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it difficult to use. Ozone pretreatment is considered to be an alternative
and effective method of lignin breakdown. This study compares the
ozonation, ultrasonic, and hybrid ozonation-ultrasonicmethods used to
degrade lignin in oil palm mesocarp fibers. The operating conditions
were set at pH (3,4, 5, 6, 7, 8, 9, 10, 11), flow rate (1, 2, 3, 4, 5) L min”
! for (0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100) minutes, at 29+1 °C.
The research indicates that using ozonation-ultrasonic hybridization
results in a more significant degradation of lignin than using ozonation
and ultrasonics individually. In this investigation, the hybrid ozonation-
ultrasonic treatment gives the best lignin degradation results and the
highest quantities of cellulose, reaching 91.99% after 60 minutes at a
temperature of 29+1 °C, a pH of 9, and a flow rate of 2 L.min™.
Meanwhile, the degradation of lignin using ozone treatment is 72.75%,
and ultrasound only 47.70%. Cellulose with the highest purity is
89.71%.
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Introduction:-

Oil palm (Elaeis guineensis) is an African tropical rainforest plant. It is included in lignocellulosic biomass, which in
recent years has received attention as a renewable energy source because of its abundant and sustainable availability.
As a raw material, it has the potential to produce second-generation biofuels. Oil palm can thrive in countries such
as Myanmar, Vietnam, Thailand, Colombia, Malaysia, Nigeria, and Indonesia (Mba et al., 2015)(Awalludin et al.,
2015). A major producer of palm oil is Indonesia, followed by Malaysia(Foong & Ng, 2022)(Al-Sabaeei et al.,
2022). The two most important palm oil producers are Indonesia and Malaysia, which produce 56.5% and 27.9% of
the world's palm oil, respectively (Abdullah et al., 2020). The combined total palm oil production of the two
countries reached 67.44 million tons in 2020, where this total production increased from the previous year, which
was around 66.98 million tons per year(Parveez et al., 2021)(Directorate General of Plantations, 2021). The volume
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of waste will increase in tandem with the annual increase in palm oil production. During the processing of palm oil,
peat mesocarp fiber waste is generated as a by-product, which is not included in the main product.

Mesocarp fiber from oil palm is lignocellulosic biomass which is the most significant waste from the palm oil
industrial production process, accounting for about 22-24% of the mass of palm oil produced. (Pujokaroni et al.,
2020). In large quantities, agro-residue or waste biomass of Qil Palm Mesocarp Fiber can cause disposal problems
and pose a risk of environmental pollution. However, at the same time, lignocellulosic waste can be converted into a
product that has added value because of its high cellulose content. Using this agro-residue does not create
competition with human food needs (Ishfaq et al., 2022)(Verdini et al., 2021). About 50% of the components of the
lignocellulosic biomass of oil palm fiber are cellulose, and the other 50% are cross-linked lignin and hemicellulose.
Cellulose is an organic compound with more value from an economic standpoint because it can be used in several
sectors, such as food, energy, medicine, textiles, paper making, and cosmetics(Megashah et al., 2018)(Candido &
Gongalves, 2019). Due to the cross-linking between hemicellulose and lignin, making cellulose is incapable of being
converted into value-added products, making it more challenging to produce cellulose as a raw material (Perrone et
al., 2016). Therefore, the pretreatment of palm oil fiber biomass waste is needed to extract cellulose and degrade
lignin and hemicellulose components called the delignification process, thereby increasing the accessibility of
cellulose and obtaining high-purity cellulose yields (Figure 1).
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Fig.1:- Schematic of the Lignin Degradation Process.

