Humic Acid Adsorption on Natural Fiber Surface-modified
Polypropylene

Bashir Brika'", Wael Elhrari>?, Mahasn Kubbat', Hoda Jelani’,
Abdulrouf Trish??

! Libyan Advanced Center JOV Chemical Analysis, Libyan Authority for Scientific Research,
Tripoli, Libya (Tel. +218 91 0610178)

2 Libyan Polymer Research Center, Tripoli, Libya
3Research, Consultation and Training Center, Sirte University, Sirte, Libya

*Corresponding author (E-mail: bashirforlibya@gmail.com)

Abstract: Polypropylene, a commercially abundant polymer, has widely been used for
industrial applications but due to its low surface charge, the use of polypropylene as an
adsorbent to remove humic substances from water and aqueous solution has never been
explored. The objective of this study is to explore opportunities for removal humic acid (HA)
from aqueous solutions using a composite of polypropylene with inexpensive and abundant
natural materials such as palm date leaf fibers and seaweed (Posidonia). Composites with
different percentages were prepared by a melt extrusion method and were then used
individually as a granular adsorbent for the removal of humic acid aqueous solution. Batch
adsorption experiments were conducted under various conditions of process parameters
(initial HA concentration, pH, contact time, and adsorbent weight) to examine the HA
removal efficiency. The experimental results showed that optimal conditions for humic acid
removal were initial humic acid concentration (20 mg/l), low pH (2.0), low adsorbent weight
(0.2 g) and contact time of 50 minutes. At these conditions the best removal of humic acid
was achieved by polypropylene seaweed composite (68%). From this study, it can be
concluded that seaweed mixed with polypropylene (at low concentration) could be an
effective and low-cost, natural and abundant material for the removal of humic acid from
water sources.
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humic acid
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1. Introduction

Natural organic matters (NOM), which are a
mixtures of decomposition product of plants
and animals, are major constituents com-
monly present in water that require removal
[1,2]. Humic acid (HA) accounts for a
significant portion (40-90%) of the NOM [3]
and has a harmful effect on the water
quality, such as undesirable color (yellowish
to brownish) and taste; serves as food for
bacterial growth; binds with heavy metals
and other organic substances to yield high
concentrations of these substances and
enhance their transportation in the water;
reacts with chlorine during water treatment
leading to the evolution of chlorinated
organic compounds, some of them know as
human carcinogens (trihalomethanes) [3-7].
As a result, humic acid is considered as im-
purities and needs to be measured for water
studies.

In the past years, several methods have been
employed for removal of humic acid from
aqueous solution. adsorption is one of the
most-effective methods in removal of humic
acid. Several kinds of adsorbents have been
employed for humic acid adsorption includ-
ing zeolite [8], polypyrrole-coated granules
[9], chitosan [10-13], clay [14], activated
carbon [15-17], and resins [18]. However,
some of the previously mentioned adsorbent
compounds have some shortcomings; for
example, activated carbon is expensive and
requires high operating cost and require fre-
quent regeneration [3]. In recent years, many
efforts have been focused on low-cost and
abundant natural minerals sorbents for water
and wastewater treatment adsorbents.

The conventional filtration process, which
uses sand as the filter media, has been found
to be ineffective in removing humic sub-

© The AIC 2025. All rights reserved.

stances. In water filtration, there has been a
considerable interest in the use of granular
media that can enhance the removal of
humic substances [19]. One option is to
replace the sand with modified polyolefin as
the filter media.

Polyolefin’s and polypropylene have a very
low surface charge due to the non-polarity
nature of the polymer and thus because the
surface tension of these polymers ranges
between 30 and 40 dynes/cm, the polymers
would not attract any polar chemicals and
hence the removal of these compounds
would not be achieved. The polarity can be
changed of this family of polymers by
ionizing the surface. However, this is not a
permanent surface change as it tends to
reverse with time. For this reason, natural
materials such as natural fibers (palm date
leaf) and seaweed (Posidonia) were chosen
in this study to be melt mixed with
polypropylene and investigate the humic
acid removal by the modified poly-
propylene.

