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ABSTRACT

Corn cobs and bagasse are materials used for making activated carbon that are easy to find. Additionally, they
are agricultural waste that cannot be consumed. This study aims to analyze the potential of activated carbon from
agricultural waste, namely corn cobs and bagasse, in reducing the levels of chromium heavy metal, and to analyze
the dose of activated carbon from agricultural waste which is effective in reducing the chromium levels in the batik
waste. The method used was experimental with a completely randomized factorial design. The doses of activated
carbon used were 0.5, 1.5, and 2.5 g. Meanwhile, the contact times used were 30, 60, 90, 120, and 150 minutes.
The results showed that the initial chromium content was 0.144 mg-L-!, and after given treatment it decreased to
below 0.024 mg-L-'. The activated carbon from corn cobs and bagasse was able to reduce the chromium levels with
the most effective dose of 2.5 g-L! and a contact time of 120 minutes. Meanwhile, the water quality parameters
showed temperature stability (23-25 °C) during the experimental period, while the pH increased to 9—11.
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INTRODUCTION

form of liquid material contains heavy metals as a
result of the dyeing and washing processes (Wiro-

Batik is a typical Indonesian clothing (Iskan-
dar & Kustiyah, 2017; Steelyana, 2012). The ba-
tik industry has great potential for development.
Batik is produced commercially both on a large
scale by factories and on a small scale by home
industries. However, in the process of making
batik, from the initial process to the refinement
process the chemicals containing heavy metal el-
ements are used so that the waste materials still
contain these elements (Setiono & Gustaman,
2017; Puspita et al., 2011). The batik waste in the

soedarmo et al, 2020; Kurniawan et al., 2014).

In general, industrial waste passes through a
treatment process before being discharged into
the environment, but for some home industries,
the resulting waste is directly discharged into the
environment without any prior treatment. High
metal concentrations in waste, when polluting the
water, can cause adverse effects on the environ-
ment and human life (Puspita et al., 2011). The
heavy metals dissolved in water bodies at certain
concentrations will turn into a source of poison
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for aquatic life (Puspasari, 2006). Although the
toxicity caused by one heavy metal to all aquatic
biota is not the same, the loss of a certain group
of organisms can lead to a break in an ecosys-
tem chain. At an advanced level, this situation
can of course destroy one aquatic ecosystem or-
der (Apriadi, 2005; Sasongko, 2010). One of the
harmful batik waste products is the chromium
heavy metal (Cr).

The high level of contamination in the wa-
ters will affect the physiological condition of
fish, accompanied by anatomical damage (Ku-
sumadewi et al., 2015). The impact of chromium
on aquatic organisms is the disruption of the
body metabolism due to the obstruction of the
work of enzymes in the physiological processes
in which chromium can accumulate in the body
and is also chronic, which ultimately results in
the death of the organisms (Mason, 2002). The
accumulation of chromium can cause damage to
the respiratory organs and can also cause cancer
in humans (Kristianto et al., 2017). The chro-
mium in the body is usually in the Cr** ion state.
Chromium can cause lung cancer, and liver and
kidney damage. The physical contact between
chromium and skin can cause irritation and, if
ingested, may cause stomachache and vomiting.
The allowable concentration of the Cr metal in
the water is 0.05 mg-L! (Effendi, 2003). There-
fore, the heavy metal content, especially Cr, in
the industrial waste that exceeds the permissible
limit must be minimized before being discharged
into the environment (Diantariani et al., 2010).

One alternative effort to reduce the heavy
metal content in the batik waste can be through
adsorption using activated carbon. Activated car-
bon is a porous solid containing 85-95% carbon
(Siregar et al., 2015). The materials that contain
the carbon element can produce activated carbon
by heating them at high temperatures (Chand et
al., 2015). These pores can be used as an adsor-
bent agent. Activated carbon with a large surface
area can be used in the water purification process
both in the drinking water production process
and in the waste handling (Idrus et al., 2013).
The characteristics of activated carbon basically
include the adsorption properties and physical
properties including total surface area, particle
density, and effective size. Meanwhile, the chemi-
cal properties of the surface greatly determine the
occurrence of the adsorption process in which it is
easier to bind the particles that have similar prop-
erties (Udyani, 2013).

