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ab s t r ac t
The present work was aimed to evaluate the removal of methyl violet dye by potassium hydrox-
ide-treated palm kernel shell sorbents. The sorbents were prepared by dried impregnation, carboniza-
tion and chemical activation in a muffle furnace. The sorbents were characterized for specific surface 
area, surface morphology and functional groups. Results show that the activated carbon displayed a 
specific surface area of 302 m2/g, which was 54 times greater than the impregnated sorbent. However, 
the latter showed a 42 mg/g maximum adsorption capacity of methyl violet, nearly four times better 
than the former. The equilibrium data were fitted well with the Langmuir isotherm, while the rate of 
sorption data obeyed the pseudo-second-order model. Adsorption of methyl violet was not specific 
surface area-dependent. The rate-limiting step for methyl violet adsorption was mainly driven by film 
diffusion at lower concentration, and intraparticle diffusion at higher concentration. A simple impreg-
nation using potassium hydroxide was a promising approach to yield sorbent rich in acidic groups for 
methyl violet removal.
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1. Introduction

Water pollution due to industrial and agricultural activ-
ities has become the challenging threat to human being. 
Regardless in developing or non-developing countries, 
groundwater for daily life is excessively polluted with toxic 
pollutants like anions, heavy metals, organic compounds and 
dyes [1–5]. Dyes in water are originated from textiles, paper-
making, printing, colouring, food processing and cosmetic 
industries. Over 700,000 tons of wastewater produced every 
year is due to dyes [6,7]. Methyl violet is an example of the 

commonly used basic dyes with high colour intensity. The 
presence of dyes in water prevents the sunlight from pen-
etrating into the stream, thus hindering the aquatic plants 
to carry out photosynthesis. Moreover, prolonged exposure 
to dyes beyond the concentration limits can cause harm 
to aquatic creatures and lead to severe health problems to 
human via the food chain [8].

Various methods have been projected for the removal of 
dyes from aqueous medium like coagulation [9], advance 
oxidation [10], membrane filtration [11], photocatalysis 
[12,13], capillary electrophoresis [14], spectrophotometric 
method [15,16], adsorption [17,18] and liquid chromatogra-
phy method [19,20]. In general, most of these methods are 
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not sustainable because of the production of sludge that 
requires special handling and disposal. In addition, the 
equipment and facilities involved incur high capital, operat-
ing and maintenance costs. Adsorption by activated carbon 
has been a preferable method for dye removal because of the 
stability and efficiency of sorbent, and the simplicity in the 
process, design and scale-up [21]. However, the commercial 
activated carbon is expensive because it is mainly derived 
from non-renewable materials. Moreover, the regeneration of 
spent sorbent is difficult and often yields poor performance 
for successive use. Therefore, the quest for abundantly avail-
able precursors mainly from agricultural by-products has 
become a topic of considerable interest to sustain the use of 
sorbent for dyes removal. A promising candidate under this 
category is palm kernel shell [22,23].

Palm kernel shell-based sorbents can be prepared through 
impregnation, carbonization, simple chemical treatment, and 
physical and/or chemical activation, and have been extensively 
studied for different types of model pollutants [22–27]. It 
should be noted that, water pollutants normally exhibit 
dissimilar selectivity and affinity of removal by adsorbents 
[22,23]. This is particularly due to the nature of the precursor 
and the physicochemical properties of adsorbate. Hence, it is a 
challenging task to synthesize the sorbent that performs well 
for a specific water pollutant. To narrow down the gap in the 
body of knowledge, the present work was aimed at evaluating 
three sorbents derived from palm kernel shell, namely acti-
vated carbon, impregnated sorbent and char for methyl violet 
dye removal. Potassium hydroxide was used as the oxidizing 
agent. Thermal treatment was carried out using a muffle fur-
nace and microwave treatment. Isotherm and kinetics models 
were used to describe the adsorption data. The results and find-
ings were discussed and compared with the present literature.

2. Materials and methods

2.1. Materials

Raw palm kernel shell was obtained from a palm oil mill 
factory located in the Johor state of Malaysia. The model dye, 
methyl violet (C24H28N3Cl, 393.95 g/mol, C.I. 42535, λmax = 586 
nm) was purchased from R&M Marketing, UK. All chemicals 
used were of analytical grade reagents.

