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Background Aim and Objectives

Irreversible covalent crosslinked thermoset epoxy system > Introduce reversible crosslinking mechanism into thermoset
epoxy system and create a closed-loop recycling alternative for

highly cross-linked epoxy materials
»  Functionalise silica additive and tune chemical surface properties
to obtain a versatile recoverable monomer

> Material of choice in the aerospace, automotive, windmill, and
sporting goods industries as adhesive and coating

> Great thermomechanical stability and chemical resistance but
complex multi-step _and energy demanding processes to recycle i i R i ) N
epoxy-based composites > Determine silane distribution and orientation of the silica

> Epoxy-based composites represent most of polymer waste products additive

Methodology/Approach
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Functionalised fumed silica (1t and 2nd (0) Controlled hydrolysis and Stéber silica synthesis has pure,

step), incorporated into resin (3™), condensation of alkoxysilane; uniform and discrete resultant

depolymerized under a specific system and (1) sulphur labile bond with catalyst; materials, with control over the

monomer recovery (decuring target). (2) final functionalised silica surface to surface chemistry, particle size, and
X group: Thiol or Vinyl groups incorporate into the resin. complex structures?.

X - Alkoxysilanes and Silazanes TWI was involved in the development

Y group: Carboxyl or Amine :
of the synthesis protocol

Nanomaterial characterization

15t step functionalization Quantify silane distribution > Silanol density determination with
. o i S9c:
> Protocol functionalisation of fumed silica with 3- onssilica additive ;((Dslf_lisﬁl'\fe > '\llMR ‘ ,
mercaptopropyl-trimetoxisilane and imidazole as - g J analysis ot previous
Not a straightforward calculus functionalized fumed silica

catalyst in anhydrous toluene solvent. Time of
reaction, quantity of silane and catalyst
considered as factors to be studied.

After the grafting reaction there are
many side products generated, such

as silane monomers,
—~ 1 homocondensates ~ and  possibly Absorbance (AbS) .05
2 8'32 different  grafted  silane  layer o
£ oo arrangements?.
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2 o086 on Example of a sample infrared spectra
o 084 ‘ analysis with TGA-FTIR, program run
= 0 200 400 600 800 1000 2.30 - 874 umol/m? of grafted from 25-1000 °C under N, atmosphere, 5
Temperature (°C) silane calculated by TGA for the °C/min; infrared collection 400 — 4000
=Al .
Example of sample thermogram from thermal mercaptosilane  functionalisation cm*at a rate of 20 scans/min
gravimetric analysis TGA program run from 25- protocol (close to values 3 — 6.9 e e R e —
1000 °C under N, atmosphere, 5 °C/min. umol/m? calculated by Posthumus3) functionalisation protocols
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