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ABSTRACT

Vinasse liquid waste is a waste product resulting from the ethanol distillation
process. Phosphate in high concentrations can harm the environment, such as
by polluting water sources and underground surfaces. In this research,
adsorption of phosphate ions was carried out in vinasse waste to remove these
pollutants using quaternary ammonium polymers. The study examined the effect
of vinasse waste sample temperature on the adsorption of phosphate ions. The
first step in this work was to create a quaternary ammonium polymer utilising a
one-pot technique using 2-[methacryloyloxy)ethyl trimethylammonium chloride
solution, also referred to as META. Subsequently, the adsorption process was
performed using temperature variations of 25, 30, 40, 50, and 60 °C. Phosphate
ion adsorbance was measured with UV-Vis spectrometers at a wavelength of 880
nm. The quaternary ammonium polymer succeeded in adsorbing the phosphate
ion content of the vinasse waste at an optimal temperature of 40 °C, with an
adsorption capacity of 3.78 mg/L and a removal efficiency of 75.70%. The
adsorption isotherm model for phosphate ions onto quaternary ammonium
polymer was studied using the Freundlich and Langmuir equations. The
obtained data indicated that the Langmuir isotherm model, with an R?value of
0.9921, is well-suited for describing the adsorption behaviour in this research.
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INTRODUCTION

One of the most significant environmental
issues facing the globe today is water
contamination caused by nutrients like phosphate
ions. A phosphate concentration of 100 pg/L can
lead to river eutrophication or excessive algal
growth. The main effect of this phenomenon is a
decrease in the quantity of carbon dioxide and
sunlight that enters the water, thereby diminishing
the amount of dissolved oxygen (Schindler et al,
2016). Phosphate compounds contribute to the
accumulation of deposits in water pipes, leading
to obstruction and potentially impeding the
release of hazardous pollutants, such as arsenic
(Legasari et al., 2023). In the industrial sector, the
presence of phosphate compounds in drinking
water leads to high maintenance costs. A
significant portion of these pollutants comes from
industries producing liquid waste. For example,
the sugar business produces large amounts of
vinasse, a liquid waste, and bagasse, a solid waste

(Colin et al., 2016). Vinasse is a liquid waste
produced at a sugar factory during the ethanol
distillation process, typically involving a heating
procedure ranging from 85 to 90 °c (Moraes et al.,
2015). Vinasse waste contains the following:
water, esters, alcohols, phenolic compounds,
fermented sugars, organic acids, and furans
(Lorenzo-Santiago et al., 2023). According to
Alvarez (2021), vinasse contains high organic
matter, high lipid concentration, low pH, and high
COD and BOD content (Hoarau et al, 2018).
Consequently, its discharge poses environmental
problems, leading to water pollution, which
usually occurs in irrigation on agricultural land
(Alvarez et al., 2021; Christofoletti et al., 2013;
Fagier et al., 2016). Therefore, disposing of
unprocessed vinasse in aquatic and terrestrial
environments can pose environmental risks (Reis
et al., 2019; Fito et al., 2019). Phosphate
contamination is an anionic pollution of surface
and subsurface water sources, posing risks to both
natural ecosystems and human health due to
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elevated concentrations of phosphate ions, that
can adversely affect both humans and ecosystems.
Clean water quality is one crucial factor that must
be considered to preserve ecosystem balance and
human health (Nguyen et al., 2014).

Utilizing conventional water treatment
techniques, including filtering and softening with
lime, to eliminate contaminants from water is
difficult due to their high labor and expense
requirements. Furthermore, it takes longer to
maintain and replace chemicals or filter media.
The removal of dissolved nutrients from water and
wastewater has been studied using various
physicochemical and biological techniques. The
process of adsorption highlights the elimination of
phosphate ions from wastewater. Even at
comparatively low phosphorus concentrations, its
excellent selectivity makes this a straightforward,
affordable, simple to set up, and very effective
technique, resulting in less sludge production
(Loganathan et al., 2014). The wastewater
treatment industry frequently uses adsorption as a
treatment method, because of its ease of operation
and potential for adsorbent reuse, which sets it
apart from other approaches. When using the
adsorption method, developing a cost-effective
and efficient adsorbent to remove phosphate from
water is essential.

