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Abstract

The growing focus on sustainable and efficient biomass-to-biofuels conversion, driven by environmental
concerns and the demand for eco-friendly processes has become a key area of research. Biomass, a vital
renewable energy source, harbors the potential for direct transformation into liquid biofuels such as ethanol
and biodiesel, signifying a noteworthy progression in biofuel technology. Persistent challenges, including
suboptimal biofuel yields and heightened production costs arise from incomplete cellulose digestion shielded
by lignin. In response, various pretreatment methods have been investigated to augment cellulose and
hemicellulose accessibility by disrupting lignin cross-links. Among these strategies, ultrasonic irradiation or
sonication emerges as a promising eco-friendly pretreatment for the efficient conversion of lignocellulosic
biomass into biofuels.

This article explores the prerequisites of effective pretreatments, highlighting the significance of dual
application, minimal energy consumption, the use of economically viable chemicals, and consideration of
moderate temperatures and pressures. By delving into the mechanism of ultrasound irradiation, the study
elucidates how ultrasound waves generate cavitation bubbles, initiating both physical and chemical
transformations in biomass. In-depth discussions encompass factors influencing sonication, including
duration, frequency, power, temperature, liquid medium, and suspended solids. Critical considerations for
optimizing pretreatment efficiency are outlined in the design aspects of sonochemical reactors, covering
reactor configuration, ultrasonic frequency, power dissipation, duration, and temperature. The article
concludes by underscoring the evolving potential of ultrasound-assisted pretreatments in biofuel production
and encourages further detailed advancements and comprehensive studies to actualize their full-scale
industrial applications.
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1. Introduction

With the desire to help the environment,
improve the quality of our lives and protect
the ecosystem, more and more people are
getting familiar with sustainability. People
are adopting more environmentally friendly
and less energy-extensive processes these
days. Due to that, biological technologies
over conventional routes are gaining attention
even in the field of research. In addition to
playing a vital role as a renewable energy
source, biomass has the capacity to be
transformed directly into liquid biofuels,
including ethanol and biodiesel. These
biofuels constitute the first generation of
biofuel technology and are derived from food
crops like corn, sugarcane, and vegetable oils.
On the other hand, second generation biofuels
are generated from non-food biomass sources
such as agricultural residues (like corn stover
and wheat straw), forestry residues, dedicated
energy crops (such as switchgrass and
miscanthus), and algae. ™ The potential for
converting lignocellulosic biomass and waste
materials into biofuels is tremendous. Still,
because of low vyields of bio-ethanol, bio-
hydrogen and many more biofuels, the
economic benefits of the processes are
questioned.

The main argument for the low yield of

Necessary Prerequisites:

biofuels is the incomplete digestion of
cellulose shielded by lignin protection. The
production cost is directly proportional to
yield and several challenges need to be
confronted to bring down the operating and
production costs in areas of logistics,
feedstock production, pretreatments, the
establishment of biofuel standards, societal
acceptance and many more. Plant biomasses
take months to decompose, and biomass
conversion to biofuels in biorefineries needs
to be done in days. To enhance the
accessibility of cellulose and hemicellulose,
various pretreatment processes have been
developed to break the cross-links in the
lignin  complex,  thereby  reducing
complexity.[ However, the mechanism of
pretreatments differs and has individual
impacts on lignin degradation, such as
disrupting the crystalline nature of cellulose
molecules, solubilisation of cellulose and
hemicellulose, and depolymerisation.

Ultrasonic irradiation or sonication is
highlighted as one of the green pretreatments
for efficiently converting lignocellulosic
biomass into biofuels. It is becoming one of
the  prominent  pretreatments  being
investigated.

All pretreatments are not considered equal. They should satisfy the below criteria.

e Densified pretreatments should have dual application apart from using them as biorefinery feedstock as it would

make it more market acceptable.

e Itis crucial for pretreatment processes to minimize energy consumption, as this would significantly contribute to

reducing overall production costs.

e The use of inexpensive chemicals in pretreatment processes is essential, as the utilization of costly substances, such

as ionic liquids, introduces an additional recovery step that can substantially elevate processing costs.

e Preferably, pretreatment procedures conducted at moderate temperatures and pressures should be prioritized, as this

not only helps in cost reduction for reactors but also enhances safety measures.

e Ensuring catalyst recovery is imperative for the environment during pretreatment processes. While this might
slightly elevate production costs, the substantial energy savings resulting from reduced chemical usage justify this

approach.

