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Abstract-The objective of this work was to learn more about 

three-dimensional porous scaffolds made from biomaterial based 

on polycaprolactone (PCL) containing different amounts of 

carboxymethyl cellulose (CMC) nanoparticles. Composite 

material samples containing 0, 2, 6.5, 11, 15.5, and 20% w/w of 
CMC and PCL/CMC scaffolds were prepared with the use of the 

salt particle leached technique. The mechanical properties were 

evaluated with the compressive strength analysis method. The 

studied temperature range started at very low temperatures and 

ended at crosslinking temperatures. It was evaluated using the 

thermal analysis methods of Differential Scanning Calorimetry 

(DSC) in the range 0ºC-200ºC. The results revealed that the 

compressive modulus of blended PCL/CMC scaffold was higher 

than the one of pure PCL scaffold (582.2±106.2 kPa for pure PCL 

scaffold and 612.2±296 kPa for blended scaffold which contained 

20% of CMC). For DSC analysis, in addition to the 15.5% w/w 

CMC PCL/CMC composite scaffold, other proportions of 

composite materials showed a decrease in crystallization 
temperature. The crystallinity of PCL-20% CMC was higher 

than that of PCL scaffolds. 

Keywords-polycaprolactone; carboxymethyl cellulose; 

compressive strength; thermal analysis; differential scanning 

calorimetry 

I. INTRODUCTION  

Damage or loss of tissue or a portion of the body is usually 
one of the most deadly and costly problems in health care [1]. 
Tissue engineering has grown in popularity as a result of the 
necessity to consider merging or engaging multi-skilled 
approaches in order to solve this medical problem. Medical 
progress, along with increasing interaction in a range of fields 
of knowledge such as materials science, biology, engineering, 

and physics, has produced breakthroughs in the diagnosis, 
evaluation, and implementation of implant instruments and 
tissue transplantation. Extraction of isolated cells, execution 
with tissue-persuasion chemicals, and implantation of a cell 
into a scaffold composite are common approaches for tissue 
regeneration [3, 4]. In addition, the usage of composite scaffold 
typically yields more lucrative outcomes [2]. 

Nanotechnology has become one of the world's fastest 
expanding industrial sectors, influencing a wide range of 
scientific and technology industries [5]. Scaffolds are critical 
components in tissue engineering. When it comes to choosing 
scaffolds for tissue engineering however, researchers are 
usually presented with a confusing number of choices [6]. 
Polymers have been utilized as biomaterials in the 
manufacturing of medical devices and tissue-engineering 
scaffolds [7, 8]. The most recent scaffolds mimic biological 
processes in the extracellular matrix in order to capture the 
structure and functions of growing tissues and aid cell 
adhesion, growth, and dispersal [9]. Biodegradable polymers 
such as PCL, PLLA, PLGA, etc. are used as scaffolds in tissue 
engineering to foster cells until they are replaced by the 
Extracellular Matrix (ECM) [10-12]. An ideal scaffold should 
be extremely porous with linked pores, biodegradable, and 
made of components that are compatible. Even though most 
scaffolds comply with these parameters, their final features are 
mostly defined by their technique of construction. However, 
the approach is determined by the goal of the tissue engineering 
application [13-14]. Three-dimensional porous scaffolds can be 
prepared using a variety of processes, including 3D printing, 
phase separation, gas-foaming, solvent casting, salt particle 
leaching, and freeze-drying [15-17]. 
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Particulate leaching has been employed in tissue 
engineering since it is one of the simplest methods used to 
create porous materials using salt. The method of salt leaching 
is simple and does not need the use of high pressure or 
expensive equipment [18-20]. Controlling of porosity, pore 
structure, and pore size is as easy as changing the quantity and 
particle size of salt. In this work, scaffolds were fabricated 
using the salt particulate leaching method. Polycaprolactone 
(PCL) is a linear aliphatic polyester. It is a hydro-phobic, 
biocompatible, semi-crystalline, slowly disintegrating polymer 
which is simple to work with [21-24]. As a result, a PCL 
composite based material with tunable hydrophilicity is 
utilized. The changed hydrophilicity was achieved by offering 
different magnitudes of a highly hydrophilic biocompatible 
substance, such as carboxymethyl cellulose (CMC) [21]. The 
current study investigated the properties of porous scaffolds 
made of PCL and CMC. The morphological, thermal, and 
mechanical characteristics of PCL/CMC composite material 
samples containing 0, 2, 6.5, 11, 15.5, and 20% w/w CMC 
were studied. 