Ozone is a powerful oxidizing agent and is environmentally friendly because it can decompose to produce oxygen so
that it can be safely discharged into the environment and does not cause pollution(Omar & Amin, 2016)(Omar &
Amin, 2021). Recently, many studies have explored the delignification method, namely pretreatment to degrade
lignin components, using the ozone-based advanced oxidation process method. The 0zone-based oxidation method
has been shown to reduce the lignin component with little hemicellulose degradation and almost no change in
cellulose (Perrone et al., 2016)(Li et al., 2015). However, this ozonation method has limitations, namely the low
mass transfer of ozone due to the low solubility and stability in the liquid phase. Therefore, the ultrasonic method
was added to increase ozone mass transfer. A cavitation phenomenon occurs during the ultrasonic process, resulting
in the formation, growth, and collapse of microbubbles, which can increase the contact surface area of ozone with
the biomass of oil palm mesocarp fiber, thereby increasing ozone mass transfer (Abdurahman & Abdullah, 2020).
Additionally, the cavitation bubbles in the ultrasonic process can also accelerate the 0zone decomposition process to
produce more free radical compounds. The process is reflected in Equations 1 and 2 (Fu et al., 2019)(Kidak &
Dogan, 2018).
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The free radical compounds produced have a potential oxidation value that is greater than the potential oxidation
value of ozone (Table 1). A larger oxidation potential value results in a more significant and faster oxidation ability
at low temperatures so that it can be better and more efficient in degrading lignin in oil palm fiber biomass(M’ Arimi
et al., 2020)(Trisanti et al., 2018). Shen et al., (2017)reported that the hybrid ozonation-ultrasonic method gave
better efficiency in degrading X-3B red dye in wastewater than individually for the ozonation and ultrasonic
methods. The red dye X-3B degradation efficiency in various methods was reported sequentially, namely ozonation-
ultrasonic > ozonation > ultrasonic. Thus, Shen et al. study demonstrated that the hybrid ozonation-ultrasonic
method could synergistically affect waste degradation.

Table 1:- Oxidation Potential Difference Value (M’ Arimi et al., 2020).

Oxidizing Oxidation Potential Value (EV)
Hydroxyl Radical 2.80
Ozone 2.08
Sulfate lon 2.01
Manganate lon 1.77
Hydrogen Peroxide 1.77
Chlorite lon 1.57
Chlorine 1.36
Dichromate lon 1.23
Oxygen 1.23

To our knowledge, studies comparing different lignin degradation pretreatment methods, such as ozonation,
ultrasonic, and hybrid ozonation-ultrasonic pretreatment methods on oil palm fiber biomass, have not been widely
reported. This study aims to study the effectiveness of ozonation, ultrasonic, and hybrid ozonation-
ultrasonicpretreatment methods to degrade lignin in oil palm fiber biomass. The data from this study can be used in
developing biomass pretreatment of oil palm mesocarp fiber to have a more economical value.

Material and Methods:-

Oil palm fiber biomass is obtained from oil palm companies. Water was used to clean the Oil Palm Mesocarp Fiber,
then dried at a temperature of 100 °C for 24 hours to remove soil and other impurities. The oil palm mesocarp fiber
that has been separated from impurities is then sieved with a size of 60 mesh. The pH value was altered from 3 to 11
using sodium hydroxide (NaOH) with a purity of > 99% (E. Merck Cat. No. 106498) and H,SO, with a purity of
95% to 97% (E. Merck Cat No. 100731) to better understand the impact of pH on the amount of lignin breakdown in
biomass.

Ozonation Process of Oil Palm Mesocarp Fiber

Ozonation treatment of palm fruit fiber was carried out using a glass reactor equipped with a gas sparger. The ozone
gas used in this study was produced by an ozone generator (Dipo Technology Indonesia). Ozone production is
carried out by passing between two electrodes with different potentials (30 kV). The experiment was carried out by
diffusing ozone gas at a flow rate of 2 L.min™ with a concentration of 82+5 ppm into the solution using a gas
sparger. The pH of the solution varied at pH (3, 4, 5, 6, 7, 8, 9, 10, 11) by adding 0.1 M sodium hydroxide or 0.1 M
sulfuric acids to the solution, the reaction proceeds over a period of time (0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100)
minutes and a temperature of 29+1 °C, while the weight of the oil palm fruit fiber biomass used is fixed, which is 15
grams. Then dried at 100 °C for 24 hours, and further analysis was carried out using the Chesson datta method to
determine the percentage of lignin degradation.

