrogen Energy, 2008, 33(4):
1329-1334.

MARTYNENKO E A, KONDRATIEVA V Y, FRENKEL E D, et
al. Comparative study of the dehydrogenation of decalin on
Pd/SiO,, Pd/MCM-48, and Pd/SBA-15 catalysts[]].
Letters, 2024, 154(7): 3738-3748.

LEINWEBER A, MULLER K. Hydrogenation of the liquid organic

Catalysis

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

hydrogen carrier compound monobenzyl toluene: Reaction path-
way and kinetic effects[J]. Energy Technology, 2018, 6(3):
513-520.

KIM T W, PARK S, OH J, et al. Hydrogenation of the LOHC
compound monobenzyl toluene over ZrO,-supported Ru
nanoparticles: A consequence of zirconium hydroxide’s surface
hydroxyl group and surface area[J]. ChemCatChem, 2018,
10(16): 3406-3410.

HAN D J,JO Y S, SHIN B S, et al. A novel eutectic mixture of
biphenyl and diphenylmethane as a potential liquid organic hydro-
gen carrier: Catalytic hydrogenation[]J]. Energy Technology, 2019,
7(1): 113-121.

JANG M, JO Y S, LEE W J, et al. A high-capacity, reversible liquid
organic hydrogen carrier: Hj-release properties and an applica-
tion to a fuel cell[J]. ACS Sustainable Chemistry & Engineering,
2019, 7(1): 1185-1194.

NASSREDDINE S, MASSIN L, AOUINE M, et al. Thiotolerant
Ir/SiO,-Al,O; bifunctional catalysts: Effect of metal-acid site
balance on tetralin hydroconversion[J]. Journal of Catalysis, 2011,
278(2): 253-265.

MULLER K, ASLAM R, FISCHER A, et al. Experimental assess-
ment of the degree of hydrogen loading for the dibenzyl toluene
based LOHC system[]].
Energy, 2016, 41(47): 22097-22103.

PENG Z M, LU HT, ZHANG S P, et al. Pt-Sn alloy nanoparticles

International Journal of Hydrogen

supported on ALO; for the dehydrogenation of octadecahydro-
dibenzyltoluene[J]. ACS Applied Nano Materials, 2023, 6(18):
16152-16160.

SHIL B, QI S T, SMITH K J, et al. Dehydrogenation of the liquid
organic hydrogen carrier perhydrodibenzyltoluene-reaction path-
way over Pt/Al,Os[J]. Reaction Chemistry & Engineering, 2023,
8(1): 96-103.

XU MK, GAO RJ, SHI CX, et al. Study on the dehydrogenation
of perhydro-dibenzyltoluene catalyzed by Pt/Al,O; in a fixed bed
reactor[J]. Chemical Engineering Science, 2024, 287: 119754.

HT. We store hydrogen in a liquid organic carrier. The missing
link to clean hydrogen supply chains[EB/OL]. [2024-10-20]. https://
hydrogenious.net/how/#technology.

PEZ G P, SCOTT A R, COOPER A C, et al. Hydrogen storage by
reversible hydrogenation of pi-conjugated substrates: 101833484
[P]. 2005-01-06.

ZETREN, FER2E, AR, S5 A HLAR G SR RITTE R 7). 1%
Ak 516 T, 2023, 48(6): 107-119.

LI Xinyu, TANG Junlei, LI Jiaqi, et al. Research progress in hydro-
gen storage system of organic liquid[J]. Low-Carbon Chemistry
and Chemical Engineering, 2023, 48(6): 107-119.

PATIL S P, BINDWAL A B, PAKADE Y B, et al. On H, supply
through liquid organic hydrides-Effect of functional groups[J].
International Journal of Hydrogen Energy, 2017, 42(25):
16214-16224.

