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Fig. S1. TEM image of ZrO2 NPs. 
Fig. S2. The effect of ZrO2 NPs on the ceramization of precursors printed by two ink systems. 
Fig. S3. The samples of elastomer, first EDCs, second EDCs, and oxidation results of the 
elastomer for two ink systems. 
Fig. S4. Porosity of EDCs. 
Fig. S5. Schematic of Miura-ori with the definition of important geometric parameters (l1 = l2 = 9 
mm, c = 1.8 mm, α = 75°) and relative locations of the patterned joints on the substrate. 
Fig. S6. Phase diagram (1/4) of 4D printing of the Miura-ori with FEA simulation and elastomeric 
experimental results. 
Fig. S7. Comparison of ink system 1 and ink system 2 with some different advantages. 
Table S1. Compression test samples with various conditions. 
Table S2. Compression test samples in Fig. 4 (ink system 1, first EDCs from heat treatment in 
argon at 1300°C). 
Legends for movies S1 to S6. 
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Movie S1 (.mp4 format). Tension testing video of precursors (played at 10× speed) printed by 
ink system 1. 
Movie S2 (.mp4 format). Tension testing video of precursors (played at 10× speed) printed by 
ink system 2. 
Movie S3 (.mp4 format). 4D printing of ceramic Miura-ori. 
Movie S4 (.mp4 format). FEA simulation showing shape morphing of the bending configuration. 
Movie S5 (.mp4 format). FEA simulation showing shape morphing of the helical ribbon. 
Movie S6 (.mp4 format). FEA simulation showing shape morphing of the saddle surface. 



 

Fig. S1. TEM image of ZrO2 NPs. The inset shows high-resolution imaging results. 



 

 

 

Fig. S2. The effect of ZrO2 NPs on the ceramization of precursors printed by two 

ink systems. For ink system 1 (A), heating of pristine PDMS in argon showed poor 

structural stability. For ink system 2 (B), ZrO2-filled PDMS showed eliminated shrinkage 

upon ceramization. Scale bars, 1cm. 



 

 

 

Fig. S3. The samples of elastomer, first EDCs, second EDCs, and oxidation results of 

the elastomer for two ink systems. For ink system 1 (A) and ink system 2 (B), the 

oxidation results of the elastomer demonstrated poor structural retention and mechanical 

integrity. Scale bars, 1cm. 



 

 

Fig. S4. Porosity of EDCs. (A) N2 adsorption/desorption isotherm of first and second 

EDCs. These first EDCs were obtained by heat treatment of Ink System 1 in 1000oC 

under argon flow. (B) Cumulative pore volume and pore size distribution (inset) of first 

and second EDCs. These first EDCs were obtained by heat treatment of Ink System 1 in 

1000oC under argon flow. (C) N2 adsorption/desorption isotherm of first EDCs obtained 

by heat treatment of Ink System 2 in 1300oC under argon flow. 



 

Fig. S5. Schematic of Miura-ori with the definition of important geometric 

parameters (l1 = l2 = 9 mm, c = 1.8 mm, α = 75°) and relative locations of the 

patterned joints on the substrate. 



 
 

 

Fig. S6. Phase diagram (1/4) of 4D printing of the Miura-ori with FEA simulation and 

elastomeric experimental results. The FEA simulation (A) and elastomeric experimental 

results (B) of Miura-ori is an example to illustrate that a series of complex-shaped 

ceramics with continuously variable geometries can be derived from a simple design. 

  



 

 

 

Fig. S7. Comparison of ink system 1 and ink system 2 with some different 

advantages. 



 

Table S1. Compression test samples with various conditions. 



 
 
 
Table S2. Compression test samples in Fig. 4 (ink system 1, first EDCs from heat 

treatment in argon at 1300°C). 

 

 

 

 

 

 

 



 

Movie S1. Tension testing video of precursors (played at 10× speed) printed by ink 

system 1. The precursors can be stretched to at least 200% strain. 

Movie S2. Tension testing video of precursors (played at 10× speed) printed by ink 

system 2. The precursors can be stretched to at least 200% strain. 

Movie S3. 4D printing of ceramic Miura-ori. The movie shows 4D printing process of 

the ceramic Miura-ori, including 3D printing of precursors (played at 10x speed), 3D 

printing of the substrate (played at 15x speed), stretching of the substrate (played at 1x 

speed), printing joints on the substrate (played at 5x speed), compressive buckling of 

precursors (this video is at 1x playback speed), and synthesis of first and second EDCs. 

Movie S4. FEA simulation showing shape morphing of the bending configuration. 

Movie S5. FEA simulation showing shape morphing of the helical ribbon. 

Movie S6. FEA simulation showing shape morphing of the saddle surface. 
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