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Abstract: Research this which is used as an adsorbent powder obtained through 

hydrolysis, fermentation and distillation of cacao fruit skin. This study aims to 

determine the ability of the cacao fruit skin powder to adsorb metal ions chromium 

(Cr3+), iron (Fe3+) and Lead (Pb2+) with adsorbent mass variation. Adsorption is done 

on metal chromium (Cr3+), iron (Fe3+) and lead (Pb2+) with three variations of the 

adsorbent mass of 0.25, 0.50 and 0.75 grams. The results showed that the performance 

of  cacao fruit skin powder the most effective to metal ions lead (Pb2+) with percent 

adsorption 97.70%, for metal ions iron (Fe3+) with percent adsorption 94.33%, and 

crom (Cr3+) metal ions with the percent adsorption was 89.71% with adsorbent mass 

of 0.75 grams. 
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1. Introduction 

According to plantation statistics for the Province of Southeast Sulawesi, the cocoa 

commodity is able to achieve an average production of 119,160 tons per year, with an average 

rate of increase in production of 6.83% per year. In terms of the area of commodity 

development, indications were obtained that the development area of the cocoa commodity 

in Southeast Sulawesi in 2020 had reached 110 770 Ha. The more cocoa production increases, 

the more the amount of cocoa pod waste produced will also increase. The waste can be utilized 

to become something that has economic value. Cocoa shell is a lignocellulosic waste 

containing lignin, cellulose and hemicellulose. 
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Several studies inform that cocoa pod shell waste can be processed into animal feed, 

organic fertilizer and alcohol, while the cocoa pulp itself can be used as a metal adsorbent 

(sorbent). The main current in adsorbent research is the use of agricultural by-products as 

adsorbents for organic and inorganic compounds. Have also reported several agricultural 

byproducts that have potential as adsorbents, namely corn cobs, rice grain, soybean grain, 

cottonseed, straw, bagasse, and peanuts [1,2]. Used cocoa pod skin as an adsorbent for 

methylene blue dye from textile waste with an adsorption capacity of 1605.99 µg/g adsorbent 

[3]. Show that modified cellulose in corn cobs was able to adsorb methylene blue from textile 

waste with an adsorption capacity of 518.07 µg/g adsorbent [4]. The bagasse could adsorb 

methylene blue dye with an adsorption efficiency of up to 90% [5,6]. Adsorbents that are often 

used are activated carbon, zeolite and activated sludge [7]. Utilized activated charcoal from 

cocoa shell (Theobroma cacao L.) as an adsorbent for metal(II) ions [8,9,10]. The results of these 

studies indicate that agricultural waste containing lignin and cellulose can be further 

processed as an adsorbent and is expected to increase its added value  

The adsorption method is a very efficient method for reducing heavy metal content. 

Therefore, the by-product (powder) of distillation from fermented cocoa pods can be used to 

reduce metal content. Adsorbents for waste containing Cr3+, Fe3+ and Pb2+ metal ions at the 

same time, can be used in handling laboratory wastewater and waste from the nickel mining 

industry. 

 

2. Materials and Methods 

Materials used in this study included blenders, analytical balances, glass tools, reflux 

equipment, distillation equipment, and Atomic Absorption Spectroscopy (AAS). The 

materials needed are cocoa pod skin (Theobroma cacao L.) as the main raw material, HCl, 

NaOH, tape yeast (Saccharomyces sp), standard solutions of Chromium (Cr), Iron (Fe) and 

Lead (Pb) and Aquades. 

This research method consists of 4 stages, namely hydrolysis, drying, distillation and 

adsorption. 1; The sample to be hydrolyzed is put in a beaker containing water and added 

