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ILFORD ILFORD Imaging Switzerland, Marly

Production site in Marly (FR)

260 employees in Switzerland

Production ~ NS
Sales, Distribution 40
Technology & Development @
Administration (Finance, IT, HR) 30

10 in other countries

e —————————
OOJI PAPER GROUP



ILFORD COMPANY HISTORY

Founded 1879

History of leadership in black and white
(UK) and specialty colour display
products (CH)

Focused on professional photographic
markets and applications

Ink jet consumables primary strategic
focus since 1995

Ink jet business acquired by Oji Paper
Company Ltd July 1st 2005

- OJI largest paper company in
Japan, # 8 in World

OOJI PAPER GROUP



Products: Photo and Ink-jet
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Transition from Silver halide to Ink Jet 2000-2005
95% of business in export

Sold under own brand or to key accounts



KEY DEVELOPMENT CAPABILITIES

Nanoparticle dispersion design and surface treatmen t

X

% Design of polymer and porous receiving layers

Coating Manufacturing technology development

Dye design and scale-up, Ink formulation and
manufacturing.

Wide ranging analytical tools and competencies

Image science and evaluation capabilities.




KEY MANUFACTURING CAPABILITIES

Nanoparticle dispersion manufacturing
on an industrial scale

Multi-layer high speed coating onto
paper, film & specialty bases including
vinyl.

Roll & sheet converting.



Application

Multi-layer performance films,
e.g Colour changing film

Instant dry, Ink Jet for high
speed printing.

Evolution of ILFORD Technology
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Technoloqy

Nanoporous metal-oxide coatings
& additives (fluorescent pigments)
Collaboration - EPFL Switzerland

Surface science
Nanoporous metal oxide coatings
Collaboration - EPFL Switzerland

Polymer Coatings & Dye & Inks, digital image
science
all in-house

Silver halide cyrstal growth, dyes,
precision multilayer coating, Photo image
science

All In-house.



Basic Science Collaboration with Research Institute S

Some of our basic science projects were in collabo ration with research
institutes, for example :

*Nanoporous particles, characterisation and conversi on (EPFL)
Permanence of dyes nanoporous layers (EPFL &EIG & ETHZ)
sCharacteristion of nanoporous layers (EMPA, EPFL)
*Nanoporous polymer and structured layers (CSEM)

Excellent equipment and expertise is available in national labs and universities in
all our areas of interest

CEMPA




Nanotechnology In

Today's Ink -jet Products



The Ink-jet Printing Process

Reservoir
Heating Ink channel
Elements
Nozzles
Drops
Top view

P>
Zoom out



Ink Capacity

The layer has to absorb large quantities of water, it is very porous (>80% air )
Not enough ink capacity Sufficient ink capacity
3.8 ¢l 40-50 cl/Pro 25
25-30 cl (all 3 colours) sheetbgg

‘ 16 sheets A4 ‘

(1 m?)



Matt Coated Paperc%( Glossy photo paper

Base Paper
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Low magnification High magnification

Polyethylene Extruded
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Paper Core High magnification

Polyethylene Extruded




0 structured Porous Layers

JEOL Scanning Electron Microscope

Nanopores are about 50 nm in size.
A typical print dot is ca. 20 microns,
500 times bigger than the average pore.

View on a nanoporous surface with an electron micro scope




What is Nano ?

 On the nanometer scale, the ratio of surface to volu  me is high. This changes the
properties of matter.
(example aluminum as rocket fuel) o

* In natural matter, is generally polydisperse. For nano technology and synthetic
nanoparticles, particles of same size and properties are selected (monodisperse)

. polydisperse (monodisperse)

* Mastering matter on this fine sclale gives rise to n ew properties and new uses of
the material. (for example CNT reinforcement forli  ghter and stronger
construction materials (air planes, bridges)

 Materials made of particles with
size << wavelength of visisble light
(380-780 nm) is transparent

50/ 200/ 500/ nm particle size



Nanoparticle Technology

 Surface treated powder with high
concentration and high stability

O

On same scale a hair diameter would be 200x this full screen

Vol %

Particles < 30 nm are invisible, that is
layers are very transparent

Chemical surface treatement dtermines
permanece properties
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Particle Diameter [nm]
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Transparency and Print Brilliance

Primary particle size distribution

Fumed Silica/ surface size

0m”"2/g

200m"2/g

o AuanbaiH

Primary Particle Diameter >



Surface Treatment and Dye Fixation

The Cause

Ink-jet dyes are generally anions. They will migrate if not correctly fixed to the matrix. The
exact nature alumina, silica, polymer) of matrix of secondary importance

