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Abstract

Membrane degassing technology is based on the principle of hydrophobicity. Up-to-date,
the membrane degasifier is industrially produced by extrusion and then stretched to form a hollow
fiber shape with long narrow pores along membrane length. Typical degasifiers are engineered with
polypropylene (PP) due to its high toughness and flexibility. However, finding environmentally safe
materials at a low cost for replacement for PP would be worth investigating. In this work, agar,
beeswax, and their emulsion were coated on a tubular alumina membrane for use as a selective layer
of the membrane degasifier. The agar solution with different concentrations between 1 and 4 wt%
was coated on the alumina membrane support to create a pore network. Beeswax was coated on agar
film to enhance the hydrophobicity. SEM images showed that the increase in the concentrations of
agar led to a decreased pore size of the selective layer. Moreover, the contact angle increased up to
100° when the concentration of agar solution increased to 4 wt%. The increase in contact angle to
120° was obtained when the beeswax was coated, appropriate for hydrophobic applications.
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Introduction

In the process of producing clean water for power
plants generating electricity by steam turbine
method, membrane degasifiers are used for CO;
degassing out of water. The presence of carbon
dioxide (COy) in the water, forming as carbonic acid
(H2CO3) and thereby dissolving in the water,
provokes adverse effects such as corrosion and
erosion of the metallic turbines, ultimately
disturbing the overall process of the electricity
generated. The membrane degasifier stands out as
a promising method due to numerous advantages,
such as high CO: selectivity, reduced energy
consumption, lower chemical usage, continuous
operation, and adaptability (Svoboda et al., 2003;
Svoboda, 2009; Lee et al., 2015; Lee and Park,
2016; Abdulhameed et al., 2017; Goh et al., 2019;
Zhao et al., 2022).

Typically, the membrane degasifier is
fabricated into a hollow microporous fiber made of
polymeric materials, for example, polyvinylidene
fluoride (PVDF), polytetrafluoroethylene (PTFE),
and polypropylene (PP) due to their excellent
toughness and flexibility. However, these polymer-
based membranes were susceptible to heat and
chemical  corrosion,  necessitating  frequent
replacement, thereby leading to long-term costs
(Lee et al., 2015; Lee and Park, 2016; Goh et al.,
2019; Zhao et al., 2022). In addition to the
susceptibilities, the inherent porous single layer
from their preparation resulted in a common leakage
issue when the operation pressure increased.
Consequently, finding alternative materials for
membrane construction is a significant challenge.
Among various options, composite membranes
were particularly intriguing due to several advantages
in various separation processes compared to single-
material membranes. It harnessed the strengths of
different materials by combining the high strength
of inorganic materials support, such as ceramic
membrane (alumina, titanium, zirconium oxides,
silicon carbide) (Macedonio et al., 2017), with the
cost-effective and environmentally safe biopolymers,
resulting in a positive trade-off between performance
and costs (Buonomenna, 2016; lojoiu et al., 2017).
Additionally, it was highly likely to reuse the
ceramic support in the case of degradation of
the biopolymers. Therefore, the cost of membrane
preparation markedly decreased, which was
attractive for industrial uses.

Agar, a kind of biopolymer extracted from red
seaweeds, is an economical material known for its
unique gelation process. It leads to the formation of
robust three-dimensional structures when cooled
after dissolving in hot water (Yarnpakdee et al.,

2015; Wang et al., 2018). The specific gel structure
created is closely related to the concentration of
agar solution. Thus, it is intriguing to consider agar
as the selective layer for modifying the surface
properties of ceramic membrane support. However,
both the ceramic support and the agar selective
the layer is hydrophilic. To optimize the degasification
process, it is crucial to ensure that only gases
can permeate the membrane while effectively
preventing the passage of water. Therefore,
exploring environmentally friendly hydrophobic
materials is a critical step toward sustainability.
Beeswax, a natural wax distinguished by its non-
polar carbon-hydrogen bonds in its hydrocarbon
chains, offers significant water-repelling capability
(Abdikheibari et al., 2015; Naderizadeh et al., 2019;
Malik et al., 2020; Dong et al., 2021; Zhang et al.,
2022). This capability makes beeswax particularly
appealing for enhancing the resistance to water
permeation of agar coated on ceramic surfaces.
Agar and beeswax are cheap, natural substances
and readily available materials. Thus, when the top
layer is damaged and delaminated, it is possible
to apply a re-coat while retaining the old support
layer, resulting in a highly cost-effective solution.
However, there has been no prior research on the
combined utilization of these materials. Therefore,
in this study, we aim to investigate the potential
of natural wax in combination with agar to form
a hydrophobic coating on alumina membrane tubes.
Our focus was on conducting preliminary experiments
to prepare and characterize alumina-kaolin
membranes coated with agar as an intermediate
layer, followed by using beeswax and agar-beeswax
emulsion as the top layer using the dip-coating
method. The Al,O3 support layer with a tubular
shape was prepared using the same formula
employed consistently throughout the experiment.
Various concentrations of agar solution, ranging
from 1 to 4 wt%, were utilized to modulate
the porous structure and pore size. We investigated
the influence of agar solution concentrations,
beeswax solution, and agar-beeswax emulsion
on the morphology and hydrophobicity using SEM,
FE-SEM, and contact angle measurements,
respectively.