Given that sonication is currently under investigation as an
exceptionally efficient and environmentally conscious
approach for converting biomass into biofuels, this review
seeks to comprehend the intricacies of sonication. It
focuses on elucidating the mechanism, process
parameters, design considerations, various process types,
and control aspects, along with exploring the diverse
applications of sonication in this context.

2. Mechanism of ultrasound irradiation
Advancements in technology has led to ultrasound being
used in several fields.

Ultrasound is transmitted to a fluid using a
transducer which consists of a solid rod that
oscillates at the same frequency as that of the

ultrasound. The tip of the transducer is dipped
in the fluid to carry out direct sonication
which leads to direct energy transfer (see fig
2.1(a)).B! In enzymatic reactions as well as
processes involving live cells, the transducer
transfers energy to the fluid surrounding the
receptacle containing the material (see fig
2.1(b)).

When the ultrasound wave propagates
through a medium, it creates rarefactions and
compressions where the compression cycles
apply positive pressure on the medium by
shoving the molecules together and the
negative cycles apply negative pressure by
dragging the molecules from each other and



this large negative pressure creates bubbles in
the rarefaction region. These bubbles increase
in size until a critical diameter is reached and
then explode creating a cavitation (see fig
2.2). The detonation liberates a significant
quantity of energy, leading to a rise in
temperature and pressure. In the course of
cavity collapse, temperatures may ascend to
several thousand degrees Celsius, while
pressures can surge to several hundred
atmospheres. These extraordinary conditions
stem from the swift compression and heating
of the gas or vapor within the collapsing
cavities. This process is exceptionally
localized and transpires on a microscale.
These conditions form regions called hot spots

needed for high temperature and pressure
processes. The explosion of these bubbles
also creates strong shear forces which help in
degradation of lignocelluloses.! The high
energy release can also lead to split of
molecules leading to the formation of
oxidative radicals which can oxidise
molecules and help in solubilization. While
sonication might contribute to cellulose
breakdown, additional treatments or pre-
treatments are often needed to make cellulose
more amenable to dissolution or further
processing. For instance, pretreatments like
enzymatic hydrolysis or chemical treatments
are commonly used in combination with
sonication to enhance the

which become sources of requirements solubilization of cellulose.
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2.1 Effects of Sonication on Biomass

Ultrasound induces changes in the chemical
and physical characteristics of biomass,
including particle size, surface area,
cellulose content, crystallinity,
polymerization, and solubilization, among
other factors. These alterations enhance the
pretreatment of lignocellulose.’ The impact
of ultrasound is subject to variation when
influenced by other parameters such as
solvent, ultrasonic frequency, reactor
geometry, and type.

In an experimental setting,
microalgal suspensions
underwent sonication for four

different durations: 0 (non-
sonication), 10 minutes (short
sonication  treatment), 15

minutes, and 60 minutes (long-

term sonication treatment). No
significant change in the
concentration  of  dissolved
carbohydrates was observed

after 10 minutes, compared to
non-sonicated samples.

However, a 15-minute
sonication treatment resulted in

an increase in the concentration

of dissolved carbohydrates from

3 to 32 percent. A 60-minute

treatment led to a negligible

increase in  the fraction,
accounting for just over 1

percent of the total
carbohydrates. This concludes

that within 15 minutes of
sonication, cell lysis had

occurred which resulted in the

rupture of cell walls and release

of intracellular matter into the
medium.® Therefore, sonication

assists in cell lysis and

disruption of cellulose walls due

to the various shear and

oxidative stresses created during

cavitation which results in

increment of surface area and

reduction in particle size. With

respect to the above experiment,

an increase in the time of
sonication treatment at a

particular temperature resulted

in cell rupture which impacted

the structural integrity of
biomolecules. Sonication
stimulates cleavage of lignin-
carbohydrate bonds to separate

the biomass  components
consisting of lignin  and
hemicellulose. Due to breakage
of C-H and C-C bonds, the
aromatic rings which construct
the lignin complex are opened at
the alpha position which leads to
the formation of micro-
radicals.®! The micro-radicals
together with OH and H radicals
formed due to cavitation cause
depolymerisation of the starchy
material. The chemical
composition of the biomass is
not altered by sonication;
however, the physical and
structural changes are highly
dependent on sonication
frequency, power as well as
duration.

