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Coated Textiles
Coated Textiles represent an important part of the so-called Technical
Textiles. Typical examples are tarpaulins, textile roofs, conveyor and
transporting belts in all kinds of branches and applications.
Applied as polymer pastes by knife- or
roller-coating or as films by laminating,
the coating layers cover the texture of
the fabric as well as the physico-chemical
properties of the fibers and thus define
surface morphology and properties.
Fiber-coating adhesion (mostly polymers of different character)
is most crucial to product performance and durability.

Regimes of photon-induced surface processes:
I.

Photochemical modification following irradiation with cw UV
sources, e.g. lamps

- high photon energy ~ 5 eV (electronical excitation),
- low photon density (fluence) and
- high absorption (aromatic polymers ~ 104 cm-1 at 230 nm)
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backbone radical has comparably high probability
(q.e.) of approx. 10-2, but very short lifttime

Potential reactions following photonic excitation
Absorption / energy deposition

Homolytic bond breaking,
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A1* + *A1 --> A1-A1

-

A1* + *A2 --> A1-A2

(Self)Cross-linking
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Reaction with bifunctional substance

A1* + Z --> A1-Z*

Addition

A1* + Z --> A1-Z*

Cross-linking,

A1-Z* + *A2 --> A1-Z-A2 Thin-layer deposition

- addition / grafting
- thin layer deposition
- cross-linking of coating/finish
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Textile Applications
Based on the generation/addition of functional groups, or the deposition
of functional (thin-)layers, surface properties can be designed for
- modified surface energy ⇒ effects on adhesion
- hydrophilic/hydrophobic surfaces; oil repellence
- chemical and/or mechanical, e.g. abrasion, resistance
- the fixation of catalysts, e.g. enzymes
- the inhibition or promotion of protein adsorption/adhesion
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Problem in „Delicate“ Applications
Increasingly, polyolefines such as polyethylene (PE) or polypropylene (PP) as
well as fluoropolymers such as polytetrafluoroethylene (PTFE) are demanded
as coating material, especially in transporting belts used in pharmaceutical,
food and tobacco industry.
Pro: Chemical properties of these polymers
Con: Adhesion between fibers* (especially monofilaments) and
polyolefinic coatings is mostly not sufficient.
Problem: Chemical auxiliaries are mostly prohibited in the stated areas of
application. Often multifilament fabrics are used for (macroscopic) mechanical
interlocking.
* due to mechanical demands, PET is mostly used for the fabric layers.

A new approach:
Fiber-matrix composite by direct, photo-induced cross-linking

UV source

- molten PE is the ‚atmosphere‘!
- heating keeps the PE pre-coating in melt and
guarantees close contact
First outrline of the concept by
D. Praschak, doctoral thesis, University of Duisburg, Germany, 2001
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A new approach:
Fiber-matrix composite by direct, photo-induced cross-linking

UV source

Principle of the coating process based on direct photo-linking of a
non-absorbing polymer - e.g. polyethylene (PE) - on a substrate
made of a strongly absorbing polymer - e.g. PET. A thin precoating is applied, and the system irradiated with the coating
polymer still in melt. In a second ensuing step, the coating polymer
is applied to the desired thickness.

UV lamp-induced cross-linking of PE-powder on PET fabric

KrCl* Excimer
222 nm

PET fabric

IR emitter

1. Application of PE powder

2. Melting by IR radiation
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3. UV radiation with PE
in melt (10, 20, 40 s)

UV lamp-induced cross-linking of PE-powder on PET fabric
1.
2.
3.

peel force [N/mm]

4.
5.

Application of PE powder
Melting by IR radiation
Irradiation (none, 10, 20, 40 s) with the PE
in melt
Lamination of PE film
Peel test

av. 3.3 N/mm
exposure time

Note: „Step 2“ of the process – lamination – was
affected after longer UV exposure of the pre-coat!
av. 1.3 N/mm
av. 0,5 N/mm
untreated
peel length [mm]

D. Praschak, T. Bahners und E. Schollmeyer, Appl. Phys. A 71 (2000) 577-581

UV lamp-induced cross-linking of PE-powder on PET fabric
untreated

irradiated

100 µm

100 µm

330 µm

330 µm

SEM micrographs of the PET fabric after the peel-off
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UV lamp-induced cross-linking of PE-film on PET fabric
1.
2.
3.
4.

Thermal lamination of PE-film (150 µm) on
PET fabric (140 °C, 8 kPa, 20 min)
Irradiation (none, 5, 10 min)
Heating during irradiation (none, 120 °C)
Peel test

irradiation

simultaneous peel force
heating
[N]

-

-

31 ± 5

10 min

-

31 ± 7

5 min

120 °C

> 38
(rupture)

10 min

120 °C

48 ± 4
(rupture)

UV lamp-induced cross-linking of PE on PET –
effect on polymer structure
1.

The observed effect on „Step 2“ of the process – thermal lamination – after longer
UV exposure of the PE pre-coat indicates a change in polymer structure.
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2. The observed decrease of melting
temperature with increasing exposure
is assumed to be related to similar
effects observed with high molecular
weight polyethylene (UHMWPE) by
Zamotaev and Chodak, and Klein et al..
These authors explained the behavior
with decreasing folding of the crystal
which affects the specific surface energy.

DSC studies of PE after irradiation in melt
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Regimes of photon-induced surface processes:
I.

Photochemical modification following irradiation with cw UV
sources, e.g. lamps

- high photon energy ~ 5 eV (electronical excitation),
- low photon density (fluence) and
- high absorption (aromatic polymers ~ 104 cm-1 at 230 nm)
II.

Thermoelastic surface modification following irradiation with
intense UV sources, e.g. pulsed excimer lasers

- high photon energy (electronical excitation);
- high photon density (4 orders of magnitude vs. lamps) and
- high absorption

Pulsed UV Laser Irradiation
The laser irradiation provokes a thermo-physical process. Shear phenomena
in a thin layer less than 1 micron thick (xm .... xd) create the distinguished
topography.

The irradiation of fibrous polymers
using pulsed UV lasers creates a well-defined change of the
surface morphology in the micron scale.
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Parameters of the irradiation of a polymer
using a KrF excimer laser:

- absorption of the order of 104 to 105 cm-1 (e.g. PET at 193 or 248 nm)
-penetration depth approx 0.1 µm (PET, 248 nm)
- energy deposition approx. 10 .... 20 kJ/cm³
- time scale of energy deposition 10 ..... 30 ns
- time scale of thermo-physical processes approx. 100 ms
- resulting surface temperature ≈ 2000 K (PET)

Cross-linking/interlocking of p-PVC on PET fabric by UV laser
irradiation through the (pre-)coating
15 to 20 % increase in
coating adhesion

A)

beginning structure
formation

B)

SEM micrographs of PVC-coated PET
fabrics, which were excimer laser-treated
after applying a thin pre-coating. The
samples were irradiated with 2 pulses of
(A) 14 mJ/cm² and (B) 28 mJ/cm²,
respectively. The laser wavelength was
248 nm.

Cross-linking/interlocking of PVC on PET fabric by UV laser
irradiation through the (pre-)coating
melting and rupture of
the PVC coat
beginning structure
formation

SEM micrographs of PVC-coated PET
fabrics, which were excimer laser-treated
after applying a thin pre-coating. The
samples were irradiated with a wavelength
of 248 nm and a fluence of 32 mJ/cm²; the
number of laser pulses applied were (A) 2
pulses, (B) 5 pulses, and (C) 10 pulses.