Materials and Methods

Materials

Al,Os; powder (o-Al,03) with an average
particle size of 0.167 um (TMDAR, Taimei Co.,
Ltd., Japan) was used for preparing the tubular
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Al,O3 membrane support. Ranong kaolin (local
supplier, Thailand) was mixed with Al,Os powder
to create a more porous structure. Ammonium salt
of polyacrylic acid (Dispex AA 4040, BASF) was
used as a dispersant. MgO nanopowder (Alfa Aesar)
was used as a sintering aid. Acetone (99%) was used
for liquid-assisted drying. Agar (local supplier,
Thailand) was used as a gelling agent. Beeswax
(Chemipan Corporation Co., Ltd., Thailand) was
used to improve the hydrophobicity. Glycerol
monostearate (GMS, Chemipan Corporation Co.,
Ltd., Thailand) and polyethylene glycol 400 (PEG
400) were used as emulsifiers.

Preparation of Al.Os Membrane Support

For the alumina membrane support, which has
been consistently utilized in this work based on
experiments conducted in our laboratory, it exhibits
optimal properties as required by this study
(Udomsri et al., 2022). The Al, O3 support was
fabricated using the agar gel casting method.
The preparation process involved mixing 8 wt%
kaolin particles with the Al,O3 powder to prepare
an Al,Os slurry with 75 wt% solid loading. Dispex
AA 4040 was added at 1 wt% of solid loading
following a deflocculating curve test, and MgO was
included at 0.03 wt% of solid loading. The kaolin
particles were ball-milled for 45 min to ensure
proper dispersion before being mixed with the Al,O3
powder. All raw materials were ball-milled in high-
density polyethylene bottles for 2 h. The Al,Os-
kaolin mixture was then homogenized at 700 rpm
for 30 min.

The agar powder was dissolved in deionized
water by boiling to prepare agar solutions at
concentrations of 1-4 wt%. The warm agar solution
was mixed with the warm Al,O; slurry at 0.5 wt%
of solid loading and stirred to obtain a homogeneous
gel casting mixture. The mixture was poured into
glass tube molds carefully to avoid trapping air
bubbles. After gelation, the gel cast tube was
removed from the molds and soaked in acetone.
Finally, the gelled tube was removed from the
acetone container and dried before sintering at
1,350°C for 1 h.

Dip Coating on Tubular Porous Al2O3 Support
After sintering to obtain the tubular porous
Al>,O3 support, dip coating was applied to an
intermediate layer to anchor the top layer.
The intermediate layer was prepared from agar
solution at different concentrations at 1, 2, 3, and
4 wt% before being individually coated on the Al,O;
support. The surface of coated Al,Os support was
observed by SEM and then selected for further
coating the top layer functioning as the degasifying
layer. The top layer must be hydrophobic to allow

only CO, gas to pass through but prevent water from
permeation. The emulsion of agar/beeswax as well
as the pristine beeswax, were prepared as a solution
for the dip coat on the intermediate layer. To prepare
the emulsion of agar/beeswax, the agar powder
was dissolved by boiling in de-ionized water until
a clear yellow solution was obtained. Subsequently,
glycerol was added into the agar solution at 30 wt%.
The emulsifiers, i.e. GMS and PEG400, were mixed
at a ratio of 7 to 1. Finally, the water-in-oil (w/o0)
emulsion of beeswax, emulsifiers, and agar solution
was prepared at a proportion of 40, 50, and 10 wt%,
respectively. All the warm prepared solutions were
mixed at 180°C for 30 min. To eliminate entrapped
air bubbles, the emulsion was treated in a 15-min
ultrasonic bath and subsequently homogenized at
12,000 rpm for 10 min. In the top-layer dip coating
process, the agar-modified support surface was
immersed in the emulsion and pristine beeswax at
50°C for 3 sec, followed by air-drying at room
temperature.

