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Abstract 
Cocoa pod shells contain 23-54 % cellulose, 1.14 % hemicellulose, and 20-27.95 % lignin. The high cellulose content 

in the cocoa pod shell has the potential to be further processed into adsorbents. Before being used as an adsorbent, activation 
using HCl solution was carried out to increase the adsorption power of the cocoa shell. This research was conducted to analyze 
the influence of adsorbent dose, pH solution, the efficiency of hard water reduction, and adsorption capacity on Ca2+ and 
Mg2+ ions. Adsorption of hard water ions was conducted by varying adsorbent doses of 1, 3, 5, 7, and 9 g and varying at 
the pH of 5, 6, 7, 8, and 9. Optimum condition achieved at the mass of 5 g with Ca2+ and Mg2+ ions adsorption efficiency 
of 85.4 and 18.31 %, respectively. Optimum condition achieved at the pH of 9 with Ca2+ and Mg2+ ions adsorption 
efficiency of 61.54 and 49.11 %, respectively. The highest Ca2+ and Mg2+ ions adsorption capacity was obtained at the 
adsorbent mass of 1 g with adsorption capacity respectively 4.05 and 0.54 mg/g. The highest Ca2+ and Mg2+ ions adsorption 
capacity was obtained at a pH of 9 with an adsorption capacity of 4.05 and 0.54 mg/g, respectively. 

Keywords: Hard water, adsorbent, cocoa shell, adsorption capacity 
 

 

Introduction 
Hard water is water that has a high content of 

magnesium and calcium (Padmapriya et al., 2015). 
Water hardness is not a problem up to the 
maximum recommended threshold. 

The maximum limit for total hardness levels 
according to Permenkes RI Number 32 of 2017 
concerning environmental health quality standards 
and water health requirements is 500 mg/L 
(Peraturan Menteri Kesehatan Republik Indonesia, 
2017). Hardness values that exceed 500 mg/L can 
not be used for domestic consumption (Vermont 
Department of Health, 2021). 

Excess minerals in water can cause problems 
for human health (Shahadat et al., 2015). The 
World Health Organization reports that excess 
consumption of calcium can lead to osteoporosis, 
cancer, hypertension, stroke, while excess 
consumption of magnesium results in diarrhea 
(Vermont Department of Health, 2021). In 
addition, hard water can cause the use of soap to be 
less foamy and the appearance of scale in the kettle 
(Kadir et al., 2017). The presence of a scale in the 
kettle or cooking utensils will cause the heat transfer 
to be hampered (Saeed & Hamzah, 2013). This 
problem must be addressed immediately, namely by 
softening the hard water or water softening. 

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
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Many methods have been used to soften hard 
water, including the nanofiltration method 
(Izadpanah & Javidnia, 2012), ion exchange 
(Ismail, 2016), electrolysis (Agostinho et al., 2012), 
electrochemistry (Zeppenfeld, 2011), and 
adsorption (Couto et al., 2015). Ion exchange is the 
method most commonly used (Kadir et al., 2017)). 
Although ion exchange is very effective, this 
technique is expensive. Adsorption is a promising 
method that can be used to soften hard water 
because of its straightforward design (Sophia & 
Lima, 2018), and it can use agricultural and 
plantation waste (Varada, 2018). Several adsorbents 
have been reported to soften hard water, namely, 
bentonite modified with sodium dodecylbenzene 
sulfonate (Kadir et al., 2017), cashew skin (Varada, 
2018), and almond skin (Anusha & Kumar, 2014). 

Cocoa (Theobroma cocoa) is a plantation 
commodity that produces the most significant 
proportion of fruit skin waste (Kamelia & 
Fathurohman, 2017). The utilization of cocoa pod 
husk waste is still minimal. People use more of the 
waste from cocoa pods as animal feed and compost 
only. Most of the waste produced by cocoa pods is 
only left to rot around the plantation area 
(Purnamawati & Utami, 2014). 

