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Experimental hydrogen precipitation performance of Pt-Ni composite electrodes
with different Pt/Ni mass ratios

SUN Jindong, JIA Xinxin, LIU Yang, WANG Haofeng, SU Honggian

(School of Environmental and Energy Engineering, Beijing University of

Civil Engineering and Architecture, Beijing 100044, China)

Abstract; To reduce the cost of Pt electrode for hydrogen production by PEM electrolysis, the Pt-Ni composite
electrode was prepared by electrochemical deposition method using nickel foam as substrate. The prepared Pt-Ni
composite electrode was characterized by scanning electron microscope, X-ray diffractometer, and X-ray
spectrometer. The hydrogen evolution property of five composite electrodes with different Pt/Ni mass ratios of 1:7,
1:11, 1: 12, 1: 14 and 1:23 were carried out by electrochemical workstation and PEM electrolytic cell. The
experimental results show that the Pi-Ni composite electrode prepared by the electrochemical deposition method with
nickel foam as the substrate has stable properties, and the amount of deposited Pt has a great influence on the
hydrogen evolution property of the Pt-Ni composite electrode. There is an optimal Pt/Ni mass ratio and the best Pt/
Ni mass ratio under experimental conditions is m (Pt) : m(Ni) =1:12. With either too much or too little Pt
deposition, the hydrogen evolution property will be reduced, and the impact of too much Pt deposition stacking on
the hydrogen evolution property will be more obvious. In the preparation of Pt-Ni composite electrodes with trace Pt
deposition, the principle that the best Pt/Ni mass ratio should be used as a benchmark and the amount of Pt
deposited should be "less rather than more" should be kept, while the misconception of " the more Pt deposited the
better the electrode property" should be avoided in practical engineering applications.
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Fig.2  Pt-Ni composite electrode
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Fig.3 Diagram of PEM hydrogen production experimental
system
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Fig.5 Comparison of SEM images of NF and NF surface-loaded Pt
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Fig. 6 SEM comparison of three Pt-Ni composite electrodes with different mass ratios of Pt/Ni

2.2 XRD &%'#7

NF Hibk Pt AN P-Ni A (m (P m(Ni) =
1:12) B9 XRD % & W&l 7, NF HL A} 7F 44.56°
52.78°F 76. 42°4b HH BAT S 06 Pr FLAR E 40. 12°
46.54° 67.84°F1 81. 64°4b H AT S | B AL 2AUT AR
il 25 19 P-Ni &2 A FL R [R] B S 0 HE NG A P i) AH A
FRIEDE PRI, AT 4 O 36 ok i b 2 O 12 55 90 P i
FTs W Pr B 7E NF SRIEDIH,

Pi-Ni A R AR BE N AT P B A RLRR AR
W, TP HCAATT Sh e R R, S SR r Al A DR 7
HAE NF R AU Pe TR B HAb ) 5 A nl
Pi-Ni 55 HUB AT S A B N Uit | P e 555 19
REAE 2 R 245 AU P Ni e P BT REAIR, P
FEAEIAE R 55 400 ARG AL UR B (NF) Sy St
il B P TR SR ARAE



NG, ZF. RIE Pu 5 Ni i ey PeNi B A AT S fE L5 - 145 -

E

%2 M
Pt-Ni i ‘LJ‘
5 I
8 I\
Pt oA
% AWA AN _/'\./\_
NF |

0 10 20 30 40 50 60 70 80 90
200(°)
7 NF.Pt # Pt-Ni £ 5 HARK) XRD & E
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Fig. 9  Cathodic polarization curves of NF electrode and five
composite electrodes and corresponding Tafel curves

&1 ARTSEREREBITET

Tab.1  Comparison of polarization data of different hydrogen
evolution electrodes
E= 04 VITH = S0 ma/ent e p
T Pra i b
j/(mA+em™?) E/V (mV-dec ™"
m(PO:m(Ni) =1:7  —140.17 ~0.302 109.03
m(P):m(Ni) =1:11  -211.86 ~0.270 67.71
m(Pt):m(Ni) =1:12 -222.47 -0.258 66.27
m(PO:m(Ni) =1: 14  —181.21 ~0.280 87.98
m(Pt):m(Ni) =1:23 -153.19 -0.290 93.72
NF -15.89 -0.490 135.74
S-np-Ni, Cuy, -0.300 80. 3003
1.6Pt/Mo,C, ~2.800 74,0037

