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Trends

Weight reduction Sustainability

Nj0% reduction in vehicle weight equates to a fuel Nj0% reduction in gas emissions by 2030.

saving of 5 p 7%. Njse of recycled, biodegradable materials

(minimization of waste).

Multifunctionality Performance

Npombination of different types of materials. Nylechanical and thermal properties.

Nptelligence, interactivity, autonomy (security). NForrosion, fatigue (cyclic loads).

Competitiveness

NFost, legislation.
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Polymers in the Automotive Industrv

Interior Trim
(PP, ABS, PVC, PET)

Panoramic Roof Upholstery (PP, PVC, PUR)
(PC)

Glass Interlayer
(FV8)

Dashboard
PP, ABS, PC)

Body [reinforced epoxy,
PPO/PPE Alloys)

Lighting 4 Wheel House
(PC, PMMA, ge——"" iy . ' ) Radiator Support
ABS, PBT) - (Phthalic acid resin)
Door Handies
(PA, ABS, PC/ABS)
Instrument Panel Bumper Fuel System
(PCIABS, ABS) (PP, ABS, PC/PBT)) (HDPE. PA, PET. POM) Seating

(PUR, PP, ABS, PA)

Undor the Hood
{PA. PP._PBT)

BORGSTENA ﬁFibrenamics



Market perspectives

A For every 100 kg of polymer used, 200 to 300 kg of conventional materials are replaced.

A For every kqg of vehicle weight reduction, the carbon emission to the atmosphere is reduced by 20 k

A GAutomotive polymer materials market exceeded $21 billion in 208y 2022, a compound annual

~ ~ Ve ~ N~

IAINRPSGGK NIGS 6/!'DwO 2F mMo: Aada SELISOGSR®DE

Source: Markets and Markets

A In 2018 closeto 80 million passengecarswere producedworldwide.

A Datafrom January2019 projected that automobile production would increaseto 117 million vehiclesin
2030

Source: Statista
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Framework

Promoter. Borgstena Textile Portugal, Unipessoal LDA
Name:Development of multifunctional ecological materials for automotive
components from the recycling and recovery of industrial waste
Acronym:AutoEcoMat

Duration: 24 + 1 més

Start: 01-09-2019 End:30-09-2021

DE RESIDUOS®

BORGSTENA

Fibrenamics
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Schedule of activities

Atividade Descricéo

1 ESTUDOS PRELIMINARES
1.1 Caraterizagdo do mercado alvo
1.2 lAndlise das técnicas de reciclagem e transformag&o de residuos
1.3 lAndlise das técnicas de valorizagéo de residuos
1.4 Estudo da funcionalizagédo de materiais

1.5 Elaboracéo de caderno de encargos para desenvolvimento de produto
2 RECICLAGEM E TRANSFORMAGAO DOS RESIDUOS

21 Estudo dos processos de reciclagem de residuos

2.2 Desenvolvimento do processo de tratamento dos residuos

2.3 lAnélise dos residuos obtidos

3 DESENVOLVIMENTO DE MATERIAIS ECOLOGICOS A PARTIR DE RESIDUOS

3.1 Estudo das técnicas de valorizagao de residuos (extruséo)
3.2 Estudo da compatibilidade de matrizes poliméricas com residuos e respetivas composicdes
3.3 Desenvolvimento de materiais ecolégicos com base em residuos

3.4 Estudo e adaptacdes dos equipamentos

4 DESENVOLVIMENTO DE MATERIAIS COMPOSITOS RECICLADOS FUNCIONAIS

4.1 Estudo da funcionalizagdo dos materiais compésitos reciclados

4.2 Estudo da compatibilidade dos agentes de funcionalizagdo com os materiais poliméricos

4.3 Desenvolvimento de materiais comp6sitos reciclados funcionais e anélise de propriedades
5 DESENVOLVIMENTO DE PROTOTIPOS E AVALIAGAO DE PROPRIEDADES

5.1 Desenvolvimento de protétipos

5.2 Desenvolvimento de métodos de ensaio de avaliagéo das propriedades dos protétipos

5.3 Avaliacdo das propriedades estruturais, mecanicas e funcionais
6 INVESTIGAGAO DO DESEMPENHO EM CONDIGOES REAIS DE UTILIZAGAO

