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Objective

The goal of this research is to improve the adhesion between UV-curable polymers and glass and demonstrate, using two examples, how a strong and reliable adhesion can lead
to the development of stronger, more durable, and lighter load-bearing glass structures. The adhesion-promoting properties of silane coupling agents with polymers are used to
create strong bonds between 3D printed materials and glass to develop lighter and more reliable composite materials, as well as to provide durable connections between glass
and a coating developed by the authors to prevent stress corrosion.
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Development of a functional coating for inhibiting stress corrosion

Requirements: Main challenge and approach:
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II1. Evaluation of the effectiveness and durability of the coating and the adhesive bond
1. 2. 3.
1. Mechanical ageing, accomplished 35 Q) o
b biecti 8 % d F; t é 99{ ® Uncoated 9> 99{ ®m Uncoated é 99 - Uncoated
Y .Su Jeécting Ccoated sampies 1o a- 907 e Coated a- 901 e Coated P a- 907 4 Art. weath. coated
cyclic loads; 0 gg A Mech. aged coated o gg A Nat. Weath. coated 0 gg
2. Natural weathering, performed by 5 30- S 30 S 301
exposing coated samples to & 1g. S 10 o S 10
atmospheric agents; S 57 S 57 “@&6 © 5 ,
3. Artificial weathering, carried out by 2 Fay \)@‘\Q&? oy
: . = = / =
exposing coated specimens to 2 0.8 o 0.8 @y‘&oj&/o@@ e 0.8
fluorescent UV lamps, heat and =< S /‘)’\x\\\‘? Q
water. o . . — . . o . — N — o . — —
10 20 30 50 70 100 150 10 20 30 50 70 100 150 10 20 30 50 70100150
Failure Stress, or (MPa) Failure Stress, orf (MPa) Failure Stress, or (MPa)
Enhancement of the adhesive strength of 3D-printed materials to glass 1,; Lap-shear test results Silanized Glass f
Sandwich panels consisting of two outer thin glasses and an inner additively manufactured Adhesive J
polymeric core can replace conventional facade glazing? because of their superior strength- L strength ©
to-weight ratio, which reduces manufacturing costs and emissions. However, the structural formlabs %¥
integrity and full exploitation of the bending strength of composites depend on the | UV-curable JEFIIN 48,99 Stock break )
reliability, strength and durability of the bond between polymer and glass. The employment Clear Resin [P 52,15 Adhesive Resin:
of silane coupling agents allows to create covalent bonds between (@ 4mm) E 39,22 Adhesive Clear (@ 4mm)
glass and UV-curable polymers, resulting in: | o I 3960 Adhesive
. . . _ | Silanized FEEEEE 5600 Stock break i
Very high adhesive strengtht =~ 40 MPa glass 5 422 Stock break
* Transparent and nanometer-thick adhesive layer 47,84 Stock break
* Printing of the polymeric core directly on the silanized glass ]| Rubber 8 WY Stock break -
. : -- 47,97 Adhesive
* Fully automatable production of the glass-polymer composite ’
Y P Blass-poly P ( 1/ 00| 53,13 Stock break
E 36,65 Adhesive {
2/ Kothe, Bodenko, Nicklisch, Louter. Civil Engineering Design. 2021; 3: 35— 42. formlabs ¥ l F Adhesive Strength 1 = 43,12 + 6.61 MPa chs)g\ Rigid

Research products

« S. Dalle Vacche, G. Mariggio, A. Vitale, R. Bongiovanni, M. Corrado: Compositionally Graded Hydrophobic UV-Cured Coatings for the Prevention of Glass Stress Corrosion. Coatings 9:7, 2019.
* G. Mariggio, S. Dalle Vacche, R. Bongiovanni, C. Louter, M. Corrado: Enhancing the design bending strength of new and aged glass with a functional coating. Glass Structures & Engineering,

5:135, 2020.
* Q. Mariggio, S. Dalle Vacche, R. Bongiovanni, C. Louter, M. Corrado: A durable coating for an improved glass bending strength under long-term loads. Glass Structures & Engineering, 2021.

(in press)

Funded by the Horizon 2020 ‘ = ﬂ

=

Framework Programme of the
European Union EUROPEAN COOP

IN CCICANICE € TCCUNNA NCVY
IN SCIENCE & TECHNOLOGY




