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ABSTRACT

In this work, activated carbon (AC) derived from powder of date
palm fibers (DPF) was examined as an adsorbent for removing
polypropylene nanoplastics (PPNPs) from aqueous solutions. The
adsorbent was characterized using XRD, FT-IR, and SEM analyses.
Affecting parameters on removal efficiency in a batch reactor, such
as contact time, concentration of PPNPs and amount of adsorbent,
were evaluated and optimized. Equilibrium and kinetic studies
are performed to understand adsorption mechanisms. In the batch
system, 30 mL of polypropylene suspension (5-40 mgL") was added
to Erlenmeyer flask. First, different amounts of AC adsorbent were
added to the container, then microplastic was added to the reactor.
The mixture was shaken on a shaker for four hours at 25°C. The
flask was removed from the shaker, the concentration of PPNPs in
the supernatant was measured, and a settling time of 30 min was
obtained. A control suspension system without PPNPs nanoplastics
(with biochar and without PPNPs) was also performed to evaluate
carbon particle interference by turbidity measurements. Our results
showed that kinetic data were consistent with the pseudo-second-
order kinetic model. Equilibrium data for the adsorption of PPNPs on
biochar represented by the Langmuir isotherm model is better than
the Freundlich isotherm model.

1. Introduction

human life. [1]The advantages of plastics, including

Microplastics are synthetic solid particles or polymer
matrices with regular or irregular shapes, in sizes
between 1 micrometre and 2 mm, with primary or
secondary production origin and insoluble in water.
Today, plastics are almost essential materials for
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long life, flexibility, resistance to light, excellent
mechanical properties, resistance to atmospheric
factors and long life, and low price, have led to their
use in many cases to improve human life[ 1, 2]. Today,
the global production of plastics is more than 361
million tons[3]. Microplastics can be classified based
on their source. Primary microplastics are produced
directly by humans, such as personal care products
and cosmetic products[4]. Primary microplastics are
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inevitably subjected to further degradation, which
can change their size, morphology, color, density and
surface functional groups. Secondary microplastics
are obtained from the decomposition of larger pieces
of plastic under chemical, physical and biological
degradation in situ[5, 6]. Due to their widespread
use, microplastics have spread everywhere and have
been detected in freshwater, ocean, soil air, and polar
regions [ 7]. The distribution of microplastics in aquatic
environments is influenced by various factors such as
size, shape, and type and the density of microplastics,
as well as living organisms and chemicals in the
water environment[8]. There are different ways for
microplastics to enter environmental waters [9].
Studies have shown that the highest concentration of
microplastics in fresh water is in glaciers and urban
areas, followed by fresh water from rainwater and
wetlands[10]. The concentration of microplastics has
been reported from 900 to 2800 (ng m*) and from
1250 to 4650 nano gram per cubic meter, respectively,
in Dongting Lake and Heng Lake[11, 12]. Minting
and colleagues have reported the concentration of
microplastics was 0 to 7 items per cubic meter in
urban drinking water[13]. Another study showed that
from 159 examined tap water samples from global
sources, 81% were polluted with microplastics,
with concentrations ranging from 0 to 61 pieces
per litre, with an average of 5.45 pieces per litre
[14]. Due to the importance of removing MPs from
aquatic environments, many physical, chemical and
biological methods have been proposed. Filtration,
weight separation, electrified nanofiber membranes,
coagulation and flocculation and sedimentation,
advanced  oxidation, membrane  bioreactor,
photocatalytic degradation and absorption are among
the methods applied to remove MPs from water|[15].
Among the mentioned methods, absorption is the
most common, cheapest, fastest and oldest method
used in water purification. The absorption method is
environmentally friendly. Also, the process of doing it
is easy, in addition, the absorbent can be used several
times So far, adsorbents such as carbon nanotubes,
graphene oxide, metal nanooxides, magnetic materials,
coal, sand, activated carbon, aluminum chloride, silica
gel, and other compounds such as clay, hydrogel, and

