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Figure 1 (Color online) Schematic of the effect of solvent and
additive/impurity molecules or ions on the morphological control of
crystal facets'™
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Figure 2 (Color online) SEM images of anatase TiO, crystalsm]. (a)
With HF and without isopropanol; (b) with isopropanol and HF
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Figure 3 SEM images of facet-controlled magnesium oxides™. (a)
Hydromagnesite micro-sheets; (b) magnified view of the marked area in
(a); (c) MgO pyrolyzed in N,; (d) MgO pyrolyzed in air
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Figure 4 (Color online) Characteristic of calcined MgO[‘”]A (a) Nitrogen adsorption-desorption isotherm; (b) pore-size distribution curve; (c) SEM
images of the calcined MgO in air; (d) SEM images of the calcined MgO in vacuum

Step a | :

+0—0

b "
)Q‘*o

s
03
0y

Step ¢ *0,"

Step b
0,

Step 4

HO}

B 5 (M7 6)R300-CeO, Tk ik 5 M RN AL EE 77 25 1)

Figure 5 (Color online) Schematic representation of ozonation

mechanisms catalyzed by R300-CeO,

[44]

(2) FAHE HTH R MK TR S . R BT IA
H1, KA 4B ALY R AL A SE R T OS5
%, 2 G PE PR FEOL N T ICHE M I, (g p e 2
T LewisFR V. I 17K 70 1T At 25 Wl -1k 1) e T 2
T SR/ B ) 5 0y PR IR 8 &), #EI
O AL OHANO, 2 PR A Ar ) (1815). Wtk
AP, BT F RO 50 T AR SEAE W A5
PR V. R LewisR 0 A BRI 3 55 B2 R0 4
TR R 5RS, BEMTRZMEO, 73 W B RIS AL, ANTR] i
[T e T v & N T R N O = e
TC 7 0 1 TR )06 ) Ao B, X 7 LewisTR A i )
CeO, iR (100)FI(110) i _FCe* FIBLAI AR N
2, BT AR N A, PI(100)FI(110)HE %5
B S TR R IR RE B E R, MnTio,
(0001 1A 3 2 fh B o7 AR AT MM TR+ 548,
0L L 48] B 5 49 (0 110 1T 5 5 W2 B 7K 437 I8 i
RIMFIE, FEHEO T ot r= e G R AR, P
TR (4-CPYFEH R MO [l i - YT
B IREAR: (111) > (110) > (100) ~ (200), Xf7K4

3683



M Eh & 2025118 f675 £31H

T-H R AR A,

554 @ EAYAR, 48 RIAE YR R
s rp S KR, B2 Es ok, B
AT B TE 9 R B O AL TE PR 1 42 g B L Ak
FER A FeOON) . B E4 KA (MnOOH) )
BHA AR (AI0OH)Y, BIEA AR ZnOOH)™ . %
JEE LA (CeOOH) ™ L R S S48 A8k B (a-Fe oMng -
OOH)™, B HAA LA #k(Cey \Feo OOH) 45 — 042 8
BERILEA). Koy T1E 4 8RS i L
W B IF S 4 2 B4 h TFeOOH M 44587 (a-
FeOOH)ff N FeOOH " # ) 2= fe ko 11 22 b ALY, LAY
AN ERRIEE, IR K2R ER(110)M i, R SH
A (100) AR T, PN 2R ER (021, Hr(110)F
(100) /7 18] () 5 22 U5 7T 72738 90%, - 1M (021) 1 F) 2 55 L
1129410%"°%). 0-FeOOH It 5 2 i il I HLA7 £33
I PARCA R (s-OH) . (7 F2 3E(n-OH) il =
B R (ns-OH), 3RS R IMAE M LA
U_[L[?I6[57].