Ultrasonic Process of Oil Palm Mesocarp Fiber

In order to perform the ultrasonic procedure on oil palm mesocarp fiber, an ultrasound krisbow type KLS 303365
(ultrasound bath) was used, which operates at 42 kHz and is cooled by a thermostatic water bath. The experiment
was carried out at 29+1 °C for (0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100) minutes, and vary the pH from pH (3, 4, 5,
6, 7, 8, 9, 10, 11) by adding 0.1 M sodium hydroxide or 0.1 M sulfuric acid to the solution. At the same time, the
weight of the oil palm fiber biomass used was fixed, which was 15 grams. The mixture was filtered, and afterwards,
the oven was used to dry the residue for 24 hours at 100 °C. Then, further analysis was performed using the Chesson
data method to determine the percentage of lignin degradation.
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Hybrid Ozonation-Ultrasonic Process of Oil Palm Mesocarp Fiber

Ozonation-ultrasonic treatment of oil palm fiber was carried out in a hybrid manner using a glass reactor equipped
with a gas sparger and an ultrasound bath. An 0zone generator creates the 0zone gas needed in the hybrid ozonation-
ultrasonic process (Dipo Technology Indonesia). The experiment was carried out by diffusing ozone at different
ozone flow rates (1, 2, 3, 4, 5) L.min™ into the solution using a gas sparger together with ultrasonic irradiation, and
the pH of the solution was set at pH starting from (3, 4, 5, 6, 7, 8, 9, 10, 11) by adding 0.1 M sodium hydroxide or
0.1 M sulfuric acids to the solution. The hybrid ozonation-ultrasonic process was carried out at susceptibility times
(0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100) minutes and a temperature of 29+1 °C, using a sample of oil palm fiber
biomass at a constant weight of 15 grams. Then the residue was dried at 100 °C for 24 hours.

The iodometric titration method measured ozone concentration in the solution at each flow rate. The method of
measuring ozone concentration was done by adding 0.15 grams of potassium iodide and 5 mL of 10% citric acid
into the solution in a glass reactor. The 0.2% starch indicator (starch solution) to the solution was added until the
solution turned purple. Titrate the solution with sodium thiosulfate (0.01 mol.L™) until it is colourless, and calculate
the concentration using the following equation:

0'24}1.000 @A)
\Y

Ozon Concentration (ppm):[Vx

V denotes the volume of sodium thiosulfate at the titration's endpoint, as 1 mL of 0.01 mol.L™ solution has an
equivalent amount of ozone as 0.24 mg, v is the volume of the solution being analyzed, and 0.24 is a constant since
it is equivalent in weight to 0.24 mg (Pujokaroni et al., 2020). The concentration of 0zone in solution at various flow
rates (1, 2, 3, 4, 5) L.min™ was 69+3, 8245, 76+2, 74+1, and 70+8 ppm, respectively. For further analysis of
degraded lignin, an analysis was carried out using the Chesson data method.

Lignin Degradation Analysis

Initial characterization of oil Qil Palm Mesocarp Fiber needs to be done to determine the composition of cellulose,
hemicellulose, and lignin in the initial raw materials. Analysis of degraded lignin in oil Oil Palm Mesocarp Fiber
before and after pretreatment was carried out using the Chesson data method (Omar & Amin, 2021)(Lismeri et al.,
2016). Chesson data is a gravimetric analysis method commonly used for measuring lignocellulosic content
proposed by Chesson in 1978. The main step in this method is to remove extractives, followed by hydrolysis of
hemicellulose with strong acids at room temperature, then hydrolyzed again with dilute acid at room temperature.
And the last part of the insoluble component is lignin which is then corrected for ash content (Chesson, 1978).

