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What’s Driving Today’s Packaging Market?

Brand Owners

* More sustainable packaging
* Lighter weight

* On-the-go lifestyles

* Single-serve packaging

* Cost-effective

Converters
* Down-gauging
* Tougher films
* Processability
* Reduced equipment fouling

OEMs

* Faster running equipment
* Efficiencies
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Package Format Optimization - More for Less

Megative
environmental
j,‘ impact Optimum Pack
Design
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Minimum
— —_— environmental
impact
Under-packaging | ‘ Owver-packaging
=
Increasing
— packaging
Minimum material weight
Source: Innventia material or volume
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Why are brand owners redesigning successful packaging
structures?

 Sustainability improvement

Reduce packaging waste I ALREADY DOWNGAUGED MY

!
Reduce food waste PACKAGING TO THE LIMIT !

Easier to recycle HOW CAN | REDUCE PACKAGING

. WITHOUT ALL THE OBVIOUS ISSUES?
* Cost reduction

. . - POOR MACHINABILITY
Direct savings from

- POOR ASPECT ON SHELF

*  Packaging taxes - POOR HAPTICS, CONSUMER

* Raw material costs EXPERIENCE
Indirect savings from: - POOR SEALABILITY
* Warehousing - POOR MECHANICAL PROPERTIES

* Transportation
* Returns from line and storage
* Returns from handling and retailers
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Tools that can help redesign flexible packaging

* Computer tools:
Bending stiffness model
Heat transfer model
Permeability calculator
Etc.

* Wide range of sealant and bulk resins .6

Sealant selector tool
Stiffness model '

* Converting technologies
Barrier adhesives for lamination
Plasma coatings / metallization
Extrusion lamination
Multilayer biorientation
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Why do we need stiff sealants ?

DuPont Stiffness Computer Simulator for flexible packaging

« Stiff sealants allow to create structures with stiff layers on the outside

Tensile and Bending Stiffness
Tensile Mode Bending Mode

SN
ot

F/D = E,+E,+E,

E,

F/D = E+E,+E,

Stiffness is not a function Stiffness depends on of
of the position of the the position of the
springs springs

+  Both Outer and Inner (sealant) layers play a major influence | e e smae

==
| o
|
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Effect of Polymer Composition on Melting Point

A high co-monomer content, conventional polyethylene resins
exhibit lower melting point and higher transparency, at the
expense of stiffness and abrasion resistance.

Sealant type Comonomer Melting point Hardness
content oC Shore A
PE-LD NONE 115 40
18% EVA MEDIUM 87V 32V
PE-VLL MEDIUM 89V 31V
SURLYN® 1601 MEDIUM 98 Vv 55A
SURLYN® (High HIGH 88VYVY 70A A
Stiffness)

Surlyn® ionomer resins reverse the trend and also increase in stiffness
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Lightweighting with Surlyn® as a Sealant

What is the science behind it:

= Surlyn® ionomers are partially crosslinked

polymers
= Stiffness
= Abrasion resistance and
= Toughness
- Allows downgauging while
—>Improving toughness
—->Maintaining stiffness
—>Improving sealing performance
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Example: packaging structure optimization (weight reduction)
Standard paper-aluminium based structure for

4-side seal pouch

140
L 23%
Criteria :
- Maintain £120 thinnet
stiffness £
100
. Sealant
- Maintain alu .  Surlyn®
barrier Nucrel®
Aluminium Aluminium
60
e e LDPE
- Maximize - LDPE - 'Paper
downgauging 20

Paper

20

0
STANDARD

SURLYN®

Optimized structure designed with DuPont computer stiffness model
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Packaging Weight Reduction with no Sacrifice in Performance

Physical properties comparison of redesigned multilayer
structure with the same bending stiffness
120

100
80
60 W with LDPE
0 W with SURLYN®
20
0

Film Weight Film thickness  Stiffness factor Perforation
z A \\ Strength

\
\

Reduced Less down-time to change Excellent Food waste
Environmental rolls machinability reduction
Impact Less wharehousing and Same Shelf appeal Lower returns
transport costs Same consumer Peace of mind
perception
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Superior Seal Performance

Seal properties comparison of redesigned multilayer
structure with the same bending stiffness

160

140

m with LDPE
m with SURLYN®

S.I.T. (2C) Hot Tack Max. Seal Strength
1 (dN/15mm) _ (dN/15mm)

Faster line speed Peace of mind
or energy savings
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Higher Line Speed

Time to seal data of redesigned multilayer structure with
the same bending stiffness
(seal bar at 150 °C)

180

160
140

120
100

80 m with LDPE AT 1502C
60 m with SURLYN® AT 1502C

miliseconds

40
20

Time to heat  Time to cool
from 232Cto  from 150°C to
melting point  melting point

Faster line speed with same seal
temperature

or same line speed and lower seal
temperature
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Higher Line Speed

Time to seal data of redesigned multilayer structure with the same bending
stiffness
(seal bar at 150°C for LDPE and 108°C for SURLYN®)

