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Abstract: The production of activated carbon from sacha inchi seed shell for methylene blue removal was
studied. The effects of KMnO, impregnation ratios (0-5% wt./wt.) and activation temperature (250-400°C) were
evaluated. It was found that the optimum activating temperature and impregnation ratio are 350°C and 1 wt.%
KMnO,, respectively. The product made under these conditions is stable and suitable for adsorption in aqueous
solution. Maximum methylene blue adsorption was achieved at pH 3 and with a relative decrease to about
95-96% adsorption efficiency between pH 4 and 9. The equilibrium adsorption data showed a good fit with the
Freundlich isotherm exhibiting 99.80 mgg™"' adsorption capacity.
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INTRODUCTION

Regular production of activated carbon is be costly
due to the use of high temperature treatment in the
production process. Therefore, it is necessary to find
suitable conditions for the production of activated carbon
using a minimum activation temperature. This will help
reduce costs and preserve the environment during
activated carbon production. Especially, air activation at
low temperature will produce high carbon yield.
Moreover, the use of agricultural residues or industrial
effluents for activated carbon production will result in
further cost reductions. Agricultural waste which is
lignocellulosic material is high volume source for the
commercial activated carbon production (Ceyhan et al.,
2013). It contains cellulose, hemicellulose and lignin with
a relatively high carbon content that determines the high
yield and heterogeneous porosity of the produced
activated carbons (Marrakchi et al., 2017). Sacha inchi
seed shell that is derived from production of sacha inchi
seed oil is also one of the potential starting materials for
the production of activated carbon. It has been used for
fuel gas production by gasification in a drop tube reactor
(Lakkhana et al., 2017) and the silver nanoparticles
synthesis (Wang et al., 2018). Surface modification is a
way to improve adsorption capacity of activated carbons
creating pore structures and functional groups on
activated carbon surface. Oxidation modification is the
most common method of regulating oxygen-containing
functional groups on the activated carbon surface
(Zhang et al., 2017). Permanganate is a strong oxidizing

agent in many organic and inorganic redox reactions and
it is also eco-friendly (Das et al., 2009). It can
significantly improve the content of oxygen-containing
surface functional groups of activated carbons
(Zhang et al., 2017). It has been used for treatment of
textile wastewater and soil as it is an easy to handle and
a readily soluble solid (Xu ef al., 2005; Zhang et al.,
2017). Methylene blue is a cationic dye which has
various applications in chemistry, biology, medical
science and dyeing industries. Its long term exposure
can cause vomiting, nausea, anemia, hypertension
(Pathania et al., 2017) and also carcinogenesis
(Narvekar et al., 2018). Further some harmful effects like
eye burns, cyanosis, increased heart rate, tachycardia,
tissue necrosis, ethemoglobinemia, dyspnea, jaundice
and diarrhea in human beings (Ahsaine et al., 2018).
Furthermore, it can increases the turbidity levels of water,
hindering the ability of fish and other organisms to locate
food and reducing photosynthetic activity (Spagnoli et al.,
2017).

In this study, the preparation of activated carbon with
one-stage pyrolysis by partial air and KMnO, oxidation
from the sacha inchi seed shell is studied. It is expected
that potassium permanganate will reduce the pyrolysis
temperature for activated carbon production from
lignocellulosic materials. The effects of KMnO,
impregnation ratios (0-5%) and pyrolysis temperature
(250-400°C) on final products were investigated. The best
product obtained at low pyrolysis temperature was
collected for methylene blue adsorption from aqueous
solutions.
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MATERIALS AND METHODS

Preparation of pyrolyzed products: Sacha inchi seed
shell was obtained from seed oil production at Wee
Organic Co. Ltd., Kamphaeng Phet province of Thailand.
It was dried in an oven (SL 1375 SHEL LAB 1350 FX) at
110°C for 3 h. The resulting dried sample was mixed with
0, 1, 3 and 5% KMnO, by weight. The mixed samples
were added to a small amount of distilled water to
dissolve KMnO, to distribute it throughout all the
sacha inchi seed shell matter and then dried in an oven
under air atmosphere at 105°C for 24 h. The dried mixed
samples were then pyrolyzed in closed ceramic crucibles
at final temperatures of 250, 350 and 400°C for a holding
time of 6 h under partial oxidation conditions in an
electric muffle furnace (Fisher Scientific Isotemp®
Muffle Furnace). The samples were subsequently cooled
to room temperature. The percent yields of pyrolyzed
products were measured. The pyrolyzed products were
ground, sieved to 50 mesh and then kept in plastic bag for
further experiments. BET (Micromeritics TriStar II),
SEM-EDS (LEO 1455 VP), FTIR (Spectrum GX,
Perkin Elmer) and XRD (XRD, PW 3040/60, X’ Pert
Pro MPD) were used for characterization of the pyrolyzed
products.