BAHMEAE Pt 5 Ni B LR 1212, U0 P
{14 Jo e 3 R B /0N, A LI 1) R AR T R R BRI
YFE m(Pt):m(Ni) =1:7 Fl m(Pt):m(Ni) =1:23
FIBERTT LB, m(PO:m(Ni) =1:23 BIE S HK
EALPEREIE T m(Pt) s m(Ni) =1:7, %8 Pt 5 Ni Jit
I R RE R RS U, i TU0AR Pt
Pt 7E IR T ME S 8™, P R R R, &
HBHPTIE A, T A G, AL TR R
2.5 BUAEBERSH

NF HLH 5 B P-Ni &2 G LA 1 e Ak 27 BE BT Hh
Ll 10 i K 10(b) K 10 (a) HAL2=BH BT
)RR, E10(a) 1 R, AR RE, R, IR N
FLRH, C o A AR L 9 R 25 S, 5 Al 3R TRDREDRS B AT
Ko BRI OB FLBH R, FHA U BLARRAE A2
/)N HL far i L BH DN AT S A M B R AT, B
AT kA, B0 BoR , ANE Pr Ni Bt B R Y
FEAT TR 2 B IR, m (Pt : m(Ni) =1: 12 E &K
P/ M E e e f At s m(PY) - m(Ni) =1:7 B4
FLR BHPL S oK, T Ak R 22

30 —o—m(Pt):m(Ni)=1:7
CPE —<+—NF
25r —— m(Pt):m(Ni)=1:23
R, — e m(Ptym(Ni)=1:14
20 R —o—m(Pt):m(Ni)=1:11

—a—m(Pty:m(Ni)=1:12

-Z/(Q-cm?)

0 5 10 15 20 25 30 35
FHHT/(Q-cm™?)

(a) AL ZEPH BTG
5.
4+
]
=)
El
g 2 =t m(Pt):m(Ni)=1:7
NI B =t NF
—v— m(Pt):m(Ni)=1:23
1L —a— m(Pt):m(Ni)=1:14
—&— m(Pt):m(Ni)=1:11
—— m(P:m(Ni)=1:12
0 1 2 3 4 5
FEHT/(Q-cm™)
(b) JRHFBIECR

E10 BUFERE
Fig. 10  Electrochemical impedance spectra

2.6 HEALFILRERSH
NF HL A5 Fl Pr-Ni &2 A HARAEAN R 3 T /)



552 ]

INEMR, 5 AR Pe Ni R FERY PN 245 T ST RE S 4

- 147 -

PEIMR ZE LA 11 Js 50 X H J2 L 2
LN 12 Fron , B T AR T AU DR R
FMAE L, A=A 2 R AR A
P R R T RBOR , ARG PR, 18T 12 8
8 ,m(Pr):m(Ni) =1:12 55 AR i BUAL J2= AL 7 e

K, 22 B L 2R R K, L AR AT A e A AL
m(Pt):m(Ni) =1:7 &2 & H WA 2 BB 5w/,
HEALTF NF i, ZIHDUEE Pt i 215 5% Pr e

