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Abstract

Rice straw activated carbon (RSAC) was produced and used to decolourise organic dyes and palm oil mill effluent 
(POME) via adsorption processes. Rice straw was carbonised and activated using potassium hydroxide (KOH) and 
sodium hydroxide (NaOH) to produce activated carbon. The properties of activated carbon (AC) were studied through 
surface and morphology analyses. The regeneration of the adsorbents by adsorption/desorption processes shows that 
the AC can be regenerated up to five cycles while still providing adsorption capacity at maximum of 67.26% at first 
regeneration and as low as 2.72% at fifth regeneration. The RSAC was also used for the treatment of POME for 
decolourisation and the reduction of total organic carbon (TOC) as well as chemical oxygen demand (COD). This 
study suggested that the RSAC can be potentially used as an adsorbent for the removal of different types of positives 
charges adsorbates and POME from aqueous solution.
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Introduction

 The processing of palm oil produces two types of by 
-products, namely solid biomass and liquid sludge known 
as POME. Per tonne of oil palm fruit processing, about 
5.5% of oil kernel, 13.5% of mesocarp fibre and 23.4% 
of oil palm fruit bunches are produced as solid biomass 
waste. In addition, approximately 67% of POME is also 
produced (Eleanor et al. 2018). POME is produced from 
three (3) manufacturing activities namely sterilisation 
(0.2 – 0.25 tonnes/t of oil palm fruit), clarification 
(0.4 – 0.45 tonnes/t of oil palm fruit) and hydrocyclone 
(0.03 – 0.05 tonnes/t of oil palm fruit) at a ratio of 6:15:1 
(Ma 1999).
 The characteristics of POME depend on the quality 
of the oil palm fruit and the manufacturing activities 
at the palm oil mill. It is a concentrated, viscous and 
brownish liquid that consists of 95 – 96% water, 0.6 – 
0.7% oil and 4 – 5% solids. Besides that, it has value of 
BOD (>18,000 mg/L) and COD (> 45,000 mg/L), which 
are drained at a temperature of 80 – 90 °C at acidic 
pH. It also contains nitrogen, potassium, magnesium, 
calcium, chromium, copper, iron, organics, phosphorus 
and cellulose waste content which is a mixture of 
carbohydrates and oils. The high organic content in POME 

is contributed by some sugars such as xylose, glucose, 
galactose and mannose (Ohimain et al. 2012; Singh et al. 
2010). POME is not a harmful contaminant because no 
chemicals are included during oil palm fruit processing, 
it contains a good source of nutrients, however untreated 
POME affects the environment because its organic and 
nutrient content causes a reduction in oxygen content in 
aquatic systems (Kamyab et al. 2014). There are several 
methods of treating POME namely membrane technology 
(Amosa 2017; Ghani et al. 2018), coagulation/flocculation 
(Poh et al. 2014; Zahrim et al. 2017), oxidation process 
(Ng et al. 2016) as well as adsorption using AC 
(Abdulsalam et al. 2018; Alkhatib et al. 2015; Kaman et 
al. 2017).
 Common practice in POME treatment is through pond 
systems, which require large soil areas and long exposure 
times (Kaman et al. 2017). In addition, treated POME 
still contains high levels of contaminants due to the low 
efficacy of such treatment methods. Therefore, adsorption 
is often used to treat treated POME prior to discharge into 
rivers to meet wastewater discharge standards. There are 
limited studies on the use of AC adsorbents from biomass 
in treating POME as shown in Table 1.
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 AC tends to interact with non-polar particles on the 
adsorbed material in the hydrophobic solution (Adeleke 
et al. 2016). Hydrophobic particles have a tendency to 
interact with similar particles as compared to oil droplets. 
This process results in the breaking of hydrogen bonds 
between water particles. Similarly, hydrophilic adsorbents 
can be effective for the reduction of polar solutions in 
wastewater. Combinations of hydrophilic particles have 
better thermodynamic interactions than interactions with 
hydrophobic ones such as oils. The level of hydrophobic 
or hydrophilic particles is determined by the surface 
tension of the materials in the aqueous phase and the 
combination of adsorbent materials can be very effective 
for the reduction of high strength wastewater containing 
both polar and non-polar solutions (Adeleke et al. 2016). 
POME was also analysed by total organic carbon (TOC) 
and chemical oxygen demand (COD). TOC aims to 
determine the amount of carbon present in organic matter. 
TOC is a non specific determinant of water quality. While 
COD is able to determine the amount of oxygen consumed 
by the reaction in the solution under study.
 Regeneration of the adsorbent is able to reduce the cost 
of producing the adsorbent after the adsorbent is able to 
be removed. Nevertheless, the potential for regeneration 
of adsorbents is one of the distinctive properties of 
adsorbents. The adsorption ability and efficiency of the 
adsorbed material are among its advantages. A decrease 
in adsorption capacity was found to occur when the 
regeneration cycle increased. AC regeneration requires 
a specific procedure to remove the molecules of the 
adsorbed material from the AC surface. There are three 
main methods of regeneration for AC namely thermal, 
chemical and biological (Foo and Hameed 2012; Shah et 
al. 2013; Regti et al. 2017; Yu et al. 2017; Sanyiirek and 
Yonten 2018). Each method has its limitations such as high 
thermal energy, carbon loss, use of expensive chemicals 
and longer time. Regeneration of the adsorbent after 
saturation is done by the adsorption process. Adsorption 
studies are necessary for the recovery of adsorbed 
material and to understand the adsorption mechanism. 
The adsorption process is performed by mixing saturated 
adsorbents with adsorbents (NaOH, HCl, CH3COOH, 
C3H6O, C2H5OH) for removal of adsorbed materials and 
separated by filtration (Salleh et al. 2011; Berenguer et 
al. 2010; He et al. 2013; Lata et al. 2014). 

