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A lab approach to
simulate the effects of
thermoforming on the
gas permeability of
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Sustainable food packaging

What about multilayer materials?

Eco-friendly material-use

Functionality
to prevent food waste

Best possible &
end-of-lfe option
Technical performance
during production
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 Selection, combination and quantity of materials are crucial in the search for sustainable food packaging
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settng a recycing target for plastic packaging of S5% by 2030

Sustainable food packaging et

We do we expecta lot!!

Eco-friendly material-use

Functionality \_c-

to prevent food waste
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Thermoforming

Impact on material performance?

$ Due to stretchingand thinning of the film, the material properties may change and affect the final tray quality.
= bottom
= walls
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Sustainable food packaging
‘What about multilayer materials?
$  Selection, combination and quantity of materials are crucial in the search for sustainable food packaging
Eco-friendly material-use
Functionality =
o prevent food waste = ?
end-ofdife option —
Technical performance
during production
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Sustainable thermoformed food packaging
Let's investigate potential solutions !!
©  Selection, combination and quantity of materials are crucial in the search for sustainable food packaging
Shift towards minimizing J =
multilayer matertal diversity — <_/
Consider design for recycling \/ \
and new recycling technologies + 50% poyoletins
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Sustainable thermoformed food packaging o

Let's investigate potential solutions !

® Selection, combination and quantity of materials are crucial in the search for sustainable food packaging

Shift towards minimizing
multifayer material diversity

Consider design for recycling
and new recycling technologies

Use of biobased or biodegradable
multifayer materials

Is functionality to prevent food
waste still guaranteed?

How impacts thermoforming
the final performance?
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Commercial multilayer characterization

PE/EVOH/PE multilayer film Ecovio®/G-Pol/Ecovio multilayer film

PE

EVOH 2 G-polymer
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Objective
Research approach
$ This study aims to investigate the feasibility of simulating the thermoforming process by heatingand
deforming two commercial (bio)plastic multilayers in a lab scale set-up to determine the maximum
chinning and the associated gas permenbilicy properties. 4 -
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Commercial multilayer characterization
PE/EVOH/PE multilayer film Ecovio®/G-Pol/Ecovio multilayer film
® Thickness [optical microscopy] and thermal properties [DSC]
PE
EVOH G-polymer
PE

858205 um 820413 um
Barrier layer: 7.8 1.0 um Barrier layer: 4.6 £ 0.2 um
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Objective
Research approach
©  This study aims to investigate the feasibility of simulating the thermoforming process by heating and
deforming two commercial (bio)plastic multilayers in a lab scale set-up to determine the maximum
chinning and the associaed gas permesbily properdies. s~ e
| ———ta————y
\ —
N
P =
£ h( = N
Ry =y
T g
e I
&>
o S|
e ah . v <
IMO-IMOMEC “ - ) 5
[lomssan] imec M.mm.,...m.._..._....
lopd >

Commercial multilayer characterization
PE/EVOH/PE multilayer film Ecovio®/G-Pol/Ecovio multilayer film
© Tensile properties at break [ISO 527-2]

= Speed 500 mmimin

* Preload 020 N

= Strips 15x40 mm

" 0% 134m

we PEIEVOHIPE =3 we Ecovio®/G-Pol/Ecovio
n=s Mo @ n=s MD =)
Swess (MPa) | 2522 1942 = Stress (MPa) 1921 1321
Force (N) 3+2 22 Force (N) ns1 tex1

Elongation (%) | 70742 | 7632204 = Elongaton (%) | 235+ 18 s
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Simulation of thermoforming

Method 0: Uniaxial stretching at elevated temperature

© Tensile properties at break at 50,75,90 and 120°C
= 2min@T
= Speed 500 mmimin
* Preload 020 N
= Strips 15x40 mm 858205um

PE/EVOH/PE multilayer film

Elongation at bresk at specic emperatures

soc 5C soc

Ecovio®/G-Pol/Ecovio multilayer film
Elongation at bresk at specic emperatures
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Individual micr | layer thick ——
N
Method |: Hot stretching using gravity gy
& Impact of gravimetric stretching on thinning of the layers
PEEVOHPE w75%MD KD 2eHCDAUSKMD  375% 45
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Simulation of thermoforming \
D
Method I: Hot stretching using gravity
$  Gravimetrical stretchingin an oven at 100-120°C
= Film samples: 70x60 mm
= Al clmps:30x120 mm
* 2mn@T
= Added weight to the holder: 1000-4000 g
Unstretched mulcayer 3 =S oD e
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Method I: Hot stretching using gravity Re
—
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® Impact of gravimetric stretching on thinning of the layers r“
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Method I: Hot stretching using gravity N gy

