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 This study aims to characterize activated carbon derived from palm kernel shells 
treated with 10% H3PO4 and evaluate its effectiveness as an adsorbent for 
removing Remazol Brilliant Violet 5R (RBV5R) dye. The adsorption capacity of the 
activated carbon was assessed based on adsorption efficiency using a batch 
adsorption method. The experimental process included preparation, 
carbonization, chemical activation, characterization, and adsorption studies 
conducted using a continuous system. Scanning Electron Microscopy (SEM) 
analysis of the unactivated carbon revealed that the pores were partially 
obstructed by residual carbonized substances, resulting in narrower pore 
structures. In contrast, activation with 10% H3PO4 produced larger and cleaner 
pores due to the effective removal of surface residues. Fourier-transform infrared 
spectroscopy (FTIR) analysis of the raw carbon identified functional groups such 
as O–H, C=C, and C– H, while the activated carbon exhibited characteristic peaks 
corresponding to C=O, P–O, and P–OH groups. Surface area analysis indicated a 
significant increase from 2202.532 m2/g for the unactivated carbon to 5137.431 
m2/g after activation. Adsorption studies demonstrated that both adsorbents 
achieved optimal dye removal performance at pH 3 and a contact time of 20 
minutes. The unactivated carbon achieved an adsorption efficiency of 84.618% 
and an adsorption capacity of 6.346 mg/g, while the activated carbon exhibited 
identical efficiency and capacity values. 

 

1. Introduction 

The development of the batik industry in Indonesia 
to meet the community’s clothing needs has expanded 
beyond Java and is now growing in South Sulawesi, 
particularly in Makassar. In 2020, the number of batik 
industries in Indonesia was estimated to reach 6,120 
units, with a production value of approximately 4.89 
trillion rupiah per year [1]. The batik industry in Makassar 
has also played a pioneering role in expanding batik 
business units across the country. While the growth of the 
batik industry has had positive economic and cultural 
impacts, the waste generated from the batik dyeing 
process poses significant environmental concerns [2]. 

The batik production process consumes a significant 
amount of water and chemicals, particularly synthetic 
dyes such as Remazol, Indigosol, and Naphthol. During 

the fabric dyeing process, only about 5% of the dye is 
absorbed by the fabric, while the remaining 95% is 
discharged as liquid waste [3]. In Makassar’s batik 
industry, Remazol-type synthetic dyes, including 
Remazol Brilliant Violet-5R (RBV5R), are commonly 
used. Based on its structure, RBV5R is a reactive dye from 
the azo group (-N=N) with a chromophore group, 
enabling it to produce bright, long-lasting colors on 
fabric fibers, making it a popular choice in the batik 
industry [4]. However, RBV5R structure contains C=O and 
-C=C bond groups, making it highly resistant to 
degradation (Figure 1). When released into aquatic 
environments, this dye can contaminate water sources 
used for human consumption, potentially causing health 
issues such as skin, eye, respiratory, and digestive 
irritation. Additionally, prolonged exposure to RBV5R has 
been linked to an increased risk of cancer. 
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Figure 1. Structure of Remazol Brilliant Violet-5R 
(RBV5R)) [5] 

Various alternatives to reduce synthetic dye pollution 
are coagulation, oxidation, degradation, ion exchange, 
biological, and adsorption methods [5]. The adsorption 
method is considered one of the most favorable 
techniques due to its high efficiency, large adsorption 
capacity, and low operational cost [6]. Adsorption is when 
a substance (molecule or ion) is absorbed onto the surface 
of the adsorbent pores [7]. Generally, adsorption 
processes are classified into two types: batch and 
continuous methods. In the batch method, a specific 
amount of adsorbent is mixed with a fixed volume of 
solution, and the change in solute concentration is 
monitored over a certain time interval. In contrast, the 
continuous method maintains constant contact between 
the adsorbent and the solution, allowing adsorption to 
proceed until the adsorbent reaches saturation [8]. 
Common commercial adsorbents include zeolite, silica 
gel, alumina, and activated carbon. 