sol gel have been used to remove microplastics from
water. [16-18]. Also, polypropylene nanoplastics
may be exist with other pollutants (VOCs and
heavy metals) which must be analyzed based on
nanotechnology before determination by GC or AAS
methods. Recently, different carbon structures such
as CNTs, active carbon, functionalized multi-walled
carbon nanotubes, aminopropyl trimethoxysilane-
phenanthrene carbaldehyde immobilized on graphene
oxide, bimodal mesoporous silica nanoparticles,
hydroxyethyl methylimidazolium tetrafluoroborate
immobilized on MWCNTs, task-specific ionic liquids,
Nanographene oxide modified phenyl methanethiol
nanomagnetic composite, pyrrolic and pyridinic
nitrogen doped porous, graphene nanostructure, and
nano-palladium embedded on the mesoporous silica
nanoparticles were used for removal VOCs and heavy
metalsfrom water and air samples| 19-28].

This research investigated the activated carbon
obtained from date palm fibers for removing
polypropylene pollutants from the water environment.
The influencing variables on PPNPs absorption,
including contact time, PPNPs initial concentration,
and amount of adsorbent, were investigated and
optimized.

2. Material and Methods
2.1. Reagents and Instruments

Polypropylene solution was obtained from Thermo
Fisher Scientific-1862725 (Rheinach, Switzerland).
Stock suspensions of 1.0 g L were prepared from the
original solution, which contained 10 g L' of PPNPs
microplastic particles and diluted with ultrapure
water (Milli Q water, Millipore, Switzerland). Before
use, PPNPs stock suspension was sonicated for 15
min with a sonication bath (Bransonic ultra cleaner,
Branson 5510 model, Switzerland). The stock solution
was stored in a dark place at a constant temperature of
4 °C and used for further experiments.

2.2. Preparation of adsorbent

Activated carbon was prepared from the remaining
dates collected from Zabol villages in eastern Iran.
For the preparation of biochar, The date palm fibers
biomass are placed in a ceramic tube in a horizontal
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furnace for 3 hours at a temperature of 400 degrees
Celsius under a nitrogen flow at a speed of 5 cm® per
second. Before activation, the particles are crushed
and sieved. 10 g of charcoal were mixed with 10 g of
KOH and stirred for four hours. Then, the obtained
charcoal was placed in the oven for 48 hours at 150 °C
. After drying, biochar was transferred to the furnace
under nitrogen flow at 700 °C for 4 hours. Then, the
activated charcoal was washed with HCI and distilled
water, respectively, until it reached neutral pH, and
then the absorbent was dried in an oven at 80 °C for
24 hours[29].

2.3. Characterization of adsorbents

An X-ray diffractometer (XRD, ALMELO,
Netherlands) was utilized to get the XRD patterns of
the date fibers structure. The SEM instrument (SEM,
QUANTA 400F) depicted the surface morphology
images. SEM images assisted in revealing the
changes in the surface morphology that occurred due
to adsorbent synthesizing or due to the adsorption
process. FT-IR, Perkin Elmer Mattson 1000 (USA),
was utilized to determine the functional group’s
presence on the date powder and its significance in
adsorption. The analysis of FT-IR was conducted
within the wavenumber region of 500-4000 cm.
The StablCal stabilized formazin turbidity standards
was use by the turbidimeter The concentration of
PS nanoplastics before and after batch adsorption
experiments was determined by measuring the
supernatant suspension’s turbidity at different times.
Before analysis, the instrument was calibrated
with StablCal solutions from Hach, and the light
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scattered by the particles was measured in Formazine
Nephelometric Unit (FNU).

