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Abstract: Nano-scale cobalt boron (Co-B) catalysts were prepared in one step by simple solution precipitation, and Co-B compounds
were used as multifunctional catalysts for NaBH4 hydrolysis and electrolysis of hydrogen. It was found that the catalytic activity of Co-B
was closely related to the preparation process. When the ratio of Co and B was 1.8, Co-B compound prepared by using tetrahydrofuran
(THF) as solvent exhibited high catalytic activity and the hydrogen production rate of NaBH,4 hydrolysis could reach 7.45 L/(min - g). In
addition, at a current density of 100 A/m?, electrohydrolysis could be catalyzed, and the overpotentials of hydrogen evolution reaction
and oxygen evolution reaction were 270 mV and 310 mV respectively.

Keywords: Co-B catalysts; sodium borohydride hydrolysis; hydrogen evolution rate; overall water splitting

0 51§ T8 H B2 W50 B K 40 B 90 4 b A 4
%R ORI JAS (9 A6 70 b, AT 3 e A6 B A

GRS AL AT WORHI R AR B, AT b e 4 RHTEURON (HER) ATRH AR AT 40 Y (OER) # 1f
FIVEEBE Y, N T R IRk B R E sk, s W7 B3 ke B v B A A0 0 K I ) AR R
FORIER (R 0 P S B R sk B2 im0, g% (HGR). Co. Ni JtH 4 4 (Co-P. Co-BP. Co-
B 2046 ) ¥ K A (9] 41 NaBH,, NH;BHy) fi C-rGO . Ni-BEI. Co-Ni-P®l) %5 i 4 5 wl Jij F°
B P K FL R R R P A CO, (R FR R B A KR RS, [ i Ni-BIO, Co-BIMIL Co-Mo-BI™,

Yris B #5: 2018-10-17

BIEEE: T4 (1978-), B, IWAREFMN, BIEEZ, L, TEHFR 718 B TR FY R 1L . E-mail: lewang @sspu.edu.cn

EE£WMAB: Ll = T R4 (EGD17XQD11), i 28 = Tk K24 57 4= 0 H 2 4x (EGD18YJ0072), s — Tl K2
T 2RI H (XXKZD1602), il s 24 R} - iR E S TR (SRR 5 TFE) (A30DB182602) %t Bl



1M

A, ElmA, PSR TR0 AN 2 i Co-B AL 29

Ni-Col13l, Co,BI14), Co-Ni/MoSL™ 2 fi 4k, 31 4b 1] Fi]
TKHf#. Co-B AL UF B 2 D REAEAL I, MM 5]
N2 5. oA ERe ik &9, Bf
LR R, W: Co,B (z = 1,210, KAk
D4 AR A B A R R ) PR R, g Co-B
fHE AT AT DULE A P S R 2 23 Lo JLAE IR A I
DA R LA 272 7K o i S N ot 2 B L A v ) 4R 4
P (17-18]

il £ Co-B I ML T V24 T0 3 A UL 5 4 )&
AW, AR R B e AR A R AN A B D
AP 1920, R B4 0F R, Wi Diie vl %
ToE BRI S IE s T 20 T4l 50 4% BY) )5
RIS HUTVE VLA R W] AL 2% & BB A8 K 2% Co-B
{16 7 488 03X 3 1 7 9% 1220 RV VR MDA AE Co-B
(180 RS 4 Tt EL A A K IR ), R TR S
KZ# Co-B, n(Co:B) 4 Jy 2121231,

H I SE 2 1, 1145 Co-B 15 1R 2 N ¥ 71 o
AR A 3 2 R A R Ik R L ARATE AR AN B ff .
Bk — S, AT IR A1) Co-B AL
SAEMEL BT EMEFIH T 28R

SR BT IE L, 787K (Ho0), DY &1 g
(THF) J & (CoH50H) %5 #)H, CoCly, 5 NaBHy
fT B SN, 175340k Co-B HEAL T, WFT KB, Co-B
5 7K A B I R ERL AR 27 KA B N v ) A A s 1
Co-B [l #5571 2 VI AH K

1 SEIGERS

11 ##

CoCl,-6H,0 (AR) FINaBH, (AR, 98%) 4 H
Sigma-Aldrich. %€ & i Wt % %¢ B (PVP, AR),
Nafion(AR), CoH;OH (AR, 99.5%), THF (AR, 99.5%)
FIE 4 A8 (NaOH, AR) ¥l i Aladdin. H,O (DI,
18.0 MQ-cm) A 4K,

1.2 EEFIBHE

7t H,O. C,H;OH A1 THF 3 Fh A [d] & &
T Ak 2 08 J5UVE I % Co-B fiE4L 7). ¥5 0.7138 g
CoCl,-6H,0 F1 0.3 g PVP fiIA 100 mL 48, 28 J5
B 20 mL THF %7l ZHEBEFE 1 h, FF 0.264 8 ¢
NaBH, i3 i in 1) 68 i, 45 0 5 0 °C, itk
(450 r/min) JX IV 2 h, 58 5, R B A TTE ) HaO
MICoH5OH A8 X PEH: 3 IR LABR 22K SN (1K) 49 S5 F AT

kLR, AR AR A RHE 70 C R TR R
F B3R [FURE 1) 5 75, 4% HoO F CoH5OH & R 1)
Co-B fEALH.