FUJITA K I, WADA T, SHIRAISHI T. Reversible interconversion
between 2,5-dimethylpyrazine and 2,5-dimethylpiperazine by irid-

ium-catalyzed hydrogenation/dehydrogenation for efficient


https://doi.org/10.1246/cl.210742
https://doi.org/10.1246/cl.210742
https://doi.org/10.1038/s41467-022-28607-y
https://doi.org/10.1595/205651322X16415722152530
https://doi.org/10.1002/asia.200700175
https://doi.org/10.1002/asia.200700175
https://doi.org/10.1002/asia.200700175
https://doi.org/10.1002/asia.200700175
https://doi.org/10.1002/asia.200700175
https://doi.org/10.1002/asia.200700175
https://doi.org/10.1002/cctc.201300693
https://doi.org/10.1016/j.jcat.2013.12.017
https://doi.org/10.1016/j.jcat.2013.12.017
https://doi.org/10.1016/j.micromeso.2017.07.031
https://doi.org/10.1016/j.cattod.2019.09.001
https://doi.org/10.1016/j.cattod.2019.11.001
https://doi.org/10.1016/j.ijhydene.2007.12.037
https://doi.org/10.1007/s10562-024-04597-y
https://doi.org/10.1007/s10562-024-04597-y
https://doi.org/10.1002/ente.201700376
https://doi.org/10.1002/cctc.201800565
https://doi.org/10.1002/ente.201700694
https://doi.org/10.1016/j.jcat.2010.12.008
https://doi.org/10.1016/j.ijhydene.2016.09.196
https://doi.org/10.1016/j.ijhydene.2016.09.196
https://doi.org/10.1021/acsanm.3c01578
https://doi.org/10.1016/j.ces.2024.119754
https://hydrogenious.net/how/#technology
https://hydrogenious.net/how/#technology
https://doi.org/10.1016/j.ijhydene.2017.05.170

AR A A LS i S AR DTk

2024 4E55 12 4

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

hydrogen storage[J]. Angewandte Chemie (International Ed),
2017, 56(36): 10886-10889.

FORBERG D, SCHWOB T, ZAHEER M, et al. Single-catalyst
high-weight% hydrogen storage in an N-heterocycle synthesized
from lignin hydrogenolysis products and ammonia(J]. Nature
Communications, 2016, 7: 13201.

TAN K C, YU Y, CHEN R T, et al. Metallo-N-Heterocycles - A
new family of hydrogen storage material[J]. Energy Storage Mate-
rials, 2020, 26: 198-202.

LIL L, YANG M, DONG Y, et al. Hydrogen storage and release
from a new promising liquid organic hydrogen storage carrier
(LOHC): 2-methylindole[]J]. International Journal of Hydrogen
Energy, 2016, 41(36): 16129-16134.

DONG Y, ZHAO HM, ZHAO Y H, et al. Study of catalytic hydro-
genation and dehydrogenation of 2,3-dimethylindole for hydro-
gen storage application[J]]. RSC Advances, 2021, 11(26):
15729-15737.

YANG M, CHENG G E, XIE D D, et al. Study of hydrogenation
and dehydrogenation of 1-methylindole for reversible onboard
hydrogen storage application[J]. International Journal of Hydro-
gen Energy, 2018, 43(18): 8868—8876.

LEE J, PARK B G, SUNG K, et al. Reversible Pd catalysts
supported on hierarchical titanate nanosheets for an N-methylin-
dole-based liquid organic hydrogen carrier[J]. ACS Catalysis,
2023, 13(20): 13691-13703.

LU Y, YAMAMOTO Y, ALMANSOUR A I, et al. Unsupported
nanoporous palladium-catalyzed chemoselective hydrogenation of
quinolines: heterolytic cleavage of H, molecule[]J]. Chinese Jour-
nal of Catalysis, 2018, 39(11): 1746-1752.

AT, SRR, VUK. T ME R AN S N B 22 A e A
FUBFSEHERE [0, Ao Bt s SR, 2022, 34(2): 225-232.