RussellZ N5 %M, o-FeOOH FhiRZE 4 h
J\IH & Fe-OfIFe-OH R B HEZ Mk, Z5A0h A FR
Y15 100114 B A3 AREE. (110) 1A L [RIBH A7
7Es-OH. p-OHMIp,-OH = P2, 1i(021)1E b RAFHE
s-OHFIu-OHPFREEY, S T W1 0-FeOOH 7 5% i
OV B T B AR, Zhang® APVLID,0
VENFEIEARED, BRRRAE Ry 2 85 05 M 0 F i 77 X -
FeOOHMEAL O TE AT T I, 455 % HH, FeOOH
FET K A>T 5 7 A 1 R T R A AL O 1Y 2 2L
Wbk, MARZEA R u-OHMIn-OH. XA BT A
PR BA R VRO A OH B s e M. ARk
TSR EMeO-HHEM A X, a-FeOOHM KT
FeO-HEE P O-H-+- O 8345 K (2.747 A)iAixl 55,
SEH R HAEZON A FO A mE M, T
HOH-0,45 4. B, a-FeOOHMZE i F2ILTEALHFO,
A3 i A B O H Jy T 26 B H B v A 4 AR TS 1 (R (3) ~
)"

=FeOH + O; <> =FeOH(O;)s, 3)
=FeOH(03)s) <> =Fe(O)OHs, + O, (4)
=FeOH(O;) + O; +H,0(5) <> =FeOH + ‘OH
+0,”+0,+H' (5)
0, +0; < 0,7 +0, (6)
0,” +H < HO; (7)
HO, < 'OH + O, (8)

3684

Types of terminal hydroxyl groups on goethite
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Figure 6 (Color online) Three types of coordination hydroxyl groups
on the surface of a-FeOOH"”
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Figure 7 (Color online) The impact and application of facet engineer-
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Figure 8 (Color online) Performance and mechanism of CuCo/y\;CAF
during catalytic ozonation and the used pilot-scale apparatus[%]
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Although ozone has been widely used in water treatment due to its strong oxidation and sterilization abilities, it reveals
slow reaction rate with refractory organic pollutant. Heterogeneous catalytic ozonation (HCO) technology has been widely
used for removal of refractory organic compounds and improving the biodegradation properties of wastewater. Metal
oxides are stable and effective catalysts for HCO. However, not much choice can satisfy the critical requirements of water
treatment, such as environmental safety, economic efficiency, availability, catalytic activity and recovery. Crystal facet
engineering tunes the atomic arrangement on the surface of metal oxide, resulting in the exposure of specific crystal facets.
The type and ratio of exposed crystal facets can significantly affect the efficiency of ozone decomposition, pollutant
degradation and disinfection by-product generation during the HCO process. This review comprehensively summarizes
and comments on the current crystal facet control methods for the synthesis of HCO catalysts for the first time. The
methods are classified into bottom-up methods and top-down methods; the former contains crystalline surface adsorption,
solvent conditioning and supercritical oxidation methods, while the later includes thermal decomposition and direct
calcination methods. The enhancement mechanism of HCO processes induced by crystal facet engineering is discussed.
The modified HCO catalysts are strengthened not only in absorption function, revealing different adsorption behaviors for
0O;, water molecule or organic pollutants, but also in free radical producing rate due to the change of surface micro
environments. The surface atomic arrangement and coordination mode of modified HCO catalysts may also be changed,
leading to the more rapid electron transfer. Finally, the applications of integrated crystal facet modified HCO catalysts in
water treatment for the past few decades are synthetically summarized, including the degradation of organic matter,
enhanced sterilization, bromate and toxic organic by-products control in HCO processes. The crystal facet engineering
modified HCO technologies used in full scale applications or coupled with other advanced oxidation techniques are also
presented. Considering that the crystal facet engineering modified HCO material still faces some problems in the depth of
scientific exploration and the breadth of practical applications, several significant issues to be solved are listed in the
current review, including how to establish the theoretical system for directionally controlling the crystal face exposure, how
to mass-produce the facet engineering modified HCO catalysts economically and efficiently, and how to guarantee the
stability of the facet engineering modified catalysts during the HCO processes. To address these issues, some future
research directions and priorities are proposed. The intrinsic relationship between crystal facet regulation and HCO
performance and mechanism should be deeply explored through the intersection of precise synthesis, advanced
characterization and theoretical simulation. More types of facet engineering modified HCO catalysts can be applied in
practical treatment processes by selecting low-cost green synthesis methods, and so the application will be widened.
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