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Abstract : Nylon 6 is widely used in many aspects of national production and life due to its excellent physical and chemical
properties. However, nylon 6 has always had some defects such as flammability and serious melt-dripping behavior. With the
research focus on improving the flame retardancy of nylon 6 without affecting the mechanical properties and processing perfor-
mance, the progress of halogen-free flame retardant of nylon 6 fibers was reviewed. Firstly, the combustion mechanism and flame
retardant mechanism of nylon 6 were briefly described, then the main flame retardant modification methods of nylon 6 were intro-
duced, including blend flame retardant, in-situ polymerization flame retardant and copolymer flame retardant. The effects and mecha-
nisms of various types of halogen-free flame retardants such as nitrogen, phosphorus, silicon, and inorganic nanomaterials in each
method were analyzed, and the advantages and disadvantages of the three modification methods were summarized. Finally, the short-
comings of the flame retardant modification methods and the future research directions were prospected.

Keywords : nylon 6 ; combustion mechanism ; flame retardant mechanism ; blending flame retardant ; copolymer flame

retardant ; in-situ polymerization flame retardant
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Fig. 1 Combustion mechanism diagram of nylon 6
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Tab.1 Comparison of different flame retardant mechanisms applied in nylon 6

Flame retardant

. Flame retardancy effectiveness in nylon6
mechanism

Impact on properties of nylon6

Primary application scenarios

Gas-phase flame
retardancy

High efficiency, significant smoke genera-
tion, ineffective melt—dripping suppression
Condensed-phase
flame retardancy

Low smoke, low toxicity, anti-dripping,
environmentally friendly
Interruption of
heat exchange

Smoke suppression, environmentally friend-
ly,low cost, high loading levels required

May alter polymer structure, causing
embrittlement and reduced toughness
Severely compromises mechanical
properties , poor processability

May cause polymer degradation,lead- Applications requiring high flame retardant
ing to reduced strength

efficiency
Applications demanding environmental
friendliness and low smoke emission
Applications where mechanical perfor-
mance is not a primary concern
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Tab.2 Comprehensive comparison of three flame retardant modification methods for nylon 6

Evaluation dimension Blending flame retardancy

In-situ polymerization flame retardancy Copolymerization flame retardancy

Fl tardant effi-
ame retardant etit Generally lower, requires high loading levels

ciency
Durability Poor, prone to migration and leaching
Industrial feasibility High, low cost, simple process, suitable for

large-scale production

Retention of mechani-

Moderate, offers improved dispersion

Good, reduced potential for migration

Moderate, still under development

High, inherent flame retardancy,

uniformity excellent effectiveness

. High, permanent flame retardanc

and leaching ad s Y

Low, complex processing and strin-
gent requirements

. Relatively low Good Best
cal properties
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