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The study highlights that variations in printing
parameters significantly affect the crystallinity
of semi-crystalline polymers, which in turn
influences their mechanical performance.
Understanding these variations is crucial for

additive manufacturing practices.

How relevant is this answer? j‘k j‘k j‘k

Additives can enhance the chemical, physical,
and mechanical properties of polymers,
impacting their performance in additive
manufacturing. They also help reduce
degradation from environmental factors,
which is important for testing polymer

properties.
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Answer found in section: "Manufacturing of plastics”

Improvements to the basic chemical, physical and
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mechanical properties can be done through the
incorporation of additives. These also have protective
effects, reducing degradation of the polymer from ligh

heat, or bacteria [2]. They have an impact on viscosity
and melt flow in polymer manufacturing. Moreover,

additives give products their colour and other unique

qualities including increased surface properties, less
friction, and flame retardancy [8].
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summary answer

Testing the Effects of Additive Manufacturing on Polymers

To test the effects of additive manufacturing on the structure, mechanical properties, and

crystallinity of polymers, consider the following steps:

within the polymer part, which in turn influences mechanical performance and chemical
stability (Lee et al., 2022), (Hart, Dunn & \Wetzel, 2020).
® Thermal Cycles: The complex thermal cycles during additive manufacturing can alter

microstructures, impacting mechanical properties such as tensile strength (Lia et al., 2018).
*%2. Mechanical Properties:

e Internal Defects: Monitor for internal defects like voids, which can affect mechanical properties
, 2024).

® Print Orientation: Investigate the effects of print orientation on mechanical properties. For

and lead to failure in lattice structures under stress (Wei et al.

instance, layer orientation can affect tensile fracture behavior and anisotropic mechanical
performance (Palma et al., 2019), (Dai et al., 2024).
® Process Parameters: Vary process parameters such as infill pattern and density to observe

changes in tensile, compression, flexural, or impact strength (Vallejos Baier et al., 2021).
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ARTICLE EXPERIMENT [ STUDY

A Article N Fracture toughness testing

Increased fracture
toughness of additively
manufactured semi-
crystalline thermoplastics
via thermal annealing »
Kevin R. Hart, Ryan M. Dunn,
Eric D. Wetzel

Polymer « Volume 211« 2020

A, Export article as CSV

#~  Differential scanning calorimetry
(DsC)

GOAL

To evaluate the critical elastic-
plastic strain energy release rate
(JIc) of the interlaminar region of
additively manufactured single
edge notched bend (SENB)
specimens made from polylactide
(PLA) polymer, and to study the
effect of post-print thermal
annealing and cooling rate on the
degree of crystallinity and

fracture toughness.

To determine the maximum
enthalpy of cold crystallization
(AHcc*) of PLA polymer, which
establishes an upper limit on the
degree of crystallinity that can be
induced using common heating

and cooling mechanisms.

MATERIALS

Single edge notched bend (SENB)
specimens measuring 100 x 20 x
10 mm, fabricated using fused-
filament fabrication (FFF) with 1.75
mm polylactide (PLA) filament,
printer nozzle diameter of 0.5 mm,
nozzle temperature of 200 °C, bed
temperature of 50 °C, 454 layers
with [0/90] orientation, 2
perimeter shells, 100% infill
density, layer height of 0.22 mm,
12.7 ym thick poly-imide [Kapton)

tape as pre-crack notch.

PLA filament (1.75 mm diameter)
pelletized by manually cutting
into 10 mm segments, fed into a
twin-screw micro-compounding
machine at 200 *C and 50 rpm for
10 minutes to create an
amorphous melt, then quenched

in an ice water bath.

METHODS

SENB specimens were subjected
to post-print thermal annealing at
160 °C for 2 hours, then cooled at
various rates (quenched in ice
water or cooled at 1 °C/min) to
induce different degrees of
crystallinity. Fracture testing was
performed in three-point bending
in displacement control at 0.5
mm/min, with crack propagation
monitored using a CCD camera.
Fracture surfoces were analyzed
using optical and scanning

electron microscopy.

The quenched amorphous PLA
extrudate was dried and then
subjected to o heat-cool-heat DSC
cycle between 40-200 °C at 5
°C/min to measure the maximum

enthalpy of cold crystallization.

RESULTS

As-printed PLA SENB specimens
had an interlaminar fracture
toughness of 2.73 + 0.48 k]/m2.
Annealed and quenched
specimens (amorphous, 0%
crystallinity) had a toughness of
5.62 + 1.81 k]/m2. Annealed and
slowly-cooled specimens (25%
crystallinity) had a toughness of
only 0.63 £ 0.017 k]/m2.

The maximum enthalpy of cold
crystallization (AHcc*) for the
fully amorphous PLA polymer was
21.7 J/g.

CONCLUSION

Annealing can increase the
interlaminar toughness of
additively manufactured PLA, but
anly if the material is quenched
rapidly after annealing to
maintain an amorphous state.
Slow cooling after annealing
results in high crystallinity and

low fracture toughness.

The maximum enthalpy of cold
crystallization establishes an
upper limit on the degree of
crystallinity that can be induced in
the PLA polymer using common

heating and coecling mechanisms.
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