II. EXPERIMENTAL PART 

A. Materials 

PCL with an average molecular weight (Mw) of 45g/mol 
and melting temperature of 56–64°C, and CMC with a medium 
viscosity, were acquired from Sigma-Aldrich, USA. Sodium 
chloride (NaCl), which will be used as a porogen, was received 
from Merck KGaA (Darmstadt, Germany). Trifluoroethanol 
(TFE) from Sigma-Aldrich was employed as a solvent for these 
composite polymers. 

B. Scaffold Preparation 

The scaffolds were fabricated using the salt leaching 
method. A polymer solution was made by combining a PCL 
pellet with CMC (PCL/CMC), with TFE as a solvent at a 
concentration of 30% (by mass). The PCL solution contained 
3g of PCL and 7g of TFE [25, 26]. The mixture design 
parameter in the Minitab software was used to generate the 
design of the PCL and blended PCL with CMC mixing 
formulations, as shown in Table I. Codes were used to name 
the materials, with P0 being the pure base material of PCL 
produced by mixing a PCL pellet and TFE at a 30% 
concentration (by mass). The salt was mixed into the solution, 
which is utilized for 24g [27]. The pure PCL P0 sample (6g) 
was used for comparison. The weight ratios of the P1-P5 
samples were 5.88:0.12, 5.61:0.39, 5.34:0.66, 5.07:0.93, and 
4.80:1.20 respectively. 

TABLE I.  SOLUTION ABBREVIATIONS AND COMPOSITIONS 

Sample PCL % (w/w) CMC % (w/w) 

P0 100 - 
P1 98 2 
P2 93.5 6.5 
P3 89 11 
P4 84.4 15.5 
P5 80 20 

 

C. Porous Scaffold Fabrication 

In this process, scaffolds were produced by casting a 

mixture of polymer solution and salt particles. Following 
solvent evaporation, the scaffolds were fractionated in a 
suitable solvent, allowing particles to be leached off. Porous 
scaffolds were formed when these particles were completely 
eliminated from the mixture [19]. First, the PCL was melt on a 
stirrer at 55-65°C and then the TFE solvent was added to make 
a 30% PCL solution. The CMC was poured, stirred, and mixed 
into the PCL solution until the solution became homogeneous. 
The NaCl was then stirred into the mixed PCL/CMC solution. 
The solution was poured into a teflon mold, which produced 
20mm edge cube molds. The molds were placed under a 
ventilation hood overnight to allow the solvent to evaporate. 
After the solvent evaporated, deionized water was used to leach 
off the salt particles. The scaffolds were then air dried for two 
days before being stored in a desiccator. The produced salt-
leached PCL/CMC scaffolds revealed strongly linked porosity 
networks. 

D. Morphological Characterization 

Optical and electron microscopy were used to examine the 
morphology of the scaffolds. A COXEM model EM-30 Plus 
was used with 20kV acceleration voltage. Scanning Electron 
Microscopy (SEM) was utilized as a measurement technique to 
quantify the average pore size. The average pore size of each 
component was calculated after measuring at least 20 different 
pore sizes. The porosity of the scaffold was determined using a 
specific gravity bottle with ethanol as the fluid in motion, 
according to the Archimedes hypothesis [28-30]. Finally, the 
porosity of a scaffold was determined by: 

( ) 2 3 S e

1 3 e

(W W W ) /
Porosity % 100

(W W ) /

− − ρ
= ×

− ρ
    (1) 

where W1, W2, and W3 represent the weights of specific gravity 
bottles containing ethanol, both ethanol and scaffold, and a 
taken out of ethanol-saturated scaffold respectively, WS 
represents the weight of the scaffold, and ρe represents the 
ethanol density. 

