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1. Synthesis steps of microgels and granular hydrogels
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Fig. S1 Synthesis steps of microgels and granular hydrogels based on poly(ethylene glycol) dimethacrylate (PEGDM), note that microgels smaller than 20 um in

diameter were removed during centrifuging probably because thermal forces dominated gravitational forces.23

2. Microgels size distribution and morphology
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Fig. S2 (a) The size distribution of microgels measured with a digital particle size analyser (Saturn DigiSizer Il, Micromeritics) and (b) the morphology of microgels
observed with an invert optical microscope (Eclipse Ti2, Nikon)



Representative stress-strain curves
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(d) Hybrid granular hydrogel - 6H$-5

Fig. S3 Representative cyclic compression loadings of (a) neat, (b) composite, (c) granular and (d) hybrid granular hydrogels. Neat and granular hydrogels fully
recovered, while composite structures showed characteristics similar to the Mullins effect: they becomes softer after the first loading cycles.

4. Representative curve of viscosity — oscillating strain

—
o
EN

—_
o
[\S]

Complex viscosity [Pa-s]
o

—_

S
N
T

10°
Strain [%]

102

Representative precursor of

Jammed microgels (6wt.%)

Hybrid granular hydrogels (6H,°°)
Granular hydrogels (6G,)

Hydrogel composites (C,,)

Neat hydrogels (N,,)

Fig. S4 Representative behaviour of precursors’ viscosities measured with a parallel plate rheometer (TA Instruments AR2000ex) under an oscillating strain sweep
at 0.5Hz at room temperature. All precursors except that of neat hydrogels showed obvious shear-thinning behaviour.



5. Data summary

Table S1 Data overview of swelling ratios, viscosities and mechanical properties measurements

Swelling ratios

Viscosities [Pa-s] - Oscillation strain of

Mechanical properties

SR [wt. %] SR [vol.%] 0.1[%] 1[%] 10 [%] 100[%]  1000[%] [E[kPa]-cyclel E[kPa]-cycle2 G [kj/m?]-50% strain  E£[%]

C- 127.7+15 1282+19  [0.07 0.01 0.01 0.01 0.01 9.7+0.4 10.1£0.2 11.9+0.8 9.7+0.6

g Bs 136.7+1.1 1384+08  [0.09 0.05 0.01 0.01 0.01 144038 149407 17.243.1 95.3+4.6

2 s 144.8+2 1461+15 008 0.03 0.01 0.01 0.01 18.1+16 18.9+1.4 20.7+2.8 89.7+0.6

B By 1543+16  1561%19  [0.09 0.01 0.01 0.02 0.02 21.6+0.5 27408 20.7+3.3 92.7+4.6

5 Ba 161.6+18  1644:18  [0.09 0.05 0.02 0.02 0.02 25.4£0.9 26.7+0.7 27.5+3.1 92.7+4.6
c,®!  |1106+28  111.8+24  [0.12 0.07 0.10 0.05 0.03 127416 1315 39.2+1.1 98+0
c,”?  [89at22 89.7+1.4 2.05 2.03 1.01 0.21 0.08 21+15 214412 87455 9840
¢,”®  |771:08 78+0.8 9.01 826 3.80 0.63 0.18 31.8+13 30+1.2 132346 9840

8 o' |uet3s 117.6+33 011 0.06 0.08 0.05 0.03 20.4+0.6 20.9+0.6 47.7+2.3 98+0

§ C™?  |934+13 95.1+2.1 177 1.74 1.08 0.26 0.08 321£1.2 30.6+1.2 122.8+9.8 9840

g cs”®  |786+23 79.5+2.3 1182 108 554 0.98 0.24 41.3+2.4 38.7+2 164.8+11.8 9840

T G |1209225 122.5+3 0.15 0.12 0.10 0.06 0.03 25,605 26.4+0 59.1+3.4 93744

£ o |or721s 99.3+2 215 1.98 123 0.29 0.10 38.6+0.8 37+05 127.9+53 943+4

£ %5 |ssr12 83.4+1.4 1050 1012 536 0.96 0.26 53.2+0.6 50+0.7 266497 9840
Cro”t [1297411 131.8+13 (0.3 0.19 0.12 0.06 0.03 33.1£0.1 333401 65.7+3.3 91.7+2.9
Cio™?  [101.8£03 1036:12 221 215 117 0.25 0.10 47312 156+12 153£11.9 98+0
Cio”° |834t08 84.9+0.7 6.96 6.35 2.99 0.64 0.25 67.2£3.7 61.1+3.4 287.7£5.2 9840
2M N/a N/a 213 2.50 038 0.06 0.03 N/a N/a N/a N/a

