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The presence of phenol in water has adverse effects on human health and the
environment, as it is a toxic contaminant commonly found in industrial waste. To
address this issue, studies were conducted to investigate the transport of phenol
using copoly(eugenol-divinyl benzene) (Co-EDVB) 8% as a carrier on
polytetrafluoroethylene (PTFE) membranes, employing the Supported Liquid
Membrane (SLM) method. Various parameters affecting phenol transport were
examined, including the pH of the source phase, concentration in the receiver
phase, immersion time, carrier concentration, and transport duration. Co-EDVB
8% was synthesized through copolymerizing eugenol and 8% divinyl benzene,
facilitated by the BF;0(C.Hs) catalyst. The synthesized polymer was characterized
using FTIR. The phenol concentration post-transportation was determined
spectrophotometrically using a 4-aminoantipyrine reagent, with absorbance
measured at A = 456 nm. The findings indicate that under optimal conditions —
source phase pH of 5.5, NaOH concentration of 0.1 M, immersion time of 1 hour,
carrier concentration of 0.01 M, and a transportation time of 24 hours—the Co-
EDVB carrier in the PTFE membrane efficiently transported phenol. Even after 24
hours of the phenol transport process, the percentage of membrane liquid loss
(%ML Loss) did not significantly decrease, remaining at 8.35%. This was
corroborated by Scanning Electron Microscope (SEM) results and FTIR
characterization. In conclusion, the PTFE membrane incorporating 8% Co-EDVB
as a carrier exhibits effective phenol transport, achieving a transportation
efficiency of 92.10%.

1. Introduction

Presently, industrial activities are experiencing rapid

Elevated phenol concentrations in water can lead to water
pollution, potentially threatening human health [2].
Upon penetration into the human body, phenol has the

growth, resulting in an increased production of industrial
waste. Inadequate management of industrial waste can
lead to adverse consequences, including environmental
pollution, with subsequent implications for human
health. The toxic components commonly found in
industrial waste predominantly encompass heavy metals
and organic compounds. An illustrative instance of a
hazardous organic compound originating from industrial
waste is phenol [1].

Phenol is categorized as an organic pollutant
originating from liquid waste produced by industrial
processes, exhibiting a notably high level of toxicity.

capability to cause harm to protozoa or blood cells,
leading to mobility disorders and contributing to
conditions such as brain disorders, venous thrombosis,
and neurochemical injuries. Additionally, phenol can
induce skin necrosis, and contact with the eyes can result
in irritation [3].

The permitted threshold for phenol in industrial
wastewater is 500 mg/L, and exceeding this limit
complicates the decomposition process [4]. Several
methods have been employed to separate and diminish
phenol in waste. These approaches include the use of
plant biological systems to decrease phenol
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concentration in wastewater containing rhodamine B [5],
the application of electrocoagulation to reduce phenol
levels in wastewater from the songket weaving industry
[6], the use of photocatalysis for treating environmental
waste in water [1], distillation fractionation in managing
pulp industry wastewater [7], and the implementation of
the anaerobic activated sludge method for handling
pharmaceutical industry waste [8]. Nonetheless, the
conventional methods outlined above entail significant
costs. Consequently, there is a current focus on
developing membrane technology for phenol separation.
Membrane technology offers advantages in terms of
technical simplicity, minimal energy consumption, and
economic considerations [9].

A membrane is a thin layer between two liquid
phases. Its function is to act as a barrier against certain
species and limit the movement of different species
depending on their physical and chemical properties. In
other words, membranes play a role in controlling the
transfer of substances between two media, maintaining
selectivity based on their specific characteristics [10]. The
liquid membrane technique can be used as an alternative
method for separating phenol because it is susceptible,
efficient, and cost-effective. In addition, this technique
has a large surface area for mass transfer and allows
extraction and stripping to be carried out in just one
operation [11]. The liquid membrane method is a
combination of liquid-liquid extraction with a reception
stage in a continuous process [12, 13, 14].

