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Abstract

Dye pollution in water system is of concern due to its carcinogenicity and its effect on aesthetic feature. One pollutant of interest is
methylene blue (MB), which is a cationic dye widely used in industries. In this study, pyrolysis process was used to convert pineapple
waste biomass (PWB) into useful adsorbents such as biochar (BC) and activated carbon (AC) to remove MB in water. BC was produced
from pyrolysis of PWB (340 °C, 3 hours) whereas AC was prepared from pyrolysis of PWB (500 °C, 1 hour) impregnated with zinc chloride
(ZnCl2). Prior to use, AC-PWB and BC-PWB were characterized for surface area, functional groups and surface morphology. Removal
of MB was investigated by varying different parameters i.e. initial MB concentration and contact time, adsorbent dosage and temper-
ature. Results obtained showed that AC-PWB has higher adsorption capacity than BC-PWB. The adsorption capacity and adsorption
rate increased with increasing initial concentration of MB, adsorbent dosage and temperature until reached equilibrium condition. As
a conclusion, PWB can be used as a useful raw material to produce cheap and environmentally friendly adsorbent to remove dye from
solution.
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1 Introduction
Pineapple (Ananas comosus) is the first crop grown as a com-

modity crop in Malaysia (Jaji, et al., 2018). The harvested area was
around 15,611 hectares, which produces 21.42 tonnes of pineap-
ple fruits per hectare (Zainuddin, et al., 2014). Due to its distinct
flavour, pleasant aroma and delicious taste, pineapple is produced
as canned fruits, jams, juices, flavourings and concentrates. The
increasing production of pineapple processed items, results in
massive waste generations mainly due to selection and elimina-
tion of components unsuitable for human consumption (Upad-
hyay, et al., 2010). About 30 - 50% of the total fruit weight is dis-
carded as waste during canning (Lun, et al., 2014). Pineapple waste
consists of residual skin, peel, pulps, stem, and leaves which are
by-products of the pineapple processing industries. Pyrolysis pro-
cess in one of the waste management measure to reduce the risks
associated with waste disposal and to convert the biomass into
value added products such as biochar, bio-oil, pyroligneous acid,
and gaseous product (Tripathi, et al., 2016). Activated carbon are
produced by pyrolysis (to produce pyrogenic carbonaceous ma-
terials i.e. biochar) and further activation by chemical or physical
method (Sharath, et al., 2017, Ahmida, et al., 2015).
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Biochar and activated carbon are used to adsorb heavy metals
such as lead, cadmium, nickel, and some notable organic contam-
inants that contaminated soils which harmful to human and other
living organism (Ameloot, et al., 2013, Adebisi, et al., 2017, Ahmed
and Theydan, 2012). Both biochar and activated carbon also has
been used as an adsorbent for the removal of cationic dyes, methy-
lene blue and Rhodamine B from aqueous solutions (Bordoloi, et
al., 2017, Ahmed and Dhedan, 2012, Foo and Hameed, 2010).

