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ABSTRACT

Oil palm Empty-fruit bunches (OPEB) Bio-sorbent were modified by introducing phosphate
(P) into the OPEB-cellulose structure (P-OPEB). This modification effect to increasing the surface
area in purpose to enhancing the adsorption amount. Adsorption of Zn(ll) was keeping the optimum
adsorption by P-OPEB is higher than Fe(ll). On the other hand, by using OPEB bio-sorbent, Fe(ll)
was adsorbed higher than Zn(ll), but the adsorption amount by P-OPEB is higher than OPEB which
indicated phosphate modified was effected to increasing the adsorption capability of OPEB. The
properties of all adsorption systems are similar, refer to the Langmuir model, and kinetic models refer
to the 2"-order kinetics model, but Fe(ll) adsorption fits better with the OPEB Bio-sorbent. Besides
being able to increase the adsorption capacity, P-OPEB also makes the adsorption process faster
so that can be more efficient to remove Fe and Zn contaminants.
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INTRODUCTION

The development of science and technology
results in increased usage of heavy metals such as
Fe, Zn, Cu, Pb, Hg, Cd, and Cr. Heavy metals are
toxic materials that can cause damage to aquatic
organisms.’* Sources of metal pollution mostly
originate from mining, metal smelting, and other

industries, but can also come from domestic waste
as well as agricultural land that uses metal-containing
fertilizers.>® Heavy metal pollution can damage
ecosystems in water, affecting the population and
biodiversity. Water pollution can be caused by two
types of pollutants: those that cause eutrophication
and toxic substances that cause damage to aquatic
organisms.”® Previously, several treatments had been
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developed, such as ion exchange,® deposition,®>® and
electrochemistry.’ However, the adsorption method
has become an advantageous method for heavy
metal control because of the uncomplicated method
used, easy sample preparation, and unchallenging
selection of adsorbents.!-3

The palm oil business produces a lot of
solid trash, including oil palm empty-fruit bunches
(OPEB). The OPEB produced accounts for around
23% of palm oil production. In one day, processing
can produce hundreds of tons of OPEB. Since the
main components of oil palm waste are cellulose
and lignin, it is referred to as lignocellulosic waste.'*"
Notably, palm oil processing also produces liquid
waste containing heavy metals such as Fe and Zn. As
aresult, OPEB has the potential to be a good recycled
product that can be widely employed the function as a
heavy metal adsorbent.’®2° OPEB contains cellulose
(CH,,0,), by 41.3%-46.5%, where as hemicellulose
is 25.3%-32.5% and contains lignin by 27.6%-32.5%.
Cellulose is a carbon molecule made up of more
than 1000 glucose units bound by 1,4-B-glycoside
bonds and can be decomposed into simple carbon
compounds by various cellulose organisms. In the
meanwhile, lignin is a difficult-to-degrade component
of OPEB waste. This polymer is related to cellulose
and hemicellulose as a structural polymer.2!22

In addition, palm is one of the cultivated
plants that produces vegetable oil in the form of
Crude Palm Qil (CPO). In the palm oil processing
process, in addition to producing CPO, a large
amount of waste such as shell waste (shell), as
much as 6.5%, wet decanter solid (palm mud) 4%,
fiber 13%, and liquid waste as much as 50% is
also produced.2*2* Palm oil mill effluent is brown,
with a high Chemical Oxygen Demand (COD) and
Biological Oxygen Demand (BOD) concentration of
68.000ppm and 27.000ppm, respectively. It contains
dissolved and suspended solids in the form of
colloids, as well as oil residue. It's acidic (pH 3.5-4)
and made up of 95 percent water, 4-5 percent
dissolved and suspended components (cellulose,
protein, and fat), and 0.5-1 percent oil residue
(mainly emulsion). Palm oil liquid waste has a high
copper (Cu) 0.89 ppm, iron (Fe) 46.5ppm, zinc (Zn)
2.3ppm, and ammonia 35ppm content.?%26

