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Abstract: To study the flame-retardant mechanism of flame-retardant asphalt, a base asphalt,
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single flame-retardants, composite flame-retardants, flame-retardant asphalt, and warm-mix
flame-retardant asphalts which made by the two flame-retardants were studied, based on a
comprehensive thermal analysis method. The three single flame-retardants were considered as
follows, decabromodiphenyl ethane (DBDPE), antimonous oxide (Sb,0;), and aluminum
hydroxide (ATH). The two composite flame-retardants applied were a self-developed DBDPE-
Sb, O, flame-retardant and a DBDPE-Sb, O,-ATH flame-retardant. The flame-retardant asphalts
were prepared by mixing the base asphalt and flame-retardants using a high-speed shearing
machine. The warm-mix flame-retardant asphalt was prepared by adding a Sasobit warm-mixed
agent to the composite flame-retardant asphalt. By comparing and analyzing thermogravimetric
(TG), thermogravimetric derivative (DTG), differential thermal analysis (DTA), and other
thermal analysis curves of various samples, a flame-retardant mechanism that adding a flame-
retardant and a warm-mix agent into the asphalt was presented. The results show that DBDPE is
dominated by the gas-phase flame-retardant mechanism, and the flame retardance in a solid phase
also plays a role. Hydrogen bromide (HBr) gas is produced, consuming free pyrolysis radicals
from the asphalt and restraining the combustion process of the asphalt. Sb,O, forms a blanket
effect through sublimation heat absorption and steam formation at approximately 600 “C, which
acts as a gas flame-retardant. Sb,O; and DBDPE achieve a good co-effective flame-retardant
mechanism, and the heat curve slope of the Sb,O;-DBDPE flame-retardant asphalt decreases
significantly compared with the base asphalt. ATH mainly shows a heat-absorbing flame-
retardant mechanism. The Al, O; generated by ATH has a condensed phase flame-retardant effect
and an anti-smoking effect. The flame-retardant effect of ATH under the conditions of a low
dosage (less than 8% , mass fraction, the same below) is not clear. However, it can enlarge the
flame-retardant temperature range of the DBDPE-Sb, O; composite flame-retardant and effectively
promote a carbonizing reaction of the asphalt. The initial decomposition temperature of the
DBDPE-Sb, O;-ATH composite flame-retardant asphalt is similar to that of the base asphalt,
although the final decomposition temperature increases by approximately 100 °C and retains
16.5% of the carbon residue. Therefore, the DBDPE-Sb,O,-ATH composite flame-retardant
shows a good flame-retardant effect. Sasobit is able to inhibit the carbonated reaction of the
asphalt and has an adverse effect on the flame-retardant effect of the DBDPE-Sb, O;-ATH f{lame-
retardant. 3 tabs, 15 figs, 21 refs.
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Tab.1 Oxygen indexes of base asphalt and flame-retardant asphalt
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Tab.2 Test conditions of thermal analysis
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Fig. 3 Thermal analyzer and sample crucible
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Thermal analysis curves of DBDPE
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Fig. 15 Thermal analysis curves of Sasobit-composite flame-retardant asphalt
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