2 3m N/a N/a 20585 19632 9384 936 1.02 N/a N/a N/a N/a

g am N/a N/a 96.41 99536 63445 7157 1481  |N/a N/a N/a N/a

£ sm N/a N/a 1653.25 1702.84 1450.80 218.87 4938  [N/a N/a N/a N/a
6M N/a N/a 226943 2290.89 2070.67 46671 7123  |N/a N/a N/a N/a
™M N/a N/a 2788.65  2722.86  2509.71 70861 9210  |N/a N/a N/a N/a
3G, [98.2+17 99.3+2.7 3.9 469 3.47 0.92 0.09 905 10.1£0.6 20.3+0.9 89.7+0.6
3Gs  [1148+26  1161+32 (343 3.80 234 0.76 0.09 123401 13.440.2 26.3+1.2 88.7+0.6
3Gs  [1233%14  1251+04  [281 2.79 2.06 0.30 0.08 16.1£0.5 175405 25.4+2.4 89.3+0.6
3G,  [1363%27 139.9+39  [210 2.08 153 037 0.03 18.8+1.3 19.8+1.1 28.5+4.7 89.7+0.6
4G, |791%22 80.6+2 191.97 18977 8450 618 0.61 8.740.5 9.1£05 23.7+2 88.7+9

" 4G6," |90.9%33 92.7+2.8 95.06 9797 4650 412 039 11.740.8 123409 20.2+0.7 84.7+0.6

T 4G [1196%12 121.6+18 (3987 1977 856 137 032 17+0.4 18.9+0.3 321+15 89£0

£ 46, |1339:1s4  1362:16 1548 1128 272 0.74 0.16 18241 187411 26.2+1.7 89.3+0.6

-? 56, [68.7:13 70.2+16 59265 589.88 37095 3146  3.27 9.8+1.1 101£1.1 46.9+10.3 61.3+2.1

'_gu 5G;  |96.7+3.8 98.5+4.8 307.81 31453 18082 1414 141 12.7+0.4 1303 211412 81.7+6.4

& 56, |uz7:04  1195+11 17142 17810 10410 7.4 0.65 183+16 19.1£17 30£7 89.7+0.6
5Gs  [129.9+2.9 132.8+3.2 14326 14239 6817 511 0.59 18.9+0.7 19.8+0.6 344437 89.3+0.6
5Gs  [142.6%1.2 145.6+0.7 12065 12857 4238 328 0.57 23+1.2 217 47.3+7.2 900
6G,  [84.6%3.7 85.5+3.9 100682 98538 66437 6854 6.6 116413 113+18 37.1+5 64.7+3.1
565  [109+2.2 111.1+13 (81937 83512 57759 5125 591 15.8+1.1 171414 434152 84+4
6G,  [135.7%2.7 1357413 (42643 42153 28318  21.94 239 19.5+1.2 20.1+0.9 39.1+16 89.7+0.6
6Gs  |1465%5.1 151£3.7 35111 36187 22100 1586 187 23.240.8 247413 26.7+3.1 900
3H,"Y |88.2+2.4 90.7+0.7 3.70 3.50 1.56 0.24 0.16 10.5+2.1 113426 344422 84.7+8.4
3H,%% |744+36 76.5+3.6 4641 4116 1718 158 0.54 17.2+16 174414 81.3+6.5 900
3H,%° [65.8+1.3 67.541.3 109.55  99.09  40.88  3.61 073 25.240.6 23.6+0.5 123£7.2 900
3H' [98.8+16 99.7+0.2 4.57 4.8 2.02 0.33 0.17 15+0.9 162405 36.9+5.2 900
3H;>® [85.8+0.5 87.6+1.4 4645 4083 1581 124 0.49 21.240.9 21.2+1.2 88.4+5.2 90+0
3H"® (73341 75.3+4.5 6811 6098 258 274 078 31.3+27 29426 137.3£3.6 90+0
aH"Y |721+13 742411 61.69 5548 2181 182 0.58 11£05 121405 24.7+438 86£6.9
4H,? 66735 67.943.2 217.27  197.85 8746  7.29 078 13.540.2 13.6£0.6 60.2+3.5 88.3+2.9

o 4H,"° [60.2+0.6 61.8+0.6 43020 38457 18398 1540 112 17.8+1.1 1713 99.445.5 7743