In this study, We explored solid waste
from oil palm empty-fruit bunches as absorbent
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for heavy metal waste like Fe(ll) and Zn(ll),
that is also produced from processing oil palm
waste. Because of the Van der Waals interaction
between these functional groups and positively
charged heavy metals, the presence of the OPEB
cellulose structure's functional groups -OH and
-COOH enhances the number of heavy metals
adsorbed.?”?8 The presence of -OH groups in
cellulose is responsible for the polar nature of the
adsorbent. The reactive nature of this functional
group can also be modified on purpose to increase
the adsorption ability of OPEB, like the phosphate
introduced in this structure.?® The positively-charged
phosphate will bind to the -OH group on cellulose
and allow it to bind again with the-OH group on
other cellulose. This polymerization bond chain
will make the cellulose polymer structure longer
so that the surface area of this bio-sorbent gets
larger.®® In addition, the introduction of phosphate
to the cellulose bonds in the OPEB bio-sorbent into
phosphate oil palm empty-fruit bunches (P-OPEB)
bio-sorbent is also a strategy to increase the
amount of heavy metal adsorption, since the metal
is better adsorbed in an acidic atmosphere.®' This
strategy was also carried out because the larger
the surface area of the bio-sorbent induced, the
greater is the adsorption amount.3233

MATERIALS AND METHODS

Materials

Qil palm empty bunches were taken from oil
palm plantations around the Batang Kuis area, Deli
Serdang, North Sumatra, Indonesia. A total of 15 kg
was washed with distilled water, cut into small pieces,
dried at 70°C and ground to a size of 100 mesh. This oil
palm empty bunch powder is called bio-sorbent without
modification (OPEB bio-sorbent). The bio-sorbent is
then purified by washing in three repetitions.

Phosphate modification

A total of 50 g of bio-sorbent and 9.8 g of
H,PO, was combined, transferred to 1000 mL of
distilled water and heated at 60°C for 3 hours. Then
it was cooled, filtered, and neutralized with distilled
water until the pH was neutral. The prepared powder
was heated at 120°C for 3 hours. The phosphate-
modified oil palm empty bunches are obtained by
referring to P-OPEB bio-sorbent.
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Bio-sorbent Characterization

The bio-sorbent characterization of OPEB
was determined using an X-ray diffractometer
to observe the structure of the bio-sorbent, a
Fourier Transform Infrared Spectrophotometer
for functional group analysis, a Scanning Electron
Microscope and Energy Dispersive X-ray for
morphological analysis, and Brunauer-Emmett-Teller
for surface area determination.

Effect of Bio-sorbent Dosage on Fe(ll) and Zn(ll)
Adsorption

Different quantities of the bio-sorbent, such
as059,19,29,4g9, 69, and 8 g were prepared
in separate containers and 15 mL of FeSO, 30 mg/L
was added. The solution was allowed to stand for 45
minutes and stirred at 125rpm. Then it was filtered and
the filtrate was analyzed with AAS. The same method
is used for ZnSO, solution for Zn(Il) adsorption.

Effect of Initial Concentration on Fe(ll) and Zn(ll)
Adsorption

An optimum mass of the bio-sorbent was
measured and 15 mL of FeSO, solution was added
to each beaker in varying concentrations of 10
mg/L, 20 mg/L, 30 mg/L, 40 mg/L and 50 mg/L. The
solution was allowed to stand for 45 min and stirred
at a speed of 125rpm. It was filtered and the filtrate
was analyzed using AAS. The same method is used
for ZnSQO, solution for Zn(ll) adsorption.

Isotherms Properties Studies

Isotherm properties were observed from
the initial concentration-effect adsorption data to
analyze the interaction between OPEB bio-sorbent
and P-OPEB bio-sorbent with Fe(ll) and Zn(ll) ions.
This equilibrium adsorption is then fitted into Langmuir
as refer to Eq. (1) and Freundlich isotherms as Eq. (2)
to observe the properties of the occurring adsorption.

