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Why did Conenor start doing this ?

History

PCONENORE

Why 1s Conenor doing thistoday ?

Present

Inspiration of own technology innovations to

create new manufacturing know-how and
new film products that did not exist earlier

Sales to film manufacturing industry for the
capital return of R&D investment done and to
finance further development of new added value
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Triaxcell® -process technology

Definitions

®

Three-Axial Cellular film & sheet by cavitation

* Processing techniques and related machinery for the extrusion
of biaxially oriented polymer films and sheets in cellular form

» Conenor developed know-how in proprietary processes providing
options for tailoring film and/or sheet properties and cost

“MD” _orientation in Machine Direction

“TD”  _orientation in Transfer Direction

“HD” _expansion in Height Direction 'ﬂ°=m=°=
|

Triaxcell® -process technol ogy

Definitions MD-TD-HD

Finite element mesh for
modeling the effect of;

e cell wall thickness

» cell shape and dimensions
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Triaxcell® -process technol ogy

Cavitation Processes
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Triaxcell® -process technol ogy
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Triaxcell® -process technology

Tailoring Film Properties

Film performance properties in MD-,
TD- & HD-direction in_a given
optimal core density can be tailored
by cavitating agent type & content,
processing conditions and
parameters !
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Triaxcell® -film stiffness modelling

Film Model Based on Unit Cells

Finite element mesh
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Triaxcell® -film stiffness modelling

Elastic Modulus and Expansion Ratio

= As unit cell is compressed,;
% % % % « its thickness is reduced

o it ds sid
it expands sideways T\L

Elastic modulus
C P

Sideways (MD/TD) deformation ratios
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Triaxcell® -film stiffness modelling

Elastic Modulus and Expansion Ratio — Flat Cell w. Basic Process
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At low aspect ratios, the film becomes soft

. Almost no sdeways expansion CONENORE




Triaxcell® -film stiffness modelling

Elastic Modulus and Expansion Ratio — Long Cell w. Basic Process
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¢ The elastic modulus for the long cell is linearly dependent
on total film density and about half in comparison to

symmetric design with same density 'nczmzaa.

e The sideways expansion is mainly in width (TD) direction

Triaxcell® -film stiffness modelling

Elastic Modulus and Expansion Ratio — Symmetric Cell w. Pressurized P.
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» For symmetric cell (H=W=L), the elastic modulus is linearly dependent on total film density
» Sideways to thickness deformation ratio (Poisson’s ratio)

is almost constant 'nczm=°=.




Triaxcell® -film stiffness modelling

3-Layer Laminate Bending Stiffness

Bending stiffness per width is:
3 2 3
D _ Ed N E.td N E.C
b 6 2 12

With:

D = Flexural rigidity

E, = Elastic Modulus of Skins

E. = Elastic Modulus of Core

b = Width (out-of-plane direction)

d = Distance Between Facing Centroids
t = Thickness of Skins

¢ = Thickness of Core
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D/b[N]

Triaxcell® -film stiffness modelling

3-Layer Laminate Bending Stiffness Values

In equal grammage as non-cavitated 53 nm film
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« The film thickness is increased by lowering the density and increasing the cell height HD

« Skin thickness of 2, 5, and 10 nm is applied

* Due to increasing film thickness, the stiffness 'n°=m=°=.

increases as 2




Total thickness [mm]

Triaxcell® -film stiffness modelling

Lines of constant Bending Stiffness vs. solid 53 nm BOPP-film
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Triaxcell® -film stiffness modelling

Summary

Superlight cavitated films can be made to provide lower,
equal or higher stiffness vs. a reference film

If constant bending stiffness is desired for a film, plastic

consumption can be reduced significantly by reducing the
core density and increasing the laminate overall thickness

Compared to a non-cavitated 53 nm film, reducing the
core density by factor 3 will result (with 5 mm skins) > 50%
savings in plastic consumption and total film thickness to
increase only by 10 nm with symmetric cell structure
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Market for superlight cavitated BOPP

Findings by AMI

* A substantial market for cavitated BOPP exists. The BOPP industry
uses cavitated film mainly in opaque packaging applications and in
labels, but a broader range of ‘synthetic paper’ applications also exist.

» Cavitated BOPP is growing much faster than the BOPP market in total.

 Cavitated BOPP earns its producers substantially higher margins than
‘standard’ film.

» The market was traditionally dominated by a handful of producers,
but in recent years many ‘new entrants’ have emerged.
Hence a substantial number of producers now exist.

» Weak profitability and low CAPEX budgets mean that many producers

are seeking to make higher value-added films of which cavitated films
are a primary example.

* It is possible that the low cost of the specialty

technology is a technological ‘game-changer’. 'ﬂczmzaa.

Market for cavitated BOPP

Market Demand

Estimated Demand (x1000 tons)
1990 2005 2008 2011
Western Europe 10 79 95 110
Central And Eastern E. 1 12 18 25
North America 19 77 95 115
South America 1 22 30 37
Asia 10 165 230 290
Japan 15 43 55 70
Rest of World 1 40 60 90
TOTAL 57 438 583 737

'nﬂz.mzc:-




Market for cavitated BOPP

Growth Rate

Growth Rate Estimate (%p.a)

1990-2005 2005-2008 2008-2011
Western Europe 14,7 6,6 5,0
Central And Eastern E. 18,0 14,5 11,6
North America 9,8 7,3 6,6
South America 22,9 10,9 7,2
Asia 20,5 11,7 8,0
Japan 7,3 8,6 8,4
Rest of World 27,9 14,5 14,5
TOTAL 14,6 10,0 8,1
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Market for superlight cavitated BOPP

Examples of Present Applications

Packaging
* moisture and other barrier is a key issue (lamination, metallization)
* heat sealable inside and outside

Labels (WAL & IML)

* key issues; stiffness and dimensional stability, converting
* very high growth rate

Paper Replacement (synthetic paper)
* key issues; tear resistance, cost vs. paper
« various forms of films, besides of PP also HDPE
* maps, menus, posters, security envelopes, driving licenses etc.

+ a huge volume opportunity CONENOR
|




Market for superlight cavitated BOPP

Examples of Potential New Applications

Diaper outers
* heavily CaCO; filled PP or HDPE
* key issues; softness and water resistance, low cost

Shrink films
* PVC replacement (e.g. battery packaging)
* PE replacement (e.g. meat packaging)

PP cast film enhancement for improved profits
* develope “unusual properties at premium prices”
* key issue; flexibility at small lines with minimum CAPEX

Electrical
« audio elements and noise reduction

* sensors and actuators 'nczmzcw.

deliver ?

Market for superlight cavitated BOPP

BOPP Economics

3.00

BOPP costs per product type

More than = .sjecmmmevosns

500 BOPP- T
lines exist in g_ ..........
the world ... 3 .
what profits

can they

0.00 -

Transparent standard Low cavitated Standard cavitated High cavitated High cavitated, high
performance

Source: standardised economics modelled by AMI Consulting 'n°=m=°=.




Conenor offering in cavitated films

1. Process Know-How License; ®
Basic Process license available now

Pressurized Process license w. HD-control to follow —
option available now

2. Cavitated Film Development & Sampling Services;
at existing Triaxcell® -pilot line in Finland

3. Film & Sheet Extrusion R&D;
at existing Conenor line and/or customer line

CONENORE

Superlight cavitated BOPP-films

Superlight cavitated BOPP

gives films new performance
and better profits;

If You want to start producing them —
We can tell You how !
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