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ABSTRACT

Electrospraying is an effective method to
produce polycaprolactone microparticles for
drug or protein carrier application. In this study,
some factors which influenced the morphology of
polycaprolactone  (PCL)  particles  were
investigated by Scanning Electron Microscopy
(SEM), such as polymer concentration, solvent
and distance from tip to the collector. The SEM
micrographs indicated that the low concentration
(1 %) of PCL solution created in wrinkled and
hollow semi-spheres while wrinkled spheres were
formed by using higher polymer concentration
(4 %). The spherical morphology was obtained

when the polymer concentration was high enough
(4 %) to create significant chain entanglements.
In addition, chloroform and dichloromethane
were good solvents to fabricate electrosprayed
microspheres. Solvent mixtures such as acetone
and chloroform or Dimethylformamide (DMF)
and  chloroform  were  unsuitable  for
electrosprayed particles since they caused
unstable and heterogeneous shape. This research
demonstrated that the morphology of
microparticles was controlled by adjusting
parameters of electrospraying to have a
homogeneous and stable morphology.
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INTRODUCTION

Electrospraying has been a significant
method to produce micro polymeric particles
loading drug/protein. By adjusting
electrospraying parameters such as polymer
concentration, solvent, distance from the tip to
the collector, the morphology of particles could
be controlled. When the electrospraying
happened, there was the competition of solvent
evaporation and polymer diffusion [1]. If solvent
evaporated faster, polymer chains didn’t have
enough time to diffuse from surface to the center
of the droplets and caused the porous, hollow and
wrinkled  particles. During the  solvent
evaporation, if the chain entanglements were
presented significant, the spherical particles
could be generated [2-5].

Chain  entanglement  occurs  during
electrospraying process and influences the final
morphology of particles. Polymer concentration
is responsible for the polymer entanglement
regime which dictates particles or fibers
formation. At low concentration, there are no or
few chain entanglements, so that the morphology
of particles is a film or a semi-sphere. If there are
enough chain entanglements, suitable polymer
concentration, in other words, the spheres will be
formed. At the high concentration, the number of
chain entanglements increases highly and the
particles morphology is beaded fibers, even fibers
in shape [6]. The solvent properties, especially
evaporation rate and dielectric constant, effects
on the morphology of particles appreciably.
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When using highly evaporating solvents, the
particle morphology has hollow and porous
structures such as cup-like, shell-like and
wrinkled shape. The solvents which have low
evaporation rate make chain entanglements
shrink and rearrange so that the morphology is
spherical and smoother surface [5, 7, 8].

Besides, electrosprayed PCL  particles
contained some suitable characteristics for drug
delivery system such as drug release and the
degradation of polymer particles. Because the
degradation of PCL was slow, the drug release of
electrosprayed PCL particles was longer [9, 10].

This research determined the effects of
polymer concentration and distance of the tip to
the collector on the morphology of
electrosprayed PCL microparticles by Scanning
Electron Microscopy. When we used a solvent
mixture of DMF and chloroform or acetone and
chloroform, PCL particles had unstable structure
and were in different shapes. The electrospraying
microspheres were established when the number
of chain entanglements was obtained at a suitable
value. The size and morphology of particles can
be controlled by carefully changing
electrospraying  parameters, especially the
polymer solution. In the next work, we will study
the effects of morphology and size of
microparticles on drug release in vitro.

Syringe PCL solution

Needle

MATERIALS AND METHODS
Materials

Polycaprolactone (PCL), Mw = 75 - 80 kDa
was purchased from Sigma-Aldrich.
Dimethylformamide (DMPF),
dichloromethane (DCM) and acetone were
purchased from Merck — German. Chloroform
was purchased from Prolabo — France. All
solvents were purified 99.9 %.

Fabrication of PCL
electrospraying method

particles by

The spraying system consisted of three main
components, a voltage power source with a high
voltage output 9-24 kV, a mechanical syringe
pump (Micropump Top-5300, Japan) with a high
precision, adjustable flow rate from 0.1 mL/h to
700 mL/h, and stainless steel needle. The anode
of the voltage supply was connected to the needle
on the tip of the syringe and the cathode attached
to the plate covered with aluminum foil. During
the electrospraying process, flow rate was fixed
at 1 mL/h while applying voltage and distance
between needle and collector were adjusted to
control the spraying mode and the final
morphology of PCL particles. As the jet
accelerated toward the target, the solvent
evaporated and polymer microparticles were
collected in an aluminum foil (Fig.1).

Collector

High voltage

Fig. 1. Set up for electrospray process
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Fig. 2. Production of PCL electroprayed particles

The polymer solution was got ready by
magnitude stirring of PCL and solvent in 2-3
hours. Next, the PCL solution was first added to
the syringe with stainless steel needle and then
the high voltage was applied to an electrosprayed
system  for electrospray  process.  After
electrospraying, the polymer particles which
were collected in an aluminum foil were dried by
vacuum drying cabinets to completely remove
solvent (Fig. 2).