Phosphate ion-contaminated water and waste
have been treated using the ion exchange
technique in multiple trials. This can lead to a
decrease in the amount of contaminants present in
wastewater. Using polymer adsorption media, the
ion exchange technique separates contaminants
found in wastewater. Certain heavy metals, both
as ions and as organic molecules, can be adsorbed
by this highly developed polymer. For the
efficient adsorption of phosphate ions in aqueous
solutions of 95.11%, a grafted polymer based on
the  monomer  2-[methacryloyloxy) ethyl]
trimethylammonium chloride solution or META
the one-pot approach method has been used to be
synthesized (Rahayu et al., 2023). Furthermore,
utilizing META to modify the surface of cocoa
shells increased the proportion of phosphate ion
adsorption by 92% (Rahayu et al., 2023).
According to Aini's (2023) study, adding
guaternary ammonium to CH-T resulted in a 96%
removal effectiveness of phosphate and nitrate
ions. Polymers have proven to be an effective tool
for extracting dissolved organic substances (Aini,
2023), including phenols (Victor-Ortega et al.,
2016) and other aromatic compounds (Albatrni et
al., 2019). Therefore, the quaternary ammonium
polymer is expected to bind phosphate ions in
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vinasse waste as an adsorbent in this adsorption
method. The present study aims to examine the
temperature-dependent adsorption of phosphate
ions in quaternary ammonium polymers
synthesized by the one-pot approach method.

MATERIALS AND METHODS

Material and Apparatus

The primary material was monomer 2-
[methacryloyloxy) ethyl] trimethyl ammonium
chloride solution (CsH1sCINO2) or META from
Sigma Aldrich, crosslinker: EDMA or ethylene
dimethacrylate (CioH1404), porogen: Isopropyl
alcohol (C3HgO), poly (ethylene glycol)
((C2H4O)nH20) with Mn = 400, ethanol (CZHGO),
trisodium phosphate (NasPOs) from Wako 1%
Grade, Japan. AIBN or 2,2'-azobisisobutyronitrile
(CsH12N4) were supplied by TCI (China).
Methanol for analysis 99,95% (CHsOH), ethanol
for analysis 99,95% (C:HsO), potassium
antimonyl (II1) oxide tartrate (KzSb2CsH4O12
:3H,0), ammonium  molybdate  99,98%
((NH4)sM070.4), ascorbic acid (CsHsOs), sulfuric
acid 95 % (H2SO.), and Fenolphthalei indicator
(C20H1404), aquabides, and vinasse waste taken
from the Madukismo sugar factory. The tools used
in this research were a magnetic stirrer,
Erlenmeyer, heating stove, Whatmann 42 paper,
thermometer,  cuvette, stopwatch, funnel,
analytical balance, water bath, and UV-Vis
spectrophotometer.

Methods
Synthesis of Quaternary Ammonium Polymer
Quaternary ammonium polymer produced
through a one-pot approach polymerization
process with optimum composition and
conditions has been successfully used as an
adsorbent (Rahayu et al., 2023). Before being
filled into a cylindrical tube, the polymer solution
consisting of 1.25 mL monomer META
(C9H18C|N02), 0.375 mL EDMA (C10H1404), 0.35
mL ethanol (C:HsO), 1.4 mL poly (ethylene
glycol) ((C2H40)nH.0), 1.75 mL isopropyl
alcohol (C3HsO), and 0.005 g AIBN (CsHi12N4)
was homogenized. Next, polymerization was left
for 12 hours in a water bath at 70 °C (Rahayu et
al., 2021). Figure 1 below is a reaction scheme for
forming quaternary ammonium polymer, which
will be used as an adsorbent to adsorb phosphate
ions in vinasse waste.

