
1

1 Isabel Arroyo - Making Plastics part of the circular economy - 17th TAPPI European PLACE Conference 2019 Porto - Session 11 - Paper 2

Making plastics part of the circular economy

Presented by:

M. Isabel Arroyo
EMEA Application Technology Leader

Packaging Sustainability & End Use Marketing 
Dow Iberica – Tarragona, Spain

16TH TAPPI EUROPEAN PLACE CONFERENCE 

2 Isabel Arroyo - Making Plastics part of the circular economy - 17th TAPPI European PLACE Conference 2019 Porto - Session 11 - Paper 2

Making Plastics Part of The Circular Economy

Designed for Lowest Environmental 
Impact 

2. DESIGN

1. PRODUCTION6. MARKETS FOR RECOVERED 
MATERIALS

5. RECYCLING

4. COLLECTION 
& SORTING

3. RE‐USE

Practical and 
social benefits 
of plastic are 
matched by 

environmental 
performance

Develop and Support Reuse Formats

Invest & Collaborate on Global Waste 
Management Infrastructure to Improve 

Recovery

Demonstrate Action Through 
Strong Commitments

Continue to Increase Recyclability 
and Stimulate Recycling Markets 
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ENERGY RECOVERY   

Recycling of Plastics

PRODUCT RE- USE

MECHANICAL RECYCLING

MECHANICAL RECYCLING

• Cutting/Shredding
• Contaminant Separation
• Washing/Drying
• Extrusion
• Compouding

FEEDSTOCK RECYCLING

FEEDSTOCK RECYCLING

• Chemolysis: De-polymerization process

• Pyrolysis: Thermal cracking of waste plastic to a
liquid feedstock/fuel at low temperature (+/- 4000°C) in 
Low oxygen environment 

• Gasification: Thermal cracking of waste plastic or 
municipal solid waste at elevated temperature (+/- 1200°C)
to feedstock or Chemical via intermediate syngas

RAW 
MATERIALS CHEMICALS

CUSTOMER 
INDUSTRY 

USE
END USE

Source: “Taking the European chemical industry into the circular economy”, Accenture 2017 
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Innovative Collecting and Recycling Pilot 
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Eco Design through Recyclability

Protective 
Coatings

Protective 
Coatings

Mono-material 
Structure Design

Mono-material 
Structure Design

Barrier Polymers 
Compatibilization
Barrier Polymers 
Compatibilization

Barrier AdhesiveBarrier Adhesive

All

PE

Polyamide 
Substitution
Polyamide 

Substitution

Film Orientation
Technologies

Film Orientation
Technologies

3B            MDO

TF‐BOPE

Packaging Performance 
Modelling

Packaging Performance 
Modelling

Conversion Process
Development

Conversion Process
Development

The Reverse Spout 
Sealing Process by

&
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Mono-material Structure Design

met-C8 for sealability

HDPE for stiffness + LDPE for processability

OPULUX™ 
(gloss finish)

HDPE for stiffness + LDPE for processability

Design a Co-ex All PE (100-120µ) film
for resource & costs savings 

Shelf Appeal

Light & Easy

Convenient 
Processing



4

7 Isabel Arroyo - Making Plastics part of the circular economy - 17th TAPPI European PLACE Conference 2019 Porto - Session 11 - Paper 2

Protective Coatings

met-C8 for sealability

HDPE for stiffness + LDPE for processability

OPULUX™ 
(gloss finish)

HDPE for stiffness + LDPE for processability

Design a Co-ex All PE (100-120µ) film
for resource & costs savings 

Thermal Resistance
broader sealing 
window 

High Gloss

Stable COF
Approx. 0,3-0,7

Protective Coating
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Protective Coatings

met-C8 for sealability

HDPE for stiffness + LDPE for processability

OPULUX™ 
(gloss finish)

HDPE for stiffness + LDPE for processability

Design a Co-ex All PE (100-120µ) film
for resource & costs savings 

Protective Coating
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PE PE + Coating CPP CPP +  Coating

Gloss at 60o
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Barrier Polymers Compatibilization

(42.5 μ) PE + Compatibilizer(42.5 μ) PE + Compatibilizer

(5 μ) Tie(5 μ) Tie

(5 μ) EVOH for Barrier(5 μ) EVOH for Barrier

(5 μ) Tie(5 μ) Tie

(42.5 μ) PE + Compatibilizer(42.5 μ) PE + Compatibilizer

(42.5 μ) PE(42.5 μ) PE

(5 μ) Tie(5 μ) Tie

(5 μ) EVOH for Barrier (5 μ) EVOH for Barrier 

(5 μ) Tie(5 μ) Tie

(42.5 μ) PE(42.5 μ) PE

Traditional
Barrier Film

Structure

Recyclable
Barrier Film

Structure
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Surface Printed 7-Layer Barrier Solution

Sealant

Compatibilizer – HDPE and/or Metalocene

Tie Layer

EVOH

Tie Layer

Compatibilizer – HDPE and/or Metalocene

HDPE and/or Metalocene

Protective Coating Gloss and Temperature Resistance

Recyclability build in and Stiffness - Toughness

Barrier Properties

Hermeticity and Operating Window

Stiffness and Toughness

Optimal Adhesion
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Barrier Functionality in an Adhesive

