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The high content of carbon compounds in palm fronds (OPF) makes them
potentially useful as an adsorbent. The carbonization method was used for the
adsorbent synthesis process. This process began with collecting palm frond waste
and then drying and sifting the adsorbent particle. This process resulted in the
escape particles with a size of 80 mesh and suspended particles with 120 mesh.
Then this process continued by carbonizing the palm fronds with temperature
variations starting from (400, 500, and 600°C) for 60 minutes to obtain Charcoal
0il Palm Fronts (COPF). The obtained COPF was determined for moisture and ash
content and characterized using FTIR, XRD, and SEM to determine the surface,
functional groups, degree of amorphism, crystallinity, and surface morphology.
The adsorption efficiency of COPF was applied to the adsorption of Fe (III) in peat
water under varying contact time, adsorbent mass, and peat water volume
conditions. The water and ash content of COPF qualify the technical quality
requirements for activated charcoal according to SNI 06-3730-1995. FTIR
analysis detected the presence of vibrations of the C-0, 0O-H, C=0, C-C, and C-H
functional groups on the COPF surface. The XRD pattern showed the existence of
a semi-crystalline (002) and (100) plane structure, which is shown at scattering
angles of 26 = 22° and 42°. The surface morphology of COPF showed that as the
carbonization temperature increased, the number of pores formed increased, and
the pore size decreased. The best adsorption test results were obtained with a
contact time of 30 minutes, an adsorbent mass of 1.00 g, and a peat water volume
of 100 mL. The highest Fe adsorption efficiency was achieved by COPF 500, where
the adsorbed mass was 0.054 mg. Increasing the carbonization temperature
causes the water content to decrease and the ash content to increase. High water
content and ash content cause a decrease in adsorption efficiency because they
can cover the pores of the adsorbent.

1. Introduction

oil palm fronds (OPF) is still not optimal. Palm fronds are
only placed around oil palm trees or burned and used as

Oil palm (Elaeis guineensis Jacq.) is one of the
industrial plants that play a critical role in producing
cooking oil, fuel (biodiesel), soap products, and other oil-
based products. Data from the Indonesian Central
Statistics Agency shows that the area of Indonesian oil
palm plantations in 2017 was 12.38 million ha and is
estimated to continue to grow in 2018, covering an area of
12.76 million ha. The oil palm plantation area is spread
over 25 provinces. Riau province has the largest oil palm
plantation area, 2.21 million ha in 2017, and is estimated
to increase in 2018 to 2.32 million ha [1]. The utilization of

plant fertilizer.

Palm fronds contain the three largest constituent
compounds: cellulose (31.5%), hemicellulose (19.20%),
and lignin (14%) [2]. The content of these organic
compounds allows palm oil fronds to have the potential to
be used as a material for making charcoal. This is because
palm oil fronds have cellulose and lignin, which, when
carbonized, produce charcoal due to incomplete
combustion reactions [3].
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The palm fronds waste has been converted into palm
frond charcoal (Charcoal Oil Palm Fronds, COPF) with a
calcination temperature of 600°C and a variation of 30,
60, and 120 minutes. The most significant efficiency of
free fatty acid adsorption in CPO at COPF 600 at 60
minutes of carbonization time was 77.81% [4]. Research
by Melati et al. [5] proves that activated carbon is
effectively used as an adsorbent for solids, liquids, or gas.
The results showed that activated carbon had a better
performance than CNF in terms of ammonia adsorption
ability.

The area of peatland in Indonesia is 1.46 million
hectares, including Kalimantan (0.75 million hectares),
Papua (0.40 million hectares), and Sumatra (0.31 million
hectares). Oil palm plantations in Indonesia cover 8.90
million hectares, of which 1.25 million hectares are on
peatland [2]. Riau is a province that has the largest
peatland on the island of Sumatra, which is 4.04 million
hectares. Water sources in peaty areas or swamp areas are
generally shallow, with brown water and high levels of
humus acid, organic matter, and iron. This type of water
has characteristics such as dark brown to blackish (124 —
850 PtCo), high organic content (138—-1560 mg/L KMnO,),
iron (Fe) content > 1 mg/L, manganese (Mn) content > 0.8
mg/L and acidic (pH 3.70—5.30) [6]. One method that can
reduce the Fe content in peat water is the adsorption
method.