Vol. 14, No.2, April 2024, 91 - 97



Isotherm Adsorption of lon Phosphate from Vinasse Waste Using Quaternary Ammonium Polymer as Adsorbent | 93

/
07 TN
| % Porogens (8]

META (IPA, Ethanol /
PEG 400) 07 =N
O
0 META - EDMA
Sy o7 T~
EDMA 0

Figure 1. META Polymer Predicted Reaction
Scheme (Rahayu et al., 2023)
The Adsorption Process Influences the
Temperature of Vinasse Waste
Temperature variations were carried out to
test the ability of quaternary ammonium polymers
to remove phosphate e ions from vinasse waste.
The adsorption process uses 3 grams of adsorbent
mass with 100 mL of adsorbate solution, then
shaken for 20 minutes with a temperature
variation of 25, 30, 40, 50, and 60 °C, then
filtered, and the filtrate added with phospho-
molybdate reagent before being analysed by UV-
Vis at 880 nm (Legasari et al., 2023). Equation 1
may be used to calculate the adsorption capacity
(ge), and equation 2 can be used to calculate the
percent removal efficiency (RE) value at
equilibrium (mg/g and (%): (Rabiatul et al., 2020)
(Aini etal., 2023).

ge= EZEXT (1)
RE=S—2220% )

Where C, = initial concentration (mg/),
Ce = equilibrium concentration (mg/l)
W = adsorbent weight (g)

V = volume of solution (L)

RESULT AND DISCUSSION

Optimum Temperature of Phosphate lons in
Vinasse Waste

The optimum temperature is required for the
adsorbent (quaternary ammonium  polymer)
during the maximum adsorption process of
phosphate ions in vinasse waste until it reaches
saturation. The temperature increase performed
on vinasse waste samples shows the outcomes of
examining phosphate ions in vinasse waste
following adsorption using quaternary ammonium
polymer with 25, 30, 40, 50, and 60 °C
temperature  variations. After reaching its
optimum temperature, the amount of phosphate
ions adsorbed will continue to rise until it does not
exceed that point. The effect of temperature on
phosphate ions in vinasse waste and ammonium
polymer can be seen in Figure 2.
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Figure 2. Effect of Temperature on Vinasse Waste and Quaternary Ammonium Polymer
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Figure 1 shows the most significant
concentration and efficiency of the phosphate ion
adsorption at a temperature of 40 C, with a
concentration of 3,78 mg/L and a phosphate
adsorbent efficiency in vinasse wastes of
75.70%. Adsorption capacity shows the effect of
temperature on the adsorption of phosphate ions
contained in vinasse waste. Temperature has a
significant influence on the efficiency of the
adsorption process. The exothermic nature of the
process was confirmed when it was discovered
that the % phosphate removal dropped as the
temperature rose from 40 to 60 °C. Increasing the
temperature increases the system’s thermal
energy, increasing phosphate ions mobility,
thereby encouraging increased desorption. As a
result, the owverall adsorption decreases
(Mekonnen et al.,, 2020). The present study's
findings are consistent with other investigations
into the impact of temperatures ranging from 25
to 75°C on adsorption rates exceeding 60%
(Zhang et al., 2021). The most efficient
temperature for eliminating phosphate ions was
40 °C, according to another study examining how
temperature influences the adsorption of
phosphate ions from rice husk (Yadav et al.,
2015). An adsorption process will be carried out
using other parameters to test different
parameters, such as the time and mass of the
quaternary ammonium polymer adsorbent.

One source of phosphate contamination in
the environment is waste vinasse, which is usually
produced from the manufacture of bioethanol
from sugarcane, which often contains high
concentrations of phosphates which is potential to
harm the environment and human health, so new
solutions are needed to deal with it. Thus, this
research is expected to produce an effective and
sustainable way to solve this problem. By using
guaternary ammonium polymers as an adsorbent
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or ion exchanger, the phosphate content in vinasse
waste can be reduced or eliminated. The
innovation of this research is the creation of an
ammonium  quaternary  polymer that s
synthesized through a one-pot approach, which
makes it more efficient to use as an adsorbent. We
increased the phosphate adsorption capacity and
composition with this polymer method.
Furthermore, for the sustainability of this study,
these synthetic ammonium quaternary polymers
can be recycled after use with desorption methods
to reduce the environmental impact.

