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ABSTRACT
One challenge in preparing polymer/ceramic composites is non-uniform ceramic particles distribution in a polymer
matrix. This research evaluated the effect of stirring time and temperature on hydroxyapatite (HA) distribution through
(polylactic acid) PLA matrix. Therefore, to mix the ceramic suspension with the polymer solution, three temperatures,
namely 25, 37, and 45°C and four times including 6, 12, 24 and, 48 h were examined. Fourier-transform infrared
spectroscopy (FTIR) analysis was used to investigate the bonds, which showed physical bond formation such as
carboxyl-calcium-carboxyl between HA and polymer matrix, influenced on particles distribution. Scanning electron
microscopy (SEM) and Energy-dispersive X-ray spectroscopy (EDS) were used to observe particles distribution and
determine samples homogeneity. To fulfill this goal, each obtained photograph representing the calcium presentation
was split into nine equal sections, and a method based on the newly defined index called dispersion factor “o” was used
to analyze the distribution. Results showed that the sample prepared at 37°C and 48 h had the topmost homogeneity

properties.

Keywords: Polylactic acid, Hydroxyapatite, Composite; Homogeneity, Bone scaffold.

1. INTRODUCTION

Bone loss is one of the major problems that
significantly impacts the quality of people life. In
the past decades, the tissue engineering approach
has been touted as a reliable way to create
engineered tissues such as bones. In this approach,
scaffolds play an important role [1]. Over the past
years, to follow the biomimetic approach and
avoid shield stress, many researches have been
focused on the fabrication and evaluation of the
properties and performance of composite
scaffolds in bone tissue engineering [2].

Rapid prototyping (RP) is one of the popular
methods in bone scaffold preparation. One of the
RP methods is FDM, in which filaments based on
thermoplastic polymers are used to prepare three-
dimensional scaffolds [3]. These filaments usually
consist of ceramic and polymer combinations to
improve bone induction and optimize scaffold
degradation rate. However, one of the major

mehran.solati@gmail.com

challenges is the preparation of homogeneous and
uniform filaments that considerably impact the
printing process, the physical properties of the
structure obtained, and its function in the body [4-6].

Many  parameters such as  ceramic
concentration, particle size, solution temperature,
and stirring time influence particle distribution in
the polymer matrix and, later on, filament
homogeneity [4].

In this research, first, a new method was
defined to analyze particle distribution, then the
effect of two parameters, including temperature
and stirring time was evaluated. For this purpose,
four times and three temperatures including 6, 12,
24, and 48 h and 25, 37, and 45°C were
investigated, respectively.

2. MATERIALS AND METHODS

HA particles was synthesized by wet precipitation
method. To prepare polymer/ceramic composites
(4:1), 0.6 g PLA was dissolved completely at 8 ml

Journal of Advanced Materials in Engineering, Vol. 40, No. 3, Summer 2021 76
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Figure 1. XRD pattern of a) synthesized HA and b)
pure HA (JCPDS no.09-0432)

chloroform using a magnetic stirrer. Then 0.2 g
HA was added into chloroform (2 ml) separately
and placed at ultrasonic bath for 30 minutes. After
achieving a uniform suspension, it was poured
into PLA solution and placed over the magnetic
stirrer.  Stirring time and temperature were
adjusted according to each sample. After the
mixing process, the suspension was poured into a
petri dish to lose solvent completely.

In order to evaluate the crystallographic
structure of HA, chemical structure of the
composites, and HA distribution in the polymer
matrix, XRD, FTIR, and SEM analyzes were
employed, respectively.

3. RESULTS AND DISCUSSION

3.1 Crystallographic structure

The XRD pattern of HA (Figure 1) had all of the
associated peaks compatible with JCPDS
reference cards [7]. Scherrer equation was used to
calculate the HA crystals size. Results showed
that the average size of HA particles was
approximately 9 nm.

3.2 Chemical Structure Analysis

The corresponding wavenumbers of characteristic
groups of HA and pure PLA were observed at
FTIR spectra (Figure 2). FTIR spectra revealed
that a new peak was appeared at 1414 cm™ after
adding HA to the PLA. It can be assumed that
carboxyl groups (-COOH) of PLA were ionized to
form —COO" ions during the formation of the
composites. COO™ ions would bind with CA?*
ions of HA, and a new carboxyl-calcium-carboxyl
linkage may form that can influence composite
mechanical properties [8].

C=0 stretching c¢-0 stre{::)l%i?g Hydroxy Apatite
1749  coo- 1084 602 559
N 1600

45°C

37°C

’ b 25°C
0

T T T T T T T

2000 1800 1600 1400 1200 1000 800 60

Absorbance%

Figure 2. FTIR spectra of PLA/HA composites
prepared at 48 h.

Table 1. Samples Standard Deviation and a

Calculation

Sample  Average number  Standard

name of particles deviation

S-6-25 154.33 18.69 0.121
S-6-37 39 5.81 0.148
S-6-45 93.77 14.92 0.159
S-12-25 186.11 19.87 0.106
S-12-37 125.33 16.39 0.130
S-12-45 114.11 14.44 0.126
S-24-25 176 19.47 0.110
S-24-37 232.33 28.71 0.123
S-24-45 567.22 49.03 0.086
S-48-25 105.88 45.07 0.425
S-48-37 212.88 14.37 0.067
S-48-45 178.11 15.78 0.089

3.3 Structural Analysis

Observing SEM image and EDS mapping for the
calcium element showed that the stirring time and
temperature directly affected HA distribution in
the polymer matrix. In order to make the
comparison easier, a new analysis method was
defined. In this method, first, the EDS map was
split into nine equal sections, and the number of
spots in each section (which resembling calcium
element) was counted. Then, the standard
deviation was calculated. In order to diminish the
effect of total particles number that influence
homogeneity, a new index called dispersion factor
“a” was defined, which was obtained by dividing
the standard deviation by the total number of
particles. The smaller o means the larger
homogeneity. The obtained standard deviation
and o for each sample have been presented in
Table 1.
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Figure 3. SEM image and EDS mapping of calcium
element in S-37-45 Composite

Results showed that stirring temperature that
influences polymer chain movements and
suspension viscosity, affected the polymer
ceramic interactions and eventually the particle
distribution. However, increasing stirring time
brought two results: 1) more interaction between
PLA functional groups with HA particles
(carboxyl-calcium-carboxyl bond) which made
the ceramic suspension more stable and
homogenous, and 2) HA particles agglomeration
that reduced homogeneity.

Neither increase in temperature nor in time
guarantees the uniform distribution of particles.
As shown in Table 1, the sample prepared at 37°C
and 48 h had better particle distribution compared
to other samples. The SEM and EDS mapping of
this sample are shown in Figure 3.

4. CONCLUSION

This study investigated the impact of two
parameters, including temperature and time, on
the HA particle distribution at PLA/HA
composites. After defining a new method to
compare sample homogeneity, S-48-37 sample
was selected as the optimum sample. Preparing
samples based on these findings increased the
homogeneity of PLA/HA filaments and improved
the printing process and bone scaffolds function.
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