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ABSTRACT 

This study aims to determine the adsorption equilibrium of the activated carbon of empty palm oil fruit 

bunches and KA-Cu(TAC) on Zn(II). Oil palm empty fruit bunches are used as a bio-sorbent in making 

carbon at a temperature of 5000 C, the resulting carbon is activated using H3PO4 and modified into a 

composite with metal organic frameworks of Cu metal and terephthalic acid. MOFs and KA-Cu(TAC) 

composites were produced by reflux method. Activated carbon, MOFS and KA-Cu(TAC) were 

characterized using XRD. The adsorption process of Zn(II) metal was analyzed using AAS and 

determined the optimum conditions with various concentrations to determine the adsorption 

equilibrium. XRD characterization results show that activated carbon has an amorphous structure, 

while MOFs Cu(TAC) and KA-Cu(TAC) have a crystalline structure. The optimum condition of 

activated carbon and KA-Cu(TAC) at a concentration of 180 ppm with the appropriate adsorption 

isotherm model is the Langmuir isotherm. 
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1. INTRODUCTION 

The rapid industrial development has an impact on environmental problems that must be seriously 

addressed. The oil palm plantation industry is one that generates the most waste, be it solid, liquid or gas. 

Indonesia is ranked 1st in the world's palm oil producer with an area of 14,456,611 ha and a total production 

of 47.1 million tons in 2019.1 One of the very dangerous components is heavy metals from liquid waste, 

namely Zn, Pb, Mn, Cd, Fe, and Cu.2 Heavy metals can be harmful to humans and can spread from one 

organism to another through the food chain.3 One of the most common heavy metals found in waters is 
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zinc(Zn), and environmental pollution by heavy metals is a problem that needs to be addressed thoroughly. 

According to data from the Environment Agency (2018), the concentration of Zn metal in water exceeding 

the set quality standard of 0.06 mg/L is a significant hazard. The presence of heavy metal zinc (Zn) in water 

that exceeds the limit can cause toxic effects,4 because it can accumulate in living things and cannot be 

degraded.5 

Efforts that can be made to reduce the heavy metal content of palm oil industrial waste is by adsorption 

method. Activated carbon can be an alternative adsorbent because it has several advantages, namely low 

cost, simple operation, and long service life.6 Activated carbon can be made from organic waste, one of 

which is empty oil palm fruit bunches (EFB). OPEFB includes solid waste from oil palm plantations and is 

very abundant because it accounts for around 23% of the total fresh fruit bunches.7 One of the innovative 

ways to increase the adsorption yield is to synthesize composite materials with a view to achieving new 

adsorption characteristics such as high pore volume and porosity. Carbon composites based on metal organic 

frameworks (MOFs) have received attention because of their high surface area and reactivity as well as their 

extraordinary adsorption capacity and thermal stability.8 MOFs have a strong and highly porous structure that 

can accommodate a variety of guest molecules.9 Various studies have applied MOFs to remove various toxic 

pollutants from wastewater, including heavy metals, pesticides, volatile and persistent organic pollutants.10 

More than 20,000 types of MOFs have been prepared due to the large number of metal and organic linkage 

combinations available for synthesis.9 

In this study, activated carbon of empty palm oil fruit bunches was used with metal organic frameworks 

of Cu metal and terephthalic acid (TAC) organic ligands. The choice of Cu as the central metal in MOFs is 

due to its high selectivity and high adsorption capacity.11 In this study adsorption equilibrium was used to 

describe the adsorption isotherm characteristics of Zn(II) metal on activated carbon and KA-Cu(TAC). The 

Langmuir isotherm describes the adsorption of a monolayer of adsorbate onto an adsorbent surface that has a 

limited number of adsorption sites, while the Freundlich isotherm describes that adsorption occurs on a 

heterogeneous surface of the adsorbent. Based on this explanation, the researcher aims to modify the 

activated carbon composite of empty oil palm fruit bunches with metal organic frameworks Cu(TAC) to 

adsorb Zn(II) with the name KA-Cu(TAC) composite to increase adsorption power, to determine the 

characterization of the material and to determine the adsorption isotherm characteristics of the adsorbent. 

 

2.  EXPERIMENTAL 

2.1. Chemicals, Equipment and Instrumentation 

The materials used in this study were empty oil palm fruit bunches (EFB), metal Zn(II), H3PO4, 

TAC(terephthalic acid), HF(fluoric acid), HNO3(nitric acid), Cu(NO3)2(copper(II) nitrate), distilled water, 

filter paper, universal Ph. The equipment used in this study included: glassware, reflux, grinder, 200 mesh 

sieve, vacuum pump, analytical balance, oven, furnace, desiccator, hot plate, XRD and AAS. 

