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Electrocatalytic Propylene Oxidation Performance Enhanced
by Synergistic Effect of Bimetallic Oxides

GE Jia, WANG Renying, SUN Xiandi, LIU Hang, ZHENG Yarong
(School of Chemistry and Chemical Engineering , Hefei University of Technology , Hefei 230009, China)

Abstract The electrocatalytic oxidation of propylene to 1, 2-propylene glycol (PG) holds promise as a sustainable
green chemistry approach. However, conventional palladium (Pd) -based catalysts are susceptible to CO poisoning
and exhibit limited activity, which impedes their widespread application. To address the aforementioned challenges,
an alloying strategy was employed in this study to design and synthesize a bimetallic oxide PAPbO, catalyst. A series
of PAPbO, catalysts with varied Pd/Pb ratios were prepared through a chemical co-reduction method followed by
high-temperature annealing. These catalysts were then evaluated for the electrocatalytic propylene oxidation reaction.
Electrochemical measurements results reveal that the Pd,sPb, 0, catalyst demonstrates superior electrocatalytic
activity, achieving a PG production rate of 90.78 mmol*m™+h™" at 2.6 V (vs. RHE). The significant performance
enhancement compared to the PdO catalyst is attributed to the multi-element synergistic effect exhibited by the
bimetallic system. This effect effectively modulates the active site distribution and optimizes the electronic structure
of the catalyst, providing new insights and directions for the design of highly efficient electrocatalytic propylene
oxidation catalysts.
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1,2-T W (PG ) S — Bl 22 A R dh AL~ ity , B2 B T 00RE L 97 V50 B AN A0 SR T A s <5 450

S H - 2025-06-18. W K H I : 2025-09-30.

RN Fo, 95, WL, bz, FEEMGHRAEDURARL | DIREGAAD RIS FIRE I 40 7 TR ST . E-mail: yrzh@hfut.edu.cn
I E - F5 A AP REEEES: 21703228, 22275047 R 2 308 B 2720 B\ BLATHE L SRR B (EHES: 20221.CX033)5¢H)
Supported by the National Natural Science Foundation of China(Nos.21703228, 22275047) and the Anhui Province Returned Overseas Students
Innovation and Entrepreneurship Support Program, China(No.2022L.CX033).

Chem. J. Chinese Universities, 2026, 47(2), 20250168 20250168(127/135)



Jd EF 2K g %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

B TR R, 2023 E42EK PG T UL T 3k 4512300, R LL 5. 8% AR E A H Kk
FREstb KL Har, Tolk FA ™ PG FER ML, B el ad &k s Haleon T2 72K N Ak
ARG, TE T IR R R S5 S K AR B PG, RN, % T S AFETE B RERE . B W £ S 3R 8 V5 Yy
SRR, DT R Sk T R R T S B E S . Bl T FE AR RE IR A AR A A IR, B b i
I BB AR AT FEAE GBI SR B 7, 6 R IR R T B IR E AL N PG, bk TG T A MG ZL
BRBG . EARAR (Pd) AT FLARRE T PN s S A R X s TN S ST EL AT At s it (R TR 25 SR T
B2 4E A HA N B NS ATAE 12 (40 CO) , TR AR 79 2 T Pl B W R sl 2>, AT S 8802 7
PRIAR . B VR R — R & o LA 3000 & B AL FIPE RE TR SR, E 412 T4 R fL R
WA (HER) FIAT U N (OER). 5 B4 IR AL RIAH L, 224 fh Ak 70030 5 28 R o R 57
A ELAEAEPERE , 220028 B U RIS AN AR A AR 751 A B 285 R R LART 1 55, 38 T AR s 2 7 40 ) W
FREAITE AR 7 AR, IR TR 2 ML IR R b R B B R, 2 B T ZOe R AL
INTEAG B A A R P A SCEE T . BT 5, Co-V A4 SR A Ak )i 1o B AL S i Ak b 4351 428 Co
5V dagts, Yol T e SR AR R ) A R R R, e B R I A a5 A TR B S R T T AR
HEALIEPE" ;. RwNiMoO, , H1 4025 A7 5 Ru (Y b [R) A T 8 28 3 5 1 2038 I 400 , o HER P g R K 42
B0 Fe-Ni(P,0,,) FI FHAUSE S A HE LR, 75 18. 0 mA/em? 4 B U 25 B T {5 156. 4 mV 450 HL 72
Ru-Mo,C@QCNT & 4 b4 AL FE A S I B3 W) A1 RT3 4 i - 2 A R B A R A 9 b ek EL AT e ) P T3 RS
1. FE DI SRS R, AERME A T SRBL A 1 HER MERE™.