It has been reported that there are about 10,000 different com-
mercial dyes available and over 7x105 tones of synthetic dyes pro-
duced annually world-wide (Foo and Hameed, 2010). It is esti-
mated that 10–15% of the dyes are lost in the effluent during the
dyeing processes (Mahamad, et al., 2015). Improper treatment of
dyes in wastewater will cause visible pollution, limiting the pen-
etration of light into the water body (Kumar, et al., 2011, Ong, et
al.) as well as the potential mutagenic and carcinogenic effects
(Padhi, 2012). Methylene blue (MB) is a cationic dye with chemical
formula of C16H18ClN3S and has wide application in textile, pa-
per, plastics, pharmaceutical, food and cosmetics industries. They
are considered more toxic than the anionic dyes, because they can
easily interact with the negatively charged surface of cell mem-
branes, and can enter into the cells (Orfanos, et al., 2016). MB
can cause eye burns which may be responsible for permanent in-
jury to the eyes of human and animals. On inhalation, it can give
rise to short periods of rapid or difficult breathing while inges-
tion through the mouth produces a burning sensation and may
cause nausea, vomiting, profuse sweating, and mental confusion
(Ahmed and Dhedan, 2012). Therefore, the treatment of wastewa-
ter containing MB is of interest due to its harmful impacts on re-
ceiving waters.
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The conventional methods for the treatment of coloured
wastewater are physical, chemical and biological treatments.
However, there are drawbacks for these technologies. At large
scale, most of these conventional methods are not applicable be-
cause of the high cost and disposal problems as large amount of
sludge is been generated at the end of the process (Ghoreishi and
Haghighi, 2003). Among all of these methods adsorption has been
preferred due to its cheapness and the high-quality of the treated
effluents especially for well-designed sorption processes (Qadeer,
2007). Adsorption is a very effective separation technique in terms
of initial cost, simplicity of design, ease of operation and insensi-
tive to toxic substances (Pathania, et al., 2017). Biochar and acti-
vated carbon have large surface area, charged surface, and func-
tional groups, hence it is well functioned in waste water treatment
by adsorbing heavy metal and organic contaminants (Ameloot,
et al., 2013, Shan, et al., 2020). There are many commercial ac-
tivated carbons in the market, however the precursor for com-
mercial activated carbon is coal which is relative high cost and
non-renewable has limited its wide application. Therefore, re-
searchers are finding alternative way to produce activated carbon
from agricultural waste and industrial waste (Foo and Hameed,
2010). Biomass waste materials offer an inexpensive and renew-
able additional source of activated carbon (Sharath, et al., 2017,
Ahmida, et al., 2015, Bordoloi, et al., 2017, Mahamad, et al., 2015).
These waste materials have little or no economic value and of-
ten present a disposal problem and their conversion into activated
carbon would add economic value, help reduce the cost of waste
disposal and most importantly provide a potentially inexpensive
alternative to the existing commercial activated carbons (Rafatul-
lah, et al., 2010).

In this study, pineapple waste biomass (leaves, stem) was used
to produce biochar and activated carbon which can be used in ad-
sorption process of methylene blue dye. The pyrolysis process was
conducted to produce the biochar, while activated carbon was pre-
treated by chemical and physically activated by pyrolysis process.
The physical and chemical characteristics of biochar and activated
carbon are determined to evaluate the adsorption properties.

2 Materials and methods

2.1 Sampling and preparation of pineapple
waste biomass (PWB)

In this experiment, pineapple waste biomass (PWB) was col-
lected at Alor Bukit, Pekan Nanas, Johor. The part of pineapple
used in this experiment was stem of Josapine. The sample was
washed thoroughly using tap water to remove any impurities prior
to drying in an oven (Memmert UFB-400, Memmert AG) at 105 °C
for 24 hours. The dried sample was sent to Biotech Noh Resources,
Bandar Penawar to grind into size of 2-5 mm. Finally, the resulting
product was stored in air-tight container for further use.

2.2 Proximate analysis of PWB
Proximate analysis included the analysis of moisture and ash

was carried out according to the methods by American Society for
Testing Material (ASTM). The moisture content was analysed ac-
cording to ASTM D2867 in triplicate as follows; a pre-dried alu-
minium foil weighing dish was weighed accurately to the nearest
0.1 mg. Then, the sample was mixed thoroughly and weighed out
3 to 10 g, to the nearest 0.1 mg. Next, the sample was placed into
a convection oven at 105 ± 2 °C and dried overnight to constant
weight (±0.1 % change in the amount of moisture present upon
one hour of reheating). The sample was removed from the oven
and placed in a desiccator to be cooled to room temperature. The
dish containing the oven-dried sample was weighed to the nearest
0.1 mg. The average percentage of moisture on a 105°C dry weight

basis was calculated as equation:

"% =

[
,33−,3

,0

]
F100% (1)

with M is moisture (%), Wdd is weight dry sample plus dish, Wd is
weight dish, and Wo is weight sample as received.