Selecting the type of membrane to treat liquid phenol
waste involves considering various factors, such as the
chemical properties of phenol, operational conditions,
and waste processing objectives. The liquid membrane
was chosen because it has certain characteristics that can
effectively overcome the problem of phenol liquid waste
pollution. Some advantages of liquid membranes include:
(1) liquid membranes can be designed with selective
properties towards certain compounds, including phenol,
thus enabling the separation of phenol from liquid waste
mixtures with a high-efficiency level. (2) phenol tends to
be corrosive to several types of materials. Liquid
membranes can be designed to resist corrosion caused by
phenol, increasing system life and performance. (3) liquid
membranes can adapt to variations in waste loads or
changing operational conditions. This flexibility
increases operational stability and process efficiency. (4)
Liquid membranes can be designed to be regenerated,
allowing reuse of the membrane after saturation with
phenol. This can reduce operational costs and
environmental impact. (5) Sometimes, liquid membranes
can be designed to produce less waste residue than other
waste treatment methods, supporting sustainable
principles [11].

One method for treating liquid waste containing
phenol is by applying a supported liquid membrane (SLM)
[12]. In the SLM method, the organic liquid employed
remains immiscible between the source and receiver
phases. This technique relies on liquid -liquid distribution
under non-equilibrium conditions, wherein organic
carrier are housed within a porous polymer membrane.
The efficacy of the SLM technique has been substantiated

and is extensively utilized in extracting various aqueous
solutions, including metals [15], CO. separation from air
[16], low acid concentrations [17], and the isolation of
phenol from wastewater [18].

The separation of phenol utilizing organic
compounds as carrier agents has been explored, including
vegetable oil [14], tributyl phosphate [19], and
polyorganosiloxane compounds that exhibit reactivity
with amine and ether compounds [20]. An alternative
carrier derived from natural materials is eugenol
Naturally occurring in clove leaves, eugenol can serve as a
viable raw material for synthesizing polyeugenol and its
derivatives through cross-linking, owing to the presence
of three distinct functional groups: hydroxy, methoxy,
and allyl [21].

Enhancing the binding efficiency between the target
compound and polyeugenol derivative compounds is
achievable through addition polymerization, with vinyl
compounds presenting an alternative approach [22].
Divinyl benzene (DVB), a diene compound capable of
undergoing addition polymerization, is frequently
employed in the plastics industry for cross-linking,
material modification processes, and facilitating
copolymerization. The reactive double bonds in DVB
interact with those in eugenol, instigating
copolymerization and consequently elevating the
molecular weight of the resultant polymer [23].

Therefore, this study investigates the transport of
phenol utilizing the copoly (eugenol-divinyl benzene)
8% as a carrier, employing a porous polymer membrane
made of polytetrafluoroethylene (PTFE) through SLM
method. Utilizing the Co-EDVB carrier is anticipated to
enhance the selectivity and efficiency of phenol transport.
The primary focus of this research is the application of the
Co-EDVB carrier within the SLM method for treating
liquid waste containing phenol. The distinctive aspect of
this study lies in implementing the Co-EDVB carrier,
which has the potential to elevate both the selectivity and
efficiency of phenol transport. This research significantly
contributes to advancing our comprehension of the
prospective application of Co-EDVB carrier in phenol
processing through the SLM method, presenting new
opportunities and potential improvements over previous
studies that utilized SLM for similar purposes [24].

2. Experimental

2.1. Tools and Materials

The phenol transport process was conducted using a
set of transport devices comprising two identical
compartments, each with a capacity of 50 mL, positioned
on either side of the SLM membrane. The pH of both the
source and receiver phases was determined using a
benchtop pH meter, specifically the Orion Star™ A211 by
ThermoFisher Scientific™ (Benchtop pH Meter, Ottawa,
ON, Canada). The quantification of phenol in the source
and receiver phases was performed using a UV-Vis
Spectrophotometer 772 from Shanghai, China.

Analytical grade materials from the supplier Merck,
without additional purification, were utilized in this
research. These materials include phenol (CsHsOH) for
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preparing phenol solutions, potassium hexacyanoferrate
(I1) trihydrate K,[Fe(CN)s].3H-0, sodium hydroxide
(NaOH), hydrochloric acid (HCl), 4-amino antipyrine,
ammonium hydroxide (NH,OH), and phosphate buffer
(K.HPO,,, KH,PO,). Copoly(eugenol-divinyl benzene) 8%
was used as a carrier, and aquabides were used to prepare
all solutions. A polytetrafluoroethylene (PTFE)
membrane, with a 47 mm diameter and a pore size of 0.5
mm, served as the SLM membrane. The solvent used for
preparing the SLM membrane and carrier was chloroform
(CHCL;) from Merck.