Adsorption Isotherm

The temperature difference between the
adsorbate in the liquid (25-60 °C) and the amount
of adsorbate adsorbed per unit mass of the
adsorbent at a fixed time of 20 minutes produces
an isotherm that helps explain the adsorption
process. To illustrate the link between the amount
of substance adsorbed by the adsorbent at
different temperatures, this study uses the
Freundlich and Langmuir adsorption isotherm
equations. To illustrate the Freundlich isotherm
model, look at equation 3 (Meila et al, 2021).

Logge=logKs+ I/nlogCe........ 3)

where Ce is the solution's equilibrium
concentration (mg/L), K is the adsorption
constant in the multilayer, 1/n is the indicative
constant of the adsorption intensity, and ge is the
amount of phosphate adsorbed per mass of
adsorbent (mg/g). Equation 4 below depicts the

Langmuir isotherm model (Meila et al., 2021).
ol 4+l Ceiiiiii, (4)
qe KLgm qm
According to the Langmuir adsorption isotherm
model, adsorption has the same adsorbate affinity,
and adsorption at one location is independent of
adsorption at an adjacent location. The following

equation displays the Langmuir isotherm.
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Figure 3. The Plot of Freundlich and Langmuir’s Adsorption Isotherm
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The Langmuir equation assumes the
adsorbent surface is homogenous, which means
that the adsorption process spreads uniformly
throughout the surface and that only one adsorbent
molecule is adsorbed on one side of the adsorbent.
On the other hand, the Freundlich equation
contends that the surface of the adsorbent is
heterogeneous. This research's equilibrium
equation model, which best captures the reactions
that occur, is shown by the correlation coefficient
(R?). The Freundlich isotherm model has a lower
R? value than the Langmuir model, which is closer
to 1. The picture 3b. above shows that the R? value
for the Langmuir isotherm is 0.9921, which is
higher than the Freundlich isotherm, namely
0.9897. The linear equation y = 1.9947x + 5.9892
is obtained from the Langmuir isotherm image. As
shown in Table 1 below, the values of Ksand n, as
well as the constant values of the equation, will be
obtained.

Table 1. Phosphate Adsorption Isotherm Model
on Vinasse Waste
Langmuir Adsorption Isotherm
R? Ke (L gl) N
0,9921 0,1669 3,002

Table 1 concludes that the Langmuir adsorption
isotherm model, whose graph is displayed in
Figure 3b, is the more appropriate adsorption
isotherm model for the adsorption of phosphate
ions in vinasse waste on ammonium polymers.
This indicates that phosphate ion adsorption
occurs as a monolayer adsorption process on the
surface of the quaternary ammonium polymer. It
is presumed that the polymer surface's active sites
are uniform or have an equal capacity to adsorb
adsorbate. The findings of this study are pertinent
to earlier investigations into the monolayer
adsorption process that took place during the
phosphate anions' adsorption with bentonite
(Rabiatul et al., 2020).

CONCLUSION

The research that has been done leads to the
conclusion that temperature significantly impacts
the adsorption process's efficiency. With a
removal efficiency of 75.70% and an adsorption
capacity of 3.78 mg/L, the ideal -contact
temperature is 40 C. The Langmuir isotherm, with
values of N = 3.002 and Kr = 0.1669 mg/g, is the
adsorption isotherm of the phosphate ion
adsorption system on vinasse waste follows.
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Drawing from this, the adsorption of phosphate by
the ammonium polymer is mainly explained by
the Langmuir isotherm model, indicating that the
adsorbent surface forms a monolayer by binding
the adsorbate molecules. Future research on this
adsorbent should focus on determining the impact
of the quaternary ammonium polymer's mass and
contact time, and characterizing the adsorbent is
also anticipated.
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