Fire retardant and Smoke suppressant rigid PIR foam
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[bookmark: _GoBack]In this work, the combinations of phosphorous-containing fire retardants and smoke suppressant Zinc borate (Firebrake ZB) are used as additives to produce fire retardant and smoke suppressant rigid polyurethane-polyisocyanurate (PIR) foam. Fire retardants are ammonium polyphosphate (APP), triethyl phosphate (TEP), diethyl ethyl phosphate (DEEP), and Oligomeric TEP. The impact of the combustion modifier on the flame height and smoke density is examined by DIN 4102 and the NBS smoke chamber method. TGA and SEM are also used to observe the thermal effect of additives on the foams. The results are summarized in the following table. The lowest flame height and smoke density are obtained from T2-Z2 (TEP-zinc borate mixture). There is a synergy between TEP and zinc borate in terms of the reduction of flame height and smoke density. Phosphorous content does not directly determine the combustion behavior of PIR.

	Code
	T1
	Z1
	A1
	D1
	T2-Z2
	A2-Z2
	Z2-D2
	O1-Z2
	T3-O2-Z2

	Polyol Blend
	75.7
	75.7
	75.7
	75.7
	75.7
	75.7
	75.7
	75.7
	75.7

	TEP
	24.3
	0
	0
	0
	14.1
	0
	0
	0
	7

	Firebreak ZB
	0
	24.3
	0
	0
	10.2
	10.2
	10.2
	10.2
	10.2

	APP
	0
	0
	24.3
	0
	0
	14.1
	0
	0
	

	DEEP
	0
	0
	0
	24.3
	0
	0
	14.1
	0
	

	Oligomeric TEP
	0
	0
	0
	0
	0
	0
	0
	14.1
	7.1

	P(%)
	1.7
	0
	3
	1.87
	1
	1.76
	1.09
	0.96
	1.04

	Average Flame Height (mm) ±10
	130
	200
	118
	100
	95
	200
	118
	120
	108

	Average Smoke Density  ±5
	29
	60.7
	19
	95
	15
	
	47
	15
	16
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