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Abstract. This study presents the effect of some auxiliary agents (polyethylene oxide (PEO), 
polyethylene glycol (PEG), Tween 80, and Tween 20) on the film-forming ability, properties, 
and morphology of the PCL/XG/CSP composites. The composite films were prepared by the 
solution casting method, in which PCL and CSP were dissolved in dichloromethane and XG 
was dissolved in distilled water. The emulsifiers such as PEG, Tween 80, and Tween 20 in 
liquid form were added to the PCL/CSP solution while PEO in powdery form was dissolved 
together with XG in distilled water. From the obtained results, the PCL/XG/CSP composites 
cannot form a film in the case of the addition of PEG, Tween 80, and Tween 20 while using 
PEO, even and smooth composite films were obtained. The processing conditions consisting of 
PEO content, PCL/XG ratio, and PCL and XG concentration in solution were also investigated 
to assess their influence on the morphology, structure, and mechanical properties of the 
PCL/XG/CSP/PEO composite films. With the highest tensile strength and elongation at break, 
the most uniform structure, the PCL/XG/CSP/PEO composite film prepared with the PEO 
content of 0.6 g, the PCL content of 0.14 g, the XG content of 0.06 g are the best sample among 
tested ones. The other characteristics including thermal property, crystal property, and surface 
property of the composite film prepared at the most suitable conditions have been also assessed.  

Keywords: biocomposite film, solution casting method, emulsifiers, morphology. 

Classification numbers: 2.3.1, 2.7.1. 

1. INTRODUCTION 

In recent years, the research on biodegradable biomaterials based on natural and synthetic 
polymers has garnered significant attention from scientists due to their exceptional properties, 
such as high biocompatibility, deep cell adhesion, non-toxicity, and rapid biodegradation, etc. 
[1-3]. Various fabrication methods for biomaterials exist [4-7], among them, the solution method 
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is particularly popular for synthesizing biomedical polymers owing to its simplicity, minimal 
equipment requirements, and quick prototyping time [8]. Typically, polymers and bioactive 
compounds are dissolved in suitable solvents before being combined. This method produces films 
with high uniformity in thickness and clarity, devoid of cracks while exhibiting good mechanical 
properties, making them suitable for laboratory and industrial applications [9, 10]. 

Polycaprolactone (PCL), a biodegradable polymer has extensive applications in scientific 
and industrial fields, particularly in biomedicine due to its excellent biocompatibility, drug 
delivery capabilities, non-toxicity, biodegradability, and remarkable flexibility [11-14]. The 
PCL has been approved by the FDA for drug delivery systems and absorbable sutures [13]. 
However, some limitations of PCL include poor film-forming properties and lower mechanical 
strength, alongside slower degradation rates compared to natural polymers [15]. To overcome 
its disadvantages, it can be combined PCL with xanthan gum (XG), a natural polymer that 
improves drug solubility and absorption to enhance these qualities. The XG, known for its ability 
to interact with various polymers and proteins, contributes to the stability of the formed materials 
against degrading enzymes while increasing the solubility of hydrophobic drugs [16, 17].  

This study utilizes chrysophanol (CSP), a bioactive compound with numerous biological 
activities, as a model drug, offering potential therapeutic benefits such as antiviral, anti-
inflammatory, antioxidant, and anticancer properties [18-20]. Due to the inherent differences in 
the properties of PCL (hydrophobic polymer) and XG (hydrophilic polymer), their compatibility 
and blending present significant challenges. Additionally, the CSP is a substance characterized 
by high hydrophobicity and poor solubility in water, making its uniform dispersion within the 
PCL/XG matrix particularly difficult. Therefore, the incorporation of compatibilizers, referred 
to as emulsifiers, is essential for the effective mixing of XG, PCL, and CSP. Common 
compatibilizers such as Tween 80, Tween 20, polyethylene oxide (PEO), and polyethylene 
glycol (PEG), play a crucial role in this process [7]. Moreover, the PEO and PEG can be also 
considered as film-forming agents when they are combined with other polymers [21-23]. In our 
previous study, the PCL/XG/CSP composites were prepared in powder form using sodium 
tripolyphosphate as a cross-linking agent and the Tween 20 and PEO as compatibilizers [24]. 
With the excellent bioactivities of CSP, the PCL/XG/CSP composites in the film form have the 
potential for application as stickers in the treatment of wound healing or food packaging. Thus, 
this work focuses on investigating the effects of some auxiliary agents consisting of Tween 80, 
Tween 20, PEO, and PEG on the structure, morphology, and film-forming ability of the 
PCL/XG/CSP composite materials prepared via the solution casting method. Moreover, some 
other characteristics including thermal properties, crystal structure, and water contact angle of 
the composite films prepared at the most suitable conditions have also been assessed and 
discussed. 

