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Figure S1. Photograph images of freeze-dried carbon sponge samples (top) and 
CS@Co@CNTs samples (bottom) after an annealing process 
 

 
Figure S2. Low-resolution SEM images of (a),(b) carbon matrix of CS@Co@CNTs-internal.  
 
 
 
 
 



 
 
Figure S3. SEM images of (a),(b) CS@Co@CNTs-internal with half amount of melamine 
powder (~4 g) compared to the typical process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure S4. SEM images of (a),(b) carbon matrix of CS@Co@CNTs-internal with half amount 
of melamine powder (~4 g) compared to the typical process. 
 
 



 
 
Figure S5. SEM images of (a),(b) CS@Co@CNTs-both (internal-external) with additional 4 
g of melamine powder compared to the typical process. 
 
 
 
 
 

 
Figure S6. HAADF-STEM images of CS@Co@CNTs-internal. 
 
 



 
Figure S7. (a)-(d) TEM images of CS@Co@CNTs-both (internal-external) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure S8. (a) XPS survey spectrum, fine (b) Co2p, (c) N1s spectrums of CS@Co.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure S9. (a) XPS survey spectrum, fine (b) Co2p, (c) N1s spectrums of CS@Co@external.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure S10. (a) XPS survey spectrum, fine (b) Co2p, (c) N1s spectrums of CS@Co@both 
(internal-external).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure S11. Nyquist plots of samples toward (a) HER, and (b) OER.  
 
 
 
 
 
 
 
 



 

 
Figure S12. (a) LSV curves of CS@Co@CNTs-both toward (a) OER, and (b) HER, 
respectively. (c) Cyclic voltammetry (CV) of CS@Co@CNTs-internal and CS@Co@CNTs-
both toward OER with a scan rate of 0.5 mV s-1 
 
 
 
 

 
 
Figure S13. Tafel plots of samples toward ORR, correspond to the panel of Figure 5e.  
 
 
 
 



 
Figure S14. (a) LSV curves of CS@Co@CNTs-internal before, and after an accelerated 
durability test for 5000 cycles, (b) chronopotentiometry test with an applied current density of 
50 mA cm-2.  
 
 

 
Figure S15. Photograph image of the assembled ZABs with electrochemical workstation, 
indicating open circuit voltage (OCV) of 1.48 V as shown in the display panel.   
 



 
Figure S16. SEM image of carbon-based air cathodes of (a),(b) CS@Co, (c) CS@Co@CNTs-
external, (d) CS@Co@CNTs-internal after cycling test of ZABs. 
 
 
 

 
Figure S17. XRD patterns of carbon-based air cathodes after cycling test.  
 
 
 
 



 
Figure S18. (a) XPS survey, and (b) fine Co2p, (c) N1s spectrums of CS@Co@CNTs-internal 
after cycling test.  
 
 
 
 
Table S1. Comparison of performance of solid-state ZABs with other literatures. 
 

Catalysts Polymer gel 
eletrolyte 

OCV 
(V) 

Applied 
current 
density 
(mAcm-2) 

Voltage 
gap 
(V) 

Peak power  
density 
(mWcm-2) 

Cycling 
time  
(h) 

Reference 
number 

CS@Co@CNTs-
internal 

PANa 1.44 5 0.22  70 this study 

CNT paper PANa 1.48 5 0.8 115 110 [40] 

Ru-RuO2 PVA 1.43 10 1 29 70 [37] 

Co3O4-loaded 
carbon cloth 

PVA with 
5wt.% SiO2 

- 3 0.7 62.6 48 [41] 

NiCoOH PANa - 2 0.68 88 160 [43] 

CoN4/NG PVA - 1 0.692 28 6 [42] 

CS-NFO@PNC-
700 

PVA 1.32 1 0.662 51 40 [38] 

Fe-Nx-C PVA 1.20 10 1.27 15.8 20 [39] 
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