ZHAO Jianbo, YUAN Haifeng, XIE Bing. Progress on heteroge-
neous metal catalysts for selective hydrogenation of quinoline[]].
Chemical Research and Application, 2022, 34(2): 225-232.

BIX R, TANG T, MENG X, et al. Aerobic oxidative dehydrogena-
tion of N-heterocycles over OMS-2-based nanocomposite cata-
lysts: Preparation, characterization and kinetic study[J]. Catalysis
Science & Technology, 2020, 10(2): 360-371.

YANG W J, ZHU Y T, LI J J, et al. Understanding the dehydro-
genation mechanism over iron nanoparticles catalysts based on
density functional theory[J]. Chinese Chemical Letters, 2021,
32(1): 286-290.

GUO S S, WU Y M, WANG C H, et al. Electrocatalytic hydro-
genation of quinolines with water over a fluorine-modified cobalt
catalyst[J]. Nature Communications, 2022, 13(1): 5297.

LI W X, SUN J H, WANG Y, et al. Understanding of TEMPO-
electrocatalyzed acceptorless dehydrogenation of tetrahydroquino-
line by in situ extractive electrospray ionization mass spectrome-
try[J]. Chemical Communications, 2021, 57(23): 2955-2958.

WU Y, YU HE, GUO Y R, et al. A rare earth hydride supported
ruthenium catalyst for the hydrogenation of N-heterocycles:
Boosting the activity via a new hydrogen transfer path and

controlling the stereoselectivity[J]. Chemical Science, 2019,

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

10(45): 10459-10465.

WANG B, WANG S Y, LU S H, et al. Trace ultrafine Ru nanopar-
ticles on Ni/Al hydrotalcite-derived oxides supports as extremely
active catalysts for N-ethylcarbazole hydrogenation(J]. Fuel, 2023,
339:127338.

WANG B, LI P Y, WANG S Y, et al. Tuning the interaction
between Pd and MgAl,O, to enhance the dehydrogenation activ-
ity and selectivity of dodecahydro-N-ethylcarbazole[]J]. ACS
Sustainable Chemistry & Engineering, 2023, 11(14): 5485-5494.
WANG B, CHANG T Y, JIANG Z, et al. Component controlled
synthesis of bimetallic PdCu nanoparticles supported on reduced
graphene oxide for dehydrogenation of dodecahydro-N-ethylcar-
bazole[]].
261-272.
WANG B, LU S H, WANG S Y, et al. Isomerization pathway of N-

Applied Catalysis B: Environmental, 2019, 25I:

ethylcarbazole hydrogenation products affected by metal-support
interactions[J]. Applied Surface Science, 2023, 618: 156558.
WANG B, CHEN Y T, CHANG T Y, et al. Facet-dependent
catalytic activities of Pd/rGO: Exploring dehydrogenation mecha-
nism of dodecahydro-N-ethylcarbazole[J]. Applied Catalysis B:
Environmental, 2020, 266: 118658.

YANG M, XING X L, ZHU T, et al. Fast hydrogenation kinetics of
acridine as a candidate of liquid organic hydrogen carrier family
with high capacity[J]. Journal of Energy Chemistry, 2020, 41:
115-119.

YUY, HE T, WU A, et al. Reversible hydrogen uptake/release over
a sodium phenoxide-cyclohexanolate pair[J]. Angewandte Chemie
(International Ed in English), 2019, 58(10): 3102-3107.

JING ZJ,YUAN QQ, YU Y, et al. Developing ideal metalorganic
hydrides for hydrogen storage: From theoretical prediction to
rational fabrication[J]. ACS Materials Letters, 2021, 3(9):
1417-1425.

YANG M, HAN C Q, NI G, et al. Temperature controlled three-
stage catalytic dehydrogenation and cycle performance of perhy-
dro-9-ethylcarbazole[]J]. International Journal
Energy, 2012, 37(17): 12839-12845.