® Impact of gravimetric stretching on thinning of the layers
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Individual micre | layer thick -
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Method |: Hot stretching using gravity 4
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Oxygen barrier properties of the original and stretched films

Method I: Hot stretching using gravity

$ Impact of gravimetric stretching on oxygen barrier properties
* MOCON® Oxtran

* OTR [cc/m?day-atm]

* Temperature: 23°C

189« Relative humidity: 50% outside / 90% inside
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Oxygen barrier properties at different RH e

Im Ecovio®/G-Pol/Ecovio multilayer film

PE/EVOH/PE multilaye

$ Oxygen barrier properties:OTR [cc/m?-day-atm]
7, * Temperaure:23°C
[ = Relative humidity: 0%/0% | 50%/50% | 50%/90% (out/in)
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Oxygen barrier properties at different RH
PE/EVOH/PE multilayer film

©  Oxygen barrier properties:OTR [cc/m?day-atm]
7+ Temperawre:23°C | 30°C 38°C
[L’") = Relative humidity: 0%/0% | 50%/50% | 50%/90% (out/in)
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Ecovio®/G-Pol/Ecovio multilayer film
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Oxygen barrier properties of the original and stretched films

Method I: Hot stretching using gravity

¥ Impact of gravimetric stretching on oxygen barrier properties
= Temperature: 23°C :
= Relative humidity: 50%/90% (out/in)

OTR (ccm-dayacm)
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Oxygen barrier properties of the original and stretched films

Method 1: Hot stretching using gravity

¥ Impact of gravimetric stretching on oxygen barrier properties

= Temperature: 23°C 7

= Relative humidity: 50%/90% (outin) [
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Oxygen barrier properties of the original and stretched films

Method I: Hot stretching using gravity

©  Impact of gravimetric stretching on oxygen barrier properties
= Temperature: 23°C - o
+ Relatve humidity: 50%/90% (outlin)

©  OTR [cclm.day-atm] and PO, [ce5 ym barrier/m?-day-atm]

I = R

65005 4932041 78510 769 g 82013 103206 46202 944
LI 47 34504 290 WD 7230 107 23204 492
367469 326 44503 28 COwewn 74258 184 29205 107
266802 195 21301 819 COMDwexh l44:ll 105 12800 251
48503 258 39501 20 ASCowewh 449102 ase  3ss01 598

IMO-IMOMEC
mmec

om

iapd®

18/06/2024



Mieke Buntinx

Thinning in different tray locations

Method 2: Lab scale thermoformer

¥ Thickness measurement PE/EVOH/PE

iginal flm
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Water vapor barrier properties of the original and stretched films
Method I: Hot stretching using gravity

$ Impact of gravimetric stretching on water vapor barrier properties

* Temperature: 23°C
% * Relative humidiy: 50%/0% (outfin)
® WVTR [g/m-day] P
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Thinning in different tray locations

Method 2: Lab scale thermoformer

$ Thickness measurement Ecovio/G-Pol/Ecovio

= TypeAid, o, = 54 6 ym > 11-48% thinning of the original i
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Simulation of thermoforming
Method 2: Lab scale thermoformer
$ Thermoforming
= 15 min preheating quartz heaters at 40% heating capacity, generating 115°C
* Vacuum forming the multiayers using different self-abricated moulds
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Oxygen barrier properties of the original films vs thermoformed trays

Method 2: Lab scale thermoformer

$ Impact of
* MOCON® Oxtran

on the oxygen barrier properti

= OFTR [cclpackage-day-atm] > divide by surface area of tray to calculate in [ec/m-day-atm]

@) = Temperature: 23°C
* Relative humidity: 50% outside / 50% inside
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Water vapor barrier properties of the original films vs thermoformed trays

Method 2: Lab scale thermoformer

¥ Impact of thermoforming on the water vapor barrier properties
* WVTR [g/package-day] > divide by surface area of tray to calculate in [cc/m? day-atm]

@b = Temperature: 23°C
= Relative humidity: variable (inside | outside) MOCON Permatran / 100% | 50% water cup test
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Conclusion
Lab scale approaches to simulate the effects of thermoforming on the gas permeability of mulilayer films
$ This approach can support the optimi of thermoforming processes by determining the maximal stretch

of the individual layers while safeguarding the gas barrier properties of the final packaging.
 Such strategies become essentialin the search for sustainable packaging materials. They are useful for any

thermoformed multilayer packaging, but also in laminating fiber-based packaging with a thin (bio)plastic layer.
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