2.2. Preparation of sorbents

Three sorbents were derived from palm kernel shells. 
Palm kernel shell (average size of 1.3 cm) was mixed with 
potassium hydroxide solution at a mass ratio (reagent to pre-
cursor) of 0.5. The dried impregnated sample was heated in 
a furnace for activation at 550°C for 1.5 h, and the resultant 
activated carbon was denoted as FS. The mixture of palm ker-
nel shell in potassium hydroxide solution (solid mass ratio of 
0.5) was dried in microwave oven at 70% power intensity for 
0.5 h, and the impregnated sorbent was designated as MS. 
The third sorbent was prepared by heating the palm kernel 
shell in furnace at 250°C for 1.5 h. The char produced was 
labelled as CS. All sorbents were soaked in 3 M of HCl over-
night to remove surface impurities, followed by subsequent 
washing with hot distilled water to a constant pH. The sor-
bents were dried in oven at 110°C prior to use.

2.3. Samples characterization

Field emission scanning electron microscope (FESEM, 
SUPRA 35VP) was used to evaluate the surface morphology 
of sorbents. This instrument is equipped with energy disper-
sive X-ray for the measurement of surface composition of car-
bon and oxygen. The single point specific surface area was 
obtained by using a Pulse Chemi Sorb 2705 analyzer. Surface 
chemistry of sorbents was determined using Fourier trans-
form infrared instrument (FTIR, Spectrum One). Boehm titra-
tion was carried out to measure the concentration of acidic 
oxygen functional groups. Briefly, 300 mg of each sorbent 
was brought into contact with 15 mL of 0.1 M sodium hydrox-
ide solution. The mixture was placed in an orbital shaker at 
120 rpm and room temperature for 48 h. The concentration 
of acidic groups was determined by back-titrating 5 mL of 
each aliquot with 0.05 M HCl. Phenolphthalein was used as 
an indicator for the neutralization end-point of the titration.

2.4. Adsorption studies

Batch adsorption was carried out by adding 0.05 g of each 
sorbent in 50 mL of methyl violet solution of varying concen-
trations (2–100 mg/L). The solution pH was not adjusted, and 
was measured as 4.93 ± 0.23. The mixtures were placed in 
an orbital shaker at 120 rpm and room temperature for 72 h.  
The residual concentrations were measured using a visible 
spectrophotometer (Libra S6) at a wavelength of 485 nm. The 
calibration was established as a.u. = 0.0388 ×  concentration, 
R2 = 0.994 for methyl violet concentrations between 0 
and 15 mg/L. The adsorption capacity was calculated as  
Qe = (Co – Ce) × V/m, where Co and Ce (mg/L) are the initial and 
equilibrium concentrations, respectively, V (L) is the volume 
of solution and m (g) is the mass of sorbent.

The sorbent that displayed appreciable methyl vio-
let removal was evaluated for the rate of adsorption. Two 
concentrations were selected on the basis of equilibrium 
adsorption, that is, concentrations that demonstrate strong 
affinity and maximum capacity. Fifty milligrams of sorbent 
was added into 50 mL of methyl violet solution in different 
batches with concentrations of 10 and 60 mg/L. At different 
time intervals for 72 h, the supernatant was withdrawn, and 
the residual concentration of methyl violet was measured 
using visible spectrophotometer. The adsorption of methyl 
violet at time t, was calculated as Qt = (Co – Ct) × V/m, where  
Ct (mg/L) is the concentration of dye at time t.

3. Results and discussion

3.1. Characteristics of sorbents

The raw palm kernel shell used in this work contained 
12% moisture and 1.3% ash, and had a specific surface area of 
2.76 m2/g. The characteristics of sorbents derived from palm 
kernel shell are summarized in Table 1.

The yield of FS is lower compared with the other two 
sorbents because of the dehydrating effect of potassium 
hydroxide during the activation at high temperature. The 
process is expected to initiate the bond cleavage of weakly 
connected bridges in the impregnated material, leading to 
the release volatile products and consequently weight loss 
due to the oxidation reactions [21]. The liberation of volatiles 
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also creates more pathways and channels that bring about a 
higher surface area of FS. The excessive removal of volatiles 
also yields a rich carbon content of FS. On the other hand, MS 
exhibits a 40% yield, by which the weight loss is likely due to 
the use of oxidizing agent. The specific surface area of MS is 
not well-developed, while the rich oxygen content could be 
associated with the abundance of acidic oxygen functional 
groups.

