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❖ MLCC-FTIR analysis

❖ Fire behavior of PBS and 

PBS/MPAlP&EDAP/ZnB during 

MLCC test

❖  Smoke opacity

o Biobased PBS：Bionolle™ 1001 MD

o Flame retardant: ethylenediamine phosphate (EDAP)

o Co-additives: zinc borate (ZnB), melamine borate (MB), zinc molybdate 

(ZnMo), and aminated multiwall carbon nanotubes (NH2-CNT)

o 10 wt.% total loading and 2 wt.% loading for co-additives

❖
13C CP-MAS NMR

❖
11B MAS NMR

❖
31P DD-MAS NMR 
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Neat PBS 109 493 401 83.7 2.0 1.69 / 206

PBS/EDAP 125 476 336 74.6 7.7 1.72 1.54 172

PBS/EDAP/ZnB 110 737 173 74.9 8.0 0.90 2.61 108

PBS/EDAP/MB 118 537 269 73.4 6.9 0.81 1.84 133

PBS/EDAP/ZnMo 122 578 248 70.1 8.0 0.94 2.16 136

PBS/EDAP/ZnB/NH2-CNT 100 517 245 69.3 8.4 1.70 1.81 158

❖ Residue morphology of (a) neat PBS, (b,d) 
PBS/EDAP, and (c,e) PBS/EDAP/ZnB
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➢  Water and carbon dioxide                similar shapes to HRR curve;

➢  Addition of ZnB retards the release of gases (e.g. CO2, H2O, CO, …).

glass or amorphous compounds
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➢ Combination of EDAP and ZnB (10 wt.% total loading) leads to 
an improvement of flame retardancy;

➢ The addition of ZnB promotes the formation of an 
intumescent char, and the PHRR is reduced by 57 %;

➢ The presence of inorganic residue (e.g. BPO4) provides an 
additional barrier effect and stabilizes the char. 
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➢  BPO4 and  glassy 
structures are formed

➢  ZnB enhances the 
stability of residue

➢ BPO4 is detected 

Ethylenediamine phosphate (EDAP)

➢MLCC setup

o 35 kW/m2, 
o 25 mm (gap), 
o 100×100×3 mm3

Intumescence

- 57%

Pyrophosphate and/or 

orthophosphate-aromatic species  

orthophosphates
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