Ultrasonication  of  cellulose
fibres cause flaking of fibrils
from the surface of the fibres
which separates and
disintegrates the weaker forces
leading to increase in surface
area. Sonication also leads to
disruption of cell walls and
makes the biomass more
favourable  for  downstream
processing that increases the
yield from a given amount of
biomass.

Factors affecting Sonication

3.1 Sonication Duration

Longer the duration, better the
delignification but extended
sonication pretreatment provided
no additional benefit. It is
important to balance the need for
cell disruption with the potential
for damage to sensitive
biomolecules.Longer sonication
durations also lead to more
significant temperature increase
due to the mechanical energy
imparted to the sample which
makes monitoring and
controlling the temperature
gradient crucial. Cell lysis is an
important aspect of sonication in
the context of converting
biomass to biofuels which refers
to the breaking open of cell walls



or membranes, releasing the
cellular contents. In the context
of biomass conversion, this is
crucial for accessing intracellular
components such as lipids,
proteins, and nucleic acids that
can be valuable for
biofuel production. In  some
cases, sonication durations may
influence  cell lysis and
activation of enzymes. The
relationship between the
sonication duration and enzyme
activity is specific to the type of
enzyme and conditions of
sonication. Sonication regimen,
contact between the suspended
solids and solvent, mass transfer
also decides the efficiency of
sonication. Sonication of corn
starch slurry was performed for
two time periods, 40 seconds and
5 mins.' The 40 seconds
treatment increased the sugar
yield by 5-6 times whereas the
glucose concentration was only
seen to be increased by 3% after
a 5 min treatment.Sonicated
alkaline pretreatment increased
delignification by 7-8%
compared to non-sonicated
alkaline pretreatment. However,
sonication for shorter duration
along with alkali treatment did
not progress to any significant
delignification. Thus, type of
process, sensitivity and structure
of biomass, contact, mass
transfer all play a crucial role
along with sonication duration.

3.2 Frequency and Power

At any given power level, extending the
treatment duration beyond a certain limit
typically does not improve sugar release
from the biomass. Therefore, it is essential
to optimize the sonication regimen
(comprising power level and treatment
duration) in advance to meet specific
pretreatment objectives for a particular
biomass and slurry  characteristics.
Prolonging the sonication period may result
in the formation of byproducts. The energy
demand per gram of sugar released is
directly proportional to the increasing
sonication time. Sonication power affects

the generation of cavitation bubbles, their
lifespan, and implosion pressure. In a given
sonication treatment, sonication power and
the required processing time generally
exhibit an  inverse  correlation.®!
Consequently, increasing sonication power
would typically reduce the irradiation
period. At high power levels, bubbles tend
to form near the transducer, impeding
energy and mass transfer. Treating
recalcitrant biomass necessitates more
energetic ultrasound compared to less
recalcitrant starchy biomass. The selection
of ultrasound frequency for a specific
application depends on the nature of the
process. An ultrasound frequency range of
10-100 kHz has been recommended for
processes requiring intense work, such as
cell breakage and polymer degradation, as
seen in nonenzymatic and nonmicrobial
processes utilizing sonication.! Processes
involving  sonication and live cells
necessitate milder regimens. Within the
frequency range associated with power
ultrasound, increasing the frequency of
ultrasound waves does not necessarily
confer automatic benefits.

3.3 Temperature

High temperatures can adversely affect
sensitive biomolecules but there are cases
where temperature control is not required.
Considering cases where acid or alkali
pretreatment of biomass is used, elevated
temperatures facilitate the reaction rates.
This effect can be integrated with sonication
for delignification at low temperatures.
Elevated temperatures can enhance mass
transfer within the biomass and surrounding
liquid, improving the efficiency of the
extraction or conversion process. This is
particularly relevant when sonication is used
for the extraction of valuable
compounds from biomass.