Corn cobs and bagasse are materials used for
making activated carbon that are easy to find. Ad-
ditionally, they are agricultural waste that cannot
be consumed. After the corns and sugarcane are
consumed, the cobs and bagasse are just thrown
away because they are no longer useful. The use
of corn cobs and bagasse as activated carbon for
waste adsorption and water purification is still not
widely known by the public.

In fact, the use of alternative sources of ac-
tivated carbon is one of the cheap and effective
methods to reduce the heavy metal levels com-
pared to other methods such as adding chemicals
to reduce the concentration of pollutants, us-
ing microorganisms and disinfection, or killing
germs. Several studies on activated carbon have
also been conducted (Amin et al., 2016; Alverina
et al., 2014; Alfiany et al, 2013).

This study aims to analyze the potential of
activated carbon from agricultural waste, namely
corn cobs and bagasse, in reducing the levels of
chromium heavy metal, and to analyze the dose
of activated carbon from agricultural waste which
is effective in reducing the chromium levels in the
batik waste.

MATERIALS AND METHODS

The making of activated carbon from
agricultural waste

The materials in this study included the mak-
ing of activated carbon made from corn cobs (Zea
mays L) in several stages, namely dehydration,
carbonization and chemical activation, and the
contact between the batik waste with activated
carbon of corn cobs (Shofa, 2012). The raw ma-
terials for making activated carbon in this study
were obtained from corn farmers in Sumberpu-
cung District, Malang Regency. The process of
making activated carbon on corn cobs began with
washing the corns using running water to remove
the dirt that stuck to the corn cobs until they were
clean. Afterwards, the dehydration process was
conducted by drying the corn cobs under the
sun until they were completely dry for &+ 2 days.
The next step was the carbonization by burning
the corn cobs for 2 hours until charcoals were
formed. After charcoals or carbon was formed,
the next step was to grind them and sieve into fine
particles using a sieve with a mesh size of 500 um
(Alfiany et al., 2013). After the sieving process,
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the corn cobs with an initial weight of approxi-
mately 3 kg would produce as much as 138 g of
charcoal powder (Figure 1). Then, the activation
process was carried out. The resulting carbon was
in the form of powder, which was then physi-
cally activated in an oven for 200 °C for 2 hours
(Marsh and Francisco, 2006).

The making of activated carbon from bagasse
was based on the modification of Asbahani’s re-
search (2013), starting with washing the bagasse
to remove soil and other impurities, if any. The
bagasse was then cut £ 0.5 cm and was dried un-
der the sun for one day. After drying, the bagasse
was burned until it became charcoal (black). After
cooling down, it was ground and sieved into fine
particles = 0.5 mm. Then, the charcoal particles
were placed in an oven at a temperature of 100 °C
for 2 hours (Figure 2). The bagasse used in this
study was obtained from the sugar factory area in
Kediri, East Java.

Characteristics of the batik waste

The batik waste used in this study was ob-
tained from the batik home industries located in
the Malang City. The batik waste used was the
result of the batik dyeing and washing processes.
The characteristics of the batik waste before hav-
ing a contact with activated carbon on corn cobs
were at its temperature of 25 °C, pH of 8.4 and
the Cr content of 0.144 mg-L-!. This result was
still above the quality standard for the Cr con-
tent allowed in the waters, which is 0.05 mg-L™!
(Effendi, 2003). Therefore, this batik waste was
still dangerous if it was directly discharged into
the water without any treatment. In terms of the
physical characteristics of the batik waste before
the application activated carbon, it was dark pur-
ple color which came from the batik dye, foamy,
and smelly.

Figure 2. (a) Bagasse; (b) Activated carbon from bagasse (Research documentation, 2018)
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Experimental design

This study used a completely randomized
factorial design (Figure 3). A completely random-
ized design in this study used a treatment factor,
namely the difference in weight of activated car-
bon and the contact time of the batik waste with
activated carbon. The activated carbons used
were 0.5, 1.5, and 2.5 g. Meanwhile, the contact
times used were 30, 60, 90, 120, and 150 minutes.
The dosage and contact time of the waste used
in this study referred to the research by Alverina
et.al (2014) and Nasir et al., (2015) with some
modifications.

The 3-liter volume jars to be used were pre-
pared and placed randomly. Then, 1000 ml of
batik waste was placed into the jar and activat-
ed carbon with doses of 0.5, 1.5, and 2.5 g-L'.
Then, the predetermined contact times of 30, 60,
90, 120, and 150 minutes were applied. After the
specified contact time was complete, the tempera-
ture and pH measurements were taken.