1.3 FRIEFHE

HAL JBRE £ 45 B9 1 1R % { (ICP, Perkin-Elmer
Optima 5300) 73 H7 fi A0 R AL 2 2H e X SR R AT 5
1% (XRD, D8-Advance, Cu Ko 454}, 16 kW) Fl49 4
L7 i i48% (SEM, Hitachi S4800) 43 5% Co-B )
fn A NG E TE S5 . X S 40 oL 1 g i (XPS) I
JE RT3, A 7E AR (A AU Pilak
DL S 4 Ao Co-B AL IR R AE S 7E 25 C
N WG58 v (MagLab-12, Oxford) #E4T 1, FF H
FESL /N T 2 mg. A CHI660D AL 24 53 T
% (CH Instruments, Inc, _[ifE) DLbRHE = Hi AR C & 7F
1.0 mol/L KOH 7K HL gt o vh idE AT Ha b 22t
1.4 Co-B FBF NaBH, /K&

Co-B FHAE NaBH, 7K fift J N R4 7). 71 5 i
F# 0.01 g Co-B ¥y A ENIRE 1, R i FH A Pkt
A S mL, &7 U541 5% ¥ NaBH, A1t & 53 £
2% ] NaOH 7K, 7= A2 18 Hy BURAE L ST
FHIE (P EIBRFE R v, 11 5 HGR [L/(min - g)] AL
A% (Ea, kJ/mol). HGR (it AR F:

(p — po) x 363 x 10 x 60 0
t x 1000

s & 5 HGR [L/(min-g)]; po M p 7353 A W14k Hs )
USRS (Pa); t A HEALINEA] (s); 363 AR R 1A
B (mL).

FEAN AR 3E B F I 8 NaBH, /K Af [ N 1F) Ea,
HFF 5

k:

Ea

A T ONZERNRSE (K); A AT 75 R WH
# [8.314 J/(K-mol)].
1.5 BENik

56l % Co-B 7E K (Ti) 98 L i T 4F W %
(Co-B@Ti), ¥ 5 mg ] Co-B AL FIHK KAE 975 uL
CoHsOH 125 uL Jit 5t 73 % 5% W) Nafion ) &5
W v ) A A R VR BB S AR R 30 mine HYX 10 uL
ZIRGWHB W R WL WO MM T
(1 cm x 1 cm) b PAJE BifiE AL 7B, JFAE 65 °C 1
% 10 min, 714 ® N 1.2 mg/em?. 7EHT Z AT 4 M
IR 2, 18 Ho F1 Oo 78 1 mol/L KOH Hi My v 47 48



30 AR T R AR

2019 4 3 36 &

< 30 min, # f# Hy-HyO Fl 05-HoO P45, 2K )5,
Co-B@Ti 1E TAF HLMK, A7 S84 4 X i A, o
H oK HLA (SCE) 1E A2 L sitl. R, 55 ik Pk i)
Pt/C Fl IrO, X} Eo Pt-C/Ti (1.2 mg/em?). IrO,/Ti
(1.2 mg/cm?) HiH 5 Co-B@Ti il 4 J5 A ] HLIR
B B BRAR R B AT AR OE, A3 H DL R A5
VI 5 1 A R U 2R n ] S A (RHEE):

E(RHE) = E(SCE) + 0.242 + 0.059 pH  (3)

ARG AN S mV/s (M AR vk 3k
A L o

2 FER5THe

2.1 ZidES

Co-B #fEfLH /& NaBH, 43 I7E H,O. CoH50H.,
THF # 5 # ik J) CoCly JiT 153 2] [, 43 7 & /R
i Co-B(H,0). Co-B(C,H50H). Co-B(THF). #|/H
XRD. SEM 43 #T Co-B & (1K} AR 1) i Ak 45 #40 F1 4 1
B3, B 1 FizRk Co-B fEAN A IR & H 1) XRD,
B A LR 28 i, 1 Co-B b2 IR &, |
2(a)~(c) ] SEM H1r[ I, Co-B ffit A7) Ay 4 2K it
b, FHAE A 50~80 nm. T 154N KHL ¥ 1E 2R 17 A7
ANBS), BENLAE KA AL IR, 7T LA NaBH, 19
ALK AR B = BV AT A

w' Co-B(H,0)
H' Co-B(C,H;0H)

Co-B(THF)
| | | | | |
10 20 30 40 50 60 70

20/(°)

1 RFEAKRS Co-B AN XRD i
Fig. 1 XRD patterns of the Co-B catalyst in different systems
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Tab. 1 The conditions, composition and property of the as-prepared catalysts at 298 K
K& n(CoCly : NaBHy) ICP (Co. B JR& T Lb) HGR/[L - (min - g) 1] Ea/(KJ-mol ™)
H20 3:7 0.90:1 4.21 38.15
3:8 1.33:1 2.84 34.54
3:9 1.36:1 3.30 37.29
C2H;0H 3:7 1.24:1 5.14 49.27
3:8 1.30:1 6.00 56.05
3:9 1.37:1 4.82 45.49
THF 3:7 1.80:1 7.45 26.85
3:8 1.94:1 4.99 24.57
3:9 2.01:1 3.72 25.22
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Linear fit to NaBH,4 hydrolysis
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