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Progresses on Diatomite-Templated Syntheses of Two-Dimensional Materials

HU Jingyi, PENG You, ZHOU Fan, WANG Jialong, ZHU Lijie, HUAN Yahuan, ZHANG Yanfeng
(School of Materials Science and Engineering, Peking University, Beijing 100871, China)

Abstract: Two-dimensional (2D) material powders are featured with large specific surface areas, ample catalytically active sites, high
solution processibilities, and widely tunable microstructures, showing some tremendous application prospects in various fields, such
as energies, electronics, catalysis, and environments, etc. Low-cost and batch production of high-quality 2D material powders with
tunable microstructures is the vital prerequisite for developing their large-scale applications. This review summarized the research
progresses on diatomite-templated syntheses of 2D material powders (e.g., graphene, graphidiyne, transition metal nitrides, and
transition metal dichalcogenides powders), and introduced the advances in the applications of as-prepared 2D material powders in
energy-storage devices, printed electronics, electrocatalytic hydrogen evolution reactions, and wastewater treatments, etc. In addition,
some problems and challenges in diatomite-templated syntheses of 2D material powders were represented, and their potential
application directions were also discussed.
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Fig. 1 Diatomite-templated synthesis and application of two-dimensional materials
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Fig. 2 Diatomite-templated synthesis of 3D HBG powder towards printed electronics related applications. ['*! Copyright © 2016,

Springer Nature. (a) Schematics for the synthesis of graphene on diatom frustule and the 3D hierarchical biomorphic
structure of derived graphene; (b) False-color scanning electron microscopy (SEM) image of the HBG flakes after removing
the diatomite templates. The derived HBG flake conformally replicate the microscopic pore structure of the diatomite at the
center region (left) and marginal region (right). Scale bar: 2 um. Inset: Photograph of HBG powders after removing diatomite
templates; (c) Raman spectra of HBG flakes achieved under different methane volume ratios, e.g., about 2.4%, about 0.9%
and about 0.6%; (d) Nitrogen adsorption/desorption isotherms for HBG, RGO and diatomite powders; (¢) Photographs of the
homogeneous dispersions of HBG powders in ethanol/terpineol solvents with the concentrations of about 0.02 mg-mL™" (i),
about 0.05mg-mL"" (ii),about 0.5 mg-mL"" (iii), and about 4mg-mL"" (iv); (f) Sheet resistances (green and black curves for
the graphene films with and without treatments by nitric acid, respectively) and transmittances (to 550-nm light) of graphene
films prepared with HBG dispersions under different concentrations via the wire-wound rod-coating processes; (g)
Normalized resistances of the HBG/mica, commercial ITO/PET and sputtered ITO/mica hybrids under different bending
radii; (h) Photographs of inkjet-printed graphene patterns achieved with HBG inks (left part) on an A4 paper (right part) (i)
Photographs of inkjet-printed graphene on a 4 in SiO,/Si wafer; (j) Photograph of a green light emission diode (LED)
lightened through the graphene/PET film (achieved with the roll-to-roll transferred printing technique), under the driven
voltage of about 2 V; (k) Current density as a function of voltage for the DSSCs constructed with a FTO/PET and a
graphene/PET counter electrode, respectively
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Fig. 3 Diatomite-templated synthesis of free-standing 3D-GDY towards energy storage and catalysis related applications®”.
Copyright © 2018, John Wiley and Sons. (a) Schematics for the synthesis process and growth mechanism of graphdiyne on
the diatom frustule template; (b) Raman spectra of diatomite, Cu@diatomite@3D-GDY and 3D-GDY (after removing the
diatomite template and CuNPs) powers; (¢) (d) SEM images for the surface morphology (c) and internal structure (d) of the
3D-GDY; (e) Nitrogen adsorption/desorption isotherms for the 3D-GDY powders prepared under different loading amounts
of HEB (e.g., about 0.3 mg-mL™'. about 0.6 mg:mL™" and about 1 mg-mL™"); (f) The lithium-ion battery constructed with
3D-GDY as the anode; (g) (h) Rate capabilities, cyclic performances, and corresponding Columbic efficiencies of the
3D-GDY-based lithium-ion battery under different current densities
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Fig. 4 Diatomite-templated preparation and energy-related applications of TMNs!?. Copyright © 2018, John Wiley and Sons. (a)
Schematic of the process for fabricating TMNs products via the diatomite-templated method; (b) SEM image of the
as-prepared WN. The yellow arrows indicate the uniform distribution of pores and voids. Scale bar: 500 nm; (c) Nitrogen
adsorption/desorption isotherm of the Mo,N product. Inset: Pore size distribution of Mo,N; (d) Photograph of diatomite
powders (front row) and VN, Mo,N, and WN aqueous dispersions (back row); (e) Photograph of large-area VN printed
circuit patterns on a PET film. Inset: Photograph of the LED indicators lightened through the circuit connection; (f)
Photograph of filtrated TMN-based membrane with high flexibility; (g) CV curves of VN under different scan rates
(20-100mV-s™"); (h) Comparison of the specific capacitances of the VN samples prepared via the diatomite-templated
method and template-free method, and the commercial VN at different scanning rates; (i) CV curves of the VN-based flexible
SSC at different bending angles.
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Bl 5 TR AR ) TMDCs M4 1 85 Be A2 198 /K AL B AT B A AL AT S R i R, Copyright © 2022, John Wiley and
Sons. (a)feE AR 11 4 TMDCs FUSR 25 5 (I BRI s (b)7E AN Al v AR #1465 (1) Mo, 9 SEM FR Fi e P
BIEE: WRRREE LR SEM IR () MoSyw WS, FIl ReS, 78T 57 A BE B3k A5 1 0 BOR I HE A GREE 24
0.1mg mL™); (d) GO/MoS, & # i JER A /AGE B AIXT & FF 0 B 148 8 2 B MoS, HiR 18tk PWEEE: GO/MosS,
HEIEBHINE R () RGN &6 I 3L IE G R A BOK AL LS, HBERNAL. W B S S RO . WE
R SRR WA EWII T () (@) 03T AN A FAR (AR B B Au §)ZRIH ) MoS,+ ReS; Al Re1-)MoyS,
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Fig. 5 Diatomite-templated synthesis of 2D TMDCs powders and the applications in wastewater treatments and electrocatalytic