Cocoa pod shells contain 23 - 54 % cellulose 
(Masitoh & Sianita, 2013), 1.14 % hemicellulose, 
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and 20 - 27.95 % lignin (Anas et al., 2011). The 
relatively high cellulose content in the pod husks 
has the potential to be further processed into 
adsorbents. Before being used as an adsorbent, 
activation can be carried out to increase the 
absorption power of the cocoa pods using an acid 
or alkaline solution. Activation with acid solutions 
is the most commonly used and proven effective in 
increasing the adsorption capacity (Purnamawati & 
Utami, 2014). 

 
Methods 

Equipment and materials 
The equipment used in this study was a glass 

funnel, a Buchner funnel, Erlenmeyer, mortar, 
pestle, blender, pH meter, 70 mesh (212 μm) sieve, 
electromagnetic shaker, thermo shaker, astringent 
spoon, porcelain cup, petri dish, furnace, oven, 
analytical balance, equipment of titration, dropper 
pipette, measuring pipette, volumetric flask, 
desiccator, and Atomic Absorption Spectroscopy 
(AAS) 

The materials used in this study were cocoa 
shells obtained from agricultural waste from cocoa 
farmers, HCl (p.a), NaOH (p.a), Na2S2O3, starch, 
Iodine (I2), MgCl2, CaCl2, Whatman 42 paper, and 
distilled water. 

Preparation and activation of adsorbent 
The cocoa shells were cut into small pieces, 

then washed with water and dried. After that, the 
dried cocoa pods were put into a heating furnace 
(furnace) for the charcoal process at 600 oC for 1 
hour, and then the charcoal was mashed and sieved 
with a 70 mesh sieve. Charcoal obtained from the 
sieve was chemically activated by immersing in 4 M 
HCl solution for 24 hours and then filtered and 
washed using distilled water. Activated charcoal was 
dried in an oven at 110 oC for 5 hours and stored 
in a desiccator. 

Determination of moisture content 
1 g of activated charcoal from cocoa pods and 

put it in a porcelain crucible, then dried in an oven 
at 110 oC for 2 hours. Then the sample was put into 
a desiccator, then weighed until its weight was 
constant, and the moisture content was determined 
in percent (%). 

 𝑊𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(%) = ௔ି௕௔ 𝑥100%(1)  
 

where a is the initial weight of activated carbon (g) 
and b is the weight of activated carbon after drying 
(g). 

Determination of ash content 
The moisture content of the activated charcoal 

from the cocoa shells was weighed as much as 0.5 
grams and put into a known-weight porcelain dish. 
Then put it in the furnace at 600 oC for 1 hour to 
form ash. Furthermore, it was cooled in a desiccator 

and then weighed until its weight was constant and 
the ash content was determined in percent (%). 

 
 

 

Determination of the adsorption capacity of the I2 
solution 

The activated charcoal that heated in an oven 
was weighed as much as ± 0.5 g and put into the 
Erlenmeyer. The sample was given a 50 mL 0.1 N 
iodine solution, stirred using a shaker for 15 
minutes, and let stand for 15 minutes. 
Furthermore, 10 mL of filtrate was taken and 
titrated with 0.1 N Na2S2O3 solution. If the yellow 
color of the solution looks faint, then add 1 mL of 
1% starch solution. Repeat titration until the blue 
color disappears. 

 

  

V1 is analyzed iodine solution (mL), N1 is iodine 
normality, V2 is required thiosulfate solution (mL), 
N2 is sodium thiosulfate normality, and W is the 
weight of activated charcoal(g). 

Effect of adsorbent dose on adsorption of Mg2+ and 
Ca2+ ions 

The activated charcoal adsorbent of cocoa 
shells was weighted as much as 1, 3, 5, 7, and 9 g, 
respectively, followed by the addition of the 
adsorbent into 50 mL of 100 ppm imitation hard 
water, then shake with a shaker for 60 minutes. 
After that, it was filtered then the filtrate was 
analyzed for the levels of Ca2+ ions and Mg2+ ions 
using AAS. 

