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Abstract: An intumescent flame retardant (IFR) system was adopted, and expandable graphite (EG) and aluminum
hydroxide (ATH) were introduced to construct a multicomponent composite flame-retardant system. The effects of
different formulations on the mechanical properties, dynamic thermomechanical properties, and combustion behavior of
EPS composite wall materials were systematically investigated. The results indicated that the sole IFR system significantly
improved the flame retardancy of the material, but was accompanied by a deterioration in mechanical properties. The EG/
ATH synergistic system exhibited the optimal overall performance. Under this condition, the tensile strength and flexural
strength of the EPS composite reached 17.9 MPa and 27.9 MPa, respectively, the storage modulus at 25 °C increased to
1 260 MPa, the limiting oxygen index (LOI) rose to 31.2%, and the UL-94 vertical burning rating reached V-0. The peak
heat release rate (PHRR) and total smoke production (TSP) of this system were reduced to 265 kW/m’ and 3.9 m’,
respectively, showing significant reductions compared to those of neat EPS. The rational construction of a composite
flame-retardant system combining an intumescent flame-retardant component and an inorganic smoke-suppressing
component not only effectively regulated the combustion behavior of EPS composite wall materials, but also maintained
their mechanical properties, thereby providing a reference for the design of high-safety building thermal insulation
materials.
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Tab.1 Formula of EPS composite wall materials 4% : %

FEbn Weps Warp WeEr WhMEL WeG Watn
CK 100 0 0 0 0 0
F1 90 5 2.5 2.5 0 0
F2 88 5 2.5 2.5 0 2
F3 87 5 2.5 2.5 3 0
F4 86 5 2.5 2.5 2 2
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Tab.2 Mechanical properties of EPS composite wall materials

EA LDt YA A G Ve Y Y O MR

B N
MPa MPa MPa MPa FE/(kJ-m™)
CK 18.6+0.7 920+35  27.4+1.1  1480+60 3.24+0.2
F1 15.240.6  1010+40  23.1+0.9 1 625+55 2.6+0.2
F2 16.8+0.5 1085+45 25.6+1.0 1710+70 3.0+0.2
F3 14.9+0.8 1 120£50 24.2+1.2 1 765+65 2.3+0.3
F4 17.9+0.6 1185+40 27.9+0.8 1 835+60 3.5+0.2
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Fig.1 DMA curves of EPS composite wall materials
43 EPS A4 4460 DMA B4k A3
Tab.3 DMA performance parameters

of EPS composite wall materials

S E'/MPa E" . /MPa tan S &AL t,/°C

CK 920430 165+8 0.82+0.03 96.4+0.6
Fl 1 045435 18249 0.76+0.04 94.1+0.7
F2 1 120+40 176+7 0.71+0.03 95.6+0.5
F3 1 185+45 168+10 0.68+0.04 93.2+0.8
F4 1 260438 171+8 0.64=0.02 97.8+0.6
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Tab.4 UL-94 vertical burning test results

LOV/%

of EPS composite wall materials

FES ke 1/s 1,/s (tHe)s  FETES I
CK NS >30.0 2
Fl V-2 114412  9.8+1.0 21.2+1.6 =
F2 V-1 7.6£0.9  6.2+0.8 13.8+1.3 &5
F3 V-1 6.940.8  5.4+0.7 12.3+1.1 i
F4 V-0 2.8+0.5  2.1+04  4.9+0.7 i
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Fig.3 Cone calorimeter test curves of EPS composite wall materials
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Tab.5 Cone calorimeter test parameters
of EPS composite wall materials

PHRR/ THR/ PSPR/

Pl TTUs > » , . TSP/m’

(kW-m™) MJ-m™) (m™s™)
CK 3843 685425 78.6£2.8  0.46+0.03  9.8+0.6
Fl 5244 430+18 614422 03120.02  6.7+0.5
F2 58+£5  365+15 548419 0244002  5.3+0.4
F3 614 325+14 512417 0212001  4.8+0.3
F4 69+5  265+12 456515  0.16£0.01  3.9+0.3
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