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Granular activated carbon (GAC) and powdered activated carbon (PAC) 
are the two most common forms of activated carbon with varying particle 
size range. The goal of this study was to analyze the key factors (particle 
size and activation temperature) affecting the surface characteristics of 
GAC and PAC derived from palm kernel shell (PKS). The surface 
morphology suggested that the pore network in PKS-PAC is more 
developed than that in PKS-GAC owing to the presence of a micropore 
structure when prepared at lower activation temperatures. This study also 
demonstrated that activation performed on different PKS particle size 
range influenced the mesopore domain of the activated carbon produced. 
The PKS-GAC was found to have more mesopores than PKS-PAC, which 
made it more reliable for dye adsorption in water treatment. Overall, this 
study demonstrated that applying different particle size range of PKS 
during the activation process can have a significant influence on the 
surface characteristics, thus having a direct impact on the application of 
activated carbon. An accurate particle size range will ensure that the most 
cost-effective activated carbon is selected to achieve the desired 
performance objectives. 
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INTRODUCTION 
 

Green product development has emerged as a global phenomenon, but it has gained 

attention due to its numerous benefits, including change mitigation, improved energy 

security, and rural development (Aktar et al. 2021). It is undeniable that biomass products 

can boost Malaysia's sustainable production sector in the future. Malaysia's solid waste 

production is currently estimated at 33,130 tonnes per day, with a target of 49,670 tonnes 

per day by 2030 (Bashir et al. 2020; Rashidi and Yusup 2021). The palm oil industry 

generates over 80 MT of solid biomass, with only 10% of oil palm biomass used in the 

wood and bioenergy industries in 2015 (Demiral et al. 2021). Oil palm biomass is used as 

a source of energy, burned in the field, as mulching material, or spilled into the environment 

in an uncontrolled manner. The practise of burning biomass causes substantial air pollution 

and raises public health concerns, while inappropriate biomass waste disposal produces 

greenhouse gases such as carbon dioxide, nitrous oxide, and methane (Oguntoke et al. 
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2019; Chin et al. 2020; Amoatey et al. 2021). Thus, reliable waste management is critical 

to avoid the underutilization of oil palm biomass and to ensure health security, job 

opportunities for youth, and waste conversion to value-added products.  

Bio-carbon has emerged as a hot topic due to the various types of naturally inherited 

morphology and low-cost fabrication techniques. The use of biomass wastes as starting 

materials has sparked intense research interest due to their physiochemical stability, light 

weight, low cost, and environmental friendliness (Aslam et al. 2021). Oil palm biomass is 

an efficient source of carbon for conversion to high-value products especially palm kernel 

shells (PKS) as activated carbon precursors (Norrrahim et al. 2022; Sarwer et al. 2022). 

The high carbon percentage in PKS is promising for the production of activated carbon 

(AC), as it contributes to a high product yield. In addition, the high strength and hardness 

of PKS allows it to withstand harsh treatment conditions during the conversion process 

(Arami-Niya et al. 2012; Hidayu and Muda 2016; Joseph et al. 2009). 

A variety of factors influence the effectiveness of AC for adsorption of pollutants. 

These factors include the presence of natural organic matter in the raw water, as well as the 

properties of AC such as pore structure, surface area, raw material, bulk density, and 

particle size (Bertone et al. 2018). Generally, AC is available in two forms: granular 

activated carbons (GAC) and powdered activated carbons (PAC). GAC has a particle size 

range of 0.4 to 1.2 mm, whereas PAC has a particle size range of 5 to 50 µm (Philibert et 

al. 2020; Vu et al. 2014). To achieve a high adsorption capacity, AC needs a large internal 

surface area and a well-developed pore structure. In most cases, the majority of the internal 

surface area is contributed by micropores. Macro and mesopores provide entry to the 

carbon particle and are essential for kinetics (Olajide 2019; Mendes et al. 2015). Given that 

the particle size ranges of GAC and PAC differ noticeably, the question posed here is 

whether there is any potential impact of particle size range on performance and application 

of AC. 