The Chesson data method was carried out by weighing 1 gram of dry Qil Palm Mesocarp Fiber sample (weight a),
then adding 150 mL of distilled water and heating at 100 °C for 1 hour. In an oven at 100 °C, the mixture was dried
and weighed to a constant weight (weight b) after filtering and washing with hot aquadest. The solid was then
subjected to an hour-long reaction with 150 mL of 1N H,SO, at 100 °C. The residue was then dried in an oven,
filtered, and rinsed with distilled water before being weighed to a constant weight (weight c), and the dried solid was
incubated with 10 mL of 72% H,SO, for 4 hours at room temperature, followed by 150 mL of 1N H,SO, and 1 hour
of refluxing the mixture. Then, the mixture was filtered and washed using aquadest, and the resulting residue was
dried in an oven and weighed to a constant weight (weight d). The dried solids were then ashed using a furnace at
525 °C. The resulting ash is then considered to be a stable weight (weight e). Equations (4) to equation (7) can be
used to determine the percentage of cellulose, hemicellulose, and lignin.

Cellulose (%) :[C‘d}xm% @)

. b-c
Hemicellulose (%) :{ . }xloo% (5)

- d-e
Lignin (%) :[ %100% (6)

a

LigninDegradation(%) :{ ligninbefore pretreatment — lignin after pretreatment

— x 100% @)
ligninbefore pretreatment
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where a is the initial dry weight of oil palm fiber sample (gr), b is the dry weight of sample residue refluxed with hot
aquadest (gr), c is the weight of sample residue after refluxing with H,SO, 1 N (gr), d is the weight of sample
residue after treatment with 72% H,SO, (gr), and e is the weight of ash from sample residue (gr).

Results And Discussion:-

The Effect of Pretreatment Methods on Lignin Degradation of Palm Oil Mesocarp Fiber

The composition of oil palm fiber biomass before pretreatment was analyzed to ascertain the levels of cellulose,
hemicellulose, and lignin in it. The Chesson data method was used for the analysis. The purpose of this study was to
identify the most efficient pretreatment technique for lignin degradation and to evaluate how pretreatment
processing duration affected overall lignin degradation. Table 2 shows the composition of oil palm mesocarp fiber
biomass after ozonation, ultrasonic, and hybrid ozonation-ultrasonic pretreatment.

Table 2:- Composition of Oil Palm Mesocarp Fiber.

Pretreatment Composition after pretreatment (%)
Cellulose Hemicellulose Lignin Ash
Untreated Palm Fiber 37.12 29.72 28.70 4.46
Ultrasonic 62.32 19.57 13.97 4.12
Ozonation 72.89 15.26 7.82 4.03
Ozonation-Ultrasonic 89.71 4.49 2.30 3.50

Table 2 illustrates that the largest component of the fiber biomass of oil palm fruit is cellulose, which is 37.12%.
Cellulose increased significantly in samples pretreated with hybrid ozonation-ultrasonic, reaching 89.71%, then
cellulose also increased in ozonation pretreatment to 72.89% and slightly increased in ultrasonic pretreatment to
62.32%. During pretreatment of oil palm fiber biomass, lignin and hemicellulose degraded, increasing cellulose
content. The results of degraded lignin from oil palm mesocarp fiber in various methods are presented in Figure 3.