Effect of adsorbent pH on adsorption of Mg2+ and 
Ca2+ ions 

The optimum adsorbent for activated charcoal 
from cocoa shells obtained from the determination 
of the adsorbent dose was put into an Erlenmeyer 
containing 50 mL of 100 ppm imitation hard water 
at pH 5, 6, 7, 8, and 9. Shake the mixture using a 
shaker for 60 minutes. The mixture was then 
filtered and analyzed for the content of Mg2+ and 
Ca2+ metal ions using AAS. 

Results and Discussion 

Preparation of charcoal from cocoa shells 
Before carrying out the carbonation, the cocoa 

shells were prepared previously, namely washing the 
cacao shells with clean water to minimize impurities 
such as soil and adhering sand. Then left the cocoa 
shells dry in the sun to reduce the moisture content. 
Dried cocoa shells were carbonized in the furnace at 
600 oC for 1 hour. Furthermore, the charcoal was 
mashed using a mortar and pestle. The powder that 
had been obtained was then sieved with a 70 mesh 
sieve. This sieving is carried out to uniform the 
powder size to get a good and homogeneous particle 
size to increase its surface area(Maleiva et al., 2015). 

( ) (2)100%x
(g)carbon  activated ofweight 

(g)ash  ofweight %contentAsh =

( ) ( ) 
(3)100%x

W
5x126,9x N V-N V mg/gIcapacity adsorption 221 1 

2
=
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Activation of charcoal 
The charcoal yield obtained from cocoa shell 

waste still contains impurities (Sianipar et al., 
2016). The presence of contaminants that stick to 
the pores of charcoal, such as inorganic minerals, 
can affect the absorption of charcoal (Sekewael et 
al., 2015; Sianipar et al., 2016). The way to get rid 
of these impurities is by activating them. Activation 
is a treatment carried out on charcoal to remove 
contaminants that cover the pores, cause the surface 
area to increase, and affect its adsorption power 
(Setiawan et al., 2018). The manufacture of 
activated charcoal in this study used 4 M HCl as its 
activation material. 

The charcoal had activated then washed with 
distilled water. The filtered filtrate was tested using 
universal indicator paper until the neutral pH was 
attained. The activated charcoal is dried in an oven 
at 110 oC for 5 hours. A temperature of 110 oC is 
to evaporate water that is still trapped in the 
charcoal pores. 

Determination of moisture content 
Determination of moisture content was to 

determine how much moisture content is in the 
activated charcoal of the cocoa shells. The high and 
low moisture content indicates the amount of water 
covering the pores of activated charcoal. The less 
moisture content contained in activated charcoal, 
the larger the pores produced. The bigger the pores 
of activated charcoal, the wider the surface area so 
that the adsorption ability of activated charcoal will 
be optimal (Masyithah et al., 2018).  

Based on Indonesian Nasional Standard 
(SNI) 06-3730-1995, the permissible moisture 
content of activated charcoal in powder form is a 
maximum of 15 %. The moisture content obtained 
in this study was 4.46 %, meaning that the water 
content produced had met the standards set by SNI. 

Determination of ash content 
Determination of ash content aims to 

determine the remnants of minerals and metal 
oxides in activated charcoal, which are insoluble 

and wasted during the charring and activation 
processes. The ash content will affect the quality, 
which can cause clogging of pores to affect 
absorption. It happens because the surface area of 
the activated charcoal will decrease due to the 
clogging of the pores (Pandia et al., 2017).  

Based on SNI 06-3730-1995, the maximum 
permissible ash content of activated charcoal is 
10%. The ash content obtained from the 
observations was 28.46 %. This figure still does not 
follow the standards that have been set. The high 
ash content obtained indicates that mineral residues 
in activated charcoal are not wasted during the 
activation process to clog the pores of activated 
charcoal and reduce its adsorption power. 

Determination of the iodine number 
Iodine adsorption is one of the main 

parameters used to determine the quality of 
activated charcoal. The reactivity of activated 
charcoal can see from its ability to adsorb the 
substrate. The adsorption power indicated the 
amount of iodine number, which is a number that 
shows how much the adsorbent can adsorb iodine. 
The greater the iodine number, the greater the 
adsorption power of the adsorbent or activated 
charcoal (Setyoningrum et al., 2018).  

