a6k 10 R AR
2017 4E 10 A SURFACE TECHNOLOGY - 143 -

RIS CoP EREBERIELEENZIN

ZR', M=’ TIBE", 58
O BFR TR ARMESHRPIL, LR 100024;
2 RPN (eSS, Tit BH 065000)

W OE. B ZRBELIT CoP 45 EAEALH SACA KR = SOk ALt ra L, ik il ik AR A
Fom AR CoP dEdyfEALA], FF A TARALHR EALA KA 2 AR T A LR LR 55 8139 K A 424
W 245t (FE-SEM) AeftiAL (EDS) #ATHRAE, @3 E KIS A 2 SRR ) | UARRE . iR 2 A
TEACH] B e F o SR R BT, 5 8K T NaBH4 iR B RRL I8 B Ao A 2R % A STHEAL A M AR 09 e . 25 R FE-SEM
Fo EDS #4781, CoP 4%/ A 1% 200 nm £ 4 69 dh k3R m ik, Co 5 P egRF LA 3.6:1, IR EIZER
A, AR EA FRG B ERK, LERRARBRBEFRCATE, YARBE, WA, &
RE AN 20 T, 1min, 5.56 A/dm® B, Fr6l & EALFE - Z &, 30 CTF, 6%NaBH+2%NaOH 4k %
F, AAM A REE A 2750 mL/(min-g), BB EILENEA 41.2 kI/mol, PEERER 4 KJG, FEALFIEERE
1% 64%, %6 KA B4 IE R HFE T CoP/Cu 1ELA], HARH S KR = S et i, BeESH T,

TARRS R e AL R B H W&, LRARBRBE LT A

K§EIE: CoP; w4E; MAIS; HA; ERE

FESES: V261.93+1 XEEFRIREE: A XEHS: 1001-3660(2017)10-0143-06

DOI: 10.16490/j.cnki.issn.1001-3660.2017.10.020

Effects of Electroplating Condition on Catalytic Activity of
CoP Amorphous Plating

AN Ran', WEI Lei®, LI Yi-ying®, GAO Jing*

(1.Building Materials Industry and Technical Supervision Research Center, Beijing 100024, China;
2.School of Chemistry and Material Science, Langfang Teachers University, Langfang 065000, China)

ABSTRACT: The work aims to investigate influence rule of electroplating condition on catalytic performance of CoP plating
for hydrogen generation from hydrolysis of sodium borohydride. CoP amorphous catalysts were deposited on copper sheet
through electroplating, and used for hydrogen production from hydrolysis of sodium borohydride. Microstructure and element
composition of the catalysts were characterized by using field-emission scanning electron microscope (FE-SEM) and energy
dispersive spectroscopy (EDS), respectively. An orthogonal experiment was performed to investigate level of the influences of

deposition time, deposition temperature and current density on catalyst activity. Meanwhile, the influences of NaBH, concentra-
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tion, reaction temperature and recycling on the catalyst performance were discussed. The results of FE-SEM and EDS indicated

that the CoP coating was piled up with crystalline grain with a diameter of about 200 nm, and the atomic ratio of Co and P was

3.6:1. Orthogonal experiment results showed that the influence degree of these factors was in the following order: deposition

time > temperature > current density. The prepared CoP catalyst exhibited the highest activity when the deposition temperature,

time and current density was 20 ‘C, 1 min and 5.56 A/dm?, respectively. Hydrogen generation rate was up to 2750 mL/(min-g) at

30 C in the system of 6%NaBH,+2%NaOH, and apparent activation energy was 41.2 kJ/mol. After recycling for 4 times, the

catalyst activity decreased by 64%. CoP/Cu catalysts exhibiting excellent activity in sodium borohydride hydrolysis are suc-

cessfully prepared in the method of electroplating. Among different electroplating conditions, deposition time is the primary

factor, followed by deposition temperature and current density.
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Tab.1 Electroplating condition and level

IS
7K A A HL L 2 B/
A/ C FiF 1] /min (A-dm™)
1 20 1 5.56
2 30 2 11.12
3 40 3 16.68
4 50 4 22.24
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Tab.2 Experimental scheme and results

