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Background and objectives: Given the increasing use of nanocomposites in
various industries, improving the mechanical and physical properties of these
products is of particular importance. Nano calcium carbonate as an effective

I;A:ct;icvl:dl:llst;:lz.zoz 5 reinforcing agent can help improve the performance of poplar flour and
Revised: 28 July 2025 recycled polypropylene nanocomposites. This research investigates the effect
Accepted: 09 August 2025 of the dosage of calcium carbonate nanoparticles in the nanocomposite mixturr
Published online: 19 on the mechanical properties of these nanocomposites. The main objective of
December 2025 this research is to evaluate the effects of the size and amount of nano-calcium

carbonate on the modulus of elasticity, tensile strength, and other mechanical
properties of nanocomposites. The results of this study can help develop

Ke)llwords: lightweight and durable products in the packaging, automotive, and other
Poplar, industries, and provide a solution for the optimal use of recycled materials.
nano calcium carbonate,

flexural strength, Methodology: For this purpose, polypropylene (at three levels of 50, 60, and
flexural modulus, 70%), poplar wood flour (at three levels of 30, 40, and 50%), nano calcium
hardness. carbonate (at four levels of 0, 1, 2, and 3% by weight), and maleic anhydride

grafted polypropylene at a fixed level of 3% were mixed using a twin-screw
extruder, and standard test specimens were made using injection molding.
Then, mechanical properties including tensile and bending strength, tensile and
bending modulus, impact strength, and hardness were measured.

Results: The results related to the F-value and significance level showed that
the effect of wood flour content on mechanical properties including tensile and
bending strength, tensile and bending modulus, impact strength, and hardness
was significant at a confidence level of 95%. Additionally, the effect of nano
calcium carbonate on tensile and bending strength, bending modulus, and
hardness was also significant at 95% confidence level, while bending modulus
and impact resistance were not significant at this level. The interaction effect
of flour amount and nano calcium carbonate was not significant on all strength
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at the 95% confidence level.

Conclusion: The results of this research show that increasing poplar wood
flour from 30 to 50 percent has a significant effect on the mechanical properties
of nanocomposites, especially increasing tensile and bending strength, tensile
and bending modulus, and hardness. This improvement is due to increased
adhesion and stress transfer between phases. However, increasing the amount
of flour leads to a decrease in impact resistance and greater brittleness of the
composite. Adding up to 3% by weight of nano calcium carbonate also
improved the mechanical properties, but similar to flour, the impact resistance
decreased. Overall, the appropriate selection of the type and number of
additives can help improve the performance of nanocomposites, but it is also
essential to pay attention to negative effects such as reduced impact resistance.
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Table 1- analysis of variance (F value and significance level) nano-composite results flour poplar / polypropylene
waste and nano calcium carbonate

Variable Properties Tensile Tensile Flexural Flexural Impact Hardness
Strength Modulus Strength Modulus Strength
WF 24.222% 21.145* 43.367* 201.765%* 720.346* 31.588%*
NCC 6.645% 1.852ns 4.448%* 33.268* 2.127ns 9.439%*
WE*NCC 0.632ns 0.038" 0.430" 1.435" 0.546" 0.36"
WF: Wood Flour, NCC: Nano Calcium Carbonate
Significance level: * 95%, ns: not significant
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Figure 1. Effect of nanocomposite condition on Tensile Strength of the wood flour/rPP/nanoCaCO3
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