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Fig. 1 (a) Chemical structures of PPM and AF; (b) FTIR spectrum, (¢) SEM and (d) TEM images of PPM.
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Table 1 Formulation of ablation resistant material.

Sample A mass fraction (wt%) B mass fraction (wt%) PPM mass fraction (wt%) AF mass fraction (wt%)
PUA 66.7 33.8 - -
PUA/PPM 50.0 25.0 25.0 -
PUA/PPM/0.5AF 50.0 25.0 24.5 0.5
PUA/PPM/1.0AF 50.0 25.0 24.0 1.0
PUA/PPM/2.0AF 50.0 25.0 23.0 2.0

10~20 min, ZJGABEAE AT B4R, [ AL
% NT0°C, Frs:24n.
1.3 kA&

X I Nicolet 1S50 7 {d# BL I} 45 i 21 4 o 3%
(FTIR){XCHF L 7 A i R ZEH e ] .
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HTRE S SRR
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300) A% 5f B 7 & 5B (TEM,  Talos F200S G2)
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Fig. 2 (a) SEM and (b) TEM images of AF.
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Fig. 3 Thermal stabilities of PPM, AF and PUA composites: (a, ¢) TGA curves of PPM, AF and PUA composites; (b, d) DTG

curves of PPM, AF and PUA composites.
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Table 2 Results of LOI, UL-94, MCC and CCT for PUA composites.
UL-9%4 MCC CCT
Sample Lol o . PHRR,, THR,, HRC PHRR, THR, fpypg TTI FPI FGI
(%) Dripping Rating

W/g)  (KJ/g) (J(g'K)) (kW/m?) (MJ/m?) (s) (s) (m*>s/kW) (KW/(m?s))
PUA 18.4 Y V-2 1029.6 862 3432 1078 111.7 166 34  0.032 6.497
PUA/PPM 324 N V-0 896.5 829 2941 552 1521 58 31 0.056 9.518
PUA/PPM/0.5AF 24.5 N V-0 10324 81.8 340.2 454 88.4 83 35 0.077 5.476
PUA/PPM/1.0AF 26.3 N V-0 9185 649 306.2 441 87.6 85 39  0.088 5.194
PUA/PPM/2.0AF 24.4 N V-0 1041.6 894  350.7 474 103.6 89 35 0.074 5.324

Notes: LOI: limiting oxygen index; Y: Yes; N: No; MCC: microscale combustion calorimetry; PHRR: peak heat release rate;
THR: total heat release; HRC: PHRR, /heating rate; fpyrg: time to PHRR,; TTI: time to ignition; FPI: fire performance index
(FPI = TTI/PHRR,); FGI: fire growth index (FGI = PHRR /fpygg)-
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Fig. 4 (a) HRR heat release rate and (b) THR curves under
MCC test.
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Fig. 5 Results of CCT and OTA tests for PUA composites: (a) HRR and (b) THR curves under CCT test; (c, d) OTA test

results.
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Fig. 7 Raman spectra of the PUA composite residual char.
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Research Article

Analysis of the Influence of Aramid Pulp on the Combustion Behavior of

Intumescent Flame-retardant Polyurea

Ying Hou'?2, Ya-ru Sun'2, Jun Wang?, Chao Liu?, Yan Liu'?*, Feng-lei Huang!

(!State Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, Beijing 100081)
(*Modern Ordnance Technology Laboratory, Chongging Innovation Center; Beijing Institute of Technology,
Chongging 401120)

(PHubei Aerospace Jianghe Chemical Co., Ltd., Yichang 444200)

Abstract In response to the thermal protection requirements of ammunition under extreme thermal shock
conditions, this study systematically investigated the effects of aramid pulp (AF) on the specific thermal
protection properties of intumescent flame-retardant polyurea (PUA) by modifying PUA with AF in combination
with an intumescent flame retardant. The results indicated that, compared with conventional intumescent flame-
retardant PUA composites, the composites incorporating AF exhibited a lower limiting oxygen index (LOI) and a
higher heat release rate in the microscale combustion calorimeter (MCC) test. However, in the cone calorimeter
and oxyacetylene ablation tests, the addition of low levels of AF (0.5 wt% and 1.0 wt%) further reduced the heat
release and significantly enhanced the ablation resistance of the materials. The rational explanation proposed in
this paper for this specific thermal protection phenomenon will contribute to the further development of the flame-
retardant mechanisms of one-dimensional materials and their applications in the field of thermal protection
coatings for safe ammunition.
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