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Cross-linking of CREAMID

<Kunde>

<Datum>

<Name>
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Ø Particle radiation, „e-beams“: 
Accelerated electrons, 
„simple“ electrical device

E-beam accelerator
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Schematic diagram: Electron beam tube
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Ø Radiation is energy
(kinetic energy of accellerated electrons)

Ø Energy is beeing absorbed by
the so treated material

Cross-linking?
„Beschuss“ mit
energiereicher

Strahlung

Ø Chemical reaction is initiated
(creation of radicals)

C

C

C

C

C

C

C

C

C

N

N

O

O

H

H

H

H
H

H

H

H

H

H

H

H

H

H

H
PA 66

PA 66



confidentialCross-linking?



confidential

Ø Supported by BETALINK®

(not visualized here!) 

free radicals will recombine
º Polyamide is cross-linked

Strahlenvernetzung?
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PS    SAN   PVC

PETPV

TPS  TPO

COC 

PC

PMMA

ABS

PEI
PES

PEK

LCP

PPS

PA46
PA66 PA6

PBT PET

TPA

TPU 

TPC

PA 9T

Amorphous Thermoplastics Semi-cristalline Thermoplastics(Thermoplastic) Elastomers

PA11  PA12

PP

POM

Cured
Elastomers

Materials in white letters are
suitable for cross-linking



confidentialCross-linkable Polymers

Ø Irradiated polymers are NOT radioactive!

Ø Important:

Untreated and treated parts must not be mixed up!
(It is impossible to distinguish between cross-linked and not yet irradiated parts)
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Ø E-beam treatment of plastic parts is expensive!

Surcharge: 0,02 € /part

Bulk density: 
0,31 g/cm³

Part 
weight: 

17 g
Bulk parts
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Ø E-beam treatment of plastic parts is expensive!

Surcharge: 0,23 € /part

36 parts
per 24 Litre

carton

part
weight: 
140 g

Parts to
be

stacked
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Improving properties of thermoplastics
thermal

mechanical
chemical

tribological
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PA6-GF30: unbestrahlt

PA6-GF30: 3 x 33 kGy

Elongation over time: PA 66-GF30
cross-linked and not cross-linked at 90 °C / σ = 50 N/mm²
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Verbesserung der properties of thermoplastics
mechanical

thermal 
chemical

tribological

Improving

not cross-linked cross-linked
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improving properties of thermoplastics
mechanical

thermal
chemical

tribological

1E+00

1E+01

1E+02

1E+03

1E+04

-50 0 50 100 150 200 250 300 350 400

sh
ea

r
m

o
d

u
lu

s
G

 /
 N

/m
m

²

Temperature / °C

Shear modulus vs. temperature
(qualitative diagram)

PA6-GF30 PA6-X-GF30

PA66-GF30 PA66-X-GF30



confidential
Cross-linking of polymers: Why?



confidentialCross-linking of polymers: Why?

stress cracking corrosion on Polyamides
εRF ≈ 3,8 %, 30% ZnCl2 solution

Improving properties of thermoplastics
thermal
chemical

tribological
mechanical

33 kGy, Gel content 60% 99 kGy, Gel content 63%
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not irradiated

rigid gauge

test specimen

fixation

Testing solution
is applied by
brush
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Improving properties of thermoplastics
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confidentialImproving wear and tear behaviour

amorphous skin
semi-crystalline core

Polyamide is a semi-crystalline material.
Cristallinity is about (40±5) % 
[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

velocity (
οణ

οణ
)

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. 



confidentialVariation of crystallinity
by variation of mould wall temperature

Source: Lehrstuhl für Kunststofftechnik
Universität Erlangen-Nürnberg

Coefficients of wear and friction
depending on mould wall temperature

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)

Test is performed with non-cross-linked PA
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Source: Lehrstuhl für Kunststofftechnik
Universität Erlangen-Nürnberg

Coefficients of wear and friction
depending on mould wall temperature

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)

Variation of crystallinity
by variation of mould wall temperature
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Source: Lehrstuhl für Kunststofftechnik
University of Erlangen-Nuerenberg

Test setup

Pin-on-disk test
wear combination: 
• PA 66, cross-linked (3 x 33 kGy) and not cross-linked PA66
• Steel, Rz = 1,5 µm

TU = 100 °C, v = 0,5 m/s, p = 4 N/mm²
40 °C 80 °C 100 °C

Mould wall temperature
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By e-beam treatment, mainly
amorphous skin areas are cross linked. 
Resistance against wear is shifted
directly into semi-crystalline areas
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Qualitative diagram of wear depending on polymer morphology
Source: LKT, Uni Erlangen-Nürnberg
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Improving of thermoplastic parts
thermal

costs
chemical

tribological

Example: Multi-Connector, L x B 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

Cross-linking of polymers: Why?
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Example: Wall thickness d = 1,0 mm is given

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

Material Part weight
Material 

price
Mat‘l

deployment

Cycle time 
without

remaining
cooling time

Remaining
curing time 
rsp. curing

time Cycle time

Manufacturi
ng time 

1.000 parts / 
h

Machine
costs/1.000 parts
at expected cycle

time / €

Subsequent 
machining/ 

1.000 pt

Manufacturing 
costs: Material + 

Machine + 
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
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Cross-linking of polymers: Why?
Manufacturing costs at different wall thicknesses

Zurück 
Auswahlseite
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Parameter variation in moulding process

290

280

270

nozzle hopper t

with cross-linking agent: approx. 600 mm

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

p
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Deployment of the product: 
Processing agent in rubber- and plastic processing industry
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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 Employee
Exposition respiration
possible damages to health long term - systemic effects
value 0,35 mg/m³

Exposition Dermal
possible damages to health long term - systemic effects
value 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

! 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
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Zurück 
Auswahlseite
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Indicator label on transport container:

1st treatment >33 kGy

2nd treatment >33 kGy

3rd treatment >33 kGy

Σ = 100 kGyü

not irradiated



confidentialCross-linking of polymers: Who?



confidentialCross-linking of polymers: Who?

Thank you for your interest!

Teknor Germany GmbH


