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Cross-linking of CREAMID

<Kunde>

<Datum>
<Name>
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Glow filament

Anode

» Particle radiation, ,e-beams":
Accelerated electrons,
~simple* electrical device
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Flachangewicht (g/em®)

E-beam accelerator

€ TEKNOR APEX

Schematic diagram: Electron beam tube
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» Radiation is energy
(kinetic energy of accellerated electrons)

> Energy is beeing absorbed by
the so treated material

» Chemical reaction is initiated
(creation of radicals)

€ TEKNOR APEX
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» Supported by BETALINK®

(not visualized here!)

free radicals will recombine
= Polyamide is cross-linked

€ TEKNOR APEX
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PAG66 PA6

PBT
PA11 PA12

Materials in white letters are
suitable for cross-linking

TPO

(Thermoplastic) Elastomers "'-“Semi-cristalline Thermoplastics

€ TEKNOR APEX
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> Irradiated polymers are NOT radioactive!

» Important:

Untreated and treated parts must not be mixed up!
(It is impossible to distinguish between cross-linked and not yet irradiated parts)

€ TEKNOR APEX
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Bulk density:

\0,31 g/cm?

surcharge: 0,02 €/part

€ TEKNOR APEX
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> E-beam treatment of plastic parts is expensive!

be :fl
\stac ked 4
.vr-

36 parts
per 24 Litre
carton

9

surcharge: 0,23 €/part

€ TEKNOR APEX
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Improving  mechanical properties of thermoplastics

. . o
Elongation over time: PA 66-GF30 3
o . c
cross-linked and cross-linked at 90 °C / s = 50 N/mm? o
30 g
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- [
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1,0E-01 1,0E+00 108201 1,0E+02 1,0E+03

Belastungsdauer / h
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Improving thermal properties of thermoplastics

cross-linked

not cross-linked
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improving thermal properties of thermoplastics

Shear modulus vs. temperature

(qualitative diagram)
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Improving chemical properties of thermoplastics

stress cracking corrosion on Polyamides
€xr = 3,8 %, 30% ZnCl, solution

Testing solution
is applied by
brush

test specimen

0 0 O
\fixation /

University of Erlangen-Nirnberg

Flexural strain test

not irradiated 33 kGy, Gel content 60%

€ TEKNOR APEX
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Improving  tribological

properties of thermoplastics
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PA 6: not cross-linked

€ TEKNOR APEX

Coefficient of wear / PA-X vs. PA
at ambient temperature and at 100 °C

cross-linked (GC 65%) PA 66: not cross-linked  cross-linked (GC 65%)

e

wear testings performed:

University of Erlangen-Nirnberg

—
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semi-crystalline core

€ TEKNOR APEX

amorphous skin

Polyamide is a semi-crystalline material.

Cristallinity is about (4015) %
[Ehrenstein: Polymer-Werkstoffe, Hanser-Verlag]

Crystallinity of injection moulded parts is not distributed
homogenously over the cross-section of those parts.

By cooling down the melt at the temperature controlled cavity
wall, areas with amorphous molecular structures are created.
Thickness of these areas (,,skin“) is depending on cooling

. ol
velocity (o)
These amorphous areas — with thermally and mechanically
weaker properties compared to semi-crystalline areas- are

contact surfaces to the environment and determin the part’s
performance.
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o by variation of mould wall temperature

Coefficients of wear and friction
depending on mould wall temperature

— 10 PABB [ J VerschleiRkoeffizient k 1,0
| v=05mis N Reibungszahl f
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- p =4 N/mm
= 30 R, =32pm - 0,8
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£291 = . _ . Logs
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Test is performed with non-cross-linked PA

€ TEKNOR APEX

Reibungszahl f []

Low mould wall temperature is causing high
cooling velocity of skin area resulting in
low crystallinity.

Low skin cristallinity (= amorphous) is
causing high coefficient of wear (k)

Source: m Lehrstuhl fiir Kunststofftechnik
Universitat Erlangen-Niirnberg
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romemmo e DY variation of mould wall temperature

Coefficients of wear and friction
depending on mould wall temperature
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Reibungszahl f []

Vice versa:

High mould wall temperature is causing low
cooling velocity of skin area resulting in
high crystallinity.

