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Abstract

Membrane based purification of crude glycerin is of unique importance due to its vast applications in
pharmaceutical, polymer and food industries. Polyether Sulfone/Cellulose Acetate Based Mixed Matrix
Membranes being reinforced with modified activated carbon has shown enough capability to purify crude
glycerin. The membrane is synthesized by phase inversion method by using N- Methyl-2-pyrrolidone (NMP) as
solvent and aminopropyl-triethoxycyclene as crosslinker. After adding modified activated carbon as a filler, the
membrane is characterized using Fourier Transform Infrared (FTIR) spectroscopy and Thermal Gravimetric
Analysis (TGA) to determine the chemistry and mechanical strength of the created membrane, respectively. All
membranes’ glycerin rejection is investigated using dead end filtration apparatus operating at two bar
pressure. The impact of modified activated carbon is also examined by adjusting the filler concentration in a
pure mixed matrix membrane solution. As a result, it is noted that the greatest glycerin rejection of 72.7% is
achieved at 0.6% weight percentage of activated carbon. Nonetheless, at 0.8% weight of filler, a maximum water
fluxof 17.8 kg/hr.m2was attained.

Keywords: Glycerin Rejection, N-Methyl-2-pyrrolidone (NMP), aminopropyl- triethoxycyclene, Phase
Inversion.

1.Introduction:

An uncontrollable increase in population leads to
unstoppable human activity. Fossil fuel depletion is
one of the disastrous impacts of population
expansion. Governments everywhere are
attempting to reduce their reliance on fossil fuels.
Reversing the trend away from crude oil and
natural gas coal is now imperative, especially in the
transportation and agricultural sectors(Khan et al.,
2020) (Dilshad et al., 2020; Sabir et al., 2016). One
such substitute is biodiesel, which is made from

biomass. One significant biodiesel byproduct is raw
glycerin. One important factor in managing the
quality of biodiesel is the quantity of free glycerin.
Glycerin that has dissolved must be more than
0.02%; otherwise, problems with engine fuel
injectors, decantation, and storage may arise
(Shafiq et al., 2018). The consumption of glycerin in
various products is shown in the Figure 1. This
study's primary goals are to examine the benefits
and possible applications of glycerin purification
from biodiesel plants in the contemporary era.
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Figure 1: Consumption of glycerin in various products

Enhancing glycerin's usability is the primary
motivation behind its purification. According to
purity and possible end use, there are typically
three technical level grades of glycerin accessible

on the market (Ahmad et al., 2022; Ashraf et al.,
1234; Sabir, Shafiq, et al., 2015). Table 1 lists
various glycerin grades and their corresponding
glycerin contents.

Table 1: General specification of glycerin in accordance to grade

Types of Glycerin

Glycerin amount (%)

Unrefined glycerin

70-90%

Technical leve

199.5 %(not certified mostly > 96.0%

USP grade 99.5% USP(tallow-based)
99.5% USP(vegetable-based
FCC grade 99.7%USP/FCC-Kosher

These days, methods such as neutralization,
crystallization, vacuum distillation, and ion
exchange resin have become increasingly
important for the separation and purification of
crude glycerin. These efforts have accelerated as a
result of research institutions discovering fresh
concepts, methodologies, and projects in a variety
of fields (Jamshaid, Dilshad, et al., 2020; Koriem
et al., 2024). Activated carbon adsorption is often
the last stage of glycerin purification. It was shown
that adding more activated carbon significantly
affected the refined crude glycerin's ability to
remove color. Precise glycerol purification is
achieved via membrane separation technique.
Most isothermal membranes are driven by
concentration gradient, hydrostatic pressure, and

electrical potential (H. Ali et al., 2022;
Boussemghoune et al., 2020). Membranes are used
in several

processes, such as reverse osmosis (RO),
electrodialysis (ED), nanofiltration (NF),
ultrafiltration (UF), and microfiltration (MF).

The glycerin rejection can be calculated by following
expression

R(%)-=(1-—<2)-x-100 -~ (1)*
cr1

R is glycerin Rejection in terms of percentage, Cp is
concentration of permeate and Cf is concetration of
feed solution.

