PROFESSORS ERIC LORANGER & CLAUDE DANEAULT

Cellulosic creation
Leading progress in a novel fabrication method for nanocellulose, Professors Eric Loranger and
Claude Daneault are making waves in the paper and pulp industry. Here, they describe the many
advantages of their approach, the potential for biomass as fuel and their unique use of ultrasound
traditional pulps and paper products. Paper
composed of 100 per cent nanocellulose would
be extremely costly (four times so) and nearly
impossible to manufacture. Nanocellulose
can however be added to paper to achieve
novel properties.

As an introduction, what is lignocellulose
and, more specifically, nanocellulose? What
advantages do these forms of biomass have
over conventional paper and board?
Wood, or lignocellulosic material, is composed
of cellulose, hemicellulose, lignin and extractives.
Each of these components has a role in fibre
properties, which determine the final product
properties. Cellulose is the major chemical
component of fibre and contributes 40-45
per cent of wood’s dry weight. The next most
abundant polysaccharide is hemicellulose which,
like cellulose, functions as supporting material.
Lignin is the third component at around 23-27 per
cent. Because of its aromatic rings, lignin confers
hydrophobic properties. These three components
are interwoven, and a major focus of industry is
the separation of lignin from cellulose, from which
paper is made.
Nanolignocellulose is the new appellation for
nano-sized material originating from mechanical
pulping. Nanocellulose does not compete with
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You have developed a unique way of
preparing nanocellulose from Kraft
(chemical) pulps. Can you provide some
insight into this development and explain its
impact on industry?
Typical processes to extract nanocellulose involve
mechanical and chemical treatments. Chemical
methods involve strong acid hydrolysis to remove
the amorphous regions of the cellulose fibres
and produce cellulose nanocrystals. Mechanical
methods, which include high pressure refiner or
grinder treatments, generate not a single nanofibre
but a nanofibril. However, these two techniques
are time-consuming, costly and require high
energy consumption.
We have focused on finding environmentally
friendly, highly efficient and low-cost methods to
isolate nanocellulose, deriving a technique that
is somewhat of a mix between the two classic
processes. The individualised cellulose nanofibrils
are obtained using TEMPO-catalysed oxidation,
coupled with ultrasound for the regioselective
conversion of cellulose primary hydroxyl groups
to aldehydes and carboxylates. Advantages
include the mild reaction conditions required, the

characteristic morphological change of nanofibre
and the resultant surface functionality.

As an alternative to petroleum use, biomass
is a valuable commodity. Why do think it is
currently underexploited as a renewable
energy source?
Forest biomass represents an abundant, renewable
and low-cost resource that could substitute
petroleum products and reduce oil dependence.
However, the technical aspects still need to be
resolved to access its full potential. How do you
design a process to treat biomass when that same
biomass changes in composition from species to
species, and even individuals within a species?
Petroleum chemistry has a big advantage in that it
is nearly 150 years old.
Research is focused on the use of wood and paper
mill byproducts as raw materials for composite
materials with reduced energy consumption. The
applications with the greatest chances of success
include biodegradable polymer/wood-derived fibre
composites for packaging and agriculture.

The Canadian Government recently granted
the Lignocellulosic Materials Research
Centre (LMRC) financial support to acquire
equipment. How has this helped research at
the Centre?
Since 2008, the LMRC has received
approximately CAD $1 million. The analytical
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Fabrication
and application
Experts from the Lignocellulosic Material Research Centre at the
Université du Québec à Trois-Rivières, Canada, are developing an
environmentally and economically efficient method of producing
nanocellulose, a material with potential applications in paper, food,
cosmetics, pharmaceuticals and composites
ONE OF THE most ubiquitous humanmade
materials, paper is traditionally formed from
wood biomass or lignocellulose, which is
chemically and/or mechanically reduced to
pulp. In fact, the pulp and paper industry uses
over 40 per cent of all industrial wood traded
globally. However, the industry is struggling due
to a decline in its traditional business.

instrument park is cutting-edge and has
facilities for gas phase spectroscopy, UV
spectroscopy and automatic extraction,
to name a few. It also has state-of-the-art
microscopy facilities, including a transmission
electron microscope and scanning electron
microscope coupled with an energy dispersive
X-ray spectroscope. Together, this equipment
has enabled the LMRC to support the research
of its membership, as well as that of local and
international companies. To further support
this research, last year the Government granted
LMRC professors a further $2 million.

