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ABSTRACT

Though the processing steps for the manufacture of thermoplastic composites are simpler and
faster when compared to those for thermoset composites, there are difficulties due to high melt
viscosity of thermoplastic resins in accomplishing thorough infusion of resin into fibers and
fibrous structures. Tremendously high viscosity for thermoplastic resin leads to numerous
problems in the manufacturing process of thermoplastic composites. Impregnation processes
such as melt impregnation or solution impregnation, tend to form a stiff towpreg that cannot
be used for any textile preforming operation. Powder coating can be a cost effective as well as
efficient processing technology to produce a flexible towpreg. A method for production of
flexible towpregs for thorough infusion of resin into fibers using electrostatic spray gun, which
involves powder coating a bundle of filaments is designed and developed.

The effects of process variables of the electrostatic spray process such as corona
voltage, fluidizing air pressure, conveying air pressure, distance of gun from tow and tow
velocity on maximum powder deposition are investigated and reported for
carbon/polypropylene towpreg. The univariate studies are followed by multivariate studies in
order to see the interaction effect of process parameters on the fiber volume fraction.
Experimental designs including central composite design and three level designs such as Box
Behnken and full factorial designs are quite popularly used. Box and Behnken based design of
experiments is a proven technique to optimize the output response with minimal number of
experiments. Box Behnken design allows interpretation of quadratic models, building of
sequential designs, identification of lack of fit and use of blocks. Box Behnken design is
reported to be more efficient design than central composite design and three level full factorial
design, where efficiency is defined as number of coefficients in estimated model divided by
number of experiments. Moreover, the prediction of mathematical model along with the

interaction effect between the input parameters can help in obtaining accurate results when
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compared to that of univariate studies. The univariate studies will fail, if the interaction effect
is larger as it does not consider the dependency of one parameter to that of the other. Thus, the
electrostatic spray coating process was optimized for fiber volume fraction using Box-Behnken
experimental design. An empirical multi-parametric equation was obtained to define the
relationship between the process parameters (electrostatic voltage at the gun, the distance
between the tip of gun and towpreg and velocity of the carbon towpreg) through response
surface methodology. Experimental verification of the model showed a validation of ~93%.
The velocity of the carbon towpreg was found to have a more profound effect on the output
response of fiber volume fraction when compared to other process parameters.

On optimization of the powder coating process in order to obtain towpregs with
different fiber volume fraction, a fiber volume fraction of 50% was chosen and the towpregs
were accordingly produced for future studies. The powder coating process was then compared
with other methods of DREF spinning which produces similar core-sheath structure to that of
powder coating and film stacking in which layers of films were stacked between different
layers of unidirectionally wound carbon tow. An investigation into the flexural properties of
unidirectional composites (UDC) produced from blending of carbon fiber and polypropylene
(PP) matrix in varying forms of fiber, powder and film are reported. Dr. Ernst Fehrer (DREF)
friction spun hybrid yarns are manufactured from PP fibers and carbon tows and are
consolidated to yield UDC-D. PP powder is layered on carbon tows by electrostatic spray
coating and are consolidated to form UDC-P. A third laminate, UDC-F is manufactured by the
consolidation of PP films stacked between carbon tows. The fiber volume fraction is ~ 50 % in
all the three UDCs. Better mechanical properties of UDC-P are observed in 3-point bending
and short beam tests. Analysis by micro-computed tomography and scanning electron

microscopy indicate better impregnation of PP powder in UDC-P despite higher viscosity of

viii



PP powder than PP fiber, and thereby higher interlaminar strength. This is the first work
reported on comparison of laminates from powder coating versus DREF and film stacking.
Further, the literature available on comparison of 2D composites to that of 3D
composites using thermoplastic matrices are limited. Moreover, literature on comparison of 2D
and 3D fabric composites produced by the process of electrostatic spray coating and DREF
spinning among and between themselves is inadequate. Thus, for the aforesaid reason to
surpass the poor impregnation of highly viscous thermoplastics, pre-forming techniques such
as Dr. Ernst Fehrer (DREF) spinning and electrostatic spray coating are used. The pre-formed
yarns are woven into 2D and 3D fabrics (angle inter-lock and orthogonal weave), which are
then consolidated to yield 2D and 3D composites. In the tensile and flexural tests, 2D
composites are observed to be better than the 3D composites owing to its weave pattern that
deflects the line of material separation. The superior notch impact properties of 3D composites
are attributed to the presence of the binder warp ends that hold the filler and stuffer warp ends.
Further, the orthogonal structure’s closer wrapping improves the shock absorption capability
of the composite than the angle interlock composite. From micro-CT scans, porosity is a
common feature of DREF spun composites. Also, composites made from powder coated

towpregs performed better irrespective of the weave structure.
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(b) SEM image of the carbon tow wrapped with PP fibers by 155
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