Processes involving enzymatic catalysis or
microbial action such as hydrolysis of
cellulose into sugar, temperature control
(see fig 3.1) is important to prevent
deactivation. The synergy of sonication with
enzymatic processes can potentially gain
advantages from elevated temperatures,
promoting enhanced enzymatic activity and
facilitating the breakdown of biomass.
Although higher temperatures typically
encourage more robust cavitation, extremes
in temperature may also result in adverse
effects, including the degradation of delicate
bioactive compounds or excessive heating.



3.4 Liquid

Figure 3.1 displays Sonicator 950W with temperature controlf”)

medium
Mostly aqueous solutions are used for
sonication but ionic liquids or organic
solvents can even be considered. Density,
viscosity, vapor pressure and surface tension
are some of the properties of the medium
which can influence the transport
phenomena and generation of radicals.[*l
Sonication is less favorable for liquids with
high vapor pressure and high viscosity.
Liquids with high wvapor pressure may
experience premature bubble collapse as a
result of liquid vaporization, diminishing the
efficiency of cavitation. This limitation can
impede the effectiveness of sonication in
applications such as cell disruption or material
extraction. Additionally, high viscosity
inhibits the formation and collapse of bubbles,
diminishing the intensity of cavitation.
Viscous liquids resist the swift motion
necessary for efficient cavitation, thereby
reducing the mechanical forces responsible
for breaking down materials or facilitating
chemical reactions.  Liquids with high
surface tension produce more intense shock
waves during explosion. High density fluids
affect the propagation and attenuation of
waves. 11

Water has low threshold energy and hence
sonication of water generates hydronium
ions which along with high temperature and
pressure induce depolymerization of the
lignin complex.

Ultrasonic probe
Ultrasonic transducer

[

3.5 Suspended

High  concentrated  slurries

Solids
enhance

cavitational activity but increases viscosity
which impacts heat and mass transfer.

4. Design aspects of a Sonicator

The optimum parameters to be looked upon are:

4.1 Reactor Configuration

The selection of a sonochemical
reactor configuration for the
pretreatment of lignocellulosic
biomass hinges on the dual
considerations of qualitative and
guantitative intensification
needs. The ideal choice takes
into account the heightened
cavitational intensity attained
through ultrasound utilizing an
ultrasonic horn, surpassing that
of an ultrasonic bath. The direct
immersion characteristic of the
ultrasonic horn establishes it as
the preferable option for
pretreating lignocellulosic
biomass*213141, On the flip side,
an indirect method proves more
apt for applications like
enzymatic  hydrolysis  and
fermentation processes*>16171
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Figure 4.1 Type of ultrasonic reactor designst®!

4.2 Frequency of ultrasonic radiation

Biomass processing applications
typically operate within the
frequency range of 16-100 kHz,
facilitating the generation of
intense cavitation marked by

liquid streaming and
turbulencet®®. However, it is
crucial to note that frequencies
surpassing 100 kHz may result
in the loss of enzymatic activity,
attributed to the inactivation of



enzyme structures, ultimately
leading to microbial death. In the
context of enzymatic cellulose
hydrolysis, optimal efficiency is
achieved at lower frequencies,
specifically 20 kHz and 28
kHz[?%,  Significantly,  the
application of a 20 kHz
ultrasonic horn and a plate-type
transducer operating at a
frequency of 28 kHz has been
demonstrated to enhance the
enzymatic hydrolysis of
cellulose.

4.3 Power dissipation

The efficacy of intensification in
sonochemical  processes s
intricately  tied to  power
dissipation, influencing the
genesis and  lifespan  of
cavitation bubbles, as well as the
pressure pulse generated during
implosion. The optimal power
requisites fluctuate depending
on the scale of intensification,
and there is no unequivocal
indication  that  universally
higher power levels lead to more
favourable outcomes. Elevated
power levels pose a risk to the
transducer, potentially
compromising energy
transmission and instigating a
decoupling  effect®l,  This
phenomenon impedes energy
transfer to the liquid medium
due to excessive bubble
formation near the tip of the
ultrasonic transducer.