160

140

120

100

M LDPE structure with seal bar
at 150°C

W SURLYN® structure with seal
bar at 1082C

80

60

40

20

Time to heat from Time to cool from
232C to melting seal bar T to
point melting point

With the Same line speed the seal temperature can be reduced from 1502C to 1082C
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Stiffness-Toughness Balance

Toughness

7

Stiffness
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Enhanced Packaging Solutions using INNATE

‘=nate

precision packaging resins
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INNATE™ Precision Packaging Resin Delivers
Superior Toughness Performance

* Unprecedented stiffness/toughness balance as compared to
competitive metallocene resins while maintaining other key

performance attributes

* Improved processability & output rates vs. competitive
metallocene resins
— Higher melt strength

— Excellent shear thinning for low amps, back pressure, and
melt temperatures

'3 2017 Winner
1§
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Improved Processability

Melt strength

DMS viscosity (n*) overlay

8

—Competitive
6

Force [cN]
=

0 50 100 150 200 250 300 350
Velocity [mm/sec]

7 — INNATE ST50

=+~ INNATE ST50
==Competitive

10000

Viscosity (Pa-s)

1000
01 1 X 100
Frequency [radian/s]

Better melt strength for improved processability
and output rates vs. competitive mLLDPE (1 Ml,

0.918 d)

More shear thinning for lower melt
temperatures, amps & back pressures
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Unprecedented Stiffness-Toughness Performance (LDPE blends)

2% Secant Modulus MD and Dart A

300 800 Monolayer, 25 pm
80 % abuse resin
250 700 20 % LDPE (1.85 MI)

= 2% Secant
% 600 . Modulus MD
S 200
= 500 _ @ DpartA
@ 22
= <
3 10 400 £
) a
=
= 300
& 100
2
wy
= 200
o~

50

100
0 [0}
INNATE ST50 Competitive
(0.918 d, 0.85 Ml) (0.918d, 1 MI)

In LDPE blends, INNATE™ ST50 exhibits significantly higher dart performance at

similar modulus vs. competitive mLLDPE grade.
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Raising the Bar

Improved Stiffness/Toughness Balance
with Excellent Processability

INNATE™ ST50
== XUS 59910.03

w== Competitive nLLDPE

Toughness ——

Viscosity

————————— Stiffness ——— P Frequency

[ INNATE™ Precision Packaging Resins
Traditional mLLDPE

Innate™ is a Trademark of The Dow Chemical Company

25 K.Hausmann & R. Patel, Smart Light Weighting of Flexible Packaging Structures - 17th TAPPI European PLACE Conference 2019 Porto - Session 8 - Paper 1

Application Examples

U For bag-in-box liquid packaging needing robust flex crack performance and toughness,
INNATE™ TH60 (0.85 MI, 0.912 g/cc) provides excellent stiffness/toughness balance vs
mPE with downgauging potential of up to 18%*.

U For customers who need improved film mechanics in low temperature food packaging,

INNATE™ TH60 provides unprecedented stiffness/toughness balance vs mPE with
excellent processability for up to 25%* thickness reduction in PE co-ex films.

U For Heavy Duty Shipping Bags (HDSS) needing improved film mechanics and/or
downgauging, INNATE™ ST50 (0.85 M, 0.918 g/cc) provides unprecedented
stiffness/toughness balance vs mPE with excellent processability and robust bag drop
performance with up to 10%* reduction in thickness.

*Down-gauging values based on Dow testing and is specific to the film structure. Users should confirm results by their own tests.
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Pet Food Performance Points

[ Key application requirements

. * Dart resistance
* Abuse resistance

* Packaging integrity
* Product preservation
* Dimpling free

 Tear resistance

* Puncture resistance
* Sealing performance
* Grease barrier

* High modulus
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Pet Food | PE//PE Laminated | 3-Layer Coex

. . . Value
Opportunity Main requirements BEOn oS ion
Target application is pet food Abuse resistance (dart, tear, puncture); Solve current gap
large bags, PE laminated to PE packaging integrity (good sealing), of packages failure
films, packaged through VFFS product preservation (grease barrier),
and pre-made bag Dimpling free (high modulus)
Dart
005 Grade
# bag drops to ——CONTROL =———INNATE INNATE™ ST50
observation of holes in =% MD tear . . .
the triple point 200% Benefits of film with 42 wt% of INNATE™ vs
(h=2.44m) LLDPE C6 (PE//PE laminated film):

* +56% higher dart & +27% higher puncture

4 bag drops to failure * A bag dropped from 2.44m with INNATE
(h=2.44m) CD tear loses hermeticity after 3 drops versus 1 drop

of film with LLDPE C6

The failure of package with INNATE occurred

after 6 drops versus 2 drops for the film

with LLDPE C6

tear, modulus, WVTR and seal were similar

for both films

INNATE™ solve failures issues of pet food

packages for those customers that currently

use C6 LLDPE in blends in the film structure

WVTR Punture

Sec Mod MD
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Pet Food | PE Film | 5-Layer Coex

