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Abstract: Photocatalysis is regarded as one of the most promising strategies to solve the current environmental pollution.
Zinc oxide (Zn0O) , as an important n-type wide band gap semiconductor, not only has excellent photoelectric properties, but
also contains rich nanostructures, which has attracted wide attention in the field of photocatalysis. Usually, ZnO nanomateri-
als used as photocatalysts are presented in the form of powders, which need to be recovered by centrifugation and filtration
after use, and is liable to cause the secondary pollution. The above troubles can be avoided by fixing ZnO nanostructures on
movable substrates to form immobilized photocatalysts. From the perspective of basic “structural unit” dimension, the immo-
bilized ZnO nanostructures for environmental photocatalysis, including zero, one, two and three-dimensional structures, are
reviewed. The zero-dimensional structure is mainly fixed nanoparticles. The one-dimensional and two-dimensional structures
are mainly nanorods and nanosheet arrays, respectively. The three-dimensional structures are composed of low-dimensional
morphologies, and most of them form complex hierarchical structures. Finally, the problems and challenges in the practical
application of immobilized ZnO nanostructures in environmental photocatalysis are prospected.
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Fig. 1 SEM image of ZnO nanoparticles immobilized on the surface
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Fig.2 SEM images of moving media; (a) before coating, (b) after coating, (c¢) dimensions of immobilized

Zn0 nanoparticles! 2!
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Fig. 3 Schematic illustration of ZnO nanorod arrays under UV

light irradiation2®]
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Fig.4 SEM images of ZnO nanorod array grown over a zinc substrate

[29]
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Fig. 5 SEM images of as-prepared ZnO nanobelt arrays grown on a Si
wafer at high density: (a) top view of ZnO nanobelt arrays

(inset is a high-magnification image of two nanobelts), (b)
image taken at 30° tilt degree, and (c¢) cross-section view of

Zn0 nanobelt arrays!®”]
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BEF (b)) FIE IX L T 55 ( SAED) B3 (), (b) o HERY 5

Sy FRARE S LB (HRTEM) B (d) 141
Fig. 6 TEM image of a single hexagonal ZnO nanosheet (a), TEM im-
age (b) and selected area electron diffraction ( SAED) pattern
() from box in fig. 6a, high resolution transmission electron mi-

croscope (HRTEM) image from box in fig. 6b (d) (41]
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AR BRI R A RLAE G REAL RE ARE E X Rl
LR RO R AR AR BT R e Ik sk e . AR IS
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P7  ZnO 94K A B B4 31 1ty s 700 F- 10 R T 79 3% % 3 SEML BR
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(o) WA, W ER T Zn0 9K 40 R EE (fs
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Fig. 7 Representative plane-view and cross-sectional FE-SEM images

(scale bar=100 nm) of ZnO nanoplatelets array synthesized

at: (a, b) 350 C, (c, d) 400 C, the insets in the fig. 7a

and fig. 7c are higher magnification images of ZnO nanoplatelets

(scale bar=20 nm) [*

Wang 45 SR K 0k B B Ll 45 Tl 2 4L
AR 7 A R ZnO I, HOEBILE 8, 1X4E Zn0 44
KR BATAR I i 2 T AR o A AR e LU A9 ) #R 8% 9 (001)
AT, A5 ZnO 575 YW R 58 ARG i 45 ful ARG . A
LIRS, XA 4E ZnO GOKREEHILL R HT RhB

B8 ARl 3 1% 75 W 3k VU i ( hexamethylene-tetramine,
HMT) ZKEHAE 170 C UL 10 h 13201 ZnO 49K J
JE (Y SEM JE Ji (44

Fig. 8 SEM images of the nanosheet-based ZnO films obtained in dif-

ferent concentrations of hexamethylene-tetramine ( HMT )
aqueous solution at 170 C for 10 h: (a) 0.14 mol/L, (b)
0.21 mol/L, (¢) 0.3 mol/L, and (d) 0.36 mol/L[**
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Fig. 9 SEM images of ZnO nanorods (a) , ZnO nanorods with seed parti-

cles (b), ZnO branched nanorods (¢, d); inset in (a) ~(c¢) is

[52]

1

a corresponding cross-sectional SEM image of each sample
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ZnO seed crystal

ITO substrate

ZnO nanorod arrays

HHE LA FLAK T 2 A 4548 ZnO SEOLAEAL R 7R
[ AT B A A AR 2o 8 v s O S A PR, Gk
PEREAE T2 R, T Se 2 A 7K Ab B 2R e sOBT Y 1OGAR
AR BT,

Zn0 nanoflower-rods

P10 76 ITO FiE b HIVETE HHLE ZnO AE-HR M7 5 R R (a) TERDIE _BIRTE Zn0 SR ER, (b) 241K Zn0
YERAEEF, (o) TEAKAE S EHIEE ZnO kA5 05

Fig. 10 Schematic process for fabricating vertically aligned ZnO flower-rod arrays on ITO substrate: (a) seeding of the sub-

strate with ZnO nanocrystals, (b) growth of ZnO nanorod arrays, (c) building of ZnO nanoflowers onto the nano-

rod arrays!>*)
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Fig. 11 SEM images of the ZnO nanoplate array (a) and the
hierarchical ZnO nanoplate-nanowire architecture array (b),
the insets show magnified images*®’
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