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Abstract Ammonia is an important raw material, which is widely applied in industry and agriculture
fields. Due to the relatively high hydrogen content, ammonia also shows application potential as a hydro-
gen storage material. However, the domain industrial method for ammonia synthesis is the Haber-Bosch
process while the synthesis process has to be carried out at high temperature and high pressure, which re-
quires a lot of energy. At the same time, hydrogen, which is one of the reactants, needs to be obtained by
steam reforming of natural gas and the CO, by-product is the main greenhouse gas. In order to overcome
the shortcomings of traditional Haber-Bosch process, scientists have focused on the electrochemical cata-
lytic synthesis of ammonia in recent years, Ammonia can be facilely synthesized from N, and H, O in a mild
environment and the electrochemical nitrogen reduction reaction (NRR) is therefore recognized as a clean
and reproducible method for ammonia synthesis. However, since N, is relatively very stable in ambient

condition, the ammonia generation rate and Faraday elliciency of electrochemically catalyzed NRR are
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relatively low. There is still a long way to reach the standard of industrial synthetic ammonia. Therefore.
catalysts with high catalytic activity and selectivity toward NRR are widely studied. Among the new devel-
oped catalysts, the precious metal catalyst exhibits relatively high ammonia synthesis rate and Faraday ef-
ficiency. At the same time, it has relatively great stability compared with cost-effective catalysts. Here we
review the researches of noble metal based electrochemical catalysts toward NRR and proposed some per-
spectives for the future research on noble-metal NRR catalysts.

Key words electrochemical nitrogen reduction; noble metal catalyst; single atom catalyst; catalyst sup-

porting; metallic alloying
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BF L AR ST DL S R AR Ru B Ab R B BUAS . VRO — 28y & J8 A ML 28 (MOF) # 8}, ZIF
AL B BAT — & W AT L 1038 A FHAE Ry 67 28 4 J IR / 40 K JOURE 1) 24 b1 ), L4 oo Fl i AL RO O R
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16.68 pgnms mge ! h7! - —0.400
Ru/NC 0.1 mol/L KOH
- 14.23 —0.300
Ru/TiO:-Vo 211 pgh™' em™? - 0.150 0.1 mol/L. KOH
Ru@Ti; C, (MXene) 2.3 pmol h™lem™? 13.13 —0.400 0.1 mol/L KOH
1.08X107% gnugs™'em ™2 - —0.023
RuPt 1.0 mol/I. KOH
- 13.2 —0.123
Rugs Ptys 47.1 mg gea~' h7! 8.9 —0.200 0.1 mol/L KOH

TEATT AT T HA R F & BRI A9 Ru FEAEALT), LIS & NRR TG PEIF BRAR A . A i 3R AT
ATFZEA 1 Ru SEAEALTIAY NRR PEREIC B8 1728 AR MK 1 s, JATAT UL B, Ru BT /9 & & A
M FE T T HAL Ru FEARAEH] , 5L B 8507 2540 X T 48 %5 Ru JEAEALR A9 NRR PEREA & e i UL 3



46 LU QNI = 4 = BE S S = 9]
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2.1 Au HEAL Gk B
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AR T, —0.4 V U7~ Au GSD NCs 9 NH, 7228 FE 73514 49.96 pg em™h™"Fl 28.59% . % 1EfE
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B AT B R AR R A A A A AR R ] LA AR A 9L NRR PERE. & SRS T A L4
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f) NRR %, 1 0.05 mol/L H, SO, B f# . 76 —0.2 V F IR K& & R N 154.91 pg mg.,~'h™,
RER SR N 54.96 % . TEX AT A, Au F1 Cu Z 8] BB AR TS T Au B9 7454, [F i R
THHEA AR, B, 2 A0 R B S BT A X A B R R R AR

B —MEBRIESBITELIA Au Sk S UL B 7450, I8 1 Ak S B Z R A R eE . P
Xof &Y WL BT BB ) #5255 . A E M B AT DO A LR LR E 195 i, Ak Pd W B S HAE M & B A &
WA 4 LIS NRR HEAERIAE S . Ik, Wang %5 ADY BRI PGE AW T — %4 R-E4E &4 AuPdP
WK ARAL ] (AuPAP NWs. |5 4(a)), AuPdP NW ) HAADF-STEM K% (I 4 (b)) Je HAH N i EDS i
KRB 4Cc~D) U REHMEE (B 4(2)F£W Au.Pd fl P TR0 M EEANPKLE L. AuPdP NWs
7£ 0.1 mol/L. Na, SO, HL f#ft 8 HH 7E RN [F LU T 9 s fb2% NRR MEREFF WA 4 (h~D i, fE—0.3 Vi, & &
BLE 3R 18.78 pg mg., Th™  GEFIB RN 15.44% . X T EA =BG ES A AuPdP & 8-IE 428
e RUL, AT BRI FEE R AALE Pd b P T HFEE WSO R T N, 0 W B RSN )% Au g
AR SRR BTG PE O A5 . XTI T AR A T P53 A WA & AL A B9 S L FEE B PR PR
i, Au JEPEA A8 NRR PERE R LA 200 . WndE & Bt £ T4 &0 NRR #F 58 A B 4E T —Fh
5 1 Ot 4 R LT FR AL NRR I PR A9 BT SR B