2. MATERIALS AND METHODS 

2.1. Materials 

The chemicals used in this study include polycaprolactone (PCL, an average Mn
 ~ 10000), 

xanthan gum from Xanthomonas campestris (XG, a viscosity of 800-1200 cps), chrysophanol 
(CSP, 98 %), polyethylene oxide (PEO, 99 %, an average Mv ~ 100000), polyethylene glycol 
(PEG, an average Mn 400), Tween 20 (polyoxyethylene (20) sorbitan monolaurate, a 
concentration ≥ 40.0 %), Tween 80 (polyoxyethylene (20) sorbitan monooleate, oleic acid ≥ 
58.0 %), dichloromethane (DCM, ≥ 99.5 %). All were provided by Sigmal Aldrich. 
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2.2. Preparation of PCL/XG/CSP composites 

In this study, the ratio of PCL/XG in the composites as well as the amount of some 
auxiliary agents would be assessed. The composition of components in the composites is 
presented in Table 1. The procedure for preparing PCL/XG/CSP composite films is presented as 
follows: Firstly, the XG was dissolved in 10 mL of distilled water for 30 minutes at 50 °C 
(solution A). At the same time, the PCL was dissolved in 2 mL of DCM at room temperature, 
following adding CSP to form solution B. Next, the PEG, Tween 80, or Tween 20 were added 
to solution B while PEO was added to solution A. The mixture was stirred on a magnetic stirrer 
for 30 minutes and vortexed for 5 minutes. Then solution B was added slowly to solution A 
before the mixture was stirred for 30 minutes at 50 °C. The mixture was then ultrasonicated for 
30 minutes at 30 °C and magnetically stirred for 1 hour at 50 °C. After that, the final mixture 
was poured into a Petri dish and let natural solvent evaporation to obtain PCL/XG/CSP 
composite films. Table 1 shows the composition and signature of the tested samples. The 
samples from No. 1 to No. 20 are samples containing one of PEO, PEG, Tween 80, or Tween 
20, from No. 21 to No. 24 are samples with the change of PEO weight, and from No. 25 to No. 
27 are samples with the change of PCL and XG weight in solutions A and B. 

Table 1. The composition and signature of the PCL/XG/CSP composite films. 

No. Abbreviation XG (g) PCL (g) CSP (g) PEO (g) PEG (g) Tween 
80 (g) 

Tween 
20 (g) 

1 XPC46 0.04 0.06 0.0005 0 0 0 0 
2 XPC46PEO6 0.04 0.06 0.0005 0.6 0 0 0 
3 XPC46PEG6 0.04 0.06 0.0005 0 0.6 0 0 
4 XPC46Tween806 0.04 0.06 0.0005 0 0 0.6 0 
5 XPC46Tween206 0.04 0.06 0.0005 0 0 0 0.6 
6 XPC37 0.03 0.07 0.0005 0 0 0 0 
7 XPC37PEO6 0.03 0.07 0.0005 0.6 0 0 0 
8 XPC37PEG6 0.03 0.07 0.0005 0 0.6 0 0 
9 XPC37Tween806 0.03 0.07 0.0005 0 0 0.6 0 
10 XPC37Tween206 0.03 0.07 0.0005 0 0 0 0.6 
11 XPC28 0.02 0.08 0.0005 0 0 0 0 
12 XPC28PEO6 0.02 0.08 0.0005 0.6 0 0 0 
13 XPC28PEG6 0.02 0.08 0.0005 0 0.6 0 0 
14 XPC28Tween806 0.02 0.08 0.0005 0 0 0.6 0 
15 XPC28Tween206 0.02 0.08 0.0005 0 0 0 0.6 
16 XPC19 0.01 0.09 0.0005 0 0 0 0 
17 XPC19PEO6 0.01 0.09 0.0005 0.6 0 0 0 
18 XPC19PEG6 0.01 0.09 0.0005 0 0.6 0 0 
19 XPC19Tween806 0.01 0.09 0.0005 0 0 0.6 0 
20 XPC19Tween206 0.01 0.09 0.0005 0 0 0 0.6 
21 XPC37PEO4 0.03 0.07 0.0005 0.4 0 0 0 
22 XPC37PEO2 0.03 0.07 0.0005 0.2 0 0 0 
23 XPC37PEO1 0.03 0.07 0.0005 0.1 0 0 0 
24 XPC37PEO0.5 0.03 0.07 0.0005 0.05 0 0 0 
25 XPC614PEO6 0.06 0.14 0.0010 0.6 0 0 0 
26 XPC921PEO6 0.09 0.21 0.0015 0.6 0 0 0 
27 XPC1228PEO6 0.12 0.28 0.0020 0.6 0 0 0 
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2.3. Characterization 