 The adsorbed dye can be adsorbed using neutral water, 
the dye is adsorbed with the adsorbent through a weak 
bond. Methylene blue (MB) that used in this study was 
cationic dyes that have a positive charge on the molecule 
and is also known as a basic dye. This dye is capable 
spread colour and dissolve in water (Ahmed 2016). If 
the dye can be absorbed with sulfuric acid or alkaline 
water, the dye adsorption through ion exchange. The 
absorption of dye via organic solvents such as acetone 
or acetic acid can be done through chemical adsorption 
process. Whereas with mineral acids such as HCl, the dye 
can be adsorbed through physical adsorption (Bharathi 
and Ramesh 2013). Hydrophobic functional groups such 
as methyl in organic solvents are able to be mobilized by 
etching forces to deactivate cationic MB molecules that 
are also hydrophobic on the surface of AC (Gerard and 
Orjan 2005). Therefore, this study is aim to analyse the 
surface and morphology of RSAC. The regeneration of 
the rice straw activated carbon (RSAC) by adsorption/
desorption processes also be studied. The RSAC was also 
used for the treatment of POME for decolorisation and 
the reduction of total organic carbon (TOC) and chemical 
oxygen demand (COD).

Materials and methods

Preparation of rice straw

 Rice straw was taken from a paddy field in Sekinchan, 
Selangor, Malaysia. It was cleaned with water to remove 
dirt and was oven dried at 105 °C for an overnight.

Preparation of AC from rice straw 

 The rice straw was pyrolysed at 400 °C for 4 h to 
produce rice straw charcoal (RSC). Then, RSC was 
sieved to collect the particle with 60 mesh in size. The 
RSC was immersed with the KOH solution (13 M) at 
a ratio of 1:4 (RSC: KOH or NaOH solution) for 24 
h. It was filtered and oven dried overnight at 105 °C. 
The activation process was done in a tube furnace with 
a nitrogen gas flow (100 mL/ min) for 2 h at 850 °C. 
Sample was cooled and washed with hydrochloric acid 
(HCl) solution (1 M) and deionised water until a pH of 
6 to 7 in the rinse was obtained. The above procedure 
was also performed for NaOH solution. The samples 

Table 1. POME adsorption using AC adsorbents

Biomass Pollutants test Disposal efficiency (%) Reference

Coconut shell AC 
(steam method)

TSS, COD and POME 
colour

TSS (39%), COD (66%), colour (61%) (Kaman et al. 2017)

Oil palm mesocarp 
fiber bioadsorption 
(steam method)

COD and SS POME SS (80%), COD (70%) (Ibrahim et al. 2017)

Banana skin AC TSS, BOD, colour TSS (96%), BOD (100%), colour (95%) (Mohammed and Chong 2014)

Commercial AC COD and TSS COD (73.08%), TSS (98.33%) (Parthasarathy et al. 2016)

Oil palm skin AC SS 71.26% (Azmi and Yunos 2014)
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were labelled as RSC (rice straw charcoal). Meanwhile, 
RSACK and RSACNa meaning the RSC activated with 
KOH and NaOH, respectively.

Characterisations of the AC samples

 The RSC, RSACK, and RSACNa samples surface 
area were studied using N2 adsorption-desorption analysis 
(Micromeritics ASAP, 2010) then followed by the nitrogen 
adsorption-desorption standard at 77 K. The samples 
were degassed prior to analysed for 10 h under vacuum 
at 110 °C. Surface morphology properties of the samples 
were obtained using scanning electron microscope (SEM) 
of the FEI model Quanta 400.

Study of discoloration, COD and TOC POME

 Oil palm industry effluent (POME) was obtained 
from KPSB’s oil palm plant in Gua Musang, Kelantan, 
Malaysia. The properties of the original POME are as in 
Table 2. The POME was first filtered to remove dirt and 
sediment and stored in the refrigerator before undergoing 
discoloration analysis with AC. POME (pH 8.5) performed 
a decolorization analysis (Equation 1) using the Platinum-
Cobalt (Pt-Co) method analysed by a Spectrophotometer 
(HACH DR 3900) at a wavelength of 450 nm. Analysis 
was carried out with 100 mL of POME stirred with AC 
adsorbents at 0.1 g, 0.4 g and 0.6 g and the Pt-Co values 
of POME were taken at set intervals until the equilibrium 
point of POME color adsorption was reached. The analysis 
of chemical oxygen demand (COD) and total organic 
carbon (TOC) followed the 5220D standard method and 
the TNT method, respectively, which were analysed with 
the HACH DRB 200 instrument.

