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ABSTRACT: The work aims to prepare composite catalysts with good electrocatalytic activity response to unsymmetrical
dimethylhydrazine. The pulsed electrodeposition method was used to prepare AuPd, AuPt and PdPt catalysts on glassy carbon
electrodes. The working electrode was a glassy carbon electrode with a diameter of 3 mm. The counter electrode was a platinum

wire electrode and the reference electrode was a saturated glycolic electrode (SCE). The effects of duty cycle, upper and lower
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limit potentials, pulse frequency and deposition time were investigated, and the surface morphology and crystal structure were
characterized by scanning electron microscopy and X-ray diffraction. And the catalyst oxygen reduction reaction (ORR) activity
and electrocatalytic oxidation activity towards unsymmetrical dimethylhydrazine (UDMH) were investigated by electrochemical
cyclic voltammetry. All three catalysts were alloyed. The AuPd catalyst was a unique nanodendritic structure with an Au : Pd
element ratio of 1 : 1 and an average particle size of 20 nm. The AuPt catalyst was a unique nanosphere structure with an Au :
Pt element ratio of 2 : 3 and an average particle size of 100 nm. The PdPt catalyst was a homogeneous nanoparticle with a Pd:Pt
element ratio of 1 : 1 and an average particle size of 1.7 nm. The best ORR activity of the AuPd catalysts was achieved when
the duty cycle was 1 : 10, the upper and lower potentials were 0.7 V and 0.3 V, the deposition frequency was 10 Hz and the
deposition time was 20 min; The best ORR activity of the PdPt catalysts was achieved when the duty cycle was 1 : 30, the upper
and lower potentials were 1.1 V and —0.1 V and the deposition frequency was 0.05 Hz; The best ORR activity of AuPt catalyst
was achieved when the duty cycle was 1:10, the upper and lower limit potentials were 1.3 V and —0.2 V, the deposition
frequency was 0.5 Hz and the deposition time was 10 min. It was worth noting that the ORR activity of the PdPt catalyst showed
a linear relationship with the deposition time over a range. Previous surface morphology analysis showed that the small and
homogeneous particles of the PdPt catalyst were the main reason for the good linear relationship between deposition time and
ORR activity. The effective catalytic area of the PdPt catalyst could be precisely controlled by adjusting the deposition time. The
CV curve showed that AuPd and AuPt catalysts showed double oxidation peaks similar to methanol oxidation. The UDMH
oxidation peaks appeared around 0.7 V for the positive sweep and around 0.3 V for the negative sweep, while the PdPt and Pt/C
catalysts had no significant UDMH oxidation peaks at these two locations. The integration of the oxidation peaks from 0.3 V to
0.8 V was calculated to be as high as 0.23 mAV/cm? for AuPd and 0.25 mAV/cm® for AuPt. The Au-based AuPd and AuPt
composite catalysts prepared by pulsed electrodeposition method show higher electrocatalytic activity to UDMH compared with
the PdPt catalysts and commercial Pt/C catalysts. It provides a new idea for the establishment of electrochemical catalytic
oxidation based degradation of high concentration UDMH waste streams.
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Tab.1 Electrodeposition conditions for
preparation of AuPt catalysts
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preparation of AuPd, AuPt, PdPt catalysts by
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Fig.2 SEM and EDS images of catalysts prepared by pulsed electrodeposition method

AR AuPt EALFIAAAE—E A RIS, X&5R7
AL LR A BT N . EDS 45 R EW, AuPt
TR 2 3,

& 3 & EiREAeF] XRD K, AT LAE 3 Five
R E B E A 41k, 176 AuPd LRI, AR
Au KA Au (111) PIRTHTEE A B R 38°, Au (200 )
AT S0 £ B A 4405 AR PA R AP Pd (111) MR
SRR 39°, Pd (200) FURTSIEAM B R 46°, 1E
AuPd BEIGE R AT LB 3] 1 D oes A 35°%) 45°, 2 |
b 4 ADFRAEERAS A IFRYEE R, X UL T AuPd K+

&k
AuPd — Pt 70-2057
AdPt —— Pd 87-0641
PdPt —— Au4-784

b

Al
"mm‘ v/“* W,
W11 1) PH200) i i
W«ZW
" %‘“‘ Y ™™ "
i(111) Pt(200 el
\ Au(111),Au(200)

10 20 30 40 50 60 70 80 90
20/(°)
K3 ko GURR s AR B9 XRD 14135
Fig.3 XRD images of catalysts prepared by
pulsed electrodeposition method
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Fig.7 Effects of deposition time of CV curve of catalysts prepared by pulsed electrodeposition method in H,SO,4 solution



212 - EN TR NN

2024 4£ 3 A

4.0

34

28

23

1.1 f

Current density/(mA-cm™)

0.6

02 04 06 08 1.0 12

Potential (vs. SCE)/V

K18 AuPd. AuPt, PdPt. Pt/C {#4LF#E 0.01 mol/L
UDMH. 0.5 mol/L NaOH JR A 1) CV ik
Fig.8 CV curve of AuPd, AuPt, PdPt and Pt/C catalysts
in 0.01 mol/L UDMH, 0.5 mol/L NaOH solution