Surface morphology can assist in identifying the surface 
structure and pore arrangement of the sorbent. Fig. 1 shows 
the surface morphology of palm kernel shell and the derived 
sorbents. The palm kernel shell exhibits a rough surface of 
undeveloped pores as compared with FS. Cracks and crev-
ices in the range of 1–2 µm were observed on the surface of 
the derived sorbents. FS exhibits a well-developed porous 
texture with honeycomb-like structure. On the contrary, CS 
displays a surface with large holes and rudimentary pores 
that explains its lower specific surface area than palm ker-
nel shell. The SEM images are in agreement with the specific 

surface area data shown in Table 1. FS shows a specific sur-
face area of 302 m2/g that is about 54 times higher than MS. A 
higher surface area generally offers greater interaction prob-
abilities between sorbent surface and pollutant molecules for 
a better adsorption.

Surface functional groups could play a considerable role 
in the adsorption of water pollutants through ion-exchange, 
π interactions and formation of complexes [21,28,29]. The 
FTIR spectra of sorbents are shown in Fig. 2, and the pos-
sible functional groups are listed in Table 2. From Fig. 2(a), 
it is obvious that a number of important surface functional 
groups diminished after chemical activation as illustrated 
in the FS spectrum. This could be due to the dual effects of 
dehydrating agent (potassium hydroxide) at high tempera-
ture that accelerates the liberation of volatiles. On the other 
hand, MS shows more peaks associated with the surface 
acidic functional groups compared with palm kernel shell 
and CS. The difference in peaks intensities can be seen in 
Fig. 2(b). This could be attributed to the oxidation of carbon 

Table 1
Characteristics of sorbents

Sorbent Yield (wt%) Carbon content 
(wt%)

Oxygen content 
(wt%)

Specific surface area 
(m2/g)

pH Acidic groups 
(mmol/g)

CS 76.3 65 35 1.73 5.2 0.533
MS 40.1 57 43 5.63 4.6 1.04
FS 19.8 87 13 302 4.9 0.467

 

 

(a) (b)

(d)(c)

Fig. 1. SEM images of (a) palm kernel shell, (b) char (CS), (c) impregnated sorbent (MS) and (d) activated carbon (FS).



265S. Ming-Twang et al. / Desalination and Water Treatment 84 (2017) 262–270

surface by potassium hydroxide (oxidizing agent) at mild 
temperature. It was found that, the use of hydroxide salt in 
this work has enhanced the development of oxygen contain-
ing functional groups on the surface of MS upon impregna-
tion (Table 1). The existence of oxygen functional groups on 
the sorbent surface is likely to promote better adsorption of 
some water pollutants [23,30].

In general, palm kernel shell, MS and CS demonstrate a 
similar pattern of the FTIR spectra. For the sorbents studied, 
the overlay view of MS and CS spectra is shown in Fig. 2(b). 
Obviously, the intensity of surface functional groups in MS 
is higher than that in CS, especially that of O–H stretch, C=O 

stretch as well as C–O–C stretch bands. From the viewpoint 
of surface chemistry, it can be reasonably predicted that MS 
possesses a stronger affinity for adsorption of certain types 
of pollutants due to rich acidic oxygen functional groups, 
such as carboxylic (OH–C=O), lactonic (C=O) and phenolic 
(C–OH) [30,31]. This is supported by the quantitative mea-
surement of Boehm titration as presented in Table 1, and the 
assignment of surface functional groups from FTIR spectra 
in Table 2.

3.2. Equilibrium adsorption of methyl violet

Adsorption of methyl violet was carried out to evaluate 
the performance of palm kernel shell-based sorbents. Fig. 3 
shows the effect of concentration on the removal capacity of 
methyl violet sorbents.

In general, the removal capacity of methyl violet 
increased with increasing concentration because the concen-
tration gradient acts as a driving force in alleviating the mass 
transfer resistance between aqueous phase and solid phase. 
This is true if the active sites are still vacant to accommodate 
the methyl violet molecules, to a saturation point when the 
adsorption capacity reaches the maximum value. From Fig. 3, 
the adsorption of methyl violet is in the order of MS > FS > CS. 
At initial concentration of 20 mg/L, MS recorded a 17 mg/g of 
methyl violet removal, compared with 11 and 3 mg/g by FS 
and CS, respectively. A higher methyl violet removal by MS 
could be attributed to the sorbent surface chemistry that is 
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Fig. 2. (a) FTIR spectra of palm kernel shell and the derived 
sorbents (split view) and (b) FTIR spectra of CS and MS (overlay 
view).