Activated carbon is a widely used adsorbent due to its 
highly porous structure. Additionally, it has a larger 
surface area than other adsorbents, allowing it to adsorb 
greater substances [9]. A wide range of raw materials can 
be utilized to produce activated carbon, including wood, 
sawdust, seed husks, rice husks, shells, peat, bagasse, 
coal, lignite, and animal bones [10]. Chemically activated 
carbon exhibits a higher adsorption capacity than non-
activated carbon. Research on different carbon activators, 
ZnCl2, KOH, and H3PO4, demonstrated iodine adsorption 
capacities of 552.015 mg/g, 621.81 mg/g, and 767 mg/g, 
respectively, with phosphoric acid-activated carbon 
exhibiting the highest iodine adsorption [11]. The 
activation process using phosphoric acid enhances pore 
formation and increases the number of cavities on the 
carbon surface, thereby improving its adsorption capacity 
[12]. 

According to data from the North Luwu Agriculture 
Office of South Sulawesi Province, the area of oil palm 
plantations increased to 23,988.42 hectares in 2021, 
yielding 386,174.60 tons of oil palm [13]. The processing 
of every ton of oil palm generates approximately 6.5% (65 
kg) of palm kernel shell waste, making proper utilization 
essential to create valuable products and reduce 
environmental pollution. Oil palm shells contain 44% 
lignin, 27.7% cellulose, and 21.6% hemicellulose [14]. Due 
to their high lignin content, oil palm shells serve as a 
suitable raw material for producing activated carbon. 

Activated carbon produced from oil palm empty fruit 
bunches and activated with H3PO4 has demonstrated an 
adsorption efficiency of 87.23% and a maximum 
adsorption capacity of 3.0373 mg/g for remazol dye [15]. 
H3PO4-activated carbon has also been reported to possess 

a moisture content of 2.81%, an ash content of 3.68%, and 
an iodine adsorption capacity of 344.22% [16]. Therefore, 
in this study, activated carbon derived from phosphoric 
acid-activated palm shells is utilized as an adsorbent to 
reduce the concentration of RBV5R dye. The study aims to 
investigate the effects of contact time and pH on the 
adsorption process of RBV5R dye using palm shell-based 
activated carbon under batch adsorption conditions. 

2. Experimental 

2.1. Materials and Instruments 

The materials used in this study included oil palm 
shells, H3PO4 (Merck, 85%), NaOH (PA, 99%), HCl 0.5 M 
and 1 M (Merck, 37%), CH3COOH (PA, 99.8%), CH3COONa 
(Merck, 99%), KH2PO4 (Merck, 99%), K2HPO4 (Merck, 
98%), Na2HPO4 (Merck, 99%), NH4Cl (PA, 99.5%), RBV5R 
dye, and aluminum foil. The equipment used comprised 
glassware, a mortar and pestle, a spatula, a pH meter, a 
shaker, an oven, a furnace, an analytical balance, a 100-
mesh sieve, a desiccator, a centrifuge, glass bottles, 
reagent bottles, a Scanning Electron Microscope (SEM, 
JEOL JSM 6063LA), a Fourier Transform Infrared 
Spectrometer (FTIR, Prestige-21), a Surface Area 
Analyzer (SAA, Quantachrome Touchwin v1.22), and an 
Ultraviolet-Visible Spectrophotometer (UV-Vis, 
Labomed Auto UV 2602). 

2.2. Preparation of Palm Kernel Shell (PKS) Activated 
Carbon 

The palm kernel shells (PKS) were thoroughly 
washed with running water to remove impurities and 
then sun-dried to eliminate surface moisture. The dried 
shells were crushed into pieces measuring approximately 
1-2 cm. The crushed shells were subjected to preliminary 
thermal treatment for 30 minutes to produce palm shell 
carbon, followed by carbonization at 650°C for 2 hours 
[17]. The carbonization process aimed to increase the 
surface area of the carbon by decomposing the organic 
components and releasing combustible gases such as CO, 
CH4, H2, formaldehyde, methane, formic acid, and acetic 
acid, along with unburned substances like CO2, H2O, and 
liquid tar [18]. 

