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W
hy did C

onenor
start doing this ?

H
istory
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W
hy is C

onenor doing this today ? 
P

resent

�
Inspiration of ow

n technology innovations to
create new

 m
anufacturing know

-how
 and

new
 film

 products that did not exist earlier

�
S

ales to film
 m

anufacturing industry for the
capital return of R

&
D

 investm
ent done and to

finance further developm
ent of new

 added value



T
riaxcell ®

-process technology
D

efinitions

�
T

hree-A
xial C

ellular film
 &

 sheet by cavitation
•

P
rocessing techniques and related m

achinery for the extrusion  
ofbiaxially

oriented polym
er film

s and sheets in cellular form

•
C

onenor
developed know

-how
 in proprietary processes providing

options for tailoring film
 and/or sheet properties and cost

“M
D

”
_orientation in M

achine D
irection

“T
D

”
_orientation in T

ransfer D
irection

“H
D

”
_expansion in H

eight D
irection
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T
riaxcell ®

-process technology
D

efinitions M
D

-T
D

-H
DHT

M

X
Y

Z

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

F
inite elem

ent m
esh for 

m
odeling the effect of;

•
cell w

all thickness
•

cell shape and dim
ensions 



T
riaxcell ®

-process technology 
C

avitation
P

rocesses
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T
riaxcell ®

-process technology
D

ensity of B
O

P
P

-core

A
ny desired 

core density 
can be 
chosen to 
optim

ise the 
film

 technical     
vs. cost 
perform

ance !
!
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T
riaxcell ®

-process technology
T

ailoring F
ilm

 P
roperties

F
ilm

 perform
ance properties in M

D
-, 

T
D

-
&

 H
D

-direction in a given 
optim

al core density
can be tailored 

by cavitating agent type &
 content, 

processing conditions and 
param

eters !

T
riaxcell ®

-film
 stiffness m

odelling
F

ilm
 M

odel B
ased on U

nit C
ells

X
Y

Z

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

F
inite elem

ent m
esh



T
riaxcell ®

-film
 stiffness m

odelling
E

lastic M
odulus and E

xpansion R
atio

F F
A

s unit cell is com
pressed;

•
its thickness is reduced

•
it expands sidew

ays 

E
lastic m

odulus

S
idew

ays (M
D

/T
D

) deform
ation ratios

H
H

A
F

E
D

=

H
H

W
W

W
D D

-
=

n
H

H
L

L
L

D D
-

=
n

and

T
riaxcell ®

-film
 stiffness m

odelling
E

lastic M
odulus and E

xpansion R
atio –

F
lat C

ell w
. B

asic P
rocess

500
1000

1500
2000

2500
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

C
ell w

all thickness [nm
]

Poisson’s ratio

L =
 80 m

m
W

 =
 80 m

m
H

 =
 10 m

m

500
1000

1500
2000

2500
3000

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

C
ell w

all thickness [nm
]

Elastic  modulus [MPa]•
A

t low
 aspect ratios, the film

 becom
es soft

•
A

lm
ost no sidew

ays expansion

M
 =

 80 m
m

T
  =

 80 m
m

H
  =

 10 m
m



T
riaxcell ®

-film
 stiffness m

odelling
E

lastic M
odulus and E

xpansion R
atio –

Long C
ell w

. B
asic P

rocess

W
v

500
1000

1500
2000

2500
3000

0

100
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500

600

C
ell w

all thickness [nm
]

Elastic  modulus [MPa]

500
1000

1500
2000

2500
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

C
ell w

all thickness [nm
]

Poisson’s ratio

L
v

W
v

M
 =

 160 m
m

T
  =

 20 m
m

H
  =

 20 m
m

•
T

he elastic m
odulus for the long cell is linearly dependent

on total film
 density and about half in com

parison to 
sym

m
etric design w

ith sam
e density

•
T

he sidew
ays expansion is m

ainly in w
idth (T

D
) direction

M
 =

 160 m
m

T
  =

 20 m
m

H
  =

 20 m
m

T
riaxcell ®

-film
 stiffness m

odelling
E

lastic M
odulus and E

xpansion R
atio –

S
ym

m
etric C

ell w
. P

ressurized P
.