In  fluids with heightened
viscosity, increased energy
becomes a prerequisite for cavity
inception, given the elevated
resistance attributed to higher
density!?, Notably,
pretreatment processes demand
higher power dissipation
compared to enzymatic
reactions. The amplitude of
ultrasonic irradiation emerges as
a pivotal factor in the
liquefaction process. This is
evident in the reduction of
liquefaction time from 120 to 80
minutes by elevating the
amplitude from 20% to 80%.
Notably,  the liquefaction
process concluded within 10
minutes at 100% amplitude,
indicating an energy intensity of

85 W/cmz222],

Reports suggest a correlation
between enhanced amplitude and
improved sugar yields in the
processing of oil palm empty
fruit bunch fibres(?3l,
Additionally, a lower ultrasound
amplitude yielded higher protein
and sugar outputs per unit of
energy compared to
ultrasonication at higher
amplitudest¥. This underscores
the dependency of sonochemical
processes on power dissipation
levels. It is noteworthy that
various microorganisms exhibit
distinct responses to cavitational
activity, with changes in power
dissipation. Higher ultrasonic
power imparts increased
mechanical shear and shock,
leading to cellular content
expulsion through cell lysis and
subsequently decreasing product
yield?s],

4.4 Duration of ultrasonic treatment

Several factors, such as the
rigidity  of  lignocellulosic
biomass, mass-transfer
resistance, and fractionation rate,
exert significant influence on the
duration of ultrasonic treatment.
Kinetics also play a crucial role
in determining the optimal
period for ultrasonic treatment.
Observations suggest that an
extended duration of ultrasonic
treatment contributes to
heightened lignin removal and
increased sugar production from
biomass, reaching a point of
diminishing returns beyond an
operational threshold[?627.281, |n
the specific case of wheat straw,
ultrasound-assisted alkaline
pretreatment  showcased a
substantial improvement (7.6% -
8.4%) in delignification. This
enhancement is ascribed to the
hydrodynamic  shear  forces
generated by the application of
ultrasound.  Similarly,  the
generation of reducing sugars
from water hyacinth biomass
exhibited an increase with
prolonged ultrasonic treatment,
peaking at 30 minutes®®’l. To
ensure economic viability, it is
prudent to conduct ultrasonic
irradiation  under  optimized
conditions.  This  strategic



approach ensures the effective
utilization of ultrasonic treatment
time, finding a delicate balance

between enhanced lignin
30

removal, improved  sugar
production, and overall
economic feasibility.
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4.5 Temperature

In  unregulated  ultrasonic
procedures, the temperature of
the medium typically rises due
to the dissipation of ultrasonic
energy in the liquid medium.
The heightened temperatures
contribute to the disruption of
strong solute matrix interactions
and active sites on the biomass
matrix, resulting in increased
diffusion rates. However, it's
crucial to highlight that under
constant  ultrasonic  power
irradiation, cavitational
intensity tends to diminish at
elevated temperatures. This
reduction occurs as cavitating
bubbles form, leading to less
intense bubble collapset, In
processes involving enzymes or
microorganisms, precise
temperature control is essential
to prevent the denaturation of
biocatalysts.  According to
literature, increasing  the
temperature to 60 degrees
Celsius can enhance glucose
production from wheat straw(?6],
Nevertheless, beyond the
optimum temperature,
detrimental effects emerge,
underscoring the significance of
meticulous temperature
management to attain desired

® Ultrasound-assisted

® Conventional

40 60 80
Time (h)

Figure 4.4 Effect of ultrasound !

sonication effects while
mitigating adverse
consequences, particularly in
biologically mediated processes.