Harfinda [7] synthesized a Ca-Alginate adsorbent
that was applied to reduce the Fe content from the peat
water. The most remarkable reduction efficiency of Fe
content is 79.28% with optimum conditions of 0.75 g
mass of adsorbent, 2 M CaCl,, and 3 hours of adsorption.
The adsorption efficiency of Fe from peat water is still
relatively low; therefore, it is required to discover other
sources, such as oil palm fronds waste, that are simple to
find and prepare, environmentally friendly, time-
efficient in decreasing Fe, and cost-effective.

From the explanation above, an adsorbent based on
palm frond charcoal will be synthesized with
carbonization temperature variations of 400, 500, and
600°C for 60 minutes based on Muhdarina et al. [4] and
applied to the adsorption of Fe (III) in peat water based on
Harfinda [7]. This research is expected to optimize local
natural resources from oil palm frond biomass and to
reduce Fe (III) levels from peat water.

2. Methods

This research used the carbonization method and
explained the tools, materials, and synthesis steps below.
The results of quantitative data were repeated three
times.

2.1. Materials and equipment

The materials used in this study were oil palm fronds
(OPF) obtained from J1. Pekanbaru-Bangkinang KM 16
(0°27'NL and 101°21” WL), 1 M HNO; (98% nitric acid),
buffer solution pH 4, 7, and 10 (Merck), distilled water,
and demineralized water. The tools used in this study
were a cooking knife, hotplate stirrer (Rexim RSH-1DR),
analytical balance (ABJ 320-4NM reading accuracy: 0.1
mg/0.0001 g), oven (Heraeus Instruments), FTIR (IR

Prestige-21), SEM (6510 LA), AAS (AA-7000 Shimadzu),
XRD (PANanalytical Empyrean), pH meter (Hanna
Instruments), furnace (Naberthem type L31R), centrifuge
(corning minicentrifuge), 80 and 120 mesh sieves, and
laboratory glassware.

2.2. Preparation of COPF

The OPF was cut into a size range of + 2 cm? before
being cleaned with distilled water and then sun-dried to
minimize its moisture content. The samples were further
dried in a 105°C oven for two hours. Sample pieces were
carbonized at different furnace temperatures (400, 500,
and 600°C) for 60 minutes [5]. The carbonized samples
were ground to a finer size, and then the results were
homogenized by sifting through 80 and 120-mesh sieves.
In order to remove water vapor from the air, the products
were placed in a desiccator. The charcoal samples were
labeled as COPF 400 (carbonization at 400°C for 60
minutes), COPF 500 (carbonization at 500°C for 60
minutes), and COPF 600 (carbonization at 600°C for 60
minutes).

2.3. Characterization of palm frond charcoal
2.3.1. Water content (SNI 06-3730-1995)

One gram of charcoal was put into a dry porcelain cup
and oven-dried at 105°C for 2 hours. The dried charcoal
was cooled in a desiccator and weighed to a constant. The
water content can be calculated by equation (1).

Water content (%) = 2=2 x 100% (1)

a

where, a is the initial weight of charcoal (g), and b is the
weight of dried charcoal (g).

2.3.2. Ash content (SNI 06-3730-1995)

Five grams of charcoal was placed in a crucible with a
known weight and ashed in a furnace at 900 for an hour.
The formed ash in the crucible was cooled and placed in a
desiccator. The crucible was weighed until a constant
weight was obtained. The ash content can be calculated by
equation (2).

Ash weight (g)

0,
Sample weight (g) x 100% (2)

Ash content (%) =

2.3.3. Characterization of COPF

The COPF in KBr pellets was characterized using FTIR
to identify the functional groups. The process of grinding
COPF with KBr crystals (attempted in a dry state) was
used to prevent the condensation of vapor from the
atmosphere. The surface morphology of COPF was
visualized using SEM. XRD was utilized to determine the
degree of crystallinity by observing the peaks formed.

2.3.4. Peat water sampling

Samples of peat water were taken from irrigation in
Rimbo Panjang village, Tambang district, Kampar
regency, Riau. The procedure for collecting wastewater
samples conforms to SNI 6989.59-2008, while the
method for testing for iron (Fe) with AAS conforms to SNI
06-6989.4-2004. Sampling was conducted at three
points: the surface, mid-depth, and bottom of the well.
The pH of the peat water sample was determined in situ
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before being transported to the lab, and HNO; was
injected until the pH dropped below 2. A cooler was used
to store the water sample.