500
1000

1500
2000

2500
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

C
ell w

all thickness [nm
]

Poisson’s ratio

500
1000

1500
2000

2500
3000

0 50

100

150

200

250

300

C
ell w

all thickness [nm
]

Elastic modulus [MPa]

M
 =

 40 m
m

T
  =

 40 m
m

H
  =

 40 m
m

W
L

v
,

•
F

or sym
m

etric cell (H
=

W
=

L), the elastic m
odulus is linearly dependent on total film

 density
•

S
idew

ays to thickness deform
ation ratio (P

oisson’s ratio) 
is alm

ost constant

M
 =

 40 m
m

T
  =

 40 m
m

H
  =

 40 m
m



T
riaxcell ®

-film
 stiffness m

odelling
3-Layer Lam

inate B
ending S

tiffnessW
ith: 

D
 =

 F
lexural rigidity

E
s

=
 E

lastic M
odulus of S

kins
E

c
=

 E
lastic M

odulus of C
ore

b =
 W

idth (out-of-plane direction)
d =

 D
istance B

etw
een F

acing C
entroids

t =
 T

hickness of S
kins

c =
 T

hickness of C
ore

12
2

6

3
2

3
c

E
td

E
t

E
b D

c
s

s
+

+
=

B
en

d
in

g
 stiffn

ess p
er w

id
th

 is: 

T
riaxcell ®

-film
 stiffness m

odelling
3-Layer Lam

inate B
ending S

tiffness V
alues

100
200

300
400

500
600

700
800

900
1000

-4 -3

10 10 10 -2

D/b[N]

D
ensity [kg/m

3]

2 mm
5 mm
10 mm

100
200

300
400

500
600

700
800

900
1000

-4 -3

10 10 10 -2

D/b[N]

F
ilm

 thickness [m
m

] 2 mm
5 mm
10 mm

Skin T
hickness

Skin T
hickness

In equal gram
m

age as non-cavitated
53 m

m
 film

•
T

he film
 thickness is increased by low

ering the density and increasing the cell height H
D

•
S

kin thickness of 2, 5, and 10 m
m

 is applied
•

D
ue to increasing film

 thickness, the stiffness 
increases as r

-2

M
=

T
=

H
S

ym
m

etric C
ell



T
riaxcell ®

-film
 stiffness m

odelling
Lines of constant B

ending S
tiffness vs. solid 53 mm

 B
O

P
P

-film

Total thickness [mm]

Plastic volume/unit area [mm]
R

elative density of the core [r/r
0 ]

R
elative density of the core [ r/r

0 ]
0

0.1
0.2

0.3
0.4

0.5
0.6

0.7
0.8

0.9
1
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0.8
0.9

1
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2 m
m

5 m
m

10 m
m

S
kin thickness:

M
=

T
=

H

2 m
m

5 m
m

10 m
m

S
kin thickness:

M
=

T
=

H

S
ym

m
etric C

ell
S

ym
m

etric C
ell

T
riaxcell ®

-film
 stiffness m

odelling
S

um
m

ary

�
S

uperlight cavitated
film

s can be m
ade to provide low

er,
equal or higher stiffness vs. a reference film

�
If constant bending stiffness is desired for a film

, plastic
consum

ption can be reduced significantly by reducing the
core density and increasing the lam

inate overall thickness

�
C

om
pared to a non-cavitated 53 mm

 film
, reducing the

core density by factor 3 w
ill result (w

ith 5 mm
 skins) >

 50%
savings in plastic consum

ption and total film
 thickness to

increase only by 10 mm
 w

ith sym
m

etric cell structure



M
arket for superlight cavitated B

O
PP 

F
indings by A

M
I

•
A

 substantial m
arket for

cavitated
B

O
P

P
 exists. T

he B
O

P
P

 industry
uses cavitated

film
 m

ainly in opaque packaging applications and in
labels, but a broader range of ‘synthetic paper’ applications also exist. 

•
C

avitated
B

O
P

P
 is grow

ing m
uch faster than the B

O
P

P
 m

arket in total.

•
C

avitated
B

O
P

P
 earns its producers substantially higher m

argins than
‘standard’ film

.

•
T

he m
arket w

as traditionally dom
inated by a handful of producers, 

but in recent years m
any ‘new

 entrants’ have em
erged. 

H
ence a substantial num

ber of producers now
 exist.

•
W

eak profitability and low
 C

A
P

E
X

 budgets m
ean that m

any producers 
are seeking to m

ake higher value-added film
s of w

hich
cavitated

film
s

are a prim
ary exam

ple. 