5. Applications of ultrasound and sonication

in biomass production

The utilization of ultrasonic energy as an
initial treatment exhibits distinct mechanistic
impacts on the structural integrity of
lignocellulosic materials. This approach is
effective in disrupting wax layers and silica
bodies attached to the surface of
lignocellulosic structures, thereby facilitating
their subsequent elimination. Moreover, the
employment of high-power ultrasound leads
to a reduction in the dimensions of biomass
particles. For instance, cellulosic materials
experience significant crushing, resulting in
the generation of particles or crystalline grains
within the micro- or even nano-size spectrum
when exposed to an average power ranging
from

3.5 to 10.5 W/mLE?, Notably, subjecting
chemically isolated cellulose to sonotreatment
in water at 6.68 W/mL for 35 minutes results
in the production of nano-sized fibres with
diameters measuring below 22 nm.

The investigation conducted by Pinjari and
Pandit emphasizes the milling of natural
cellulose into nanofibrils by employing a
combination of hydrodynamic and ultrasonic
cavitation®, Applying sonication at a rate of
3.5 W/mL for 111 minutes leads to a



significant reduction in cellulose particle size,
decreasing from 1350 nm (as observed with
hydrodynamic cavitation) to 300 nm[, The
use of high-intensity ultrasound also
contributes to an augmented surface area by
inducing cavitation erosion in solid biomass.
As a result, the combined effects of size
reduction and erosion on lignocellulose
particles enhance the extraction of chemicals
from  biomass and facilitate  the
saccharification of cellulosic materials.
Moreover,  ultrasonic ~ energy  proves
advantageous in the dissolution or solvation of
cellulose, hemicellulose, and lignin in various
solvents, encompassing organic solvents and
ionic liquids. Ultrasound expedites the
dissolution of cellulose, exemplified by
complete cellulose dissolution in the ionic
liquid 1-butyl-3-methylimidazolium chloride
after 20 minutes of ultrasound pre-irradiation,
followed by 60 minutes of heating at 110°C—
contrasting this with the conventional heating
time of 190 minutes alonet®!. Moreover, the
dissolution or removal of lignin from
substances such as bagasse or bamboo
powders in 1,4-butanediol/water blends or
95% ethanol demonstrates significantly
greater efficacy when employing ultrasonic
energy in contrast to traditional agitation
techniquest®l,

Ultrasonic ~ enhancement  has  been
documented to boost the thermochemical and
biochemical transformation of glycerol and
its derivatives. This improvement is
noticeable in the bioconversion of glycerol
into 1,3- propanediol and ethanol,
particularly when employing ultrasonically
treated free or immobilized Clostridium
pasteurianum. Utilizing an ultrasonic bath,
the molar yield of 1,3-propanediol rose from
20% to 27% when using immobilized
enzymes at an initial glycerol concentration
of 10 ¢/LEL In contrast, free enzymes
resulted in ethanol as the predominant
product, exhibiting a low molar yield ranging
from 2.5-12.5%, but experiencing a
significant increase of 53-82% under
ultrasonic irradiation®81, Numerous
investigations  attribute  the  expedited
synthesis of biodiesel when subjected to
ultrasound to the dispersion of the
heterogeneous phase facilitated by the
physical impacts of ultrasonic cavitation. The
cavitation process within the ultrasonic field
generates potent shear forces on liquid
reactants, such as oil/lipids and light alcohols.

This activity fractures two-phase solutions
into minute droplets, augmenting mixing, and
emulsification. The enhanced emulsification
enlarges the original interfacial boundary of
the immiscible binary mixture, leading to
diminished interfacial contact resistance and
increased mass transfer®®,

6. Types of ultrasounds
pretreatments:

assisted

6.1 Sonicated organic solvent treatment

De-lignification of biomass via
conventional use of organic
solvents by targeting ether
bonds. The mechanical waves
generated during sonication
help break down cell walls or
matrices, improving the contact
between the solvent and the
sample.l  These  organic
solvents assisted processes are
considered very expensive and
hence integrating it with
sonication would likely to be
costly as compared to other
sonication assisted treatments.

