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Fig. 1 FE-SEM micrograph of prepared ZIF-67
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Fig.2 XRD pattern of prepared ZIF-67
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Fig. 4 XRD patterns of prepared cobalt phosphides:

(a) CoP-1; (b) CoP-2; (c) CoP-3
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Fig. 5 FE-SEM micrographs and EDS results of prepared cobalt phosphides: (a), (b) CoP-1; (c), (d) CoP-2; (e), (f) CoP-3
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Fig. 6 Catalytic performance of prepared ZIF-67 and cobalt
phosphides for hydrogen generation from sodium borohydride
hydrolysis (2% NaBH4-2% NaOH, 25 C)

BRI, 3& 2448 m R BAR 2 H NaOH 7 & nl ik — 5 1
PR NaBH, /KfR#E R . 2810, mikEN OH &5 BHY
eSO A, FEOUKMY) NaBO, WA 4 %
%, ZEAE AR 2R T A0t o PR X 1T B 26 5 PR, T e
AEFTEE T LT 20,

HHE 7 AT 8 WA, 4 )R NI N 4% NaBH,-
8% NaOH I, il 4 CoP-2 I H S A IE 1 o
VLRGN, 05T OS]
EYER R, ARG R 9 B, B RN T
THiEr, AR v, IBBIG R, XG5 S N
MRS N 154 204 250 30 CHY, TRRM vy,
I3 1.80. 2.68. 4.95. 6.40 L/(min-g). I 9(b),
X In vy, 5 UT BATERYENE, RAERTIR)E 2 B A U
PRI A R RS RE N 64.2 kI/mol.

HAT, BB i &% 07 v 2 A EE 5]



1986

hEA O RYR

2020 £ 8 A

EUST fy 21726281 gy 297300 5 p e 31320t
1 BT AN SCHER A AR SRR L R R ) % v

& 7

25 C)

& 8

600

500

400

300

200

Hydrogen volume/mL

100

-(a)

10

15

20

25

Time/min

N HAE NaBH, /KIS RS, P *) ZIF-67
WAL 45 B 9HK Co,P XT NaBH, 7K it il & 5 A 58 = i)

4

(9%}

vy, /(Lemin'-g™")

—_—

(b)
0 2 4 6 8

w(NaBH,)/%

AU 5 I 036 5 DA K ] NaBH % F HGR {E0v(NaOH)=2%, 25 C)
Fig. 7 Hydrogen volume as a function of reaction time(a) and HGR values under different NaBH, concentrations(b) (w(NaOH)=2%,

350

Hydrogen volume/mL
- S S
(=3 (9] (=] W ]
(=} S S (e (e}

94
(=)

(@)

——2%
——5%
—4—8%
——10%
%U%I

Time/min

8 10

v, /(Lemin'-g™")

S ()

2 4 6 8 10 12
w(NaOH)/%
AR S RN A 2% 2 LKA [E NaOH T HGR {8 (w(NaBH4)=4%, 25 °C)

Fig. 8 Hydrogen volume as a function of reaction time(a) and HGR values under different NaOH concentrations(b)
(w(NaBH,)=4%, 25 C)

350 8 2.0
(@ (b)
300 - y=-772x+2739 {15
2 250} = O d1.0
E 2
S 200} i {05 &
o = 4} m
4 g z
g) 150 j\; 40 =
S 100l & 1
E, 100 15C o 0.5
——20C
50 A 55T 4-1.0
. ——30°C s
0 3 6 9 12 15 18 9.25 3.30 3.35 3.40 3.45 3.50
Time/min T71/103K™!

B9 IR CoP-2 fiEL NaBH, ™ 2 AE K20 LUK BT A6 Je & 7 th 25 (4% NaBH,—8% NaOH)
Fig. 9 Effect of reaction temperature on catalytic performance of CoP-2 for NaBH, hydrolysis(a) and Arrhenius plots for apparent
activation energy(b) (4% NaBH4-8% NaOH)



o530 B4 8 WER, & ZIF-67 fTAEGRBLE, A 2K i 1987
F 1 ARSI TX NaBH, 7K fFH Z00 MR L
Table 1 Comparison of catalytic performance of different cobalt-based catalysts for NaBH, hydrolysis
Catalyst Preparation method Reaction condition VHf/] o Ref.
t/'C w(NaBH,)/%  w(NaOH)/% (L'min"-g )
Co-P-B Chemical reduction 30 0.025 - 2.00 [16]
Co-Ni-P Chemical reduction 30 0.025 - 2.40 [16]
Co-Ni-Mo-P/AL,0; Electroless plating 30 7 10 3.68 [17]
Co-B/C Electroless plating 20 1 5 2.50 [26]
Co-P/Cu Electroless plating 30 5 1 1.65 [27]
Co-P/Cu Electroless plating 30 10 1 3.30 [28]
Co-P/Cu Electroplating 30 10 1 0.95 [29]
Co/Cu Electroplating 30 10 1 0.05 [29]
Co-Ni-P/Cu Electroplating 30 10 10 248 [30]
20 4 8 2.68 This work
Co,P Vapor phase phosphorization 25 4 8 4.95 This work
30 4 8 5.48 This work
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ZIF-67 derived cobalt phosphides nanocatalysts for
catalytic hydrolysis of sodium borohydride to generate hydrogen

YANG Yu-mei, SHI Qian-yu, YU Ya-na, WANG Xiao-meng, ZHAO Wei-ran, WEI Lei

(College of Chemistry and Materials Science, Langfang Normal University, Langfang 065000, China)

Abstract: Zeolitic imidazolate framework of ZIF-67 was synthesized by self-assembly process. For catalytic hydrolysis

of sodium borohydride (NaBH,), cobalt phosphides nanocatalysts were prepared from the mixture of ZIF-67 and sodium

hypophosphite (NaH,PO,) by solid-state phosphorization treatment. In this work, effects of the mass ratio of ZIF-67 and

NaH,PO, on catalyst component and performance were investigated; moreover, influences of alkaline NaBH, solution

component and reaction temperature on catalyst performance were studied. For material characterization, field-emission

scanning electron microscopy (FE-SEM), energy dispersive spectroscopy (EDS), X-ray diffraction (XRD) and specific

surface area analysis (BET) were conducted. Experimental results indicate that optimal ratio of ZIF-67 and NaH,PO, is

1:4, resulting in a highly efficient Co,P nanocatalyst. It is found that the optimal solution component are 4% NaBH;-8%

NaOH (mass fraction), giving a hydrogen generation rate up to 4.95 L/(min-g) (25 ‘C) and apparent activation energy of

64.2 kJ/mol. Compared with similar catalysts in literature, the prepared Co,P nanocatalyst presents much higher activity

for sodium borohydride hydrolysis to generate hydrogen.

Key words: cobalt phosphide; ZIF-67; vapor phase phosphorization; sodium borohydride; catalytic hydrolysis
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