Discoloration (%) = ((Co – Ce))/(Co) x 100  (1)
Where Co and Ce are the initial and final discoloration 
values of POME, respectively.

AC adsorption and regeneration study

 Methylene blue (MB) solution with a concentration of 
450 mg/L was prepared for the adsorption and dehydration 
study process of MB with RSACK and RSACNa samples. 
AC powder weighing 0.05 g was stirred together with 
50 mL of MB solution using magnetic stirrer at 300 rpm 
overnight. The concentration of the MB solution before 
and after the adsorption process was obtained using a UV 
spectrophotometer. The AC powder that has undergone the 
adsorption process was filtered from the MB solution and 
rinsed with distilled water to clean the residue of the MB 
solution on the surface of the AC. The dehydration process 
by chemical method was carried out by soaking AC in 
a solution of dehydration agent (3 M) for 3 h. The three 
types of dehydrating agents are acetone (CH3H6O), acetic 
acid (C2H4O2) (both are organic solvents) and sulfuric 
acid (H2SO4) (inorganic solvents). The concentration 
values of the absorbed solution were taken with a UV 
spectrophotometer. The AC was filtered and rinsed with 

distilled water before being dried overnight in an oven 
at 60 °C. The above process is repeated for subsequent 
regeneration up to five (5) cycles. The percentage value 
of desorption of adsorbed material is obtained based on 
Equation 2.

Desorption percentage of adsorbate = A/B x 100%   (2)
where A is the concentration of the desorption solution 
(mg/L), B is the concentration of the adsorbate solution 
(mg/L).

Results and discussion

 Table 3 shows that the RSACK and RSACNa 
samples had high surface area values at 1048.3 m²/g 
and 332.81 m²/g, respectively as compared to RSC 
which is 1.16 m²/g. These results may be driven by the 
effects of internal heating and pore opening (Foo and 
Hameed 2011a). The increase in surface area may be due 
to the release of volatile components during the activation 
process. KOH as an activating agent has reacted with 
the reactive centres of carbonaceous materials such as 
unstructured carbon, carbon with heteroatoms and carbon 
on the graphene side producing new pores and dilating 
existing ones, where it is increases with increasing of 
KOH (Zhang et al. 2008). The total volume of the AC 
pores has increased with increasing activation temperature. 
For example, the pore volume of RSC at 0.0028 cm³/g 
increased to 0.64 cm³/g for RSACK and 0.23 cm³/g for 
RSACNa. An increase in surface area contributes to an 
increase in meso pore sized volume (Sricharoenchaikul et 
al. 2008). The mean pore sizes of RSACK and RSACNa 
were 2.46 nm and 2.82 nm, respectively. It shows that 
the pores are between 2 – 50 nm in size, i.e., meso pore 
sized. According to IUPAC 1972, pore sizes can be 
classified into three types namely micro pores (below 
2 nm), meso pores (2 – 50 nm) and macro pores (over 
50 nm) (Lu et al. 2015).
 The surface area value of RSACK is 1048.3 m2/g as 
compared to RSACNa 332.81 m2/g. It was found that 
KOH acts as a better activating agent than NaOH. It causes 
pore formation and pore volume and in turn produces 
porous carbon with a higher surface area (Lillo-Ródenas 
et al. 2001). These results are equivalent to a study by 

Table 2. The properties of the original POME

Parameter Value
pH 9.5
DO (mg/L) 7.32
BOD5 (mg/L) 11.5
COD (mg/L) 280
SS (mg/L) 17
Color (Pt-Co) 888
NH3-N (mg/L) 0.5
Oil and Grease (mg/L) 5
TOC (mg/L) 96
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Guo et al. (2003). The increase in porosity was found to 
be related to the alkaline cations of the activating agent 
according to the sequence: Li <Na <K <Rb <Cs, in this 
case KOH has more alkaline cations than NaOH, therefore 
KOH reacts more with carbon to produce pores (Guo et 
al. al. 2003). The possible chemical reactions between 
alkali hydroxide and carbon occurs during the activation 
process as in Equations 3, 4 and 5 (Chunlan et al. 2005).

4KOH + C → K2CO3 + K2O + 2H2  (3)

2K2O + C → 4K + CO2    (4)

K2CO3 + 2C → 2K+3CO     (5)

