3D printing of spray dried CNFs reinforced polypropylene composites
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ABSTRACT

Spray-dried cellulose nanofibrils exhibit excellent dispersion and distribution in a polymer matrix attributable to their um size and spherical shape of individual particles. The
tensile and flexural properties of PP increased after adding 10 wt.% SDCNFs, and the impact strength of SDCNFs-filled PP was 136% higher than that of 10 wt.% wood flour-
filled PP. The storage modulus of SDCNFs-filed PP was higher than wood flour addition. Furthermore, the addition of SDCNFs to the PP matrix resulted in faster
crystallization and a 12% reduction in crystallinity level of PP, and CTE of PP was reduced by 20%. After the SDCNFs-reinforced PP composites were used for 3D printing, the
shrinkage rate of PP was reduced by 39%, and the printablility of PP was significantly improved because of the presence of SDCNFs. The improvements in the performance of

PP are expected to be helpful in automotive components.
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 Reinforcing materials, such as glass fibers, enhance the performance of plastic
matrix composites (PMCs) including thermoplastics such as polypropylene

 Inorganic reinforcing fillers including glass, carbon, aramid, and boron fibers
cause environmental pollution during manufacturing and do not decompose

naturally
 Highly ordered crystal structure with high crystallinity in PP causes —
shrinkage/warping during 3D printing, limiting its use in FLM technology 4 Flgure 2. I\/Iorphologlcal and partlcle size distribution of SDCNF powders
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disk atomizer 3 Figure 3. Thermal analysis and viscosity of SDCNFs-reinforced PP composites
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cardboard pulp (OCC) were fibrillated to over 90% fines level. Wood flour 3 Figure 4. Mechanical properties of SDCNFs-reinforced PP composites
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Conditions ““-- 4 Figure 5. Shrinkage reduction rates and printability of 3D printed parts

53 Reduction rate: 31.18%

1 Table 2. Compounding formulations

Composite Pulp Fine level, wt.% Filler, wt.% MAPP, wt.% PP, wt.%
1 Neat PP - 0 0 100
2 10% WF 100 mesh wood flour 10 5 85
3 10% BKP SDCNFs 90% fines level 10 5 85
4 10% UKP SDCNFs 90% fines level 10 5 85
5 10% OCC SDCNFs 90% fines level 10 5 85
1 Table 3. Conditions of 3D printing
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d SDCNFs, which are micrometer spherical-shaped particles with a high specific surface area, interact effectively with MAPP, resulting in improved interfacial bonding between
filler and matrix. SDCNFs also improved the distribution and dispersion of filler in the matrix

J The addition of SDCNFs In PP resulted in earlier crystallization, decreased crystallinity and CTE, and increased viscosity and stiffness

1 The improved physical and mechanical properties of PP by SDCNFs make 3D printed PP a promising material in the automobile industry
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