Characterization

The surface morphology and microstructure
of coated Al,Os support tubes in the first and second
dip-coatings were observed with SEM (JEOL.:
JSM-5,800 LV/Bruker XFlash EDS) at 10,000x
magnification. The samples of coated support were
placed on a brass substrate and then sputtered
by gold under an Ar atmosphere for 3 min. The top
coating layer was observed for the surface
microstructure using Field Emission Scanning
Electron Microscope (FEI/Apreo FE-SEM) at
1,000x, 5,000x, and 10,000x magnification.
The ceramic membrane surface was evaluated
by a water drop contact angle meter (OCA 15 EC,
SCA 20 software). To minimize the experimental
error, the water contact angle was averaged by
the three measurements.

Results and Discussion

Microstructure of Agar-Coated Ceramic Support
for Intermediate Layer

Surface morphology of tubular alumina-kaolin
support coated by agar prepared from the different
concentrations of agar solution ranging from 1 to
4 wt% was observed using SEM at 10,000x
magnification, as shown in Figure 1. The SEM
results revealed a notable distinction in the surface
morphology, demonstrating the effective solution
concentration. At low concentrations of 1 to 2 wt%,
the coated layer appeared as a thin film with evident
cracks, likely stemming from the insufficient
amount of agar and excess water. Consequently,
during the drying stage, water evaporation led to
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separation between the clusters of agar double
helixes, eventually resulting in ruptures. The
positively critical transition occurred at the solution
concentration of 3 wt%, where no crack was
observed, although the surface remained rough.
However, when considering coating the support
layer with 4 wt% agar solution concentration
a smooth film surface without crack was yielded.
The absence of cracks at these higher concentrations
of 3 and 4 wt% implies the formation of a more
cohesive and stable agar layer, effectively mitigating
potential surface defects or discontinuities.
Furthermore, the augmentation of agar molecules
or the concentrations were found to correspond
with an increased density of the brush-pile structure
of micelles, thereby influencing the gel strength
(Kendrick, 1950; Bertasa et al., 2020). Consequently,
to achieve a crack-free coating, the 3 and 4 wt%
agar solution concentrations were chosen for further

Figure 1.

blending with beeswax to form a top-layer emulsion
and provide hydrophobicity.

Field Emission Scanning Electron Microscopy
(FE-SEM) of the Coating Layer

The overall surface morphology of alumina
coated with 3-4 wt% agar as the intermediate layer,
followed by beeswax, and agar-beeswax emulsion
shown in Table 1.

Agar Coating For an Intermediate Layer

Field Emission Scanning Electron Microscopy
(FE-SEM) at 5000x magnification revealed the
structural surface morphology of the tubular

alumina-kaolin support, showing uniformly distributed
pores (Figure 2). When the support was coated
with agar solution as an intermediate layer, further
examination at 50,000x
FE-SEM showed

magnification using
intricate and fine cracks on

Shows SEM images of the surface (10,000x magnification) prepared at different concentration agar

coating on ceramic membrane tube. (a) agar 1 wt%, (b) agar 2 wt%, (c) agar 3 wt%, and (d) agar

4 wt%

Table 1. Shows the overall preparation and characterization of the composite samples

Sample . Hydrophobicity
Preparation Procedures Morphology by FESEM (contact angle )
1 Alumina-kaolin support Uniform porous structure 7.6
2 Alumina support coated by 3wt% agar solution Quite smooth surface, rough cracks 431
3 Alumina support coated by 4wt% agar solution Smoothest surface, finer cracks 105.7
4 Alumina support coated by 3wt% concentrated Macro-emulsion system, uneven 73.4
agar solution and then followed by 3wt% agar- dispersion of agar droplets
beeswax emulsion
5 Alumina support coated by 4wt% concentrated Two main regions: evenly distributed 86.1
agar solution and then followed by 4wt% agar- clusters of droplets, smooth surface
beeswax emulsion
6 Alumina support coated by 3wt% concentrated Random accumulation of beeswax, 87
agar solution and then followed by pure beeswax,  some areas had tiny voids.
7 Alumina support coated by 4wt% concentrated Roughness surface, more uniform 123.4

agar solution and then followed by pure beeswax.