2.2. Procedures

The research encompassed three principal stages:
the fabrication of Supported Liquid Membrane (SLM)
membranes, the transport of phenol utilizing SLM
membranes, and the characterization of the SLM
membranes. The impact of carrier concentration and
immersion time of the SLM membrane in the carrier
solution was conducted to enhance the stability of the
SLM.

The SLM membrane was characterized using FTIR
(Fourier Transform Infrared; Agilent Technology; Santa
Clara, California, USA) type Cary 630 and SEM (Scanning
Electron Microscope) (JSM-6360LA, Tokyo, Japan). In
this research, the author opted not to perform the FTIR
and SEM characterization of the SLM membrane directly.
Instead, an alternative approach was chosen, utilizing
laboratory services provided by the UPT Integrated
Laboratory and Technology Innovation Center -
Universitas Lampung. This decision was made to ensure a
thorough analysis of the membrane’s properties.

2.2.1. SLM Membrane Immersion

The polytetrafluoroethylene (PTFE) membrane, with
a 47 mm diameter, served as the polymer membrane
support for preparing the SLM. Each membrane pore
possessed a size of 0.5 microns, and the effective surface
area of the membrane in contact with the source and
receiver phases was 4.91 cm? The supporting polymer
was initially immersed in distilled water for two hours
and subsequently dried with paper towels to initiate SLM
membrane preparation. This process induced membrane
swelling, enlarging the pores and facilitating the entry
and occupation of the carrier, thereby aiding in the
penetration of the carrier.

The preparation of the eugenol-DVB copoly,
employed as a carrier in SLM membrane preparation,
followed the method by Kiswandono et al. [25] [26]. The
polymer support was soaked in a 10 mL chloroform
solution containing copoly(eugenol-DVB) 8% with a
concentration of 0.01 M for one hour. The membrane was
removed from the solution and allowed to dry naturally
for approximately 10 minutes. The resulting membrane, a
Supported Liquid Membrane (SLM), comprised a polymer
support with the carrier contained within its pores. SEM
and FTIR characterization techniques were employed to
further assess the initial properties of the SLM membrane
both before and after phenol transport.

2.2.2. Optimization of Phenol Transport

The transport experiments were conducted within a
transport cell featuring an effective surface area of 4.91
cm?, comprising two identical compartments, each
holding 50 mL of the source or receiver phase, with the
SLM membrane acting as a separator. Throughout the
nine-hour experiment at room temperature, continuous
stirring of the source and receiver phases was maintained
using a magnetic stirrer. Following the methodology
outlined in previous studies [27, 28], phenol
concentration in both the source and receiver phases was
measured at predetermined time intervals through a UV-
Vis spectrophotometer, with readings taken at the
maximum wavelength of 456 nm.

The determination of the maximum wavelength of
phenol in this study relied on the UV-Vis
spectrophotometry method. Following the mixing of
phenol with a solution of 4-aminoantipyrine and
potassium ferricyanide, a complex compound was
formed, exhibiting maximum absorbance at a specific
wavelength. Subsequently, the phenol solution was
extracted using chloroform, and the absorbance of the
chloroform solution extract was measured with a UV-Vis
spectrophotometer within the wavelength range of 370-
600 nm. The wavelength at which the absorbance reached
its peak value was identified as the maximum wavelength
of phenol. This method allows for the measurement of
absorbance at various wavelengths, enabling the
determination of the point where phenol exhibits the
highest absorbance, indicative of its maximum
wavelength (National Standardization Agency SNI 06-
6989.21-2004).