6.1 ISelec@o do modelo de aplicagéo dos protétipos para prova de conceito

6.2 Avaliacdo do desempenho em condigées reais de utilizagio

6.3 Tratamento estatistico dos dados
7 OTIMIZAGAO E ENSAIOS

7.1 Reformulacéo do design dos protétipos
7.2 Producéo de novos protétipos
7.3 Avaliacdo das propriedades dos protétipos otimizados

8 DIVULGAGAO DE RESULTADOS

8.1 Publicacoes cientificas

8.2 Open day

8.3 Dinamizacéo do website

8.4 Participacéo em feiras e workshops
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Science

- Generate knowledge
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Development strategy

Prototypes for
application in
car interiors

Textile waste
recycling

Addition of Valorization of
phase change textile waste
materials by extrusion

Extrusion of
masterbatches

I/ -
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Study of textile waste recycling

CLIP
Materials: PET

Textile waste of
different types

COBRA VISUAL
Material: PET e PU Materials: PET e PU

Bl

PET,thermoplastic polymer, a characteristicthat allows its recycling
relativelyeasilythroughthe applicationof pressureandtemperature

PU, thermosetting polymer, a characteristicthat makes recycling
impossible The application of high temperature leads to its
degradation

BORGSTENA fFibrenamics



Study of textile waste recycling

CLIP
Materials: PET

U

Modification of the
deformation capacity of
waste

VISUAL
Materials: PET e PU

N

, use of liquid
nitrogen to put waste below its T,

 heat treatment
above the T, of waste

ogegl’®
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Cryogenic treatment

CLIP COBRA VISUAL
Materials: PET 7 Material: PET e PU Materials: PET e PU

Useof liquid nitrogen in waste in order to keepit below its T, temperature ‘*‘ - “
\

belowwhichthe polymerlosesmolecularmobility becomingmore rigid.

Recycledwaste form agglomerates which makesit difficult to use in the

extrusion process

BORGSTENA (fFibrenamics



Hot agglomeration

CLIP COBRA VISUAL
ateriaIS' PET Material: PET e PU Materials: PET e PU

S 7

Applicationof high temperatures,above the T of the materials, to put the
residuesin a molten state, allowing their agglomeration After agglomeration,

the residuesare cooled,becomingrigid.

O Solid powder particle R Molten polymer containing bubbles

Recycledvasteisin the form of rigid granules,makingthem ideal for usein the Paral moten (ahere)parice W Fuly desied somer et

Heating

extrusion Process. BORGSTENA (fFibrenamics



Recycled waste recovery strategy - Extrusion

Extruder with Degassing Zone

N/

7 7] @wwﬁ;!ﬁwﬂnﬁ s

e ool et ez

iy Zone  Cormprgssion Tong

i

In this process, the material is extruded through a channel with a specific cross section (die), acquiring its shape. This

process allows the production of sheets, filaments, profiles, etc.

In the plate and filament production process, it is possible to adjust the following parameters in order to optimize the

sample thickness:

A Processing temperature;
A Screw rotation speed:;

A Feedingspeed:;
A

Speed and aperture of pull rolls. BORGSTENA ﬁﬁbrenamics



Recycled waste recovery strategy

Recovery
Strategy

Waste
functionalization

3 BN B3
<
8 5

e
Premium properties)
line
I PCMs (Therma
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Raw material Waste typology Final element




Estratégia de valorizacao de residuos reciclados

Waste
functionalization

Recovery
Strategy

Raw material Waste typology Final element

—-—
Basic Iine

/| b¢ Q3
: PET pmmm (Mechanical Filament
Premium properties)
line
PCMs (Therma
— ETER .
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Study of % of incorporation of waste