spread of beeswax, and larger
agglomerates of beeswax particles.
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Figure 2. Shows FE-SEM images of the surface of alumina-kaolin tabular support at 5,000X magnification

Figure 3. Shows FE-SEM images of the surface coated on alumina-kaolin tabular support at 50,000X
magnification for the concentrations of agar solution at (a) 3 and (b) 4 wt%

Figure 4. Shows FE-SEM images of the surface initially coated with an agar solution of 3 wt% concentration
and subsequently layered with an emulsion composed of agar of 3 wt% and beeswax at (a) 1,000x,

(b) 5,000x, and (c) 10,000x magnification

the surface, resembling patterns seen in soil
undergoing desiccation-induced cracking. These
cracks were particularly evident on the surface
coated with the 3 wt% agar solution (Figure 3(a)).
In the layer coated with the 4 wt% agar solution
(Figure 3(b)), the surface appeared notably
smoother, with smaller cracks than the 3 wt% agar
solution. From the mechanism of gelling formation
from the random coil while still in the solution until
the temperature decreases to form a double helix,
which combines with hydrogen bonds resulting in
a strong 3D lattice structure. Higher concentrations
of agar enhance the strength, leading to the assembly
of more double helices in the molecular chains and
causing the polymer network to shrink into smaller
cavities (Kendrick, 1950).

Agar-Beeswax Emulsion Top-Layer

To emulsify agar, recognized as a hydrophilic
polysaccharide (Kendrick, 1950), and beeswax,
a naturally hydrophobic wax (Martins et al., 2016),
emulsifiers were added containing both hydrophilic
and hydrophobic groups, such as GMS, and
PEG400. These bonding agents facilitated a more
even dispersion of smaller agar particles throughout
the film matrix (Zhang et al., 2022). Figure 4 shows
the surface morphology of 3 wt% agar-beeswax
emulsion top layer coated on the intermediate layer
of 3 wt% agar solution. FE-SEM analysis revealed
uneven dispersion of the agar solution droplet
with varying sizes and shapes ranging from 0.69 to
1.55 pum in diameter within the continuous beeswax
matrix. It was found that the emulsion was at
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Figure 5. Shows FE-SEM images of the surface initially coated with an agar solution of 4 wt% concentration
and subsequently layered with an emulsion composed of agar of 4 wt% and beeswax at (a) 1,000x,

(b) 5,000x, and (c) 10,000x magnification

Agar 3 wt% -BW, 1000x

Agar 3 wt% -BW, 5000x

Agar 3 wt% -BW, 10000x

Figure 6. Shows FE-SEM images of the ceramic tube surface were initially coated with 3 wt% agar solution
and subsequently layered with beeswax at (a) 1,000x, (b) 5,000x, and (c) 10,000x magnification

Figure 7. Shows FE-SEM images of the ceramic tube surface were initially coated with an agar solution
4 wt% and subsequently layered with beeswax at (a) 1,000x, (b) 5,000x, and (c) 10,000x magnification

the macro emulsion level because there was not
enough mechanical energy to create a smaller
droplet size (Akbari and Nour, 2018).
Nevertheless, the surface morphology of
4 wt% agar-beeswax emulsion top layer coated on
the intermediate layer of 3 wt% agar solution in
Figure 5 shows the two main regions consisting of
the region characterized by the clusters of the evenly
distributed agar droplets more than 3 wt% agar
ranging from 3.31 to 7.24 pm in diameter within
the beeswax matrix and the region exhibiting
the smooth surface of the beeswax, suggesting
partial encapsulation of beeswax droplets within
the agar matrix. Notably, when examining agar
clusters at 5,000x magnification (Figure 5(c)),
no voids were evident between the interfaces.
Higher agar concentrations lead to decreased water

content, resulting in a more viscous emulsion that
enhances stability. The region with agar droplets
appears more evenly distributed than in 3% agar.
Additionally, many factors such as surfactants,
temperature, stirring speed, and emulsification
duration can cause separation into two sides.
Emulsion systems are thermodynamically unstable
due to contact between molecules of different
phases, which can break over time (Akbari and
Nour, 2018).