Various variables influencing phenol transport
through SLM membranes were systematically
investigated to determine optimal conditions. The
variables considered encompassed the pH of the source
phase, the concentration of NaOH in the receiving phase,
the immersion time of the SLM membrane, the
concentration of the carrier, and the duration of the
transport process. The pH was adjusted to 3.5, 4.5, 5.5,
6.5, and 7.5 to assess the impact of phenol pH on the
source phase during transport. Meanwhile, the
concentration of NaOH in the receiving phase was
maintained at a constant 0.1 M. The effect of NaOH
concentration in the receiving phase was studied by
varying it between 0.01, 0.05, 0.1, 0.25, and 0.5 M, with the
phenol pH in the source phase set at the optimum level.

The immersion time of the SLM membrane was
explored by varying it for 0, 30, 60, and 90 minutes in a
chloroform solution containing copoly(eugenol-DVB)
8% as the carrier. The resulting SLM membrane’s
capacity to transport phenol under optimum conditions
was evaluated for each immersion time. The effect of
carrier concentration was examined by altering its
concentration in chloroform at 0, 0.005, 0.01, 0.015, and
0.020 M. The resulting SLM’s ability to transport phenol
under optimum conditions for each concentration of the
carrier was also assessed.

The source and receiver phases were stirred
continuously for 9 hours to facilitate phenol transport.
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The optimum transport time was obtained by setting and
varying the transport time at 3, 6, 9, 12, 15, 18, 21, 24 and
27 hours. A UV-Vis spectrophotometer set at a maximum
wavelength of 456 nm was used to measure the phenol
concentration in the source and receiver phases.

3. Results and Discussion

3.1. Phenol Transport Optimization
3.1.1. Effect of Phenol pH on the Source Phase

Determining the optimum pH of phenol in the source
phase plays a crucial role in enhancing the efficiency of
the phenol transport process. One of the main reasons is
the influence of phenol activity in the system. Identifying
optimal pH conditions involves pinpointing the point at
which phenol achieves peak activity or optimal chemical
stability, thereby improving the overall efficiency of
phenol transport. Moreover, pH significantly influences
the sustainability of chemical reactions during the phenol
transport process. Determining the optimum pH guides
reaction conditions, ensuring the process’ continuity
with high efficiency.

Another critical consideration is the selectivity of the
membrane or liquid membrane employed. Early pH
adjustment facilitates the selection or adjustment of
membrane conditions to enhance selectivity towards
phenol. Furthermore, determining the optimum pH
offers preventive advantages against potential
environmental pollution resulting from uncontrolled
phenol during transport. Finally, optimal pH
determination aids in managing or controlling the
formation of related compounds or byproducts with
varying stability or properties at a specific pH. In
summary, establishing the optimum pH in the source
phase provides a solid foundation for initiating the
phenol transport process under optimal conditions,
ultimately elevating the efficiency and success of the
entire process.
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Figure 1. Effect of phenol pH on the percentage of phenol
transported

The results of research regarding the effect of phenol
pH in the source phase on phenol transport can be seen in
Figure 1, which shows the relationship between the
percentage of phenol concentration in the source phase
(%Fs) and the percentage of phenol concentration in the
receiving phase (%Fp).

The graphical representation shows that the optimal
phenol transport occurs at pH 5.5, with a transported
phenol concentration of 22 ppm, equivalent to 36.82%.
This phenomenon can be attributed to the molecular form
of phenol at this pH, enhancing its solubility in the
organic phase. Consequently, there is an augmentation of
m-7 interactions and hydrogen bonds between phenol
and the carrier in the membrane phase. This molecular
state at pH 5.5 contributes to an accelerated phenol
transport rate [29].

For source phase pH values below 5.5, specifically at
3.5 and 4.5, the transported phenol concentrations are
notably lower at 28.56% and 30.87%, respectively. This
reduction in transported phenol concentrations is
attributed to the heightened acidity levels. In
environments with increased acidity, a greater
abundance of free protons is prone to being transported
towards the alkaline receiving phase. These free protons
can also protonate the membrane, creating a barrier that
hinders effective interaction between phenol molecules
and carrier molecules. As a result, the transport of phenol
becomes inefficient under these conditions.