S5 BES AL/
JURIREE/C JUARI (] /min LI 2 /(A -dm %) (mL-min~"-g™")
1 20 (1) 1(1) 556 (1) 550
2 20 (1) 2(2) 11.12 (2) 315
3 20 (1) 3(3) 16.68 (3) 109
4 20 (1) 4(4) 22.24 (4) 88
5 30 (2) 1(1) 11.12 (2) 426
6 30 (2) 2(2) 556 (1) 205
7 30 (2) 3(3) 2224 (4) 106
8 30 (2) 4(4) 16.68 (3) 64
9 40 (3) 1(1) 16.68 (3) 178
10 40 (3) 2(2) 2224 (4) 94
11 40 (3) 3(3) 556 (1) 165
12 40 (3) 4(4) 11.12 (2) 60
13 50 (4) 1(1) 22.24 (4) 141
14 50 (4) 2(2) 16.68 (3) 70
15 50 (4) 3(3) 11.12 (2) 56
16 50 (4) 4(4) 556 (1) 75
K191 265.7 324.0 249.1
K291 200.5 1713 214.5
K3 124.7 109.4 105.6
T4 85.8 72.0 107.4
e 179.9 252.0 143.6
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Fig.1 Microstructure and element composition of CoP plating
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Fig.2 Effects of NaBH, concentration on catalyst activity
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Fig.3 Effects of reaction temperature on catalyst activity
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Fig.4 Arrhenius plot for apparent activation energy of CoP
catalyst
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Tab.3 Performance comparison of different Co-based catalysts
Catalyst Preparation method Reaction conditions HGE/ 1 Ed ) Ref.
Temperature/’C  NaBH,/%  NaOH/%  (L'min"-g7)  (kJrmol™)

Co/Cu Electroplating 30 10 1 0.05 n.d. [14]
CoP/Cu Electroplating 30 10 1 0.95 n.d. [14]
CoP/Cu Electroless plating 30 5 1 1.65 47 [19]
CoP/Cu Electroless plating 30 10 1 3.30 56 [20]
CoP/Ni foam  Electroless plating 28 15 5 1.49 46.8 [21]
CoNiP/Cu Electroplating 30 10 10 2.48 n.d. [11]

CoP/Cu Electroplating 30 6 2 2.75 41.2 This work

n.d. Not mentioned
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Fig.5 Recycling performance of CoP catalyst

3 #Hit

1) SR FH H B s D) b 7E R 7 R TR T CoP 4
2, It TR E ek e A

2) i IE ARG A B, OB )Xo A Tk 7 355 e
(A5 M R B e K, 22 S R R R ek B RN AR L
MU . BHE . R E 5108 20 'C L 1 min,
5.56 A/dm* Bif, ST il £ A A AL 700 0 A s

3) HCHkh g FZRAEFIA L, Frdl &0 CoP
AR R R AT, EAT s A 16 M R A i S R
FWIEALRE

S 30k
[1]  BFEE. AbE

21 LR LEAEEIRM]. dtat: 1k

(2]

(3]

S Tolk H R, 2005.

MAO Zong-qiang. Hydrogen Energy: Green Energy in
21th Century[M]. Beijing: Chemical Industry Press,
2005.

WARE, skER, . ME ek i =] /2
H#EJE, 2007, 19(10): 1598-1605.

XU Dong-yan, ZHANG Hua-min, YE Wei. Hydrogen
Production from Sodium Borohydride[J]. Chem Prog,
2007, 19(10): 1598-1605.

Gets, FF, EbL. oS Eh ALK A R D). A
2R, 2009, 21(10): 2219-2228.

LIANG Yan, WANG Ping, DAI Hong-bin. Hydrogen
Generation from Catalytic Hydrolysis of Sodium Bo-
rohydride Solution[J]. Chem Prog, 2009, 21(10): 2219-
2228.

DEMIRCI U B, AKDIM O, ANDRIEUX J, et al. So-
dium Borohydride Hydrolysis as Hydrogen Generator:
Issues, State of the Art and Applicability Upstream
from a Fuel Cell[J]. Fuel Cells, 2010, 10(3): 335-350.
XU D, ZHANG H, YE W. Hydrogen Generation from
Hydrolysis of Alkaline Sodium Borohydride Solution
Using Pt/C Catalyst[J]. Catal Comm, 2007, 8(11):
1767-1771.

HUANG Z M, SU A, LIU Y C. Hydrogen Generator
System Using Ru Catalyst for PEMFC (Proton Ex-
change Membrane Fuel Cell) Applications[J]. Energy,
2013, 51: 230-236.