2.3.5. Peat water adsorption

Adsorption was performed in batch experiments
where 1 g adsorbent was added to 100 mL of peat water
sample in an erlenmeyer flask and stirred using a hotplate
stirrer at 120 rpm for different times of 15, 30, 45, and 60
minutes. Samples were centrifuged for 15 minutes at 6000
rpm, and the supernatants were pipetted to measure the
Fe (III) content. This step determined the optimum
adsorption time (step (a)).

Furthermore, the optimum time in step (a) was used
as contact time at the adsorbent mass variation step with
0.5, 1, and 2 g. The experiment was carried out in action
(a), and the optimum mass of the adsorbent was obtained
in step (b). Then the results in steps (a and b) were used
for volume variations of peat water of 100, 200, and 300
mL (step c). Then the Fe (III) levels were analyzed using
(AAS). The amount of Fe(III) adsorbed was calculated by
the equation below.

Percent amount of Fe(II) (%) = (a—b) x 100% (3)

where, a is the initial Fe weight of peat water (mg), and b
is the weight of Fe after adsorption (mg).

3. Results and Discussion
3.1. Water content and ash content of COPF

The COPF characterization carried out in this study
included an analysis of water and ash content. COPF,
which has been synthesized by carbonization with
different temperature variations of 400, 500, and 600°C
for 60 minutes, was determined by water and ash content.
Data on the water and ash content of COPF samples can be
seen in Table 1.

Table 1. Water and ash content data of COPF adsorbent

Sample Calcination Water coﬁign t
p temperature (°C) content (%) (%)
COPF 400 400 3.78 8.87
COPF 500 500 3.10 9.56
COPF 600 600 2.39 9.95
SNI06-
3730-1995 Max. 15 Max. 10

The COPF 400, COPF 500, and COPF 600 were
analyzed gravimetrically for moisture and ash content. It
is necessary to calculate the water content of an adsorbent
to determine its hygroscopic properties. In Table 1, the
water content of COPF 400, COPF 500, and COPF 600 were
3.78%, 3.10%, and 2.39%, respectively, indicating that
the water content reduces as carbonization temperature
increases. The decrease in water content as calcination
temperature increases is caused by the increase in water
in the vaporized COPF. The water content decreases with
rising temperatures [8]. COPF400 achieved the highest
water content of 3.78% due to the low carbonization
temperature compared to other charcoals. Based on the
technical quality requirements for activated charcoal

specified in SNI 06-3730-1995, COPF has been accepted
as a standard adsorbent since its moisture content is less
than the maximum permitted limit of 15%.

The ash content or total ash represents the total
amount of minerals in the biomass. Ash content also
indicates the number of metal oxides present in COPF.
This ash was a residue of the combustion or carbonization
process of the palm fronds. From Table 1, it can be seen
that COPF ash content increased with increasing
carbonization temperature, with COPF 400 at 8.87%,
COPF 500 at 9.56%, and COPF 600 at 9.95%. This is
because as the carbonization temperature rises, the metal
has a higher possibility of oxidizing, producing a
substantial amount of ash. Ash content increases with
increased carbonization temperature [9]. COPF600 had
the highest ash content of 9.95% due to its higher
carbonization temperature than other charcoals. COPF
has qualified the standard SNI 06-3730-1995 for the
category of ash content for the technical quality
requirement of activated charcoal, which is 10%.

3.2. Surface functional groups of COPF

Functional groups on the COPF surface were
analyzed using the Fourier Transform Infrared
Spectrophotometer (FTIR). The IR absorption spectra of
the COPF sample are presented in Figure 1.
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Figure 1. FTIR spectra for each temperature variation

Analysis of surface functional groups was necessary
to determine the relationship between temperature
variations and surface functional groups and the
degradation of cellulose on the adsorbent’s surface. Based
on Figure 1, the spectra of the three synthesized samples
generally showed the presence of O-H functional groups
(phenol and free OH groups) at 3610-3670 cm™ (A). The
stretching OH (carboxylate) at 3200-2800 cm™ (B) is
probably the functional group of cellulose and adsorbed
water. The 2924 cm™ (C), 2300-2400 cm™ (D), and 1600
cm (E) peaks are attributed to the C-H stretching, C-H
bending, and C=C aromatic. In addition, the stretching
C=0 groups of carbonyls were found at 1800-1400 cm™
(F). These groups are regarded as functional groups in the
chemical structure of hemicellulose and lignin. The
absorption bands at 1200-1400 cm™ (G) correspond to CO
(carboxylic acid). -CH rocking from cellulose appears at
896-900 cm (H) [10].

