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Abstract. The importance of the rule and the demand of glucose trigger the seeking of the
alternative materials to produce glucose. One of the alternatives used is the utilization of biomass
such as the rice husk to produce glucose. Rice husk is the agricultural residue whose availability
is very abundant. In this research, rice husk contained cellulose (42.2 %), hemicellulose (17.04
%), and lignin (20.46 %). First step to produce the glucose from rice husk was pretreatment
stages (Soaking in Aqueous Ammonia pretreatment and Acid pretreatment). Furthermore it was
followed by the acid hydrolysis step by using dilute H,SO, solution. The concentration of H,SO4
used in this work was 1, 2, and 3 N with the various hydrolysis times of 30, 60, 90, 120, and 150
min. The result showed that increasing of hydrolysis time slightly increased glucose
concentration. The highest glucose concentration was about 21.51% at H,SO, concentration of
2 N and the hydrolysis time of 150 min. CFD modeling (ANSYS Fluent 16) was performed to
investigate the hydrodynamic phenomena during hydrolysis. The hydrodynamic analysis showed
that the best mixing occurred at H,SO4 concentration of 2 N for 150 min. It is a good agreement
with the experimental finding.

1. Introduction

Rice husk is agricultural residue whose availability is very abundant. It can produce glucose because it
contains lignocellulose structure. The steps to produce glucose from rice husk are pretreatment and
hydrolysis. Pretreatment aims to damage the lignin bond and break down a structure of cellulose crystal
easily into glucose. Immersion in an ammonia solution is performed to reduce the amount of lignin and
increase cellulose porosity, while the treatment using dilute sulphuric acid is done to increase cellulose
porosity and help partially hydrolyse cellulose. Cellulose can be hydrolysed into glucose using agueous
media and assisted with acid or enzyme catalysts. The imperfection of the hydrolysis process can
produce cellulose disaccharides. While the process of hydrolysis that runs perfectly will produce
cellulose monomer in the form of glucose.

The advantage of chemical hydrolysis process is low cost. The price of chemicals is cheaper than
enzymes. In addition, the enzymatically hydrolysis process takes several days while chemical hydrolysis
requires relatively faster time [1]. Alternatively, dilute acids can be used to break the polymer chains of
cellulose and hemicellulose. In the acid hydrolysis method, lignocellulose biomass is exposed to the
acid at a given temperature and pressure for a certain time and produces a sugar monomer of cellulose
and hemicellulose polymers. Sulphuric acid is the most widely studied acid and is used for acid
hydrolysis [1]. Cellulose can be chemically hydrolysed using H.SO, solution.
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One indicator of the pretreatment effectiveness is the reduction of lignin during process. Pretreatment
of the biomass results in the degradation of cellulose and hemicellulose. Effect of hydrothermal
pretreatment of date palm leaflets and vine shoots on lignin was investigated by other researchers [2,3].
However they used a high temperature condition. Chemical pre-treatment using liquid ammonia and
aqueous sodium hydroxide (NaOH) are recognized to change the cellulose crystalline structure and
effect on enzymatic digestibility [4]. Previous authors [5], performed NaOH-dilute acid pretreatment to
remove lignin in rice husk. The use of sulphuric acid is also required in the neutralization process which
produces very large amounts of gypsum or lime waste and can pollute the environment [1]. Ammonia
pretreatment eliminates lignin by cutting C—O-C bonds in lignin [6]. The effect of aqueous ammonia
and dilute acid, on the chemical compositions, cellulose crystallinity, morphologic change, and
enzymatic hydrolysis of bamboo was studied by previous researcher [7]. Therefore, this research
focused on the soaking in agueous ammonia (SAA) pretreatment and dilutes sulphuric acid of rice husk.
Furthermore, hydrolysis was carried out using sulphuric acid (H,SO4) with various concentrations. The
hydrolysis reaction between water and cellulose was catalysed by acid so that the reaction proceeded
quickly and produced faster glucose.

Some studies have tried to describe the hydrodynamic phenomena in pretreatment [8] and
enzymatically hydrolysis process [9-11] by using a design and CFD modelling. However this work
used a different kind of reactor which is a laboratory spherical reactor. A perfect mixing process was
required to obtain optimal glucose levels. Therefore, this study applied CFD modelling (ANSYS Fluent
16) to produce hydrodynamic mixing process in acid hydrolysis.