PSRRI R, AR 48 4T (Ph) J8 T agm el A b=, HaRm s T & EiaG 1t e, A2
TEHL AL IR B RN R FEMUER RO T . A, Li P R Be AR, M TR S, SR4A
feim i HA SRR NI IR AL RE 22, A AT P09 SR R S5 45 A 0TS PE AR sy . LTk st
FEBHISE, R T A R Pd S AT AE A AL DR S SN Hh B e 2B P BE R G JAS 558 i S Il R, AR
SCR Ph A 4 A0 TR i A #3004 T S8 Ak 4 PAPHO AL . Z ik Fl i 51 AJE S 4 )8 Ph, NLRERS IR
Pd HIHLF450 , B BEDL AL LIRS B o0 A, NI B & R THEAL I ME . R, 1% S AL SRR R K T
Tt JE PA R, SEBEL TR PERE S SR B R4

1 SLIGESH

1.1 KK 55
HERET [ Ph(NO,),, 4l 99% | . T L JwmME el K30(PVP K30) . IR (CH,0,, i /3% 88. 0%) |
To/K 2B (CHO, 4l 99. 7% ) F1 — F B (DMSO, 4l 99. 5%) , 43t [ 254 Ak 28 770 4 B
] EARAR (PAC,, 461 98%) FIEALE (NaCl, 4L 99. 5%) , Zr#frali, Bigblsr TA R R . Ak
I(D,0, 46 99.9%) , 4rHral, 2 b2 A PR F] ; Nafion W (BT 4348 5%) , A6t B RIEFHEA
PR\ F]5 Nafion 211 [, BIRVEFRHEABR A w5 PGSR (CH,, 215 99. 9%) , A IERHRAL TABRA .
SmartLab 9kW (Rigaku) X JF £ 77 55 (XRD) , H A A=k X254k 5 HT-770 38 59 WL+ B 0B
(TEM) , PR 2x 4t H 52 I 4E BT ; Talos F200X 5 73 ¥ 3% It fi F 2 6 86 (HRTEM) , 3¢ [ FEL 24 7] 5
ESCALab 250Xi X ST 28 AETEL (XPS) , & [E 38 Bk /R BHE A 1l 5 VNMRS600 U3 S A% i He PR I 3 A
(NMR), 3 FEZHAERHE 2 A]; DH7003B HLAbA: T AR, IR ARSI PR A vl
1.2 KR
1.2.1  PAPbO, %4 % & b 7| th #] & & 5, ## 30 mg PdCL,, 25 mg NaCl, 108 mg PVP K30 Lk 2 10 mg
Ph(NO,) MK MIA S0 mL A2 H . BJE, WV ZEHFIIA 20 mL & B FK, FFEEHR FREFES h,
PIBAR S D FE AR A . SRF , TRV 2R INA 3 mL CH,0,, F-4KEEREFE 10 min, B EERE NG
LIOTEIETRW . EPESERUR , B RN A B BT E T 150 ‘C RN 10 h. R EEHG, FiAR AREHIZE
i, OISR, IR R R B TR RFREL 1 D FIRA IR 3 IR, SR )5 B T 1128 TH4E
T, 155 PAPbAKZL . Guo 584 7E PAPh G K MPRHT #5 0 S m_E AT 1 ek . SRAARIA R 7k, 38
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LI Ph(NO,), BT (0, 10, 158120 mg) , & T AS[F Pd/Pb iTiE H(1:0, 1:0.55, 1:0.81, 1:1.09)
(1) PAPh 44K b4 46} .

