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Failure mechanism and improvement of tracking of organophosphorus flame-retardant
glass fiber reinforced PA6
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Abstract : In recent years, flame-retardant glass fiber (GF) reinforced nylon materials have been widely used in high-voltage
resistant components. However, the tracking resistance performance of existing materials is difficult to meet the long-term service
requirements in high-voltage scenarios. To improve the tracking resistance of materials, high-insulation inorganic fillers and hydro-
phobic additives were introduced into the organic phosphine flame-retardant GF reinforced polyamide 6 (PA6) system.Combined
with the comparative tracking index (CTI) test, the failure mechanism of CTI test for organic phosphine flame-retardant GF rein-
forced PA6 was systematically explored by observing the macroscopic and microscopic morphological changes in the tracking
region during multiple discharge processes. Based on the mechanism analysis, the material formula was optimized. The study found
that the core reason for the failure of CTI test in this system is as follows: GF melts under the high temperature generated by arc
discharge. With the increase of discharge times, the molten GF gradually forms the conductive path in the tracking region, eventually
leading to insulation failure of the material. Targeting this mechanism, the addition of high-insulation inorganic fillers, including talc,
Al203, glass microspheres (GM) and low surface energy silicone masterbatch (Silicone MB-50%), can effectively shorten the arc

discharge duration, block the development of carbon traces, and improve the structural integrity of GF during the discharge process.
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Performance test results show that different filler combinations have varying effects on CTI improvement. When 4 wt% GM and 0.4

wt% Silicone MB-50% are added to the system, the CTI of the material increases from 800V in the base system to 950V, with an

improvement rate of 18.75%. This study has significantly enhanced the tracking resistance of flame-retardant GF reinforced nylon

materials by clarifying the failure mechanism and optimizing the formula accordingly, providing a reference for the preparation of

materials with high CTI values.

Keywords : organophosphorus flame-retardant ; glass fiber ; polyamide ; comparative tracking index ; failure mechanism ;

insulation ; low surface energy silicone
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Tab.1 Formulation of organophosphorus flame-retardant GF reinforced PA6 and its modified materials (mass fraction)

%

Items 0* 0-4%Talc 0-4%A1,0, 0-4%GM 0-4%GM-0.4%(Silicone MB-50%)
PA6 48 44 44 44 43.6
AlPi 17 17 17 17 17
MPP 3 3 3 3 3
GF 30 30 30 30 30
Antioxygen 2 2 2 2 2
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ALO, 4
GM 4 4
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Fig. 1 Macroscopic morphology of tracking regions on organophospho-

rus flame-retardant GF reinforced PA6 (sample 0%) under action of elec-

trolyte droplets with different counts at 900 V
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Fig.2 Digital microscope photos of tracking regions on organophos-

phorus flame-retardant GF reinforced PA6 (sample 0%) under action of

electrolyte droplets with different counts at 900 V
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Fig.3 SEM photos of tracking regions on organophosphorus flame-
retardant GF reinforced PA6 (sample 0%) under action of 35 electrolyte
droplets at 900 V
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Fig. 4 EDS element analysis of tracking regions on organophosphorus
flame-retardant GF reinforced PA6 (sample 0°) under action of 35 elec-
trolyte droplets at 900 V
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Tab.2 Elemental composition of spherical substances

%

Ttems C O Mg Al Si P Ca Zn
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percentage

Weight
percentage

13.790 23.916 2.017 9.399 30.972 2.954 14.136 2.816
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Tab.3 Elemental composition of smooth-surfaced substances

%

Ttems C (0] Al P Ca Sc Zn

Atomic percentage 73.447 21.197 1.513 2.819 0.095 0.030 0.899
Weight percentage 62.417 23.996 2.888 6.179 0.269 0.096 4.156
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Fig. 5 Failure mechanism of organic phosphine flame retardant GF
reinforced PA6 in CTI test
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