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Cocoa (Theobroma cacao L.) is among the top commodities in Indonesia but the economic value is only limited 
to seeds, and pod husk is considered a waste. Cocoa pod husk contains cellulose, hemicellulose, and lignin, sug-
gesting great potential as activated carbon. In this study, the cocoa pod husk activated carbon used varied in var-
ious sizes, namely particles passing through a 20 mesh sieve and retained by a 40 mesh sieve (20/40), particles 
passing through a 50 mesh sieve and retained by a 70 mesh sieve (50/70), particles passing through a 90 mesh 
sieve and retained by a 120 mesh sieve (90/120), and particles passing through a 150 mesh sieve and retained 
by a 200 mesh sieve (150/200). The carbon was then chemically activated using 0.8 M phosphoric acid (H3PO4), 
soaked for 8 hours, and physically activated using an oven at 110°C for 1 hour. The activated carbon was contacted 
with chromium (Cr(VI)) for 6 hours, 12 hours, and 24 hours. The results showed that, based on the atomic ab-
sorption spectroscopy test, the best Cr(VI) adsorption occurred in the adsorbent with a 150/200 mesh particle size 
variation, which chemically activated with a contact time of 24 hours. The adsorbed Cr(VI) content was 992.02 ppm 
with an adsorption efficiency of 99.20%. Correspondingly, an iodine number test of 850.23 mg/g was obtained on 
activated carbon with a particle size of 150/200 mesh, which was chemically activated. The scanning electron 
microscope analysis results showed a porous, rough, and distributed activated carbon surface.
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Introduction
Environmental pollution by heavy metals is a great con-
cern for the public due to the adverse effects worldwide 
(Briffa et al., 2020). The indiscriminate discharge of in-
dustrial wastewater harms the natural environment 
due to rapid development. Heavy metal wastewater is 
the most hazardous among many aquatic industrial 
wastes. An example of heavy metals highly ranked after 
lead (Pb(II)) and mercury (Hg(II)) as environmental pol-
lutants from industrial activities is chromium (Cr(VI)). 
Sources of chromium entering the environment include 
industrial activities such as cement, paint, steel, tex-
tile, leather, ceramic, and paper factories. According to 
previous reports, it enters the human body through soil 
accumulation and plant contamination (Adiloğlu and 
Göker, 2021). Given the toxic nature, the Environmental 
Protection Agency (US EPA) stipulates that industrial 
effluent must contain less than 0.5 mg/L of the Cr(VI) 
before being discharged into the environment. The limit 
for the Cr(VI) in drinking water must be less than 0.05 
mg/L (Georgaki and Charalambous, 2023).

Proper treatment of heavy metal waste is crucial to 
avoid polluting the environment. Some methods used 
for treatment include remediation with surfactants 
(Haryanto et al., 2023), biosurfactants (Chen et al., 
2020), and adsorption with physical and chemical ac-
tivation. Adsorption is an effective purification method 
to remove hazardous metal ions from polluted water 
(Kuroki et al., 2019). The three basic stages of adsorp-
tion into a (solid) adsorbent include pollutant move-
ment from the aqueous solution to the surface, adsorp-
tion, and transportation within the particles (Chai et 
al., 2021). The adsorption process is still the preferred 
method due to the high effectiveness, easy procedure, 
simple recovery, wide adaptability, high efficiency, and 
economy. Additionally, the adsorbent is recycled nu-
merous times, and potentially harmful effects of ad-
sorbent material degradation can be removed (Mizhir 
et al., 2022; Hasanpour and Hatami, 2020). In recent 
years, a variety of adsorbents, including porous inor-
ganic materials, organic materials, and biological ma-
terials, have been used to trap heavy metal ions (Mei et 
al., 2023). The adsorption process is selected for use in 
various industrial separation chemical processes due 
to the economical assessment. This method uses ad-
sorbent and adsorbate which can be in gaseous (Mudoi 
et al., 2022) and liquid phase (Mishra et al., 2023).

