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» rays are carriers for energy

1 » the radiation of products cannot -for physical reasons-
generate any radioactivity in the product

» irradiated products do not emit any radiation itself

> the properties of irradiated products are optimized by the
energy input -chemical reactions will be caused

» this chemical reactions will cause crosslinking or
degradation of polymers or sterilization

BETA-GAMMA-S



Generation of rays

Braun tube

1 Accelerated electrons
( beta rays/ e-beams )
like: - TV-Sreens
- ROntgen rays

Gamma-Rays

Radioactive Material
(Co-60)

BETA-GAMMA-S



|

|
—_—

1
——
re—

|
—
—
e
—

||
—_—
s |

TS
N 22

3. OMeV lectron- acceler!cer

Copyright, 2005 ©'ting._GmbH,'§Jberzell




Principle of a gamma radiation plant
Conveyersystems for Palett-systems
and single pi

BETA-GAMMA-S




Beltsystem for Cartons
"

B el
e

1.) Rollenband-Férdersystem 4.) Austritt Elektronenstrahl
Produktaufgabe (Scanner)

2.; Produktentnahme 5.) Steuer- und Messwarte

3.) Wender bzw. 6.) Bestrahlungsbunker
Ubersetzvorrichtung
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ed goods

Conveyor system for cartons and bulk products

Handling
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"UPGRADING"
BY
CROSSLINKING

PERFORMANCE PI/ @ FP
PLASTICS og | E PEE
(HDT > 150°C) i @ \LCP
=
PES ! U ‘ ppg
ENGINEERING COC ;| 1pp i PA46
PLASTICS PC ' \ PAG6 PA
HDT = 100°C—150°C i TPU \pa11 pA1?
( ) /pMMA pe
) \ PBT PET
ABS ! -‘
STANDARD : 3
ICS PS SAN i TPV !
(HDT < 100°C i \
PVC ; TPS TPO
i '
Amorphous 1 Thermoplastic

Thermoplast !

Elastomer !

a

Crystallin
Thermoplast




1provement of ..
moplastic resins)

'A' ~

Ibologic
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1. V-PTS CREAMID

PAG6.6 incl. crosslinking additives and stabilizers

2. Injection moulding
conform to PTS standards

3. Crosslinking process under authority of PTS
Gel content in solving tests min. 60%

h. J 4. V-PTS-CREAMID UL-File E173999 approved
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Control of Heat Distorsion Temperature for crosslinked
parts by soldering test

Part: PA 6 GF30
Soldering pin: @ 1mm, weight: 1000g, Temperature: 350°C

BETA-GAMMA-S
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2. Aufheizen

— nicht bestrahlt
Tom =215°C, 220 °C
Abim =48 JIg

K = 27%

---=- 99 kGy bestrahit
Tom =202°C
aFim = 33 Jig
K 20 %

_=_—‘:
N ._7"\ (
Y [}
Crystallisation ‘\/ Cooling
R 2 )

—— nicht bestrahlt
Teia =192 °C
Tk =188°C
=== 99 kGy bestrahlt
Teic =174 °C
Tpl( =167 °C

I

qal B 250
TEMPERATURE [°C]

endo

5
z.
=
O
-
LL
[
<
LU
I

allinity is disturbed by crosslinked areas. The result |
crystallisation temperature and reduction of heat content!
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Parameter:

Time:

15 min

270°C

Temperature:

crosslinked

Not crosslinked
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Vergleich des Schubmoduls von PA6/PA6.6/PA12 vernetzt / unvemetzt I

— PTS-CREAMID A3H2G6 (PA6.6 GF30)

=== - PTS-CREAMID B3H2G6 (PA6 GF30)

""" PA12 GF30

— V-PTS-CREAMID B3H2G6 (PA6 GF30) vernetzt
—— V-PTS-CREAMID A3H2G6 (PA6.6 GF30) vernetzt
—— PA12 GF30 vernetzt