Sample Plan

% virgin PET

% recycled PET

%recycled PET+PU

PET_100 100 - -
PET80_rPET20 80 20 ]
PET60_rPET40 60 40 -
PET40_rPET60 40 60 ]
PET20_rPET80 20 80 -

PET80_rPET+PU20 80 - 20
PET60_rPET+PU40 60 ] 40
PET40_rPET+PUG60 40 - 60
PET20 rPET+PLBO 20 - 80

BORGSTENA ?Fibrenamics



Characterization - Study % of PET waste incorporation

Maximum Stress Maximum Young's Module

(MPa) Deformation (%) (GPa)
PET_100 13,46+ 1,96 3,22+0,23 0,50+ 0,06
PET80 rPET20 12,10 + 2,37 2,86+ 0,94 0,45+ 0,01
PET60_rPET40 9,96+ 1,00 2,72+0,16 0,35+ 0,06
PET40_rPET60 7,41+0,39 2,95+0,51 0,29+0,13
PET20_rPETS80 6,75+ 1,22 2,89+ 0,36 0,22+0,10

A With an incorporation of 20% by massof PETwaste, results similar to those of

virgin PETare obtained With the increasingntegration of PETwaste, there is a

progressivedecreasdn mechanicaproperties
A The percentageof 60% PETwaste was defined as the ideal one to incorporate

togetherwith virgin PETto developprototypes

BORGSTENA (fFibrenamics



Characterization - Study % of PET+PUwaste incorporation

Maximum Stress Maximum Young's Module
(MPa) Deformation (%) (GPa)
PET_100 13,46 + 1,96 3,22+0,23 0,50+ 0,06
PET80 rPET+PU20 10,00+ 2,25 3,20+ 1,22 0,19+ 0,07
PET60 rPET+PU40 7,56+1,75 2,82+0,64 0,13+0,02
PET40 rPET+PUG0 5,25+0,20 2,79+0,60 0,11+0,03
PET20 rPET+PUS8O 3,50+ 0,20 2,55+0,75 0,09+ 0,06

A With the integration of PET+PWaste,the mechanicapropertiesof the samples

suffera greaterdecreasecomparedto samplesievelopedwith PETwaste

A Thepercentageof 60%PET+PWastewasdefinedasthe idealoneto incorporate

togetherwith virgin PETto developprototypes

BORGSTENA (fFibrenamics



Characterization - Study % of waste incorporation

Microscopic image of a filament produced from recycled Microscopic image of a filament removed from the original
PET waste. PET textile waste.

Image of filaments A The filament obtained with the incorporation of recycled PEThas a diameter similar to the filaments
produced with recycled
PET waste. presentin the original PETtextile waste.
A It wasnot possibleto obtain filaments, with a diametersimilarto those presentin the original PETtextile
waste,with the PET+PWaste, sincethe recycledPUfoam hasa dimensioncloseto 2 mm, which causes

the filament to breakwhen theseare beingextruded.

BORGSTENA ﬁFibrenamics



Recycled waste recovery strategy

Waste
functionalization

Recovery
Strategy

—-—
Basic Iine
[ bt Q
(Mechanical Filament
properties)

Raw material Waste typology Final element

<

Premium
line

PCMs (Therma

PET+PU management)

Sheet
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Study of the % of incorporation of CNT's

A Carbonnanotubes(CNT'spare nanoparticleghat consistof rolled sheetsof singlelayercarbonatoms(graphene)

A CNTsanbe singlewalled (only one graphenesheet)or multiple-walled (two or more concentricgraphenelayers

spacedapartby 0.34 nm);

A Inadditionto their excellentelectricalproperties, CNT'salsohaveuniquethermal and mechanicaproperties

raphene , .
g BORGSTENA (fFlbrenamlcs



Study of the % of incorporation of CNT's

Sample Plan

Virgin PET Recycled PET

0.5,1e1.5% w/w
Incorporation

40% w/w incorporation 60% w/w incorporation

BBBBBBBBB ﬁ Fibrenamics
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Characterization - Study of the % incorporation of CNT's

Maximum Stress (MPa)

Maximum Deformation (%)

Young's Module (GPa)

PET_100 13,46 + 1,96 3,22+ 0,23 0,50+ 0,06
PET40_rPET60 7,41+0,39 2,95+ 0,51 0,29+ 0,13
QFU51 sQFU71 |1/ 6D@bR+t 21 2,20+ 0,39 0,34+ 0,06
QFUS1 sQFU71|2DOUR 18+0,78 3,64+ 0,55 0,44+ 0,07
QFU51 sQFU71 |2/ 6DOWLA20 3,57+0,36 0,44 + 0,06