How important is dissemination to
your research?
Dissemination is integral for a researcher;
publications are key to receiving annual grants
from both federal and provincial governments.
Our work on ultrasound and nanocellulose has
been published in journals covering chemical
engineering, biomass and polymers.
In the past four years, we have not missed
a single IEEE International Ultrasonics
Symposium. At these events, Professor
Loranger presented our latest research on
ultrasound treatment. Each time, people
are astounded at our results, as very few
researchers use ultrasound to catalyse chemical
reactions. Certainly, of the few who are using
it, none are applying it to a pulp and paper
product – we seem to be leaders in this field.

Although ‘recovered paper’ is becoming an
important source, accounting for over half of fibre
used to produce paper, this process has a limit. In
addition, many of the conventional techniques
involved in paper creation require non-renewable
energy sources. It is clear that worldwide
developments in this industry have not kept pace
with other similar sectors. There is therefore a
clear and pressing need to diversify, and produce
value-added products from lignocellulose in
addition to conventional paper and board.
Professors Eric Loranger and Claude Daneault,
members of the Lignocellulosic Material
Research Centre (LMRC), are aware of the need
for change in the industry, and are conducting
fundamental and applied research to initiate it.
Their studies of lignocellulose have born a unique
way of fabricating a new form of the material –
nanocellulose – contributing to economic and
technological progress in the industry.

NANOFIBRILLATED CELLULOSE
Nanocellulose is composed of nanosized cellulose
fibrils. Presenting an alternative to existing
petroleum-based products, these nanofibrils,
also isolated from pulp, have mechanical, filmforming and viscous properties that make them
attractive to a multitude of industries. Although
nanocellulose could not replace traditional
paper products, its addition to paper can achieve
novel properties, controlling surface roughness
for better printing, or even stopping food from
spoiling by improving packaging properties.
In recognition of the potential of this material,
Loranger and Daneault developed a novel

way of creating nanocellulose from existing
Kraft (chemical) pulps. The Kraft process
converts wood into pulp comprising almost
pure cellulose fibres by treating it with sodium
hydroxide and sodium sulphide, breaking the
covalent bonds linking lignin to cellulose.
The LMRC method differs from other classic
methods of nanocellulose production: instead
of using noxious chemicals that cannot be
recuperated, it oxidises the pulp to separate
the individual fibres. This process is accelerated
by an organic synthesis catalyst called TEMPO.
Combined with sodium bromide and sodium
hypochlorite, the treatment changes the
surface charge of the cellulose, enhancing
repulsion and promoting nanofibre dispersion.
Impressively, all this takes place at room
temperature and in an alkaline medium.
With the focus on sustainability, the team
also developed a method of recycling TEMPO,
which is re-activated by sodium bromide in a
subsequent oxidation cycle, and the researchers
are currently working on a method to recycle
this component as well. If successful, this would
mean significant improvements to the paper
and pulp industry, as the only consumables
of the system would be water and sodium
hypochlorite. “Water is virtually free in Canada,
wood is abundant and sodium hypochlorite is
a common chemical,” enthuse Loranger and
Daneault. “If the nanocellulose market matures,
it could stabilise existing pulp and paper mills,
thus protecting many jobs for Canadians.”

UNIQUE ULTRASOUND
The reaction is further enhanced by the use of
ultrasound, which promotes the mixing effect
and lowers the concentration of chemicals
needed to activate TEMPO. They can even
reduce the TEMPO content and still achieve an
interesting final product. Utilising Daneault’s
expertise in this area, the team designed its own
sonoreactor solely for this purpose, surpassing
generalised commercial systems.
WWW.RESEARCHMEDIA.EU 61

INTELLIGENCE

NANOCELLULOSE
OBJECTIVES
• To optimise the nanocellulose production from
wood pulps with the TEMPO catalytic system
under ultrasound
• To investigate new applications or uses of
nanocellulose in the area of conductive or nonconductive film and in speciality, degradable
and conventional composites

KEY COLLABORATORS
Dr Khalil Jradi, Université du Québec à TroisRivières (UQTR), Canada
Michel Paquin, Rio Tinto Fer et Titane,
Québec, Canada

Finally, once the pulp has been oxidised, fibre
separation is boosted by a mechanical process
that, on a simple level, works in a similar way
to a household blender. Analysis showed that
this sonoreactor-based method can produce
high-quality nanocellulose, while reducing
environmental impact and production costs.
Astoundingly, although the product is still
mainly water, it behaves almost like a solid,
and its viscosity can be fine-tuned in the
production process.
Using optimised conditions, the team is able
to produce up to 1 kg of nanocellulose per day
– a huge step forward in production methods,
as previous techniques have only managed to
produce outputs in the gram range.

