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Experimental Section

Material Synthesis. The waste baby diapers were collected from the baby (Shanghai,
China), shredded thoroughly with scissors to remove the outer layer and dried dark
yellow absorbent particles by freeze-drying. The material was pre-carbonized at 650
°C in a nitrogen atmosphere and ground. Typically, the ground pre-carbonized
material was extensively washed with 0.1 M HCI to remove metal impurities followed

by hot triple distilled water (60 °C) until it attained neutral pH. Finally, the material

was washed with absolute ethanol and dried at 80°C under vacuum. As a contrast,

super absorbent polymer (SAP) particles collected from the commercial fresh baby
diaper and in prior to using for synthesis with fine screening. In a typical synthesis, a
fully dissolved aqueous solution (¢=0.05 g ml"!, ¥=20 ml) of urea (1 g) was added
slowly to elaborately selective SAP (0.5 g) the precursor of NSAP-U was obtained by
freeze-drying hydrogel of SAP containing urea. Subsequently, SAPC and NSAPC-U
were prepared from the precursor of SAP and NSAP-U with a similar route including

carbonization, activation, and cleaning and drying, respectively.

Characterization. The sample product was characterized using powder X-ray
diffraction (XRD) by employing a scanning rate of 5°-min! in the 260 range from 10°
to 80° by using the Bruker D8 advance at 40 kV/40 mA with Cu K radiation (A=0.154

nm). Raman spectra were carried out by a Horiba Jobin Yvon LabRAM using a
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100xobjective lens with a 532 nm laser excitation. Fourier transform-infrared (FT-IR)
spectra were recorded in KBr pellets with Bruker FTIR-8400s. TGA was performed on
an NETZSCH STA 409 PC instrument under the nitrogen atmosphere with 10 °C-min-
I. The morphology and particle size of the samples was investigated by using field-
emission scanning electron microscopy (FESEM, JEM7800F). Transmission electron

microscopy (TEM) observations were obtained using a JEM-2100F microscope.

Electrochemical Testing. The electrochemical performances of the as-prepared
active material were investigated using CR2032/CR2016 coin half-cells, respectively.
The work electrodes were fabricated by mixing 80 wt% of active material (NSAPC-W,
NSAPC-U, SAPC), 10 wt% of acetylene black (AB) as a conductive material and 10
wt% of a polyvinylidene difluoride (PVDF) dissolved in N-methyl pyrrolidone (NMP)
as the binder. Then the slurry was spread onto copper foil and the electrodes were
dried at 70 °C in vacuum for 12h. Lithium pellet was used as counter and the
reference electrode and film membrane (Celgard-2400) was used as the separator. The
electrolyte was 1M LiPF¢ dissolved in a mixture of ethylene carbonate (EC) and
diethyl carbonate (DEC) (1:1, w/w). The active material loading is in the range of
0.35-0.42 mg cm?. Similarly, sodium pellet was used as counter and the reference
electrode and film membrane (Whatman) was used as the separator. The electrolyte
was 1M NaClO, dissolved in a mixture of ethylene carbonate (EC) and diethyl
carbonate (DMC) (1:1, w/w). The half cells were assembled in an argon-filled glove
box with moisture and oxygen content of less than 0.1 ppm. Electrochemical
measurements such as galvanostatic charge/discharge curves and rate cycle
performances were performed on a LAND CT2001 test system. CV measurements
were carried out at a scan rate of 0.1 mV-s'! between 0.001 and 3 V using
electrochemical workstation measurement system. Nyquist plots were collected on the
same workstation for various electrodes from 100 kHz to 10 mHz. Those

electrochemical tests were carried out at room temperature.
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Fig. S1. a) Photos of fresh diapers and super absorbent polymer (SAP) particles and diagrammatic
representation of part of the polymer network. b) hydrogel of SAPC, NSAPC-U and NSAPC-W
before the carbonization and freeze drying). ¢) NSAPC-W before the carbonization and after
freeze drying. d) The polymer backbone in SAP is hydrophilic i.e. ‘water loving’ because it
contains water loving carboxylic acid groups (-COOH). The main component of the diaper is SAP,
which contains sodium polyacrylate and polyacrylic acid. SAP particles are hydrophilic networks
that can absorb and retain huge amounts of water or aqueous solutions. They are currently used in
many areas including hygienic and bio-related uses (particularly in disposable diapers),
agricultural uses separation technology, fibers/textiles. Hydrogels are crosslinked hydrophilic

polymer net-works with corresponding absorption capacity.
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Fig. S2. FT-IR spectra of SAP before the carbonization. The peak of 2944 cm! from the SAP can
correspond to the C-H stretching vibration. Moreover, symmetric CHj stretching, asymmetric CH,
stretching, and symmetric CH, stretching absorption peaks can be noted at 2912, 2873, and 2834
cm!, respectively. The spectral band 1250 cm™! is owing to the C-O stretching vibration.

