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robusta Kurz. The aim of this research is preparation of activated carbon
from mayan bamboo for detergent liquid waste degradation. The
manufacturing process of activated carbon is carried out using the physics
method. Powder of activated carbon was used for of detergent waste
degradation is 0.5; 1; and 1.5 mg at 30 min. The activated carbon powders
characteristics was determined by proximate analysis like water content,
volatile matter, ash, bound carbon content, and iodine value test. From the
proximate test, the activated carbon has a water content value of 6.7% at
150 °C. The volatile matter and ash content analysis showed 11.3 and
6.50%, respectively. Furthermore, the activated carbon showed a bound
carbon content value was 82.2% with an iodine adsorption value of 795,97
mg/g. The Energy dispersive X-ray (EDX) shows the elemental
composition of carbon is 92%. Activated carbon from Gigantochloa
robusta Kurz has potentially as detergent liquid waste degradation with a
degradation value of 65,12%. From these results, can be concluded that
activated carbon from Gigantochloa robusta Kurz has been successfully
synthesized physically and can be applied as a liquid waste purifier in the
future.
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INTRODUCTION stability, high  performance in electrical

Activated carbon is a black amorphous solid
material that can be produced from organic
materials containing carbon atoms (C) (Rizka et al.
2020). Physically, activated carbon has forms such
as powder, granular, and pellet. Powdered activated
carbon has a large surface area with high porosity
(Yuan et al. 2022). The superior properties of
activated carbon materials such as good thermal

conductivity, and pore reactivity on the surface, so
many researchers use this material as an adsorbent
material in industrial wastewater purification
(Ayinla et al. 2021). In addition, the porosity on the
surface of activated carbon consists of three
structural forms, namely microporous, mesoporous,
and macroporous. These three pore structures have
an important role in the adsorbent properties of
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activated carbon. On the other hand, activated
carbon is in great demand for wastewater treatment
(Wenxuan et al. 2022).

Previous research reported the use of activated
carbon material as a supercapacitor in electrodes
(Pelin et al. 2022), adsorption of 2,4-dichlorophenol
(Soremo et al. 2022), removing
sulfachloropyridazine (lwan et al. 2021),
heterogeneous catalyst (Alireza et al. 2022),
biodiesel production (Samah et al. 2022), carbon
dioxide absorption (Zohreh et al. 2022), adsorbing
low concentration toluene (Mingyang et al. 2022),
cyclohexane and benzene separation (Aniyohana et
al. 2022), enhance dye and heavy metals adsorption
(Marzia et al. 2022), and wastewater treatment
application (Iwan et al. 2018). In this study, we used
activated carbon from Gigantochloa robusta Kurz
as a degradation of liquid waste resulting from
detergent waste. Mayan bamboo plays a very
important role in people’'s lives in Indonesia. Mayan
bamboo is known to have good properties to be
utilized in the form of strong stems and easily
shaped bark. Mayan bamboo is commonly found
around residential areas in rural areas, so bamboo is
a versatile plant for rural communities (Riki. 2017).
The process of activation carbon can be done using
two methods, namely chemically and physically.
Chemical activation involves chemicals such as
alkali metal hydroxide compounds, carbonate salts,
sulfates, ZnCl,, and inorganic acids such as H.SO4
and HsPO, for the process of breaking the carbon
chain from organic compounds (Katia et al. 2022).
The use of chemical activation is hazardous and not
environmentally friendly if the substances run off
into the waters. Therefore, physical activation in
manufacturing activated carbon is more efficient
and suitable for freshwater ecosystems. Physical
activation, such as charcoal is only heated in the
furnace at a temperature of 800-900°C with air
oxidation at low temperatures. In addition, heating
with steam or CO; at high temperatures can also be
used in the manufacture of activated carbon because
of the ease of controlling the reactions that take
place (Jayachandran et al. 2021). In this study, we
used physical methods to manufacture activated
carbon from mayan bamboo (Gigantochloa robusta
Kurz).