Table 2
Infrared assignment and surface functional groups

Absorption band (cm–1) Assignment Functional groups
Palm kernel shell FS MS CS

3,400 – 3,400 3,392 O–H stretch Hydroxyl, phenolic
2,923 – 2,927 2,924 C–H stretch Methylene
1,740–1,068 1,564 1,608 1,608 C=O stretch Quinone, carboxylic anhydrides

– 1,515 – C=C–C stretch Aromatic ring
1,459 – 1,463 1,457 C–H bend Methyl (CH3)
1,048 1,088 1,219–1,044 1,055 C–O–C stretch Ether
– – 897 – C–OH out of plane Ether
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Fig. 3. Effect of initial concentration on the removal of methyl 
violet by palm kernel shell sorbents.
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rich in acidic oxygen functional groups. In solution, the rich 
acidic oxygen groups tend to release protons, rendering the 
negatively charged sorbent surface [30]. Consequently, the 
solution pH bearing MS slightly decreased upon equilibrium 
(pHe = 4.3). Methyl violet is a basic dye that carries positive 
charge. As a result, the cationic dye molecules could lodge on 
the MS surface through electrostatic attraction, coordination 
mechanism and formation of complexes [11,12]. As for the 
removal efficiency, MS demonstrated a small decrease from 
98% to 86% for the concentration range studied. A drastic 
drop in adsorption efficiency with increasing concentration 
reflects the unsuitability of the sorbent to be used at higher 
dye concentration.

Equilibrium adsorption is the state at any concentrations 
where the rate of adsorption is equal to the rate of desorp-
tion. Fig. 4 displays the equilibrium curves of methyl violet 
adsorption onto palm kernel shell-based sorbents.

All sorbents exhibit a similar pattern of increasing 
adsorption capacity with increasing equilibrium concentra-
tion, and the curves start to level off at different maximum 
values, that is, 42, 11 and 3.2 mg/g for MS, FS and CS, respec-
tively. The concave upward trend of the equilibrium curves 
suggested that the adsorption of methyl violet is favourable 
onto palm kernel shell-based sorbents [22,23]. FS shows a 
greater methyl violet removal than CS. It signifies a positive 
effect of specific surface area of FS to promote adsorption of 
dye molecules. Poor performance of CS could be related to 
its lack of textural and surface properties for dye adsorption. 
The maximum removal of MS is nearly four times better than 
that of FS, even though the latter possesses surface area 54 
times greater than the former. It is suggested that the removal 
of methyl violet is not sorbent surface area-dependent. In this 
work, surface chemistry of MS plays a dominating role on the 
removal of methyl violet, although the sorbent surface area 
is inferior. Similar findings using different model dyes and 
sorbent precursors are also reported elsewhere [29,31,32].

Three isotherm models, namely Langmuir, Freundlich 
and Redlich–Peterson were used to describe the equilibrium 
data of methyl violet sorbents [29,30]. The Langmuir iso-
therm explains the monolayer adsorption onto homogeneous 
sorbent surface, and is expressed as:

q
Q bC
bCe

m e

e

=
+1

  (1)

where Qm (mg/g) is the maximum capacity to form mono-
layer of adsorbate on the sorbent surface, and b (L/mg) is a 
constant related to the affinity of binding sites. The empirical 
Freundlich isotherm is based on the adsorption onto hetero-
geneous surface, and is expressed as:

q KCe e
n=
1

 (2)

where K and 1/n are the Freundlich constants related to the 
maximum adsorption capacity and intensity, respectively. 
The Redlich–Peterson model is a hybrid isotherm that com-
bines both features of Langmuir and Freundlich equations, 
and is expressed as:

q
AC
BCe
e

e
g=

+1  (3)

where A, B and g are the Redlich–Peterson constants, and  
0 < g < 1. All isotherm constants, as summarized in Table 3 
were solved using Solver add-in of MS Excel, given the 
 condition where the sum of squared error (SSE) is the least, 
rendering optimum correlation of determination (R2).

The applicability of the isotherm model to represent the 
adsorption data is judged based on the closeness of R2 to 
unity and the smallest SSE. From Table 3, the adsorption data 
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Fig. 4. Equilibrium adsorption of methyl violet by palm kernel 
shell sorbents (lines were predicted by Langmuir model).

