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Anode Catalyst for the Direct Borohydride Fuel Cell
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(Inner Mongolia Key Laboratory for Physics and Chemistry of Functional Materials, School of Physics and Electronic Infor-

mation, Inner Mongolia Normal University, Hohhot 010022, China)

Abstract: Direct borohydride fuel cell (DBFC) is currently attracted attentions due to its high theoretical cell vol-
tage and power density. However, the anode catalyst of this type of battery is one of the key factors that decide the
battery performance. A lot of researches have been done to improve catalytic activity and decrease the cost of the
anode catalysts for DBFC in recent years. On the basis of the work principle and anode reaction mechanism of
DBFC, the recent progresses of precious metal, transition metal and hydrogen storage alloy as anode catalyst for
DBEFC are reviewed according to perspective of catalytic performance and types. The existing problems of the an-
ode catalyst is pointed out and the developments of the anode catalyst for DBFC are also proposed.
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Tablel Technical state of common low temperature fuel cells

Theoretical data of

Possible application

Type Electrocatalyst Fuel Oxidant open circuit voltage Main existence question ficlds
. Hybrid electric
PEMFC Pt H,/Reformer  Air/Pure 123V Hydrogen supply vehicles, portable
hydrogen oxygen system, catalyst cost
power source
DMFC Pt Pt-Ru Methanol Air 1183 V Catalyst poisoning, A small mobile
catalyst cost power source
DBFC Non-noble Borohydride Air/O,/ 164V Hydrolysis reaction, Portable. electronics,
metal H,0, catalyst cost mobile power
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Fig. 2 Percentage of reference on variously noble metal as
DBFC anode catalyst

According to the Web of Science (2000-2016)
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Table2 Performance datafor DBFCsemploying binary noble metal anodes

Anode catalyst Cathode catalyst Oxidant T/°C Power density/(mW-cm ) Ref.
Au-Pt MnO, Air 25 20.0 [25]
Pt;-Au, Pt/C Humidified O, 65 161.0 [26]
Pt;-Au, Pt-based 0, 60 47.0 [18]
Au,-Pd, Pt-based 0, 60 31.0 [11]

Pd Pt/C Humidified O, NA ~185.0 [27]

Au Pt/C Humidified O, NA ~82.0 [27]
Swt%Au-15wt%Pd Pt/C Humidified O, NA ~120.0 [27]
10wt%Au-10wt%Pd Pt/C Humidified O, 50 ~90.0 [27]
15wt%Au-5wt%Pd Pt/C Humidified O, 50 ~75.0 [27]
Pt black Pt black NA 60 31.6 [28]
Pt,-Ru, black Pt black NA 60 35.1 [28]
Au Au/C NA 20 ~28.0 [30]

Pd Au/C NA 20 ~41.0 [30]
Au,-Pd, Au/C NA 20 ~46.0 [30]
Au;-Pd, Au/C NA 20 ~49.0 [30]
Au,-Pd, Au/C NA 20 56.8 [30]

* NA: Information not available in the cited literature; * about number: The data from the figure cited literature
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Fig. 3 Power density curves of the DBFC using different anode catalysts

(a) 60°C; (b) 20°C; (c) 25°C; (d) 25°C
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WYITE AB, B ZrCrogNi it S 6 4 1 FL A AL PE
TS, RIUAEE A SIS s i b A
e R R R A e N - 2 e R ol o2
A RO KR Se I AL 22 A OB, T3 = T
SR TN AR S 4 LI e J2& Hifif
AR RMEIE KA. E8 DBFC IBH AT EL,
it A A S RETE AR R A7 SR 1, AT kD A
BARTW 5, fERM RS, WAL KR A
HRAMEMR S ST, REEREN T KB
A

MH,+XOH =M-+xH,0+xe~ (6)
AL, JE I G A S AR AT, v LR
BREHO R FH 2 . Wang Z5P¥2450H] ABs B LaNiys-Algs
it & 4:1E~ DBFC [ PFHARAE AT, BF 783 B 1F &
T ATE S Bk B RRICRI LA, AR T KRR
7o SCHR[4143E ABs 244G 648 DBFC BH Bl A A7)
RELt AB, &SRB E MM IR EE, X fE2H
F ABs B G & I ERE T L ABy B & 5038 1
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it DA ST M E N AR S A & RS T
REAEVIMIR R Nk — 10 B i S A S M PH A A
TR RE, ILFRAFFLE WA &l T REE M. &
SR B EH % T EES ., Fim, 75
ABs & a5 4% Si, BREVRI A Rl R 20%32
EH] 95%7) . HI Au E1i ¥ LaNiy sAlys it A& &1
4 DBFC FAMAEAL . K BB G & 4 L fg
I S 38 8 K R b ) R KO0 L, kA
& UM G A AT M . 325 DBFC AU —
MERIER . R 3 MG T IRFERGHAEEESIEN
FH AR AL 77 ) DBFC fIPERE S50