S R, T 5 % W T R
71, UDMH HE#i7efEfbiRm R e, MixpsElk,
1E 0.3 VAE ARG o @ ad X bl A& R, ke
TUAEERI 40 Au 3 AuPd. AuPt & A& EALFIARE: T
PdPt fEALFI AN Pt/C 1L 5% UDMH 43 W = A9 H
PEALTEE

3 #it

1) RNk TR, DBk b & T
AuPd. AuPt, PdPt &AL, 3 FiEALI BN 4
BG4k, H AuPd AL R s 1 408 K Sk
REEH, Au: PAJRFIHR 1 1, SFERAEH 20 nm;
AuPt AL AR A AR ERIRZ5 4, Au @ Pt L
Jp2 03, EHPRiAR S 100 nm; PAPt 4L K50
PKRL, PA:PtJEF A 12 1, SEEPRIAE N 1.7 nm,

2) M hEas e 1:10, FEFREAIN 0.7, 0.3V,
DURU R 10 Hz, UIALASE A 20 min B, AuPd {8
1B ORR JE Mk B HctE; M52l 1: 30, 1
TRRELAK 1.1.-0.1 V, JLEUIE K 0.05 Hz i}, PdPt
AL ORR TE MR EIRAE; MHZ A 1110,
FRBREAN 1.3, —0.2V, JUERBIEN 0.5 Hz, JIA
A 1E] 24 10 min B, AuPt 48 4L 55 (1) ORR 6 P4 14 21 e £

3) CV £, AuPd % UDMH 7£ 0.3~0.8 V
70 [l 0 S AR I R 35 0.23 mAV/em®, AuPt (1))
Eik 0.25 mAV/em?®, Bk EUTAR B HIAS ) Au K
AuPd. AuPt A MALFIMET PdPt #EALFIFIET L
Pt/C f4L )% UDMH A T 1 1 e AL 15 1

S 3k

[1] BI C X, FENG C, MIAO T T, et al. Understanding the
Effect of Ultrathin AuPd Alloy Shells of Irregularly

(2]

[11]

Shaped Au@AuPd Nanoparticles with High-Index Facets
on Enhanced Performance of Ethanol Oxidation[J]. Nano-
scale, 2015, 7(47): 20105-20116.

LEE Y W, KIM M, KANG S W, et al. Polyhedral
Bimetallic Alloy Nanocrystals Exclusively Bound by {110}
Facets: Au-Pd Rhombic Dodecahedra[J]. Angewandte
Chemie, 2011, 50(15): 3466-3470.

YE F, WANG Z M, XU C, et al. Mechanism and Kinetic
Study of Pulse Electrodeposition Process of Pt/C Catal-
ysts for Fuel Cells[J]. Renewable Energy, 2020, 145: 514-
520.

YE F, XU C, LIU G C, et al. Effect of Pulse Electrodepo-
sition Parameters on Electrocatalytic the Activity of Met-
hanol Oxidation and Morphology of Pt/C Catalyst for Dir-
ect Methanol Fuel Cells[J]. Energy Conversion and Man-
agement, 2018, 160: 85-92.

CHEN L X, JIANG LY, WANG A J, et al. Simple Synt-
hesis of Bimetallic AuPd Dendritic Alloyed Nanocrystals
with Enhanced Electrocatalytic Performance for Hydra-
zine Oxidation Reaction[J]. Electrochimica Acta, 2016,
190: 872-878.

YANG X C, PACHFULE P, CHEN Y, et al. Highly
Efficient Hydrogen Generation from Formic Acid Using a
Reduced Graphene Oxide-Supported AuPd Nanoparticle
Catalyst[J]. Chemical Communications, 2016, 52(22):
4171-4174.

OH D E, LEE C S, KIM T H. Simultaneous and Indi-
vidual Determination of Seven Biochemical Species Using
a Glassy Carbon Electrode Modified with a Nanocompo-
site of Pt Nanoparticle and Graphene by a One-Step Elec-
trochemical Process[J]. Talanta, 2022, 247: 123590.
HERMANN J M, MULLER H, DACCACHE L, et al.
Formic Acid Oxidation Reaction on Au(111) Electrodes
Modified with 4-Mercaptopyridine SAM[J]. Electrochi-
mica Acta, 2021, 388: 138547.

SU Jenn-fang, KUAN Wei-fan, CHEN Ching-lung, et al.
Enhancing Electrochemical Nitrate Reduction toward Di-
nitrogen Selectivity on Sn-Pd Bimetallic Electrodes by
Surface Structure Design[J]. Applied Catalysis A: Gene-
ral,2020, 606:178009.

WANG C Y, SPENDELOW J S. Recent Developments in
Pt-Co Catalysts for Proton-Exchange Membrane Fuel
Cells[J]. Current Opinion in Electrochemistry, 2021, 28:
100715.