The structure of PCL/XG/CSP composite films has been evaluated by Fourier transform 
infrared (FT – IR) using a Nicolet iS10 (USA) with the conditions: a resolution of 8 cm-1, scans 
of 16 times, and at room temperature. The morphology of PCL/XG/CSP composite films has 
been assessed using a SZ61 stereo microscope (Olympus, Japan). The tensile strength and 
elongation at break of PCL/XG/CSP composite films were tested according to ASTM D882 
standard on a Zwick testing machine (Germany). The scanning electron microscopy (SEM) 
images of the samples were taken on a FESEM4800 (Hitachi, Japan). Differential scanning 
calorimetry (DSC) analysis of the samples was carried out using a DSC204F1 (Netzsch, 
Germany) in the conditions: heating rate of 10 °C/minute, from room temperature to 350 °C in a 
nitrogen atmosphere. The water contact angle (WCA) of the samples was determined on an 
OCA50 device (Dataphysics, Germany). X-ray diffraction (XRD) analysis of the samples was 
taken on a Commander device with CuK  of 1.54 nm. 

3. RESULTS AND DISCUSSION 

3.1. Film-forming ability of PCL/XG/CSP composites prepared with different emulsifiers 

Table 2 presents the film-forming ability of PCL/XG/CSP composites prepared with 
different auxiliary agents including PEO, PEG, Tween 80, and Tween 20. It can be seen that 
when using the Tween 80 or Tween 20, the PCL/XG/CSP composites cannot form a film, the 
samples don’t dry naturally or after drying in an oven. Similar to using PEG, the composites 
also don’t dry naturally but they become dry after 72 hours of drying at 80 °C. However, the 
color of the samples changes from yellow to light pink due to the CSP conversion. Additionally, 
the CSP was agglomerated to each other in the composite films. In contrast, when the addition 
of PEO, the PCL/XG/CSP composites are easily formed in a film form with a smooth surface. 
In the case of the absence of PEO, the PCL/XG/CSP composites have film-forming ability but 
the obtained films are less uniform due to the existence of CSP clusters in the samples. From 
that, it can be recognized that among investigated auxiliary agents, PEO is the most suitable 
auxiliary agent for the preparation of the PCL/XG/CSP composite films with a homogeneous 
structure. This result is in agreement with other reports [21, 22]. The ether oxygen and terminal 
hydroxyl groups in PEO can form a hydrogen bond with the hydroxyl and ether groups in PCL, 
XG, and CSP [22]. 

In this study, the weight ratio of PCL/XG in the PCL/XG/CSP composite films was also 
studied. The samples with higher content of XG tend to form the film better than those with 
lower content of XG. When using a high XG content, it requires a longer time for drying 
PCL/XG/CSP composite films. Therefore, a PCL/XG ratio of 70/30 has been selected for 
further studies. 

