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ABSTRACT

OPEFB is one source of natural fiber-based composites which have the potential to become activated
carbon and nanocellulose. This study aims to synthesize and characterize the activated
carbon/alginate/nanocellulose-Cu composite. The characterization used in this study is FTIR and PSA.
The synthesis of activated carbon/alginate/nanocellulose-Cu composites began with a process of
carbonization and activation with H;POy to produce Activated Carbon. Followed by a bleaching process
with NaClO; and a delignification process with Na>SO3 and NaOH to produce Nanocellulose. Alginate
using commercial alginate. Furthermore, the three ingredients were mixed until homogeneous and put
into a 0.1M CuSOy solution to produce beads. The results of the characterization of characterization of
PSA Nanocellulose obtained a particle size of 41.05 nm and the result of FTIR characterization on the
activated carbon/alginate/nanocellulose-Cu composite contained the functional group OH group, triple
C bond from stretching alkyne, C=C aromatic group, C-H alkane group, C-O group, the P=0 stretching
vibration of the P-O-C group and the alcohol OH group expressing the active carbon,; there are
functional groups of hydroxyl (OH), carboxyl, carbonyl, and C-O-C and —COOH bonds which represent
alginate and there are OH functional groups, stretching C-H bonds, C-O stretching, stretching C-C, and
[- glucosidic bonds between glucose units which indicate nanocellulose.
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1. INTRODUCTION

Indonesia is a major producer of palm oil with a total of around 13.5 million hectares of oil palm
plantations with oil palm plantation waste dominated by biomass, such as empty palm oil fruit bunches.
Visually OPEFB has fiber that can be used for organic fertilizer, raw material for making paper, briquettes
and also used as filler media such as cavity fillers. Therefore, the awareness of researchers emerged to
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examine more deeply the potential of OPEFB as a natural fiber material that can be processed into composite
matrix materials.!

Composites are made by combining two or more microporous or macroparticles that differ in shape,
chemical composition and properties with each other. The manufacture of composites requires both a fiber
and a matrix, where the fibers are used as reinforcing elements to determine the mechanical properties,
extend the loading of the matrix and the two materials combine to provide unique properties. Composites
made from natural fibers have been developed the most compared to composites made from synthetic fibers
because composites made from natural fibers have a considerable increase in physical-mechanical properties,
good enough to strengthen polymers because they have relatively high stiffness and strength with lower
density and better process capability.? One source of natural fiber-based composites that is easy to obtain is
empty oil palm fruit bunches (EFB). OPEFB is included in lignocellulosic waste which consists of 40-43%
cellulose, 22-25% hemicellulose and 19-21% lignin,> which makes OPEFB the potential to be used as
activated carbon and nanocellulose. Nanocellulose is an excellent reinforcing material for composites
because it has properties including high surface area, hydrophilicity, mechanical strength, biocompatibility,
biodegradability, and lack of toxicity,* has mechanical properties with a large surface ratio, high ductility. ,
high tensile strength, and highly porous.’

The use of environmentally friendly natural polymers such as polysaccharides which are easily
degraded is an alternative solution in making biocomposites as slow release fertilizers,® one of the natural
polymers referred to is Alginate because it can form cross-links by increasing the number of cations and
forming beads or granules. composite granules.” But the use of alginate in encapsulation has a lack of
hydrophilic properties, so to increase its effectiveness it can be composited with activated carbon. Based on
the description above, the use of activated carbon and alginate as a matrix or binder and the use of
nanocellulose as a natural fiber material is used as a reinforcing material in composites. Therefore, this study
aims to synthesize and characterize the activated carbon/alginate/nanocellulose-Cu composite.

2. EXPERIMENTAL

2.1. Chemicals, Equipment and Instrumentation

The tools used are glassware, grinder, 200 mesh sieve, analytical balance, vacuum pump, oven, furnace,
hotplate, centrifuge. The materials used are empty palm oil bunches from PTPN II PKS Pagar Merbau, Metal
CuS04.5H,0, 0.7% NaClO,, 100% CH;COOH, 5% Na;SO;, 17.5% NaOH, 64% H>SO4, 10% H3POs,
alginate, dialysis membrane , distilled water, filter paper and pH meter. Characterization using PSA and
Fourier Transform Infrared (FTIR) Spectrophotometer.