The pH of the phenol in the source phase plays a
crucial role in influencing phenol extraction. The
efficiency of phenol transport experiences a notable
decrease as the pH of the source phase increases. As
illustrated in Figure 1, there is a decline in the yield of
phenol transport from 36.82% at pH 5.5 to 24.11% at pH
6.5, with further decreases at pH 7.5 (2.82%). This
decrease can be attributed to the elevated alkalinity level
of the source phase pH. As the pH increases, the phenol
tends to dissociate into phenolic ions, making it more
prone to dissolution in water. Consequently, the
interaction between the -OH group in phenol and
copoly(eugenol-DVB) 8% is reduced, leading to
decreased phenol transport efficiency [30].

In a pH below 7, phenol remains neutral, facilitating
the extraction process [29, 31, 32]. The ease of separating
phenol from the source phase into the organic phase, up
to a pH of less than 8, is contingent upon the acidity level.
However, exceeding pH 8, extraction efficiency decreases
due to the heightened dissociation of phenol into
phenolate ions. Within a pH range exceeding 8, the
phenolic concentration in the solution experiences an
increase. This relationship is inversely proportional to the
phenolic concentration, which decreases when the pH
surpasses 8 [30].

3.1.2. Effect of NaOH Concentration on the Receiving
Phase

Phenol undergoes diffusion through the membrane
phase and subsequently permeates the receiving phase,
where it reacts with NaOH to transform into sodium
phenolate. The employed phenol concentration is 60
ppm, and the source phase operates at the optimum pH,
while the receiving phase contains dilute NaOH. This
configuration ensures the conversion of phenol to
phenolate, retaining it in the receiving phase to prevent
diffusion back into the membrane phase.
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Figure 2. Effect of NaOH concentration on the percentage
of phenol transported

It is important to note that sodium phenolate formed
in the receiving phase does not revert to the membrane
phase, as it is insoluble in the membrane phase [33].
Figure 2 illustrates the results obtained from the phenol
transport process. The findings indicate that the phenol
transported concentration increases with higher NaOH
concentrations. The optimal concentration for phenol
transport is determined to be 0. M, resulting in a
transported phenol concentration of 32.15 ppm,
equivalent to 53.58%. This enhancement in the
transported phenol concentration from 0.01 M to 0.1 M is
attributed to the elevated NaOH concentration. The
higher concentration of NaOH accelerates the release of
phenolic ions at the membrane interface, facilitating a
more rapid conversion of phenol into phenolic ions [34].

The heightened permeation of phenol molecules
within the 0.01-0.1 M NaOH concentration range can be
attributed to the increased diffusion of the SLM due to
enhanced complexing at the membrane interface.
Consequently, when the NaOH concentration surpasses
0.1 M, the concentration of free phenol molecules at the
interface of the receiving phase membrane becomes
nearly negligible. The receiving phase solution
predominantly contains phenolate ions. This shift results
in a reduction of phenol molecules transported to the
receiving phase [35]. Furthermore, an increase in NaOH
concentration leads to the dissolution of active sites in the
membrane phase into the receiving phase. Consequently,
the limited availability of active sites in the receiving
phase contributes to a reduction in phenol transport [36].

3.1.3. Influence of Immersion Time on the SLM
Membrane

Transport studies of phenol were conducted on SLM
membranes, varying immersion times under optimal pH
and NaOH concentrations. Figure 3 illustrates the
research findings pertaining to the impact of prolonged
immersion times on phenol transport in SLM
membranes.
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Figure 3. Effect of SLM membrane immersion time on
the percentage of phenol transported

The results of phenol transport are depicted in Figure
3, specifically highlighting the relationship between %Fs
(percentage of phenol transported through the SLM
membrane) and %Fp (percentage of phenol present in the
permeate). Optimal conditions for phenol transport were
observed at a soaking time of 60 minutes, yielding 35.26
ppm or 58.76%. The figure illustrates that the phenol
transport process produces smaller results for immersion
periods of less than 60 minutes. This can be attributed to
the incomplete filling of SLM membrane pores with
carrier, particularly evident at 0 minutes of immersion
(without carrier compounds), where transported phenol
reaches 2.48 ppm, equivalent to 4.14%. This underscores
the challenge of phenol transport without interactions
with carrier, hindering its efficient transfer to the
receiving phase.