Furthermore, the result shows that the IR spectra of SAP display the C-O groups in 1166 cm™!.
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Fig. S3. TGA curves of SAPC and NSAPC-W in the nitrogen flow. As shown TGA results, 650°C

has been chosen as a target temperature to anneal the precursor for shaping the solid carbon

substrate, which is beneficial for the infiltration of the electrolyte.
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Fig. S4. a) Image of carbonization product (NSAPC-W) exposed to air before ground, b) image of
NSAPC-W before adding hydrochloric acid, c-d) front view and top view images of carbonization

product after adding hydrochloric acid.
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Fig. S5. XRD pattern of the cooled carbonization product (NSAPC-W) exposed to air before
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washing.
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Fig. S6. a) XRD patterns and b) Raman spectra of NSAPC-W, NSAPC-U, SAPC.

Fig. S7. SEM images of SAPC.



150
140
130

120
o | 50

100

r1‘«f5’ﬂ))00 50 100 150 200

SO J - i e e e B e At B T B e T A B R T et B o e A - A R kT s

Fig. S9. a) 3D representation of a 200 nmx200 nm AFM image of NSAPC-U. b) Non-contact-
mode AFM image of NSAPC-U, providing the most accurate thickness measurement of the sheet.
¢) Histogram showing the distribution of sheets heights around 50 nm. d) Cross-section through

the sheet shown in b) exhibiting a height value of around 50 nm.
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Fig. S10. a) 3D representation of a 200 nmx200 nm AFM image of SAPC. b) Non-contact-mode
AFM image of SAPC, providing the most accurate thickness measurement of the sheet. c)
Histogram showing the distribution of sheets heights lower than 4 nm. d) Cross-section through

the sheet shown in b) exhibiting a height maximum of 4 nm.
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Fig. S11.TEM, HRTEM, STEM images and corresponding element mapping images of SAPC.



Fig. S12. TEM image (inset: HRTEM) and corresponding STEM image as well as element
mapping images of NSAPC-U.
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Fig. S13. XPS survey spectrum of SAPC, NSAPC-U, and NSAPC-W.
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Fig. S14. Content contributions comparison of NSAPC-W, NSAPC-U, SAPC for Cls, Ols, Nls,

respectively. Possible equations between Li+/Na+ and oxygen functional groups: -C=0 + Li* (Na®)
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Fig. S15. SEM image of NSAPC-W before the carbonization from stripped waste baby diaper and
the energy dispersive X-ray spectroscopy (EDS) corresponding the proportion of elements as well

as elemental mapping images for carbon, oxygen, nitrogen, sodium, and chlorine.
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Fig. S16. SEM image of NSAPC-U before the carbonization from dried SAP added to aqueous
urea solutions and the energy dispersive X-ray spectroscopy (EDS) corresponding the proportion

of elements as well as elemental mapping images for carbon, oxygen, nitrogen, and sodium.
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Fig. S17. The percentage of surface element atoms (C, O, N) before and after carbonization of
samples and their nitrogen loss rate. The result of the analysis comes from the percentage of the
surface element atoms of the XPS and EDS (The results of the analysis do not include sodium and
other elements). It can be found that NSAPC-W nitrogen loss rate is low in the carbonization and

activation process. It may be the nitrogen fixing effect of the amide bond.

Fig. S18. Side view image of three different colors of urine (Urine-A; Urine-B; Urine-C) and top
view images of pH test of three kinds of liquids and the corresponding pH value. The pH value
range of urine is about 5.87 to 6.06. The average value of pH is 5.96.
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Fig. S19. a-c) Nitrogen adsorption-desorption isotherms and d-f) pore size distribution of NSAPC-
W, NSAPC-U, and SAPC, respectively.
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Fig. S20. CV curves (3 cycles) recorded at a scan rate of 0.1 mV s,
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Fig. S21. a) CV curves (3 cycles) recorded at a scan rate of 0.1 mV s and b) Galvanostatic
charge/discharge profiles obtained for electrodes of SAPC at a current density of 100 mA g'.
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Fig. S22. a) CV curves (3 cycles) recorded at a scan rate of 0.1 mV s! and b) Galvanostatic
charge/discharge profiles obtained for electrodes of NSAPC-U at a current density of 100 mA g-!.
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Fig. S23. a) EIS plots for various electrodes before the electrochemical test in LIB (inset: the

