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Simultaneous In-situ Analysis of Instabilities and First Normal Stress
Diﬀerence during Polymer Melt Extrusion Flows
The sol-gel of chondroitin-4-sulfate -based Pluronic hydrogels as injectable
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METHODS
The formulations were prepared by
dissolving different amounts of Pluronic
F127 and Pluronic F68 with 5 wt%
Chondroitin-4-sulfate solution by mixing
under continuous stirring at 4 °C until a
clear solution. The clear solution form the
gel under room temperature.
RHEOLOGY
The rheology experiments include
temperature sweep and viscometry which
were carried out with a Kinexus pro
(Malvern) rheometer. For all measurements
parallel plate tools (40 mm diameter) were
used and all samples were measured directly
after polymerization without further
swelling.
The
temperature
sweep
measurements were performed at heating
rate of 1°C/min. The shear stress was varied
between 0.01 and 100 Pa.

the physical hydrogel which is close to the
body
temperature.
The
rheological
measurements of Pluronic hydrogel blended
with chondroition-4-sulfate showed that the
gelation temperature of the Pluronic is
closed to body temperature by the addition
of 5 wt%. As showed in Figure 2, the
viscoelastic moduli showed a sharp increase
near the gel point, G’ increases more than 4
orders of magnitude and reaches a constant
level (12 000 Pa), which were very sensitive
to the sol−gel transition process was
obtained. Kyung et al.5 found The CP
solution underwent a sol–gel transition
around 25 °C at which the storage modulus
(G′) approaches 104 Pa, highlighting the
potential of this material as an injectable
scaffold for cartilage regeneration.
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from Alfa Aesar and Phosphate-buffered
saline(PBS) from Amesco, respectively.
All chemicals were used without further
purification. All solutions and gels were
prepared with doubly distilled water.
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Figure 3.Temperature ramp of 5 wt% chondroitin-4sulfate in PBS. The temperature sweep measurements
were performed at heating rate of 1°C/min.
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Figure 2.Temperature ramp of 10 wt% Pluronic F68
and 15 wt% Pluronic F127 and 10 wt% F68 with the
addition of 5 wt% chondroitin-4-sulfate. The
temperature sweep measurements were performed at
heating and cooling rate of 1°C/min.

We blend of CS and Pluronic hydrogel
in PBS solutions and successfully obtained

218

Figure 3 described CS that undergo a
temperature induced phase transition in
Pluronic solution providing an important
basis for enhancing their stability. The G’ is
higher than G’’ when CS concentration
increased to 5 wt% in PBS. It means CS
formed the weak gel in PBS.
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