The Langmuir isotherms equation is represented by :

1

1 1
"4, TKa,C R

The Freundlich isotherms equation is
represented by :

1
logq,= log K¢+ Elog C. 2

Where q, represents the equilibrium
metal ion adsorption (mg g7), C, represents the
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equilibrium concentration (mg L") and q_ is the
maximum adsorption amount of metal ions (mg g).
K., also known as Langmuir’s isotherm constant, is
the energy of adsorption that is related to binding
affinity and K__ is the Freundlich isotherm constant to
examine the process and the energy of adsorption.

Effect of contact time on Fe(ll) and Zn(ll) adsorption

The bio-sorbent was weighed as the
optimum mass and put into each glass beaker. Then,
15 mL of FeSO, solution was added with the optimum
concentration previously obtained. The solution was
stirred using a stirrer at a speed of 125rpm for various
adsorption times of 15 min, 30 min, 45 min, 60 min,
and 90 minute. Then it was filtered and the filtrate was
analyzed using AAS. The same method is used for
ZnS0, solution for Zn(Il) adsorption.

Kinetics properties studies

Adsorption rate mechanisms between
Fe(ll) and Zn(ll) with both biosorbents, OPEB and
P-OPEB, were determined using pseudo first-order
as shown as Eq. (3) and pseudo second-order
kinetics models which manifested as Eq. (4)

Pseudo first-order is equation represented by :

q,=q (1-e™*) 3)

Pseudo-second-order equation is represented by:
1

1 1
— = — + —1 4
q, koqr” q, ()

Where q, is the metal ions concentration
(mg/g") adsorbed at equilibrium and gt is the amount
of metal ions adsorption at a specific time, t.k, is the
1sl-order rate constant (min™') and k, is the 2™-order
rate constant (g/mmol minute).

RESULTS AND DISCUSSION

SEM/EDX Characterization

The process illustrated in Fig. 1 was carried
out to compare changes in morphology in both
bio-sorbents of oil palm empty-fruit bunches and
an EDX analysis was conducted to ascertain the
phosphate (P) that was introduced into the cellulose
structure. The morphology of the modified OPEB
with phosphate (P-OPEB) was observed to be more
homogeneous and denser than the initial OPEB.
The presence of phosphate among the cellulose
structures, in addition to expanding its surface, also
makes the particle shape uniform in the bio-sorbent.
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It is supported by XRD analysis that phosphate
presence in the cellulose structure initiates the
polymer ordered structure of OPEB and begins to
form a slightly crystalline structure.®* It is observed
that in addition to C and O, which are the main
constituents of OPEB, this raw OPEB bio-sorbent
turned out to contain a lot of metal impurities, such
as Mg, Ca, and Al, as well as several non-metallic
elements like Si and P, which would be inducted into
the OPEB cellulose structure.

(a)

1
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(b)
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33 0% 099 1R 165 18 231 26 297 33)

Fig. 1. SEM / EDX analysis of raw OPEB (a), OPEB after
prepared (b) and P-OPEB (c)

The contaminant content in the initial OPEB
may come from the use of fertilizers or pesticides in oil
palm plantations. To obtain a bio-sorbent that is free of
contaminants before phosphate was added, three-time
washes with distilled water were used to complete
the purification process. The phosphate anion was
then tested qualitatively using HNO, and ammonium
molybdate reagents in the filtrate. It was discovered that
there was a substantial amount of yellow precipitate in
the first washing, indicating the presence of phosphate.
There was a minor quantity of precipitate in the second
washing, but none in the third filtrate, indicating that
there was no phosphate content.

Table 1: Analysis of EDX Bio-sorbent of oil palm
empty bunches

Elements Prepared OPEB Washed OPEB P-OPEB
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The prepared raw OPEB then analyzed
again with EDX and showed that there was no longer
any previous contaminant content. The inclusion
of phosphate in the bio-sorbent after modification
was observed from the increase in phosphate after
modification compared to after washing, which no
longer contained phosphate. The details of the EDX
characterization of raw OPEB, after washing and
after phosphate modification, are shown in Table 1.