The most often used adsorbent is activated carbon 
(Noble and Terry, 2004) due to high adsorption capac-
ity, large surface area, polymodal (but fundamentally 
microporous) porous structure, and changing surface 
chemical composition (Rodríguez-Reinoso, 2001). Oth-
er advantages of activated carbon as an environmen-
tally friendly adsorbent include the capacity to with-
stand high temperatures, chemical stability, resistance 
to strong acids and bases, effective adsorption capa-
bilities, ability to be made from various raw material 
sources, and easy regeneration (Wang et al., 2022). A 
previous study by Waly et al. (2021) examined the ad-
sorption process of Pb(II) and Hg(II) metal ions using 
water hyacinth-activated carbon. The results showed 
high adsorption capacity to remove Pb(II) and Hg(II) up 
to 310.9 mg/g and 252.5 mg/g, respectively, at a tem-
perature of 298 K, pH of 5.5, and stirring for 60 min-
utes from an adsorbate concentration of 800 ppm. In a 
study conducted by Kakom et al. (2023), activated car-
bon from the pyrolysis of bagasse was used to adsorb 
heavy metals such as manganese (Mn) from the initial 
concentration of 0.2503 mg/kg to 0.0840 mg/kg at a 
contact time of 20 minutes. The amount of activated 
carbon used was 2.5 g and a mass of 20 g adsorbate 
at a temperature of 34°C, with 1 atm. Another study by 
Brishti et al. (2023) used activated carbon from Bombax 
ceiba fruit peel to adsorb heavy metal iron (Fe(III)) in an 
aqueous solution. The percentage of Fe(III) removed 
was 99.10% from the initial concentration of 75 mg/L 
to 0.675 mg/L with a contact time of 25 minutes, an ad-
sorbent dose of 0.05 g/25 mL of 75 mg/L Fe(III) solu-
tion, and pH conditions of 3.5. Furthermore, Naboulsi 
et al. (2024) used composite beads of activated carbon/
sodium alginate (CA/Alg) prepared from a Retama 
Monosperma (L.) Boiss plant as adsorbent for pesticide 
2,4,5-trichlorophenoxyacetic acid batch adsorption. 
The results showed effective removal rates, achiev-
ing 84.08% at a concentration of 80 ppm, pH = 2, and a 
contact time of 1650 minutes (Naboulsi et al., 2024). A 
study by Rabichi et al. (2024) on olive mill solid waste 
biochar for vanillic acid adsorption correlated well with 
the pseudo-second-order and Langmuir models. The 
maximum adsorption capacity was qm = 57.47 mg/g 
and the correlation coefficient was R2 = 0.999 (Rabichi 
et al., 2024). Bouzid et al. (2024) optimized Eriochrome 
Black T adsorption through in-situ polymerization 
of poly(aniline-co-formaldehyde) on biochar and ob-
tained an exceptional adsorption capacity of 700.01 
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mg/g (Bouzid et al., 2024). Based on the results of pre-
vious studies, it is necessary to vary the use of other 
natural materials as an alternative source of activated 
carbon. Potential natural materials include agricultural 
or food industry waste, which is the largest contribu-
tor to organic waste presently. Therefore, to solve this 
problem, it is necessary to use agricultural and food in-
dustry organic waste to reduce the amount of existing 
waste (Meftah et al., 2024). One of the organic wastes 
that can be used as raw material for making activated 
carbon is cocoa pod husk (Theobroma cacao L.).

A significant component of Indonesian economy is cocoa, 
which is considered one of the top strategic plantation 
commodities (Herawati et al., 2023). Based on World 
Population Review data, the third-largest producer of co-
coa in the world is Indonesia with a total production of 
659 776 metric tonnes (World Population Review, 2022). 
The cocoa fruit consists of 75% skin and 25% seeds, 
which are the main raw material for chocolate produc-
tion (Fang et al., 2020). The economic value of cocoa 
fruits lies only in the seeds, while pod husks are a waste 
that has limited use as fertilizer and animal feed (Buda-
raga and Putra, 2020). Cocoa pod husk contains 21.06% 
of hemicellulose, 51.98% of lignin, and 20.15% of cellu-
lose (Yuli et al., 2021). The waste has a great potential as 
an adsorbent in solving the problem of water pollution 
by heavy metal and other polluting wastes due to the 
high carbon elements. In this study, artificial Cr(VI) metal 
waste was adsorbed by cocoa pod husk activated carbon 
that had been activated first, and then the impact of the 
particle size on the adsorption ability of cocoa pod husk 
activated carbon was evaluated.

Methods

Materials
The materials used in this study were cocoa pod husks 
sourced from Paranginan Village, Simalungun District, 
Sumatera Utara Province, Indonesia, aquadest, Cr(VI) 
artificial waste 1000 ppm Uni-Chem brand, phosphoric 
acid (H3PO4) 0.8 M Merck brand, starch indicator Merck 
brand, iodine 0.1 N Merck brand, and sodium thiosul-
fate (Na2S2O3) 0.1 N Merck brand.