Pure Beeswax Top-Layer

The surface of the top layer from the coating
pure beeswax on the agar layer was observed by
FE-SEM, as shown in Figures 6 and 7. Furthermore,
Table 1. presents the comprehensive results of the
surface characteristics. In the context of a 3 wt%
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Figure 8. Shows FE-SEM images of a cross section of the composite tube samples with 5,000x magnification for

(al)
(a2)
beeswax emulsion,
(a3)
beeswax,
(b1)
(b2)
agar-beeswax emulsion, and
(b3)
beeswax

agar concentration referred to in Figure 6,
the beeswax was randomly accumulated, displaying
diverse sizes. The diameter of the beeswax
clusters exhibited a range from 1.39 to 4.70 pm.
The investigation of the beeswax surface revealed
a blend of smooth textures and the existence
of smaller particles, with certain areas featuring
small voids, which may be the cause of the low
hydrophobicity of the surface. In contrast, when
applying pure beeswax at the 4 wt% agar
concentration, as shown in Figure 7, certain areas of
the coating beeswax displayed a rough surface,
appeared more evenly spread, and a majority of
beeswax clusters formed larger agglomerates
compared to those observed at the 3 wt% agar
concentration. The distribution size of the beeswax
particles ranged from 0.94 to 6.52 micrometers.
Beeswax was characterized by notable attributes
of elevated hardness and strong cohesiveness
(Fei and Wang, 2017). It possessed gelling capacity,
particularly at minimal crystalline mass fractions.
Furthermore, the linear arrangement of beeswax
crystals, formed by their molecular constituents,
mimics the structural network found in fat crystals
(Rocha et al., 2013; Martins et al., 2016; Gupta and
Anjali, 2023).

alumina support coated by 3 wt% concentrated agar solution,
alumina support coated by 3 wt% concentrated agar solution and then followed by 3 wt% agar-

alumina support coated by 3 wt% concentrated agar solution and then followed by pure

alumina support coated by 4 wt% concentrated agar solution,
alumina support coated by 4 wt% concentrated agar solution and then followed by 4 wt%

alumina support coated by 4 wt% concentrated agar solution and then followed by pure

Cross-Section Thickness of Intermediate

and Top Layers

The cross-section images of the tabular
support coated with the agar solution and
subsequently treated with the beeswax or the agar-
beeswax emulsion are displayed in Figure 8(al-b3).
For the 3 wt% agar concentration, as shown in
Figure 8(al), an average thickness of approximately
5 um was achieved. The surface exhibited voids at
the junctions of the agar and alumina support layer,
which might be attributed to the forces exerted
during the sample preparation for FE-SEM analysis.
At the higher agar concentration of 4 wt%, as shown
in Figure 8(b1), the increased molecular density of
agar resulted in a thicker layer (Kendrick, 1950),
measuring 6-7pm under the same coating condition.
Within the emulsion layer between agar and
beeswax, observed at the 3 wt% agar concentration
referred to Figure 8(a2) and 4 wt% agar
concentrations referred to Figure 8(b2), three
distinct and well-defined layers were evident: the
alumina support, the agar intermediate layer, and
the emulsion top layer. In the case of 3 wt% agar
concentration, the interface between the agar and
beeswax exhibited good adhesion, while a slight
separation between the agar and alumina support



030188-8

Morphology and Hydrophobicity of Agar, Beeswax, Agar-Beeswax Emulsion Coated on Porous Alumina Tube

layers were observed, likely due to the forces
applied during sample analysis via FE-SEM.
Conversely, for the 4 wt% agar concentration,
the interfaces between the layers appeared smooth
and well-bonded. The top emulsion layer revealed
interstitial spaces between particles of the agar-
beeswax emulsion, similar to the situation when
pure beeswax was applied to 3 wt% agar layer
(Figure 8(a3)), showing minor interstices between
the beeswax layers. However, when the beeswax
was applied to the 4 wt% agar concentration (Figure
8(b3)), the beeswax particles were densely packed
due to the base provided by the higher concentration
of agar molecules, which is associated with higher
gel strength (Bertasa et al., 2020).