3.1.4. Effect of Carrier Concentration

Phenol transport with varying concentrations of
carrier was carried out under optimum pH conditions,
NaOH concentration, and immersion time. The results
can be seen in Figure 4.The optimal phenol transport at
35.58 ppm was achieved at a carrier concentration of 0.01
M, equivalent to 59.29%. The concentration of carrier in
the membrane phase plays a crucial role in influencing
the amount of phenol transported. Elevating the
concentration of carrier in the membrane phase will
enhance the availability and formation of complex phenol
species. This, in turn, facilitates phenol extraction into
the receiving phase, thereby augmenting the overall
phenol transport [19].

Phenol transport using an SLM membrane without a
carrier compound yielded a transport percentage of
4.14%. This outcome suggests that, in the absence of a
carrier on the SLM membrane, only a minimal amount of
phenol was extracted due to the lack of m-7 interactions
and hydrogen bonds between phenol and the compound.
The carriers integrated into the membrane play a vital
role in facilitating the transport process. In contrast, at a
carrier concentration of 0.01 M, phenol transport
exhibited an increase.
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Figure 4. Effect of carrier concentration on the
percentage of phenol transported

This elevation is attributed to the heightened
benzene ring concentration, resulting in increased
hydrogen bonds and interactions formed between phenol
and copoly(eugenol-DVB) 8%. Consequently, a greater
number of phenol complexes were formed in the
membrane phase, leading to an enhanced phenol
transport [36, 37, 38]. Nevertheless, at higher
concentrations of the carrier, specifically at 0.02 M and
0.025 M, there was a decrease in phenol transport into the
receiving phase. This decline can be attributed to the
heightened viscosity of the organic solution in the
membrane phase resulting from an increased
concentration of copoly(eugenol-DVB) 8%. This
elevation in viscosity contributes to an augmented
resistance of the liquid membrane, impeding the
diffusion of phenol complexes.

Consequently, the effective diffusivity of this species
experiences a significant decrease, wherein the
heightened concentration of copoly(eugenol-DVB) 8%
fails to compensate for the concurrent increase in
solution viscosity [38]. Additionally, the reduction in
phenol transport may also be attributed to the consistent
immersion time for carrier with varying concentrations,
which may not adequately fill the membrane pore
facilities. As a result, the efficacy of phenol extraction
diminishes.

3.1.5. Effect of Phenol Transport Time

Time is an essential variable in phenol transport. The
capacity and ability of the membrane to extract phenol are
also determined by the length of transport time. Good
membrane performance is indicated by a short transport
time with decreasing phenol concentration in the source

phase accompanied by increasing phenol in the receiving
phase [39]. The phenol transport results obtained can be
seen in Figure 5.

In Figure 5, the optimum transport time is 24 hours
with a transported phenol concentration of 55.26 ppm,
equivalent to 92.10%. A notable trend observed in Figure
5 indicates a continuous decrease in the percentage of
phenol transferred (%Fs) with prolonged transport time.
Concurrently, the percentage of phenol present in the
receiving phase (%Fp) demonstrates an increase. This
phenomenon can be attributed to the prolonged contact
between phenol and the carrier as the transport time
extends. Consequently, the extended contact duration
accelerates the release of phenol ions into the receiving
phase, contributing to the observed increase in %Fp [36].

In a prior investigation by Muktiarti [40] employing
the PIM method with copoly(eugenol-DVB) 8% as a
carrier, the transportation efficiency of phenol reached
70.2% over a 72-hour period. In contrast, in the current
study utilizing the SLM method, phenol exhibited a
transport efficiency of 92% within a significantly shorter
duration of 24 hours. This discrepancy suggests that the
SLM method proves to be more effective for phenol
transport when employing copoly(eugenol-DVB) 8% as a
carrier.

