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Abstract. Activated carbon coated with magnetite (ACA-Fe3O4) was synthesized in this study.
Activated carbon was synthesized using an Elaeis Guineensis Jacq (EGJ) as a raw material
followed by physical and chemical activation. Physical activation is carried out by heating at a
temperature of 700C and followed by a reaction with H3PO4 solution as chemical activation.
Furthermore, the activated carbon was reacted with a mixture of FeCl3 and FeSO4 solution then
followed by the addition of NaOH solution up to a pH of 10. Characterization with X-Ray
Diffraction (XRD) and Scanning Electron Microscopy - Energy Dispersive X-Ray (SEM-EDX)
on ACA-Fe3O4 was done to confirm that magnetite has succeeded to coating on ACA. Brunauer-
Emmett-Teller Surface Area Method (SBET) confirmed that pore volume and average pore
diameter increase with the presence of magnetite. Optimum conditions for Ni(II) ion adsorption
with ACA- Fe3O4 was under conditions of 0.5 grams adsorbent, 25 mL of Ni(II) ion solution 100
ppm, and contact time of 1 hour with the acquisition of 99.11%. Adsorption process more
suitable with pseudo-second-order and Langmuir adsorption isotherm pattern. Desorption of
Ni(II) ion of 70.84% using HCl.
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1. Introduction
Increased industrial development is a consequence of an environmental crisis [1]. At present, one of the
environmental crises is pollution in waters with industrial wastes such as heavy metals [2, 3]. Known
heavy metals such as Pb, Cd, Cu, Ni, and Zn that accumulate in waters reach more than 7 × 105 tons and
cannot be degraded in the environment [4,5].

Heavy metals that accumulate in waters can enter the food chain and cause harm to humans [6,7]. The
most amount of nickel metal is 3% of the earth's composition [8]. Besides, the World Health
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Organization (WHO) and the United States Environmental Protection Agency (USEPA) states the
maximum permissible limit of Ni (II) ions in drinking water is 0.02 mg·L-1 [9,10].

Several methods have been developed to reduce waste in the form of heavy metals, such as chemical
precipitation, coagulation, extraction, and adsorption [12]. According to Wang and Li [13], some of
these conventional methods are less efficient because of complicated and expensive and they can
produce other products that are poisonous. Among the methods, adsorption is a very effective separation
technique because the method is simple, inexpensive, and environmentally friendly [15].

Palm oil is the mainstay commodity of the State of Indonesia. 60% of the oil palm shell waste is directly
produced from oil production. Oil palm shells containing 45% cellulose and 26% hemicellulose can be
processed into products that have high economic value, namely as activated carbon [14]. Activated
carbon (powder) is the most efficient adsorbent used to remove heavy metals [17, 21-23].

The adsorption capacity of the active side (pore) of activated carbon is very large so that it is widely
used as an adsorbent for heavy metal waste in waters [24]. However, activated carbon has a light
molecular weight making it difficult to separate adsorbent from adsorbate in the form of solution. The
lack of activated carbon inhibits the process of separating metal ions from solution. For this reason, it is
necessary to further modify activated carbon in increasing its use as a heavy metal adsorbent [18].
Coating of activated carbon using magnetite particles (Fe3O4) can produce the adsorbent which has a
large capacity, selectivity towards target metal ions, and quick separation process because of the
magnetic properties of adsorbent [19-20, 25].

Furthermore, desorption on adsorbents that have bind heavy metal ions is carried out [16, 26]. The
process of adsorption-desorption of Ni(II) ions in a solution using activated carbon magnetite from a
coconut shell has been studied in this study. The adsorption data obtained were evaluated using the
Langmuir and Freundlich adsorption isotherm models and the adsorption kinetics refer to pseudo-first-
order and pseudo-second-order [27]. Desorption data strengthen and confirm metal ions that have been
absorbed and are also used as consideration for repeated use of adsorbents.