The solutions:

Modification of the surface (cationisation) on a particle level

Surface
modification

>




Multilayer Construction

friction control hard plastic beads
Antiscratch, high gloss, Pigment adhesion

Human hair

Ink-pump layer

Larger-porosity > "I:

antistacking bleed layer
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Manufacturing Process

Nanopatrticle Roll to roll manufacturing

Dispersion making

Coating solution
preparation
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Curtain coating
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Layer thickness

dy 1- 50m
wet 10 -500 m



Nanotechnology on Industrial Scale

Dry powder: Fumed silica

Bulk density Big-bag
(uncompressed): 40 kg/m 3 1 m3

_ Larger|{volumes
Nanoparticles are used to manufacture

nanostructured layers

The nanoparticles are handled in
closed process to avoid contact with
people or the environment. Neither
the raw material nor the end product
have free nanoparticles.

Silo-Technology

Use of amorphous spherical silica
particles which are inert for human
health and the environment



Status of Imaging

Maturity of Technology
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New Developments &

Tomorrow's Products



What has Technology Achieved?

A global real-time network that connects anybody to anybody
A wealth of goods in the industrial world that is r eplaced at a high pace

The longest living and richest generation everone  arth

BUT this comes at a high cost

Of society and the environment
Growing Disparity among the industrial nations and others

Unfair share of resources between our generation and the following

It IS unsustainable




Industrial ,Green‘ Manufacturing

Nanomaterials could replace existing materials and

— Improve Recyclability

— Improve Use of rare raw materials

— Provide new properties (physical and chemical), refractive index, surface properties
— Use inexpensive substrates like paper and PET

— Allow the design of goods with low energy consumption in manufacturing and use

Roll to roll manufacturing , agueous processes
— Efficient manufacturing processes
— Flat, flexible and light weight objects

New structuring processes such as
— ink-jet (challenge low viscosity)

— Embossing

— Laser ablation



New materials, New manufacturing processes

_ Economic ways of manufacturing
New (nano) materials

* Courtesy Organic electronics association: www.oe-a.org



The Future of Imaging

Maturity of Technology
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Road Map of Organic Electronics/Optics

Today, Medium Term Long Term
2009-2012 2012-2017 2018+

«Courtesy Organic Electronics Association: , (part of VDMA)



The Barrier to New Technology/Applications

Today'’s technology

Tomorrow’s

Technology Tomorrow’s

Markets

Example plications

LCD Not for SMEs

Convenient
Mass produced
integrated

Reflective LCD?



Tunnel the Barrier to New Technology

Today'’s technology

Replace energy inefficient goods by innovative

new goods,
for example light bulbs by LED

Replace rare and soon unvailable raw materials

by new, for example nanomaterials
ITO by ?

Replace expensive manufacturing processes by
benign and cheap ones:

for example by roll to roll manufacturing vs vapou r
deposition
printing by digital print on-demand .



Status:Today's Nanoporous layers

Passive, anisotropic layers with special optical pr operties
) refractive index:

> Gradient
refractive index:
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Porous film
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transparent nanoporous layers, low refractive index , indoor
stable, thermally insulating, high surface area , h  igh porosity

multi-layer polymer or nanoporous or combined layers 0.1-
1 nm, coatings with 1-9 layers in one pass

A~ —

Collaborations: Prof. L. Zuppiroli, EPFL



Medium Term

Passive layers with special functions,

structured layers: Functions via structuring (physical colours) (e.g. 1J
printing, embossing...) some on nanoscale



Longer Term

functional layers: integration of functional components into the layer s under
mild conditions, need energy source

CTI Project in collaboration
with the laboratory
of Prof Zuppiroli at EPFL

?
\ Colour changing film
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Courtesy OSRAM, May 2000



Return of Investement
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Developing basic technology has a slow pay back , example ILFORD's nanolayers
4 years of basic research were necessary to enter a prodcut development phase ( and one patent)
The product development phase was again 4 years and needed 4 times more of investment

The prodcut introduction took year

Total development time was 7 years before first sales.
ROI will only be reached about 5 years from introdcution
The total time of development is simialr to the typical time for technology cycles



The Innovation Gap

Funded by Industry or industrial co- Funded by public means, e.g NSF
development e.g CTI




Thank you

for your Attention