6.2 Sonicated ionic liquid treatment

lonic liquids can be used for pre-
treating lignocellulosic  biomass
represents a promising and emerging
technology. lonic liquids, composed
entirely of ions, have the capability
to completely dissolve substantial
amounts of lignocellulosic biomass
at room temperature. Specifically,
they can solubilise cellulose, thereby
reducing its crystallography.®! For
instance, The optimal ionic liquid
identified for treating rice straw was
determined to be the alkaline ionic
liquid, choline hydroxide. Rice straw
underwent treatment with choline
hydroxide ([Ch][OH]) under
ultrasound conditions with a power
of 300 W and a frequency of 40 kHz.
In the context of ultrasound-assisted
enzymatic hydrolysis, the yield of
reducing sugars derived from
pretreated rice straw reached 96.22%
within 240 minutes. This yield was
notably 19.5% higher compared to
treatments  conducted  without
ultrasonic irradiation. Likewise, a
multitude of lignocellulosic biomass



can be effectively treated with ionic
liquids. Additionally, combining
sonication with ionic liquids presents
further possibilities for biomass
pretreatment.

6.3

6.4

Sonicated dilute acid treatment
The pretreatment of
lignocellulosic biomass using
dilute acids is a highly efficient
process. While dilute inorganic
acids have been  widely
employed for this purpose, there
appears to be limited research
on the sonicated process
involving inorganic acids. An
experiment was conducted
involving sonicated
pretreatment of corncob using
dilute sulfuric acid to extract
xylan. The sonication process
resulted in an enhanced
recovery rate and yield of xylan
compared to the acid treatment
which ~ was  non-sonicated.
Within 43 minutes  of
processing via ultrasound,
approximately 39% of xylan
was isolated, whereas the
conventional process of acid
treatment required 24 hours to
isolate 34% of xylan.t!

Sonicated alkaline treatment
The combination of alkaline
treatment with ultrasound has
demonstrated enhanced
effectiveness compared to
treatments without sonication.
Sonicated treatments not only
reduce processing time but also
decrease the alkali requirement.
The application of ultrasound in
alkali pretreatment of sugarcane
bagasse was studied and
experimented.?’! The rate at
which sugar was released in a
constructive manner by
reducing the particle size and
increasing alkali concentration
as well as temperature.
However, the slurry consisted of
an excessively high
concentration of solids which
had an adverse impact as it made
the slurry challenging to mix.
Optimal conditions for

sonication-assisted alkali
pretreatment  of  sugarcane
bagasse include initial solids
concentration of 40g/l in the
slurry, processing time of 47
minutes at a temperature of 70
°C, sodium hydroxide
concentration of 2.9% and
particle size of 0.3mm. ! This
process resulted in the removal
of 75 to 90% of lignin, with
cellulose and hemicellulose
recovery ranging from 79 to
99%.

7. Conclusions and Scope
The integration of ultrasound, in conjunction
with other technologies such as chemical and
enzymatic treatments, shows substantial
promise for attaining optimal yields while
minimizing undesired by-products in the
fractionation of lignocellulosic biomass. To
substantiate  the  viability of these
methodologies, a transition from laboratory-
scale investigations to pivotal pilot-scale
studies becomes indispensable. These pilot
studies act as a crucial link, affirming and
expanding upon positive outcomes observed
in controlled settings. They offer essential
insights necessary for formulating scalable
strategies in ultrasound-assisted fractionation
for biofuel production. When tailoring
ultrasound operating parameters, a nuanced
understanding of underlying chemical
reactions, anticipated pretreatments, and
intricate  metabolic pathways in various
biological processes becomes paramount.
This comprehensive comprehension
facilitates the precise adjustment of
ultrasound parameters, optimizing their
efficacy in specific applications. The findings
from experimental trials and demonstrations
contribute not only to scientific knowledge
but also pave the way for the practical
application of ultrasound in biomass
pretreatment, enzymatic hydrolysis, and
subsequent fermentation stages, particularly
in the realm of bioethanol production.
However, it is imperative to recognize that
the applications of ultrasound in these
processes are still in a state of evolution. To
fully unlock the potential of ultrasound-
assisted methodologies on an industrial scale,
further  detailed  advancements and
comprehensive studies are imperative. This
ongoing  exploration and  refinement
constitute fundamental strides toward the
eventual and successful integration of
ultrasound technologies into large-scale
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industrial processes for biofuel production.
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