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Figure S1 Optical images of samples (a) before and (b) after “soft-grinding” process.

The obtained carbonaceous samples stay in a soft-aggregation state after washing, filtration and 

drying processes. Therefore, we introduce a “soft-grinding” process to obtain well-dispersed 

powders for preparing uniform slurries of electrodes.

Fig. S2 TEM images of the calcined precursors (a) Ca-600-P; (c) Ca-700-P; (e) Ca-800-P; (g) Ca-
1000-P and obtained carbons (b) Ca-600; (d) Ca-700; (f) Ca-800; (h) Ca-1000
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Fig. S3 SEM image of Ca-x, (a) Ca-600; (b) Ca-700; (c) Ca-800; (d) Ca-1000

Fig. S4 SEM images and corresponding elemental mapping of C, O and Ca elements. (a) Ca-600 
and (b) Ca-900
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Fig. S5 XPS spectrum of Ca-900. (a) Survey spectrum, (b) C 1s, (c) O 1s, (d) Ca 2p.

Fig. S6 (a) HRTEM image and (b) SAED pattern of Ca-900.
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Fig. S7 GCD profiles of Ca-900.
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Fig.S8 Kinetic analysis of K-ion storage behavior of Ca-x electrodes. CV curves at various scan 
rates, (a) Ca-600, (c) Ca-700, (g) Ca-800, (j) Ca-1000. b values determined at various potassiation 
depths, (b) Ca-600, (e) Ca-700, (h) Ca-800, (k) Ca-1000. Sketch of the capacitive contribution ratio 
at 1.0 mV s-1, (c) Ca-600, (f) Ca-700, (i) Ca-800, (l) Ca-1000
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Fig. S9 Capacity retention ratios of Ca-900//Zn.

Fig. S10 (a) GCD profiles at current densities from 0.1 to 2.0 A g-1. (b-f) Sketch diagram for energy 
density/power density calculations.

As depicted in Figure S10, we combined the charge and discharge curve together to obtain a quasi-
triangle area, and the energy density is based on half the value of the area. For example, the area of 
the shadow area in Figure S101a is ~150.44, then the energy density can be extracted as ~75.22 
Wh/Kg. Power density can be calculated by the formula: P=E/t, while the value of t can be obtained 
by the formula: t=capacity/current density.



 8 / 10

Table. S1 Survey of SSA and pore volume.

Sample
SSA

(m2 g-1)

Total pore volume

(cm3 g-1)

Micro-pore 

volume

(cm3 g-1)

Meso-pore 

volume

(cm3 g-1)

Macro-pore 

volume

(cm3 g-1)

Ca-600 192.02 0.18065/100% 0.03893/21.5% 0.12259/67.9% 0.01913/10.6%

Ca-700 270.02 0.65515/100% 0.46066/70.3% 0.19053/29.1% 0.00396/0.6%

Ca-800 835.46 0.56530/100% 0.22297/39.4% 0.33452/59.2% 0.00781/1.4%

Ca-900 955.08 1.08586/100% 0.20298/18.6% 0.87144/80.3% 0.01145/1.1%

Ca-1000 1414.93 0.94460/100% 0.41306/43.7% 0.51654/54.7% 0.01500/1.6%

A higher SSA always contributes to higher capacitive behavior, however, this is not a linear 

relationship, which means that not all surfaces can be totally utilized for metal-ion storage. For 

example, inherently tortuous micropores can provide high SSA and contributes to high capacitive 

behavior. However, sluggish ion transportation occurs simultaneously, which induces poor rate 

performance. Besides, the tortuous micropores may induces “pore-blocking effect”, which will trap 

the stored ions and lead to low reversibility (low coulombic efficiency). Therefore, it is very 

important to balance the ratios of micropores, mesopores and macropores.1, 2 Specifically, sufficient 

mesopores and macropores can ensure the deep permeation of the electrolyte, which can help utilize 

the surface of micropores. Besides, a large proportion of mesopores can serve as fast ion 

transportation channels, alleviating the “pore-blocking effect” and provide surfaces for ion 

adsorption. Moreover, the ionic size of Zn-ion is 0.74 nm (0.86 nm for hydrated Zn-ion), while Ca-

1000 shows abundant micropores at ~0.55 nm (Figure 4b), the dis-match of pore size and ion radius 

also emphasize the importance of balancing the size and ratio of pores.