Tthe adsorption capacity formula used is as
follows:

— Cu_cl
q= "=V (1)

where: q : Adsorption capacity (mg-g™")
C,: Initial solution concentration (mg-L™")
C,: Concentration of the solution after ad-
sorption (mg-L")
m : Adsorbent mass (g)
V': Volume of solution (L)

Measurement of physical and chemical
parameters

The measurement of the chromium (Cr) levels
used the AAS (Atomic Absorption Spectrometry)
method (Nawrocka & Szkoda, 2012), and water
quality parameters namely temperature (thermom-
eter) and pH (pH Hanna Instrusment HI 8424).

Statistical analyses

The statistical analyses in this study were
a two-factor completely randomized factorial
design (ANOVA test) and the least significant
difference test. The analyses were performed us-
ing the SPSS 20.0 and MS Office Excel 2016
software.

RESULTS AND DISCUSSION

The characteristics of batik waste after
the treatment with activated carbon

After given a contact treatment with activated
carbon, there is no significant change; the only
thing occurring is the batik waste which original-
ly has smell turns to be odorless.

Application of activated carbon with the
batik waste

The Cr content was measured after the batik
waste was treated with activated carbon from corn
cobs (Figure4)atadose of 0.5 g-L-' and immersion
time of 30 to 150 minutes is 0.11-0.03 mg-L". In
an experimental container given activated carbon
at a dose of 1.5 g-L!' and immersion time of 30 to
150 minutes, it ranges from 0.10 to 0.03 mg-L.
Meanwhile, for the batik waste which was given
activated carbon at a dose of 2.5 g-L! and im-
mersion time between 30-150 minutes, it is
0.07 mg'L! to < 0.024 mg-L" (not detected). It
means that the value of the Cr content is below
0.024 mg. The value of L' cannot be ascertained
because the limit of the AAS tool used for the
analysis of the Cr content has a detection limit
of only 0.024 mg-L"' so that for the purposes of
statistical analyses, the lowest limit value that can
be detected by the AAS tool was used.

Ab2 | Cc1 Cd2
Bal Bb2 Bc2
Cal  Ael | Cb1
Bc1 | Bb1  Ce2
Be2 Ad2 Ac2

Ba2 Bd2 Cc2
Ab1 | Aa1l Ca2
Bd1 | Aa2 | Aci
Ad1 | Ae2 Be1
Ce1l Cd1  Cb2

Figure 3. Research design:

A,B,C — Dosage of activated carbon (A: 0.5 g/L; B: 1.5 g/L; C: 2.5 g/L)
a,b,c,d,e — Contact time (a: 30 minutes, b: 60 minutes, c: 90 minutes, d: 120 minutes, e: 150 minutes)
1,2 — Replication
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Figure 4. The graph of the chromium (Cr) content decreases following corn cob activated carbon treatment

The result of the decrease of the chromium
levels using bagasse activated carbon (Figure 5)
shows that the chromium (Cr) levels contin-
ue to decline from the initial concentration of
0.144 mg-L'. The batik wastewater given acti-
vated carbon at a dose of 0.5 gL' and immer-
sion time of 30 to 150 minutes has the chromium
level ranging from 0.027 to 0.125 mg-L"'. In an
experimental container given activated car-
bon at a dose of 1.5 g'L! and immersion time
of 30 to 150 minutes, it ranges from 0.024 to
0.114 mg-L"!, and in an experimental container
given activated carbon at a dose of 2.5 g-L"! and
immersion time of 30 to 150 minutes, it ranges
from 0.024 to 0.112 mg-L".

Figures 4 and 5 show that there is a decrease
in the Cr content after given activated carbon with

0,14
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0,04
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30 60

different doses and contact times until showing
a value below the permissible limit of the chro-
mium (Cr) content in the waters of 0.05 mg-L"!
(PP. No 28 of 2001). This decrease is due to the
adsorption process by activated carbon. The con-
tent of cellulose, hemicellulose and lignin in corn
cobs and bagasse makes charcoal a good ingredi-
ent for activated carbon. The content of cellulose
(45%), hemicellulose (35%) and lignin (15%)
makes corn cobs one of the good activated carbon
ingredients (Fitriani etal., 2013). Viewed from the
pore structure at a certain carbonation tempera-
ture, cellulose is still stronger than lignin because
at the temperature of around 500-800°C there is
still an increase in the pore diameter of charcoal
while for lignin at the temperature of 200°C there
has been a damage in the pore walls, which shows

r
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Figure 5. The graph of the chromium (Cr) content decreases following bagasse activated carbon treatment
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the function of cellulose as a constituent of car-
bon framework in activated charcoal, resembling
the structure of graphite (Pari, 2011).