FUNDING

NEXT-GENERATION ELECTRONICS

Canada Research Chair in value-added paper
• Natural Sciences and Engineering Research
Council of Canada (NSERC) • Fonds de recherche
du Québec – Nature et technologies (FRQNT)

With this abundance of nanocellulose,
it is possible to experiment with several
applications, and find a niche market for
the product. The first application the team
is exploring is a biodegradable, polypyrrole
conductive nanocellulose film. “Electronics
will evolve towards ﬂexibility, lower energy
consumption and recyclability,” muse Loranger
and Daneault. “In this context, an organic
product that can conduct electricity is of
evident interest.”
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CP 500, Trois-Rivières
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PROFESSOR ERIC LORANGER works in
the chemical engineering department of
UQTR and is a member of the LMRC. Since
his postdoctoral studies, he has worked with
Daneault in the nanocellulose field. Apart from
using nanocellulose in various composites, he
is also using ultrasound in wood pyrolysis and
fractionation; two major processes involved in
future biorefineries.
PROFESSOR CLAUDE DANEAULT is Associate
Professor in the Department of Chemistry,
Biochemistry and Physics at UQTR and associate
researcher at the LMRC. From 2002-13, he was
Canada Research Chair in value-added paper. His
current research focuses on the development
of nanocellulose-based products in the fields
of composite, biodegradable plastics and
nanostructured materials.

This work is making exciting progress, and could
even generate ﬂexible batteries for tomorrow’s
electronics, the duo guardedly explicate:
“Without giving too much away, we have
measured conductibility comparable to organic
conductive materials already on the market, but
with a tensile strength similar to nanocellulose.
In addition, the film can be folded up to 170°
without breaking or losing conductibility”. They
hope to reveal their full results next year.

QUALITY POLYMERS
Their second area of study is polymers,
macromolecules essential to modern life.
However, the contrasting properties of these
two materials creates a problem. Nanocellulose
is naturally hydrophilic, and its inclusion in
polymers – which are hydrophobic – impedes
mechanical properties: “When you mix a
hydrophobic polymer and hydrophilic fibres,
they will eventually separate themselves by
repulsion, thus creating a defect in the polymer
and eventually leading to failure in the material,”
explain Loranger and Daneault. However, the
team at LMRC has developed a way of making
cellulose hydrophobic, thereby enabling new
polymeric applications.
Unlike natural cellulose, TEMPO-oxidised
nanocelluloses do not form hydrogen bonds
between strings, making them individualised
and highly amenable to polymer incorporation.
A wide range of chemistry is available to graft
hydrophobic polymers onto nanocellulose, all
reversing its hydrophilic nature. The addition of
these modified nanofibres can vastly improve the
quality of the final polymer.
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Flow-through sonoreactor.

25 litre stirred tank with cooling coil and jacket.

SCALING UP
Already in the design phase of development,
the group plans to scale-up their fabrication
process by at least a factor of 10. Although
this would require extensive funding, it may
not be a too distant prospect, as the process
has already received interest from industry,
including two major pulp and paper companies.
However, the barrier to progress does not lie in
the process, but in the product market. Thus,
current efforts are focused on finding uses for
nanocellulose which are both economically
and environmentally efficient.
Once this is achieved, the team hopes to extend
the methods to other products, including nonconductive and degradable composites. Adding
nanocellulose to natural polymer matrices
such as starch could spark the formation of
completely new applications. At present, very
few polymers have been studied in this context
and the team hopes to make an important
contribution to this field. In sharp contrast, nondegradable composites – classical polymers
reinforced with nanofibres – are already in high
demand. Adding nanomaterials here could
lighten the final composite while retaining
structural robustness. With significant interest
already generated, it will not be long before the
best application for this novel material is found.

