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Research progress of MOFs-derived materials as the electrode for lithium—ion batteries

— a short review
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ABSTRACT Owing to their high surface area, excellent electrolyte permeability and ample diffusion pathways for charge transport,
porous and hollow-structured electrochemically active materials attract more attention as the electrodes. In general, the process of
template preparation method is used to achieve hollow structured materials over the last few decades. However, the complicated
preparation process including removal of template and surface modification often results in poor uniformity, low reproducibility, and
high cost of porous structure. Moreover, it incorporates functional chemicals with specific homogeneity and dispersity into the hollow
porous intercrystalline structure. These problems hinder the development and application in energy storage and conversion devices of the
diversified porous and hollow-structured materials. The metal-organic frameworks (MOFs), consisting of organic linkers and
coordinated inorganic clusters, appear as an excellent collection of porous crystal material series with high surface areas, high porosity,
and tunable structures. However, their low conductivity and electrolyte instability limit the further use of MOFs in the field of LIBs.

Recently, how electrode materials for Lithium—ion batteries (LIBs) are designed and prepare using MOFs has attracted more attention.
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The composite materials derived from MOFs including nanostructured porous carbons and metal oxide uaing self-sacrificial template

synthetic route not only solves the problem of low conductivity but also maintains the high surface area and porous structure of MOFs,

providing abundant active sites for insertion/deinsertion or adsorption/desorption; Furthermore, composite materials derived from MOFs

increase the complexity of nanostructures in terms of structural units and chemical components. In particular, large pore volume and

open pore structure are critical to loading guest species, accommodating mechanical strains and facilitating mass transport. In this paper,

we briefly examined the production of MOF-derived materials for applications in LIBs. The optimization and modification of an MOFs

morphology were implemented according to the electrode material requirement for LIBs. Moreover, the preparation of MOFs-derived

electrode materials with porous, hollow, or complicated construction and their effects on electrochemical performance were described.

Finally, the challenge and trend in production of electrode materials derived from MOFs were analyzed.

KEY WORDS lithium ion battery; electrode material; metal organic frameworks; porous structure; cycle life
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Fig.1 Schematic of the main contents of the review, including porous,

hollow, and complicated construction of electrode materials derived from
MOFs
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Fig.2 Schematic diagram (a) of the synthesis of metal organic frames using different sizes of bipyridyl organic ligands!"*); aperture expansion in ZIF—8

via solvent-assisted linker exchange (b)*”; versatility of linker thermolysis to construct HP—UiO—66 using various linkers (c) (A—J showing different

thermal stability)™!
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Table 1 Porosity parameters of HP—UiO—66 created by linker

thermolysis'*!!

Sample Sper/(em’g™)  Dyeo/nm  P(meso)/P(micro)
HP-UiO-66—AD 1022 9.8 0.83
HP-UiO—-66—BD 1012 7.5 0.60
HP-UiO—66—-CD 825 7.2 0.82
HP-UiO-66—AE 702 5.5 0.79
HP-UiO—66—AF 571 6.0 1.00
HP-UiO-67-GH 2185 14.8 0.66
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Table 2 Some porous carbon-based electrode nanomaterials prepared using MOFs

Sample Precursor Spr/(m*g™") Temperature/C Atmosphere Reference

NPC ZIF-67 547 800 N, [38]
N-NPC Zn—MOF 3125 1000 Vacuum [37]
N-NPC ZIF-7 783 950 Ar [39]
N-NPC ZIF-8 3405 1000 Ar [40]
N-CNT Zn—Fe—ZIF 152 900 N, [41]
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Fig.4  Schematic representation (a) of extra Li storage in N-doped ZIF—8 derived carbon particles™; SEM image of as-prepared MIL—88—Fe, the
illustration of the fabrication of spindle-like porous a-Fe,O3, and comparative cycling performance of the final spindle-like a-Fe,O3 and bulk Fe,O; at

200 mA-g' (inset) (b)"*); Schematic illustration of the formation of Co,P—NC polyhedra, and rate performance of the Co,P-NC—700, Co,P-NC—800 and
Co,P-NC—900 electrodes at different rate current densities (c)*”!
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Table 3 Some porous metal compounds or metal compound/carbon composite electrode materials prepared using MOFs

Sample Precursor Capacity/(mA-h-g™") Cycle number Voltage / (V vs Li/Li") Reference
Co304 ZIF-67 1735 150 0.01-3 [48]
Fe,0;@ C Fe-ZIF 1696 50 0.01-3 [49]
Cr,0;@TiO, MIL-101 1138 500 0.05-3 [50]
FesC MIL-100 904 100 0.01-3 [51]
Sn@C Sn—-MOF 1225 100 0.05-2 [52]
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Fig.5 Schematic of interwoven heterostructure, schematic showing the formation process of crystalline—amorphous Co;0,/FeOOH interwoven hollow

polyhedrons structure, and SEM image and cycling performance (a)*”; Schematic of the formation of NiO/Ni/Graphene composites, and SEM images of
NiO/Ni/Graphene composite (b)*”)
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Table 4 Some hollow composite electrode materials prepared using MOFs

Precursor  Capacity/(mA-h'g”") Cycle number Voltage / (V vs Li/Li") Current density (mA-g™") Reference

Sample
Multishell microsphere Co;0,@C  Ni/Co—MOF 1701
CoSe@C nanoboxes ZIF-67 787
Hollow CoS, ZIF-8/67 549.9
Hollow Fe,03/Sn0O, PB 500
Double-Shelled Nanocages CH@LDH ~ ZIF—67 653
Microboxes Fe,04 PB 950
Nanobubble Hollow CoS, ZIF-67 737
Nanobowls CMS/NSC NB 218.6

60 0.01-3 100 [60]
100 0.01-3 200 [61]
200 0.01-3 1000 [62]
100 0.05-3 200 [63]
100 0.01-3 65 [64]
30 0.01-3 200 [65]
200 0.05-3 1000 [66]

8240 0.01-2.5 5000 [67]
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Fig.6 SEM images (a) of Fe-based MOFs and their derived Fe,05 nanostructures®); schematic for the formation of 3D hollow CoS@PCP/CNTs, and
rate capabilities of CoS@PCP/CNTs at various current densities between 0.3 and 10 A-g' (b)*”)
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