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Abstract. A preliminary study of application microwave energy for bioconversion of cellulosic
sawdust to glucose was performed. The effects of the microwave were compared to those of the
conventional method for each solvent. It was expected that a broader mechanism responsible for the
microwave effects on the chemical processes, especially the pretreatment on the hydrolysis of
cellulose can be explained. Reagents used were an acid (HCI), an alkali (NaOH), and distilled water
(H,0). The experimental results showed that the microwave-assisted pretreatment on the
lignocellulosic sawdust faster than by using conventional heating (hotplate). Moreover by using
microwave a higher glucose content compared to the conventional method was found. With
microwave during hydrolisis, high temperatures and high reagent concentrations were not required.
Pretreatment with a microwave at 800 Watt and solvent NaOH 22,50 mg/mL at a temperature of
120°C appeared to be most efficient found in this experiment. These results indicate that microwave
effective for bioconversion of cellulosic sawdust to glucose. The microstructure evaluation by using
SEM and XRD should be performed to understand more detail the effect especially on their cellulosic
structural evolution.
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1. Introduction

Renewable biomass resources and appropriate energy technology are being developed as
alternatives to conventional fuels. Bio-ethanol or bio-hydrogen that can be obtained via the fermentation
of starchy sugar is one of the biomass-based energies that can be a renewable and friendly energy
source [1]. However, such a use of starch will compete with the fulfillment for food demands.
Therefore, the second generation of bio-ethanol by using cellulose containing organic wastes, such as
sago wastes, saw dusts, banana trunks, etc. has been developed [2]. Upon the production of the second
generation of bio-ethanol, it requires a pretreatment in order to gain cellulose with a low content of
lignin and of hemicelluloses. The cellulose is hydrolyzed to form glucose which is then fermented to
produce bio-ethanol [3]. The pretreatment can be done by using a physical method (milling), a physical-
chemical method (auto hydrolysis, hydrothermolysis, alkali oxidation), chemical method (application of
alkali, mixture of acids), biological method (fermentation, addition of enzymes) and heating or
combination of the methods above [4]. The use of cellulosic wastes for the production of bio-ethanol
still encounters some problems including low amount of product and high cost production. The
problems are brought about by the structure of cellulose being covered with lignin that makes it hard to
hydrolyze. Therefore, to produce glucose from wood it is required an optimal technology especially at
the pretreatment stage [5].Novianti, et.al. studied the use of a conventional heating and reported that the
hydrolysis using sulfuric acid (50%) for 2 h on saw dust (8:1, v/w) produced the highest sugar content
(43,72%) [6]. In addition, a waste of coconut bunches has also been tested to produce glucose via
hydrolysis using HCI (12%) at a temperature of 90-100°C for 30 minutes and resulted in glucose of
12,795 ppm. From the used conventional method, it was found that the produced glucose was still not
optimal.

Recently, the use of microwave radiation as a substitute for the conventional heating has been

reported for sintering ceramic [7-12], synthesizing organic materials [13-15] or speeding up a chemical
reaction and drying [16-17]. Microwave radiation is believed to be able to increase the rate of a
chemical reaction. The chemical reaction principle with a microwave oven is to make use of the ability
of molecules to move and dipole in the materials or conduction ions in a substance that play a role in
changing the electromagnetic energy to heat [18-19]. In a conventional method, the thermal energy is
transferred to the materials via convection, conduction, or heat radiation from the material surface. On
the other hand, the microwave energy is directly transferred to the materials via the interaction between
molecules and electromagnetic fields.The in situ energy conversion is very interesting for chemical
applications and material processing [19]. The heating with a microwave oven depends more on the
molecular characteristics and the condition of reactions compared to a conventional heating .
A number of reports states that microwave can speed up a reaction based on the speed and uniformity of
the heat transfer produced by the microwave. Microwave irradiation has an effect on the content of
cellulose, hemicellulose and lignin. It can increase the percentage of cellulose by reducing the lignin
and hemicellulose content. A pretreatment with a microwave oven at a frequency of 2.45 GHz and with
a wattage of 950 Watt with varied times and rice straw powder sizes showed a highly significant
increase in cellulose content and a highly significant reduction in lignin and hemicelluloses content [2].
Combining microwave pretreatment with NaOH can increase the glucose content and reduce the lignin
and hemicellulose content [21]. A pretreatment with a microwave oven combined with NaOH increased
the cellulose content of banana stems compared to other treatments. This is because NaOH can interact
with the phenolic lignocelluloses and cause the lignocellulose bonds to break [3-4]. Microwave
radiation occurring during the pretreatment at an NaOH concentration of 3 M with a duration of
exposure of 40 minutes had an effect on the reduction in the lignin and hemicellulose content and an
increase in the cellulose content of sugarcane wastes [1]. Pretreatment with NaOH resulted in a higher
sugar content compared to Na,COj3 and Ca(OH)..