Barrier Performance:
OTR: < 2 cm³/m2ꞏday
WVTR: < 0.2 g/m2ꞏday

Recyclability

Resource Efficiency

Cost Effectiveness

Shelf Life 
Optimization

PE Sealant Layer (50µm)

OPULUX™ 
(gloss finish)

Met- BoPP (20µm)

BoPP (20µm)

PE Sealant Layer (70µm)

Met- PET  (12µ)  or ALU (7µm)

PET (12µm)

Standard Laminate Type

Barrier Functionality in 
an Adhesive

Introduce Barrier Adhesive 2-3g/m²
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Barrier Functionality in an Adhesive

748

982

715

13.5
32.2

0.2
0

100

200

300

400

500

600

700

800

900

1000

BoPP//BoPP BoPP//PE-50 BoPP/BoPP//PE-50

O
xy

ge
n

 c
m

3
 /m

2
/d

a
y)

OxygenTransmission Rate

18

3.4
3

8.2

2.4

0.2

0

2

4

6

8

10

12

14

16

18

20

PET//PET BoPP//CastPP met-BoPP//CastPP

W
V

T
R

 (
g/

m
2 /

d
a

y)

Water Vapour Transmission Rate



7

13 Isabel Arroyo - Making Plastics part of the circular economy - 17th TAPPI European PLACE Conference 2019 Porto - Session 11 - Paper 2

Proposed Structure Examples for Eco Design
with Barrier Functionality in an Adhesive 

Application Incumbent Structure Standard
OTR/WVTR

Proposed Structure Barrier Adhesive
OTR/WVTR

Coffee 
Packaging

PET12//metPET12//PE70
PET12//Alu7//PE70

OTR: <0.5 cc/m2/day
WVTR: <0.5 g/m2/day BOPP20//metBOPP20//PE50

OTR: <2 cc/m2/day
WVTR: <0.2
g/m2/day

Wet Wipes PET12//PE50
OTR: ~150 cc/m2/day
WVTR: ~4 g/m2/day

BOPP20//PE40
OTR: <100 cc/m2/day
WVTR: <2 g/m2/day

Pet Food PET12//PE80
OTR: ~150 cc/m2/day
WVTR: ~4 g/m2/day

BOPP20//PE70
OTR: <100 cc/m2/day
WVTR: <2 g/m2/day

Snack Pouch BOPP20//metBOPP20
OTR: ~100 cc/m2/day
WVTR: ~2 g/m2/day

BOPP20//BOPP20
OTR: <30 cc/m2/day
WVTR: <2 g/m2/day

Cereal  PET12//PE70
OTR: ~150 cc/m2/day
WVTR: ~4 g/m2/day

BOPP20//whitePE60
OTR: <100 cc/m2/day
WVTR: <2 g/m2/day
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Function of Compatibilizers in Product Blends

Addition of 
Compatibilizers

Compatibilizers Couple 
Inorganic Contaminants in 
Recycling Streams, 
Resulting In Better 
Properties 

Compatibilizers allows the Recycling of Hard to Recycle or 
Incompatible Materials Combinations
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Foaming is an Alternative Method to 
Optimize or/and Reduce the Material Use

Develop Innovative New Uses for Recycling 
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Foaming is an Alternative Method to 
optimize or/and reduce the material use

Develop Innovative New Uses for Recycling 

21.7

14.7 14.8

24.3

16.9

12.2

Reference PCR 30% in core
(53g/m2) - no foam

PCR 30% in core
(53g/m2) - foamed

Foam Film with PCR
Tensile at Break MD/CD (N)

Film with 30% PCR 
in core – no foaming 

Film with 30% PCR 
in core – foamed
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Market-Driven Polyethylene Solutions 
Address Consumer Preferences

Value Chain Partners depend on Assets, Innovation & Customer Intimacy
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Solution technologies and product offers by Dow

Product Key Characteristics for Eco Design through Recyclability

ADCOTE™ Lamination adhesives including Barrier to OTR and WVTR

AFFINITY™ Sealability and Tightness

AMPLIFY™ and BYNEL™ Layer Adhesion for co‐ex Barrier Films

DOWLEX™ Stiffness and Toughness

INNATE™ Stiffness and Toughness

OPULUX™ Gloss and Thermal Resistance

RETAIN™ Compatibilizer for co‐ex Barrier Films

RECYCLE READY™ Eco Design for Recyclability, several film structures 
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“Thank You” 
for your patience

Presented by:        

M. Isabel M. Arroyo
marroyo@dow.com
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Abstract for Tappi

• Making Plastics Part of the Circular Economy

• Recognizing the value of plastics; in use and after use; this case study  
will review the full cycle of flexible plastic packaging from production 
up to its recovery. Especially emphasis will be given to the steps of:

• Design and Re‐use: introducing packaging examples to illustrate 
design to minimize the use of resources ensuring good protection, as 
well as, design for recyclability.

• Recycling and Developments of Markets for Recovered Materials: 
introducing novel examples of use of post‐consumer flexible 
packaging materials into new applications.