3.2. SLM Membrane Characterization

3.2.1. Fourier Transform Infrared Spectroscopy (FTIR)

FTIR characterization aims to determine the
functional groups contained in the SLM membrane before
and after transport phenol. The results of FTIR
characterization can be seen in Figure 6.
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Figure 5. Effect of transport time on the percentage of
phenol transported

Table 1. Comparison of functional groups of copoly(eugenol-DVB) 8% as a carrier, SLM membrane before and after

transport phenol
Wavenumber
Copoly (Eugenol-DVB) Membrane before Membrane after Functional groups
8% transport transport
797.7 752.9 805.1 Substituted aromatics
1028.7 1028.7 969.1 Stretching ether group (-COC-)
1595.3 1595.3 1595.3 Stretchingaromatic C=C group
2929.7 2922.2 2914.8 Stretching Csp3-H
3503.7 3436.6 3503.7 Stretching—OH group
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Figure 6. Comparison of FTIR spectra of (A)
copoly(eugenol-DVB) 8% as a carrier, (B) SLM
membrane before transport, and (C) SLM membrane
after transport phenol

From Figure 6, it can be seen that the carrier
copoly(eugenol-DVB) 8% has successfully entered the
membrane pores. This can be seen from the comparison
of spectra (a) and (b), which have relatively the same
spectral shape. The wavenumbers recorded in the spectra
resulting from FTIR characterization identify the
functional groups of the carrier or the absorption of the
carrier as one of the components that make up the
membrane. Infrared spectroscopy records the presence of
identical groups in the polymer, resulting in spectra that
primarily differ in peak intensity (area) and wavelength
shift (Table 1).

After utilizing the membrane for phenol transport,
the intensity at the specified wave number remains
perceptible, albeit at a reduced level. In Figure 6(c), the
spectrum displays a similar absorption band as observed
in Figure 6(b), yet with a distinct intensity. The
diminished intensity at the wavenumber 3503.7 cm™,
indicative of the —OH group, suggests a reduction in the
presence of this group. This reduction signifies an
interaction between the active site and the carrier on the
membrane during the transport process. Since phenol
and the carrier possess an —OH group, their interactions
may form hydrogen bonds within the —OH group.

Moreover, the intensity decrease of the —OH group
can also be attributed to the partial loss of active sites in
copoly(eugenol-DVB) 8% during the transport process.
Consequently, the -OH peak on the membrane becomes
nearly imperceptible. The loss of some active sites on the
membrane post-transport is further evident in the SEM
characterization results of the PTFE membrane

(Figure 7).
3.2.2. Scanning Electron Microscopy (SEM)

The SLM membrane that had been used under
optimum conditions was characterized using SEM,
aiming to see the morphology of the membrane before
and after transport. A comparative analysis was
performed between the membrane after transport
phenol, which retained carrier, and the SLM membrane
before transport, guided by the precedent set in the
research conducted by Nittami et al. [41].
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Figure 7. SEM images of SLM membrane (a) before and
(b) after transport phenol

The SEM characterization outcomes are illustrated in
Figure 7, shedding light on the structural changes and
morphology of the membrane at different stages of the
experimental process. In Figure 7, the SLM membrane
exhibits elongated nodes interconnected by network
fibers resembling a spider web. A noticeable difference is
observed between the SLM membrane before and after
transport phenol specifically, there is a thickening and an
enlargement of the connecting fibers and their surface.
This alteration suggests that the aquabides and
chloroform solvent containing the copoly(eugenol-DVB)
8% as a carrier effectively wet the membrane surface,
leading to membrane swelling. Figure 7(b) further
demonstrates that, despite the membrane’s use in phenol
transport, the connecting fibers remain swollen,
indicating the successful entry of the copoly(eugenol-
DVB) 8% as a carrier into the membrane pores before
transport. Post-transport, the carrier persists within the
membrane pores, albeit in relatively diminished
amounts.

4. Conclusion

The efficacy of the SLM membrane, incorporating a
PTFE-supporting polymer and the copoly(eugenol-DVB)
8% as a carrier, has been successfully demonstrated for
the transport of phenol using the SLM method. Optimal
conditions for the PTFE membrane in phenol transport
were determined at a phenol pH of 5.5, a stripping
concentration of 0.1 M, a membrane immersion time of 1
hour, a carrier concentration of 0.01 M, and a transport
duration of 24 hours. Notably, the copoly(eugenol-DVB)
8% as a carrier within the membrane phase exhibited the
capability to transport 92% of phenol under these
optimum conditions.
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