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Abstract: Flame retardant expandable polystyrene foams were prepared by coating with melamine
modified urea formaldehyde resin. The flame retardant system was based on ammonium
polyphosphate, and the combination of three kinds of two-dimensional layered material and zinc borate
was used as synergist. The influence of different flame retardants on fire resistance, smoke
suppression and thermal stability was discussed. The experimental results show that the flame
retardancy is significantly improved by the presence of expandable graphite and zinc borate with mass
ratio of 2:1 and total additive amount of 24 phr. The limiting oxygen index of EPS foams is increased
to 32. 6%, with V-0 rating in UL-94 vertical burning test. The smoke density grade is decreased to
27.31. Compared with the sample containing only expandable graphite, the introduction of zinc borate
enhances the strength of residue char from 14. 3 to 86. 1. Thermal analysis suggests that the thermal
stability and char formation are improved by the presence of synergist. The residual char observation reveals

that zinc borate is beneficial to form complete and integrated char layers with less crack and breakage.
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Table 2 Flame retardant properties of different EPS foams

Sample LOI/ % UL-94
MMT 25.6+0.3 V-1
MoS; 27.7+0.1 V-0
EG 31.1+0.2 V-0
MMT/ZnB4 26.040.2 V-1
MoS, /ZnB4 28.4+0.1 V-0
EG/ZnB4 32.0+0.3 V-0
MMT/ZnB8 26.5+0.2 V-0
MoS, /ZnB8 28.9+0.3 V-0
EG/ZnB8 32.6+0.2 V-0
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Fig. 2 Digital photographs for EPS foams after LOI test
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Fig. 3 Smoke density curves of different EPS foams (a) MMT; (b)MoS;; (c)EG
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Fig. 4 Photographs of the char residue after smoke density tests
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Fig. 5 TGA curves of different EPS foams (a) MMT; (b)MoS;; (c)EG
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Table 3 TGA data of different EPS foams

Sample Ts59/C Toax/C Char residue/ %
MMT 242.2 407. 8 16.4
MMT/ZnB8 253.1 414. 4 17.6
MoS; 251.8 406. 0 10. 4
MoS; /ZnB8 239.1 289.8 24.4
EG 252.3 399.9 12.7
EG/ZnB8 164.5 418. 6 18.6
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Fig. 6 SEM images of the char residue (a) MMT;(b)MoS;; (c)EG;(d)MMT/ZnB8; (e) MoS, /ZnB8; ({) EG/ZnB8
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Table 4 Char residue strength of different EPS foams

Samples Hardness
MMT 13.8
MoS; 19.4
EG 14.3
MMT/ZnB8 71.6
MoS; /ZnB8 77.4
EG/ZnB8 86. 1

x5 A EPSEKHSHIM4EE
Table 5 Thermal conductivity properties of different EPS foams

Sample Thermal conductivity/(W + m ' « K~ 1)
EPS 0.038
MMT 0. 040
MoS, 0. 040
EG 0. 039
MMT/ZnB8 0.041
MoS; /ZnB8 0. 040
EG/ZnB8 0.041
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