Pet food large bags, laminated Abuse resistance (dart, tear, puncture); package Improve grease barrier
structures, packaged through VFFS or integrity (good sealing), product preservation without compromising
pre-made bag (grease barrier), Dimpling free (high modulus) mechanical properties

Incumbent structure 25/15/20/15/25% Film with INNATE™ 20/15/30/15/20%

75 pm internal (film density: 0.931 g/cc) 75 um internal (0.936d)| 28% INNATE GLde
INNATE™ ST50 (0.85 M, 0.918 g/cc)

——Control | non-laminated | 75 um | (0.931d)
Benefits of INNATE™

* +3x Dart Drop resistance;

+38% MD tear resistance

+20% 2% Secant Modulus

+25% increase in moisture barrier
+33% grease barrier

Similar puncture, tensile & hot tack

——INNATE | non-laminated | 75 um | (0.936 d)

2% secmod

INNATE™ allows increase grease
barrier and at the same time increase
in mechanical properties

WVTR < ~ Puncture

Grease barrier
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Application Example — Rice Bag Packaging

Dart Impact Modulus
2500 300
= 2000 g
£ No Break =
£ 1500 =200
2 g
& 1000 =
E § 100
a R
&
0 0
70% INNATE™ ST50 30% INNATE™ ST50 Control 70% INNATE™ ST50  30% INNATE™ ST50 Control
Tensile Strength INNATE™ resins offers higher dart impact
50 strength and tensile strength while
gw maintaining good modulus
E 30
5 - Excellent packaging integrity during
@ 2 various shipping and storage environment
z and high quality assurance.
10
O
8
0

70% INNATE™ ST50 30% INNATE™ ST50 Control

Film gauge: 100 micron
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Heavy Duty Shipping Sacks

For HDSS needing improved film mechanics and/or
down-gauging, INNATE™ Precision Packaging Resin
provides unprecedented stiffness/toughness balance vs
traditional mLLDPE with excellent processability and
robust bag drop performance with up to 10%* reduction
in thickness.

Product:
INNATE™ ST50 Precision Packaging Resin

*Down-gauging values based on Dow testing and is specific to the film structure. Users should confirm results by their own tests.
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HDSS - Outstanding Toughness Performance

A/B/A Structure
- L. - fil 4.7 mil

A= LLDPE / LDPE 3- Layer co-extruded films, mil 50
B = LLDPE / HDPE 200

350

300

2502 mmDart

s

2005 -=MD Tear

150

100

50

INNATE™ ST50 Competitive
(0.85MI, 0.918) (m-LLDPE 1 MI, 0.918d)

INNATE™ ST50 provides better dart / tear balance vs. a competitive grade at the same density.
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HDSS — Down-Gauging Case Study

Bag Drop Test Procedure

v' Drop bags using Lansmount Drop Tester in Pack Studio.

v’ Drop Height ~ 5 ft, 3 drops for each bag : Side, bottom and face.

v' Pass/Fail Test: Any failure which results in significant resin leak from bag.

Bag Drop Setup

Down-gauged Drop Test Results (Drop height 5 ft, 17°C)
Sample Ml (g/10 min)/ Gauge # of Success
Density (g/cc) (mil) Pass Rate (%)
INNATE™ ST50 0.85/0.918 4.23 5/5 100
Competitive 1/0.918 4.23 3/5 60

INNATE™ ST50 provides improved bag drop performance compared to competitive grade.
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Combine Dowlex™ 2750 HDPE+ INNATE™ ST50 -
Resource Efficiency in Fresh Food Packaging

5 layers m..‘
o S5
Sealant/Abuse INNATE™ ST 50 Wﬁ#
A4
Tie Tie Layer .

Ti

Structural Dowlex 2750 + LDPE

* Combining high performance resins for resource efficiency
packaging solutions:
¢  Dowlex 2750 (1.5 MI, 0.950 g/cc) as stiffness booster for improved structural
integrity
¢ INNATE™ ST50 (0.85 M, 0.918 g/cc) as toughness booster (up to +30% dart vs
mc6LL) with improved processability (up to +20% vs mC6 in blends with LD)

Innate™ is a Trademark of The Dow Chemical Company
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Sustainability
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Managing toughness

Conclusions
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Conclusions

Sustainable resource efficiency can be achieved by different means

Stiff sealant materials allow for lightweighting while improving protection and
potentially reducing food waste

lonomers further enhance sealing performance

INNATE resins deliver film toughness without compromising stiffness and other
key properties such as tear and processability/bubble stability

INNATE resins provide opportunities for packaging resource efficiencies through
downgauging and material substitution
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“Thank You”
for your attention !!!

Presented by:

K Hausmann and R. Patel

Dow Europe GmbH and

Dow Chemicals

Horgen CH and Freeport Tx P

Karlheinz.hausmann-2@dow.com =

LIACEE

Rajen.patel@dow.com
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