YADAV V, SIVAKUMAR G, GUPTA V, et al. Recent advances in

of Hydrogen

liquid organic hydrogen carriers: an alcohol-based hydrogen econ-
omy[]]. ACS Catalysis, 2021, 11(24): 14712-14726.

HU P, FOGLER E, DISKIN-POSNER Y, et al. A novel liquid
organic hydrogen carrier system based on catalytic peptide forma-
tion and hydrogenation[J]. Nature Communications, 2015, 6:
6859.

HU P, BEN-DAVID Y, MILSTEIN D. Rechargeable hydrogen
storage system based on the dehydrogenative coupling of ethylene-
diamine with ethanol[J]. IEEE Transactions on Visualization and
Computer Graphics, 2016, 55(3): 1061-1064.

KUMAR A, JANES T, ESPINOSA-JALAPA N A, et al. Selective
hydrogenation of cyclic imides to diols and amines and its applica-
tion in the development of a liquid organic hydrogen carrier[]].
Journal of the American Chemical Society, 2018, 140(24):
7453-7457.

XIE Y J, HU P, BEN-DAVID Y, et al. A reversible liquid organic

131


https://doi.org/10.1002/anie.201705452
https://doi.org/10.1002/anie.201705452
https://doi.org/10.1002/anie.201705452
https://doi.org/10.1002/anie.201705452
https://doi.org/10.1002/anie.201705452
https://doi.org/10.1038/ncomms13201
https://doi.org/10.1038/ncomms13201
https://doi.org/10.1016/j.ensm.2019.12.035
https://doi.org/10.1016/j.ensm.2019.12.035
https://doi.org/10.1016/j.ensm.2019.12.035
https://doi.org/10.1016/j.ijhydene.2016.04.240
https://doi.org/10.1016/j.ijhydene.2016.04.240
https://doi.org/10.1039/D1RA01552D
https://doi.org/10.1016/j.ijhydene.2018.03.134
https://doi.org/10.1016/j.ijhydene.2018.03.134
https://doi.org/10.1016/j.ijhydene.2018.03.134
https://doi.org/10.1021/acscatal.3c03283
https://doi.org/10.1016/S1872-2067(18)63151-1
https://doi.org/10.1016/S1872-2067(18)63151-1
https://doi.org/10.1016/S1872-2067(18)63151-1
https://doi.org/10.3969/j.issn.1004-1656.2022.02.001
https://doi.org/10.3969/j.issn.1004-1656.2022.02.001
https://doi.org/10.1016/j.cclet.2020.10.040
https://doi.org/10.1038/s41467-022-32933-6
https://doi.org/10.1039/D0CC08209K
https://doi.org/10.1039/C9SC04365A
https://doi.org/10.1016/j.fuel.2022.127338
https://doi.org/10.1016/j.apcatb.2019.03.071
https://doi.org/10.1016/j.apcatb.2019.03.071
https://doi.org/10.1016/j.apcatb.2019.03.071
https://doi.org/10.1016/j.apsusc.2023.156558
https://doi.org/10.1016/j.apcatb.2020.118658
https://doi.org/10.1016/j.apcatb.2020.118658
https://doi.org/10.1016/j.apcatb.2020.118658
https://doi.org/10.1016/j.jechem.2019.05.012
https://doi.org/10.1002/anie.201810945
https://doi.org/10.1002/anie.201810945
https://doi.org/10.1002/anie.201810945
https://doi.org/10.1002/anie.201810945
https://doi.org/10.1021/acsmaterialslett.1c00488
https://doi.org/10.1016/j.ijhydene.2012.05.092
https://doi.org/10.1016/j.ijhydene.2012.05.092
https://doi.org/10.1021/acscatal.1c03283
https://doi.org/10.1038/ncomms7859
https://doi.org/10.1021/jacs.8b04581

2024 4E5 12

kB H K

5304

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]
132

hydrogen carrier system based on methanol-ethylenediamine and
ethylene urea[J]. Angewandte Chemie (International Ed), 2019,
58(15): 5105-5109.