Based on Figure 3, it can be seen that the hybrid ozonation-ultrasonic method can provide greater effectiveness in
degrading lignin. The combination of hybrid ozonation and ultrasonic methods used simultaneously at operating
conditions of pH 7 and temperature of 29+1 °C with a flow rate of 2 L.min™ can degrade lignin of palm fruit fiber up
to 89.76%. Under the same operating conditions, ozonation and ultrasonic pretreatment methods only resulted in
lignin degradation of 69.20% and 42.65%, respectively. The findings of this study are consistent with those Patil &
Gogate (2015), where the combined method of ozonation and ultrasonic can be more efficient and significant in
degrading the pollutant dichlorvos in wastewater when compared to the use of the ozonation and ultrasonic methods
individually. Shen et al (2017) conducted additional research that the efficiency in degrading the red dye compound
X-3B in wastewater was hybrid ozonation-ultrasonic > ozonation > ultrasonic. Prasetyaningrum et al.
(Prasetyaningrum et al., 2019) revealed that combining ozonation and ultrasonic processes can provide more
effective results in depolymerizing carrageenan compounds when compared to the ozonation and ultrasonic
processes used individually.
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Fig. 2:- Lignin Degradation by Ozonation, Ultrasonic, and Hybrid Ozonation-Ultrasonic Methods.

Oxidation plays an important role in ozonation and ultrasonic processes. Some free radicals are formed in the
process (Schramm & Hua, 2001). Sound waves with frequencies greater than 20 kHz on ultrasound produce rapid
pressure cycles known as acoustic cavitation, which gives rise to intense vibrations in fluid systems (Perrone et al.,
2016). Vibration in the liquid system produces microbubbles, which can boost ozone mass transfer into the solution
and Increased hydroxyl radical levelsin the liquid phase so that it can provide a more significant degradation of
lignin by breaking the lignocellulosic bonds in the Oil Palm Mesocarp Fiber biomass (Xiong et al., 2019). The lignin
degradation process is also influenced by the length of time used in the pretreatment process of oil palm mesocarp
fiber. Lignin degradation increased significantly in the initial 60 minutes of the pretreatment process, then remained
constant after 60 minutes with the same operating conditions, namely at a temperature of 29+1 °C and pH 7 with a
flow rate of 2 L.min™". This is because, in more than 60 minutes, the lignin content in the Oil Palm Mesocarp Fiber
has degraded, so the rate of lignin degradation decreases.

The ozonation process, with a long reaction time in lignocellulosic biomass, also has the potential to degrade not
only the lignin structure but can also degrade hemicellulose and amorphous cellulose. Similar results were reported
in the study conducted by Omar et al. (Omar & Amin, 2016), where the degradation of lignin decreased after 60
minutes. This is because, after 60 minutes, most of the lignin layer has been degraded so that ozone can react with
hemicellulose after the lignin layer. Barros et al. (Barros et al., 2013) also showed that after 60 minutes of ozonation
time, hemicellulose was likely to undergo degradation, which was indicated by a decrease in the yield of xylose and
glucose, which tended to be constant. Ramadoss and Muthukumar (Ramadoss & Muthukumar, 2016) also reported
that there was no significant increase in the degradation of biomass lignin at the pretreatment time of 60 and 75
minutes. The holocellulose recovery and lignin degradation at 60 minutes was 88.37 + 0.97% and 62.77 £ 0.66%,
respectively, while at 75 minutes, the cellulose recovery and lignin degradation were 88.99 + 0.23% and 61.2 +
0.17%. These results indicate that the sonication time of 60 minutes is the optimum time for lignocellulosic biomass
pretreatment. The same trend was also shown by Cubero et al. (Garcia-Cubero et al., 2012), where the effectiveness
of lignin degradation during the ozonation process did not increase significantly after 60 minutes of the reaction
process. The research also observed that after 60 minutes of the ozonolysis reaction, ozone could attack the
holocellulose components and could also form new products from the degradation of lignin, such as aromatic
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aldehyde and hydroxycinnamic acids which could interfere with the hydrolysis process thereby inhibiting the
utilization of cellulose.

