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Fig. 1 The complexation structure of resole and boric acid; (a) 1:1 complex, (b) 1:2 complex

and (c¢) Impossible structure
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Fig. 2 FTIR spectra of (a) novolac and (b) BPF
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Fig. 3 'H-NMR spectra of (a) BPF and (b) novolac in dg-DMSO
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Table 1 The flame retardant and mechanical performance of the materials

UL94-1. 6 mm Mechanical performance
MH/BPF/PA6/GF* LOI
Tensile strength Flexural strength Sarpy notched impact
(wit%) Rating i (s)" Drip (%)
(MPa) (MPa) strength (kJ/m?)

0/0/100/0 F — Yes® 23 66. 4 83.0 4.57
55/0/45/0 V2 76 Yes® >55 80.2 127.2 2.22
50/5/45/0 Vo 37 No >55 75.4 129.3 2.71
45/0/40/15 F — Yes® 43 115.6 177.3 3.9
40/5/40/15 Vo 41 No >55 112. 8 174. 1 3.5

“Glass fiber;" The total duration (five specimen) of flaming;“Ignited cotton indicator combustion
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Fig. 7 The photographs of the residual char of (a)
MH/PA6 and (b) MH/BPF/PA6
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Fig. 8 The morphology of the residual char of (a)
MH/PA6(55/45) and (b) MH/BPF/PA6(55/5/40)
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Table 2 Results of XPS of MH/BPF/PA6 (55/5/40) sample before
and after UL94 test

Before After
Element Atom concentration Atom concentration
ratio( % ) ratio( % )
Cis 55 47
0,, 22 27
By, 14
N, 5 3
Mg,, 16 8
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SYNTHESIS OF NOVOLAC-BASED CHAR FORMER AND
ITS SYNERGISTIC EFFECTS WITH MAGNESIUM
HYDROXIDE ON FLAME RETARDANCY OF POLYAMIDE-6

FEI Guoxia, LIU Yuan, WANG Qi

( The State Key Laboratory of Polymer Materials Engineering, Sichuan University

Polymer Research Institute of Sichuan University, Chengdu 610065 )

Abstract A novel flame-retardant synergist, thermalplastic boron-containing phenol-formaldehyde resin
(BPF) ,was designed and successfully synthesized to modify Magnesium hydroxide ( MH) flame retardant
polyamide-6 ( PA6). The synthesized BPF was characterized by FTIR,'H-NMR, XRD and TGA, etc. The
experiment results showed that BPF possessed good charring performance, about 61.4 wt% solid residue
remained even after heating to 750°C for MH/BPF/PA6 system. The degraded BPF produced glassy B,0,
covering on the surface of the burning material, and effectively isolated the oxygen from interior material,
therefore remarkably enhanced the flame retardancy of the material , reaching UL94-1. 6mm VO rating. BPF also
served as an efficient lubricant and greatly improved the processability of the material. In addition , BPF did not
deteriorate the mechanical properties of the flame retardant material, showing comprehensive modification
effects on MH flame retardant PA6.

Keywords Boron-containing phenol-formaldehyde resin, Char former, Magnesium hydroxide, Synergistic

effect flame retardant, Polyamide-6