The need for precise particle size control is critical as AC applications grow. To 

ensure optimal performance and to maximize the energy potential, it is essential to select 

the appropriate type and particle size range. There should be an extensive discussion of the 

surface characteristic for both ACs made from PKS. Thus, the effect of particle size on 

surface characteristics of the AC produced from PKS must be thoroughly investigated. A 

numerical model on the effects of varying AC particle size range on the adsorption 

properties will help to interpret the results. In addition, the present work investigated the 

surface characteristics of PKS-GAC and PKS-PAC at various activation temperatures to 

determine how the process affects the performance of AC. 

 

 
EXPERIMENTAL 
 

Material 
PKS was acquired at the Seri Ulu Langat Palm Oil Mill in Dengkil, Selangor. The 

sample was thoroughly cleaned and dried at 105 °C for 48 h. The PKS sieving process was 

carried out using an oscillating screen method to determine the particle size range of GAC 

and PAC, which are 2 to 5 mm (granular size) and 50 to 85 µm (powdered size), 

respectively. The particle size range was determined using a vibrating screen method, 

which provides a measurement of particle width. The sieving time was 20 min, and the 

amplitude was 10 mm/g. The samples that were retained in the sieve were then collected 

and stored at 53 ± 2% RH and 24 ± 2 °C. 
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Methods 
Chemical pretreatment 

A specified mass of the dried PKS was impregnated with 30% phosphoric acid 

(H3PO4) with an impregnation mass ratio of 1:1 at 80 °C for 2 h. The total mass of the PKS 

was 500 g, and 500 mL of H3PO4 was used in the impregnation process. To remove the 

excess H3PO4, the pretreated particles were filtered and washed with distilled water until 

the pH reached the specified values (pH 6 to 8) after the pretreatment process. Once the 

chemical solution was removed, the sample was washed with ambient temperature distilled 

water (25 to 28 °C) using a solid: liquid ratio of 1:100 (w/v). The H3PO4 pretreated samples 

were filtrated and dried at 105 °C for 48 h prior to the physical activation. The dried 

pretreated samples were placed in the tube furnace for 3 h to go through the physical 

activation process at 800, 900, and 1000 °C. PKS-derived ACs (PKS-GAC and PKS-PAC) 

were stored in desiccators for further evaluation. Each of the 6 treatments (2 particle size 

range x 3 activation temperatures) was replicated 5 times.  

 

Evaluation 

The characteristics of AC included the physiochemical properties such as ash 

content and mass yield, adsorption properties (iodine and methylene blue), and surface 

properties. The surface area, surface morphology, and surface analysis were examined as 

previously described (Lee et al. 2017, 2018; Sahfani et al. 2021). The BET surface area 

was determined using a Brunauer-Emmett-Teller analyzer, and the surface functional 

groups of the samples were analysed using a Fourier Transform Infrared spectroscopy 

(FTIR) (Perkin Elmer Spectrum 100-IR, Tokyo, Japan). The dry samples were crushed into 

powder form and were inserted into the FTIR chamber. A Perkin Elmer Spectrum 100 IR 

spectrometer equipped with an attenuated total reflection (ATR) diamond accessory was 

employed for collecting the FTIR-ATR spectra of the sample. FTIR-ATR spectra were 

recorded at wavelengths from 650 to 4000 cm−1 with 4 cm−1 resolution; for each specimen, 

4 scans were collected. In order to analyse the morphology of the AC, the sample prepared 

at the optimum condition was examined using a Scanning Electron Microscope (SEM). 

The sample was prepared with the required testing specifications in accordance with the 

relevant standards, as follows: ash content according to TAPPI T211 om-85 (1992); 

methylene blue adsorption according to JIS K 1470-1991 (1992); and iodine adsorption 

according to ASTM D4607-94 (2006). The mass yield of AC was calculated by Eq. 1. 
 

