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Research progress of bio-based flame retardants
LUO Liyuan, WANG Yudong,JI Changchun
(College of Biological and Chemical Engineering, Guangxi University of Science and Technology, Liuzhou 545006, China)

Abstract : Bio-based flame retardants have become a research hotspot for replacing traditional flame retardants due to their
environmental friendliness and renewability. The molecular structures, flame-retardant mechanisms and recent progress of five
biomass-based flame retardants: lignin, phytic acid, humic acid, chitosan, and deoxyribonucleic acid (DNA) were summarized.
These materials leverage structural features such as lignin's cross-linked phenolic framework, phytic acid's phosphate ester configura-
tion, and DNA's nucleotide scaffold to achieve efficient flame retardancy through gas-phase free radical quenching and condensed-
phase char layer insulation. Chemical modifications significantly enhance performance, for example, phosphorus-nitrogen-modified
lignin increases the char residue of poly (butylene succinate) to 54.6%, and phytic acid/Zn>* composites raise polylactic acid's char
residue to 39%. However, high loading levels (>20 wt%) of flame retardants lead to reduced mechanical properties, insufficient
thermal stability ,and poor durability, thus limiting applications. Future research should focus on green modification techniques (e.g.,
enzyme catalysis, solvent-free reactions) and multicomponent synergistic designs to reduce loading levels and improve interfacial
compatibility, promoting the industrialization of bio-based flame retardants in diverse fields.
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Fig. 1 Lignin content in hardwoods , softwoods, and herbaceous plants
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Fig.2 Structural model of monolithol alcohol involved in biosynthesis
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Fig. 4 Structural model of HA employing ball-and-stick representation
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Fig. 5 Molecular representation of chitosan with ball-and-stick model
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Tab.2 Chemical modification of Chitosan
Chemical modification methods of chitosan!"®"
Functionalization L Predominant product . . .
Reactive sites Common reagents - Functional properties Exemplary applications
approaches characteristics
—NH(N— Formation of amid t
. . . ormation of amide or ester . . . .
Acylation Acylation) Anhydrides, acyl chlo- . . . Enhanced solubility and ~ Cyclic pyrrolidone deriv-
R . linkages, disrupting the hydro- .. .
reaction —OH(O— rides . thermal stability atives
. gen bonding network
Acylation)
Esteriﬁ(fation _on H:PO4, P20s,—SOs Incorporation of p‘hosphate or Improved flame retardan- Phosphorylated chitosan
reaction sulfate ester functional groups cy
Iodomethane, glycidyltri- Formation of quaternary ammo- Enhanced antimicrobial .
Quaternary . . . . Synergistic flame retar-
.o —NH: methylammonium chlo- nium salts with enhanced properties and aqueous .
ammonization . .. ) . dancy with phosphates
ride cationic charge density solubility
Schiff base —NH. — Formation of dynamic imine Self~healing f:apabl'llty S'elf.—healmg hydrogels
. Aldehyde compounds . and mechanical rein-  with inherent flame-retar-
reaction CHO linkages(—C=N—) .
forcement dant properties
L . . . . . . Chitosan-g-polyphospho-
Graft copolymer- Radical initiators Functional group incorporation Multifunctional modifica- .
. —OH/—NH: . . . . ester(intumescent flame
ization coupled + monomers into side chains tion
retardant)
Enhanced hanical
Crosslinking Glutaraldehyde and Formation of three—dimension- nhanced mechamca Chitosan/alginate
. —NH./—OH . . . robustness and structural .
reactions metal ion coordination al network architectures L composite aerogels
stability
®2 CSHBYMTRE
Tab. 2 Physical modification of Chitosan
Physical modifi-
cation tech- Mechanistic pathways Exemplary applications
niques
Blending and

physical cross-
linking

Layer-by-layer
(LBL) self—
assembly

Immersion coating, roller coating, and
analogous techniques

Precision deposition via electrostatic
interactions between oppositely charged
polyelectrolytes

Chitosan establishes synergistic flame—retardant composite systems through molecular

interactions with phytic acid(PA)!""", lignosulfonate(LS)"**, and graphene oxide(GO)!""".

1. Chitosan forms chitosan methylphosphonate (CMP) through electrostatic interactions
with methylphosphonic acid, Serving as an effective flame retardant for polylactic acid
(PLA) matrices!'*.

2. Chitosan/sodium alginate (AA) forms a protective core—shell architecture
(APP@CS@AA—nBL) through the encapsulation of ammonium polyphosphate (APP)

[105-106]

Ribose
El 6

Fig. 6 Small molecular compounds constituting nucleotides
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PR T . ASRAFIE N R R R s ik 5
St K R R AR 5 SR U] , S i 8 2 BEAA s A
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I G T IR AR AS AR 7 5 CS HET B ALK
P, R ZTIRE IR 2 ; DNA MR AL A P B HURRAR AR | 28 Hh
JVE 7, R RAR = F 2l 4334 A U E W B R R 5
ARAAFFE N IR o (0 R PR AR (Nt £ TCVA 1) S ) e 2
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