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Comparison of three types of current collectors and their configuration in electrodes
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Fig. S1. Illustration of current collectors in (a) UNF@NiCo,0, electrodes, (b) metal foil supported
electrodes, and (c) commercial nickel foam supported electrodes. Note the characteristic sizes in the
three current collectors.
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Fig. S2. SEM cross section image of UNF.
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Fig. S3. N, adsorption-desorption isotherm of a UNF sample. The BET surface area of UNF is 5.84 m?
g!
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Fig. S4. N, adsorption-desorption isotherm of the as-prepared NiCo,0O4 nanowires sample. The inset is
the corresponding pore size distribution.
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Fig. SS. High-frequency region of Nyquist plots.
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Several typical commercial supercapacitors and Li-ion batteries and their

components
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Fig. S6. Optical images of (a-c) three commercial supercapacitors and (d-e) their components after
disassembly. (g-1) thickness measurements of four layer of their current collectors (Al foil). (j-1) SEM
images of the three current collectors.
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Fig. S7. Optical images of (a-c) three commercial Li-ion batteries and (d-e) their components after
disassembly. (g-1) thickness measurements of their current collectors (Cu foil for anodes and Al foil for
cathods). (j-1) SEM images of the anode current collectors. (m-0) SEM images of the cathode current
collectors.
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Summary of NiCo,0, pseudocapacitors in literatures

Fig. S6 shows three commercial supercapacitors and their disassembled components. When
supercapacitors are assembled, active materials slurries are usually coated on Al foil. Although the
active material layer is conductive, a metal current collector is still required because the in-plane
conductivity of active material layer is relatively too low to meet the requirements of high power
applications. Another technical concern is that there are difficulties on welding carbonaceous materials
and metallic tabs. Metal foil current collectors are easy to weld with metallic tabs. In Fig. S6j—1, the
commercial supercapacitors use about 30 um thick Al foils to conduct electrons in order to reduce
internal resistance and enhance the power densities of supercapacitors. Because of the similar reasons,
Li-ion batteries also require metal foils to collect electric currents. Fig. S7Tm—o show that about 15 um
thick Al foils are used in several typical commercial Li-ion battery anodes.

The electrode-based capacitance is lower than that of active materials basis. For practical
applications, the total mass of electrodes including both active material layer and current collectors
must be considered to fabricate high energy/power devices. Therefore, it is more reasonable to compare
the specific capacitance of a real electrode on the basis of total mass. Table S1 summarizes the previous
reports about supercapacitors using NiCo,0, as the active materials. The current collectors used in the
literatures are Al foil, Ni foam, carbon fiber network etc. Most of papers do not disclose the exact
parameter of the current collectors. For the literatures using commercial nickel foam, we used the data
(20 mg cm2) which are adopted from the widely-cited two papers about commercial nickel foam.>3
For carbon fiber network and other carbon based collectors, no information about the mass of current

collectors is provided in the literatures. It is unable to estimate the electrode-based capacitance.
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Table S1. Performance and parameters of previously reported NiCo,0,4 pseudocapacitors.

Specific Specific
NiCo0,04 Electrode Loading capacitance p ) ..
b . . capacitance Cyclability ~ Ref.
Structure (mgecm™?)  (active material )
basis )@ (electrode basis) ®
: 1552 F g! 1128 F g! 83% after  This
Nanowires on UNE 6.0 at1 Ag! at 0.8 A g! 5000 cycles work
Nanosheets on Ni 0.8 1450 F g! (56 F g'! 94% after 4
foam ' at20 A g! at0.7A g™ 2400 cycles
Nanosheets on Ni 12 1743 F g! (99F g! 93% after 5
foam ' at7 A g! at0.4 A gl 3000 cycles
Nanocyclobenzene on 25 1545 F g! (172F g! 93% after 6
Ni foam ' at5 A gl at 0.6 A g™ 5000 cycles
Nanosheet on Ni 94 1136 F g! (122F g'! 94% after 7
foam ' at2 A gl at0.2Agh 2000 cycles
% afi
Nanonet/nanoflake on 49 1027 F g'! (468 F g! 801(/)002(1) (‘;er g
stainless steel mesh ' at1 Ag! at0.5A g™
cycles
: : 2305F g! (300 F g! 98% after
fi .