After carbonization, the carbon was crushed and 
sieved to achieve a uniform size, maximizing activation 
efficiency. The pores on the carbon’s surface were 
initially covered by residual carbonization byproducts; 
therefore, activation was performed using a 10% H3PO4 
solution to remove these residues, enhance the surface 
area, and improve adsorption capacity [19]. The carbon 
was then immersed in a 10% H3PO4 solution, stirred for 1 
hour, and left to stand for 24 hours. The activated carbon 
was then washed with distilled water to remove any 
remaining impurities and neutralize its pH. Finally, the 
carbon was dried in an oven at 105°C and allowed to cool 
to room temperature. 

2.3. PKS Activated Carbon Characterization 

The adsorbents (unactivated carbon and activated 
carbon) were characterized using SEM to analyze their 
surface morphology, FTIR to identify functional groups, 
and SAA to determine their specific surface area. 
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2.4. Preparation of RBV5R Solution 

A total of 0.50 g of RBV5R dye powder was dissolved 
in distilled water in a 500 mL volumetric flask to prepare 
a 1000 ppm stock solution. A 50 ppm RBV5R solution was 
then prepared by diluting the 1000 ppm stock solution. 

2.5. Determination of Maximum Wavelength of RBV5R 

The 50 ppm RBV5R solution was analyzed using a 
UV-Vis spectrophotometer within a wavelength range of 
400–800 nm to determine its maximum absorption [6]. 

2.6. Standard Solution Curve Preparation 

RBV5R solutions with concentrations of 10, 20, 30, 
40, and 50 ppm were analyzed using a UV-Vis 
spectrophotometer at the wavelength of maximum 
absorption. The absorbance values were recorded to 
generate a calibration curve, representing the correlation 
between RBV5R concentration and absorbance [15]. 

2.7. Adsorption Process 

2.7.1. Determination of Optimum Contact Time 

A total of 0.1 g of adsorbent was placed into a 250 mL 
Erlenmeyer flask containing 15 mL of 50 ppm RBV5R 
solution. A concentration of 50 ppm was selected because 
lower concentrations enable more accurate monitoring of 
adsorption or degradation processes, particularly when 
using UV–Vis spectrophotometry. At higher or too low 
concentrations, absorbance values may exceed the linear 
range of the spectrophotometer, leading to less reliable 
data due to signal saturation or deviation from the Beer–
Lambert law [20, 21]. The flask was then placed on a 
shaker at 150 rpm with varying contact times of 20, 40, 
60, 80, and 100 minutes [6]. After the adsorption process, 
the solution was centrifuged at 3000 rpm for 30 minutes. 
The resulting filtrate was analyzed using a UV-Vis 
spectrophotometer, and the adsorption efficiency was 
calculated using Equations 1 and 2 [22]. 

2.7.2. Determination of Optimum Sample Solution pH 

RBV5R solutions with a concentration of 50 ppm at 
pH values of 3, 5, 7, 9, and 11 were prepared from a 1000 
ppm stock solution. A total of 10 mL of the stock solution 
was transferred into a 400 mL beaker. A digital pH meter 
was inserted, and the pH was adjusted using 0.5 M HCl for 
acidic conditions and 1 M NaOH for basic conditions [16]. 
Once the desired pH was achieved, the solution was 
transferred to a 200 mL graduated cylinder, followed by 
the addition of the appropriate buffer solution to 
maintain the pH value. After that, a total of 0.1 g of 
adsorbent was placed into a 250 mL Erlenmeyer flask 
containing 15 mL of 50 ppm RBV5R solution with pH 
variations of 3, 5, 7, 9, and 11 [23]. The Erlenmeyer flask 
was covered with aluminum foil and placed on a shaker at 
150 rpm for the previously determined optimum contact 
time. After adsorption, the solution was centrifuged at 
3000 rpm for 30 minutes. The resulting filtrate was 
analyzed using a UV-Vis spectrophotometer, and 
adsorption efficiency was calculated using Equations 1 
and 2. 

 𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑄) =  
(𝐶0−𝐶𝑒)𝑉

𝑚
 (1) 

 𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
(𝐶0−𝐶𝑒)

𝐶0
× 100% (2) 

Where C0 is the concentration before the adsorption 
process, Ce is the concentration after the adsorption 
process, V is the volume of the solution, and m is the mass 
of the adsorbent. 

3. Results and Discussion 

3.1. PKS Activated Carbon Characterization 

3.1.1. SEM Analysis 

Characterization using SEM aims to analyze the 
surface morphology of unactivated carbon and activated 
carbon. As shown in Figure 2a, the SEM analysis of 
unactivated carbon reveals the presence of pores; 
however, these pores are partially blocked by residual 
carbonization byproducts, leading to a narrowed surface 
area. To address this, the carbon undergoes activation 
through immersion in a phosphoric acid solution, which 
helps remove or decompose the remaining carbonized 
substances. 

The activation process enhances porosity by 
breaking hydrocarbon bonds and oxidizing surface 
molecules, resulting in pore enlargement and an overall 
increase in surface area [12]. The SEM results of activated 
carbon treated with H3PO4 10%, shown in Figure 2b, 
confirm this effect. The image illustrates a more porous 
structure with significantly reduced impurities, 
demonstrating the effectiveness of the activation process. 
The greater the number of pores formed, the larger the 
surface area, which improves the adsorption capacity of 
activated carbon. 

 

Figure 2. Surface morphology of a) unactivated carbon 
and b) activated carbon at 3000× magnifications 
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3.1.2. FTIR Analysis 

Characterization using FTIR aims to identify 
functional groups and bond types found in unactivated 
carbon and activated carbon. As shown in Figure 3 
presents the FTIR spectra of unactivated carbon and 
activated carbon with phosphoric acid. The FTIR analysis 
of unactivated palm shell carbon indicates the presence of 
O-H functional groups at a wavenumber of 3444.87 cm−1. 
Vibrations at 1622.16 cm−1 correspond to C=O groups with 
low intensity, while peaks at 2924.09 cm−1 and 2374.37 
cm−1 represent C-H bonds from hemicellulose. 
Additionally, a peak at 1556.20 cm−1 signifies aromatic 
C=C bonds from lignin. 

After activation with 10% H3PO4, notable spectral 
changes occur, including peak shifts, intensity 
reductions, and the emergence of new peaks. The O-H 
functional group shifts to 3408.22 cm−1, while the C-H 
peak at 2376.30 cm−1 decreases in intensity. The C=O 
group at 1622.13 cm−1 exhibits higher intensity, indicating 
successful activation, as C=O functional groups are 
characteristic of activated carbon [24]. Additionally, the 
C=C bond from lignin appears at 1558.48 cm−1, while a 
peak at 1082.07 cm−1 corresponds to the C-O bond in 
activated carbon. The presence of P-O and P-OH 
functional groups at 956.69 cm−1 confirms the influence 
of phosphoric acid activation [25]. 

The disappearance of the C-H group and the 
increased intensity of the C=O peak in activated carbon 
suggest the removal of impurities, leading to a more 
reactive carbon surface [12]. Phosphoric acid activation 
enhances the polarity of the resulting activated carbon, as 
indicated by the dominance of O-H, C-O, and C=O 
functional groups [24]. 

3.1.3. SAA Analysis 

Characterization using SAA was conducted to 
determine the surface area, pore volume, and pore size 
distribution of unactivated carbon and activated carbon. 
The BET results (Figure 4) show the adsorption–
desorption isotherms of carbon and activated carbon, 
illustrating the relationship between nitrogen gas volume 
and pressure. The amount of adsorbed gas is measured by 
increasing the gas pressure and recording the uptake 
from a known gas volume. The isotherms of both samples 
do not conform to the IUPAC classification of adsorption 
isotherms, and no hysteresis loop is observed, making it 
impossible to estimate the pore characteristics of the 
adsorbents. 