FATEARFZ5H 0 Au LRI NRR PEREIC SR T2, HE5 Rk 2 fraR, WEHHIH LR Au
SE R A AL A B AL F PR T DU 11, Au AR B3 4R FE & F Ru figfbifl . —28 Au LA 1Y FE S5
I RLRE] 70 % K] Au A2 NRR W AT SEBR I J1 o A0S Au SRR AR 19 207 A TF A Al L 31X
T TR AL A RN e T TR Ty T R T 2 Rk TAE .

Fx2 AE AuEENLFH NRR HE

HE AL B RSB ECE/ % A/ V CER i iecasiia
Au GSD NCs 49.96 pg cm~?h™! 28.59 —0.4 1.0 mmol/L HCI
AuNPs 9.22 pg em™* h™! 73.32 —0.3 0.1 mol/L Liy SO,
3.9 pg em™2 h7! - —0.5
AuHNCs 0.5 mol/L LiClO,
30.20 —0.4
Au/Ti;C, 30.06 pg h™'mg™! 18.34 —0.2 0.1 mol/L HCI
Au; Cuy 154.91 pg mge th™! 54.96 —0.2 0.05 mol/L H>SO,
AuPdP NWs 18.78 pg mge —'h™! 15.44 —0.3 0.1 mol/L Na>SO,

3 M4 )8 NRR 4L

EASEET Ru Ml AuE NRR 1 E LRI EIFMIEGE. T Pt M Pd M EAIL R M HER &
PEL DL Pt Al Pd AR R H AL 5 & R R /D5 /E 0 NRR 4R . SR A58 & 5 Ak . /5 HER 36 PE 5%
NRR & — BT 61, K iy m HER 653 5 R & NRR 3) 07 2B 5 NRR 850, H . i
PEm NRR 81k, Pd 1 P #0A BN =20 NRR 465 899 77 .

3.1 Pd 3L NRR #E4k 7]

55t Pd AEALFAN HG . Pd JE 7 4 R B0 WA NRR 3Gk RS bl B ok 48 1+ Pd 42 8 (0 1L T 4%
¥, Pang %Nl SE PSS & 07558 T NRR 1L PdAg &Mk, B8 Pd Ag, Aly,
HIR A 4 NaOH & AN BE B A 47T LIRA Pd, Ag, . ZJ5H 0.1 mol/L Fe(NO,), %R — A ik
B PdAg, B4, =MEEFHSREEAA VRS T RGN KZ S Pd Ag G SR AR E 4.
A ATH P, Ag, BA BT E5 1 . bR T2 S RAER Y] Pd M1 Ag TR IS0 7E Pd Agy B 41 . X
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WS PdyAgy ARG, 76 1 mol/L KOH HLEH Al —0.2 V LA T . Pd, Ag, IZ)" 8N 24.1 pg
mg., " h™', XA NRR PEAE HE A HA R 7 H A PdAg & & DL AR 0 3 & R AL B 5 2. i
TRFA ) R 2 45 48 B2 4L T =F &7 A IR I 67 2% 1 J 4 S 306 M 6 AL 0 R AL R B AL T R 80 S I P T Bk
FTHesl i T 5 B i B . B 8 PR Ag X N, FIRH DG i ] 44 1) 0 B 8 1 B IRIVE . Pdy Agy & 4T AR
BAREF R NRR 1L fE .

SHAtX H WA A ER S IESE B Ag f1 Co & &0l W24 5 Pd X} NRR gAY —
FAFGEM . R B A (b d ] LA N, 401 i W B AN 35 £k, 0 1 PR i vl DL v NRR 6 1
Mgesett. BT S5 ESESGSMAN K IESEITE (NLP.B. S %) 8 AR FI 2 —FAa W5 J1 i 5.
B AT LA B AR H 435 R 3 O R B O B G B 42, SE R S B I TS AL . SR T L B A BRAS JE A, Wang %
APl NaBH, fE A3 Rl AL A R T =4 Pd-Ag-S Z LYK 4 (Pd-Ag-S PNSs) . 7EHL
A A 2 W UE S TR 48 24 8] 3DPd-Ag-S PNS 1 2L K A4 b 52 i, 7€ 0.1 mol/L Na, SO, Hi it i
H,fE—0.2 V B} Pd-Ag-S PNSs IBIZEHR A 9.73 pg mg., " h™ RIS AER N 18.41% . JhER Y M 45 4 >k
S5 K Ry N W B AL T T T 5% e T 22 (RS PR A L X 6 T Pd-Ag-S PNSs A5 i 1) 20" AR
B S TCE SIS TR AL A HL T2 il R R S W A AR
3.2 Pt X NRR 4k