HCl, then stirred until homogeneous, then put in a reflux flask, and heated for 1 day at a 

temperature of ±30 0C [11], 2; the sample is cooled and a starter is made with 1 gram of yeast 

mass at a volume of 10% of the volume of the sample to be fermented. The starter was made 

by taking 70 mL of sample and putting it into a beaker containing tape yeast (Saccharomyces 

sp) and leaving it in an open space for up to 24 hours. Starter is made to activate the growth 

of Saccharomyces sp, And then, the starter is put into the fermentation container and left for 7 

days in a closed condition [12]. 3; sample into the distillation flask that has been assembled 

and then heated to the alcohol vapor temperature (controlled) and stopped when the 

temperature passes the alcohol vapor point, then the remaining residue in the flask consisting 

of air and residue (powder) is cooled. After cooling, filtering is carried out to filter out the 

water and residue (powder). The powder obtained from the results of filtering with an oven 

at a temperature of ± 50 0C will be used as a metal adsorbent [13]. 4; Adsorption was carried 

out with variations in mass, namely 0.25 grams, 0.5 grams and 0.75 grams (for each type of 

metal), then put into containers containing 10 ml of Chromium (Cr3+), Iron (Fe3+) metal 

solution each. and Lead (Pb2+) with a concentration of 20 ppm for each metal that has been 

prepared and stirred for 30 minutes [14]. 
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3. Results and Discussion 

Based on the data in Table 1, the ability of the adsorbent to adsorb Cr3+ metal ions in 

the mass range of the adsorbent tested does not affect the percentage of adsorption. It is 

presumed that by varying the mass of the adsorbent in the range tested with a metal ion 

concentration of Cr3+ of 20 ppm, the ability of the adsorbent to be maximized. Although the 

mass of the adsorbent added will not increase the percentage of adsorption of Cr3+ metal ions. 

This is also supported by research conducted by [15] that the addition of adsorbent mass after 

optimal conditions shows that the adsorption capacity remains constant or tends to decrease. 

Table 2, the mass variation of the tested adsorbents is optimal and does not affect the 

percentage of adsorption of Fe3+ metal ions. It is presumed that from the addition of 0.25 gram 

of mass the adsorption conditions have been optimal so that changes in the increase in the 

mass of the adsorbent do not increase the percentage of adsorption. Table 3, variations in the 

mass of the adsorbent that were tried at an adsorption time of 30 minutes had no effect on the 

percentage of adsorption. It is suspected that the mass of the adsorbent is not proportional to 

the concentration of Pb2+ metal ions in the solution. Or in other words, the concentration of 

Pb2+ metal ions in solution is less than the active groups and adsorbent pores to adsorb Pb2+ 

metal ions. 

The effect of adsorbent mass on the adsorption capacity of Pb2+ metal ions does not 

appear to be that different. This is probably due to the amount of Pb2+ metal ions in solution 

has been used up and the adsorbent active groups are still present for all variations of the 

adsorbent masses tested. Thus, even though the mass of the adsorbent is added, it will not 

affect the percentage of adsorption. 

 

Table 1. Percent adsorption of Cr3+ metal ions 

Adsorbent 
Mass 

(grams) 

Contact 
Time 

(Minute) 

C0 metal 
ion (ppm) 

Ce metal ion 
(ppm) 

adsorbed (%) 

Cr3+ Cr3+ Cr3+ 

0.25 30 20 2.3279 88.36 

0.50 30 20 2.2131 88.93 

0.75 30 20 2.0574 89.71 

 

Table 2. Percent adsorption of Fe3+ metal ions 

Adsorbent 
Mass 

(grams) 

Contact 
Time 

(Minute) 

C0 metal 
ion (ppm) 

Ce metal ion 
(ppm) 

adsorbed (%) 

Fe3+ Fe3+ Fe3+ 

0.25 30 20 1.1756 94.12 

0.50 30 20 1.1463 94.27 

0.75 30 20 1.1341 94.33 
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Table 3. Percent adsorption of Pb2+ metal ions 

Adsorbent 
Mass 

(grams) 

Contact 
Time 

(Minute) 

C0 metal 
ion (ppm) 

Ce metal ion 
(ppm) 

adsorbed (%) 

Pb2+ Pb2+ Pb2+ 

0.25 30 20 0.4719 97.64 

0.50 30 20 0.4649 97.68 

0.75 30 20 0.4605 97.70 

 

