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Supplementary Figure 1: (a) Full water-swollen CEBH with different acrylic acid 

content. (b) Comparison of different materials before (upper) and after (lower, swollen 

in water) modification by radiation induced penetrating grafting. (c, d) AC and water 

swelling ratio of different materials modified by radiation induced penetrating grafting 

of acrylic acid. 

    

               
 

    

  

                                           
 

    

   



 

 

 

Supplementary Figure 2: (a) AC of grafted samples with different absorbed dose and 

AA concentration (with 0.25 wt% Mohr’s salt). (b) Effect of inhibitor (Mohr’s salt) 

percentage on the AC of grafted sample (with monomer concentration of 25% and 

absorbed dose of 10 kGy). (c) The influence of acrylic acid concentration on the 

grafting ratio (with absorbed dose of 30 kGy, and 0.25 wt% Mohr’s salt). (d) 

Differential thermogravimetric curve of CEBH with different AC. (e) The SEM image 

of CEBH, the AC is 30%. 

 

  

  

  

 

    



 

 

 

Supplementary Figure 3: The swelling ratio of CEBH with different AC in (a) toluene 

and (b) water. (c) For the relationship between modified silica rubber width and AC in 

different solution. (d) The actual hardness of silicone rubber with different hardness 

was measured by a hardness tester (n = 5 parallel tests for each sample). (e) The 

swelling ratio of CEBH prepared from silicon rubber with different Shore hardness.  

   

  



 

 

 

Supplementary Figure 4: (a) Tensile length, (b) Maximum compressive stress of CEBH 

with different AC and water content (20%, 40% and 60%). 

  



 

 

 

Supplementary Figure 5: In the puncture experiment, the comparison before (left) and 

after (right) modification ((a) needle diameter 1 mm, (b) needle diameter 10 mm). (c d) 

The force-displacement curve obtained by puncture test of CEBH with different AC 

(silicon rubber, 43%, 62%, and 72%) and different water content (40% for c and 66% 

for d), the diameter of the needle is 1 mm. (e-g) The force-displacement curve obtained 

by puncture test of CEBH with different AC (silicon rubber, 38%, 48%, 56%, and 72%) 

and different water content (20% for e, 40% for f and 66% for g), the diameter of the 

needle is 10mm. (h, i) The friction coefficient-water of CEBH with different AC (0%, 

52% and 62%) under (h) dry and (i) wet conditions.  

  

   

   

   

                



 

 

 

Supplementary Figure 6: Flicking polystyrene foam beads using CEBH covered robot 

arm. (a) acrylic material (d = 3mm) and (b) POM material (d = 3mm). 
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Supplementary Figure 7: (a) Length of CEBH films immersed in different ion solutions 

and water. (b) Strain-stress curve of CEBH film after being immersed in different ion 

solutions. (c) The strain-deformation curve of load bearing capacity test of CEBH 

soaked in Ca2+ solution, with different contact length (12 mm and 30 mm).  

 



 

 

 

Supplementary Figure 8: In-vivo wound healing experiment results. (a) Wound closure 

rates on days 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 and 22 (datas collected from n = 3 

independent experiment animals). No significant diffrentce were found between 

healing rates of control and model groups were found. (p = 0.2020, two-side t-test) (b) 

Masson's and HE staining of wound sections obtained from control and model groups 

on day 22.  

  

                          

                  

  

      

      



 

 

Supplementary Table 1 Comparison of mechanical properties of CEBH, DN hydrogel, 

Human skin. 

Hydrogel Yong’s modulus Friction Coefficient Compressive Resitance 

 (MPa)  (MPa) 

CEBH 0.048-3.2 0.36-1.3 5.7-620 

BC-PVA-PAMPS[1] 155-227 0.06 17.3-23 

Agar-PAAm[2] 0.08 -- 38 

PVDT-PEGDA[3] 0.12 -- 6 

HA-SS-PEG[4] 0.01-0.05 -- 0.08-0.32 

Agarose hydrogel[5] -- 0.005-0.09 1 

Highly entangled PAAm 

hydrogel[6] 

35 0.0067 -- 

PAAN[7] 0.006-0.07 -- 0.54-8.53 

Chitosan-gelatin-

phytate[8] 

0.03-2.47 -- 35.7-64 

Human skin 0.1-2 0.4-0.8 0.3 

 

  



 

 

Supplementary Table 2 Comparison of anti-puncture performance of different 

hydrogels. 

Hydrogel Load（N） Needle diameter（mm） 

BRC[9] 1.06* 0.3 (using a needle) 

alginate hydrogels[10] 1.2 \ 

SA-AAm[11] 12 10 

PAAm[12] 0.5 1 

PVA/SA/Gly hydrogel[13]** 57 1 

s-BNCH[14]*** 50 3 (using a needle) 

This work 
96 (max) 10 

7.2 (max) 1 
* Calculated from the needle diameter and pressure reported (15 MPa); ** Hydrogel composites laminated with 
aramid fabric; *** Montmorillonite reinforeced hydrogel. 
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