The analysis for ash content was carried out according to ASTM
D2866 as follows; the samples were dried at 105°C and were ground
or milled to reduce the size of the large pieces to less than 1 mm in
diameter. The sample was then re-dried at 105°C and stored in a
desiccator prior to testing. A crucible was placed in a muffle fur-
nace igniting at 575± 25 °C until constant weight was obtained. The
crucible was removed from furnace, cooled to room temperature
in a desiccator and weighed to the nearest 0.1 mg and this weight
was recorded as the tare weight. The crucible was kept in a desicca-
tor until used. Approximately 0.5 to 1.0 g of sample was weighed to
the nearest 0.1 mg in the tared crucible. The weight of sample was
recorded as the initial weight of the test specimen, W2. The con-
tainer and contents were placed in the muffle furnace and ignited
at 575± 25 °C for a minimum of three hours, or until all the carbon is
eliminated. The crucible with its content was removed to a desic-
cator, cooled to room temperature, weighed to the nearest 0.1 mg
and the weight was recorded. The heating process was repeated
for one-hour periods until the weight after cooling was constant
to within 0.3 mg. The final weight of the ash, W1, was recorded.
The percentage of ash was calculated, based on the initial weight
of the test specimen, as follows:

�% =

[
,1
,2

]
F100% (2)

with A is percentage of ash (%), W1 is weight of ash, and W2 is initial
weight of 105°C dried sample.

2.3 Preparation of adsorbent
2.3.1 Preparation of biochar (BC)

Pyrolysis process at 340 °C was carried out in Constance FN-
1000 series heat furnace for 3 hours in order to turn dried PWB
to biochar (BC) (Leng, et al., 2014). The biochar was cooled to
room temperature and kept in an air-tight container for further
use. When it was needed to be used, it was dried at 105°C for 24
hours, cooled to room temperature and placed in a desiccator to
remove moisture.

2.3.2 Preparation of activated carbon (AC)

The ACs were prepared through the chemical activation method
as follows (Mahamad, et al., 2015); dried PWB was transferred into
a 500 ml beaker containing zinc chloride, ZnCl2 (activation agent,
136.28 g/mol, AR grade, QRëC) with a ratio of 1:1 (pineapple waste
biomass: ZnCl2) in gram. Next, water was added and it was left
to immerse for 24 hours at room temperature with occasional stir-
ring using a glass rod. It was then dried at 110 °C for 24 hours fol-
lowed by carbonization at 500 °C for 1 hour (Constance FN-1000
series heat furnace). After cooling to room temperature, the car-
bonized sample was washed with warm distilled water (30-35 °C)
to remove residual ZnCl2, filtered and dried at 100 °C for 24 hours
prior to further use.

2.4 Characterization of adsorbent
2.4.1 Brunauer Emmet Teller (BET) analysis

The surface area of the PWB, AC and BC were determined using a
Surface Area Analyzer (ASAP 2020, V3.04H; Micromeritics) through
nitrogen adsorption desorption isotherm at 77K. The Brunauer
Emmet Teller (BET) model was applied to determine the total sur-
face area (m2/g) whereas micropore and mesopore area were de-
termined from t-plot analysis. Pore volume was determined from
Barret Joyner Halenda (BJH).
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2.4.2 Fourier Transform Infrared (FTIR) analysis

Functional groups on the surface of the PWB, BC and AC were
identified using the Fourier Transform Infrared analysis (FTIR)
where samples were grounded with KBr (spectroscopic grade) with
a ratio of 1:100 (sample: KBr) in a mortar before pressed into a 10
mm diameter disks under 6 tonnes of pressure prior to analysis.
The analysis condition used was 16 scans at a resolution of 4 cm-1

measured between 400 and 4000 cm-1 (Mahamad, et al., 2015).

2.4.3 Scanning Electron Microscopy (SEM)

The prepared AC and BC were also determined for its morpho-
logical characteristics using a JSM 6380 Scanning Electron Micro-
scope (SEM) at the Faculty of Mechanical Engineering, Univer-
siti Teknologi Malaysia (UTM). The samples were mounted onto a
SEM holder with double sided electrically conducting carbon ad-
hesive tabs, followed by coating with a 20 nm thick layer of gold
prior to viewing under the electron microscope (Mahamad, et al.,
2015).

2.5 Methylene blue adsorption study

2.5.1 Preparation of methylene blue stock solution

Methylene blue (MB) stock solution, 1000 mg/L was prepared by
dissolving 1 g of methylene blue, (CH3)2NC6H2(SN)C6H3(CH3)2Cl
(MW=373.88 g/mol, HmbG Chemicals) in 1 L of distilled water. The
stock solution was then kept in a dark surrounding at room tem-
perature prior to use.