The amount of PEO in the PCL/XG/CSP composites was varied by 0.6 g, 0.4 g, 0.2 g, 
0.1 g, and 0.05 g. In the case of using low PEO content, the samples XPC37PEO1 and 
XPC37PEO0.5 exhibit the film-forming ability but CSP tends to aggregate in the composite 
films. When increasing PEO content to 0.4 g, the PCL/XG/CSP composites can be formed in 
the film form, however, the agglomeration of CSP is still observed. In contrast, using 0.6 g of 
PEO can help to obtain a regular film. Therefore, 0.6 g of PEO is the suitable content for the 
preparation of PCL/XG/CSP composite films.  U
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When using the same volume of solvents, the concentration of polymers in the solution can 
influence on the properties of the PCL/XG/CSP composite films. It can be seen the 
concentration of PCL and XG in the solution does not affect the film-forming ability of the 
PCL/XG/CSP composite films. The obtained composite films have even and smooth surfaces. It 
is required further assessment to find the suitable concentration of polymers in the solution. 

Table 2. The film-forming ability of PCL/XG/CSP composites prepared with different emulsifiers. 

No. Sample Film-forming ability 
1 XPC46 Have the film-forming ability, CSP agglomeration 
2 XPC46PEO6 Have the film-forming ability, smooth surface 
3 XPC46PEG6 Have the film-forming ability 
4 XPC46Tween806 Cannot form a film 
5 XPC46Tween206 Cannot form a film 
6 XPC37 Have the film-forming ability, CSP agglomeration 
7 XPC37PEO6 Have the film-forming ability, smooth surface 
8 XPC37PEG6 Have the film-forming ability 
9 XPC37Tween806 Cannot form a film 
10 XPC37Tween206 Cannot form a film 
11 XPC28 Have the film-forming ability, CSP agglomeration 
12 XPC28PEO6 Have the film-forming ability, smooth surface 
13 XPC28PEG6 Have the film-forming ability 
14 XPC28Tween806 Cannot form a film 
15 XPC28Tween206 Cannot form a film 
16 XPC19 Have the film-forming ability, CSP agglomeration 
17 XPC19PEO6 Have the film-forming ability 
18 XPC19PEG6 Have the film-forming ability 
19 XPC19Tween806 Cannot form a film 
20 XPC19Tween206 Cannot form a film 
21 XPC37PEO4 Have the film-forming ability, smooth surface, CSP agglomeration 
22 XPC37PEO2 Have the film-forming ability, CSP agglomeration 
23 XPC37PEO1 Have the film-forming ability, CSP agglomeration 
24 XPC37PEO0.5 Have the film-forming ability, CSP agglomeration 
25 XPC614PEO6 Have the film-forming ability, smooth surface 
26 XPC921PEO6 Have the film-forming ability, smooth surface 
27 XPC1228PEO6 Have the film-forming ability, smooth surface 

3.2. FT-IR spectra of PCL/XG/CSP composites prepared with the suitable emulsifier 

In our previous study, the FT-IR spectra of PCL, XG, and CSP have been presented [24]. 
In which, the PCL exhibits the vibrations of C-H (2923 cm-1 and 2863 cm-1), C=O (1724 cm-1), 
C-O and C-C (1050 – 1290 cm-1) bonds; the XG exhibits the vibrations of O-H (3284 cm-1 and 
1600 cm-1), C-H (2919 cm-1, 1406 cm-1), C=O (1726 cm-1), C-O, C-C (1020-1250 cm-1) bonds; 
the CSP exhibits the vibrations of C=O and C=C (1728 cm-1 and 1675 cm-1), C-O and C-C 
(1024-1266 cm-1) bonds [24]. 
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The FI-IR spectra of PCL/XG/CSP composite samples prepared with different auxiliary 
agents and a fixed PCL/XG ratio of 70/30 have been reported in Figure 1 as representative 
samples. It can be seen the vibrations characterized for the main functional groups of PCL, XG, 
and CSP appeared in the FT-IR spectra of the composite samples. XG/PCL sample only exhibits 
the vibrations of the ester group at 1721, 1241, and 1044 cm-1, without C=C vibration [24]. The 
stretching vibration of C=C linkage of CSP at 1600 cm-1 was found in the FT-IR spectra of the 
PCL/XG/CSP composite samples prepared with different auxiliary agents and fixed PCL/XG 
ratio of 70/30, suggesting that CSP has been included in the PCL/XG polymer matrix. In the 
case of using auxiliary agents, the absorbance peaks characterized for the vibrations of C-H 
bonds are sharp and have higher intensity compared to sample XPC37 without ones. This is 
evidence for the existence of auxiliary agents in the PCL/XG/CSP composite samples. A slight 
shift in wavenumbers of characteristic peaks in the FT-IR spectra of the composite samples in 
comparison to the FT-IR spectra of PCL, XG, or CSP, suggesting that the PCL, XG, and CSP 
can interact with each other in the presence of auxiliary agents. The difference in the peak at 
2360 cm-1 between sample spectra may be caused by the noise signal of CO2 in the air. 
 

