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Preparation and properties of platinum electrode for hydrogen sensors
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Abstract: Platinum electrodes were prepared by slurry coating and sintering method. The effects of substrate
treatment (magnetron sputtering/sand blasting), platinum black (Pt,) and platinum oxide (PtO>) particle size
differences on electrode morphology, adhesion, square resistance and electrocatalytic properties were
compared. The results showed that the surface structure of the coating by magnetron sputtering was better
than that of the coating by sand blasting, and that the peel strength of that coating was slightly higher than
that of the sample by sand blasting. For powder particle size, it needs to be controlled within a certain range
(i.e., Pty (350 nm) and PtO> (350 nm)). The surface of the coating was easy to form a honeycomb or
flocculent-like micro junction structure, which could significantly reduce the square resistance and improve
the adhesion. The CV curves of Pty/Pt and PtO,/Pt electrodes with better structure and adhesion showed that
the electrocatalytic performance of PtO,/Pt electrode was better than that of Pt,/Pt electrode.
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Tab.1 Sintering methods of Pt electrode
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Fig.5 Cyclic voltammetry curves of 2 electrodes at different scanning rate
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Fig.6 Cyclic voltammetry curves of 2 electrodes at different scanning cycles



B2 T

S IS HTBH LR AR 1) 26 S R E BT 9T 23

RIEE 6 HiZkit 5, Pt/Pt HLARMIFIRE N
2.71%, PtO2/Pt AR EIRZEN 2.02%. AT A1,
PtO,/Pt FUAR IR HLAb 2R 8 AR T Pow/Pt FELAR . 41122
RN AT B 2T A rT R SR A 5 Rids
HKL WA RRFER . RINHABRBI A B
3‘%:%[21'22]0

3 4

1) FERTACHEE T2, BEP M SRR R
L TR ER =, (LR B s BRI = T
MATD AT AL R AORE o X PT BE AR R T IA T AC 2 XA
RERERL/N,  HGRAE IR SR )5 A S UL
B, ERHIRZESIREEE G IIEL.

2) Ky AL T L — 2 VG A (Pty 350 nm,
PtO, 350 nm), il % IR /2 2R 2 2 Rudee 5 AR B 2R
HITOE RS, A AT IRZ T AR S AT L
M FEARTT BH FIRHZZ5 R R 2 S 5 R e 8 T8
SRRV B &, (EHEINE T R .

3) PtOo/Pt HELAR A BRI L AL 2 3 1 T AR
(0.46 m¥/g). BARKIFEILA(2.02%), HAHAHE
JELE Pto/Pt IR =2 40 £, ALAEALMEREIR ¢

S 3CHR -

(11 FEEIK, SHW], 2, & e EEsh a2 5 a0t
HI[1]. B3 TR, 2014(5): 113-116.

WANG H Q, MA W G, JIANG E, et al. Development of
PWR passive autocatolytic hydrogen recombiners[J].
Nuclear Power Engineering, 2014(5): 113-116.

21 &7, “BEA-—57 HORE B EAwT] IACE R
5%, 2020(11): 80-85.

YU F Q. “Guohe No.1” brings a revolution in indepen-
dent research and development[J]. Modern SOE Research,
2020(11): 80-85.

[3] PEIE. 2030 FEEMEE! “4—57 %2 AP1000, T
UE FF [ A% HL ) B S PR AR [EB/OL][2021-03-04]. https:/
t.qianzhan.com/caijing/detail/200909-642c143f html.
HUANG K. Overtake USA by 2030! "Hualong No.1"
is a counterattack to AP1000, witness China's nuclear
power historical surpassing[EB/OL][2021-03-04]. https:/
/t.qianzhan.com/caijing/detail/200909-642¢c143f.html.

[4] kAR AP1000 #ZHL S SIS HEI]. RIS
2014(12): 259-260.

DU F W. The control measures of hydrogen in AP1000

nuclear power plant[J]. Science & Technology Vision,

2014(12): 259-260.