2.5.2 Kinetic adsorption experiment

Kinetic studies were carried out to effect of time on the adsorp-
tion process and to quantify the adsorption rate. The aim of kinetic
study was to determine the contact time to reach equilibrium ad-
sorption. The amount of MB adsorbed at contact time t (min), qt
(mg/g), was calculated using the equation below:

&B =
(�0 −�B )+

,
(3)

with qt is amount of MB adsorbed at time t, Co is the concentra-
tion of MB at initial (mg/L), Ct is the concentration of MB at time t
(mg/L), V is the total volume of the solution (L), and W is the mass
of adsorbent (g).

2.5.3 Effect of MB initial concentration and contact
time

0.5 g of the prepared AC, BC and commercial AC were added into
a series of 250 mL Erlenmeyer flasks containing 70 mL solutions of
5-400 mg/L of MB solution prepared from serial dilution of the MB
stock solution (0.35-28 mL). The mixtures were then shaken at 100
rpm for 12 hours in an orbital shaker (Certomat-R, B.Braun) with-
out any pH adjustment. 2 mL of solution was taken for time in-
tervals of 5 min, 10 min, 15min, 20 min, 30 min, 45 min, 60 min,
2 h, 6 h and 12 h. The concentration of MB was measured using
UV-vis spectrophotometer (Lambda 45, Perkin Elmer) at 660 nm
wavelength (Mahamad, et al., 2015).

2.5.4 Equilibrium adsorption experiment

Batch equilibrium studies focused on two different parameters
which were effect of adsorbent dosage and temperature on MB
adsorption at 1 h which was the equilibrium time based on kinetic
study. The extent of MB removal by adsorbent at equilibrium con-
dition was calculated using typical mass balance correlation as
shown in the following equation:

&4 =
(�0 −�B )+

,
(4)

with qe is extend of MB removal at equilibrium, Co is the con-
centration of MB at initial (mg/L), Ce is the concentration of MB at
equilibrium (mg/L), V is the total volume of the solution (L), and
W is the mass of adsorbent (g)

2.5.5 Effect of adsorbent dosage

0.1-0.5 g of AC and BC were added into a series of 250 mL Erlen-
meyer flasks containing 50 mL of 400 mg/L of MB solution at 27
°C. Without pH adjustment, the mixtures were agitated at 100 rpm
for 1 h, followed by determination of residual MB concentration at
OD660 (Lambda 45, Perkin Elmer) (Mahamad, et al., 2015).

2.5.6 Effect of temperature

The effect of temperature on the removal of MB was analysed at
temperatures of 30, 40, 50 and 60 °C. 50 mL of MB solution with
fixed initial concentration of 400 mg/L was taken in a stoppered
conical flask and was agitated with 0.50 g of AC and BC. The sam-
ples were then placed in an incubator shaker operated at 30-60 °C
and 100 rpm for 1 hour. After that, the concentration of MB was
determined at OD660 (Lambda 45, Perkin Elmer).

3 Results and discussion
3.1 Proximate analysis of PWB

Table 1 showed the results of proximate analysis of PWB, AC and
BC produced. The moisture content of PWB was reduced from
18.56 % to 12.22 % and 7.31 % respectively. The moisture content
was lost during furnace pyrolysis. AC showed higher moisture con-
tent then BC, which could be resulted from the use of ZnCl2 which
was readily hygroscopic. However, ash content of PWB has in-
creased from 6.75 % to 42.39 % and 60.65 % respectively. This was
due to the carbonization resulted in the conversion of some car-
bonaceous materials into ash. AC with low ash content was more
preferable to be employed for adsorption processes as high of ash
content would interfere with carbon adsorption through compet-
itive adsorption as well as being the catalysis of adverse reactions
(Leng, et al., 2014).