High skin crystallinity is resulting in
low coefficient of wear (k)

Source: m Lehrstuhl fiir Kunststofftechnik
Universitat Erlangen-Niirnberg
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Test setup
10°°mms3 20
N-m  4g
16 1
§ 14 1
= !2: not cross-linked
©
e 10 8
Q 1 cross-linked (100 kGy) )
g 9 Pin-on-disk test
S 61 wear combination:
© 4 4 | » PA 66, cross-linked (3 x 33 kGy) and not cross-linked PA66
24 3 77 * Steel, R,=1,5pm
0 Lk R 4 T, =100 °C,v = 0,5 m/s, p = 4 N/mm?
40 °C 80 °C 100 °C

Mould wall temperature

Source: m Lehrstuhl fiir Kunststofftechnik
University of Erlangen-Nuerenberg
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Wear behaviour of different areas L ot be (e,

ommenecaew  QUAlitative diagram of wear depending on polymer morphology

Source: LKT, Uni Erlangen-Nilrnberg

Friction test: PA 66 / Steel
pin-on-disk

’
o

=
a2
-

a
2

e

2

/”
-

By e-beam treatment, mainly
amorphous skin areas are cross linked.
A Resistance against wear is shifted

directly into semi-crystalline areas

linear wear Aw / um

intersection

intersection

\

time At/ h
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Improving costs of thermoplastic parts

Example: Multi-Connector, LxB x T=80 mm x 20 mm x 20 mm
Requirements: CTI > 400, lead-free reflow soldering process

Demonstrator

Injection moulding
Boundary condition: 4 cavity tool, machine operating costs 40 €/h

€ TEKNOR APEX
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» omaenseecmenr— Graphical diagram of - short-time temperature resistance
- part weight
- purchasing price

350

of different materials

300

required

*° temperature resistance

200

N

pkéqrt weight ?g
Mat’l price / €/kg

150

Thermal resistance 30 Min. / °C
=

100

10

50

0
PA66-GF30 PA66-GF30 FR(30) PPA-GF30 FR(40) PPS-GH40 PA66-X-GF30 UP-GF20 FR
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Cross-linking of polymers: Why?
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Example: Wall thickness d = 1,0 mm is given

Cycle time | Remaining Manufacturi Machine Manufacturing
without | curing time ng time costs/1.000 parts | Subsequent | costs: Material +

Material Mat’| remaining | rsp. curing 1.000 parts /| at expected cycle | machining/ Machine +

Material Part weight price deployment | cooling time time Cycle time h time / € 1.000 pt Sub‘mach
g €/kg €/1.000 parts s s 40 € €/1.000 parts
PA66-GF30 10,9 3,00 32,693 17 3 20 1,389 55,56 0 88,248
PA66-GF30 FR(30) 11,5 3,30 38,077 17 3 20 1,389 55,56 0 93,633
PPA-GF30 FR(40)] 11,5 8,00 91,667 17 3 20 1,389 55,56 0 147,223
PPS-GF40 13,2 7,00 92,549 17 3 20 1,389 55,56 0 148,104
PA66-X-GF30 11 6,00 65,866 17 3 20 1,389 55,56 18 129,421
UP-GF20 FR 18 2,00 36,045 17 40 57 3,958 158,33 20 204,378

Not taken into account: different energy consumption - costs (melt temp., machine pressure,...)

€ TEKNOR APEX



Cross-linking of polymers: Why?

confidential

A > TEKNOR APEX COMPANY

250 I
3 mm i
750.000 parts / ye
A14TE
200 (PPA vs.-PA=X)"um
2 mm

) =
3 =
o
< 150 —=
w
~ I mm
g
g 100
£
=}
c
©
€

50

PPA-GF30 FR(40)

PA66-X-GF30

UP-GF20 FR

€ TEKNOR APEX

Manufacturing costs at different wall thicknesses

I 750.000 pts / yr:

A35T€
(thermoset vs. PA-X)

2mm

1,5mm

1mm
L]
. Zurick

o » » Auswahlseite

A P
Py
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Parameter variation in moulding process

e.g.: (PA66+PA6I/6T)-GF40
flow length approx. 530 mm

€ TEKNOR APEX
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13

1.4.

Chemische Bezeichnung
CASHr 1025-15-6
REACH Regs nerNr 01-2119932313-47-0000
EG-Nr 213-834-7

1,3,5-Triallyl-1,3 5 -tnazin-2,4, 6(1H, 3H,5H)-trion

Relevante identifizierte Verwendungen des Stoffs oder Gemischs und Verwendungen, von

denen abgeraten wird

Cross-linking of polymers: How?