The appearance of aromatic C=C, CH, C=0 carbonyl,
and C-0 is due to the presence of these functional groups
on the surface of the charcoal, as well as the oxidation
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process caused by heat, which forms O-H, C=0, and C-0O
groups. The functional groups on the surface of charcoal
are generally phenol, ether, carboxyl, ketone, lactone,
and anhydrous carboxylate [11].

The spectra of COPF 400, 500, and 600 share
similarities, particularly at COPF 400 and 500, where the
ranges are comparable. The difference was readily
apparent when comparing COPF 400 and 500 to COPF
600. The difference in wavenumber 3610-3670 cm™,
which corresponds to the O-H stretching vibration of the
free O-H group, is most likely due to the functional group
of cellulose or adsorbed water. As shown in Figure 1, the
O-H stretching intensity of COPF 500 (3.648 cm™) was
£40% lower than that of COPF 400 (3631 cm™), indicating
that cellulose degradation occurred with increasing
temperature. The intensity similarly decreased when
examined from the perspective of the O-H stretch
absorption at 3740 cm™ (COPF 600). The increase in
temperature causes the vibrational intensity of the
functional groups to decline due to the degradation of the
constituent compounds (cellulose, hemicellulose, and
lignin) [12].

3.3. Crystallinity of COPF

Analysis using the XRD instrument was intended to
determine the lattice parameters and degree of
crystallinity by observing the peaks formed. The results of
X-ray diffraction at COPF 400, COPF 500, and COPF 600
can be seen in Figure 2. The XRD showed two diffraction
bands at 26 = 22—25° and 42—44°. The peaks come from
standard C graphite, which has crystalline properties. The
amorphous phase in the diffractogram was characterized
by a broad rise at 10-40° [13]—determination of the
degree of crystallinity of the sample using Origin Pro
software.
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Figure 2. XRD diffractogram of COPF 400, COPF 500, and
COPF 600
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Figure 2 demonstrates that by increasing the
carbonization temperature, the peak intensity of COPF
400, COPF 500, and COPF 600 increases at 28 = 22—25°
(2016.67; 2138.33, and 2158.33°) and 42-44° (725.00,
791.66, and 783.33°). Increasing the degree of
crystallinity implies increasing the number of crystalline
phases with increasing carbonization temperature. This
was also confirmed by the calculated values of 4.04%,

6.61%, and 7.17% of the crystallinity degree. The value of
the crystallinity of this charcoal comes from the change
in the amorphous carbon structure of the oil palm frond,
which is subjected to heat treatment and produces a
semi-crystalline graphite structure [13]. This crystallinity
value certainly affects the adsorption efficiency of COPF.

Adsorption was closely related to surface area
(porosity). Increased crystallinity can occur due to
normal shrinkage in the crystallite structure of charcoal,
which cause results in wider gaps between crystals and
more pores. The porosity and surface area will increase
along with the higher crystallinity, which causes the
adsorption efficiency to increase [14]. This result was
evidenced by the ratio data Lc (crystal height) and La
(crystal width), shown in Table 2.

Table 2. Sample lattice parameters based on XRD results

Sample 26 (002) (°) 26(100)(°) Lc(nm) La(nm) Lc/La
COPF 400 22.845 42.669 8.061  24.123 0.334
COPF 500 23.927 43.692 8.427 23.529 0.358
COPF 600 24.204 43.734 8.587  21.055 0.407

In Table 2, the Lc/La ratio for COPF 400, COPF 500,
and COPF 600 samples increased, indicating a greater
surface area [15]. Higher Lc implies more bonding of
carbon atoms, which causes the distance between layers
and the width of the lattice layer (La) to decrease. The
microcrystalline value is related to the surface area of the
charcoal; when La decreases and Lc increases, the carbon
surface area will be higher [14].

3.4. Surface morphology of COPF

The surface morphology of COPF was analyzed using
Scanning Electron Microscopy (SEM). Figure 3 shows the
surface morphology of COPF for each temperature
variation (400, 500, and 600°C).