Table 1 Data of proximate analysis on PWB, AC and BC

Proximate analysis PWB AC BC

Moisture (%) 18.56 12.22 7.31
Ash (%) 6.75 42.39 60.65

3.2 Characterization of adsorbent
3.2.1 Brunauer emmet teller (BET) analysis

Table 2 Pore characteristics of PWB, BC and AC produced
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PWB BC AC Commercial AC (Zaini et al., 2013)

Total surface area BET
(m2/g)

8.2573 56.3824 284.1989 909

Micropore surface area
(m2/g)

NA NA 237.162 748

Mesopore surface area
(m2/g)

NA NA 47.0369 161

Total pore volume (cc/g) NA NA 0.1668 0.442
Micropore volume (cc/g) NA NA 0.0842 0.347
Mesopore volume (cc/g) NA NA 0.0826 0.095

From Table 2, it can be concluded that commercial AC pos-
sesses the largest total surface area, micropore surface, mesopore
surface and total pore volume followed by AC. The differences were
significant due to low carbon content and high ash content of the
precursor which was PWB. However, AC showed higher total sur-
face area than BC and PWB. This was due to the effect of ZnCl2
used in the activation process. The ZnCl2 was expected to increase
the micropore volume due to its dehydrating effect, thus providing
larger surface area (Mahamad, et al., 2015). Increase of micropore
and mesopore surface will lead to the increase of total surface area
which was better for adsorption because the adsorbates can dif-
fuse and be trapped in the pores. Therefore, adsorbent with higher
porous structure can trap more adsorbate molecules. In this case,
MB molecule with diameter of 0.8 nm will be adsorbed to pores
with diameter larger than 1.5 nm, so mesopore was crucial in the
adsorption process. There were no micropore and mesopore de-
tected in PWB and BC, however the total surface area of BC was
higher than PWB.

3.2.2 Fourier transform infrared (FTIR) analysis

Table 3 Functional groups present in PWB, AC, BC, AC-MB and
BC-MB.

Wav
enumber
(cm1)

Functi
onal
group

PWB AC BC AC-
MB

BC-
MB

3200-
3600

-OH
alco-
hol

/ / /

2950-
2840

-C-H /

1650-
1580

-N-H /

1550-
1500

-N-O /

1440-
1395

-OH
car-
boxylic
acid

/

1250-
1050

-C-O-
C

/

1250-
1020

-C-N / / / / /

800-
600

-C-Cl / / /

Fig. 1 showed that PWB contained much more functional groups
than AC and BC. This indicated that various functional groups
present in raw material spectrum disappeared after the carboniza-
tion and activation steps. Upon carbonization, the concentration
of functional groups on PWB was lower due to the breakdown of
complex lignocellulosic matrix into simpler compounds/groups
(Mahamad, et al., 2015). This was proved by the disappearance
of peaks at 2926 cm-1, 1634 cm-1 and 1237 cm-1 which can be as-
signed to the C-H, N-H and C-O-C groups. For AC, the peaks ob-
served at 3456 cm-1, 1546 cm-1, 1040 cm-1 and 687 cm-1 can be at-

tributed to –OH alcohol, N-O, C-N and C-Cl groups respectively.
For BC, the peaks located at 3301 cm-1, 1429 cm-1 and 1093 cm-1 in-
dicated the presence of –OH alcohol, -OH carboxylic acid and C-N
groups respectively. The functional groups present in the adsor-
bents were anionic in order to attract cationic MB molecules for
the adsorption process to occur. After adsorption, it showed that
–OH groups were greatly reduced. There were only C-N and C-Cl
groups left which represented by 1030 cm-1 and 697 cm-1 peaks.
Table 3 showed the summary of presence of functional groups in
PWB, AC, BC, AC-MB and BC-MB represented by each wavenum-
ber.

Figure 1 FT-IR spectra of PWB, AC, BC, AC-MB and BC-MB

3.2.3 Scanning electron microscopy (SEM)

When comparing the SEM images of the PWB, BC and AC, the
changes of surface morphology by activation process were obvi-
ously seen (Fig.2). While the raw material has smooth surfaces
with no porosity, the surfaces of BC and AC have a heterogeneous
surface with irregular and randomly distributed pores. The pores
were like honeycomb-like structure. However, pore diameter in AC
was smaller than BC, the average pore diameter of AC was found
to be was less than 100 nm. Therefore, mesopore and micropore
were present in AC whereas there was only macropore present in
BC. This was complementary with the results from BET analysis
which stated that AC and BC had higher total surface area than
PWB. In all three cases, well-developed porous surface was ob-
served at higher magnification. The same results were reported
by other researchers (Mahamad, et al., 2015, Geçgel, et al., 2015,
Ghaedi, et al., 2014, Zaini, et al., 2013).