The adsorption power of activated charcoal to 
iodine correlates with the number of pores or the 
surface area of the activated charcoal. The 
magnitude of the absorption of activated charcoal 
to iodine also illustrates the many micropore 
structures that formed (Alzaydien, 2016). 

Based on SNI 06-3730-1995, the minimum 
iodine adsorption is 750 mg / g. The iodine number 
obtained from this study was 881.955 mg/g; the 
results of this iodine adsorption have met the set 
standards. 

Based on the results of the tests carried out to 
on the quality of activated charcoal, the conclusion 
that the moisture content, ash content, and iodine 
absorption capacity of activated charcoal from 
cocoa shells are presented in Table 1.

 
Table 1. The test results of activated charcoal-based on SNI 06– 3730-1995 
Type of testing SNI 06– 3730-1995 Activated charcoal result 

Moisture content Max. 15 % 4.46 %
Ash content Max. 10 % 28.46 %
Iodin adsorption Min. 750 mg/g 881.955 mg/g 

 
 

Effect of dose on Mg2+ and Ca2+ions adsorption 
Determination of the optimum adsorbent dose is 

needed to determine the adsorption efficiency of the 
concentration of Ca2+ and Mg2+ ions. The decrease in 

Ca2+ and Mg2+ ions concentration was analyzed using 
AAS and calculated the adsorption efficiency. The 
curve of the adsorbent dose effect on the adsorption 
efficiency of Ca2+ and Mg2+ ions is shown in Figure 1.



Nurhayati et al. 
 

122 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 shows that the best adsorption 
efficiency is found in the dose of 5 g with adsorption 
efficiency values for calcium and magnesium of 
85.4% and 18.31%, respectively. It can be seen that 
at a dose of 1 to 5 g, there is an increase in 
adsorption percentage. It might be due to the 
increased adsorbent dose will increase the number 
of active sites and the surface area of the activated 
charcoal (Mgombezi et al., 2017), causing the 
adsorbent surface to bind Ca2+ ions and Mg2+ ions 
to increase. Furthermore, there was a decrease in the 
adsorption efficiency of the dose from 7 to 9 g. It 
indicates that the dose of 5 g is the equilibrium 
point of the active site of the adsorbent or the 
saturation limit. Hence, in excess of the dose of 5 g, 
the amount of activated charcoal used is no longer 
efficient for adsorption. This event is known as 
desorption. Desorption can occur if the adsorption 
process has reached its optimum, the adsorbent 
surface is saturated or is no longer able to adsorb the 
adsorbate, and equilibrium occurs (Giyatmi et al., 
2019).  

The data obtained also show that the adsorbed 
concentration of Ca2+ ions is far away more than the 
Mg2+ ion. The Ca2+ ion has a larger atomic radius 
than the Mg2+ ion, which causes the ionization 
energy to decrease. It is easy to form strong bonds 
on the surface of the activated charcoal. 

Effect of pH on Mg2+ and Ca2+ ions adsorption 
After obtaining the optimum dose, then 

determine the optimum pH of the activated 
charcoal adsorbent to determine the exact degree of 
acidity in adsorbing Ca2+ and Mg2+ ions in hard 
water. Determination of the optimum pH is carried 
out because it affects the surface charge of the 
adsorbent. The pH value is one of the most critical 
parameters in the adsorption process and can affect 
the chemical equilibrium of the adsorbate and 
adsorbent. This research was conducted at pH range 
5, 6, 7, 8, and 9. The effect of pH on the adsorption 
of Ca2+ and Mg2+ ions in hard water can be seen in 
Figure 2.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 shows that the adsorption process has 
increased with increasing pH. When conditions are 
acidic or pH < 7, the adsorption process of Ca2+ ions 

and Mg2+ ions is low and increases at alkaline pH or 
pH > 7. The low adsorption efficiency of Ca2+ and 
Mg2+ ions at pH < 7 because when conditions are 
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acidic, H+ ions in solution are abundant. A large 
amount of proton causes competition between H+ 
ions with Ca2+ and Mg2+ ions on the active site of 
the adsorbent surface so that the attractive force 
between the adsorbent and the ion decrease 
(Mgombezi et al., 2017). When the solution is in 
alkaline conditions or pH > 7, the number of OH- 
ions is relatively abundant in the solution, which 
causes the adsorbent surface to become negatively 
charged (Varada, 2018). It affects the adsorption of 