 
Figure 1. FI-IR spectra of PCL/XG/CSP composite samples prepared with different auxiliary agents  

and fixed PCL/XG ratio of 70/30. 

The FT-IR spectra of PCL/XG/CSP composite samples prepared with different conditions 
(different PCL/XG ratios, different PEO contents, and different PCL and XG concentrations) 
are presented in the supplement file. It can be seen that the change in composition ratios of the 
PCL/XG/CSP composite does not influence the vibrations of the main function groups in the 
composite films. Thus, it requires the assessment of the morphology of the composite samples 
to give detailed comments on the effect of preparation conditions on the film-forming ability of 
the PCL/XG/CSP composites. 

3.3. Morphology of PCL/XG/CSP composites prepared with the suitable auxiliary agent 

The stereo-microscopy (SM) images of the PCL/XG/CSP composites without auxiliary 
agents are revealed in Figure 2. It can be seen that the composites have an uneven structure with 
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the yellow clusters of CSP and PCL in the XG matrix. Therefore, using auxiliary agents is 
necessary to enhance the dispersibility of PCL and CSP in the XG matrix. 
 

  

XPC46 XPC73 

  

XPC28 XPC19 
Figure 2. SM images of the PCL/XG/CSP composites. 

Figure 3 displays the SM images of the PCL/XG/CSP composite films prepared with 
different PCL/XG ratios and a fixed PEO content of 0.6 g. Samples XPC19PEO6 and 
XPC46PEO6 have an irregular structure, in which the PCL/CSP dispersion phase was spherical 
and there are air bubbles appeared in the films. Samples XPC28PEO6 and XPC37PEO6 exhibit 
a very regular structure with a good mix of components. Among investigated samples, the 
dispersion of CSP in the sample XPC37PEO6 is the best. Therefore, the PCL/XG ratio of 70/30 
is the most suitable for the preparation of PCL/XG/CSP/PEO composite films.   
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XPC28PEO6 XPC19PEO6 
Figure 3. SM images of the PCL/XG/CSP/PEO composites prepared  

with different PCL/XG ratios. 

 

 

 

XPC37PEO6 XPC37PEO4 

 
 

XPC37PEO2 XPC37PEO1 

 

XPC37PEO0.5 
Figure 4. SM images of the PCL/XG/CSP/PEO composite films prepared with different PEO contents. 

 U
NCORRECTED PROOF

XPC37PEXPC3



 
 
Assessment of some properties, morphology and film-forming ability of … 

 

 9 

The SM images of the PCL/XG/CSP/PEO composite films prepared with different PEO 
contents in Figure 4 indicate that the sample XPC37PEO6 has the best even structure while the 
others contain PCL/CSP clusters. This is evidence of the poor dispersibility of PCL/CSP in the 
XG matrix in the case of using a low PEO emulsifier content. Therefore, 0.6 g of PEO has been 
selected for the preparation of PCL/XG/CSP/PEO composite films. 

Figure 5 performs the SM images of the PCL/XG/CSP/PEO composites prepared with 
different PCL and XG concentrations. It can be seen that when increasing the weight of PCL 
and XG in the samples, the structure of the composite films becomes uneven. The XPC37PEO6 
and XPC614PEO6 samples have a regular structure with a great dispersion of PCL and CSP in 
the XG matrix.  
 

  

XPC37PEO6 XPC614PEO6 

  

XPC921PEO6 XPC1228PEO6 
Figure 5. SM images of the PCL/XG/CSP/PEO composite films prepared  

with different PCL and XG concentrations. 

