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Figure 1 The relationship between the structure,
performance, and application of

different two-dimensional materials
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Figure 2 Phosphorus

allotropes, important
transformation relationships

compounds and their
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Table 1 Preparation methods,advantages and disadvantages of black phosphorus
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Figure 3 The digital images of the product after
reaction procedure (the 1, 2, and 3
represent the residue, violet phosphorus,

and main product black

crystal, respectively)
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(a) —schematic diagram of synthesized black phosphorus film; (b) —schematic diagram of red

phosphorus film deposition; (¢) —red phosphorus film (left) and black phosphorus film (right) on

the substrate; (d) —schematic diagram of a high-voltage battery used for conversion (with arrows

indicating the direction of applied pressure during the conversion process).
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Figure 4 Schematic diagram of synthesizing black phosphorus crystals through vapor

deposition method
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(a) —schematic diagram of the solvothermal synthesis of two-dimensional black phos-
phorus; (b) —XRD pattern of black phosphorus nanosheets; (¢) —Raman spectra of black
phosphorus nanosheets; (d)—P2p spectroscopy of black phosphorus nanosheets; (e) —0O1s

spectroscopy of black phosphorus nanosheets.
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Figure 5 Schematic diagram and related structural characterization of black
phosphorus nanosheets prepared by solvothermal method
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(a)—preparation reaction diagrammatic; (b)—AFM map and height distribution
map of unmodified black phosphorene; (¢) —AFM diagram and height
distribution diagram of modified black phosphonene.
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Figure 6 Phosphorene modified by diazonium salt and AFM test results
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BP crystal

4-BBD-BP
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(a)—PDDF & M B 5 (b)— PR 0 iy 1A 34 5 Sl A 7 B8 18T 5 (¢)—4-BBD 2 1
Jiiid R 2K (d)—PDDF 5 4-BBD & i (4 B s 12 4 1 F o = A
(a) —the synthesis process of PDDF; (b) —schematic diagram of phosphene

exfoliated by black phosphorus crystals; (¢) —schematic diagram of Phosphorene

modified by 4-BBD cation process; (d) —schematic diagram of the grafting process

between PDDF and 4-BBD-BP.

7 HEREWMOTEMEGBEHNIETRSE

Figure 7 Schematic diagram of the process of phosphorene modified by

conjugated polymer derivatives
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Figure 8 Schematic diagram of the process of
modifying black phosphorene with
azodiisobutyronitrile
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Figure 9 Schematic diagram of alkali metal modified black phosphorene process
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(a) —schematic diagram of the process of modifying black phosphorene with surfactants; (b) —SEM image of modified black
phosphorene; (¢) —TEM image of modified black phosphorene; (d) —Raman spectra of black phosphorene before and after
modification; (e)—Zeta potential plots of black phosphorus before and after modification ; ({)—XRD patterns of black phosphorene
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Figure 10 Phosphene modified by surfactant and structural characterization
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Figure 12 Schematic diagram of the preparation process of epoxy resin/argon plasma modified black
phosphorene flame retardant composite material
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Figure 13 Schematic diagram of the preparation process of epoxy resin/covalent
triazine skeleton modified black phosphorene flame retardant composite

material
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Research Progress of Modification and Flame Retardancy on Phosphorene

WANG Kunxin'#** WU Kun"*
(1. Guangzhou Institute of Chemistry, Chinese Academy of Sciences, Guangzhou 510650, China; 2. CAS Engineering
Laboratory for Special Fine Chemicals, Guangzhou 510650, China; 3. CASH GCC Shaoguan Research Institute of Ad-
vanced Materials,, Nanxiong 510650, China; 4. University of Chinese Academy of Sciences, Beijing 10049, China)

Abstract: Since two-dimensional nanomaterials were used as flame retardants to prepare flame retardant polymer composite
materials, their outstanding advantages have attracted widespread attention. Because of its phosphorus-rich structure and two-
dimensional morphology, phosphorene has high flame retardancy efficiency and strong modifiability, making it a highly
promising flame nano retardant. This article discusses the history, modification methods, and application in the field of polymer
flame retardancy of phosphorene,and its future development is prospected.

Keywords:phosphene ;nanometer; flame retardant; polymer; composite material
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