E. Mechanical Testing 

PCL has been extensively researched in bone tissue 
engineering. Long bones respond better to compression stresses 
than other types of loads [31]. As a result, it was customary to 
investigate the compression properties of a material that was 
intended to be utilized for bone replacement [32-34]. 

The compressive mechanical properties of scaffolds were 
tested using a Zwick Roell universal testing machine. Five 
replicas of scaffolds were cut into rectangular pieces of 10mm 
length, 10mm width, and around 3mm thickness [31]. The 
crosshead speed was set at 1mm/min. The compression 
modulus was computed by taking the first part of the linear 
segment of the stress–strain curve and dividing it by the initial 
cross-sectional area. The parameters were computed in 
accordance with the processes outlined in the ASTM D3574 
standard. 

F. Thermal Analysis 

To investigate the temperature behavior of the PCL/CMC 
composite scaffold, a differential scanning calorimeter (DSC 
3+, Mettler Toledo, Switzerland) was used. The samples were 



Engineering, Technology & Applied Science Research Vol. 12, No. 1, 2022, 8175-8179 8177 
 

www.etasr.com Sriputtha et al.: Investigation of Polycaprolactone/Carboxymethyl Cellulose Scaffolds by Mechanical … 

 

around 10mg in weight [4]. All samples were put in a 
hermetically sealed aluminum pan with a nitrogen flow rate of 
50mL/min. The samples were heated for 5min at temperatures 
ranging from 0 to 200°C before being cooled to 0°C and 
reheated to 200°C. The ramp rate was 10°C/min during all 
heating and cooling cycles [35]. 

III. RESULTS AND DISCUSSION 

A. Morphological Analysis 

After being coated with gold by an ion-sputter machine. 
(Ion-Coater, a COXEM SPT-20), the porous scaffold was 
studied for morphological characterization using SEM 
(COXEM model EM-30 Plus) at 20kV. The dimension of the 
pore size was measured for at least 20 pores [15, 26] and the 
average pore size was calculated as shown in Figure 1. Figure 1 
shows the P0, P1, P2, P3, P4, and P5 occurring pore diameters 
of 227.35, 269.48, 348.28, 271.82, and 284.70mm respectively. 
The average porosity of the PCL (P0) scaffold was 81.44% and 
the porosities of the blended P1 to P5 scaffolds were 98.70, 
98.30, 98.73, 98.06, and 98.88%. The porosity of blended 
PCL/CMC scaffolds was higher than that of the pure PCL 
scaffold, which might be due to CMC particles being dispersed 
throughout the PCL matrix surrounding the scaffold [27]. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Fig. 1.  SEM images of PCL and PCL/CMC composite scaffolds, (a) P0, 
(b) P1, (c) P2, (d) P3, (e) P4, and (f) P5. 

B. Morphological Analysis 

Adding CMC loading had a detrimental influence on the 
mechanical characteristics of the composite scaffolds [36]. As 
demonstrated in Table II, the compression modulus decreased 
as the additive concentration of CMC increased. The 
decreasing of CMC was not significantly different (p >0.05) 
when compared to P0 scaffold as shown in Figure 2 which 
shows the apparent compressive modulus of PCL and 
composite scaffolds. P0, P3, P4, and P5 scaffolds demonstrated 
mechanical behavior with a consistent pattern within each 

group. P1 and P2 scaffolds, on the other hand, exhibited 
mechanical behavior with more diversity. The P2 mixture 
showed the highest compressive modulus which was 789.6kPa, 
whereas the P3 mixture showed the lowest compressive 
modulus which was 509kPa. P1, P4, and P5 had compressive 
moduli of 706, 605.4 and 612.2kPa, respectively. The 
compression modulus values were compared with the reported 
results of previous studies. The results obtained in this work for 
PCL scaffold, as well as the values published in [31] were close 
to the lower limit of the homogeneous compression modulus 
range. 