2.2. Empty Oil Palm Bunches Preparation 

The empty oil palm bunches (EFB) used were obtained from PTPN II Pagar merbau's OPEFB waste. 

OPEFB is first washed to reduce its oil content and then dried in the sun for several days. The dried OPEFB 
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were then ground to a fine powder and sieved using a 200 mesh sieve and obtained bio-sorbent of empty 

palm oil bunches.12 

2.3. Activation and carbonization 

Bio-sorbent empty palm oil bunches that have been dried were heated in a furnace with a temperature of 

5000 C for approximately 2 minutes. After carbonization, Carbon was prepared and weighed total of 10 

grams of activated carbon was immersed in 100 mL of 10% H3PO4 for 24 hours. The activated carbon is 

filtered using filter paper and washed with distilled water until the pH is neutral.13 

2.4. Synthesis of MOFs Cu(TAC) 

MOFs Cu(TAC) was synthesized by mixing 277.5 mg of Cu(NO3)2, 687.5 mg of terephthalic acid, 200 

mL of 35% hydrofluoric acid, and 190 ml of 65 % nitric acid evenly with 20 ml of distilled water under 

reflux and heated to 105° C for 8 hours. After cooling to room temperature, the solution was vacuum filtered 

and washed to a neutral Ph.14 

2.5. Synthesis of Activated Carbon Composites – Cu(TAC) 

The synthesis is carried out in two stages. In beaker 1 consists of dispersion of terephthalic acid onto 

activated carbon. Terephthalic acid ethanol solutions (approx 1 g terephthalic acid per 10 g ethanol) were 

prepared and then dispersed onto activated carbon (approx. 10 g solution per 0,6 g activated carbon). The 

terephthalic acid/activated carbon mixture is then soaked for 24 hours to evaporate the ethanol. In beaker 2, 

copper nitrate, hydrofluoric acid, nitric acid and distilled water are mixed. then the two beakers mixed were 

refluxed for 8 hours to remove excess acid and evaporate the ethanol.10 

2.6. XRD characterization 

MOFs Cu(TAC) and KA-Cu(TAC) obtained were characterized using XRD to determine the structure 

of the material. 

2.7. Adsorption Equilibrium 

Adsorption isotherms for Zn(II) on activated carbon and KA-Cu(TAC) of empty palm oil bunches were 

determined by varying the Zn(II) concentrations from 60 ppm, 100 ppm, 140 ppm, 180 ppm and 220 ppm. 

Equilibrium data was determined using Langmuir and Freundlich isotherms. 

The form of the Langmuir adsorption isotherm equation is as follows: 

01

1
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R

L
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RL = separation factor, KL = Langmuir constant (L/mg), and Co = initial adsorbate concentration (mg/L).15 

The form of the Freundlich adsorption isotherm equation is as follows: 
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1
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qe = amount of adsorbate in the adsorbent at equilibrium (mg/g), KF = Freundlich isotherm constant (mg/g) 

(dm3/g)n, n = adsorption intensity, and Ce = equilibrium concentration (mg/L).15 
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3.  RESULTS AND DISCUSSION 

In this study, carbon was activated using the H3PO4 activator because it can form new pores and bind 

impurity carbon compounds out of the carbon pores so that the diameter of the carbon pores increases and 

also has low toxicity.16 KA-Cu(TAC) was also successfully synthesized which visually formed a black 

powder in the presence of a white mixture. The black color in KA – Cu(TAC) comes from activated carbon, 

while the white color comes from MOFs Cu(TAC). In this synthesis, a reflux process is carried out with the 

aim of removing excess acid and evaporating the ethanol.10 

3.1. XRD Characterization  

Characterization by XRD was carried out to analyze the crystal structure, crystallinity and composition 

of activated carbon, MOFs Cu(TAC) and KA-Cu(TAC). Based on the EXPO 2015 analysis table, it shows 

differences in crystal systems in Cu(TAC) and KA-Cu(TAC) samples. Cu(TAC) has two crystal systems, 

namely triclinic and monoclinic which indicates that Cu(TAC) is not homogeneous. Based on the above 

lattice parameters, the triclinic and monoclinic Cu(TAC) crystal systems are in accordance with the lattice 

parameters. KA-Cu(TAC) has only one crystal system, namely triclinic, which shows that KA-Cu(TAC) is 

homogeneous. The unit cell volume of KA-Cu(TAC) also appears to be lower than that of Cu(TAC), this 

causes the intensity of KA-Cu(TAC) to also be lower.17 The triclinic lattice parameters show that KA-

Cu(TAC) meets the lattice parameters as a triclinic crystal system. 

