Polyamide 6.10 made with 64% renewable source polymer

Radici Plastics is now selling a new polyamide 6.10 range of products suitable for injection
moulding and extrusion.

These products, made with 64% renewable source materials, are polymerized from hexa-
methylenediamine and sebacic acid at RadiciGroup Chemicals plants and then com-
pounded at various Radici Plastics production sites located all over the world.

Sebacic acid is a substance of biological origin obtained from castor oil plant (Ricinus
communis) seeds. The plant is cultivated, mostly in China and India, in arid environments,
and for this reason does not compete with agricultural products for human consumption.
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Fig.1 - Castor oil seeds used to make sebacic acid, one of the raw Fig.2 - Castor oil plant (Ricinus communis)
materials in the production of PA6.10

PROPERTIES COMPARISON

Radilon® D polyamide 6.10 is a semi-crystalline polymer suited to highly technical applications. Among its main char-
acteristics are:

® Greater dimensional stability compared to PA6 and PAG6, due to less water and moisture uptake

® Higher chemical resistance compared to PA6 and PA66

® Greater resistance at high temperatures than PA12

e Excellent hydrolysis resistance
The following graphs compare some of the important characteristics of Radilon® D, PA11, PA12, PA6.12, PA6 and PAG6.
The values were obtained for base polymers. Adding modifiers, stabilizers and fillers may change the behaviour of the
materials significantly.
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Radilon® D PAG6.10s for injection moulding

Product Name

Radilon® D HS 105M

Product Description

PAG.10, unfilled, medium viscosity

Main Characteristics

Production of injection moulding items. Good
chemical resistance and dimensional stability

Radilon® D RV300W
(black and natural)

PAG6.10, 30% glass-fibre filled, heat stabilized

High rigidity, mechanical and chemical resistance
and dimensional stability

Radilon® D RV300RKC

PAG6.10, 30% glass-fibre filled, heat and hydrolysis
stabilized

High rigidity, mechanical and chemical resistance,
hydrolysis resistance and dimensional stability

Radilon® D RV600RKC

PAB6.10, 60% glass-fibre filled, heat and hydrolysis
stabilized

Radilon® D PAG.10s for extrusion

Product Name

Radilon® D 40P50K
Radilon® D 40P50W
Radilon® D 40P50UK

Product Description

PA6.10, plasticized, heat stabilized

Very high rigidity, mechanical and
chemical resistance, hydrolysis resistance and
dimensional stability

Main Characteristics

Translucid, semi-flexible. Suitable for pneumatic
pipes and in-tank fuel lines.

W version has enhanced heat resistance. UK version
has superior UV resistance

Radilon® D 40EP35XK

PAB.10, plasticized, enhanced impact strength, heat
stabilized

Opaque, semi-flexible.
Suitable for pneumatic pipes

Radilon® D 40E75W

APPLICATIONS

Radilon® D has been approved for the following

applications:

® Pneumatic pipes
® Truck brake air pipes
® Fuel line connectors

® Moulded components when chemical resistance and
dimensional stability are required

heat stabilized

Radilon® D 40EP252W PA6.10, plasticized, heat stabilized, enhanced impact Sefm—ﬂexmle.. _
strength even at low temperatures Suitable for air pipes
. PA6.10, high impact strength at low Flexible.
®
Radilon® D E352W temperatures, heat stabilized Suitable for air pipes
PA6.10, good impact strength, Rigid.

Suitable for high pressure air pipes

Basic Stress (Mpa)

Additionally, Radici Plastics has developed special mate-
rials targeted at applications such as in-tank fuel lines
(Fig.7), fittings for the thermosanitary sector (thanks to
Radilon® D's excellent glycolysis resistance) and air tub-
ing for high temperature applications, as well as special
materials with exceptionally high impact resistance and

weather resistance for the sports sector.
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Fig.5 - DIN 73378: BASIC STRESS COMPARISON

Basic stress plotted as a function of operating temperature for two
Radilon® D products used for pneumatic tubing.




Application: Pneumatic pipes

Figure 5 shows a graph of the basic stress values taken at temperatures of up to 130°C according to the DIN 73378
standard. In the case of both Radilon® D 40P50K (semi-transparent) and Radilon® D 40EP35XK (opaque) the basic stress
values are higher than required by the standard. Both materials are used for pneumatic pipes. The UK version of the same

material has higher UV resistance.