Purification of raw glycerol using a membrane
contactor is a potentially helpful method.
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Membrane separation technology has advanced
with the use of membrane distillation. While typical
membranes are driven by pressure, membrane
distillation uses heat to drive the membrane
process (Batool et al., 2021a; Liang et al., 2021). The
majority of modern membrane distillation
applications use a porous, non-wetting hydrophobic
membrane to transfer water vapor for the purpose
of extracting water. The major force behind the
membrane distillation process would be a vapor
pressure gradient created by the temperature
gradient across the membrane. Given that both
organic and ceramic membranes have shown the
potential for the treatment of unrefined biodiesel
products, it is notable that membrane technology
has been utilized in the biodiesel manufacturing
sector (Salehiet al., 2017; Zeeshan et al., 2021)

2. Material and methods:

2.1 Material

The polymeric materials utilized in the research are
as follows:

2.1.1 Polyether sulfone (PES):

PES is a transparent, amorphous thermoplastic
that is a member of the polysulfone family of high-
temperature engineering thermoplastics. Solid,
tough, and resilient, it holds its shape over a wide
variety of temperatures. It has Tg = 225 °C and
MW = 75,000 g/mol. PES from Ultra son® E 6020
was provided by BASF (Ludwigshafen, Germany)
for use in this research project.

2.1.2 Cellulose Acetate:

Wood fibers and the small fibers (linters) that cling
to cotton seeds are two natural sources of cellulose.
It is made up of repeating glucose units with the
chemical formula C,;H,0, (OH), and Mw = 102.09
g/mol. The molecular structure is displayed below.
The source of the cellulose acetate utilized in this
project is Acros Organics in Geel, Belgium.

2.1.3 N-Methyl-2-pyrrolidone (NMP):

Polar solvent N-Methyl-2-pyrrolidone (NMP) is
widely used in pharmaceutical and industrial
contexts. NMP has evolved into a typical solvent
component of in situ developing implants for long-
term medication delivery because of its safety
profile at recognized concentrations. In a variety of

applications, it can function as a complexing agent
and co-solvent.

2.2 Synthesis of Membrane:

Combine 10 g of PES and 80 g of NMP to get a
homogeneous polymeric solution. In a similar way,
another polymeric solution was made using 20g of
cellulose acetate and 80g of NMP. Over the period
of three to four days, the solutions were permitted
to completely combine into a homogeneous
mixture with sporadic stirring. A pure mixed
membrane was produced by combining 1 g of
cellulose acetate/NMP solution and 19 g of
polyether sulfone/NMP solution after a
homogeneous mixture had been created. The
solution was agitated for 30 minutes and then
sonicated for 30 minutes before the membrane was
cast (Bahrodin et al., 2021; Batool et al., 2021b;
She et al., 2015). Phase-inversion was used to
generate the membranes, and once they were
skinned off, they were completely submerged in
distilled water for three days to remove any
remaining solvent. Following creation, the
membranes underwent a fifteen-minute
immersion in methanol post- treatment (Sanchez-
Moya et al., 2020).

2.3 Modification of Activated Carbon (AC):
2g of activated carbon should be combined with
150 ml of toluene and sonicated to change it.
Following that, 150 microliters of cross linkers,
also known as aminopropyl-triethoxycyclene,
were added. For six hours, the mixture was
continually stirred and the temperature was
maintained between 60 and 65 °C. It is then
centrifuged at 1000 rpm, washed with ethanol,
and dried in an oven at 80-90 OC for 12 hours,
according to Jamshaid, Rizwan Dilshad, et al.
(2020).

2.4 Preparation of Membrane by Varying
Modified Activated Carbon Compositions:

By combining 19 g of PES/NMP with 1 g of
CA/NMP and adjusting the modified activated
carbon content between 0.2 and 1% (w/w%) using
the phase inversion method, a polymeric solution
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combination was created (Silanikove et al., 2015).

To start, the necessary concentrations of a
PES/CA solution were made. Following that, the
mixture 1s agitated for approximately thirty
minutes. The same adjusted AC concentration
and a little amount of NMP, sufficient to dip the
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activated carbon, are used to make a second
solution. The solution AC/N 1MP is sonicated for
30 minutes prior to membrane casting (Dilshad
et al.,, 2020). Table displays membrane with
various amounts of AC.