 The activation process produces hydrogen gas, 
carbonate and potassium (K or K2O). Potassium metal 
is removed during the washing process and K2CO3 
decomposes during the activation process and CO2 gas is 
produced. The reaction between the activating agent and 
the carbon causes the decomposition of organic volatiles 
and forms the shaft surface of the AC sample. The process 
of producing gas during activation using an appropriate 
activating agent is very important in the process of pore 
formation (Muniandy et al. 2014).
 Figure 1 (a) shows the SEM micrographs of RSC, 
which appear to have almost no pores on their surface. 
The effect of the presence of NaOH and KOH on the 
surface of the impregnation sample before the activation 
process is carried out and were shown in Figure 1 (b) and 
Figure 1 (c), respectively. Chemical activation produces a 
porous carbon structure which opens pores on the surface 
of the air conditioner. Many pores are produced on high 
AC surface area values as discussed in the previous 
chapter. Similar results were also reported by Zhang et 
al. (2008); Cheenmatchaya et al. (2014) and Pandey et al. 
(2015). The difference of AC generated from this study 
compared to the above three researchers was at the ratio 
of carbon charcoal: activating agent which was 1: 4 (w/v) 
and the activation temperature (650 – 850 °C).
 Figure 2 shows the effect of RSACK dose as an 
adsorbent on the percentage of POME dyeing. Increasing 
the dose of adsorbent has reduced the percentage of 
POME colour. A total of 75.73% (193 Pt-Co) of POME 
colour was reduced by using an adsorption dose of 1 g/L. 
The percentage of POME dye continued to increase by 
89.33% (21 Pt-Co) to 99.62% (3 Pt-Co) as the dose of 
RSACK adsorbent increased from 4 g/L to 6 g/L as shown 
in Figure 2 (a) and (b). Next, the increased of RSACNa 
dose showed an increased in the percentage of POME 
dilution which were 87.62% (90 Pt-Co) at 4 g/L, 96.79% 

(23 Pt-Co) at 6 g/L and 98.90% (8 Pt-Co) at 10 g/L as 
shown in Figure 2 (c) and 2 (d). In the first stage, the 
adsorption increases rapidly, indicating that there is a large 
active area of the adsorbent surface. The results of the 
increase in the dose of the adsorbent cause an increase in 
the percentage of dyeing of POME where it is in line with 
the previous researchers’ report (Alkhatib et al. 2015; Gobi 
and Vadivelu 2013). It is eventually showing a horizontal 
graph after reaching the equilibrium, possibly due to the 
mono-organic layer of contaminants covering the surface 
of the adsorbent (Mohammed 2013). Overall, it can be 
summarised that a dose of adsorbent at 0.4 g in 100 mL 
of POME is sufficient to dye POME.
 It was found that the dyeing rate increased in line with 
the time and dose of adsorbent material (Mohammed and 
Chong 2014) where from the analysis, it was found that a 
balanced adsorption rate occurred after 420 min (1 g/L) 
for RSACK sample. The balance increased rapidly for the 
adsorption dose of 4 g/L at 60 min and 30 min for 6 g/L. 
RSACNa provides an equilibrium after 300 min for the 
adsorbent dose of 1 g/L and 4 g/L, while the dose of the 
adsorbent 6 g/L occurs after 60 min. This is because the 
RSACNa sample has a low porosity and causes a low 
adsorption capacity compared to RSACK which has a 
high value. Researchers such as Abdulsalam et al. 2018; 
AremuMuyibi et al. (2014); Kaman, Tan and Lim (2017) 
have reported similar results on the dyeing rate and the 
effect of AC dosing in the POME dyeing experiment 
using AC.
 In general, AC-KOH samples showed a better 
percentage of staining than AC-NaOH. It is most likely 
due to the higher surface area factor formed on the surface 
of the sample that allows contaminated organic matter to 
fill it. This is supported by the pictures in Figure 3 (a) 

Table 3. The results of surface analysis

Sample Surface area (m²/g) Pore volume (cm³/g) Average of pore size (nm)
RSC 1.16 0.0028 9.72
RSACK 1048.30 0.64 2.46
RSACNa 332.81 0.23 2.82

Figure 1. SEM image of (a) RSC, (b) RSACNa and (c) RSACK
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where the clarity of the RSACK sample is formed faster 
than the AC-NaOH sample (Figure 3 (b)). The use of 
RSACNa samples that have a low BET causes POME 
color adsorption to be less and slow to become bright. 
While the RSACK sample has faster adsorption and 
POME color change due to a higher porosity or BET.
 Table 4 is the results of the analysis of chemical oxygen 
requirements (COD) and the amount of organic carbon 
(TOC) against POME before and after the adsorption 
experiment with 0.4 g of the adsorbent sample of RSACK 
and RSACNa samples. All four AC samples have 
successfully lowered the COD percentage from as low as 
47.88% to as high as 72.82%. This is likely because AC 
is able to adsorb organic contaminants on active surfaces. 
The TOC test results also showed a decrease in the TOC 
value after the POME adsorption process with AC. The 
percentage loss of TOC value ranged from 73.33% to 
95.24%. AC is able to reduce the content of contaminated 
organic matter by reducing the carbon and oxygen content 
in POME. According to Adeleke et al. (2017) COD POME 
has been successfully reduced by 89.60% and NH3-N 
75.61% by using AC as adsorbent. Reduction of COD 
and TOC occurs during the adsorption process where the 
main area for adsorption takes place on the outer surface 
of the AC. If the adsorption occurs on the inner surface 
of the pore, then the adsorption process takes longer 
(AremuMuyibi et al. 2014). The RSACK sample was able 
to reduce the TOC value of POME compared to RSACNa 

