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MALEIC ANHYDRIDE GRAFTED LOW-DENSITY
POLYETHYLENE UNDER THE DEEP EUTECTIC
SOLVENT SYSTEM AND ITS APPLICATION IN WOOD-
PLASTIC COMPOSITES

ABSTRACT
Against the backdrop of the continuous development of materials
science, wood-plastic composites (WPC) have been widely used in various
fields such as construction, furniture, and automotive interiors due to their
combination of the advantages of wood and plastics and their compliance
with the concepts of environmental protection and sustainable
development. However, the incompatibility between wood fibers and the
plastic matrix leads to interface defects in the composites, seriously
affecting their mechanical and processing properties. This study focuses on
the preparation of maleic anhydride grafted polyethylene (MAH-PE)
compatibilizer in a deep eutectic solvent system and its application in
carbon fiber-reinforced wood-plastic composites, aiming to enhance the
comprehensive properties of wood-plastic composites. The specific

research contents and results are as follows:
(1) Polyethylene (PE) particles were pretreated with a deep eutectic

solvent of zinc chloride/lactic acid (ZnCl./LA) with a molar ratio of 1:2 to
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prepare MAH-grafted PE (MAH-DPE) compatibilizer. The preparation
process and products were studied by various testing methods. The results
show that the ZnCl»/LA system forms a stable and homogeneous solution,
and the characteristic peaks of its infrared spectrum shift and overlap. The
surface of the treated PE particles (DPE) is rough with dissolution traces,
and the absorption signals in the 1003 - 1133 cm™ and 1610 - 1700 cm™
bands are enhanced, indicating an increase in oxygen-containing groups
and an enhancement of polarity; the XRD pattern shows a decrease in
crystallinity and an increase in the amorphous region; the TG and DTG
curves indicate that the thermal decomposition process of the main
structure of PE remains unchanged. Comparative experiments show that
the grafting rate of MAH on PE particles pretreated by the ZnCl./LA
system is increased by more than 10%.

(2) The MAH-DPE compatibilizer was applied to wood-plastic
composites (WF/LDPE), chopped carbon fiber-reinforced wood-plastic
composites (SCF/WF/LDPE), and long continuous carbon fiber-reinforced
wood-plastic composites (LCF/WF/LDPE). It was found that in WF/LDPE,
MAH-DPE, with a higher grafting rate, enhanced the interfacial bonding
force between wood flour and the plastic matrix, forming chemical bonds.
The tensile strength increased by about 6 MPa, the flexural strength
increased by about 7 MPa, and the impact strength increased by up to 21%,

effectively 1mproving the mechanical properties of wood-plastic
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composites. For SCF/WF/LDPE, SEM observation shows that it has a good
interfacial combination with the polyethylene matrix. Infrared
spectroscopy and XRD analysis show that the raw materials are
successfully blended with carbon fibers, and the crystallinity of the
material increases and the molecular chain arrangement becomes more
regular after the addition of carbon fibers. Mechanical property tests show
that after adding the new MAH-DPE, the tensile strength of the material
increases by 26.08%, the flexural strength increases by 36%, and the
impact strength increases by 15%. In terms of dynamic thermomechanical
properties, carbon fibers enhance the storage modulus of the composite,
and MAH-DPE has a greater impact on stiffness at low temperatures; creep
property analysis shows that carbon fibers and MAH-DPE can inhibit the
movement of plastic molecular chains and reduce creep; in terms of water
resistance, MAH-DPE reduces the water absorption rate and thickness
swelling rate of the composite. After 168 h of water absorption, the water
absorption rate decreased from 5.84% to 2.23%, and the thickness swelling
rate decreased from 0.1% to 0.09%.

(3) For LCF/WF/LDPE, the addition of long carbon fibers
significantly improved the flexural, tensile, and impact strengths. After
adding MAH-DPE, the flexural strength of the composite board increased
by 14%, the tensile strength increased by 18%, and the modulus changed

little; the impact strength increased by 35%. The performance in terms of
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thermomechanical properties, creep properties, water absorption rate, and
thickness swelling rate is similar to that of SCF/WF/LDPE, further
demonstrating that the new MAH-DPE can optimize the properties of the
composite.

The MAH-DPE compatibilizer based on the deep eutectic solvent
system successfully prepared in this study significantly improves the
comprehensive properties of wood-plastic composites, providing a new
direction for the development of wood-plastic composites. It is expected to
promote their wide application in more fields and contribute to the
sustainable development of related industries.

MENG Ruijie (Materials and Chemical Industry)
Supervised by ZUO Ruzhong

KEY WORDS: Deep eutectic solvent, Compatibilizer, Carbon fiber

reinforcement, Mechanical properties;Wood and plastic composite

materials
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