Reiev e igertifizerte Gummi und Kunststoff ind

oe asuichen Eposty DEPlOyment of the product:

Emzeineiten zum Lieferanten, der dos sicnermeitssl. Processing agent in rubber- and plastic processing industry

W erw endhingen
Funkfon Vemetzer
Frma Evonik Performance Mate
Postfach 1345
D-£3403 Hanau
Teleton +49 (0)6181 58-3207
Teletx +49 (0)6181 59-2083
Emai Adresse sds-info-epm @evonik.com
Notrufnummer
Notfallauskuntt +49 (0)2365 49-2232 (Dolmetscherservice verflgbar)
Notfallauskunft +49 (0)2365 494423 (Teletax)

ABSCHNITT 2: Mogliche Gefahren

21.

2.2

Einstufung des Stoffs oder Gemischs

Einstufung gemai Verordnung (EG) Nr. 1272/2008 [CLP].
EU-CLP gemall Verordrung (EG) Nr. 1272/2008

Akute Toxztat (Oral) Kamgore 4
Akute Toxdztat (Haut) Kamwgore 4
Spedfische Dielomgan-Toxztat (wiederholte Exposition] Kategore 2

(Oral, Haut, Leber)
Kennzeichnungse lemente

Kennzeichnung gemas (EG) 12722008
Gesegiche Grundage
Gefahrenb

de Kompe (n) (GHS)

* 1.35-Trially-1.3.5 -tfazn-2 4 8( 1H.3H_5H -trion
Symiboi &}

O®

€ TEKNOR APEX

EU-CLP gemal Verordnung (EG) Nr. 12722008

H302
H312
H3T2

Toxotatbei wiederholier
Aufnahme

Beurkiung STOT-Enmalige
Expositon

Beureilung STOT- Wiederhoite
Exposifon

Gefahr der Asprratonstoxzitat

Genbxzidtm vito

Mehode

OECD TG 406

Oral Ratte(manniich)/ 4 Wochen

NOAEL
Zelorgan'Wirkung
Mehcde
Literatur

15 mg/kg
Leber
OECD TG 407

Oral Ratte{weiblich) / 4 Wochen

NOAEL
delorganWirkung
Methode
Literatur

Bewtilung

>= 50 mg/kg
Leber
OECD TG 407

Der Stoff oder das Gemisch ist nicht als zielorgantoxisch,

einmalige Exposition, eingestuft.

Expositonswege oral

Jelorgane
Bewrlung

Leber
Der Stoff oder das Gemisch ist als zielorgantoxisch,

wiederhoite Exposition, der Kategorie 2 eingestuft.

Keine Daten vorhanden

Genmutation V 79 -




Cross-linking of polymers: How?

m’('o{/l’bo-/-be/

confidential

A 0> TEIIOR APEX COMPANY

When processing compounds containing Betalink, air /TAIC mixtures can occur.

Exposition to be monitored:
Following parameters shall be monitored while processing TAIC:
(DNEL (Derived no-effect-level) / DMEL (Derived Minimum Exposure Level):

Application

Exposition

possible damages to health
value

Exposition

possible damages to health
value

€ TEKNOR APEX

Employee

respiration

long term - systemic effects
0,35 mg/m3

Dermal
long term - systemic effects
0,1 mg/kg body weight/day
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! sufficent vapour extraction system
! filter cartridges of the extraction system are to be treated as special waste
! providing sufficient amount of fresh air

I extracted air must not recirculate!

(Exhaust system with sufficient distance to doors, windows and so on)

! For additional advices see Safety data sheet

! Personal protective equipment shall be worn

€ TEKNOR APEX
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S Indicator label on transport container:
a
181‘\\%"\{‘ et e

not irradiated
1st treatment >33 kGy
2nd treatment >33 kGy

3rd treatment >33 kGy

2 =100 kGV

sartt
!
5w

€ TEKNOR APEX




Cross-linking of polymers: Who? e ot be teyy

confidential

™ Tyco A\ I D
Electronics MIp»
PORSCHE
SIEMENS
¥ Al
- E.T R Roclkuwell

Automation
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Teknor Germany GmbH

Thank yow for youwr interest!
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