Figure 3. Surface morphology of COPF using SEM (ACE
3000x magnification, BDF 10,000x magnification)

The carbonization temperature causes differences in
the size and shape of the surface pores of the synthesized
charcoal. The pore sizes of each charcoal obtained from
SEM analysis with Image] application were COPF 400
(5.71 microns), COPF 500 (4.37 microns), and COPF 600
(4.16 microns). In Figure 3, COPF 400 (A and B) has large
pore sizes with irregular shapes and a lot of tar and ash
covering the pores, thus reducing its adsorption
efficiency. The pore size is much smaller, yet there are
more pores at COPF 600 (E and F) than at COPF 500
(Cand D).

The surface morphology of COPF 500 features
relatively small pores with minimal tar and ash on them.
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The COPF 600 surface has relatively more pores and is
somewhat smaller than COPF 400 and 500 due to the
difference in carbonization temperature. The number and
size of the pores increase with the carbonization
temperature. The higher thermal energy makes the
particles move faster, increasing particle collisions and
the number of pores produced. In addition, the heat
penetrating the surface will damage the large pore
structure, resulting in the formation of smaller pores [16].
The pore sizes of COPF 500 and COPF 600 are relatively
similar, but the pores of COPF 600 are covered by more tar
and ash. The higher the carbonization temperature and
time, the higher the ash content formed. The ash can
interfere with the adsorption process of charcoal because
it covers the pores [9].

3.5. Initial peat water analysis

A sampling method from peat water was carried out
based on SNI 6989.59-2008 (water and wastewater
sampling method) and SNI 06-6989.4-2004 (method of
testing for iron (Fe)) using the AAS instrument. Odor, pH,
and initial Fe content in peat water were the first
parameters identified from peat water sampling. Odor
parameters were analyzed organoleptically by 12
respondents. Before and after the adsorption of peat
water can be seen in Table 3.

Table 3. Characteristics of peat water before and after
adsorption

Parameter Before adsorption After adsorption (COPF 500)

Odor* Slight odor Odorless

Color* Dark chocolate Colorless
peat water pH 3.10 7.10
Iron (ppm) 0.66 0.00

*data obtained from 12 respondents

3.6. Adsorption of Fe(III) from peat water
3.6.1. Effect of contact time

Figure 4 displays the results of Fe adsorption with
various contact times. A 30-minute adsorption test
revealed that COPF 400 had an adsorption efficiency of
94.76%, COPF 500 had the highest adsorption efficiency
of 100%, and COPF 600 had the lowest adsorption
efficiency of 96.13%. Adsorption for 15 minutes did not
generate optimal results because the adsorbate was not
equally distributed on the active site of the adsorbent, and
collisions between the adsorbate and the active area of the
adsorbent were unlikely. The rapid adsorption process
resulted in an uneven distribution of adsorbent particles
on the surface of the adsorbent [5].

The best adsorption activity was achieved with 30
minutes of contact time. It can be seen from the increase
in Fe (III) adsorption and is the optimal point for
adsorption. This may occur due to the increased contact
time; the adsorbate may be equally distributed on the
active site, and the likelihood of collision between the
adsorbate and the active site rises. Increasing contact
time results in more significant metal adsorption [15].
The adsorption efficiency decreased as the contact time
increased from 30 minutes to 45 and 60 minutes. The
number of unoccupied sites reduces with time, thus

resulting in a slower adsorption rate. When the
adsorption sites are depleted, there is a repulsion between
the adsorbate and the adsorbent’s surface [5].
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Figure 4. Graph of the relationship between contact time

and the adsorption efficiency of Fe (III) at various
carbonization temperatures

The decrease in adsorption efficiency can also be
explained by the water and ash content. COPF 500 has a
higher adsorption efficiency than COPF 400 because of its
low water content. The remaining water in the substance
can block the surface pores, blocking access to the active
site [17]. Although COPF 600 has a lower water content
than COPF 500, the higher ash content decreases its
adsorption efficiency. High ash content can block the
pores on the surface of the adsorbent, thus reducing its
surface area. A material with a reduced ash content is
more effective as an adsorbent [18].