2.4. Bach adsorption experiment

The experiments were conducted in a 150 mL
Erlenmeyer flask containing 30 mL polypropylene
suspension with an initial concentration from 5.0 to
40 mg L. Before adding microplastic to the reactor,
different amounts of adsorbent were added to the
container.(Fig.1) The obtained suspension was shaken
on a shaker at a speed of 100 rpm for 240 minutes at
room temperature. The flask was removed from the
shaker, and the concentration of PPNPs nanoplastics
in the supernatant was measured. Before analysis,
all samples were left to settle for another 30 min to
minimize interference of carbon particles. A settling
time of 30 min was determined experimentally.
A control system without PPNPs
nanoplastics (with biochar and without PPNPs) was

suspension

also performed to evaluate carbon particle interference
by turbidity measurements. These data were used to
calculate the concentration of PPNPs nanoplastics in
the supernatant suspension. The flask contents were
shaken for a particular time with a speed of 150 rpm.
The adsorbed amount of the PPNPs, q_ (mg g''), was
computed using Equation 1.

(C; — Ceq)V
m

Qe = (Eq.1)

Where q, (mg g") is the equilibrium adsorbed amount,
and C, (mg L") is the initial concentration. C,, (mg
L") is the equilibrium concentration, and V (L) is the
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Fig.1. Adsorption polypropylene nanoplastics by activated carbon in reactor
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volume of solution that contains mass (g) of adsorbent.
Kinetic studies were performed to determine the
adsorption rate of the PPNPs onto biochar in a separate
experiment. [sotherms of the Langmuir and Freundlich
models were applied to comprehend the adsorption
mechanism (Eq.2). The adsorption capacity was
calculated using Equation 3. The rate of the adsorption
of the PPNPs was modelled using pseudo-first-order
and pseudo-second-order kinetics. The linear equation
of pseudo-first-order kinetic was used in Equation 4.
The linear equation of the pseudo-second-order model
is shown in Equation 5. The linear equation of the
Langmuir isotherm model is expressed by Equation 6.
The parameter R, was calculated according to Equation
7, which can be used to expect the efficiency of the
adsorbent. Based on the value of the R, parameter, the
process is irreversible if R, is equal to zero, favourable
if R, is less than 1, linear if R is equal to 1 and
unfavourable if R  is greater than 1. The equation 8 was
used for the Freundlich isotherm model.

Mass of PPNPs adsorbed = (C,-C)xV  (Eq.2)
. e Madsorbate

Adsorption capacity = ————— (Eq.3)
Madsorbent

As Equation 3: C;: Initial concentration of PPNPs in
(mg L), C.: Final concentration of PPNPs in (mg

L"), V: volume of the solution in (L), M ,,,.: Mass

of PPNPsin (g), M_,_ . - Mass of adsorbent in (g)
K

log(qe — q¢) = log (qe) — (F:)g) t (Eq.4)

Where k, is the rate constant of the pseudo-

(min'), g,
amount of

first-order process
is the adsorbed
material per unit mass of adsorbent (mg g),

adsorption
equilibrium

q, is the equilibrium adsorbed amount of material
per unit mass of adsorbent at time t (mg g™').

t 1 1
—=———t

A k205 Qe

(Eq.5)

Where, k, is the rate constant of the pseudo-
second-order adsorption process (g mg' min'),

q, is the equilibrium adsorbed amount of

material per unit mass of adsorbent (mg g),
and q, is the equilibrium amount of material
adsorbed per unit mass at time t (mg g?').
The rate constant value of k, was obtained using
the slope and intercept from the plot of t/q, versus t.

Ce 1 Co
de kLqm dm

(Eq.6)

Where q, is the equilibrium adsorbed amount
of the material (mg g'), q_ is the maximum
capacity of adsorption (mg g'), K, is the
Langmuir isotherm constant related to the energy
of adsorption and is used to determine the
affinity of the adsorbate to the adsorbent surface.
C, is the equilibrium material concentration in the
solution (mg L™). The values of K| and q_ constants
were obtained using the slope and the intercept
from the linear plot of C /q_ versus C .