2.2. Research Procedure

2.2.1. Carbonization and Activation of Activated Carbon

Empty Palm Empty Oil Bunches (OPEFB) are washed in running water and dried in the sun then
crushed and sifted. The biosorbent was carbonized in a furnace at 500°C for 2 minutes. Carbon was activated
with 10% H3PO; for 24 hours, then washed until neutral and dried in an oven at 105 °C.® Activated carbon is
characterized by FTIR.
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2.2.2. Nanocellulose Isolation

Heat the fiber in a NaClO, solution with an acidic ratio of 1:50 for 2 hours at 70—80°C. This process
was repeated 4-5 times until the fiber turned white, filtered and the residue was washed with distilled water
and dried. Heat the cellulose in 5% (w/v) sodium sulfite solution at 70-80°C for 2 hours, filter and wash with
distilled water and dry. After drying, soak in 17.5% (w/v) sodium hydroxide (NaOH) solution for 2 hours,
filter and wash with distilled water then dry in the oven. Hydrolyze a-cellulose with 64% sulfuric acid at
45°C for 45 minutes and add cold water to stop the reaction. Centrifuge the suspension at 11000 rpm for 10
minutes and repeat until pH 5 then dialyzed for 3 days.” Nanocellulose is characterized by FTIR & PSA.

2.2.3. Synthesis of Activated carbon/Alginate/Nanocellulose-Cu Composite

Activated carbon, alginate and nanocellulose are mixed in 100 mL of distilled water with the
composition according to Table 1 until homogeneous. The solution was dripped using a syringe into 0.1 M
CuSO; solution, filtered and washed after 24 hours until the pH was neutral. then dry in the oven. Activated
carbon/alginate/nanocellulose-Cu composite characterized by FTIR.

Table 1. Composite Variation

Composite Composite Variation (g)
Activated | Alginate | Nanocellulose
Carbon
Sample-1 1 1 1
Sample-2 3 1 1
Sample-3 1 3 1
Sample-4 1 1 3

3. RESULTS AND DISCUSSION

3.1. Carbonization and Activation of Activated Carbon

Carbonization in this study aims to release and remove volatile components in order to create and open
pore structures.'® Carbonized carbon results, cooled and put in a closed container. Carbon activation in this
study is a chemical activation because it uses HiPOjs activator which can help expand pores.!! After 24 hours,
the activated carbon was filtered and washed using distilled water until the pH was neutral to remove any
remaining phosphate residue.

3.2. Nanocellulose Isolation

Nanocellulose isolation begins with the bleaching process, namely heating OPEFB fibers with 0.7%
NaClO; solution to produce white cellulose by completely removing lignin, hemicellulose and cellulose
impurities.'> Followed by a delignification process, namely heating with Na;SOs and soaking NaOH to
remove some of the lignin, hemicellulose, and other lignin monomers in OPEFB fiber. The use of a
concentration of 17.5% in NaOH solution in order to increase the purity of alphacellulose based on the
degree of polymerization and solubility in 17.5% NaOH.!? The acid hydrolysis process of nanocellulosan
with 64% sulfuric acid is a heterogeneous process with the acid diffusing into cellulose and cutting the
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glycosidic bonds in the cellulose polymer and will produce a high degree of crystallinity in nanocellulose'
which aims to remove the amorphous part of the cellulose chain so that crystal isolation can be carried out.
cellulose. The suspension was centrifuged at 11000 rpm for 10 minutes to obtain precipitate and repeated
until pH 5 was then dialyzed for 3 days. Analysis of the distribution of nanocellulose particles using PSA can
be seen in Figure 1, with a particle size of 0.04105 um to 41.05 nm.
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Figure 1. Nanocellulose PSA

3.3. Synthesis of Activared Carbon/Alginate/Nanocellulose-Cu Composite

The variation of the KAIgNCC111 composite will form beads that are dense and sturdy according to its
composition, the variation of the KAIgNCC311 composite will form beads that are darker in color because
the composition of activated carbon is more but less sturdy, the variation of the KAIgNCC131 composite will
form beads that are very sturdy and dense in shape because of its composition. The larger alginate and the
KAIgNCC113 composite variety will form beads that are slightly denser and tougher and have a more black
to grayish color due to the more nanocellulos composition.