Based on Figures 5a and 5b, the pore size distribution 
of unactivated carbon shows a maximum adsorption 
value of 1.1996 cc/nm/g at a radius of 1.0854 nm and a 
maximum desorption value of 1.1732 cc/nm/g at a radius 
of 1.0958 nm, resulting in a pore size range of 1.09–1.19 
nm. In contrast, activated carbon exhibits a maximum 
adsorption value of 2.6452 cc/nm/g at a radius of 1.2114 
nm and a maximum desorption value of 2.7040 cc/nm/g 
at a radius of 1.1018 nm, corresponding to a pore size 
range of 1.10–1.21 nm. A comparison of the specific 
surface areas (SAA) from BET and BJH analyses is 
summarized in Table 1. 

 

Figure 3. FTIR spectra of unactivated carbon and 
activated carbon 

 

Figure 4. N2 adsorption-desorption isotherm graphs of 
(a) unactivated carbon and (b) activated carbon 

Table 1 shows that the results of SAA characterization 
of activated carbon using H3PO4 has a surface area of 
5137.431 m2/g with a pore volume measuring 6.18075 cc/g 
and an average pore diameter of 1.21136 nm, while the 
carbon that does not undergo activation with H3PO4 
solution has a surface area of 2202.532 m2/g with a pore 
volume measuring 2.69962 cc/g and an average pore 
diameter of 1.08542 nm. This shows that activated carbon 
has a better surface area and pore volume to be used as an 
adsorbent than unactivated carbon. 
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Figure 5. BJH adsorption pore size distribution curve of 
(a) unactivated carbon and (b) activated carbon 

Table 1. Results of SAA analysis of unactivated and 
activated carbon 

Characteristic 
Unactivated 

Carbon 
Activated 

carbon 

Surface area (m2/g) 2202.532 5137.431 

Pore volume (cc/g) 2.69962 6.18075 

Pore diameter (nm) 1.08542 1.21136 

The larger the surface area of an adsorbent, the 
greater its adsorption capacity. A high surface area and 
pore volume of activated carbon enhance its adsorption 
efficiency, allowing more adsorbate to be absorbed by the 
adsorbent [26]. The use of H3PO4 solution as an activating 
agent also influences the surface area, as this strong acid 
can remove hydrocarbon compounds or impurities, 
thereby promoting pore formation on the carbon surface. 
The adsorption capacity of activated carbon increases 
with the concentration of the activating agent [6]. 

3.2. Determination of Optimum Wavelength of RBV5R 

Determination of the optimum wavelength was 
carried out to determine the wavelength that gave 
maximum absorption to the analyte, which was 
characterized by the highest absorbance value of the 
RBV5R solution. Determination of the optimum 
wavelength was carried out using a UV-Vis 
spectrophotometer in the wavelength range of 400-650 
nm for a 50 ppm RBV5R solution. The optimum 
wavelength of the RBV5R solution is shown in Figure 6. 

 

Figure 6. The optimum wavelength of RBV5R 

Based on Figure 6, the optimum wavelength of the 
RBV5R solution was determined to be 560 nm, 
corresponding to the highest absorbance value of 0.425 
among the measured wavelengths. This result is 
consistent with the findings of [27], which reported a 
maximum wavelength of 559 nm for the RBV5R solution. 
Therefore, the wavelength of 560 nm was selected for 
absorbance measurements in the batch adsorption 
experiments. 

3.3. Results of the Batch Adsorption Method 

3.3.1. Optimum Time of Unactivated and Activated 
Carbon 

The determination of the optimum contact time was 
conducted to identify the most effective duration for the 
adsorption of RBV5R dye using activated carbon. Contact 
time is an important parameter in evaluating the 
adsorption performance of an adsorbent. As contact time 
increases, the concentration of RBV5R dye in the solution 
decreases, while the adsorption efficiency 
correspondingly increases [28]. The batch adsorption 
experiments for both unactivated and activated carbon 
were carried out with contact time variations of 20, 40, 
60, 80, and 100 minutes. 