[5] FR7E. AP1000 #ZHL) %4 7e N & U 2 i it iF 72

[D]. dbxt: b IR, 2014,
CHEN L. Research on hydrogen risk and hydrogen
mitigation measurement of containment during severe
accidents for AP1000[D]. Beijing: North China Electric
Power University, 2014.

[6] ERIK, HFRWI, 32ufk, & — M-I RN LA
JER B () IR AL B 3% CN10491414A[P]. 2017-03-08.
WANG H Q, MA W G, JIANG E, et al. A hydrogen
concentration sensor based on the electrochemical principle
of catalytic reaction: CN10491414A[P]. 2017-03-08.

[71 WANG C, DAIMON H, ONODERA T, et al. A general
approach to the size- and shape-controlled synthesis of
platinum nanoparticles and their catalytic reduction of
oxygen[J]. Angewandte Chemie - International Edition,
2008, 47: 3588-3591

[8] #&T, F4AE. AP1000 #ZHI Z A K& ThRES #T[T].
JRTRERI2AHR, 2012(1): 89-93.

LIN Q, ZHOU Q F. Analysis of AP1000 hydrogen igniter
performance[J]. Atomic Energy Science and Technology,
2012(1): 89-93.

[9] E e, Jodbaz k™ BN SR R B AR T

[7]. (XSGR P, 2013(4): 44-46.
WANG Z Y. Research of containment hydrogen monitoring
technique under severe accidents in advanced nuclear
power plant[J]. Electronic Instrumentation Customers,
2013(4): 44-46.

[10] E&E, HIR, B, & 5T 3Z s Boe b ae it
RGBT T RE[T]. 51428, 2020, 41(4): 72-80.
WANG Zhi-da, GAN Yuan, YAN Chang-feng, et al.
Research progress on Pt-based nanomaterials for ORR
electrocatalysts of PEMFC[J]. Precious Metals, 2020,
41(4): 72-80.

[11] 22K, —Fh 2 LA A HE AL B 1 % 77 35 CN10870
4640A[P]. 2018-10-26.

LI F J. A preparation method of porous platinum oxide
catalyst: CN108704640A[P]. 2018-10-26.

[12] FERUAR. — Rl oK S B A L6 77 B 1 45 77 325 CN10860
7547A[P]. 2018-10-02.

JIAO Z G. A preparation method for nanometer platinum
oxide catalyst: CN108607547A[P]. 2018-10-02.

[13] ZREHAL. R ZALATERT TiOx JefEAL A R F IR Ak

BEVEOT[D]. KPR ZRALATIHIRSE, 2019.



24

pal

& &

43 %

GUO F Z. Construction and performance evaluation of
nanoporous platinum on TiO2[D]. Daqing: Northeast
Petroleum University, 2019.

[14] FORREST N, JIA E L, RENE M, et al. Platinum oxide
nanoparticles for electrochemical hydrogen evolution:
Influence of platinum valence state[J]. Chemistry - A
European Journal, 2019, 25: 1-8.

[15] CHENG X, LI'Y H, ZHENG LR, et al, Highly active, stable
oxidized platinum clusters as electro catalysts for the
hydrogen evolution reaction[J]. Energy & Environmental
Science, 2017, 10: 2450-2458.

[16] BHIK, B2, #F5. VR4 AL R T AR R RO IT 9T
[7]. %A &EAEHS THE, 2013, 42(8):1746-1750.

HAN Q, HU J, JIANG D Y. Electrode materials of
automobile oxygen sensors[J]. Rare Metal Materials and
Engineering, 2013, 42(8): 1746-1750.

[17] 2EA g Eir AR Z R, B THARM St E
JEIERH 7 J5BHIN%E . GB/T 17473.3-2008[S]. 1t
i EBRE B AR, 2008.

