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Abstract: Ru,Se,/graphene catalysts are synthesized by the one-pot solvothermal method, with the
RuCl;y « xH;O and SeO, as precursors and the reduced graphene oxide as carrier. The influence of etha-
nol and ethylene glycol on the morphology performance of the catalysts is investigated. By utilizing
transmission electron microscopy (TEM), X-ray diffraction (XRD), Raman spectroscopy (Raman) and
rotating disk electrode (RDE) techniques, the physical property and activity for oxygen reduction reac-
tion (ORR) of as-prepared electrocatalysts are characterized, respectively. The results suggest that
Ru, Se, particles can be evenly dispersed on graphene layers and Ru,Se,/graphene catalysts prepared in
ethylene glycol are well crystalized. The presence of ethylene glycol can contribute to the reduction
process of graphene oxide and the increase in its specific surface area, thus leading to a relatively high
catalytic activity of the catalyst upon ORR in 0.1 mol/L. KOH.
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Fig. 1 XRD patterns of GTO and graphite
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Fig. 2 Raman spectra of GTO and graphite
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phene catalysts prepared in different solvents
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lysts prepared in different solvents

T EEA . EL 6 Rl DL L 7E S BE il A
AL FIFE —0. 31 V(vs. RHE) 1 B T 40348 J5 I



%5 4

B IS R XT Ru, Se, /0 S8 05 5 A AL ) B A T6 1R BE Y B2 ) 717

'
=
5
.

i
=)

™~

&6 AN[E ) il A 09 Ru, Se, /7 S8l AiEAL R CV &
Fig. 6 CV figures of Ru,Se,/graphene cata-

lysts prepared in different solvents

17 0 T w4 2% 14 A Ak 30 1 S0 D e DU R E
—0.2 V(vs. RHE) , # b F & B 7 il 2% 1) i 1k 741
BT IER RN AE 2 il 4 i 4 AL R K &
| S B = A0 £ 8 a7 N [ 723 i S [ S
Ru, Se, /f1 B AL LSV WK 7 R, 16
7 Hn] DU . & b A 4 A R Y T H A
52 il 18 b < e ) A R R IE 8 L X 5 1 B
R G5 R — B0 H 2 s b il 5 1 4 £k 500 1 A B
H YL L 2 I b o] 8 1 R0 A A PR i % R
Ko K il 28 1 8 o A A 700 55 L P/ C AR R AE 5%
A1 600 r/ minff 17X & B, P/ C ik 5 9 T
L 7 7E — 0. 03 V (vs. RHE) B 2 3 1 {7 K
—0. 14 V(vs. RHE) , ¥ IE F H Ath 7 41 16 5510, (H 2
FE £ v o] A A 7R 7 A B R ORI LA GR
4.5 mA/cem® T SCHRCLS ] rb e 480t 4 J i e 1k &
Pt B A A 4. 4 mA/em®, ZF B TRk
Pt/ CH A% BIR HL 3 - 3 108 BH G i) H B S 1 2 9 45
TR s o) 1 R B B /DN W A S I P A e R R A T AR
Fb A b o AR 1) PR AL 2 R RE ) B

400 r/min
625 r/min
900 1/min
1 225 r/min
1 600 r/min
2 025 r/min

"o
=]
o
.

E
G

Na

-0.6 -0.4 -0.2
E/V

600 1/
2025/

min

j/(mA ° cm’)

0.4 -0.2 0.0
EIV

B 7 ON[E ) H ) 25 00 Ru. Se, /4 88 0% i
L LSV A
Fig. 7 LSV peaks of Ru, Se, /graphene cata-

lysts prepared in different solvents

3 HRiF

A SCR AR 1) Hummer 35846 T & A 4L
FEEE 0 Sk A 85, B 75 e DL A BB O IR
RuCly « 2H,0,SeO, Jy Fif 9K A DL — 25 5 771 44 125 11
T O B Ru,Se, /1 BEMEALF . L
R R 4 1 Ru, Se, /7 S5 AL B A
KLY 45 vk g . B 2 B A e T DU i SR Ak A
SR AR 3 IR B L O B L b 2 1w A A
FEFHIFE 0.1 mol/L KOH 5 W rf 32 30 M ¢ i 11 4
RS .