SANTACESARIA E, TESSER R, FULIGNATI S, et al. The
perspective of using the system ethanol-ethyl acetate in a liquid
organic hydrogen carrier (LOHC) cycle[]]. Processes, 2023,
11(3): 785.

PHUNG T K. Copper-based catalysts for ethanol dehydrogena-
tion and dehydrogenative coupling into hydrogen, acetaldehyde
and ethyl acetate[J]. International Journal of Hydrogen Energy,
2022, 47(100): 42234-42249.

ONODA M, NAGANO Y, FUJITA K I. Iridium-catalyzed dehy-
drogenative lactonization of 1, 4-butanediol and reversal hydro-
genation: New hydrogen storage system using cheap organic
resources[J]. International Journal of Hydrogen Energy, 2019,
44(53): 28514-28520.

ZOU Y Q, VON WOLFF N, ANABY A, et al. Ethylene glycol as
an efficient and reversible liquid organic hydrogen carrier[]].
Nature Catalysis, 2019, 2(5): 415-422.

SHAO Z H, LI Y, LIU C G, et al. Reversible interconversion
between methanol-diamine and diamide for hydrogen storage
based on manganese catalyzed (de)hydrogenation[J]. Nature
Communications, 2020, 11(1): 591.

ZHU Y M, SHI L. Zn promoted Cu-Al catalyst for hydrogenation
of ethyl acetate to alcohol[J]. Journal of Industrial and Engineer-
ing Chemistry, 2014, 20(4): 2341-2347.

SEMENOV I P, MEN’'SHCHIKOV V A, SYCHEVA O 1. Pilot
tests of a catalyst for the production of ethyl acetate from
ethanol[J]. Catalysis in Industry, 2020, 12(4): 287-291.
EBLAGON K M, TAM K, TSANG S C E. Comparison of catalytic
performance of supported ruthenium and rhodium for hydro-
genation of 9-ethylcarbazole for hydrogen storage applications[J].
Energy & Environmental Science, 2012, 5(9): 8621-8630.
EBLAGON K M, RENTSCH D, FRIEDRICHS O, et al. Hydro-
genation of 9-ethylcarbazole as a prototype of a liquid hydrogen
carrier[J]. International Journal of Hydrogen Energy, 2010,
35(20): 11609-11621.

ZHU T, LIU L, ZHAO Y F, et al. La promoted Ni0-Nid+ synergis-
tic interaction for rapid and deep hydrogenation of liquid organic
hydrogen carriers[J]. Chemical Engineering Journal, 2024, 493:
152354.

JEONG H, KIM T W, KIM M, et al. Mesoporous acidic
Si0,-Al, 05 support boosts nickel hydrogenation catalysis for H,
storage in aromatic LOHC compounds[J]. ACS Sustainable Chem-
istry & Engineering, 2022, 10(47): 15550-15563.

WANG Z H, DONG C Y, TANG X, et al. CO-tolerant RuNi/TiO,
catalyst for the storage and purification of crude hydrogen[J].
Nature Communications, 2022, 13(1): 4404.

JORSCHICK H, VOGL M, PREUSTER P, et al. Hydrogenation of
liquid organic hydrogen carrier systems using multicomponent gas
mixtures[J]. International Journal of Hydrogen Energy, 2019,
44(59): 31172-31182.

FAN S R, YAO Z H, CHENG W, et al. Subsurface Ru-triggered

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

hydrogenation capability of TiO,_, overlayer for poison-resistant
reduction of N-heteroarenes[J]. ACS Catalysis, 2023, 13(1):
757-765.