G AN [F] Pd/Ph J5t &t 1Y PAPD KA EECT E dfrdr, 7R3 0T B 10 °C/min (Y THR 85
T 400 °C, FHAEICIREE FHBEE 3 h, 155 PAPbO, A KA fb 57 . 18 i AE (0 B X SR IEY (EDS) i 1
AN[F] P/Ph % 15 19 PAPbO, 40 KA AL 55 Pd AT P (1 54K B i . AR Pd R Ph A ELARS f, X kA 7
% . Pd/Pb JF A 1:0. 55 (IRE B i 44 4 Pd, 25Pby 0us0,, Pd/Pb Jii 5 H ol 1:0. 81 (I FE S fir 44 4
Pd, ,5sPby ;0. , Pd/Pb T A 1:1. 09 BORE S 44 4 Pd,, 156Pby 0760,

1.2.2 PAPbO, 44 K& A 7l v A% i ) & 15, Kt T R RIE S I ST R A, B 4 mg 5 35 pL
Nafion I —#2 /3 HE] 700 wL C,H,O0 1, 7 70805 h A3 BMEIL R 88K . 8235, #EBTIFIM 1. 5 emx1. 5
em AT HUZ (GDL) B RO E D, £ BUZ M S P BB 5wy Bk b 2K . AR
B, AT 2B TG b, iRkl T, DSBS k. R, IR gk
2974 1. 8 mg/em’ AT RN, FRRILIRAER .

123 @AM IR SRHE Sh i (Flow cell) #EAT HL AL 24 PR BE NI . FEL AR W 326 1 0. 1 mol/L
KCIO, PRV, R WA R . AR s Oy 0 204 1R 77 9 GDL, 2 LU Ly Ag/AgCL (M T KC1
V) . XPHLAR R PR Ak 2 BRI a3 S Rl A A S A R P R A 380 i A 2
E(RHE)=E (Ag/AgCl)+0. 0591pH+0. 198 V 4t g il 3 S ML A HL (B . 7ESEB0TT, I LA 30 mL/min
AT RS A SRS %, FRLEIHE] R 5 min, DIBIRBIRHERR I N sk e <. el fd, e
R FEL ARV RN BRI R A 4 531 DL 10 T 100 mL/min B33 A TG0 . FHAR = A1 B = i1 Nafion 211 B3
b . RS, FEAS LA T AT R, RO E] D 0. 5 he LU 2% BEARE AR R i LA TR AR (1 em?)
BEATRRUEAL AL TR . 2 )5, K5 500 L FHAR H fi# 7 A1 200 L 50 mg/L D,O FiBe ) DMSO IR IR A, Wit #%
il AR S0 ("HNMR) X H AV R R WA = A 7 o P A T

2 GRS

21 BUAFHERSEHRLE
178 T AS[E PA/Ph Gt HG A PAPh 2K ALY TEM FEF . 20/ 1(A) Fis, ZEARESHT Ph(NO,), )
SMET, PR R BRI A AT Pd 9K RE, SRS BB AT RS . W ATIR AR Ph B Y

Nanowires length (nm)

100 nm 100 nm

50,

45|
£35
<l
§2
220
£15

10,

15, 90 95.10.0405 11.0 11.5 12
Nanowires length (nm)

100 nm 100nm

Fig.1 TEM images and nanowire average width distributions(insets) of PdPb(mass ratio 1:0)(A), PdPb(mass
ratio: 1:0. 55)(B), PdPb(mass ratio: 1:0. 81)(C) and PdPb(mass ratio: 1:1. 09)(D)
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S, RIS A RS . R 1(B) AT LA Y, 24 Pd/Ph iR FE R 1:0. 55 1, fiEAL TR L2 3L 23
ARG BRSO — B AN G K 2 b, AR 90 RE 270 3 nm. BEE P i i) — B34 [ 181 1(CH AN
(D) ], PAPh ZHREL Y 58 B2 g T HZASTR LAY, (Rl i BE Z A A5 R BL G, Rl & Ph 5]
ANZEMARLRIES . FARGRERE, HA Y Ph & A T Yyu f (Bt 1:0. 55, A RESAG A
EEBL by Z R SR IRIDY SE PSS 24t (a8