2. Experimental·

2.1. Material and Instrumentation
Raw materials in the synthesis of ACA-Fe3O4 were a clean and dry EGJ shell. Other materials were
filter paper, aluminum foil, universal pH indicator, Ni(NO3)2·6H2O, FeSO4·7H2O, FeCl3, NaOH, H3PO4,
and aquades. Glass equipment was used in this study. In addition to glassware, analytical balance,
crusher, siever, Heraeus KR170E0 type furnace, magnetic stirrer, shaker, centrifuge, and pH meter were
also used. XRD, SEM-EDX (JEOL-JSN-6510LA), BET Surface Area (NOVA touch 4LX), and AAS
(PERKIN ELMER model 3110) were the instruments used in this study.

2.2. Preparation of Activated Carbon
Carbon was obtained from carbonized oil palm shells in the conductor's vessels. The carbon produced
was inserted into the sieve with a size of 100-200 µm. The carbon powder was placed in the furnace at
a temperature of 700C for 1 hour to open the carbon pores so that it is activated physically (AC).
Furthermore, carbon activation was carried out chemically by soaking using a 10% H3PO4 solution for
24 hours according to the procedures [14] to produce activated carbon physics-chemistry (ACA).

2.3. Activated Carbon Coating
Magnetite coating on activated carbon was prepared according to method given by Mohan et al. [28].
The Fe3+/Fe2+ solution was used to modify activated carbon into activated carbon magnetite (Fe3O4).
The Fe3+/Fe2+ solution was obtained from a mixture of FeCl3 and FeSO4 solution at 60C in 30 minutes.
The composition of the FeCl3 solution 1.33 gram FeCl3 in 130 mL aquades. Then the FeSO4 solution
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was made from 6 grams of FeSO4·7H2O in 15 mL of distilled water. At 60C for 30 minutes the both
solutions were stirred. Furthermore, the suspension was added ACA-Fe3O4 and stirred again for 30
minutes. The suspension of ACA-Fe3O4 was obtained by mixing 5 grams of ACA into 50 ml of distilled
water. The mixture was adjusted to pH 10 using a 10 M NaOH solution. Then it was rinsed to neutral
pH with distilled water and dried in an oven at 50C for 5 hours.

2.4. Adsorbent Characterization
Identification of the crystalline phase from ACA and ACA-Fe3O4 used X-ray diffraction (XRD)
(PANalytical model X'Pert PRO) with Cu-Kα radiation (λ = 1.54Å) and scanned from 5 to 60.
Morphology and elemental composition of ACA and ACA-Fe3O4 was determined by SEM-EDX
characterization. Data of surface area, pore volume, and adsorption-desorption patterns of ACA and
ACA-Fe3O4 were obtained from the results of BET surface area.

2.5. Adsorption-Desorption Test
Test of adsorption of Ni(II) ions on ACA-Fe3O4 included determination of optimum dose of adsorbent,
the influence of pH, contact time, and adsorbate concentration on ACA and ACA-Fe3O4 using the Batch
Method. Variation of the adsorbent dose by entering 100-500 mg of adsorbent into 25 ml of 100 ppm
Ni(II) solution then stirring using a magnetic stirrer for 1 hour. The resulted mixture was deposited,
decanted, and centrifuged hence the concentration of the filtrate was known from AAS. The optimum
dose obtained was used for the determination of pH carried out at pH 3, 4, 5, 6, 7, 8, 9, and 10. Contact
time with variations of 0, 15, 30, 60, and 90 minutes was carried out with the same procedure in the
optimum dosage of adsorbent and pH. The concentrations were made variations of 0, 25, 50, 100, 150,
200, and 250 ppm using optimum conditions to determine the effect of concentration on the adsorption
of Ni(II) ions both in ACA and ACA-Fe3O4. Then the desorption process was carried out using distilled
water, ethanol, HCl solution, and EDTA in the adsorbent which had been used in the adsorption process,
stirred for 30 minutes and the filtrate was identified using AAS.3. Result and Discussion

3.1. Adsorbent Characterization

3.1.1. Scanning electron microscopy (SEM) and energy dispersive analysis (EDX). Morphological
comparison between ACA and ACA-Fe3O4 is known through SEM analysis. In Figure 1, ACA has a
morphology with highly visible pores (Fig. 1a) and ACA-Fe3O4 has a rough morphology  (Fig. 1b). That
has occurred because magnetite (Fe3O4) particles have coated the ACA surface. Figure 1c is the
morphology of the ACA-Fe3O4 after Ni(II) adsorption test. Morphological of ACA-Fe3O4 surfaces has
changed due to Ni(II) ions filled the pores which are supported with EDX data stated in Table 1.