XRD Characterization

The introduction of phosphate into the
cellulose structure was also observed through
changes in the XRD pattern (Fig. 2). All XRD
patterns show that the bio-sorbent was formed
as an amorphous adsorbent. The presence of
metal contaminants in the raw OPEB was also
observed in the XRD pattern where several sharp
peaks appeared in the 2 around the 20—40 region.
Then these sharp peaks disappeared in the OPEB
after washing, which also strongly supports the
previous EDX data. OPEB, after being modified
with phosphate, induced the presence of phosphate
elements with the appearance of two sharp peaks
in the 2 region around the 60-65 region. The
appearance of this sharp peak, in addition to
indicating the entry of P elements, also indicates
the slight formation of a crystallinity phase. The
appearance of this crystal peak can also contribute
towards increasing the adsorption capacity.2'?2

.’/M/h \M\«w P-OPEB Bio-sorbent
Ml II| 7
-

s

OPEB Prepared Bio-sorbent

Intensity (a.u)

WM\M““WW-‘MM

5 | 4
M - _ OPEB Bio-sorbent
e

1 L 1 1 L . I
e} 60.1 75.5 70.7 10 20 30 40 50 60 70
N 53 5.2 53 20 ()
o 26.5 16.0 18.7
Mg 0.4 1.0 0.6 Fig. 2. XRD pattern of raw OPEB, OPEB after washed
Al 0.6 0.0 0.7 and modified OPEB/P-OPEB
Si 45 2.3 3.1 L
p 13 0.0 14 FTIR Characterization .
Ca 1.4 0.0 0.0 The FTIR spectra analysis showed several
M 1.0 0.0 0.0

adsorptions, indicating the presence of several
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functional groups in the sample, including those
belonging to the bio-sorbent or to functional groups
originating from impurities that could not be cleaned
completely (Figure 3).

P-OPEB Bio-sorbent

0O-H
OPEB Bio-sorbent

Transmittance, 7'/ a.u

800 1200 1600 2000 2400 2800

wavenumber, v/ cm™

3200 3600

Fig. 3. FTIR spectra of raw OPEB and modified P-OPEB

The adsorption is considered to be
associated with functional groups in the biosorption of
oil palm empty bunches, appearing at wavenumbers
3374.16 cm™ (OPEB) and 3332.15 cm™ (P-OPEB),
with a strong adsorption band of 3000-4000 cm™,
which is indicated as an -OH bond.*®* Raw OPEB
shows an adsorption wavenumber of 1055.36
cm™ on the bio-sorbent OPEB and shifts to a
wavenumber of 1034.34 cm™ on the bio-sorbent
P-OPEB, indicating the presence of a -CO group.
FTIR results indicate that there is no significant
change in the structure of OPEB after it was modified
with phosphate. The binding of P with -OH groups
between the cellulose structures was observed in the
reduced -OH intensity observed in the FTIR image in
the 3374.16 cm regions (OPEB) and 3332.15 cm™!
in P-OPEB. Phosphate introduced continuously into
each cellulose structure will initiate a new cellulose
polymer with higher surface area. Based on the
characterizations above, it proves that the process
of inserting the phosphate into the cellulose structure
includes the reaction scheme illustrated in Figure 4.

CH,0H CH,OH
o) OH 0,
OH | I OH
on O—|—OH7F=O~——— OH + H:0
o
OH OH |
OH — ll" =0
OH o
OH OH
o.
CH,OH

Fig. 4. Phosphate Introduce Scheme in
Cellulose Structure of OPEB

1373

BET Characterization

The BET graph of both OPEB and
P-OPEB shows type Il (Fig. 5), which shows a
weak interaction between the adsorbent and the
adsorbate (Fig. 5). However, the P-OPEB bio-sorbent
showed a higher adsorption, starting at p/p° 0.3 until
it reached a total nitrogen uptake of 22.63 cm®g at
p/p°=1, while the OPEB bio-sorbent was 15.51 cm®/g
and the surface area of P-OPEB increased from
16.19 m?/g to 25.18 m%/g.

