INNOVATION

Revolutionizing Green Chemical Production with Ultrasound

Converting Low-Value Woody Biomass into High-Value Green Chemicals

Plastics have been used in car manufacturing for many decades,

becoming the main constituent of everything from dashboards, body-

work and seating to battery packs, fixings and thermal management

systems in the latest electric vehicles. In fact, plastic can account

for up to 50% of a car’s total volume. Unfortunately, the majority of

this plastic content is not recovered from end-of-life vehicles, and

instead enters landfill or is incinerated, meaning that the global trans-

port sector generates over 350 million t of plastic waste every year.

This environmental issue is now forcing manufacturers to explore

alternative methods of plastic production that will enable them to

become more sustainable and progress towards net zero.

Biorefining offers an answer for vehi-
cle manufacturers, allowing low-carbon
feedstocks — such as lignocellulosic
biomass — to be processed into inter-
mediate chemicals that can be made
into renewable plastics. This approach
has the potential to replace fossil-de-
rived chemicals and lower carbon
emissions during automotive produc-
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tion. However, existing biorefining tech-
nologies are often inefficient, wasteful
and unprofitable, using energy-inten-
sive processes that consume large vol-
umes of toxic petrochemical-derived
acids and aldehydes. Ironically, these
methods generate significant green-
house gas emissions that make them
environmentally unsustainable.

Exploring the Potential of
Ultrasonics for Sustainability

Sonichem Technologies is a small UK
company founded with the aim of con-
verting woody biomass into green plat-
form chemicals using ultrasound. The
company’s breakthrough biorefin-
ery technique uses ultrasonic energy
alongside mild organic acids to frac-
tionate UK-sourced softwood saw-
dust into its three main constituents:
hemicellulose sugars, microcrystalline
cellulose and high-quality lignin. This
sawdust is a by-product of sustainable
forestry operations, and would other-
wise simply be burned or left to rot,
releasing all the stored carbon back
into the environment. Conversely, all
the biomass that enters the Sonichem
process is upcycled into pure platform
chemicals with virtually no waste. The
ultrasonic technique also requires sig-
nificantly less energy than conven-
tional fractionation methods, resulting
in green chemicals with a low carbon
footprint.

© Sonichem

© Sonichem

|

©Makcum Pyapbko - stock.adobe.com

Adrian Black,
Sonichem

\ Andy West,
RS Sonichem

The renewable hemicelluloses,
microcrystalline cellulose and lignin
generated by this innovative process
can be used as additives or low-carbon
feedstocks for green platform chemi-
cals to manufacture renewable plastics
for a wide range of applications. For
example, the hemicelluloses — sug-

“Plastic can account
for up to 50% of a car’s
total volume.“

ars that provide flexibility and integ-
rity to plant cell walls — can be dehy-
drated into furfural, a compound that
confers properties such as corrosion
resistance, thermosetting and physi-
cal strength to furan resins. They can
also be used as a polyfurfuryl alcohol
(PFA) precursor to help multiple sec-
tors, such as the construction indus-
try, become more sustainable. Hemi-
cellulose sugars can even be converted
to other high-value building blocks —
including xylitol and sorbitol for phar-
maceutical, dental care, and food and
beverage applications — and show
promise as feedstocks for production
of bio-based surfactants, films, natural
dyes and renewable jet fuel.
Microcrystalline  cellulose has
strong binding properties, making it a
reliable filler and excipient in phar-



maceutical formulations, personal care
products, performance composites, and
foods and beverages. Cellulose is also
routinely modified at a huge scale in
the chemicals industry to create build-
ing blocks for the production of pack-
aging films, adhesives, sealants and
even explosives. It can even be bro-
ken down further into glucose for use
in fermentation, flavor and fragrance,
and fuel applications.

The Limitless Potential
of Lignin

Arguably the greatest value of this
unique ultrasonic fractionation process
lies in the production of high-quality,
sustainable lignin. Lignin is the world’s
second most abundant renewable bio-
polymer, and is also the only known
aromatic polymer found in nature,
making it a plentiful and low-toxic-

“Trailblazing ultrasonic
technology has the potential
to enable large-scale green

chemical production.”

ity alternative to the finite feedstocks
made from petrochemicals. Lignin
is extremely versatile, possessing
innate hydrophobic, flame-retardant,
antimicrobial and UV-resistant prop-
erties, and can be added to indus-
trial composites to confer these ben-
efits and improve flow. The material
is also known as nature’s binder, and
can be used instead of certain fossil
fuel-derived chemicals — such as the
toxic petrochemical phenol — to pro-
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Sonichem’s patented breakthrough approach converts sawdust, the biomass by-product from forestry operations, into
high-quality lignin which can then serve as the basis for bio-based platform chemicals.

duce resins for composites, including
those required to build wind turbines.
Demand for bio-based platform chem-
icals for this application in particular
will only continue to grow in the com-
ing years, as more countries seek to
transition to renewable energy sources.

Sonichem lignin is different from
the lignin obtained using the conven-
tional Kraft process. Kraft lignin con-
tains sulfur, which corrodes metals
- such as processing equipment and
steel reinforcement bars embedded
in cement - raising safety concerns as
well as environmental issues. It is also
very high in molecular weight, giving it
low solubility. Consequently, Kraft lig-
nin is challenging, time consuming and
expensive to process into useful prod-
ucts, with goods produced using Kraft
lignin often demonstrating inferior
mechanical properties. Sonichem lig-

nin, on the other hand, has a very low
molecular weight — one of the lowest
in the world — is of high purity, and
does not contain any sulfur. These fea-
tures give it high reactivity and solu-
bility in a host of common solvents —
such as ethanol and acetone — and
polymers, for instance in the produc-
tion of bioderived carbon fibers.

Driving Change in
Automotive Manufacturing

Sonichem has recently launched an
international project in collaboration
with industry leaders CPI, the National
Composites Centre, Scott Bader, SHD
Composites and Polestar. The proj-
ect, entitled ‘Carbon-neutral agrofor-
estry-derived resins to materials for
automotive applications (CARMA)’, will
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Sonichem’s biorefinery technique uses ultrasonic energy alongside mild organic acids to fractionate softwood sawdust
into hemicellulose sugars, microcrystalline cellulose and high-quality lignin.
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apply Sonichem’s patented technology
to the development and commercial-
ization of bio-based feedstocks made
from the company’s high-quality lig-
nin. These feedstocks can be used in
the production of sustainable, cost-ef-
fective replacements for the platform
petrochemicals that are currently used
to produce plastics, resins and com-
posites for automotive manufacturing.
CARMA will extend Sonichem’s pio-
neering ultrasound approach to the
transport industry, driving the sector
toward net zero, enhancing the UK’s
bioeconomy, and helping to establish
aresilient national lignin supply chain.
Producing home-grown green plastics
also aligns with the UK Government’s
focus on resource-efficient, sustainable
industrial materials, as it could sig-
nificantly reduce the UK’s reliance on
imported composite materials, which
currently amounts to approximately
£250-260 million per year.
Trailblazing ultrasonic technology
has the potential to enable large-scale
green chemical production across the
UK, supporting bio-based plastic man-
ufacture for use in multiple applica-
tions. The high-quality, bioderived
chemicals generated through Son-
ichem’s revolutionary technique could
help to decarbonize numerous indus-
tries, reducing the nation’s reliance on
polluting, finite petrochemicals.

Adrian Black, CEO, and Andy West,
Chief Chemist, Sonichem Technolo-
gies Ltd., Southampton, UK
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