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Infrastructure of HTL

—

Mission of Fraunhofer Center HTL

B HTL designs energy-efficient heating
processes and thus contributes to the
sustainable technological progress of society.

P
.

B It develops high temperature materials, high
temperature components as well as high
temperature measuring methods, thereby
optimizing thermal processes.

B HTL works with systematic methods on a high
scientific-technical level.

B Primary goal is the implementation of its

developments in the industry. = Te;hnicaltzrggoo , Fiber pilot plant Bayreuth
= Bayreu m
= Miinchberg 1000 m?

_ L( P = Wiirzburg 500 m?
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What's GREEN-LOOP?

Wood composite Multifunctional Bottle closure for
bearings for the tool rubber panels for the the food and
and appliance sector. construction sector. beverage sector.
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WP9 coordination and Management

WP1 Set-up of GREEN-LOOP Bio-based products, green and smart solutions

WP3 WP4 WP5

Bio-rubber Bio-plastic Wood
material material composites
production production material
production
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Key features (Kick-Off Meeting)

« Bio-based raw materials: compounds with 50-60 % wood fibres/Particles,
30-40 % biopolymer, 5 % filler

« Recyclability, reusability or refurbishing of the product: > 50 %
recyclability of bearings, reduce of maintenance costs

« Advantage over conventional materials: 100 % regenerative resources,
eco-friendly, cost efficient, only use water or bio-lubricants

« Use in other sectors: building sector/floor plates, transport sector/rollers

Funded by Views and opinions expressed are however those of author(s) only and do not necessary UK Research 7
the European Union reflect those of the European Union or HADEA. Neither the European Union nor the granting and Innovation

authority can be held responsible for them.




Online Workshop on "Wood composite material production” Project description

Final product (Kick-Off Meeting)

«  Wood composite (WC) bearings

« Application in appliance and tool industry (injection
unit)

« Demonstration by bio-plastic manufacturing
system (Injection)

« Samples such asrings, cylinders, half shells

« Prototype features /design defined by Labrenta
(Guala)

« WC Production in small series

Wood Composites as Precision-Engineered Mechanical Components

-LCOP
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aterial productio

Wood composites
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Wood Composites: Historical Context & Modern Applications

Historical Context:

» Plywood dates back to ancient Egypt.

« Particleboard & MDF emerged in the 20th century as cost-
effective alternatives.

« WHPCs gained popularity in the late 20th century for durability.

Modern Applications:

° @ Construction — Flooring, roofing, wall panels.

- = Furniture — Cabinets, tables, shelving.

* & Automotive Industry — Door panels, dashboards.
«  # Outdoor Uses — Decking, fencing, park benches.

Definition:
Wood composites are engineered materials made from wood fibers, particles, or veneers
combined with adhesives, resins, or polymers.

-LCOP
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Comparison with Traditional Materials

Key Characteristics:

. More stable than natural wood (resistant to warping & cracking).

. Can be customized for strength, moisture resistance, and aesthetics.

. Often made using recycled or reclaimed wood, supporting sustainability.

Strength & Durability Moderate to High High Moderate High

Treated composites are

Moisture Resistance good Poor Excellent Excellent
Workability Easy to shape, cut Moderate Easy Difficult
o , . , High energy use in
Sustainability Uses recycled materials  Natural but slow-growing Varies 9 9y
production
Cost Generally affordable Expensive Affordable Expensive
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Key Components of Wood Composites

1. Key Components of Wood Composites 2. Typical Composition Ratios
*Wood Fibers or Particles: (Varies by Type)
* Sourced from sawdust, wood chips, or recycled wood.

* Provides structure and natural appearance. _
Binding Agents (Resins or Adhesives): Component ercentage (%)

« Synthetic (e.g., phenol-formaldehyde, urea- Wood Fibers/Flour 50-80%
formaldehyde). o

/ 10-30%

+ Bio-based (e.g., lignin, starch, bioplastics). Resms_?mders &

«Additives for Performance Enhancement: Additives 5-15%

+ Water Resistance: Waxes and hydrophobic agents.

* Fire Retardants: Borates or other flame-resistant
compounds.

+ UV Stabilizers: Protect against sunlight degradation.