3.4. FTIR Characterization
FTIR characterization of Activated Carbon/Alginate/Nanocellulose-cu Composites can be seen in
Figure 2.
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Figure 2. FTIR Characterization of Activated Carbon/Alginate/Nanocellulose-Cu Composite

Based on the graph above, FTIR Activated Carbon is shown to have absorption at wave number
3737.13cm™! indicating the presence of OH groups, the peak with wave number 2893.69cm™! indicates the
presence of a triple C bond from alkyne stretching, at wave number 1586.35cm™ indicates the presence of
groups C=C aromatic, wave number 1434.08cm™ indicates the presence of a C-H alkane group, wave
number 1365.40cm™ indicates the presence of a C-O group, wave number 1085.25cm™ indicates a P=O
stretching vibration of the P-O-C group and wave number 755.07cm™ indicates the presence of the alcohol
OH group.

The results of Wahyuningsih et al., (2016)'> showed that the activated carbon of OPEFB has several
functional groups, including hydroxyl (OH), carboxyl (—COOH), and carbonyl (—CO), as well as the
aromatic structure of lignin and seluluce on the surface. Alginate FTIR was shown to have absorption in the
3244.19cm™ region indicating hydroxyl groups, absorption in the 1584.06cm™ region indicated carbonyl,
absorption in the 1412.44cm™ region indicated C-O-H bonds, absorption in the 1052.56cm™ region indicated
the presence of C-O-C and ~COOH bonds. Mushollaeni and Rusdiana's research., (2011)'* results of FTIR
Alginate analysis showed the presence of hydroxyl (OH), carboxyl, carbonyl, and C-O-C and —COOH
functional groups. FTIR Nanocellulose is indicated by the presence of absorption at wave number
3442.79c¢m™ indicating the OH group, the peak with wave number 2898.44cm! indicates stretching of the C-
H bonds, at wave number 1641.78cm™ indicates the absorption of water by cellulose molecules, wave
number 1161.64cm™ shows C-O stretching absorption, wave number 1060.82¢cm™ shows C-C stretching, and
wave number 895.14cm™! shows B-glucosidic bonds between glucose units. The FTIR KAIgNCC composite
of the four variations showed peaks with functional groups such as hydroxyl, carbonyl, carboxyl, C-H, C-O
stretching, C-C and others which were also present in the FTIR peaks of each row material.
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4. CONCLUSION

The synthesis of the activated carbon/alginate/nanocellulose-Cu composite comes from Empty Palm Oil
Bunches which begins with a process of carbonization and activation with H3PO4 to produce Activated
Carbon. Followed by a bleaching process with NaClO; and a delignification process with Na,SOs and NaOH
to produce nanocellulose. Alginate in this study used commercial alginate. After that, the activated carbon,
alginate and nanocellulose were mixed until homogeneous and put into a 0.1M CuSOs solution using a
syringe (injection) and left for 24 hours to produce composite granules or beads. The obtained nanocellulose
has a particle size of 41.05 nm based on data from PSA characterization. FTIR characterization of the
activated carbon/alginate/nanocellulose-Cu composite contained OH group functional groups, triple C bonds
from alkyne stretching, C=C aromatic groups, C-H alkane groups, C-O groups, P=0 stretching vibrations of
P-O-C groups and OH groups alcohol declaring activated carbon; there are hydroxyl functional groups (OH),
carboxyl, carbonyl, and C-O-C and —COOH bonds which represent alginate and there are OH functional
groups, stretching C-H bonds, C-O stretching, stretching C-C, and B-glucosidic bonds between glucose units
which represent nanocellulose.
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