Methylene blue adsorption experiment: The effects of
different parameters such as contact time, pH and
modified activated carbon dosage were investigated.
Langmuir and Freundlich isotherm models were also
studied from the equilibrium adsorption data with
variation of methylene blue concentration.

Equilibrium time of methylene blue adsorption: The
100 mg L' stock solution of methylene blue was
prepared by dissolving 0.1 g of methylene blue powder in
1 L of deionized water.

Batch experiments were used for methylene blue
adsorption. The 0.1 g of the non-modified activated
carbon or KMnO, modified activated carbon was added
into an erlenmeyer flask containing 25 mL of 10 mg L™
methylene blue solution at pH 7.0+0.15 and then shaken
continuously at 120 rpm at a temperature of 32+2°C with
contact times of 20, 40, 60, 80, 100, 120, 140, 160 and
180 min. The solutions were then filtered using
Whatman No. 42 filter paper to remove the activated
carbon particles at the end of each contact time. The
absorbance values of the resulting methylene blue filtrates
were measured at 665 nm using a UV double beam
instrument (Speccord 200 plus). The concentrations of
the methylene blue filtrate solutions were calculated from
the absorbance values using standard calibration curve.
The data from this experiment was graphed to find
equilibrium time.

Effect of pH on methylene blue adsorption: In addition
to the equilibrium time investigation, an experiment with
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60 min contact time for pH of 2, 3,4, 5, 6,7, 8 and 9,
respectively was carried out. The pH values of solutions
were adjusted with 0.05 M HCI or 0.05 NaOH solution.
Then methylene blue concentrations in filtrates from all
experiments were measured.

Effect of activated carbon dosage on methylene blue
adsorption: Like the pH effect experiment, the batch
experiments carried out to study of the effect of activated
carbon dosage on methylene blue adsorption were carried
out with 60 min contact time at pH of 3.0 and 100 mg L™
methylene blue concentration with different doses of
activated carbon 0.05, 0.1, 0.5, 1.0, 1.5 and 2.0 g. The
methylene blue concentrations in filtrates from each
dosage were also measured.

Adsorption isotherms: The data of the effect of activated
carbon dosage on methylene blue adsorption experiment
were fitted with both the linear form of Langmuir
equation (Eq. 1) and Freundlich equation (Eq. 2)
(Mopoung et al., 2016) as follows: the linear form of
Langmuir equation is:

CC/QC = 1/(qmaxKL)+Cc/qmax (1)

Where:

Q.mgg™) : The amount of methylene blue adsorbed
per unit mass of activated carbon

C(mgL™") : The methylene blue equilibrium
concentration

Quamg g7") : The maximum methylene blue amount
that forms a complete monolayer on the
surface of activated carbon

K.(Lmg™") : The Langmuir constant related to
adsorption heat.

Qmax @nd K;  : Constants can be determined from the

slope and intercept of plot of C/Q,
against C,, respectively

The linear form of Freundlich equationiis:

log Q, =log K;+1/n log C, 2)
where, Q. and C_ have the same definitions as those in the
Langmuir equation cited above. K. and n are Freundlich
constants related to adsorption capacity and heterogeneity
factor, respectively. The constants K. and n can be
determined from the intercept and slope of plotting log C,
against log Q,, respectively.

RESULTS AND DISCUSSION

Percent yield of pyrolyzed products: The percent yields
of pyrolyzed products made from sacha inchi seed shell
without modification and with modification using 1-5%
KMnO, are shown in Table 1. The results show that the
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Fig. 1(a-d): Transmission FTIR spectrum of (a) Unmodified (b) 1% KMnO, modified (c¢) 3% KMnO, modified and (d)
5% KMnO, modified pyrolyzed products prepared at 250°C

Table 1: Percent yield, by dried weight, of pyrolyzed products prepared
at 250-400°C without and with 1-5% KMnO, modification
Yield at pyrolysis temperature (%)