The IR spectra of COPF 500 show a lower intensity
than COPF 400 on the vibrations of the O-H and C-H
functional groups, implying the functional groups in
cellulose. The decrease in energy can be attributed to the
thermal degradation of cellulose. The degradation of
cellulose and other carbon compounds has resulted in
forming of many pores of decreasing size. This result may
also be explained by the degree of crystallinity. Increasing
the degree of crystallinity improves the porosity and
surface area in line with the Lc/La ratio value, which also
increases the adsorption efficiency [14]. The degree of
crystallinity increased from COPF 400, COPF 500, and
COPF 600. According to these results, COPF 500 exhibits
the highest adsorption capacity, followed by COPF 600
and COPF £400. COPF 600 contains more ash than COPF
500, thus reducing adsorption capacity. As depicted in
Figures 3A and B, the surface morphology of COPF 500 has
a relatively small pore size (4.37 microns), a rather large
number of pores, and minimal combustion residue
compared to COPF 400.

Based on the trend graph in Figure 4, which depicts
the correlation between the adsorption efficiency of Fe
(II1) and various contact times, the optimum adsorption
time is 30 minutes. This contact time was employed as
reaction time in the second adsorption stage by varying
the COPF mass.

3.6.2. Variation of adsorbent mass

It can be seen from Figure 5 the percentage of
removal initially increased with increasing adsorbent
mass but decreased after 1 g. COPF 500 had the best
adsorption efficiency among the three materials, with
0.054 mg adsorbed using 1 g of adsorbent. The adsorption
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efficiency increased from 0.5 g to 1 g because adding
adsorbent mass increased the adsorbent surface area and
available pores. The increase in adsorbent mass will cause
more available active sites [19]. Hence, the optimum
adsorbent mass for Fe(III) adsorption was 1 g.

The adsorption efficiency decreased from1gto2 g
because with the increase in the mass of the adsorbent
and there would be aggregation on the adsorbent so that
the surface area would decrease. There are more active
sites at low adsorbent mass because adsorbent
aggregation occurs with increasing adsorbent mass, and
efficiency decreases [20]. The optimum adsorbent mass
was obtained at an adsorbent mass of 1 g, according to the
trend graph in Figure 5.

100 A
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Adsorbent mass (g)

Figure 5. Graph of the relationship between adsorbent
mass and adsorption efficiency of Fe (III) at various
carbonization temperatures

3.6.3. Variation of peat water volume

COPF 500 has the highest efficiency of 100% in the
adsorption of Fe(Ill) from peat water, with the best
volume of 100 mL and an adsorbed mass of 0.054 mg.
Figure 6 demonstrates that the adsorption efficiency of
Fe(III) decreases as the volume increases from 100 mL to
300 mL. This decrease was caused by the increased
interaction between adsorbate particles, thus making the
active site challenging to access. Nevertheless, the
adsorbate particles impede one another [21]. The
optimum volume of peat water in this adsorption test was
obtained at 100 mL by examining the trend graph in
Figure 6. The comparison of the adsorption efficiency of
Fe in other studies can be observed in Table 4.

Table 4. Comparison of the efficiency of Fe adsorption by

COPF with other studies
No. Type of adsorbent Efficiency (%)  Reference
1 COPF 500 100 This
research
2 Ca-Alginate 79.28 [7]
3 Chitosan membrane 92.20 [6]
Coffea Robusta Waste 65.40 [22]

Active Carbon

95 1
85 4
75 1

65 1 —0—400
55 -

\ —8-500
45 1 : 600

35 A
25 1
15

Adsorption efficiency (%)

0 100 200 300
Volume of peat water (mL)
Figure 6. Graph of the relationship between the volume

of adsorbate and adsorption efficiency of Fe (III) at
various carbonization temperatures

4. Conclusion

The synthesized charcoal with various carbonization
temperatures of 400, 500, and 600°C showed a water
content that decreases with increasing temperature, with
the highest water content of 3.78% obtained by COPF 400.
Likewise, the ash content increases with increasing
temperature, with COPF 600 producing the greatest ash
content at 9.58%. Identification of functional groups on
the surface of COPF indicated the presence of groups such
as C-0, 0-H, C=0, and C-H with differences in vibration
intensity. Increasing the carbonization temperature
reduces the pore size and increases the pore count. The
degree of crystallinity grows as the carbonization
temperature rises. Increasing the degree of
crystallization results in a high Lc/La ratio, which implies
an increase in surface area. The highest Fe(III) adsorption
efficiency was obtained by COPF 500 with 30 minutes of
contact time, 1 g of adsorbent mass, and 100 mL of peat
water. The higher the water and ash content decreases the
adsorption efficiency because the high water and ash
content can cover the pores, thereby inhibiting the
adsorption process.
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