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Abstract

To address the shortcomings of poly(butylene adipate-co-terephthalate) (PBAT), such as insufficient
mechanical strength, poor heat resistance, and inadequate barrier properties, this study utilized cotton stalk
as a raw material to prepare biochar (BC) via confined-oxygen pyrolysis as a green reinforcing filler.
PBAT/BC composites were subsequently fabricated using a melt-blending process. The structure and
interfacial properties of the biochar were tailored by regulating the carbonization temperature, applying
chemical activation, and designing its microstructure. Characterization techniques including FT-IR, XRD,
SEM, DSC, TG-DTA, rheological analysis, and barrier property measurements were employed to investigate
the influence of BC's structural characteristics on the performance of the PBAT/BC composites. This research
provides a reference for the performance enhancement of PBAT and the expansion of BC's application fields.
The main conclusions are as follows:

(1) The carbonization temperature effectively regulated the pore structure, surface chemical composition,
and graphitization degree of BC. Biochar prepared at 600°C (BC600) exhibited optimal mesoporous
development (specific surface area: 171.48 m?/g, pore volume: 0.0519 cm?/g) and moderate surface polarity
(high C/O ratio, appropriate oxygen-containing functional group content). Its well-developed and ordered
mesopores provided efficient sites for physical entanglement and anchoring of PBAT molecular chains, while
the suitable surface functional groups significantly enhanced interfacial hydrogen bonding. The synergistic
effect of these two aspects strengthened the interfacial adhesion and heterogeneous nucleation, effectively
prolonging the gas diffusion path. At a 3 wt.% loading, the TBC600 composite demonstrated optimal overall
performance: its tensile strength and elongation at break increased by 18.4% and 21.9%, respectively, and its
initial decomposition temperature increased by 21.7 °C compared to neat PBAT. Simultaneously, its oxygen
transmission rate (OTR) and water vapor transmission rate (WVTR) decreased by approximately 11.7% and
38.0%, respectively, achieving simultaneous optimization of mechanical, thermal, and barrier properties.

(2) Five chemical activating agents (HsPO., HCl, ZnCl2/AICls composite salt, NaOH, and KOH) were
used to modify BC's structure. Among them, HsPOa activation yielded the most pronounced results. Its strong
pore-forming and catalytic aromatization effects produced BC-P with a high specific surface area (939.51
m?/g) and a developed mesoporous network. Concurrently, its surface characteristics—high aromatic carbon
content and low polarity—exhibited good compatibility with the PBAT matrix. The high surface area and
mesoporous structure of BC-P established a strong mechanical interlocking interface. Coupled with its
optimized surface chemistry, this synergistically enhanced stress transfer and gas barrier properties.
Consequently, the TBC-P composite showed a 29.5% increase in tensile strength, a 55.2% increase in

elongation at break, a 23.1 °C rise in initial decomposition temperature, and reductions in OTR and WVTR



of approximately 11.7% and 38.0%, respectively, compared to neat PBAT. In contrast, NaOH and KOH
activation, due to excessive etching, led to the collapse of the BC carbon skeleton and deterioration of
interfacial compatibility, resulting in limited performance enhancement for the composites.

(3) Porous, sheet-like, spherical, and rod-like BC with distinct morphologies were successfully prepared
via optimized processes to investigate the differential impact of microstructure on composite performance.
Studies revealed that: Porous BC, leveraging its developed three-dimensional pore structure, achieved
balanced optimization of mechanical, thermal, and barrier properties. Sheet-like BC, utilizing the "labyrinth
effect" of its two-dimensional lamellar structure, enabled its composite to achieve the optimal barrier
performance, with OTR and WVTR decreasing by approximately 13.5% and 41.1%, respectively, compared
to neat PBAT. Spherical BC, benefiting from its regular morphology and excellent dispersion, acted as a
stress dispersion center, providing the best toughening effect—the composite's elongation at break increased
by 60.4%. Rod-like BC effectively transferred stress through its one-dimensional fibrous structure,
significantly enhancing the composite's rigidity, with the elastic modulus reaching 54 MPa.

Key words: PBAT; Biochar; Structural properties; Interfacial interaction; Composite properties
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