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Abstract This study investigated changes in the physical and mechanical properties of polypropylene (PP) composites
reinforced with sCMF (silica-coated cellulose microfiber) and lignocellulose to develop eco-friendly bioplastics suitable for
injection-molded household goods, films, and trays. The total cellulose content was fixed at 30 wt%, while portions of
conventional cellulose were replaced with sSCMF and lignocellulose. Density, melt flow rate (MFR), tensile strength, and
lmpact strength were measured after extrusion and injection molding processes. The denSIty values were approximately 1.03
g/em’ for most samples, while the CNL5T sample containing Talc increased to 1.07 g/cm’. The MFR decreased from 4.8
¢/10 min for the control sample (CLB30) to 2.5~4.5 g/10 min for the modified samples. Tensile strength increased from
19.8 MPa for CLB30 to 20.8~23.2 MPa, with CNL10 showing the highest value. Impact strength remained in the range of
45~51 J/m for most samples, similar to CLB30 (46 J/m), whereas CNL5T decreased to 35 J/m. These results indicate that
the physical and mechanical properties of cellulose-based PP composites can be controlled by the type and substitution
ratio of modified cellulose-based fillers and auxiliary additives.
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Eco-friendly fillers
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Table 1
Properties of conventional cellulose composites (50 wt% cellulose)
Property Unit Value Test Method
Density g/lem’ 1.13 ASTM D792
Melt Flow Rate (MFR) ¢/10 min 0.4 ASTM D1238
Tensile Strength MPa 12 ASTM D638
Elongation at Break % 19 ASTM D638
Flexural Modulus MPa 425 ASTM D790
Izod Impact Strength (Notched) J/m 150 ASTM D256
Table 2
Properties and grade information of Homo PP (JC160, Lotte Chemical Co., Ltd.)
JC160
Density g/em’ 0.9
Melt Flow Rate (MFR) g/10 min 20
Tensile Strength at yield MPa 39
Elongation at Break % 100
Flexural Modulus MPa 2,060
Izod impact J/m 34
HDT @0.46 MPa °C 140
Molecular weight g/mol > 1,000
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Table 3
Formulations of PP composites with various contents of SCMF and lignocellulose
Sample ID° Formulation**
P (Component ratio, %; cellulose-derived content in parentheses, wt%)
MB 60% Homo PP 37% MAPP 3%
CLB30 (30 Wi%) +
MB 54% Homo PP 40% sCMF 3% MAPP 3%
+ +
CLS03 (27 wt%) (3 wt%)
sCMF CLS05 MB 50% Homo PP 42% N sCMF 5% MAPP 3%
series (25 Wt%) (5 wt%)
MB 50% Homo PP 41% sCMF 5% Wax 1% MAPP 3%
+ +
CLSSW (25 wt%) (5 wt%)
MB 50% Homo PP 42% Lignocellulose 5% MAPP 3%
+ +
CNLOS (25 wt%) (5 wt%)
Lig‘IlO 0 0 i 0 Y [
—ellulose  CNLST l\él? 5(1 /A) . Homo PP 37% Iglgn?;ellulose 5% Talc 5% 4 MAPP 3%
series (25 wi%) (6 wt%)
MB 40% Homo PP 47% Lignocellulose 10% MAPP 3%
+ +
CNLIO (20 wt%) (10 wt%)

* All samples were fixed at a total cellulose content of 30 wt%.

** Formulation values indicate component ratios based on the total composite weight.
*#** CLB30: control sample containing 30 wt% cellulose without SCMF or lignocellulose.

**** Homo PP indicates homopolymer polypropylene (JC160).
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Fig. 1. Injection-molded specimens for (a) tensile testing (ISO
527) and (b) flexural and impact testing (ISO 180).
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Fig. 2. Density values of PP composites containing sSCMF and lignocellulose.
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Fig. 3. Tensile strength of PP composites reinforced with sSCMF and lignocellulose.
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Fig. 4. Izod impact strength of PP composites containing SCMF and lignocellulose.
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Fig. 5. Melt flow rate (MFR) of PP composites according to the type and content of modified cellulose-based fillers.
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Fig. 7. SEM micrographs of fractured surfaces of representative PP composites observed at x5000 magnification: (a) CLS-based
composite and (b) CNL-based composite.
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