3.4. Mechanical properties of PCL/XG/CSP composites prepared with the suitable 
emulsifier 

For opening the application capacity of the PCL/XG/CSP/PEO composite films in practice, 
their mechanical property is one of the important parameters [15, 25, 26]. Table 3 displays the 
tensile strength and elongation at break of the PCL/XG/CSP/PEO composite films. The tensile 
strength and elongation at break of the PCL/XG/CSP/PEO composite films have been improved 
in the presence of XG. The combination of XG and PCL can enhance the durability of samples 
with the formation under the impact of the external force. The PCL/XG ratios have a strong 
effect on the mechanical properties of the PCL/XG/CSP/PEO composite films. Among 
investigated samples, the XPC37PEO6 sample has the highest tensile strength and elongation at 
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break, reaching 4.55 MPa and 11.12 %, respectively. This is thanks to the even dispersion of 
CSP and PCL in the XG matrix, leading to the limitations of stress at the point of clusters. 

The elongation at break of the XPC37PEO6 sample is higher than that of the XPC37PEO4 
sample while its tensile strength follows an opposite trend. Combined with SM images as above 
mentioned, PEO 0.6 g has been still chosen for the preparation of PCL/XG/CSP/PEO composite 
films. 

When increasing the PCL and XG concentration in the composite samples up a moderate 
amount, the tensile strength and elongation at break of the composite films have been enhanced. 
For instance, the tensile strength of sample XPC614PEO6 is 8.81 MPa while its elongation at 
break is 13.05 %. However, if the content of PCL and XG in the sample is higher, the 
elongation at break is reduced slightly but the tensile strength of the composites is declined 
sharply. This is due to the agglomeration of PCL and CSP in the samples, leading to the 
appearance of defects, that concentrated stress in the break process.  

From the obtained results, the most suitable conditions for the preparation of sample 
XPC614PEO6 composite film are a PCL/XG ratio of 70/30, PEO content of 0.6 g, PCL 
concentration of 0.14 g/2 mL DCM, and XG concentration of 0.06 g/10 mL distilled water.   

Table 3. Mechanical properties of the PCL/XG/CSP/PEO composite films. 

No. Sample Tensile strength (MPa) Elongation at break (%) 
1 XPC46PEO6 2.02 ± 0.80 8.30 ± 2.22 
2 XPC37PEO6 4.55 ± 0.54 11.12 ± 1.9 
3 XPC28PEO6 3.81 ± 0.78 4.24 ± 0.55 
4 XPC19PEO6 6.16 ± 0.74 5.78 ± 0.79 
5 XPC37PEO4 6.00 ± 0.56 7.71 ± 0.56 
6 XPC614PEO6 8.81 ± 0.79 13.05 ± 1.35 
7 XPC921PEO6 1.88 ± 0.03 11.12 ± 0.58 
8 XPC1228PEO6 2.58 ± 0.53 8.88 ± 0.28 
9 PCL/CSP/PEO6 2.22 ± 0.55 4.73 ± 0.93 

3.5. Some characteristics of PCL/XG/CSP composite film prepared with the most                                
suitable conditions 

The SEM images of the XPC614PEO6 sample at the magnification of 500 and 20000 
times in Figure 6 indicate a heterogenous structure of the composite film. The CSP/PCL is the 
dispersion phase while XG/PEO is the continuous phase. The size of the dispersion phase 
ranged from 4-10 μm. The spherical CSP/PCL particles were dispersed evenly on the XG/PEO 
matrix. At higher magnification, the compositions in the composites can be mixed well without 
cracks or defects. The even structure is one of the advantages of the PCL/XG/CSP composite 
prepared with the most suitable conditions, which leads to improvement in the tensile strength 
and elongation at break as above mentioned.  
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Figure 6. SEM images of XPC614PEO6 composite film. 

Figure 7 demonstrates the DSC diagrams of PCL, XG, CSP, PEO, and XPC614PEO6 
composite film. In our previous study, the DSC diagram of CSP exhibited an endothermic peak 
at 196.9 °C corresponding to the melting temperature of CSP crystals while that of PCL 
exhibited a sharp peak at 70.6 °C corresponding to the melting point of PCL [27]. The DSC 
diagram of XG indicates a broad peak at 76.0 °C that is characterized by the melting process of 
XG [28, 29]. The DSC diagram of PEO also shows a sharp peak at 69.3 °C, assigned to the 
melting temperature of PEO [30]. The DSC diagram of sample XPC614PEO6 exhibits only one 
sharp endothermic peak at 71.4 °C with a melting enthalpy of 160.5 J/g. Moreover, the width of 
this peak is larger than that of peaks of PCL or PEO, showing the interaction of components in 
the composite film. This suggests that the PCL, XG, PEO, and CSP are well-compatible with 
each other [31, 32]. Moreover, one glass transition is also observed at a mid-temperature of 
248.2 °C that characterized for glass transition of CSP with a delta Cp of 1.479 J/(gK). This is 
evidence for the incorporation of CSP in the composite structure. It can not observe the melting 
peak of CSP at 196.9 °C [24, 31], suggesting that the crystal degree of CSP is reduced when 
combined with PCL and XG in the composite. 
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Figure 7. DSC diagrams of PCL, XG, CSP, PEO, and XPC614PEO6 composite film. 