§ 10°

hoher Vernetzungsgrad

8
w

10
o 10" /‘
' niedriger Vernetzungsgrad
100 T T T T T T T T — T T T T T T T
-50 0] 50 100 150 200 250 300 350 400
5 Temperatur °c
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Temperature 23°C

Burst
pressure
not XL

Burst
pressure XL

AESN P202T6L

28

33,7

AESN P40 TL

25

32,8

BESN P20 TL

28

38,6

BESN P40 TL

24

28,8

Temperature 130°(

Burst
pressure
not XL

Burst
pressure XL

AESN P202T6L

7,5

9

AESN P40 TL

7

9,2

BESN P20 TL

9

12,3

BESN P40 TL

7,5

10,3

Temperature 160°(Q

Burst
pressure
not XL

Burst
pressure XL

AESN P202T6L

0

5,3

>>

AESN P40 TL

3,8

>>

BESN P20 TL

6,6

>>

BESN P40 TL

—
Best results ”/o Jtent of plasticizer:

5,6

>>

Higher burst pressure of about 40% !
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Burst Pressure

Pipes with outer diameter of 6mm

200 |
180 — —0O— PA11 Not crosslinked
T —&— PAl1l1l crosslinked

160 - °
140
120 -
100 —
i o L]
80
] \ \0
°
60 — TT—e—
o} °
i S~ o —\o
40 - T
o)
. o0
o
20 —
i \o
\Q
0 S
T T T T T T T T T
0 50 100 150 200 250
Tem peratu re ¢
005 © B 0 auberze



Crosslinked PA11 and PA12 (RILSAN-based) has no thermoplastic
behaviour after the irradiation process.

As a result following properties are characterizing the products:

1.) no surface melting at short thermal peaks above the former melting
point

2.) moulded parts and tubes show a Memory-effect

3.) tremendous reduction of thermo fixing times

4.) better dimensional stability of thermo fixed tubes

5.) improvement of the pull-off force of pressed-on tubes
6.) significantly lower creep behaviour

7.) massive improvement of chemical resistance
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PTS-GAMMAFLEX
TPE-X




vim -170° C

—e— V-PTS-CREAMID-AG7FRPH
—=—BASF ULTRAMID A3X2G5
—a— V-PTS-CREAMID-A3H2G5
——V-PTS-CREAMON-A3H2K8

4 n V-PTS-CREAMID-A3H2G5:
\‘\ 10-times higher life time as

50% line of

competitor material!

300 ™\, starting conditions
200 T~
100 .
O T T T T
0 2000 4000 6000 8000

Exposed Hrs

10000
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Advantages of crosslinked V-PTS-Creamid

e Very strong increase of ageing behaviour (RTI-elec.)

e RTI (elec.): 150°C in case of V-PTS-CREAMID-GF and MF

e RTI (elec.): 140°C in case of V-PTS-CREAMID-FRPH...(red phosphor)
o RTI (elec.): 115°C in case of ULTRAMID-A3X2G5

« No melting of contacts at T > 258°C

« Extreme low flammability (HWI = 0-1), UL can be done without flame
retardant

o Best quality of contact, because material is free of phosphor and
halogens

o No limitation in colouring

« Low density of flue gas and low toxicity in fire emergency




o Successful unleaded soldering technology at temperatures of 280°C.
Replacement of LCP and thermosets in many cases.

1 o High temperature soldering at 450-500°C / 0,5 s feasible

o Price reduction of 30% with V-PTS Creamid in comparison to
thermosets

« Reduction of claims (melted relay carriers down to 0)

« No claims caused by thermoset tails (contamination between contacts)
« Increase of abrasion resistance

« Higher thermal load possible (RTlelectric = 150°C)

« Best contact quality (no red phosphorous or halogens)

« excellent HWI of 0-1 (Hot Wire Ignition Index)




Power supply

-,
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HWI (Hot Wire Ignition — UL-746A) in accordance to ASTM D 3874-8

Goal: Performance level for resistance against ignition of plastic
~ materials caused by an electrical heated wire. The time for ignition
defines the PLC value.