2. Materials and methods

2.1. Raw Material Preparation

The rice husk was dried under the sun for £ 1 day. Its size was reduced to 35 meshes. Then, the
composition of cellulose, hemicellulose and lignin was analysed by using a Chesson method [12].
Scanning electron microscope (SEM) micrographs of cross section rice husk of were carried out by a
SEM-EDX microscope Phenom Pro X.

2.2. Pretreatment Raw materials

Dried rice husk of about 40 g was put into an erlenmeyer of 300 ml and soaked in 15 % (w/v) aqueous
ammonia of 160 ml at 600 °C for 5 h. The filtrate was separated from the residue by a vacuum pump.
Then the residue was washed with distilled water. Pretreated sample was fed to a glass bottle, and then
added 135 ml of H,SO, (0.18 N). It was stirred evenly for 1 min. Then it was heated in the oven at 160
°C for 35 min. It was cooled in room temperature and filtered by vacuum pump. Pretreated sample was
analysed by using a Chesson method [12].. Scanning electron microscope (SEM) micrographs of cross
section pretreated rice husk were carried out by a SEM-EDX microscope Phenom Pro X.

2.3. Hydrolysis process

20 g of pretreated sample and 200 ml of H,SO,4 (1N) were inserted into three neck flask. They were
hydrolysed at a temperature of 100 °C, a speed of 200 rpm for 30 min. Repetition was performed at
variable H.SO4 of 2 N, and 3 N for 60 to 150 min. The contents of glucose were determined using the
standard procedures according to Luff-Schoorl [13].

2.4. Numerical CFD Simulation

CFD modelling of Hydrodynamic of Hydrolysis of pretreated rice husk was referred by previous authors
[14,15]. ANSYS Fluent 16 with a finite volume method was used to solve the general partial differential
equations that illustrate fluid flow, momentum and mass transport. The geometry of hydrolysis reactor
was shown in figure 1a and 1b. The reactor had a diameter of 0.2 m. Initially, a pretreated sample was
put at the reactor bottom to a level above the impeller, and then sulphuric acid was injected to the rest
of the reactor. The volume fraction of 10 % of pretreated rice husk in the slurry entered to the reactor
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of, with the average diameter of 50 pm. The reactor had the temperature of 100 °C for 30 min and speed
of 200 rpm. A reactor schematic and the initial position of slurry solution were described in figure 1c.
There were three fluid zones within the domain. The first zone represented the impeller zone; the region
where the cellulose slurry was initially posited; the rest of reactor where H,SO4 solution was fed. A
calculation was started by using the initial assumption similar to the specified volume fractions. The
pretreatment process was simulated for various hydrolysis time for 60 to 150 min. A pretreated rice husk
entered the reactor in the form of slurry. The simulation was operated in unsteady state conditions with
time step sizes equal to 0.1 s. The Eulerian-Eulerian Multiphase flow and standard k- model was
applied in all cases for accounting the turbulence effects. Hydrodynamic analysis of the hydrolysis
reactor was obtained from 5 unsteady state simulations (30, 60, 90, 120, and 150 min) at different
sulphuric acid concentrations of 1N, 2N and 3 N.

(a) (b) ()

Figure 1. (a) 3-Dimensional geometry of reactor; (b) 2-Dimensional geometry of reactor; (c) initial
condition of slurry.

3. Results and discussion

3.1. Morphological of the Rice Husk Structure

To ensure the successful of SAA-dilute acid pretreatment process, it is crucial to see a morphological of
the rice husk structure. Chemically pretreated rice husk was analysed by SEM to investigate the change
in rice husk before and after the pretreatment. Figure 2 illustrates the morphology of the rice husk
structure before pretreatment (a), after SAA (b), after SAA-acid pretreatment (c). It is observed that a
morphological of rice husk (figure 2a) changed to fibrous clusters (figure 2b). It is described by SEM
that there was a changing in a microstructure of rice husk. This is due to more lignin was removed by
SAA pretreatment. Significant lignin was also reduced after SAA-acid pretreatment (figure 2¢). It can
be concluded that the pretreatment of rice husk led it much more porous to be hydrolysed. The
elimination of lignin and changing of its structure enhanced the degradation of cellulose and
hemicellulose from biomass. In the SAA-acid pretreatment, a major part of the amorphous material
(xylan and lignin) was reduced. Meanwhile, either a small part of the crystalline material (glucan) was
eliminated or the crystalline structure was destroyed by swelling.
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Figure 2. The morphology of the rice husk structure: (a) before pretreatment: (b) after SAA
pretreatment; (c) after SAA-acid pretreatment. Magnification of images given in figure 2a, 2b and 2¢

3.2. Effect of Hydrolysis Time on Glucose Levels at Various Concentrations of H,SO4

are 1000X, 2000X and 3000X.

