Is There Room for Nano
In Paper Industry?
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General trends in paper industry

* More efficient use of valuable resources -
cost and environmental factors

* To widen the operating window and
applicability of existing products

* To create new high-value products and
features meeting changing needs of end-

users
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Nanotechnology results from nanoscience

Work with dimensions less than 1000nm
OR

"Exploitation of properties, phenomena, and
processes of systems that are intermediate in size
(e.g. 0.1-100nm) between atoms/molecules and
bulk materials, where phenomena length and time
scales become comparable to those of structure”
M. C. Roco, Nanostructure Science and Technology, WTEC, 1999
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Role of nanotechnology in paper industry

GOAL: Enhance competitiveness of paper & board
in packaging and media applications

POTENTIAL TOOLS:
* Nanoparticles, tubes, fibers, capsules
* Nanolayers for surfaces and fibers
®* Chemical delivery systems
* Miniaturized sensors/detectors
* Analytical tools for nanoscale
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In the whole value chain... Surely!
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Nanotechnology for equipment/processes

* More efficient and fast processes
— Retention and drainage aids, formation
* Decreased need for maintenance:
— New clothing improving runnability and quality
— Self-cleaning surfaces, less wearing parts
— New nanofluids to replace oil as lubricant?

* Cleaner processes with less chemicals:
— Dirt collection and release of chemicals

®* On-line process analysis and control:
— Less sample, less energy, smaller size
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Self-cleaning Nanocomposites
surfaces for wearing parts

Nanotechnology
and processes

- examples:
The Nanostructured
Thin Film Laboratory
Lab-on-chip dealing with small sample volumes Nanoparticles
& chemicals
Nanophase
Technologies
SAMLAB/University of Neuchatel Corporation
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Vision of future process sensors?

Sensors added directly
into processes and
taylored:
— To collect data (pH, flow
conditons, temperature)

— To communicate with
process control and
other components using
wireless data transfer

10/05/2005 copyright Oy Keskus aboratorio - CentrallsboratoriumAb KCL Science and Consulting




I
Possibilities of nanotechnology
In fibers/paper - examples:

* Improved physical and chemical properties
— Metal/cellulose, polymer/cellulose -combinations
— Improved strength, barrier and optical properties
* New functionalities
— Release/sorption with nanocomponents
— Built-in sensors and anticounterfeiting
— Antimicrobial treatments and safety

* Tunable substrates
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I
Fiber material offers numerous possibilities...

(Ref.Paddy Moss, HUT)
Dense or porous
polymer/pigment
coatings, printing,

Plenty of room to roam
(pores micrometers)

Porous bulk O/

Now we are talking nano!

coated paperboard
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From fibers to nanocomposites — new
fiber-based packaging materials?

"Nanocellulose ester”

heat

pressure

Source: Virginia Tech
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Example: Cyclodextrins in paper

Rigid, truncated conical b-cyclodextrin
structure with hollow interior
— Inclusion complexes 1,5nm
0,8 nm

— To carry and to protect
Applications:
— Capture and release of
compounds \
— Additives for paper and lipophilic
polymer blends interior
— Hydrophobic latexes Pl

hydrophilic exterior
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Converting and printing
— from paper to end-products

®* Controlled barrier/sorption properties
— Selective barrier for new packaging applications
— Better printability due to more even properties
* Tunable adhesion and other properties
— Release of substances
— Product authentication and sensors
— Special effects (holograms, reactive inks)
* New coating and converting techniques
— Decrease amount of coating
— Replacing difficult-to-recycle coatings
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Coatings and surfaces - examples

Nanopigments for printability Tampere University of Technol ogy,
Fibre MaterialsSdence

Source: Raiso Chemicals Lo .
e-spinning/-coating

Saurce: Korea Res. Institute of Chemica
Saurce: Flex ProductsInc.
Thermosensitive

recording media

Diffractive pigments
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Wall paper of future?

Tunable materials:

— Sensing and reacting
to environmental
conditions

— Responding to
emotional factors

— e.g. combination of
nanoelectronics and
nanoparticles

J. Horner: The Boston Globe Staff photo
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Target in packaging (Procter & Gamble)

Lightweight and cheap materials:

— Upgrading of conventional polymers

* Improved consumer perception:

— Novel decoration, touch & feel, non-dusty
Improved functionality:

— Self-cleaning and —healing, UV protection
* Improved products:

— Odor removal, antimicrobial properties
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Fiber-based packaging and nano?

Antibacterial materials /

) _ Nanocrystals and other "labels”
selective barrier

Source: Mews and Basché

Source: Johnson & Johnson

Nanoparticles in polymer coatings

Source: Nanocor, Inc.
Self-cleaning surfaces .
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EU SUSTAINPACK Integrated Project

* Integrated Project under EU 6" Framework

* Focus on nanotechnology for fiber-based
packaging to reduce costs & add functionality:
— More from less ® making strong packaging
— Improve barrier and aesthetics
— 3D packaging from fiber-based materials
— Communicative packaging

* 4 years with 32 partners from 13 countries
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Supporting analytics to combine

nanoscale and macroscopic world

SPM and modifications

Lab-on-chip,
biosensors, etc.

Nanoprobes and cells

Source: http://www.ornl.gov/
Dai, H., Hafner, J. H., Rinzler, A. G.
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Yes, there is room for nano!

Nanotechnology is already employed and it
offers various possibilities for paper industry

What is still needed:

* Visions of new high-value products

* |nstead of 3% improvement aim for 30%

* Demonstrators and supporting technologies
e Safety and environmental effects clarified

* Networking
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