JORSCHICK H, BULGARIN A, ALLETSEE L, et al. Charging a
liquid organic hydrogen carrier with wet hydrogen from electroly-
sis[J]. ACS Sustainable Chemistry & Engineering, 2019, 7(4):
4186-4194.

JORSCHICK H, GEIBELBRECHT M, EBSL M, et al. Benzyl-
toluene/dibenzyltoluene-based mixtures as suitable liquid organic
hydrogen carrier systems for low temperature applications[]].
International Journal of Hydrogen Energy, 2020, 45(29):
14897-14906.

SIEVI G, GEBURTIG D, SKELEDZIC T, et al. Towards an effi-
cient liquid organic hydrogen carrier fuel cell concept[J]. Energy &
Environmental Science, 2019, 12(7): 2305-2314.

ZAKGEYM D, ENGL T, MAHAYNI Y, et al. Development of an
efficient Pt/SiO, catalyst for the transfer hydrogenation from
perhydro-dibenzyltoluene to acetone[]J]. Applied Catalysis A:
General, 2022, 639: 118644.

SCHRODER D, PREUSTER P, EfER E, et al. LOHC-bound
hydrogen for catalytic NO, reduction from O, rich exhaust gas[]J].
International Journal of Hydrogen Energy, 2021, 46(69):
34498-34508.

HURSKAINEN M, THONEN J. Techno-economic feasibility of
road transport of hydrogen using liquid organic hydrogen
carriers[J]. International Journal of Hydrogen Energy, 2020,
45(56): 32098-32112.

EYPASCH M, SCHIMPE M, KANWAR A, et al. Model-based
techno-economic evaluation of an electricity storage system based
on liquid organic hydrogen carriers[J]. Applied Energy, 2017, 185:
320-330.

REUB M, GRUBE T, ROBINIUS M, et al. Seasonal storage and
alternative carriers: A flexible hydrogen supply chain model[]].
Applied Energy, 2017, 200: 290-302.

NIERMANN M, TIMMERBERG S, DRUNERT S, et al. Liquid
Organic Hydrogen Carriers and alternatives for international
transport of renewable hydrogen[J]. Renewable and Sustainable
Energy Reviews, 2021, 135: 110171.

MARKIEWICZ M, ZHANG Y Q, EMPL M T, et al. Hazard assess-
ment of quinaldine-, alkylcarbazole-, benzene- and toluene-based
liquid organic hydrogen carrier (LOHCs) systems[]J]. Energy &
Environmental Science, 2019, 12(1): 366—383.

JORSCHICK H, DURR S, PREUSTER P, et al. Operational stabil-
ity of a LOHC-based hot pressure swing reactor for hydrogen stor-
age[]]. Energy Technology, 2019, 7(1): 146-152.

PEREZ-GIL S, SANTOS-MORENO S, GARCIA C D, et al
Process intensification in the continuous dehydrogenation of
methylcyclohexane to toluene[]J]. Chemical Engineering and
Processing - Process Intensification, 2024, 203: 109904.

SHUANG H L, CHEN H, WU F, et al. Catalytic dehydrogenation
of hydrogen-rich liquid organic hydrogen carriers by palladium
oxide supported on activated carbon([J]. Fuel, 2020, 275: 117896.
YANG Y K, WU Z, LIR Q, et al. Review on the thermal neutrality