Mass yield (%) = 
Activated carbon(dry),g

Precursor (dry),g 
 X 100      (1) 

 

Statistical analysis 

The physiochemical and adsorption properties data of the ACs were evaluated for 

analysis of variance (ANOVA) at a 95% confidence level (p ≤ 0.05) using the statistical 

package SPSS for Windows, version 16.0 (SPSS, Chicago, IL, USA). The Tukey-Kramer 

multiple comparisons test was used to examine the differences between the treatment 

effects when significance was discovered. In cases where the p-value was greater than 0.05 

at the 95% confidence level, the effects were deemed not statistically significant.  
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RESULTS AND DISCUSSION 
 

Physiochemical and Adsorption Properties of the Activated Carbon 

Table 1 summarizes the physiochemical and adsorption properties of PKS-GAC 
and PKS-PAC. The ANOVA analysis revealed significant effects (p<0.01) for the particle 
size range of AC, physical temperature, and the interaction for the two factors. 

According to Table 1, the mass yield of ACs produced was inversely proportional 

to activation temperature, with a lower mass yield obtained at higher activation 

temperatures. Both ACs exhibited the most significant mass loss at a temperature of 

1000 °C. As stated by Sahfani et al. (2021), more volatile matter is released when carbon 

is activated at a higher temperature, which decreases the yield. Aside from mass yield, ash 

content percentage compositions were also investigated due to their determinant 

importance in the selection of the prospective AC's application. The ash content in the 

PKS-GAC and PKS-PAC increased from 16.7 to 25.6% and 9.8 to 23.0%, respectively, 

when the temperature was raised from 800 to 1000 °C. The rise in ash content is caused by 

the gradual concentration of minerals and the destructive volatilization of lignocellulosic 

materials when temperatures rise (Sahfani et al. 2021).  
 

Table 1. Properties of the PKS-GAC and PKS-PAC 

Particle 
Size 

Range 

Temperature 
(°C) 

Chemical Properties  Adsorption Properties  

Yield 
 (%) 

Ash  
(%) 

Methylene Blue 
Adsorption (mg/g) 

Iodine Adsorption  
(mg/g) 

PKS-GAC 
(2 to 5 mm) 

800 38.38a 16.68b 234.03f  543.26c 

900 33.21d 18.56c 397.57b 529.30d 

1000 30.38e 25.61e 425.00a 350.58e 

PKS-PAC 
(50 to 85 µm)  

800 36.42b 12.28a 243.26e  762.00a 

900 34.92e 16.32b 256.33d 616.80b 

1000 27.27f 23.49d 376.81c 322.66f 

p-value <0.001 <0.001 <0.001 <0.001 
Note: According to Tukey's multiple comparisons test, different letters (a’, b’, c’, d’, e’ and f’) in the 
same column indicate statistically significant difference at p < 0.05. 
 

The performance of ACs may be expressed in terms of yield and adsorption 

properties, including adsorption of iodine and methylene blue (Chin et al. 2020). Iodine 

adsorption was used to estimate the surface area of an absorbent as well as to provide a 

measure of the micropores (Lee et al. 2018). Furthermore, when the activation temperature 

was raised from 900 to 1000 °C (refer to Table 1), the iodine adsorption for both ACs 

declined significantly. An increase in activation temperature from 800 to 1000 °C caused 

58% and 36% reduction of iodine adsorption value for PKS-PAC and PKS-GAC, 

respectively. This result may be due to the filling of micropores with ash products. This 

interpretation is supported by their negative correlation; high ash content in AC resulted in 

low adsorption (Hassan et al. 2021). It is proposed that the higher activation temperature 

limited the accessible pathways in the AC.  

Adsorption capability also takes into account the adsorbate’s accessibility to the 

AC’s internal surfaces, which is determined by the adsorbate molecule size and pore 

measurements (Borghei et al. 2021). According to Samal (2014), methylene blue number 

is a measure of the mesopore content of the AC. As shown in Table 1, the PKS-GAC had 

higher methylene blue adsorption than PKS-PAC, indicating that it had more mesopores. 

Mesopores can easily provide accessible space for faster molecular diffusion, which can 
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absorb a wider range of molecules (Gualtieri 2021). Hence, PKS-GAC with a relatively 

high proportion of mesopore volume is highly demanded for both low mass transfer 

resistance in pores (fast kinetics) and a high equilibrium adsorption capacity of relatively 

large dye molecules in the textile industry. This study discovered that particle size range 

had a significant impact on pore distribution, which had a direct impact on the feasibility 

of AC for various functions. The mesoporous material, PKS-GAC was judged to be much 

more suitable and feasible for a wider range of applications. Mesopores can serve as a fast 

electrolyte transfer route in the electrode, whereas the presence of micropores results in a 

large surface area for ion adsorption (Borghei et al. 2021). Furthermore, mesoporous 

material is more advantageous for monolith use because methane gas (CH4) adsorption is 

less sensitive to micropores. This is most likely due to diffusive limitations in smaller pores 

in the high-pressure region (Borghei et al. 2021).  