Figure 7 shows that contact time variation during the 
batch adsorption process significantly affected the 
amount of dye adsorbed onto both unactivated and 
activated carbon surfaces. At a contact time of 20 
minutes, unactivated carbon showed an average 
adsorption efficiency of 6.45%, an adsorption capacity of 
0.484 mg/g, and a final dye concentration of 46.78 ppm. 
In comparison, adsorption using activated carbon 
achieved a much higher average efficiency of 40.51%, 
with an adsorption capacity of 3.04 mg/g and a final dye 
concentration of 29.74 ppm. These results indicate that 
the active sites on the activated carbon surface interacted 
more effectively with dye molecules than those on 
unactivated carbon, leading to higher adsorption 
efficiency and capacity. However, beyond 40 minutes, the 
adsorption process tended to stabilize, suggesting that 
the adsorbent surface had become saturated and 
equilibrium was established between the dye molecules 
and the adsorbent. Prolonged contact time may even 
result in partial desorption of dye molecules from the 
adsorbent surface [10]. The possible adsorption 
mechanism between activated carbon and RBV5R dye is 
illustrated in Figure 8. 



 Jurnal Kimia Sains dan Aplikasi 28 (8) (2025): 405-415 410 

Table 2. Data from the determination of the optimum contact time using unactivated carbon 

t 
(minute) 

C0 
(ppm) 

Abs 
Ct 

(ppm) 
%E 
(%) 

Q 
(mg/g) 

𝐶𝑡̅ %E̅̅ ̅̅ ̅ Q̅ STD 

20 

50 

0.405 46.8171 6.366 0.477 

46.776 6.447 0.484 0.857 0.401 46.3293 7.341 0.551 

0.408 47.1829 5.634 0.423 

40 0.413 47.7927 4.415 0.331 

48.240 3.520 0.264 0.784 0.418 48.4024 3.195 0.240 

0.419 48.5244 2.951 0.221 

60 0.416 48.1585 3.683 0.276 

48.524 2.951 0.221 0.879 0.423 49.0122 1.976 0.148 

0.418 48.4024 3.195 0.240 

80 0.421 48.7683 2.463 0.185 

48.646 2.707 0.203 0.645 0.422 48.8902 2.220 0.166 

0.417 48.2805 3.439 0.258 

100 0.422 48.8902 2.220 0.166 

48.931 2.138 0.160 0.614 0.425 49.2561 1.488 0.112 

0.420 48.6463 2.707 0.203 

Table 3. Data from the determination of the optimum contact time using activated carbon 

t 
(minute) 

C0 

(ppm) 
Abs 

Ct 

(ppm) 
%E 
(%) 

Q 
(mg/g) 

𝐶𝑡̅ %E̅̅ ̅̅ ̅ Q̅ STD 

20 

50 

0.267 29.988 40.024 3.002 

29.744 40.512 3.038 1.291 0.269 30.232 39.537 2.965 

0.259 29.012 41.976 3.148 

40 0.283 31.939 36.122 2.709 

32.589 34.821 2.612 1.343 0.294 33.28 33.439 2.508 

0.288 32.549 34.902 2.618 

60 0.288 32.549 34.902 2.618 

33.402 33.195 2.490 1.599 0.296 33.524 32.951 2.471 

0.301 34.134 31.732 2.380 

80 0.301 34.134 31.732 2.380 

34.907 30.187 2.264 1.470 0.308 34.988 30.024 2.252 

0.313 35.598 28.805 2.160 

100 0.316 35.963 28.073 2.105 35.476 29.049 2.179 0.879 
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Figure 7. Adsorption efficiency of RBV5R using 
(a) unactivated and (b) activated carbon at different 

times 

 

