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Pentaerythritol triacrylate 

Ethylene glycol dimethacrylate 

3,3’-diamino-N-

methyldipropylamine 

Tetraethylene pentamine 

Triethylene tetramine 

Primary amine 

Secondary amine 

Tertiary amine: oxygen scavenger 

chain extender 

Benzophenone (3% w/w) 

UV photo-curing agent 

“hydrophobic” monomers 

fluorine-based silicon-based 

F: 13 

F: 7 

F: 6 

F: 3 

Hydrophobic surface 

functionalization 

I step “thermal 

curing”:  

Aza-Michael 

 addition 

-3 h 

-30°C 

-stable 

 intermediate 

II step “UV curing”: 

photo-induced  

free radical  

polymerization 

-15 min 

-T amb 

-365 nm 

PROTECTION OF THE 

“CULTURAL HERITAGE” (stones 

such as Botticino and Carrara 

marbles…) 

UV-CURING 

solvent-free low-energy 

consumption 

rapid  

cure-rate 

 

acrylate monomers 

UV curing of acrylate 

monomers 

DUAL CURING 

PROCESS 

inhibition of curing by oxygen 

and insufficient cure in the 

areas which cannot reached 

by light 

combination of 

thermal and 

photochemical curing 

Pantheon, Rome 

(Carrara marble) 

Vittoriano, Rome 

(Carrara marble) 

Oxygen scavengers are part of the 

reagents or are formed in situ 

during the reaction 

after aza-Michael addition 

can act as oxygen 

scavengers 

 Amines can act as both nucleophiles and bases, an additional 

base is not necessary in aza-Michael addition 

 Alkyl methacrylates are relatively poor Michael acceptors due 

to the steric hindrance caused by the –CH3 group at the α 

postion and the reduction of the electrophilic character 

 

“hydrophobic”  

monomers 

Mixing with amine 

Stable intermediate Final product 

Different r 

(stoichiometric ratio 

between acrylate groups 

and reactive amine 

hydrogens): 0.2/0.5/0.8 -Transparent 

-stable 

-easy to form 

-homogenous 
 

 

Solvent casting 

3,3’-diamino-N-

methyldipropylamine 

Tetraethylene pentamine 

Triethylene tetramine 

Botticino 

marble 

External exposure site 

Duomo Cathedral terrace  (central 

balcony, 19.7 m above the 

ground), that is in the city center, 

close to one of the monitoring 

stations of the regional agency for 

the environmental protection 

(ARPA Lombardia) 

Coating application 

on marble surface 

spray 

coating 
painting 