 

Surface Characteristic of Activated Carbon 
Figures 1 and 2 depict the AC surface area and pore structure, respectively. PKS-

PAC attained the highest BET specific surface area of 958 m2/g at an activation 

temperature of 800 °C. Low activation temperatures were favoured in this study. The 

average pore width is controlled by the etching temperature. High temperatures increased 

the average pore width of AC from 1.9 nm to 26.0 nm and 9.1 nm to 16.3 nm for PKS-

PAC and PKS-GAC, respectively. The porosity ratio result demonstrated that the physical 

rupture of the micropores occurred with high temperature.  
 

 

Fig. 1. (a) BET surface area and (b) average pore width of PKS-GAC and PKS-PAC 
Note: The particle size range of GAC and PAC are 2 to 5 mm (granular size) and 50 to 85 µm 
(powdered size), respectively.  
 

According to the porosity ratio (Fig. 2(b)), the microporosity region for both ACs 

was absent at the 1000 °C activation temperature. In contrast, the surface area of the ACs 

produced at low temperatures was primarily attributable to the micropores. The micropore 

volume of PKS-PAC prepared with 800 °C was threefold greater than that of PKS-PAC 

prepared with 1000 °C. This was attributed to the excessive ablation of the carbon structure 

at high activation temperatures, which causes a fraction of the micropore structure to 

collapse. Furthermore, the gasification of some of the unstable carbon on the pore wall 

structure can facilitate the connection of adjacent micropores to synthesise mesopores or 

macropores. Whilst the rate of micropore destruction exceeds the rate of development, the 
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percentage of micropores may drop significantly (Zhang et al. 2021). Henceforth, the 

micropore volume decreased dramatically at high temperatures. Upon closer observation, 

the particle size range was discovered to play a key role in the pore diameters of AC. Even 

at low temperatures, the average pore width of PKS-GAC was nearly 9 times larger than 

that of PKS-PAC (Fig. 1(b)). 
 

Fig. 2. (a) Pore volume and (b) porosity ratio for PKS-GAC and PKS-PAC 

Note: The particle size range of GAC and PAC are 2 to 5 mm (granular size) and 50 to 85 µm 

(powdered size), respectively. 
 

N2 Adsorption Isotherm for PKS-GAC and PKS-PAC  
Most isotherms have been shown to fit into one of the five IUPAC classification 

categories. Figure 2 shows that the PKS-PAC prepared at 800 °C in accordance with the 

type I (a) isotherm. Type I (a) indicates that the samples were microporous materials with 

primarily narrow micropores (width ~1 nm). Both the AC prepared with 900 and 1000 °C 

conformed to type IV isotherm. The initial part of the type-IV isotherm for carbon, as 

shown in Fig. 3, represents micropore filling, and the slope of the plateau at high relative 

pressure is due to multilayer adsorption on non-microporous surfaces, i.e., in mesopores, 

macropores, and the external surface (Roquerol et al. 2013; Wang et al. 2013). Figure 3 

reveals that activation temperature on different particle sizes had a significant impact on 

the surface characteristics of AC. Both ACs conformed to type IV (a) and type IV (b) for 

900 and 1000 °C, respectively. Type IV (a) isotherms implied that the sample had a 

mesoporous structure with a high proportion of mesopores and micropores but a low 

concentration of macropores, whereas type IV (b) isotherms indicated that the AC was 

given by conical and cylindrical mesopores that were closed at the tapered end. 

Furthermore, an isotherm profile will be observed for macroporous materials. An apparent 

increase in adsorption at relatively high pressure (p/p° > 0.9) was observed on the sample 

prepared at 1000 °C. When an isotherm exhibits a sharp increase as p/p° approaches to 1, 

that indicates the presence of macropores (Teo et al. 2017; Lin et al. 2019; Duan et al. 