» Colorants: Dyes or pigments for aesthetic appeal.

the European Union reflect those of the European Union or HADEA. Neither the European Union nor the granting and Innovation
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Renewable & Biodegradable Aspects of Wood Composites
Wood Fibers/Flour

Renewable Resource:

» Sourced from managed forests and fast-growing species.

« Supports sustainable forestry practices.

Biodegradability:

» Natural fiber-based composites break down over time.

« Some composites are designed for compostability.

Lifecycle Impact:

» Lower environmental footprint than non-renewable materials like plastics and metals.

the European Union reflecchose of the European pnion or HADEA. Neither the European Union nor the granting and Innovation
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Renewable & Biodegradable Aspects of Wood Composites

Wood Fibers/Flour
@S Fibers for Life.
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Wood Fibers/Flour

Renewable & Biodegradable Aspects of Wood Composites
Wood Fibers/Flour

ARBOCEL® and LIGNOCEL®
cellulose fibers, wood particles and

fibers

> Produced from untreated softwood

sidestreams

Application examples:

> biodegradation tuning (bioplastics)

> porosity formation (ceramics)

» crack-stopping properties (rubber)

> rheology adjustment (glue, ceramics)

> green strength (brake pads)

Funded by
the European Union

ARBOCEL® product overview

Micrerystalline cellulose
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Microcrystalline cellulose spheres
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Renewable & Biodegradable Aspects of Wood Composites

Wood Fibers/Flour
ARBOCEL® Cellulose Fibers “ R _ARBOCEL® Wood Flbers ‘
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Renewable & Biodegradable Aspects of Wood Composites
Binding Agents: Bio-based polymers

1. What are Bioplastics?

There is no standardized definition of a bioplastic

* Abioplasticis a biobased material and/or biodegradable

There are three major categories of bioplastics:

* Biosourced (obtained from renewable resources) and biodegradable materials

e Materials made using fossil fuels (oil) and biodegradable resources

* Biosourced and sustainable materials (non biodegradable)

BIODEGRADABLE PBAT, PCL, PBSA PBS, TPS, Starch-based compound, biobased TPE PLA, PHAs, TPS
NON PE, PP, PS, PET, PVC, PUR, Biosourced PET, biobased PA 6-10, biobased PC, biobased PUR, biobased TPE, Biosourced PE, biobased PP, biobased PA-
BIODEGRADABLE PC, ABS, PA, etc. PTT, biobased Copolyesters, Cellulose esters, Hybrids 11, biobased PA 10-10
NON BIOBASED PARTIALLY BIOBASED BIOSOURCED
AN Funded by Views and opinions expressed are however those of author(s) only and do not necessary UK Research
PP the European Union reflect those of the European Union or HADEA. Neither the European Union nor the granting and Innovation 17
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Renewable & Biodegradable Aspects of Wood Composites

Binding Agents: Bio-based polymers

Equivalents to oil-based
versions (BioPET, BioPE, BioPA,
BioPP, etc.)

PLA

PHAs

Biopolyesters

Cellulose based

Biobased elastomers

Starch based

Biocomposites

20 to = 100 % biobased, not
biodegradable nor compostable

=100% biobased and 100%
biodegradable and compostable

~100% biobased and 100%
biodegradable and compostable

Partially biobased and 100%
biodegradable and compostable

Mainly biobased and could be
biodegradable and compostable

Mainly partially biobased

Partially biobased and could be
biodegradable and compostable

Partially biobased and could be
biodegradable and compostable

Sugar cane, molasses, vegetable
oils

Corn starch, sugar cane, sugar
beet, etc.

Corn starch, sugar cane, sugar
beet, other biomasses

Corn starch, sugar cane, sugar
beet, etc.

Wood pulpTransparent, rigid, low
thermal resistance, low barrier
properties

Biobased polyols (vegetable oils,
sugars, etc.)

Starch (corn, potatoes, tapioca,
etc.)