Bamboo is a grassy plant with cavities and joints
in the stems. In Indonesia, there are several types of
bamboo plants, such as wulung, tutul, apus, andong,
betung, ampel, ater, thorn, friends and mayan
bamboo. Mayan bamboo (Gigantoclhoa robusta
Kurz) has chemical components such as 3.24%

solubility in alcohol and gasoline, hot water 9.63%,
cold water 6.68%, and NaOH (1%) 23.95%. In
addition, mayan bamboo has cellulose 57.55%,
holocellulose 63.32%, lignin 31.66%, pentoson
18.60%, starch 9.42%, water 9.68%, ash 2.67%, and
silica 1.48% content (Iwan et al. 2020). The
presence of chemical compounds in mayan bamboo
can be used as a basic ingredient for making
activated carbon. In this paper, the manufacture of
activated carbon from mayan bamboo is carried out
by a physical approach. In this study, the
preparation of activated carbon from mayan
bamboo using physical methods and detergent
liquid waste degradation is 0.5; 1; and 1.5 mg at 30
min. The carbon powder obtained was then
subjected to a proximate test to determine the
moisture content, ash content, volatile matter
content, bound carbon, and iodine absorption.
Optimum activated carbon powder is used for the
degradation of detergent liquid waste resulting from
washing clothes in the laundry. This study aimed to
make a preparation of activated carbon from mayan
bamboo for detergent liquid waste degradation.

MATERIALS AND METHODS
Materials

The material used mayan  bamboo
(Gigantochloa robusta Kurz) obtained from Seputih
Banyak, Lampung Tengah area. Liquid waste uses
detergent samples from washing clothes taken from
UKM (Small and Medium Enterprise/SME)
laundry around Institut Teknologi Sumatera
(ITERA), Lampung, Indonesia. The chemicals
used, namely Na>S203 (99.99%), I (99.8%) were
obtained from PT. Merck Tbk. Indonesia. The
starch indicator was obtained from PT.
Indochemistry Lampung. The equipment used
including evaporating cup (pyrex), beaker
equipment (pyrex), burette (pyrex), desiccator,
furnace (Vulcan A-550), sieve (BBS), oven
(Memmert), activated carbon reactor (Carbolite),
analytical balance (Fujitsu), and digital hotplate
stirrer (IKA C-MAG HS). The instruments used
were UV-Vis Spectrophotometer (Shimadzu) and
Energy dispersive X-ray (EDX-Shimadzu).

Experimental Method

Preparation of Charcoal from Mayan Bamboo
The mayan bamboo pieces are dried for a week

to reduce the moisture content of the bamboo.

Bamboo is carried out by the writing process. The

reactor was filled with chopped and dried bamboo

slats. Carbonization is carried out at 400 °C for 4-5
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hours and cooled for 24 hours. The carbon material
formed was tested for proximate and iodine
absorption according to  SNI-06-3730-1995
standards.

Preparation of Activated Carbon

The carbonized charcoal was then activated
using an electric retort with a capacity of 1000 g
using steam at 750 °C for 60 min (Anggiyan et al.
2015). The resulting activated carbon was then
crushed and characterized using Energy dispersive
X-ray (EDX) and tested for proximate and iodine
absorption according to  SNI-06-3730-1995
standard.

Determination of Water Content

As much as 1 g of the sample was weighed in an
evaporating cup of known weight, then dried in an
oven at 105, 120, and 150 °C for 24 hours
(Nurmalasari et al. 2020). Then the sample was
cooled in a desiccator and weighed. Measurement
of water content was carried out in triplo. To find
out the value of the water content in activated
carbon can be done using the following equation:

M2-M3
o X 100% ... 1)

Water Content (%) =
where, M1 is the mass of the empty cup (g), M2 is
the mass of the empty cup + sample weight before
heating (g), M3 is the mass of the empty cup +

sample weight after heating (g).