TABLE II.  COMPRESSIVE MODULUS OF THE BLENDED SCAFFOLDS 

Scaffolds Compressive modulus (kPa) 

P0 582±106 
P1 706±39 
P2 789.6±183 
P3 509±225 
P4 605.4±124 
P5 612.2±296 

 

 
Fig. 2.  Comparison of the compressive modulus of PCL/CMC blended 
scaffolds. 

C. Differential Scanning Calorimetry 

Figure 3 shows the DSC results taken during the second 
heating, and Table III shows the measured parameters. With 
these data, melting temperature (Tm), and melting enthalpy 
(∆Hm) were obtained. Crystallinity (Xc) was determined using 
(2). The considered melting enthalpy of the 100% crystalline 
PCL (∆Ho) was 146J/g [37]. 

m
c

o

H
X

H

∆
=
∆

    (2) 

The sample P4 showed the greatest peak melting 
temperature, a melting enthalpy of 83.27J/g, and a crystallinity 
of 57.0%. Other authors discovered that the addition of CMC 
to PLC had no effect on melting temperature [38], however 
their experiments were restricted to increase of up to 20% by 
weight of CMC in particular. Authors in [2, 21, 31] reported 
that combining 20% CMC with PCL raised the melting 
temperature by 1°C. We observed that the 20% CMC scaffold 
exhibited a consistent melting temperature change of about 
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1°C. It was found that the melting temperature was 68°C with 
10% CMC addition [22], and 67.31°C for 11% CMC addition 
in this investigation. 

 

 
Fig. 3.  Heating DSC scan for PCL and its composite scaffolds. 

TABLE III.  COMPRESSIVE MODULI OF THE PCL/CMC BLENDED 
SCAFFOLDS 

Samples Tm (°°°°C) ∆∆∆∆Hm (J/g) Xc (%) 

P0 67.31 59.35 40.65 
P1 65.43 57.62 39.46 
P2 67.79 23.13 15.84 
P3 67.31 23.04 15.78 
P4 69.53 83.27 57.03 
P5 66.49 81.59 55.88 

 

D. Discussion 

According to the results of these experiments, the 
PCL/CMC mixture of 93.5/6.5 (P2) combined the maximum 
compressive modulus with a good porosity value and 
interconnected porous structures that reacted similarly to other 
circumstances. The presence of CMC mitigated the degradation 
temperature and decreased it continuously as the amount of 
CMC rised. The blended PCL/CMC scaffolds P1-P5 were 
fabricated using the salt leaching method which could be used 
for tissue engineering applications. However, the amount of 
CMC used should be sufficient to alter the hydrophilicity of the 
scaffold. The melting temperature of P4 was the highest 
(89.53°C), with a melting enthalpy of 83.27J/g and a 
crystallinity of 57.03%, whereas the melting temperatures of 
the other components were quite comparable. This might imply 
that the addition of MC to the PCL had no influence on the 
melting temperature. 

IV. CONCLUSION 

The salt leaching method was used in this work to 
effectively fabricate PCL/CMC composite scaffolds. Using the 
solvent cast salt leaching method, it was feasible to create 
homogeneous PCL/CMC composite scaffolds with efficiently 
distributed homogenous porous structure. The scaffold from 
salt leaching with the mixture of PCL-6.5% CMC (P2) ratio 
showed the greatest compressive modulus, which was 

789.6kPa, whereas the combination of PCL-11% CMC (P3) 
ratio had the lowest compressive modulus, which was 509kPa. 
The ratios P4 and P5 were lower than P3, but they were higher 
than the PCL. In summary, adding CMC to PCL can improve 
the mechanical characteristics of the scaffold. With the 
exception of the 15.5% w/w CMC, the PCL/CMC composite 
scaffolds showed decreasing in crystallization temperature, 
enthalpy of crystallization, melting enthalpy, and crystallinity 
degree in DSC analysis. In addition, the crystallinity of PCL-
20% CMC is higher than that of PCL. Because of their 
biocompatible and biodegradable properties, making them 
suitable for support materials in biomedical engineering and 
pharmacological applications, the PCL/CMC scaffolds 
exhibited characteristics that need further investigation. 
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