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a b s t r a c t

In this study, the Poly(vinyl alcohol)(PVA)/wood powder composite was prepared through combining the

novel technologies of solid-state shear milling (S3M) and thermal processing of PVA, which provided a

large-scale and non-solvent way to efficiently utilize the abundant biomass materials. The results

showed that S3M can significantly promote pulverization, dispersion, mechanical activation, and inter-

facial compatibility of the components, endowing the materials with better processability and me-

chanical performances. The XRD and FTIR results showed that with the increasing of milling cycles, the

hydrogen bonds of PVA molecules were partially destroyed, leading to the formation of looser crystalline

structure and lower crystalline degree, while the hydrogen bonding between PVA and wood powder was

strengthened. Combining with thermal processing technology of PVA, the composite treated by S3M had

a good processability and mechanical properties. DSC curves revealed that the melting temperature of

PVA/wood powder (70 wt/30 wt) composite decreased to 123 !C, providing a quite wide thermal pro-

cessing window for composite. High-pressure Capillary rheology analysis showed that the shear viscosity

of the composite decreased with the increasing milling cycles. Finally, the composites exhibited signif-

icant improvements in mechanical properties. The tensile strength increased from 16.6 MPa to 22.5 MPa,

and the elongation at break increased from 32.0% to 120.5%, respectively.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Natural biomass materials, such as wood, bamboo, peanut hulls,

straw, etc., have been produced in a huge amount, up to 100 billion

tons per year. As the most abundant natural biomass, wood based

materials have some advantages, such as excellent mechanical

strength, biodegradability and low cost [1e3]. However, wood

based biomass materials are usually burnt to generate energy,

which is not only a low-efficiency utilization, but also produces

secondary haze pollution [4]. How to find an environment-friendly

and high-value utilization of natural biomass materials has been a

big and urgent challenge worldwide.

Many methods have been developed to utilize wood-based

biomass materials. For example, extraction of the components of

cellulose, semi-cellulose and lignin from wood based materials, or

obtaining the chemical monomers, such as alcohols and esters by

hydrolysis of wood based materials etc. However, these methods

will always bring high energy consumption and also produce sec-

ondary pollution, such as waste water or solvent requiring post

treatment and recycle [5]. Compared with chemical methods,

physical methods have advantages in terms of environmental

protection and high value utilization, such as preparation of fiber

board by adhesives and pressure, wood powder/polymer compos-

ites through extrusion and injection. The addition of wood powder

can improve mechanical properties of prepared materials, for

instance, wastewood powder has been used as reinforced additives

in polymers, such as polyethylene (PE), polypropylene (PP), poly-

vinylchloride (PVC), polystyrene (PS), acrylonitrile-butadiene-

styrene (ABS), etc. [6e8]. However, these polymer composites are

always non-biodegradable and show a poor compatibility with

polar wood powder, which severely restricts their applications in

many important areas [9e11].

Poly(vinyl alcohol) (PVA) is a biodegradable and biocompatible

material with high mechanical properties, excellent adhesive

properties, and chemical resistance [12]. Owing to its multi-

hydroxyl structure, PVA is well suitable to blend with wood
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