hydrogen evolution*. Copyright © 2022, John Wiley and Sons. (a) Schematic illustrating the synthetic procedure of
TMDCs nanosheets on the diatomite template and the etching process for removing the template; (b) SEM images showing
diverse architectures of MoS, derived on various diatomite templates. Insets: SEM images showing the original
morphologies of the corresponding diatomite templates; (c) Photographs showing the uniform dispersions of MoS,, WS,, and
ReS, powders in is opropanol (at the concentration of about 0.1 mg-mL™"); (d) Water flux of the GO/MoS, hybrid membrane
with different loading of MoS, and corresponding rejection rate for Rhodamine B. Inset: The photograph of the GO/MoS,
hybrid membrane; (¢) Adsorption spectra reflecting the concentration of methylene blue in permeate, feed, and retentate
solutions. Inset: Photographs of permeate, feed, and retentate solutions. Permeate solution is nearly colorless, as compared
with the colored feed and retentate solutions; (f) (g) Polarization curves and corresponding Tafel plots of MoS,, ReS,, and
Re(1-yMo,S, powders assembled on different electrodes (glassy carbon electrodes and Au foils)
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Table 1 Diatomite-templated synthesis of 2D materials and their applications in energy and environment related fields

Specific surface

Material Synthetic method » Application scenarios Performance Reference
area/(m™g )

Graphene CVD About 1137.2 Printed electronics Sheet resistance about 0.36 kQ-sq " [13]
at a transmittance of 80% at 550 nm

N-doped Graphene CVD / Li-S batteries Initial capacity about 868 mAh-g ' at [32]
sulfur loading of about 7.2 mg-cm >

Graphdiyne Glaser—Hay coupling About 369 Li-ion batteries Reversible capacity about 610 mAh-g ', [37]

reaction Coulombic efficiency >98%

VN Direct ammonolysis About 26.7 Supercapacitor Energy/power densities [40]
15.5Wh-kg '/ about 1 147.3 W-kg ™'

Mo,N Direct ammonolysis About 35.6 Supercapacitor Capacitance about 158.8 F-g ' [40]

MoS; CVD / Water treating Rejection rate 83.1-92.8%, [44]

membranes Water flux 47.5-82.8 L-m >-h™"-bar ™’

RexMo1xS, CVD / HER catalysts Overpotential —334mV, [44]
Tafel slope about 61.1 mV-dec™

N-doped MoSe,/Graphene hydrothermal About 17 Potassium ion hybrid Maximum energy/power densities [47]

method capacitor 119 Whkg /7212 W-kg™*
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