Ignition tTE (performancgll_;\:/el category)
120<IT 0
60<IT <120 1
30<IT<60 2
15<IT<30 3
7<LIT<15 4
0LIT<7 5




PAB6-GF30
PAB6-GF30 66 kGy
PAB6-GF30 99 kGy
PAG-GF30
PAG-GF30 66 kGy
PAB-GF30 99 kGy
PBT-GF30
PBT-GF30 300 kGy
PBT-GF30 363 kGy
PBT-GF20
PBT-GF20 300 kGy

PBT-GF20 363 kGy
0 50 300
TEMPERATURE [°C]

Improvement of short time thermal application limit
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V-PTS-CREATEC-B3HG/7ZB

[

PBT-GF 35 impact modified
Crosslinked with 150 KGy
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PAG6 (test bar)
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—— nicht bestrahlt, tr.
---- 33 kGy bestrahlt (VG = 60%), tr.
——— 99 kGy bestrahlt (VG = 63%), tr,
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PA6-GF30 (plate)

—— nicht bestrahlt, tr.
—=—~ 99 kGy bestrahlt (VG = 65%), tr.

T
ELONGATION [%]

| -
leads to highe sile strength and reduce
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Material: PA6-GF30

w
o
o
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TgB=-59°C
Tgu= 77°C

——— 99 kGy bestrahit (V = 65%)
Tgp = -68°C
Tgo = 105°C
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Material: PA6-GF30

Not crosslinked Crosslinked (99 KGy)

TR

;-;’-h

Fiber pull out force increased with crosslinked material

=> Improved strength behaviour
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MATERIAL: PA66 (dry)

i -1.0
'S 8-+ —m— VerschleiRkoeffizient --O-- Reibungszahl
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IRRADIATION DOSE [KGy]

Pin-Disc equipment

Disc: steal (Rz=1,5 um)

T=100°C; v=0,5 m/s; p=4 N/mm?2
. L
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Irridiation

without
99 kGy
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PAG6-GF30/PA6-GF30  PAB-GF30/PA66-GF30

INJECTION SEQUENCE
1./2. Component

'I;]sile Test in accordance to DIN 2156; 2mm/Min; O 4«
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PAGB
v =05m/s
p=4 N/mm?’
R_=3,2pum
z .
technisch trocken
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I M Abrasion behaviour

Material:

PAGH
Vernetzungsmittel (Betalink IC/\W65PAG6™natur, Fa. PTS)

Verschigilkoeffizient B Reibungszahl
1 unvernetzt A Vernetzungsgrad
vernetzt (3 x 33 kGy) O Kristallizationsgrad

o]

T
%]
o

T
]
o

=]
e
Q
Mol
[ =
e
(=
=
1
=
L]
o
(=]
o
-
w
-
Ho
-
o0
1™
Q
=
c
i |
[
"4
- |

1
n
N

..
4=
M

Kristallisationsgrad Krandbereich [%]

o

1z 1B m%

Tw=40°C Tw=80°C Tw =100°C

Reibungszabhl f [-]

-y
(=]

AL

Vernetzungsgrad VG [%]

VerschleiBkoeffizient k [10-5mm3/Nm]

I
-
[==]

Stift-Scheibe-Untersuchung
Gleitpartner: Stahl (R, = 1,5 pm)
T=100°C; v=0,5m/s; p=4 N'mm?
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I K@ Surface pressure

Material:

PAGE

+ 4 Gew.-% VM Vernetzungsmittel
VerschleiRkoeffizient k RG'ibungszﬂhl f (Betalink IC/W65PAG6™natur, Fa. PTS)
—a— PAB6 unvernetzt —0o— PAB6 unvernetzt
—*«— PAB6 VG =74% —+—PAB6 VG =74%

