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A review on the application of cellulose nanocrystal as a
hybrid filler in rubber compounds
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1. Excluded Volume 2. Curvature 3.Solution Mixing

4.Melt Mixing

5. In-Situ Polymerization
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NCC Silica KHS550
U-1 0 30 0
U-2 5 25 0
U-3 10 20 0
U-4 15 15 0
U-5 20 10 0
U-6 25 5 0
M-1 0 30 0.9
M-2 5 25 0.9
M-3 10 20 0.9
M-4 15 15 0.9
M-5 20 10 0.9
M-6 25 5 0.9

VAL s NR/silica/MCNC slaca 55005 336 i sl ol )by .Y oo

NR/silica/lCNC
Sample te10 teon ML MH k
numbers Is] |s] [dN'm| | [dN‘m] [min"i
U-1 279 504 1.04 25.57 26.7
U-2 320 646 0.87 19.08 18.4
U-3 293 623 0.87 1741 18.2
U-4 276 565 0.56 16.77 208
U-5 269 554 042 16.79 211
U-6 286 534 0.28 16.86 242
M-1 205 312 283 29.02 56.1
M-2 235 368 257 29.00 45.1
M-3 229 360 227 2842 458
M4 207 326 221 30.75 504
M-5 191 303 221 27.76 53.6
M-6 157 267 2.56 2718 54.5

Vulcanization rate constant, k =100/(f00- fe10) [min™]
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Abstract

Research and development of nanocellulose and nanocellulose-reinforced composite materials have attracted
substantial interest in recent years. This is greatly attributed to its unique functionalities and properties,
such as renewability, sustainability, possessing high mechanical strengths, having low weight and cost. This
review aims to highlight recent developments in incorporating nanocellulose into rubber matrices as a
reinforcing filler material. It encompasses an introduction to natural and synthetic rubbers as a polymer
matrices containing conventional fillers such as carbon black and silica, which are used today in rubber
processing. Subsequently, different types of nanocellulose would be addressed, including its common
sources, dimensionsc and mechanical properties, followed by the methods of rubber nanocomposites
fabrication and application of nanocellulose in rubber reinforcement and hybrid fillers. The review also
deals with the recent studies and qualitative findings on the incorporation of nanocellulose variants into
various types of rubber matrices with the main goal of enhancing its mechanical properties and gradual
replacement? by conventional rubber fillers. This article concludes with biodegradability and potential
industrial applications of nanocellulose-reinforced rubber composites and the future prospect of this

technology.

Key words: nanocellulosec Rubber nanocomposites, reinforcement, hybrid filler, biodegradability
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