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Supplementary materials

Methods

Synthesis of Cu/GG gel: 0.1208g Cu(NOs)-3H.O was added into purified GG solution (0.5
wt¥, 50 ml), after stirring for 30 min ensures the complete dissolution of salt, the mixture was
poured into KOH solution (1 M, 50 ml), the as-obtained gel was named as Cu/GG gelation.
Synthesis of Cu(OH):/GG composite: Typically, 0.1208g Cu(NOs).-3H.O was first weighed
out and added into KOH solution (1 M, 50 ml), after standing for 30 min with stirring at
temperature, the mixture was poured into purified GG solution (0.5 wt%, 50ml), and a gel
consisted of Cu(OH). and GG formed immediately.

Synthesis of CuO/GG composite: 0.1208g Cu(NOs)-3H.0 was added into KOH solution (1
M, 50 ml), then the mixture was transferred into a autoclave with Teflon lining, then it was
treated at 100 °C for 12 h, After that, the solution was poured into purified GG solution (0.5

wtlh, 50 ml), the final mixture was labelled as CuO/GG composite.



Figure sl the stability testing of spherical hydrogel after standing for 1 year, the concentration of metal ions is
100 mM.
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Figure s2 Co/GG, Fe/GG and Ni/GG hydrogel beads (a); fiber (b) and membrane (c)

Table s1 elemental distribution of hydrogel sphere evaluated by EDS

Elements (wth) C K Cu O
108 Surface 26.56 24.04 13.53 35.87

Cross-section 31.06 16.27 14.94 37.73
2ah Surface 36.13 2.80 12.54 32.75

Cross-section 35.80 192 13.93 34.09




Figure s3 SEM images of the cross-section of Cu/GG sphere after standing for 24h
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Figure s4 the viscosity transformation affected by different additives at a shear rate of 200 1/s. The

concentration of these additives is 10 mM.

Figure s5 SEM images of the cross-section of Cu/GG sphere after standing for 24h
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Figure s6 XRD patterns of Cu(OH). and Cu/GG spheres. Cu(OH). was prepared as the following procedure:
0.1208g Cu(NQOs)2-3H.O was added into KOH solution (1 M, 50 ml), after reacted for 2 min, the particles were
obtained by centrifugation, then, the sample was washed with de-ionized water and freeze-dried.
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Figure s7 effect of the concentration of Cu** on the swelling ratio of Cu/GG hydrogel
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Figure 9 SEM images of HPCS samples prepared under different carbonization temperature



Table s2 pore structure analysis of the samples

Samples Sger (m2g™) St-plot (m2g1) S t-plot /SBET Viplot (m3g1)
HPCS-400 440 334 0.75 0.17
HPCS-600 690 611 0.88 0.32
HPCS-800 1280 930 0.79 0.48
HPCS-900 1524 660 0.44 0.33
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Figure 10 Raman spectra of the samples prepared at different carbonization temperature
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Figure s11 CV curves of HCPS-900 at various scanning rates
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Figure s12 Nyquist plots of EIS of HPCS-900 (three-electrode system)
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Fig. s13 cycling performance of HPCS-900 at a current density of 10 A/g