Effect of pH on Lignin Degradation of Oil Palm Mesocarp Fiber

Pretreatment pH is one of the parameters that can determine the level of lignin degradation in lignocellulosic
biomass. To comprehend how the lignin breakdown process is affected by the pH of the pretreatment, the pH was
varied at pH ranges from 3 to 11 in each method. At each varying pH range, experiments were carried out under
identical operating conditions, namely 29+1 °C for 60 minutes and 2 L.min. The results of lignin degradation
obtained in this study are presented in Figure 4. It was observed that under acidic conditions, the level of lignin
degradation tends to be slightly lower than that of pretreatment under alkaline conditions in all methods. The best
percentage of lignin degradation from the hybrid ozonation-ultrasonic, ozonation and ultrasonic method was
obtained at pH 9-10, namely 91.88%, 72.75% and 51.32%. The hybrid ozonation-ultrasonic method of biomass
pretreatment also showed the effectiveness of the two methods compared to the use of ozonation and ultrasonic
methods individually at various pretreatment pH.
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Fig. 3:- Effect of pH on Lignin Degradation.

The pH parameter in biomass pretreatment can affect the lignin oxidation mechanism used, leading to direct
oxidation by ozone molecules or indirect oxidation by radicals (OH*). Under acidic conditions, the oxidation
reaction of organic compounds is dominated by ozone molecules as oxidizing agents, while in alkaline conditions,
the oxidation reaction is dominated by radical compounds (OH*), which are formed from the ozone decomposition
process under alkaline conditions (Abdullah et al., 2020). The results of this study showed that the increase in pH
did not significantly affect the degradation of lignin under the same operating conditions. However, the degradation
of lignin in pretreatment with alkaline conditions resulted in a slightly larger degradation value when compared to
pretreatment under acidic conditions. This is because in the pretreatment under alkaline conditions, the oxidation
process takes place using a radical compound (OH*), which has a higher oxidation potential value compared to the
potential oxidation value of ozone, while in acidic conditions, the lignin degradation reaction process is dominated
by molecules. Ozone, thus pretreatment under alkaline conditions, can provide better lignin degradation.

The hybrid ozonation-ultrasonic method in various pH values from 3 to 11 in this study provided the highest lignin
degradation value than the ozonation and ultrasonic methods used individually. Because the ultrasonic process used
simultaneously with the ozonation process could provide the production of compounds. More radicals (OH*),
thereby increasing the rate of Lignin degradation (Ladola et al., 2014). Similar results were also reported by Guo et
al (2016) in their research showing that the rate of degradation of sulfamethoxazole organic compounds under
alkaline conditions was higher than under acidic conditions. This happens because at a pH less than 7, the oxidation
reaction process takes place dominated by ozone molecules. While sulfamethoxazole organic compounds are less
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susceptible to ozone molecules, and on the other hand, the potential oxidation value of ozone is not greater than
radical compounds (OH¥*), so reactions under acidic conditions can reduce the rate of degradation reactions. These
results are also supported by research conducted by Shein et al. (Shen et al., 2017), that the degradation of organic
compounds such as red dye X-3B increases along with the increase in pH. According to Wang et al., (Wang et al.,
2012) the degradation of tetracycline increased as the pH value increased from 3 to 9 using ozonation pretreatment
with ultrasonic treatment. Therefore, pH is a parameter that can be considered in the process because it can
determine the mechanism of the course of an ozone oxidation reaction in degradation. On the other hand, the
formation of radical compounds (OH*) also plays an important role in the indirect ozone oxidation process in the
degradation process of lignocellulosic biomass.

Effect of Flow Rate on Lignin Degradation of Oil Palm Mesocarp Fiber

Pretreatment of mesocarp fiber biomass using the hybrid ozonation-ultrasonic method produces a synergistic effect
in degrading lignin. The experiment was carried out by diffusing ozone at various ozone flow rates (1, 2, 3, 4, 5)
L.min? into a solution. The results obtained from the experiment were that the lignin composition decreased to
increase the percentage of lignin degradation to reach 76.83%, 91.99%, 65.12%, 62.44%, and 48.05% at different
flow rates (Figure 5).
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Fig. 4:- Ozone Flow Rate Effects on Lignin Degradation.