Figure 2 Scanning electron micrograph of (a) PWB, (b) BC and (c)
AC (bar represents10 m).
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3.3 MB adsorption experiments
3.3.1 Effect of MB initial concentration and contact

time

Fig. 3 showed the amount of MB adsorbed per unit mass of ad-
sorbent (AC, BC and commercial AC) increased with the increase
of MB concentration (5 – 400 mg/L). The initial MB concentration
provided the essential driving force to overcome resistances to the
mass transfer of MB between the aqueous and the solid phases.
The higher initial MB concentration enhanced the interaction be-
tween the adsorbates and adsorbents. Therefore 400 mg/L of ini-
tial dye concentration had the highest adsorption uptake. The
same trend was also reported by other researchers (Mahamad, et
al., 2015, Nasuha, et al., 2010). From the graphs plotted, the average
time needed to reach equilibrium adsorption was 1 h. This dura-
tion was used to conduct equilibrium adsorption experiment with
parameters of adsorbent dosage and temperature.

(a)

(b)

(c)
Figure 3 Removal of 5 – 400 mg/L of MB by 0.5 g of (a) AC, (b) BC,

and (c) commercial AC, within 720 min of contact time.

3.3.2 Comparison between AC, BC and commercial AC

In Fig. 4, the equilibrium adsorption capacities for three adsor-
bents were shown. The data indicated that the highest uptake of
MB at equilibrium time of 1 h was achieved by commercial AC, fol-
lowed by AC and BC. These results can be correlated with the sur-
face area of the adsorbents that follows the same trend commercial
AC > AC > BC. High ash content of AC and BC which interfered with

carbon adsorption was also contributed to this result. However,
the chemical activation of the biomass to produce the AC greatly
enhanced the adsorption capacity which can be comparable with
commercial AC.

Figure 4 Removal of 5 – 400 mg/L MB by 0.5 g of AC, BC, and
commercial AC at 720 min.

3.3.3 Effect of adsorbent dosage

Fig. 5 showed that the % MB removal increased with increase in
adsorbent dosage. This was due to the higher availability of active
site present for adsorption. However, it did not reach an equilib-
rium point which represented the maximum % MB removal be-
cause 0.5 g was not the optimum amount of adsorbent dosage,
more adsorbent dosage should be used to achieve maximum ad-
sorption. After the equilibrium point, the facts of adsorption ca-
pacity will decrease with the increase of adsorbent dosage was re-
ported by other researchers (Adebisi, et al., 2017, Krishni, et al.,
2014). This was due to the amount of dye adsorbed per unit mass of
adsorbent decreased with increasing adsorbent dosage, because
of reduction in effective surface area. The adsorbent available was
saturated and not fully ultilized at higher adsorbent dosage. This
may be also attributed to overlapping or aggregation of adsorption
sites resulting in a decrease in total adsorbent surface area avail-
able to dye and an increase in diffusion path length.

Figure 5 Removal of 400 mg/L MB by 0.1-0.5 g AC and BC.

3.3.4 Effect of temperature

From Fig. 6, the results indicated that the adsorption process
was endothermic as the increase in temperature had increased the
% MB removal by both AC and BC. This was due to the increase of
MB molecules mobility hence facilitated the binding to the active
site. An increase of temperature increased the rate of diffusion of
the adsorbate molecules across the external boundary layer and
within the internal pores of the adsorbent particle, due to decrease
in the viscosity of the solution (Nasuha, et al., 2010).
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Figure 6 Effect of temperature on removal of 400 mg/L MB by 0.5
g AC and BC.

4 Conclusions
This study has found that PWB showed its potential as sustain-

able adsorbent alternative for the removal of MB from wastewater.
Furthermore, the adsorption capacity of AC is better than BC pro-
duced from PWB is proven in this study. This is due to the pres-
ence of porous structure which leads to larger total surface area
that provides more functional group binding site to adsorbates
and lower ash content. Adsorption of MB by AC and BC increased
with the increase of initial concentration of MB and adsorbent
dosage until reached an equilibrium point and high temperature
facilitated the adsorption process.
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