Type of pyrolyzed products 250°C 350°C 400°C
Un-modified 38.64 38.57 3593
1% KMnO, modified 38.69 35.85 33.76
3% KMnO, modified 36.82 35.79 33.63
5% KMnO, modified 35.45 35.15 31.78

percent yield of pyrolyzed products decreases with
increasing pyrolysis temperature for the same type of
pyrolyzed product. On closer inspection, the percent yield
is not different for pyrolysis temperatures in the range of
250-350°C for the same type of pyrolyzed product.
However, a more significant decrease is observed at a
pyrolysis temperature of 400°C. In addition, the percent
yields of pyrolyzed products also relatively decreased
with increasing concentration of KMnO, for the same
pyrolysis temperature. Furthermore, when comparing the
KMnO, modified pyrolyzed products to the un-modified
one, the percent yield of all KMnO, modified pyrolyzed
products is lower than that of the un-modified one
prepared at same pyrolysis temperature. This showes that
KMnO, effects the percent yield of the pyrolyzed
products. This observation reveals that the starting
materials are degraded by both thermal and KMnO,
oxidation processes. Usually, lignin, hemicellulose, pectin
and cellulose are thermally degraded at temperatures
between 200 and 350°C (Uner and Bayrak, 2018). The
effect of KMnO, can be due to oxidation of carbon-carbon
double bonds of organic matter oxidized by
permanganate ion at low pyrolysis temperatures
(Das et al., 2009).
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FTIR spectrum of sacha inchi seed shell and pyrolyzed
products: Figure | shows transmission FTIR spectra of
pyrolyzed products prepared at 250°C. It can be seen that
the C = O functional group at 1700 cm™' which is
attributed to acetyl groups in the cellulose and
hemicellulose structure (Li et al., 2016; Usman et al.,
2015), is still present in the un-modified pyrolyzed
product (Fig. 1a). However, its intensity is reduced after
KMnO, modification (Fig. 1b-d). This is because the
strong oxidizing agent potassium permanganate reacts
with carboxyl groups in the samples (Zhang et al., 2017),
which are always accompanied by a peak at 1040 cm™
(C-0 of glycoside bonds in the polysaccharide structure,
lignin, cellulose and hemicellulose) (Kumar et al., 2016;
Tzvetkov et al., 2016). Therefore, the contents of
carboxyl C =0 and C-O bonds are reduced in the KMnO,
modified products. On the other hand, the peak at
1580 cm™' increased with increasing KMnO,
concentration. This peak is attributed to C = C bond
vibrations in aromatic systems and the highly conjugated
C-O stretching vibration bands which take place through
the growth of aromatic structures and polymerization
during the pyrolysis and modification as a result of
removal of some volatile matter (Qambrani et al., 2017).
This phenomenon results in increasing single bond
character of C = O groups, which are conjugated to
aromatic rings. Likely, the peaks at 1380, 1320 and
1040 cm™" can be assigned C-C stretching in rings and
C-O stretching vibration (Feng et al., 2018). This shows
that an aromatic system is incipient. Additionally, the
oxygen-containing functional groups of pyrolyzed
KMnO, modified products also increased. Similarly, the
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Fig. 2(a-d): Transmission FTIR spectrum of (a) Un-modified product at 250°C and 1% KMnO, modified pyrolyzed

products at 250°C (b), 350°C (c) and 400°C
very small peaks around 780 and 520 cm™' which are
present after KMnO, modification and pyrolysis at 250°C
(Fig. 1b-d) are assigned to Mn-O bonds of the Mn oxide
phase (Najafpour et al., 2016). Moreover, it was noticed
that the peaks at 1580, 1380 1320 and 1040 cm™' of
pyrolyzed product decreased after modification with
1 wt.% KMnO, but slightly increased on increasing the
wt.% KMnO, to 3-5%. This indicates that while some of
the functional groups of organic matter were degraded
with KMnO, other oxygen-containing function groups
have been installed with oxidation using KMnO,.
Therefore, these peaks show increased intensity with
increasing of wt.% KMnO,.

The effects of pyrolysis temperature on un-modified
and 1 wt.% KMnO, modified products can be seen in
Fig. 2. The figure it was clearly shows that the peaks at
1700 cm™" (C = O) and 1040 cm™' (C-O) of un-modified
product prepared at 250°C (Fig. 2a) disappeared after
1 wt.% KMnO, modification at 250-400°C (Fig. 2b-d).
Furthermore, it can be seen that the FTIR spectra of
products pyrolyzed with 1 wt.% KMnO, modification
products at 250-400°C are similar. Additionally, the peaks
at about 1580 and 1380 cm™" which refer to C=C and
C-C, respectively, increased after modification with 1%
KMnO, and pyrolysis at 250-400°C. This is because the
aromatic character of the products is augmented with
condensation reactions induced under these conditions
(Xi et al., 2018). It points out that the pyrolysis
temperature of only 250°C is sufficient to significantly
break down the organic matter present in the starting
material. These results suggests that products made with
pyrolysis using 1 wt.% KMnO, modification will be
sufficiency stable for adsorption applications in aqueous
solution.