https://doi.org/10.1002/anie.201901695
https://doi.org/10.1002/anie.201901695
https://doi.org/10.1002/anie.201901695
https://doi.org/10.1002/anie.201901695
https://doi.org/10.1002/anie.201901695
https://doi.org/10.3390/pr11030785
https://doi.org/10.1016/j.ijhydene.2021.11.253
https://doi.org/10.1016/j.ijhydene.2019.03.219
https://doi.org/10.1038/s41929-019-0265-z
https://doi.org/10.1038/s41467-020-14380-3
https://doi.org/10.1038/s41467-020-14380-3
https://doi.org/10.1016/j.jiec.2013.10.010
https://doi.org/10.1016/j.jiec.2013.10.010
https://doi.org/10.1016/j.jiec.2013.10.010
https://doi.org/10.1134/S2070050420040066
https://doi.org/10.1016/j.ijhydene.2010.03.068
https://doi.org/10.1016/j.cej.2024.152354
https://doi.org/10.1038/s41467-022-32100-x
https://doi.org/10.1016/j.ijhydene.2019.10.018
https://doi.org/10.1021/acscatal.2c04270
https://doi.org/10.1016/j.ijhydene.2020.03.210
https://doi.org/10.1016/j.apcata.2022.118644
https://doi.org/10.1016/j.apcata.2022.118644
https://doi.org/10.1016/j.apcata.2022.118644
https://doi.org/10.1016/j.ijhydene.2021.07.228
https://doi.org/10.1016/j.ijhydene.2020.08.186
https://doi.org/10.1016/j.apenergy.2016.10.068
https://doi.org/10.1016/j.apenergy.2017.05.050
https://doi.org/10.1016/j.rser.2020.110171
https://doi.org/10.1016/j.rser.2020.110171
https://doi.org/10.1002/ente.201800499
https://doi.org/10.1016/j.cep.2024.109904
https://doi.org/10.1016/j.cep.2024.109904
https://doi.org/10.1016/j.cep.2024.109904
https://doi.org/10.1016/j.cep.2024.109904
https://doi.org/10.1016/j.cep.2024.109904
https://doi.org/10.1016/j.cep.2024.109904
https://doi.org/10.1016/j.fuel.2020.117896

AR A A LS i S AR DTk

2024 4E55 12 4

[97]

of application-oriented liquid organic hydrogen carrier for hydro-
gen energy storage and delivery[J]. Results in Engineering, 2023,
19: 101394.

HORIKOSHI S, KAMATA M, SUMI T, et al. Selective heating of
Pd/AC catalyst in heterogeneous systems for the microwave-
assisted continuous hydrogen evolution from organic hydrides:
temperature distribution in the fixed-bed reactor[J]. International

Journal of Hydrogen Energy, 2016, 41(28): 12029-12037.

[98]

[99]

LIL Q, VELLAYANI ARAVIND P, WOUDSTRA T, et al. Assess-
ing the waste heat recovery potential of liquid organic hydrogen
carrier chains[J]. Energy Conversion and Management, 2023, 276:
116555.

PREUSTER P, FANG Q P, PETERS R, et al. Solid oxide fuel cell
operating on  liquid organic hydrogen carrier-based
hydrogen-making full use of heat integration potentials[J]. Inter-

national Journal of Hydrogen Energy, 2018, 43(3): 1758—1768.

133


https://doi.org/10.1016/j.rineng.2023.101394
https://doi.org/10.1016/j.ijhydene.2016.05.139
https://doi.org/10.1016/j.ijhydene.2016.05.139
https://doi.org/10.1016/j.enconman.2022.116555
https://doi.org/10.1016/j.ijhydene.2017.11.054
https://doi.org/10.1016/j.ijhydene.2017.11.054

	0 引　　言
	1 储氢载体
	1.1 芳烃类
	1.1.1 单环芳烃
	1.1.2 双环芳烃
	1.1.3 多环芳烃
	1.1.4 其　他

	1.2 杂环芳烃类
	1.2.1 单环氮杂环芳烃
	1.2.2 双环氮杂环芳烃
	1.2.3 多环氮杂环芳烃

	1.3 其　他
	1.3.1 酰胺/胺和醇
	1.3.2 酯类/醇类


	2 加脱氢反应催化剂研究
	2.1 加氢反应催化剂
	2.2 脱氢反应催化剂

	3 产业化研究
	3.1 经济性分析
	3.2 反应工艺探索
	3.2.1 反应器设计
	3.2.2 反应工艺优化


	4 总结与展望
	参考文献