2021). 

According to the authors’ previously published work, Sahfani et al. (2021), there 

was a strong significant correlation between the micropores and the specific surface area 

of the AC derived from PKS. The higher the proportion of micropore, the higher the 

specific surface area for the AC. In the present study, the results revealed interesting 

findings on the N2 adsorption isotherm, which correlated with the adsorption result for AC. 

Adsorption properties, particularly iodine and methylene blue adsorption, are commonly 
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used parameters as rapid assessment of absorbent quality in AC research. As stated by Chin 

et al (2020) and Benadjemia et al. (2011), adsorption of iodine is a measure of micropore 

content of the activated carbon (0 to 20 Å, or up to 2 nm). Meanwhile, adsorption of 

methylene blue is mainly used to indicate the mesoporous content of the activated carbon 

as a minimum pore size of 1.4 to 1.5 nm is required for methylene blue adsorption. The N2 

adsorption isotherm results also support the fact that the activation temperature did 

influence the surface characteristics of PKS-AC. The pore structure is the primary 

determinant of adsorptive capacity. The presence of micropores (type I isotherm) was 

reflected from the high iodine adsorption properties of AC produced at low temperatures, 

whereas AC produced at high temperatures possesses larger pore sizes/mesopore (type IV 

isotherm), which can explain the higher methylene blue adsorption properties.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. N2 adsorption isotherm for PKS-GAC and PKS-PAC 

Note: The particle size range of GAC and PAC are 2 to 5 mm (granular size) and 50 to 85 µm 

(powdered size), respectively. 
 

Surface Morphology of Activated Carbon  
SEM was used to examine the surface structure of PKS-GAC and PKS-PAC. The 

AC prepared using low temperature had higher adsorption performance on iodine and 

methylene blue than PKS-GAC due to the more developed surface and presence of 

micropores. A large number of open and orderly pores were formed on PKS-PAC prepared 

at 800 °C (Fig. 4(b)). In contrast, PKS-GAC prepared at 800 °C had a lower porous 

structure, based on these observations. The surface morphology of PKS-GAC revealed 

pores mostly covered with impurities, which would be expected to result in pore blocking 

and low surface area (Fig. 4(a)). Thus, it is proposed that the presence of impurities on the 

surface of PKS-GAC resulted in a reduced surface area, implying that the reaction is 

inhibited. Figures 4(c) and 4(d) show that the surface of PKS-GAC and PKS-PAC began 

to melt once the temperature reached 900 °C with PKS-GAC showing a more negative 

impact to the surface structure. As the temperature increased to 1000 °C, PKS-PAC and 
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PKS-GAC surfaces were completely melted, pores closely connected into a molten and flat 

surface (Figs. 4 (e) and 4(f)). An increase in activation temperature to 1000 °C leads to the 

higher carbon breakdown, resulting in the formation of new particles and the enlargement 

of existing pores (Farma et al. 2021). Chin et al. (2015) reported that the ash in oil palm 

biomass was completely melted when exposed to 900 °C, which resulted in molten ash.  

 

 

(a) PKS-GAC activated with 800 °C 

 

(b) PKS-PAC activated with 800 °C 

 

(c) PKS-GAC activated with 900 °C 

 

(d) PKS-PAC activated with 900 °C 

 

(e) PKS-GAC activated with 1000 °C 

 

(f) PKS-PAC activated with 1000 °C 

Fig. 4. Scanning electron micrographs of PKS-PAC and PKS-GAC  

Note: The particle size range of GAC and PAC are 2 to 5 mm (granular size) and 50 to 85 µm 

(powdered size), respectively. 
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Surface Chemical Characteristics of Activated Carbon 
FTIR is one of the most powerful tools for identifying types of chemical bonds 

(functional groups) (Islam et al. 2022). With an increase in activation temperature, a large 

amount of oxygen functional groups was eliminated. As shown in Fig. 5 (GAC 800 °C), 

the 1634 cm-1 band indicates the presence of C=O in carboxymethyl cellulose (Tajer et al. 

2021), while 1930 cm-1 bands indicate the presence of C=O stretches in aldehydes, 

quinones, and carboxyl groups (Guo and Rockstraw 2006; Qu et al. 2013). However, 

neither band were visible after the PKS-GAC sample was subjected to higher temperatures. 