_ 1
1+k;C;

R
L (Eq.7)
Where K, is the Langmuir isotherm constant
determined in Equation 6, Ci is the initial
concentration of the adsorbate.
1
logq. = logKy +~logC, (Eq.8)
Where q, is the equilibrium concentration of
the solid phase material per gram of adsorbent
(mg g'), C, is the equilibrium concentration
of the material in the bulk phase (mg L),
K, is the Freundlich isotherm constant (mg g™'), and
n is the intensity of adsorption. The values of K,
and n were obtained using the slope and the plot
intercept between log q_ and log C..

3. Results and discussion

3.1. Characterization of Adsorbent

FT-IR, SEM, and XRD were employed to
characterize the adsorption process of the PPMPs
(R, Y, and E) onto biochar.

3.1.1. FTIR analysis
Based on the FT-IR analysis of the raw date fibers,
peaks observed in the spectra indicated several
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functional groups at the surface, which serve
as active sites for adsorption on the adsorbent
surface. Figure 2 shows many bands at 3300.23
(related to O-H stretching vibration), 3010
(related to O-H stretching vibration), 1738.09
cm'(related to stretching vibration of C=0O of
carboxylic groups), 1710.09 (related to stretching
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vibration of C=0 of carboxylic groups),
900.42(related to C=C, the C-H bond, and O-H
in the plane deformation), and 528.89 (related
to C-H deformation vibration and CH, rocking
vibration —-C—N— and —C—C- stretching) cm™.
Also, SEM images and XRD of the morphology
of biochar are shown in Figures 3 and 4.
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Fig. 2. FT-IR analysis of biochar derived from palm date fibers powder
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Fig. 3. SEM analysis of (a) date palm fibers biochar, (b) PPNPs on biochar
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Fig. 4. XRD pattern of date palm fibers biochar
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3.2. Batch adsorption

3.2.1. Influence of amount of adsorbent

The amount of adsorbent is a critical factor in the
adsorption process. The variation in the adsorbent
dosage impacts the adsorption of PPNPs onto
biochar. Figure 5 shows the aschematic adsorption
process. The removal efficiency and the adsorption
capacity were

investigated. The study was

conducted using an adsorbent dosage of 10 to 100

mg. The optimal conditions used in this study were
shaking at 150 rpm for 60 min at a concentration
of 50 mg L, a temperature of 25 + 1 °C, and a
pH of 7.0. As shown in Figure 6, the adsorption
of the PPNPs was significantly increased up to
80 mg. Furthermore, while increasing the amount
of biochar, the percent removal efficiency was
increased, gradually decreasing the adsorption
capacity.

Biochar surface

Adsorbed PPINPs O

Fig. 5. Schematic adsorption process of PPNPs on biochar
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Fig. 6. Influence of adsorbent dosage on the adsorption of PPNPs on biochar[adsorbent dosage = 0.01-0.1 g,

initial concentrations = 50 mg. L'; pH = 7.0, and contact time = 60 min, and T= 25 +1°C]



Removal of polypropylene nanoplastics from water by activated carbon

Mohammad Reza Rezaei Kahkha etal 71

110.000

100.000

g 90.000
=

g 80.000

g I

]
&

70.000

60.000

50.000

0 50

Time (min)

150 200 250

Fig. 7. Effect of contact time on the adsorption of PPNPs [time = 20-210 min.,
initial concentrations = 50 mg. L'; pH = 7.0, and T = 25 £1°C]

3.2.2. Influence contact time

The impact of contact time on the removal efficiency
of PPNPs by adsorbent was investigated. The
optimal conditions used in this study were, a mass
of adsorbent 80 mg of biochar, a temperature of 25
+ 1 °C, and a pH of 7.0. The removal percentages
for the PPNPs increased significantly in the early
stages. This behavior is related to the abundance
of accessible active sites on the adsorbent. The
results showed that the PPNPs needed 120 minutes
to reach equilibrium which are shown in Figure 7.

