H41 % 44 o = # #3 E Vol.41 No.4
2022 4F 4 A MATERIALS CHINA Apr. 2022

REEALAELSHREKESFSHARHTR

R, R, NRE, B, Ak
(TR BE TR 222440 T 2% B, TTRg £EFE 454003)

W OE: ARSI, W R R A AR, A A ELRAE B UM T R 2 R
FHBFFE P I A R ik 2 — . UGS (NHBH;, AB) [N AR B U3 (146 g - L7, i /b 8N 19.6%) . HATLHK
T 2 T VR Ry — T 2 1 e [ A B SRR N R ) 0 7 4 PR, (L S 535 B AR A7 7E 1 4
THEAT . SEA P AT B R S | ORI R T SRS RN | e TS A, T R R K i R, A
T3 A SR S I KA R T AR B B T R, TSR TR AR . BRI L R R G AL T A I A R R
FE AT, BER T R A SRR LT, R T I K A I R R D S T F PR

KPR "Wk, A K B L

RESES . TQ426.8 XEEARIRED: A XEHS: 1674-3962(2022)04-0288-08

SRR ok, WIEE, XNES, & BIEMARML M b KM AR RT]. PEMRER, 2022, 41(4);
288-295.

REN Y B, FANY P, LIU X Y, et al. Research Progress on Hydrogen Generation by Catalytic Hydrolysis of Ammonia Borane over Ni Cat-
alysts[ J]. Materials China, 2022, 41(4): 288-295.

Research Progress on Hydrogen Generation by
Catalytic Hydrolysis of Ammonia Borane over Ni Catalysts

REN Yangbin, FAN Yanping, LIU Xianyun, DUAN Jizhuan, LIU Baozhong
(School of Chemistry and Chemical Engineering, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: Hydrogen, as clean energy, has been considered as a promising alternative to the fossil fuel. The development
of safe, efficient and stable hydrogen storage materials is one of the biggest challenges in the current hydrogen energy re-
search. Ammonia borane has become an important chemical solid-state hydrogen storage material due to its high hydrogen
storage capacity (146 g -L™", mass fraction is 19. 6% ) , safety, non-toxicity and high chemical stability. Hydrogen genera-
tion by hydrolysis of ammonia borane can be carried out under the mild conditions with the presence of suitable catalyst. The
hydrogen production rate of ammonia borane hydrolysis can be significantly improved by adjusting the active components,
particle size, dispersion degree of active component, electronic structure, et al. This paper reviews the research progress of
Ni-based catalysts in the hydrolysis of ammonia borane for hydrogen production in recent years. The application of nickel ele-
mentals, nickel compounds and nickel alloy catalysts for ammonia borane hydrolysis is mainly summarized. Meanwhile, the
reaction mechanism of ammonia borane hydrolysis for hydrogen production is described. The development trend and the po-

tential challenges of hydrogen production from ammonia
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Fig. 1  Crystal structure of ammonia borane

) =——liavir

[4]

FMBer F W S 007 0 3 F PO BERRA R
AR o B B ) S A R AR A T AT T
fitl E0h, W EAT R, R At vy o K A ]
PAC R R A AR AN L 7 0358 17t A D0 it Bk 1 i i e o
A EEA T, EH S BT SE 2 B4 A A R A A Y
MR T, B4R Pr, Pd, Ru 25PN EHARERA BT
&, TR GeK i S b LB RO AT 1, H5E
46 B A e ) AR TRV a5 ) 9 5T R LA A 1) LA 14
FAP AR B AR A AR 5 4 3 43 B A LA Bt
SRAEGH, IERH TR K g SN, B FEAY
PR NI B HAR A Y R I A TR L IR
JAS LA B o WS A 73 B A R A B e 7K i A
St AR A AR R . AR SCE LR TR A bk
figp i A LR AN Ni SEAR AR A AL PR, DR AR
g K e il S e T AR AR, P T AR SRR
HEALFRIRBETT s, JREE T =B /K A il U K e D 1)

2 =R SR YLE

Wl T @M AR LR e, TR LR A A
BT, 1 mol & Bl J5e Fll 7K 58 4 K v B] LLBETI 3 mol
H,, H"¥XEaiisgs, oy Bam=(1) .

NHJHL+2H4)EﬁiNH“+BOP+3HZT (1)
R Z R, RORDR A AE AR e, E ke K
fife ™ Ea AR AT KRBy e K W B e L 7R 2 18

B—N £, B—H ., O—H $1YWrZ2F H—H 894 il
H, FIE =2 e s, e 2 frs, ke, H,0 et
M LA L, WA H,0 Bl B—N &, JE L Cat-H
SRS, WEA 00 P ENE SIS ES Cat-H ik
WA H, o WG IEEAITE L H,0 #R 2%
KHLIR, ARFA AR A A R A i s b, 3
ALK RS AL Z N Be e 1A T 22501, i LAAS [m] 4 A4 550 A
R AV S AP ST SR NN

Xu 25 FE G BE K = S 58 TAE PR Hh &
e 536 S B T JE URL R TR, TR B P v T AR
FFAMIZA BT RE I AR, SRS H,0 o 6 24 v )
&, S5 B—N BWiZ155) BH,, BH, /K" iR =
FHIH,, Lin %7 38 1F 2 % 17 oA B S (density functional
theory, DFT) 182 M ZMGe/K =S 2500 3 LT,
@ H,0 FIEike /1AL ZR T i mepth s @ B By
H,0 43 F &4 O—H BB AL, B Y OH + Xk 206
St T B—N 8, A:i BH,OH * (OH * +BH,NH, * —
BH,OH * +NH, * ) ; 3 BH,OH * " B—H #EHWi %=
H # (BH,OH * —BH,OH * +H = ) , 2k I A1k 7 3 1 B
WAE R H, RS R H,0 20 T RIS AL B0 g e A
%, X—HLH 5 Yang LW g e —8"Y ) L PR Ge
%'IOJﬁﬁfj}ﬁ%ﬁ{ﬁﬁiﬁﬂj(kinetic isotope effect, KIE)
538, D0 A4 H,0 #ATRIGL R IKE, Bk
=g iR, H,0 F O—H BRI ZLA OH = Wit S 2
HILFHXGT R o6 2 e~ ) b A Ry S S g e i A0 R
Peng 25" IRy, AR INBE K i = U R P A B RY HR R A
BH,0H 5 H,0 4+ &AM H, .