Nanowire on Ni foam 3.0 at8 A g! at L.OA g™ 1000 cycles ?
Hetero-structure on 18 891 F g! (74 F g! 96% after 10
Ni foam ' at1 Ag! at0.1 Ag™) 8000 cycels

Nanosheets on 0.85 336 F g! (32F g! 87% after 1
stainless steel mesh ' at2 A g at0.2 Agh 3000 cycles
Nanowire cluster on 1.0 2132 F ¢! (278 F g! 98% after 12

Ni foam ' at 10 Ag! at1.3Ag™") 1000 cycles
Nanosheets on Ni 154 899 F g! 84% after 13

nanofoam ' atl1 Ag! 6000 cycles
Nanowires on carbon 12 1283 F g'! 100% after 14

textiles ' at1 A g! 5000 cycles
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Nanowires on carbon
fiber paper

Nanosheets on carbon
fiber paper

Nanowires on carbon
cloth

Nanosheets on carbon
foam

Nanosheets on carbon
fiber paper

Slurry-based
microsphere on Ni
foam

Slurry-based aerogels
on graphite electrode

Slurry-based
nanosheets with
graphene and PANI

Slurry-based
nanosheets on Ni
foam

Slurry-based
hierarchical structure
Ni foam

Slurry-based
nanoflake on Ni foam

Slurry-based
microtubes on Ni
foam

Slurry-based
nanowires on N1 foam

0.8

0.8

0.96

24

0.8

3.0

0.4

1.0

1.0

2.0

1.0

471F g!
at1 A g!

799 F !
at1 Ag!

1501 F g!
at~5 A g!

1140 F g!
at4 A g!

1422 F ¢!
at1 A g’!

1006 F ¢!
at1 A g!

1400 F ¢!
at 25 mV s™!

966 F g!
at1 Ag!

560 F g!
at2 Ag!

1104 F g!
at1 A g!

1464 F g!
at4 A g!

1387 F !
at2 Ag!

401 F g!
at 1 A g’!
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(131 F g
at0.1 Ag™)

(400 F g
at 25 mV s!)

27F g'!
at0.1 Ag™)

(221~254F ¢!
at02 A g™

(113F g!
at0.4 A g

(66 F g!
at0.1 A g™

(121 F ¢!
at0.3A g

87% after
2500 cycles

80% after
2500 cycles

73% after
5000 cycles

81% after
3000 cycles

84% after
3000 cycles

93% after
1000 cylces

90% after
2000 cycles

86% after
4000 cycles

95% after
5000 cycles

95% after
1000 cycles

85% after
5000 cycles

89% after
12000
cycles

90% after
1000 cycles

15

16

16

17

18

19

20

21

22

23

24

25

26



Slurry-based
nanorods on Ni foam

Slurry-based
nanoparticles on Ni
foam

Slurry-based
nanowires on Ni foam

Slurry-based
nanotubes on Ni foam

Slurry-based double-
shell hollow spheres
on Ni foam

Slurry-based
microspheres on Ni
foam

1.0

1.0

5.6~10.2

3~5

1.4

565F g!
at1 A g!

1254 F g!
at2 Ag!

564 F g
atl1 Ag!

1045 F g!
at5 Ag!

568 F g
at1 A g!

1701 F g!
at1 Ag'!

27F g!
at0.1 Ag™)

(60F g!
at0.1 A gl

(123~190 F g'!
at 0.3~0.4 A g''1)

(49~100 F g”!
at 0.2~0.4 A g™

(74~114F g}
at 0.1~0.2 A g™

(111 Fg'!
at0.1 A g™

77% after
1000 cycles

72% after
1000 cycles

45% after
2000 cycles

71% after
10000
cycles

82% after
2000 cycles

78% after
1000 cycles

27

28

29

30

31

32

2 In the column of the specific capacitance (active materials basis), the data are adopted directly from the referred

paper and based on the active materials and/or active layers without considering the mass of current collectors.

b In the column of the electrode-based capacitance, some specific capacitances are given in parentheses. It means
that the paper indicates the type of current collectors but disclose no parameter information. We estimated their
electrode-based capacitances according to the widely-used parameters of Al foil or commercial nickel foam in

most literatures.

“--” means that no information is provided in the literatures. It is unable to estimate the electrode-based

capacitance.
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Summary of NiCo,0, used as Li-ion battery anodes in literatures

The electrochemical reaction of NiCo,0,4 as Li-ion battery anodes has been well studied. It can be

summarized as follows:!422,33741,43,45.48
NiCo0,04 + 8Li* + 8¢~ = Ni + 2Co + 4Li,0

According to the above mechanism, there are 8 lithium atom involved in the lithiation process. The
theoretical specific capacity of NiCo,04 could be calculated 901 mAh g!. Li-ion batteries require
metal foils (Cu for anodes and Al for cathodes) to conduct electrons because the in-plane conductivity
of active material layers is usually low. Fig. S7j—1 show that the Cu foil used in several typical
commercial Li-ion battery anodes is around 10 um thick. The actual specific capacity based on the
electrode mass is usually lower than that based on active materials. Some current collectors such as
nickel foam (due to surface oxides) or carbon cloth may contribute to the measured capacity. When the
active material based capacity is used as a parameter to compare the electrode performance, the
calculated capacity may be occasionally larger than the theoretic value of active materials. No matter
from the scientific or practical viewpoints, the specific capacity (electrode basis) is necessary and
reasonable.