equivalent circuit). b) Summary values of Rct and Re derived from the equivalent circuit model.
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Fig. S24. a) Discharge curves of the 2nd, 3rd, 5th, 10th, 20th, 30th, 40th, and 50th cycles b)
summary of the capacity potential distribution of different cycles and c) trends in the sloping
capacity and plateau capacity percentages in one whole cycle discharge capacity with increasing
cycle number at 100 mA g!. d) discharge curves e) summary of the capacity potential distribution
of different current densities and f) trends in the sloping capacity and plateau capacity percentages
in one whole cycle discharge capacity with increasing cycle number at the different current

densities.
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Fig. S25.CV curves (3 cycles) recorded at a scan rate of 0.1 mV s! of the NSAPC-W in SIB.
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Fig. S26. a) Discharge curves of the 2nd, 3rd, 5th, 10th, 20th, 30th, 40th, and 50th cycles b)
summary of the capacity potential distribution of different cycles and c¢) trends in the sloping

capacity and plateau capacity percentages in one whole cycle discharge capacity with increasing



cycle number at 100 mA g!. d) discharge curves €) summary of the capacity potential distribution
of different current densities and f) trends in the sloping capacity and plateau capacity percentages
in one whole cycle discharge capacity with increasing cycle number at the different current

densities.
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Fig. S27. “House of cards” model for sodium/lithium filled porous carbon.
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mapping images of NSAPC-W as LIB anode after 1000 discharge/charge cycles at 2000 mAg'.

The network structure can be clearly observed, suggesting that the 3D framework architecture

preserves stable structure integrity after repetitive discharge/charge cycling.



Fig. S29. a) TEM image, b) HRTEM image and corresponding c) STEM image as well as element
mapping images of NSAPC-W as SIB anode after 4000 discharge/charge cycles at 2000 mAg-'.

The network structure can be clearly observed, suggesting that the 3D framework architecture

preserves stable structure integrity after repetitive discharge/charge cycling.

Table S1. Comparison of the performance of waste/biomass/polymer/ derived carbon matrix

or nanocomposites as Anode Materials for LIBs.

Material Current Cycle Discharge
(waste/biomass/polymer) Density Number Capacity
/ References (mA g) (mAh g)
This work 100 150 941
2000 1000 469
Nitrogen-doped carbon 100 100 551
(garlic peel)/ ref 1]
3D porous MnO/C-N 300 400 513
(rapeseed pollen)/ ref [2]
Carbon nanocages 186 (0.5C) 100 650
(1-hexadecylamine)/ ref B3I
MnO/C microtubes 200 60 610
(spirogyra) / ref 4]
Nitrogen-doped carbon 5000 2000 300
(Cso Molecules) / ref 3]
Amorphous carbon 186 (0.5C) 600 465.8
(C1oH12N,0gMnNa, - 2H,0) / ref (6]
Nitrogen-doped carbon spheres 2000 200 ~310




(spherical polypyrrole) / ref Il

Table S2. Comparison of the performance of waste/biomass/polymer derived carbon matrix

or nanocomposites as Anode Materials for SIBs

Material Current Cycle Discharge
(waste/biomass/polymer) Density Number Capacity
/ References (mA g) (mAh g1)

This work 100 300 330

2000 4000 187

Carbon nanoparticles 100 20 577

(coconut oil) /ref [8]

Nitrogen-doped carbon 100 100 200
(garlic peel) / ref (1]
Porous hard carbon 200 220 181

(pomelo peels) /ref )
Carbon Nanosheet Frameworks 500 210 )55
(peat Moss) / ref [10]

Pseudographite 100 300 336
(Banana peel)/ ref 1]
Nitrogen-rich carbon 500 800 110.7

(polyaniline- CaCOs3) / ref [12]
N/S co-doped carbon 500 3400 150
(Cellulose/Polyaniline) / ref [13]
Sulfur doping porous carbon 200 500 200
(ginkgo leaves) / ref [14]
Lamellar carbon 1000 5000 ~75
(maize) / ref [13]
Nitrogen-doped hollow carbon 50 100 334
(resorcinol/formaldehyde-

ethylenediamine) / ref [16]
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