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Abstract: Due to their high surface area, low density and hierarchical structure, transition metal
oxide hollow spheres have attracting much attention and a variety of approaches have been developed
to prepare the oxide hollow spheres. Meanwhile, progress in synthesis of hollow structures has
provided opportunities for their widespread use in catalyst field. In the last two decades, it has
witnessed an ever-growing relevance of designed hollow materials in all areas of catalysts. This paper
gives a brief review on the research progress of transition metal oxide hollow spheres catalyst in the
present author’s group in recent years, with a special emphasis on the preparation of hollow spheres
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and the design of catalyst.
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Bl 1 A \\&%Jéﬂxﬁi@*—fm’] SEM #1 TEM H& #
Figure 1 (a) SEM and (b) TEM images of as-synthesized carbon spheres by hydrothermal process

@ carbon sphere template « Co**ion @ cCobalt oxides
B 2 CosO4 41K = 0Bk By ] & R 2 F

Figure 2 Schematic illustration of formation process of the hollow Co30, sphere
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Figure 3 TEM images of hollow spheres synthesized by using (a, b) un-treated, (c, d) alkali-treated and
(e, ) acid-treated carbon spheres as the template
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Figure 4 (a) Methane conversion curves versus temperature over porous Co;0y catalysts under different
preparation conditions, and (b) time dependent CH, conversion at 325°C
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Figure 5 Schematic illustration of the formation process of silver/titania hollow spheres

B 6 (a) B AT SEM B 3 Ag/TiO, Z /03K H (b) SEM B A . (c) TEM FE f 2 (d) HRTEM B A
Figure 6 (a) SEM image of carbon sphere templates and (b) SEM image, (c) TEM image and (d) HRTEM image
of Ag/TiO, hollow spheres

R B TiO,, IXFERLUAT LA RCEE G RN E L BRBRCRM AL L RE 9K Ag 0RE (14 KA H R fg
SRR TERE . 7EANE 5 P A s R b ok A2 T AR IROM :

RCHO + AgNO; + H,0 — RCOOH + Ag + HNO, (1)
RCOOH + Ti(OPr—i); — RCOOT; + i—PrOH )
ROH + Ti(OPr—i); — ROTi + i~PrOH 3)

6 FT7n N Ag 7138 TiO, 25:0BRIK SEM Il TEM I8 5, FTLUE R BREREBR B0 ghElr, 71
BHZZ1N 280 nm;  Ag/TiO, 75 0BT EAZEZ) 260 nm, Ag BRI N ~F248 9 nm, 1 oA s, 7
R H R AP AE .



-100 - AK%Z %, BESBANNZ CIRH SR EN KT TR %39 %

17 s AN AgiTiO, BEZRLERT Ag/TiO;

Dark : Bright

2 OERAI VAL P2S % SE R VA i or Y ety orangs
fbei:, WEHTEIEH, Ag/TiO %5 DBk I e o} T s

035 T B 4 TR R AR ) P25, L
0.18Ag:TiO, NIfERACLL, bR ME % 402 .
4f TiO, 2 LIRIIFI LA L, R AL P25 o 04t

—&—1.4 Ag:TiO2 HS

=¥=0.81 Ag:TiO2 HS
—4—0.18 Ag:TiO2 HS
—»—0.05 Ag:TiO2 HS

= L. 0.2}
A rx | -

- SN A 5l i L L L "

3 Ce0,-CuO & & &4 %= 3K il & 20 5 n 0 150
R E CO &t gl t/ min
7 TR Ag:TiO, BRI Ag/TiO, & L3k Fr P25
R RAR, £E Ce—Cu EE& %MK X HCAE AL EAE - o R T LR

Zrf, Cu MR A IEYE L, T HE =M Figure 7 Photocatalytic decomposition of methyl
o . ’ — ) orange using P25 and various Ag/TiO, hollow
eI, 73 09: S #U CuO/CuO, KBHL spheres with different Ag:TiO, mole ratio

1] CuO/CuO, Mt N kg U Ce BT Cu.

PAE = AL M SR AR VR BRAR Y BRI, B BRIV Ce—Cu A EMY, MLSL Cu
YA A o B S AAE TR R . AR 2 BRI T, il A SR AL gk S5 M A R 22 DLIK
PR A BRE R . MRS ERBINESEMD T, Cof 2 Ul EREIRAIEAFE. A
RIERI Cu B FHIRMIMEEK T Ce BT, UEAMERAZM FUUER, Ca¥FiANEET CeO,
KM LA R IR TRE, FRATED LA A TIN 555256 .

ARHFFATY AR PR BRER AR, @ )2 2 H AR LR TP Ce0,-CuO, H&H MY, RIGTE
550°C 7SR M IBRE 2 h R BRARUG 15 3125 0 Ek I 8 FT 7 A Ce0,-CuO, B A A7 L ER ) SEM
A TEM B, AR el E B2 QBB B R 4F, RiAR 2], HA EEY) 40 nm (15¢)2 R
N 15 nm ~ 20 nm [RGKREURL A 25T i, A ELEEHR A T LA R A2 )26 5 8 L4 .

9 Fin NAF CuO, & Ce0,-CuO, HA A2 OBRIN CO b2k, 45 KRz R LA
LI CO EATENE, 4 CuO, BE/R G &N 10% KRR B miETE, 78 116°C A3k 100% 1Y
CO Heth &, 223k 5 AEAIEFAAT 10 h () iR S 5 9R REBEAE 130°C NOREF 100% k3 (&
10 AT7R), R RIFMAFRE M. X — M REILT 24 BRI [ RS A 0 7 45 R

Ce0,-CuO, B A E M7 OER R AR EZAR T LU =ANJ7 M : (1) BT m 4

;"}«‘: ‘{M 2 (‘J E 02ym

Kl 8 CeO,-CuO, & & A 4 = 0Bk #(a) SEM F2 (b) TEM F F
Figure 8 Morphology of CeO,-CuO, composite hollow spheres: (a) SEM and (b) TEM
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Figure 9 CO conversion as a function of temperature for (A) CeO, hollow sphere, (B) CeO, solid particle,
(C) 4%, (D) 7%, (E) 10% and (F) 13% CuO,—CeO, composite hollow spheres
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Figure 10 (a) Cycle test curve and (b) constant temperature test curve at 130°C of 10% CuO,—CeO, composite
hollow spheres
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Figure 11 Schematic illustration of the synthesis process of MnO,/Ce0,-MnO, composite hollow spheres
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Figure 12 Morphology of MnO,/Ce0,-MnO, composite hollow spheres: (a) SEM; (b) TEM
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Figure 13 (a) EDS spectra, (b) HAADF-STEM images of an individual hollow MnO,/CeO,—MnQO, sphere
and its element mappings of O, Mn, and Ce
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Figure 14 CO conversion curves of (A) CeO, hollow spheres; (B) MnO2 hollow spheres; MnO,/CeO,~MnO,
composite hollow spheres with (C) Ce/Mn = 3/8, (D) Ce/Mn = 4/6, (E) Ce/Mn = 6/4; (F) physical mixture of
CeO, and MnO, hollow spheres with Ce/Mn = 3/8.
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