W PCYUCKR T R A, U RAE G il T H R F A E N, 40 F. 7€ NRR R H . H
JEF A B W BRE AT AR E HER . B4R Pt 6 P AL 5 4 N, 3 ALt ARG BR (R . P R p M H SRR
WRE H 7 &85 7 RE 2 PoidtEN &, BT LR, Pe R NRR 936 P45 A0 1 2266 Rk 32 300 ki
P, Bt NRR S8 Pe AR AR D SR, 5051 4 J8 A Ak 3R 48 A 05 P A 05 1 X A iR K & B R
JFH 3550 23 R 3 1 Hl 7 R BB R LA R 3 AR P A LM BE L AT D #E NRR 4503 17 I FH 4R V8 78 1 B LR .
Hao % AV 5@ 18 Pt i FHakAE WO, 40Kk A LA i Pt SRR TG (Pt SAs/WO,) Ll 48 BE 19 Pt fi
S TAE NRR B 8o # 2 A, S 2, Pt SAs/WO, 7E 0.1 mol/L K,SO, Hf## H,—0.2 V
WL A BRI 342.4 pg » h™ i mgp T I ZS GHUR AT 31,1 % L PLAE 0% . X RER NRR 3G PEue 5 T LA Pt 44
KBL TR IE AL S NPs/WO, H Pt 1) NRR i . DFT #8877~ T Pt SAs/WO, #4711 NRR f#1k
B, N, 2] NH, B80S i, FrRpi iEm i P30 8589 IR iy P i #6745 1) DLk 2
W B AEOE N, 1. AN WO, 99K A E IS AY Pt 47 5 ] LA S0 HER JE 4% K {2 #F NRR, 3% T
TAEREXT NRR B9 Pt 3R A =B 5T, o NRR #F58 A SR AE T —Fh il HER KN B9 A %735 .

4 Gk

25 ERTR . NRR HAL2E A R 0L T — Rl (o | il R 22 19 7 35 ok B 015 48 19 Haber-Bosch 1.2 & hk
VIR H 25 M E R IR, 7R R B 2% NRR AL L 5% 4 8 f 1k 390 R 4 s 00 055 1 P 4 7 ) B
SE PR A2 B EROR 2  C T . B RTA  5 A R LN B S R TR SIA R SRR T ORE R
FE AL TR R 1) 4 SR OR R 25 A . b Ru BRI 207 R8s L FE N R 2, SR 1Y Au 99K &5
FE 8 @& W iR K. XFT Pd SR, BAR 5 HAh 4 8 53R 4 8 #ORE& & A Xt NRR i 10 31 47 1R K 42
s H Pd A AL 0 8L AR BB A AN B4 2 SE bR 2ok, AT LA ORI 28+ NRR B H A9 557 Pd i1k
Ao 5 Ru BT ML, 077 PoBILF b 2B 5 & 9 NRR PEGE, iT DAL 2 — A e ki €k, R
1M s N Z TR IE B TAE W] LAAS 4510 . 52 4 @ AL R R A 1r 2 nl i, L rp B ™ S A 2 LI —Fh ot
& J@ LA AL BT DL TR B 35 B i/ 20 M FE. X F 548 2k NRR bl i ik — 558 . A LU TR

(1) BAJE i Ab 500 0] LB 25 3% M 5, AT ) HER 84k, % & B8 A K. T £ B2 T NRR
N7 HH A BT 5 4 T AR R = A B

(2) Bt 4 @ 1) B A8t 5 A 70 vl 3ok e 7 A0 %) 50 A E AR OGP T T R L A A BS0RE 1E C R 31 NRR 91
fiEs, PRk -0 d R Ak Bt 4 R R R Oy 2 — A B )

(3) HER BARJEZE G R, (HH T H 7 9 WX NRR AR 5 2L, 3 o AF 5% - 4R B 1K A9+ 1 1 i
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PR TP NRR SR KA — S e HER 5200 19 10 28 T B

(4) N T 3040 5 4 B BT AN R SR Y & A DA B 5 NRR P B L 5% 4 106 1 02 A5 o 1) 2 A B 30 o ot
5RO A RHIEAL T VRO S A S PR AR R —E M),

(5) St Jm LRI B AL NRR BYPLEE AT V8 2 A 0 2 B9 05, 76 5% 6 Jm s A L NRR 450U A 8 R
M Z I 6 T X 5 R AL A9 NRR 2547 36 2 19 BIE P50 .
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