Morphology and charaterization

Morphology and structure of PCL particles
were determined using Scanning Electron
Microscopy (SEM) (S-4800 — Hitachi - Japan).
Prior to the SEM studies, dried samples were
prepared with carbon tape. The accelerating
voltage ranged 5kV during scanning.

Fourier transform infrared (FTIR) spectra of
the samples were obtained on Tensor 37- Brucker
at National Key Laboratory of Polymer and
Composite Materials, HCMUT-VNUHCM.

RESULT AND DISCUSSION

The effect of PCL concentration on particle
morphology

The SEM images showed that the low
concentration of PCL solution (1 %) created
hollow semi-spheres (Fig. 3A) while wrinkled
spheres were formed by using higher polymer
concentration (3 % and 4 % PCL). The
explanation is that higher polymer concentration
created more intermolecular entanglements than
the lower polymer concentration. Polymer
concentration ~ was  responsible  for  the
entanglement regime which dictates debris or
particle formation. At low concentration (1 %),
there were few chain entanglements so that the
morphology of particles is a semi-sphere. The
spherical morphology was obtained when the
polymer concentration was high enough (4 %) to
create significant chain entanglements. However,
the surfaces of particles were wrinkled by the
effect of solvent‘s evaporation. At lower PCL
concentration (3 %), the size of particles was
smaller (9 pum) than particles of 4 % PCL
solution (15 um) because of restriction of chain
entanglements (Fig. 3B and 3C).

Fig. 3. SEM images of microparticles from PCL with chloroform at various PCL concentrations: (A) 1 %, (B) 3 %,
(C) 4 %. (Voltage: 12 kV, collecting distance: 10 cm, flow rate: 1 ml/h, gauge 20G)
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The effect of solvent on particle morphology

The sprayed PCL solutions were very dilute,
1 %, 3 % and 4 % (w/w), so the physical
properties of solutions were dominated by the
solvents.

Table 1. The physical properties of solvents [11]

'?:iirllitng ;’aeggtzre Viscoiily Dielectric
Solvent T, P25 °C 1n/20 °C | constant
(°C) (kPa) (mPas) | €/25°C
Acetone 56 30.8 0.324 20.7
Chloroform | 61 26.2 0.568 481
DMF 153 2.7 0.92 36.71
DCM 40 57.3 0.43 8.93
Boiling point determines the speed of

evaporation. At the room temperature, the solvent
which had a lower boiling point such as acetone
(56 °C) and chloroform (61 °C) were easier to
evaporate than DMF (153 °C). In case of DMF,
the solvent was difficult to evaporate so that the
intermolecular entanglements of PCL chain could
rearrange and shrink so the particle morphology
was smoother [5]. However, the results showed
that the PCL particles from mixture solvent of
DMF and chloroform (DMF:CHCls,1:3), the
morphology of particles was heterogeneous and
unstable, like beaded fibers, spheres, elongated
particles (Fig. 4A). The reason was that the
dielectric constant of DMF was high (36.7), so it
made the droplets at the needle charged. When
the coulomb repulsion exceeded the surface

tension, the droplets became multi-jet; it meant
that electrospraying was unstable. In addition,
DMF could not dissolve PLA and the evaporation
rate was more different with the evaporation rate
of chloroform, so the mixing DMF to chloroform
made unstable cone jet and collapsed particles.
With the similar reason, acetone had the high
dielectric constant (21) while chloroform had
lower dielectric constant (4.81), so that the
dielectric constant of the mixture of them also
was high and this caused the multi-jet spraying
mode. In the final result, the morphology of
particles was irregular, such as debris, hollow
semi-sphere and sticky particles (Fig. 4B). The
solvent mixture made undesirable morphology of
PCL particles and should not be used for
electrospraying.

A mixture solvent of chloroform and acetone
or chloroform and DMF caused irregular shapes
of electrosprayed particles and unrepeated
results. The reason was that there was a
significant difference between evaporation rate of
solvents and electrical conductivity, and it
generated unstable and heterogeneous shape (Fig.
4). In addition, the PCL was soluble in
chloroform absolutely, soluble in acetone poorly
and insoluble in DMF, therefore, the solvents
mixture of chloroform and acetone or DMF still
dissolved PCL effectively, it generated irregular
morphology of electrosprayed particles.