MNatural fibers with standard or
biopolymers

Equivalent to standard polymers,
remain recyclable and not
biodegradable, easy to process

Transparent, rigid, low thermal
resistance, low barrier properties

Opagque to translucent, rigid to
very soft, good thermal
resistance and barrier properties

Opaque to translucent, rigid to
very soft, good thermal
resistance , low barrier properties

Transparent, rigid, good thermal
resistance and barrier properties

Very soft, low hardness, good
mechanical properties

Soft, sensitive to moisture,
controled biodegradation

Rigid, good mechanical
properties, natural aspect

Bio-based polymers

All kind of applications

Food and cosmetic packaging,
consumer goods, fibres , 3D
printing

Consumer goods, agriculture,
packagings, water treatment

Bags, agriculture, packagings,
consumer goods

Packagings, consumer goods,
cosmetic and luxury

Consumer goods, construction,
automotive, sport and leisure

Bags, agriculture, packagings,
consumer goods

Consumer goods, automotive,
construction
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Renewable & Biodegradable Aspects of Wood Composites
Additives

Plasticizers:

> To improve dispersion of filler material in matrix and prevent aggregration of filler material together
> Increase ductility

> Polyethylene glycol (PEG), glycerol and tributyl citrate (TBC)

> Proportion of plasticizer also important

> Dispersion of filler material is directly proportional to mechanical properties

> Fiber surface treatment is important

Surface treatment: » Chemical treatments

» Physical treatments «  Alkali treatment (NaOH)

« Streching, Calendaring « Benzoylation (NaOH + Benzioyl chloride and peroxide)
* Hydrothermal treatment « Bleaching (NaOH + Hydrogen peroxide)

« Plasma processing system » Acetylation treatment (esterification)

» Thermo treatment » Silane treatment (Coupling agent)

Funded by Views and opinions expressed are however those of author(s) only and do not necessary UK Research 19
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Renewable & Biodegradable Aspects of Wood Composites
Biocomposites by Stora Enso

Made from almost 100% bio-based materials, contains natural fibers

Carbon footprint

Grade Wood Content Tensile Strength Tensile Modulus Tensile E@B Flex Modulus Carbon footprint Eco-grades
ISO 527-2/50 ISC 527-2/2 1SC 527-2/50 ISO 178 1SO 14067 ISO 14067
Pure
Pure S30 30 % 35 MPa 3600 MPa 2,2 % 3200 MPa 0,84 Kg/CO2 -0,92 Kg/CO2 storaenso
Pure S40 40 % 43 MPa 4500 MPa 2.2% 4200 MPa 0,5 Kg/cO2 -1,06 Kg/CO2
Pure S50 50 % 49 MPa 5700 MPa 1,8 % 5300 MPa 0,13 Kg/CO2 -1,22 Kg/C0O2
Pure L40 40 % 37 MPa 4600 MPa 1,6 % 4300 MPa 0,5 Kg/icoz2 -1,06 Kg/CO2
Pure L50 50 % 44 MPa 5500 MPa 1,6 % 5300 MPa 0,13 Kg/CO2 -1,22 Kg/CO2
Plus
Plus $40 Impact D 40 % 50 MPa 4600 MPa 35% 4400 MPa 0,75 Kg/co2 -0,81 Kg/C02
Plus S30 Flex K 30 % 27 MPa 1900 MPa 8.0% 1900 MPa 0,84 Kg/CO2 0,42 Kg/CO2
Plus S40 Flex K 40 % 31 MPa 2300 MPa 70% 2300 MPa 0,5 Kg/CO2 -0,55 Kg/C02
3D S50 Flex K 50 % 30 MPa 2700 MPa 7.0 % 2800 MPa 0,13 Kg/CO2 -0,67 Kg/CO2
Prime
Prime C20 High GK 20 % 60 MPa 2600 MPa 12,0 % 2300 MPa 2,08 Kg/CO2 0,39 Kg/C02
Prime S30 High GG 30 % 50 MPa 2800 MPa 9.5 % 2600 MPa 1,33 Kg/CO2 -0,28 Kg/C0O2
Prime S40 Impact | 40 % 64 MPa 4600 MPa 6,0 % 4300 MPa 1,26 Kg/CO2 -0,30 Kg/CO2

Il Stora Enso produces no more biocomposites as to 2023 !!!
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Renewable & Biodegradable Aspects of Wood Composites
Biocomposites by Tecnharo TECNAR@G::

The Tecnaro GmbH is an innovative company that develops and produces its own bioplastics and
biocomposites based on renewable raw materials.