due to its higher BET or surface area. This allows more 
contaminants to be adsorbed. But the RSACNa sample 
was found to be quite different because it had a better 
COD value than RSACK even though it had low BET.
 The study of Othman et al. (2013) found that AC at 
a dose of 10 g/L has caused a drastic reduction in COD 
and suspended solid (SS). This finding is consistent 
with a study by Siebdrath et al. (2012) in which AC is 
proven to reduce dissolved organic carbon (DOC). AC 
reduces organic matter through very fine pore size during 
adsorption process. As an adsorbent, AC has a porous 
surface area to trap organic molecules that contribute to 
reduced BOD and COD concentrations (Idris et al. 2013). 
AC can therefore be used as an initial treatment step 
leading to reduced clogging/coagulant material and better 
organic removal (Siebdrath et al. 2012).
 The adsorption result and the adsorption percentage 
for RSACK in Figure 4 found that the increased number 
of regenerations has reduced the adsorption capacity and 
the adsorption percentage of the sample. The diffusion 
efficiency of AC by different adsorption agents results 
in different results. Percentage of MB adsorption on 
RSACK (Figure 4) with acetone adsorption agent was 
highest from 67.26 to 11.90% and adsorption capacity 
from 224.82 to 70.92 mg/g from first to five regenerations, 
followed by acetic acid with adsorption percentage from 
39.23 to 10.45% and adsorption capacity from 174.31 
to 75.52 mg/g, while the lowest was sulfuric acid with 

Figure 2. Colour graph (Pt-Co) and percentage of discoloration of RSACK (a) and (b) as well as RSACNa (c) and (d)

Time (min)

Time (min)
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adsorption percentage from 7.02 to 2.72% and adsorption 
capacity from 135.21 to 37.38 mg/g. The results show that 
the adsorption agent of organic solvents, namely acetone 
and acetic acid, is more efficient than the inorganic solvent 
of sulfuric acid on RSAC-MB. The adsorbed dye can 
be adsorbed using neutral water, so the dye is adsorbed 
with the adsorbent through a weak bond. The use of 
various adsorbents to adsorb dye on the surface of AC 
is possible through either ion exchange (sulfuric acid), 
chemical (acetone or acetic acid) or physical adsorption 
(HCl) (Gerard and Orjan 2005; Bharathi and Ramesh 
2013). Since the acetone was the best to adsorb dye 
so this shows that adsorption chemistry is an AC-MB 
adsorption mechanism. Organic solvents are more efficient 
in the process of cationic dye adsorption on RSACK than 
inorganic solvents. The influence of the type of solvent/
dehydrating agent is a causal factor to the dehydration 

Figure 3. Adsorption of POME (a) RSACK, (b) RSACNa

Table 4. Results of COD dan TOC

Sample COD
(mg/L)

COD
(%)

TOC
(mg/L)

TOC
(%)

POME (control) 401 - 105 -
RSACK 209 47.88 11 89.52
RSACNa 130 67.58 28 73.33

of AC-MB.
 The molecular weight factor of the adsorption 
agent is likely to influence the results. The molecular 
weight of the adsorbent agent is smaller than that of the 
adsorbed material (MB) will provide the physical transfer 
(dissolution) of the MB molecule by the adsorption agent 
molecule (Lu et al. 2011). Acetone has a smaller molecular 
weight of 58 g/mol followed by acetic acid (60 g/mol) and 
sulfuric acid (98 g/mol) compared to MB of 319.86 g/mol. 
It is likely to produce a better percentage of adsorption 
by acetone than acetic acid and acid sulfuric.
 Most organic solvents have hydrophobic groups (-CH3, 
-CH2CH3) and hydrophilic (-OH, -CN, = O). Organic 
solvents have a hydrophobic group such as the methyl 
group (-CH3) that will be adsorbed on the aromatic 
hydrophobic group of the carbon structure, while the 
hydrophilic group interacts with the functional group of 
the adsorbent material. Because the methyl group is more 
closely related to the carbon hydrophobic group, there is 
a driving force for the inactivation of MB molecules than 
filled AC-MB (Gerard and Orjan 2005). Acetone has a 
greater methyl group which makes it easier to carry out 
the aeration process. Xing et al. (2017) stated that the 
hydrophobic group of the adsorption agent will be more 
adsorbed than the hydrophilic group with the hydrophobic 
part of the AC, which in turn forms the impulse to the 
molecular process of adsorption of adsorbed material.
 Studies of the adsorption change for RSACK samples 
showed an increase in the adsorption percentage after 
the temperature was increased from 25 °C, 40 °C to 
50 °C (Figure 5). The first stage regeneration at 25 °C 
for adsorption percentage was 21.73% (adsorption 
133.23 mg/g), 40 °C by 38.53% (adsorption 189.86 mg/g) 
and 50 °C increased to 44.29% (adsorption 206.14 mg/g). 
The adsorption percentage for the next cycle decreases 
with each temperature. In the fifth regeneration process, 
it was found that at 25 °C it was 2.23% (adsorption 
69.12 mg/g), 40 °C by 8.18% (adsorption 101.28 mg/g) 
and 50 °C at 9.90% (adsorption 104.41 mg/g). The role 
of temperature is able to enhance the adsorption process. 
It is likely to reduce the viscosity of the adsorption agent 
and make it easier for the agent to enter the pore where 
the MB molecule is located. The increase in temperature 

Figure 4. Adsorption results and percentage of RSACK 
desorption on regeneration analysis

No of regeneration



7

Mohamad Jani, S.

has increased the percentage of adsorption due to the 
decrease in viscosity of the adsorption agent and makes it 
easier to penetrate into the AC pores containing adsorbed 
material (Hassan and Elhadidy 2017).