Determination of volatile matter content

A total of 1 g of sample was weighed in an
evaporating cup whose dry weight was known. The
sample is then heated in an electric furnace at 920,
935, and 950 °C for 30 minutes (Sarifah et al. 2021).
The cup is closed as tightly as possible. The sample
is then cooled in a desiccator and weighed. The
calculation of the volatile matter content was
carried out in triplicate. Determination of volatile
matter content in activated carbon can be calculated
using the equation:

Flying Substance Levels (VM) = %Loss — %M

where, M1 is the mass of the empty cup (g), M2 is
the mass of the empty cup + sample weight before
heating (g), M3 is the mass of the empty cup +
sample weight after heating (g), %M is the water

content in activated carbon, VM is the volatile
matter content.

Determination of Ash Content

A total of 1 g of sample was weighed in an
evaporator cup whose weight was known. The cup
was then heated in an electric furnace at 400, 600,
and 750 °C for 6 hours (Anugrah et al. 2014). After
that, the sample was cooled in a desiccator and
weighed. Calculation of ash content was carried out
in triplo. The determination of ash content in
activated carbon from mayan bamboo can be
calculated through the following equation:

M3-M4
M2-M1

Ash content (%) = x100% ............. 4)

where, M1 is the mass of the empty cup before
heating, M2 is the mass of the cup + sample before
heating, M3 is the mass of the cup + sample after
heating, and M4 is the mass of the empty cup after
heating.

Determination of Bonded Carbon Content

Determination of bound carbon content is carried
out by calculating 100% minus the total ash content
+ elevating substance content (Doly. 2018).
Determination of bonded carbon content can be
calculated through the equation:

Bonded carbon content (%) =
100% — ash content + Volatile content .... (5)

Determination of lod Absorption

A total of 0.25 g activated carbon was placed in
the Erlenmeyer and was added 25 mL of 0.1 N iodine
solution. Then, the Erlenmeyer was tightly closed
and shaken for 15 minutes. The suspension was then
filtered and as much as 10 mL of the filtrate was
titrated with 0.1 N Na-thiosulfate solution until the
color of the solution became light yellow. After that,
a few drops of the starch indicator were added to the
solution and titrated until the color of the solution
became clear (Noor et al. 2017). The calculation of
the iodine number was carried out in duplicate.

Degradation of Detergent Waste

A total of 0.5, 1, and 1.5 mg of activated carbon
was added to 30 mL of detergent waste and stirred at
200 rpm 30 min at room temperature (Shinta et al.
2017). Waste solution and sodium lauryl sulfate
(SLS) standard solution. measured using UV-Vis.
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RESULTS AND DISCUSSION

Cutting mayan bamboo (Gigantochloa robusta
Kurz) produces small pieces to facilitate the
carbonization process. The carbonization process on
the mayan bamboo sample functions so that the
bamboo has many pore sizes, and the resulting
carbon is black. In addition, the carbonation process
also breaks down hydrocarbon compounds such as
lignin, cellulose, and hemicellulose to form pure
carbon material, which will produce powders with
high adsorption power (Maulana et al. 2018).
Physical activation functions so that the bamboo
charcoal has a wide pore size. Granular activated
carbon was crushed to obtain a particle size of 60
mesh powder.

Figure 1. (a) Mayan bamboo pieces, (b) carbon
before activation, (c) activated carbon, and (d)
activated carbon powder.

The resulting activated carbon powder is
subjected to a proximate test to determine the
moisture content, ash content, volatile matter
content, bound carbon content, iodine absorption,
and the application of detergent liquid waste
degradation (Fig. 1). The determination of the water
content is related to the hygroscopic nature of the
activated carbon pores. If the water content in the
activated carbon material is high, the pore
effectiveness will decrease and if the water content
is small, it indicates that the activated carbon has
good pore effectiveness (Riki. 2017). Table 1 shows
the results of the calculation of activated carbon from
mayan bamboo.