Fig. 4. Microparticles SEM micrographs of 1 % PCL solutions in mixture solvents of Chloroform with acetone or
DMF (A) Acetone: Chloroform, 1:3 (v/v), (B) DMF: Chloroform, 1:3 (v/v) with electrospray parameters voltage: 18
kV, collecting distance: 18 cm, flow rate: 1 ml/h, gauge 20G
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Fig. 5. SEM micrographs of 4 % PCL solutions in different solvents. (A) DCM, (B) Chloroform (voltage: 12 kV,
collecting distance: 15 cm, flow rate: 1 ml/h, gauge 20G)

DCM and chloroform had high evaporation
rate because the boiling points of them were low,
DCM (40 °C) and chloroform (56 °C). The
evaporation of chloroform and DMF made the
skin droplet solidified, during flying to the
collector, solidified skin to move toward the
droplet center so the surface particle became
wrinkled. Because the evaporation of DCM was
faster than chloroform, the surface of PCL/DCM
particles had more wrinkles than PCL/chloroform
particles (Fig. 5). Furthermore, the dielectric
constant of DCM (8.93) was higher than
chloroform (4.81) so that the coulomb fission
could separate the droplets to smaller particles.
The result was that size of PCL/DCM particles
was smaller than size of PCL/chloroform
particles.

Effect of distance from tip of needle to
collector on particle morphology

The result indicated that short distance from
the tip of needle to the collector (8 cm) generated
sticky particles, even the electrosprayed particles
could not to be formed (Fig. 6A). Otherwise, the
spherical particles were produced when the
distance from the tip of needle to the collector
was 10 cm (Fig. 6B).

The distance between the tip of needle to the
collector decided the formation of separated
particles. When the distance between tip to the
collector was not far enough in order to evaporate
solvent completely, the particles had solvents
inside and were deformed in the collector. If the
solvent evaporation happened fully, the particle
could solidify and form spheres in the collector.

Fig. 6. Microparticles SEM micrographs of 3 % PCL in chloroform solution with voltage 12 kV, flow rate: 1 ml/h,
gauge 20G and collecting distance (A) 8 cm, (B) 15 cm
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Structure of electrosprayed PCL particles
FTIR spectra showed that an intense peak at

1723 cm which was due to the presence of the

ester carbonyl group that corresponded to the —

C=0 (stretching) in PCL polymer. The peaks at
2867 and 2943 cm™ were related to the C-H
bond of saturated carbons. The small peak at
3442 cm was related to OH stretching vibrations.
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Fig. 7. FTIR spectra of raw PCL and electrosprayed PCL particles

Morover, Fig. 7 indicated that the FTIR
spectrum of raw PCL was probably similar with
its electrosprayed PCL, as a result, the
electrospraying method didn’t infuence to PCL
structure during the fabrication of microparticles.

CONCLUSION

At low concentration, the morphology is a
hollow particle or a semi-spherical particle
because entanglement per chain is limited. At
high concentration, chain entanglements are
easily obtained so the morphology is a sphere.
However, the surface of PCL particle is wrinkle
by choosing unsuitable solvent. The solvent
mixture of chloroform and DMF or acetone
caused undesirable and irregular morphology of
electrosprayed PCL particles. Solvents had the

low boiling point, it means high evaporation,
such as DCM and chloroform generated wrinkled
and hollow shapes. Besides, the solvents had high
dielectric constant created smaller particles than
solvents had low dielectric constant.

The distance between the tip of the needle to
the collector should be far enough to evaporate of
solvent completely and created solid particles.
The results indicated that the biodegradable PCL
could be produced by electrospraying and the
morphology and size of them could be controlled
by processing parameter.
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bicu khién hinh théi ctia hat micro
polycaprolactone dugc ché tao tir phuong

phap electrospray

e Nguyén Vii Viét Linh
e  Huynh Pai Phu
Truong Pai hoc Bach Khoa, PHQG-HCM

TOM TAT

Electrospray la mét phuwong phdp hiéu qua
dé ché tao cdc vi hat polycaprolactone, ing dung
lam cdc hé mang thuéc hodc protein. Trong
nghién ciru nay, mét so6 yéu to anh hwong dén
hinh thdi cia hat polycaprolactone (PCL) duwoc
nghién ciru boi kinh hién vi dién tr quét
(Scanning Electron Microscopy - SEM), nhu la
nong do polymer, dung méi va khodng cdch tir
dau kim dén ban thu. Anh SEM chi ra rang tai
nong dé thap dung dich PCL (1 %), tao ra cdc
hat ban cau nhan va réng, trong khi cdc hat cau
rong dwoc tao thanh ¢ nong dé polymer cao hon
(4 %). Hinh thdi cau chi dat dwoc khi nong dé

polymer di Ién dé tao cdc chuéi réi ding
ké. Ngoai ra, chloroform va dichloromethane 1a
dung méi tot dé ché tao cdc hat cdu electrospray
PCL. Hén hop dung méi nhw acetone va
chloroform hodc DMF va chloroform khéng phi
hop tao ra cac hat electrospray, vi chung gay nén
hinh thai khéng on dinh va khéng dong nhdt.
Nghién ciru nay chimg 16 rang hinh thdi cia vi
hat c6 thé diéu khién bang cach diéu chinh cdc
phuwong  phdp
electrospraying dé c6 hinh thdi dong nhat va on
dinh.

théng s6 ché tao ciia

Tir khéa: electrospray, vi hat, hinh thai, polycaprolactone, nép nhan
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