To date, no study related to adsorption of
humic acid by natural fiber-modified
polypropylene has appeared in the literature.
The aims of this study are (1) to determine
the ability of modified polypropylene to
adsorb humic acid from aqueous solutions
and (2) to examine the effect of different
parameters such as contact time, adsorbate
concentration, adsorbent weight and initial
pH value on the adsorption process. It is
hoped that this modest effort may substitute
the deficiency in the literature on the
modification of polypropylene using natural
fibers materials such as palm date leaf and
seaweed.
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2. Materials and Methods

Materials

A commercially available polypropylene in
the form of granular pellets from LUKOIL
and used as the matrix [(Polypropylene
Buplen 6631), melt index = 1-3 g/10 min
(230°C, 2.16 Kg), density of 898-905

Preparation of Modified Polypropylene

The method of production that was chosen
for the modified polymer was extrusion as
this method could lead to a large production
volume and the physical size could be
maintained relatively easily.

Dried polypropylene pellets were melted,
mixing once with palm date leaf fibers and

Characterization Techniques

The contact angle measurements were
carried out using rame-hart instrument co.
Model 200-F4 at room temperature. Two uL
volume drops of water were deposited on
the surface of the samples using a syringe.
Pictures of the water drops were acquired
through a digital camera positioned on a
static contact angle analyzer. The 0 of the
contact angle was measured automatically

Batch Adsorption Experiments

Humic acid solution was prepared by
dissolving a certain amount of humic acid in
a known volume of deionized water. The
solution was stirred for 2 h and filtered
through a Whatman membrane filter (0.45
um) before conducting the adsorption tests.

A series of batch adsorption experiments

were conducted to examine the adsorption
isotherm, and the effect of solution pH
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kg/m®]. The natural fibers (palm date leaf)
and seaweed (Posidonia) were provided
from the Libyan Polymer Research Center,
while humic acid was purchased from

agricultural equipment market.

once with seaweed fiber powder by using
HAAKE mini twin-screw extruder CTW,
with average screw speed of 35 rpm, and
barrel temperature of 190°C. Blend samples
of different percentages (1, 3 and 5 w%)
were prepared and then were grinded and
prepared for analysis and adsorption
experiments.

from the image setup. Each contact angle
value is an average of five measurements.

Unmodified and modified forms of the
polypropylene were characterized using
Fourier-transformed infra-red spectroscopy
(630 FTIR, Agilent). Measurements were
taken in transmission mode at the range of
4000-580 cm™! with resolution of 4 cm™'.

values on the adsorption behaviors. In the
adsorption experiments, a number of 100-ml
flasks contained 20 ml of the humic acid
solution with an initial pH value of 6 and an
initial humic acid concentration in the range
of 10-100 mg/l, respectively, were used. A
0.2-gram  amount of the modified
polypropylene was added to each of the
flasks and the contents were stirred on a
shaker at 120 rpm and at room temperature

Volume 96 Number 1 | The Chemist | Page 3



(25°C) for 1 h for adsorption to take place
and reach equilibrium. The initial and final
humic acid concentration in the solutions in
each of the flasks was determined with an
UV-visible spectrometer (Photolab 7600
UV-vis, Xylem Analytics, Germany) at 254
nm in 1 cm quartz cell.

R (%) = %x 100

The amount of humic acid adsorbed on the
modified polypropylene at adsorption equili-

C0—-Ce)V
o = (€0=Ce)

where Co and C. are the initial and
equilibrium humic concentrations, respect-
ively (mg/L), V is the total volume of the

Adsorption Isotherms

The adsorption capacity is the value that
gives information about the feasibility of the
adsorbents for removing the humic acid as a

pollutant from water.

The two classical models of Langmuir and
Freundlich were tested to describe the

1

All experiments were performed in triplicate
and average values were wused for
calculations. The percentage of HA removal
(%) was calculated from initial HA
concentration (Co, mg/L), and final HA
concentration (C., mg/L) according to
equation 1:

(1)

brium, ge (mg/g) was calculated from the
equation 2:

2)

m

suspension (L), and m the adsorbent mass

(g)-

adsorption equilibrium of HA onto both
modified polypropylene with 1% palm leaf
fibers and modified polypropylene with 1%
seaweed. The Langmuir mode in the
linearized form can be written as follows
[20]:

1 1

— = + 3
qge qmax*Kl*Ce qmax )
Int t = ! 4
ntercept = gmax 4)

Sl = ! 5
Ope_qmax*l{l ®)

where ge is the amount of humic acid
adsorbed per unit weight of the modified
polypropylene granules at equilibrium
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concentration (mg g'), Ce is the final
concentration in the solution (mg I'"), gmax
is the maximum adsorption at monolayer
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coverage (mg g'), and K/ is the adsorption
equilibrium constant (1 mg".