Table 3
Constants of isotherm models

CS FS MS

pHe 4.9 ± 0.3 4.7 ± 0.3 4.3 ± 0.4
Langmuir model

Qm (mg/g) 3.48 11.6 45.1

b (L/mg) 1.40 0.555 0.327

SSE 0.543 7.24 60.2

R2 0.811 0.918 0.976

Freundlich model

K (mg/g)(L/mg)1/n 2.12 5.13 13.6

n 5.81 4.73 3.30

SSE 1.15 19.0 152

R2 0.588 0.786 0.927

Redlich–Peterson model

A (L/g) 4.88 7.11 14.7

B 1.40 0.660 0.327

g 1.0 0.981 1.0

SSE 0.543 7.19 60.2

R2 0.811 0.918 0.976
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obeyed the Langmuir and Redlich–Peterson models. The g 
values equal or are close to unity indicate that the Redlich–
Peterson model has been simplified into the Langmuir model 
[29,30]. Hence, it is postulated that the adsorption of methyl 
violet occurs on the homogeneous surface of palm kernel 
shell-based sorbents, and that it is monolayer in nature. Saeid 
et al. [33] reported the applicability of Langmuir model to 
describe the methyl violet adsorption onto granular FS with 
maximum monolayer adsorption of 95 mg/g.

From Table 3, the predicted Qm agreed well with the 
maximum capacity obtained from the experiment (Fig. 4). 
However, the Langmuir constant b was found to be in the 
opposite order of CS > FS > MS. It denotes the pattern of 
energy for adsorption possessed by the monolayer surface 
to hold the adsorbate. It is suggested that CS, despite hav-
ing a lower removal capacity, possesses a higher affinity for 
methyl violet at lower concentrations (<5 mg/L) [30].

3.3. Adsorption kinetics of methyl violet

Adsorption kinetics is essential in monitoring the effi-
ciency of the process, equilibrium time and adsorption rate. 
MS was selected for adsorption kinetics at two methyl vio-
let concentrations of 10 mg/L (strong affinity) and 60 mg/L 
(maximum capacity). Fig. 5 shows the effect of time on the 
removal of methyl violet by MS.

There is a sharp increase in methyl violet adsorption in 
the first 9 h, followed by subsequent slower uptake upon 
approaching equilibrium at 48 and 72 h for 10 and 60 mg/L, 
respectively. The reported values of contact time to attain 
equilibrium are in agreement with some of similar works 
using chemically treated effluent sludge sorbents for meth-
ylene blue removal [29,32,34]. The equilibrium capacity was 
measured as 9.6 and 42 mg/g, respectively (Fig. 4). The ini-
tial fast removal was due to a high concentration gradient 
[35,36] and unoccupied active sites on the sorbent surface. As 
the adsorbate molecules start to lodge on the active sites, the 
remaining molecules in the bulk solution become lesser thus 
decreasing the rate of adsorption (dCt/dt → 0).

Fig. 6 illustrates the estimated rate constant and adsorp-
tion order for methyl violet removal by MS. The expression 

of the adsorption rate for 10 and 60 mg/L can be deduced 
as rate = 0.258Ct

1.8 and rate = 0.0355Ct
2.1, respectively. It signi-

fies that the methyl violet adsorption occurs at a faster rate at 
lower concentration, and attains the equilibrium much ear-
lier. Depending on the availability of active sites, the sorbent 
can accommodate higher adsorbate concentration for higher 
removal capacity. However, the adsorption rate is likely to 
slow down due to inherent repulsion between neighbouring 
adsorbate molecules and competition for active sites. Because 
of that, a longer contact time would be required to achieve 
equilibrium.

The potential mechanisms and rate-controlling steps 
involved in the adsorption are evaluated using pseudo- 
first-order, pseudo-second-order and intraparticle diffu-
sion models [29]. The pseudo-first-order model indicates 
that the external diffusion is a significant step, and is 
expressed as:

q q et e
k t= −( )−1 1  (4)

where qt (mg/g) is the amount of methyl violet adsorbed at time 
t (min), and k1 (h–1) is the rate constant of pseudo-first-order 
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Fig. 6. (a) Changes of methyl violet concentrations against 
time. (b) Graphical approach for rate constant and adsorption 
order.
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adsorption. The pseudo-second-order equation is based on 
chemical adsorption, and is expressed as:

q
k q t
k q tt
e

e

=
+
2

2

21
 (5)

where k2 (g/mg h) is the rate constant of the pseudo- second-
order adsorption. The initial adsorption rate, h (mg/g h) of 
the pseudo-second-order as t → 0 is expressed as:

h k qe= 2
2  (6)