Product overview: ARBOBLEND®

» ARBOBLEND® combines a great number of material types and a wide range of property profiles.

» The materials on offer are up to 100% bio-based.

» Depending on the formula, ARBOBLEND® materials contain biopolymers such as polyhydroxyalkanoates
(PHA), polycaprolactone (PCL), polyester (e.g. bio-PET), starch, polylactic acid (PLA), bio-polyolefins (bio-PE),
bio-polyamides (bio-PA), lignin, natural resins, natural waxes, natural oils, natural fatty acids, cellulose, organic
additives and natural reinforcing fibres.

» ARBOBLEND® materials are designed to be biodegradable or resistant depending on the intended
application. Biodegradability is a property that offers an additional benefit in applications such as urns, plant
aids, mulch films and many other uses.

Funded by Views and opinions expressed are however those of author(s) only and do not necessary UK Research 21
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Manufacturing Process of Wood Composites

Biopolymer Mix

% TECNAR ;}._ Batch 1 Batch 2 Batch 3
s ey T

Stordenso 12 Materials 7 Materials 12 Materials
. Biopolymer Mix 1 Biopolymer Mix 2 Biopolymer Mix 2

Wood Fibers ad i i

size <1 mm + Graphite + Wood Fibres + Wood Fibres

@s Fibers for Life + Recycled Glass Fibres + Recycled Glass Fibres

+ Lignin + Lignin
Fillers (Fibers)/
additives
sIw Star
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Manufacturing Process of Wood Composites

Compounding
with Eirich Mixer

Extrudate
cutting

Test plate
moulding (100 x
100 x5 mm)

-LCOP
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Manufacturing Process of Wood Composites

Infrared camera

Microwave cavity

Elevator system for
susceptor

-LCOP
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Manufacturing Process of Wood Composites

» Microwave barrel adaptation/manufacturing

Metallic barrel — not suitable for MW Fiber glass composite barrel — suitable for MW

New fiber glass composite barrel — manufacturing

-LCOP
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Manufacturing Process of Wood Composites

*  Successful WC manufacturing with the MW help
* Tribological testing and validation

-LCOP
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Manufacturing Process of Wood Composites
s = |

|
— |

* Online monitoring of energy consumption (IRIS)

*  Preliminary results:
* Conventional heating extrusion: 3,2 kWh

* Microwave heating prototype: 3,0 kWh

: ;“\.H SETREERTITAT

T:

TTETY e B T TR TG A] SER TR RETTTIH um“

1L 1 S8 A )-, =, "

LR L0000 000 ORI AL TN AT IHHJHIV

iR . 1

. .‘Hu,muu.l:umumlun : e —

™ e . : [ ENERGY CONSUMPTION_LTA T3 AVERAS
ENERGY CONSUMPTION_L1KWiEg
ENERGY CONSUMPTION_L2V 1oy
ENERGY CONSUMPTION_L2A 13
ENERGY CONSUMPTION L2KWig 1o o 17 Daleperts 18
ENERGY CONSUMPTION L3V 13
ENERGY CONSUMFTION_L3A I8
ENERGY CONSUMPTION_LIKWEg

-LCOP

AN Funded by Views and opinions expressed are however those of author(s) only and do not necessary UK Research 27
AR the European Union reflect those of the European Union or HADEA. Neither the European Union nor the granting and Innovation

authority can be held responsible for them.



Online Workshop on "Wood composite material production”

Tribological testing and validation

1E-4 -

Overview of friction and wear results of c 0o
* Material panels from NCC (NC*) Z
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Summary and Outlook

J ﬁ Very low friction coefficients achieved with Wood composites.

- Good wear resistance of WC, comparable with various PA4.6 benchmark
materials.

* & MW-system and sensor integration into extruder system to reduce energy
consumption.

O Manufacturing net-shape WC bearing prototypes and their testing in industrial
environments (TRL6).
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Thanks for your attention!

Fraunhofer ISC / Zentrum Hochtemperatur-Leichtbau HTL
Standort: Gottlieb-Keim-Stral3e 62, 95448 Bayreuth, Germany
Tel: +49921 78510-226

Fax: +49 921 78510-001

mailto: liviu.dan.toma@isc.fraunhofer.de
http://www.htl.fraunhofer.de/
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Q&A / discussion
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