Table 4. Classification of acids and bases based on the HSAB concept 

Hard Acid Soft Acid 

H+, Li+, Na+, Be2+, Mg2+, Ca2+, Sr2+, BF3+, 
B(OH)3, AlH3, AlCl3, AlMe3, CO2, 
RCO+, NC+, Si4+, CH3Sn3+, N3+, Cl3+, I5+, 
I7+, Al3+, Sc3+, Ga3+, In3+, La3+, Cr3+, Fe3+, 
Co3+, Ti4+, Zr4+, HF4+  

Cu+, Ag+, Au+, Hg+, CH3Hg+, Ti+, Pd2+, 
Pt2+, Cd2+, Hg2+, BH3, GaMe3, GaCl3, 
GaI3, InCl3, CH3, Carbena, Br2, I2, Br+, I+, 
atom-atom logam 

Medium Acid 

Fe2+, Ru2+, Os2+, Co2+, Rh3+, Ir3+, Ni2+, Cu2+, BMe3, GaH3, R3C, C6H5+, Sn2+, Pb2+, 
NO+, Sb3+, Bi3+, SO2 

Hard Base Soft Base 

CO32-, CH2CO2-, NH3, RNH2, N2H4, H20, 
OH-, ROH, RO-, R2O, F-, Cl-, NO3-, PO43-

, SO42-, ClO4- 

CO, CN-, RNC, C2H4, C6H6, R3P, (RO)3P, 
R3AS, R2AS, RSH, H-, R-, I-, SCN-, S2O3 

Medium Base 

N2, N3, NO2-, C2H5N, C6H5NH2, Br- 
 

 
Figure 1. Comparison of the percentage of metal ion adsorption Cr3+, Fe3+ and Pb2+ 

 

Figure 1 shows that Pb2+ metal was adsorbed the most (97.70%), followed by Fe3+ metal 

(94.33%) and Cr3+ metal adsorbed the least (89.71%), with the same adsorbent mass of 0.75 

gram. This shows that Pb2+ is more easily adsorbed than Fe3+ and Cr3+. This difference is 

probably due to the match in the pore size of lignin as a polymer with the radius of the Pb2+ 

metal ion which is also larger when compared to the Fe3+ and Cr3+ ions. The suitability of the 

lignin pore size with the radius size of the Pb2+ metal ion causes metal ions that have been 

trapped into the pores to be trapped into the polymer. On the other hand, Fe3+ and Cr3+ ions 

which have smaller ionic radii than Pb2+ metal ions may be due to a mismatch between the 
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ionic radii and the lignin pore size, so that the trapped Fe3+ and Cr3+ metal ions can come out 

again from the pore [16]. The interaction model of metal ions with active groups trapped in 

the polymer.  

 
Figure 2.  Complex formation at varying constants 

 

Another parameter that determines the percentage of adsorption is the strength of the 

chemical interaction between metal ions and active groups in lignin. Based on the active 

groups present in the lignin structure, the active groups that play a role in bond formation are 

CH3-O-, OH, and C-O-. In the formation of complex bonds or coordination bonds between 

metal ions and active groups on lignin molecules as ligands or adsorbents based on the hard 

acid-soft base concept (Table 4), the Pb2+ metal ion belongs to the intermediate acid group and 

the C-O ether active group includes soft bases and the presence of OH groups in lignin which 

being a strong base will reduce the softness of the C-O ether group so that its nature will tend 

to be medium. The large size of the metal ion as well as the size of the ligand or adsorbent 

(lignin) makes it difficult for them to be polarized or their polarizability becomes lower [17]. 

 
 

Figure 3. (a) Lignin polymer structure; (b) polymeric structures bond metal ions 

 

As a result, chemical compatibility to form bonds between Pb2+ metal ions and active 

groups on lignin will have a greater probability when compared to Fe3+ and Cr3+ metal ions. 

This will cause the Pb2+ metal ion to have a greater adsorption percentage when compared to 

the Fe3+ and Cr3+ metal ions. 
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Conclusions 

Based on the research results, it can be concluded that the ability of fermented cocoa 

pod (Theobroma cacao L.) powder to act as an adsorbent to adsorb metal ions Pb2+, Fe3+ and Cr3+ 

has an adsorption capacity of 97.33%, 94.33% and 89,71%, respectively with a mass of 0.75 

gram adsorbent. 
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