3.2.3. Effect of PPNPs concentration
The variation in the initial concentration of the

PPNPs impacts the removal percentage by biochar.
The initial concentrations of 25 -150 mg L' were
studied. The optimal conditions used in this study
were obtained at 150 rpm shaking for 60 min, a
mass of adsorbent 80 mg for PPNPs, a temperature
of 25 £ 1 °C, and a pH of 7.0. The results of the
PPNPs concentration on removal are shown in
Figure 8. The results showed a significant increase
at the beginning of the adsorption process. The
maximum percent removal was investigated at a
concentration of 50 mg L' for the PPNPs. Over
time, the saturation of active biochar sites increased,
resulting in a slight decrease in the adsorption
capacity of biochar[30].

95.000
80.000
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E 65.000
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50.000
35.000
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Initial concentration of PPNPs (mg L)

80 100 120 140 160

Fig. 8. Effect of initial concentration of PPNPs on the removal

efficiency.[pH = 7.0, rpm = 150, and Temperature = 25 £1°C]
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3.2.4. Adsorption kinetic studies

Kinetics is an important step to determine the
adsorption mechanism and to understand the
biosorption steps that affect the processing speed.
As a result of kinetic studies, it is possible to
determine the rate of adsorption, and the retention
time required for the used adsorbent to perform
pollutant removal can be determined. The rate of
adsorption is an important parameter in the selection
of the most suitable adsorbent in the adsorption
process. In determining the adsorption rate and
rate constant, pseudo-first-order and pseudo-
second-order kinetic models such as particle
diffusion are applied to the xperimental data, and
the kinetic model that best fits the experimental
data is determined. Therefore, adsorption kinetic
studies of PPNPs onto biochar were investigated
using pseudo-first-order and pseudo-second-order
kinetics. The results are summarized in Table 1

and Figure 9. R? values determined the kinetic
model that best fits the adsorption of PPNPs
onto biochar. Considering the reported R? values,
the adsorption of PPNPs onto biochar followed
pseudo-second-order kinetics. It was observed that
the experimental data showed a high agreement to
pseudo-second-order kinetic models (R*> 0.989 in
all conditions examined for this models), When the
model data obtained were evaluated considering
all of the experiments.

3.2.5. Adsorption isotherms

Langmuir and Freundlich’s isotherms were used to
illustrate the mechanism of the adsorption process.
The Langmuir and Freundlich isotherms constants
for the adsorption of PPNPs on biochar were
calculated (Table 2). It was found that the adsorption
of PPNPs is a favorable process according to the
obtained results for Langmuir isotherm.
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Fig. 9. Kinetic studies of the adsorption of PPNPs on biochar.

a: Psuedo First order

b: Psuedo second order

Table 1. Adsorption of PPNPs by pseudo-first-order and pseudo-second-order kinetics

First order kinetics

Second order Kinetics

R? K, (min™) R? K, (g.mg'min")
PPNPs 0.8512 4.598X10 0.9899 1.65X107
Table 2. The Langmuir and Freundlich isotherms constants of PPNPs adsorption biochar
Langmuir Freundlich
R R, K, R> K, n
PPMPs 0.9019 0.1123 0.4521 0.9803 11.9652 2.7456
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4. Conclusion

The adsorption mechanism of PPNPs on biochar
derived from date fibers as an adsorbent was
investigated. The results obtained from the
characterization techniques (FT-IR, XRD, and
SEM) confirm the adsorbent characterization. The
optimal conditions for removing PPNPs were the
amount of adsorbent 80 mg, contact time of 120
min, and initial concentration of 50 mg L' for
the PPNPs. The isotherm data could be obtained
according to the Langmuir model. The kinetic data
of the PPNPs are modelled by the pseudo-second-
order, revealing that the nature of the kinetic
adsorption is chemical. The present study shows
biochar derived from date fibers to be an effective
adsorbent for removing PPNPs from aqueous
solutions.
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