The experimental isotherm data are also
modeled with log-linearized Freundlich
model in the format [20]:

1
logqezglogCe+logKf (6)

were ge and Ce have the same definitions as
in equation 3, Kf is a Freundlich constant
representing the adsorption capacity (mg g)

3. Results and Discussion

Characterization of Modified Polypropylene

Surface polarity

The surface polarity or the repulsion of
water was determined by means of the water
droplet method and subsequent measure-
ment of the contact angle of the water to the
substrate.

A one microliter droplet of distilled water
was placed on the surface of the substrate to
be measured. A photo was then taken with a
stereomicroscope that was connected to a
computer. The contact angle of the water
droplet with the surface of the substrate was

(1 g") ", and n is a constant depicting the
adsorption intensity (dimensionless).

thus measured and reported as angle theta

(0).

Data presented in Table 1 states that the
presence of palm date leaf fiber and seaweed
vastly reduces the surface tension, thus
increases the polarity of the polypropylene.
Furthermore, the lowest average contact
angle or the highest polar surface was
achieved with 1% seaweed followed by 1%
palm date leaf fiber. Therefore, these two
composites were used in the adsorption
experiments.

Table 1. Average Contact Angle Data vs. Polymer Composition

Polymer Co-extrudate Co-extrudate (%) Average Contact angle (0)
Polypropylene --- --- 95.3
Polypropylene Palm date fiber 1% 64.3
Polypropylene Palm date fiber 3% 66.9
Polypropylene Palm date fiber 5% 74.3
Polypropylene Seaweed 1% 63.5
Polypropylene Seaweed 3% 73.1
Polypropylene Seaweed 5% 72.9
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FTIR

To obtain a clear understanding of the
polypropylene structure characteristics, and
the effects of natural fibers modifications,

FTIR analysis was carried out. The obtained
FTIR spectrum is shown in Figure 1.

Figure 1. FTIR Spectrum of Polypropylene and Polypropylene Palm Date Leaf Fibers and
Polypropylene Seaweed

Figure 1 shows the FTIR spectrum of poly-
propylene, before modification (original)
and after modification with a 1% of palm
dates leaf fibers, and with a 1% of seaweed.
From Figure 1, FTIR spectra of poly-
propylene showed characteristic bands of
polypropylene, stretching vibration of —C-H
at 2959-2823 cm! and bending vibrations of
—CH2 and CH3 at 1471-1417 cm! and 1383-
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1349 ¢cm™'. When polypropylene was mixed
with palm date leaf fibers and seaweed, new
bands appeared that are characteristics of
natural fiber and correspond to cellulose and
lignin. O-H stretching vibration at 3448-
3169 cm™! and carbonyl stretching C=0O and
C-0O at 1770-1567 cm™ and 1084-1043 cm’!,
respectively.
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Adsorption of Humic Acid into Modified
Polypropylene

Effect of adsorbent weight on humic acid
removal

To investigate the effect of the modified
polypropylene as an adsorbent on the
efficiency of the humic acid adsorption

process, the experiments were carried out
with  different weights of modified
polypropylene ranging from 0.1, 0.2, 0.3 and
0.4 g; the other conditions were fixed for the
adsorption process (initial humic acid
concentration 20 mg/L, solution pH 2,
temperature 25°C, and adsorption time 60
min, 120 rpm). Results are presented in
Table 2.

Table 2. Effects of Adsorbent Weight of Palm Date Leaf Fibers and Seaweed on HA

Removal
HA removal
No Weight (gram)
R% (Palm fibers) SD R% (Seaweed) SD

1 0.1 28.06 0.011 48.14 0.021
2 0.2 33.67 0.013 47.86 0.014
3 0.3 32.27 0.012 42.80 0.13
4 0.4 30.87 0.011 41.20 0.015

As was expected from the literature, when
the adsorbent’s weight increased, the humic
acid removal increased [21,22], but the
results showed that the increase was not
clearly noticeable and there was a
fluctuation in the readings, especially in the
case of the seaweed samples. However, the
highest humic acid removal on both
modified polypropylene samples was
achieved when a weight of 0.2 g/20 mL was
used at 25°C. From the results, it is clear