Figure 8. Illustration of possible interaction mechanisms 
between activated carbon and RBV5R dye [29, 30] 

3.3.2. Optimum pH of Unactivated and Activated 
Carbon 

The optimum pH of the solution is determined to 
identify the most favorable conditions, either acidic or 
alkaline, for the adsorption of RBV5R dye by unactivated 
and activated carbon. pH is a critical parameter, as 
excessively low or high pH levels can significantly 
influence the adsorption performance of the adsorbent. 
The interaction between activated carbon and RBV5R dye 
is likely facilitated by hydrogen bonding, which plays a 
key role in the adsorption mechanism [16]. In this study, 
the optimum pH was determined by evaluating the 
adsorption performance at various pH levels of 3, 5, 7, 9, 
and 12. 

As shown in Figure 9, the increasing pH of the 
solution significantly affects the amount of dye adsorbed 
on the surface of the activated carbon. The results indicate 
that a more acidic pH enhances both adsorption efficiency 
and adsorption capacity, whereas a more alkaline pH 
leads to a decrease in both parameters. At pH 3, 
unactivated carbon showed its highest efficiency 
(8.233%), adsorption capacity (0.617 mg/g), and final dye 
concentration (45.88 ppm). Activated carbon achieved 
much higher values, with 84.618% efficiency, 6.346 mg/g 
capacity, and 7.691 ppm final concentration. These 
results suggest that adsorption is most effective at low 
pH, where the abundant H⁺ ions protonate the activated 
carbon surface, generating positively charged sites that 
attract the negatively charged RBV5R dye molecules 
through electrostatic interaction [28]. 

 

Figure 9. Adsorption efficiency of RBV5R using 
(a) unactivated and (b) activated carbon at different pH 

values 

 



 Jurnal Kimia Sains dan Aplikasi 28 (8) (2025): 405-415 412 

Table 4. Determination of the optimum pH of the solution using unactivated carbon 

t 
(min) 

C0 
(ppm) 

pH Abs 
Ct 

(ppm) 
%E 
(%) 

Qt 
(mg/g) 

𝐶𝑡̅ %E̅̅ ̅̅ ̅ 𝑄𝑡
̅̅ ̅ STD 

20 50 

3 0.403 45.843 8.313 0.623 

45.884 8.233 0.617 0.368 0.405 46.084 7.831 0.587 

0.402 45.723 8.554 0.642 

5 0.412 46.928 6.145 0.461 

47.209 5.582 0.419 0.502 0.415 47.289 5.422 0.407 

0.416 47.410 5.181 0.389 

7 0.412 46.928 6.145 0.461 

47.450 5.100 0.383 0.912 0.418 47.651 4.699 0.352 

0.419 47.771 4.458 0.334 

9 0.418 47.651 4.699 0.352 

47.610 4.779 0.358 0.368 0.416 47.410 5.181 0.389 

0.419 47.771 4.458 0.334 

12 0.422 48.133 3.735 0.280 

48.092 3.815 0.286 00368 0.420 47.892 4.217 0.316 

0.423 48.253 3.494 0.262 

At pH 5, a decrease in adsorption efficiency was 
observed, which may be attributed to the lower 
concentration of H⁺ ions compared to pH 3. As a result, the 
electrostatic attraction between the adsorbent and the 
adsorbate was weaker [23]. From pH 7 to pH 12, both 
adsorption efficiency and adsorption capacity continued 
to decline. This is likely due to an increase in OH− ions in 
the RBV5R solution, which occupies the active sites of the 
adsorbent and causes deprotonation, leading to increased 
electrostatic repulsion between the negatively charged 
adsorbent and dye molecules [31, 32]. At pH 12, the color 
of the RBV5R solution changes from dark violet to light 
violet, which may result from the deprotonation of 
functional groups and the breakdown of azo (-N=N-) and 
sulfonate (-SO3

−) groups due to hydrolysis by hydroxide 
ions (OH−) [33, 34]. 