Fig.6 - Spiral-shaped pneumatic tubing manufactured using Radilon® Fig.7 - In-tank fuel line made using natural and black Radilon®D
D 40P50K. The material is partly transparent and can also be 40P50K.
produced in different colours.

Applications: Truck brake air pipes and brake booster vacuum hoses

For truck air brake pipes (Fig.8), Radici Plastics offers Radilon® D E35ZW and Radilon® D 40EP25ZW in both monolayer and
double layer versions. Specifically, semi-flexible Radilon® D E35ZW boasts superior chemical resistance after immersion in
water/zinc chloride solutions. This material can also be used as the outer layer in multilayer components.

Fig.8 - Truck brake line tubes made with Radilon® D E35ZIV 333 Ner. Fig.9 - shows the contact zone between a tube and tube connector.

Fig.9 - Air tube with Radilon® D E35ZW 333 Ner outer layer after 200 hours' immersion in 50/50 water/zinc chloride
solution at 23°C. As can be seen, the component has withstood immersion totally undamaged thanks to its excellent zinc
chloride resistance even in the high stressed connection zone.

The superior performance of Radilon®D E35ZW 333 Ner in zinc chloride solutions opens up new opportunities for PA6.10

in applications where other long-chain polymers have traditionally been used.
The physical and mechanical properties of various Radilon® D air tubes are summarized in the table below. Radici Plastics

provides differentiated solutions that can meet the technical specifications of diverse applications.



I D 40P50K D 40EP35XK | D 40EP25ZW D E35ZW D 40E75W

Plasticized Impact Impact Impact Impact

Property Modified Modified Modified | Modified
Translucent Opague

Density g/cm3 1,09 1,04 1,04 1,00 1,03

Melting point °C 215 215 215 220 220
Water uptake (24h-23°C/Saturation) % 1,1/2,5 1,0/2,3 0,9/2,0 0.8/1,9 -
Yield strength (DAM/RH50) MPa 42/30 35/30 30 23/19 40
Elongation at break (DAM/RH50) % >100/>100 | >100/>100 | >100/>100 >50/>100 >100
Tensile modulus (DAM/RH50) MPa 920/550 840/510 580 800/580 1400
ggfé%;ﬁ?;:ldsé;"pm strength at KJ/m2 25/40 73/95 85 80/90 63

Charpy unnotched impact strength at
23°C
Charpy notched impact strength at -30°C

KJ/m?2 NB NB NB NB NB

6 20 - 75 -
NB NB

Charpy unnotched impact strength at -30°C

Applications: Fuel system connectors

The material proposed by Radici Plastics for fuel system connectors (Fig.10) is Radilon® D RV300W 333 Ner, a moulding
grade PA6.10. Components manufactured with this material have exhibited excellent dimensional stability and impact
resistant characteristics in circulation tests using E10 and E24 fuel and B10 and B30 diesel fuel. The graphs below show
how some of the material's mechanical properties change over time after immersion in zinc chloride solutions, after age-
ing in fuel and after thermal ageing in air.

Fig.10 - FUEL CONNECTOR MADE WITH
RADILON® D RV300W 333 NER.

Radilon®D, heat stabilized, 30% GF fullfills the specification of fuel connectors
and represents a suitable alternative to PA12-GF30.
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Fig.11 - AGEING IN E24 FUEL AT 90 °C
140

Change over time in tensile strength after immersion of the materials in fuel
containing 24% ethanol. Radilon® D RV300W 333 Ner follows the same trend
as PA12-GF30, which has been used to manufacture fuel connectors up to now.
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Fig.12 - AGEING IN E24 FUEL AT 90 °C

Change over time in Charpy unnotched impact strength after immersion of
the materials in fuel containing 24% ethanol. For Radilon® D RV300W 333
Ner, the graph shows a steady increase with immersion time and, after 2000
hours, Charpy unnotched impact strength is 30% greater than its initial va-
lue. On the other hand, for PA12-GF30,after 1000 hours, Charpy unnotched
impact strength begins to decrease, which could be a sign of the onset of
material degradation. No decline in impact strength is observed for Radilon®
D RV300W 333 Ner.

Fig.13 - AGEING IN AIR AT 130°C

Change over time in the mechanical properties of the materials after ageing
of up to 2000 hours.

After 2000 hours, Radilon® D RV300W 333 Ner shows no decline in either
tensile strength at break or tensile deformation at break compared to the
initial values. This product, which is heat stabilized to ensure component
integrity against deterioration resulting from thermal ageing, is well within
the requirement set forth in many technical specifications that the loss in
mechanical properties be no greater than 50%.