Effect of pH on humic acid removal
The effect of pH on the adsorption of humic

acid onto modified polypropylene was
studied by varying the pH of the solution
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that an increase in the adsorbent weight
above 0.2 g had no important effect on the
adsorption efficiency of humic acid from the
aqueous solution. Additionally, regarding
the efficiencies of two modifications, it is
clearly noticed that more efficient removal
of humic acid was achieved with
polypropylene modified with seaweed than
with polypropylene modified with palm date
leaf fibers.

from 2.0 to 5. The results are shown in
Table 3 and Figure 2.
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Figure 2. Effects of pH on HA Removal Using (m) Palm Fibers, and (o) Seaweed (HA
concentration = 20 mg/l, weight=0.2 g, T =25 °C, V solution = 20 ml, t = 60 min, 120 rpm)

It was observed that the maximum adsorp-
tion was achieved at pH 2.0. As the pH of
the solution was increased from 2.0 to 4.0,
the percentage removal of humic acid on
modified polypropylene with palm date leaf
fibers decreased from 25.25 to 3.76% at an
initial concentration of 20 mg/L, while in the
case of modified polypropylene with sea-
weed the humic acid percentage removal
decreased from 67.77% at pH 2.0 to 6.5% at
pH 4.0. On the other hand, results showed

that there was almost no reduction in humic
acid removal above pH 4.0. This can be
explained by the following: as pH increases,
both the adsorbent surface and the humic
acid lose their protons and become nega-
tively charged, and, consequently, repel each
other. The decrease in humic acid adsorption
with increasing pH suggests that electro-
static interaction plays a role in the adsorp-
tion process [23].

Table 3. Effects of pH on HA Removal on Modified Polypropylene with Palm
Leaf Fiber and Seaweed

HA removal
No pH
R% (palm fibers) SD R% (seaweed) SD
1 2.0 25.25 0.022 67.66 0.018
3.0 12.05 0.019 19.77 0.021
3 4.0 3.76 0.011 6.50 0.016
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The high adsorption of HA at lower pH
values can be attributed to the external
hydrogen bonds formed between phenolic
hydroxyl groups of HA and hydrogen
bonding sites on the modified polypropylene
[24]. The large increase in adsorption be-

Effect of initial humic acid concentration

In order to investigate the effect of initial
humic acid concentration, experiments were
carried out at room temperature (25°C) and
at the initial pH 2.0. Initial humic acid
concentrations ranging from 10 to 50 mg/L
were prepared; 0.2 g of modified poly-

tween pH 3 and 2 could also be attributed to
a reduction in the size of the humic acid
molecules at low pH [25]. Smaller
molecular size enables more molecules to be
adsorbed on the adsorbent’s surface.

propylene was added to 20 ml of humic acid
solution and agitated magnetically at 120
rpm for 60 min. Obtained results of humic
acid removal are shown in Table 4 and
Figure 3.

704 —m— R% Palm date leaf

—0— R% seaweed

65 -
60 -
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Figure 3. Effects of Initial Concentration on HA Removal Using (m) Palm Fibers, and (0)
Seaweed
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Table 4. Effect of Initial Humic Acid Concentration on HA Removal

No Concentration HA removal
(ppm) R% (palm date leaf SD R% SD
fibers) (seaweed)

1 10 13.90 0.023 14.58 0.019
2 20 27.15 0.014 56.60 0.022
3 30 37.05 0.021 61.94 0.017
4 40 37.03 0.011 61.52 0.018
5 50 37.43 0.016 67.30 0.019

It can be observed that as the concentration
increased from 10 to 50 mg/L, humic acid
removal percentage increased from 13.9 to
37.43% in the case of modified poly-
propylene with palm date leaf fibers, while
in the case of modified polypropylene with
seaweed, humic acid removal percentage
increased from 14.58 to 67.3%. This is at-

Effect of contact time

The effect of agitation time on the ad-
sorption of humic acid onto modified poly-
propylene was determined within the fol-
lowing contact time intervals: 5, 10, 20, 30,
40, 50, 60 and 120 minutes. Experiments
were performed at room temperature (25°C),
at a fixed modified polypropylene weight of
0.2 g, pH 2 and initial humic acid con-
centration of 20 mg/L. Samples were stirred
for 120 minutes. The results of humic acid
removal as a function of time are presented

© The AIC 2025. All rights reserved.

tributed to the increase in the mass driving
force which allows more humic acid
molecules to pass from the solution to the
surface of the modified polypropylene. It is
clear that the initial humic acid concen-
tration plays an important role in the
adsorption process.