The XRD pattern of the XPC614PEO6 sample is shown in Figure 8. The PCL still exhibits 
the semi-crystal structure with two main diffraction peaks at 2  of approximately 21.4° and 
24.3°, assigned to (110) and (201) plans, respectively [32]. It can be seen the absence of crystal 

 U
NCORRECTED PROOF

, and XPC614PE, and XPC614PE
ed an endothermian endotherm

ystals while thaystals whil
point of PCL oint of PCL [27[2

erized by the med by th
p peak at 69.3p peak at 69.3 °

mple XPC614PEmple XPC6
alpy of 160.5 J/g.alpy of 160.5 J

O, showing the inO, showing the in
XG, PEO, and CXG, PEO, and C

nsition is also obnsition is also ob
tion of CSP withon of CSP with

the composite stthe composite 
uggesting that thegesting tha

composite.composite

ORREC

ORRECEC

w
n 

   
   

   
He

at
 fl

o

ORORR
1

2

3 RRRRRRRRRRRRRRRRRRRRRRRRRRRR



 
 

Nguyen Thuy Chinh, Trinh Hoang Nghia, Pham Thi Huyen, Thai Hoang 
 

 12 

peaks of CSP at 2  of 8.294° and 16.287° [31], suggests the reduction in the crystal degree of 
CSP in the composite. This reduction indicates the amorphous state of CSP in the composite 
[31, 33], benefiting for drug release process in simulated human body fluids. 

 

Figure 8. XRD pattern of XPC614PEO6 composite film. 

WCA is one of the important parameters contributing to the surface properties of 
composite film materials. When the film has a WCA less than 90°, it shows that the film is 
hydrophilic while a WCA greater than 90° exhibits a hydrophobic property. The image of the 
water droplet in Figure 9 indicates that the surface of the XPC614PEO6 composite film is 
hydrophilic, with a WCA value of 45.5°. This is one advantage of the contact of the film with 
water molecules in the testing environments. 

 
Figure 9. Image of the water droplet on the surface of sample XPC614PEO6. 

4. CONCLUSION 

In this study, the auxiliary agents including PEO, PEG, Tween 80, and Tween 20 have a 
strong effect on the film-forming ability of the PCL/XG/CSP composites that were prepared by 
the solution casting method. The PEO is the most suitable agent for the preparation of the 
PCL/XG/CSP composites with great film-forming ability and the obtained films having smooth 
and even surfaces. The PEO content, PCL/XG ratio, and PCL and XG concentration influenced 
strongly on the morphology and mechanical properties of the PCL/XG/CSP/PEO composite 
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films while they did not affect the functional groups in the structure of the composites. The PEO 
content of 0.6 g, the PCL/XG of 70/30, and the PCL and XG contents of 0.14 and 0.06 g, 
respectively, are the most suitable ratios for the preparation of the even PCL/XG/CSP/PEO 
composite films. The PCL/CSP dispersion phase in spherical shape with a size of 4-10 μm is 
dispersed regularly in the XG/PEO matrix. The crystal degree of CSP reduced significantly in 
combination with PCL, XG, and PEO. The PCL/XG/CSP/PEO composite film prepared at the 
most suitable conditions has a hydrophilic surface, benefiting from the contact of the film with 
water molecules in the simulated body fluids. It is required to do more experiments to assess the 
characteristics and properties, drug loading capacity, drug release content, drug release kinetic, 
and bioactivities of the PCL/XG/CSP/PEO composite films prepared at the most suitable 
conditions to develop the potential applications of these composite films in practice. 
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