Increasing the flow rate of oxygen to 2 L.min™ increased the percentage of lignin degradation, then decreased after 2
L.min™. The decrease in lignin degradation occurs when the flow rate of ozone gas is greater. Hence, less ozone
reaction is achieved when ozone gas stays in the reactor for a shorter period of time. The percentage of lignin
degradation produced will be less because lignin can be degraded only in small amounts. Small. The findings of this
study are consistent with previous findings by Ratnawati et al. (Ratnawati et al., 2018), where at flow rates between
2 and 4 L.min™, the ozone concentration increases and then decreases after that. The same findings were also
reported by Boonduang et al. (Boonduang et al., 2012), who concluded that a 2 L.min™ flow rate provided the
optimum concentration. The ozone flow gas encourages the increase to run faster so that it can reduce the use of
reaction time. But at the same time, the increase in ozone flow rate makes ozone consumption higher, thus making
the pretreatment process more expensive and will produce inhibitor compounds that will reduce the percentage of
lignin degradation (Travaini et al., 2016).

The perspective of Oil Palm Mesocarp Fiber Pretreatment in Environmental Aspects

Oil palm mesocarp fiber is one of the most by-products produced from the pressing process in the production of
palm oil in the palm oil industry. The availability of abundant mesocarp fibers creates problems in the surrounding
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environment, especially if these by-products are not handled properly. It will produce a pile of products in addition
to the oil palm mesocarp, which can create environmental problems. In line with the potential environmental
problems that will arise from oil palm mesocarp fiber, mesocarp fiber is also one of the lignocellulosic biomass that
can act as the best raw material for conversion into value-added products such as biofuel or biogas, paper, building
blocks chemicals and adhesives. surfactant composite (Hongyan Chen et al., 2017)(Den et al., 2018).

The use of lignocellulosic biomass as raw material for value-added products, however, does not guarantee the
production of valuable products without being followed by a good pretreatment process (Syaftika & Matsumura,
2018). The cross-linked lignin, hemicellulose, and cellulose components have the potential to block the accessibility
of cellulose, thereby disrupting the economically viable biomass conversion process (Deralia et al., 2021)(Hongmei
Chen et al., 2016). Ozonation and ultrasonic methods appear as environmentally friendly pretreatments and offer
pretreatment processes that can reduce the use of chemicals that can pollute the environment by degrading lignin in
biomass. The synergy of the two methods supports the efficiency of the degradation process. Besides that, in the
pretreatment process using the ultrasonic-ozonation method, the remaining ozone will be decomposed into oxygen
gas so that it does not have the potential to pollute the environment (Wang et al., 2019). Thus, it can be said that the
pretreatment process of oil palm mesocarp fiber using the ultrasonic-ozonation method is a lignin degradation
pretreatment method that is quite good in environmental aspects because it can reduce by-products from the palm oil
industry and convert them into valuable products.

Conclusion:-

Lignin in oil palm fiber biomass can be efficiently degraded by ozone when ultrasonic irradiation is present. The use
of the hybrid ozonation-ultrasonic method that is applied provides a synergistic effect in breaking down the
lignocellulosic structure in oil palm mesocarp fiber so that it can produce greater lignin degradation when compared
to the ozonation and ultrasonic methods used individually. The length of time used for pretreatment also plays an
important role, where a significant increase in lignin degradation occurs in the initial 60 minutes of the pretreatment
process and tends to remain after 60 minutes of pretreatment. In addition, the influence of pretreatment pH and
ozone flow rate also affects the size and extent of lignin degradation. The largest lignin degradation in this study was
obtained at 91.99% with a hybrid ozonation-ultrasonic treatment for 60 minutes at a temperature of 29+1 °C at pH 9
and a flow rate of 2 L.min™. In line with the results of lignin degradation, in this study, the operating parameters
were the same, namely by applying the hybrid ozonation-ultrasonic process for 60 minutes at a temperature of 29+1
°C, pH 9 and flow rate 2 L.min™, producing cellulose with maximum content. This study's best results of lignin
degradation reached 91.99%, and the highest cellulose content was 89.71%.
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