3.1.2.  X-ray powder diffraction.  Phases of ACA and ACA-Fe3O4 were identified using XRD analysis
with the peak X-ray diffraction standard for Fe3O4. The diffractogram of ACA (Figure 2a/ 2b) shows
the wide peaks in the 2Ɵ region with degrees 23-30 and 40 indicating that the ACA phase is amorphous
(a journal reference only). The Crystalline phase of magnetite (Fe3O4) and ACA-Fe3O4 particles was
shown on a sharp diffractogram in the 2Ɵ region of each 30.21; 35.52; 43.07; and 57.16.

Table 1. Elemental composition on ACA and ACA-Fe3O4

Sample
Elements (wt %)

C O Fe Ni
ACA 80.74 19.26 - -

ACA-Fe3O4 33.01 46.81 20.18 -
ACA-Fe3O4-Ni 43.75 50.64 5.50 0.11
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Figure 1. SEM images of a) ACA, b) ACA-Fe3O4, and c) ACA-Fe3O4 after adsorbing Ni(II) ions
at 3000-time magnification

Figure 2. Diffractogram of a) AC b) ACA, c) magnetite, and d) ACA-Fe3O4

a) b)

c)
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3.1.3. Surface area measurements. Surface area and pore volume in ACA and ACA-Fe3O4 are known
from characterization using the BET surface area. The surface area and pore volume of the adsorbent
are presented in Table 2. The results in Table 2 state that the high surface area of the adsorbent produces
many active sites. The presence of magnetite particles (Fe3O4) lining the ACA surface causes a decrease
in the surface area of ACA-Fe3O4. The surface area of ACA and ACA-Fe3O4 are 415.116 and 300.09
m2·g1, respectively. Then the total pore volume value, BJH surface area, BJH pore volume, and pore
average have increased in the presence of magnetite that coated the activated carbon.

Table 2. The results of the characterization using the BET (surface area)
method on ACA and ACA-Fe3O4

Adsorbent Surface
Characteristics

Adsorbent

ACA ACA-Fe3O4

Total surface area (m2.g-1) 415.116 300.090
Total pore volume (cm3.g-1) 0.229 0.201
BJH surface area  (m2.g-1) 17.136 20.089
BJH pore volume (cm3.g-1) 0.029 0.064

Average pore diameter (nm) 0.110 0.134

3.2. Adsorption Test

3.2.1. Effect of adsorbent dosage. The optimum dose was obtained at the use of 0.5 grams of adsorbent
with an adsorption percentage of 99.11% (Figure 3). The more the dose was used, the more active sites
of the adsorbent can adsorb Ni(II) ions.

Figure 3. Effect of adsorbent dose on the adsorption percentage of Ni(II) ions in solution

3.2.2. Effect of pH. Variation of pH conducted in this study was to determine the effect of pH on the
adsorption of Ni(II) ions in solution. Based on Figure 4, the change of pH has no significant effect on
the adsorption of Ni(II) ions. Changes in pH to bases cause the deposition of Ni(II) ions at the beginning
of the adsorption process.
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Figure 4. Effect of pH on the adsorption percentage of Ni(II) ions in solution

3.2.3. Effect of contact time. In this study to see the optimum contact time between adsorbents and
adsorbate molecules was done by interacting 0.4 grams of adsorbent with 25 mL of 100 ppm Ni(II) ion
solution with contact time variations of 15-90 minutes. Figure 5 states that the length of contact time
affects the adsorption process. The longer contact time is used, the greater the adsorption rate. The
optimum contact time was obtained at 90 minutes with adsorption of 32.122 and 65.815% for ACA and
ACA-Fe3O4 respectively.

Figure 5. Effect of contact time on the adsorption percentage of Ni(II) ions in solution
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Information on the formula presented is qt is the number of ions adsorbed at different times (mg·g1),
qe is the number of ions adsorbed at equilibrium time (mg·g1), t is time/minute, while k2 shows the
pseudo-second-order rate constant (g·mmol1·min1).  Based on Figure 6, the adsorption of Ni(II) ions
on ACA-Fe3O4 tends to follow the pseudo-second-order adsorption kinetics, indicated by a value of R2

close to 1 (Table 3).