Il 2 S A [A] Pd/Ph Jiit & HE B PAPh 49 K A4 L () Pd/Pb(1:1.09)
XRD HEE . ATLAE H, Pd/Ph itk 1:0 K ; Pd/Pb(1:0.81)
BRI SF16 5 PAd(PDF#46-1043) bR ifE R H AHW) A&

Pd/Pb(1:0.55
XT T Pd/Pb R L M 1:0.55, 1:0.81 Fl1:1.09 [ A b

PdPb 44 KK KL, 7E26=40. 17, 46. 6°F168. 1° AL AT Pd/Pb(1:0)
SRR T2 Pd 34 S B A AR BE ) RS, HLRE S |
Pb &I, TSI IR SRR BB O . X P AT | PAEDFH6-1085)
SH RS B T T Pd B Ph 22 TG LA 4 AT —
S SRS K, T SRS R RO R A, 300354045 529«05)5 6065 7075
XRD % & H A ULE2 21 Ph AT 104, 228 Pd A1 Ph 9 Fh
2 )R A B R AR S B [ AL B L T Fig. 2 XRD patterns of PdPb nanomaterials with
W T PdPh % S different Pd/Pb mass ratios

Li 2 T R B, A 559 R4 A R & R Ak i & oA BRI IR Ak rE &,
HHRTF AR SHAR LSS RIETERYFN Y . FETHIEE S, ¥ PAPh 9K R E 2 R N iR
KAE S PAPHO, 4N KA AL 51 .

K] 3 AN [ Pd/Ph 25 2 19 PAPhO, AKAALFI 9 TEM BEH . K 3 Al LI, 7F 400 CHUbFR 5 75
o, BRI T REE MBS AR . —ENOR LRGSR R AR IS RO TR, B A R YK R A .
B3 (A) i, PAO 442K F S B B Sab g AT SR Al ), 3k T e IH s R g . f KT 3(B)~(D) T LA
F i, BEE Ph S RGN, A0K R ROT B AE K, JEREd AR NS

Pb(Ii"DF#O4-O686)
1

200 nm R i <o SRSEE

200 nm 200 nm
R

Fig.3 TEM images of PAO(A), Pd, ,;Pb, ,,:O.(B), Pd, ,.Pb, ,:;0.(C) and Pd, ,..Pb, ,,O.(D)

& 4 Fy A [R] Pd/Ph 1 1 PAPhO, 48 A4k 9 XRD 158 . BT A H, R[] PA/Ph & & 114 PAPbO,
Y KARA A B AR AT S 4 55 DU 7 5 2 PAO (PDF#43-1024) BIARERT STIBARVE D . iy T PAPbO, fi k7
i Ph I [ S PAO fhA% R S ST E AR, TR, 6 XRD 335 & Hh AR UER 51 5 PhO M A RFHEAT 5
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U . X —S5 R U] Ph I RNTE Pd df s b 508 B A AR
RAS, AT BT ) A

Bl 5 A Pd, ,5Pby 0,50, 40 K A £k 5] () HRTEM
TR M EDS 1% & . W S(A) AT LLE H, A R
Pd,, ,5sPby 0450, A0 KA AL TR RS o0 A 359 50 HLRE B %
WL B S(B) 7R H T I BB B A AR AR, AR A | |
6] #5 4 0. 264 nm, 5 PAO (1 (101) LT AHXT B . Ky

PdO ZSGPbO 0790.r

PdO ZSGPbO 0630.r

Pd(' 256Pb0.0450a

I | | Pb(l)(PDF#05-0561)
| | L |

| PAO(PDF#43-1024)
|

THIFFE Pd 5356Pbg, 050, AORMEATH Y TT R 2040, 2E —r =

1T TR A0 HT, 25 RANE 5(C)~(F) s . NI AaAT 30035 4004 529/(05)5 60 65 70 75
PIFE i, Pd, Pb 1O X 3R CEIEAKAEALF] |5
PRI 5035, HE—HESE T Pd-Ph-O [ A1) B3
G

