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16–18 October 2025.

Abstract

This manuscript investigates the effect of MWCNT addition on the morphological and
water absorption properties of bio-based polyester nanocomposites made from PLA and
PBS. The nanocomposites were produced by the melt-mixing method using a twin-screw
extruder. An analysis of the percentage by mass of water absorbed was used to determine
the absorption properties of polyesters. The addition of MWCNTs to the polyester matrix
is a big challenge because agglomerated MWCNTs can introduce micro-voids and defects
that act as a channel for water permeation. The SEM images show that the polyester
fracture surface becomes rough with several voids after the addition of MWCNTs. The
water absorption properties of bio-based polyesters such as PBS show significant changes
(an increase of 185%) compared to pure PBS. These findings reveal that the addition of
MWCNTs in a small amount (1 wt%) affects the morphology and water absorption capacity
of bio-based polyesters.
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1. Introduction
Bio-polyesters have emerged as a biodegradable polymer class of materials aimed at

slowing down the continual worsening of global white pollution. Polylactic acid (PLA) and
polybutylene succinate (PBS) have enormous potential, such as outstanding processability,
high thermal stability, low carbon footprint, and good chemical resistance [1–3]. The MWC-
NTs (multi-walled carbon nanotubes) show great potential in improving the performance of
polyester matrix nanocomposites due to their high aspect ratio, good mechanical strength,
and high thermal stability [4–6]. Despite the enormous advantages of MWCNTs, there
is a big concern about the mixing of MWCNTs in polyester matrices. MWCNTs tend to
form agglomerates in nanocomposites due to their high aspect ratio and low Van der Waals
bonding energies, that limit the homogeneity and increase the roughness of the fractured
surface. The melt-mixing method can effectively disentangle and disperse the MWCNTs in
the polyester matrix [7–9]. The swelling behavior of polyester nanocomposites is a critical
factor influencing their performance in various applications, particularly in drug delivery
systems, hydrogels, and other biomedical devices [10,11].

The morphology of nanocomposites, encompassing the orientation, dispersion, and
interfacial interaction of MWCNT within the matrix, strongly influences their overall
properties [12–14]. Water absorption is another key property that dictates the suitability of
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nanocomposites in various environments, especially in applications involving moisture or
aqueous exposure [15]. Water ingress in polyester matrices leads to swelling, hydrolytic
degradation, and loss of mechanical strength, emphasizing the need to enhance their
moisture resistance [16,17]. The morphology of a nanocomposite, particularly the interfacial
bonding and dispersion of MWCNT within the polyester matrices (PLA, PBS), is a critical
factor that determines the effectiveness of reinforcement [18]. Uniform dispersion of
MWCNTs with strong interfacial adhesion can significantly reduce the diffusion routes of
water molecules and improve water resistance capabilities of nanocomposites. Additionally,
the presence of MWCNT agglomerates provides a pathway for water molecules through
micro-voids [19,20].

This work aims to investigate the morphology and water absorption behavior of PLA
and PBS nanocomposites containing 1 wt% MWCNTs, an optimal amount according to the
literature and preliminary experiments [21,22]. The novelty of the present work lies in ana-
lyzing the water absorption properties of PLA- and PBS-based MWCNT nanocomposites
and correlating the relationship between morphology and water absorption capabilities.

2. Materials and Methods
2.1. Materials

PBS, under the trade name Bio-PBSTM (FZ91PM), was purchased from PTT MCC
Biochem Co., Ltd. (Rayong, Thailand), and PLA, under the trade name Ingeo™ Biopolymer
3100HP, from Natureworks LLC (Saint Paul, MN, USA). MWCNTs were from NANOCYL®

(Sambreville, Belgium), series NC7000™, thin MWCNTs produced via the Catalytic Chemi-
cal Vapor Deposition (CCVD) process. The surface area of MWCNTs was 250–300 m2/g,
with an average diameter and length of about 9.5 nm and 1.5 µm, respectively.

2.2. Sample Preparation

The nanocomposites were prepared by melt blending pure polyester pellets and
MWCNTs by using a (LTE 26-48, Labtech scientific, Samutprakarn 10280, Thailand) twin-
screw extruder with a screw diameter of 26 mm and an L/D ratio of 48. The indirect
technique was applied for mixing: polyester and MWCNTs (weight ratio 95/5) were
stirred manually before they were blended in the extruder to prepare 5 wt% masterbatches.
All materials were previously dried at 60 ◦C for 5 h. To prepare PLA 1 wt% MWCNT
nanocomposite, pure PLA and the PLA 5 wt% MWCNT masterbatch were mixed in a
weight ratio of 80/20. The extruder temperature and screw speed were 190–200 ◦C and
55 rpm, respectively. Similarly, PBS nanocomposites were fabricated under an extruder
temperature and screw speed of 150–160 ◦C and 55 rpm, respectively [23]. For ease, final
products were indicated as PLA/1%MWCNT and PBS/1%MWCNT.

2.3. Characterization Methods

A Scanning Electron Microscope (SEM) (EVO MA 10, Zeiss, Oberkochen 73447, Ger-
many) was used to examine the fractured surface of neat polyesters and polyester/MWCNT
nanocomposites. Before examinations, all fractured surface cross-sections were coated with
a 6 nm thin gold layer. The accelerating voltage was 15 kV.