Table 2. Membrane with varying concentration of modified AC

Membrane

Modified

AC
(WWY% | (WW)% | (WW)% | %
1 P/C-0 80 19 1 0
2 P/C-0.2 80 19 1 0.2
3 P/C-0.4 80 19 1 0.4
4 P/C-0.6 30 19 1 0.6
5 P/C-0.8 80 19 1 0.8
6 P/C-1 80 19 I I

2.1.1 Dead end filtration:

In this experiment, reverse osmosis is carried out
using a home dead end filter (RO). A 26 cm’
circular segment of membrane was gently inserted
into the membrane support mesh. Two filter
papers and one regular paper are positioned
beneath the membrane to prevent the materials
from mating. When the membrane is firmly in
place, a ring and then a cylinder are inserted. One
hundred milliliters of distilled water are added to
the cylinder by actuating the feed valve. After
that, nitrogen gasis pumped into the membrane at
a pressure of 20 bar for 60 minutes. Ten bar of
nitrogen was injected following the insertion of
100 ml of feed solution carrying 10, 20, 30, 40, and
50 g/L of glycerin through the feed valve (I. Ali et
al., 2020; Zhang et al., 2020).

2.1.2 Fourier Transform Infrared
Spectroscopy (FTIR):

This study uses Fourier Transform Infrared
Spectroscopy (FTIR) to investigate the chemistry
of pure polyether sulfone and cellulose acetate
membranes in addition to mixed matrix polyether
sulfone/cellulose acetate/activated carbon
membranes. FTIR is based on the transmission
and absorbance of infrared radiation, and it
analyzes the components of the membrane
material and measures the amount of chitosan

present. The FTIR spectrum of each membrane is
distinct because different concentrations of
chitosan in polyamide membranes have different
bond energies and frequencies. The study uses 50
scans with an FTIR resolution of 4000 cm™ to 500
cm’.

3. Results and Discussions:

The effect of filler concentration on the rejection of
glycerin, mean radius, water flux, solution flux
and porosity are determined and analyzed.

3.1 Effect of Filler Concentration on the
Rejection of Glycerin:

Various activated carbon concentrations (0%,
0.2%, 0.4%, 0.6%, 0.8%, and 1%), or filler, were
examined, along with the tendency for rejecting
glycerin solution concentrations (10%, 20%, 30%,
40%, and 50%).
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Figure 2: Effect of filler concentration on the rejection of glycerin
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The filler cross-linking causes a significant
decrease in rejection, which may also be caused by
an increase in the concentration of glycerin
solution, which acts as a barrier to rejection.
Figure 2 illustrates a noticeable rise in rejection as
the filler concentration gets raised up to 0.6
(w/w%). There achieves an optimum rejection of
glycerin at particular filler concentration that
decreases by further increasing the filler
concentration.

3.2 Effect of Filler Concentration on the Flux
of Solution:

Rise in filler concentrations causes the glycerin
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solution flux to decrease because of the filler's
interlinking and the increased glycerin
concentration's impediment. The behavior 1is
depicted in the Figure 3. The filler particles act as
porogens and create more void spaces within the
polymer matrix. Moreover, higher concentration
of filler particles generally results in a larger total
pore volume, providing more pathways for the
solution molecules to pass through. Similarly, the
permeability of membrane to solution improves
due to least mass transfer resistance created in the

presence of filler particles [10],[21].
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Figure 3: Effect of filler concentration on the solution flux

3.3 Effect of Filler Concentration on the
Water Flux:

The decreasing trend of the glycerin concentration
in Figure 4 is justified by the increasing trend of
the water flux, which shows no obstruction and

increases as the filler concentration rises. This is
because as the glycerin concentration rises, the
retentate contains more glycerin, which results in
adecrease in the permeate flux [22], [23].
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Figure 4: Effect of filler concentration on the water flux
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3.4 Effect of Filler Concentration on the
Mean Radius (rm)

The mean radius (rm) of the membrane's pores has
been determined by the filler concentration. Figure

Vol. XXXXXII

5 illustrates how the concentration of filler applied
to the membrane causes a considerable rise in the
mean radius of the membrane's pores. [1]
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Figure 5: Effect of filler concentration on mean radius of membrane's pores