Fig. 4 XRD patterns of PdPbO, nanocatalysts with
different Pd/Pb mass ratios

.y

v 20.264nm
*Pdoglet) / /",
2.3

" 5nm

Fig.5 TEM image(A), HRTEM image(B), SEM image(C), EDS elemental mappings of Pd(D), Pb(E)
and O(F) of Pd, ,,/Pb, ,,;O, nanocatalyst

16 4 Pd, 156Pby 0,50, F1 PAO AL 1Y XPS TE . 4nE 6 (A) 7, TE45 5 EN 342. 4 F1336. 9 eV Ak
o BIMEE R Pd,,,,, F1Pd,, 55 W, XK Pd, 5Pby, 0, AL A Pd R0 3 22 LL P> 59 48 AL 254
FE2 5 PAOFHLL . Pd, 15Pbg 00O, HEALTIY Pd,, F Pd,,  BEZL I (EEY 0] R4S 45 BE 7 1) S , X 3R]
FIAAESR & BICE PbJa, PAdIEFRYH T AR . B TR R A PE 2 55 R 5,
FEPA ) &l PO RS, IITFER T COA R AR RE , i — P4 T SO TGP, s,
1£339. 6 eV (Sat. 1)H1345. 3 eV (Sat. 2) b UL 21 B 5 iy TLA 06, 33X T3 AL 04 A 7 A= AT U BT PO Hy
3d 1202 N GARIEFA 4d 7 )2 Z MM Z A EAERT, DL IR0 5 DR A AT RS 1 72 >, Bl 6(B)
/N T Ph, BUE N XPS TR, LA Z5ER8 137, 371 142. 1 eV AEXTR; Ph {551 , 177 138. 2 F1 143 eV
ARV VAJE F Ph A S5 ) 3K e BH Pd, ,56Pby 0,50, 4R KA AL 7 H B4 Ph 40 5 22 D) Ph* (1) S8 AL S A7
. E6(C)JRRT O, BiA M XPS 1R, A nf 458 3440 530. 1 eV AL FIIEIH P F Pd—O0 F1
Ph—O (0, )22 £ 531. 5 eV AYUEXT N TAb 2= B FR T4 (0, ), 117533, 9 eV Ab AU 53 I R T
FESL PB4 (0. SEALHAF PAOFH L, Pd, 15ePby 0050, MEAL T 22 THI 4 25 0 AT T IS 0, 3% 55
RF A AL A 3R TS PRI o b i, AR TR L R S R N A T . BT 6(D)#E— 2RSS T Pd,
Ph 1O JTCER IS 3 ATE P, 56Pbo 0050, DKM L, X E5 R 5 EDS 73 B 485 SR — 2.
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(A) Pd2+; Paz :

®) Pby,
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Fig. 6 XPS spectra of PdO(A, C) and Pd, ,.,Pb, ,,;0.(A—D)
(A) Pdy,5 (B) Phys (C) 0,5 (D) survey.

22 EBEAFEHESLIEEE

FEW S, 7E0. 1 mol/L KC1O, HL f VR Hh E4 T HL AL P97 AL SOy . Ha A S 1 S8 I, BBCH
LRI, R 'H NMR G P2y b A e A e 5. aniE 7(A) BifR, ZEfE LR R HLf#0. 5 b, il
"H NMR 378 7(B) 1368, WM SEAL RS 7246 PG SEINTEE . ZBRFIIN TR 4 B =4 . H il T 5 N Bl %

14
(A) B)

12 - 26V PG
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- 22V DMSO
o 20V ] J L
0k u
I I 1 ! I I I
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Fig. 7 i-t Curves of constant voltage test(A), and '"H NMR diagram of the liquid product(B),
FE(C) and yield rate(D) of PG generated by each catalyst

Chem. J. Chinese Universities, 2026, 47(2), 20250168 20250168(132/135)



