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Electrochemical performance of oxygen-containing vacancy
TiO,-CNT support Pt single-atom electrocatalyst
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Abstract: In order to reduce the Pt loading and atom utilization of Pt-supported catalysts, TiO,-CNT
composite support was prepared from carboxylated multi-walled carbon nanotubes (MWCNT) and
tetrabutyl titanate via sol-gel method, and its surface was introduced a large number of oxygen vacancy (Oy)
defects by high temperature heat treatment. An electrocatalyst Pt SA/TiO,(Oy)-CNT anchored by a
composite support with oxygen vacancy defects was then prepared by deposition-precipitation of Pt
single-atom (Pt SA) on TiOy(Ovy)-CNT, characterized by XRD, electron paramagnetic resonance
spectroscopy (EPR), HAADF-STEM and XPS, and evaluated by standard three-port electrolytic cell for its
electrochemical performance. The results showed that oxygen vacancy defects were successfully introduced
onto TiO,-CNT and Pt SA was anchered in the TiO,(Oy)-CNT lattice, with charge transfer between the two
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forming strong metal-support interactions. Pt SA/TiO,(Oy)-CNT exhibited a half-wave potential of 0.804 V,
a mass activity (MA) of 451.24 A/g(Pt), and a Tafel slope of 63.75 mV/dec at 0.90 V. During oxygen
reduction (ORR) operation for 10000 s, the normalized current decreased by 17%, showing better ORR
dynamics. Pt SA/TiO,(Oy)-CNT showed high catalytic activity with lower Pt loading (mass fraction 1.13%),
due to the strong anchoring effect of oxygen vacancy on Pt SA and the protective effect of TiO, film on CNT.
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Fig. 1 Schematic diagram of Pt SA/TiO,(Oy)-CNT preparation
process
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HEMT, BEHAEETKEE, KKK i
(R VI O R 5, R RV R AR R 100 A% )5
Mt

KA EPR 4T TiO, %1 425 A (il 2 . HX
50 mg FEAICE T EPR FEME Y, R EAANHE 00
FER 3502 G, fIEAR N 9.83 GHz, #HA7MIFC
* EPR 55,

1.3.2 AL AR RN

SRR B = 11 R i b o 3R T A T 5 e
2z M RR I A o A H AR R FHE A% [ 8 A ( RDE ),
A IS PR AL 0.19635 cm?, XFHLH A&, B
W Rt A oK . HL# B 0.1 mol/L i) HCIO, 15T .
AL A8 e R oK . 4E5F . Nafion ¥R
TR EEA N, CF 2 mg fEALR A eI AW (200
uL Jo7K L mE+750 pL £ 25 F7K+50 uL Nafion %K )
W, RATEEA AL 2 h, R0 ),
SRJG . ¥4 10 uL 7 3830 76 F A fL 45 % 1% RDE I,
5, BRI T TS AT, 78
F 50 mV/s Fic s 0.05~1.05 V P51k % (CV)
Mgk, 78 1600 r/min %3 T, L5 mV/s i3
RPATR IR Z (LSV) WL, RHiHa f i
AE 0.6 V (vs. RHE ) FKHEHEEF MR 7] 1S
EVES



5512 W

EHE, 4 AL TiO,-CNT gk Pt Husiy AL 49 i AL~ TR fE

* 2713 -

2 #HR5WR

21 LTSRS
& 2 & TiO,-CNT .Pt/CNT Pt SA/TiO,(Oy)-CNT
1) XRD i%&

A
N N

A

Pt SA/TiO,(Oy)-CNT
R

Pt/CNT
i,

TiO,-CNT
L.

‘ JCPDS No. 04-0802
| |

‘ JCPDS No. 21-1272
1 T 1l

10 20 30 40 50 60 70
20/(%)
2 TiO,-CNT. PYCNT. Pt SA/TiO,(Oy)-CNT ffJ XRD
&
Fig. 2 XRD patterns of TiO,-CNT, Pt/CNT, Pt SA/TiO,(Oy)-
CNT
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Table 1

TLE

Pt 0 0 19.26 1.13
Ti 11.81 12.13 0 12.03
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T TiOy(Ovy)-CNT FIfHT/E, Ti BB RESEEA R
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1.13%, SHigEs (1.50% ) M4, 454 TEM 45
W, KUY PtoaT RE LSRR T I U7 o

3 A TiO, 26 I 48025 o A IR &5 5

M 3 ATIE H, TiO,(Oy)-CNT &R H A3 1)
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iUE= Ry A

Eﬁfﬁ“/a.u.