Table 1. Water Content of Mayan Bamboo

Sample Water content (%)
Before Activated Carbon 9,2
Activated Carbon (105 "C) 7,6
Activated Carbon (120 "C) 7,2
Activated Carbon (150 “C) 6,7

The activated carbon sample before activation
has a water content value of 9.2%. Meanwhile, for
activated carbon samples after activation at heating
variations of 105, 120, and 150 °C the water content
was 7.6, 7.2, and 6.7% respectively. The molecules
contained in mayan bamboo fiber such as
hemicellulose and cellulose will decrease with the
addition of heating. In the carbonization process, this
molecule will break down to form simpler molecules
(Elfiyanti et al. 2020). From the water content data
calculation it can be indicated that the higher the
activation temperature used, the water content in
activated carbon will decrease. This is indicated, the
pores on the activated carbon have been formed with
water content decreases. After calculation, the
results of the water content of activated carbon from
mayan bamboo are following the Indonesian
National Standard, which is a maximum of 15%
(SNI No: 06-3730-1995).

Determination of the volatile matter content of
activated carbon shows the amount of substance that
evaporates during the heating process. Table 2 shows
the levels of volatile matter in activated carbon from
mayan bamboo.

Table 2. Active carbon volatilization content of
mayan bamboo

Sample Volatile content (%0)
Before activated carbon 45,5
Activated carbon (920 °C) 24,3
Activated carbon (935 °C) 20,2
Activated carbon (950 °C) 11.3

It was found that the volatile matter content of
activated carbon before activation was 45%.
Meanwhile, the volatile matter content of activated
carbon from mayan bamboo after the activation
process at 920, 935, and 950 °C was 24.3, 20.2, and
11.3%. Based on the results, we found that the higher
the heating temperature, the lower the evaporation
rate. The heating process above 900 °C can vaporize
organo-sulfur and nitrogen compounds. In addition,
the high levels of volatile matter in activated carbon
result in reduced purity of activated carbon due to the
presence of compounds such as CO, CH4, H2, and
CO2 which can cover the surface porosity of
activated carbon. The results of calculating the
volatile matter content of activated carbon from
mayan bamboo at activation temperatures of 920,
935, and 950 °C are following SNI No: 06-3730-
1995, namely the volatile matter content of activated
carbon is a maximum of 25%.
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The determination of ash content serves to determine
the success rate of activated carbon formed from the
results of synthesis. The ash that is formed is due to
the large number of minerals contained in activated
carbon. The mineral content can cover the pores of
activated carbon, so the ash content in activated
carbon must be determined. The oxidation of volatile
substances and carbon in the form of oxide gas is
greatly influenced by the duration and high heating
temperature (Sari et al. 2021). Meanwhile, the ash
material is not oxidized because it is not a volatile
substance. Determination of ash content in activated
carbon from mayan bamboo was carried out by
varying the heating temperature. Table 3 shows the
ash content of activated carbon.

Table 3. Active carbon ash content from mayan
bamboo

Sample Ash content (%)
Before Activated carbon 15,23
Activated carbon (400 ‘C) 8,12
Activated carbon (600 “C) 9,56
Activated carbon (750 ‘C) 6,50

The activated carbon sample before activation had a
volatile matter content of 15.23%. For activated
carbon samples at temperatures of 400, 600, and 750
°C each produced an ash content of 8.12, 9.56, and
6.50%. The quality of activated carbon is determined
by the low ash content. The amount of ash content
can cover the surface porosity of activated carbon,
which can lead to reduced adsorption effectiveness.
This is due to the difference in heating temperature.
The results of calculating the ash content of activated
carbon from mayan bamboo with activation
temperatures of 400, 600, and 750 °C are following
SNI No: 06-3730-1995, which is a maximum of
10%.

Bonded carbon content is a component of the carbon
fraction (C) contained in the activated carbon
material. The higher the bonded carbon content, the
better the purity of the activated carbon. The bonded
carbon content is affected by the value of ash content
and volatile matter content in activated carbon. The
lower the ash and volatile matter content, the higher
the bound carbon content.

The ash content and volatile matter content used to
calculate the bonded carbon content were at 750 and
950 °C, respectively. After doing the calculations,
the bonded carbon content was obtained at 82.2%.
This result is following SNI No: 06-3730-1995,
namely the minimum limit of 65% bonded carbon.