The oxygen content is significant, and it can contribute to the development of high 

microporosity during char formation. The removal of oxygen groups will cause significant 

changes in the networks connecting aliphatic and aromatic bridges. These findings indicate 

the destruction of crosslinks and the rearrangement of the carbon layer, which resulted in 

the collapse of pores (Ahmad et al. 2013). Furthermore, the FTIR peak positions were 

shifted towards lower wavelength values, as evident in the PKS-GAC spectra. When the 

activation temperature was raised from 800 °C to 1000 °C, the peaks shifted to the lower 

wavelength side from 1730 to 1728 cm-1, 1372 to 1368 cm-1, and 1220 to 1218 cm-1. 

Accordingly, these three peaks indicate C=O, C-H, and C=O stretching on the carbon 

surface (Kumari et al. 2021). The lower frequencies absorption indicates that the stronger 

intermolecular interaction (physical crosslinking) between hydrogen in AC and –O–C=O 

(ester)) led to shorter bonds in the –C=O stretching mode vibration (Jasmi et al. 2018). 

Furthermore, the characteristic peaks of carboxylic acid were located at 1300 to 1200 cm−1. 

When a peak shifts to smaller wavelengths, it may be explained by bond stresses and 

deformation vibrations (Shahrashoub and Bakhtiari 2021).  

 

 

 

 
 

Fig. 5. ATR- FTIR for PKS PAC and PKS-GAC 

Note: The particle size range of GAC and PAC are 2 to 5 mm (granular size) and 50 to 85 µm 

(powdered size), respectively. 
 
The Effect of Particle Size Range on the Characteristics of Activated Carbon 

This study showed that particle size range had a significant influence on the pore 

structure of AC, including specific surface area, pore volume, and average pore width. 

Compared to the PKS-GAC, the BET surface area of the PKS-PAC was nearly doubled. 

Based on these high BET values, it was evidenced that PKS-PAC may have a more 

developed pore network than PKS-GAC. PKS-PAC (Fig. 4(a)) produced rugged surfaces 

with micropores, indicating that the porous structure was well developed. Additionally, the 

high micropore surface area and pore volume in PKS-PAC suggest that the surface area 

increase may be accomplished by the presence of micropores. This study also showed that 
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the presence of the micropores not only increased the surface area, but it also directly 

improved the adsorption capability of PKS-PAC. Viscous H3PO4 will penetrate more easily 

into the interior pores of smaller particles than larger particles (Haimour and Emeish 2006). 

The low iodine adsorption with large particle size (PKS-GAC) was attributed to an increase 

in external surface area (mesopore and macropore) and a decrease in diffusion path. Figure 

2(b) demonstrated that the PKS-PAC was comprised of more than 80% of the micropore 

surface area, whereas the PKS-GAC had only 55% of the micropore surface area. Thus, 

PKS-PAC achieved higher iodine adsorption properties than PKS-GAC. 

In line with the findings of this study, particle size range is an important factor 

influencing the methylene blue adsorption properties. This study also demonstrated that 

activation temperature on different particle size range had an effect on the mesopore 

domain of AC. Table 1 and Fig. 1(d) illustrate PKS-GAC with high methylene blue 

capability due to the high amount of mesopore. Even though PKS-GAC provided less 

iodine adsorption than PKS-PAC owing to its mesopore-rich pore structures, such pore 

structures have their own specific application. The molecular size of impurities in 

wastewater treatment, especially dye removal, is complicated, and the presence of 

mesopores in carbon is advantageous (Lee et al. 2019, 2020).  Micropore enriched AC is 

more suitable for the adsorption of small molecular impurities. On the other hand, 

mesopore-rich pore structures are more suitable for the adsorption of macromolecular 

impurities (Kang et al. 2011; Sun et al. 2009).  Although the development of micropores 

smaller than 2 nm can lead to high surface area, they restrict mass transfer and reduce pore 

accessibility to large adsorbates (Ma et al. 2020). In actual water treatment, PKS-GAC with 

highly developed mesopores could be a better option, which may lead to longer bed life 