25 T T . r T
& o
o
w20 ' .
] L)
- 15 F @ i
g ® L ]
g | ]
L ]
E 10 P-OPEB Bio-sorbent g ° B
= - & L4
@
= ® L ®
s st o o L
2 o @ OPEB Bio-sorbent
=z e 0
0 _A.l.Q.’. 1 ] I "
0 0.2 0.4 0.6 0.8 1

Relative Pressure ( p/p”)

Fig. 5. N, Adsorption (filled)-desorption (blank)
of OPEB and P-OPEB at 77K

The surface area enhancement of P-OPEB
bio-sorbent was triggered by the formation of a
deeper pore volume than OPEB bio-sorbent. The
inclusion of phosphate in the OPEB cellulose
structure makes the pores deeper, with the volume
increasing from 0.029 cm?/g to 0.043 cm®/g. Surface
area and pore size estimated by Barrett-Joyner-
Halenda (BJH) plot analysis and pore volume by
Dubinin—Radushkevich plot analysis of N, adsorption
isotherms at 77K. The summarized pore properties
of these two bio-sorbents are presented in Table 2.

Table 2: Pore properties of OPEB and P-OPEB

Characteristic OPEB Bio-sorbent P-OPEB Bio-sorbent

Surface Area (m?/g) 16.19 25.18
Pore Size (nm) 7.09 6.15
Pore Volume (cm?®/g) 0.029 0.043

Adsorption properties

Adsorption of the heavy metals Fe(ll) and
Zn(Il) was used to examine the adsorption properties
of OPEB and P-OPEB. Fig. 6 shows the adsorption
performance with variations in adsorbent weight.
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Fe(ll) was adsorbed optimally when the sample
weight was 0.5 g for the two bio-sorbents, exhibiting a
higher adsorption capacity of P-OPEB as compared
to OPEB, at 1.88 mg/g and 3.23 mg/g, respectively.
The increase in surface area in OPEB was able to
increase the amount of Fe(ll) adsorption in P-OPEB.

5k 1 Ll I 1 i

OPEB ; Zn(II)

P-OPEB; Fe(II)

OPEB ; Fe(I)

Adsorbed Amount, g (mg/g)

OPEB ; Zn(1I)

2 4 6
Biosorbent Dossage,w (g)

Fig. 6. Effect of adsorbent dosage of Fe(ll) and Zn(ll)
adsorption on OPEB and P-OPEB bio-sorbent
Meanwhile, Zn(Il) was adsorbed optimally
when the weight of the OPEB bio-sorbent was 2 g,
with an adsorption capacity of 1.14 mg/g; slightly

+F T T T T T ]

(a) P-OPEB ; Zn(II)

P-OPEB ; Fe(ll) i

OPEB ; Fe(Il)

Adsorbed Amount, ¢ (mg/g)

OPEB ; Zn(Il)
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lower than the adsorption of Fe(ll) in OPEB. The Zn
atomic is larger than Fe, so weak Zn interactions will
require more adsorbent for optimum adsorption.8 4
However, by using the P-OPEB, the maximum
adsorption of Zn(ll) observed to be 4.53 mg/g with
a P-OPEB weight of 0.5 g. This shows that the
interaction of Zn(ll) with P in P-OPEB is stronger than
the interaction of Fe(ll) with P in OPEB. The weak
interaction of Fe and P was also observed in the
utilization of these two elements in plant nutrients.'”2

Adsorption isotherms characteristics

The variation in the initial concentration of
heavy metal solution showed the same phenomenon
as the previous mass variation of the biosorbent
(Fig. 7a). Fe(ll) is adsorbed more than Zn(ll) by
using OPEB, showing values of 2.48 mg/g and 1.59
mg/g, respectively. Meanwhile, using P-OPEB, Zn(ll)
is adsorbed more than Fe(ll), which was 6.24 mg/g
and 4.23 mg/g, respectively. The weak interaction
between P and Fe is the probable reason behind this
observation. However, due to smaller atomic size,
Fe(ll) can still be adsorbed at up to 50 mg/L, whereas
Zn(ll) is saturated at 40 mg/L. The increased surface
area of P-OPEB also causes greater interactions
between P in P-OPEB, as compared to OPEB.