L3 4 Hhaw® %R

CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

EO
R FHON 0, R AR X AT 805, B 7(C)FID) 4351 A TH] Pd/Ph 559 PAPHO AL 51 P 4R
Ak 5 A B PG R ¥R 7 28 BB AR A 7(C) FfaR, #E 2.0 V(vs. RHE) T, Pd, ,5Pby 4,50, Fll
Pd 156Pby o700, HEALTTI Y PG ISR B B . AHELZT , T Pdy 556Pby o0, HEAITERLHLAL T IR AR
PG, HERIEHRLE N 0. SR, 7E2.2 V(vs. RHE) R, Pd, 5Py o0, HEALFI Y PG B4 55 R0 F fi i
XiF L 3 A Ak 550 £ L AR RE T T, Pd, ,56Pby 0,50, 1 AR 3R B0 e A 19 PG i SR A00% , dae iy AT ik
10. 1%. He4h, a5 A B, 162.6 V(vs. RHE) R, Pd, ,5Pby 0,0 MEALFIFE I H 5 B B9 PG =35,
90. 78 mmol-m>-h™'[ K1 7(D) ].

1 8 A P, 155Pby 0,50, HEAR T P I LA 7= 40 () BRI P SE RCR AN P %  an & 8 (A) i, Bt L A T
5 Pdy 556Pby o4O MEALT B TSI AL PG RN Z BRI LT S5 R S PR R, i PR T 2 iR At
JeFEMRSE TR RO RA . W 8(B) IR, Pd 5Py, 0usO, MHEAL T AL TR M SR AL A2 B PGB 77 2R Bt FHL A7 14 184
IEZ N . Wi xS R, PG R R R e T BRI

20 F 100
®) PG . ®) =— PG .
16 I Acetic acid = 80 *— Acetic acid
[ Acetone “ 4— Acetone
=
e 12 = 60 P
= 2
= )
81 S 4or ’
B K
4+ | 3 201
[ - - = e — —t
0 0 4 e 1 1
2.0 22 24 2.6 2.0 22 24 26
E/N(vs. RHE) E/N(vs. RHE)

Fig.8 FE(A) and yield rate(B) of propylene oxidation products of Pd, ,.,Pb, ,,;O, catalyst

TR EEWRTE, M T 2 PAO HEAL TR I R AR PR RE , RN 9 o . N9 (A) il LA
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Fig.9 FE for PG(A), yield rate for PG(B), FE and yield rate for acetic acid(C) and FE and yield rate
for acetone(D) of PdO catalyst
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ATLLE 1, PAOMEFLFIFAE 2. 6 V(vs. RHE) FSEHE T f5 i 9 PG 7 38, 2426 mmol*m™-h™". FHE9(C)A]
DLE H, PAO AL ZE 2.0 V(vs. RHE) TR i 1 S RRIEHLEERE, 5 0.69%; ME2.6 V
(vs. RHE) N W2/ 2K B R &6, A 1.9 mmol-m>-h™". HHE9(D) A LLE i, PAOfEILFIZE2.0 V
(vs. RHE) T 30 B i B9 N B VSRR RCE , 7 0.51%; 7E2. 6 V(vs. RHE) T 2630 H 5 e P i ™ 242
KF) 1.6 mmol-m?+h. 5L 5> PAOMEALFIAHEL , Pd, ,5Pby 0050, Ak 2 B EE I S5 1) R A AL PR 995 284k
T, PG = PAO ALK 3. 545 .

N T HRFE Py 5Py, 0usO, HEALPE RS TH G PN AEAL , Xof I H Ak 2 0 4 2 18T AR (ECSA) i 47 43 #7
ECSA SR L7 (CV) BRERTEA R F 3 R T Frill 45 o8 e 2 L 25 () RERME S R . Q& 10(A) F
(B, it s B AN AR N i CV IR, A58 1 C . 45 BT 10(C) R, Pd, ,5Pb, 05O,
WAL €, 2R 3. 15 mF/em’, JZERZ15 PAO (3. 1455, FIRZEILERIT, lid & &4 s pa 04 s Ak

0.6 0.4 0.35
(A) —28 myljs —21380mV\//s/ (B) (C) = Pdo.256Pbo.ossOx,
04f —H0mVis —100mVis 0.30 F 3.15 mF/em?
60 mV/s 02t — = PdO, 1.01 mF/em?
~ 02} T T 02k <
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