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Development of a new continuous processing method of ramie spun
yarn/PP composites and elastic modulus analysis

K £ KIM Hyunbum

Polymer composite materials have been produced by combining synthetic fibers (e.g., glass
and carbon) and thermoset matrix such as epoxy or polyester. These materials are obtained based
on fossil fuel. The rising concerns for using fossil fuel products are environmental impact
matters, exhaustion of resources, and so on. In order to overcome these problems in the future, it
has been gaining much more attention to develop alternative materials using biomass-based or
-derived materials such as natural fibers and biodegradable thermoplastic resins.

The first priority of using natural fibers must be the establishment of processing method
since natural fibers have different characters from glass and carbon fibers. In case of a short fiber
composite material, one of the critical parameters is the fiber length inside the composite
material. It needs to be longer than critical fiber length, which means the minimum length to
exhibit the original fiber strength. Otherwise the mechanical properties such as tensile strength
and Young’s modulus cannot be improved. Several processing methods were introduced to
produce natural fiber-reinforced composite materials in the past. Two-steps production method
was proposed to increase the mechanical properties. The results showed that the mechanical
properties were not enough improved since most of fiber lengths were lower than its critical fiber
length. The other fabrication method was actualized for producing long pellets. The results
showed good mechanical properties on short fiber composite materials, but it required expensive
investment and complicated technique.

In this study, thus, in order to overcome the main drawbacks explained in the above, a new
method was developed to produce composite materials using ramie spun yams and
polypropylene, which are the representative plant-based natural fiber yarn and thermoplastic
resin. In Chapter 1, first, the background and purpose of this study were introduced.

In Chapter 2, a new continuous process called multi-pin assisted resin impregnation
(M-PaR]) for natural fiber composite materials was explained. Using the process, composite
strands were produced, and then these were chopped to pellets called master-batch. Finally using
the pellets, short fiber composite materials were produced by injection molding. From the
experimental results of tensile tests on short fiber composite materials, it was confirmed that
tensile strength increased with increasing fiber weight fraction until 30-40wt%, then dropped
slightly at 50wt%. Young’s modulus increased with increasing fiber weight fraction. It was
confirmed from the experimental results that the optimal fiber content was between 30-40wt%
on the short fiber composite materials.




Cross-sectional areas of the resultant composite strands were studied in order to investigate
dependency of temperatures during fabrication procedure. As the results, voids were observed on
composite strands fabricated between 160°C-185°C. However, voids did not occur between
195°C-205°C. From these results, it was estimated that tensile strengths on short fiber composite
materials fabricated between 160°C-185°C were low. On short fiber composite materials
fabricated over 205°C, over-heating caused decreased tensile strengths. According to the
investigation of fiber length extracted from the short fiber composite materials, the results
showed that fiber lengths were larger than its critical length.

In Chapter 3, using M-PaRI process, single yarn composite strand and composite tapes
containing thirty-three ramie spun yarns were produced. The composite tapes were developed for
the purpose of replacing glass woven fabric composites. Regarding single yarn composite
strands, since the dependency of MAPP contents was not investigated, these materials were
produced in different content of MAPP. Tensile strength and elastic modulus of the single
composite strand increased with increasing fiber volume fraction irrespective of MAPP contents
(0wt%-2wt%). However, the dependency of MAPP contents was not observed. With respect to
composite tapes, a new process called roller system was added after M-PaRI process in order to
produce the composite tapes. Tensile strengths of the composite tapes exhibited relatively lower
values than composite strand due to size effect.

In order to investigate the cause of the fluctuation in elastic modulus, the experimental
values were discussed with conventional theoretical models base on yarn modulus analysis and
statistical methods (least squares method, first order second moment approximate method,
FOSM) in Chapter 4. From the comparison between experimental values and the theoretical
models, the fluctuation on a composite yarn was mainly related to fiber orientation angles,
Moreover, according the FOSM model, it is possible to reduce the fluctuation in elastic modulus
of the composite materials when the composite materials were produced at bigger size.

In Chapter 5, the conclusions of this study were summarized, and future research subjects
were added.
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