between carbon exchanges, and lower life cycle costs. The high molecular weight organics 

contained in wastewater may cause micropore blockage and reduce the adsorption capacity 

of activated, while mesopore (2 nm < diameter < 50 nm) is the main transfer artery for large 

molecules, higher mesopore may benefit for the adsorbates transfer from liquid solutions 

to solid adsorbents (Jain et al. 2015; Nelson et al. 2016; Yu and Luo 2014). Thus, AC 

should be prepared with a reasonable distribution over the diameter ranges of both 

micropores and mesopores. Larger particle size allows for fast kinetics and an acceptable 

pressure drop, while more easily covering a large area (Hansen et al. 2010).  As a result, 

the high proportion of mesopore in PKS-GAC could be more reliable than PKS-PAC for 

the application in wastewater treatment, especially for the textile dye industry. 

The low adsorption properties of PKS-GAC can also be explained by the fact that 

there was a large proportion of ash content in larger particles. As stated by Lee et al. (2019), 

a low ash content is a sign of a high-quality carbon adsorbent. Low ash content in PKS-

PAC may lead to superior adsorption of organic compounds from aqueous solution due to 

the hydrophobicity of the material. High ash content can indeed cause issues to carbon 

adsorption such as through competitive adsorption, catalysis of adverse reactions, and 

carbon pore blockage (Deng et al. 2003; Serafin et al. 2021). In other phrases, as the value 

of the ash content decreases, the efficiency and adsorptive capacity of the prepared AC 

increases. Another effect of particle size range in this study is the reduction of mass yield 

in the AC. Of the mass yield analysed, PKS-PAC experienced a greater mass loss than 

PKS-GAC. With smaller particle size, the lignin and cellulose in the biomass are more 

effectively converted due to the higher exposed surface, which leads to higher degrees of 

thermal reactions (Heidari et al. 2018). 
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As stated previously, the efficiency of AC is improved by increasing surface 

functional groups. Adsorption capability of AC increased with increasing carbon 

concentration due to the availability of more surface area and functional groups (Kadirvelu 

et al. 2001). Figures 5 and 6 show that PKS-PAC had more functional groups than PKS-

GAC. A broad absorption band was observed in PKS-PAC at 3447 cm-1. This band is 

assigned to the intramolecular hydroxyl (O-H) stretching mode in the structure (Bora et al. 

2021). Furthermore, the band 1854 cm-1, which is affiliated with C=O stretching vibration 

(Tian et al. 2020), was present in PKS-PAC but absent from PKS-GAC. The presence of 

aromatic C=C, a hexagonal form of charcoal, is indicated by absorption at wave number 

1500-1400 cm-1 (Jeanne Rampe et al. 2021). The appearance of the spectrum at wave 

numbers 1444 cm-1 indicates that PKS-PAC samples had formed a C=C bond. Group C=C 

denotes an increasing carbon content (Maulina and Mentari 2019). Increased efficiency 

will increase the variety of applications of AC and even provide economic benefits (Arami-

Niya et al. 2012). This was explained by stating that AC with small particles (PKS-PAC) 

has superior adsorption properties compared to AC with large particles (PKS-GAC). This 

research is beneficial and will serve as a foundation for researchers and the AC industry as 

accurate particle size range will ensure that the most cost-effective AC is chosen to achieve 

the desired performance objectives. 

 

 

CONCLUSIONS 
 
1. Particle sizes range was found to have a significant influence on the pore distribution 

of palm kernel shell activated carbon. Selecting the right type and particle size range is 
crucial to ensuring an optimal application deployment of porous activated carbon. 

2. The presence of micropores, a well-developed pore network, and a high surface 
functional group, particularly the C=C group, were able to account for the fact that the 
palm kernel shell – particulate activated carbon (PKS-PAC) outperforming the 
corresponding granular activated carbon (PKS-GAC). 

3. Activation temperature on different particle sizes range has an effect on the mesopore 
domain of activated carbon. PKS-GAC with a relatively high proportion of mesopore 
volume is highly demanded for both low mass transfer resistance in pores (fast kinetics) 
and a high equilibrium adsorption capacity of relatively large dye molecules in the 
textile industry. 
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