•
It is possible that the low

 cost of the specialty
technology is a technological ‘gam

e-changer’. 

M
arket for cavitated

B
O

PP 
M

arket D
em

and

1990
2005

2008
2011

10                79               95               110
1                 12               18                25
19                77               95               115
1                 22               30                37
10               165             230              290
15                43               55                70
1                 40               60                90
57

438
583

737

W
estern

 E
u

ro
p

e
C

en
tral A

n
d

 E
astern

 E
.

N
o

rth
 A

m
erica

S
o

u
th

 A
m

erica
A

sia
Jap

an
R

est o
f W

o
rld

T
O

T
A

L

E
stim

ated
 D

em
an

d
 (x1000 to

n
s)



M
arket for cavitated B

O
PP 

G
row

th R
ate

1990-2005
2005-2008

2008-2011
14,7                 6,6                 5,0
18,0               14,5               11,6
9,8                 7,3                 6,6    

22,9               10,9                 7,2
20,5               11,7                 8,0
7,3                 8,6                 8,4

27,9               14,5               14,5
14,6

10,0
8,1

W
estern

 E
u

ro
p

e
C

en
tral A

n
d

 E
astern

 E
.

N
o

rth
 A

m
erica

S
o

u
th

 A
m

erica
A

sia
Jap

an
R

est o
f W

o
rld

T
O

T
A

L

G
ro

w
th

 R
ate E

stim
ate (%

 p
.a.)

M
arket for superlight cavitated

B
O

PP 
E

xam
ples of P

resent A
pplications

�
P

ackaging
•

m
oisture and other barrier is a key issue (lam

ination, m
etallization)

•
heat sealable inside and outside

�
Labels (W

A
L &

 IM
L)

•
key issues; stiffness and dim

ensional stability, converting
•

very high grow
th rate

�
P

aper R
eplacem

ent (synthetic paper)
•

key issues; tear resistance, cost vs. paper
•

various form
s of film

s, besides of P
P

 also H
D

P
E

•
m

aps, m
enus, posters, security envelopes, driving licenses etc.

•
a huge volum

e opportunity



M
arket for superlight cavitated

B
O

PP 
E

xam
ples of P

otential N
ew

 A
pplications

�
D

iaper outers
•

heavily C
aC

O
3

filled P
P

 or H
D

P
E

•
key issues; softness and w

ater resistance, low
 cost

�
S

hrink film
s

•
P

V
C

 replacem
ent (e.g. battery packaging)

•
P

E
 replacem

ent (e.g. m
eat packaging)

�
P

P
 cast film

 enhancem
ent for im

proved profits
•

develope
“unusual properties at prem

ium
 prices”

•
key issue; flexibility at sm

all lines w
ith m

inim
um

 C
A

P
E

X

�
E

lectrical 
•

audio elem
ents and noise reduction

•
sensors and actuators

M
arket for superlight cavitated

B
O

PP 
B

O
P

P
 E

conom
ics

B
O

P
P

 co
sts p

er p
ro

d
u

ct typ
e

0.00

0.50

1.00

1.50

2.00

2.50

3.00

T
ransparent standard

Low
 cavitated

S
tandard cavitated

H
igh cavitated

H
igh cavitated, high

perform
ance

€ / kg

P
rofit per kg

C
onversion and overheads

F
reight/packaging

M
aterials

S
o

u
rce: stan

d
ard

ised
 eco

n
o

m
ics m

o
d

elled
 b

y A
M

I C
o

n
su

ltin
g

M
ore than 

500 B
O

P
P

-
lines exist in 
the w

orld ...

w
hat profits 

can they 
deliver ?



C
onenor

offering in cavitated film
s

1.P
rocess K

now
-H

ow
License;

�
B

asic P
rocess license available now

�
P

ressurized P
rocess license w

. H
D

-control to follow
 –

option available now
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2.C
avitated

F
ilm

 D
evelopm

ent &
 S

am
pling S

ervices;
�

at existing T
riaxcell ®

-pilotline in F
inland

3.F
ilm

 &
 S

heet E
xtrusion R

&
D

;
�

at existing C
onenor

line and/or custom
er line

Superlight cavitated B
O

PP-film
s

S
uperlight cavitated B

O
P

P
 

gives film
s new

 perform
ance 

and better profits;

If Y
ou w

ant to start producing them
 –

W
e can tell Y

ou how
 !!
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