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Abstract Composites with high cellulose content can reduce product quality and process stability by causing the sharkskin
effect, characterized by surface roughness and wrinkle-like defects during extrusion molding. In this study, a composite
material containing 50 wt% cellulose was used as a masterbatch and mixed with homopolymer polypropylene (homo PP,
J800 and JC160) as the base resin and MAPP as a compatibilizer to improve the interfacial compatibility of cellulose-
based fillers. The final cellulose content was adjusted to 20~40 wt%. The experimental results showed that surface defects
were clearly reduced at cellulose contents of 20~30 wt%, and SEM observations confirmed a relatively continuous surface
morphology. In contrast, defects reappeared at 40 wt%, accompanied by irregular surface roughness and localized
agglomeration. These results confirm that controlling the cellulose content is effective in improving the extrusion molding
quality and microstructural stability of eco-friendly composite materials for packaging containers.
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Fig. 1. Manufacturing process of a conventional composite with 50 wt% cellulose content.
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Fig. 2. Cellulose chain structure (left), cellulose powder (center), SEM image (right).
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Fig. 3. Lignocellulose chain structure (left), lignocellulose powder (center), SEM image (right).
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Fig. 4. Silica-coated cellulose chain structure (left), silica-coated cellulose powder (center), SEM image (right).

Table 1
Properties and grades of homo PP (J800, JC160)
J800 JC160

Density g/em’ - 0.9
Melt index ¢/10 min 25 20
Tensile Strength at yield MPa 36 39
Elongation at Break % 500 100
Flexural Modulus MPa 1,569 2,060
I1zod impact J/m 24.5 34
HDT @0.46MPa °C 110 140
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Table 2

Formulation ratios with adjusted cellulose content based on masterbatch

Sample code Formulation ratio(cellulose content)

Final cellulose content

CLD20 MB 40 % + PP(J800) 60 % 20 wt%
CLD30 MB 60 % + PP(J800) 40 % 30 wt%
CLB30 MB 60 % + PP(JC160) 40 % 30 wt%
CLB30A MB 60 % + PPJC160) 35 % + MAPP 5 % 30 wt%
CLD40 MB 80 % + PP(J800) 20 % 40 wt%
CLD40A MB 80 % + PP(J800) 15 % + MAPP 5 % 40 wt%
Cellulose
Masterbatch
PP Matrix Compounding |—» Cool Down —>» Pelletizing
(J800 or JC160)
Compatibilizer ¢ Twin Screw Extruder ¢ Water Bath « Strand Cutting
(MAPP) / * 190-220°C
Additives
Fig. 5. Compounding process of cellulose masterbatch with PP matrix and compatibilizer (MAPP).
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Fig. 6. Operating conditions of the twin-screw extruder.
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Summary of extrusion processing results according to formulation conditions

Sample Cellulose content MAPP Qualitative defect level Observation of surface defect
CLD20 20 wt% Not applied 0 No significant surface defect
CLD30 30 wt% Not applied 1 Surface defects were reduced
CLB30 30 wt% Not applied 1 Surface defects were reduced
CLB30A 30 wt% Applied 1 Surface defects were reduced
CLD40 40 wt% Not applied 4 Sharkskin effect occurred

CLD40A 40 wt% Applied 4 Sharkskin effect occurred
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Fig. 8. SEM images of extruded strand surfaces at cellulose contents of 20~30 wt%: (a) 20 wt% cellulose (2,000, scale bar = 10 pm)
and (b) 30 wt% cellulose (x2,000, scale bar = 10 pm).
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Fig. 9. SEM images of extruded strand surfaces at 40 wt% cellulose content: (a) roughened surface morphology (x2,000, scale bar =
10 um) and (b) localized agglomeration and irregular fracture features in the defect region (x2,000, scale bar = 10 pum).
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