W P-OPEB Zn{ll}

o 2 4 6 8 10 (1] 0.2 0.4 0.6 0.8 1
Initial Concentration, C (ppm) 1/Ce
1 T T T T T
(©)
0.8 L
2.0.6 4
0
S
]
0.4 =
-
® OPEB Fe(ll)
0.2 | p.OPEB Fe(ll) 1
® OPEB Zn(ll)
= pP_OPEB Zn{ll)
-
0 L 1 L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Log Ce

Fig. 7. Effect of initial concentration of Fe(ll) and Zn(ll) adsorption on OPEB and P-OPEB (a), Linearization of
Langmuir isotherms adsorption (b) and Linearization of Freundlich isotherms adsorption (c).
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The adsorption isotherms of Langmuir and
Freundlich were utilized to explain the adsorption
features of Fe(ll) and Zn(ll). The adsorption
isotherms of OPEB bio-sorbent and P-OPEB
bio-sorbent on Fe(ll) and Zn(ll) ions have a similar
trend where the equilibrium adsorption tends to
enhance the adsorption amount with increasing
initial concentration. All adsorption processes
are best fitted with the Langmuir model (Fig. 7b)
compared to the Freundlich model (Fig. 7c). By
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using the correlation coefficient (R?) in Table 3,
both Fe(ll) and Zn(ll) ions were adsorbed on both
OPEB and P-OPEB bio-sorbents and fitted for
the Langmuir plot. It assumes the formation of a
monolayer on both the OPEB and P-OPEB bio-
sorbent surfaces structurally, and no interaction
among adsorbed ions. Zn(ll) adsorption on P-OPEB
bio-sorbent also fit better than Zn(Il) adsorption
on OPEB bio-sorbent based on the correlation
coefficient (R?).

Table 3: Langmuir and Freundlich parameters for Fe(ll) and Zn(ll) ions adsorption on OPEB
and P-OPEB Bio-sorbent

Bio-sorbent Heavy metal ions Langmuir parameters Freundlich parameters
q,,(mg/g) K, R? 1/n Ke R?
OPEB Fe(ll) 16.79 0.05 0.997 0.8 1.12 0.989
OPEB Zn(Il) 7.32 0.19 0.99 0.61 1.29 0.982
P-OPEB Fe(ll) 9.29 0.31 0.983 0.46 2.41 0.941
P-OPEB Zn(ll) 20.24 0.04 0.993 0.69 1.27 0.921

The structural homogeneity observed
in the SEM images supports this phenomenon,
where the presence of phosphate makes the
monolayer adsorption on the surface of P-OPEB
more optimal than that of OPEB. On the other
hand, Fe(ll) adsorption on OPEB fit better than
Fe(Il) adsorption on P-OPEB bio-sorbent. Because
the Zn(ll) ion is more stable than the Fe(ll) ion,
monolayer adsorption on a homogeneous surface
is possible. Adsorption of Fe(ll) disrupted the
homogeneous structure of P-OPEB.3¢

