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ABSTRACT

Thermoplastic elastomers (TPES) are the biphasic material having hard and soft phase. Due to
their light weight, easy processability, recyclability and superior chemical and mechanical
properties they are commercially valuable materials. In this study, tailorable superelastic ultra-
stretchable TPEs and its vulcanizates (TPVs) were developed from thermoplastic polyurethane
(TPU) and epichlorohydrin-ethylene oxide-allyl glycidyl ether (GECO) by the process of melt-
blending and dynamic vulcanization. The developed TPEs or TPVs showed droplet-matrix
morphology in which TPU formed the matrixphase and dispersed phase was developed by
GECO. Palierne model was used to calculatethe interfacial tension between the phases and it
was evident that the stress transfer between the phases was more efficient TPV as compared to
TPE. The developed TPEs and TPVs exhibited exceptional elastomeric properties, such as very
high strain at break (800-1000%) and low tension set values (<2-6%). It was found that
50TPU/50GECO blends showed superior properties therefore for further work
50TPU/50GECO and its vulcanizate were considered. Further, the nonlinear stress response
behavior of the developed TPE and TPV was comparedwith respect to neat TPU via cyclic T/T
deformation utilizing a Fourier transform analysis of the stress response to detect fatigue
properties. It was found with the addition of DCP in TPV,the fatigue life of TPV has been
improved resulting in delayed failure of the material. The durability of TPV has increased
around 9 times compared to TPU. Therefore, in terms of durability, the TPV sample proved to

be better compared to TPU and TPE.

In the last part of the thesis material extrusion-based additive manufacturing techniques i.e.
direct ink writing (DIW) and granule-based printing were utilized for the 3D printing of
developed TPE and TPV. In the DIW technique, polymeric inks were prepared using THF and

DMF for 3D printing of TPE. The inks were prepared using the Hansen solubility parameter to



understand the polymer-solvent interaction. It was found that THF was a good solvent for the
TPU/GECO blend compared to DMF. Due to the higher boiling point of DMF, the generation
of voids would be higher in the printed sample compared to THF. Due to the lower boiling
point of THF (~63°C), the solvent evaporates during layer-by-layer printing because of the bed
temperature and better inter-layer adhesion was achieved. However, due to the higher boiling
point of DMF, the solvent molecules were kept entrapped inside the printed specimen during
printing. While drying the specimen before microscopical analysis the solvent was removed

from the specimen but created a void resulting in poor inter-layer adhesion.

Modulus at 100% of THF- based TPU printed sample was ~2.7 MPa whereas for DMF-based
printed sample was ~1.6 MPa. Importantly, excellent thermoplastic elastomeric properties were
achieved in the additive-manufactured TPU/GECO blend (absence of yield point and less than
12% of tensionset). Design of Engineering (DOE) was utilized to get the optimum printing
parameters. Layerheight, ink concentration, and print speed were considered as the input
parameters for optimization. It was found that among these parameters, print speed was found
to be the highlyinfluential parameter for both the shrinkage and tensile strength. An increase in
print speed ledto an increase in shrinkage for all the concentrations of ink due to the
phenomenon of the dragging effect. It was found that a layer height of 0.25 mm, a print speed
of 9 mm/s, and an ink concentration of 30 wt% were the optimized parameters. DIW technique
possesses severaldrawbacks as lower mechanical strength, usage of hazardous solvent, and
presence of voids due to which granule-based 3D printing technique was utilized. It was found
that due to poor flowability and interlayer and layer-to-bed adhesion, the 3D printing of the
developed TPE andTPV was difficult. Therefore, carbon black and phenol-formaldehyde resin
were added in TPEand TPV to make the materials printable. For adequate layer adhesion with

the print bed, a 60ABS/40TPU sheet was molded and adhered to the print bed. The material



gets easily deposited on the newly designed print bed. In this work, layer height was optimized
for printing. It was found that 0.8mm layer height was efficient for printing in terms of tensile
strength. With an increase (1.2mm) or decrease (0.4mm) in layer height, there is a decrease in

tensile strength.
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Figure 6.3: Impact of 3D printing parameters on tensile strength (A) main effect plot and, (B)

percentage contribution

Figure 6.4: Demonstration of solvent evaporation related defects in 3D printed samples with
different ink concentration, (a) 10 wt%, (b) 20 wt% and, (c) 30 wt%
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GLYCIDYL-ETHER FOR GRANULE-BASED MATERIAL EXTRUSION ADDITIVE
MANUFACTURING

Figure 7.1: Thermoplastic polyurethane printed samples at variable layer height and raster

angle

Figure 7.2: Stress vs strain curve of printed TPU samples based on layer height and raster

angle

Figure 7.3: Main effect plot based on layer height and raster angle (a) tensile strength and (b)

elongation

Figure 7.4: Challenges in printing od neat blend (a) extruded filaments and unsuccessful
printed parts and, (b) improper extrusion of the material through nozzle

Figure 7.5: Schematic demonstrating (a) improvement in flow behaviour by adding carbon

black and, (b) improvement in interlayer adhesion by the addition of resin
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Figure 7.6: (a) 60ABS/40TPU molded sheet used as a print bed, printed tensile specimen (b)

thermoplastic elastomeric material, (c) thermoplastic vulcanizate

Figure 7.7: Stress vs strain curve of (a) thermoplastic elastomeric material, and (b)

thermoplastic vulcanizate

Figure 7.8: Main effect plots for tensile strength based on layer height (a) thermoplastic

elastomeric composite material, (b) thermoplastic vulcanizate composite material
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