Conclusion

 Increasing the dose of the AC adsorbent resulted in 
an increase in the percentage of POME discoloration. 
Dose of adsorbent (0.4 g) and time of 60 min was 
able to decolorise POME. AC-KOH showed a better 
decolorisation percentage than AC-NaOH due to its 
pore surface area factor. AC samples were able to lower 
COD 47.88 – 72.82% due to the ability of AC to absorb 
organic contaminants. The TOC value was lowered to 
73.33 – 95.24% of the effect of AC which was able to 
reduce the presence of C and O in the organic matter 
content of POME. A five-round regeneration study of 
adsorption-desorption analysis of MB-AC found that 
desorption using organic solvent like acetone produced 
the best adsorption and desorption percentage for RSACK 
samples compared to using acetic acid and sulfuric acid. 
Among the three types of dehydration agents, acetone 
produced a higher percentage of dehydration of MB 
adsorbed on the AC surface followed by acetic acid and 
sulfuric acid. Molecular weight factors and hydrophobic 
groups on the dehydrating agent are likely among the 
reasons acetone is better. Temperature also plays a role 
in promoting the dehydration process where the viscosity 
of the dehydration agent is reduced and makes it easier to 
enter the pores where there are MB molecules for more 
dehydration process.

Acknowledgement 

 The author would like to acknowledge MARDI and 
UKM for the financial support and laboratory facility 
during this study.

References

Abdulsalam, M., Hasfalina, C.M., Mohamed, H.A., Abd Karim, 
S.F. and Faiez, M.S. (2018). Microwave irradiated coconut 
shell-activated carbon for decolourisation of palm oil mill 
effluent (POME). Food Research 2(6): 526 – 534.

Alkhatib, M.F., Mamun, A.A. and Akbar, I. (2015). Application 
of response surface methodology (RSM) for optimisation 
of color removal from POME by granular activated carbon. 
International Journal of Environmental Science and 
Technology 12(4): 1295 – 1302.

Adeleke, A.R.O., Latiff, A.A.A., Daud, Z., Ridzuan, B. and Daud, 
M. (2016). Remediation of raw wastewater of palm oil mill 
using activated cow bone powder through batch adsorption. 
Key Engineering Materials 705: 380 – 384.

Amosa, M.K. (2017). Towards sustainable membrane filtration of 
palm oil mill effluent: analysis of fouling phenomena from 
a hybrid PAC-UF process. Applied Water Science 7(6): 
3365 – 3375.

AremuMuyibi, S., Tajari, T., Jami, M.S. and KoladeAmosa, M. 
(2014). Removal of organics from treated palm oil mill 
effluent (POME) using powdered activated carbon (PAC). 
Advances in Environmental Biology 8(3): 590 – 595.

Azmi, N.S. and Yunos, K.F.M. (2014). Wastewater treatment of 
oil palm mill effluent (POME) by ultrafiltration membrane 
separation technique coupled with adsorption treatment as 
pre-treatment. Agriculture and Agricultural Science Procedia 
2: 257 – 264. 

Bharathi, K.S. and Ramesh, S.T. (2013). Removal of dyes using 
agricultural waste as low-cost adsorbents: a review. Appllied 
Water Science 3: 773 – 790.

Berenguer, R., Marco-Lozar, J.P., Quijada, C., Cazorla-Amoros, 
D. and Morallon, E. (2010). Comparison among chemical, 
thermal and electrochemical regeneration of phenol-saturated 
activated carbon. Energy Fuels 24: 3366 – 3372.

Chunlan, L., Shaoping, X., Yixiong, G., Shuqin, L. and Changhou, 
L. (2005). Effect of pre-carbonization of petroleum cokes 
on chemical activation process with KOH. Carbon 43(11): 
2295 – 2301.

Cheenmatchaya, A. and Kungwankunakorn, S. (2014). Preparation 
of activated carbon derived from rice husk by simple 
carbonization and chemical activation for using as gasoline 
adsorbent. International Journal of Environmental Science 
and Development 5(2): 171 – 175.

Eleanor, S., Abel, R., Soh, Loh, K. and Abu Bakar, N. (2018). 
Bio-based Products from palm oil mill effluent. Palm Oil 
Engineering Bulletin 127: 25 – 31.

Foo, K.Y. and Hameed, B.H. (2011). Utilisation of rice husks as a 
feedstock for preparation of activated carbon by microwave 
induced KOH and K2CO3 activation. Bioresource Technology 
102(20): 9814 – 9817.