R,=2,5pum aufgeschmolzen
v=0,5m/s

T,=23°C

_| technisch trocken

40
35 _ 1,4
30
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Surface roughness

Material:

VerschleiRkoeffizient k Reibungszahl f PABE
= PASS Unvel'ﬂetZl —0O— PASG Llnvemew + 4 Gew -% VM Vernetzungsmittel
—»— PAB6 VG =74% —%— PAB6 VG =74% (Betalink IC/W65PA6™natur, Fa. PTS)

L]

S
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v=0,5m/s -1.4
TU= 23°C R 1'2

technisch trocken
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Rauhigkeit Stahl R_ [um]

Ergebnis:
- kein Aufschmelzen bei geringen Rauhigkeiten
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I M Influence of Temperature "

Material:

) . . PA66
VerschleiRkoeffizient k Reibungszahl f « 4 Gow-% VM Vemetangsmitie

—=— PAB6 unvernetzt —o— PAG6 unvemetzt (Betalink IC/W65PA6™natur, Fa. PTS)
—*— PAB66 VG =74% —*—PA66 VG =74%

R, =2,5um aufgeschmolzen
p =4 N'mm?

v=0,5m/s
technisch trocken
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Ergebnis:
erhdohte Temperaturbestandigkeit

erhoéhte Verschleilifestigkeit
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I iCTs Sliding speed '

Material:

PAG6E
Verschleilkoeffizient k Reibungszahl f + 4 Gew.-% VM Vernetzungsmittel
—=— PAB6 unvernetzt —o— PAB6 unvernetzt (Betalink IC/W6&5PAG™natur, Fa. PTS)
—*— PA66 VG =74% —#— PABB VG =74%

R,=2,5um aufgeschmolzen
p =4 N/mm?

T,=23°C

technisch trocken
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Material: PAG6

Not crosslinked

INDICATOR A2 INDICATOR Al

Crosslinked areas prevent disentanglement of
molecules => higher stress crack resistance

Copyright, 2005 @‘nﬂ_bmerzell

Crosslinked (33 KGy)

Crosslinked (99 KGy)

GO . W IR
' .-_‘,_‘ *:-.\“' ¢ 3 A

INDICATOR Al

Bending test in accordance to DIN 4599
R =50mm, ¢ = 3,8%

30% ZnCl,

24h test




LKT = Univarsitiit Erlangen-Nurnberg

Material: PA66-GF30

Not crosslinked

Auflichtmikroskopie DF

Long term behaviour

crosslinked 3 x 33 kGy (VG =62 %)

Ofenalterung nach DIN IEC 216: - = E

Temperatur 180 °C
Time 16 Wochen



O crosslinked

B Not crosslinked

Not crosslinked

crosslinked




2

0,8

0,6

0,4

0,2

I O crosslinked
‘ B Not crosslinked

PAG6 T Not crosslinked
unverstarkt PAG6 CE25 s
PA66 CF35 o
2l PA11




120 @ crosslinked / dry
W not crosslinked / dry
1 190 0O crosslinked / conditioned

0O not crosslinked / conditioned

80 -

60, y—

407 —

20 I

(= I
PAG PA66 GF25 PA66 CF25 PAG66 CF35 PBT GF20 PA11

unverstarkt LO5




B linkable

PP

“E,
PA11, PA12,
PBT

PAG6, PAG6

-A.
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Increase of ....
(Thermoplastic M jals)

.... mechanical properties
- Increase of Module
- Increase of mech. Strength (esp. Long term)
- Reduction of Elongation at break
1 - Reduction of creep behaviour
- Increase of hardness
- Increase of wear resistance
- Increase of Tear strength
- Increase of welding line strength
- Increase of crack resistance
- Improvement of Memory Effect

.... thermal properties
- Increase of Heat deflection Temperature
- Increase of Flame retardant

.... chemical properties
- Gradual increase of resistance against chemicals
- Reduction of solubility
- Reduction of swelling behaviour

& -
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E%
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