The increase in adsorbent mass will also in-
crease the percentage of the adsorbate absorption
efficiency due to the increase in the metal binding
groups (Barros et al., 2003). In addition, accord-
ing to Nurdin (2006), the factor that affects ad-
sorption is the amount of adsorbent density where
the increase in the weight of the absorbent mate-
rial also indicates an increase in the density of the
absorbent material in the solution, so the highest
absorption will be achieved at a certain density,
which allows for an effective interaction between
the metal ions and active adsorbent groups.

Analysis results of a completely
randomized factorial design

The activated carbon from both corn cobs
and bagasse was proven to be an adsorbent able
to absorb the Cr content in the batik waste. This
was proven by the results of statistical test analy-
sis, while the differences in the dose of activated
carbon used in this study were also proven to be
able to reduce the Cr content in the batik waste.
The result obtained for the dose treatment (0.5,
1.5, 2.5 g'L!) of activated carbon from corn
cobs is Fcount> Ftable, which is 23.16> 3.68 (p
=0.05), so it can be concluded that the decrease
in the Cr content in the batik waste by treat-
ment with different doses of activated carbon
gives a very significant effect. Meanwhile, for
the treatment time (30, 60, 90, 120, 150 minutes)
Fcount> Ftable, which is 82.17> 3.02 (p = 0.05),
so the decrease in the Cr content in the batik
waste with different contact times of activated
carbon has a very significant effect. For the in-
teraction of dose treatment and contact time of
activated carbon, Fcount <Ftable, which is 1.63
<2.64 (p = 0.05), so it can be concluded that the
decrease in the Cr content in the batik waste with
the interaction between the two treatments does
not give a significant effect. Therefore, in gen-
eral, it can be concluded that the treatment of
activated carbon dose and contact time does not
influence one another in the reduction of Cr in
the batik waste using the activated carbon from
corn cobs. If there is an insignificant change in
combination treatments, then it is said to have
an insignificant effect, which is assumed to hap-
pen due to the response change caused by error
or residue due to the effect of random chance.

Therefore, the cooperation between the factors
that are combined is said to be free from each
other (Tenaya, 2015).

The statistical analyses for dosage treat-
ment (0.5, 1.5, 2.5 g'L") of activated carbon
from bagasse result in Fcount> Ftable, which is
6.85> 3.680 (p = 0.05), so it can be concluded
that the dose treatment in the decrease of the
chromium content in the batik wastewater with
different contact times gives a significant ef-
fect. The time treatments of 30, 60, 90, 120, and
150 minutes have the results of Fcount> Ftable,
which is 167.95> 3.060 (p = 0.05), so it can be
concluded that the treatment of time to the de-
crease of chromium with different doses gives a
significant effect. In turn, for the interaction of
dose treatment and contact time of activated car-
bon, it was noted that Fcount <Ftable, which is
0.49 <2.64 (p = 0.05), so it can be concluded that
the decrease in the chromium level in the batik
wastewater with the interaction between the two
treatments does not give a significant effect. This
shows that each factor has an effect on the de-
crease of the chromium levels, but if the two fac-
tors interact with each other, these factors do not
have an effect on reducing the chromium levels in
the batik wastewater.

On the basis of the results of the least sig-
nificant difference test, it was found that the
most effective reduction in the Cr content is
using activated carbon from corn cobs and ba-
gasse at a dose of 2.5 g-L-! with a contact time of
120 minutes. This research show that the intensi-
ty of the reduction in the Cr content has reached
the standard quality limit for liquid waste in the
water on activated carbon as much as 2.5 g-L..
After 120 minutes to 150 minutes, the decrease
in Cr is not as much as at the initial treatment be-
cause the longer time it is used for soaking, the
lesser the capability of the activated carbon to
absorb heavy metal molecules is (Emelda et al.,
2013). The molecular adsorption force of a sol-
ute will increase if the contact time with the ac-
tivated carbon is longer. This long contact time
allows the diffusion process and the attachment
of the adsorbed solute molecules to occur better
(Syaugqiah et al., 2011). The atoms on the surface
of the activated carbon substance have an un-
balanced force compared to the arrangement of
atoms in solid substances in general, so the for-
eign molecules will try to fulfill this imbalance,
which makes these foreign molecules attracted
to the carbon surface.
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Water quality parameters