Foo, K.Y. and Hameed, B.H. (2012). A cost effective method for 
regeneration of durian shell and jackfruit peel activated 
carbons by microwave irradiation. Chemical Engineering 
Journal 193 – 194: 404 – 409.

Figure 5. Adsorption results and percentage of RSACK 
dehydration in acetone with increasing temperature during the 
regeneration process

No of regeneration
D

es
or

pt
io

n 
(%

)

A
ds

or
pt

io
n 

(m
g/

g)



8

Rice straw activated carbon for POME adsorption

Gerard, C. and Orjan, G. (2005). Prediction of large variation in 
biota to sediment accumulation factors due to concentration 
dependent black carbon adsorption of planar hydrophobic 
organic compounds. Environmental Toxicology & Chemistry 
24(3): 495 – 498.

Guo, Y., Yu, K., Wang, Z. and Xu, H. (2003). Effects of activation 
conditions on preparation of porous carbon from rice husk. 
Carbon 41(8): 1645 – 1648.

Ghani, M.S.H., Haan, T.Y., Lun, A.W., Mohammad, A.W., Ngteni, 
R. and Yusof, K.M.M. (2018). Fouling assessment of tertiary 
palm oil mill effluent (POME) membrane treatment for water 
reclamation. Journal of Water Reuse and Desalination 8(3): 
412 – 423.

Gobi, K. and Vadivelu, V.M. (2013). By-products of palm oil 
mill effluent treatment plant - a step towards sustainability. 
Renewable and Sustainable Energy Review 28: 788 – 803.

Hassan, F.A. and Elhadidly, H. (2017). Production of activated 
carbons from waste carpets and its applications in methylene 
blue adsorption: Kinetic and thermodynamic studies. Journal 
Chemical Engineering 5: 955 – 963.

He, X., Male, K.B., Nesterenko, P.N., Brabazon, D., Paull, B. 
(2013). Adsorption and desorption of methylene blue on 
porous carbon monoliths and nanocrystalline cellulose. 
Applied Materials & Interfaces 5: 8796 – 8304. 

Idris, J., MdSom, A., Musa, M., Ku Hamid, K.H., Husen, R. and 
Muhd Rodhi, M.N. (2013). Dragon fruit foliage plant-based 
coagulant for treatment of concentrated latex effluent: 
comparison of treatment with ferric sulfate. Journal of 
Chemistry 38: 1 – 7. 

Ibrahim, I., Hassan, M.A., Abd-Aziz, S., Shirai, Y., Andou, Y., 
Othman, M.R., Ali, A.A.M. and Zakaria, M.R. (2017). 
Reduction of residual pollutants from biologically treated 
palm oil mill effluent final discharge by steam activated 
bioadsorbent from oil palm biomass. Journal Cleaner 
Production 141: 122 – 127.

Kaman, S.P.D., Tan, I.A.W. and Lim, L.L.P. (2017). Palm oil mill 
effluent treatment using coconut shell – based activated 
carbon: Adsorption equilibrium and isotherm. MATEC Web 
of Conferences 87. EDP Sciences, 03009.

Kamyab, H., Tin Lee, C., Md Din, M.F., Ponraj, M., Mohamad, 
S.E. and Sohrabi, M. (2014). Effects of nitrogen source 
on enhancing growth conditions of green algae to produce 
higher lipid. Desalination and Water Treatment 52(19–21): 
3579 – 3584.

Lata, S., Singh, P.K. and Samadder, S.R. (2014). Regeneration 
of adsorbents and recovery of heavy metals: a review. 
International Journal of Environment Science Technology 
12: 1461 – 1478.

Lillo-Rodenas, M.A., Lozano-Castello, D., Cazorla-Amoros, D. and 
Linares-Solano, A. (2001). Preparation of activated carbons 
from Spanish anthracite - II. Activation by NaOH. Carbon 
39(5): 751 – 759.

Lu, P.J., Lin, H.C., Yu, W.T. and Chem, J.M. (2011). Chemical 
regeneration of activated carbon used for dye adsorption. 
Journal of the Taiwan Institute of Chemical Engineers 42: 
305 – 311.

Lu, C., Pan, L. and Zhu, B. (2015). Study the static adsorption/
desorption of formaldehyde on activated carbon. International 
Forum on Energy, Environment Science and Materials 
(IFEESM 2015) 943 – 947.

Ma, A.N. (1999). The Planters, Kuala Lumpur Innovations in 
management of palm oil mill effluent. Palm Oil research 
Institute of Malaysia (PORIM). 

Muniandy, L., Adam, F., Mohamed, A.R. and Ng, E.P. (2014). 
The synthesis and characterization of high purity mixed 
microporous/mesoporous activated carbon from rice husk 
using chemical activation with NaOH and KOH. Microporous 
and Mesoporous Materials 197: 316 – 323.

Mohammed, R.R. and Chong, M.F. (2014). Treatment and 
decolorization of biologically treated palm oil mill effluent 
(POME) using banana peel as novel biosorbent. Journal of 
Environmental Management 132: 237 – 249.