Fig.14 - AGEING IN E24 FUEL AT 90 °C

Weight change over time after immersion of the materials in gasoline con-
taining 24% ethanol.

The graph shows that, after 2000 hours of immersion, the change in weight
for Radilon® D RV300W 333 Ner is 2% less than for PA12-GF30. This result
shows that Radilon® D has greater dimensional stability.

Fig.15 - AGEING IN A 50/50 WATER/ZINC CHLORIDE SOLUTION
AT 23°C AND 60°C

The graphs demonstrate that, after ageing in a 50/50 water/zinc chloride
solution at 23°and 60°C, there is no significant change in the Charpy un-
notched impact strength of Radilon® D RV300W 333 Ner. These results con-
firm the excellent chemical resistance of Radilon® D compared to PA12.
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RADICI NOVACIPS SpA

Via Bedeschi, 20 - 24040 Chignolo d'Isola (BG) - |
Tel. +39 035 4991311 - Fax +39 035 994386
e-mail: italia.plastics@radicigroup.com

RADICI NOVACIPS SpA

Via Provinciale, 1331 - 24020 Villa d'Ogna (BG) - |
Tel. +39 0346 22453 - Fax +39 0346 23730
e-mail: italia.plastics@radicigroup.com

RADICI PLASTICS GmbH

Glockengiesserwall 2 - 20095 Hamburg - D
Tel. +49 40 3095410 - Fax +49 40 30954199
e-mail: deutschland.plastics@radicigroup.com
Production:

Elso-KlIgver-Strasse, 10 - Industriegebiet Hafen
21337 Liineburg - D

RADICI PLASTICS IBERICA SL

Avda. Josep Tarradellas, 130 5°12

08029 Barcelona - ES

Tel. +34 93 5416500 - Fax +34 93 4943326
e-mail: iberica.plastics@radicigroup.com

RADICI PLASTICS UK Ltd.

High Hill House, 6A Hampstead High Street
London NW3 1PR - UK

Tel. +44 20 74314554 - Fax +44 20 74314544
e-mail: uk.plastics@radicigroup.com

RADICI PLASTICS FRANCE SA

65, Rue du Dauphiné - 69800 St. Priest - F
Tel. +33 4 72782090 - Fax +33 4 72782089
e-mail: france.plastics@radicigroup.com

RADICI PLASTICS B.V.

Verloren Van Themaatweg 9 - 6121RG, Born - NL
Tel. +49 40 3095410 - Fax +49 40 30954199
e-mail: deutschland.plastics@radicigroup.com

RADICI PLASTICS LTDA

Rua Giuseppe Marchiori, 497

CEP 18147-970 Aracariguama - Sao Paulo - BR
Tel. +55 11 4136 6500 - Fax +55 11 4136 2166
e-mail: brasil.plastics@radicigroup.com

RADICI PLASTICS USA Inc.

960 Seville Road, Wadsworth, OH 44281 - USA
Tel. +1 330 3367611 - Fax +1 330 3362143
e-mail: usa.plastics@radicigroup.com

RADICI PLASTICS (Suzhou) CO., LTD.

No. 49 Ping Sheng Road, SIP

215126 Suzhou, Jiangsu Province - PR China
Tel. +86 512 62952290 - Fax +86 512 62952291
e-mail: china.plastics@radicigroup.com

RADICI PLASTICS INDIA PVT. LTD.

C-5 1st Floor, Amar Colony Market, Lajpat Nagar-IV
New Delhi - 110024 - IN

Tel. +91 11 41638170

e-mail: info.plastics@radicigroup.com

RADICI PLASTICS MEXICO S. DE R.L. DE C.V.

Av. Francisco Zarco 2688

C.P. 47810 - Col. Loma Bonita - Ocotlan Jalisco - MX
Tel: +52 392 923 2390

e-mail: info.plastics@radicigroup.com

The information provided in this document is supplied in good faith and corresponds to Radici Plastics’ knowledge at the date of its publication. This information may be sub-
ject to revision as new knowledge becomes available. The numerical data presented in this document are values obtained by measurement under prescribed conditions. The
release of this data by Radici Plastics does not constitute a guarantee of the quality and/or safety of your company's finished products. Radici Plastics makes no warranties

and assumes no liability in connection with any use of this information.
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