The diffusion mechanism and rate-controlling steps in 
the adsorption process could be explained by the intraparti-
cle diffusion model:

q K t Ct p= +0 5.  (7)

where Kp (mg/g h0.5) is the intraparticle diffusion rate con-
stant, and C is the intercept that gives an idea about the 
boundary layer thickness, that is, the larger the intercept, the 
greater the boundary layer effect. All kinetics constants were 
solved using Solver add-in of MS Excel, and are summarized 
in Table 4.

Based on SSE and R2 values, the adsorption rate of methyl 
violet onto MS could be described by the pseudo-second- 
order model, even though the model over predicted the 
values of equilibrium capacity. This is in accordance with 
the estimated adsorption order in Fig. 6. It is hypothesized 
that the adsorption of methyl violet by MS is chemisorption 
through sharing or exchange of electrons between active 
sites and dye molecules [29,32]. It is evident from the sur-
face chemistry of MS that is rich in acidic oxygen functional 
groups. In a related development, Xu et al. [31] revealed 
that the adsorption of methyl violet occurs at acidic oxygen 
containing group such as –OH, –COO– and also C–O–C 
(1,065–1,045 cm–1). Adsorption usually follows three consec-
utive steps, that is, (i) film diffusion which transports adsor-
bate molecules from bulk solution to the external surface of 
sorbent, (ii) particle diffusion which transports adsorbate 
molecules from liquid film to sorbent surface and (iii) adsor-
bate–sorbent interaction leading to adsorption.

Fig. 7 displays the intraparticle diffusion of methyl vio-
let by MS at two different concentrations. The respective 
parameters are summarized in Table 3. From Fig. 7, there are 
two connecting lines of different slopes for adsorption using  
10 mg/L methyl violet; the initial part indicates the initial 
stage of adsorption that reflects the thickness of boundary 
layer, and the second part represents the effect of intraparti-
cle diffusion. As for 60 mg/L, the intraparticle diffusion could 
be the rate-limiting step as it yields a straight line through 
origin. At 60 mg/L, the film resistance is almost negligible 
because of thin boundary layer. However, it was not the case 
for 10 mg/L. Therefore, the intraparticle diffusion is not the 
only rate-limiting step that controlling the adsorption of 
methyl violet at lower concentration. Thus, the rate-limit-
ing step for methyl violet onto MS is mainly driven by film 
diffusion at lower concentration, and thereafter switches to 

intraparticle diffusion as the film layer is suppressed as the 
concentration increases.

4. Conclusion

Three sorbents were prepared from palm kernel shell and 
were used to test the adsorption of methyl violet dye of vary-
ing concentrations. FS displayed a higher specific surface 
area of 302 m2/g, while KOH impregnation yields a sorbent 
rich in acidic oxygen functional groups. A 42 mg/g of methyl 
violet removal was recorded by MS, far better than that of 

Table 4
Constants of kinetics models

10 mg/L 60 mg/L

qe,mea (mg/g) 9.60 41.4
Pseudo-first-order model

qe,cal (mg/g) 9.34 42.5

k1 (h–1) 0.229 0.0449

SSE 1.14 7.65

R2 0.990 0.998

Pseudo-second-order model

qe,cal (mg/g) 10.2 54.9

k2 (g/mg h) 0.0309 0.000781

h (mg/g h) 3.21 2.35

SSE 0.699 1.93

R2 0.994 0.999

Intraparticle diffusion model

Kp (mg/g h0.5) 1.13 5.14

C (mg/g) 2.42 0

SSE 17.6 61.0

R2 0.840 0.982
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Fig. 7. Intraparticle diffusion model of methyl violet adsorption 
by MS.
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FS. The adsorption of methyl violet was mainly driven by 
chemical adsorption through the interaction between methyl 
violet molecules and acidic oxygen functional groups, while 
FS with superior specific surface area showed a positive 
effect on methyl violet removal compared with CS. The 
rate-limiting step for methyl violet switches from film diffu-
sion to intraparticle diffusion as concentration increased. To 
conclude, a simple dried impregnation of palm kernel shell 
using potassium hydroxide is a promising sorbent candidate 
for methyl violet removal.
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