— TiO,(0y)-CNT
— Pt SA/TiO,(Oy)-CNT
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Fig. 3 EPR curves of TiOy(Oy)-CNT and Pt SA/TiO,(Ov)-
CNT
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¥l 4 & Pt SA/TiO,(Oy)-CNT ) TEM Fl EDS &,

Kl 4 CNT 9 TEM & (a); Pt SA/TiO,(Oy)-CNT f¢) TEM
K (b), HAADF-STEM [&] (¢ ), EDS s/ (d),
JCZ Mapping & (e)

Fig. 4 TEM image of CNT (a); TEM image (b), HAADF-
STEM image (c), EDS point sweep spectrum (d),
elemental mapping images (e) of Pt SA/TiO,(Oy)-
CNT
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F1531.1 eV BYIE, 435X R C 1s. Ti 2p F1 0 s,
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a Cls
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1 1 1
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d
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Fig. 5 XPS spectra of Pt SA/TiO,(Oy)-CNT, TiO,(Oy)-CNT,
TiO,-CNT and Pt/CNT
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23| Pt UHRIFIE, FKH] Pt EE DL POH PEIER
1EAER,
24 HUFHESHT

[l 6 }y Pt/C. Pt/CNT. Pt SA/TiO(Oy)-CNT )
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K EAE TiO2(Oy)-CNT I fyB34331
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It ik (e)
Fig. 6 CV curves (a), LSV curves (b), Tafel curves (c),
mass-activity plots (d), /-t curves (e) of Pt/C,
Pt/CNT, Pt SA/TiO»(Oy)-CNT

M 6¢ 141, 5 PY/C(69.01 mV/dec ) Fil Pt/CNT
(69.43 mV/dec )Hi I, Pt SA/TiO5(Oy)-CNT ¥ Tafel
RERIEAT, UK 63.75 mV/dec, FW] Pt SA 1Y ORR
S, AR RR RS . Al 6d Y ORR i 2
HROR R LA MR A B S M (MA) TTLLE
16 0.85 V I, Pt SA/TIOH(Oy)-CNT HY 5 iGPEN
1680.67 A/g(Pt), 7 0.90 V i}, BrEifitEh 451.24 A/g(Py),
SYRIER PYC B 104 f5HF 6.4 5, W] Pt
SA/TiO(Ov)-CNT %% Pt/C HAT B AL S5 4 Fa 4 Ak 3%
PEFEL R PRI ZE . MIEL 6e 19 Pt SA/TIO(Ov)-
CNT F1 Pt/C KHFE] (10000 s ) PEfE% 5245 T LA
Fili, PUC MIH—fLH I T 23%, i Pt
SA/TiO,(0Oy)-CNT L B 17%, Horb iy s R T S,
Pt SA Fl TiO,(Oy)-CNT ZI[EJE A EAE, H
TiO, W 7E CNT £, $2m T 2 A8k miE
P, P, Pt SA/TION(Oy)-CNT HA L S Fa g vE .,

3 #it

T 2 5 - U A v i AR AL B A £ T B AR
2L TiOo(Oy)-CNT & 5 4044, >R FHUTARUTTE 1 1
% Pt SA 145 T Pt SA/TiO,(Oy)-CNT 1#4LF]

(1) "EMWTIA$ETE T TiOy(Oy)-CNT X Pt
SA BIESERCE, Pt SA Hl TiOy(Oy)-CNT Z [AIJE AT
LB LB, (TP R AT RS

(2) Pt SA/TiO5(Oy)-CNT 7E Pt 1 s 4i% ( &
HOBCON 1.13%) BB T, R B
fii (0.804 V), EIGHAL (0.953 V) FIHK PR AL %%
J¥ (-5.56 mA/cm? ), EFLH HA4FHY ORR %1% . Tafel
BERAUN 63.75 mV/dec, FBLH L ) ORR 36 1%

(3) Pt SA/TiO»(Oy)-CNT 7£ 10000 s ) ORR iz
frf, H—AbH IR T RE 17%, 4825 0 F1 TiO, Wi 1Y
JLAEXT Pt SA FYSREN & /E FFIXT CNT R £R4E
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