Sk

[1] Feng Y, Alonso-Vante N. Nonprecious metal cata-
lysts for the molecular oxygen-reduction reaction[ J].
Physica Status Solidi (B), 2008, 245(9) :1792-1806.

[2] Yang S, Feng X. Wang X, et al. Graphene-based
carbon nitride nanosheets as efficient metal-free elec-
trocatalysts for oxygen reduction reactions[J]. Ange-
wandte Chemie, 2011, 50(23) :5339-5343.

[3] LiuJ, Song P, Ning Z. et al. Recent advances in



718 [ O A S /| R N N O %547 %
heteroatom-doped metal-free electrocatalysts for catalysts prepared by solvothermal reaction[ J]. Ca-
highly efficient oxygen reduction reaction[ J]. Elec- talysis Letters, 2012, 142(9).1128-1133.
trocatalysis, 2015, 6(2):132-147. [10] Seger B, Kamat P V. Electrocatalytically active gra-

(4]

[6]

[7]

[8]

[9]

Gao M R, Jiang J, Yu S H. Solution-based synthesis
and design of late transition metal chalcogenide mate-
rials for oxygen reduction reaction (ORR) []].
Small, 2012, 8(1).:13-27.

Alonso Vante N, Tributsch H. Energy conversion catal-
ysis using semiconducting transition metal cluster com-
pounds[ J|. Nature, 1986, 323(6087) :431-432.
Morawa Eblagon K, Brandao L. RuSe electrocata-
lysts and single wall carbon nanohorns supports for
the oxygen reduction reaction[ J]. Fuel Cell Science
and Technology, 2015, 12(2):1-8.

Jeng K-T, Hsu N-Y, Chien C-C. Synthesis and eval-
uation of carbon nanotube-supported RuSe catalyst
for direct methanol fuel cell cathode[ J]. Hydrogen
Energy. 2011, 36(6) :3997-4006.

Garsuch A, Michaud X, Wagner G, et al. Templat-
ed Ru/Se/C electrocatalysts for oxygen reduction[ ]J].
Electrochimica Acta, 2009, 54(4):1350-1354.

Zhang C, Yanagisawa K, Tao H, et al. Oxygen re-

duction activity and methanol resistance of Ru-based

[11]

[12]

[13]

[14]

[1

]

phene-platinum nanocomposites: Role of 2-D carbon
support in PEM fuel cells[J]. J Phys Chem C, 2009,
113: 7990-7995.

Hye R B, Jin S, Yang S H. Craphene-based non-no-
bel-metal catalysts for oxygen reduction reaction in
acid[J]. Chem Mater, 2011, 23, 3421-3428.

Kang G S, Jin S C, Hur S H. Durability improve-
ment of Pt/RGO catalysts for PEMFC by low-tem-
perature self-catalyzed reduction[ J]. Nanoscale Re-
search Letters, 2015, 10(257) :1-7.

Marcano D C, Kosynkin D V, Berlin ] M, et al. Im-
proved synthesis of graphene oxide[J]. Acs Nano,
2010, 4(8):4806-4814.

Stankovich S, Dikin D A, Piner R D, et al. Synthe-
sis of graphene-based nanosheets via chemical reduc-
tion of exfoliated graphite oxide[ J]. Carbon, 2007,
45(7) :1558-1565.

Feng Y. Alonso N. Carbon-supported cubic CoSe, cata-
lysts for oxygen reduction reaction in Alkaline medium

[J]. Electrochimica Acta, 2012, 72(4):129-133.



%5 4

e

1% A RN Ru, Se,, /0 825 52 5 H A0 H 41 4L 18 BE ) 52 1

719