Equipment
The equipment used in this study included atomic ab-
sorption spectroscopy (AAS) type GBC AVANTA A6506, 

aluminum foil, mesh sieve sizes of 20 mesh, 40 mesh, 
50 mesh, 70 mesh, 90 mesh, 120 mesh, 150 mesh, 
and 200 mesh RLS brand, ball mill, beaker glass, glass 
funnel, desiccator, erlenmeyer, furnace, filter paper, 
magnetic stirrer, digital balance Vernier brand type VE-
B2000C with a 0.01 g accuracy, oven Memmert brand, 
and scanning electron microscope (SEM) type JSM 
6510 Series.

Preparation of cocoa pod husk as activated 
carbon
Cocoa pod husks were cleaned with water to remove 
any remaining dirt, then cut into pieces measuring 
2 cm x 2 cm x 1 cm, dried in the sun for 7 days, and 
baked in an oven for 30 minutes at 80°C to eliminate 
the moisture content. Subsequently, carbonization was 
carried out using a furnace at 300°C for 30 minutes, 
followed by grounding using a ball mill and filtration 
to obtain the sample size of 150/200 mesh, 90/120 
mesh, 50/70 mesh, and 20/40 mesh. The sample size 
of 150/200 mesh implies the particles passing through 
a 150 mesh sieve and retained by a 200 mesh sieve, 
the sample size of 90/120 mesh means the particles 
passing through a 90 mesh sieve and retained by a 120 
mesh sieve, the sample size of 50/70 mesh means the 
particles passing through a 50 mesh sieve and retained 
by a 70 mesh sieve, and the sample size of 20/40 mesh 
means the particles passing through a 20 mesh sieve 
and retained by a 40 mesh sieve.

Physical activation
Activated carbon with particle size variations of 
150/200 mesh, 90/120 mesh, 50/70 mesh, and 20/40 
mesh was placed into an Erlenmeyer, activated by 
heating with an oven at 110°C for 1 hour using an oven, 
and then the steam was removed in a desiccator.

Chemical activation 
Activated carbon with particle size variations of 
150/200 mesh, 90/120 mesh, 50/70 mesh, and 20/40 
mesh was chemically activated by soaking it in a 0.8 M  
phosphoric acid (H3PO4) solution (Matsedisho et al., 
2024) for 8 hours. Subsequently, filtration was carried 
out using filter paper, and the activated carbon was 
washed with aquadest.

Chromium adsorption
Activated carbon of 15 g with particle size variations of 
150/200 mesh, 90/120 mesh, 50/70 mesh, and 20/40 
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mesh that had been physically activated was placed 
into an Erlenmeyer, and then 1000 ppm of the Cr(VI) 
artificial waste liquid was added. The Erlenmeyer was 
closed using aluminum foil, left, then stirred with a 
magnetic stirrer at a speed of 400 rpm and variations 
in contact time of 6 hours, 12 hours, and 24 hours. The 
procedure was also carried out for chemically activated 
carbon.

Pore surface description analysis of activated 
carbon
The surface description for cocoa pod husk activated 
carbon pores was analyzed using the magnification 
method before and after adsorption, while the tool 
used was SEM.

Test of adsorbed chromium level
The Cr(VI) content adsorbed by activated carbon was 
obtained from testing the content in the adsorbate be-
fore and after the adsorption process, while the tool 
used was AAS.

Iodine number test
Activated carbon of 0.25 g that had been activated was 
placed into an Erlenmeyer, then 25 mL of 0.1 N iodine 
solution was added. The mixture was then agitated for 
15 minutes before being left to stand. This was followed 
by filtration using filter paper, and the filtrate of 10 mL 
was pipetted and titrated with 0.1 N sodium thiosulfate 
(Na2S2O3) until the mixture turned pale yellow. Titra-
tion was performed again after adding 3 drops of a 1% 
amylum indicator until the mixture turned colorless. 
The iodine number can be calculated with equation (1) 
(Yuliusman et al., 2020).
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where Co is adsorbate concentration before adsorption 
(ppm); Ce is adsorbate final concentration after adsorp-
tion (ppm); m is the amount of the adsorbent (g); V is 
the volume of the solution (mL).

Results and Discussion

Effect of activation type, particle size, and contact 
time of activated carbon on adsorption capability
The effect of activation type, particle size, and contact 
time on adsorption ability is shown in Fig. 1.

