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material may drool out spontaneously from
the nozzle tip. In addition to the mechanical
and melt flow properties, the thermal
properties play an important role in cooling
and solidification of the printed structure7.
This work presents a pre-study for 3D
printing, focusing on the rheological
properties of drug containing feed filament
for
printing
dosage
forms
using
indomethacin (IND) as a model drug and
poly( -caprolactone) (PCL) as a model
thermoplastic polymer matrix material.

EXPERIMENTAL
MATERIALS
Poly( -caprolactone) CAPATM 6500
(Mw= 50 000 g/mol, Tm= 58-60 °C, and Tg=
-60 °C, reported by the polymer supplier
Perstorp, UK), purchased from Makerbot in
filament form, was used as a model matrix
polymer. Indomethacin -form (Tm= 160 °C)
was used as a model drug. IND and PCL
were mixed in w/w ratios of 10/90, 30/70,
and 50/50.
METHODS
The physical drug-polymer mixtures
were melt mixed and extruded into filaments
using a lab-scale co-rotating twin-screw
extruder
(Xplore
Intruments,
The
Netherlands). The mixtures were first
homogenized at T=100 °C in re-circulation
mode for 5 min at a screw speed of 30 RPM,
after which they were extruded at 5 RPM
through a 1.5 mm circular die into a
filament and cooled at ambient conditions.
The rheological properties of the
extruded filaments were investigated in
steady-state rotational shear (SSRS) and
small-amplitude oscillatory shear (SAOS),
using AR2000 rheometer (TA Instruments,
New Castle, DE, US) with 25 mm parallel
plate setup and environmental test chamber.
The printability was tested by producing
model disks (diameter 9 mm, thickness 1.5
mm) from the extruded filaments with each
composition using a MakerBot Replicator 2,
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(Makerbot, New York, NY, US) 3D printer.
The printer nozzle temperature was set to
100 °C and the printer head speed to 90
mm/s.
Evaluation of the shear rate in the printer
nozzle
In order to estimate the feed filament
viscosity in the 3D printing process, the
volume flow rate through the printer nozzle
was calculated from the pre-set nozzle speed
, i.e., the speed at which molten material
is deposited from the nozzle. The volume
flow rate
can be calculated using the
radius of the nozzle exit :
(1)
The corresponding apparent shear rate at the
nozzle wall can be then calculated as:
̇

(2)

With the printer nozzle radius of 0.2 mm
and speed of 90 mm/s, ̇ =1800 s-1.
RESULTS
Rheology
For pure PCL, 10/90, and 30/70 mixtures
the empirical Cox-Merz rule was found
valid (Fig.1.), thus, estimations of the shear
viscosity at high shear rates, encountered in
the FDM on the basis of SAOS
measurements. The decrease of viscosity
(plasticization) compared to the pure PCL
further indicates that most of the IND
content is likely to be dissolved in PCL at
the studied temperature8. No clear
Newtonian plateau could be observed in
SSRS for the 50/50 mixture, and the
viscosity at low shear rates was roughly
two-fold compared to the pure PCL. These
observations indicate that the solubility of
IND in PCL was exceeded and the
undissolved IND content caused the mixture
to have flow properties to approach
concentrated dispersions. The steady-state
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