Mohammed, R.R. (2013). Decolorisation of biologically treated 
palm oil mill effluent (POME) using adsorption technique. 
International Refereed Journal of Engineering and Science 
(IRJES) 2(10): 01 – 11.

Ng, K.H., Lee, C.H., Khan, M.R. and Cheng, C.K. (2016). 
Photocatalytic degradation of recalcitrant POME waste by 
using silver doped titania: Photokinetics and scavenging 
studies. Chemical Engineering Journal 286: 282 – 290.

Othman, M.R., Hassan, M.A., Shirai, Y., Baharuddin, A.S., Ali, 
A.A.M. and Idris J. (2013). Treatment of effluents from palm 
oil mill process to achieve river water quality for reuse as 
recycled water in a zero emission system. Journal of Cleaner 
Production 67: 58 – 61.

Ohimain, E.I., Seiyaboh, E.I., Izah, S.C., Oghenegueke, E. V and 
Perewarebo, G.T. (2012). Some selected physico-chemical 
and heavy metal properties of palm oil mill effluents. Greener 
Journal of Physical Sciences 2(4): 131 – 137.

Mohammed, R.R. and Chong, M.F. (2014). Treatment and 
decolorization of biologically treated palm oil mill effluent 
(POME) using banana peel as novel biosorbent. Journal of 
Environmental Management 132: 237 – 249.

Pandey, B.D., Saima, H.K. and Chattree, A. (2015). Preparation and 
characterization of activated carbon derived from rice husk 
by NaOH activation. International Journal of Mathematics 
and Physical Sciences Research 3(2): 158 – 164.

Parthasarathy, S., Mohammed, R.R., Fong, C.M., Gomes, R.L. and 
Manickam, S. (2016). A novel hybrid approach of activated 
carbon and ultrasound cavitation for intensification of 
palm oil mill effluent (POME) polishing. Journal Cleaner 
Production 112: 1218 – 1226.

Poh, P.E., Ong, W.Y.J., Lau, E. V. and Chong, M.N. (2014). 
Investigation on micro-bubble flotation and coagulation for 
the treatment of anaerobically treated palm oil mill effluent 
(POME). Journal of Environmental Chemical Engineering 
2(2): 1174 – 1181.

Regti, A., Laamari, M.R., Stiriba, S.E. and El Haddad, M. (2017). 
Potential use of activated carbon derived from Persea species 
under alkaline conditions for removing cationic dye from 
wastewaters. Journal Associate Arab University Basic 
Appllied Science 24: 10 – 18. 

Singh, R.P., Ibrahim, M.H., Esa, N. and Iliyana, M.S. (2010). 
Composting of waste from palm oil mill: a sustainable waste 
management practice. Reviews in Environmental Science and 
Biotechnology 9(4): 331 – 344.

Sanyiirek, N.K. and Yonten, V. (2018). The desorption of methyl 
orange on active carbon by Vitu Vinifera L. and the effect 
of temperature to this system. International Conference on 
Physical Chemistry and Functioned Materials 19 – 21 June 
2018, Firat University, Elazig Turkey.

Salleh, M.A.M., Mahmoud, D.K., Karim, W.A.W.A. and Idris, A. 
(2011). Cationic and anionic dye adsorption by agricultural 
solid wastes: a comprehensive review. Desalination 280 
(1 – 3): 1 – 13.

Sricharoenchaikul, V., Pechyen, C., Aht-Ong, D. and Atong, D. 
(2008). Preparation and characterization of activated carbon 
from the pyrolysis of physic nut (Jatropha curcas L.) waste. 
Energy and Fuels 22(1): 31 – 37.

Shah, I.K., Pre, P. and Alappat, B.J. (2013). Steam regeneration of 
adsorbents: an experimental and technical review. Chemical 
Science Transaction 2(4): 1078 – 1088.

Siebdrath, N., Ziskind, G. and Gitis, V. 2012. Cleaning secondary 
effluents with organoclays and activated carbon. Journal 
Chemical Technology and Biotechnology 87: 51 – 57.



9

Mohamad Jani, S.

Xing, X., Qu, H., Shao, R., Wang, Q. and Xie, H. (2017). 
Mechanism and kinetics of dye desorption from dye-loaded 
carbon (XC-72) with alcohol-water system as desorbent. 
Water Science and Technology 76(5): 1243 – 1250.

Yu, M., Jianli, Y. and Wang, L. (2017). CO2 - activated porous 
carbon derived from cattail biomass for removal of malachite 
green dye and application as super capacitors. Chemical 
Engineering Journal 317: 493 – 502. 

Zhang, F., Li, G.D. and Chen, J.S. (2008). Effects of raw material 
texture and activation manner on surface area of porous 
carbons derived from biomass resources. Journal of Colloid 
and Interface Science 327(1): 108 – 114.

Zahrim, A.Y., Dexter, Z.D., Joseph, C.G. and Hilal, N. (2017). 
Effective coagulation-flocculation treatment of highly 
polluted palm oil mill biogas plant wastewater using dual 
coagulants: decolourisation, kinetics and phytotoxicity 
studies. Journal of Water Process Engineering 16: 258 – 269.


