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Movie S1 (.mp4 format). Tension testing video of precursors (played at 10x speed) printed by
ink system 1.

Movie S2 (.mp4 format). Tension testing video of precursors (played at 10x 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.
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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.
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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), ZrO»-filled PDMS showed eliminated shrinkage
upon ceramization. Scale bars, 1cm.
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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.
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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 1000°C
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
1000°C under argon flow. (C) N2 adsorption/desorption isotherm of first EDCs obtained
by heat treatment of Ink System 2 in 1300°C under argon flow.
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Fig. S5. Schematic of Miura-ori with the definition of important geometric
parameters (I1 = I2=9 mm, ¢ = 1.8 mm, o = 75°) and relative locations of the
patterned joints on the substrate.
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Fig. S6. Phase diagram (%/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.
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Fig. S7. Comparison of ink system 1 and ink system 2 with some different
advantages.



Table S1. Compression test samples with various conditions.

Maximum
temperat | Atmosp
ure in here in Dimensions Mass Dimensions. Mass Campre
heat heat Architec d a b ofthe of the of the of the Density ssive
Ink Malerial yoatment | treatme | ture Geometry |y (mm) | (mm) | precursor | precur sample sample | (gcm®) | strength
for 13t nt for 1% (mm) sor (g) (mm) (g) (MPa)
EDCs EDCs
(°C)
System 1 | 1%EDCs 1000 | Vacuum | Lattice 208 064 | 064 10.::(&1:513.33 awe | B i?x:fd‘w 0108 118 2058
System1 | 1=EDCs 1000 | Vacuum | Latiice 208 054 | peq | 1OSXI032 g5y | B3BGIZ e 114 160.4
325 x1.52 ¥1.25
]
System1 | 1%EDCs 1000 | Vacuum | Latiice /S/’ ; 208 084 | 064 | 'O59UDN0 | gagg | BABEE ) g e 104 150.2
System 1 | 1%EDCs 1000 Argon | Latiice 208 064 | 064 10.121213.61 0.173 B‘ii":ffz 0112 116 2070
Systemi | 1%EDCs 1000 | Amgon | Latice 208 | 064 | osa | OTRINEN | g4gs | BIAAS | gg0 114 2112
System1 | 1EDCs 1000 | Argon | Latiice 208 064 | opa | (OIS g ug | BE28BAZ 4404 1.08 1740
x1.46 %1.20
Honeyc 11.02%10.25 8 .86x8.30
.
System1 | 15EDCs 1000 | Argon | "or) E 208 225 | 130 PN 0.086 o 0.057 0.49 34.2
System 1 | 1%EDCs 1000 argon | Hone¥e E£ - 208 225 | 130 | 1MOSKID21 0 gagg | BEME2E 400 057 539
omb T(\ x166 x1.36
%
Honeyc ‘ 11.20x10.49 8.98x8.54
L
System 1 15:EDCs 1000 Argon omb 208 225 1.30 158 0.080 «1.25 0.082 0.54 58.6
Honeyc 10.95x10.29 8.90x8.35
System1 | 1%EDGs 1000 | Agan | "on® 208 225 | 130 e 0.135 o 0.087 064 416
Honeye 11.43x10.02 8.92x8.10
.
System1 | 1SEDCs 1000 | Argon | "orsd 208 225 | 130 s 0.116 e 0.075 062 46.8
Honeyc 10.86x10.07 8.74x8.18
System1 | 1<EDCs 1000 | Argon | MONS 208 225 | 130 B 0.145 T 0.085 069 428
System1 | 29EDCs 1000 | Vacuum | Latice 203 083 | ogz | PRI gpg | BOVENT | g 119 722
System1 | 29EDCs 1000 | Vacuum | Latiice 203 o3 | oez | PAPE | gogg | B1UEM T gog 114 150.7
System 1 | 2% EDCs 1000 | Vacuum | Lattice 203 063 | 063 8"1?’5742 0.097 S‘i?’g 8 | ooss 116 175.2
System1 | 2WEDGs 1000 | Argon | Latice 203 | 063 | 083 | SEPEST | ggg9 | BU3BIT | g 008 114 160.3
System1 | 29EDCs 1000 | Argon | Latiice 203 063 | 063 | O5PEST g | BABES0 | 4400 118 1829
X124 x1.22
System1 | 29EDCs 1000 | Argon | Lattice 203 | o3 | ogz | PSPEEE | gqgy | BADES | ggq 112 160.2
System 1 | 2% EDCs 1000 Argon | Honeye 203 220 | 127 | 8BB4 1 gags | BTBEIS 440, 061 7423
amb x1.28 x1.25
Honeyc 9.05x8.53 8.80x8.31
System1 | 2°EDCs 1000 | Agon | "ore 203 220 | 127 e 0.063 e 0,051 052 57.7
System 1 | 2% EDCs 1000 Argon | Honeye 203 220 | 127 | 902852 0.080 8.80:x8.30 0.057 0.59 57.3
omb x1.34 x1.33
System1 | 2% EDCs 1000 argon | Honeye 203 220 | 127 | SEMEI4L | gopg | BEIXTE2 |4 067 55.9
omb x1.71 x1.66
Systemi | 2WEDCs 1000 | Argon | HOTS¥C 203 220 | 127 | B8BOBIB | p4a5 | BSGBIZ |40y 079 75.1
amb x1.76 x1.71
System 1 | 27 EDCs 1000 Argon | Moneye 203 220 | 127 | 08363 0.093 8.60:8.05 0.082 078 70.7
omb x1.79 x1.74
) 14.48x14.41 11.04x11.01
:
System2 | 1*EDCs 1300 Argon Lattice 198 0.61 0.61 i4.54 2.132 108 1697 126 2215
] 14.59x14 57 1147x11.21
.
System 2 | 1= EDCs 1300 Argon Lattice 198 0861 061 1462 2422 X11.08 1.939 1.40 2326
) 14.56x14.53 11.08x11.07
L
System? | 15EDGs 1300 | Argon | Latiice 196 061 | 061 S 2334 o 1,854 137 267.1

