Preparation of Nanocrystalline Cellulose (NCC) from Cotton Pulp and Improving Polylactic
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ABSTRACT
Cellulose is the most abundantly generated natural polymer resources. It is capable of rapid renewal. In this study, cottom pulp was
hydrolyzed by sulfuric acid to produce nanocrystalline cellulose (NCC), the nanocrystalline cellulose was incorporated in polylactic
acid (PLA) with nano-sericite to produce nano-composite and to enhance value-addition to cellulose.
In the study, a factorial design was used to analyze the effects of sulfuric acid concentration, solid-to-liquor ratio, temperature and
hydrolysis time and their interactions in order to find the optimal conditions for sulfuric acid hydrolyzing cotton cellulose to mass
produce nanocrystalline celluloses. Then a laser particle sizer, a TEM, a FTIR, an X-ray diffractography and a TGA unit were used
to characterize the nanocrystalline cellulose size distribution, morphology and modifications in functionality.
Then a polylactic acid- nanocrystalline cellulose -nanosericite composite was prepared and it was characterized using atomic force
microscopy (AFM), TGA, and static contact angle analyzer to determine its surface properties.
The optimal condition for hydrolyzing cotton with sulfuric acid entailed a sulfuric acid concentration of 60%, solid-to-liquor ratio of
1: 20, temperature of 4500 , and reaction time of 5 min. The resulting nanocrystalline celluloses had yield of 54.4%. When analyzed
with a laser particle sizer, the nanocrystalline cellulose had particle diameters of 58.8~458.7 nm, and an average diameter of 319.0
nm. TEM observations, however, indicated that the nanocrystalline cellulose were rod-like with length of ca. 100 nm and widths of 5
to 10 nm. The X-ray diffractogram indicated that nanocrystalline celluloses were of cellulose I and Il types. The FTIR spectra
showed that at wave number 892.5 cm-1, a regenerated cellulose peak appeared; at 1157 cm-1 a strengthening of sulpho-ester bond
absorption was discerned; and at 3000 to 3600 cm-1, hydroxyl signals also increased. The TGA analysis indicated that
nanocrystalline cellulose started to lose weight at 15000 , which was deemed to result from the relationship between adsorbed sulfate
groups and the grafted sulpho groups leading to advance in weight loss.
Static contact angle analysis results suggested that PLA was hydrophobic, whereas adding nanocrystalline celluloses and nanosericite
increased the hygroscopicity of the composite surface. AFM analysis suggested that the surface roughness reduced 84.78%.
Accroding to FE-SEM results, adding only 5% nano crystalline cellulose and 5% nanosericite can highly incrise the surface
smoothness of composite. TGA analysis indicated that adding 5% nanocrystalline celluloses and 5% nanosericite raised pyrolysis
temperature of the composite by ca. 3000 .

Keywords : cotton pulpd nanocrystalline cellulosed nanosericite[ polylactic acid[l sulfuric acid hydrolysisC] nano-composite.
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