Water absorption was determined according to ISO 62:2008 [24], and the analysis was
based on the percentage by mass of water absorbed. All the samples were previously dried
at 60 ◦C for 24 h. After drying, all the samples were weighed; this weight was termed
as Wd. Furthermore, all the samples were put in demineralized water for 24 h at room
temperature (23 ◦C). Then, all the samples were taken out from water and the excess water
from the surface of the samples was removed by soaking paper. Once more, all the samples
were weighed; this weight was termed as WS.
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The following equations were used for the calculations.

Swelling ratio = WS/Wd (1)

Water content (%) = ((WS − Wd)/WS) ∗ 100 (2)

where Wd = dry weight and WS = wet weight.

3. Results and Discussions
SEM micrographs of pure PLA and PLA/1%MWCNT nanocomposites are presented

in Figure 1. The surface of pure PLA displays a smooth surface with a typical brittle
fracture (Figure 1a,b). For the PLA/1%MWCNT nanocomposite, MWCNTs were found to
disperse uniformly in the PLA matrix with no obvious agglomerates in the SEM images,
but the roughened surface of nanocomposite contains micro-void channels, which are
predominantly associated with the crystallization of the PLA phase. The presence of
MWCNTs serves as a nucleating agent, changing the crystallization rate of PLA. The
morphology of the PLA/1%MWCNT nanocomposite highly depends on the processing
method [25,26]. In particular, with the melt-mixing method that we used in processing,
the MWCNTs show a certain level of alignment during processing and appear as more
ordered structures [27]. Furthermore, the dispersion of MWCNTs in PLA profoundly
influences the microstructure of the polyester and hence the water absorption behavior of
the nanocomposite (Figure 1c,d).

 

Figure 1. SEM micrographs of (a,b) neat PLA, and (c,d) PLA/1%MWCNT nanocomposites at different
magnifications.

Additionally, pristine PBS showed a smooth and uniform surface in the SEM micro-
graph (Figure 2a,b). The incorporation of a small amount of MWCNTs (1 wt%) into the
PBS matrix significantly changed the microstructure of the nanocomposite, such as by
increasing roughness and producing small clusters of MWCNT agglomerates compared
to PLA. Figure 2c shows that after MWCNT addition, the fracture surface becomes un-
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even with large number of micro-voids. The SEM micrograph of the PBS nanocomposite
showed that the dispersion of MWCNTs in the PBS matrix was homogeneous but not
uniform; some entangled clusters of MWCNT were found due to the direct mixing (without
functionalization) of MWCNTs (Figure 2c,d). However, the homogeneous dispersion of
MWCNTs in the PBS matrix is very hard to achieve due to their insolubility and inherently
poor compatibility. Better dispersion of MWCNTs in the PBS matrix without using any
compatibilizers was achieved through multiple extrusions as well as optimizing extrusion
parameters such as temperature, screw speed, and die diameter.

 

Figure 2. SEM micrographs of (a,b) neat PBS, and (c,d) PBS/1%MWCNT nanocomposites at different
magnifications.

Figure 3 shows the swelling ratio and water content of PLA, PBS, and their nanocom-
posites. Pure PLA and PBS contain ester groups that are polar in nature and weakly
hydrophilic, but in the case of large molecules like polymers, they often contribute to an
overall hydrophobic behavior [28]. This is why they absorb water slowly and degrade
hydrolytically over time. Both nanocomposites show an increase in water absorption after
24 h in comparison to pure polyesters, i.e., the increment in water absorption could be
related to the existence of MWCNT agglomerates and micro-voids, which provide chan-
nels to absorb more water (Figure 3a,b). However, the increment in water content in the
PLA nanocomposite (36%) is lower than the PBS nanocomposite (185%), which shows
the compatibility of MWCNTs with the matrix materials. PLA shows better mixing and
dispersion, with good interfacial adhesion of MWCNTs, than the PBS matrix and hence
exhibits a lower swelling ratio and water content. Moreover, the addition of MWCNTs can
reduce the water absorption capacity [29]. This phenomenon is attributed to the formation
of a more compact structure within the polymer matrix, which is more likely to occur with
the PLA matrix. Furthermore, biodegradable polymers such as PLA and PBS incorporated
with MWCNTs can alter the hydrophilicity of nanocomposites [30]. The PBS/1%MWCNT
nanocomposite shows significantly higher water content and swelling ratio compared
to pure PBS because PBS undergoes hydrolysis in the presence of water, and MWCNTs
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maximizes water absorption due to the presence of agglomeration and microstructural
features in the PBS nanocomposite matrix.

Figure 3. Pure polyesters and their nanocomposites: (a) swelling ratio and (b) water content (%).

4. Conclusions
The results reported in this paper showed that the incorporation of 1 wt% MWCNTs

into the PLA matrix was uniform and homogeneous, without the presence of agglomera-
tion, achieved by the melt-mixing method with multiple extrusions. In contrast, the PBS
nanocomposites show a number of MWCNT agglomerates and several micro-voids. More-
over, the incorporation of MWCNTs into the PLA and PBS matrices significantly increased
their water absorption capacity. Notably, the PBS/1%MWCNT nanocomposite showed a
high water content (185%) compared to pure PBS. By optimizing MWCNT loading and
surface functionalization, it is possible to tailor the water uptake behavior to meet the
specific requirements of various applications.
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