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Figure S2 SEM image of (a) CoSe2@NC (b) CoSe2@NC/rGO-1 and (c) CoSe2@NC/rGO-10.
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Figure S3 XRD pattern of the Co3[Co(CN)6]2 and Co3[Co(CN)6]2/GO-5. 



Figure S4 (a) Raman spectra and (b) pore size distribution of CoSe2@NC, CoSe2@NC/rGO-1, 

CoSe2@NC/rGO-5 and CoSe2@NC/rGO-10.
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Figure S5 Normalized remaining mass measured by TGA analysis Raman spectra of CoSe2@NC, 

CoSe2@NC/rGO-1, CoSe2@NC/rGO-5 and CoSe2@NC/rGO-10.

The weight percentage of CoSe2 in CoSe2@NC and CoSe2@NC/rGO composites 

was determined by thermogravimetry (TGA) in an oxygen atmosphere at a heating rate 

of 10 °C min-1 from 35 to 800 °C, as shown in Figure S4. It can be seen that the samples 

show one-step weight gain and multi-step weight loss. The small mass loss below 200 

℃ is attributed to the evaporation of adsorbed water. The main mass loss between 200 

and 800 °C is attributed to the oxidation of CoSe2 and the combustion of carbon.
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Figure S6 XPS spectra of CoSe2@NC andCoSe2@NC/rGO-5.



Figure S7 XPS spectra of CoSe2@NC (a) N 1s, (b) C 1s, (c) Co 2p, and (d) Se 3d.



Figure S8 Cycling performance of CoSe2@NC electrodes at a current density of 0.1 A g-1 (a) PVDF 

(b) CMC as binder, 1M KFSI EC/DEC (v/v=1:1) as electrolyte; (c) CMC as binder, 0.8 M KPF6 

EC/DEC (v/v=1:1) (d) CMC as binder, 2M KFSI EC/DEC (v/v=1:1) as electrolyte.

As the potassium ion battery is not yet mature, in order to select the appropriate 

adhesive and electrolyte, PVDF, CMC were used as the adhesive, 0.8M KPF6 EC/DEC 

(v/v, 1:1), 1M KFSI EC/DEC (v/v, 1:1) and 2M KFSI EC/DEC (v/v, 1:1) as the 

electrolyte respectively, and CoSe2@NC/rGO-5 was tested under the current density of 

100mA g-1. From Figure S8a, it can be seen that the specific capacity of 

CoSe2@NC/rGO-5 with PVDF as binder rapidly decays to zero at the current density 

of 100mA g-1, and the coulomb efficiency is less than 90%. However, 

CoSe2@NC/rGO-5 with CMC as binder has stable cycle performance and high 

coulomb efficiency (Figure S8b). This may be due to the formation of a uniform 

passivation layer on the surface of the material by CMC binder1. The hydrogen bond 

formed by a large number of hydroxyl groups in CMC has a strong adhesion, inhibiting 



the shedding of active substances1. Therefore, CMC is more suitable as the binder of 

CoSe2@NC/rGO-5 electrode material. 

It is impressive that 1M KFSI EC/DEC electrolyte has higher stability and coulomb 

efficiency than the other two electrolytes (Figure S8b-d). This is because in the 

traditional KPF6 EC/DEC electrolyte system, the volume of the negative electrode 

material changes dramatically during the charging and discharging process, which 

destroys the existing SEI film, thus constantly consuming the electrolyte to produce 

new SEI, resulting in rapid capacity degradation. On the contrary, under the condition 

of same solvent, the SEI produced by replacing KPF6 salt with KFSI salt has a good 

stability, which can effectively reduce the side reactions and alleviate the capacity 

degradation caused by the volume change of negative materials. In 2M KFSI EC/DEC 

(v/v, 1:1) electrolyte, the high concentration of KFSI has a great influence on the 

mobility of potassium ions in the battery. Therefore, the suitable adhesive and 

electrolyte for CoSe2@NC/rGO-5 are CMC and 1M KFSI EC/DEC (V / V, 1:1), 

respectively. 

Figure S9 Charge/discharge profiles of (a) CoSe2@NC, (b) CoSe2@NC/rGO-1 and (c) 

CoSe2@NC/rGO-10 electrodes at a scan rate of 0.1 mV s−1 at the 1st, 2nd, 10th and 100th cycles.



Figure S10 Nyquist plots of the CoSe2@NC, CoSe2@NC/rGO-1, CoSe2@NC/rGO-5 and 

CoSe2@NC/rGO-10 electrodes at OCV (a) and after 50 cycles (b). The inset depicts the intercepts 

of the four EIS spectra with Z’ axis. 



Figure S11 Charge/discharge curves of the CoSe2@NC/rGO-5 electrode at various current 

densities.

Figure S12 (a) The cyclic voltammograms of the CoSe2@NC electrode at various scan rates; (b) 

Determination of the b value using the relationship between peak current and scan rate; (c) 

Separation of the capacitive current in the CoSe2@NC electrode at a scan rate of 1.0 mV s-1 with 



the capacitive fraction shown by the shaded region; (d) Relative contribution of the capacitive and 

diffusion-controlled charge storage at different scan rates.

Figure S13 SEM image of (a) CoSe2@NC and (b,c) CoSe2@NC/rGO-5 electrodes after 5 cycles.

Figure S14 Ex-situ XPS data of (a) Se 2p peaks for pristine, fully discharged and fully charged 

CoSe2@NC/rGO-5, HRTEM images of the fully discharged (b), fully charged (c) CoSe2@NC/rGO-

5 electrodes after 5 cycles.



Table S1 the electronic conductivity of CoSe2@NC/rGO-x electrode by four-probe method

Samples
CoSe2@NC electrode

(105 S/cm)

CoSe2@NC/RGO-5 electrode

(106 S/cm)

1 2.2567 4.6865

2 2.4785 4.8027

3 2.3768 4.5515

Average 2.3767 4.6802



Table S2 Comparison of electrochemical cycle performance of CoSe2@NC/rGO with 

other reported anodes

Anode
Cycle 

number
Discharge capacity 

(mAh g-1)
Current density 

(mA g-1)
Reference

Yolk–Shell FeS2@C 40 400 150 2

spherical MoSe2/N-
doped carbon

300 258 100 3

VS2 nanosheet 
assemblies

60 410 100 4

Nanosheets-
Assembled CuSe 

Crystal Pillar
40 337 200 5

SnS2/Graphene 
nanocomposite

50 610 50 6

Metallic Graphene-
Like VSe2 Ultrathin 

Nanosheets
200 335 200 7

FeS2 hollow 
nanocages@rGO

50 300 50 8

Flexible ReS2 
nanosheets/N-doped 
carbon nanofibers

100 253 50 9

SnS@C/rGO 30 375 100 10

N-doped 
graphene/ReSe2/Ti3C

2 MXene
5 395.3 100 11

MoSe2@10%rGO 50 314.0 100 12

CoSe2@NC/rGO-5 100 521 100 This work
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