Acids and alkalis also significantly increase glucose content. Microwave pretreatment with an acid
has advantages at the reaction conditions such as corrosion, high temperatures, and economically
cheaper. If the concentration of acid/alkali is increased, the glucose content also increases [21-22]
reported that pretreatment with microwave combined with distilled water, NaOH and H,SO, at a
temperature ranging from 130 to 200°C on miscanthus showed H,SO, resulted in maximum glucose
content at a temperature of 180°C. At 200°C, however, the glucose content significantly decreased. The
mechanism of how a microwave increases the chemical reaction has yet to elucidate. A number of
authors has proposed a theory as for the presence of ponderomotive force or the emergence of new hot
spots in the reacting materials during the radiation process by the microwave. In the current study, the
effects of microwave energy on the degradation of saw dust celluloses were observed. Those effects were
compared to the effects of the conventional heating. The degradation was expected to be able to break

2



The 5th International Conference on Theoretical and Applied Physics 2015 IOP Publishing

IOP Conlf. Series: Journal of Physics: Conf. Series 846 (2017) 012013 doi:10.1088/1742-6596/846/1/012013

down the hemicellulosic bonds, reduce the lignin content, and convert crystal structures of the celluloses
to simple sugars [20-21]. In addition, it was expected to find a broader explanation of the microwave
effects on the chemical processes, especially on the pretreatment for cellulose hydrolysis.

2. Material and Method
2.1 Sample Preparation

Samples of ‘Kuma’ sawdusts were collected in Kendari, Indonesia. The saw dusts were
uniformly dried in the sun for + 10 h, then sieved with a 20-mess sieve. The solvent pH of 5 was
achieved by adding HCI, a pH of 7 by adding distilled water, and a pH of 9 by adding NaOH.

2.2 Hydrolisis and characterization

The study was arranged of varied pH2 and varied microwave wattages. The sample pH consisted
of 3 levels- pH 5, pH 7 and pH 9, while the microwave wattages consisted of 400, 560 and 800 Watt.
Measurements were conducted with a heating period of 15 minutes for each sample.
Sample hydrolysis was done by using HCI, distilled water, and NaOH. Saw dusts measuring 20 mesh
weighing 20 g were thoroughly mixed with 200 mL of a solvent. The samples were heated with a
microwave oven having a wattage of 400 Watt for 15 minutes. Data collections were repeated by using a
560 Watt and 800 Watt microwave. After being heated, the samples were cooled down at a room
temperature, then sieved with sieve paper to separate the liquid from the saw dusts. The glucose content
was determined by using the DNS (3,5-dinitrosalicylic acid) method (BIO BASIC INC). The residues of
sieving were dried in the oven at a temperature of 45°C until its water content became zero. Sample
hydrolysis without heating was conducted by dissolving 20 g of saw dusts into the solvent at pH of 5, 7
and 9, consecutively. The samples were thoroughly stirred, kept still for 15 minutes, and sieved by sieve
paper. The liquid resulting from the sieving was measured for its glucose content by using the DNS
method. The sieving remnant was dried in the oven at a temperature of 45°C. Sample hydrolysis using a
conventional heating was done by heating bath water, with a treatment on each solvent pH 5, pH 7 and
pH 9 for 15 minutes, after which the samples were cooled down and then sieved to separate the remnant
from the liquid. Microstructure of samples then characterized by using Scanning electron microscope
(SEM) and X-Ray Diffraction (XRD).