Contact Angle

The hydrophobicity of tubular alumina support
coated with three distinct solutions agar (3-4 wt%),
an agar-beeswax emulsion, and pure beeswax,
alumina membrane support was evaluated through
the contact angle measurement as shown overall
in Table 1 and in Figure 9(al)-9(c). Applying
the 3 wt% agar solution to coat the alumina support
tubular (Figure 9(al)) resulted in a notable rise
in the contact angle with the support layer (Figure
9(c)), increasing from 7.6° to 43°. However, the
observed values still fall within the category of
low contact angles. This outcome aligns with the
recognized hydrophilic properties of agar (Wang

et al., 2018). The observed inadequacy of 3 wt%
agar concentration may stem from its high
water content and insufficient agar molecules.
Conversely, elevating agar concentration to 4 wt%
(Figure 9(bl)) induced a substantial change
in surface behavior, with the contact angle
significantly increasing to around 106°. The
disparity in behavior between 3 and 4 wt% agar
concentrations implies that a higher concentration
of anhydrous units contributes to hydrogel with
enhanced mechanical properties (Bertasa et al.,
2020). This transformation from hydrophilic to
hydrophobic behavior was attributed to the higher
agar concentration, fostering the formation of
a more cohesive and hydrophobic surface layer.
The use of an agar-beeswax emulsion as a coating
on the composite membrane surface moderately
enhanced hydrophobicity. Contact angle measurements
(Figure 9(a2) and 9(b2) revealed an increase in
surface hydrophobicity to approximately 73° and
87°, respectively, in Table 1. However, this increase
was noticeably less significant compared to the shift
achieved with the 4 wt% agar coating. The results
suggested that achieving practical compatibility by
blending an emulsion of agar and beeswax, despite
the use of the emulsifier, might not be optimal.
Emulsifiers typically possessed both hydrophilic
and lipophilic groups, which might limit their ability
to effectively resist water droplets (Naderizadeh
et al., 2019; Zhang et al., 2022). Coating the

Figure 9. The water contact angle of the composite tube samples for

(al)
(a2)
beeswax emulsion,
(a3)
beeswax,
(b1)
(b2)
beeswax emulsion,
(b3)
beeswax, and
(c) the alumina membrane support

alumina support coated by 3 wt% concentrated agar solution,
alumina support coated by 3 wt% concentrated agar solution and then followed by 3 wt% agar-

alumina support coated by 3 wt% concentrated agar solution and then followed by pure

alumina support coated by 4 wt% concentrated agar solution,
alumina support coated by 4 wt% concentrated agar solution and then followed by 4 wt% agar-

alumina support coated by 4 wt% concentrated agar solution and then followed by pure
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alumina support with beeswax, especially when
applied to a high-concentration agar layer (4 wt%,
Figure 9(b3), results in a high contact angle,
signifying enhanced surface hydrophobicity.
Beeswax contains hydrophobic compounds, such as
long-chain fatty acids and esters, which repel water,
resulting in a high contact angle when in contact
with water droplets. The rough surface of the
beeswax-coated layer effectively resisted water due
to its high moisture transport resistance (Aris et al.,
2019), coupled with the reduced contact area
between the water droplet and the surface (Wang
et al., 2021). Therefore, beeswax coating
significantly enhanced surface hydrophobicity,
particularly when applied to the 4 wt% agar layer,
exhibiting a higher structural density (Kendrick,
1950).

Conclusions

The biopolymer-alumina composite membrane
was fabricated using the gel casting method and
dip-coating technique to achieve hydrophobic
modification by applying coatings of the agar,
the beeswax, and the agar-beeswax emulsion. Agar
was employed to alter surface properties to anchor
the support and the top layer, while the beeswax
and the emulsion of beeswax and agar were used to
create the water-repellent surface. SEM analysis
revealed that at the lower agar concentrations
(1-2 wt%), minor surface cracks were observed,
while higher agar concentrations (3-4 wt%) resulted
in a smooth surface with tiny cracks. Contact angle
measurements indicated that the beeswax
significantly enhanced the hydrophobicity of the
surface, particularly when applied in conjunction
with the higher agar concentration. The alumina
support coated with the 4 wt% agar and the beeswax
exhibited excellent surface hydrophobicity. Even
though the FESEM results do not clearly show
pores, this does not necessarily mean that the
surface's top layer is entirely non-porous. There may
be small pores present, particularly when using high
magnification. Consequently, this work is an
interesting trend as an environmentally friendly
alternative for modification has promising potential
for application in degasifier systems.
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