SAC/TC 243. Test methods of precious metals pastes used

for microelectronics - Determination of sheet resistance:

K %k sk sk sk sk sk sk skosk sk skosk ok ko ok ok ok oskosk sk sk sk sk

[ B85 16 K]

[14] GOTO T, VARGAS J R, HIRAI T. Preparation of iridium
clusters by MOCVD and their electrochemical properties
[J]. Materials Science and Engineering A, 1996, 217(96):
223-226.

[15] GERFIN T, HALG W J, ATAMNY F, et al. Growth of
iridium films by metal organic chemical vapour deposition
[J]. Thin Solid Films, 1994, 241(1/2): 352-355.

[16] IBE T, #H, AR, & TR R RS A SRk KB
FHER[T]. 48, 2020, 41(4): 88-96.

CHI Z G, DONG Y, LI X D, et al. Research progress of
particle-free silver conductive ink[J]. Precious Metal, 2020,
41(4): 88-96.

[17] DENG D Y, CHEN Z, HU Y, et al. Simple and green
fabrication process of nano silver conductive ink and the
application in frequency selective surface[J]. Nano-
technology, 2019, 31: 105705.

(18] JUEERT, VEML, 5kMolk, 4. POKES i S8K A % 1

HARPEREAI FT[T]. B2 48, 2017, 38(S1): 80-85.
KANG J M, WANG S, ZHANG X Y, et al. Preparation of
nano silver conductive ink and study on electrode
performance[J]. Precious Metal, 2017, 38(S1): 80-85.

[19] ZHAO Y Z, DU D X, WANG Y H. Preparation of silver

GB/T 17473.3-2008[S]. Beijing: Standards Press of China,
2008.

[18] YUASA M, YAMAGUCHI A, ITSUKI H, et al. Modifying
carbon particles with polypyrrole for adsorption of cobalt
ions as electrocatatytic site for oxygen reduction[J].
Chemistry of Materials, 2005, 17(17): 4278-4281.

[19] GUINEL M J F, BONAKDARPOUR A, WANG B A, et al,
Carbon-supported, selenium-modified ruthenium-
molybdenum catalysts for oxygen reduction in acidic
media[J]. ChemSusChem, 2009, 2(7): 658-664.

[20] PN, BRAER]. FEAEALIM]. dbat: A6 Tl B ARAL,
2013.

SUN S G, CHEN S L. Electro-catalysisiM]. Beijing:
Chemical Industry Press, 2013.

[21] CHENG X, PENG C, YOU M D, et al. Characterization of
catalysts and membrane in DMFC life time testing[J].
Electrochimica Acta, 2006, 51(22): 4620-4625.

[22] ZHENG Q M, CHENG X, JAO T, et al. Degradation
analyses of RussSeis catalyst layer in PEMFCs[J]. Journal
of Power Sources, 2012, 218: 79-87.

sk ok ok osk ok ok sk sk sk sk skosk sk skosk sk sk sk ok ok ok ok ok

nanoparticles and application in water-based conductive
inks[J]. International Journal of Modern Physics B, 2019,
33(32): 1950385.

[20] LIU X, PAQUET C, KELL A J, et al. Silver molecular ink
with low viscosity and low processing temperature: US
20190375958A1[P]. 2019-12-12.

[21] YANG W D, LIST-KRATOCHYIL E J W, WANG C H.
Metal particle-free inks for printed flexible electronics[J].
Journal of Materials Chemistry C, 2019, 7(48): 15098.

[22] CHOI H W, ZHOU T L, SINGH M, et al. Recent
developments and directions in printed nanomaterials[J].
Nanoscale, 2015, 7(8): 3338-3355.

[23] DONGY, LI X D, LIU S H, et al. Facile synthesis of high
silver content MOD ink by using silver oxalate precursor
for inkjet printing applications[J]. The Solid Films, 2015,
89: 381-387.

[24] BLACK K, SINGH J, MEHTA D, et al. Silver ink
formulations for sinter-free printing of conductive films[J].
Scientific Reports, 2016, 6: 20814.

[25] HAACKE G. New figure of merit for transparent
conductors[J]. Journal of Applied Physics, 1976, 47(9):
4086-4089.