(d)
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XRD analysis: Figure 3 shows the XRD spectra of both
the un-modified product and product modified with 1%
KMnO, prepared by pyrolysis at 350°C. The spectra
indicate presence of amorphous carbon with limited
crystal structure. It can be seen that the products made
with 1% KMnO, modification exhibit more characteristics
amorphous carbon. Furthermore, it can be seen that some
lignin and cellulose are retained in the un-modified
product at 350°C (Fig. 3a). However, after modification
with 1% KMnO, the pyrolyzed product shows more
MnO,, K, O and disordered graphite, while the structured
organic compounds have disappeared (Fig. 3b). This
indicates that the carbon matrix of the modified pyrolyzed
product has been destroyed in the process of
oxidation-reduction (Feng et al., 2018). However, the
diffraction peaks of MnO, and K,O are of low intensity.
This because the pyrolyzed modified product was
modified with only 1 wt.% of KMnO, which could not be
detected at this low concentration (Zhang et al., 2012).

SEM and EDS results of pyrolyzed products: The SEM
image of un-modified pyrolyzed products prepared at
350°C shows uniformly distributed knots on its surface
(Fig. 4a-b). However, the 1 wt.% KMnO, modified
pyrolyzed product (Fig. 4c-d) is more destroyed in
comparison to the un-modified pyrolyzed product.
Additionally, the EDS results also showed that the C, Mn
and K contents of modified pyrolyzed product have
increased (Table 2). This confirms that the charcoal nature
of the modified pyrolyzed product has also increased.
This result is in agreement with the FTIR and XRD
results.
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Fig. 3(a-b): XRD spectrum of (a) Un-modified product produced at 350°C (b) 1% KMnO, modified product prepared
by pyrolysis at 350°C
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Fig. 4(a-d): SEM micrographs of (a-b) Un-modified product prepared at 350°C and (c-d) 1% KMnO, modified products
prepared by pyrolysis at 350°C
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Fig. 6(a-b): (a) Effect of pH 2-9 and (b) Dosage at pH 7
on the efficiency of methylene blue
adsorption by 1 wt.% KMnO, modified
product prepared by pyrolysis at 350°C with
contact time of 60 min

Table 2: Elemental composition of pyrolyzed products prepared at

350°C by EDS
Elements (wt.%)
Samples C (6] Mn K
Un-modified product 6091 3273 087 497
1 wt.% KMnO, modified product 61.34 3285 251 6.15

Methylene blue adsorption

Contact time of methylene blue adsorption: Figure 5
shows the contact times (0-180 min) for 10 mg L™
methylene blue adsorption at pH 7 with activated carbon
made with 1 wt.% KMnO, modification by pyrolysis at
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350°C. It can be seen that the absorption equilibrium was
reached within only 20 min with about 87% adsorption
efficiency. At the same time, the methylene blue
adsorption equilibrium of un-modified activated carbon is
also achieved at 20 min with about 82% adsorption
efficiency (Fig. 5). The relatively short time needed to
reach equilibrium may be associated with the high initial
content of vacant sites on the surface of activated carbon.
Therefore, methylene blue could easily access the active
sites of the activated carbon with short contact time.
Furthermore, it is clear that the methylene blue adsorption
efficiency of modified activated carbon is higher than that
of'the unmodified activated carbon due both to adsorption
and the redox activity of MnO, (Dassanayake et al.,
2016). This has indicated that the modification with
KMnO, is effective. This is attributed to the mesopore
structure of the modified activated carbon and the
increased number of oxygen containing functional groups
after KMnO, oxidation modification (Feng et al., 2018).
Thus, the 1 wt.% KMnO, modified activated carbon
prepared by pyrolysis at 350°C was selected for the next
experiment with 60 min equilibrium time to assure that
the adsorption equilibrium is reached.