in Table 5 and Figure 4. The results showed
that the time of 50 minutes was sufficient to
achieve the maximum adsorption for both
modified polypropylene types. As can be
seen in the Figure 4, the adsorption process
can be divided into two phases: the humic
acid removal was initially rapid (fast) and
then slowed down until it reached equi-
librium at around 50 min for polypropylene
modified with palm date leaf fibers and
polypropylene modified with seaweed.
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Figure 4. Effects of Contact Time on HA Removal by (©) 1% Seaweed and (m) 1% Palm
Fibers

This can be attributed to the fact that in the beginning, a large number of vacant surface sites are
available for humic acid. After a while, the remaining vacant surface sites are hardly occupied

due to repulsive forces between the humic acid molecules in the aqueous solution and those on
the adsorbent surface [26-28].

Table S. Effects of Contact Time on HA Removal on Modified Polypropylene (a) with
1% Palm Date Leaf, (b) with 1% Seaweed

No Time (minutes) R% (Palm fibers) SD R% (Seaweed) SD

1 0 25.67 0.017 63.45 0.012
2 10 28.90 0.011 65.56 0.016
3 20 29.32 0.011 67.66 0.023
4 30 30.87 0.018 67.66 0.021
5 40 30.87 0.019 68.08 0.012
6 50 32.27 0.011 68.23 0.014
7 60 30.03 0.015 68.23 0.025
8 120 28.62 0.012 68.23 0.019
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Adsorption Isotherm Models

Two non-linear adsorption isotherm models
were used to describe the humic acid ad-
sorption onto tested modified poly-
propylene: Langmuir and Freundlich. The
equilibrium adsorption data were processed
by adsorption equations at temperatures of
20°C, 30°C, 40°C and 50°C, and the
obtained adsorption parameters for humic
acid adsorption onto two modified
polypropylene adsorbents are presented in
Table 6. The results show that the Langmuir
isotherm model represents somehow well
the experimental sorption data, since similar

range of correlation coefficients (%) were
obtained. Namely, the r? values for the
Langmuir adsorption model were in the
range from 0.513 to 0.986 at 20°C, and from
0.704 to 0.890 at 30°C. The calculated
isotherm parameters revealed that HA
adsorption onto polypropylene
modifications (palm date leaf fiber and
seaweed) followed the order: Langmuir.
Therefore, HA adsorption onto
polypropylene modified with (a) palm date
leaf fiber and (b) seaweed can be
characterized as monolayer adsorption.

Table 6. Langmuir Isotherm Model for HA Adsorption by Tested Modified Polypropylene

Temparatura ("C)
Isotherm | Parameter
20 30 40 50
PP +1% PP +1% PP +1% PP +1% PP +1% PP +1% PP +1% PP +1%
palm fibars | seaweed | palm fibers | seawaed | palm fibers | seaweed | palm fibars | seawsead
Qmat 0.0168 331 0.0618 0.244 013 0.0173 0.0401 1.511
Langmuir {mg/g)
KL (Lfmg)h 0.0056 00661 16.81 0113 2258 0.0730 23.85 0.0402
Rz 0.9857 0.5131 0.7044 08302 0.5556 0.4405 06447 0.2608

It can be seen from Table 6 that the Lan-
gmuir maximum adsorption capacity Qmax
was found to be 33.11 mg/g for poly-
propylene modified with 1% seaweed at

polypropylene with 1% palm date leaf fiber
prepared in this work showed a low ad-
sorption capacity of 0.0169 mg/g at the same
conditions.

20°C. On the other hand, the modified
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While polypropylene has not been studied
for humic acid removal due to its polarity, it
is possible to modify its surface with some
local natural materials to extend the ap-
plication of polypropylene as an adsorbent
to remove charged organic compound such
as humic acid from water and wastewater.

In this study, the removal of humic acid
from aqueous solution using commercially
available polyolefin (polypropylene) mod-
ified with natural fibers materials (palm date
leaf fiber and seaweed) was investigated.
The following conclusions are extracted
from this study:

e Adsorption of humic acid onto
modified polypropylene granules
was pH dependent and a significant
amount of humic acid could be
adsorbed under acidic pH conditions.

e Higher adsorption capacity and re-
moval efficiency values were ob-
tained with polypropylene modified
with seaweed at low concentration
(1%). The quantity of adsorbed
humic acid ranged from 0.0169 mg
g! for polypropylene
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