ZHAO J, MA H, CHEN J. Improved Hydrogen Gener-
ation from Alkaline NaBH,; Solution Using Car-
bon-supported Co-B as Catalysts[J]. Int J Hydrogen
Energy, 2007, 32(18): 4711-4716.

GUO Y, FENG Q, DONG Z, et al. Electrodeposited
Amorphous Co-P Catalyst for Hydrogen Generation
from Hydrolysis of Alkaline Sodium Borohydride So-
lution[J]. J Mol Catal A, 2013, 378: 273-278.

LI Z, L1 H, WANG L, et al. Hydrogen Generation from
Catalytic Hydrolysis of Sodium Borohydride Solution
Using Supported Amorphous Alloy Catalysts (Ni-Co-
P/y-Al,03)[J]. Int J Hydrogen Energy, 2014, 39(27):
14935-14941.



- 148 -

Fom f

S

2017 4F 10 A

[12]

[14]

WANG L, LI Z, LIU X, et al. Hydrogen Generation
from Alkaline NaBH,; Solution Using Electroless-de-
posited Co-W-P Supported on y-Al,O3[J]. Int J Hydro-
gen Energy, 2015, 40(25): 7965-7973.

KIM D R, CHO K W, CHOI Y 1, et al. Fabrication of
Porous Co-Ni-P Catalysts by Electrodeposition and
Their Catalytic Characteristics for the Generation of
Hydrogen from an Alkaline NaBH, Solution[J]. Int J
Hydrogen Energy, 2009, 34(6): 2622-2630.

SR, AP 8 Co SR AL S HAR AL Bl S AL B
KA SRIBEFE[D]. KHE: BIJFRE, 2010.
ZHANG Xiao-wei. Electroless-deposited Co-based Cata-
lysts for Hydrogen Generation from Alkaline NaBH, So-
lution[D]. Tianjin: Nankai University, 2010.

B, TR BT I7 ik M) B30 s TR
i, 2010.

CHENG Yue. Design Methods for Engineering Expe-
riment[M]. Wuhan: Wuhan University of Technology
Press, 2010.

CHO K W, KWON H S. Effects of Electrodeposited Co
and Co-P Catalysts on the Hydrogen Generation Prop-
erties from Hydrolysis of Alkaline Sodium Borohy-
dride Solution[J]. Catal Today, 2007, 120(3/4): 298-
304.

ZHUANG D W, DAI H B, ZHONG Y J, et al. A New
Reactivation Method towards Deactivation of Honey-
comb Ceramic Monolith Supported Cobalt-molybde-
num-boron Catalyst in Hydrolysis of Sodium Borohy-
dride[J]. Int J Hydrogen Energy, 2015, 40(30): 9373-

[16]

[17]

[18]

[19]

[20]

9381.

DAIH B, LIANG Y, WANG P, et al. High-performance
Cobalt-Tungsten-Boron Catalyst Supported on Ni
Foam for Hydrogen Generation from Alkaline Sodium
Borohydride Solution[J]. Int J Hydrogen Energy, 2008,
33(16): 4405-4412.

LIANG Y, WANG P, DAI H B. Hydrogen Bubbles
Dynamic Template Preparation of a Porous Fe-Co-B/Ni
Foam Catalyst for Hydrogen Generation from Hydro-
lysis of Alkaline Sodium Borohydride Solution[J]. J
Alloy Com, 2010, 491(1/2): 359-365.

JEONG S U, KIMA R K, CHO E A, et al. A Study on
Hydrogen Generation from NaBH, Solution Using the
High-performance Co-B Catalyst[J]. ] Power Sources,
2005, 144(1): 129-134.

WANG Y, QI K, WU S, et al. Preparation, Characteri-
zation and Catalytic Sodium Borohydride Hydrolysis
of Nanostructured Cobalt-Phosphorous Catalysts[J]. J
Power Sources, 2015, 284: 130-137.

EOM K S, CHO K W, KWON H S. Effects of Electro-
less Deposition Conditions on Microstructures of Co-
balt-Phosphorous Catalysts and Their Hydrogen Gen-
eration Properties in Alkaline Sodium Borohydride
Solution[J]. J Power Sources, 2008, 180(1): 484-490.
OH T H, KWON 8. Effect of Manufacturing Condi-
tions on Properties of Electroless Deposited Co-P/Ni
Foam Catalyst for Hydrolysis of Sodium Borohydride
Solution[J]. Int J Hydrogen Energy, 2012, 37(21):
15925-15937.