A With the incorporation of 60% waste and 1% CNT'smechanicalproperties similar to those of filaments

developedwith 100% virgin PETare obtained

A With the useof 1.5% of CNT'shere was no significantimprovementin mechanicalproperties, againstthe

samplethat contained1%of CNT'sSoit wasdefinedthat the optimal %of incorporationof CNT'ss 1%

BORGSTENA ﬁFibrenamics



Characterization - Study of the % incorporation of CNT's

; mag HV mode‘ det | WD HFW 1 pm ¢ mag HV mode| det | WD HFW 1um
100000x|10.0kV| SE |TLD[5.2mm|2.98 ym SEMAT/UM PET_100 * 100000 x| 10.0kV| SE ‘TLD 5.2 mm |2.98 ym| SEMAT/UM 40PET 60R-PET

mag HV |[mode|det | WD | HFW 1um
100000 x| 10.0kV| SE |TLD|5.0 mm|2.98 ym SEMAT/UM 1% CNTs

Cross section of the PET_100 sample. Cross section of the PET40 _rPET60 Cross section of the
sample. PET40_rPET60_1CNT's sample.
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Strategies for valorization of recycled waste

Waste
functionalization

Recovery
Strategy

—-—
Basic Iine
/[ bt Qa
(Mechanical Filament
properties)

Raw material Waste typology Final element

<

Premium
line

PCMs (Thermz

PET+PU S —_ Sheet

management)
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Study of % of incorporation of PCMs

PCM >> Solid State

A PCMsare characterizedby having the ability to change their

physical state dependingon the ambient temperature, storing

energyin the form of latent heat As PCM solidifies,

it releases heat energy

L L
A Whenthe ambienttemperature surroundingthe PCMreachesits :

melting point, it changesrom solidto liquid.

'S
. ®
A When the temperature decreasesto values below the PCM's ®

Temperature Fh A b?; FF;JE rI\:Ie:lte;tnsé rgy
solidification point, it changesfrom a liquid to a solid state,
releasinghe previouslyaccumulatecenergyto the environment

)
PCM >> Liquid State

BORGSTENA ﬁFibrenamics



Study of % of incorporation of PCMs

Sample Plan

Recycled PET

Virgin PET +PU

60% w/w 10 and 20% w/w
Incorporation Incorporation

40% w/w
Incorporation

BBBBBBBBB ﬁFlbrenamlcs
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Aexo

Characterization - Study of the % incorporation of PCMs

Aexo

mv |

10% PCMS, 17.03.2021 12:06:34
10% PCMS, & 4000 mg

iy ]|

20% PCMS, 17.03.2021 12:46:57

1 20% PCMS, 8,8000 mg

Integral 4
normalize
Onset R

Peak 18,12°C
49 Endset 12,59°C

Integral ARG 5trid
81 normallze
i Onset 27T

Paak 17,20°C
61 Endsst 1272°C

24 J
7 Integral 5341 Integral
1 normalize normalized
I 4 1 Onset 0 onset SRl
Integral 2 Integral f ae o
i normanze o ized i Peak 32,09°C Peak 3193°C
Onset 1Y Onget e Endset 3592°C Endset 3556°C
| Peak 30,88 °C Peak 3051°C \
Endset 3808°C Endset 3475°C 2
74 1
44
_4 B
8-
6 i
30 50 70 90 100 80 60 40 20 0 20 40 60 80 °C 109 30 50 70 90 100 80 60 40 20 0 20 40 60 80 “C
4 ¥ttt
0 2 4 ] 3 10 12 14 16 18 20 22 24 26 28 min 0 2 4 ] 8 10 12 14 16 18 20 22 24 26 28  min
Lab: METTLER STAR® SW 8.10 Lab: METTLER STAR® SW 8.10

DSC plot of sample with 10% PCMs. DSC plot of sample with 20% PCMs.

A With the increasing percentage of PCMs from 10%to 20% the latent heat

of fusion and crystallization doubled.