Temperature and pH are the factors that in-
fluence the absorption of heavy metals by acti-
vated carbon. The data on the average tempera-
ture during this study can be seen in Table 1. In
terms of physical factors, temperature and pH
measured before and after treatment also change.
After treatment, the temperature remains stable
and the pH increases. The changes in physical
factors of the batik wastewater can be caused by
the absorption of organic and metal content in the
batik wastewater by adsorbents so that the value
changes after the treatment (Jamilatun and Sety-
awan, 2014).

Table 1 shows that the results of the tempera-
ture measurements in the experimental container
given activated carbon tend to be stable during the
experiment, amounting to 23-25 °C. Adsorption
at a quite high temperature increase (more than
30°C) can cause damage to the functional groups
present in the biomass after heating because it has
exceeded the temperature tolerance (Rilyanti et
al., 2007). The adsorption rate will increase along
with the increasing temperature, and adsorption
will also decrease with the decreasing tempera-
ture (Kasam et al., 2005). However, if the adsorp-
tion reactions that occur are exothermic, then the
adsorption rate generally increases with the de-
creasing temperature. If the waters are polluted
by heavy metals, then the toxicity characteristics
of such heavy metals to the aquatic biota will
increase along with the increasing temperature,

while a good temperature range for aquatic organ-
isms is between 18-30 °C (Shindu, 2005).

On the other hand, the pH content contained
in the batik wastewater is quite high (alkaline)
because during this research there were still rem-
nants of wax, detergent and soap which could in-
crease the pH content in it. This is in accordance
with the argument of Laras et al. (2015) stating
that the weight gain of activated carbon can af-
fect the increase in pH due to the absorption of
hydrogen ions (H*) by activated carbon so that
the pH value will increase. At low pH (<2) the
carbon surface is positively charged and results in
an electrostatic repulsive interaction between the
positively charged surface and the metal cations.
When pH increases, there is an exchange of H*
from the carbon surface with the metal ions from
the solution (Bansal, 2005). The effect of pH on
the absorption of Cr metal is very significant, and
with the increasing pH conditions from acidic to
neutral pH, the absorption capacity tends to de-
crease (Agustinus et al., 2013).

CONCLUSION

The activated carbon of corn cobs and bagasse
has the potential to reduce the levels of chromium
contained in the batik wastewater from an initial
level of 0.144 mg-L! to below 0.024 mg-L'. An
effective dose of activated carbon which can re-
duce the chromium levels in the batik wastewater
to below the quality standard is 2.5 g-L!' with a
contact time of 120 minutes

Table 1. Data on temperature and pH measurement during treatment

Factor A (dosage) | Factor B (contact Activated carbon from corn cobs Activated carbon from bagasse
(o'L) time) (Minute) Temperature pH Temperature pH
30 24 +0 8.81+0.02 250+ 1.41 11.08 + 0.03
60 24 +0 8.78 + 0.04 24.0+1.41 11.06 + 0.02
0.5 90 245+0.7 8.80 + 0.04 24.5 +0.50 11.09 £ 0.01
120 245+0.7 8.86 + 0.04 24.5+0.70 11.11 £ 0.04
150 25+0 8.83+0 24.0 £ 0.00 11.07 £ 0.01
30 245+0.7 9.11 £ 0.01 25.0£0.00 11.07 £ 0.00
60 245+0.7 9.12+0.04 24.0+0.70 11.02 £ 0.00
1.5 90 245+0.7 9.15+0 23.5+0.70 11.05 +£0.02
120 245+0.7 9.15+0.02 245+ 0.70 11.04 + 0.00
150 25+0 9.19+0.12 23.5+0.70 11.06 + 0.02
30 245+0.7 9.24+0 245+ 0.70 11.06 + 0.02
60 24+14 9.25+0.02 23.5+0.70 11.03 £ 0.01
2.5 90 25+0 9.25+0.06 23.5+0.00 11.07 £ 0.01
120 24+1.4 9.25+0 24.0+0.70 11.03 £ 0.02
150 25+0 9.25+0 24.5+0.70 11.08 + 0.01
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