“*

/*.
—’A

[ 2N
B O

®
N H

P2 SRR i U ML )
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Fig. 3 Synthesis route of several non-noble metal nanoparticles (a),

hydrogen production mechanism of ammonia borane hydrolysis

over Ni NPs/ZIF-8 catalyst (b) (24]
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), TEZ R TIZMER] TOF 2 95. 24 mol,, -mol_, " -min~',

I 4 Mo Ay Bl ) [RIRE T DA = Ni S A 1k 7 i
MK 7= S5 . Yang 250 SR R IR B ik 4
T Ni_ M (M=Cr, Mo, W)NPs, 455 EM, Nij,Mo,,
NPs 7E % i N A9 TOF 24 27.3 min™", 7% F 4l Ni NPs
(3.0min™"), XEEREHT Ni 5 Mo Z [0 41 H.AEFH A
HL PR AR T NiMo NPs [ HL P25, TR T 20 b
IR IE AL RE . Yao 2511 NiMo NPs Y95 ik T4
B L& T Sk B AL Nig Mo, ,/graphene, %11k
FITE =R T I E LK B A TOF 24 66.7 min™", Zid
10 YA, r VA0 B 0 36 im0 4 T A 7R 56 1) T
A2 AR R0 ) T PR IS T R, AR AR, Ni-Mo 4: ) ]
PR BB ) H, 0007 T A B Ni B A 00 A 6 1, [N 2k 4
A S A AL AT DAAR R B I 34 5o 44 Ak 500 X K A ol
BeorFRIEAGRE ST, FRAREON T s i AL AE

Yan 2500 238 T J5AE SN A2 LAY Fe,  Ni, NPs fiE
BAEILE N Ge K 722, Fe MBI AH RIS T Ni 9k
W, HAoRiAR R 3 nm B4 Fe,  Niy o T0RE26 90 H Fefd o i
feis k.,

Btz 4b, Cr. W, Zn, CeO, %54 % 8 FHoR#EE Ni
SEARAL R AT ARG R S R LA T HE N
AR AL i Al 2B o 7K A 77 S TOF LA ST A e il
HEET 54 SR AL, Ni SR 5 4 I Ak 77 38 ok Ak 7%

F1 AR N EEAFELSMRKE=SIEEXTE
Table 1 Comparison of hydrogen production performance of am-

monia borane hydrolysis with different Ni-based Catalysts

Catalyst /K T(')Fil £/ - Ref.
/min”" (kJ mol™")

Coy,7Nig 3B-h 298 30.9 32.3 [54]
Nij, P 298 23 50. 4 [55]

Nig, Po/RGO 298 13.3 34.7 [27]
Nig_5Cug,5C0,04 298 195.25 — [56]
C00-Ni0/Co;0, 298 79.1 23.7 [35]
Nig, 5Cuy,5Co, 0,4 298 80.2 28.4 [57]
NijgCozy 5B5 5 298 6.5 38.62 [58]
Cu,Ni, @ MIL-101 298 20.9 32.2 [39]
CuNi-MOFs 303 40. 85 28.99 [59]
NiCo-NC 298 35.2 — [60]
Cuy ,Niy g/MCM-41 298 10.7 38 [33]
Ni, Cry; NPs@ CNFs 298 5.78 37.6 [51]
Nig 4Cry , NPs — 25.0 66.3 [48]
Ni/MoS, @ Graphene — 6.82 — [61]

YA, MR b G s o0 3R 19 22 /0 R A A X
%,ﬂ:%u?ﬂj,ﬁﬁ%igzu@ﬂ, 33, 35, 39, 48, 51, 54-61] R

5 & i&

ASCERE T I T A b K = [ AE SR &8 Ni
SEAEAL TR B EAL TS PEATG AL B AR, IR0 M T 2l e K figt
FRER LR IR, B JE NI HEAE AL ) ARt R
T ARG A K i 7 ST T, (EUR < R Y ]
R H AR PR RS E M 2 o0 e 18] ) Bl IR A
P B 55 48R B i R A P RE A S8R T A A 750 ) A A 375 1
FRETE, St S MR, (EARLIE PR, anfar
R T AE 5 <5 e A 790 1 B e ™ S 0 ]+ )
BRI, TF R St o i AR A v 2 AR A R B T
AR DR 5t 2 R AN A B Bt A T, SCRT AAT S84 T A A 771
Wk, nIRERE— AT, AN, HEARIR R TRER AR
SE P T AR R ) 2 B0 e 7 At 7™ 0S5 B L A 5 B ) R
FI R A B 78 R RS 1R i i A 79— e i 5 ~ 10 3K,
WnfpREAL TR R R E MRS T = Bk, SR E TR,
JE R ST BT B PR, o 2 Al e K
fige = SAFIAINK T ik B R E R PR, Ik, IRk
A R, AR E TR AR 5t & R AL R A SR T T
e B DR A E R A
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