Adsorption kinetics modelling

The optimum contact time was
also determined to see the effectiveness of
adsorption with both bio-sorbents (Fig. 8a).
The adsorption results showed that Fe(ll) and
Zn(ll) were adsorbed optimally after 75 min,
with a large adsorption capacity of 2.81 mg/g
and 2.67 mg/g, where Fe(ll) has a smaller
atomic size and was adsorbed more than
Zn(ll). On the other hand, using P-OPEB, the
presence of P in P-OPEB also decreased Fe(ll)
adsorption by 4.23 mg/g, compared to Zn(ll)
by 6.79 mg/g. By using P-OPEB, the optimum
adsorption of Zn(ll) and Fe(ll) ions is not only
to a greater extent, but also faster, where Fe(ll)
is adsorbed optimally after 45 min and Zn(ll)
is adsorbed after 60 minutes. Because of the

weak interaction between Fe and P, adsorption
occurs faster, but at a lower rate than Zn(ll),
which has a stronger interaction with P.23

The adsorption kinetics model also
observes the properties of all adsorption
systems. To investigate the adsorption
properties due to the OPEB bio-sorbent
alteration, pseudo first-order and pseudo
second-order kinetics were used. All kinetics
models also show the same phenomena for
all adsorption systems. Pseudo second-order
(Fig. 8b) fit better than the pseudo first-order
(Fig. 8c), which assumes that all adsorption
systems refer to the second-order kinetics
model. The correlation coefficient (R2?) for all
adsorption systems (Table 4) also supported it
while R? of pseudo second-order fit better than
R2 of pseudo first-order. Table 4 also describes
the differences in adsorption properties of
Fe(ll) and Zn(ll) on modified OPEB. Despite
the fact that both are second kinetic models,
the adsorption of Zn(ll) on P-OPEB fit better
than the OPEB bio-sorbent. Meanwhile, Fe(ll)
adsorption on OPEB fit better than P-OPEB
adsorption. This supports the previous reason,
that the instability of Fe(ll) metal makes
the adsorption of bio-sorbents containing
phosphate less than optimal.
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® OPEB Felll)

o P OPEBR Fe(ll) =
® OPEB Znill)
W P-OPEB Zn(ll)
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(1)
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Fig. 8. Effect of contact time on Fe(ll) and Zn(ll) adsorption on OPEB and P-OPEB (a), Linearized of pseudo 1s-order
kinetics for adsorption of Fe(ll) and Zn(ll) onto OPEB and P-OPEB (b) and Linearized pseudo 2"-order kinetics for
adsorption of Fe(ll) and Zn(ll) onto OPEB and P-OPEB (c)

Table 4: Kinetics parameters for Fe(ll) and Zn(ll) ions adsorption on OPEB and
P-OPEB bio-sorbent

Bio-sorbent Heavy metal ions  Pseudo 1<t order Pseudo2™ order
k,x10* (min™') R2 k,x10° (g/mmol min) Rz2
OPEB Fe(ll) 2.45 0.868 4.91 0.972
OPEB Zn(Il) 0.26 0.803 4.03 0.989
P-OPEB Fe(ll) 1.44 0.812 5.14 0.936
P-OPEB Zn(Il) 2.84 0.854 6.85 0.998
CONCLUSION The properties of all adsorption systems are similar,

The addition of phosphate elements into
the cellulose structure of OPEB is a new strategy to
expand the surface of this bio-sorbent and increase
its adsorption ability against heavy metals. With a
P-OPEB weight of 0.5 g, an initial concentration of 40
mg/L, and an optimum adsorption of 6.79 mg/g for 60
min, Zn(ll) has an optimum adsorption of 6.79 mg/g
for 60 minutes. Meanwhile, Fe(ll) absorbs optimally
at 4.23 mg/g at 0.5 g by weight of bio-sorbent. The
initial concentration is 50 mg/L"' and the adsorption
time is 45 minutes. Besides being able to increase
the adsorption capacity of heavy metals, P-OPEB
also makes the adsorption process faster so that the
utilization of OPEB solid waste can be more effective
as a smart bio-sorbent to remove Fe and Zn metal
contaminants in palm oil processing liquid waste.

while adsorption isotherms refer to the Langmuir
model and kinetics model, second-order kinetics
model. According to the correlation coefficient (R?),
Zn(ll) adsorption fit better on P-OPEB bio-sorbent
than Fe(ll) adsorption on OPEB bio-sorbent.
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