In this study, we developed an ultralight nickel foam (UNF) to replace the Cu foil and conductive
agents which are indispensable in the conventional Li-ion anodes. To compare on the reasonable basis,
the Cu foil mass should be included in the specific capacity of electrode. Table S2 summarizes the
previous reports about NiCo,0, anodes. In the literatures, the anode current collectors are usually
nickel foam, carbon cloth, Cu foil, etc. However, a very few reports disclose the mass of current

collectors. Most of reports only show the specific capacity of active materials or/and conductive agents.
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We have summarized the information about the areal loading, cyclability, and specific capacity in the
literatures and listed them in Table S2. We estimated the electrode-based capacity by including the
mass of Cu current collectors, which is obtained from the commercial batteries. We suppose that the
both sides of Cu foils are coated with active materials. The mass of 5 um thick Cu foil is included to
calculate the electrode-based capacity. For the literatures using commercial nickel foam, we used the
data (20 mg cm2) in the widely-cited two papers about commercial nickel foam.?3

Table S2. Performance and parameters of previous reported NiCo,0,4 Li-ion anodes.

Specific capacity
of the second
cycle (active

material basis)?

Specific capacity of
the second cycle
(electrode basis)P

NiCo,0, Electrode Load

labili Ref.
Structure (mg cm2) Cyclability e

: 815 mAh g! 612 mAh g! 77% after ~ This
Nanowires on UNE 6.0 at0.1 Ag! at 0.08 A g! 150 cycles  work
Nanosheet on Ni L0 1343 mAh g! (64 mAh g! 87% after 13

foam ' at0.2 A g! at0.01 A g™ 50 cycles
Nanowires on Ni 12 1009 mAh g! (57 mAh g! 96% after 34

foam ' at0.2 A g! at0.01 A g™ 50 cycles
Nanosheets on Ni 3.4 780 mAh g! (114 mAh g! 76% after 35

foam ' at0.3 A g! at0.04 A g™ 20 cycles
Nanowires on Ni 20 1602 mAh g! (148 mAh g! 26% after 36

foam ' at0.1 Ag! at0.01 A g™ 50 cycles
i;’iagtz: d%g?:gi g 47mAhgl  (138mAhgl  106%afier

: -1 -1

Cu foil at0.1Ag at0.01 A g 200 cycles
Nanowires on 13~1.5 1200 mAh g! 90% after 18

carbon fiber cloth R at0.5A g! 200 cycles
Nanowires on 12 1016 mAh g! 84% after 14

carbon textiles ' at0.5A g! 100 cycles
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Slurry-based
nanoparticles with
C foam on Cu foil

Slurry-based CNT
composites on Cu
foil

Slurry-based
nanosheets on Cu
foil
Slurry-based
ultrathin
nanosheets on Cu
foil
Slurry-based
hollow
dodecahedron on
Cu foil

Slurry-based
microspheres on
Cu foil

Slurry-based
nanotubes on Cu
foil

Slurry-based
porous ellipsoids
on Cu foil

Slurry-based
hollow spheres on
Cu foil

Slurry-based
nanosheets on Cu
foil

Slurry-based
nanoribbons on Cu
foil

1.0

1.0

1.5

0.4~0.6

1~1.5

1.7

1.5

1098 mAh g!

at0.1 A g!

942 mAh g!

at0.3 A g!

891 mAh g!

at0.1 A g!

1100 mAh g!

at0.2 A g’!

1535 mAh g!

at0.2 A g’!

1235 mAh g!

at0.2 A g’!

1098 mAh g!

at0.1 A g!

1025 mAh g!

at0.5A g!

834 mAh g!

at0.3 A g!

938 mAh g!

at0.2 Ag’!

1168 mAh g!

at0.2 A g!
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(200~337 mAh g!
at 0.02~0.03 A g")

(171 mAh g!
at 0.06 A g

(162 mAh g!
at 0.02 A g™

(275 mAh g!
at 0.05 A g 1)

(125~181 mAh g!
at~0.02 A g

(224~309 mAh g!
at 0.04~0.05 A g™

(301 mAh g!
at0.03 A g

(257 mAh g!
at0.13 A g )

97% after
100 cycles

108% after
200 cylces

86% after
50 cycles

78% after
100 cycles

97% after
100 cycles

88% after
100 cycles

44% after
200 cycles

37% after
100 cycles

78% after
100 cycles

38% after
50 cycles

91% after
160 cycles

39

40

22

41

42

43

30

44

45

46

47



— .

Slurey-based dried 1300 mAh g! 96% after

plum-like structure -- 0 -- 48
on Cu foil at0.1Ag 50 cycles

2 The specific capacity for the second cycle is used for comparison because the first cycle has low
Coulomb efficiency and its irreversible capacity is high. It is more reasonable to compare the capacity
for the second and last cycles here.

b In the column of the electrode-based capacity, the specific capacity in parentheses are estimated
according to the widely-used current collector (Cu foil or commercial nickel foam).

13 2

means that no information is provided in the literatures and it is unable to estimate the electrode-
based capacity.
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