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Introduction

A Main thermoplastics used in cabin
trucks are ABS, and PC/ABS

A They are obtained from fossil resources

A However, there is an Increasing demand
of materials from renewable resources
A Higher sustainability e
A Recyclability
A Biodegradability

A But at the same timeé

A Meet stringent mechanical, thermal, flame
retardancy requirements
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A To develop injected parts for the interior of cabin
trucks based on thermoplastic composites from
renewable resources to replace standard ABS, PC/ABS

A Polylactic acid (PLA)
A European natural fibres

‘.‘ “.

N 4
A With improved: '4’4‘
A Thermal resistance (HDT) | '
A Flame retardancy p|_A

A Recyclable
A Biodegradable
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PLA
A Sitiff material, good tensile and flexural properties
Howevere

A Brittle
A Low temperature resistance (HDT) due to low Tg (55°C)

A Low production rate due to very low crystallization rate
A low crystallinity after moulding = low HDT

Need to:

A Improve the crystallinity
to increase HDT > 100°C
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Natural fibres surface modification combining

MW or IR susceptors to
reduce post-processing
crisyallinity time

CommerciiIPLA Grade

chemical and physical process. Fire retardant

Natural antioxidants to

fibre coating.

increase shelf-life |

composite

HO ,-~::jﬁ\_.,0«.n/
HO:[ ~F °

Intumescent Flame retardant

> Compounding: bio-

Jl\ Low viscosity polymeric plasticizers to

additives.

\/\’ control mechanical properties and processing
improvement

Nucleants to increase PLA |

e & [
ey 4

cristallinity ™

Injection molding: stahdard moulds. Low cycle time
— (> 50 parts/hour).

MW or sho\rt-/wave IR ovens to increase crystalline by
after injection annealing
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Natural fibres surface modification combining
MW or IR susceptors to Commercial PLA Grade chem A«g,’.jtf;“l‘.:‘g;w% cess. Fire retardant

iy Vre,

reduce post-processing = o e
crisyallinity time @ {t? /!} BA FA@.E
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Natural antioxidants to : :
‘ Compounding: bio- L
I
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Low viscosity polymeric plasticizers to
A 5

| AIMP LAS\’ control mechanical properties and processing
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Intumescent Flame retardant
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E v cycle time
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(> 50 parts/h

MW or sho\rt-/wave IR ovens to increase crystalline by
after injection annealing
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Natural fibres

Fibres (IWNIRZ)

A Different European fibres were
tested
A Kenaf, flax, hemp

A Hemp fibres were selected due to jmm
better balance of properties, low =
cost and availability

Pelletized fibres (BAFA)

A Fibre pelletization to prepare the fibres
In a suitable form to feed the extruder.
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Natural fibres, treatment

Osmotic degumming of HEMP
A For bast fibre extraction

A Improves fibre quality, colour, aspect
ratio (lower diameter, fibre bundles were
better divided into elementary fibres).
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Natural fibres, treatment

Surface treatment
A Silanization
A Improves compatibility with the polymer

matrix.
A Allows to introduce FRs in the fibre
treatment. g
A Plasma | nimg:z:::zsiﬁ'smzsy
A Enhances silanization results

A Greatest flammability reduction
A Improves compatibility with polymer
Results |

A Successful reduction of natural fibres -
flammability, over 50% reduction of HRRmax in
combustion calorimetry tests

VI INTERNATIONAL SEMINAR
Biopolymers and sustainable composites

1st & 2nd March 2017| Valencia, Spain



(natu rtch\k

Co-rotating Twin Screw Extruders (TSE)
A Leistritz / Coperion TSE
A Screw diam. 251 27, and L/D 40 - 44

A Side feeders, venting ports (vacuum at
the end)

A Use of soft screws to
avoid fibre damage

A Reduce energy input Lzl
(SME) while good mixing iﬂ

A Keep melt temperature
< 190°C
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Compounding, materials

PLA

A High MFR grade with low D-isomer content for faster
crystallization

Fibres, 15wt%

A Hemp pellets; reference and treated hemp
Additives for faster crystallization

A Nucleant

A Plasticizer

Functional additives

A Antioxidants

A Impact modifier

A Halogen free flame retardant (APP).
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Extracts of plants (Cistaceae family) rich in polyphenols were

used as natural antioxidants in PLA composites (0,25%).

A Improvement of thermal stability] T
(TGA) in presence of fibres '
and similar effect as synth. Aox.

T. Degradation
(°C)

Sample after Compounding T. Onset (°C)

PLA
PLA+15wt% KENAF

PLA+15wWt%KENAF 0.25wt% NAT AOX
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PROCESS RECOMMENDATIONS

A Dry before injection at least 4h, 80°C
A Melt Temp 1807 185°C

A Keep residence time < 10min

1. Cold Mould temp (20°C)
A Fast process but low crystallinity and HDT

2. Hot Mould temp (100 - 110°C)
A Slow process but high crystallinity and HDT

3. Cold Mould + Annealing with MW or IR

A Fast injection, low HDT
A 2mstep Y Annealing for high crystallinity / HDT
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Annealing

To heat up injected parts to 80 1 85°C and let
them to crystallize at room temperature

A Using MW, at lab scale.

A 1 magnetron (open antenna) guided by
a robot in a faraday cage.

