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Research progress in the preparation and application of functional materials based on

inverse opal structure in water treatment fields

LI Jing"*, TANG Xinjun', HUANG Yong"*
(1. School of Electrical and Mechanical Engineering, Xinjiang Institute of Engineering, Urumgi 830023, China; 2. Laser
Intelligent Manufacturing and Remanufacturing Engineering Technology Research Center, Xinjiang Institute of

Engineering, Urumqi 830023, China)

Abstract: The inverse opal structure (10) is a typical spatial structure of photonic crystals. In addition to the inter-
connected, highly regular, and orderly homoporous structure, IO also has the properties of photonic crystals, in-
cluding the slow light effect, multiple scattering effects, amplified photon absorption and emission characteristics.
In recent years, applications for IO have included homoporous membranes, photonic inks, battery electrodes,
sensors, etc. In this paper, we first briefly describe the construction strategy of 10, which is divided into the
"three-step method" and "two-step method". Then, the research progress of IO in water treatment fields was
summarized in detail, including filtration and screening, efficient adsorption, catalytic degradation, and water
quality detection. Finally, the existing limitations and future development trends of IO materials in water treat-
ment fields were elaborated and prospected.
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Fig.1 The "honeycomb" structure of inverse opal (10)"*
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Fig.2 Inverse opal films prepared from colloidal particles of different particle sizes'"®
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Fig.4 Preparation of inverse opal films by the three-step method (a) and the two-step method (b)
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Fig. 11 (a) Copper IO membranes based on electrochemistry*”; (b) I0 membranes with hydrophobic and oleophobic properties™
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Inverse opal based all-in-one filter
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Fig. 12 One-piece filter based on inverse opal structure®!
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NHE—Normal hydrogen electrode; P25—Commercially P25 TiO, powders; k,,,—The apparent kinetic constants; 3DOM—Three-dimensional macro-
porous; P123—Pluronic P123 (PEG-PPG-PEG), a versatile tri-block copolymer; MO—Methylorange; MB—Methylene blue; RhB—Rhodamine B;
X3B—Reactive brilliant red; 3D-T—Conventional three-dimensional macro-porous TiO,; 3D-HPT—Three-dimensional hierarchical mesoporous
structures of TiO,

E 13 (a) B#4AKIT (BPQDs)-10 TiO, MRS FOGAEALHRE; (b) FI AR GWHI 45094 3D /1L Ti0, 10 (3D-HPT) KXt YLk
Pk R A R

Fig. 13 (a) Construction and photocatalytic performance of black phosphorus nanoparticles (BPQDs)-10 TiO,

[115]

- (b) Preparation of the hierarchical
3D macro-porous TiO, IO by introducing block polymers (3D-HPT) and its catalytic degradation performance of dyes

1 PMMA il % 3 A AR, fERMRIER B A s Bk 2Bk PMMA I Pluronic P123, 2K 1% i %
fix BEIL W) Pluronic P123 1R BN ESLF, fJm WIS /00 AL B 2H B 1Y TiO, = 453 2497 £L 45
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TiO, IO are named as PC220, PC350, PC425 and PC510, according to the diameter of the PS colloidal sphere; PCmix stands for the disordered TiO, IO; P25
denote the commercially P25 TiO, powders; k—The apparent rate constants; MB—Methylene blue; GO—Graphene oxide
514 (a) LA SBIGARIER R T REALAY TiO, JLHE A B (nano GO-PC)!™; (b) 25 0P ERILE5HY Si 54% TiO, (HHS-Si/TiO,) Mt S5 Al
flefeERE™
Fig. 14 (a) Graphene oxide nanocolloids (nano GO) surface-functionalized TiO, I0""; (b) Construction strategy and catalytic performance of the hollow

hemispherical structured Si-doped TiO, (HHS-Si/Ti0,)*"
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SM—Styrene; AA—Methacrylic acid; KPS—Potassium persulfate; Ag NPs—Ag nanoparticles; Selt—Blank experiments; Cy, C—Initial (¢ = 0) and residual
(¢ time) concentrations of RhB

K15 SR TALEHIIY S B T4S —— Ag/Zn0/CeO, 10 1AL HEHEME K Yt i fL e it g™

Fig. 15 Construction strategy and catalytic degradation performance of dyes of S-type heterojunction—Ag/Zn0/Ce0, 10"
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Fig.16 (a) Preparation of immobilization of laccase on the poly(ethylene glycol) diacrylate (PEGDA)-chitosan (CS) inverse opal hydrogel

(LAC@MPEGDA@CS@IOH) and their catalytic degradation performance of bisphenol contaminants®®;

(b) Preparation strategy and photocatalytic performance of ZnO/the aniline black-poly(vinylidene fluoride) (AB-PVDF) 10"
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H 5N w4 A, SCET 5.85 588N, (MOFs) 454, il 7 —Fh i HA 800 4 e
Wang 25 Dl [z 1B M A1 450 5 4 R A HLAE 42 E A4 4R A PUHEZE (10 MOF) 175 2 (81 17(a)).
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3D-IO catalytic membranes
for reduction of 4-NP

DMF—Dimethyl fumarate; PS—Polystyrene; PVP—Polyvinyl pyrrolidone; PCN-777—A zeo type mesoporous Zr-containing MOF; MOD-808, PCN-777,
UN-1200, NU-1000, UiO-6—A series of inverse opal zirconium-based MOFs with intrinsic micro- and/or meso-pores; I0O+MOFs—MOFs material with
inverse opal structure; ZrO,—Commercial ZrO, powder; Active C—Activated carbon
E 17 (a) AHUE A A SR A PUES (10 MOF) (Y38 TSNS I 4-EARH) (4-NP) MK IREE; (b) 5T 2 B RIFALA: KARIUK R
(Ag NPs) 11y 10 figl®!

Fig. 17 (a) General strategy for the synthesis of inverse opal metal-organic frameworks (I0 MOFs) and hydrolysis of 4-nitrophenol (4-NP) 2%

(b) I0 membranes based on dopamine layer-based in-situ growth of Ag nanoparticles (Ag NPs) '®
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Fig. 18 Preparation of the poly(acrylamide-acrylic copolymer) hydrogel inverse opal beads loaded with CuPc (CuPc-PACA HIOBs)!
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K=(A;-2i0n)/(4,-1), where A is the original peak position of the IOPPCs, 4, is the peak position of the IOPPCs immersed in the solution of urea with
urease, Ao, is the peak position of the IOPPCs after adding various metal ions; IOPPCs means the pH-sensitive inverse opal polymeric photonic crystals
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Fig. 19 (a) Inverse opal polymeric photonic crystals (IOPPCs) for visual detection of Hg(II) concentrations in water'"”; (b) Chitosan inverse opal particles

(10Ps) for Cr(VI) detection™; (c) Novel polyethersulfone/polyacrylic acid inverse opal photonic crystals for the detection of ethanol

concentration in water
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