 

 Table 1. Crystal Structure Analysis by EXPO 2015 

Biosorbent  a(Å) b(Å) c(Å) α (o) β(o) ϒ(o) Cell Volume 
(Å3) 

Crystal 
System 

Cu(TAC) 6.98 10.15 5.77 92.73 101.56 96.94 396.71 Triclinic 

11.47 19.55 8.16 90.00 100.78 90.00 1797.86 Monoclinic 

KA-Cu(TAC) 7.49 7.83 5.73 104.62 98.74 95.84 318.15 Triclinic 

 

 

3.2. Adsorption Isotherm Properties 

The adsorption isotherm is the equilibrium bond that occurs between the concentration of the adsorbate 

in the solid phase and the concentration in the liquid phase.18 The Langmuir and Freundlich model was used 

to describe the adsorption isotherm characteristics of Zn(II) on activated carbon and KA-Cu(TAC). The 

Langmuir isotherm describes the adsorption of a monolayer of adsorbate onto an adsorbent surface that has a 

limited number of adsorption sites, while the Freundlich isotherm describes that adsorption occurs on a 

heterogeneous surface of the adsorbent.19 Adsorption isotherms were calculated using concentration variation 

data, in this study the concentration variations were 60, 100, 140, 180, and 220 ppm. Then proven by a good 

linearization graph and has a coefficient of determination R2 ≥ 0.9 (close to 1). 
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Figure 1. Absorption Efficiency of Variations in Concentration 

 

The graph above shows the effect of varying Zn(II) concentrations on the adsorption efficiency of the 

adsorbent. The absorption efficiency of activated carbon and KA-Cu(TAC) increased with increasing 

concentration until the optimum concentration of both adsorbents was obtained at 180 ppm. The increase in 

adsorption efficiency is due to the increasing concentration of Zn(II) metal causing the amount of adsorbate 

to be adsorbed to increase so that the efficiency increases. 

 

Based on the data above, it can be determined whether the adsorption isotherm is the Langmuir isotherm or 

the Freundlich isotherm. 

 
Figure 2. Langmuir Isotherm plot 
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Figure 3. Freundlich Isotherm plot 

 

From the linearization graph above, Langmuir and Freundlich parameters for activated carbon and KA-

Cu(TAC) can be obtained which can be seen in the table below. 

 

Table 2. Langmuir and Freundlich parameters for Zn(II) adsorption 

Langmuir Isotherm 

Sample RL R2 

KA 1.14 0.9255 

KA-Cu(TAC) 1.15 0.7843 

Freundlich Isotherm 

Sample KF R2 

KA 0.06884937 0.8711 

KA-Cu(TAC) 0.1749041 0.5465 

 

By using the correlation coefficient (R2), it can be seen from the data and linearization graph above that 

the Langmuir isotherm is the most suitable because the value of the linear regression coefficient on activated 

carbon (R2 > 0.9255) and KA-Cu(TAC) (R2 > 0.7843), the R2 value of this Langmuir isotherm is higher than 

the R2 value of the Freundlich isotherm where activated carbon (R2 > 0.8711) and KA-Cu(TAC) (R2 > 

0.5465). Based on the Langmuir isotherm equation, it can be concluded that adsorption occurs by 

chemisorption or chemically. Chemisorption occurs when there is a chemical bond between the surface of 

the adsorbent and the adsorbate molecule.20 It can also be concluded that monolayer adsorption of Zn(II) 

occurs on the activated carbon adsorbent and homogeneous KA-Cu(TAC) and the adsorbed molecules of the 

adsorbate show a single layer on the surface of the adsorbent.6 
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4. CONCLUSION 

Characterization of carbon XRD shows that the active carbon structure of oil palm empty fruit bunches 

is an amorphous structure. Whereas MOFs Cu(TAC) shows a crystalline structure which is characterized by 

the appearance of several sharp peaks in the pattern. KA-Cu(TAC) also exhibits a crystalline structure. 

The suitable adsorption isotherm is the Langmuir isotherm where the value of the linear regression 

coefficient on activated carbon (R2 > 0.9255) and KA-Cu(TAC) (R2 > 0.7843). Adsorption occurs by 

chemisorption or chemically. Chemisorption occurs when there is a chemical bond between the surface of 

the adsorbent and the adsorbate molecule. It can also be concluded that monolayer adsorption of Zn(II) 

occurs on the activated carbon adsorbent and homogeneous KA-Cu(TAC) and the adsorbed molecules of the 

adsorbate show a single layer on the surface of the adsorbent. 
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