Determination of iodine absorption serves to see the
absorption capacity of activated carbon synthesized
from mayan bamboo. The higher value of the
absorption capacity of activated carbon for the
iodine solution indicates a large number of pores
present on the surface of the activated carbon
(Muhammad et al. 2016). Determination of iodine
absorption using the lodometric titration method.
Mayan bamboo-activated carbon powder reacts with
iodide solution. First, Na-thiosulphate reacts with
iodide ions to produce sodium iodide and sodium
tetrathionate as shown in equation (6):

2NazS203 + 12 — 2Nal + Na2S4O0s......covevvererennene (6)

The reaction between Na-thiosulphate and iodide
ions produces a yellow color (Figure 2a) and after
the addition of starch indicator and titration with Na-
thiosulfate produces a clear color (Figure 2b). Figure
2 shows the color change before and after the
titration. The results of the calculation of the
determination of the absorption of iodine on
activated carbon from mayan bamboo before
activation and after activation at 750 °C were 523.67
and 795.97 mg/g, respectively.

e
. - . ’ - ”

ey ™

Figure 2. Exchange solution (a) after and (b) before
of titration process

The Energy dispersive X-ray (EDX) instrumentation
was used to determine the number of carbon atom
compositions contained in the activated carbon
material synthesized from mayan bamboo. Activated
carbon material synthesized using mayan bamboo
through physical methods obtained the composition
of carbon (C), silica (Si), and oxygen (O) atoms with
levels of 92, 6, and 2%, respectively (Table 4).

Table 4. Elemental composition of activated carbon

Elemental Content (%)
C 92
Si 6
0 2
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The degradation activity test of detergent liquid
waste was carried out by preparing a standard
sodium lauryl sulfate (SLS) solution. This is
because, in the manufacture of liquid detergents,
many SLS compounds are used as the main
ingredient. The process of degradation of liquid
detergent waste from activated carbon uses a UV-
Vis spectrophotometer. The relationship between the
variation of the SLS standard solution and the
maximum absorbance value is obtained by a linear
equation y = 65380x-0.1254 with a regression value
of 0.999 (Fig 3.).

0.5
Q
<
S 04 Y=65380x-0.1254
2 R=0.999
4
»n
=
<

0.3

0.1

0 0.5 1 15

Activated Carbon (mg)

Figure 3. Regression value of detergent liquid waste
degradation

Degradation activity using activated carbon was
tested on detergent wastewater with a concentration
based on the weight of activated carbon (lwan et al.
2020). The results of the degradation of detergent
liquid waste with various weight variations of the
activated carbon (Table 5).

Table 5. Percentage of degradation of detergent
liguid waste with various weight variations of
activated carbon

Weight of activated
carbon (mg)

% Detergent waste
degradation

0,5 56,72
1 62,34
15 65,12

Degradation of detergent wastewater using activated
carbon weight of 0.5, 1, and 1.5 mg, respectively,
resulted in a degradation of 56.72, 62.34, and
65.12%. From the calculation data, the best results
were obtained, namely the use of 1.5 mg of activated
carbon which resulted in a degradation of detergent
liquid waste of 65.12%.

CONCLUSION

Mayan bamboo (Gigantochloa robusta Kurz) has
been successfully used as a base material in the
manufacture of activated carbon materials. The
preparation of activated carbon was synthesized
using physical methods. The temperature in the
activation process greatly influences the value of the
activated carbon proximate test. Degradation of
detergent waste water using activated carbon weight
of 0.5, 1, and 1.5 mg, respectively, resulted in a
degradation of 56.72, 62.34, and 65.12%. The best
results were obtained, namely the use of 1.5 mg of
activated carbon which resulted in a degradation of
detergent liquid waste of 65.12%. From these data, it
can be concluded that activated carbon was
successfully prepared from the basic ingredients of
mayan bamboo. The resulting activated carbon can
be applied and has the potential to degrade liquid
waste in the future.
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