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Preparation and properties of phosphorus-doped modified alkaline lignin/PBAT composites
WANG Shihao, WU Lei, ZHANG Pengyao, LIU Xudong, ZHU Yan, ZHANG Yaoyao, XU Feng, JIA Shikui
(National & Local Joint Engineering Laboratory for Slag Comprehensive Utilization and Environmental Technology, School of Materials Science and
Engineering, Shaanxi University of Technology, Hanzhong 723001, China)

Abstract : To address the inherent flammability of poly(butylene adipate-co-terephthalate)(PBAT), the development of biode-
gradable composites with desirable flame-retardant properties is aimed. A bio-based phosphorus-doped flame retardancy (AL-DPPC)
was successfully prepared by nucleophilic substitution reactions between alkaline lignin (AL) and diphenylhypophosphonyl chloride
(DPPC). AL-DPPC was then incorporated into PBAT matrix by melt blending to obtain biodegradable flame-retardant PBAT
composites (PBAT/AL-DPPC). Subsequently, the effects of AL-DPPC content on the crystallization behavior, mechanical proper-
ties, thermal stability and flame retardancy of the composites were systematically investigated, and the flame-retardant mechanism
was analyzed. The limiting oxygen index(LOI) results show that when AL-DPPC loadings are 5 wt% and 7 wt%, the LOI values of
PBAT/AL-DPPC composites are increased from 20.1% (neat PBAT) to 28.5% and 29.5%, respectively. Cone calorimeter tests indi-
cate that for 7 wt% of AL-DPPC modified PBAT composite, its peak heat release rate and total heat release are decreased by 33.5%
and 15.7%, respectively, compared to neat PBAT, while the fire performance index is increased by 44.4%, indicating a significantly
reduced fire risk. Crystallization test results reveals that the crystallinity of PBAT composites first increase and then decrease with
increasing AL-DPPC content. Observations of the residual char morphology shows that after combustion, PBAT composites formed
a denser char layer than neat PBAT, effectively enhancing the flame retardancy of the material. In summary, AL-DPPC can endow
PBAT with excellent flame retardancy at a low addition level, providing an effective route for the preparation of high-performance
flame-retardant PBAT.

Keywords : poly(butylene adipate-co-terephthalate) ; alkaline lignin ; diphenylphosphinic chloride ; crystallization ; flame
retardancy
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Fig. 1 Preparation process of AL-DPPC
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Fig. 6 XRD patterns and POM photos of pure PBAT and
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Tab.2 DSC thermal parameters of pure PBAT and modified PBAT

composites
Samples T./°C  T/°C  AH/J-g™) AH/J-g) X/%
Pure PBAT 47 120 22.0 12.3 10.8
PA3 88 123 10.2 8.3 7.3
PAD3 82 122 15.5 9.6 8.4
PAD5 81 123 16.0 18.2 16.0
PAD7 99 127 8.6 11 9.6

Notes: T is cold crystallization temperature; 7, is melting tempera-
ture; AH, is enthalpy of cold crystallization; AH_ is enthalpy of melting;
X, is the degree of crystallinity, calculated as the net melting enthalpy

(AH,, ) divided by the melting enthalpy of a perfectly crystalline sample
(AH).
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Fig. 7 Stress-strain curves and SEM images of brittle fracture surface
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Tab.3 CCT data of pure PBAT and modified PBAT composites

Samples  TTI/s PHRR,/Z tore/S THR/J FPy
(kWem?)  PHRR MJ*m?)  (sm* kW)

PBAT 91 1022.6 292 137.4 0.09

PA3 44 599.9 206 134.7 0.07

PAD7 91 679.8 241 115.8 0.13

Notes: TTI is ignite time; PHRR is the mximum heat release rate;
toure 18 the time for the mximum heat release rate; THR is total heat

release; FPI is fire propagation index.
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Fig. 12 Digital photos and SEM images of char residue of pure PBAT
and modified PBAT
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