* Precursor. PDMS NCs for 1=t EDCs; 1=t EDCs for 2" EDCs



Table S2. Compression test samples in Fig. 4 (ink system 1, first EDCs from heat
treatment in argon at 1300°C).

Dimensions of Mass . Compress Speciﬂq
Geometry d a b the sample of the DenS{ty ive compressive
(pm) (mm) | (mm) (mm) sample (g em'3) strength strength ;
(@) (MPa) (MPacm*g")
203 0.62 0.62 8.18x8.13x1.22 0.124 1.53 3336 218.0
203 0.62 0.62 8.15x8.10x1.34 0.121 1.36 301.6 221.0
203 0.62 0.62 8.13x8.09x1.31 0.114 1.32 298.4 2255
203 0.62 0.62 8.13x8.00x1.32 0.119 1.38 316.4 229.8
203 0.62 0.62 T.74X7.71x1.13 0.117 1.74 453.8 260.8
203 0.62 0.62 8.14x8.07x1.34 0.130 1.48 385.9 261.5
203 062 062 7.90x7.84x1.20 0.127 1.70 484.9 2852
203 0.62 0.62 7.97x7.78x1.21 0.122 1.63 474.3 291.0
203 0.62 0.62 7.82x7.72x1.20 0.124 1.71 508.2 2972
203 0.62 0.62 8.06x7.99x1.16 0.111 1.49 4494 301.6
203 0.62 0.62 7.84x7.83x1.20 0.120 1.83 496.9 304.8
203 0.62 0.62 8.07x7.99x1.21 0.113 1.45 455.8 314.3
203 0.62 0.62 8.11x7.95x1.23 0.117 1.48 496.3 3353
203 0.62 0.62 7.917.90x1.14 0.116 1.62 546.7 3374
203 0.62 0.62 8.03x7.96x1.20 0.112 1.46 4957 339.2




Movie S1. Tension testing video of precursors (played at 10x 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 10x 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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