Ca2+ and Mg2+ ions on the adsorbent surface through 
the electrostatic force of attraction (Mgombezi et al., 
2017). 

Adsorption capacity of Ca2+ and Mg2+ ions in 
adsorbent dose variation 

Determination of the adsorption capacity aims 
to determine the number of Ca2+ and Mg2+ ions 
absorbed by the adsorbent, expressed in mg/g. The 
value of the adsorption capacity of Ca2+ ions and 
Mg2+ ions is listed in Table 2.

 
Table 2. Adsorption capacity values on the dose variation of activated charcoal 

Dose (gram) Adsorption capacity (mg/g)
Ca2+ Mg2+

1 4.05 0.54
3 1.37 0.26
5 0.85 0.18
7 0.61 0.12
9 0.23 0.06

 
 

Table 2 shows that the highest adsorption 
capacity of Ca2+ and Mg2+ ions were obtained at 1 g 
of adsorbent dose of 4.05 mg/g and 0.54 mg/g, 
respectively. The lowest adsorption capacity of Ca2+ 
and Mg2+ ions were obtained at the adsorbent dose 
of 9 g, respectively 0.23 mg/g and 0.06 mg/g. The 
data reveal that the adsorption capacity for Ca2+ and 
Mg2+ ions decreased along with the increase in the 
dose of adsorbent. 

The decrease in adsorption capacity occurs 
because the active site of the adsorbent is not all 

bound to the adsorbate. The increase in adsorption 
capacity is inversely proportional to the dose used. 
It might be due to the adsorption capacity measures 
the number of Ca2+ ions and Mg2+ ions adsorbed per 
unit weight of the adsorbent (Putri et al., 2019).  

Adsorption capacity of Ca2+ and Ion Mg2+ ions on 
pH variation 

The results of determining the adsorption 
capacity at various pH identified as shown in Table 
3.

 
Table 3. Adsorption capacity values on pH variation 

pH 
Adsorption capacity (mg/g) 

Ca2+ Mg2+ 

5 0.30 0.25
6 0.35 0.27
7 0.35 0.26
8 0.40 0.28
9 0.61 0.49

 
 

Based on Table 3, the highest adsorption 
capacity of Ca2+ and Mg2+ ions was obtained at pH 
9 with adsorption capacity values of 0.61 mg/g and 
0.49 mg/g, respectively. The lowest adsorption 
capacity value of Ca2+ and Mg2+ ions was at pH 5, 
with adsorption capacity values of 0.3 mg/g and 
0.25 mg/g, respectively. Based on these data, the 
adsorption capacity increases with the increasing pH 
of the solution.  

The largest adsorption capacity occurs at 
alkaline pH because, under these conditions, the 
competition between protons (H+) and metal ions 
(Ca2+and Mg2+) decreases on the surface of the 
activated charcoal so that Ca2+ ions and Mg2+ ions 
can readily be adsorbed on the surface of the 
activated charcoal (Mgombezi & Vegi, 2020). 

Conclusions 
The results showed that activated charcoal 

from cocoa shells could adsorb Ca2+ and Mg2+ ions 
with hard water content. The mass and pH of the 
adsorbent affect the adsorption of Ca2+ and Mg2+ 
ions. The equilibrium of the adsorption process was 
achieved at the dose of 5 g and the pH of 9 with an 
adsorption capacity of Ca2+ and Mg2+ ions, 
respectively, 0.61 mg/g and 0.49 mg/g, respectively. 
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