BT, R AR M), AR BT UM RERE A

1.5¢ 1.5¢ 2.0t
%t 1.0} %t 1.0} T L5r
S i S £ S 1.0]
7 o g 03 % o0sf P
@ ok @ 0 @ 0t
8 0.5t o g e domvis  HH -0.5 ST R domvis 8 .05 L7 L e 40 mV/s
S —=60mV/s K2 —--=60 mV/s ES =t —---=60mV/s
B -0} ——80mVis 1.0 ---80mvs g -1.0p —-—80mV/s
- = 100 mV/s - = 100 mV/s -1.5[ = = 100 mV/s
-1.5¢+ ——120 mV/s -1.5¢ ——120 mV/s 20 — 120 mV/s
0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.54 0.56 0.58 0.60 0.62 0.64 0.66
W E/V ENETAY /v
(a) NF (b) m(Pt):m(Ni)=1:7 (¢) m(Pt):m(Ni)=1:11
201 2.0r 2.0r
KL 15} _ 15}
T : 10 : 1o
DT 2T 0.5
J;;% o ‘g’? ! ‘g’z Or ‘
s Sl 8o Clgnve oSt i
2 -1.0f ——somvis §-1.0¢ ——somvs S 1ol —=80mV/s
# 151 -—100mvis B 15[ - - 100mvs B -~ 100 mV/s
2.0 e TTIMVE L 10wV Asp T ——i0mvk
0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.54 0.56 0.58 0.60 0.62 0.64 0.66
ENEAY L/ V GENEAY
(d) m(Pt):m(Ni)=1:12 (e) m(Pt):m(Ni)=1:14 (f) m(Pt):m(Ni)=1:23
E11 AEEMEEZRTH CV Hk
Fig. 11 CV curves at different scanning rates
1.8 ¢ & m(Pt):m(Ni)=1:12 Rrfp, WESEE HL0.089 9 o/L; V,, HEfLHT
o m(Pt):m(Ni)=1:11 N = NI SIN
161 v m(POm(Ni)=1:14 s 6] PEM il S i, mL/h; Q o S0 B A E, B
Pt):m(Ni)=1:23 - N - N
PIL s 946 mFlem’ 142.5 k)/g: U PEM #4069 R, Vi 1 % PEM
g8 [ @ mPY:mMi)=1:7 -7 2 . . ;
LA mROMODTUT " 73 B AU LI L A
E oz I s —_,r’. N o e e o A o
E o e -7 4.06 mF/cm? LR VAT A %E(UH)}E% PEM ] &0 SZ 56 A7
" 1.0 ,f” ,—"‘ __,-—"’_-__-’ 2 N ~ , .
= I s st IF 1] 26437 52 7 AU i ), mIL/ (heom?) | B
B 08p $it-nio-ciloe-mwnTTT Seomuem v
22z oo “1.69 mF/em? . (2)
0.6f =----"" = H™ g
0.4 L . . - - : H A S PEM S AR B2 x2 em?.
40 60 80 100 120 140 AU, | .
= e = 3
M1 REELBROTERERNS AURFERLAEAY A/, kWh/m?, B
Fig. 12 Double-layer capacitance curves of different catalytic W. = 10°U1 (3)
electrodes ! Vi

2.7 PEM #ISLIEH
PEM HiLfif il S0P B8 A DEA 48 B AT H f K i) &
G R VAT AV = R VAW L3l
Tl ECR () SO PEM il S0 52 56 1 B I8 A1)
B WA (1), my, BOK, PEM il &0 H i iz 1758
=
PuVuOQu

- _Pululu 1
=36 x10°UT (D

13 A NF BB AT S Ffr Pe-Ni &4 A ol 5%
SRR | R A S = R 1 ey & S R
R RIMREAR, P m (P m(Ni) =1: 12 B4
PR TS 3R A L L F B T 2 FE AR ] R I 2
JEWF,m(Pt) s m(Ni) =1:12 &5 il il S50 e
=, U A DL NF R 360 o Pe ORRAY PeNi B 5
H A BcEE Pt 5 Ni JRE N 1012,

m(Pt):m(Ni) =1:7 B4 BB HEBCRET



. 148 - MR

[N AN

5556 4%

NF HL AR, S8 EIERT 5 AHSC 08, A8 P BAT 5+
fEfetERE BT P 2774 P dES, S 3
PO | LR AR LB )N | Bl il A kR R
ik, VIR Pttt 2774 P diHE S 0 SRR Y 5
s e 5 Ay 0 DALt T oy P 3k A i A AR
Pt 8 2 H AR MR B AT A DT R X B R4 DL g
£E Pe 5 Ni Fif b g B 70 B 27 i IR0 PR
e 1 SR SRR AR PIHFRIA .

—4— m(Pt):m(Ni)=1:12

—o— m(Pt):m(Ni)=1:11

—v— m(Pt):m(Ni)=1:14

—— m(Pt):m(Ni)=1:23

—«— NF
—a— m(Pt):m(Ni)=1:7

80

HIERE %
N N
S S

W
(=]

40}

30 60 90

]I20 15]0 ]8I0 2I10 2I40
FHLL B /(mA -cm)
B 13 HISET L

Fig. 13 Hydrogen production efficiency change curve
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