BeAk, N T SR E S ST RE, TEAT
HAVEX A A AT T8, 25k AE
& EX AT . B, N TR E AR
(IR, Gras SV HER BE 0T Si A R i
Xt ABs U4 & AT T 181, Li 25K B ABs A 4
SR E LS GG, AMOBMHEAEER R GE, d
TR AR e A BN F R Mg, &
SAT O 72 & B MnO, 45 42 3] ABs 7 fit A A 4 11
TR RUE & & R A TE M, A HT A X 3=
ERMT MnO, B8 T A S &R EMR, =&
THEAAEERmM S EYE, SRR THAEEx
SN E AL AT . PTG & S
TR A L FRER, 205eEiEa it
PEREI — R E BO& R

filt G e — PR 0 1 AR Bt e R AL,
1B H B Rt S & & AF )y DBFC FHERHEAL FIHIBF 5T
A, RIS D . RS SRR IR
%Z, A HFMURIFF ABs Fl ABy 24 4 il S A 16
TN 3), Ho A i S <8 AR B 7234 0 I i
1. S G MR DBFC FHARM AT, A4 R
G AR KR TR R, R B A B SR A A
PEIE A i FRAR, ] 3 o o il < SO (41
BEEmih sl NG ERRRGT faeRmiE
S BR m AL EAL PR RE, X2 H TSRO B
G, it S A e Ey DBFC FHIRHEAL A AL
HUEE AN IR, 2 S A R (0 ) A Gl 5 4
E ML RE, BT AN St B S8 5 92 A0 2 R DL
AEJPRARE FL b IS FE G FE AR v AL T SRS E AT
R RSAS TR R, b 200 5L 412 A0 7 A 355 A 7 P
b SR A ELL 77 X, PRI LB R B 2 R
HEM

e, ME13 3¢, DBFC BHARME AR M AL
PEgE. HIbREEH EE S MM X A EINRR.
A A ] — R AL 71, R FHAS [ R Ik 2 A, o o
BUREE . WHEACDIREE . HEAL TR R R A 75
S A [ £ TR 4 SR 1Y, DRI 4 s A T v e
DBFC BRI i — R AR HE . O 1 2 L HE ff b
PN EAL T, BIFFE DBFC BHARAE AL 77 Rk 2% 15
FkBE RSN 2+ b B

&3 HEASEAMBRENLTIR DBFC HIMHESHK
Table3 Performance data for DBFCs employing hydrogen storage alloy anodes

Power density/

Anode catalyst Cathode catalyst Oxidant T/°C (mW-cm™) Ref.

LmNi, 7sMnyg 5, Nickel foam NA NA NA [65]

MmNis 55Alg 3Mng 4Cog 75 FeTMPP/C H,0,+H,S0, 70 82 [66]
MmNis s5Alg3Mng 4Co0g 75 PbSO,/C H,0,+H,S0, 70 120 [66]
MmNis 35C0¢ 7sMng 4Alg 3 MnO,/C 0, 25 70 [67]
MmNi; 4Aly 4Mng ;Coy 7 Au/SS mesh H,0,+H,S0, 25 50 [68]
MmNi; 55Cog 7sMng 4Aly 3 Iron phthalocyanin/C Air RT 92 [69]
MmNis Al 4Mng 3Cog 7 PbSO,/C H,0,+H,S0, 25 10 [70]
MmNi; 55Cog 7sMng Al 3 Cobalt phthalocyanin Air RT 90 [71]
MmNij3 55C0g 7sMng 4Aly 3 Prussian blue H,0,+H,S04+KCl 30 68 [72]
MmNi; 55C0g 75Mng 4Alg 3 LaNiO;/C Air 65 127 [73]
La;g5Cey3ProsNd; 4Nigg ¢Co1p7Mns 9Aly ; Pd/C Air NA 81 [74]
MmNi; 55Cog 75Mng 4Alj 3 LaCo0;/C/Ni-foam Air RT 65 [62]
LaMnNi; 55Aly 30Mng 490Co0g 75 Nickel foam Air NA NA [61]
ZryoTig Mng ¢V ,Cog Nij | Pt/C 0, 85 190 [75]
ZryoTig Mng ¢V ,Co Nij | Pt/C 0, 60 NA [76]
ZrCrggNij » Pt/C 0, 25 NA [57]

Zr99Tig.1 Vo 2Mng 6Crg05C0g.05Nij 2 Pt/C H,0, 70 70 [77]

* NA: Information not available in the cited literature;

* RT: Room temperature.
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