Fig. 1 shows that the activation of chemically activat-
ed carbon produced more Cr(VI) adsorption ability than 
physically activated carbon at all variations of contact 
time and particle size. At a contact time of 6 hours, the 
best particle size to adsorb Cr(VI) was chemically acti-
vated 150/200 mesh, which removed up to 976.26 ppm. 
In the chemically activated carbon, there were fluctua-
tions in particle size 90/120 mesh, while in physically 
activated carbon, there were fluctuations in particle size 
50/70 and 150/200 mesh. At a contact time of 12 hours, 
the best particle size to remove Cr(VI) was chemical-
ly activated 50/70 mesh which removed up to 991.04 
ppm. Data fluctuations occurred in chemically activated 
carbon at a particle size of 90/120 mesh, while in phys-
ically activated carbon, fluctuations occurred at particle 
sizes 50/70 and 150/200 mesh. At a contact time of 
24 hours, the best particle size to remove Cr(VI) was 
chemically activated 150/200 mesh, which removed up 
to 992.02 ppm. Chemically and physically activated car-
bon activation data both fluctuated at the 90/120 mesh 
particle size.

In general, an increase in the Cr(VI) adsorption rate oc-
curred with decreasing particle sizes of activated car-
bon. The maximal bed capacity and breakthrough time 
were demonstrated to decrease as the adsorbent parti-
cle size increased. Smaller particles have shorter diffu-
sion pathways, allowing the adsorbate to reach deeper 
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more quickly, and increase in the particle size; hence, it 
takes less time to reach saturation. This is because the 
reduction in the adsorbent surface area caused by big-
ger particle sizes leads to fewer active sites for absorp-
tion. Greater surface area for adsorbate and adsorbent 
interaction is represented by smaller particle sizes. The 
removal efficiency, saturation time, adsorption capac-
ity, and volume of treated effluent all increased. Larg-
er particle sizes have a reduced adsorption capacity; 
hence, more area will be needed to accomplish high 
mass transfer (Andrade et al., 2022). Similar results 
were obtained in a study by Arslan et al. (2022) on the 
adsorption process of Cr(IV) metal ions using leonard-
ite powder. The particle size with the highest adsorption 
efficiency was 45 μm, which adsorbed Cr(IV) metal ions 
by 63.8%, while the 300 μm particle size only absorbed 
47.6%. The surface area of activated carbon to adsorb 
Cr(VI) increases with the decreasing particle size.

The best activation to adsorb more Cr(VI) based on Fig. 1  
is the chemical type. The results showed that the Cr(-
VI) content adsorbed by chemical activation was high-
er compared with physical activation for all adsorbent 
particle size variations. This is because chemical ac-
tivation provides high adsorbent surface area, better 
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Fig. 1. Effect of activation type, particle size, and contact time of acti-
vated carbon on adsorbed chromium content

porosity (Husien et al., 2022), a simple process, and 
a better activation effect compared with physical ac-
tivation (Hsiao et al., 2023). Sakhiya et al. (2021) also 
conducted a comparative study on the chemical and 
physical activation of rice straw biochar to improve 
the adsorption process of zinc metal ions (Zn(II)). The 
results showed that chemical activation can increase 
the total volume of pores and specific surface area ap-
proximately twice and three times higher respectively 
compared with physical activation.

Iodine number analysis
The iodine number results for cocoa pod husk activated 
carbon calculated using equation (1) are presented in 
Table 1.

Table 1. Iodine number test of cocoa pod husk activated carbon

Particle Size (mesh) Activation Type Iodine Number (mg/g)

20/40
Chemical 494.91

Physical 444.15

50/70
Chemical 799.47

Physical 507.60

90/120
Chemical 824.85

Physical 571.05

150/200
Chemical 850.23

Physical 634.50

The best iodine number of 850.23 mg/g was obtained 
using the chemically activated carbon with a particle 
size of 150/200 mesh. Based on the results, the small-
er the particle size, the higher the iodine number value. 
Generally, a high iodine number denotes a high rate of 
adsorption on activated carbon. The high adsorption 
rate suggests that activated carbon has a large surface 
area and pore volume (Mercileen et al., 2023). High ad-
sorption rates are produced as the adsorbent particle 
size decreases (El Nemr et al., 2022). This implies that 
the activated carbon with the smallest particle size had 
the highest iodine number. Although physical activa-
tion also increases the iodine number, the effect is less 
pronounced compared with chemical activation. Physi-
cal activation usually entails thermal treatment, which 
drives off volatile components and creates porosity, but 
it may not achieve the same degree of pore develop-
ment as chemical activation (Heidarinejad et al., 2020). 
The iodine numbers for physically activated adsorbents 
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were consistently lower, indicating reduced micropore 
development. 