The particles of filler create void spaces around
them and potentially increase pore radius.
Similarly, low loading of filler leads to creation of
void spaces. The shapes of filler particles have also
direct effect on mean radius of pores. The spherical
and irregular shaped particles create more pores
and their irregular distribution.[24],[25], [26]

3.5 Effect of Filler Concentration on the
Porosity of Membrane:

For a number of processes, the filler has been crucial

in determining the structure of the membrane.
Figure 6 makes it evident that raising the filler
concentration caused the membrane's pores to
increase. The porosity of membranes increases by
increasing the concentration of filler. The filler
particles can act as porogens, creating void spaces
around them during the membrane formation
process. Moreover, the presence of filler particles
disrupt the polymer matrix structure, leading to the
formation of pores.[27],[28]
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Figure 6: Effect of filler concentration on the porosity of membrane
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3.6 Effect of the Porosity of Membrane on
the Water Flux:

The graph illustrates how an increase in porosity
causes a rise in water flux, as seen in Figure 7.
Higher water flux in the event of increasing
membrane porosity is caused by more paths and
shorter path lengths. It does, however, lessen the
membrane's capacity to reject undesirable
substances. Hence, the presence of pores in

membrane accelerate the water flow from the
membrane. The pores membrane has larger total
surface area available for water molecules to pass
through. Moreover, the higher porosity means least
barriers for water molecules to encounter. Porosity
is also directly linked to the permeability, whichis a
measure of how easily a fluid can pass through a
material.[29],[30], [31].
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Figure 7: Effect of the porosity of membrane on the water flux

3.7 Fourier Transform Infrared Spectroscopy
(FTIR):

FTIR spectroscopy was used to determine the
membrane's surface functional groups. The
stretching vibrations of OH groups is apparent by
the large absorption band between 3300 cm™ and
3400 cm”, whereas the CH, groups are linked to the
subsequent absorption peak at 2900 cm™

The water molecules that were absorbed as an
outcome of a strong contact between the mixed
matrix membrane and water are responsible for the
absorption peak at 1640 cm’. As illustrated in
Figure 8-13, the bands at 1169 cm™ and 895 cm™,
respectively, are due to the C-O-C stretching
(pyranose ring ether) and C—H rock vibration of
cellulose (anomeric vibration of —glucosides).[12],
[32].

The produced, pure PES membrane's FTIR spectra

displays absorption peaks at 1580 cm™ and 1480 cm’
', respectively. These are linked to a phenyl group-
ether link and the C=C stretching vibration of
benzene rings. Furthermore, the sulfone group in
the PES base structure is shown by the absorption
spectraat 1150 cm™ and 1100 cm™.

The spectra of the PES/CA/Activated carbon
composite membranes were similar to those of
virgin PES/CA membranes, especially between
1500 cm™ and 500 cm”. This pattern indicates that
the composite membranes, as illustrated in Figure
8—13, can retain their PES/CA characteristics even
in the presence of activated carbon. Significant
fluctuations were seen in the peak region at 3398
cm’, 2898 cm™”, and 1647 cm’', which correlate to the
OH groups, CH, groups, and water absorbed,
respectively.[33], [34]
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Conclusions:

It is explored how new Polyether Sulfone/Cellulose

Acetate Based Mixed Matrix Membranes fortified

with modified activated carbon can reject glycerin

from solution. It has been found that the porosity of
the membrane increased along with a surge in the
filler concentration. In a similar vein, a little rise in
the water flux is noted when the membrane's
porosity increases. The connection between the
filler concentration and the mean radius (rm) of the
membrane's pores is not constant. Furthermore, a
negative correlation has been observed between the
concentration of modified activated carbon and
water flux. It has been noted that a rise in filler
concentration causes the water flux to gradually
decline. On the other hand, the minimal filler
concentration results in the largest water flux. The
study of glycerin rejection takes into account
variations in filler concentration. Research
indicates that rejection rises as filler concentration
rises. The concentration of zirconia at 0.6% is the
highest at which glycerin rejection occurs.

Nevertheless, as the filler content increases higher,

glycerin rejection diminishes. Thus, crude glycerin

can be purified using a PES/CA based mixed matrix
membrane with an appropriate amount of modified
activated carbon added as filler
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