Figure 3 describes the effect of hydrolysis time on glucose levels at Various Concentrations of H2SOA4.
It is shown that the longer hydrolysis times produced the higher of glucose level. It illustrates that the
length of reaction time between cellulose and water affected the amount of glucose. This is due to the
longer of the reaction time caused more collisions between cellulose and water. In this study the
optimum hydrolysis reaction time is 150 min. The higher concentration of acids enhanced the activation
energy. The highest glucose level was about 21.51% at the H,SO4 concentration of 3 N for 150 min.
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Figure 3. Effect of hydrolysis time on glucose levels at various concentrations of H,SO..

3.3. Hydrodynamic Analysis of Cellulose Volume Fraction during Hydrolysis at H.SO4 Concentration

of 1IN

Figure 4 shows cellulose volume fraction during hydrolysis at H.SO4 concentration of 1N. It presents
the volume fraction of cellulose, predicted by the CFD simulation of this research. The red colour
indicates the high volume fraction of cellulose. The blue colour shows the low volume fraction of
cellulose. The distribution of cellulose volume fraction was heterogeneous and mainly distributed about
the middle. This non homogeneity was caused by the circular liquid flow under the solid-liquid

interaction.
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Figure 4. Hydrodynamic analysis of cellulose volume fraction during hydrolysis process at H,SO4 1N:
(a) 30 min; (b) 60 min; (¢) 90 min; (d)120 min; (¢)150 min.

3.4. Hydrodynamic Analysis of Cellulose Volume Fraction during Hydrolysis at H,SO4 Concentration
of 2N

Figure 5 describes the pattern of mixing motion in cellulose hydrolysis process at the HzSOs
concentration of 2 N. The predicted cellulose volume fraction distribution illustrates a higher cellulose
concentration near the wall and absence of cellulose at the central of reactor. The benefit of the static
mixers is that they avoid sedimentation of solids through modifications in reactor geometry. It is shown
that the perfect mixing patterns tended to be constant. This is due to the mixing affected the hydrolysis
process. Perfect mixing produced the higher glucose.

(d) (€)

Figure 5. Hydrodynamic analysis of cellulose volume fraction during hydrolysis process at H>SO4 2N:
(@) 30 min; (b) 60 min; (c) 90 min; (d) 120 min; (e) 150 min.
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It can be seen from figure 5 that the longer time of hydrolysis time led more cellulose degrades to
glucose. It is reasonable with the experimental test. It can be concluded that the optimum condition of
hydrolysis process was obtained at H.SO4 concentration of 2N for 150 min.

3.5. Hydrodynamic Analysis of Cellulose Volume Fraction during Hydrolysis at H.SO, Concentration

of 3N

Figure 6 presents the flow field of cellulose volume fraction at the H.SO4 concentration of 3N. The
distribution of cellulose volume fraction was heterogeneous and mainly distributed about the middle.
This non homogeneity was caused by the circular liquid flow under the solid-liquid interaction.

Figure 6. Hydrodynamic Analysis of Cellulose Volume Fraction during Hydrolysis Process at H.SO.
3N: (a) 30 min; (b) 60 min; (c) 90 min; (d) 120 min; (¢) 150 min.

4. Conclusion

It can be concluded that a morphological of rice husk changed to fibrous clusters after SAA pretreatment.
Significant lignin was also removed after SAA-dilute acid pretreatment. The pretreatment of rice husk
led it much more porous to be hydrolyzed. The longer hydrolysis time of rice husk cellulose increased
glucose level significantly. The optimum concentration of H,SO4 produced the highest glucose level of
21.51% at H,SO4 concentration of 2N for 150 min. Through hydrodynamic analysis with CFD modeling,
cellulose hydrolysis with H,SO4 concentration of 2N for 150 min had the best mixing distribution pattern
for almost every time variable. It is reasonable with the experimental test. The model and results
presented in this study are valuable for the application of CFD model to calculate the flow of biomass
suspensions in spherical reactors.
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