Overall, Ca-900 with relatively high SSA and high ratio of mesopores exhibit the best 

electrochemical performance (as concluded in Table S1). Compared with Ca-900, although Ca-1000 

has higher SSA, its higher ratio of micropores indicates a higher tortuous degree and suffers severe 

“pore-blocking effect”. Therefore, Ca-1000 cannot exert its full potential, which also illuminates 

the importance of balancing the ratios of various pores for carbon-based electrode materials.
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Table. S2 A survey of the recently reported carbonaceous electrodes in PIBs
Anode 

materials
Electrolyte

Reversible capacity & rate 

capability
Cycling stability Ref

Ultrathin 

porous 

carbon 

nanosheets

0.8 M KPF6 in 

EC:DEC(1:1)

430.7 mAh g-1 @ 50 mA g-1

154.8 mAh g-1 @ 5000 mA g-1

126.4 mAh g-1 (~81.2% after 

4000 cycles @ 1000 mA g-1)

This 

work

Graphitic 

nanocarbons

0.8 M KPF6 in 

EC:DEC(1:1)

280 mAh g-1 @ 50 mA g-1

56.6 mAh g-1 @ 5000 mA g-1

189 mAh g-1 (75.4% after 200 

cycles @ 200 mA g-1)
3

Porous N-

doped carbon 

fibers

1 M KPF6 in 

EC:DMC 

(1:1)

197 mAh g-1 @ 50 mA g-1

57.0 mAh g-1 @ 250 mA g-1

65 mAh g-1 (65.9% after 346 

cycles @ 100 mA g-1)
4

carbon 

nanospheres

0.8 M KPF6 in 

EC:DEC(1:1)

365.5 mAh g-1 @ 200 mA g-1

137.0 mA h g-1 @ 4000 mA g-1

109.8 mAh g-1 (66.0% after 

5000 cycles @ 2000 mA g-1)
5

Nitrogen-

doped 

carbon 

nanosheets

0.8 M KPF6 in 

EC:DEC(1:1)

367 mAh g-1 @ 50 mA g-1

168 mAh g-1 @ 2000 mA g-1

225 mAh g-1 (70.5% after 1000 

cycles @ 500 mA g-1)
6

S/O co-doped 

Porous Hard 

Carbon 

Microspheres

0.8 M KPF6 in 

EC:DEC(1:1)

230 mAh g-1 @ 50 mA g-1

158 mA h g-1 @ 1000 mA g-1

108.4 mA h g-1 (72.2% after 

2000 cycles @ 1000 mA g-1)
7

Graphitic 

carbon

0.8 M KPF6 in 

EC:DEC(1:1)

221 mAh g-1 @ 20 mA g-1

13.6 mAh g-1 @ 1000 mA g-1

72 mA h g-1 (50% after 240 

cycles @ 100 mA g-1)
8

Nitrogen 

doped 

carbon 

nanofibers

0.8 M KPF6 in 

EC:DEC(1:1)

248 mAh g–1 @ 25 mA g–1

101 mAh g–1 @ 20000 mA g–1

146 mAh g–1 (73.0% after 4000 

cycles @ 2000 mA g–1)
9

Graphitic 

carbons

1 M KPF6 in 

EC:DMC 

(1:1)

100 mAh g–1 @ 100 mA g–1

89 mAh g–1 @10000 mA g–1

246 mAh g–1 (95% after 1000 

cycles @ 100 mA g–1)
10

P/O dual-

doped 

graphene

1 M KPF6 in 

EC:DMC 

(1:1)

385 mAh g–1 @ 500 mA g–1

160 mAh g–1 @ 2000 mA g–1

160 mAh g–1 (80% after 600 

cycles @ 2000 mA g–1)
11

Hierarchical 

porous yolk–

shell carbon 

sphere

0.8 M KPF6 in 

EC:DEC(1:1)

314 mAh g–1 @ 50 mA g–1

155 mAh g–1 @ 1000 mA g–1

138 mAh g–1 (93% after 1200 

cycles @ 100 mA g–1)
12

Wing-like 

porous 

carbon sheets

1 M KPF6 in 

EC:DEC(1:1)

347 mAh g-1 at 50 mAg-1

122 mAh g-1 at 20 A g-1

118 mAh g–1 (87% after 4000 

cycles @ 2000 mA g-1)
13
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