3.4. Comparison Study of Activated Carbon from Palm 
Shells with Other Reported Adsorbents on RBV5 
Adsorption 

In this study, the adsorption performance of RBV5R 
onto activated carbon was compared with previously 
reported adsorbents. As shown in Table 6, the adsorption 
of RBV5R using activated carbon derived from palm shells 
exhibited superior performance compared to other 
reported adsorbents, achieving the highest adsorption 
efficiency of 84.618%. This indicates that the developed 
activated carbon possesses promising characteristics and 
is effective for treating colorant-containing wastewater. 
Overall, the RBV5R adsorption capacity of activated 
carbon derived from coconut shells showed lower uptake 
compared to that of palm shell-based activated carbon 
developed in this study, whereas graphene oxide and 
green marine algae exhibited higher uptake capacities. 
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Table 5. Data from the determination of the optimum pH solution using activated carbon 

t 
(min) 

C0 

(ppm) 
pH Abs 

Ct 

(ppm) 
%E 
(%) 

Qt 
(mg/g) 

𝐶𝑡̅ %E̅̅ ̅̅ ̅ 𝑄𝑡
̅̅ ̅ STD 

20 50 

3 0.086 7.651 84.699 6.352 

7.691 84.618 6.346 0.606 0.089 8.012 83.976 6.298 

0.084 7.410 85.181 6.389 

5 0.217 23.434 53.133 3.985 

23.795 52.410 3.931 0.869 0.219 23.675 52.651 3.949 

0.224 24.277 51.446 3.858 

7 0.269 29.699 40.602 3.045 

29.618 40.763 3.057 0.736 0.265 29.217 41.566 3.117 

0.271 29.940 40.120 3.009 

9 0.304 33.916 32.169 2.413 

33.916 32.169 2.413 1.928 0.296 32.952 34.096 2.557 

0.312 34.880 30.241 2.268 

12 0.359 40.542 18.916 1.419 

40.221 19.558 1.467 0.736 0.357 40.301 19.398 1.455 

0.353 39.819 20.361 1.527 

Table 6. Comparison of palm shell–based activated carbon with previously reported adsorbents 

Clasiffication This study 
Hidayati et al. 

[4] 
Yuliani et al. 

[35] 
Bello and Ahmad 

[36] 
Gokulan et al. 

[37] 

Adsorbent type 
Activated carbon 
from palm shells Coconut shells 

Graphene 
Oxide 

Activated carbon 
from periwinkle 

shells 

Green marine 
algae 

Surface area (m2/g) 5137.431 - - 1894.0 - 

Adsorption capacity 
(mg/g) 6.346 1.4377 65.03 - 159.7 

Adsorption efficiency (%) 84.618 75.59 67.3 81.28 81.2 

4. Conclusion 

Activated carbon synthesized from palm kernel shell 
(PKS) demonstrated high effectiveness in the adsorption 
of RBV5R dye. SEM analysis of the unactivated carbon 
revealed that the pores were covered with residual 
carbonized substances, resulting in narrower pore 
structures. In contrast, activation using 10% H3PO4 
produced carbon with larger and cleaner pores, indicating 
the successful removal of carbonaceous residues from the 
surface. FTIR analysis of the unactivated carbon 
identified the presence of O–H, C=O, C=C, and C–H 
functional groups, while the activated carbon exhibited 
characteristic peaks corresponding to P–O and P–OH 
groups at a wavenumber of 956.69 cm−1, confirming 
successful activation. Surface area analysis showed a 
substantial increase from 2202.532 m2/g for unactivated 
carbon to 5137.431 m2/g for activated carbon. Adsorption 
of Remazol Brilliant Violet 5R (RBV5R) using both 
adsorbents reached optimal performance at pH 3 and a 
contact time of 20 minutes. The activated carbon achieved 
an adsorption efficiency of 84.618% and an adsorption 
capacity of 6.346 mg/g, demonstrating its superior 
performance compared to unactivated carbon. 
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