S" 4HL 10514 106.7+#11 4131 2134 9.02 1.90 0.42 21.640.3 29403 64.6%2 900

2 aH o214 93£0.8 17226 14084 7001 583 1.05 315411 30.5+1.3 118+3.7 900

& 4H"° 784126 80.2+2.1 379.94  247.04 1789 1257 153 45.4+1.1 4224038 194.2+4.3 86+1.7

E 4HS' |1128+16  1145+14 1769 1557 578 1.88 033 25.1+0.6 25.7+0.9 69.1+4.2 86.7+5.8

= 4H® |100t01 102£0.3 121.87 11067 4219 358 0.86 36,542 353+16 128110 88.3+2.9

E 4H" (87.723 90.3+4.1 36194 33228 14459 1097  2.28 53+2.4 48416 225.1+17.7 84.7+4.2

T sh! esazos 86.9+0.7 24753 23515 9295  7.57 1.16 14.8+0.7 16.1£0.7 529+16 90+0
5H,*%" |77.7235 78.6+3.1 28121  257.97 13297 1275  1.40 20£0.5 20.8+0.6 87.7+73 83+17
5H,%" [72.3%3.7 73643 56500  531.83 29405 2424 247 27.240.9 26.9+0.7 129.9+4 833%5
5H,' [1016+3.4  102.8+29 (3914 388  17.96 194 073 21.9+0.1 23402 64+1.2 90+£0
5H,% [89.1+2.6 91+18 17888 16212 7444 1.8 1.66 25405 25411 101.2+4.9 90+0
5H,%" |79.11.6 79.4+15 47922 84127 44089 3664  3.56 32,905 31.6+1 143.842.2 84+17
6H,°" [107.2£1.7 108.4+18 (25314 25222 13047 1047 179 25542 26.8+2 77.5+6 900
6H,°% [97.3t43 98.2+4.4 52926 49811 25378 2139 245 31.8+1 31.7+1.1 1153+7.8 86.3+15
6H, " |85.943.6 88+3.7 100469 95473 60215 5280 574 41.7+0.7 403+13 171.3+4.2 82+3.6




6. Supplementary movies

Movie 1: Swelling of dry microgels in real time: “Movie_1-microgel swelling.mp4”

Movie 2: Injectability of representative neat hydrogel precursor (N1o) through a needle with an inner

diameter of 0.133 mm: “Movie_2-Injectability_of neat hydrogel precursor. mp4”.

Movie 3: Injectability of representative hydrogel composite precursors (Cio) through a needle with an
inner diameter of 0.133 mm:

“Movie_3-Injectability_of hydrogel composite_precursor. mp4”.

Movie 4: Injectability of representative granular hydrogel precursors of lower viscosity (3G7) through a
needle with an inner diameter of 0.133 mm:

“Movie_4-Injectability_of granular_hydrogel precursor-lower_viscosity.mp4”.

Movie 5: Injectability of representative granular hydrogel precursors of higher viscosity (6Ga4) through a
needle with an inner diameter of 0.133 mm:

“Movie_5-Injectability_of granular_hydrogel precursor-higher_viscosity.mp4”.

Movie 6: Injectability of representative hybrid hydrogel precursors of lower viscosity (4H¢>°) through a
needle with an inner diameter of 0.133 mm:

“Movie_6-Injectability_of hybrid_granular_hydrogel _precursor-lower_viscosity.mp4”.

Movie 7: Injectability of representative hybrid hydrogel precursors of higher viscosity (6H4%°) through a
needle with an inner diameter of 0.133 mm:

“Movie_7-Injectability_of hybrid_granular_hydrogel _precursor-higher_viscosity.mp4”.
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