SHU J B, YUAN J, XIE S Q, et al. Robust Poly(3, 4-
Ethylenedioxythiophene) Granules Loaded Cu/Ni-Doped
Pd Catalysts for High-Efficiency Electrooxidation of Eth-

ylene Glycol[J]. Journal of Colloid and Interface Science,



¥53% ol

EbEAE, S5 Mo PURRER 45 X5t A R AR B L L A A RE BT ST 213 -

[12]

[14]

[16]

[17]

[19]

[20]

2022, 628(A): 745-757.

CHOI J, CHO J, ROH C W, et al. Au-Doped PtCo/C
Catalyst Preventing Co Leaching for Proton Exchange
Membrane Fuel Cells[J]. Applied Catalysis B: Environ-
mental, 2019, 247: 142-149.

GUO Q, ZHOU C Y, MA Z B, et al. Fundamentals of
TiO, Photocatalysis: Concepts, Mechanisms, and Challen-
ges[J]. Advanced Materials, 2019, 31(50): €1901997.
KYZAS G Z, BIKIARIS D N. Recent Modifications of
Chitosan for Adsorption Applications: A Critical and Sys-
tematic Review[J]. Marine Drugs, 2015, 13(1): 312-337.
HAJIZAHEH Y, AMIN M M. Biodeterioration of 1,1-
dimethylhydrazine from Air Stream Using a Biofilter Pac-
ked with Compost-Scoria-Sugarcane Bagasse[J]. Atmos
Pollut Res, 2018, 9(1): 37-46.

CHANDRASEKAR M S, PUSHPAVANAM M. Pulse and
Pulse Reverse Plating-Conceptual, Advantages and Appli-
cations[J]. Electrochimica Acta, 2008, 53(8): 3313-3322.
WEI K X, ZHOU H R, JIAF L, et al. Mechanical Beha-
viors of Graphene/Copper Matrix Composite Foils Fabri-
cated by Pulse Electrodeposition[J]. Surfaces and Inter-
faces, 2021, 24: 101142.

SHEN H L, WANG M, ZHANG W, et al. The Bimetallic
Heterostructure Pt-Au Nanoparticle Array on Indium Tin
Oxide Electrode by Electrodeposition and Their High Ac-
tivity for the Electrochemical Oxidation of Methanol[J].
Journal of Alloys and Compounds, 2022, 895: 162581.
KARIMI S, FOULKES F R. Pulse Electrodeposition of
Platinum Catalyst Using Different Pulse Current
Waveforms[J]. Electrochemistry Communications, 2012,
19: 17-20.

YE F, WANG Z M, XU C, et al. Mechanism and Kinetic
Study of Pulse Electrodeposition Process of Pt/C Cataly-
sts for Fuel Cells[J]. Renewable Energy, 2020, 145: 514-
520.

LUSI M, ERIKSON H, MERISALU M, et al. Electroche-
mical Reduction of Oxygen in Alkaline Solution on Pd/C

[22]

[24]

[25]

[26]

[27]

Catalysts Prepared by Electrodeposition on Various Car-
bon Nanomaterials[J]. Journal of Electroanalytical Che-
mistry, 2019, 834: 223-232.

RAJALAKSHMI N, DHATHATHREYAN K. Nanostruc-
tured Platinum Catalyst Layer Prepared by Pulsed Electr-
odeposition for Use in PEM Fuel Cells[J]. International
Journal of Hydrogen Energy, 2008, 33(20): 5672-5677.
TIAN N, ZHOU Z Y, SUN S G, et al. Synthesis of Tetra-
hexahedral Platinum Nanocrystals with High-Index Facets
and High Electro-Oxidation Activity[J]. Science, 2007,
316(5825): 732-735.

XV, B, XUA, %5 1TO FZk MM AuPd & 440Kk
FIERE s b2, P EBE 02, 2017, 47(5):
671-675.

LIU T, HUANG R, LIU S, et al. Electrochemically
Shape-Controlled Formation of Concave AuPd Alloy
Nanoparticles on ITO Substrate[J]. Scientia Sinica Chi-
mica, 2017, 47(5): 671-675.

ARG, T, RN, AF. T 2 IIREAE A R i A
PR A SFURVRUBERRAT]. RIEAR, 2021, 50(11):
49-74.

JING H F, YU B, ZHOU X W, et al. Architecture and
Microscoy Clarification of Multifunctional Non-Noble Metal
Electrocatalysts[J]. Surface Technology, 2021, 50(11): 49-
74.

B, B, BE, 5. PYC ALK ] ORR i Ffi:
RER I ALER[]. IR, 2022, 39(10): 1564-1571.
LI H, LI G, GONG X, et al. Research on Performance
Decay Mechanism of Pt/C Catalyst in Long-Term ORR
Test[J]. Chinese Journal of Applied Chemistry, 2022,
39(10): 1564-1571.

W, Ik v OB ) s KRR B T R e 45 R (I A i 1
FIMBFSR[D]. T M. AR T KA, 2016.

CHEN R. Investigation of Core-Shell Structure, Low
Platinum Loading Catalysts for Fuel Cells Using a Facile
Pulse Electrodeposition Approach[D]. Guangzhou: South
China University of Technology, 2016.



