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Abstract
Natural rubber latex (NRL) has been investigated in construction-related materials, but its use as a
primary binder in solid composites is limited by low stiffness and mechanical strength. Chemical
modification by grafting poly(methyl methacrylate) (PMMA) onto NRL offers a route to improve
the performance of latex-based composites while retaining a partly renewable material base. This
study evaluates the mechanical behaviour of PMMA-grafted NRL composites containing mineral and
lignocellulosic fillers, including clay, basalt stone powder, wood flour, and wood chips. A total
of 23 mixtures were produced and tested under uniaxial compression, while selected mixtures were
additionally assessed by splitting tensile tests. Depending on the filler system, the composite density
ranged from approximately 0.6–0.7 g/cm3 for wood flour composites to 1.2–1.4 g/cm3 for mineral-filled
composites. Wood flour composites reached compressive strengths of about 4.5 MPa at low density,
whereas basalt stone powder composites achieved the highest compressive performance, with strengths
up to approximately 5.6 MPa and elastic modulus values of about 65 MPa. The splitting tensile strengths
of selected mixtures corresponded to approximately 7–18% of their compressive strengths, indicating a
predominantly compression-dominated response. The results also show that increasing binder content
can shift the stress–strain response from linear-elastic and brittle behaviour toward a nonlinear, more
deformable response. A small-scale shell-like demonstrator further showed that the material can be
cast and cured into curved geometries, although it was not used for structural assessment. Overall, the
investigated PMMA-grafted NRL composites show potential for lightweight, non-structural, or lightly
loaded construction components, while durability, moisture resistance, thermal, acoustic, and dynamic
performance require further investigation.
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1. Introduction
The construction sector is responsible for approximately 37% of global energy-related emissions,
including nearly 9% associated with the production of materials such as concrete, steel, aluminium, glass,
and bricks [1]. This has increased the demand for alternative construction materials based on renewable
or low-impact resources. Natural mineral and lignocellulosic fillers, such as clay, stone powder, and
wood particles, offer potential for lightweight composites with reduced environmental impact [2].

Natural rubber latex (NRL) has previously been investigated as a plant-derived binder for
construction-related composites [2, 3, 4, 5]. However, unmodified NRL generally exhibits limited
stiffness and strength when used as the primary binder in solid composites. Chemical modification,
particularly grafting with poly(methyl methacrylate) (PMMA), provides a route to improve adhesion,
stiffness, and mechanical performance while retaining a partly renewable material base [6]. Nevertheless,
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