Figure 6. Graph of pseudo a) first-order and b) second-order for adsorption Ni(II) on ACA-
Fe3O4Fe3O4

Table 3. Pseudo-first-order and second-order rate constant of ACA and ACA-Fe3O4

Pseudo first order Pseudo second order

k1 (min-1) R2 k2 (g.mmol-1.menit-1 ) R2

ACA - - 37,368 0,999

ACA-Fe3O4 0,012 0,602 9,543 0,997

3.2.4. Effect of concentration. The effect of the concentration of the adsorbate solution on the adsorption
process can be determined by analysis using an adsorption isotherm model consisting of two types,
namely Langmuir and Freundlich adsorption isotherms. The Langmuir and Freundlich adsorption
isotherm model can be expressed in equations (3) and (4):

b

C

bKm

C


1

(3)

log qe = log kf + 1/n log Ce (4)

In equation 3, C is the equilibrium concentration (mg·L1), m is the amount of adsorbed substance per
gram of adsorbent at concentration C (mmol·g1), b represents the amount of adsorbed substance when
saturated (adsorption capacity) (mg·g1), and the adsorption equilibrium constant and the Freundlich
capacity factor is expressed respectively with K (L·mol1) and kf ((mg·g-1) (L·mg-1)1 / n). Whereas, qe is
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the amount of substance adsorbed per gram of adsorbent (mmol·g1), Ce: concentration equal to
adsorbate in the solution phase (mg·L1).

Figure 7. Influence of concentration on the sorption of Ni(II) cations in solution

Figure 8. a) Freundlich and b) Langmuir adsorption isotherms of Ni(II) cations by ACA
and ACA-Fe3O4

Based on Figure 7, an increase in the initial concentration of Ni(II) ions is accompanied by an increase
in Q value which means that more Ni(II) ions are adsorbed by the adsorbent. The analysis in Figure 8
shows that the adsorption of Ni(II) ions on ACA and ACA-Fe3O4 follows the Langmuir adsorption
isotherm model (Table 4). The adsorption process that occurs is dominated by chemical interactions
between metal ions as adsorbates and the active site of the adsorbent [3].
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Table 4. Isotherm parameters of Ni(II) ions sorption in solution by ACA and ACA-Fe3O4

Model
Adsorbent

ACA ACA-Fe3O4

Langmuir
qm in mg g-1 3.933 8.495
KL in L mol-1 1564.5 37650
R2 0.925 0.995

Freundlich
Kf in (mg g–1)(L mg–1)1/n 2.251 0.243
n 2.514 6.177
R2 0.863 0.604

3.3. Desorption Test
Desorption with a water solvent was expected to physically release Ni(II) ions from the adsorbent.
Furthermore, the ethanol solvent contained hydroxyl OH group functions to release the adsorbate which
is bound by hydrogen bonds. Then desorption was continued on the acid solvent, HCl to release the
adsorbed chemically adsorbed through the interaction of ionic bonds [16]. EDTA solvents were used if
the adsorbate is bound to form a complex compound. The results of desorption using HCl eluents in this
study produced the best desorption rates for Ni(II) ions in ACA and ACA-Fe3O4 which was 24.42 and
70.84% respectively (Figure 9).

Figure 9. Desorption of Ni(II) ions with several types of eluents4. Conclusion
Activated carbon obtained from palm shells coated with magnetite (ACA-Fe3O4) was a very effective
adsorbent in the treatment of wastes containing Ni(II) ions in water resources. The optimum conditions
of adsorption of Ni (II) with ACA-Fe3O4 were with 500 mg of adsorbent at 25 mL of 100 ppm adsorbate
and a contact time of 1 hour with an adsorption percentage of 99.11%. The adsorption of Ni(II) ions on
ACA-Fe3O4 tends to follow the pseudo-second-order kinetics and the Langmuir adsorption isotherm
model. Desorption process with HCl as eluent was produced the best desorption rate of 70.84%.
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