A Using IR, at lab and pilot plant scale
(continuous process )

A Short & medium w.length IR
Results
A Heating in 37 4,5min vs >1h
A XcPLA from <30% to >55%
A HDT from 40-57°C to 100i 150°C |
A Without the use of MW or IR susceptors
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A Non plasticized formulation. HDT goes to >140°C when crystallized

PLA+Ref. HEMP(15%)+FR

Biocontent = 81wt%

Property As injected Standard
Tensile modulus (MPa) mo £87 | UNE-EN ISO 527-2
Tensile strength (MPa) W‘L“—“ 1.2 __~| UNE-EN ISO 527-2
Elongation (%) 1.2+0.1 UNE-EN ISO 527-2

Charpy Unnotched impact strength (KJ/m?)

/71351 N

UNE-EN ISO 179-1

HDT (B) (0.45MPa) (°C)

- 573:02

UNE-EN ISO 75-2

Melt flow index (190°C, 5kg)

UNE-EN 1SO1133-2

Speed of flame spread (mm/min)

UL94, HB
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A Plasticized formulation, ref. Hemp

PLA+Ref.HEMP(15%)+FR
Bio content = 79wt%

Annealed | Annealed

Property As injected Standard

In mould With IR
Tensile modulus (MPa) T38 | 2820+ 123 | 27608+71 | UNE-EN ISO 527-2
Tensile strength (MPa) / 37.5+0.3 38.2+0.2 | 39.5+ 0.2\ UNE-EN ISO 527-2
Elongation (%) ( 3.3+0.1 40+0.1 | 45+0.2 [YNE-ENISO 527-2
Flexural modulus (MPa) N\._ | 2800+87 |2980+108 | 2820+ 116} UNE-EN ISO 178
Flexural strength (MPa) T46.3+05 | 55.2+1.0 | 505471 | UNE-ENISO 178
Charpy Unnotched impact strength (KJ/m?)
At 23°C 17 +2 15+ 1 20+ 1 UNE-EN ISO 179-1
At -40°C 17 4 2 14+1 1541
HDT (B) (0.45MPa) (°C) <1 421404 [143.6+0.2] 1327 | UNE-ENISO 75-2
Melt flow index (190°C, 5kq) 19.8+ 0.6 UNE-EN 1SO1133-2
Speed of flame spread (mm/min) - (I_T4.2 +3.6 ] - UL94, HB
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A Plasticized formulation, Treated Hemp
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PLA+TREATED HEMP (15%) +FR

Bio content = 79wt%

Annealed | Annealed
Property As injected Standard

In mould With IR
Tensile modulus (MPa) ¥ 3020 + 155 +£42 | UNE-EN ISO 527-2
Tensile strength (MPa) A 334+0.4 | 31.4+0.1 | 31.9+0.4 NUNE-EN ISO 527-2
Elongation (%) ( 2.0+0.1 28+0.1 | 3.8+0.2 | UNE-EN ISO 527-2
Flexural modulus (MPa) 3130+50 | 3100+84 | 3010+ 74 /UNE—EN ISO 178
Flexural strength (MPa) +0.6 | 488+0.6 | 46.5+28 | UNE-ENISO 178
Charpy Unnotched impact strength (KJ/m?)
At 23°C | 16+1 16+ 1 19+ 2 UMNE-EN ISO 179-1
At -40°C 2 13 +.1 1242 |

HDT (B) (0.45MPa) (°C)

-138.6 + 0.8 | 107.2 + 4.0 | UNE-EN ISO 75-2

Melt flow index (190°C, 5kq)

UNE-EN 1ISO1133-2

Speed of flame spread (mm/min)

31.1+334]°5 -

UL94, HB
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Case studies: truck parts
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A Design, simulation, mould construction, injection moulding and validation

T\
CTAG

Centro Tecnolégico
de Automecién de Galicia

# POLYCOM

Predelava plaskifnih mas bn erediarstve

.y

Foot rest Bracket
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A Injection moulding production cadences (cold/hot Mould)
A Bracket 54 / 55 parts/h
A Footrest 42 / 34 parts/h
A Annealing of bracket with IR
A Heating 4.5min, cooling 6-7min
A Need a silicon master to hold the part during annealing step
A Proven at pilot plant, complete crystallization
A Xc PLA >55 - 60% |
A HDT >100 -140°C -~
A Industrial design for Le
60parts/h in line with 4
Injection moulding
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A No significant reduction of properties up to 10%

Recycling with Ref. HEMP

Recyclability
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A According to the standard EN 13432: 2000 fi P a ¢ k aRequitegnents
for packaging recoverable through composting and biodegradation i
Test scheme and evaluation criteria for the final acceptance of
packagingo.

1.

4.

5.

Chemical characteristics materials Y contain > 50 % of volatile
solids. Concentrations of regulated metals and other toxic substances
< specific values. OK

Biodegradability 1SO 14855-1. 2005 Y OK103% of the organic
carbon (relative to reference material=cellulose) converted to CO, by
180days

Disintegration during biological treatment ISO 20200: 2004 (not
distinguishable from the other materials in the compost after 90 days).
Y NO OK, 45%. Must be grinded before composting.

Effect of the biological treatment  YOK

Effect on the quality of the final compost  YOK

A BIODEGRADABLE but not COMPOSTABLE due to disintegration
criteria.
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A PLA/natural fibre biocomposites showed good tensile
properties but low - medium impact properties.

A XcPLA increased to >55% and HDT(B) > 130°C

A Classified as HB (burning rate <75mm/min) according UL94
A Recyclable

A Biodegradable

A Shows potential for applications where temperature and
flammabillity resistance is required

A Interior of cabin trucks, other vehicles
A Durable parts
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