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Most of the plastics produced in the world are petroleum-based ones. Since they are used for thermal
recycle after processing, petroleum resources are being consumed at an ever-increasing rate. Against this backdrop, the
use of biomass plastics, which are abundant in resources and are renewable, as an alternative to petroleum-based
plastics, is progressing. Existing plastics have excellent mechanical properties and durability compared to
biomass-based plastics. Therefore biomass-based plastics have not been substituted because of their lack of stability,
which is inherent for biomass-based materials in general. In order to eliminate these disadvantages and make significant
progress in substitution, a great deal of research has been conducted in the plastics industry. For example, cellulose,
known as the most abundant resource on the earth, is modified to provide, good mechanical properties and high heat
resistance. In particular esterification and etherification provided commercially success materials. In addition,
poly(lactic acid) (PLA) has been developed from biomass-based materials, which is currently one of the most famous
biomass-based plastics.

In this study, a great effort has been paid for cellulose acetate (CA), one of the most popular cellulose
derivatives, to provide thermos-processability by addition of a plasticizer. Moreover, considering the impact on the
environment, citrate ester, which is also known as a biomass-based materials, was employed. Before rheological
measurements, various citrate esters were blended with CA and their compatibility was evaluated. Among the citric acid
esters employed, triethyl citrate (TEC), which has the shortest alkyl chain, showed excellent miscibility with CA. 40
wt.% TEC can be added to CA without bleed-out. The temperature dependence of the dynamic tensile modulus
indicated that TEC had no ability to dissolve CA crystals. However, melt extrusion was possible at 205 °C, and the
obtained products showed smooth surface without unstable flow even at high shear rates. The uniaxial elongational
viscosity was measured and strain hardening was detected. This is because crystals remained in the sample at the
measured temperature, which acted as a pseudo-branch point. It indicates the plasticized CA with, TEC exhibits good
melt-processability.

Another type of cellulose esters was also used to modify the rheological properties of PLA in this study. PLA
has attracted particular attention among biomass-based plastics. It is produced by fermentation and synthesis of starch
and has advantages such as biodegradability and lower CO, emissions during production and combustion compared to
commodity plastics. However, it has disadvantages such as slow crystallization, low melt elasticity, and limited molding
and processing methods due to the lack of long-chain branching in its structure. Therefore, its substitution from

conventional plastics has not progressed significantly. I attempted to modify PLA to solve these disadvantages by



blending CAP, a commercially available cellulose derivative. For miscible systems, strain-hardening can be imparted by
blending a long-chain branched polymer. Although PLA/CAP is an incompatible system, the temperature dependence of
the dynamic tensile modulus showed that the glass transition temperature (7;) of PLA shifted to higher temperatures
with increasing the CAP content. It suggested that some of the CAP chains are dissolved into the amorphous region of
PLA. Moreover, the frequency dependence of oscillatory shear moduli at various temperature revealed that CAP
showed thermos-rheological complexity. This could be attributed to the crystallinity of CAP; a similar phenomenon was
observed for PLA/CAP. As a result, the viscosity increased greatly at low temperature because some of the CAP chains
were dissolved in PLA. During uniaxial elongational flow, PLA does not show strain-herdening in transient viscosity.
However, by blending CAP, strain hardening was observed. During elongational flow, CAP dispersion was found to be
undeformed. The result indicated that strain-hardening was provided by the dissolved CAP chains in PLA, which have
pseudo-branch points due to the presence of crystals. Extrusion processability was found to be good for the blends.
Therefore, CAP, which is derived from biomass, is an appropriate modifier to improve the processability of PLA.
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