Adsorption capacity analysis
The results of adsorption capacity analysis for cocoa 
pod husk activated carbon are presented in Fig. 2.

Fig. 2 shows the analysis of adsorption capacity using 
activated carbon from cocoa pod husk for adsorbed Cr 
(VI) content. The highest adsorption capacity obtained 
was 1.653 mg/g with chemically activated carbon from 
cocoa pod husk. The results showed that the adsorption 
capacity values generally increased with larger parti-
cle sizes for both activation methods. This observation 
could be attributed to the larger surface area available 
for adsorption in the larger particle size (Bouzidi et al., 
2021). Across all particle size ranges, chemically ac-
tivated adsorbents consistently outperform the physi-
cally activated counterparts. The superior performance 
of chemical activation can be attributed to the ability to 
enhance adsorbent affinity toward the target adsorbate 
(Mariana et al., 2021). Chemical activation often induc-
es more microporosity, which contributes to higher 
adsorption capacity by improving chemical bonding 
(Chimi et al., 2023). The consistently higher adsorption 
capacity values for chemically activated samples, re-
gardless of a particle size, suggest that activation type 
plays a more dominant role in adsorption efficiency 
than particle size. 
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before adsorption, ppm) were obtained through the 
AAS test on the adsorbate. This adsorption efficiency 
analysis was obtained using equation 2, presented in 
Fig. 3.

Fig. 3 shows the effect of cocoa pod husk activated 
carbon particle size, activation type, and contact time 
on the Cr(VI) adsorption efficiency. The best result ob-
tained was Cr(VI) adsorption efficiency of 99.20% us-
ing chemically activated carbon with a particle size of 
150/200 mesh and a contact time of 24 hours. In gen-
eral, the particle size of the adsorbent material has an 
inverse relationship with adsorption effectiveness. The 
greater the overall surface area of the smaller the par-
ticles, the greater the capacity to adsorb adsorbates, 
and the better the adsorption effectiveness (Sajid et al., 
2022). This implies that the highest metal adsorption 
efficiency will occur at the smallest particle size. The 
chemical activation method is typically more effective 
because it allows for more uniform pore development 
and introduces functional groups that aid in adsorption. 
Meanwhile, physical activation relies more on thermal 
processes, which can be less effective in creating a 
highly porous structure compared with chemical acti-
vation (Jawad et al., 2017).

Fig. 2. Adsorption capacity analysis of activated carbon on adsorbed 
chromium content

Fig. 3. Results of chromium adsorption efficiency by acti-
vated carbon from cocoa pod husk
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Scanning electron microscope (SEM) analysis of 
the best activated carbon
SEM was used to characterize the morphology of the 
activated carbon physical properties. Fig. 4 shows the 
surface morphology of cocoa pod husk activated car-
bon with a particle size of 150/200 mesh magnified 
6000 times.

Fig. 4. The surface morphology of cocoa pod husk activat-
ed carbon with a particle size of 150/200 mesh (a) before 
the adsorption process and (b) after the adsorption process 
with chemical activation and contact time of 24 hours
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The selected activated carbon particle size was 150/200 
mesh because it had the highest adsorption efficiency 
value. Fig. 4a shows the surface morphology of cocoa 
pod husk activated carbon which is hollow, while Fig. 4b  
illustrates a cross-section of the surface indicating 
non-hollow carbon porosity. This implies that the ad-
sorbent has the potential to be filled with the Cr(VI) 
metal during the adsorption process through interac-
tion (Raji et al., 2023). A smaller particle size increases 
the available surface area to enhance the adsorption 
process. This is because smaller particles have a larg-
er surface area compared with larger particles (Gora 
et al., 2022). Therefore, smaller particles have more 
adsorption sites available to be bound by adsorbates, 
which can increase the maximum adsorption capacity. 
This was confirmed by analysis using SEM and AAS.

Conclusions
In conclusion, chemical activation in the manufacture 
of cocoa pod husk activated carbon provides a higher 
efficiency value compared with physical activation. The 
smaller the particle size, the greater the surface area 
of the particles and the more porosity formed result-
ing in greater adsorption efficiency. Based on the AAS 
test, the best adsorption results occurred in the chem-
ically activated 150/200 mesh particle size variation 
with a contact time of 24 hours. The adsorbed Cr(VI) 
content was 992.02 ppm with an adsorption efficien-
cy of 99.20%. Additionally, the iodine number of 850.23 
mg/g was obtained on activated carbon with a parti-
cle size of 150/200 mesh which was also chemically 
activated. This study proved that cocoa pod husk has 
potential as activated carbon.
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