BORGSTENA
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Characterization - Study of the % incorporation of PCMs

P
A -

R mag HY |mode| det | WD HFW 20 um

“3215000x|10.0kV | SE |ETD[4.8 mm [59.7 um SEMAT/UM 20% PCM's

R mag HY |mode| det | WD HFW 20 ym
£15000x[10.0kV| SE [ETD|7.1 mm [59.7 ym SEMAT/UM 10% PCM's

Cross section of the sample with 10% PCMS. Cross section of the sample with 20% PCMS.

A The SEMtests demonstrate that it was possible to incorporate the PCMs during the extrusion process

without breaking the microcapsules surrounding the phase change material.
BORGSTENA ﬁFibrenamics



Characterization - Study of the thermal management of PCMs

PCM b—— PCM 2
Aluminium Plate
1 Js
Acrylic Wall PCM 1
Aluminium Plate Acrylic Wall

Thermal Insulation Aluminium
Electronic “Thermal
(Heat source)

(@) (b)
—_— OO0, 2 PC
Prespex container ' . AN~ PCM i

Aluminum plate —— P ¢ e e

Kapton heater 7’ T é \!#\r A \

/ / /) — Thermocouples
7 74 /
Power source 5; ~ >~ Datalogger
7, ;

A An experimental setup was developed in order to assess the level of thermal control that

PCMs provide to the prototypes where they are included.

A A comparison was made between a sample with 20% by mass of PCM and one without
PCMs.

BORGSTENA ﬁFibrenamics



Characterization - Study of the thermal management of PCMs

Temperature [°C)

50

45
40
35
20
25
20
15
10

30,00 40,00 50,00

Time (hours)

un

—_— Amostra célula de teste 1 —— Amostra célula de teste 2 ——— Cdmara climatica

The plate with PCMs, present in test cell 1, contributed to a lower thermal amplitude (8T =T, - Trin), Of

around 1,42°C,compared to the thermal amplitude of test cell 2.

The application of PCMs contributes to an increase in thermal inertia between the inner and outer lateral

face of the test cells, with an increase in the temperature difference of the two faces of approximately

50%, compared to test cell 2, where no PCMs were applied. e
Bora ST =ENA ﬁFlbrenamlcs



Scientific Publications

1%t Ibero-american
Conference on
Composite

Materials

29" and 30" of July, 2021 BAPORT(
.. R0
FEUP - POI’tO, PortUgal FEUP FACULDADE DE ENGENHARIA

NIVERSIDADE DO PORTO

Study of the influence of the incorporation of CNT’s on the mechanical and Study of the thermal performance of PCMs combined with
sensing properties of nanocomposites produced with textile waste PET thermoplastics recycled matrices in an extrusion process

Carlos Motz', Femnando Leite', Jofio Bessz', Femnando Cunha', Raul Fangueiro'”, Guilherme Paixio® e Jodo
Belino® Fernando Leite!?, Carlos Mota!?, Jodo Bessal?, Fernando Cunha'?, Raul
. Fangueiro'?*, Guilherme Paixiio! and Joio Belino*
i H : Walow 3o 1 ; = A ] ) ) i K .
Centre for Textile Science and Iic:::afng} c_;?';}f’g}, éfnﬁ.sz:} of Mimhe, Guimardes, Fortugal Fibg s, University of Minho, G ses, Portugal
Department of Mechanical Engineering, University of Minko, Guimardes, Portugal %Centrc for Textile Science and Tecnology (2C2T), University of Minho, Guimaries,
229 uminko pt 3 Department of Mechamical Engineening, University of Minho, Guimardes, Portugal
ilherme pe borestend.com + Borgstena Textile Portugal, Unipessoal Lda, Nelas, Portugal
suilherme paizgo Qborgriend com fernandoleite/@fibrenamics com

*Borgstena Textile Portugal Unipessoal Lda Nelas, Portugal
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Concept Development - Technology

Sustainability Functionality

Colour
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Concept Development - Sheet

Car interior components: Panels | Headliners | Pillars

7~
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Concept Development - Sheet

Car interior Components: Panels | Headliners | Pillars

THE BASIC THERMOFORMING PROCESS

Extrusion of sheet Thermoforming Car components

o
glivaware BORGSTENA ﬁFibrenamics



Concept Development - Filaments

Car Interior Components: Seat Fabric | Textiles | Accessories

) |
glivaware BORGSTENA ﬁFibrenamics



