A strong and reversible adhesive fibrillar surface based on an advanced composite with high strength and strong adhesion
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The fabrication of the nanoparticle-reinforced silicone rubber composite (NRSRC)
[bookmark: _Hlk82699057]The main route of the bulk modification method is schematically illustrated in Fig. S1, which shows that an adhesion promoter is firstly prepared and then mixed with the nano-silica filled silicone rubber to form the final composite system. Detailed instruction of the fabrication procedure is given below.
I. The preparation of adhesion promoter
As a typical liquid silicone rubber (LSR), the hydroxy-terminated polydimethylsiloxane (PDMS-OH) with medium or low molecular weight does not only exhibit an excellent adhesive property but also has a good compatibility with the silicone rubber elastomer due to their similar backbone chain structures. Therefore, this material is chosen as a base component of the adhesion promoter. An epoxy modified silica nanoparticles (SiO2-E) are also added into the PDMS-OH, in order to introduce epoxy groups into the adhesion promoter, which would be beneficial for improving the adhesion property [1, 2]. With an in-situ polymerization process [3], the PDMS-OH chains can be easily grafted on the nano-silicas’ surface via covalent bonds. As a result, a good dispersion of nanoparticles in the PDMS-OH can be guaranteed. Detailed fabrication procedures are instructed below.  




Firstly, 200g octamethylcyclotetrasiloxane(D4, the monomer of PDMS) is charged into a 500mL three-necked round bottomed flask and heated to ; then 0.04g tetramethylammonium hydroxide (TMAH, the catalyst of D4) is added into the flask and heated to . This mixture is stirred and refluxed for 80 minutes, during which PDMS-OH materials with suitable molecular weights can be formed via the ring-opening of D4 and chain propagation. When the ring-opening reaction is completed, a given weight fraction of 10phr (parts per hundreds of rubber) silica nanoparticles is added into the PDMS-OH under vigorous stirring until nanoparticles are uniformly dispersed in the reaction system. The resultant dispersion is allowed to react at for 1 hour. At the end of the reaction, the low molecular cyclic products and the residue of TMAH are eliminated by vacuum evaporation at for 30 minutes. The last step is to allow the mixture in the flask to cool naturally so that the SiO2-E/PDMS-OH adhesion promoter in the form of a colloid can be obtained. 
II. Fabrication of the final composite sample
Accompanying the preparation of adhesion promoter, a composite material consisting of silica nanoparticles (SiO2) modified by silane coupling agents and the silicone rubber is also prepared as shown in Fig. S1. The nanoparticles are firstly mixed with the silicone rubber matrix via a two-roll mill, and then treated under 200oC for 2h to obtain the composite (abbreviated as SiO2/SR). The weight fraction of SiO2 nanoparticles in the silicone rubber is taken as 60phr since the composite is difficult to form when the nano-silica content exceeds 60phr. The adhesion promoter and the vulcanizing agent (DBPMH) with their respective weight fractions of 3phr and 0.5phr are subsequently mixed with the SiO2/SR composite via a two-roll mill as shown in Fig. S1, and then vulcanized at 170oC under hydraulic compression (XLB-D400 × 400/630, 23 MPa) to obtain the nanoparticle-reinforced silicone rubber composite (NRSRC). The vulcanization time is pre-determined with an oscillating disk rheometer before the vulcanization process is conducted. 
[image: ]
Fig. S1 Schematics of the main route of the fabrication of the nanoparticle reinforced silicone rubber composite (NRSRC).
[image: ]
Fig. S2 Photography of top views of micro-pillar-arrayed surfaces with pillar diameters of (a) 20 μm (C-20); (b) 30 μm (C-30); (c) 40 μm (C-40) and (d) 50 μm (C-50).

[image: ]
Fig. S3 Photography of top and side views of micro-wedge-arrayed surfaces with wedge spacings of (a) 60 μm (D-60); (b) 90 μm (D-90) and (c) 120 μm (D-120).
[bookmark: _GoBack][image: Fig][image: ]
Fig. S4 A comparison between mechanical and adhesive properties of the present NRSRC and the commercially available PDMS (Sylgard 184): (a) The whole stress-strain curves of the NRSRC and Sylgard 184; (b) The stress-strain curves of the NRSRC and Sylgard 184 within a strain range of 0-0.18; (c) The stress-strain curve of the NRSRC within a strain range of 0-0.1, from which the Young’s modulus can be extracted as 5.07 MPa; (d) The stress-strain curve of the Sylgard 184 within a strain range of 0-0.1, from which the Young’s modulus can be extracted as 2.85 MPa. (e) The normal adhesive strengths of the flat NRSRC surface and the Sylgard 184 surface on a smooth glass substrate under a pre-set pressure of 100 kPa.
[image: ]




[bookmark: _Hlk85109669]Fig. S5 The surface morphologies of frosted glass substrates with roughness of (a) ; (b) ; (c) and (d) .
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