3. Results and Discussion
3.1 Effects of Microwave Energy on the Reaction using an Acid

NaOH was used in the current study to find a solvent with a pH of 9. Figure 1 shows that the
glucose content increased with wattage in microwave-NaOH pretreatment. The duration of energy
exposure used was 15 minutes, while the tested microwave power were 400, 560 and 800 Watt. The
results showed that the use of NaOH with microwave assisted energy exposure could increase glucose
content from 7,36 mg/mL (without heating) to 16,12 mg/mL (400 Watt), 20,10 mg/mL (560 Watt) and
22,50 mg/mL (800 Watt). In agreement with Dawson, et.al., NaOH degrades the lignin that covers
cellulose and hemicellulose by breaking down the lignin per se. The structural damage of the lignin and
hemicellulosic bonds could increase the glucose content of the saw dusts [23]. In NaOH-containing saw
dusts, the energy could spread through ionic conduction where the movements of the ions produce
energy and increase rates of collision that converts kinetic energy to heat.
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Figure 1 Glucose content vs. microwave power in microwave-NaOH pretreatment
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An increase in microwave wattage and temperature could increase the energy and temperature
received by any heated material. This causes a faster reaction. That cellulose was hydrolyzed relatively
faster at a higher temperature. The interaction between microwaves and the materials brings about the
reduced number of hemicelluloses that bind celluloses. This is in agreement with Wu et al. (2008) that
microwave radiation cause the occurrence of physical explosions on the microfibers which then result in
the disintegration of structures that are hard to degrade such as lignin that protect cellulose [24]. In
addition, the electromagnetic fields used in the NaOH-microwave solvent could produce chemical-
physical effects that can speed up the disintegration of the crystal structures in celluloses. Therefore, the
celluloses found in pretreatment with NaOH-microwave combination produced a higher cellulose
content than the cellulose content before being given such a pretreatment.

3.2 Effects of Microwave Energi on the Reaction using H,O

According to Lidstroem, et al. , H,O is a polar solvent in which dipolar polarization occurs due
to the interaction among electrical field components [25]. When a microwave energy is exposed to a
material, polar molecules will follow the electrical fields and adapt themselves to the field phase.
However, group of intra polar molecules will undergo inertia and cannot follow the fields. This causes
particles to move randomly and such a random interaction will produce hot spots. He also reported that
heating with a microwave could increase the rate of a chemical reaction and increase glucose content
because of a higher number of disintegrated lignin and hemicelluloses with the microwave heating.
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Figure 2 Glucose content vs. microwave power in microwave-H,O pretreatment

Figure 3 shows effect of microwave power on glucose content for various solvents. Of the three
solvents, the highest glucose content (22.50 mg/mL) was found in NaOH at a wattage of 800 W. There
was no significant change in the glucose content with HCI and H,O despite an increase in microwave
power. This is concomitant with previous results that pretreatment with microwave heating using
different types of solvents resulted in different glucose contents, where NaOH is found to produce the
highest glucose content [24-25].
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Figure 3 Glucose content vs. microwave power in various solvents pretreatment

An SEM test was used to study the microstructures of saw dusts before and after the pretreatment. The
preliminary results indicates that the abundance of bonds of the intact celluloses before treatment and a
great number of bonds disappear after being given a microwaves pretreatment. The details of the
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microstructure evolution after pretreatment in this investigations will be reported in separated paper.The
heat energy of the microwave is produced from a direct interaction between the polar regions of the saw
dust biomass and the oscillation of the electromagnetic fields. Microwave irradiation produces an
efficient internal heat that can result in a direct and uniform heating on the mixed reactions. The
reflection and diffusion on the local barrier cause the occurrence of hot spots and superheating effects as
reported previously [7-10, 26-28]. There were also reported that ionic conduction (crystalline) and non-
ionic conduction (amorph) occur in celluloses. The structure of hydrogen bonds in the cellulosic
crystalline can cause the movements of protons under the electromagnetic fields at suitable conditions.
Therefore, the cellulosic crystalline can act as an absorber for the microwave active energy, which can
increase biomass decompositions. During this process, lignin/hemicelluloses undergoes disintegration,
the effect of microwave absorbance increases and causes the biomass to degrade. This is in agreement
with the work of Alvira et al. that pretreatment could break down the lignin that blankets hemicellulose
and cellulose, and to reduce the crystal structure of the cellulose [29].

4. Conclusion

The use of microwave for the pretreatment of cellulose hydrolysis was successfully conducted. The
reactants used were an acid (HCI), an alkali (NaOH), and distilled water (H,O). The use of microwave
produced a higher glucose content compared to conventional method, especially in the combination with
the alkali (NaOH). This indicates that microwave oven is effective for a pretreatment in the conversion of
lignocellulose in saw dusts to glucose. The SEM images show the differences in the microstructures of
the cellulose surfaces. Microwave-assisted alkali pretreatment showed a reduced number of bonds as a
result of a more severe degradation on the microstructures of the cellulose surface compared to other
treatments. This is in concomitant with the XRD test where an increase of crystalline index was found
from the saw dusts. This result indicates that microwave technology is very promising for converting
sawdust lignocellulose to glucose.
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