Effect of pH on methylene blue adsorption: The pH
effect on methylene blue adsorption was observed with
0.1 g of 1 wt.% KMnO, modified activated carbon
prepared by pyrolysis at 350°C in the range pH 2-9 with
25 mL of 10 mg L™" methylene blue solution and 60 min
contact time. It experiment has shown that the maximum
methylene blue adsorption was achieved at pH 3 (Fig. 6a).
At pH values above 3, the % methylene blue adsorption
decreased to about 95-96 % adsorption efficiency between
pH 4 and 9. These observations could be explained by the
effect of ionization and oxidation. At pH values below 3
there is a competition between the hydrogen ions and the
cationic dye methylene blue as well as repulsive forces
between the positively-charged modified activated carbon
surface and methylene blue (Dassanayake et al., 2016).
Therefore, methylene blue adsorption on modified
activated carbon surface is low. At pH 3, the maximum
adsorption occurs. This is becaus both adsorption and the
oxidative degradation of methylene blue by MnO,
(Dassanayake et al., 2016) on the modified activated
carbon are taking place. However, it is expected that the
oxidative degradation of methylene blue by MnO, is
dominant at pH 3. However, at pH values above 3 the
oxidizing ability of MnO, could be decreased as has been
reported by Wang et al. (2014). At pH 4-9, deprotonation
of the hydroxyl groups on modified activated carbon
generates more negatively-charged adsorption sites for the
adsorption of the cationic dye methylene blue onto the
modified activated carbon (Dassanayake ef al., 2016).
In this pH range, the effect of the adsorption by the
ionization process of both the modified activated carbon
and methylene blue is dominant.
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Fig. 7(a-b): Langmuir isotherm (a) and Freundlich
isotherm (b) of methylene blue adsorption by
1 wt.% KMnO, modified product prepared
by pyrolysis at 350°C at pH 3 and 60 min
contact time

Dosage effect on methylene blue adsorption: The
dosage effect experiment on methylene blue adsorption by
1 wt% KMnO, modified product prepared by pyrolysis at
350°C was investigated by dosage variation using 0.05,
0.1,0.5,1.0,1.5,2.0 gin 25 mL of 100 mg L' methylene
blue at pH 3 and 60 min contact time. It was seen that the
percent adsorption of methylene blue by the modified
product increased with increasing of dosage (Fig. 6b).
Because of the total adsorption active sites available to
methylene blue molecules increased with increasing the
modified activated carbon dosage (Pang et al.,2017). The
maximum adsorption is reached at a dose of 1.0 g and
remains relatively constant with increased doses. The
calculation of adsorption capacity of methylene blue
indicates that was adsorbed with a capacity of
99.80 mg g' by the 1 wt% KMnO, modified product
prepared by pyrolysis at 350°C.

Isotherm model for methylene blue adsorption:
The equilibrium adsorption data from dosage effect
experiments were fitted to the Langmuir and Freundlich
Model. It was found that the Freundlich isotherm fits to
the equilibrium adsorption data with R? 0.9984.
This indicated that methylene blue is adsorbed by
heterogeneous surfaces of KMnO, modified product
which is increased with increasing methylene blue
concentration (Araujo et al., 2018). It also shows
multilayer adsorption with non-uniform distribution of

427

adsorption heat and affinities (Nitzsche et al., 2019).
The values of K; and n parameters are 210.3778 mg g™
(L mg™")"™ and 0.2716, respectively. The Freundlich
parameter n for methylene blue adsorption on the
modified product is in the range between 0 and 10,
indicating favorable adsorption (Nitzsche ez al.,2019). In
addition, the calculated K; value for methylene blue
adsorption on the surface of the modified product is quite
high. This indicates that KMnO, modified activated
carbon from sacha inchi seed shell could adsorb
methylene blue with high capacity (Fig. 7).

CONCLUSION

In this study, it was shown that KMnO, could reduce
activation temperature and increased methylene blue
adsorption for activated carbon prepared from sacha inchi
seed shell, in comparison to un-modified product.
The percent yields of KMnO, activated products
(31.78-38.64%) decreased with increasing pyrolysis
temperature and also decreased with increasing
concentration of KMnQO,. The results from FTIR, XRD
and SEM-EDX showed that the KMnO, modified product
had high content of the oxygen-containing functional
groups, MnO, and high amorphous carbon character,
which make it stable for adsorption using in aqueous
solutions. The results have also shown that the optimum
activation temperature and impregnation ratio for
activated preparation from sacha inchi seed shell are
350°C and 1 wt.% KMnO,, respectively. Methylene blue
adsorption experiments have indicated that maximum
adsorption is observed at pH 3 and decreases to about
95-96% adsorption efficiency between pH 4 and 9 with a
99.80 mg g~ adsorption capacity. The methylene blue
adsorption equilibrium data for 1 wt.% KMnO, modified
activated carbon prepared by pyrolysis at 350°C fits well
to the Freundlich isotherm. This shows that methylene
adsorption capacity increases with increasing methylene
blue concentration. Therefore, the KMnO, modified
activated carbon made from sacha inchi seed shell at low
activation temperature can be made by a simple procedure
with low cost and shows good ability for methylene blue
removal from aqueous solution.
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